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Section 1: Introduction 
The primary purpose of the Butte County Stable Isotope Recharge Study is to develop a better understanding 
of the mixing of recharge sources and contributions of local precipitation and river water to the groundwater 
basin, with a primary focus on the area along Butte Creek south of Chico.  This report is being submitted in 
accordance with Attachment III of the County of Butte Contract Number X21825, dated September 15, 2015 
between Butte County and Brown and Caldwell (BC). Task 1.1 of the project scope includes a literature  
review and compilation of existing stable isotope data from previous studies throughout the Northern 
Sacramento Valley, including the area from the Sutter Buttes north to Red Bluff. 

The specific deliverables under Task 1.1 are: 
 An electronic library (PDFs) compiling studies with stable isotope data;

 A summary database of existing stable isotope data provided in electronic format; and

 A Technical Memorandum summarizing the existing stable isotope studies and their pertinent conclu-
sions and interpretations.  These interpretations and conclusions will also be compared to those pre-
sented as part of the Lower Tuscan Aquifer (LTA) project (Brown and Caldwell, 2013).

This document is the Technical Memorandum (TM), prepared as part of Task 1.1.  This TM provides an 
overview of the use of stable isotopes applied to hydrogeology and a summary of the available published 
reports that present stable isotopic data from groundwater, surface water, and precipitation samples 
collected in Butte County and surrounding parts of the northern Sacramento Valley.   

1.1 Objectives 
The specific objectives of this TM include: 
1. Providing a brief overview of the use of stable isotopes applied to hydrogeology;
2. Summarizing the data and results of available studies that are included in the electronic library; and

3. Describing the overall range of data included in the summary database.

The document library and summary database are included as attachments to this TM in electronic format on 
the accompanying compact disc (CD). 

While not specifically a part of the scope of this TM, the information and discussion presented in this docu-
ment can help identify data gaps to be addressed in the field sampling plan (FSP) to be prepared as the next 
deliverable for this project. 

Development of a web or GIS interface is not a part of this project. 

1.2 Document Organization 
Following this introduction, Section 2 presents a brief summary of the use of stable isotopes in groundwater 
studies.  Section 3 provides a summary of the available technical studies that were identified and included 
in the document library for this project.  Section 4 includes a brief discussion of the data compiled for the 
stable isotope electronic database. 
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Section 2: Technical Background 
Stable isotope data from groundwater and surface water bodies, along with a sufficient understanding of the 
hydrogeologic system, can provide information on the locations and mechanisms of groundwater recharge.  
Such information can ultimately be used to develop practical tools to manage and enhance groundwater 
recharge.  This section provides some of the fundamental principles guiding the theory and applications of 
the use of stable isotopes in groundwater studies. 

2.1 Isotope Geochemistry of Water 
Stable isotope analysis of water samples is based on the principal that the hydrogen and oxygen atoms that 
form water molecules contain different isotopic forms.  Isotopes are atoms of the same element that have 
the same numbers of protons but different numbers of neutrons within the nucleus of the atom.  Stable 
isotopes are those that do not undergo radioactive decay and, thus, do not change composition over time.  
The presence of the additional neutrons in the nucleus does not generally change the chemical and biologi-
cal properties of material but the additional atomic weight can affect the physical behavior of the individual 
isotopes during processes such as evaporation and precipitation. 

The primary stable isotope of hydrogen is referred to as 1H and it comprises 99.985% of all the hydrogen on 
earth1.  The second most abundant stable isotope of hydrogen is 2H, or deuterium (D), which comprises 
0.015% of the total hydrogen mass.  The primary stable isotope of oxygen is 16O, which comprises 99.76% of 
all of the oxygen on earth.  The second most abundant stable isotope of oxygen is 18O, which comprises 0.2% 
of all the oxygen on earth.  These natural abundances of the different stable isotopes of hydrogen and 
oxygen have remained essentially constant through geologic time. 

Measuring the ratios of the 2H:1H and 18O:16O in water samples can provide valuable information about the 
source and history of the water because of systematic changes that occur in isotope abundance as water 
evaporates from the oceans, passes over a land mass, falls as precipitation, and subsequently undergoes 
various terrestrial processes (e.g. surface water flow, evaporative loss, percolation to groundwater). 

The isotopic values are generally reported as the “delta” or “del” of the less abundant stable isotope, using 
the prefix “” (for example, 2H, D, or 18O).  The “del” value is based on the ratio of the stable isotopes in a 
sample divided by the ratio of the stable isotopes defined in a global standard.  For most studies, the 
standard is referred to as Vienna Standard Mean Ocean Water (VSMOW).  For example, the equation for 
calculating 18O from a water sample is: 

18O 	 1 		x 1000 

The equation for D would be similar, with 180 being replaced by D and 16O being replaced by 1H.  The 2H 
and 18O results are expressed in units of parts per thousand (‰).   

Most 2H and 18O data from water samples are negative numbers because the heavier isotope becomes 
depleted compared to the VSMOW standard as water passes through the hydrologic cycle.  As water vapor 
moves inland from the ocean and forms clouds, the isotopic composition of the resulting precipitation is 
affected by the temperature, altitude, and distance from the ocean.  Since the less abundant stable isotopes 
D and 18O are heavier than the predominant isotopes of hydrogen and oxygen in water, the precipitation that 
falls at higher temperatures and/or lower altitudes will tend to have a higher proportion of the heavier stable 
isotopes compared to precipitation that falls farther inland and at higher altitudes.  For example, as the 

1 In standard isotope notation, the superscript number to the left of the element designation indicates the number of protons plus 
neutrons in the isotope. For example, among the hydrogen isotopes, 1H consists of a single proton, whereas 2H (also referred to as 
deuterium, or D) consists of a proton and a neutron. 
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proportion of the heavier stable isotopes in the precipitation decreases with increasing distance from the 
ocean, the water is said to be more depleted in terms of the heavier stable isotopes.  This effect is illustrated 
on Figure 2-1.   

Within northern California, water vapor moving from the ocean to the east increases in elevation as it 
reaches the Sierra Nevada.  The heavier D and 18O isotopes tend to preferentially fall in the precipitation as 
the water vapor moves eastward, leaving increasingly ‘lighter’ water vapor at higher elevations.  Sierra 
Nevada precipitation samples are measurably ‘lighter’ (more negative) in D and 18O compared to rainfall 
landing in the Sierra foothills, Central Valley and the coast. 

Figure 2-1.  Schematic description of changes in deuterium observed in meteoric water in California. 

Analyzing rainfall and water samples for stable isotopes of hydrogen and oxygen has greatly enhanced the 
understanding of the hydrologic cycle and details of water transport processes in nature. Craig (1961) 
analyzed over 400 water samples of rainfall, surface water from lakes and rivers at varying latitudes, 
altitudes and distance from the ocean and found a linear relationship between D and 18O for all water 
samples described by a single linear regression (2H = 8 x 18O + 10‰) and defined a Global Meteoric Water 
Line (GWML).  Following the work of Craig, hundreds of researchers have applied this concept through the 
world to describe aspects of the hydrologic cycle (see Figure 2-2). 
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Figure 2-2 18O and 2H values in water samples at 47 globally distributed sites. Data include samples from: a) 
groundwater, b) stream water, c) plant xylem water and d) soil water (Evaristo et al., 2015).

2.2 Other Isotopes – Sulfur, Nitrogen, Tritium, Helium and Boron 
Aside from D and 18O, several other stable isotopes (and radioactive tritium) are used in hydrogeologic and 
geochemical studies.  While these other isotopes are not a primary focus of this project, a short summary of 
the use of these isotopes is presented below in the event that they may be of some value for this project in 
the future. 

2.2.1 Stable Isotopes of Sulfur 

Sulfur (S) has a 34S stable isotope that composes 4.22% of total sulfur whereas 32S is 95% of the total sulfur.  
Studies that employ 34S analysis typically involve source characterization studies or biological/ecological 
research. Typically, 34S is diagnostic of sulfate from marine sources (e.g., gypsum) versus from igneous 
sources (e.g. pyrite oxidation).  However, dissolved sulfate is not always conserved in the water, but can form 
a solid precipitate or the isotope signature can be shifted by sulfate reducing bacteria.  Due to these chal-
lenges, 34S is not useful for tracing the source of groundwater from recharge areas, but can be used for 
evaluating the source of sulfur-bearing waters. 

2.2.2 Stable Isotopes of Nitrogen 

Nitrogen (N) has the 15N stable isotope that is 0.36% of total nitrogen whereas 14N is 99.64% of total 
nitrogen.  Studies involving 15N are very common but are almost exclusively tied to source identification 
studies, where the 15N analysis is used to assess the nitrogen impacts to groundwater from humans, 
animals and synthetic fertilizers, all of which have different 15N signatures.  For example, groundwater 
samples that are directly impacted by confined animals (15N > 20‰) can be easily differentiated from 
groundwater impacted by synthetic fertilizers (15N ≈ -5‰) or natural background soil. This type of study was 
used to assess sources of nitrate in groundwater within the Chico Urban area (Dames & Moore, 1994, 
1996).  Human septic waste (15N ≈ 10‰) is intermediate between animal and natural background.  For 
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groundwater recharge studies, nitrogen isotopes are of limited use because natural rainfall (meteoric water) 
has only traces of total nitrogen. 

2.2.3 Radioactive Isotope of Hydrogen – Tritium 

Radioactive isotopes are often useful in hydrogeologic studies of groundwater age-dating.  For example, 
tritium (3H) decays to helium-3 (3He) at a steady rate.  The half-life2 of tritium is 12.34 years, making it ideal 
for young groundwater recharge age-dating.  While tritium forms naturally at low abundance in the upper 
atmosphere, during the late 1950’s and early 1960’s, its concentration grew exponentially from surface 
testing of large thermonuclear devices.  This period of nuclear weapons testing created a tracer pulse that 
can be used to age-date groundwater.   

2.2.4 Stable Isotopes of Helium 

During natural radioactive decay of heavy elements contained in aquifer rocks, such as uranium and thori-
um, a helium-4 (4He) atom will be released and dissolved in low abundance in the adjacent groundwater. 
The naturally occurring helium-3 (3He) isotope also accumulates in groundwater but at concentrations a 
million times lower than 4He.  Measuring the ratio of 3He/4He dissolved in groundwater can greatly increase 
the accuracy of a groundwater age-date based on tritium alone.  Obtaining accurate groundwater age dates 
also typically requires the measurement of the dissolved noble gases of neon, argon, krypton, and xenon. 

2.2.5 Stable Isotopes of Boron 

Boron (B) has a stable isotope, 11B, that comprises 80% of total boron, whereas 10B is 20% of total boron.  
The typical use of total boron and 11B is to differentiate wastewater (boron used as a cleaning agent and a 
pesticide), oceanic water, and terrestrial sources in groundwater derived from hydrothermal leaching of 
volcanic minerals (Lopez Geta, 2003).  In the project site area, boron isotopes may be useful in evaluating 
the presence of marine waters from the underlying Ione Formation that may be pulled up into the Lower 
Tuscan Aquifer due to over pumping or inappropriately screened wells. 

Section 3: Existing Data Review 
BC initiated the Existing Data Review task by searching for stable isotope data from the Northern Sacramen-
to Valley from Red Bluff to the Sutter Buttes.  This includes the “Study Area”, which is bounded by Durham 
Dayton and Esquon area south of Chico along Butte Creek, Sierra foothills through Paradise, along Honey 
Run Road in the foothills to Nelson Road in the valley, but also covers a much larger area. BC searched for 
stable isotope data in the Study Area from a variety of public information sources including the Groundwater 
Ambient Monitoring and Assessment (GAMA) program, the California Department of Water Resources (DWR), 
Lawrence Livermore National Laboratory (LLNL) and the California State Water Resources Control Board 
(SWRCB).  BC requested published reports that presented data from the Study Area and vicinity, but also 
requested unpublished data from DWR and LLNL.  The requests for published reports with stable isotope 
data in the Study Area identified a total of seven relevant studies; three relevant studies from the GAMA 
program, two DWR studies, the Lower Tuscan Aquifer Study (Brown and Caldwell, 2013) and one study 
conducted by the United States Geological Survey (USGS) initiated in 1997 as part of their National Water 
Quality Assessment Program (NAWQA). 

3.1 GAMA Studies 
The GAMA program was created in 2000, funded by the public and administered by the SWRCB. Contribu-
tors to the GAMA program include collaboration between SWRCB, DWR, USGS, LLNL, and cooperation with 
local water agencies and well owners.  The primary goal of GAMA is to increase the availability of groundwa-

2 A half-life is the time period over which 50% of a radioactive isotope decays. 
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ter information to the public and decision makers to better protect our groundwater resources.  The SWRCB 
developed an on-line public database containing groundwater quality data (including stable isotope data) 
called “Geotracker”.  Geotracker provides these data at the website: 
http://www.waterboards.ca.gov/gama/geotracker_gama.shtml.   

The existing data review started by querying Geotracker for stable isotope data in the Study Area and found 
that most of the stable isotope data for D and 18O for the Study Area and for Butte County was missing 
from the Geotracker website.  BC’s initial search for stable isotope data located anywhere in Butte County 
yielded only 5 groundwater samples analyzed for D and 18O.  BC staff contacted SWRCB staff in charge of 
Geotracker database in late 2015 and identified several GAMA studies that were missing from the Ge-
otracker website.  The SWRCB began compiling the missing data by running special queries for BC to locate 
these studies, tabulate and provide the missing data to BC. 

The GAMA program utilizes private wells in addition to public (USGS, DWR) monitoring wells, providing only 
approximate locations of all wells.  In addition, the published GAMA reports (Moran et al, 2005, Schmitt et al, 
2006, Shelton et al, 2008) do not provide maps with well identification numbers (or well location coordi-
nates) that can cross-reference data presented in tables.  Even identifying which GAMA samples presented 
in these reports were collected in or adjacent to the Study Area was not possible without a cross-reference 
task to identify well coordinates, and then joining the chemical data to the appropriate wells.  This additional 
work to obtain relevant data to the Study Area would not be required if the Geotracker database was com-
plete and contained the GAMA stable isotope data.  

3.1.1 California GAMA Program: Groundwater Ambient Monitoring and Assessment Results 
for the Sacramento Valley and Volcanic Provinces of Northern California (Moran et al, 
2005) 

The lead agency for this report was the LLNL, conducted in cooperation with the SWRCB, for the GAMA 
program.  This study was conducted in multiple Northern California counties including Butte, Glenn, Tehama, 
Modoc, Shasta, Siskiyou and Plumas counties.   

The primary goal of the study was to assess the vulnerability of groundwater (both municipal drinking water 
and agricultural irrigation water) to contamination by surface chemicals in Butte County and Volcanic 
Province (Tehama and Modoc counties).  Approximately 168 wells sampled included approximately 123 
municipal drinking water wells and approximately 39 monitoring wells.  From these monitoring points, 166 
groundwater samples (approximately 92 samples collected in Butte County) were tested for stable isotopes 
18O, radiogenic 4He and 14C.  In addition to the stable isotopes, tritium and dissolved noble gases (Xe, Kr, 
Ar, Ne) were monitored to assess groundwater age.  

Stable isotope analysis from over 50 groundwater wells in Chico  suggest that high-elevation, isotopically 
“light” groundwater was observed in wells adjacent to Big Chico Creek with samples reporting 18O ranging 
from -8.8 to -10.8‰ (specific wells not identified).  Of the samples collected in the vicinity of Chico, the 
authors suggest that groundwater samples collected further from Big Chico Creek showed less isotopically 
light groundwater and more low-elevation, isotopically “heavier” water suggesting recharge from local 
precipitation.  The authors did not provide 18O data from Big Chico Creek but suggested that this water was 
isotopically light water as high elevation meteoric water from the Sierras drained to Big Chico Creek.  

The authors suggest the same trend in six unidentified groundwater wells analyzed for stable isotopes in 
Orland (18O from -8.3 to -9.7‰), which is recharged by Stony Creek.  The Stony Creek watershed includes 
high elevation meteoric water from the Coast Range; one sample from Stony Creek reported a 18O value of   
-9.7‰.  In Esquon and Starkey, two unidentified wells reported 18O values ranging from approximately -6 to 
-7‰, suggesting a low elevation source of recharge water.  The authors suggest that the groundwater 
samples from Esquon and Starkey may have been affected by evaporation because they plotted below the 
GMWL.  
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This study provided detailed estimates of groundwater age for a number of cities employing a variety of 
analytical approaches including tritium, 3He, noble gas (Xe, Kr, Ar, Ne) recharge temperature and “excess 
air”.  Relatively young groundwater (recharged less than 50 years ago) is supported by the data for several 
cities west and east of the Sacramento River, including the cities of Orland and Butte City.   

One objective of this GAMA study was to assess the vulnerability of groundwater (both municipal drinking 
water and agricultural irrigation water) to contamination by surface chemicals.  These authors concluded 
that the Chico area was impacted by VOCs from commercial/industrial activities primarily dry cleaning and 
gasoline fueling businesses. Other constituents of fuel (MTBE) were present in most of the wells sampled, 
suggesting a non-point source for MTBE. 

3.1.2 Groundwater-Quality Data for the Sierra Nevada Study Unit, 2008: Results from the 
California GAMA Program (Shelton, 2008) 

The lead agency for this report was the United States Geologic Survey (USGS), conducted in cooperation with 
the LLNL and the SWRCB for the GAMA program.  This study was conducted in multiple Northern California 
counties including Lassen, Butte, Sierra, Yuba, Nevada, Placer, El Dorado, Amador, Alpine, Calaveras, 
Tuolumne, Madera, Mariposa, Fresno, Inyo, Tulare, Kern and Plumas counties. The Sierra Nevada is a large 
geographic area (greater than 25,000 square miles) encompassing 22 groundwater basins and 61 water-
sheds in Northern, Central and Southern California, but includes the eastern half of Butte County.    

The goal of the GAMA program is to provide a broad analytical program across a particular geographic region 
(the Sierra Nevada range) to assess natural background and human effects on groundwater quality.  
Groundwater was the primary media sampled in this study.  A total of 84 wells sampled were a mixture of 
municipal drinking water wells and monitoring wells arranged on a grid system.  Approximately 25 of the 84 
wells are classified as springs.  A total of 4 wells appear to be located in Butte County although the precise 
number of wells within the Study Area or even Butte County was not confirmed in this study.  All 84 ground-
water monitoring wells samples (approximately 4 in eastern Butte County) were tested for stable isotopes 
D, 18O, radiogenic 4He, 14C, and tritium. 

The 84 analyses of stable isotope data D, 18O, 14C along with the other analyses were presented without 
any interpretation.  Assuming that four groundwater wells are located in Butte County, all four reported 
samples were isotopically light, with reported 18O from -9.01 to -10.38‰.    

3.1.3 Ground-Water Quality Data in the Middle Sacramento Valley Study Unit, 2006—Results 
from the California GAMA Program (Schmitt, 2006) 

The lead agency of this report was the USGS, conducted in cooperation with the SWRCB for the GAMA 
program.  This study was conducted in the Middle Sacramento Valley in multiple Northern California counties 
including Butte, Colusa, Glenn, Sutter, Tehama, Yolo and Yuba counties.    

The goal of this study was to provide a broad analytical program across a particular geographic region to 
assess natural background and human effects on groundwater quality.  Groundwater was the primary media 
sampled in this study.  A total of 108 wells were sampled (approximately 30 in Butte County) including a 
mixture of municipal drinking water wells and monitoring wells arranged on a grid system (71 wells), “flow 
path” wells (15 wells), and 22 “RICE” wells to assess agricultural water quality in rice growing areas.   The 
results of the 108 well analyses yielded 86 analyses of stable isotope data D, 18O from some or all of the 
30 Butte County wells (the exact number of stable isotope analyses in Butte County could not be deter-
mined).  Analysis for 14C, tritium and noble gases were analyzed on fewer wells.  These data were presented 
without any interpretation except comparison of MCLs, Secondary MCLs and state health based notification 
levels (NLs) for VOCs, nutrients and metals.  
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3.2 Lower Tuscan Aquifer Investigation (Brown and Caldwell, 2013) 
3.2.1 Background Information 

The lead agency for this report was Butte County Department of Water and Resource Conservation 
(BCDWRC).  The study was conducted in cooperation with the California Department of Water Resources 
(DWR) through Proposition 50 funding.  This study was conducted in Butte and Tehama counties, California. 

3.2.2 Study Objectives, Analytical Program 

The objective of this study was to characterize the hydraulic properties and recharge characteristics of the 
Lower Tuscan Aquifer (LTA) system because of its importance to the groundwater resources within Butte 
County and the Sacramento Valley.  In addition to sampling and analyzing water quality, the LTA study 
included aquifer performance tests, stream flow analyses using instantaneous and continuous stream flow 
measurements, and surface soil infiltration measurements.  Stable isotope analysis of surface water and 
monitoring wells were used to assess groundwater recharge.  Analytical parameters included:  

 Stable isotopes D, 18O
 Nutrients, general inorganic parameters

Nine monitoring wells were completed in three locations. Groundwater was sampled twice, in 2011 and 
2012.  Seven surface water bodies (rivers and creeks) were also sampled. 

3.2.3 Summary of Relevant Findings 

The evaluation of the stable isotope data focused on comparison of the isotopic signatures of the water 
within various creeks and rivers with the isotopic signatures at different depths in the monitoring wells 
installed and monitored as part of the LTA study.  The 18O and D values from Little Dry Creek were indica-
tive of precipitation that fell at relatively low elevations near the edge of the valley floor or lower part of the 
foothills to the east.  In contrast, samples from Deer Creek and Mill Creek had an isotope signature that was 
consistent with runoff from high-elevation snowmelt.  The isotopic signatures for Big Chico Creek and the 
Sacramento River were generally consistent with snowmelt and rainfall runoff from mid-range elevations (i.e. 
approximately 3,000 ft msl to 4,000 ft msl).  The samples from the Feather River and Butte Creek were 
indicative of runoff from elevations between the high-elevation and mid-elevation samples.  The study noted 
that the isotopic signature for water courses with very large watersheds, like the Sacramento River and the 
Feather River, are aggregate averages of the entire watershed.   

Overall, the data from the monitoring wells indicate that most of the recharge to the LTA occurs from precipi-
tation and runoff from lower elevations near the margin of the valley.  At the Hackett Property location, near 
the north edge of Butte County, there is a slight trend of increasing elevation with greater aquifer depth, 
which is what would be expected from recharge at the outcrop along the edge of the valley.  However, at the 
M&T Ranch location near the Sacramento River, there appears to be a trend of decreasing elevation with 
greater aquifer depth, potentially suggesting that shallow aquifer zones are recharged by the Sacramento 
River while deeper zones are recharged by shallow-elevation precipitation near the Tuscan outcrop on the 
edge of the valley.  At the Chico State Farm (CSU) location, north of Durham and east of the M&T Ranch, the 
shallow interval had an isotope signature indicative of recharge occurring locally from Butte Creek, through 
the shallow alluvium, and into the upper part of the LTA, while the deep interval had an isotope signature 
that suggests recharge primarily from local precipitation near the east edge of the valley and lower foothills, 
and the intermediate interval was potentially indicative of mixing between zones. 

Due to the limited nature of the sampling, the LTA study concluded that the interpretation of the stable 
isotope data should be considered preliminary and provisional.  Additional recommendations were provided 
to expand the isotopic sampling to include greater spatial coverage, evaluate the potential seasonal variabil-
ity of the isotopic signatures, and to consider evaluation of stable isotopes of other elements.  For example, 
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stable isotope analysis for sulfur and nitrogen could be useful in assessing areas where there is significant 
recharge in agricultural areas, where gypsum (calcium sulfate) and nitrogen-based fertilizers are typically 
applied to the soils.  The Ione Formation, which is present beneath the LTA, is known to locally contain 
elevated levels of boron within Butte County.  Thus, analysis of stable isotopes of boron could help identify 
areas where there was mixing of waters from the Tuscan Formation and the Ione Formation, either naturally 
or due to overpumping or inappropriately constructed wells. 

Stable isotope studies were also recommended in conjunction with other work to contribute to: 
1. Assessment of the interaction between the Sacramento and other river stage responses to changes in

groundwater levels;
2. Assessment of the recharge potential of the shallow alluvial aquifer to the LTA; and

3. Focused recharge and aquifer interaction assessments in the vicinity of Esquon Ranch towards devel-
opment of management tools such as a groundwater model.

3.3 California Department of Water Resources Reports 
3.3.1 Compilation and Analyses of Oxygen and Hydrogen Stable Isotope Data for Rain, 

Surface Water, and Springs in the Sacramento Valley – 2007 to 2011 (Bonds, 2015) 

This study was conducted in multiple Northern California counties including Butte, Sutter, Placer, Sacramen-
to and Yuba counties.  The objective of this study was to sample surface water, spring water and rainwater in 
the eastern Sacramento Valley to observe seasonal changes to D, 18O over time and to establish a local 
meteoric water line for Yuba County and vicinity by collecting rainwater samples for a year or more.  

This study collected 83 rainwater samples and analyzed them for D, 18O, enough samples to enable the 
authors to compute volumetric mean stable isotope values. These volumetric means will reflect local 
groundwater recharge signatures. The rainwater samples were taken at a temporary rain gauging station 
south of Folsom Lake (300 feet above mean sea level (msl)) in Sacramento County. A meteoric water line 
(MWL) was developed for Folsom station based on the rainfall data.  The slope of this Folsom MWL was D = 
7.88 x 18O + 10.69‰; nearly reproducing the GWML (D = 8 x 18O + 10‰).  

A total of 77 surface water samples were collected monthly from Bear River, Feather River, Sacramento 
River, Yuba River, Auburn Ravine, and Honcut Creek in 2008 and 2009.  Only Honcut Creek is on the border 
of Butte and Yuba counties; all other surface water samples were collected in Yuba, Sutter or Placer coun-
ties.     

The monthly surface water sample data supported the finding that spring and summer snow melt produced 
lighter stable isotope values in surface water compared to fall and winter surface water.  The water samples 
from Honcut Creek are consistently isotopically heavier, low elevation water, varying in reported 18O from     
-5.6 to -9.5‰.   

The variability of the monthly surface water samples fell into two groups.  The first group includes larger 
rivers such as the Sacramento, Feather and Yuba rivers, which varied slightly over time, with minimum and 
maximum values differing by 5 to 11% of the average value for 18O.  The smaller Bear River, Honcut Creek 
and Auburn Ravine were more variable, with minimum and maximum values varying from 15 to 18% of the 
average.  The minimum value for Honcutt was actually 31% lower than the average 18O, quite a large 
variation from the mean.   

The data was not analyzed for statistically significant trends.  Informal review of the data did not reveal 
distinct seasonality associated with the 18O results.      
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A total of 23 spring water samples were collected within the Sutter Buttes (Sutter County) in 2010 to 2011.  
The spring water samples from the Sutter Buttes suggested that heavier, low elevation precipitation reported 
18O values varying from -7.3 to -8.7‰ recharged the springs. 

3.3.2 Compilation and Analysis of Stable Isotopes of Hydrogen and Oxygen Data in Surface 
Water and Groundwater Yuba County and Vicinity 2002-2007 (Bonds and Brewster, 
2008) 

This study was conducted in multiple Northern California counties including Butte, Sutter, Placer, Sacramen-
to and Yuba counties.  The objective of this study was to employ stable isotopes to better understand and 
ultimately manage groundwater recharge from meteoric water and surface water.  This study utilized 147 
surface water and groundwater samples over a five-year period (2002 to 2007). The study employed 
extensive surface water and groundwater sampling and analysis for D, 18O to try to identify recharge 
mechanisms in Yuba county and vicinity.   

A total of 23 surface water samples were collected from Bear River (10 samples in 2003-4), Yuba River (11 
samples in 2003-4), Honcut Creek (1 sample) and the Feather River (1 sample).  A total of 124 groundwater 
samples were collected from 13 newly installed DWR monitoring wells, 27 Yuba County Water Agency 
(YCWA) monitoring wells and 80 agricultural production wells from 2002-2007.  This study evaluated the 
lateral and vertical distances that surface water may recharge groundwater from several rivers and a creek 
in Yuba County and vicinity.   

The precise location of the monitoring wells appeared to be exclusively in Yuba County.   The number of wells 
sampled in Butte County could not be determined from the report.  Monitoring wells at different distances 
from the creek and rivers were sampled at different depths to assess the source of recharge in groundwater.   

The data provided some support for the finding that the four surface water bodies recharged groundwater 
within a distance of approximately one mile, especially in the upper 100 feet bgs.  Samples from Bear River 
and adjacent groundwater monitoring wells within one mile had similar isotopically light D, 18O values in 
surface water and groundwater samples to a depth of 330 feet bgs. Deeper groundwater samples had 
isotopically heavier, low elevation water, suggesting that deeper groundwater was not recharged from the 
Bear River. 

When groundwater wells were located further away (1-2 miles from Bear River) the correlation between 
surface water and groundwater samples was weaker.  There was almost no relation between surface water 
and groundwater samples further than 2 miles from Bear River indicating that recharge at that distance from 
the river was exclusively from low elevation precipitation. 

Similar trends, with weaker correlations were observed for the Feather River, Yuba River and adjacent wells.   
Both surface water and groundwater samples from Honcut Creek were isotopically heavier, suggesting that 
recharge was from low elevation rainfall or surface water. 

3.4 USGS National Water Quality Assessment Program  
3.4.1 Shallow Ground-Water Quality Beneath Rice Areas in the Sacramento Valley, California, 

1997 (Dawson, 2001) 

This study was conducted in the Middle Sacramento Valley in multiple Northern California counties including 
Butte, Colusa, Glenn, Sutter, Yolo, Sacramento and Yuba counties.  The objective of this study is to assess 
the groundwater recharge characteristics in a rice growing area with heavy irrigation and evaluate impacts 
on shallow and deep groundwater quality. Monitoring wells were grouped into the Western Alluvial Plain 
(bounded by Interstate 5), the Central Flood Basin (Sacramento River) and the Eastern Alluvial Plain (bound-
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ed by the Feather River); the northern portion of the Central and Eastern Flood Plains were located in Butte 
County. 

This study estimated that rice water use (surface and groundwater) was approximately 1.8-2.3 x 106 m3/km2 
(5.8-7.4 acre-feet/acre) or 3.6-4.6 x 109 m3  (2.9-3.7 x 106 acre-feet) of water required for the estimated 
2,023 km2 (500,000 acres) rice growing area in the Sacramento Valley.  Of the total water used for rice, this 
study estimated approximately 1.6 x 109 m3 (approximately 1,000,000 acre-feet, or about one-third to one-
quarter) was groundwater.  The precise source of the surface water or groundwater was not specified, 
although the Sacramento River and the Feather River are presumed to be major sources of surface waters. 

A total of 28 wells, 9 in Butte County, were installed and sampled for stable isotopes, D and 18O, tritium, 
nutrients, general chemical parameters, metals and pesticides.  All 28 wells were shallow, varying from 10 
meters (32.5 feet) with total depth less than 16 meters (52 feet).  Monitoring wells were shallow because 
groundwater level was shallow, varying from 1.3 to 26 feet below ground surface (bgs), with an average of 5 
feet bgs.  Groundwater was the only media sampled.   

Specific values of D and 18O were not reported; instead median, minimum and maximum values of stable 
isotopes were reported.  The median 18O value of the 28 groundwater samples was reported to be -8.2‰, 
with a range of -4.93 to -11.46‰.  The high tritium activity in 27 of 28 groundwater samples suggests that 
shallow groundwater is likely recharged with surface irrigation water that has been exposed to the atmos-
phere within the last 50 years. 
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Section 4: Data Compilation 
A primary objective of this TM is to compile stable isotope data in Butte and adjacent counties from the 
reports and other data sources into an electronic database that can be mapped into a geographic infor-
mation system (GIS) format.  At this time both published and unpublished stable isotope data from DWR, 
USGS, SWRCB/GAMA (Geo-tracker) has been compiled into this database, but some data is missing.  When 
we receive these data, we will update the database.   

Based on the preliminary stable isotope data compiled to date we can begin to compare these data to the 
data collected from the LTA.  These comparisons can be observed by referring to the 18O map in Appendix 
A.  At this time, we have observed the following trends: 

 The 18O data from southern Butte County and vicinity (including Yuba County), especially the large
number of samples collected east of the Feather River by DWR, suggests recharge of low elevation,
isotopically heavy groundwater, with samples ranging from approximately -7 to -9‰ 18O .

 USGS groundwater samples collected west of the Sacramento River, west of Butte County (including
in Yolo, Colusa and Glenn counties), have reported 18O of approximately -9‰ +/- 1‰ with surpris-
ing consistency, indicating the potential for consistent recharge mechanisms on the west side of the
Sacramento Valley.

 USGS, LTA and some unpublished data collected from groundwater wells near Butte Creek and along
the Sacramento River generally appear to be indicative of recharge of higher elevation, isotopically
lighter water ranging from -9 to -10‰ 18O.  There also is an apparent trend toward isotopically light-
er waters toward the south, with 18O values ranging from -10 to -11‰ or lower.  There are, however,

some notable exceptions (USGS, RICE wells) of reported higher isotopic values of -6 to -8‰ 18O.
 The LTA data tend to suggest a strong influence of groundwater depth, and thus stratigraphy, on the

isotopic signature.  However, there is insufficient information regarding the depth variations of other
data sets to assess the variation with depth in other areas of the northern Sacramento Valley.

 Groundwater samples collected adjacent to Deer and Mill Creeks in northern Butte and Tehama
counties consistently have the highest elevation water varying from -10 to -11.5‰ 18O, which is
consistent with the isotopic signatures in the surface water collected from these two creeks as part
of the LTA study.

When additional data become available, these trends will be verified and compared once again to the LTA 
stable isotope data as part of the final report. 

One additional purpose of compiling these data is to support the development of a field sampling plan (FSP).  
The existing data will help guide collection of additional information to support appropriate management of 
groundwater recharge in Butte County.   

As additional data for stable isotopes (D, 3He, 4He and other noble gases, and 15N), tritium, nutrients and 
general chemical parameters becomes available, it will be added to the existing database.  The database will 
be regularly updated as new data is received.  The current database supports the attached map (Appendix A) 
for 18O samples available at the time that this TM was prepared. 
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Appendix A: Map of Surface Water and Groundwater 18O in 
Butte County and Vicinity 
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1.0 OBJECTIVES 

The purpose of this procedure is to describe two alternative methods for surface water and 
stormwater runoff basin sampling. It describes the procedures and equipment to be used to obtain 
representative surface water and stormwater samples that are capable of producing accurate 
quantification of water quality.   
 

2.0 SCOPE AND APPLICABILITY 

This procedure is intended for the collection of surface water and stormwater samples to support 
site investigations as required by the Field Sampling Plan.  Surface water samples may be 
collected from a variety of situations including creeks, rivers, ponds or lakes.  Surface water 
sample locations may be man-made or naturally occurring, flowing or static, and the water body 
may be shallow or deep.  Stormwater samples may be collected from infiltration basins or bypass 
channels.  
 

3.0 RESPONSIBILITES 

The Project Manager is responsible for ensuring that groundwater measurements are 
implemented in accordance with this SOP and any other site-specific or project specific planning 
documents. 
 
The Field Personnel are responsible for understanding and implementing this SOP during all 
field activities, as well as obtaining the appropriate field logbooks, forms and records necessary to 
complete the field activities. 
 
The Field Manager is responsible for overseeing the health and safety of employees and for 
stopping work if necessary to fix unsafe conditions observed in the field.  In addition, all field 
personnel are responsible for stopping work if unsafe conditions exist. 
 

4.0 DEFINITIONS 

Surface water samples:  Samples of water collected from streams, ponds, rivers, lakes, or other 
impoundments open to the atmosphere. 

Stormwater samples: samples collected from stormwater runoff basins or surface water bypass 
structures used intermittently during storm events. 

For simplicity, all subsequent references surface water sampling will apply to stormwater 
sampling.  

5.0 REQUIRED MATERIALS 

Equipment needed for collection of surface water  samples may include (depending on technique 
chose): 
  

 Maps/plot plan 
 Tape Measure 
 Paper towels 
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 Global positioning system (GPS) 
 Cooler(s) and ice 
 Clean latex or nitrile gloves 
 Rubber boots/hip waders 
 Sampling device (e.g. bottle sampler, dip sampler, peristaltic pump) 
 Filtration equipment 
 Tubing 
 Decontamination equipment/supplies 
 Water quality monitoring equipment (e.g. pH/conductivity/dissolved oxygen meter) 
 Sample Containers/preservatives 
 Sample Labels 
 Field Notebooks/logbooks 
 Chain of Custody Forms 

 

6.0 PROCEDURES 

A variety of sampling methods and equipment are available for the collection of surface water 
samples because of the varied conditions and locations where samples may be collected.  This 
SOP will off two alternative techniques and the Field Manager will determine which sampling 
method is appropriate for the project. 
 
6.1 Sampling Equipment  

The objective of surface water sampling is to evaluate the surface water quality.  There is a 
variety of equipment available for surface water sampling.  Because each site may contain varied 
surface water conditions, collection of a representative sample may be difficult.  In general, a 
sampling device will include the following characteristics: 

 

 Be constructed of disposable or non-reactive material (e.g. polyethylene, polycarbonate, 
Teflon7, glass or stainless steel); and 

 Be designed to maintain sample integrity and to provide the desired level of quality in 
achieving desired analytical results. 

6.2 Sampling Methods 

6.2.1 General  

The specific sampling method utilized will depend on the accessibility to, the size, and the depth 
of the water body, as well as the type of samples being collected.  In most ambient water quality 
studies, grab samples will be collected.  However, the objectives of the study will dictate the 
sampling method.  General cautions for sampling are as follows: 
 

 When wading, collect samples upstream from the body. 

 Avoid disturbing sediments in immediate area of sample location. 

 Collect water samples prior to taking sediment samples when obtaining both from the same 
site. 
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 Sampling near structures may not provide representative data because of unnatural flow 
patterns. 

 Collect surface water samples from downstream towards upstream. 

 An additional sample should be collected or extra quantity of the collected sample should be 
poured off to a separate container for determination of field parameters such as pH, 
conductivity, dissolved oxygen, temperature, turbidity, odor, or other significant 
characteristics. 

6.2.2 Direct Grab Method 

For streams, rivers, lakes, and other surface waters, the direct method may be utilized to collect 
water samples directly into the sample container(s). Health and safety considerations must be 
addressed when sampling lagoons or other impoundments where specific conditions may exist 
that warrant the use of additional safety equipment. Using adequate protective clothing, access 
the sampling station by appropriate means. 
 

1) Use an unpreserved sample container to collect the sample. 

2) Slowly remove the container cap and slowly submerge the container, opening first, 
into the water. 

3) Invert the bottle so the opening is upright and pointing towards the direction of water 
flow (if applicable).  Allow water to run slowly into the container until filled (i.e., fill 
via laminar flow into the container if possible). 

4) Return the filled container quickly to the surface. 

5) Pour out a small volume of sample away from and downstream of the sampling 
location.  This procedure allows for addition of preservatives and sample expansion, 
as needed.  

For shallow stream stations, collect the sample under the water surface (to avoid collection of 
surface debris, etc.) while pointing the sample container upstream; the container must be 
upstream of the collector. When possible, collect samples in a downstream to upstream direction. 
Avoid disturbing the substrate. 
 
For lakes and other impoundments, collect the sample under the water surface while avoiding 
surface debris and the boat wake. 
 
When using the direct method, do not use pre-preserved sample bottles as the collection method 
may dilute the concentration of preservative necessary for proper sample preservation. 
 

6.2.3 Dip Sampler 

The dip sampler consists of a scoop or container attached to the end of a 
telescoping or solid pole.  The sampler shall be constructed of non-reactive 
material such as wood, plastic, or metal.  The sample will be collected in a jar or 
beaker made of stainless steel or Teflon7.  Preferably, a disposable beaker that 
can be replaced prior to each sampling will be used at each station.  Liquid 
wastes from water courses, ponds, pits, lagoons or open vessels will be ladled 

into a sample container. Dip Sampler 
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Perform the following procedures when sampling with a dip sampler: 
 

1)  Decontaminate all sampling equipment. 

2) Assemble the dip sampler in accordance with manufacturer's instructions. 

3) Extend pole to length that will allow safe access to desired sample location. 

4) Submerge the dip sampler to the desired sample depth, doing so very slowly to 
minimize surface disturbance. 

5) Allow the sampler to fill very slowly. 

6) Retrieve the sampling device with minimal surface water disturbance. 

7) Remove the cap from the sample bottle and slightly tilt the mouth of the bottle below 
the sampler edge. 

8) Empty the sampler slowly, allowing the sample stream to flow gently down the side 
of the sample bottle with minimal entry turbulence.  Fill sample bottle to appropriate 
head space, if any. 

 

7.0 DOCUMENTATION 

Quality assurance activities which apply to the implementation of these procedures are located in 
the site Field Sampling Plan (FSP) including the collection of required quality control samples 
such as field duplicates, field blanks and equipment blanks. In addition, the following general 
procedures apply: 

 All instrumentation must be operated in accordance with operating instructions as supplied 
by the manufacturer, unless otherwise specified in the work plan. Equipment calibration 
activities must occur prior to sampling/operation and they must be documented.  

 All data must be documented on field data sheets or within site logbooks. 

 
Descriptions of any deviations and the reason for deviations from this SOP should be noted in the 
field notebook, as necessary. In addition, the logbook should track pertinent sample collection 
information such as:  
 

 Sample date/time; 

 Personnel; 

 Weather conditions;  

 Sample identification and location information; and 

 Visible staining or other indications of non-homogeneous conditions. 

8.0 ATTACHMENTS 

Attachment A: Surface Water Sampling Field Data Sheet 
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ATTACHMENT A 

SURFACE WATER SAMPLING FIELD DATA SHEET 



PROJECT INFORMATION
Project Number:_____________ Task Number:_________ Date:_____________________ Time:____________
Client:______________________________________________ Personnel:_________________________________________
Project Location:____________________________________ Weather:___________________________________________

pH Temp (Units) Spec. Cond. 
(Units) ORP (Units) DO (Units) Turbidity 

(NTU)
Other:    

___________ Comments

SAMPLING DATA
Method(s):
Materials: Hand Grab
Materials: Dipping Cup
Depth to Water at Time of Sampling:____________ Field Filtered?
Sample ID:_____________ Sample Time:_____________ # of Containers:_______
Duplicate Sample Collected?

COMMENTS

Note: Include comments such as well condition, odor, presence of NAPL, or other items not on the field data sheet.

ATTACHMENT A

SURFACE WATER SAMPLING FIELD DATA SHEET

Time

Yes  No     ID:_____________

Yes    No

SAMPLE ID: ___________ 
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1.0 OBJECTIVES 

The primary objective of this standard operating procedure (SOP) is to establish a uniform 
method for the collection of representative groundwater which will ensure high sample quality by 
reducing the potential variability associated with purging and sampling. 

2.0 SCOPE AND APPLICABILITY 

This SOP will be used to support  groundwater monitoring programs and conducting the field 
groundwater sampling activities.  Planned groundwater sampling will involve two primary 
approaches:  1) for relatively shallow wells, standard purging of water from wells followed by 
sample collection; and 2) lowering a passive HydraSleeve samplers into each well adjacent to the 
screen interval targeted for sample collection. Groundwater sampling variables can be 
significantly controlled through the appropriate selection and use of purging and sampling 
equipment, and through the use of procedures that are described in this SOP. 

3.0 REQUIRED MATERIALS 

Materials required for conducting groundwater sampling depend upon the chosen sampling 
method.  Therefore the listing of materials will be separated into two parts in this SOP.  This 
section will present materials will likely be used regardless of purge or sampling method.  In 
Section 5, where specific methods and approaches are discussed, additional materials will be 
listed appropriate to each method.  General materials that should be considered regardless of 
method are as follows: 

 Cellular phone equipped with digital camera

 Well Completion Forms and data from previous sampling efforts (if available)

 Water level indicator

 Water quality monitoring equipment

o YSI 556 MPS Water Quality Instrument with flow through cell (groundwater

samples with dedicated or submersible pumps)

o Myron UltraMeter (groundwater samples using HydraSleeve sampling

method)

 Submersible pumps and control boxes

 Generator

 Clean water (5 gallon jug or potable water)

 Permanent marking pens

 Notebook

 Calculator

 Filtration Equipment
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 Measuring tape

 Garbage bags

 Shipping labels and Chain-of-Custody (COC) records

 Shipping coolers and ice

 Filters (0.45-micron [μm]), if appropriate

4.0 RESPONSIBILITIES 

The Project Manager is responsible to oversee and ensure that groundwater purging and 
sampling procedures are implemented in accordance to both this SOP and any project- or site-
specific planning documents.   

The field personnel are responsible for the understanding and implementation of this SOP during 
groundwater sampling activities, as well as obtaining the appropriate field logbooks, forms and 
records necessary to complete the field activities.   

5.0 PREPARATION  

Three basic scenarios for groundwater sampling are anticipated.  Reconnaissance work prior to 
field planning and mobilization will be needed to classify potential wells into one of three 
categories or scenarios: 

1) Scenario 1 - Wells with existing pumps that can be sampled directly from existing
discharge lines (domestic or irrigation well, dedicated electric or diesel pump); less than 
200 gallons of purge water and less than 4 hours to purge the well. 

2) Scenario 2 - Wells with no existing pumps that will be purged prior to sampling using
portable 2” pump; less than 200 gallons of purge water and less than 4 hours to purge the 
well. 

3) Scenario 3 – Wells with no existing pump that will be sampled using the HydraSleeve®
sampling method. 

5.1 Sampling Equipment Selection  

In order to select the sampling equipment needed, the well must be classified as Scenario 1, 2 or 3 
using the criteria listed above. The Field Sampling Plan (FSP) text lists the recommended wells to 
be sampled as part of this program in Table 4-1 of the FSP.  Table 4-1 provides the approximate 
water level, well diameter, and screen interval depth.   With this information, the calculation of 
estimated purge volume may be completed based on anticipated conditions; actual conditions 
during sampling may vary.  Typically, three to five casing volumes are removed prior to field 
parameter stabilization and sampling. 

The following conversions allow quick calculation of well casing volumes: 
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Well Casing Diameter (inches) Gallons per foot of water 
1.0 0.041
2.0 0.163
3.0 0.367
4.0 0.653
6.0 1.469

Alternatively, the well casing volume may be calculated using the formula V = CF*d2h, where 

V =  volume of water (gallons) 

d =  diameter of well (inches) 

h =  height of water column (feet) 

CF =  conversion factor (0.0408) that includes conversion of cubic feet to gallons, 
inches to feet, and diameter to radius. 

Equipment for collecting groundwater samples are as follows: 

1) Scenario 1 - Fully equipped shallow (0 to 200 feet deep), intermediate (200-600 feet), or
deep (>600 feet) monitoring well with pump and surface sample port with less than 200
gallons of purge water or less than 4 hours to purge the well.  Equipment needed in
addition to paperwork includes:

 Standard sample container set (see FSP)
 Tubing, connectors and filtration equipment, as needed (power source is usually

provided by a standard in the vehicle)
 A calibrated YSI 556 or equivalent field analytical meter (pH, EC, temp, ORP,

DO) with flow-through cell and tubing, or similar (see SOP-4 for the calibration
and use of field meters)

2) Scenario 2 - An accessible shallow, intermediate, or deep well with at least a 2 inch
inner-casing diameter with less than 200 gallons of purge water or less than 4 hours to
purge the well.  Scenario 2 would require equipment listed in Scenario 1 and include:

 Grundfos redi-flo pump, or equivalent
 At least 200 feet of tubing
 Pump Controller
 Generator

3) Scenario 3 – A shallow, intermediate, or deep well with obstructions (e.g., transducers)
that provide 1-2 inches of continuous access or an unobstructed well that would require
more than 200 gallons of purge water or more than 4 hours to purge the well. Scenario 3
would require equipment listed in Scenario 1 and include:

 One HydraSleeve with pre-measured nylon cord and one weight per well
 A “low volume” sample container set (see FSP)
 Myron field analytical meter (pH, EC, temp, ORP), or equivalent (see SOP-4 for

the calibration and use of field meters)
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5.2 Land Owner Notification and Communication 

Before confirming that the well is classified as Scenario 1, 2 or 3, the sampler must contact the 
owner and determine whether the well  is equipped with a dedicated pump.  For domestic wells or 
monitoring wells that are located on private property landowners must be notified before 
sampling.  The notification should be at least several days before the sampling event, and 
should include the specific date and times that sampling personnel will be on the property.  

5.3 General Considerations 

For all three scenarios, water level indicator and properly calibrated field instruments to measure 
pH, temperature, electrical conductivity and other parameters such as oxidation-reduction 
potential will be required. 

Initial data should be entered into field data sheets  before the start of sampling.  Examples of 
initial data to be recorded include site and sampling location identification, well depth, purging 
and sampling collection methods and previous field data. 

Good communication with the analytical laboratory is essential to the success of a groundwater 
sampling project.  The analytical requirements must be well-defined and clearly communicated, 
before conducting the field work.  Written communication is encouraged, in particular to 
document requirements for specific analytical methods, bottle orders, and other special needs. 
The appropriate sample containers and associated preservatives must be obtained.   

For stable isotopes, samples are to be collected in 60 milliliter (mL) glass bottles without 
preservative.  Bottles should be obtained from Qorpak (item #GLC-0129, 
http://www.qorpak.com/ ).  The containers and preservatives for general chemical parameters are 
supplied by the laboratory that will be responsible for the analyses.  Sample containers should be 
organized and inventoried several days before initiation of the sampling program to provide 
sufficient time to rectify any problems, should any occur.   

Whenever possible, pre-printed sample labels should be created before mobilization.  Sample 
containers with acid preservatives should not be more than six months old and should have been 
stored in a clean secure location.   

Equipment and containers, labels and Chain-of-Custody (COC) forms should be organized in the 
office before embarking on a field sampling project, to the extent practicable.  The time spent in 
the field should be spent on sample collection, field measurements and recording data. 

Use of dedicated and new, disposable purging and sampling equipment (tubing, etc.) is preferable 
to decontamination of reusable sampling equipment.  Dedicated equipment, and use of new, 
disposable equipment can virtually eliminate cross-contamination between samples caused by 
incomplete decontamination.  Dedicated equipment can also increase sampling efficiency through 
the elimination of the need to decontaminate equipment for successive sampling. Furthermore, 
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dedicated equipment can also help to reduce the physical handling of the equipment that can 
cause sample contamination through contact with potentially-contaminated surfaces. 

6.0 GROUNDWATER SAMPLING PROCEDURES 

A suitable work area should be established around the perimeter of the well.  Sampling equipment 
should be placed on a clean surface such that it will not become inadvertently contaminated.   

The strategy that will be employed for well purging should be determined before sampling and 
determined as outlined in Section 5 of this SOP.  Several different strategies are commonly used 
to assess the completeness of well purging.  The most common purging strategies are listed as 
follows. 

1) Scenario 1 - Wells with dedicated pumps.  Two types of wells are anticipated (1)
Wells that are operated continually or very frequently (e.g. pumpback wells,
domestic wells or irrigation wells); and (2) monitoring wells with dedicated pumps
that do not operate continually and must have three to five casing well volumes
removed prior to sampling in order to collect a representative groundwater sample.

Domestic wells or irrigation wells that are in operation require minimal purging only
to ensure the sample line is cleared of stagnant water, and fresh water is pumping
from the well (typically 20 to 50 gallons).  If the well has not been actively pumped
in several weeks, three to five well volumes of water are purged from the well prior
to sampling. After 3 casing volumes of water are removed, the well can be sampled
when indicator parameters (pH, specific conductivity, temperature) have stabilized
within 10% in successive measurements over a specified time or volume.

2) Scenario 2 - Wells that require a two-inch submersible pump.  If transducers are in
the well and the owner has given permission to remove the transducers prior to
sampling, the transducers are removed and placed in plastic sheeting or in clean 5
gallon buckets and replaced after sampling is complete.

Three to five well volumes of water are purged from the well prior to sampling. After
3 casing volumes of water are removed, the well can be sampled when indicator
parameters (pH, specific conductivity, temperature) have stabilized within 10% in
successive measurements over a specified time or volume.

3) Scenario 3 - Wells sampled with no purging using the HydraSleeve technique.  If
transducers are in the well and the owner has given permission to remove the
transducers prior to sampling, the transducers are removed and placed in plastic
sheeting or in clean 5 gallon buckets and replaced after sampling is complete.

The weighted HydraSleeve is lowered into the well to the middle of the desired well
screen interval and allowed to equilibrate for 24-48 hours, then retrieved from the
well and transferred into appropriate sample containers.
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During sampling activities, a well maintenance check should be performed that includes a visual 
inspection of the condition of the protective casing and surface seal.  Also, the well should be 
inspected for other signs of damage or unauthorized entry.  Any problems should be documented. 

It is recommended that the bottom of the well not be sounded each time the well is sampled. 
Well depths recorded on well completion records are generally adequate for the purpose of 
determining well volume. Generally, the only reason to sound well depth is if a need to verify the 
depth arises, or if you suspect that sediment/soil has collected in the bottom of the well.  If this is 
the case, well depth should be measured after sampling collection is completed for that event. 

6.1 Scenario 1 – Fully Equipped Well With Dedicated Pump 

6.1.1 Domestic or Irrigation Well Sampling 

Determining water level may or may not be possible with these wells, depending on construction. 
Sampling a domestic well requires minimal equipment since the domestic water supply system 
includes a pump and pressurization tank that delivers a reliable sample stream under pressure. 
Domestic well samples should be collected before in-line water filters or water softeners.  Garden 
hoses should be removed before sampling. Domestic wells should be purged by opening the 
spigot and allowing a pre-determined amount of water (e.g., 20 gallons) to flow through.  A 
spigot closest to the well house should be used for purging and sampling to minimize the amount 
of piping and reduce purge time.  A spigot should be located that does not draw water from a 
water softener tank; the water should be drawn directly from the well. 

Required Equipment: 

 Equipment listed in Section 5.1

 Five-gallon bucket, graduated in minimum one-gallon increments

Installation Instructions: 

 None required

Purging Instructions: 

1) Following notification of the landowner, arrive at the location and immediately knock
on the front door to see if anyone is home and to announce your presence.  There is no
reason to enter the home.

2) Go to the outside spigot closest to the well.

3) Remove the hose from the spigot.  If necessary, the hose may be left on the spigot for
purging, but it must be removed prior to sampling.

4) Turn on the spigot.

5) Measure and record the approximate purge flow rate by conducting a bucket test.

6) Allow at least 20 gallons to flow through the spigot.  Collect the water in the bucket
and pour the purge water on the landscaping.
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Sampling Instructions: 

1) When at least 20 gallons have been purged, the domestic water supply system is ready
to be sampled.

2) Don a new pair of gloves.

3) Collect the samples by filling the required containers directly from the spigot.  The
valve on the spigot should be turned almost to the closed position to provide a low
sampling flow rate that is as laminar as possible.

4) Bottles should be filled as outlined in project-specific planning documents.  Certain
parameters may also require minimizing headspace (e.g., reduced or ferrous iron).

5) Filtered samples can easily be obtained by installing an in-line, 0.45-μm disposable
cartridge filter directly onto the spigot.

6) Turn off spigot and re-attach hose, leave site in pre-sampling condition.

The final values of pH, specific conductance, and temperature should be measured immediately 
upon collection of the samples.  It is preferred that these parameters be measured continuously 
using a water quality meter coupled with a "flow-through" cell.  Alternately, these measurements 
would be made in an aliquot contained in a disposable plastic cup. 

6.1.2 Monitoring Well with Dedicated Pump 

Purging Instructions: 

1) Prior to field mobilization, attain necessary access or keys to wellheads, as needed.

2) Determine the volume of water to be purged, as described previously.

3) Start the pump.

4) Direct the pump discharge to the graduated measuring container and determine the
pumping rate.

5) Continue pumping until the necessary volume of water has been purged from the well.

6) Shut off the pump immediately whenever the pump stops pumping water.

7) Monitor indicator parameters as discussed previously.



Butte County Stable Isotope Study SOP-2 
Standard Operating Procedure Groundwater Sampling 

Revision 1.0 

Revision Date: February 25, 2016 

8 

Sampling Instructions: 

1) Allow the well to recharge after completion of purging, if necessary.

2) Resume pumping and adjust the pumping rate to the slowest possible rate, if necessary.

3) Don a new pair of gloves.

4) Collect the samples by pumping directly into each of the required containers.

5) Bottles should be filled as outlined in project-specific planning documents.  Certain
parameters may also require minimizing headspace (e.g., reduced or ferrous iron).

6) Filtered samples can easily be obtained by installing an in-line, 0.45-μm disposable
cartridge filter directly onto the pump discharge.

7) Turn off pump, leave site in pre-sampling condition.

6.2 Scenario 2 – Two-inch Pump Required 

For Scenario 2, groundwater sampling involves two primary operations.  These include the 
purging of stagnant water from the well followed by the collection of a sample.  Groundwater 
sampling variables can be significantly-controlled through the appropriate selection and use of 
purging and sampling equipment, and through the use of procedures that are described below. 

6.2.1 Depth to Groundwater Level 

The depth to water should be measured and recorded before initiation of all sampling activities. 
The water levels should be measured from the same marked point on the inner well casing each 
time.  Prior to measuring depth to water, the well cover shall be removed and left off for at least 
three minutes prior to conducting measurements.  Indications of air movement in or out of the 
well should be noted. 

The probe of the electric water level indicator shall be lowered into the riser casing until water is 
encountered, as indicated by the instrument signal and recorded to the nearest 0.01 foot.  The 
water level is then measured with respect to the “top-of-casing” reference point and entered on 
the field log.  One additional water level measurement should be made to verify the initial 
reading.  It is good practice to visually inspect the measuring tape/probe to insure that it is not 
missing sections and the numbers are accurate.  A periodic measurement of electric water level 
indicators using a measuring tape also is good practice. 

The water level measurement shall be compared to the most recent water level measured for the 
well (if any).  If the measurements differ by more than 0.5-foot, the depth to water should be 
measured a second time for verification purposes.  A remark shall be made on the field log if a 
probable cause for the discrepancy is known (e.g., tidal fluctuation, rainfall event, or start-up of a 
nearby pumping well). 

Field measurements of water levels for a given well should be recorded on the field form 
including the following information: 

 the type of measurement device used;
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 date and time of the measurement;

 any pertinent remarks concerning the well condition, instrument malfunction, variation of
the sounded depth versus the installed depth of the well, etc.

6.2.2 Placing the Submersible Pump 

A small-diameter electric submersible pump (Grundfos Redi-Flo2® or equivalent) can be 
operated with a wide variety of pumping rates such that it is very versatile for both well purging 
and sample collection.  This type of pump can be used in either a dedicated or non-dedicated 
mode.   

The placement of the pump is critical to ensure a complete exchange of the entire water column. 
The intake of a device used for purging should be placed as high in the water column as is 
possible under pumping conditions.  Optimum placement is to have the pump at the top of the 
water column.  This is done so that purging will draw water from the formation into the screened 
area of the well, and up through the casing, so that the entire static water column can be removed. 
In monitoring wells, there is the flexibility to raise or lower the pump in the well to achieve 
optimum placement.   

If the monitoring well is a slow recharging well, then the pump should be placed near the surface 
and slowly lowered at a rate similar to groundwater level decline.  As an alternative approach, the 
pump could be set at no more than three to five feet below the water surface.  If the recovery rate 
of the well is faster than the pump rate and no observable drawdown occurs, the pump can be 
raised until the intake is within one foot of the top of the water column for the duration of 
purging.  If the pump rate exceeds the well recovery rate, the pump will have to be lowered as 
needed based upon the amount of drawdown If the water level is not within the desired screen 
interval, the pump will be placed as close as possible to this interval. 

6.2.3 Purge Methods 

Initially, withdrawing groundwater should occur no more than three to five feet below the water 
surface.  If the recovery rate of the well is faster than the pump rate and no observable drawdown 
occurs, the pump should be raised until the intake is within one foot of the top of the water 
column for the duration of purging.  If the pump rate exceeds the well recovery rate, the pump 
will have to be lowered as needed based upon the amount of drawdown. 

Attempts should be made to avoid purging wells to dryness.  However, even with slow purge 
rates, a well may be purged dry.  In those cases, this constitutes an adequate purge and the well 
can be sampled when recovery is sufficient (enough volume to fill the sample containers). 
Recovery criteria are often cited as 80% of the original well column height.  The maximum 
recovery time before sampling should be 24 hours. 

An adequate purge is normally achieved when three to five times the volume of standing water in 
the well has been removed.  After three well volumes have been removed, if the chemical 
parameters have not stabilized according to the criteria given below, additional well volumes may 
be removed. 



Butte County Stable Isotope Study SOP-2 
Standard Operating Procedure Groundwater Sampling 

Revision 1.0 

Revision Date: February 25, 2016 

10 

Considering groundwater chemistry, an adequate purge is achieved when the pH, specific 
conductance, and temperature of the groundwater have stabilized.  Stabilization occurs when 
parameter measurements are within 10% between two readings spaced approximately one well 
volume apart, or under low flow purging, between two readings determined in project planning 
documents.  A water quality meter fitted with a flow-through cell, which allows continuous 
monitoring of the above parameters is recommended for these measurements. 

6.2.4 Purging and Sampling Procedures 

It is important that wells be sampled as soon as possible after purging is completed.  If adequate 
volume is available, the well should be sampled immediately as long as the well has recovered to 
80% of the original water column height.  If not, sampling should occur as soon as the well has 
recovered sufficiently to provide adequate volume. 

Required Equipment (not specified in Section 5.1): 

 Pump shroud (when used in a six-inch or larger well to minimize turbulence, to keep
motor cool)

 Check valve (optional)

 Electric pump controller with appropriate power plug

 Tool kit including basic tools, tubing cutters, extra tubing connector bracket, electrical
connectors, wire ties, etc.

 Ground fault interrupter (GFI)

 Flow through cell for water quality meter

Pump Installation Instructions: 

1) Don a new pair of gloves.

2) Assemble the pump, tubing, optional check valve, and electric power cables.

3) Measure and record water level.

4) Lower pump slowly into the well, being careful not to contact any surface other than
the interior of the well or the plastic sheeting.  When lowering the pump, be
particularly sensitive to areas that suggest drag or problems in the well where the pump
could get stuck.  If a problem exists, do not continue but discuss ways to investigate
with the Project Manager or senior technical personnel.

Purging Instructions: 
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1) Refuel the electric generator at a location that is remote from the well, being very
careful not to spill any fuel on equipment or clothing that will be used at the well site.

2) Place the gasoline-powered compressor as far from the well as possible in a down-wind
direction to eliminate potential exhaust impact to sampling.

3) Don a new pair of gloves.

4) Connect the compressor to electric power.

5) Determine the volume of water to be purged, as described previously.

6) Start the pump.

7) Direct the pump discharge to the graduated measuring container and determine the
pumping rate.  Continue pumping until the necessary volume of water has been purged
from the well.

8) If the pump intake has been placed deeply down into the water column for some
reason, slowly withdraw the pump upward through the water column while it is still
running to purge all water standing above the pump unless the pump will be used for
sample collection.

9) Shut off the pump immediately whenever the pump stops pumping water.

10) Monitor indicator parameters as discussed in SOP-4

Sampling Instructions: 

1) Allow the well to recharge after completion of purging, if necessary.

2) Resume pumping and adjust the pumping rate to the slowest possible rate, if necessary.

3) Don a new pair of gloves.

4) Collect the samples by pumping directly into each of the required containers.

5) Bottles should be filled as outlined in project-specific planning documents.  Certain
parameters may also require minimizing headspace (e.g., reduced or ferrous iron).

6) Filtered samples can easily be collected by installing an in-line, 0.45-μm disposable
cartridge filter directly onto the pump discharge.

7) Decontaminate equipment and pump by rinsing the exterior of the pump with clean
water per procedures below (6.4).

6.3 Scenario 3 – Hydrasleeve 

Follow general sampling procedures as outlined above (e.g., gaining site access, measuring depth 
to water prior to initiation sampling activities, etc.) and the respective SOP and field manuals 
provided by the manufacture as well as any relevant Federal and State guidance documents.  The 
SOP and field manual for HydraSleeve deployment and sample collection are provided here: 
https://www.hydrasleeve.com/technical-help.  A general SOP for HydraSleeve sampling is 
included below. 

Purging Instructions: 
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HydraSleeves are disposable, no-purge, grab-type groundwater samplers. Based on the 
assumption that horizontal ambient groundwater flow exists in the aquifer, HydraSleeves are 
intended to collect a groundwater sample directly from within the screened interval of a well, 
relying on the natural movement of groundwater through the screened interval to collect samples 
representative of the adjacent geologic formationHydraSleeve samplers consist of 5 major parts: 
the sampler body, the reed valve, the tether, the removable weight, and the discharge tube. Figure 
1 provides a diagram of a full sampler. The standard HydraSleeve sampler body consists of a 
round, 30 inch long polyethylene sleeve that comes in 1.5 inch (2.5 inches when flat) and 2.6 inch 
(4 inches when flat) diameters. 

Figure 1. Sampler Schematic  

6.3.1 Sampler Design 

Target depths for Hydrasleeve have been determined and are presented in Table 4-1 of the FSP. 
Once planned sampling depths are determined, tethers will be measured and cut with appropriate 
lengths for desired sampling depths.  Samplers will connect to the central tether using a spring 
clip at the top of the sampler, which will also serve to keep the opening unobstructed, and a cable 
tie at the bottom of the sampler. The connections will be made so that the sampler is pulled taut, 
but not stretched. The sampler will be secured snugly to the central tether, but with enough room 
that the sampler can inflate unobstructed by the tether. 

The central tether a nylon braided rope capable of supporting the weight of the sampler. A non-
reactive and decontaminated weight with centralizers, if applicable, will be attached to the end of 
the cable that goes into the well. This weight must be attached to the central tether before 
samplers are attached. The centralizers will be adjusted for the specific borehole diameter, so that 
the weight provides a centralized anchor from within specific borehole diameter uncased section. 
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The weight with centralizers should keep the HydraSleeves away from the casing and borehole 
walls. 

6.3.2 Sampler Operation 

HydraSleeve sampling requires 4 steps: 

 Assembly

 Deployment

 Stabilization

 Retrieval

Assembly: 
The sampler is folded flat and sealed in its own packaging.. The sampler is assembled by first 
holding the unfolded sampler and folding the hard reinforcement strips near the top eyelet. Either 
a spring clip is inserted into the eyelet and the tether made fast to the clip, or the tether is threaded 
through one eyelet and knotted so that the knot cannot slip back through the eyelet. Finally, the 
sampler is folded at the bottom so that the bottom eyelets meet and the weight is attached to them. 
In cases where multiple samplers are secured to a central tether, cable ties or stainless steel clips 
are used to secure the sampler to the central line. 

The central tether will be threaded onto the spool and the central weight attached. The hoist will 
then be positioned over the center of the well.  Each sampler will be marked to identify its 
sampling depth. Once a sampler has been submerged, the tether will not be pulled up until the 
samplers hit their target depths. Prematurely lifting the string will cause the samplers to fill at the 
wrong depths. 

Deployment: 
Once the sampler is assembled, it is tethered to a secure position at ground surface and the 
sampler is slowly lowered into the well. Multiple HydraSleeves can be connected to each other in 
series, with the tether from a lower sampler connected to the weighting eyelets of a higher 
sampler (Figure 2). Multiple samplers can also be individually weighted and connected to a 
central tether in situations where many samplers will be used and their combined weight might 
rip the connecting eyelets (Figure 3).  

The sampler should be lowered as slowly and smoothly as possible, so as to disturb the water 
column as little as possible. A single sampler will displace less than 100 mL when deployed 
correctly (GeoInsight, 2010). The sampler stays stretched taut between the weight connected to 
the sampler bottom and the tether connected to the top as it is lowered into the well. This keeps 
the sampler’s cross section very small and prevents water from entering the sampler prematurely. 
Care must be taken during sample deployment not to begin pulling the sampler upward through 
the water column as the sampler will fill. 

The string will be kept in the central portion of the casing so that the samplers do not contact the 
casing or borehole walls. Once a sampler has been submerged, the string will not be pulled up 
until the samplers hit their target depths. Prematurely lifting the string will cause the samplers to 
fill at the wrong depths. 
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Figure 2. Multiple HydraSleeves in Series 
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Figure 3. Multiple HydraSleeves attached to a Central Tether 

(from GeoInsight, 2010) 

Stabilization: 
Once the sampler has reached target depth, the sampler is allowed to sit so that any water from 
the upper cased portion that may have been dragged down by the sample can dissipate.   All 
deployed samplers will be allowed to equilibrate for 48 hours prior retrieval. 

6.3.3 Hydrasleeve Recovery and Sample Collection 

Once the samplers have achieved their target depths, the hoist or winch will be braked and the 
string immobilized. The sampler may be retrieved as soon as the stabilization period is complete. 
Sampler must obtain an upward velocity of greater than 1 ft/s in a smooth and controlled manner 
almost immediately for the reed valve to open at the target depth. Failure to do so may cause the 
reed valve to remain completely shut, or to open in an incorrect interval. Once the sampler has 
traveled at least 1.5 times its own length, 45 inches for a standard sampler, the sampler should be 
full and the reed valve closed again. 

As the full HydraSleeve reach the surface, the condition will be noted and they will be removed 
from the tether. 

The sampler is discharged into bottles for shipment to a laboratory after the sampler has been 
fully removed from the well. Discharge is performed by puncturing one wall of the sampler body 
with the sharp end of the discharge tube near the top of the sampler. Flow is controlled by 
orienting the sampler until the sample discharges into the bottle.  Once sample bottles are filled 
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remaining water from the Hydrasleeve will be placed into a collection cup for the Myron 
parameter meter and field measurements will be taken as described in SOP-4. 

6.4 Equipment Decontamination 

All non-dedicated sampling equipment (water level meters, submersible pumps, etc.) will be 
decontaminated between each sampling location.  Decontamination procedures will include 
rinsing/running tap water through the equipment, followed by rinsing in non-phosphate detergent 
(Alconox of equivalent), followed by a final rinse in distilled water.   

7.0 FIELD RECORDS 

Accurate field records must be maintained to document groundwater sampling activities.  These 
records include technical field data, sample identification labels, and COC information for each 
sample.  These records are described in detail in the following sections, and discussed in the 
Sampling Handling and Field Documentation SOP-6. 

Specifically for groundwater sampling, the field sampling records as presented in Attachment A. 
These should include, at a minimum, the following information: 

 Sampling location

 Date and time

 Condition of the well

 Static water level (depth to water)

 Calculated well volume

 Purging method, if applicable

 Actual purged volume, if applicable

 Sample collection method

 Sample description

 Field meter calibration data

 Water quality measurements

 General comments (weather conditions, etc.)

All data entries should be recorded using black indelible ink and should be written legibly.  Entry 
errors should be crossed out with a single line, dated, and initialed by the person making the 
correction. 

7.1 Water Quality Parameters 

As mentioned in Section 6.0, water quality parameters will be collected and recorded for all 
planned well sampling activities.  These field measurements will be included as part of the 
official field record.  During groundwater parameter meter calibration (See SOP 4), parameters 



Butte County Stable Isotope Study SOP-2 
Standard Operating Procedure Groundwater Sampling 
 Revision 1.0 

 Revision Date: February 25, 2016 

 

17 

will be measured against known standards to ensure equipment accuracy.  A record of these 
calibration readings will be included in an instrument calibration sheet.  During groundwater 
sampling, parameters will be collected as described above and included in a record of 
groundwater sampling sheet.  Field forms are discussed further in SOP-6.   
 
7.2 Sample Shipment 

Shipment of samples to an analytical laboratory is usually required upon completion of sample 
collection.  Proper packaging is necessary to protect the sample containers, to maintain the 
samples at or below a temperature of four (4) degrees Celsius (°C), and to comply with all 
applicable transportation regulations.  See the Sampling Handling and Management SOP-3 for 
further details. 
 

8.0 QUALITY ASSURANCE/QUALITY CONTROL 

To assess the accuracy and precision of the field methods and laboratory analytical procedures, 
quality assurance/quality control (QA/QC) samples are collected during the sampling program 
according to the project Work Plan.  QA/QC samples may be labeled with QA/QC identification 
numbers or fictitious identification numbers if blind submittal is desired, and are sent to the 
laboratory with the other samples for analyses.  The frequency, types, and locations of QA/QC 
samples are specified in the FSP.  Examples of QA samples include, but are not limited to, 
equipment rinsate blanks, field blanks, trip blanks, filter blanks, duplicate samples, and matrix 
spike/matrix spike duplicate (MS/MSD) samples. 

8.1 Equipment Rinsate Blanks 

An equipment rinsate blank is intended to check if decontamination procedures have been 
effective and to assess potential contamination resulting from containers, preservatives, sample 
handling and laboratory analysis.  Procedures for collection are as follows: 

1. Rinse the decontaminated sampling apparatus with deionized water.  Allow the 
rinsate to drain from the sampling apparatus directly into the sample bottle or into a 
secondary container which is then poured into the sample bottle; 

2. Add any preservatives associated with the sample analytical methods to the rinsate 
sample; 

3. Specify (on the COC) the same analytical methods for rinsate samples as is specified 
for the groundwater samples; 

4. Assign the rinsate sample an identification number and label as rinsate samples; and 

5. Place the rinsate sample in a chilled cooler and ship it to the laboratory with the other 
samples. 

An Equipment Rinsate blank sample will be collected for every 20 investigative samples (or less) 
each day samples are collected using non-dedicated equipment. 
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8.2 Field Blanks 

Analyses of field blanks are used to assess the contamination of samples during sample 
collection.  Field blanks are prepared at a sampling location by pouring certified analyte-free 
water provided by the laboratory into a preserved container.  The field blank sample should be 
analyzed by the same methods as the groundwater sample.  An identification number shall be 
assigned and recorded in the logbook which groundwater sample at which location the field blank 
was prepared.  A field blank will be collected and analyzed for every 20 investigative samples (or 
less) that are collected. 

8.3 Trip Blanks 

Trip blanks are VOC samples that are prepared in the laboratory using analyte-free water.  Trip 
blanks are analyzed to assess VOC contamination of samples during transport and are used only 
when VOCs are suspected and being analyzed in the groundwater samples.  One trip blank (three 
40-ml vials) will be included for each cooler that contains samples for VOC analysis.  At no time 
should the trip blanks be opened by field personnel. 

8.4 Duplicate Samples 

Duplicate samples are collected to assess the precision of field and laboratory components of field 
samples.  When collecting a duplicate groundwater sample, the original and duplicate sample 
containers should be filled simultaneously, or as close to simultaneous as possible, by moving the 
discharge tubing or bailer back and forth over each container until full.  Alternatively, the sample 
could be collected in one larger container, mixed, and split into the original and duplicate 
samples.  This method will give a more representative split but also is more likely to introduce 
contamination if the larger container is reused and is therefore not preferred. 

To maximize the information available in assessing total precision, collect duplicate samples from 
locations suspected of the highest contaminant concentration.  Use field measurements, visual 
observations, past sampling results, and historical information to select appropriate locations for 
duplicate analyses. 

The duplicate sample is handled and preserved in the same manner as the primary sample and 
assigned a sample number, stored in a chilled cooler, and shipped to the laboratory with the other 
samples.  Whenever possible, the sample identification numbers for the characteristic sample and 
its duplicate are independent such that the receiving laboratory is not able to distinguish which 
samples are duplicates prior to analysis. 

One duplicate sample shall be collected per 10 investigative samples (or less). 
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RECORD OF GROUNDWATER SAMPLING FORM 

 
 



1. PROJECT INFORMATION
Project Number:_____________ Task Number:_________ Date:___________________Time:____________
Client:______________________________________________ Personnel:_________________________________________
Project Location:____________________________________ Weather:___________________________________________

2. WELL DATA
Casing Diameter:__________ inches Type of Casing: ____________________________
Screen Diameter:__________ inches (d) Type of Screen:______________________Screen Length : ________________
Total Depth of Well from TOC:______________ feet
Depth to Static Water from TOC:_____________ feet
Depth to Product from TOC:_________________ feet
Length of Water Column (h):_____________ feet Calculated Casing Volume:___________ gal  (3 to 5 times one well volume)
Purge Volume Calculation (one casing volume = 0.041d2h):

Note: 2-inch well = 0.167 gal/ft        4-inch well = 0.667 gal/ft

3. PURGE DATA
Purge Method:

Materials: Pump/Bailer

Materials: Rope/Tubing

Was well purged dry?

Cum. 
Gallons 

Removed
pH Temp (Units) Spec. Cond. 

(Units) Eh (Units) DO (Units)
Other:    

__________
_

Comments

4. SAMPLING DATA
Method(s):
Materials: Pump/Bailer
Materials: Tubing/Rope
Depth to Water at Time of Sampling:____________ Field Filtered?
Sample ID:_____________ Sample Time:_____________ # of Containers:_______
Duplicate Sample Collected?

5. COMMENTS

FORM GW-1     (Rev 7/31/01)

GROUNDWATER PURGE AND SAMPLING FIELD DATA SHEET

Time

Yes    No Pumping Rate:___________ gal/min

Analyses Requested:

Yes  No     ID:_____________

Yes    

Equipment Model(s)

1. _______________________

2. _______________________

3. _______________________

WELL ID: ___________ 

\\bcsac01\projects\48000\148430 - Butte Cnty Isotope Study\Task 1.2 Field Sampling Protocol\SOPs\Draft Final SOPs\SOP 2 - Attachment\Groundwater 
Sampling Form jb.xls
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1.0 OBJECTIVE 

The purpose of this procedure is to establish a uniform method for the handling of samples.  This 
includes the procurement of the appropriate sample containers and preservatives, chain-of-custody 
(COC) procedures and the use of appropriate sample shipment methods.  
 

2.0 SCOPE AND APPLICABILITY 

This procedure will be used during the collection of all types of water media including, but are not 
limited to, groundwater, surface water and stormwater runoff. 
 

3.0 RESPONSIBILITIES 

The Project Manager (PM) is responsible to oversee and ensure that the handling of samples is in 
accordance with this SOP and any site-specific or project specific planning documents.   
 
The field sampling personnel are responsible for understanding and implementing this SOP during 
all field activities, as well as obtaining the appropriate field logbooks, forms, and records necessary 
to complete the field activities.  Field personnel will ensure all field activities are documented 
completely at the end of each field day.  Field personnel are responsible for assuring that the original 
documentation (or copies of the field logbook) are filed at the end of the field sampling program. 
 
The Field Manager, is responsible for overseeing the health and safety of employees and for 
stopping work if necessary to fix unsafe conditions observed in the field.  In addition, all field 
personnel are responsible for stopping work if unsafe conditions exist. 

 

4.0 REQUIRED MATERIALS 

The materials required for this SOP include the following: 

 Bound field logbooks 

 Black waterproof and/or indelible ink pens 

 Field forms 

 COC forms 

 Sample labels 

 Ice chest 

 Packing material (bubble wrap or equivalent) 

 

5.0 PROCEDURES 

The following procedure outlines general considerations for sample handling in the field and 
maintaining sample custody after collection. 
 
Details regarding collection of samples are provided in other SOPs (e.g., Surface Water Sampling 
SOP-2).  General considerations for handling during sampling are: 
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 Always wear proper nitrile gloves when handling samples. 

 Sample receptacles or containers should be wrapped in a way that is protective of both 
surrounding containers and the container the sample is in. 

 Before shipping the ice chest or cooler, the sampler should ensure that the sample 
containers have sufficient packing material to prevent samples from moving during 
transport to the laboratory; as ice melts the samples will shift inside the ice chest. 

 Always check and document procedures in field logbooks or sampling forms.  
  

Samples must be stabilized for transport from the field to the laboratory through the use of the 
proper sample containers and refrigeration to 4 degrees Celsius (˚C).  This is due to the potential 
changes in chemical quality that may occur after samples are collected.  Samples analyzed for stable 
isotopes (deuterium [D] or 18O) do not require refrigeration.  Sample containers and preservation are 
specific to each analytical parameter as specified by the laboratory and the FSP. 
 
5.1 Sample Labels 

Sample labels are required on all sample containers for the primary purpose of sample identification.  
Specific field data need not be recorded on the labels.  The sample labels should contain the 
following information: 
 

 Sample or location identification number (i.e., well number, boring number/depth, or 
arbitrary sample number) 

 Analysis to be performed 

 Preservative (even if only keeping sample chilled) 

 Project name and number 

 Date and time of sample collection 

 Details of samplers (initials, etc.) 

 
It is recommended that the sample label be preprinted in the office on adhesive labels prior to 
initiation of the sampling program.  Tape should NOT be used to cover any label.  Recent studies 
indicate that most commercially-available tapes contain volatile organic compounds (VOCs) and that 
there is the potential for contamination from the tapes. 
 
5.2 Chain-of-Custody 

The goal of implementing COC procedures is to ensure that the sample is traceable from the time 
that it is collected until it, or its derived data, are used.  Samples are considered to be "in custody" 
under the following conditions: 
 

 It is in personal possession. 

 It is in personal view after being in personal possession. 
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 It was in personal possession when it was properly secured. 

 It is in a designated secure area. 

 

5.2.1 Chain-of-Custody Forms 

Each laboratory has their own preferred COC form; Isotech for stable isotopes, and Calscience for 
general minerals.  COC forms may be specially prepared with some initial information for the 
project and specific analytical methods listed prior to field work to decrease the amount of 
information that has to be recorded in the field.  However, in this event, actual sample collection 
information should be recorded only in the field after the sample has been collected. 
 
At a minimum, the appropriate COC form may be initiated at the time that the sample containers are 
filled and must be completed when the sample containers leave the site at which they are prepared.   
The following information could be pre-printed on the COC: 
 

 Sample identification 
 Preservation 
 Analysis requested 
 Data package requested 
 Sampler name 
 Contact information 

 
After the samples are collected, the sampler can enter the following: 
 

 Date/time of collection 
 Number of containers 
 Chain-of-Custody signatures 

 
The original single-page form should be photo-copied prior to sample shipping and the original 
included in the shipping container.  If a triplicate COC form is used, the top page original shall be 
included with the samples and the remainder preserved for project files.  Revisions to COCs should 
be single-lined crossed out, initialed and dated.  COC forms should be numerically sequenced with a 
number clearly indicated on the form.  The COC forms should be placed in shipping containers, 
protected from moisture using plastic bags (e.g., Ziploc®).  COC forms included in any shipping 
container should only reflect those samples that are in that container.  The field personnel collecting 
the samples will be responsible for the custody of the samples until transport to the laboratory.  
Sample transfer requires the individuals relinquishing and receiving the samples to sign, date and 
note the time of transfer on the COC forms.  The COC form is considered to be complete after it has 
been received and signed in by the analytical laboratory.  A copy of the COC record should be 
maintained by the field personnel along with the other field records. 
 
Common carriers (i.e., Federal Express) are not expected to sign the COC form.  However, the bill-
of-lading or airbill becomes part of the COC record if a common carrier is used to transport the 
samples.  Airbill or bill-of-lading numbers should be recorded on the COC forms. 
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5.2.2 Chain-of-Custody Seals 

Clear plastic tape wrapped around the outside of the cooler is required on every cooler containing 
samples to be analyzed by the laboratory.  Clear tape satisfies a COC “seal”. Clear tape should be 
placed at two points along the front of the cooler at the point where the lid meets the body of the 
cooler.  The tape shall include the date and initials of the packager.   
 
COC seals or evidence tape may be used, but are not required, on the sample containers to 
demonstrate that the sample containers have not been opened or otherwise tampered with.  COC 
seals or evidence tape, if used, should be affixed to each sample container as soon after sample 
collection as is possible.  For this project COC seals on the cooler or on individual samples are not 
required. 
 
5.3 Sample Shipment 

Shipment of samples to an analytical laboratory is required upon completion of sample collection.  
Proper packaging is necessary to protect the sample containers, to maintain the samples at a 
temperature of four degrees Celsius (°C) or less, and to comply with all applicable transportation 
regulations.  Please note; samples analyzed for stable isotopes (deuterium [D] or 18O) do not require 
refrigeration. 
 
In general, samples are shipped using packaging that is supplied by the analytical laboratory.  The 
laboratory that analyzes samples for stable isotopes (deuterium [D] or 18O) will not prepare 
containers or coolers containing packing equipment.  The Field Manager must obtain these supplies 
prior to the Readiness Review (SOP-7).  
 
The packaging normally includes a shippable insulated box such as an ice cooler and contains 
protective internal packaging materials such as foam sleeves or bubble wrap.  In either case, care 
should be taken to ensure that the sample bottles are adequately protected from breakage during 
shipments.  Samples should be secured tightly with bubble wrap or other suitable packing media and 
covered with plastic bags.  Provisions need to be made for maintaining the temperature of the 
samples either with the use of ice or “blue ice”.  If ice is used, the ice should be double bagged in 
Ziplocs and added to the shipping container only after the samples have been secured with packing 
media.  Ice should never be used to provide separation between sample bottles.  Once packed, the 
samples should not shift and the cooler should be secured shut by wrapping fiber reinforced 
(strapping) tape completely around the cooler.  
Samples collected for stable isotopes do not require preservation or refrigeration as discussed in the 
FSP.  Samples for general minerals analysis requires refrigeration as discussed in the FSP.  Samples 
that are shipped with ice for temperature preservation shall also include a “Temperature Blank”. The 
temperature blank consists of a small volume (50-100 milliliter [mL]) of tap water in a separate 
container positioned near the center of the cooler.  The laboratory will check the temperature of this 
blank to determine if the sample meets the temperature preservation requirement.   
 
Clear tape should be wrapped around the cooler.  The shipping label shall be secured to the outside 
of the shipping container and, if it is attached to the top of a cooler by adhesive, clear tape shall be 
used to secure it to the packaging.  A valid return address must appear on the shipping label in the 
event that the shipper is unable to deliver to the designated address.  
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Samples will be delivered to the analytical laboratory so that there is sufficient time for analysis of 
the constituent with the shortest holding time.  For holding times, please refer to the analytical 
laboratory requirements.  Samples preserved at 4°C using ice packs or ice shall be shipped via 
overnight delivery.  If samples are sent on Friday, Saturday delivery will be requested and 
arrangements must be made with the laboratory to receive the shipment.   
 
Samples, including surface water and groundwater samples, are currently exempt from Hazardous 
Goods regulations.  40 CFR 261.40(d) states, "A sample of solid waste or a sample of water, soil, or 
air which is collected for the sole purpose of testing to determine its characteristics or composition is 
not subject to this Part or Parts 262 through 267 or Part 124 of this chapter or to the notification 
requirements of Section 3010 of RCRA."  Therefore, no special regulations are required to be 
followed for the shipment of samples from the field.  However, sample containers should be 
properly packed such that inadvertent spillage does not occur during shipment (e.g., any discharge 
spouts should be taped closed).  Furthermore, some courier locations are not equipped and will not 
accept leaking ice chests and if they discover leakage, they contact the sampler and require that they 
pick up the leaking cooler.  Typically, larger distribution centers do not have this requirement and 
are authorized to accept coolers that leak a small amount of water.  
 
Specific regulations do exist, however, for the shipment of many reagents that are commonly used as 
preservatives and decontamination agents.  Consequently, the shipment to the field site of "empty" 
sample containers containing small quantities of preservatives must be conducted in accordance with 
the regulations.  The most significant limitations for the shipment of preservatives (IATA, 1992) 
involve those for nitric acid in which only small quantities (<0.5 liters [L]) of low concentration 
(<20 percent [%]) nitric acid can be shipped in any given shipment.  
 

6.0 QUALITY ASSURANCE/QUALITY CONTROL 

Quality assurance for sample handling centers upon following procedures outlined above and double 
checks as samples are collected.  Checks should be performed either by 1) the field personnel, or, 
preferably, 2) by a project chemist or other personnel.  This personnel shall constantly check field 
COC forms versus laboratory receipt acknowledgment forms, discuss condition of samples as 
received by laboratory personnel, and communicate constantly with the laboratory project manager 
to prevent quality assurance issues from starting or becoming significant problems, should they 
occur. 
 

7.0 REFERENCES 

United States Environmental Protection Agency, 1986, RCRA Ground-Water Monitoring Technical 
Enforcement Guidance Document, OSWER-9950.1. 

United States Environmental Protection Agency, 1987, A Compendium of Superfund Field 
Operations Methods, EPA/600/P-87/001. 

United States Environmental Protection Agency, 1992, RCRA Ground-Water Monitoring: Draft 
Technical Guidance, EPA/600/R-92/001. 

8.0 ATTACHMENTS 

A. Chain of Custody Forms 



 SOP-3 
Standard Operating Procedure Sample Handling and Packaging for Shipment 
 Revision 1.0 
 Revision Date: February 23, 2016 

 
 

6 

 



 SOP-3 
Standard Operating Procedure Sample Handling and Packaging for Shipment 
 Revision 1.0 
 Revision Date: February 23, 2016 

 
 

A 

ATTACHMENT A 

 

CHAIN OF CUSTODY FORMS 



OF

  CITY: STATE: ZIP:

  GLOBAL ID:

7440 Lincoln Way, Garden Grove, CA 92841-1427  •  (714) 895-5494
For courier service / sample drop off information, contact us26_sales@eurofinsus.com or call us.

o SAME DAY o 24 HR o 48 HR o 72 HR o 5 DAYS o STANDARD
  TURNAROUND TIME (Rush surcharges may apply to any TAT not "STANDARD"):

  P.O. NO.:

  PROJECT CONTACT:   SAMPLER(S): (PRINT)

06/02/14 Revision

  Time:

CHAIN OF CUSTODY RECORD
DATE:

PAGE:

  Date:

REQUESTED ANALYSES

  WO # / LAB USE ONLY

  Date:   Time:

  Date:   Time:

LAB 
USE 

ONLY
SAMPLE ID

  CLIENT PROJECT NAME / NUMBER:

  ADDRESS:

DATE TIME
MATRIX

SAMPLING NO.
OF

CONT.

  E-MAIL:

  Relinquished by: (Signature)

 U
np

re
se

rv
ed

 P
re

se
rv

ed

 F
ie

ld
 F

ilt
er

ed

  Relinquished by: (Signature)   Received by: (Signature/Affiliation)

  Received by: (Signature/Affiliation)

  Relinquished by: (Signature)   Received by: (Signature/Affiliation)

  LABORATORY CLIENT:

o COELT EDF

  SPECIAL INSTRUCTIONS:

  LOG CODE:

  TEL:

Please check box or fill in blank as needed.



I S O T E C H L A B O R A T O R I E S 

R

1308 Parkland Court Champaign, IL 61821 • (877) 362-4190 • www.isotechlabs.com

Weatherford products and services are subject to the Company’s standard terms and conditions, available on request or at weatherford.com. For more information contact an authorized Weatherford representative. Unless noted otherwise, trademarks and service marks 
herein are the property of Weatherford and may be registered in the United States and/or other countries. Weatherford products named herein may be protected by one or more U.S. and/or foreign patents. For more information, contact patents@weatherford.com. 
Specifications are subject to change without notice. Weatherford sells its products and services in accordance with the terms and conditions set forth in the applicable contract between Weatherford and the client.

© 2013 Weatherford. All rights reserved. 

 CARACTERISTICAS PRINCIPALES

Sample Description

Chain-of-Custody Record

SEND DATA TO:

Standard

Priority

Rush

Sample Identification Date 
Sampled Time Comments

Analysis Requested

Signature

Relinquished by

Received by

Relinquished by

Received by

Relinquished by

Received by

Date TimeCompany

Name:

Company:

Address:

Phone:

Email:
Project:

PO #:

Location:

Sampled By:

Container
Number

SEND INVOICE TO (if different from SEND DATA TO):

Name:

Company:

Address:

Phone:

Email:
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1.0 OBJECTIVES 

The objective of this Standard Operating Procedure (SOP) is to provide general procedures for 
the calibration and use of field instruments used during sampling activities.  These instruments 
are used for field measurements of general chemical parameters including acidity, salinity and 
temperature.   
 

2.0 APPLICABILITY 

This general procedure will be followed during all field activities when field instruments are used 
for the collection of field data.  The general use and calibration of these instruments are discussed 
in this SOP and always should be supplemented (or superseded, if necessary) with the 
manufacturer’s calibration and maintenance instructions.   
 

3.0 RESPONSIBILITIES 

The Project Manager is responsible to oversee and ensure that field instruments are calibrated 
and that written documentation of calibration is maintained.   
 
The field sampling personnel are responsible for understanding and implementing this SOP 
during all field activities, as well as, obtaining the appropriate field logbooks, field records, 
instruments, materials and calibration standards necessary to complete the field task.  
 
The Field Manager is responsible for overseeing the health and safety of employees and for 
stopping work if necessary to fix unsafe conditions observed in the field.  In addition, all field 
personnel are responsible for stopping work if unsafe conditions exist. 
 

4.0 DEFINITIONS 

Calibration – Procedure used to demonstrate that instrument is reading correctly. 

 

5.0 REQUIRED MATERIALS 

The materials required for this SOP include the following: 
 

 Bound field logbooks, 

 Black or blue water proof and/or indelible ink pens, 

 Instrument calibration form(s),  

 Standard solutions, and materials and secondary collection containers, 

 Replacement batteries and parts (if applicable), and 

 
Instruments used during field activities may include, but are not limited to, the following: 
 

 Water quality instruments (e.g., pH, temperature, conductivity, dissolved oxygen [DO], 
oxidation-reduction potential [ORP]), and 
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 Water level indicators  

 

6.0 PROCEDURES 

This SOP includes the general methods for field instrument calibration, calibration documentation 
and corrective action procedures that will be implemented during field activities.  The FSP 
recommended renting a YSI 556 with 5083 flowthough cell or a Myron Waterproof Ultrameter 
6PII FCE. Detailed instrument calibration procedures are provided by the manufacturer and will 
be different for each field instrument used.  Field personnel should be familiar with the 
calibration procedures prior to using the equipment in a field setting. 
 
Prior to field activities, it will be determined which instruments will be needed for the field 
activities.  Field personnel should locate, order, and coordinate delivery of the necessary 
instruments, standard solutions, and other necessary equipment and materials at least three days 
before the beginning of the field activities.  Consideration should be made for specialty 
instruments and materials that may take longer to obtain.   
 
Prior to field mobilization, instruments that will be used during the field activities will be checked 
for possible malfunctions, cleaned and calibrated.  Some equipment provided by a rental 
company is shipped pre-calibrated and a completed calibration sheet is sent with the equipment.  
If equipment was calibrated by the rental company/manufacture, calibration verification will be 
completed prior to use.  These activities will be conducted in accordance with manufacturer’s 
procedures, where applicable.  If manufacturer procedures are not available, standard acceptable 
calibration procedures will be used.  
 
Calibration verification will be performed on field instruments prior to their initial use, at least 
once daily, or whenever indications of instrument malfunction or questions in readings are 
observed.  Some instruments, such as field water quality meters, may require more frequent 
calibration verification depending upon project quality objectives.  In general, instrument 
identification and calibration will include the following steps: 
 

1. Determine which instruments are needed for the specific field tasks; 

2. Obtain the necessary instruments and standard solutions for calibration; 

3. Check expiration dates on standard solutions, replace if out of date; 

4. Assemble the instrument and turn it on, allowing the instrument to warm up; 

5. Check battery charge, charge or replace if necessary; 

6. Clean the instrument (if necessary); 

7. Calibrate the instrument prior to field use in accordance with manufacturer’s procedures, 
and if necessary adjust the instrument to meet calibration specifications (this step is 
sometimes referred to as the initial calibration);  

8. If the instrument malfunctions and can not be corrected, obtain another instrument and 
have the other repaired (see Section 7.0 for Corrective Action Procedures); 

9. Clean and decontaminate the instrument after use, and before storage; 
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10. Document all calibration activities and results;  

11. Document all field measurements as detailed in SOP-1, (surface water sampling) SOP-2 
(groundwater sampling) and SOP-6 (field notes and documentation) 

12. Recharge batteries and store the pH and other probes in recommended solutions at the 
end of each day or as needed. 

 
Instrument calibration and accuracy should be checked by using at least two different, 
commercially-available standard solutions over a range of values (e.g., pH buffers at 4, 7 and 10) 
to check that the meter is providing accurate readings over a range of conditions.  These solutions 
should be separate from any solution provided by the manufacturer or the equipment rental 
vendor. 
 
6.1 Accuracy Requirements 

For an instrument to be considered calibrated and ready for use, the instrument must read within 
at least 10 percent (%) of the calibration standard.  If the instrument reads >10% difference from 
the standard, it should be recalibrated or taken out of service.  Consult the manufacturer’s 
instruction manual for more specific details on the instrument in use. 
 
Personnel responsible for the use of these instruments will read the manufacturer’s instruction 
manual and will be trained for the use, calibration, and maintenance of the instrument prior to 
instrument use.  The calibration, maintenance and use of these instruments will be conducted in 
accordance with the manufacturer’s specifications and procedures.  If instrument calibration 
cannot be met or if the instrument is malfunctioning, obtain another instrument and repair the 
malfunctioning instrument immediately (see Section 7.0 Corrective Action).  
 
6.2 Records 

A record will be maintained of the calibrations and calibration verification.  The records will 
include the following information, where applicable: 
 

 Date and time of activities,  

 Project name and number,  

 Personnel conducting the calibration, 

 Serial and/or meter numbers,   

 Instrument name and model number,  

 Standard solutions used, including concentration lot numbers and expiration dates, and 

 Instrument readings after calibration. 

 
Calibration activities will be recorded in the field logbooks or on the Calibration Form. An 
example of this calibration record is included as an attachment.  This record can be modified as 
necessary to accommodate specific instruments.  Records of equipment repair and maintenance 
shall be recorded in the Instrument Calibration Field Book.  
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6.3 Equipment Specific Procedure- Water Quality Meter 

Equipment necessary: 
 YSI 556 MPS Water Quality Instrument with flow through cell, or Myron UltraMeter 

 4.0, 7.0, 10.0 pH Buffer Solutions-pH 

 447, 1413, 8974, 15,000 Conductivity Solutions-SC, or similar 

 220 millivolt (mV) Standard Solution-ORP, or similar 

 Zero Oxygen Solution-DO 

 Rinse water 

 Daily Calibration form 

 Batteries 

 Conditioning solution containers 

 Waste Solution Collection container 

 

General Calibration Procedure: 

1. Turn on instrument and allow instrument to warm up for approximately five minutes.  
Observe battery status and change batteries if necessary.  

2. Fill out Daily Calibration form.  Record date and time of calibration and expiration 
dates of the standard solutions used in calibration.  Record the Unit ID, Serial Number, 
assigned user and person conducting the calibration. 

3. Use the transport/calibration cup that comes with the probe module as a calibration 
chamber for all calibrations.   

4. For maximum accuracy, use a small amount of calibration solution to pre-rinse the 
probe module.  Insert YSI probe module into calibration cup and swish.  Do not rinse 
the cup between the conditioning step and the calibration step.  The conditioning 
solution should never be used as calibration solution. 

5. After discarding the conditioning solution, pour new calibration solution into 
calibration cup and ensure that there is enough solution to cover the probe that you are 
calibrating.  Many of the calibrations factor in readings from other sensors (ie: 
temperature sensor).  The top vent hole of the conductivity sensor must also be 
immersed during some of the calibrations.  Insert YSI probe module into the calibration 
cup with the calibration solution, tighten the cup and follow calibration steps below for 
each parameter.  

6. Rinse calibration solution cup and probe module at least three times with ambient-
temperature rinse water between each solution.  

7. Have several clean, absorbent paper towels or cotton cloths available to dry the probe 
module between rinses and calibration solutions. 
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8. When calibration is finished add a small amount of water or pH 4 solution to 
calibration cup.  Place probe module into calibration cup.  Damage may occur if the 
probes are allowed to dry.  Do not use distilled water. 

9. The key to successful calibration is to ensure that the sensors are completely immersed 
when calibration values are entered.  Use recommended volumes when performing 
calibrations. 

pH Probe 

1) pH is calibrated using three-point calibration standard solutions, usually 4.0, 7.0 and 
10.00.  Follow the “3 point” calibration procedure per user’s manual. 

2) For maximum accuracy, use a small amount of pH calibration solution to pre-rinse the 
probe module. 

3) Place the correct amount of pH buffer into a clean dry or pre-rinsed calibration cup.  
For pH, the approximate volume used is generally 30 milliliters (ml). 

4) Carefully immerse the sensor end of the probe module into the solution and gently 
rotate and/or move the probe module up and down to remove any bubbles from the pH 
sensor.  The sensor must be completely submerged. 

5) Screw the calibration cup on the threaded end of the probe module and securely 
tighten. 

6) Start the calibration process with the pH 7.0 solution at the current temperature. 

7) Allow at least one minute for temperature equilibration before proceeding. 

8) Observe the reading under pH, when the reading shows no significant change for 
approximately 30 seconds, accept the calibration. 

9) Rinse the probe module, calibration cup and sensors in tap or purified water and dry. 

10) Repeat steps above for pH 4.0 and 10.0. 

11) After the YSI has been calibrated for all three points of pH, complete calibration 
verification readings as follows. 

12) Add approximately 30 ml of pH 7.0 solution and observe the reading under pH.  When 
the reading shows no significant change for approximately 30 seconds, record the 
reading on the field form. 

13) Repeat this step for pH 4.0 and 10.0. 
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Calculated pH  

Temperature pH Temperature pH Temperature pH 
ºC 4.00 ºC 7.00 ºC 10.00 
0 4.01 0 7.12 0 10.20 
10 4.00 10 7.06 5 10.06 
20 4.00 20 7.02 10 10.12 
25 4.00 25 7.00 15 10.08 
30 4.01 30 6.99 20 10.04 
35 4.01 35 6.98 25 10.00 
40 4.03 40 6.97 30 9.96 
60 4.09 60 6.98 35 9.92 
80 4.16 80 7.04 40 9.88 
90 4.22 90 7.09 50 9.80 

 

Specific Conductivity Probe 

Specific Conductivity is calibrated to a single calibration solution.  A standard solution below the 
calibrated solution and a standard solution above the calibrated solution are read and recorded on 
the daily calibration form.  For instance, calibrate to a 1413 solution and read/record a 447 
solution and an 8974 solution. 

1) Follow the calibration procedure per the user’s manual for the specific conductivity 
solution of 1413, or similar. 

2) For maximum accuracy, use a small amount of conductivity calibration solution to pre-
rinse the probe module. 

3) Place the correct amount of conductivity standard into a clean, dry or pre-rinsed 
calibration cup.  For conductivity, the approximate volume is 55 ml.  The sensor must 
be completely immersed past its vent hole. 

4) Before proceeding, make certain that there are no salt deposits around the oxygen and 
pH/ORP sensors, particularly if you are employing standards of low conductivity. 

5) Carefully immerse the sensor end of the probe module into the solution and gently 
rotate and/or move the probe module up and down to remove any bubbles from the 
conductivity cell.   

6) Screw the calibration cup on the threaded end of the probe module and securely 
tighten. 

7) Continue the calibration process per the user’s manual.  Be sure to enter the calibration 
value in milliSiemens per centimeter (mS/cm) at 25 degrees Celsius (ºC) (1413 would 
be entered as 1.413). 

8) Allow at least one minute for temperature equilibration before proceeding. 

9) When the reading shows no significant change for approximately 30 seconds, accept 
the calibration. 
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10) After the YSI has been calibrated for conductivity, complete calibration verification 
readings as follows. 

11) Add approximately 55 ml of the standard solution that was used to calibrate and 
observe the reading under specific conductivity.  When the reading shows no 
significant change for approximately 30 seconds, record the reading on the field form. 

12) Repeat this step with a standard solution higher than the point that was calibrated and 
with a standard solution lower than the point that was calibrated.  Record the readings 
on the field form. 

 

ORP Probe 

ORP is temperature sensitive so the temperature reading will also be recorded on the Daily 
Calibration form. The ORP solution standard has a chart on the side of the bottle relating ORP 
values to Temperature.  It is the corresponding Temperature-ORP value that should be entered.  

1) Follow the calibration procedure per the user’s manual for ORP. 

2) Place approximately 30 ml of ORP solution into a clean, dry or pre-rinsed calibration 
cup. 

3) Carefully immerse the sensor end of the probe module into the solution and gently 
rotate and/or move the probe module up and down to remove any bubbles from the 
ORP sensor.  The sensor must be completely immersed. 

4) Screw the calibration cup on the threaded end of the probe module and securely 
tighten. 

5) Continue the calibration process per the user’s manual.  Enter the correct value of the 
calibration solution you are using at the current temperature.  See table below for ORP 
values versus temperature (i.e. - 220 mV ORP standard @ 22°C = 223mV). 

6) Allow at least one minute for temperature equilibration before proceeding.  Verify that 
the temperature reading matches the value that was used in the table. 

7) Observe the reading under ORP.  When the reading shows no significant change for 
approximately 30 seconds, accept the calibration. 

8) After the YSI has been calibrated for ORP, complete calibration verification readings 
as follows. 

9) Add approximately 30 ml of ORP solution and observe the reading under ORP.  When 
the reading shows no significant change for approximately 30 seconds, record the 
reading on the field form. 

ORP versus Temperature 
Temperature ºC ORP 

-5 270.0 
0 263.5 
5 257.0 
10 250.5 
15 244.0 
20 237.5 
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ORP versus Temperature 
Temperature ºC ORP 

25 231.0 
30 224.5 
35 218.0 
40 211.5 
45 205.0 
50 198.5 

 

Dissolved Oxygen (DO) Probe 

DO is calibrated to open air and then a Zero Oxygen Solution is read.  DO is pressure sensitive so 
the barometric pressure reading will also be recorded on the Daily Calibration form.  The 
instrument must be on for at least 20 minutes to polarize the DO sensor before calibrating so this 
parameter is calibrated last. 

1) Follow the calibration procedure per the user’s manual for DO. 

2) Place approximately three mm (1/8 inch) of water in the bottom of the calibration cup. 

3) Place the probe module in the calibration cup.  Make sure that the DO and temperature 
sensors are NOT immersed in the water. 

4) Engage only one or two threads of the calibration cup to ensure that the DO sensor is 
vented to the atmosphere.  Do not completely tighten the cup as the DO probe should 
be in a moisture saturated environment and still be allowed to equalize to atmospheric 
pressure.  

5) Continue the calibration process per the user’s manual.  Allow approximately ten 
minutes for the air in the calibration cup to become water saturated and for the 
temperature to equilibrate. 

6) Observe the reading under DO%.  When the reading shows no significant change for 
approximately 30 seconds, accept the calibration. 

7) After the YSI has been calibrated for ORP, complete calibration verification readings 
as follows. 

8) Place a small amount of Zero Oxygen Solution in calibration cup.  Place the probe 
module into the calibration cup.  Securely tighten and ensure the DO probe is 
submerged in the solution. 

9) Observe the reading under DO and when the reading shows no significant change for 
approximately 30 seconds, accept and record the reading on the Calibration Form.  
Take care to keep the cap on the DO Zero Oxygen Solution to minimize contact with 
air. Discard Zero Oxygen solution that has been opened for more than two weeks. 

 

7.0 CORRECTIVE ACTION PROCEDURES 

If an instrument cannot be successfully calibrated or if it is malfunctioning, the instrument will be 
repaired immediately.  If this occurs during the course of the field activities, it will be the field 
personnel’s responsibility to contact the Project Manager (PM) to ensure that a replacement 
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instrument is obtained as quickly as possible.  Under no circumstances should field personnel 
continue with activities until a replacement or approval from the PM or their designee is obtained.  
Instances of instrument failure and corrective actions taken will be documented in the field 
logbook.   
 
Field instruments can be affected by changes in temperature, humidity, and barometric pressure. 
Instrument calibration should be checked when significant changes in weather occur.  In addition, 
instrument calibration should be checked if maintenance activities (e.g. battery replacement or 
probe replacement) are required, if instrument malfunctions occur, or when questionable readings 
are observed.  Calibration verification and recalibration activities, as needed, shall be conducted 
and documented as outlined in Section 6.0.  
 

8.0 CORRECTIONS AND REVIEWS 

Corrections and reviews of calibration records will be completed in accordance with the SOP 
(SOP-6) for Field Notes and Documentation.  Errors will be corrected by drawing a single line 
through the error, entering the correct information, initialing and dating the change.   
 
Periodically, the Project Manager, or designee, will review the calibration records pertaining to 
the activities under their supervision.  These records will be reviewed to confirm that instrument 
calibrations are being conducted and documented.  Discrepancies and errors identified during the 
review should be resolved between reviewer and author of the calibration records.  Corrections 
and/or additions of information shall be initialed and dated by the field author or reviewer.   
 

9.0 DOCUMENTATION ARCHIVE 

At the completion of the project, all original calibration records will be stored in the project files.   
 

10.0 REFERENCES 

YSI Incorporated, 2004. YSI 556 MPS Multi Probe System Operations Manual.   

HF Scientific Incorporated, December 2009.  Owner’s Manual MicroTPI and MircroTPW Field 
Portable Turbidimeters.  Manual Part No. 24378 (1/09), Rev. 1.8. 

11.0 ATTACHMENT 

Attachment A: Water Quality Equipment Calibration Form 
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Water Quality Equipment Calibration Form 
 

 
Project:             Date:       
 
 
Water Quality Parameter Meter 
 
Unit Name/ID:          Serial Number:        
Calibrated By:         Assigned User:        
 

 Cal Std. 
Expiration 

Date 

Initial Calibration Re-Calibration Drift Check 
Time: Time: Time: 
Cal Read Cal Read Read Acceptable 

Performance 

pH (3-point)       ±Δ 0.20 

Buffer 2.0        
Buffer 4.0        
Buffer 7.0        

Buffer 10.0        
Conductivity       ±10% 

447 µS/cm        
1413 µS/cm        
8974 µS/cm        

15,000 µS/cm        
ORP        ±10% 

 220 mV        
Dissolved Oxygen       ±10% 

Open Air mg/L         
Zero Oxy Std mg/L        
Barometer (mm Hg)        

 
 
Turbidity Meter 
 
Unit Name/ID:           Serial Number:        
Calibrated By:          Assigned User:        
 

 Cal Std. 
Expiration 

Date 

Initial Calibration Re-Calibration Drift Check 
Time: Time: Time: 
Cal Read Cal Read Read Acceptable 

Performance 

Turbidity       ±10%

0.02 Standard        
10.0 Standard        

1,000 Standard        

 

 

 



 

\\bcsac01\projects\48000\148430 - Butte Cnty Isotope Study\Task 1.2 Field Sampling Protocol\SOPs\Draft Final SOPs\SOP 4 - Instrument Calibration.doc 

A-2 

 

 
 

 

 



  

SOP-5 

Global Positioning System 
Measurements 

 

 
 

Standard Operating Procedure 

 
Revision 1.0 

Revision Date: February 24, 2016 
 

 
 
 

 

 



 SOP-5 
Standard Operating Procedure Global Positioning System Measurements 
 Revision 1.0 

 Revision Date: February 24, 2016 

 

 

i 

SOP-5 
GLOBAL POSITIONING SYSTEM MEASUREMENTS 

 
TABLE OF CONTENTS 

 

1.0  OBJECTIVES ......................................................................................................... 1 

2.0  SCOPE AND APPLICABILITY ............................................................................... 1 

3.0  RESPONSIBILITES ................................................................................................ 1 

4.0  DEFINITIONS ........................................................................................................ 1 

5.0  REQUIRED MATERIALS ....................................................................................... 2 

6.0  PROCEDURES ....................................................................................................... 2 
6.1  Pre-Surveying Planning ................................................................................ 2 
6.2  Hand-held GPS Operation ....................................................................... 2 

7.0  DOCUMENTATION ............................................................................................... 3 

8.0  DATA POST-PROCESSING .................................................................................... 3 

9.0  QUALITY ASSURANCE/QUALITY CONTROL ..................................................... 3 

10.0  REFERENCES ........................................................................................................ 4 

11.0  ATTACHMENTS .................................................................................................... 4 
 

 



 SOP-5 
Standard Operating Procedure Global Positioning System Measurements 
 Revision 1.0 

 Revision Date: February 24, 2016 

 

 

 - 1 - 

1.0 OBJECTIVES 

The purpose of this standard operating procedure (SOP) is to establish consistent methodology 
for surveying using Global Positioning System (GPS) equipment.   

2.0 SCOPE AND APPLICABILITY 

This SOP is applicable to any investigation where GPS is being utilized to generate State Plane 
coordinates (or latitude, longitude) and/or elevation of specific locations. These may include 
sampling point locations. The use of GPS is not yet recommended for surveying monitoring well 
locations unless the GPS system and methodology provide an established level of precision 
acceptable by regulatory agencies. 

3.0 RESPONSIBILITES 

The Project Manager is responsible to oversee and ensure that GPS surveying procedures are 
implemented in accordance with this SOP and any site-specific planning documents. 

The Field Personnel are responsible for understanding and implementing this SOP during all 
field activities, as well as, obtaining the appropriate field equipment, keeping necessary records, 
and communicating with the technical staff responsible for the processing of the data to insure the 
highest level of accuracy. 

The Field Manager is responsible for overseeing the health and safety of employees and for 
stopping work if necessary to fix unsafe conditions observed in the field.  In addition, all field 
personnel are responsible for stopping work if unsafe conditions exist. 

4.0 DEFINITIONS 

Global Positioning System (GPS): A worldwide radio-navigation system used in navigation and 
surveying. The GPS consists of three major segments: space, control, and user. 

The space segment consists of operational satellites; the control segment consists of Monitor 
Stations, Ground Antennas, and a Master Control Station (MCS); and the user segment consists 
of antennas and receiver-processors that provide positioning, velocity, and precise timing to the 
user. 

For additional information and glossary of terms associated with GPS please refer to the 
following websites: 

http://www.aero.org/publications/GPSPRIMER/index.html 
http://www.mercat.com/QUEST/gpstutor.html 
 http://tycho.usno.navy.mil/gpsinfo.html) 
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5.0 REQUIRED MATERIALS 

The equipment and supplies for implementing this SOP may include the following: 

 GPS receiver(s)  
 Field data sheets 
 GPS post-processing software 

6.0 PROCEDURES 

The main principle behind the use of GPS for surveying is the measurement of distance between 
the receiver and the satellites. The receiver then uses these measurements to calculate where the 
user is located. 

Surveying methods will vary according to the needs of the project since different methods 
produce different degrees of accuracy. A single handheld receiver in navigational mode can be 
used to record a point and the resulting data would be within ± 9 feet of the feature in the field. 
On the other hand, by using a static set-up for data collection, accuracy can increase to within ± 
0.1 feet. 

6.1 Pre-Surveying Planning 

Prior to heading into the field to survey points, it is important to research known datums in the 
vicinity of your site. As mentioned above, these datums can consist of USGS benchmarks, or 
regional and local survey datums that are administered by regional or local government agencies.  

Additionally, prior to surveying, it is helpful to determine what kind of satellite availability you 
will have in the area that you are surveying at a given day and time. Satellite configuration 
relative to your site location can have a great effect on the accuracy of your data collection. It is 
commonly measured as Positional Dilution of Precision or PDOP. Since the number of satellites 
relative to the horizon from a given point fluctuates during the day, there can be more suitable 
times than others for collecting data. Therefore it is helpful to have an idea of what kind of 
satellite reception you can expect for a certain site and time. To determine this you need to know 
the coordinates of your site and which dates you will be surveying. A GPS almanac   can   then   
be   generated,   using   packaged   software,   listing   satellite availability on an hourly basis.  

Care should also be taken while collecting data in the vicinity of radio or cell phone towers, radar 
stations, and military bases. The presence of these features at, or near your site, does not preclude 
the collection of accurate data; however, they can interfere with satellite reception. 

Another consideration is to make sure that you have enough battery power for the job. Battery 
usage can be critical with the stationery receiver since it is usually operating the whole time that 
you are surveying. Having to shut the receiver down to change batteries can be costly in terms of 
time. During field tests, lithium batteries have proved to be the longest lasting with the ProMark 2 
system. 

6.2 Hand-held GPS Operation 

Turn on the receiver to start capturing data. Enter the Site ID (4-digit alpha-numeric ID), the Site 
Description and the Slant Antenna Height that you recorded from your measurement. 
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The duration of time that you will need to spend on each roaming point will be determined by 
site-specific requirements and project-specific conditions. For a high level of accuracy on sites 
with many obstructions (trees, buildings, etc.), you may need to occupy each roaming point for 2-
5 minutes until the Observation Timer records a distance greater than zero. The amount of time 
spent at each point can be mitigated by determining the minimum amount of time that can capture 
the level of data accuracy needed for the project. This process is discussed below in Section 7. 

7.0 DOCUMENTATION 

Two versions of field forms can be found in Attachment B. The first form is designed to capture 
detailed information per survey point. The second form is designed for multiple points and 
captures only essential information. Since the final coordinate information is derived during post-
processing, only location ID, number of satellites, PDOP and site obstructions are important to 
record while in the field. The location ID should correspond to the ID number that was entered 
into the receiver to avoid confusion during post-processing. 

8.0 DATA POST-PROCESSING 

Once you have finished collecting your field data, the next step is to download the data from the 
receiver and process the raw data using manufacturer-supplied post-processing software to 
determine the differential relationship between the points that you surveyed. During post-processing, 
the control point datum is given a fixed position. Vectors to the points that you have surveyed are 
calculated relative to the fixed point. Resulting data can be reported in a chosen coordinate system 
(e.g. NAD83). For detailed instructions on the post-processing process please refer to the Ashtech 
Solutions User’s Guide (Magellan, 2001b) or the appropriate manufacturer’s manual. 

9.0 QUALITY ASSURANCE/QUALITY CONTROL 

The Quality Assurance/Quality Control (QA/QC) process is an integral aspect of GPS surveying. As 
mentioned above, many factors can affect the quality and accuracy of field measurement. There are 
steps that can be taken to check the quality of your GPS data either by reconnaissance field 
surveying or by checking your data against spatially referenced sources such as maps and aerial 
photos. 

If time and budget permit, it is advisable to conduct a field test prior to surveying your points. 
Basically, your data are only as good as your control points. If you do not have an established 
control point on your site, and have to survey one in, you should follow-up by conducting a static 
survey using a known point or marker that can be easily identifiable on a spatially referenced source. 
For example, once the stationary unit is set on the control point on your site, you could survey a 
monitoring well or an intersection with the roaming receiver. Once the data is processed you should 
check your coordinates against the surveyors coordinates for the monitoring well or plot your 
coordinate points on a spatially referenced figure to see if the intersection lines correlate. 

At the same time that you are checking the control point accuracy, you can also conduct a pre-
survey capture-time sensitivity test. This can be accomplished by setting up the roaming receiver on 
a known datum and then taking measurements in varied time increments. For example, it may take 
20 minutes for the Observation Timer to read greater than zero but the data from measurement of the 
same point at a ten-minute increment produces data within your targeted accuracy. This could allow 
you to drop your observation time per point down from 20 to 10 minutes without sacrificing data 
quality. 
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After post-processing, for all surveys, regardless of the source of your control point, you should 
check the validity of your data. If the resulting coordinates are beyond the limit of acceptable 
accuracy or plot outside of their true position, then you may need ask the following questions:  

 What is the level of accuracy of my control point?  
 Were control point coordinates entered correctly during the post-processing?  
 What were the PDOP readings while surveying – did they fluctuate above 4.0 or remain 

below? Did you occupy the points for a long enough period of time?  
 Were there any environmental factors or site obstructions that may have interfered with the 

GPS receiver?  

Answers to these questions may reveal the possible sources of error. Removing the error could be as 
easy and editing your post-processing data, or as time-consuming as re-surveying your control point. 
Actions taken to ameliorate your data will be driven by the accuracy requirements for your project. 

10.0 REFERENCES 

Magellan Corporation, 2001a.  Ashtech Surveying Systems User’s Guide ProMark 2: Magellan 
Corporation, Santa Clara, CA. 

Magellan Corporation, 2001b. Ashtech Surveying Systems Ashtech Solutions™ User’s Guide: 
Magellan Corporation, Santa Clara, CA. 

Trimble, 2016.  Trimble Juno 5 Series: Overview and Technical Specifications 

11.0 ATTACHMENTS 

A. Ashtech ProMark2 Operation Manual Excerpt 

B. GPS Field Forms 
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ATTACHMENT A 

 

ASHTECH PROMARK2 OPERATION MANUAL EXCERPT 

 



 

 
 

   
 

 
 

Magellan 

471 El Camino Real 

Santa Clara, CA. 95050-4300 

Phone and Fax Numbers 

• Main 

• Voice: +1 408-615-5100 
• Fax: +1 408-615-5200 

• Sales 

• US: 800-922-2401 
• Fax: 408-615-5200 

• Europe, Africa, Middle East 

• Voice: 44-1753-835-700 
• Fax: 44-1753-835-710 

• South America 

• Voice: +56 2 234 56 43 
• Fax: +56 2 234 56 47 

• Support 

• US:1 800-229-2400 
• Fax: +1 408-615-5200 
• Int. +1 408-615-3980 

Internet 

• support@ashtech.com 

• www.magellangps.com 

• www.ashtech.com 

 

mailto:support@ashtech.com
http://www.magellangps.com/
http://www.ashtech.com/
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Copyright Notice 
Copyright © 2001 Magellan Corporation. All rights reserved. 
No part of this publication or the computer programs described in it may be reproduced, trans- 
lated, stored in a retrieval system, or transmitted in any form or by any means, electronic, 
mechanical photocopying, recording, or otherwise, without prior written permission of Magel- 
lan. Your rights with regard to this publication and the computer programs are subject to the 
restrictions and limitations imposed by the copyright laws of the United States of America 
(“U.S.A.”) and/or the jurisdiction in which you are located. 

For information on translations and distribution outside the U.S.A. please contact Ashtech. 

Printed in the United States of America. 
Part Number: 630860-01, Revision A 
July 2001 

 
Trademark Notice 
Locus, Z-Xtreme, ProMark2, and Ashtech are trademarks of Magellan Corporation. All other 
product and brand names are trademarks or registered trademarks of their respective holders. 

SOFTWARE LICENSE AGREEMENT 
 

IMPORTANT: BY OPENING THE SEALED DISK PACKAGE CONTAINING THE 
SOFTWARE MEDIA OR INSTALLING THE SOFTWARE, YOU ARE AGREEING 
TO BE BOUND BY THE TERMS AND CONDITIONS OF THE LICENSE AGREE- 
MENT (“AGREEMENT”). THIS AGREEMENT CONSTITUTES THE COMPLETE 
AGREEMENT BETWEEN YOU ("LICENSEE") AND MAGELLAN (“LICEN- 
SOR”). CAREFULLY READ THE AGREEMENT AND IF YOU DO NOT AGREE 
WITH THE TERMS, RETURN THIS UNOPENED DISK PACKAGE AND THE 
ACCOMPANYING ITEMS TO THE PLACE WHERE YOU OBTAINED THEM FOR 
A FULL REFUND. 

 
LICENSE. LICENSOR grants to you a limited, non-exclusive, non-transferable, personal 
license (“License”) to (i) install and operate the copy of the computer program contained in 
this package (“Program”) in machine acceptable form only on a single computer (one central 
processing unit and associated monitor and keyboard) and (ii) make one archival copy of the 
Program for use with the same computer. LICENSOR and its third-party suppliers retain all 
rights to the Program not expressly granted in this Agreement. 
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OWNERSHIP OF PROGRAMS AND COPIES. This License is not a sale of the original Program 
or any copies. LICENSOR and its third-party suppliers retain the ownership of the Program and all 
copyrights and other proprietary rights therein, and all subsequent copies of the Program made by 
you, regardless of the form in which the copies may exist. The Program and the accompanying 
manuals (“Documentation”) are copyrighted works of authorship and contain valuable trade secret 
and confidential information proprietary to LICENSOR and its third-party suppliers. You agree to 
exercise reasonable efforts to protect the proprietary interests of LICENSOR and its third-party 
suppliers in the Program and Documentation and maintain them in strict confidence. 

 
USER RESTRICTIONS. The Program is provided for personal use or use in your internal com- 
mercial business operations and must remain at all times upon a single computer owned or leased 
by you. You may physically transfer the Program from one computer to another provided that the 
Program is operated only on one computer at a time. You may not operate the Program in a time- 
sharing or service bureau operation or rent, lease, sublease, sell, assign, pledge, transfer, transmit 
electronically or otherwise dispose of the Program or Documentation, on a temporary or permanent 
basis, without the prior written consent of LICENSOR. You agree not to translate, modify, adapt, 
disassemble, decompile, or reverse engineer the Program, or create derivative works of the Pro- 
gram or Documentation or any portion thereof. 

 
TERMINATION. The License is effective until terminated. The License will terminate without 
notice from LICENSOR if you fail to comply with any provision of this Agreement. Upon termi- 
nation, you must cease all use of the Program and Documentation and return them and any copies 
thereof to LICENSOR. 

 
GENERAL. This Agreement shall be governed by and construed in accordance with the Laws of 
the State of California and the United States without regard to conflict of laws provisions thereof 
and without regard to the United Nations Convention on Contracts for the International Sale of 
Goods. 
Unless modified in writing and signed by both parties, this Agreement is understood to be the com- 
plete, exclusive and final agreement between the parties, superseding all prior agreements, oral or 
written, and all other communications between the parties relating to the Software, Program and 
Documentation. No employee of Magellan or any other party is authorized to make any agree- 
ments in addition to those made in this Agreement. 

 
LICENSEE ACKNOWLEDGES THAT IT HAS READ THIS AGREEMENT, UNDER- 
STANDS IT, AND IS BOUND BY ITS TERMS. 
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Performing a Static Survey with the ProMark2 
 

 

The procedures for performing a static survey with the ProMark2 system can be broken down 
into four primary categories: equipment check, site selection, system setup, and data 
collection. Following the steps presented below should result in successful execution of your 
GPS survey. 

 
Note: Remember that data must be simultaneously collected between 2 or more 
ProMark2 receiver systems in order to produce vectors between the receivers. Therefore, 
the following procedures must be followed for each ProMark2 receiver system used in the 
survey. There is no problem in setting up one ProMark2 receiver system and then moving 
to another site to set up another. Just be aware that the observation time is determined by 
the last receiver set up. For example, if you were alone and wanted to perform a survey 
with a 2-receiver ProMark2 system, you could set up the first receiver and start data 
collection. You could then move to the next site and set up the second receiver. Only when 
the second receiver is collecting data does simultaneous data collection begin. All the data 
collected by the first receiver up to this time is of no use and will be ignored during data 
processing. 

 
 

Equipment Check 

Prior to leaving the office to perform your survey, be sure to perform a thorough check of your 
GPS equipment: 

1. Check through the ProMark2 system to ensure all components are present to 
successfully perform the survey. 

2. Check to ensure that you have sufficient battery power to complete the survey. Bring 
along a spare set of batteries for insurance. 

3. Bring along a copy of your network design and printout of the satellite availability 
and distribution analysis. These will be needed throughout the course of your survey. 

4. Ensure that each operator of a ProMark2 receiver has blank GPS observation logs to 
utilize during data collection. Fill out one sheet for each observation of each point. 
Observation logs will be discussed in more detail later in this section. Ashtech 
Solutions processing software supports the ability to print blank observation logs for 
use during data collection. 

With the equipment check completed, it’s time to move to the field to perform your survey. 

Site Selection 

Proper site selection of performing GPS data collection is critical to the success of your survey. 
Not all sites are appropriate for GPS data collection. GPS depends on reception of radio 
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signals transmitted by satellites approximately 21,000 km from earth. Being of relatively high 
frequency and low power, these signals are not very effective at penetrating through objects 
that may obstruct the line-of-sight between the satellites and the GPS receiver. Virtually any 
object that lies in the path between the GPS receiver and the satellites will be detrimental to the 
operation of the system. Some objects, such as buildings, will completely block out the 
satellite signals. Therefore, GPS can not be used indoors. For the same reason, GPS cannot be 
used in tunnels or under water. Other objects will partially obstruct or reflect/refract the signal, 
such as trees. Reception of GPS signals is very difficult in a heavily forested area. In some 
cases, enough signal can be observed to compute a rough position. But in virtually every case, 
the signal is not clean enough to produce centimeter-level positions. Therefore, GPS is not 
effective in the forest. 

This is not to say that your ProMark2 surveying system can only be used in areas with wide- 
open view of the sky. GPS can be used effectively and accurately in partially obstructed areas. 
The trick is to be able to observe, at any given time, enough satellites to accurately and reliably 
compute a position. At any given time and location, 7-10 GPS satellites may be visible and 
available for use. The GPS system does not require this many satellites to function. Accurate 
and reliable positions can be determined with 5 satellites properly distributed throughout the 
sky. Therefore, an obstructed location can be surveyed if at least 5 satellites can be observed. 
This makes GPS use possible along a tree line or against the face of a building but only if that 
location leaves enough of the sky open to allow the system to observe at least 5 satellites. 

For the above reasons, make every effort to locate new points to be established in areas where 
obstructions are at a minimum. Unfortunately, the site location is not always flexible. You 
may need to determine the position of an existing point where, obviously, the location is not 
debatable. In situations were an existing point is in a heavily obstructed area, you may be 
forced to establish a new point offset from the existing point, or preferably an pair of 
intervisible points, and conventionally traverse to the required point to establish it’s position. 

Be aware that obstructions at a GPS data collection site will affect the observation time 
required to accurately determine it’s location. Obstructed areas will require longer observation 
times. The Observation Timer function of the ProMark2 will automatically extend observation 
times at obstruction sites but in some cases, it may not extend the observation period long 
enough. You will have to use your own judgement of observation times when surveying 
obstructed site. Your judgement will improve through experience. 

For large surveys utilizing 3 or more ProMark2 receiver systems, you may want to recon all of 
our site locations as part of your survey planning. This will eliminate any delays during the 
actual execution of the survey if problems are encountered finding an appropriate site. The 
more receiver systems utilized during the survey, the harder the task of coordinating the data 
collection becomes. Remember, data must be collected simultaneously between points where 
a vector is desired. If one receiver operator is late in starting data collection due to problems 
with site location, this could cause problems. 
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System Setup 

Now that the survey site is identified, it is time to set up the ProMark2 receiver system over the 
point to be surveyed. The setup procedure is illustrated below. 

1. Set up tripod / tribrach combination over the survey point. 

This is done in precisely the same manner as for a conventional total station. If using 
a fixed-height GPS tripod rather than a conventional tripod, a tribrach is not required. 

2. Attach the vertical extension bar and a tribrach adapter to the GPS antenna. 

With the GPS antenna in hand, attach the included vertical extension bar to the 5/8-11 
thread on the bottom of the antenna. Attach a tribrach adapter to the other end of the 
vertical extension bar. Figure 3.9 shows the individual pieces. The final assembly 
should resemble that in Figure 3.10. If using a fixed-height GPS tripod rather than a 
conventional tripod, a tribrach adapter is not required. 

 
 

  
   

Figure 3.9 GPS Antenna, Vertical Extension Bar, Tribrach Adapter Assembly 
 

3. Place GPS antenna assembly on the tripod. 

Be careful not to disturb the tripod when mounting the antenna assembly. Figure 3.10 
shows what the setup should look like at this point. 
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Figure 3.10 GPS Antenna Mounted on Tripod using Tribrach and Extender 
 

4. Place the ProMark2 receiver into the field bracket. 

With the field bracket in hand, place the base of the ProMark2 receiver into the cradle 
and then tilt the receiver into place, as seen in Figure 3.11. 

 

  

 

 

Figure 3.11 Mounting ProMark2 into Field Bracket Cradle 
 

5. Attach the field bracket / ProMark2 combination onto the tripod 

Be careful not to disturb the tripod when mounting the bracket. Place the bracket at a 
 

 
36 Promark2 User’s Guide 

 
 

Retaining hook 

 
 

Hook engaged 



 

 
 
 
 
 
 

comfortable height for operation of receiver, Figure 3.12. 
 
 

 

Figure 3.12 Field Bracket on Tripod 
 

6. Connect GPS antenna cable. 

At the GPS antenna, screw in the antenna cable connector until the connection is 
tight. Connect the other end of the cable to the back of the ProMark2 receiver. This 
connection is made by simply pushing the connector into the back of the receiver. 
Figure 3.13 shows the proper connection of the antenna cable to the antenna and 
receiver. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Surveying with the ProMark2 System 37 

Surveying w
ith the P

roM
ark2 System

 



 

 
 
 
 
 
 
 

 

   
 

Figure 3.13 Antenna Cable Connection at the Antenna and Receiver 
 

7. Measure and record instrument height (HI) of GPS antenna 

The GPS antenna is the data collection point for GPS observations, i.e. the computed 
position for the point, horizontally and vertically, will be the location of the GPS 
antenna. It is for this reason that the antenna is precisely positioned over the point to 
be surveyed. Yet the location of the point to be surveyed is not at the center of the 
antenna, but below it on the ground. The HI allows the computed position of the 
antenna center to be transferred to the ground point. It is critical that the HI of the 
antenna above the monument is measured accurately. The HI tape is the tool you use 
to measure the HI of the GPS antenna. Hook the tape into the groove on the side of 
the GPS antenna. Extend the tape down to the survey monument, placing the point on 
the end of the tape on the monument. Lock the tape in place and read the 
measurement. Figure 3.14 illustrates this process. It is good practice to read and 
record the HI measurement in both meters and feet. This will help reduce HI 
recording errors. 
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Figure 3.14 Measuring HI (Height of Instrument) 
 

Data Collection 

With your ProMark2 receiver system set up over the point to be surveyed you are ready to 
begin data collection. This section provides you with the step-by-step process of using the 
user-interface of the ProMark2 to prepare the receiver to collect GPS data at this survey point. 
For further details on any screen presented in these procedures, go to Chapter 4, Detailed 
Screen Descriptions, and then locate the description for the particular screen of interest. 

1. Turn on the ProMark2 receiver by pressing the red on/off button on the face of the 
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receiver. The opening screen appears, followed by the Mode screen, Figure 3.15. 

 

 

 
 

Figure 3.15 Mode Screen 
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2. Select Survey from the Mode screen. 

With Survey highlighted, press Enter to bring up the Survey screen, Figure 3.16. 
 

 

 
 

Figure 3.16 Survey Screen 
 

The Survey screen provides the opportunity to perform receiver and survey setup 
functions prior to beginning survey data collection. If you select Setup, you will be 
presented with the Survey Menu from which parameters are set. Selecting Collect 
Data will begin the data collection process. 

Steps 3-9 below cover receiver and survey setup functions prior to the start of actual data 
storage. You will not need to access all of these functions each time you perform a survey, 
since some items, such as selection of units and receiver ID will remain the same for most 
surveys. 

3. Select Setup from the Survey screen. 

With Setup highlighted, press ENTER to bring up the Survey Menu, Figure 3.17. 
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Figure 3.17 Survey Menu 
 

The Survey Menu provides you access to receiver and survey setup functions. You may wish 
to exercise some of these functions prior to beginning data collection. 

4. From the Survey Menu, select Point Attribute. Enter attribute information for the 
point you are about to survey. 

With Point Attribute highlighted, press Enter to bring up the Point Attribute 
screen, Figure 3.18. 
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Figure 3.18 Point Attribute Screen 
 

The Point Attribute screen lets you enter attribute information for the survey point 
you are about to observe. The attribute information comprises the following 
parameters: 

• A 4-character site ID. You must assign a unique site ID to each point surveyed in 
your project. If you observe the same point more than once, assign this point the 
same site ID for each data collection session. 

• An optional 20-character narrative description of this point. 
• The antenna height parameters for this point. Select Slant if you are measuring the 

antenna height to the outside edge of the GPS antenna, or Vertical if you are 
measuring the antenna height to the bottom of the GPS antenna. Enter the 
measured antenna height value. Change the units of measure by selecting Units 
from the Survey Menu (page 42). 

To enter point attribute information, the field to be changed, and press the ENTER 
button. Change the values to those desired. Select Save when you are finished to 
return to the Survey Menu. 

Refer to the description of the Point Attribute screen, page 58, for further details 
regarding this screen. 

5. From the Survey Menu, select File Manager. Delete old data files if more memory 
is required to complete this observation session. 

With File Manager highlighted, press ENTER to bring up the File Manager screen, 
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Figure 3.19. 

 
 
 
 

 
 

Figure 3.19 File Manager Screen 
 

The File Manager screen provides you with the ability to delete old data files to free 
up more memory for the current observation session. The screen includes a list of the 
data files currently in memory and the tools to delete these files. Each file has a 
symbol associated with it with the following meanings: 

> Indicates that this file is the current file into which data is being recorded 
+ Indicates that the file has not yet been downloaded from the receiver 
- Indicates that the file has been downloaded from the receiver. 

Use the up/down arrows to select the file to be deleted. Use the left/right arrows to 
select Delete or Del All. When Delete is selected, only the selected file is deleted. 
When Del All is selected, all saved files are deleted. Press the ESC button when you 
are finished with this screen to return to the Survey Menu. 

Refer to the File Manager screen in Chapter 4, page 60, for further details regarding 
this screen. 

6. From the Survey Menu, select Units. Change the units of measure if the current 
selection is not the desired one. 

With Units highlighted, press ENTER to bring up the Unit of Measure screen, 
Figure 3.20. 
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Figure 3.20 Unit of Measure Screen 
 

The Unit of Measure screen lets you select the units of measure in which you wish to 
enter antenna height information. Also, the selected units determine the units of 
measure the Observation Timer utilizes. 

Press Enter to access the selection list of units. Highlight the desired selection and 
press Enter again. Select Save to return to the Survey Menu. 

7. From the Survey Menu, select Receiver ID. Change the ID if the current entry is not 
the desired one. 

With Receiver ID highlighted, press ENTER to bring up the Receiver ID screen, 
Figure 3.21. 
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Figure 3.21 Receiver ID Screen 
 

The Receiver ID screen provides you with the ability to enter the 4-character receiver 
ID which is used in naming the raw data files. Each raw data file from this receiver 
will include this 4-character receiver ID. The receiver ID must be unique among all 
receivers used together in a survey. Otherwise, raw data files will be given the same 
name, causing problems when the data is downloaded to the same location on the 
office computer for processing. 

Press Enter to edit the receiver ID. Change the ID to the desired value. After entry of 
the desired ID, select Save to return to the Survey Menu. 

Refer to the Receiver ID screen in Chapter 4, page 63, for further details regarding 
this screen. 

8. From the Survey Menu, select Contrast. Change the contrast of the display if you 
find it hard to read. 
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With Contrast highlighted, press Enter to bring up the Contrast screen, Figure 3.22. 
 

 

 
 

Figure 3.22 Contrast Screen 
 

The Contrast screen provides you with the ability to change the contrast of the 
receiver screen. Use the left/right arrows to adjust the contrast. Press the ENTER 
button when finished to return to the Survey Menu. 

9. Press the Esc button to exit the Survey Menu. 

All setup functions have been examined and set. Press the Esc button to close the 
Survey Menu and return to the Survey screen, repeated in Figure 3.23. 
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Figure 3.23 Survey Screen 
 

You have completed the setup process and are now ready to begin data collection. The 
remaining steps will present how to start the data collection process and how to monitor the 
progress of your survey. 

10. From the Survey screen, select Collect Data. 

With Collect Data highlighted, press ENTER to bring up the Satellite Status screen, 
Figure 3.24. 
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Figure 3.24 Satellite Status Screen 
 

The Satellite Status screen provides you the status of GPS satellite acquisition and 
tracking by the receiver. Upon entry to this screen, satellites available for tracking are 
displayed on the sky plot. Once a satellite is acquired, its number is displayed in 
reverse video (black box with white numbers) and a bar appears in the table below 
representing signal strength. When 4 healthy satellites above a 10° elevation are 
acquired, storage of GPS satellite data automatically begins. The display then 
automatically changes to the Survey Status screen. You can return to the Satellite 
Status screen by pressing the Nav/Surv button. 

At the bottom of the Satellite Status screen are two status indicators: power, on the 
left, and memory, on the right. The memory status indicator shows, both graphically 
and numerically, the percentage of memory free for data storage. Once data storage 
begins, the percent number will flash, giving a visual cue that data collection has 
begun. 

The power status indicator shows a fuel-gauge like graphic of remaining power when 
internal batteries are in use. If an external power source is connected to the receiver, 
an icon that looks like an electrical power plug appears on the display. 

To determine the impact of obstructions at the survey site, use the sky plot to 
visualize which satellites will be blocked by the obstructions. This will help to 
determine if the site is suitable for GPS observation. 

11. From the Satellite Status screen, press the Nav/Surv button. 

While displaying the Satellite Status screen, press the Nav/Surv button to bring up 
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the Survey Status screen, Figure 3.25. 

 

 

 
 

Figure 3.25 Survey Status Screen 
 

The Survey Status screen provides information on the status of your survey during 
the data collection period. Information presented here will help you determine when 
enough data has been collected during this observation to ensure a quality position 
when the data is later processed. From this screen, monitor the following observation 
quality indicators: 

• Observation Timer 

The Obs. Timer field displays the current state of the observation timer. The 
Observation Timer examines the collected satellite data to estimate when enough 
data has been collected to ensure a quality position when the data is processed. To 
make this determination, the observation timer takes into account the number of 
satellites observed during the observation session, the geometry of the satellites 
(PDOP), and breaks in the continuous tracking of the satellites caused by 
obstructions. Using this information, the observation timer informs you when 
enough data has been collected for different distances between you and other 
receivers simultaneously collecting data, i.e., vector lengths. The possible 
displayed distance thresholds are as follows: 

0 KM (0 MI) - displays when there has not been enough data collected to 
accurately process a vector between this receiver and others simultaneously 
collecting data. 

5 KM (3MI) - displays when there has been enough data collected to process a 
vector between this receiver and any other receiver simultaneously collecting data 
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within 5 KM (3 MI) of this receiver. 

10 KM (6MI) - displays when there has been enough data collected to process a 
vector between this receiver and any other receiver simultaneously collecting data 
within 10 KM (6 MI) of this receiver. 

15 KM (9MI) - displays when there has been enough data collected to process a 
vector between this receiver and any other receiver simultaneously collecting data 
within 15 KM (9 MI) of this receiver. 

20 KM (12MI) - displays when there has been enough data collected to process a 
vector between this receiver and any other receiver simultaneously collecting data 
within 20 KM (12 MI) of this receiver. 

So, first, you must estimate the distance between this receiver and other receivers 
being used in the survey. Using the longest distance estimate, wait for the 
Observation Timer to display the value which meets this distance. When this 
occurs, you have collected enough data to successfully process the longest vector. 

 
Note: Obstructions will sometimes cause the Observation Timer to prematurely 
indicate that enough data has been collected. When working in an obstructed 
area, collect a little extra data to ensure the processing will go smoothly. 

 
 

• Elapsed Time 
The Elapsed Time field displays the amount of time since data storage began for 
the current observation session. As you become more experienced with the 
system, you will get a feel for the amount of time required to collect data under 
different observation conditions. 

• # Sats 
The #Sats field displays the current number of healthy satellites above a 10° 
elevation being logged into memory. Periods of low satellite number will require 
more data to be collected for a successful observation. This can be a good 
indicator of the effect of obstructions at the survey site at any given time during 
data collection. 

• PDOP 
The PDOP field displays the PDOP value at any given time, computed from all 
observed healthy satellites above a 10° elevation. Periods of high PDOP will 
require more data to be collected for a successful observation. This can be a good 
indicator of the effect of obstructions at the survey site at any given time during 
data collection. 

In addition to the survey status information, the Survey Status screen also presents 
the same power and memory status displays found on the Satellite Status screen. 

12. Press the Menu button to access the Survey Menu if any receiver or survey 
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parameter needs to be changed. 

The Survey Menu is accessible any time during the data collection process by 
pressing the Menu button. This is the same Survey Menu discussed earlier. All 
setup functions in the Survey Menu can be utilized at any time during the 
observation. In other words, steps 3-8 above can be performed after data collection 
begins, if desired. This allows data collection to begin prior to the setup process, 
reducing time on point. 

Note that if the receiver ID is changed while collecting data, the name of the current 
active data file will include the receiver ID that was set when data collection was 
started. 

13. Turn off receiver when finished. 

When you are satisfied that enough data has been collected by all the GPS receivers 
currently collecting data in this observation session, simply turn off the receiver to 
end the session. 

 
Note: To avoid possible damage to the external antenna connector, unplug the external 
antenna cable from the receiver prior to removing the receiver from the cradle. Also note 
that if the receiver ID is changed while collecting data, the name of the current active data 
file will include the receiver ID set when data collection started. 

 
 

Follow the steps presented above for each observation session required to complete your 
survey. After data collection is complete, take all GPS receivers used in the survey to the 
office and download the data to an office computer as described elsewhere in this manual. The 
data is now ready for processing using Ashtech Solutions. 
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This chapter presents detailed descriptions of the various screens that appear as you use the 
Promark2 in the survey mode. The screen descriptions assume user familiarity with the front 
panel control buttons as described in Control Buttons beginning on page 17. Figure 4.1 is a 
map showing the screen hierarchy. 

 
 

Opening Screen 
Page 54 

 
 

Navigate 
 

Mode Screen 
Page 54 

 
Survey 

 

 
Refer to ProMark2 Survey System 

User's Guide or the 
MAP330 User Manual 

Setup Survey Screen 
Page 55 

Collect Data 
 
 
 
 

Sky Plot 
Signal Strength 
Power Status 

 
 
 
 
 
 
 
 
 
 
 
 

Survey Menu 
Page 57 

NAV/SURV button 
toggles Satellite and 

Survey Status Screens 
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the SURVEY MENU 
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Memory Status 
 
 

Active Site ID 
Obs. Timer 
Elapsed Time 
# Sats 
PDOP 
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File size 
File downloaded 
Free memory 
Delete 
Delete all 
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Receiver ID Contrast 

 
Figure 4.1: Screen Map 
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Navigate 

Point Attribute 
Screen 
Page 58 

 
File Manager Screen 

Page 60 

Unit of Measure 
Screen 
Page 62 

 
Receiver ID Screen 

Page 63 

 
Contrast Screen 

Page 64 

Alarm displays for following conditions: 
1. No external antenna 
2. Low battery 
3. Extreme low power 
4. Low memory 

Page 69 

Satellite Status 
Screen 
Page 65 

Edit screens allow entry or editing: 
 
2. Site descriptor 
3. Receiver ID 

Page 68 

Survey Status 
Screen 
Page 66 
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Mode Screen 
 

 

The opening screen, Figure 4.1, appears for a few seconds when you turn on the Promark2. 
This is followed by the Mode screen, Figure 4.2. The Mode screen lets you select navigation 
mode or survey mode. Navigation mode is described in detail in the ProMark2 User’s Guide 
for Navigation or the Map330 User Manual supplied with Promark2. Survey mode is 
described elsewhere in this manual. Table 4.1 describes the selections that appear in the Mode 
screen. 

 
 

 

Figure 4.1 Promark 2 Opening Screen 
 
 

 

Figure 4.2  Mode Screen 
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Table 4.1  Mode Screen Selections 
 

Parameter Description 

Survey Selects survey mode, calls Survey screen, page 55. 

Navigate Selects navigation mode. Refer to ProMark2 User’s Guide for Navigation 
or the MAP330 User Manual. 

 

Survey Screen 
 

 

The Survey screen, Figure 4.3, provides the option to begin data collection or to access the 
survey menu in order to set up receiver and data collection parameters without going into data 
collection mode. The ability to access the survey menu from this point is useful when you 
wish to set up the receiver or manage receiver data files while not collecting data, i.e. in an 
office environment. You can also enter point attribute information for the point you are about 
to survey prior to beginning data collection, but this is not required since point attribute 
information can be entered at any time during the data collection process. The Survey screen 
is accessed by selecting Survey from the Mode screen. Table 4.2 describes the survey screen 
selections. 

 
 

 

Figure 4.3  Survey Screen 

 
Table 4.2 Survey Screen Selections 

 

Selection Description 

Setup Calls the Survey Menu, page 57. 
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Table 4.2 Survey Screen Selections (continued) 
 

Selection Description 

Collect Data Calls the Satellite Status screen, page 65, or displays an alarm if there is 
no external antenna connected. 



Detailed Screen Descriptions 57  

 
 
 
 

Survey Menu Screen 
 

 

The Survey Menu screen, Figure 4.4, gives you control over receiver operational parameters, 
survey data collection parameters, and receiver raw data files. All functions found in the 
Survey Menu can be utilized at any time before or during survey data collection. The Survey 
Menu is accessed by either selecting Setup from the Survey screen, or by pressing the Menu 
button from the Survey Status screen or the Satellite Status screen. Table 4.3 describes the 
selections in the Survey Menu. 

 
 

 

Figure 4.4  Survey Menu Screen 

 
Table 4.3 Survey Menu Screen Selections 

 

Parameter Description 

Point Attribute Calls the Point Attribute screen, page 58. 

File Manager Calls the File Manager screen, page 60. 

Units Calls the Unit of Measure screen, page 62. 

Receiver ID Calls the Receiver ID screen, page 63. 

Contrast Calls the Contrast screen, page 64. 
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Point Attribute Screen 
 

 

The Point Attribute screen, Figure 4.5, lets you enter and store attribute information of the 
point at which data will be or is being collected. The entered attribute information is stored 
along with the raw survey data and downloaded for use during data processing. The Point 
Attribute screen is accessed by selecting Point Attribute in the Survey Menu. Table 4.4 
describes the screen parameters. 

 
 

 

Figure 4.5  Point Attribute Screen 

 
Table 4.4  Point Attribute Screen Parameters 

 

Parameter Description 

Site ID Lets you enter a 4-character alphanumeric site ID. If fewer than 4 characters are 
entered, the empty fields will be automatically filled with - (dashes). Valid 
characters are all characters except for space, <>: and \. If an illegal characters is 
entered, it will automatically be replaced by - (dash). 

Site Description Lets you enter a site description up to 20 characters. Any character can be used. 

Antenna Height Type Lets you select antenna height type: slant or vertical. 
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Table 4.4  Point Attribute Screen Parameters (continued) 
 

Parameter Description 

Antenna Height Lets you enter the antenna height in the units that are set in the Unit of Measure 
screen, page 62. 
To change antenna height, the button sequence is as follows. 
First, use the up/down arrows to highlight the Antenna Height data field. 
Then press ENTER to go into edit mode. 
Now use the up/down arrows to set antenna height value for the highlighted digit, 
and use the left/right arrows to move to a different digit. 
After setting all digits press ENTER, use down arrow to highlight Save, press 
ENTER to save. 

Save Saves settings. 
 

Note: After a power cycle, all parameters set will be saved with the exception of the site ID, which will display 
the default value “????”. 
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File Manager Screen 
 

 

The File Manager screen, Figure 4.6, lets you examine details of each data file stored in the 
receiver and delete data files that are no longer needed. Each data file is tagged with an 
identifier indicating if the file has been downloaded; this is very useful when deciding which 
files to delete when additional memory is required. The File Manager screen is accessed by 
selecting File Manager in the Survey Menu. Table 4.5 describes the screen parameters.  The 
file naming convention for survey data files is shown in Figure 4.7. 

 
 
 
 

 
Upper pane 

 
 
 
 
 

Lower pane 
 
 
 
 
 

Figure 4.6  File Manager Screen 

 
Table 4.5 File Manager Screen Parameters 

 

Parameter Description 

R1234...... etc. A list of the raw data files stored in the ProMark2 GPS receiver. Up to 100 files 
can be stored in the receiver at one time. Files are automatically closed when the 
receiver is turned off. Each file has a symbol associated with it with the following 
meanings: 

> Indicates that this file is the current file into which data is being recorded 
+ Indicates that the file has not yet been downloaded from the receiver 
- Indicates that the file has been downloaded from the receiver. 

Detail Map A detailed map uploaded into the receiver’s memory. If more than one map is 
uploaded, the Detail Map parameter will include information of all maps 
uploaded. Detail maps are provided on the MapSend Streets CD. 

Delete Deletes the highlighted file. 

Del All Deletes all files. 
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Table 4.5 File Manager Screen Parameters (continued) 
 

Parameter Description 

Arrow button To delete a particular file, use the up/down arrows on the arrow button to 
highlight the file. The selected file appears in the lower pane of the display. Now, 
if necessary, use the left/right arrows on the arrow button to highlight Delete. 
Press ENTER to delete the file. 

Esc Returns screen to Survey Menu. 

Lower pane of display Information on highlighted file indicating name and size. Also displays amount 
of free memory available for data storage. 

 

R 1234 A 01.344 
 

Day number when file was opened 

Year 
Session ID 

Receiver ID 

File prefix 

Figure 4.7  File Naming Convention for Survey Data Files 
 

Note: The session ID increments A-Z, which provides up to 26 unique session IDs for any given day number. If 
more than 26 files are collected in one day, the first digit of the year is used as part of the session ID. The 
following file list illustrates the session ID incrementing scheme: 

R1234A01.175 

. 

. 

R1234Z01.175 

R1234AA1.175 

. 

. 

R1234AZ1.175 

R1234AB1.175 

. 

. 

R1234ZZ1.175 
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Unit of Measure Screen 
 

 

The Unit of Measure screen, Figure 4.8, lets you select the preferred unit of measure in which 
the antenna height values are to be entered in the Point Attribute screen. The selection also 
defines the unit of measure used to display thresholds in the Observation Timer parameter 
found on the Survey Status screen. The Unit of Measure Screen, accessed by selecting Units 
in the Survey Menu, displays the currently selected unit of measure. Table 4.6 describes the 
selectable parameters. 

 
 

 

Figure 4.8  Unit of Measure Screen 

 
Table 4.6  Unit of Measure Screen Parameters 

 

Parameter Description 

Units As shown in the figure, this is the currently selected unit of measure. Pressing ENTER will 
produce a selection list of the following available units of measure: Meters, International 
Feet, U.S. Feet. 

Save Saves setting. 
 

Note: The setting of Unit of Measure is saved after a power cycle. 
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Receiver ID Screen 
 

 

The Receiver ID screen, Figure 4.9, lets you set the identifier of the receiver to be used in the 
raw survey data file name. Each raw survey data file downloaded from this receiver will 
include this identifier in the name. Be sure to use a unique identifier for each receiver used in 
a survey, i.e. different identifier for each receiver. This will prevent problems with similar file 
names when the files from multiple receivers are downloaded to the same directory in the 
office computer. The Receiver ID screen is accessed by selecting Receiver ID in the Survey 
Menu. Table 4.7 describes the screen parameters. 

 
 

 

Figure 4.9 Receiver ID Screen 

 
Table 4.7  Receiver ID Screen Parameters 

 

Parameter Description 

Receiver ID A data entry field where you can assign an ID for the ProMark2 receiver. The only 
valid characters are 0-9 and A-Z. If a different character is selected, it will be replaced 
with the number 0. 

Save Saves the assigned ID when ENTER is pressed. 
 

Note: The receiver ID is saved after a power cycle. 
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Contrast Screen 
 

 

The Contrast screen, Figure 4.10, is accessed from the Survey menu, page 57. The Contrast 
screen lets you adjust the screen contrast using the left and right arrows. Press the ENTER 
key to exit the screen. 

 
 

 

Figure 4.10  Contrast Screen 

 

Satellite Status Screen 
 

 

The Satellite Status screen, Figure 4.11, provides a visual display of the GPS satellites which 
are currently available (i.e., above the horizon), satellites that are being tracked by the receiver, 
and the signal strength of the tracked satellites. Additionally, this screen displays current 
power status and memory status. The Satellite Status screen is accessed by selecting Collect 
Data from the Survey screen, page 55, or by pressing the Nav/Surv button when viewing the 
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Survey Status screen, page 66. 

 

 

Figure 4.11  Satellite Status Screen 

 
Table 4.8  Satellite Status Screen Parameters 

 

Parameter Description 

Sky plot The sky plot displays the position of satellites available for 
tracking. The outer ring represents the horizon. The middle 
ring represents 60 degrees elevation. The center of the plot is 
directly overhead. When a satellite is locked and being tracked, 
its number is changed to white in a black box. 

Signal strength graph The signal strength graph shows the relative strength of the 
satellites which are being tracked. 

Power status indicator The power status indicator (battery icon in lower left corner of 
display) provides a graphical representation of battery life 
remaining. If an external power source is being used, the status 
indicator displays an icon resembling the plug on an electric 
extension cord. 

Memory status indicator The memory status indicator (box with percent sign in lower 
right corner of display) provides a graphical and numerical 
indication of the percentage of memory available for storing 
data. The numerical value blinks once every 10 seconds when 
data is being stored to memory. 
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Survey Status Screen 
 

 

The Survey Status screen, Figure 4.12, provides important status information regarding 
receiver operation and the current data collection session. All important information about the 
survey can be viewed from this screen. Depend on the Survey Status screen to determine 
when enough data has been collected to end the survey, guide you on the quality of the data 
being collected, and provide you with receiver operational status information such as battery 
life and remaining memory. The Survey Status screen is accessed by pressing the Nav/Surv 
button when viewing the Satellite Status screen; the Nav/Surv button toggles back and forth 
between the Survey Status and Satellite Status screens. 

 
 

 

Figure 4.12  Survey Status Screen 

 
Table 4.9  Survey Status Selections 

 

Selection Description 

Site ID The Site ID field displays the current site ID assigned for this data session. 
This field is display only, it can not be edited. 
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Table 4.9  Survey Status Selections (continued) 
 

Selection Description 

Obs. Timer The Obs. Timer field displays the current state of the observation timer. 
The possible displayed values are: 
0 KM (0 MI) - displays when there has not been enough data collected to 
accurately process a vector between this receiver and others 
simultaneously collecting data. 
5 KM (3MI) - displays when there has been enough data collected to 
process a vector between this receiver and any other receiver 
simultaneously collecting data within 5 KM (3 MI) of this receiver. 10 
KM (6MI) - displays when there has been enough data collected to 
process a vector between this receiver and any other receiver 
simultaneously collecting data within 10 KM (6 MI) of this receiver. 
15 KM (9MI) - displays when there has been enough data collected to 
process a vector between this receiver and any other receiver 
simultaneously collecting data within 15 KM (9 MI) of this receiver. 
20 KM (12MI) - displays when there has been enough data collected to 
process a vector between this receiver and any other receiver 
simultaneously collecting data within 20 KM (12 MI) of this receiver. 

Elapsed The Elapsed field displays the amount of time since data storage began for 
the current observation session. 

# Sats The # Sats field displays the current number of healthy satellites above 10 
degrees elevation being logged into memory. 

PDOP The PDOP field displays the PDOP value at any given time, computed 
from all logged healthy satellites above 10 degrees elevation. 

Power status 
indication 

The power status indicator (battery icon in lower left corner of display) 
provides a graphical representation of battery life remaining. If an external 
power source is being used, the status indicator displays an icon resembling 
the plug on an electric extension cord. 

Memory status 
indication 

The memory status indicator (box with percent sign in lower right corner of 
display) provides a graphical and numerical indication of the percentage of 
memory available for storing data. The numerical value blinks once every 
10 seconds when data is being stored to memory. 
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Edit Screens 
 

 

Three screens appear at appropriate times to allow you to enter or change parameters. These 
screens derive from the site ID, site descriptor, and receiver ID variables, as shown in Figure 
4.13. 

 
 

     

Figure 4.13  Edit Screens - Site ID, Site Descriptor, Receiver ID. 
 

To change a parameter, use the arrow keys to navigate around the keyboard. When the 
character you want to enter or change is highlighted, press ENTER. Highlight OK and press 
ENTER when finished. 
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Alarm Screens 
 

 

Any of four alarm screens may appear under certain conditions: no external antenna 
connected, low battery, extreme low power, and low data memory (Figure 4.14). To close any 
alarm screen, press the ENTER key. 

 
 

 
magellangps.com 
Rev. 1.05 
N. America 1.03 
© 2001 Magellan Corp. 

 

Figure 4.14  Alarm Screens - Antenna, Battery, Power, Memory 
 

No External Antenna 

The ProMark2 receiver will not allow you to collect survey data without the external antenna. 
The No External Antenna alarm appears if one of the two following conditions occurs: 

• You attempt to begin survey data collection (you select Collect Data from the 
Survey screen) without an external antenna attached. To rectify, press ENTER to 
clear the alarm, connect the external antenna, and begin data collection. 

• During survey data collection, the external antenna is disconnected. Data storage 
stops until the external antenna is reconnected. To rectify, reconnect the external 
antenna and press ENTER to clear the alarm. 

Low Battery 

The Low Battery alarm appears when remaining internal battery life is low. The amount of life 
remaining depends upon the battery type being used (alkaline or lithium) and the temperature 
at which the equipment is operating (see "Battery Life" on page 19). If you close the Low 
Battery alarm screen by pressing the ENTER key, the alarm will not appear again unless you 
turn off the receiver and turn it back on. 

 
 

ALARM 

ANTENNA. NO
LOGGING  CAN 
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Extreme Low Power 

The Extreme Low Power alarm appears when the receiver feels it can no longer guarantee continued, 
uninterrupted operation. At the appearance of this alarm, the receiver will close the active survey data 
file and the receiver will shut down after 10 seconds. 

Low Memory 

The Low Memory alarm appears when remaining memory for survey data storage is 5% or less. If 
you close the Low Memory alarm screen by pressing the ENTER key, the alarm will not appear 
again unless you turn off the receiver and turn it back on. 

 

Power Down Screen 
 

 

The Power Down screen appears when the Power button is pressed momentarily during operation. 
When this screen appears, the ProMark2 will turn itself off in 5 seconds - or, you can abort the power 
down by pressing the Esc key. 

 
 

 

Figure 4.15  Power Down Screen 
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ATTACHMENT B 

 

GPS FIELD FORMS 

 



 
 

FIELD OBSERVATION LOG 
PROJECT NAME: SITE ID:    

SITE                                                                                 NAME:    

   SITE TYPE: HORZ. CNTRL / VERT. 

CNTRL / NEW / REOCCUPATION RECEIVER ID:

 RECEIVER SESSION #:    

     

PROJECT LOCATION: 

CLIENT NAME: 
ANT. HEIGHT PARAMETERS 

 ANTENNA SLANT ANT. RADIUS VERT. OFFSET  DATE: START END  

  m 

  ft 

 

  m 

  ft 

 
OBSERVER’S NAME:   m 

  ft 
  m 

  ft 

OBSERVATION TIMES AND STATUS 

ALERTS:  
Office Checked By:   

 

SITE SKETCH & NOTES: 

OBSTRUCTION DIAGRAM MONUMENT RUBBING / DESCRIPTION 
  

 OBS. TIME # of SATELLITES BATTERY PWR PDOP 
START: AM / PM NA    
END:  AM / PM 1 / 2 / 3 / SOLID / NA    
 



GPS - FIELD OBSERVATION LOG 
 

DATE    PROJECT ID    
 

BC STAFF    WEATHER    
 
 
 

Location 
ID 

Slant 
Height 

Start 
Time 

Duration 
(minutes) 

# of 
Satellites 

PDOP Receiver 
ID 
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1.0 OBJECTIVES 

The purpose of this standard operating procedure (SOP) is to establish a consistent method and 
format for the use and control of documentation generated during daily field activities.  Field 
notes and records are intended to provide sufficient information that can be used to recreate the 
field activities, as well as, the collection of data.  Information placed in these documents and/or 
records shall be factual, detailed and objective. 
 

2.0 SCOPE AND APPLICABILITY 

This procedure will be used during all field activities, regardless of the purpose by all project 
team personnel and subcontractors who conduct field investigations.  These activities may 
include, but are not limited to, all types of media sampling (surface water, groundwater, 
stormwater runoff, etc.), utility clearance, well installation, sample point locating and surveys, 
and site reconnaissance.   
 

3.0 RESPONSIBILITY 

The Project Manager (PM) is responsible to oversee and ensure that field documentation is 
collected in accordance with this SOP and any site-specific or project specific planning 
documents.   
 
The Field Personnel are responsible for the understanding and implementation of this SOP during 
all field activities, as well as, obtaining the appropriate field logbooks, forms and records 
necessary to complete the field activities.  Field personnel shall ensure all field activities are 
documented completely at the end of each field day.  Field personnel are responsible for tracking 
the location of all field documentation, including field logbooks.  Field personnel are responsible 
for assuring that the original documentation (or copies of the field log book), are filed at the end 
of the field project. 
 

4.0 REQUIRED MATERIALS 

The materials required for this SOP include the following: 
 

 Bound field logbooks 

 Black waterproof and/or indelible ink pens 

 Field Forms 

 

5.0 METHODS 

This SOP primarily includes the documentation procedures for the field logbooks.  However, 
procedures discussed in this SOP are applicable to all other types of field documentation 
collected, and should be universal in application.  Details of other field records and forms (e.g. 
sample labels, chain of custody records, and calibration forms) are discussed in the specific SOP 
associated with that particular field activity (e.g. sample handling and instrument calibration), and 
not covered in detail in this SOP. 
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5.1 Field Logbooks 

Field personnel will keep accurate written records of their daily activities in a bound logbook that 
will be sufficient to recreate the project field activities without reliance on memory.  This 
information will be recorded in chronological order.  All entries will be legible, written in black 
waterproof or indelible ink, and contain accurate and inclusive documentation of field activities, 
including field data observations, deviations from project plans, problems encountered, and 
actions taken to solve the problem.  Each page of the field logbook will be consecutively 
numbered, signed and dated by the field author(s). Pages should not be removed for any reason. 
 
There should be no blank lines on a page.  A single blank line or a partial blank line (such as at 
the end of a paragraph) should be lined to the end of the page.  If only part of a page is used, the 
remainder of the page should have an "X" drawn across it. 
 
In addition to documenting field activities, field logbooks may include, but are not limited to, the 
following: 
 
Initial-Start of Event:  

 Site location, 

 Purpose of site visit,  

 Sampling methodology and information,  

 Level of health and safety protection, 

 Date and time of activities,  

 Site and weather conditions,  

 Personnel present, including sampling crew, facility/site personnel and representatives 
(including site arrival and departure times),  

 Regulatory agencies and their representatives (including phone numbers, site arrival and 
departure times), 

 Sample locations (sketches are very helpful), 

 Source of sample(s), sample identifications, sample container types and preservatives 
used, and lot numbers for bottles and preservatives (if applicable and if not recorded on 
other forms or in a sample control logbook), 

 A chronological description of the field observations and events,  

 Specific considerations associated with sample acquisition (e.g., field parameter 
measurements, etc.) (if not recorded on another form),  

 Field quality assurance/quality control samples collection, preparation, and origin (if not 
recorded on other forms or in a sample control logbook),  

 The manufacturer, model and serial number of field instruments (e.g., water quality, etc.) 
shall be recorded, if not using a calibration form.  Also, source lot # and expiration date 
of standard shall be recorded if calibrated in the field, 
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 If applicable, well construction materials, water source(s), and other materials used on-
site (if not recorded on another form),  

 Sample conditions that could potentially affect the sample results, 

 If deviating from plan, clearly state the reason(s) for deviation, 

 Persons contacted and topics discussed, 

 Documentation of decontamination procedures, and 

 Daily Summary.  

Field situations vary widely.  No general rules can specify the extent of information that must be 
entered in a logbook.  However, records should contain sufficient information so that someone 
can reconstruct the field activity without relying on the collector's memory.  Language used shall 
be objective, factual, and free of personal opinions.  Hypothesis for observed phenomena may be 
recorded; however, they must be clearly indicated as such and only relate to the subject 
observation. 
 
If it is necessary to transfer the logbook to alternative team member during the course of field 
work, the person relinquishing the logbook will sign and date the log book at the time of transfer.   
 
5.2 Photographs 

Photographs provide the most accurate demonstration of the field worker’s observations.  
Photographs can be significant to the field team during future investigations and informal 
meetings.   
 
A photograph must be documented if it is to be a valid representation of an existing situation.  
Therefore, for each photograph taken, several items shall be recorded in the field logbooks: 
 

 Date and time photograph taken; 

 Name of photographer; 

 Site name, location, and field task; 

 Brief description of the subject and the direction taken; and  

 Sequential number of the photograph.  

 

5.3 Additional Field Forms/Records 

Additional field records may be required for each specific field event.  The use of these records 
and examples are described in other SOPs specific for the activity (e.g. Groundwater Sampling 
and Purging SOP, etc.).  These other records may include: 
 

 Record of Surface Water Sampling (in SOP-1) 

 Record of Groundwater Sampling  (in SOP-2) 
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Prior to field activities, the field sampling personnel will coordinate with the PM, or designee, to 
determine which additional records will be required for the specific field task. 
 

6.0 CORRECTIONS 

If an error is made in the field, the logbook entry will be corrected by drawing a single line 
through the error, entering the correct information, and initialing and dating the change. Materials 
that obliterate the original information, such as correction fluids and/or mark-out tapes, are 
prohibited.  All corrections will be initialed and dated. 
 

7.0 DOCUMENTATION REVIEWS 

Periodically, the PM, or designee, will review the field logbooks pertaining to the activities under 
their supervision.  The elements of this review will include technical content, consistency, and 
compliance with the project plans and SOPs.   Discrepancies and errors identified during the 
review should be resolved between reviewer and author of the field documentation.  Corrections 
and/or additions of information shall be initialed and dated by the field author or reviewer.   
 

8.0 FIELD RECORD BACKUP 

Periodically, the PM, or designee, will determine if and when field logbooks and records need to 
be photocopied.  Photocopies will be maintained in the project files, and can be used as backup if 
the original field logbook or records are lost or damaged.  
 

9.0 DOCUMENTATION ARCHIVE 

At the completion of the project, all original field logbooks and records will be stored in the 
project files in accordance with project procedures.  Typically, project files are archived after 
project finalization and kept indefinitely in archive. 
 

10.0 REFERENCES 

None cited.   
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1.0 OBJECTIVES 

The purpose of this Standard Operating Procedure (SOP) is to assure that field activity objectives 
are well established and that personnel, equipment, and required access are in place to achieve 
field task objectives. The objective of the Readiness Review is to increase the probability of field 
success and reduce risks in terms of personnel safety, cost, etc.  The SOPs scope is to provide 
guidance for pre-field checking procedures and provide example tools for conducting such 
reviews. The following sections provide more detail regarding the Readiness Review, and the 
Attachments include example forms for this process. 

2.0 SCOPE AND APPLICABILITY 

This SOP describes the requirements and performance of Readiness Reviews to determine 
readiness prior to initiation of field activities.  

The readiness review process should be carried out prior to carrying out field portions of any 
project. This SOP describes a readiness reviews consisting of low risk and low liability, routine 
field work that is repetitively applied by project personnel very familiar with conducting such 
work. 

The readiness review consists of four general parts: determination of a need for a readiness 
review, premobilization checks, follow-up actions and mobilization. 

3.0 RESPONSIBILITES 

The Project Manager (PM) is responsible for conducting the Readiness Review, if applicable, 
along with other team members and confirming that any outstanding items are completed. 
Attendance by all field personnel, especially the field manager is highly recommended. 

The Field Personnel are responsible for following and adhering to the Readiness Review. 

The Field Manager is responsible for implementing any items found outstanding and ensuring 
that concerns identified in the Readiness Review are watched during field activities.  In addition, 
the field manager is responsible for overseeing the health and safety of employees and for 
stopping work if necessary to fix unsafe conditions observed in the field.  In addition, all field 
personnel are responsible for stopping work if unsafe conditions exist.    

4.0 DEFINITIONS 

Readiness Review - A review of information regarding a planned field activity to determine the 
readiness for initiation of that activity. 

Readiness Review Meeting - A meeting scheduled and conducted by the Project Manager  to 
discuss  planned activities and identify potential action items during the meeting. 

5.0 PROCEDURES 
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This section describes the Readiness Review process. 

5.1 Determination of Need for a Readiness Review 

The process starts with an initial meeting between the PM and field manager to determine 
whether a readiness review is required. Attachment A includes the Readiness Review evaluation 
form that can be used to document this meeting. If a readiness review is required, then the PM 
will determine the level of review necessary. 

5.2 Readiness Review Participation 

Once the need for a Readiness Review is determined, a Readiness Review meeting is scheduled 
with the project team and conducted by the PM, or designee, as necessary. 

5.3 Readiness Review Documentation 

The forms identified in Table 1 may be used to conduct the Readiness Review. 

Table 1.  Documentation Responsibilities 

Documentation Responsibility Attachment 

Readiness Review Evaluation Prepared and approved by PM 
or designee 

A 

Premobilization Readiness Review 
Checklist, Action Items Checklist 

Field Manager completes; 
PM approves 

B 

Field Activity Readiness 
Review Results 

Approved by the PM  A 

Note: Attachments A and B should before field activities are initiated. 

5.4 Readiness Review Meeting 

The Review Procedure - The presentation systematically identifies those steps taken to plan and 
prepare for the fieldwork, and is organized in a manner that enables the Readiness Review 
participants to easily complete the checklist(s) provided in Attachment B, C, D, or F, depending 
upon tier of review. 

If any action items are identified as the presentation progresses, the PM/designee will record them 
on Attachment E. 

Attachment G is a Postmobilization Checklist, and is intended to be used once field activities 
have been initiated, not as a part of the actual Readiness Review meeting (for Level III tier 
projects only). 

5.6 Readiness Review Judgment 

The judgment of the members of the Readiness Review toward initiation of the activity takes one 
of the following forms: 



 SOP-7 
Standard Operating Procedure Readiness Review 
 Revision 1.0 

 Revision Date: February 24, 2016 

 

 

 - 3 - 
 

 Approve, 
 Conditional Approval pending resolution of action item(s), or 
 Disapprove. 

Each member individually recommends one of the above alternatives. Considering these 
recommendations, the Readiness Review team makes a determination. 

Actions Required - Table 2 identifies the actions that should be taken based on the results of the 
Readiness Review. 

6.0 DOCUMENTATION 

Completed documentation (including meeting minutes prepared by the PM/designee) will be 
filed. 

Table 2.  Readiness Review Actions 

If the Readiness Then: 

Approves the preparation 
for the field activity 

No further action is required. 

Identifies action items of 
sufficient concern to 
warrant the classification 
of “Approval Pending 
Resolution of Action 
Items” 

The action items must be addressed. 

The designee must present evidence of completed action items. 

Note: The action items will be noted either as “must be 
completed prior to initiation of fieldwork” or tied to a specific 
date or event. 

Judges the preparation as 
inadequate and 
disapproves the initiation 
 of fieldwork 

The Field Manager will work with the project team to correct the 
deficiencies and present evidence of completeness to the PM. 

Another Readiness Review is scheduled, if required by the PM. 

7.0 Checklists 

Two checklists have been prepared for this readiness review; Attachment A and B: 

8.0 Attachments 

Attachment A: Readiness Review Requirement 
Attachment B: Field Equipment Checklist. 
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ATTACHMENT A 
 

READINESS REVIEW REQUIREMENT 
 
 



c:\documents and settings\jspink\desktop\sop - field readiness_v_1.0.doc  

READINESS REVIEW REQUIREMENT 
 

Summary of Planned Activity Project Number #    
 

Locations    
 

Activity    
 

Brief Description of Planned Activities: 
 
 
 

 
 
 
 
 
 
 
 

Criteria for Major Field Activity 
 

Indicate whether the activity meets any of the following criteria for a major field 
activity. 

1. Is the fieldwork at more than one specific site? 
 

Yes No    
 

2. Is the field activity new or has it been significantly modified from the last field 
activity? 

Yes No    
 

3. Has the activity been planned in a new or significantly different mode? 

Yes No    

4. Does the property require Rights of Entry and have they been signed? 

Yes ___ No___ (if yes, will be signed on) ____  

5. Has the property owner been notified scope and schedule of activities? 

Yes___ No/NA___  



c:\documents and settings\jspink\desktop\sop - field readiness_v_1.0.doc  

Work Needs Evaluation 

 

The following chart evaluates the complexity of the planned work. 

 
 

Area 
 

Criteria 
Complexity/Risk 

(Significant, 
insignificant) 

Safety Is there an unusual risk t o  
safety of the workers or 
general public? 

 

Public Sensitivity What is the risk that the field 
activity will attract strong 
public interest? 

 

Impact to Site 
Operations 

What is the potential that field 
operations will disrupt or 
interfere with site operations? 
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ATTACHMENT B 
 

FIELD EQUIPMENT CHECKLIST 
 
 



C:\Documents and Settings\jspink\Desktop\SOP - Field Readiness_v_1.0.doc  

FIELD BAG CHECKLIST 
 
 
 
 
 
 
 

•  Calculator 
• Cellular phone with camera 
• GPS 
• Watch with step watch or 

second hand 
•  5-gallon plastic bucket marked 

with with 1 gallon increments 
• Ballpoint pens 
• Sharpie  
• Field-fact cheat sheet (i.e. 

casing diameters, annular 
volumes, equivalency data) 

• Engineer scale 
• Safety vest 
• 25-foot measuring tape 

(preferably decimal) 
• Hard hat  
• Rain gear 

• Ear plugs 
• Toilet paper 
• Safety glasses 
• Sunglasses 
• Steel-toed boots 
• Dry socks 
• Disposable camera 
• Ziplock bags (1 gallon) 
• Paper towels 
• Suntan lotion 
• Water proof note book 
• Flagging 
• Wipes 
• Drinking water 
• Garbage bags 
• Hand Soap 

 
 
 
 
 
 
 
 
 
 
 
Please keep in mind this list is a start. Please update and add to, as needed. 



C:\Documents and Settings\jspink\Desktop\SOP - Field Readiness_v_1.0.doc  

FIELD EQUIPMENT CHECKLIST 
 

Client:    Project #:    

Field Personnel:    Date:    
Location:      

 

Equipment 
name “√” after verification 

 Yes No NA 
General    

Camera    
Mobile phone    
GPS    
Picture scale    
Stakes    

Project Info    
Project 

 
   

Project Contact 
 

   
Permits    
Right of Entry(s)    
Site keys (wells, 

 
   

Workplan    
Field work 

  
   

Instruments    
pH/temp 

 
   

EC    
DO    

General Sampling Items    
Chain of 

 
   

Sample labels    
Sample 

 
   

Ice    
Coolers    
Gloves, nitrile 
 

   
Gloves, leather 
 

   
Packing tape 

   
   

Location of 
  

   
Latest drop-off 

 
   

Bubble wrap    
Water Sampling    

Hydrasleeves, Twine, 
 

   
Filters for dissolved 

 
   

Submersible pump    
Submersible pump 

 
   

Solonist water level    
 
 
These supplies do not include the items that should be in your field bag 
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DRAFT for review purposes only.  

Appendix C: Example Field Safety Plan  
(Brown and Caldwell, 2013) 
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CRITICAL PROJECT INFORMATION 
 
Personal Protective Equipment Required:  Level D 
 
SEE SECTION 10 FOR SITE EMERGENCY CONTINGENCY PROCEDURES 
Do not endanger your own life.  Survey the situation before taking any action. 
 

BC Office Telephone (916) 444-0123 
Site Location Address 10540 White Rock Road Suite 180 

Rancho Cordova, California 95670 

 
EMERGENCY PHONE NUMBERS:  In the event of emergency, contact the Project Manager and/or 
Regional Safety Unit Manager. 
 

Emergency Services (Ambulance, Fire, Police) 911 
Poison Control (800) 876-4766 or (800) 222-1222 
Hospital Name St. Elizabeth Community Hopital (Red 

Bluff) 
Enloe Medical Center (Chico) 

Hospital Phone Number (530) 529-8000 (Red Bluff) 
(530) 332-7300 (Chico) 

BC Project Manager (PM; Joe Turner) Office: (916) 853-5334 
Cell: (916) 612-9851 

BC Site Safety Officer (SSO; Tim Godwin) Office: (916) 853-5370 
Cell: (916) 396-8858 

BC Regional Safety Unit Manager (Jim Bucha) Office: (916) 853-5308 
Cell: (916) 612-6374 

Corporate Risk Management Property Loss 
Blythe Buetzow: (925) 210-2470  
Injury 
Angela Hernandez: (925) 210-2218 

Subcontractor Contact (WDC) Office: (530) 662-2829 
Client Contact (Paul Gosselin) Office: (530) 538-3804 
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HOSPITAL DIRECTIONS:  
Location to the nearest hospital will be determined prior to 
commencing field work for each field location, as work will 
occur over a large area. 

HOSPITAL INFORMATION: 
 
Enloe Medical Center 
1531 Esplanade  
Chico, California 95926 
Phone: 530 332 7300 
 
St. Elizabeth Community Hospital  
2550 Sister Mary Columba Drive 
Red Bluff, California 96080 
Phone: 530 529 8000 
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EMERGENCY FIRST AID PROCEDURES 

THE RESPONDER SHOULD HAVE APPROPRIATE TRAINING TO ADMINISTER FIRST 
AID OR CPR 
1. Survey the situation.  Do not endanger your own life.  DO NOT ENTER A CONFINED SPACE 

TO RESCUE SOMEONE WHO HAS BEEN OVERCOME.  ENSURE ALL PROTOCOLS 
ARE FOLLOWED INCLUDING THAT A STANDBY PERSON IS PRESENT. IF 
APPLICABLE, REVIEW MSDSs TO EVALUATE RESPONSE ACTIONS FOR CHEMICAL 
EXPOSURES. 

2. Call 911 (if available) or the fire department IMMEDIATELY.  Explain the physical injury, 
chemical exposure, fire, or release. 

3. Decontaminate the victim if it can be done without delaying life-saving procedures or causing further 
injury to the victim. 

4. If the victim's condition appears to be non-critical, but seems to be more severe than minor cuts, 
he/she should be transported to the nearest hospital by the SSO or designated personnel:  let the 
doctor assume the responsibility for determining the severity and extent of the injury.  If the 
condition is obviously serious, contact emergency medical services (EMS) for transport or 
appropriate actions. 

Notify the PM and Regional Safety Unit Manager immediately and complete the appropriate 
accident/incident investigation reports as soon as possible. 

 

STOP BLEEDING AND CPR GUIDELINES 
To Stop Bleeding CPR 

1. Give medical statement by indicating 
you are trained in 1st Aid. 

2. Assure: airway, breathing and 
circulation. 

3. Use DIRECT PRESSURE over the 
wound with clean dressing or your hand 
(use non-permeable gloves).  Direct 
pressure will control most bleeding. 

4. Bleeding from an artery or several injury 
sites may require DIRECT PRESSURE 
on a PRESSURE POINT.  Use pressure 
points for 30 -60 seconds to help control 
severe bleeding. 

5. Continue primary care and seek medical 
aid as needed. 

1. Give medical statement by indicating you 
are trained in CPR. 

2. Arousal:  Check for consciousness. 

3. Call out for help, either call 911 yourself or 
instruct someone else to do so.  It is very 
important to call for emergency assistance 
prior to initiating CPR. 

4. Open airway with chin-lift. 

5. Look, listen and feel for breathing. 

6. If breathing is absent, give 2 slow, full 
rescue breaths. 

7. Look, listen and feel for breathing. 

8. If breathing is absent, initiate CPR; 
30 compressions for each two breaths. 

9. If an automated external defibrillator (AED) 
is available, use it in accordance with the 
AED instructions. 
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F I E L D W O R K  S A F E T Y  P L A N  

1 .  I N T R O D U C T I O N  

Brown and Caldwell (BC) has prepared this Fieldwork Safety Plan (FWSP) for use during the 
Aquifer Investigation activities to be conducted at Butte County Lower Tuscan Aquifer located in 
Butte County, California (“the Site”).  Activities conducted under BC‟s direction at the Site will be in 
compliance with applicable Occupational Safety and Health Administration (OSHA) regulations, 
particularly those in Title 29 of the Code of Federal Regulations, Parts 1910 and 1926 (29 CFR 1910 
and 29 CFR 1926), and other applicable federal, state, and local laws, regulations, and statutes.  A 
copy of this FWSP will be kept on site during scheduled field activities. 

This FWSP addresses the identified hazards associated with planned field activities at the Site.  It 
presents the minimum health and safety requirements for establishing and maintaining a safe 
working environment during the course of work.  In the event of conflicting requirements, the 
procedures or practices that provide the highest degree of personnel protection will be implemented.  
If scheduled activities change or if site conditions encountered during the course of the work are 
found to differ substantially from those anticipated, the Regional Safety Unit Manager and Project 
Manager will be informed immediately upon discovery, and appropriate changes will be made to this 
FWSP. 

BC‟s health and safety programs and procedures, including medical monitoring, respiratory 
protection, injury and illness prevention, hazard communication, and personal protective equipment 
(PPE), are documented in the BC Health & Safety Manual.  The Health & Safety Manual is readily 
accessible to BC employees via the BC Pipeline.  These health and safety procedures are 
incorporated herein by reference, and BC employees will adhere to the procedures specified in the 
manual. 

BC's FWSP has been prepared specifically for this project and is intended to address health and 
safety issues solely with respect to the activities of BC‟s own employees at the site.  A copy of BC's 
FWSP may be provided to subcontractors in an effort to help them identify expected conditions at 
the site and general site hazards.  The subcontractor shall remain responsible for identifying and 
evaluating hazards at the site as they pertain to their activities and for taking appropriate precautions.  
For example, BC's FWSP does not address specific hazards associated with tasks and equipment that 
are particular to the subcontractor's scope of work and site activities (e.g., operation of a drill rig, 
excavator, crane or other equipment).  Subcontractors are not to rely on BC's FWSP to identify all 
hazards that may be present at the Site. 

Subcontractors are responsible for developing, maintaining, and implementing their own health and 
safety programs, policies, procedures and equipment as necessary to protect their workers, and 
others, from their activities.  Subcontractors shall operate equipment in accordance with their 
standard operating procedures as well as manufacturer‟s specifications.  Any project monitoring 
activities conducted by BC at the Site shall not in any way relieve subcontractors of their critical 
obligation to monitor their operations and employees for the determination of exposure to hazards 
that may be present at the Site and to provide required guidance and protection.  If requested, 
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subcontractors will provide BC with a copy of their own FWSP for this project or other health and 
safety program documents for review. 

1.1 Site History 

Butte County has been awarded grant funds from the California Department of Water Resources 
(DWR) through Proposition 50 (Water Security, Clean Drinking Water, Coastal and Beach 
Protection Act of 2002) for implementation of the LTA Project.  Included as part of Proposition 50 
is the Integrated Regional Water Management (IRWM) Grant Program.  Butte County is 
administering the LTA Project in partnership with the Four County Group (Butte, Glenn, Colusa, 
Tehama and Sutter Counties). 

Brown and Caldwell understand that the purpose of the project is to further characterize the aquifer 
properties of the Lower Tuscan Formation (LTF), specifically Tuscan Formation units A and B. 
Through the characterization process existing data will be reviewed and reassessed, the GIS 
geodatabase will be evaluated and updated, new monitoring wells will be installed, aquifer 
performance testing performed, stream/aquifer interactions will be evaluated, recharge potential 
estimated, and a program of public outreach and education will be implemented. The collection of 
high-quality data is essential for the success of subsequent refinement of the existing Integrated 
Water Flow Model (IWFM) Butte Basin Groundwater Model (Model). All of the data collected will 
be prepared in a common Geodatabase to facilitate incorporation into the model. 

1.2 Site Description 

The site consists of the LTF which is located along the eastern edge of the Sacramento Valley from 
Tehama County in the north to Sutter County in the south 

1.3 Scope of Work 

Lower Tuscan Aquifer monitoring, recharge, and data management project 

1.3.1 Aquifer Recharge Assessment  

The LTF aquifer recharge assessment is intended to gain a better understanding of the flow 
pathways by which surface water enters the subsurface and recharges the LTF aquifer. Three 
subtasks have been identified to assess the potential for recharge from surface water sources. These 
subtasks are: Subtask 3.1 – Soil Infiltration Testing; Subtask 3.2 – Stream Gauging; and Subtask 3.3 
– Stream-Aquifer Temperature Gradient Evaluation. These subtasks are intended to provide 
quantitative assessment of each potential recharge source to enhance the IWFM model. These 
recharge source assessments are essential to understanding the manner in which the LTF aquifer will 
respond to increased stresses from pumping or prolonged drought, further improving the ability for 
the model to be used as a management tool. 

1.3.1.1 Soil Infiltration Testing 

The soil infiltration testing will be performed at 10 locations. Each test location will include the 
performance of basic geologic outcrop mapping in the immediate vicinity of the test location. One 
double-ring infiltrometer tests will be performed at each of the ten proposed sites following ASTM 
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Standard D-3385-03. It is assumed that each test will be conducted for up to a maximum of 12 
hours. Each location will include clearing of approximately an eight square foot area of vegetation in 
the immediate vicinity of ring placement. A complete soil profile and soil log will be generated from 
a borehole immediately adjacent to the infiltrometer test location. The borehole will be advanced 
with a hand auger and drive sampler. The soils will be characterized by a professional soil scientist 
and logged in a soil profile log. One representative soil sample will be collected for mechanical sieve 
analysis for grain size distribution. Each test location will be located with a global positioning system 
(GPS) to sub-meter accuracy for incorporation into the Geodatabase. 

1.3.1.2 Stream Gauging 

The stream gauging task is intended to provide estimates of discharge, and potential recharge to the 
LTF, from 6 primary streams within the drainage basin overlying and intersecting the LTF. These 
streams include: Antelope Creek, Mill Creek, Deer Creek, Big Chico Creek, Butte Creek, and Little 
Dry Creek. The LTF units A and B will be mapped in the vicinity of where these streams intersect 
the outcrops. Two stream gauges will be established on each of the listed streams within these 
outcrop areas. The stream gauges will consist of a surveyed post with staff gauge. The post will be 
hand driven into the stream bed in a location that will contain flows within the channel throughout 
the periods that the stream is flowing. Each gauge will also consist of a temporary stilling well in 
which a pressure transducer and temperature data logger will be placed for continual monitoring of 
stream stage. 

Monitoring will occur every other week from April to November beginning in 2010 following the 
completion of the installation of the gauges and necessary surveys. Following the completion of the 
installation and cross-sectional survey, velocity profiles will be established at each site using a Price 
Type AA flow meter. 

1.3.1.3 Stream-aquifer Interaction  

The Stream-aquifer interaction task includes three components which relate to the ability for the 
stream channels to act as primary recharge conduit to the LTF. This section defines the approach 
through which the physical properties are measured to ascertain the magnitude to which surface 
water in the streams can recharge the aquifer or vice versa. The three tasks to be implemented here 
include a temperature gradient evaluation, slug testing of shallow piezometers, and seepage meter 
evaluation. 

Brown and Caldwell will prepare the installation and observation location data into the Field 
Investigation Report for incorporation into the Geodatabase and document protocol for 
temperature profile monitoring. Data collected over the 2 years of temperature profile observations 
will be modeled to develop estimated flux rates and incorporated into the Recharge Assessment 
Report. The Recharge Assessment Report will include an evaluation of the input values of the 
IWFM model and their correlation discussed.  

1.3.1.3.1 Temperature Gradient Evaluation 

A stream temperature gradient evaluation will be performed at one gauging station in each of the six 
stream gauging stations to establish a vertical profile of water temperature fluctuations within the 
upper 50 feet of the shallow subsurface. The relationship of heat as a tracer is intended to provide 
insight to the stream-aquifer interactions throughout the water year. Approximately 24 sites, 
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consisting of 4 sites along a selected stream profile of each of the six streams, distributed from the 
banks through the stream channel. Well points associated with the stream gauging will also be 
included in profiles. 

Brown and Caldwell will procure permits for the installation of 24 temporary wells with depths of 
up to 50 feet below ground surface. It is likely that variance from standard well construction 
specifications with respect to the length of the sanitary seal will be necessary to install wells that will 
provide adequate data for this task. As such, the preliminary well design will include screened 
intervals from the total depth to within 5 feet of land surface. A filter pack will be placed around the 
2-inch diameter polyvinyl chloride (PVC) casing within the annulus of a 4- to 6-inch borehole and 
sealed with bentonite slurry to the surface. The wells will be completed with an irrigation-type vault 
box for protection. Each well will be surveyed by a licensed surveyor to establish vertical control of 
the top of casings. 

In support of the recharge assessment, one borehole described above will be used in a down-hole 
permeability test at three discrete depths prior to well construction. Upon reaching each depth the 
borehole will be filled with water and the rate of infiltration observed. These data will support the 
analysis of the recharge flux rates in and near the streams. 

Temperature gradient profiles will be collected on a monthly basis using a Seistronix TL-300 
temperature logging device. The device is capable of measure the temperature profile of the water 
column within the well with a 2-foot vertical spacing. Monitoring of the temperature profiles will 
continue on a monthly schedule for two years following installation of the temporary wells.  

At the conclusion of the monitoring period, Brown and Caldwell will abandon the temporary wells 
according to County requirements to be determined during the request for variance of well design. It 
is assumed that the temporary casings will be pulled out and remaining boreholes filled with 
hydrated bentonite. 

1.3.1.3.2 Slug Testing 

Slug testing will be performed on the temporary wells installed at each temperature gradient profile 
location to provide an estimate of the hydraulic conductivity ranges associated with the stream 
channel. The slug tests will be performed using a small solid slug and pressure transducer to record 
the responses. The tests will be performed on a minimum of two wells at each site in accordance 
with ASTM D 5912 for a total of 12 slug tests. The results will be analyzed according to the resulting 
response curves. The data will be used to provide guidance when developing modeled flux rates for 
the temperature gradient profile analysis. This data will be used to calibrate the modeled flux 
estimates for the temperature profile observations. 

1.3.1.3.3 Seepage Meter Evaluation 

Three seepage meter tests will be performed in the vicinity of each temperature gradient profile 
location for a total of 18 seepage rate tests. The seepage meter is a physical measurement collected 
over a predetermined surface area of the streambed of the flux moving into or out of the streambed. 
Locations will be selected where the streambed is thin and more likely in closer communication with 
the Lower Tuscan Formation. The flux rates measured will be used to assist in the calibration of the 
modeled flux rates for the temperature gradient profile analysis. 
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1.3.2 Installation of Groundwater Monitoring Wells  

This task involves the installation of up to 10 triple completion monitoring wells. The location of 
these wells will be in Butte, Tehama, and Glenn Counties. Brown and Caldwell will obtain the 
necessary permits, including a well drilling permit from the appropriate County dependent upon well 
location. As part of obtaining the well permit, a well construction work plan will be prepared as 
required by counties and the California Department of Water Resource Standards (DWR, 1981, 
1991). This Work Plan will include the anticipated well designs and will be submitted to BCDWRC 
for approval. Following procuring the permits and prior to drilling, the Underground Service Alert 
(USA) will be contacted for clearance of underground utilities. It is anticipated that the selected 
locations will be in rural areas and the need for a private utility locator will not be required.  

Potential depths for the multiple completion wells could range from 50 to 150 feet below ground 
surface (bgs), 250 feet bgs, or 1,000 feet bgs.  The wells are anticipated to be completed by using 
reverse circulation dual tube and/or air-rotary casing hammer (ARCH) drilling method for wells 
completed to depths up to 300 feet bgs and borehole diameters equal to or less than 12-inches. The 
dual tube method is capable of reaching depths of 1,000 feet and allows collection of both depth-
discrete lithologic and water samples and an estimate of water production within zones during 
drilling.  

After the final well design has been approved, the pilot boring will be enlarged to 12 inches for 
borings 300 feet or less using ARCH drilling methods and mud-rotary drilling methods for wells 
completed to depths greater than 300 feet bgs. The wells will be completed following California Well 
Standards, then developed after completion. 

1.3.3 Aquifer Performance Testing  

Aquifer performance testing will be conducted on three existing production wells. For all of the 
testing procedures listed below water level data will be collected using submersible pressure 
transducers and data loggers, in particular In-Situ® Level Trolls 500 or 700 series. These transducers 
are capable of measuring water levels to within 0.01 feet and temperature to 0.01 °C. The logging 
capabilities and data storage allow for a variety of programmable solutions necessary to observe 
subtleties necessary to accurately evaluate aquifer properties. Hand measurements will be made 
throughout the test to confirm transducer readings. 

Following the completion of each constant rate test a water sample will be collected and analyzed 
for general physical parameters of pH, temperature, electrical conductivity (EC), oxidation-reduction 
potential (ORP), and dissolved oxygen (DO). The sample will also be submitted to a California 
certified analytical laboratory under chain of custody for analysis of major cations and anions, 
standard minerals, minor elements, nutrients, and oxygen isotopes. 

The following components will be performed to characterize the aquifer being tested. The 
components include: background monitoring, step-drawdown testing (step test), constant rate 
testing (constant test), and recovery testing. The components are described below. 

Background Monitoring 
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Background monitoring will be conducted for a period of 1-week prior to the start of the Step test. 
The background water level data will be assessed to determine if any outside stresses (ie domestic or 
agricultural pumps) are operating and need to be monitored during the testing. 

Step-drawdown Test 

Step-drawdown testing will be run for approximately two hours for each increasing extraction rate to 
allowing for stabilization of drawdown, four steps will be performed for a total of an 8-hour test. 
The extraction rates will be run at approximately ½, ¾, 1, and 1-½ times the design capacity for the 
well. The discharge rate will be assessed using an in-line flow meter with flow totalizer. It is assumed 
that produced water will be discharged to the ground or surface impoundment at some distance 
from the well such that it will not impact the test performance. 

The drawdown of the extraction well will be monitored with a pressure transducer and hand 
measurements for confirmation purposes. The logging interval will be set to a logarithmic time scale 
and reset for each step to assure early-time data is collected to develop appropriate drawdown 
curves. 

Water quality physical parameters of pH, temperature, EC, ORP, and DO will be monitored 
throughout the test. Following the shut down of the pump at the conclusion of the step-drawdown 
test, the aquifer will be allowed to recover for approximately 1 day. 

The drawdown data will be used to determine the specific capacity and well efficiency of the well 
and determine a flow rate to be used during the constant rate test. 

Constant Rate Test 

Following the complete recovery of the step test, the constant rate test will be run for 10-days. The 
pumping will be managed to maintain a constant discharge rate and assessed using an in-line flow 
meter with flow totalizer. Flow rate will be evaluated every 6-hours throughout the 10-day duration 
of the test. It is assumed that water will be discharged to the ground or surface impoundment at 
some distance from the well such that it will not impact the test performance. 

The drawdown of the extraction well will be monitored with a pressure transducer and hand 
measurements for confirmation purposes. In addition to the extraction wells, all available 
monitoring wells, including those installed in for this project, within the estimated area of influence 
will be outfitted with pressure transducers. Transducers should be installed in monitoring wells 
screened within the aquifer being pumped, the aquitard immediately above the pumped aquifer, and 
the aquifer immediately above the pumped aquifer to assess leakage between units. The logging 
interval in all wells will be set to a logarithmic time scale for the constant rate test. 

The pH, temperature, EC, ORP, and DO in the discharged water will be monitored daily 
throughout the test. Following the shut down of the pump, the transducers will be reset to monitor 
water levels on a logarithmic scale during to the 10-days recovery period 

The drawdown and recovery data from the pumping well and observation wells will be used to 
determine the aquifer properties of transmissivity, hydraulic conductivity, and storativity in the 
pumped aquifer and, if possible, within the leaky aquitard. 
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F I E L D W O R K  S A F E T Y  P L A N  

2 .  K E Y  B C  P R O J E C T  P E R S O N N E L  A N D  R E S P O N S I B I L I T E S  

Joe Turner is the Project Manager (PM).  Jim Bucha is the Regional Safety Unit Manager (RSUM).  
Tim Godwin is has been designated as the BC Site Safety Officer (SSO) for this project.  The BC 
project field staff have received health and safety training which meets applicable requirements of 29 
CFR 1910 and 29 CFR 1926.  Depending on project activities, specialized health and safety training 
may be required and will be provided as necessary. 

The responsibilities of key BC project personnel are presented below. 

2.1 Project Manager 

The PM is responsible for evaluating hazards anticipated at the Site and working with designated 
field staff and the RSUM to prepare this FWSP to address the identified hazards.  The PM is also 
responsible for the following. 

 Informing project participants of safety and health hazards identified at the Site.  

 Providing a copy of this FWSP to BC project participants and a copy to each BC 
subcontractor prior to the start of field activities. 

 Ensuring that the BC project team is adequately trained and perform safety briefings in 
accordance with this FWSP. 

 Providing the resources necessary for maintaining a safe and healthy work environment for 
BC personnel. 

 Communicating project safety concerns to the RSUM for determining corrective actions. 

2.2 Site Safety Officer 

The SSO has on-Site responsibility for verifying that BC team members, including subcontractors, 
comply with the provisions of this FWSP.  The SSO has the authority to monitor and correct health 
and safety issues as noted on-Site.  The SSO is responsible for the following. 

 Reporting unforeseen or unsafe conditions or work practices at the Site to the PM or RSUM. 

 Stopping operations that threaten the health and safety of BC field team or members of the 
surrounding community. 

 Monitoring the safety performance of BC Site personnel to evaluate the effectiveness of 
health and safety procedures. 

 Performing air monitoring, as necessary, as prescribed in this FWSP. 

 Documenting BC field team compliance with this FWSP by completing the appropriate BC 
forms contained in the Appendices of this document. 
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 Conducting tailgate safety meetings and assuring that project personnel understand the 
requirements of this FWSP (as documented by each BC field team member‟s signature on the 
H&S Acknowledgement Form). 

 Limiting access to BC work areas on the Site to BC field team members and authorized 
personnel. 

 Enforcing the “buddy system” as appropriate for Site activities. 

 Performing periodic inspections to evaluate BC safety practices at the Site. 

 Identifying the location and route to nearby medical facility and emergency contact 
information and coordinating appropriate responses in the event of emergency. 

2.3 Regional Safety Unit Manager 

The RSUM is responsible for final review and modification of this FWSP.  Modifications to this 
FWSP that result in less protective measures than those specified may not be employed by the PM 
or SSO without the approval of the RSUM.  In addition, the RSUM has the following 
responsibilities. 
 

 Developing and coordinating the overall BC health and safety program. 

 Advising the PM and SSO on matters relating to health and safety on this project. 

 Recommending appropriate safeguards and procedures. 

 Modifying this FWSP, if necessary, and approving changes in health and safety procedures at 
the Site. 

2.4 BC Team Members 

BC employees and subcontractors are responsible for familiarizing themselves with health and safety 
aspects of the project and for conducting their activities in a safe manner.  This includes attending 
site briefings, communicating health and safety observations and concerns to the SSO, maintaining 
current medical and training status and maintaining and using proper tools, equipment and PPE.  
Proper work practices are part of ensuring a safe and healthful working environment.  Safe work 
practices are essential and it is the responsibility of BC employees and team members to follow safe 
work practices when conducting scheduled activities.  Safe work practices to be employed during the 
entire duration of fieldwork include, but are not limited to, the following. 

 Following the provisions of this FWSP, company health and safety procedures and regulatory 
requirements. 

 Reviewing any other FWSPs provided by contractors, sub-contractors, clients, etc. 

 Inspecting personal protective equipment (PPE) before on-site use, using only intact 
protective clothing and related gear, and changing suits, gloves, etc. if they are damaged or 
beyond their useful service life. 

 Set up, assemble, and check out all equipment and tools for integrity and proper function 
before starting work activities. 
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 Assisting in and evaluating the effectiveness of Site procedures (including decontamination) 
for personnel, protective equipment, sampling equipment and containers, and heavy 
equipment and vehicles. 

 Practice the “buddy system” as appropriate for site activities.   

 Do not use faulty or suspect equipment. 

 Do not use hands to wipe sweat away from face.  Use a clean towel or paper towels. 

 Practice contamination avoidance whenever possible. 

 Do not smoke, eat, drink, or apply cosmetics while in chemically-affected areas of the site or 
before proper decontamination. 

 Wash hands, face and arms before taking rest and lunch breaks and before leaving the site and 
the end of the workday. 

 Check in and out with the SSO upon arrival and departure from the site. 

 Perform decontamination procedures as specified in this FWSP. 

 Notify the SSO immediately if there is an incident that causes an injury, illness or property 
loss.  Incidents that could have resulted in injury, illness or property loss (close call) will also 
be reported to the SSO. 

 Do no approach or enter an area where a hazardous environment (i.e., oxygen deficiency, 
toxic or explosive) may exist without employing necessary engineering controls, proper PPE 
and appropriate support personnel. 

 Use respirators correctly and as required for the Site; check the fit of the respirator with a 
negative or positive pressure test; do not wear respirator with facial hair or other conditions 
that prevent a face-to-facepiece seal; do not wear contact lenses when the use of a respirator is 
required. 

 Confined spaces will not be entered without appropriate evaluation, equipment, training and 
support personnel. 

2.5 Subcontractors 

Subcontractor personnel are expected to comply fully with subcontractor's FWSP and to observe 
the minimum safety guidelines applicable to their activities which may be identified in the BC FWSP.  
Failure to do so may result in the removal of the subcontractor or any of the subcontractor‟s 
workers from the job site. 
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F I E L D W O R K  S A F E T Y  P L A N  

3 .  H A Z A R D  A N A L Y S I S  

Hazards at the Site may include physical hazards, chemical hazards or biological hazards.  Each type 
of identified hazard is addressed in the following sections.  Hazards that are the specialty of a 
subcontractor (i.e., operation of a drill rig or excavator) are not addressed in this FWSP.  
Subcontractors are responsible for identifying potential hazards associated with their activities and 
implementing proper controls. 

3.1 Chemical Hazards 

Based on the scope of work to be performed, the potential for BC personnel to be exposed to 
chemical contaminants is considered unlikely.  However, personnel should be aware that chemical 
exposure pathways include: inhalation of airborne contaminants; direct skin contact with chemicals 
or impacted materials; and incidental ingestion of chemicals or affected materials (i.e., hand-to-
mouth transfer).   

If necessary, implementation of engineering controls (i.e., ventilation or dust suppression), 
administrative controls (i.e., limiting access to areas of concern), and proper use of PPE can 
minimize hazards to personnel.  The SSO must assess site conditions and verify that appropriate 
controls are employed where necessary.  Unless specifically required by the work, BC personnel 
should remain a safe distance from potential chemical hazards.  

3.2 Hazard Communication 

In accordance with the Hazard Communication standard, material safety data sheets (MSDSs) will 
be maintained on site for chemical products used by BC personnel at the Site (i.e., spray paint, PVC 
cement, etc.).  Subcontractors will be responsible for maintaining MSDSs for chemical products they 
bring on Site.  In addition, containers will be clearly labeled in English to indicate their contents and 
appropriate hazard warnings. 

3.3 Physical Hazards 

The following physical hazards have been identified and may be encountered during scheduled field 
activities. 

 Slips, Trips and Falls  Housekeeping 

 Heavy Equipment  Materials and Equipment Handling - Lifting 

 Excavations  Drilling 

 Noise  Underground Utilities 

 Overhead Utilities  Equipment Refueling 

 Electrical Hazards  Lockout/Tagout 

 Confined Spaces  Fire/Explosion 
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 Sharp Objects/Cutting Utensils   Elevated Platforms  

 Ladder Use   Traffic  

 Driving   Arc Flash Protection 

 Water Safety  Building Collapse 

 Personal Safety – Urban Setting   

Actions to be taken to protect against the hazards identified are provided in the sections below. 

3.3.1 Slip, Trips and Falls  

Slipping hazards may exist due to uneven terrain, wet or slick surfaces, leaks or spills.  Tripping 
hazards may be present from elevation changes, debris, poor housekeeping or tools and equipment. 
Some specific hazards may include: climbing/descending ladders, scaffolding, berms or curbing.  
Collectively, these types of injuries account for nearly 50 percent of all occupational injuries and 
accepted disabling claims.  Prevention requires attention and alertness on the part of each worker, 
following and enforcing proper procedures, including good housekeeping practices, and wearing 
appropriate protective equipment. 

3.3.2 Housekeeping 

Personnel shall maintain a clean and orderly work environment. Make sure that all materials stored 
in tiers are stacked, racked, blocked, interlocked, or secured to prevent sliding, falling, collapse, or 
overturning.  Keep aisles and passageways clear and in good repair to provide for free and safe 
movement of employees and material-handling equipment.  Do not allow materials to accumulate to 
a degree that it creates a safety or fire hazard. 

During construction activities, scrap and form lumber with protruding nails and other items shall be 
kept clear from work areas, passageways, and stairs.  Combustible scrap and debris shall be removed 
at regular intervals.  Safe means must be provided to facilitate removal of debris.  

Containers must be provided for collecting and separating waste, used rags and other debris.  
Containers used for garbage and other oily flammable or hazardous waste such as caustics, acids, 
harmless dusts, etc., must be separated and equipped with covers.  Garbage and other waste shall be 
disposed of at frequent and regular intervals.  

3.3.3 Heavy Equipment 

Equipment, including earth-moving equipment, drill rigs, or other heavy machinery, will be operated 
in compliance with the manufacturer‟s instructions, specifications, and limitations, as well as any 
applicable regulations.  The operator is responsible for inspecting the equipment prior to use each 
work shift to verify that it is functioning properly and safely. 

The following precautions should be observed whenever heavy equipment is in use. 

 PPE, including steel-toed boots, safety glasses, high visibility vests, and hard hats must be 
worn. 

 Personnel must be aware of the location and operation of heavy equipment and take 
precautions to avoid getting in the way of its operation.  Workers must never assume that the 
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equipment operator sees them; eye contact and hand signals should be used to inform the 
operator of the worker‟s intent. 

 Personnel should not walk directly in back of, or to the side of, heavy equipment without the 
operator‟s knowledge. Workers should avoid entering the swing radius of equipment and be 
aware of potential pinch points. 

 Nonessential personnel will be kept out of the work area. 

3.3.4 Materials and Equipment Handling - Lifting 

The movement and handling of equipment and materials on the Site pose a risk to workers in the 
form of muscle strains and minor injuries.  These injuries can be avoided by using safe handling 
practices, proper lifting techniques, and proper personal safety equipment such as steel-toed boots 
and sturdy work gloves.  Where practical, mechanical devices will be utilized to assist in the 
movement of equipment and materials.  Workers will not attempt to move heavy objects by 
themselves without using appropriate mechanical aids such as drum dollies or hydraulic lift gates. 

Proper lifting techniques include the following. 

 Lift with the strength of your knees, not your back. 

 Firmly plant your feet approximately shoulder-width apart. 

 Turn your whole body, don‟t bent or twist at the waist. 

 Be sure that the path is clear of obstructions or tripping hazards; avoid carrying objects that 
will obstruct your vision. 

 Use caution when holding an object from the bottom to prevent crushing of the hands or 
fingers when lowering. 

3.3.5 Drilling  

During all drilling activities, the operator must ensure that the appropriate level of protection and 
appropriate safety procedures are utilized.  The operator will verify that equipment “kill switches” 
are functioning properly at the start of each day‟s use.  Hard hats, steel-toed boots, and ear and eye 
protection will be required at all times when working around drill rigs.  The proximity of 
underground and overhead utilities must be identified before any drilling is attempted.  The rig may 
not be moved with the mast in the upright position. 

Workers can effectively manage hazards associated with working around heavy equipment if a 
constant awareness of these hazards is maintained.  These hazards include the risk of becoming 
physically entangled in rotating machinery, slipping and falling, impact injury to eyes, head and body, 
and injury from machinery operations.  Never work or walk on piles of well casings.  Make sure all 
high-pressure lines and hoses have whip checks attached.  Constant visual or verbal contact with the 
equipment operator will facilitate such awareness. 

3.3.6 Noise 

Noise may result primarily from the operation of heavy equipment, process machinery or other 
mechanical equipment.  Hearing protection with the appropriate noise reduction rating (NRR) shall 
be worn in areas with high noise levels.  A good rule of thumb to determine if hearing protection is 
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needed is the inability to have a conversation at arms length without raising voice levels.  If loud noise 
is present or normal conversation becomes difficult, hearing protection in the form of ear plugs, or 
equivalent, will be required. 

3.3.7 Equipment Refueling 

Care shall be exercised while refueling generators, pumps, vehicles, and other equipment to prevent 
fire and spills.  Personnel shall eliminate static electricity by grounding themselves (touching metal) 
prior to using refueling hoses and or containers of petroleum liquids.  Items being refueled shall be 
grounded or be located on the ground and not on a trailer, work bench or inside a truck bed.   
Equipment that is hot must be allowed to cool prior to refueling.  Spill response materials shall be 
available when conducting refueling operations.   

3.3.8 Electrical Hazards 

Electrical equipment to be used during field activities will be suitably grounded and insulated.  
Ground-fault circuit interrupters (GFCI), or equivalent, will be used with electrical equipment to 
reduce the potential for serious electrical shock.  Electrical equipment including batteries, generators, 
panels and extension cords shall be kept dry during use.  Extension cords may not be used as a 
permanent means of providing power and will be removed from service if they are worn, frayed, or 
if the grounding prong is missing. 

Extension cord precautions include the following. 

 Be aware of exposed or bare wires, especially on metal grating.  Warning:  Electrical contact with 
metal can cause fatal electrocution. 

 Prior to use, inspect cords for exposed or bare wires, worn or frayed cords, and incorrect 
splices.  Splices are permitted, but there must be insulation equal to the cable, including 
flexibility. 

 Cables and extension cords in passageways, steps or any area where there may be foot traffic 
should be secured so as to not create a tripping hazard.  Overhead cables and extension cords 
shall be rigged to a height greater than 6 feet. 

 Shield extension cords that must run across driveways or areas where vehicle traffic is present. 

 Do not run cords across doorways or windows where they can be frayed or cut by a closed 
door or window. 

 Do not run wires through wet or puddled areas. 

 Flexible cord sets that are used on construction sites or in damp locations shall be of hard 
usage or extra hard usage type. 

Observation of energized machinery will take place from a safe distance.  Only qualified personnel 
will remove guards, hatch covers, or other security devices if necessary.  Equipment lockout 
procedures and an appropriate facility work permit requirements will be followed.  Lockout/tagout 
procedures will be conducted before activities begin on or near energized or mechanical equipment 
that may pose a hazard to site personnel.  Workers conducting the operation will positively isolate 
the piece of equipment, lock/tag the energy source, and verify effectiveness of the isolation.  Only 
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employees who perform the lockout/tagout procedure may remove their own tags/locks.  
Employees shall complete lockout/tagout training before initiating this procedure. 

Only qualified personnel will remove covers of electrical equipment to expose energized electrical 
parts.  Entering electrical rooms/vaults or areas with live exposed electrical part by BC employees 
shall be permitted only when accompanied by a qualified personnel after notification and approval 
of the appropriate facility personnel. 

3.3.9 Fire/Explosion 

Site workers should have an increased awareness concerning fire and explosion hazards whenever 
working with or near flammable materials, especially when performing any activity that may generate 
sparks, flame, or other source of ignition.  Intrinsically safe equipment is required when working in 
or near environments with the potential for an explosive or flammable atmosphere.  The SSO will 
verify facility requirements for a “hot work” permit before activities that may serve as a source of 
ignition are conducted. 

Flammable materials will be kept away from sources of ignition.  In the event of fire, work will 
cease, the area will be evacuated, and the local fire response team will be notified immediately.  Only 
trained, experienced fire fighters should attempt to extinguish substantial fires at the Site.  Site 
personnel should not attempt to fight fires, unless properly trained and equipped to do so.  A fully 
charged ABC dry chemical fire extinguisher will be readily available for use during all scheduled 
activities at the Site. 

3.3.10 Sharp Objects/Cutting Utensils 

Frequently field tasks require the cutting of items such as rope, packaging or containers.  Care 
should be exercised in using knives and/or cutting implements while performing such cutting tasks.  
Personnel should cut down and away from their body and other personnel.  The item being cut 
should be braced or secured from movement while cutting.  When slicing open acetate liners, such 
as those utilized in direct push drilling, personnel should use a hook blade cutting implement 
designed for this task versus a straight blade knife. 

3.3.11 Traffic 

Vehicular traffic presents opportunities for serious injury to persons or property.  Traffic may 
consist of street traffic or motor vehicles operated by facility employees or visitors to the Site.  
Workers and other pedestrians are clearly at risk during periods of heavy traffic.  Risk from motor 
vehicle operations may be minimized by good operating practices and alertness, and care on the part 
of workers and pedestrians. 

Site personnel will wear high-visibility traffic safety vests whenever activities are conducted in areas 
of heavy traffic.  Work vehicles will be arranged to be used as a barrier between site workers and 
nearby traffic.  If required by local ordinances or site location, a traffic control plan will be 
developed implemented. 

It is important to be conscious of all vehicular traffic that may be present during conduct of field 
operations.  Use caution tape, barricades, or safety cones to denote the boundaries of the work area 
and to alert vehicle operators to the presence of operations which are non-routine to them.  Be 
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careful when exiting the work area and especially when walking out from between parked vehicles to 
avoid vehicular traffic. 

Never turn your Back on Traffic.  When working in or near a roadway, walk and work with your 
face to the oncoming traffic.  If you must turn your back to traffic, have a coworker watch 
oncoming traffic for you. 

Vehicle and Worksite Position.  Whenever possible, place a vehicle between your worksite and 
oncoming traffic.  Not only is the vehicle a large, visible warning sign, but if an oncoming car should 
fail to yield or deviate, the parked vehicle, rather than your body, would absorb the first impact of a 
crash.  Turn the wheels so that if the vehicle were struck, it would swing away from the worksite.  
Even though the vehicle would protect you in a crash, it might be knocked several feet backward.  
Always leave some room between the rear of the vehicle and the work area. 

Use of Signs and Cones to Direct Traffic.  Traffic signs and cones are used to inform drivers and 
direct traffic away from and around you.  Cones and signs are only effective if they give oncoming 
drivers enough time to react and make it clear how traffic should react. 

Cone Positioning.  The most common coning situation is setting a taper of cones that creates a 
visual barrier for oncoming motorists and gradually closes a lane. 

The position of the taper depends on the road width, position and size of the work area, and also on 
the characteristics of the traffic. 

3.3.12 Driving 

A lot of driving is required to get to, from, and between project Sites.  Safe vehicle maintenance and 
operation must be a priority.  It requires knowledge of directions to (and conditions of) the Site in 
advance, careful exiting and merging into traffic, anticipating the unexpected, remaining alert to 
one‟s physical and mental condition, resisting distractions such as cell phone use, other car activities 
and contacting assistance when needed.  Report all vehicle accidents/incidents to BC‟s Risk 
Manager.   

3.3.13 Water Safety 

Work will be occurring in and around streams.  Safe work practices around streams will include the 
buddy system, and use of United States Coast Guard (USCG) certified personal floatation devices 
for each BC employee entering the stream.  BC employees will be tied of with a rope to an anchor  
located on shore so the coworker can provide rescue if necessary.     

3.4 Natural Phenomena 

Natural phenomena such as weather-related emergencies and acts of nature can affect employees‟ 
safety.  Natural phenomena can occur with little or no warning.  If an emergency situation arises as a 
result of natural phenomena, adhere to the contingency procedures outlined in Section 10.  The 
following natural phenomena have been identified and may be encountered during scheduled field 
activities. 

 Sunburn     Heat Stress 
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 Cold Stress    Lightning/Electrical Storms 

 Hurricanes    Tornados and Strong/Straight Line Winds 

 Earthquakes  

3.4.1 Sunburn 

Working outdoors with the skin unprotected for extended periods of time can cause sunburn to the 
skin.  Excessive exposure to sunlight is associated with the development of skin cancer.  Field staff 
should take precautions to prevent sunburn by using sunscreen lotion and/or wearing hats and long-
sleeved garments. 

3.4.2 Heat Stress 

Adverse climate conditions, primarily heat, are important considerations in planning and conducting 
site operations.  Heat-related illnesses range from heat fatigue to heat stroke, with heat stroke being 
the most serious condition.  The effects of ambient temperature can cause physical discomfort, loss 
of efficiency, and personal injury, and can increase the probability of accidents.  In particular, 
protective clothing that decreases the body‟s ventilation can be an important factor leading to heat-
related illnesses. 

To reduce the possibility of heat-related illness, workers should drink plenty of fluids and establish a 
work schedule that will provide sufficient rest periods for cooling down.  Personnel shall maintain 
an adequate supply of non-caffeinated drinking fluids on site for personal hydration.  Workers 
should be aware of signs and symptoms of heat-related illnesses, as well as first aid for these 
conditions.  These are summarized in the table below. 

Condition Signs Symptoms Response 

Heat Rash or 

Prickly Heat 

Red rash on skin. Intense itching and 

inflammation. 

Increase fluid intake and observe affected worker. 

Heat Cramps Heavy sweating, lack 

of muscle 

coordination. 

Muscle spasms, 

and pain in hands, 

feet, or abdomen. 

Increase fluid uptake and rest periods. Closely observe affected 

worker for more serious symptoms. 

Heat Exhaustion Heavy sweating; 

pale, cool, moist 

skin; lack of 

coordination; fainting. 

Weakness, 

headache, 

dizziness, nausea. 

Remove worker to a cool, shady area. Administer fluids and allow 

worker to rest until fully recovered. Increase rest periods and closely 

observe worker for additional signs of heat exhaustion. If symptoms 

of heat exhaustion recur, treat as above and release worker from the 

day’s activities after he/she has fully recovered. 
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Condition Signs Symptoms Response 

Heat Stroke Red, hot, dry skin; 

disorientation; 

unconsciousness 

Lack of or reduced 

perspiration; 

nausea; dizziness 

and confusion; 

strong, rapid pulse. 

Immediately contact emergency medical services by dialing 

emergency medical services. Remove the victim to a cool, shady 

location and observe for signs of shock. Attempt to comfort and cool 

the victim by administering small amounts of cool water (if 

conscious), loosening clothing, and placing cool compresses at 

locations where major arteries occur close to the body’s surface 

(neck, underarms, and groin areas). Carefully follow instructions 

given by emergency medical services until help arrives. 

3.4.3 Cold Stress 

Workers performing activities during winter and spring months may encounter extremely cold 
temperatures, as well as conditions of snow and ice, making activities in the field difficult.  Adequate 
cold weather gear, especially head and foot wear, is required under these conditions. Workers should 
be aware of signs and symptoms of hypothermia and frostbite, as well as first aid for these 
conditions.  These are summarized in the table below. 

Condition Signs Symptoms Response 

Hypothermia Confusion, slurred 

speech, slow movement. 

Sleepiness, confusion, 

warm feeling. 

Remove subject to a non-exposed, warm area, such as truck 

cab; give warm fluids; warm body core; remove outer and 

wet clothing and wrap torso in blankets with hot water bottle 

or other heat source. Get medical attention immediately. 

Frostbite Reddish area on skin, 

frozen skin. 

Numbness or lack of feeling 

on exposed skin. 

Place affected extremity in warm, not hot, water, or wrap in 

warm towels. Get medical attention. 

Trench Foot Swelling and/or blisters of 

the feet 

Tingling/itching sensation; 

burning; pain in the feet 

Remove wet/constrictive clothing and shoes. Gently dry and 

warm feet with slight elevation.  Seek medical attention. 

3.4.4 Earthquakes 

Earthquakes strike suddenly, violently, and without warning.  If your project is located near a fault 
line, earthquakes are an unpredictable possibility.  For long term projects with temporary or 
permanent office area, keep an emergency preparedness kit consisting of, but not limited to: 

 Current project/office contacts list - how to reach folks in an emergency,  

 Blankets,  

 Flashlights,  

 Radio (operated by batteries),  

 Batteries for flashlight and radio (note: batteries should be replaced as needed to assure 
freshness),  

 Water (unless there is a water bubbler that can be used with no electricity), and  

 Snack crackers, dried fruit, etc. - a source of food that won't go bad.  

This kit is meant to serve as overnight survival in the event that it becomes unsafe to leave the 
project site.  The kit's contents should be suited to meet the size and needs of your project. 



3: Hazard Analysis Fieldwork Safety Plan 

 
3-9 

If you feel the earth shaking, consider the following tips: 

 Drop down; take cover under a desk or table and hold on. 

 Stay indoors until the shaking stops and you are sure it is safe to exit. 

 Stay away from bookcases, shelves, or anything that could fall on you. 

 Stay away from windows. 

 If inside a building, expect fire alarms and sprinklers to go off during the quake. 

 If you are outdoors, find a clear spot away from buildings, trees, and power lines.  Drop to the 
ground and cover your head. 

If you are in a car, slow down and drive to a clear place, preferably away from power lines.  Stay in 
the car until the shaking stops. 

3.5 Biological Hazards 

The following biological hazards have been identified and may be encountered during scheduled 
field activities. 

  Bloodborne Pathogens/Sanitary Waste 

 Rodents and Mammals 

 Reptiles/Snakes 

 Venomous Insects 

 Mosquitoes 

 Fire Ants 

 Spiders/Scorpions 

 Ticks 

 Poisonous Plants 

If any biological hazards are identified at the Site, workers in the area will immediately notify the 
SSO and nearby personnel.   

3.5.1 Rodents/Mammals 

Animals may potentially carry the rabies virus or disease causing agents.  Do not attempt to feed or 
touch animals.  Feces from some small mammals may contain diseases such as Hanta Virus.  Avoid 
generating dust in the vicinity of rodent feces. In addition, animals such as dogs or wild predators 
(i.e., cougars or coyotes) may pose an attack hazard.  Persons should slowly back away in a non-
threatening manner if an encounter with a threatening animal occurs. In order to avoid such 
encounters, use the buddy system and make noise when working in areas where such animals may 
be present.   

3.5.2 Reptiles/Snakes 

The primary reptiles of concern are venomous snakes (rattlesnake, water moccasin, and 
copperhead). Avoid contact and areas that may harbor snake populations including high grass, 
shrubs, and crevices. In the event of a bite, immobilize the affected area and contact emergency 
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medical services. If more than 30 minutes from emergency care, apply bandage wrap two to four 
inches above the bite (note: bandage should be loose enough to slip your finger underneath). 

Wear shoes and heavy pants when walking and hiking in areas where snakes are likely found. Do not 
reach into rocky cracks, under logs, or large rocks. Even if a snake looks dead, do not touch it. A 
snake can still bite up to one hour after its death. Do not get near or tease a snake. Snakes are shy 
creatures and generally will not attack unless bothered. 

Diamond Back Rattle Snake 

Diamond backs are large snakes. They have a row of dark diamonds down the back and a rattle on 
their tail. These snakes have cat-like eyes and a pit between their nostril and eye. Eastern diamond 
backs like pine flat woods and scrub areas where palmetto thickets and gopher tortoise burrows are 
found. These snakes travel during the day and hide at night. 

Timber Rattle Snake 

Timber rattle snakes have a reddish-brown stripe running down the center of their back and black 
crossbands. Their tails are solid black with a rattle. These snakes have cat-like eyes and a pit between 
their nostril and eye. Timber rattlers live in damp river beds, pine flat woods, swamps, and cane 
thickets. 

Pygmy Rattle Snake 

These small snakes are light to dark grey in color. They have a tiny rattle. Pygmy rattle snakes have 
cat-like eyes and a pit between their nostril and eye. These snakes are found in lowland pine flat 
woods, prairies, around lakes, ponds, and swamps. Pygmy rattlers are aggressive and will strike 
anything within striking range. 

Cottonmouth (Water Moccasin) 

Young cottonmouths are often mistaken for copperheads because of their reddish-brown 
crossbands. As these snakes age, their cross bands darken until they become almost solid black. 
Cottonmouths live near water sources like lakes, streams, rivers, ponds, and swamps. When 
threatened, cottonmouths may coil and open their mouths as though ready to bite. The white inside 
of the mouth is what gives this snake its name, "cottonmouth". 

Copperhead 

Copperheads have dark coppery red-brown hourglass crossbands on a lighter brown color. The top 
of the head is covered with large plate-like scales. Copperheads have cat-like eyes and a pit between 
their nostril and eye. These snakes live in rocky, wooded areas and low, wet swampy areas. 
Copperheads are sluggish and rarely bite, unless stepped on or touched. 

Coral Snake 

The body of this snake is ringed with black, yellow and red bands. (Remember: Red on yellow can 
kill a fellow.  Red on black, venom lack.) The head of a coral snake is black, while the tail is black 
and yellow.  
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3.5.3 Venomous Insects 

Common examples include bees, fire ants and wasps. Avoid contact with insects and their hives.  If 
stung, remove the stinger by gently scraping it out of the skin (do not use tweezers).  If the worker is 
stung by an insect, immediately apply an ice pack to the affected area and wash area with soap and 
water and apply antiseptic.  If an allergic reaction occurs, contact emergency medical services for 
appropriate treatment. 

3.5.4 Mosquitoes 

Mosquitoes may transmit diseases such as West Nile Virus.  Symptoms of West Nile Virus include:  
fever, headache, tiredness, body aches, and occasional rash.  Avoid mosquito bites by wearing long 
sleeved shirt and long pants.  Apply insect repellent to clothes and/or skin (if FDA approved for 
topical use).  Report any dead birds in the area to local health officials.  Mosquitoes are most active 
from dusk to dawn. 

3.5.5 Fire Ants 

Red and Black Fire Ants are capable of inflecting numerous stings (7 to 9) per ant in a matter of 
seconds, and large numbers of fire ants will typically attack at the same time.  Fire ants are very 
aggressive and will sting simply upon coming in contact with skin.  Individuals who are allergic to 
bees should carry bee sting kits when there is the potential to come in contact with fire ants.  Fire 
ants are predominantly located in the southern United States.   

The best way to avoid fire ants is to avoid disturbing their mounds.  Fire ant mounds are typically 
constructed in disturbed habitats such as open fields, along roadsides, lawns, and many other open 
sunny areas.  The mounds are constructed of dirt and/or other organic materials.  Mounds are 
typically 10” to 24” in diameter and approximately 18” in height.  If you disturb a mound, get away 
from the mound immediately.   

Fire ant stings typically leave tiny red blisters and sometimes white pustules.  Symptoms of stings 
include blistering, burning, swelling, pain, and irritation of the affected area.  Recommended 
treatment consists of antihistamines along with topical antibiotic cream.  Anaphylaxis symptoms 
such as shortness of breath, discomfort, lowered heart rate, etc. may also accompany fire ant stings.  
Seek medical attention immediately if you are allergic to venomous stings such as bees or if 
anaphylaxis symptoms are present. 

3.5.6 Spiders/Scorpions 

The black widow and brown recluse spiders are the most venomous. Avoid contact with spiders and 
scorpions and areas where they may hide.  They favor dark hiding places.  Inspect clothing and 
shoes before getting dressed.  Wear gloves and safety shoes when working with lumbar, rocks, 
inspecting buildings, etc.  Signs and symptoms of bites include:  headache, cramping pain/muscle 
rigidity, rash and/or itching, nausea, dizziness, vomiting, weakness or paralysis, and convulsions or 
shock.  Wash bite area with soap and water and apply antibiotic cream.  Contact emergency medical 
services if allergic reaction or severe symptoms occur. 
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3.5.7 Ticks 

Deer ticks may carry and transmit Lyme disease to humans.  Signs of Lyme disease include a reddish 
“bulls-eye” around the affected area approximately a week after the bite.  Symptoms include 
headache, fever, and muscle/joint pain.  Persons suspecting infection should contact a health 
professional.  Whenever possible avoid areas likely to be infested with ticks during the spring and 
summer months.   

Wear light-colored clothing so ticks can be easily spotted and removed.  Wear long sleeves and pants 
and tuck pant legs into boots or socks.  Apply insect repellents to clothing and skin (if FDA 
approved for topical application).  Persons with long hair should tie their hair back to minimize the 
potential for ticks to nestle in the scalp.   

Personnel should self perform tick checks once daily field work is completed.  If a tick is embedded 
in the skin, use tweezers to grasp the tick‟s head (near the skin) and pull straight out.  Consider 
saving the removed tick for laboratory analysis. 

3.5.8 Poisonous Plants 

Common examples include poison ivy, poison oak and poison sumac.  Avoid contact.  Long-sleeved 
shirts and pants will allow some protection against inadvertent contact.  If contact occurs, 
immediately wash the affected area thoroughly with soap and water.  If an allergic reaction occurs, 
seek the care of a medical professional. 

Poison Ivy is a trailing or climbing woody vine or a shrub-like plant with leaves that are each divided 
into three broad, pointed leaflets.  The leaflets are commonly dark glossy green on top and slightly 
hairy underneath.  They produce small yellowish or 
greenish flowers followed by berry-like drupes. 

Poison Oak is a member of the same family as 
poison ivy and has a very similar appearance.  Poison 
oak has leaves divided into three leaflets and 
generally has three to seven distinct lobes. Typically 
they are a shrubby type plant that can grow to eight 
feet in height, or sometimes can be a climbing plant.   

The best way to prevent exposure is the ability to 
recognize these plants.  Conduct an initial survey of 
the area to determine if the plants are present in the 
work area, and avoid contact with them. 

If plants are located and work must be conducted in 
that area, have the plants removed if possible.  If this 
is not possible, wear long sleeved shirts, gloves, and 
a heavy material type pants.  Remember not to touch 
contaminated clothing.  There are products available 
that can be applied to exposed skin, (similar to 
sunscreen products) prior to working around the 
plants.  Tyvek suits may be another option used at 
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the wearer‟s discretion to keep poisonous plant oils from getting on clothing.  Please note that using 
Tyvek suits may increase the risk of heat stress conditions so extra precautions should be taken such 
as more frequent breaks and drinking plenty of fluids. 

 



 

 
4-1 

F I E L D W O R K  S A F E T Y  P L A N  

4 .  P E R S O N A L  P R O T E C T I V E  E Q U I P M E N T  

The purpose of PPE is to protect employees from hazards and potential hazards they are likely to 
encounter during site activities.  The amount and type of PPE used will be based on the nature of 
the hazard encountered of anticipated.  It is not anticipated that respiratory protection will be 
required by BC personnel for this project.  

Dermal protection, primarily in the form of chemical-resistant gloves and coveralls, will be worn 
whenever contact with potentially chemically-affected materials (e.g., sewage, sludge or wastewater) 
is anticipated. 

On the basis of the hazards identified for this project, the following personal protective equipment 
(PPE) will be required and used.  Changes to the specified levels of PPE will not be made without 
the approval of the SSO after consultation with the RSUM.   

The following equipment is specified as the minimum PPE required to conduct activities at the Site. 

 Work shirt and long pants, 

 ANSI- or ASTM-approved steel-toed boots or safety shoes, 

 ANSI-approved safety glasses, and 

 ANSI-approved hard hat. 

Other personal protection readily available for use, if necessary, includes the following items. 

 Nitrile gloves when direct contact with chemically affected materials or wastewater/sewage is 
anticipated (latex gloves may be worn in lieu of nitrile for wastewater/sewage contact). 

 Chemical-resistant clothing (e.g., Tyvek or polycoated Tyvek coveralls) when contact with 
chemically affected materials or wastewater/sewage is anticipated. 

 Knee-high PVC polyblend boots when direct contact with chemically affected materials or 
wastewater/sewage is anticipated. 

 Hearing protection. 

 Sturdy work gloves (i.e., leather, Kevlar, others as appropriate). 

 High-visibility traffic safety vest. 

Work will cease if unanticipated conditions or materials are encountered or if an imminent danger is 
identified.  The SSO will immediately contact the RSUM for consultation. 
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F I E L D W O R K  S A F E T Y  P L A N  

5 .  A I R  M O N I T O R I N G  P L A N  

It is not anticipated that air monitoring will be required for this project. However, in some instances, 
such as entering into a confined space or subsurface work at a landfill, air monitoring is necessary 
and essential for protecting personnel.  The RSUM will determine what air monitoring is necessary 
based on the hazards identified.  
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F I E L D W O R K  S A F E T Y  P L A N  

6 .  S I T E  C O N T R O L  M E A S U R E S  

The SSO will conduct a safety inspection of the BC work site before each day‟s activities begin to 
verify compliance with the requirements of the FWSP.  Results of the first day‟s inspection will be 
documented on the Site Safety Checklist. A copy of the checklist is included in Appendix B.  
Thereafter, the SSO should document unsafe conditions or acts, along with corrective action, in the 
project field log book. 

Procedures must be followed to maintain site control so that persons who may be unaware of site 
conditions are not exposed to hazards.  The work area may be barricaded by tape, warning signs, or 
other appropriate means.  Site equipment or machinery will be secured and stored safely. 

Access to the specified work area will be limited to authorized personnel.  Only BC employees and 
designated BC subcontracted personnel, as well as designated employees of the client, will be 
admitted to the work site.  Personnel entering the work area on BC business are required to sign the 
signature page of this FWSP, indicating they have read and accepted the health and safety practices 
outlined in this plan. 
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F I E L D W O R K  S A F E T Y  P L A N  

7 .  D E C O N T A M I N A T I O N  P R O C E D U R E S  

Decontamination will not be required for this project.  However, scrupulous personal hygiene 
should be observed to prevent transmission of infectious disease.  An antiseptic waterless hand 
cleaner or soap and water should be readily available in the absence of proper hygiene facilities.  
Personnel should thoroughly wash their hands and face as soon as practicable and always prior to 
eating, drinking, or other activities that would facilitate hand-to-mouth transfer of materials of 
concern.   
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F I E L D W O R K  S A F E T Y  P L A N  

8 .  T R A I N I N G  R E Q U I R E M E N T S  

BC Site personnel, including subcontractors and visitors conducting work in controlled areas of the 
Site, must have completed the appropriate training as required by applicable sections of 29 CFR 
1910 and 1926.  BC personnel involved in the performance of field work receive BC 4-hour 
Fieldwork Safety Awareness training every two years.  In addition, the SSO, or designee, will have 
current training in first aid and CPR, and any additional training appropriate to the level of site 
hazards.   

Further site-specific training for the BC field team will be conducted by the SSO prior to the 
initiation of project activities. This training will include, but will not necessarily be limited to, 
emergency procedures, site control, personnel responsibilities, and the provisions of this FWSP.  
Each employee will document that the have been briefed on the hazards identified at the site and 
that they have read and understand the requirements of this FWSP by signing the H&S Plan 
Acknowledgement Form attached as Appendix C.  

A daily morning briefing to cover safety procedures and contingency plans in the event of an 
emergency is to be included with a discussion of the day‟s activities.  These daily meetings will be 
recorded on the Daily Tailgate Safety Meeting Form.  A copy of the Daily Tailgate Safety Meeting 
Form is included in Appendix D. 
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F I E L D W O R K  S A F E T Y  P L A N  

9 .  M E D I C A L  S U R V E I L L A N C E  R E Q U I R E M E N T S  

Formal medical surveillance, such as that required by 29 CFR 1910.120, is not required for this 
project.  However, personnel should be physically fit and able to perform their assigned activities 
and are not to perform any activity for which they have a medical limitation. 

A Hepatitis B vaccination will be offered to BC personnel before the person participates in a task 
where direct exposure to potentially infectious materials is a possibility (i.e., first aid or CPR).  For 
personnel who have potential exposure to sanitary wastes, a current tetanus/diphtheria inoculation 
or booster is recommended.   
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F I E L D W O R K  S A F E T Y  P L A N  

1 0 .  C O N T I N G E N C Y  P R O C E D U R E S  

Minimum emergency equipment maintained on site will include a fully charged ABC dry chemical 
fire extinguisher and an adequately stocked first aid kit.  In addition, employees will consider 
maintaining the personal emergency supply items listed in Section 3:  Natural Phenomena, as 
appropriate. 

In the event of an emergency, site personnel will signal distress with three blasts of a horn (a vehicle 
horn will be sufficient), or other predetermined signal.  Communication signals, such as hand 
signals, must be established where communication equipment is not feasible or in areas of loud 
noise. 

It is the SSO‟s duty to evaluate the seriousness of the situation and to notify appropriate authorities.  
The first part of this plan contains emergency telephone numbers as well as directions to the 
hospital.  Nearby telephone access must be identified and available to communicate with local 
authorities.  If a nearby telephone is not available, a cellular telephone will be maintained on site 
during work activities.  The operation of the cellular phone will be verified to ensure that a signal 
can be achieved at the work location.  

The SSO, or designee, should contact local emergency services in the event of an emergency.  After 
emergency services are notified, the PM and RSUM will be notified of the situation as soon as 
possible.  If personal injury, property damage or equipment damage occurs, the PM and BC Risk 
Manager will be contacted as soon as practicable. An Accident/Incident Investigation Report will be 
completed within 24 hours by the SSO, or other designated person.  A copy of the 
Accident/Incident Investigation Report is included in Appendix E.   

MSHA Immediate Notification Rule 

At projects conducted at mining facilities, incident reporting requirements differ from OSHA 
standards.  Site-specific MSHA reporting requirements must be addressed in conjunction with the 
RSUM and PM.   

In order to comply with the MSHA Immediate Notification rule (50.10), Brown and Caldwell has 
developed the „MSHA Immediately Reportable Accident/Injury Notification Procedure‟.  Note that 
incidents meeting the definition of “immediately reportable” must be reported to MSHA within 15 
minutes of occurrence.   

http://search.bc.com/health_safety/documents/BC_MSHANotificationProcedure.doc 

This new procedure can be accessed by clicking the link above and includes a decision flowchart and 
accompanying instructions to help guide field personnel in the event of a reportable accident/injury 
at a mining site.   

http://search.bc.com/health_safety/documents/BC_MSHANotificationProcedure.doc
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10.1 Injury or Illness 

If an exposure or injury occurs, work will be temporarily halted until an assessment can be made to 
determine it is safe to continue work.  The SSO, in consultation with the RSUM, will make the 
decision regarding the safety of continuing work.  The SSO will conduct an investigation to 
determine the cause of the incident and steps to be taken to prevent recurrence. 

In the event of an injury, the extent and nature of the victim‟s injuries will be assessed and first 
aid/CPR will be rendered as appropriate.  If necessary, emergency services will be contacted or the 
individual may be transported to the nearby medical center.  The mode of transportation and the 
eventual destination will be based on the nature and extent of the injury.  A hospital route map is 
presented at the front of this FWSP. 

In the event of a life-threatening emergency, the injured person will be given immediate first aid and 
emergency medical services will be contacted by dialing the number listed in the Critical Project 
Information section at the beginning of this plan.  The individual rendering first aid will follow 
directions given by emergency medical personnel via telephone.   

10.2 Vehicle Collision or Property Damage 

If a vehicle collision or property damage event occurs, the SSO, or designee, will contact the BC 
Risk Manager for appropriate action. 

10.3 Fire 

In the event of fire, the alarm will be sounded and Site personnel will evacuate to a safe location 
(preferably upwind).  The SSO, or designee, should contact the local fire department immediately by 
dialing 911.  When the fire department arrives, the SSO, or designated representative, will advise the 
commanding officer of the location and nature of the fire nature, and identification of hazardous 
materials on site.  Only trained, experienced fire fighters should attempt to extinguish substantial 
fires at the Site.  Site personnel should not attempt to fight fires, unless properly trained and 
equipped to do so.  Site personnel should not attempt to fight a fire if it poses a risk to their 
personal safety. 

Note that smoking is not permitted in controlled areas (i.e., exclusion or contamination reduction 
zones), near flammable or combustible materials, or in areas designated by the facility as non-
smoking areas. 

10.4 Underground Utilities 

In the event that an underground conduit is damaged during subsurface work, mechanized 
equipment will immediately be shut off and personnel will evacuate the area until the nature of the 
piping can be determined.  Depending on the nature of the broken conduit (e.g., natural gas, water, 
or electricity), the appropriate local utility will be contacted. 
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10.5 Site Evacuation 

The SSO will designate evacuation routes and refuge areas to be used in the event of a Site 
emergency.  Site personnel will stay upwind from vapors or smoke and upgradient from spills.  If 
workers are in an Exclusion or Contamination Reduction Zone at the start of an emergency, they 
should exit through the established decontamination corridors, if possible.  If evacuation cannot be 
done through an established decontamination area, site personnel will go to the nearest safe location 
and remove chemically-affected clothing there or, if possible, leave it near the Exclusion Zone.  
Personnel will assemble at the predetermined refuge following evacuation and decontamination.  
The SSO, or designated representative, will count and identify site personnel to verify that all have 
been evacuated safely. 

10.6 Spill of Hazardous Materials 

If a hazardous material spill occurs, site personnel should locate the source of the spill and 
determine the hazard to the health and safety of site workers and the public.  Attempts to stop or 
reduce the flow should only be performed if it can be done without risk to personnel.   

Isolate the spill area and do not allow entry by unauthorized personnel.  De-energize sources of 
ignition within 100 feet of the spill, including vehicle engines.  Should a spill be of the nature or 
extent that it cannot be safely contained, or poses an imminent threat to human health or the 
environment, an emergency cleanup contractor will be called out as soon as possible.  Spill 
containment measures listed below are examples of responses to spills. 

 Right or rotate containers to stop the flow of liquids. This step may be accomplished as soon 
as the spill or leak occurs, providing it is safe to do so. 

 Sorbent pads, booms, or adjacent soil may be used to dike or berm materials, subject to flow, 
and to solidify liquids. 

 Sorbent pads, soil, or booms, if used, must be placed in appropriate containers after use, 
pending disposal. 

 Contaminated tools and equipment shall be collected for subsequent cleaning or disposal. 
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F I E L D W O R K  S A F E T Y  P L A N  

1 1 .  D O C U M E N T A T I O N  

The implementation of the FWSP must be documented on the appropriate forms (see appendices) 
to verify employee participation and protection.  In addition, the regulatory requirements must be 
met for recordkeeping on training, medical surveillance, injuries and illnesses, exposure monitoring, 
health risk information, and respirator fit-tests.  Documentation of each BC employee‟s health and 
safety records is maintained by the Health and Safety Data Manager in Walnut Creek, California. 

Health and safety documentation and forms completed, as specified by this plan, are to be retained 
in the project file. 

Other relevant project-specific health and safety documents, such as MSDSs or client-specified 
procedures, will be attached to this FWSP in AppendixF. 
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 Air Monitoring Form 

 
Page ____ of ____ 

 

Place a copy in the project file HS-18 REV. 06/2006 

Instructions: Complete this form immediately prior to project start. 

Name of Project/Site:        Project No:        

Project/Site Location:        

Employee Performing Air Monitoring:  
(Print and Sign):        

Date:        

Photo Ionization/Flame Ionization Detectors (PIDs/FIDs) 

  PID       FID Manufacturer:        Model:        
Serial #:        
 

Initial Calibration Reading:        
End-of-Use Calibration Reading:        
 

Calibration Standard/Concentration:        
 

Mini-RAM Dust Monitor 

Manufacturer:        
 

Model:        Serial #:        

Zeroed in Z-Bag?     Yes       No 

Monitoring Data 

Time Location and Activity 
PID/FID 
(ppm) 

Mini-RAM 
(mg/m3) 

 

Time Location and Activity 
PID/FID 
(ppm) 

Mini-RAM 
(mg/m3) 
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Site Safety Checklist 
 

Page ____ of ____ 
 

Distribution. Original – Project File  HS-16 REV. 06/2006 

Instructions: Complete this form immediately prior to project start. 

Name of Project/Site: 
      

Project No: 
      

Project/Site Location: 
      

Employee Completing Checklist:  
(Print and Sign):        

Date: 
      

Yes  No  N/A  YES NO N/A 

     Written Health and Safety (H&S) Plan  is on site?    

     Addenda to the H&S Plan are documented on site?    

     H&S Plan information matches conditions/activities at the site?   

     H&S Plan read/signed by all site personnel, including visitors?    

     Daily tailgate H&S meetings have been held/documented? 

     Site personnel have required training and medical?   

     Air monitoring is performed/documented per the H&S Plan?  

     Air monitoring equipment has been calibrated daily?    

     Site zones are set up and observed where appropriate?    

     Access to the work area limited to authorized personnel?    

     Decontamination procedures followed/match the H&S Plan?   

     Decontamination stations (incl. hand/face wash) are set up and used?  

     PPE used matches H&S Plan requirements?  

     Hearing protection used where appropriate?    

Yes  No  N/A 

     Respirators are available, properly cleaned, and stored?    

     Overhead utilities do not present a hazard to equipt./personnel?    

     Traffic control measures have been implemented?    

     Trenches and excavations are safe for entry?    

     Soil Spoils are at least 2 feet from the edge of the excavation?  

     Emergency/FA equipt. is on site as described in the H&S Plan?  

     Drinking water is readily available?    

     Phone is readily available for emergency use?    

     Utility locator has cleared subject locations?  

     Proper drum and material handling techniques are used? 

     Waste containers/drums are labeled appropriately? 

     Ext. cords are grounded/protected from water/vehicle traffic? 

     Tools and equipment are in good working order? 

     GFCIs used for portable electrical tools and equipment? 

Notes 
(All “no” answers must be addressed and corrected immediately. Note additional health and safety observations here): 
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H&S Plan Acknowledgement Form 
 

Page ____ of ____ 
 

Distribution. Original – Project File  HS-15 REV. 06/2006 

Instructions: Complete this form immediately prior to project start or as new personnel join the project. 

Name of Project/Site: 
      

Project No: 
      

Project/Site Location: 
      

Employee Performing Briefing:  
(Print and Sign):        

Date: 
      

Employee Acknowledgement: 
The following signatures indicate that these personnel have read and/or been briefed on this Health and Safety (H&S) Plan  

and understand the potential hazards/controls for the work to be performed. 
 

Important Notice to Subcontractor(s): 
Subcontractors are responsible for developing, maintaining, and implementing their own health and safety programs, policies, procedures and equipment as necessary to protect their 
workers, and others, from their activities. Subcontractors shall operate equipment in accordance with their standard operating procedures as well as manufacturer’s specifications. Any 
project monitoring activities conducted by BC at the Site shall not in any way relieve subcontractors of their critical obligation to monitor their operations and employees for the determination 
of exposure to hazards that may be present at the Site and to provide required guidance and protection.  If requested, subcontractors will provide BC with a copy of their own H&S Plan for 
this project or other health and safety program documents for review.  
 
BC's Fieldwork Safety Plan has been prepared specifically for this project and is intended to address health and safety issues solely with respect to the activities of BC’s own employees at 
the site.  A copy of BC's H&S Plan may be provided to subcontractors in an effort to help them identify expected conditions at the site and general site hazards.  The subcontractor 
shall remain responsible for identifying and evaluating hazards at the site as they pertain to their activities and for taking appropriate precautions.   For example, BC's H&S Plan does not 
address specific hazards associated with tasks and equipment that are particular to the subcontractor's scope of work and site activities. (e.g., operation of a drill rig, excavator, crane or 
other equipment).  Subcontractors are not to rely on BC's H&S Plan to identify all hazards that may be present at the Site.  Subcontractor personnel are expected to comply fully with 
subcontractor's Fieldwork Safety Plan and to observe the minimum safety guidelines applicable to their activities which may be identified in the BC H&S Plan.  Failure to do so may result in 
the removal of the subcontractor or any of the subcontractor’s workers from the job site. 

 

Print                                                             Sign                                                     Date               Print                                                           Sign                                                                 Date 
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Daily Tailgate Meeting Form 
 

Page ____ of ____ 
 

Distribution. Original – Project File  HS-17 REV. 06/2006 

 
Name of Project/Site: 
      

Project No: 
      

Project/Site Location: 
      

Employee Completing Form:  
(Print and Sign):        

Date: 
      

Employee Acknowledgement: 
The following signatures indicate that these personnel have read and/or been briefed on this Health and Safety (H&S) Plan  

and understand the potential hazards/controls for the work to be performed. 
 

Important Notice to Subcontractor(s): 
Subcontractors are responsible for developing, maintaining, and implementing their own health and safety programs, policies, procedures and equipment as necessary to protect their 
workers, and others, from their activities. Subcontractors shall operate equipment in accordance with their standard operating procedures as well as manufacturer’s specifications. Any 
project monitoring activities conducted by BC at the Site shall not in any way relieve subcontractors of their critical obligation to monitor their operations and employees for the determination 
of exposure to hazards that may be present at the Site and to provide required guidance and protection.  If requested, subcontractors will provide BC with a copy of their own H&S Plan for 
this project or other health and safety program documents for review.  
 
BC's Fieldwork Safety Plan has been prepared specifically for this project and is intended to address health and safety issues solely with respect to the activities of BC’s own employees at 
the site.  A copy of BC's H&S Plan may be provided to subcontractors in an effort to help them identify expected conditions at the site and general site hazards.  The subcontractor 
shall remain responsible for identifying and evaluating hazards at the site as they pertain to their activities and for taking appropriate precautions.   For example, BC's H&S Plan does not 
address specific hazards associated with tasks and equipment that are particular to the subcontractor's scope of work and site activities. (e.g., operation of a drill rig, excavator, crane or 
other equipment).  Subcontractors are not to rely on BC's H&S Plan to identify all hazards that may be present at the Site.  Subcontractor personnel are expected to comply fully with 
subcontractor's Fieldwork Safety Plan and to observe the minimum safety guidelines applicable to their activities which may be identified in the BC H&S Plan.  Failure to do so may result in 
the removal of the subcontractor or any of the subcontractor’s workers from the job site. 
 

Print                                                           Sign                                                            Date            Print                                                             Sign                                                          Date            
  
  
  
  
  
  
  

Plan of the Day 
(Describe the activities that are planned to be performed today) 

 

 

 

 
Potential Hazards and Topics Discussed 

(Describe the potential hazards and controls that may be associated with planned activities) 

  Electrical        Chemical        Biological        Physical        Other (specify): 
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Accident/Incident Investigation Report



 

Incident Investigation Report 
 

Page 1 of 2 
 

Distribution. Original – Office Health and Safety Coordinator; Copy #1 - Originator  HS-19 REV. 06/2006 

 
Instructions: 

If an accident or incident occurs, complete all applicable information in this form, make a copy for your records, and immediately forward the original to the 
office Health and Safety Coordinator (HSC).  If fields are not applicable, indicate with “N/A”.  Use separate sheet(s) if necessary and attach sketches, 
photographs, or other information that may be helpful in understanding how the accident/incident occurred.  
HSC – Review and enter report into the BC Online Safety Observation and Incident Reporting System within 3 workdays of receipt.  File original in 
appropriate office health and safety file. 

NOTE: 
This report is important – please take the time necessary to properly complete it.  Incomplete reports will be forwarded to appropriate 

management for review and action. 

General Information 

Date of Accident/Incident 

      

Time of Accident/Incident: 

      

Date Accident/Incident Reported: 

      

To Whom: 

      

Exact Location of Accident/Incident (Street, City, State): 

      

BC Office: 

      

Name Project: 

      

Project Number: 

      

Employee Completing the Investigation (Print and Sign): 

      

Date: 

      

Injured/Ill Employee/Property Damage Information 

Employee Name: 

      

Employee No. 

      

Department: 

      

Phone Number: 

      

Job Title: 

      

Manager’s Name and Phone Number: 

      

Nature of Injury/Illness (laceration, contusion, strain, etc.): 

      

Body Part Affected (arm, leg, head, hand, etc.): 

      

Describe Property Damage and Estimate Loss : 
      
 
 
 
 
 

Description of Accident/Incident 

Describe the accident sequentially, beginning with the initiating event, and followed by secondary and tertiary events.  End with the nature and extent of injury/damage.  Name any 
object or substance and tell how they were included.  Examples:  1) Employee was pulling utility cart that was loaded with wastepaper from office area to hallway.  Wheel of utility cart 
caught against door casing.  Bags of heavy wastepaper that were in cart fell to end of cart.  Cart tipped over onto foot of employee.  Right foot was crushed between utility cart and 
door casing, resulting in severe contusion to right foot of employee.  2) Employee was driving rental car from office to project site.  Car struck icy section of road.  Employee lost 
control of vehicle, which skidded across road into concrete abutment on side of road.  Accident resulted in damage to right fender, tire, headlight, and grill. 
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Analysis of Accident Causes 

Immediate Causes -  Substandard Actions  
What substandard actions caused or could have caused the accident/incident?  State the actions on the part of the employee or others that contributed to the occurrence of the 
accident/incident. Examples: 1) Employee overloaded the utility cart with wastepaper. 2) Employee exceeded safe speed on icy road, and was inattentive to hazard. 

      
 
 
 

Codes (check all that apply) 
 1. Operating equipment without authority  
 2. Failure to warn                                         
 3. Failure to secure 
 4. Operating at improper speed 

 5. Making safety devices inoperable 
 6. Removing safety devices 
 7. Using defective equipment 
 8. Using equipment improperly 

 9. Failure to use PPE properly 
 10. Improper loading 
 11. Improper placement 
 12. Improper lifting 

 13. Improper position for task 
 14. Servicing equipment in operation 
 15. Horseplay 
 16. Alcohol or drug influence 

 17. Other (specify) 

Immediate Causes -  Substandard Conditions  
What substandard conditions caused or could have caused the accident/incident?  State the conditions that existed at the time of the accident (the specific control factors that were or 
may have been the direct or immediate cause or causes of the accident).  Examples: 1) Wheel of utility cart was worn and would not roll properly; utility cart was overloaded with 
wastepaper.  2)  Road was covered with icy spots; weather was foggy.  

      
 
 
 

Codes (check all that apply) 

 1. Inadequate guards or barriers  
 2. Inadequate or improper PPE                                         
 3. Defective tools, equipment, or materials 

 

 4. Congestion or restricted action 
 5. Inadequate earning system 
 6. Fire and explosion hazards 

 

 7. Poor housekeeping 
 8. Noise exposures 
 9.   Radiation exposures 

 

 10. High or low temperature exposures 
 11. Inadequate or excess illumination 
 12. Inadequate ventilation 
 13. Hazardous environ. conditions (vapors, dusts, etc.) 

 14. Other (specify) 

Basic Causes -  Personal and Job Factors  
What personal and/or job factors caused or could have caused the accident/incident?  State the influencing factors or underlying causes, either conditions or actions or both, that 
contributed to the accident/incident.  Examples:  1) Employee had not been instructed in overloading hazards.  2) Employee had not been trained in driving under winter conditions; 
company has no driver training program. 

      
 
 
 
 

Codes (check all that apply) 

Personal Factors 
 1. Inadequate capability     2. Lack of knowledge     3. Lack of skill    4. Improper motivation 
 5. Other (specify):__________________________________________________________________________________________________________________________________ 

 
Job Factors 

 1. Inadequate leadership/supervision    2. Inadequate engineering    3. Inadequate purchasing    4. Inadequate maintenance    5. Inadequate tools/equipment 
 6. Inadequate work standards/procedures    7. Inadequate Wear and tear    8. Abuse or misuse 
 9. Other (specify): 

Remedial Actions 
Describe the actions taken or planned to prevent recurrence of accident/incident - provide the implementation date and person responsible for any planned corrective action..  
Examples:  1) Wheels of utility cart were replaced with larger size wheels; all carts were inspected for safe operation; employees were instructed in overloading hazards.  2) 
All project personnel were instructed at the safety training meeting on driving under hazardous conditions; driver training program will be implemented.   

      
 
 
 
 

Codes (check all that apply) 

Job Factors 
 1. Reinstruction of personnel involved    2. Reprimand of personnel involved    3. Temporary/permanent reassignment of personnel    4. Action to improve clean-up  
 5. Equipment repair or replacement    6. Improve design    7. Improve construction    8. Improve PPE   9. Install of safety guard or device   10. Work method change    
 11. Order use of safer materials    12. Regional Safety Unit Manager Review  
 13. Other (specify): 
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PREFACE TO THE QUALITY SYSTEMS MANUAL 
 
Purpose  
 
The purpose of this document is to provide implementation guidance on the establishment and management 
of quality systems for Eurofins Calscience, Inc (ECI) and is based on the National Environmental Laboratory 
Accreditation Conference’s (NELAC) Quality System requirements, the Department of Defense / Energy 
Environmental Laboratory Accreditation Program (DOD/DOE ELAP) and International Organization for 
Standardization / International Electrotechnical Commission (ISO/IEC) 17025:2005.  
 
These three programs are built upon one another and are mutually reinforcing in their Quality Assurance 
programs and protocols. 
 
Background 
 
To be accredited and in compliance under the following three programs: 
 

1. The National Environmental Laboratory Accreditation Program (NELAP). Accredited laboratories 
shall have a comprehensive quality system in place, the requirements for which are outlined in The 
NELAC Institute (TNI) 2009 Volume 1: Management and Technical Requirements for Laboratories 
Performing Environmental Analysis (EL-V1-2009).  This manual was written with guidance primarily 
from Volume 1: Modules 2, 3, 4, 5, and 7.    

 
Additional information may be found at:  
 

 http://www.nelac-institute.org/  
 

2. The Department of Defense Environmental Laboratory Accreditation Program (DOD/DOE ELAP) will 
provide a means for laboratories to demonstrate conformance to the DOD/DOE Quality Systems 
Manual for Environmental Laboratories (DOD/DOE QSM) as authorized by DOD Instruction 
4715.15. 

 
The DOD/DOE QSM Revision 5.0 (July 2013) is based on the National Environmental Laboratory 
Accreditation Conference (NELAC) Quality Systems standard which provides guidelines for 
implementing the international standard, ISO/IEC 17025.  

 
Additional information may be found at:  
 

 http://www.denix.osd.mil/edqw/Accreditation/  
 

 http://www.denix.osd.mil/edqw/upload/QSM-Version-5-0-FINAL.pdf  
 
 

3. ISO/IEC 17025:2005 General Requirements for the Competence of Testing and Calibration 
Laboratories is for use by laboratories in developing their management system for quality, 
administrative and technical operations. Laboratory customers, regulatory authorities and 
accreditation bodies may also use it in confirming or recognizing the competence of laboratories.  

 
Additional information may be found at:  
 

 http://www.iso.org/iso/home.html  
 

 
 
 

http://en.wikipedia.org/wiki/International_Electrotechnical_Commission
http://www.nelac-institute.org/
http://www.denix.osd.mil/edqw/Accreditation/
http://www.denix.osd.mil/edqw/upload/QSM-Version-5-0-FINAL.pdf
http://www.iso.org/iso/home.html
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Project Specific Requirements 
 
Project-specific requirements or regulations may supersede requirements contained in this manual.  The 
laboratory bears the responsibility for meeting all State requirements.  Nothing in this document relieves 
the laboratory from complying with contract requirements, or with Federal, State, and/or local regulations. 
 
Results and Benefits 
 
 Standardization of Processes – Because this manual provides the laboratory with a comprehensive 

set of requirements that meet the needs of many clients, as well as the NELAP, the laboratory may use it 
to create a standardized quality system.  Ultimately, this standardization saves laboratory resources by 
establishing one set of consistent requirements for all environmental work.  Primarily, the laboratory 
bears the responsibility for meeting all State requirements as outlined in their respective certification 
programs. 

 
 Deterrence of Improper, Unethical, or Illegal Actions – Improper, unethical, or illegal activities 

committed by only a few laboratories have implications throughout the industry, with negative impacts on 
all laboratories.  This manual establishes a minimum threshold program for all laboratories to use to 
deter and detect improper, unethical, or illegal actions. 

 
 Foundations for the Future – A standardized approach to quality systems, shared by laboratories and 

The NELAC Institute, paves the way for the standardization of other processes.  For example, this 
manual might serve as a platform for a standardized strategy for Performance Based Measurement 
System (PBMS) implementation. 

 
Document Format 
 
This ECI Quality Systems Manual (QSM) is designed to implement the TNI 2009 (EL-V1-2009) standards 
along with the DOD/DOE QSM 5.0 and the ISO/IEC 17025:2005 standards.  

 
The section numbering has been changed from that of these standards as the manual is meant to be a 
stand-alone document.  Thus the numbering in this document is not consistent with the numbering in the 
above-mentioned standards; however, all required elements are covered, herein. 
. 
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ACROYNM LIST  
 
C:  Degrees Celsius 
ANSI/ASQC:  American National Standards Institute / American Society for Quality Control 
ASTM:  American Society for Testing and Materials 
CAS:  Chemical Abstract Service 
CCV:  Continuing calibration verification 
CFR:  Code of Federal Regulations 
CLP:  Contract Laboratory Program 
COC:  Chain of Custody 
CV:  Coefficient of Variation 
DO:  Dissolved Oxygen 
DOC:  Demonstration of Capability 
DOD/DOE: Department of Defense / Energy 
DQOs:  Data Quality Objectives 
EPA:  Environmental Protection Agency 
g/L:  Grams per Liter 
GC/MS:  Gas Chromatography / Mass Spectrometry 
ICP-MS:  Inductively Coupled Plasma / Mass Spectrometer 
ICV:  Initial Calibration Verification 
ID:  Identifier 
ISO/IEC:  International Standards Organization / International Electrotechnical Commission 
LCS:  Laboratory Control Sample 
LCSD: Laboratory Control Sample Duplicate 
LOD: Limit of Detection 
LOQ: Limit of Quantitation 
LQMP:  Laboratory Quality Management Plan 
MDL:  Method Detection Limit 
ME: Marginal Exceedance 
mg/kg:  Milligrams per Kilogram 
MS:  Matrix Spike 
MSD:  Matrix Spike Duplicate 
NELAC:  National Environmental Laboratory Accreditation Conference 
NELAP:  National Environmental Laboratory Accreditation Program 
NIST:  National Institute of Standards and Technology 
OSHA:  Occupational Safety and Health Administration 
PBMS:  Performance Based Measurement System 
PC:  Personal Computer 
PCBs:  Polychlorinated Biphenyls 
PT:  Proficiency Testing 
QA:  Quality Assurance 
QAD:  Quality Assurance Division (EPA) 
QAMS:  Quality Assurance Management Section 
QAPP:  Quality Assurance Project Plan 
QSM: Quality Systems Manual 
QC:  Quality Control 
RL:  Reporting Limit 
RPD:  Relative Percent Difference 
RSD:  Relative Standard Deviation 
SD:  Serial Dilutions 
SOP:  Standard Operating Procedure 
TNI: The NELAC Institute 
TSS:  Total Suspended Solids 
UV:  Ultraviolet 
VOC:  Volatile Organic Compound 
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QUALITY SYSTEMS 
 
Quality Systems include all quality assurance (QA) policies and quality control (QC) procedures that are 
delineated in a Quality Systems Manual (QSM) and followed to ensure and document the quality of the 
analytical data.  Eurofins Calscience, Inc. (ECI), accredited under the National Environmental Laboratory 
Accreditation Program (NELAP), assures implementation of all QA policies and the applicable QC procedures 
specified in this Manual.  The QA policies, which establish essential QC procedures, are applicable to all 
areas of ECI, regardless of size and complexity. 
 
The intent of this document is to provide sufficient detail about quality management requirements so that all 
accrediting authorities evaluate laboratories consistently and uniformly. 
 
The NELAC Institute (TNI) is committed to the use of Performance Based Measurement Systems (PBMS) in 
environmental testing and provides the foundation for PBMS implementation in these standards.  While this 
standard may not currently satisfy all the anticipated needs of PBMS, NELAC will address future needs within 
the context of State statutory and regulatory requirements and the finalized EPA implementation plans for 
PBMS. 
 
Chapter 5 is organized according to the structure of ISO/IEC 17025, 2005.  Where deemed necessary 
specific areas within this Chapter may contain more information than specified by ISO/IEC 17025. 
 
All items identified in this QSM shall be available for on-site inspection or data audit. 
 

1.0 SCOPE 
 
a) This QSM sets the general requirements that ECI must successfully demonstrate to be recognized as 

competent to perform specific environmental tests. 
 
b) This QSM includes additional requirements and information for assessing competence or for determining 

compliance by the organization or accrediting authority that grants approval. 
 

If more stringent standards or requirements are included in a mandated test method or by regulation, the 
laboratory demonstrates that such requirements are met.  If it is not clear which requirements are more 
stringent, the standard from the method or regulation is to be followed.   

 
c) ECI uses this QSM in the development and implementation of its quality systems.  Accreditation 

authorities use this NELAC based standard to assess the competence of environmental laboratories. 

2.0 REFERENCES 
 
See Appendix A. 
 

3.0 DEFINITIONS 
 
The relevant definitions from ISO/IEC Guide 2, ANSI/ASQC E-4, 1994, the EPA “Glossary of Quality 
Assurance Terms and Acronyms,” and the International vocabulary of basic and general terms in metrology 
(VIM) are applicable.  The most relevant is quoted in Appendix A, Glossary, of Chapter 1 of NELAC, together 
with further definitions applicable for the purposes of this Standard. 
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4.0 ORGANIZATION AND MANAGEMENT 
 
4.1 Legal Definition of Laboratory 
 
ECI is legally definable as evidenced by its business license, and current California State Water Resources 
Control Board (SWRCB) Services Environmental Laboratory Accreditation Program (ELAP) certificate.  It is 
organized and operates in such a way that its facilities meet the requirements of the Standard.  See the 
graphical presentations of the Organization and QA responsibility in Figures 1 and 2, respectively. 
 
4.2 Organization 
 
Eurofins Calscience Inc.: 
 
a) Has a managerial staff with the authority and resources necessary to discharge their duties; 
 
b) Has processes to ensure that its personnel are free from any commercial, financial and other undue 

pressure that adversely affect the quality of their work; 
 
c) Is organized in such a way that confidence in its independence of judgment and integrity is maintained at 

all times; 
 

d) Specifies and documents the responsibility, authority, and interrelationship of all personnel who manage, 
perform or verify work affecting the quality of calibrations and tests;  

 
 Such documentation includes: 
 

1) A clear description of the lines of responsibility in the laboratory, and is proportioned such that 
adequate supervision is ensured, and 

 
2) Job descriptions for all positions. 

 
e) Provides supervision by persons familiar with the calibration or test methods and procedures, the 

objective of the calibration or test, and the assessment of the results. 
 

The ratio of supervisory to non-supervisory personnel ensures adequate supervision and adherence to 
laboratory procedures and accepted techniques. 

 
f) Has a technical director who has overall responsibility for the technical operation of ECI. 
 

The technical director certifies that personnel who perform the tests for which the laboratory is accredited 
have the appropriate educational and/or technical background.  Such certification is documented. 

 
The technical director meets the requirements specified in the Accreditation Process. (See NELAC 
Section 4.1.1.1.)  

 
g) Has a quality assurance manager who has responsibility for the quality system and its implementation. 
 

The quality assurance officer has direct access to the technical director and to the highest level of 
management at which decisions are made regarding laboratory policy or resources. 

 
The quality assurance manager (and/or his/her designees): 

 
1) Serves as the focal point for QA/QC activities, and is responsible for the oversight and/or review of 

quality control data; 
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2) Has functions independent from laboratory operations for which she/he has quality assurance 
oversight; 

 
3) Is able to evaluate data objectively and perform assessments without outside (e.g., managerial) 

influence; 
 

4) Has documented training and/or experience in QA/QC procedures and is knowledgeable in the 
quality system, as defined under NELAC; 

 
5) Has a general knowledge of the analytical test methods for which data review is performed;  

 
6) Arranges for and conducts internal audits as per ECI QSM section 5.3 annually; and 

 
7) Notifies ECI management of deficiencies in the quality system and monitors corrective action. 

 
h) Nominates, by way of the “Alternates List,” deputies in case of absence of the Technical Director and/or 

the Quality Assurance Director; 
 
i) ECI makes every effort to ensure the protection of its clients' information as confidential and proprietary. 
 

ii) ECI is sensitive to the fact that much of the analytical work performed for clientele may be subject 
to litigation processes.  ECI, therefore, holds all information in strict confidence with laboratory 
release only to the client. 

iii) Information released to entities other than the client is performed only upon written request from 
the client. 

iv) Due to the investigative nature of most site assessments, analytical information may become 
available to regulatory agencies or other evaluating entities during site assessment of the 
laboratory for the specific purpose of attaining laboratory certifications, accreditations, or 
evaluation of laboratory qualification for future work.  During these occurrences, the laboratory will 
make every effort to maintain the confidence of client specific information. 

 
j) For purposes of qualifying for and maintaining accreditation, participates in a proficiency test program as 

outlined in Chapter 2 of NELAC.  Results of ECI’s performance in rounds of proficiency testing are 
available by request or on the web site. 

 

5.0 QUALITY SYSTEM – ESTABLISHMENT, AUDITS, ESSENTIAL QUALITY CONTROLS, AND 
DATA VERIFICATION 

 
5.1 Establishment 
 
ECI establishes and maintains quality systems based on the required elements contained in this Manual and 
appropriate to the type, range and volume of environmental testing activities it undertakes. 
 
a) The elements of this quality system are documented in this quality manual. 
 
b) The quality documentation is available for use by all laboratory personnel. 
 
c) The laboratory defines and documents its policies and objectives for, and its commitment to accepted 

laboratory practices and quality of testing services. 
 
d) The laboratory management ensures that these policies and objectives are documented in the quality 

manual and are communicated to, understood and implemented by all laboratory personnel concerned. 
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i. All staff members are given access to a controlled copy of the Quality Systems Manual (QSM) for review 
at the commencement of employment. However, the individual Standard Operating Procedures are the 
training documents that have precedence. The QSM is provided as a general overview. 

 
ii. A controlled copy of the quality manual is also available in each department. 

 
e) The quality manual is maintained current under the responsibility of the quality assurance department.  

This manual is reviewed on an annual basis or more frequently, and revised as necessary.   
 
5.2 Quality Systems Manual (QSM) Elements 
 
This Quality Systems Manual (QSM) and related quality documentation state ECI's policies and operational 
procedures established in order to meet the requirements of this Standard. 
 
This manual lists on the title page: a document title; the laboratory's full name and address; the name, 
address, and telephone number of individuals responsible for the laboratory and the effective date of the 
version. 
 
This quality manual and related quality documentation also contains: 
 
a) A quality policy statement, including objectives and commitments, by top management; 
 

i. Eurofins Calscience, Inc. (ECI) is committed to providing the highest quality environmental analytical 
services available.  To ensure the production of scientifically sound, legally defensible data of known 
and proven quality, an extensive Quality Assurance program has been developed and implemented.  
This document, ECI’s Quality Systems Manual for Environmental Analytical Services, presents an 
overview of the essential elements of our Quality Assurance program.  ECI has modeled this systems 
manual after EPA guidelines as outlined in “Guidance for Quality Assurance Project Plans (EPA 
QA/G-5)”, Office of Monitoring Systems and Quality Assurance, Office of Research and Development, 
U.S. EPA, EPA/240-R-02/009 December 2002.  ECI’s QA Program is closely monitored at the 
Corporate, Divisional, and Group levels, and relies on clearly defined objectives, well-documented 
procedures, a comprehensive quality assurance/quality control system, and management support for 
its effectiveness. 

 
ii. This QA Program Systems Manual is designed to control and monitor the quality of data generated at 

ECI.  The essential elements described herein are geared toward generating data that is in 
compliance with federal regulatory requirements specified under the Clean Water Act, the Safe 
Drinking Water Act, the Resource Conservation and Recovery Act, the Comprehensive Environmental 
Response, Compensation, and Liability Act, and applicable amendments, and state and 
DOD/DOE/DoE equivalents.  Although the quality control requirements of these various programs are 
not completely consistent, each of the programs base data quality judgments on the following three 
types of information, the operational elements of each being described elsewhere in this manual. 

 
 Data which indicates the overall qualifications of the laboratory to perform environmental analyses; 
 Data which measures the laboratory’s daily performance using a specific method; and 
 Data which measures the effect of a specific matrix on the performance of a method. 

 
iii. It is important to note that the QA guidelines presented herein will always apply unless adherence to 

specific Quality Assurance Project Plans (QAPPs) or client and/or regulatory agency specific 
requirements are directed.  In these cases, the elements contained within specified direction or 
documentation shall supersede that contained herein. 
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iv. This manual is a living document subject to periodic modifications to comply with regulatory changes 
and technological advancements.  All previous versions of this document are obsolete.  Users are 
urged to contact ECI to verify the current revision of this document. 

 
b) The organization and management structure of the laboratory, its place in any parent organization and 

relevant organizational charts; 
 

See Figure 1 Organizational Chart, and Figure 2 and 3 Responsibility Charts.  
 
c) The relationship between management, technical operations, support services and the quality system; 
 
d) Procedures to ensure that all records required under the NELAP are retained, as well as procedures for 

control and maintenance of documentation through a document control system which ensures that all 
standard operating procedures, manuals, or documents clearly indicate the time period during which the 
procedure or document was in force; 

 
i. Ensuring a high quality work product in the environmental laboratory not only requires adherence to 

the quality issues discussed in the previous sections, but also requires the ability to effectively 
archive, restore, and protect the records that are generated. 

 
ii. Procedures are in place to ensure that all records are retained.  In addition, a documentation control 

system is employed to clearly indicate the time period during which a standard operating procedure, 
manual, or document was in force.  These procedures are outlined in the laboratory standard 
operating procedure SOP-T002. 

 
iii. All laboratory logbooks, instrument response printouts, completed analytical reports, chain-of-

custodies, and laboratory support documentation are stored for a minimum of five years.  Project 
specific data are stored in sequentially numbered project files and include copies of the applicable 
laboratory logbooks, instrument response printouts, completed analytical reports, chain-of-custodies, 
and any other pertinent supporting documentation. 

 
iv. When complete, the project specific data are high speed optically scanned and transformed into 

digital CD media.  Additional copies of these records are created at the time of scanning and are 
stored off-site for protection of the data.  These records are stored for a minimum of five years. 

 
v. Access to all systems is limited by use of log-in and password protection and is maintained by the 

system administrator.   
 

vi. There are four forms of electronic data that are generated in the laboratory.  Refer to Table 1 – Data 
Archiving Schedule below for a synopsis of general data archiving schedules.  

 
vii. All electronic records are stored for a minimum of five years. 

 
TABLE 1 – DATA ARCHIVING SCHEDULE 

 
LIMS Database 

 Backup frequency: Daily 
 Backup media: Hard Disk 
 Backup software: MS SQL Server Backup 
 Backup versions kept: Ten previous versions 
 Onsite copy: Redundancy by using mirrored hard drive 

Offsite copy:                                     One (Replicate to Lampson Facility) 
 
Instrument Data 
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 Backup frequency:   Daily 
 Backup media:   Hard Disk 
 Backup software:   NT Backup 
 Backup versions kept:               All versions 

Offsite copy:                                     One (Replicate to Lampson Facility) 
 
 

e) Job Descriptions, Roles and Responsibilities 
 
In order for the Quality Assurance Program to function properly, all members of the staff must clearly 
understand and meet their individual responsibilities as they relate to their job function and the quality 
program as a whole.   
 
The responsibility for quality lies with every employee at ECI.  As such, all employees have access to the 
Quality Assurance Manual and are responsible for knowing the content of this manual and upholding the 
standards therein.  Each employee is expected to conduct themselves in accordance with the procedures in 
this manual and the laboratory’s SOPs.   
 
The following descriptions define the primary roles and their relationship to the Quality Assurance Program. 
Members of the key staff include the following: 
 

 Management (e.g., President, Vice-President, Business Unit Manager, Laboratory Director);  
 Technical managers (e.g., Technical Director, Section Supervisors);  
 Quality managers;  
 Support systems and administrative managers (e.g., IT manager, Facilities manager, project 

managers); and  
 Other staff 

 
In these positions, members of the key staff are responsible for assuring compliance with the National 
Environmental Laboratory Accreditation Program (NELAP), California Environmental Laboratory Accreditation 
Program (ELAP), Department of Defense / Energy (DOD/DOE) ELAP, State and Federal Agencies, and ISO 
17025:2005 Standard requirements. In these roles, key personnel may set or enforce quality policies, monitor 
compliance, initiate corrective actions, interface with laboratory, client, and regulatory personnel, and provide 
general program oversight.   
 
Business Unit Manager: 
 
ECI's Business Unit Manager represents ECI to the Eurofins US and Global Corporate entities. 

  
 Ensures that ECI’s financial and production performance meets assigned metrics. 
 Determines need for capital and employee resources and allocates as appropriate. 
 Serves as the legal representative for ECI. 
 Responsible for yearly budget and overruns. 
 Point person for major new initiatives 

 
 
Laboratory Director: 
 
ECI's Laboratory Director, through its Business Unit Manager, is the final authority on all issues dealing with 
data quality and has the authority to require that procedures be amended or discontinued, or analytical results 
voided or repeated.  He or she also has the authority to suspend or terminate employees on the grounds of 
non-compliance with QA/QC procedures. In addition, the Laboratory Director: 
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 Ensures that ECI remains current with all regulations which affect operations and disseminate all 
such changes in regulatory requirements to the QA Director, Technical Director, QA Manager, 
and Group Leaders; 

 Provides one or more Technical Directors for the appropriate fields of testing. The name(s) of the 
Technical Director are included in the national database. (The Laboratory Director may also act 
in the Technical Director capacity.)  If the Technical Director is absent for a period of time 
exceeding 15 consecutive calendar days, the Laboratory Director will designate another full time 
staff member meeting the qualifications of the Technical Director to temporarily perform this 
function. If the absence exceeds 35 consecutive calendar days, the primary accrediting authority 
will be notified in writing; 

 Ensures that all analysts and supervisors have the appropriate education and training to properly 
carry out the duties assigned to them and ensures that this training has been documented; 

 Ensures that personnel are free from any commercial, financial and other undue pressures which 
might adversely affect the quality of their work; 

 Oversees the development and implementation of the QA Program which assures that all data 
generated will be scientifically sound, legally defensible, and of known quality; 

 In conjunction with the QA Manager, conducts annual reviews of the QA Program; 
 Oversees the implementation of new and revised QA procedures to improve data quality; 
 Ensures that appropriate corrective actions are taken to address analyses Identified as requiring 

such actions by internal and external performance or procedural audits.  Procedures that do not 
meet the standards set forth in the QAM or laboratory SOPs may be temporarily suspended by 
the Laboratory Director; 

 Reviews and approves all SOPs prior to their implementation and ensures all approved SOPs 
are implemented and adhered to; 

 Oversees all laboratory accreditation efforts 
 

 
Operations Director: 
 
The Operations Director manages and directs the analytical production sections of the laboratory.  He or she 
reports directly to the Laboratory Director and assists in determining the most efficient instrument utilization. 
More specifically, he/she: 
 

 Evaluate the level of internal/external non-conformances for all departments; 
 Continuously evaluate production capacity and improves capacity utilization; 
 Continuously evaluate turnaround time and addresses any problems that may hinder meeting the 

required and committed turnaround time from the various departments; 
 Develop and improve the training of all analysts in cooperation with the Laboratory Director, QA 

Director, QA Manager and Group Leaders, and in compliance with regulatory requirements; 
 Ensure that scheduled instrument maintenance is completed; 
 Are responsible for efficient utilization of supplies; 
 Constantly monitor and modify the processing of samples through the departments; and 
 Maintain sufficient personnel, equipment and supplies to achieve production goals. 

 
 
Technical Director: 
 
The Technical Director reports to the Business Unit Manager and is responsible for all laboratory, client, and 
project technical issues.  More specifically, he/she: 
 

 For major projects and/or clients, act as a technical resource for the client and the laboratory in 
matters of method selection or QC criteria.   

 Company-wide, maintains all training-related documentation in a single secure location.  
Develops training guides and other training documentation as needed; 
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 Interface directly with Project Management staff in response to questions pre-release or from the 
client post-release.  Determine causation and interface with QA staff to prevent recurrences; 

 Interface directly with clients, or other client representatives in matters related to technical data 
quality requests. 

 Attend client, Business Development, or industry meetings with or without management when a 
‘technical representative’ is required or would be beneficial to ECI.   

 Provide support to Business Development through the review of DOD/DOE-related SAPs, 
QAPPs, and work plans.  Provide comment and alternative solutions if unable to meet specific 
requirements.  Populate DOD/DOE UFP QAPP tables for client SAPs/QAPPs when needed; 

 Support QA and Operations with SOP revisions, where needed; 
 Perform full QA reviews and/or data validation where required; 
 Provide technical solutions to QA with regard to laboratory procedures, data quality issues, 

possible solutions, and appropriate corrective actions; 
 Provide technical opinions and support to Operations with regard to current procedures or new 

method development; 
 Interface with QA staff as necessary to ensure continuous improvement in all areas of ECI’s 

operations. 
 Provide LIMS input; and 
 As may be necessary, act as Program Director for DOD/DOE or other high profile projects. 

 
 
Quality Assurance Director: 
 
The Quality Assurance (QA) Director has full authority through the Business Unit Manager in all matters 
relating to quality assurance and quality control systems.  The QA Director can make recommendations to the 
Business Unit Manager and/or Laboratory Director regarding the suspension analytical activities or the 
suspension or termination of employees on the grounds of non-compliance with QA/QC systems or 
procedures.  An alternate QA Director is always assigned.  In the absence of the primary designate, the 
alternate will act in the QA Director’s capacity with the full authority of the position as allowed by ECI 
governing documents.  In addition, the QA Director performs the following: 
 

 Oversight and monitoring of and compliance with ECI’s QA program; 
 Ensuring continuous improvement in all aspects of ECI’s QA program such as: 

o accreditations/certifications; 
o analytical method management; 
o internal and external audits; 
o documentation; 
o training; 
o proficiency evaluation studies; 

 Ensuring ECI’s QA program remains up-to-date consistent with current regulatory requirements 
and ECI’s QA policies; 

 Supervision and direction of all QA staff; and 
 Serving as a technical resource for analytical chemistry or QA matters; 
 Provide support and oversight to QA staff with regard to external audit responses.  Provide input 

on, and define appropriate corrective actions for the laboratory.  Document corrective action 
responses, and monitor the required audit response time frames, as needed. 

 Oversees in-house training on quality assurance and control. 
 
 
Quality Assurance Manager: 
 
The Quality Assurance (QA) Manager has full authority through the Quality Assurance Director in matters 
dealing within the laboratory.  The QA Manager can make recommendations to the Quality Assurance 
Director and/or Laboratory Director regarding the suspension or termination of employees on the grounds of 
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non-compliance with QA/QC procedures.  An alternate QA Manager is always assigned.  In the absence of 
the primary designate, the alternate will act in the QA Manager’s capacity with the full authority of the position 
as allowed by ECI governing documents.  In addition, the QA Manager performs the following: 
 

 Maintains and updates the QAM on an annual basis; 
 Implements ECI’s QA Program; 
 Monitors the QA Program within the laboratory to ensure complete compliance with its objectives, 

QC procedures, holding times, and compliance with client or project specific data quality 
objectives; 

 Distributes performance evaluation (PE) samples on a routine basis to ensure the production of 
data that meets the objectives of its QA Program; 

 Maintains all SOPs used at ECI; 
 Maintains records and archives of all PE results, audit comments, and customer inquiries 

concerning the QA program; 
 Performs statistical analyses of QC data and establish controls that accurately reflect the 

performance of the laboratory; 
 Conducts periodic performance and system audits to ensure compliance with the elements of 

ECI’s QA Program; 
 Prescribes and monitors corrective action; 
 Serves as in-house client representative on all project inquiries involving data quality issues; 
 Coordinates data review process to ensure that thorough reviews are conducted on all project 

files; 
 Develops revisions to existing SOPs; 
 Reports the status of in-house QA/QC to the Laboratory Director; 
 Maintains records and archives of all QA/QC data including but not limited to method detection 

limit (MDL) studies, accuracy and precision control charts, and completed log books; and 
 Conducts and/or otherwise ensures that an adequate level of QA/QC training is conducted within 

the laboratory. 
 

 
Quality Assurance Assistant: 
 
The QA Assistant reports to the QA Manager and performs the following functions: 
 

 Assists the QA Manager and lab staff with internal audits, corrective action review, test method 
assessments  and overall implementation of the QA program; 

 Generates and reviews, in conjunction with the QA Manager, Control Charts and Method 
Detection Limit (MDL) studies; 

 Reviews and revises SOPs as needed; 
 Distributes new SOPs to all applicable lab areas. 
 Writes and promulgates QA Directives. 

 
 
Director of Business Development: 
 
The Director of Business Development reports to the Laboratory Director and serves as the interface between 
the laboratory’s technical departments and the laboratory’s clients.  The staff consists of the Project 
Management team, Business Development team and satellite office Operations Manager.  With the overall 
goal of total client satisfaction, the functions of this position are outlined below: 
 

 Technical training and growth of the Project Management team; 
 Business liaison for the Project Management team; 
 Human resource management of the Project Management team; 
 Responsible for the review and negotiation of client contracts and terms and conditions; 
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 Responsible for establishing standard fee schedules for the laboratory; 
 Responsible for preparation of proposals and quotes for clients and client prospects; 
 Accountable for response to client inquiries concerning sample status; 
 Responsible for assistance to clients regarding the resolution of problems concerning Chains-of-

Custody; 
 Ensuring that client specifications, when known, are met by communicating project and quality 

assurance requirements to the laboratory; 
 Notifying the department managers of incoming projects and sample delivery schedules; 
 Accountable to clients for communicating sample progress in daily status meeting with agreed-

upon due dates; 
 Responsible for discussing with client any project-related problems, resolving service issues, and 

coordinating technical details with the laboratory staff; 
 Responsible for staff familiarization with specific quotes, sample log-in review, and final report 

completeness; and 
 Ensure that all non-conformance conditions are reported to the QA Manager, Operations 

Manager, and/or Laboratory Director via the Corrective Action process. 
 

 
Technical Managers (at ECI known as Group Leaders): 
 
The Group Leaders report directly to the Operations Director.  They have the authority to accept or reject data 
based on pre-defined QC criteria.  In addition, with the approval of the QA Manager, the Group Leaders may 
accept data that falls outside of normal QC limits if, in his or her professional judgment, there are technical 
justifications for the acceptance of such data.  The circumstances must be well documented and any need for 
corrective action identified must be defined and initiated.  The authority of the Group Leaders in QC related 
matters results directly from the QA Manager.  The Group Leaders also 
 

 Coordinating, writing, and reviewing test methods and SOPs, with regard to quality, integrity, 
regulatory requirements and efficient production techniques;   

 Monitoring the validity of the analyses performed and data generated in the laboratory. This 
activity begins with reviewing and supporting all new business contracts, insuring data quality, 
analyzing internal and external non-conformances to identify root cause issues and 
implementing the resulting corrective and preventive actions, facilitating the data review process 
and providing technical and troubleshooting expertise on routine and unusual or complex 
problems; 

 Providing training and development programs to applicable laboratory staff as new hires and, 
subsequently, on a scheduled basis; and  

 Coordinates audit responses with supervisors and QA Manager. 
 Actively support the implementation of ECI's QA Program; 
 Ensure that their employees are in full compliance with ECI's QA Program; 
 Maintain accurate SOPs (by reviewing and implementing updates) and enforce routine 

compliance with SOPs; 
 Conduct technical training of new staff and when modifications are made to existing procedures; 
 Maintain a work environment which emphasizes the importance of data quality; 
 Ensure all logbooks are current, reviewed and properly labeled or archived; 
 Ensure that all non-conformance conditions are reported to the QA Manager, Operations 

Manager, and/or Laboratory Director via Corrective Action reports; 
 Provide guidance to analysts in resolving problems encountered daily during sample 

prep/analysis in conjunction with the Technical Director, Operations Manager, and/or QA 
Manager.  Each is responsible for 100% of the data review and documentation, nonconformance 
issues, and the timely and accurate completion of performance evaluation samples and MDLs, 
for his/her department;. 
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 Encourage the development of analysts to become cross-trained in various methods and/or 
operate multiple instruments efficiently while performing maintenance and using appropriate 
documentation techniques;. 

 Ensure that preventive maintenance is performed on instrumentation as detailed in the QA 
Manual or SOPs.  He or she is responsible for developing and implementing a system for 
preventive maintenance, troubleshooting, and repairing or arranging for repair of instruments; 

 Provide written responses to external and internal audit issues; and 
 Provide support to all levels of ECI Management. 

 
 

Technical Managers (Sample Control Group Leader): 
  
The Sample Control Group Leader reports to the Operations Manager.  The responsibilities are outlined 
below: 
 

 Direct the receipt, handling, labeling and proper storage of samples in compliance with laboratory 
procedures and policies; 

 Oversee the training of Sample Control Technicians regarding the above items; 
 Direct the logging of incoming samples into the LIMS and ensure the verification of data entry from 

login; 
 Oversee all sample courier operations; 
 Acts as a liaison between Project Managers and Analytical departments in respect to handling rush 

orders and resolving inconsistencies and problems with chain-of-custody forms, and routing of 
subcontracted analyses; and 

 Oversees the handling of samples in accordance with the Waste Disposal SOP, the Hazardous 
Waste Contingency Plan in the Chemical Hygiene/Safety Manual, and the U. S. Department of 
Agriculture requirements. 

 
 

Laboratory Analysts 
 
Laboratory analysts are responsible for conducting analysis and performing all tasks assigned to them by the 
group leader or supervisor.  The responsibilities of the analysts are listed below: 
 

 Perform analyses by adhering to analytical and quality control protocols prescribed by current 
SOPs, this QA Manual, the Data Integrity Policy, and project-specific QA plans honestly, accurately, 
timely, safely, and in the most cost-effective manner. 

 Document standard and sample preparation, instrument calibration and maintenance, data 
calculations, sample matrix effects, and any observed non-conformance on work sheets, bench 
sheets, preparation logbook, and/or a Non-Conformance report; 

 Report all non-conformance situations, instrument problems, matrix problems and QC failures, 
which might affect the reliability of the data, to the Group Leader and/or the QA Manager; 

 Perform 100% review of the data generated prior to entering and submitting for secondary level 
review; and 

 Work cohesively as a team in their department to achieve the goals of accurate results, optimum 
turnaround time, cost effectiveness, cleanliness, complete documentation, and personal knowledge 
of environmental analysis. 

 
 

Laboratory Technicians: 
 

 Prepare samples for analysis by weighing, extracting or digesting, filtering, or concentrating 
samples; and 
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 Prepare method specific QC Samples with each preparation batch.  All personnel must adhere to 
all QC procedures specified in the analytical method and in accordance to procedures or policies 
and are responsible for the full documentation of these procedures. 

 
 

Project Managers: 
 
The Project Manager normally reports to the Senior Project Manager and/or Business Development Director.  
Typical responsibilities include: 
 

 Serving as the laboratories’ primary point of contact for assigned clients; 
 Working with laboratory chemists to resolve questions on data; 
 Scheduling of courier deliveries and pick-ups; 
 Tracking the progress of all laboratory production efforts; 
 Advising clients of any scheduling conflicts, possible delays, or other problems which may arise; 
 Resolving any questions or issues that clients may have with regard to our services, especially our 

reports; 
 Preparation of bottle kits for use by clients in their sampling efforts (as necessary); 
 Reviewing of reports/EDDs (Electronic Data Deliverables) as necessary prior to release; 
 Invoice preparation and review prior to release to client; 
 Serving as back-up contact person for other Project Managers in the event of his/her absence; 
 Coordination of all subcontracting efforts for projects assigned; 
 Preparation and implementation of program QAPPs (Quality Assurance Project Plans), if needed; 
 Preparation of project Case Narratives, as needed; and  
 Assembly of full data packages in accordance with company or client protocol, as needed. 

 

 
Project Management Assistant: 
 
The Project Management Assistant normally receives direction from the Project Manager(s) for which he/she 
is assigned.  Typical responsibilities include: 
 

 Working with laboratory chemists to resolve questions on data; 
 Scheduling of courier deliveries and pick-ups; 
 Tracking the progress of all laboratory production efforts; 
 Advising clients of any scheduling conflicts, possible delays, or other problems which may arise; 
 Resolving any questions or issues that clients may have with regard to our services, especially our 

reports; 
 Preparation of bottle kits for use by clients in their sampling efforts; 
 Reviewing of reports/EDDs (Electronic Data Deliverables) prior to release; 
 Invoice preparation and review prior to release to client; 
 Serving as back-up contact person for the project managers in the event of his/her absence; 
 Coordination of all subcontracting efforts for projects assigned; and 
 Preparation and implementation of program QAPPs (Quality Assurance Project Plans), if needed.  
 As part of the administrative staff, this person may also be required to answer phones, do 

occasional filing, mailing, etc. 
 

 
Health, Safety, and Respiration Protection Manager: 
 
The Health and Safety Manager reports to the Laboratory Director and ensures that systems are maintained 
for the safe operation of the laboratory.  The EHS Manager is responsible for:  
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 Conducting ongoing, necessary safety training and conducting new employee safety orientations; 
 Assisting in developing and maintaining the Chemical Hygiene/Safety Manual; 
 Oversees the inspection and maintenance of general safety equipment – fire extinguishers, safety 

showers, eyewash fountains, etc. and ensure prompt repairs as needed; and  
 Completes accident reports, follows up on root causes and defines corrective actions. 

 
 

Hazardous Waste Coordinator: 
 
The Hazardous Waste Coordinator reports directly to the Environmental Health & Safety Manager.  The 
duties of the HWC consist of: 
 

 Staying current with the hazardous waste regulations and continuing training on hazardous waste 
issues; 

 Contacting the hazardous waste subcontractors for review of procedures and opportunities for 
minimization of waste; 

 Supervise the recording of the transfer of samples from refrigerated conditions to ambient 
conditions [in the sample disposal log sheets (SDLS)]; 

 Check the records in SDLS against the logbook (LIMS) records; 
 Coordinate the collection of waste throughout the laboratory that will be disposed of through “Lab 

Packs”; 
 Coordinate and supervise Hazardous Waste Technician(s); 
 Dispose of solid waste to an assigned Tote; 
 Supervise the recording and disposal of acid and soil with methylene chloride extracts into 

appropriate drums;. 
 Prepare and discharge treated wastewater to the sewer system; 
 Maintain Uniform Hazardous Waste Manifest files; 
 Prepare weekly sample disposal schedules; 
 Coordinate and schedule waste pick-up; 
 Check all waste containers for appropriate labels; and 
 Maintain safe housekeeping and practices. 

 
Education and Experience 
 
ECI makes every effort to hire analytical staff that posses a college degree (AA, BA, BS) in an applied science 
with some chemistry in the curriculum.  Exceptions are made based upon experience and an individual’s 
ability to learn as there are many in the industry that are more than competent, experts perhaps, who have 
not earned a college degree.   
 
Selection of qualified individuals for employment begins with documentation of minimum education, training, 
and experience prerequisites needed to perform the prescribed task. Experience and specialized training may 
be accepted in lieu of a college degree (basic lab skills such as using a balance, aseptic or quantitation 
techniques, etc. are also considered). 
 
Included in Section 5.2 (e) of this Quality Assurance Manual are the basic job titles and personnel 
responsibilities for anyone who manages, performs or verifies work affecting the quality of the laboratory’s 
environmental sample testing. Minimum education and training requirements are summarized in the following 
table: 
 
When an analyst does not meet these minimum requirements, they can perform a task under the direct 
supervision of a qualified analyst, peer reviewer or Group Leader, and are considered an analyst in training.  
The person supervising an analyst in training is directly accountable for the quality of the analytical data and 
must review and approve data and associated corrective actions. 
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f) Identification of the laboratory's approved signatories; at a minimum, the title page of the quality manual 

has the signed and dated concurrence (with appropriate titles) of all responsible parties including the QA 
Manager, Operations, QA, Technical, Laboratory and Operations Directors. 

 
g) The laboratory's procedures for achieving traceability of measurements; 
  
 
h) A list of all test methods under which the laboratory performs its accredited testing may be found in the 

Index of Standard Operating Procedures, a separate document. 
 
i) Mechanisms for ensuring that the laboratory reviews all new work to ensure that it has the appropriate 

facilities and resources before commencing such work; 
 
j) Reference to the calibration and/or verification test procedures used; 

Job Type Education Experience 
 
Extractions, Digestions, some 
electrode methods (pH, DO, 
Redox, etc.), Titrimetric and 
Gravimetric Analyses, 
 

 
 
H.S. Diploma or GED 
 

 
 
On the job training  

GFAA, CVAA, FLAA, Single 
component or short list 
Chromatography (e.g., Fuels, 
BTEX-GC, IC 

 
A college degree in an applied 
science or 2 years of college 
with at least 1 year of college 
chemistry, or 

 
2 years prior analytical experience 
is required 

ICP, ICPMS,  
Long List or complex 
chromatography (e.g., Pest, PCB, 
Herb, HPLC, etc.), GCMS 

 
A college degree in an applied 
science or 2 years of college 
chemistry, or 

 
5 years of prior analytical 
experience is required 
 

Spectra Interpretation 

 
A college degree in an applied 
science or 2 years of college 
Chemistry, and 

 
2 years relevant experience, or 
5 years of prior analytical 
experience is required 

Group Leaders – Advanced 
Instrumentation 

 
Bachelors Degree in an applied 
science with 16 semester hours 
in chemistry.  An advanced (MS, 
PhD.) degree may substitute for 
one year of experience, and 

 
2 years experience in the analytical 
technique for environmental 
analysis of representative analytes 
for which they will oversee 
 

Group Leaders – Wet Chemistry 
(Basic Skills) 

 
Associates degree in an applied 
science or 2 years of college 
with 16 semester hours in 
Chemistry, and  

 
2 years relevant experience 
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 Calibration procedures and verification of acceptability for each set of required calibrations are defined in 
Section 13 (Calibration) and Section 12 (Quality Control) of each standard operating procedure.   

 
k) Procedures for handling samples received; 
 

The generation of quality analytical data begins with the collection of the sample and, therefore, the 
integrity of the sample collection process is of importance to ECI.  Samples must be collected in such a 
way that foreign material is not introduced into the samples and that analytes of interest do not escape 
from the samples or degrade prior to their analysis.  To ensure sample integrity and representativeness, 
the following items must be considered: 
 
 Samples must be collected in appropriate containers.  In general, glass containers are used for 

organic analytes and polyethylene for inorganic/metal analytes; 
 Only new sample containers which are certified and documented clean in accordance with U.S. EPA 

OSWER Directive No. 9240.0-0.05 specifications shall be provided by ECI for sample collection; 
 Certain extremely hazardous samples or samples that have the potential to become extremely 

hazardous will not be accepted.  These include (but are not limited to)  
 

1. Radioactive samples that significantly exceed background levels 
2. Biohazardous samples (medical wastes, body fluids, etc.) 
3. Explosive samples in pure form (Semtex, Flash or gunpowder, ammunition, flares, etc.) 
4. Neurological or other toxic agents (Sarin, Anthrax, Ricin, etc.) 

 
ECI's chain-of-custody document is used to forward samples from the client to the laboratory.  As the 
basic elements of most all chain-of-custody (COC) documents are similar, clientele may choose to use 
their own chain-of-custody document to forward samples to ECI.  
 
Any discrepancies in the COC must be documented on the Sample Receipt Form and resolved prior to 
analysis of samples. Further guidance may be found in SOP T100 “Sample Receipt and Log-In 
Procedures”. 
 
Upon receipt by ECI, samples proceed through an orderly processing sequence designed to ensure 
continuous integrity of both the sample and its documentation from sample receipt through its analysis 
and beyond. 
 
All coolers that are received by the Sample Control Group undergo a preliminary examination in 
accordance of the Sample Receipt Form.  Specifically, each sample is carefully examined for label 
identification, proper container (type and volume), chemical preservation when applicable, container 
condition, and chain-of-custody documentation consistency with sample labels.  Discrepancies are noted 
on both the Sample Receipt Form and the Sample Anomaly Form and, if possible, discussed with the 
client prior to his or her departure.  If this is not possible, the discrepancies are communicated to the 
client for resolution prior to the completion of the log-in process.  The temperature of the cooler is 
measured and, with other observations, is recorded.  
 
During the log-in process each sample is assigned a unique laboratory identification number through a 
computerized Laboratory Information Management System (LIMS), which stores all essential project 
information.  ECI maintains multiple security levels of access into LIMS to prevent unauthorized 
tampering/release of sample and project information. 
 
Once all analyses for a sample have been completed and the sample container is returned to Sample 
Control, it shall remain in refrigerated storage for a period not less than 14 days following sample receipt 
unless the client requests return/forwarding of the sample.  Following the 14-day refrigerated storage 
period, the samples are placed into ambient storage for another period not less than 14 days after which 
the samples are bulked into drums for later disposal. 
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Extended storage may be requested at prevailing per sample rates. 
 
l) Reference to the major equipment and reference measurement standards used as well as the facilities 

and services used by the laboratory in conducting tests; 
  
 A list of major equipment is kept up-to-date on the List of Major Assets, reference Appendix G.  This, as 

well as a list of reference measurement standards and their certificates of calibration, is maintained by the 
QA Manager or the respective departments. In general, all calibrations and references should be 
traceable to NIST 

 
m) Reference to procedures for calibration, verification and maintenance of equipment; Laboratory SOPs 

(T043 and T066) are available to staff for calibration, verification and maintenance of equipment. In 
general,  

 
n) Reference to verification practices which may include inter-laboratory comparisons, proficiency testing 

programs, use of reference materials and internal quality control schemes; 
 
 Instrument calibration is required to ensure that the analytical system is operating correctly and 

functioning at the proper sensitivity such that required reporting limits can be met.  Each instrument is 
calibrated with standard solutions appropriate to the type of instrument and the linear range established 
for the analytical method.  The manufacturer’s guidelines, the analytical method, and/or the requirements 
of special contracts determine the frequency of calibration and the concentration of calibration standards, 
whichever is most applicable.  The following are very general guidelines and are not meant to be all-
inclusive.  Detailed calibration procedures are specified in the SOP for each method performed. 

 
Gas Chromatography/Mass Spectroscopy (GC/MS):  Each day prior to analysis of samples, all GC/MS 
instruments are tuned with 4-bromofluorobenzene (BFB) for VOCs and decafluorotriphenylphosphine 
(DFTPP) for SVOCs in accordance with the tuning criteria specified in the applicable methods.  Samples 
are not analyzed until the method-specific tuning requirements have been met. 
 
After the tuning criteria are met, the instrument is then calibrated for all target analytes and an initial 
multipoint calibration curve established.  The calibration curve is then validated by the analysis of a 
second source standard, referred to as the initial calibration verification (ICV).  Alternatively, the previous 
calibration curve may be used if validated by a continuing calibration verification (CCV) standard.  All 
target analytes are represented in the calibration and certain key target analytes referred to as system 
performance calibration compounds (SPCCs) and calibration check compounds (CCCs) are used for 
curve acceptance determination.  For the initial calibration to be deemed acceptable, the SPCCs and 
CCCs must meet established acceptance criteria and must be re-evaluated and meet the acceptance 
criteria, at a minimum, every twelve (12) hours thereafter. 
 
Non-GC/MS Chromatography:  The field of chromatography involves a variety of instrumentation and 
detectors.  While calibration standards and control criteria vary depending upon the type of system and 
analytical methodology required for a specific analysis, the general principles of calibration apply 
uniformly.  Each chromatographic system is calibrated prior to sample analysis.  An initial multipoint 
calibration curve is generated using all target analytes.  All target analytes must meet the acceptance 
criteria for the calibration to be deemed acceptable.  The calibration curve is then validated by the 
analysis of a second source standard, referred to as the initial calibration verification (ICV).  The 
continued validity of the initial multipoint calibration is verified every 12 hours using continuing calibration 
verification (CCV) standard containing all target analytes.  If the CCV fails to meet the acceptance criteria, 
the system is re-calibrated and all samples analyzed since the last acceptable CCV must be re-analyzed. 
 
Inductively Coupled Plasma Emission Spectroscopy:  Initial calibration consists of a calibration blank (CB) 
plus one calibration standard.  The calibration is verified by the re-analysis of the standard and initial 
calibration verification (ICV) standard.  If the standard and the ICV fail to meet the acceptance criteria, the 
initial calibration is considered invalid and is re-performed. 
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Continuing calibration verification (CCV) consists of a mid-concentration standard plus a calibration blank 
(CB) analyzed every 10 samples and at the end of the sequence.  If the CCV and/or CB fail to meet the 
acceptance criteria, the instrument must be re-calibrated and all samples analyzed since the previous 
acceptable CCV and/or CB must be re-analyzed. 
 
ICP/MS Spectroscopy:  Each day prior to the analysis of samples, all ICP/MS instruments undergo mass 
calibration and resolution checks prior to initial calibration.  Initial calibration consists of a calibration blank 
(CB) and at least one calibration standard.  The calibration is verified by the re-analysis of the standard 
and initial calibration verification (ICV) standards.  If the standard and the ICV fail to meet the acceptance 
criteria, the initial calibration is considered invalid and is re-performed. 
 
Continuing calibration verification (CCV) consists of a mid-concentration standard plus a calibration blank 
(CB) analyzed every 10 samples and at the end of the sequence.  If the CCV and/or CB fail to meet the 
acceptance criteria, the instrument must be re-calibrated and all samples analyzed since the previous 
acceptable CCV and/or CB must be re-analyzed. 
 
Cold Vapor Atomic Absorption Spectroscopy:  Initial calibration consists of a calibration blank plus a 
series of at least 5 standards.  The calibration curve is then validated by the analysis of a second source 
standard, referred to as the initial calibration verification (ICV). Continuing calibration verification (CCV) 
consists of midpoint calibration standard plus a continuing calibration blank (CCB) analyzed every 10 
samples and at the end of the sequence.  If the CCV and/or CCB fail to meet the acceptance criteria, the 
instrument must be re-calibrated and all samples analyzed since the previous acceptable CCV and/or 
CCB must be re-analyzed.  If the calibration blanks contain target analyte concentrations exceeding the 
acceptance limits, the cause must be determined and corrected. 
 
Flame and Graphite Furnace Atomic Absorption Spectroscopy:  Initial calibration consists of a calibration 
blank plus a low, medium, and high calibration standard.  Continuing calibration verification (CCV) 
consists of midpoint calibration standard plus a continuing calibration blank (CCB) analyzed every 10 
samples and at the end of the sequence.  If the CCV and/or CCB fail to meet the acceptance criteria, the 
instrument must be re-calibrated and all samples analyzed since the previous acceptable CCV and/or 
CCB must be re-analyzed.  If the calibration blanks contain target analyte concentrations exceeding the 
acceptance limits, the cause must be determined and corrected. 
 
General Inorganic Analyses:  General inorganic (non-metal) analyses involve a variety of instrumental 
and wet chemistry techniques.  While calibration procedures vary depending on the type of 
instrumentation and methodology, the general principles of calibration apply universally.  Each system or 
method is initially calibrated using standards prior to analyses being conducted with continual verification 
that the calibration remains acceptable throughout analytical processing.  If continual calibration 
verification fails to meet the acceptance criteria, the instrument must be re-calibrated and all samples 
analyzed since the previous acceptable CCV must be re-analyzed. 

 
o) Procedures to be followed for feedback and corrective action whenever testing discrepancies are 

detected, or departures from documented policies and procedures occur; 
  
 These procedures may be found in SOP-T015 (Correction/Prevention of Errors in Test Records) and 

SOP-T022 (Corrective/Preventive Actions). 
 
p) The laboratory management arrangements for permitting exceptions and departures from documented 

policies and procedures or from standard specifications; 
 
 ECI’s SOPs are in substantial conformity with their corresponding published method references.  

Departure from approved SOPs shall be approved if necessary or appropriate due to the nature or 
composition of the sample or otherwise based on the reasonable judgment of ECI’s Laboratory Director, 
Technical Director, or QA Manager.   
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 Departures shall be made on a case-by-case basis consistent with recognized standards of the industry.  
In no case shall departures be approved without written communication between EC Iand the affected 
client. 

 
q) Procedures for dealing with complaints; 
 
 Procedures for dealing with complaints may be found in SOP-T018, Handling of Inquiries and Complaints. 
 
r) Procedures for protecting confidentiality (including national security concerns) and proprietary rights; 
 

ECI is sensitive to the fact that much of the analytical work performed for clientele may be subject to 
litigatory processes. ECI, therefore, holds all information in strict confidence with laboratory release only 
to the client or designee.  Information released to entities other than the client is performed only upon 
written, facsimile or e-mail request from the client. 
 
Due to the investigative nature of most site assessments, analytical information may become available to 
regulatory agencies or other evaluating entities during site assessment of the laboratory for the specific 
purpose of attaining laboratory certifications, accreditations, or evaluation of laboratory qualification for 
future work.  During these occurrences, the laboratory will make its best effort to maintain the confidence 
of client specific information. 

 
s) Procedures for audits; 
 

ECI participates in a wide variety of system and performance audits conducted by numerous federal and 
state agencies, as well as through its major clientele.  These audits are conducted to verify that analytical 
data produced conforms to industry standards on a routine basis. 
 
A System Audit is a qualitative evaluation of the measurement systems utilized at ECI, specifically, that 
ECI has, in place, the necessary facilities, staff, procedures, equipment, and instrumentation to generate 
acceptable data.  This type of audit typically involves an on-site inspection of the laboratory facility, 
operations, and interview of personnel by the auditing agency.   
 
A Performance Audit verifies the ability of ECI to correctly identify and quantitate compounds in blind 
check samples.  This type of audit normally is conducted by the auditing agency through laboratory 
participation in round robin Performance Evaluation (PE) programs.  Examples of current PE program 
involvement include those offered by commercial suppliers like ERA (WS/WP/SOIL and DMR-QA), or 
other inter-laboratory studies not required for certification but done to ensure laboratory performance, as 
well as programs administered by major industry. 
 
Outliers in required PE samples will be investigated and corrective actions documented using the 
Corrective/Preventive Action Record. 
 
Should the result of any audit detect a significant error, which has been identified to adversely affect 
released data, the situation shall be thoroughly investigated.  Corrective measures shall be enacted to 
include system re-evaluation, the determined affect on released data and client notification, as necessary. 
These measures shall be documented using the Corrective/Preventive Action Record. 

 
t) Processes/procedures for establishing that personnel are adequately experienced in the duties they are 

expected to carry out and are receiving any needed training; 
 

Quality control begins prior to sample(s) receipt at the laboratory.  The selection of well qualified 
personnel, based upon education and/or experience is the first step in successful laboratory 
management.  A thorough screening of job applicants and selection of the best candidate to fulfill a well-
defined need is as important an aspect of a successful QA/QC program as a careful review of analytical 
data. 
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Employee training and approval procedures used at ECI are specified in SOP-T010, “Employee Training”, 
and includes but is not limited to the following: 
 
 A thorough understanding of the applicable regulatory method and ECISOP; 
 A review of ECI's QA Program Manual and thorough understanding of the specifics contained therein 

that are directly related to the analysis to be performed; 
 Instruction by the applicable Group Leader on all aspects of the analytical procedure; 
 Performance of analyses under supervision of experienced laboratory personnel, which shall include 

analysis of blind QC check samples, when deemed appropriate; 
 Participation in in-house seminars on analytical methodologies and procedures; 
 Participation in job related seminars outside of the laboratory; and 
 Participation in conventions and meetings, i.e., ACS, etc. 
 

u) Ethics policy statement developed by the laboratory and processes/procedures for educating and training 
personnel in their ethical and legal responsibilities including the potential punishments and penalties for 
improper, unethical, or illegal actions;  

 
 A vital part of ECI’s analytical laboratory services is their Laboratory Ethics Training Program.  An 

effective program starts with an Ethics Policy Statement that is supported by all staff, and is reinforced 
with initial and ongoing ethics training. 

 
 “It shall be the policy of ECI to conduct all business with integrity and in an ethical manner.  It is a basic 

and expected responsibility of each staff member and manager to hold to the highest ethical standard of 
professional conduct in the performance of all duties.” 

 
A proactive ethics training program is the most effective means of deterring and detecting improper, 
unethical, or illegal actions in the laboratory.  There are six facets to the program:  (1) clearly define 
improper, unethical, and illegal actions; (2) outline elements of prevention and detection programs for 
improper, unethical, or illegal actions; and (3) identify examples of inappropriate (i.e., potentially 
fraudulent) laboratory practices; (4) Annual Ethics and Data Integrity Training to be documented and 
maintained in the personnel file of each employee., (5) Documented training on new revisions of the 
Quality Systems Manual (QSM) and for new employees as needed. (6) Signed Ethics and Data Integrity 
Agreement (to be completed for new employees and annually thereafter) 
 
Definition of Improper, Unethical, and Illegal Actions 
 
Improper actions are defined as deviations from contract-specified or method-specified analytical 
practices and may be intentional or unintentional. 
 
Unethical or illegal actions are defined as the deliberate falsification of analytical or quality assurance 
results, where failed method or contractual requirements are made to appear acceptable. 
 
Prevention of laboratory improper, unethical, or illegal actions begins with a zero-tolerance philosophy 
established by management.  Improper, unethical, or illegal actions are detected through the 
implementation of oversight protocols. 

 
Prevention and Detection Program for Improper, Unethical, or Illegal Actions 

 
ECI management has implemented a variety of proactive measures to promote prevention and detection 
of improper, unethical, or illegal activities.  The following components constitute the basic program: 

 
 Data Integrity Standard Operating Procedure (SOP) T065 
 Data Integrity Documentation Procedures 
 An Ethics and Data Integrity Agreement that is read and signed by all personnel; 
 Initial and annual ethics training; 
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 Internal audits; 
 Inclusion of anti-fraud language in subcontracts; 
 Analyst notation and sign-off on manual integration changes to data; 
 Active use of electronic audit functions when they are available in the instrument software; and 
 A “no-fault” policy that encourages laboratory personnel to come forward and report fraudulent 

activities. Alternately, employees may report ethics violations to a third party agent contracted by 
Eurofins USA c/o reports@lighthouse-services.com/eurofinsus  

 
A proactive, “beyond the basics” approach to the prevention of improper, unethical, or illegal actions are 
a necessary part of laboratory management.  As such, in addition to the requirements above, ECI has a 
designated ombudsman (data integrity officer) to whom laboratory personnel can report improper, 
unethical, or illegal practices, or provide routine communication of training, lectures, and changes in 
policy intended to reduce improper, unethical, or illegal actions. 
 
Examples of Improper, Unethical, or Illegal Practices 

 
Documentation that clearly shows how all analytical values were obtained are maintained by ECI and 
supplied to the data user as needed.  To avoid miscommunication, ECI clearly documents all errors, 
mistakes, and basis for manual integrations within the project file and case narrative as applicable.  
Notification is also made to the appropriate supervisor so that appropriate corrective actions can be 
initiated.  Gross deviations from specified procedures are investigated for potential improper, unethical, 
or illegal actions, and findings of fraud are fully investigated by senior management.  Examples of 
improper, unethical, or illegal practices are identified below: 

 
 Improper use of manual integrations to meet calibration or method QC criteria (for example, peak 

shaving or peak enhancement are considered improper, unethical, or illegal actions if performed 
solely to meet QC requirements); 

 Intentional misrepresentation of the date or time of analysis (for example, intentionally resetting a 
computer system’s or instrument’s date and/or time to make it appear that a time/date requirement 
was met); 

 Falsification of results to meet method requirements; 
 Reporting of results without analyses to support (i.e., dry-labbing); 
 Selective exclusion of data to meet QC criteria (for example, initial calibration points dropped without 

technical or statistical justification); 
 Misrepresentation of laboratory performance by presenting calibration data or QC limits within data 

reports that are not linked to the data set reported, or QC control limits presented within QAPP that 
are not indicative of historical laboratory performance or used for batch control; 

 Notation of matrix inference as basis for exceeding acceptance limits (typically without implementing 
corrective actions) in interference-free matrices (for example, method blanks or laboratory control 
samples); 

 Unwarranted manipulation of computer software (for example, improper background subtraction to 
meet ion abundance criteria for GC/MS tuning, chromatographic baseline manipulations); 

 Improper alteration of analytical conditions (for example, modifying EM voltage, changing GC 
temperature program to shorter analytical run time) from standard analysis to sample analysis; 

 Misrepresentation of QC samples (for example, adding surrogates after sample extraction, omitting 
sample preparation steps for QC samples, over- or under-spiking); and 

 Reporting of results from the analysis of one sample for those of another. 
 

v) Reference to procedures for reporting analytical results; 
 

Standard operating procedures pertaining to the reporting of results are available to all laboratory 
personnel.  They are:  SOP-T009, Significant Figures, Rounding, and Reporting of Results; SOP-T025, 
Reporting of Tentatively Identified Compounds (TICs); and T-026, Reporting of Data Qualifiers. 

 

mailto:reports@lighthouse-services.com/eurofinsus
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All analytical data generated within ECI is thoroughly checked for accuracy and completeness.  The data 
validation process consists of data generation, reduction, and four levels of review as described below. 
 
The analyst generating the analytical data has the primary responsibility for its correctness and 
completeness.  All data is generated and reduced following protocols specified in the appropriate SOPs.  
Each analyst reviews the quality of his or her work based upon an established set of guidelines specified 
in the SOPs or as specified by project requirements.  The analyst reviews the data package to ensure 
that: 
 
 Holding times have not been exceeded; 
 Sample preparation information is correct and complete; 
 Analysis information is correct and complete; 
 The appropriate procedures were employed; 
 Analytical results are correct and complete; 
 All associated QC is within established control limits and, if not, out-of-control forms are completed 

thoroughly explaining the cause and corrective action taken; 
 Any special sample preparation and analytical requirements have been met; and 
 Documentation is complete, i.e., all anomalies in the preparation and analysis have been 

documented; out-of-control forms, if required, are complete, etc. 
 
The data reduction and validation steps are documented, signed, and dated by the analyst on the QC 
Review coversheet accompanying each data package.  This initial review step, performed by the analyst, 
is designated as primary review.  The analyst then forwards the data package to his or her Group Leader, 
or designated data reviewer, who performs a secondary review.  Secondary reviews consist of an 
independent check equivalent to that of the primary review and are designed to ensure that: 
 
 Calibration data is scientifically sound, appropriate to the method, and completely documented; 
 QC data is within established guidelines or reported with appropriate clarification/qualification; 
 Qualitative identification of sample components is correct; 
 Quantitative results are correct; 
 Documentation is complete and any anomalies properly addressed and documented; 
 The data is ready for incorporation into the final report package; and 
 The data package is complete and ready for archiving. 

 
A significant component of the secondary review is the documentation of any errors that have been 
identified and corrected during the review process.  ECI believes that the data package that is submitted 
for a secondary review should be free from errors.  Errors that are discovered are documented and 
formally transmitted to the appropriate Group Leader.  The cause of the errors is then addressed by 
additional training or clarification of procedures (SOP revisions) to ensure that similar errors do not recur 
and high quality data will be generated. 
 
Signature of Data Reviewer and the date of review document the completion of secondary reviews on the 
QC Review coversheet.  These constitute approval for data release and generation of analytical report. 
 
During both of the QC review processes, 100% of the raw data associated with the entire project is 
available to the reviewer.  Data packages are checked back to the raw data as deemed necessary by the 
reviewer. 
 
Following draft report generation, the report is reviewed by the Project Manager to ensure that the data 
set and quality control data is complete and meets the specific requirements of the project.  When 
available, the data is also evaluated against historical site information.  Once all requested analytical work 
has been verified as complete, a final report is generated and signed by the Project Manager. 
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Following approval for release by the Project Manager, the Quality Assurance Manager or other qualified 
personnel may review 10% of the project files back to the raw data as an additional check, if a situation 
so warrants. 
 
A variety of reporting formats, from Portable Document File (PDF), normal typed reports to computerized 
data tables to complex reports discussing regulatory issues are available.  In general, ECIreports contain 
the following information. 
 
Analytical Data 
 
Analytical data is reported by sample identification (both client and laboratory) and test.  Pertinent 
information including date(s) sampled, received, prepared, and analyzed; any required data qualifiers are 
included on each results page. The reporting limit for each method analyte is also listed. Additional data 
may include Method Detection Limits (MDLs). 
 
QC Data 
 
A QC Summary is provided with each final report.  Unless otherwise specified in a QAPP or requested by 
the client, QC Summaries include results for method blanks, matrix spikes, matrix spike duplicates, and 
surrogate spikes.  Laboratory control sample and method blank surrogates are routinely included if matrix 
interference results in a QC outlier.  The effective control limits for the reported QC values are also 
provided on the QC Summary as well as explanations for any QC outliers. Case Narratives may be 
included as appropriate. 
 
As required for the project, data reports from “results only” through “full CLP-like” will be generated and 
provided.  Included in this range are reports for the major DOD/DOE programs including NFESC, AFCEE, 
and USACE. 
 
Methodology 
 
References for the preparative and analytical methodology employed is included on all preliminary or final 
analytical reports. 
 
Signatory 
 
Final reports are ready for release to the client following review and approval by the Project Manager, as 
evidenced by his/her signature on the final report cover page. An approved signatories listing shall be 
maintained by the QA office. 
 
Preliminary Data 
 
Upon client request, preliminary data shall be released prior to completion of a full QC review.  
Preliminary data is subject to change pending QC review and, therefore, shall be clearly marked as 
“Preliminary”.  This qualification is provided as notification to the client that the data review process has 
not been completed yet and that the data is subject to possible modification resulting therefrom. 
 
Revised Data 
 
Analytical reports that have been revised for any reason from the original sent report shall be noted as 
being revised with a report note, case narrative or indication as to the revision. 
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Formatting 
 
At a minimum, an analytical report shall consist of the Report Cover Page, Analytical Results, QA/QC 
Data (Default), Footnotes/Comments Page, Sample Receipt Form and COC. Paginated reports shall be 
employed for all reports unless used for non-NELAP analysis. 
 

w) A Table of Contents and applicable lists of references and glossaries, and appendices. 
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FIGURE 1: 
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FIGURE 2:    
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5.3 Audits 
 

5.3.1 Internal Audits 
 
The laboratory arranges comprehensive annual internal audits to verify that its operations continue to comply 
with the requirements of the laboratory’s said quality system.  The Quality Assurance Manager or the Quality 
Assurance Assistant plans and organizes audits as required by a predetermined schedule and requested by 
management. The internal audits are buttressed by regular and scheduled Test Method Assessments (TMA). 
 
The Quality Assurance Assistant or other qualified personnel, independent of the activity to be audited, will 
carry out such audits following the procedures noted in SOP T028, Internal Audit Procedures.   
 
Personnel do not audit their own activities except when it can be demonstrated that an effective audit will be 
carried out.   
 
Where the audit findings cast doubt on the correctness or validity of the laboratory's calibrations or test 
results, the laboratory takes immediate corrective action and immediately notifies, in writing, any client whose 
work was involved. 
 

i. List of available qualified personnel for internal audits include: 

 QA Director 

 QA Manager 

 QA Assistant 

 Department Manager 

 Assistant Department Manager 

 Group Leader (For departments other than their own) 

 Program Manager 

 Health and Safety Manager (For non-analytical departments) 

 Any Senior Chemist (With documented training in proper internal auditing procedures from a 
qualified source). 

 
ii. The minimum qualifications for an internal auditor shall be: 

 
 Education:    A Bachelors (BS) Degree in an applied science with 16 semester hours in chemistry.  

 
 Experience:  Two years’ experience in an instrumental analytical technique for environmental 

analysis of representative environmental samples. Training to the most current revision of 
ECISOP T028 (Internal Audits). The training to be overseen by an individual that is ISO 17025 / 
9001 trained in internal auditing procedures, or equivalent.  

 
 An advanced (MS, PhD.) degree may be substituted for one year of experience. 

 
Any outside audit findings will also be included in the Internal Audits. 
 
5.3.2 Management Review 
 
ECI management conducts an annual review of its quality system and its testing and calibration activities to 
ensure its continuing suitability and effectiveness and to introduce any necessary changes or improvements 
in the quality system and laboratory operations.   



Eurofins Calscience, Inc. – Quality Systems Manual – Version 5.7– June 2015 
                                                                                                   Reference NELAC Standard Effective September 09, 2009 

 

Eurofins Calscience, Inc. Quality Systems Manual, Page 34 of 105 
f 

 
This review takes account of reports from managerial and supervisory personnel, the outcome of recent 
internal audits, assessments by external bodies, the results of inter-laboratory comparisons or proficiency 
tests, any changes in the volume and type of work undertaken, feedback from clients, senior lab personnel, 
corrective actions, and other relevant factors.   
 
The laboratory shall have a procedure for review by management, and maintain records of review findings 
and actions. For more detailed descriptions Reference section 18.1 of this QSM and SOP T030. 
 
5.3.3 Audit Review 
 
All audit and review findings and any corrective actions that arise from them are documented.  The laboratory 
management ensures that these actions are discharged within the agreed time frame as indicated in the 
quality manual and/or SOPs. 
 

5.3.4 Performance Audits 
 
In addition to periodic audits, the laboratory ensures the quality of results provided to clients by implementing 
checks to monitor the quality of the laboratory’s analytical activities.  Examples of such checks are: 
 
a) Internal quality control procedures using statistical techniques (see Section 5.4 below); 
 
b) Participation in proficiency testing or other inter-laboratory comparisons; 
 
c) Use of certified reference materials and/or in-house quality control using secondary reference materials 

as specified in ECIQSM Section 5.4; 
 
d) Replicate testing using the same or different test methods; 
 
g) Re-testing of retained samples; 
 
h) Correlation of results for different but related analysis of a sample (for example, total phosphorus should 

be greater than or equal to orthophosphate). 
 
 
5.3.5 Corrective / Preventive Actions 
 
a) In addition to providing acceptance criteria and specific protocols for corrective/preventive actions in 

SOP-T022, the laboratory implements general procedures to be followed to determine when departures 
from documented policies, procedures and quality control have occurred.   These procedures include but 
are not limited to the following: 
 
1) Identify the individual(s) responsible for assessing each QC data type; 
 
2) Identify the individual(s) responsible for initiating and/or recommending corrective/preventive actions; 
 
3) Define how the analyst shall treat a data set if the associated QC measurements are unacceptable; 
 
4) Specify how out-of-control situations and subsequent corrective actions are to be documented; and 
 
5) Specify procedures for management (including the QA officer) to review corrective/preventive action 

reports. 
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b) To the extent possible, sample results are reported only if all quality control measures are acceptable.  If 
a quality control measure is found to be out of control, and the data are to be reported, all samples 
associated with the failed quality control measure are reported with the appropriate data qualifier(s).  

 
5.4 Essential Quality Control Procedures 
 
These general quality control principles apply, where applicable, to all testing at ECI.  The manner in which 
each is implemented is dependent on the types of tests performed by the laboratory and is further described 
in Appendix D and in SOP-T020, Internal Quality Control Checks.  The standards for any given test type 
assures that the applicable principles are addressed: 
 
a)  All laboratories have detailed written protocols in place to monitor the following quality controls: 
 

1)  Positive and negative controls (blanks, spikes, reference toxicants, etc.) to monitor tests; 
 
2) Tests to define the variability and/or repeatability of the laboratory results such as replicates; 

 
3) Measures to assure the accuracy of the test method including calibration and/or continuing 

calibrations, use of certified reference materials, proficiency test samples, or other measures; 
 

4) Measures to evaluate test method capability, such as detection limits and quantitation limits or range 
of applicability such as linearity; 

 
5) Selection of appropriate formulae to reduce raw data to final results such as regression analysis, 

comparison to internal/external standard calculations, and statistical analyses; 
 
6) Selection and use of reagents and standards of appropriate quality; 

 
7) Measures to assure the selectivity of the test for its intended purpose; and 
 
8) Measures to assure constant and consistent test conditions (both instrumental and environmental) 

where required by the test method, such as temperature, humidity, light or specific instrument 
conditions. 

 
b)  All quality control measures are assessed and evaluated on an on-going basis, and quality control 

acceptance criteria are used to determine the usability of the data. (See Appendix D.) 
 
c) The laboratory has procedures for the development of acceptance/rejection criteria where no method or 

regulatory criteria exist. (See ECI QSM Section 11.2, Sample Acceptance Policy.) 
 
d) The quality control protocols specified in the method manual (ECI QSM Section 10.1.2) is followed.  ECI 

ensures that the essential standards outlined in NELAC 5, Appendix D, or mandated methods or 
regulations (whichever are more stringent) are incorporated into the method manuals.  When it is not 
apparent which is more stringent the QC in the mandated method or regulations is to be followed. 

 
 The essential quality control measures for testing are found in Appendix D. 
 

6.0 PERSONNEL 
 
6.1 General Requirements for Laboratory Staff 
 
ECI’s testing departments have a sufficient level of personnel with the necessary education, training, technical 
knowledge and experience to perform the assigned functions. 
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All personnel are responsible for complying with all quality assurance/quality control requirements that pertain 
to their organizational/technical function.  Each technical staff member must have a combination of 
experience and education to adequately demonstrate a specific knowledge of their particular function and a 
general knowledge of laboratory operations, test methods, quality assurance/quality control procedures and 
records management. 
 
6.2 Laboratory Management Responsibilities 
 
In addition to ECI QSM Section 4.2.d, the laboratory management: 
 
a) Defines the minimum level of qualification, experience and skills necessary for all positions in the 

laboratory.  In addition to education and/or experience, basic laboratory skills such as using a balance 
and quantitative techniques, are considered. 

 
b) Ensures that all technical laboratory staff members demonstrate capability in the activities for which they 

are responsible.  Such demonstration is documented (See Appendix C).  Note: In departments with 
specialized “work cells” (a well-defined group of analysts that together perform the method analysis), the 
group as a unit meets the above criteria and this demonstration is fully documented. 

 
c) Ensures that the training of each member of the technical staff is kept up-to-date (on-going) by the 

following: 
 
 1) Keeping evidence on file that demonstrates that each employee has read, understood, and is using 

the latest version of the laboratory's in-house quality documentation that relates to his/her job 
responsibilities. 

 
 2) Documenting training courses or workshops on specific equipment, analytical techniques, or 

laboratory procedures. 
 

3) Documenting employee attendance at training courses on ethical and legal responsibilities including 
the potential punishments and penalties for improper, unethical or illegal actions.  Keeping on file 
evidence that demonstrates that each employee has read, acknowledges, and understands their 
personal ethical and legal responsibilities including the potential punishments and penalties for 
improper, unethical or illegal actions.   

 
4) Maintains up-to-date analyst training records that contain a certification that technical personnel have 

read, understood and agreed to perform the most recent version of the test method (the approved 
method or SOP as defined by the laboratory document control system, ECI QSM Section 5.2.d) and 
documentation of continued proficiency by at least one of the following once per year: 

 
  i. Acceptable performance of a blind sample (single blind to the analyst); 

 
ii. Another demonstration of capability; 
 
iii. Successful analysis of a blind performance sample on a similar test method using the same 

technology (e.g., GC/MS volatiles by purge and trap for Methods 524.2, 624, or 5035/8260) would 
only require documentation for one of the test methods; 

 
iv. At least four consecutive laboratory control samples with acceptable levels of precision and 

accuracy;  
 
v.  If subsections i-iv cannot be performed, analysis of authentic samples with results statistically 

indistinguishable from those obtained by another trained analyst.  
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d) Documents all analytical and operational activities of the laboratory;  
 
e) Supervises all personnel employed by the laboratory; 
 
f) Ensures that all sample acceptance criteria (ECI QSM Section 11.0) are verified and that samples are 

logged into the sample tracking system and properly labeled and stored. 
 
g) Documents the quality of all data reported by the laboratory. 
 
h) Develops a proactive program for the prevention and detection of improper, unethical, or illegal actions.  

Components of this program could include:  internal proficiency testing (single and double blind); post-
analysis electronic and magnetic tape audits; effective reward program to improve employee vigilance 
and co-monitoring; and separate SOPs identifying appropriate and inappropriate laboratory and 
instrument manipulation practices. 

 
6.2.1 Ownership Transfer / Out of Business 
 

a) In the event that the laboratory transfers ownership or goes out of business, ECI will ensure that the 
records are maintained or transferred according to client instruction.  

 
b) Upon ownership transfer, record retention requirements shall be addressed in the ownership transfer 

agreement and the responsibility for maintaining archives will be clearly established.  In cases of 
bankruptcy, appropriate regulatory and state legal requirements concerning laboratory records will be 
followed.   
 

c) In the event that the laboratory goes out of business, all records will revert to the control of the client 
or regulatory agency, as applicable.  As much notice as possible will be given to clients and the 
accrediting bodies who have worked with the laboratory during the previous 5 years of such action. 

 
6.3 Personnel Records 
 
Records on the relevant qualifications, training, skills and experience of the technical personnel are 
maintained by the laboratory (see EC IQSM Section 6.2.c), including records on demonstrated proficiency for 
each laboratory test method, such as the criteria outlined in ECI QSM Section 10.5 for chemical testing. 

7.0 PHYSICAL FACILITIES – ACCOMMODATION AND ENVIRONMENT 
 
7.1 Environment 
 
a) Laboratory accommodations, test areas, energy sources, lighting, heating and ventilation are such that 

they facilitate proper performance of tests. 
 
b) The environment in which these activities are undertaken does not invalidate the results or adversely 

affect the required accuracy of the measurements.  Particular care shall be taken when such activities are 
undertaken at sites other than the permanent laboratory premises.  

 
c) The laboratory shall provide for the effective monitoring, control and recording of environmental 

conditions as appropriate.  Such environmental conditions may include biological sterility, dust, 
electromagnetic interference, humidity, main voltage, temperature, and sound and vibration levels. 

 
d) In instances where monitoring or control of any of the above-mentioned items is specified in a test 

method or by regulation, the laboratory meets and documents adherence to the laboratory facility 
requirements. 
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7.2 Work Areas 
 
a) There is effective separation between neighboring areas when the activities therein are incompatible 

including volatile organic chemicals handling areas.  
 
b) Access to and use of all areas affecting the quality of these activities are defined and controlled. 
 
c) Adequate measures are taken to ensure good housekeeping in the laboratory and to ensure that any 

contamination does not adversely affect data quality. 
 
d)  Workspaces are available to ensure an unencumbered work area. Work areas include: 
 

1) Access and entryways to the laboratory; 
 
2) Sample receipt areas; 
 
3) Sample storage areas; 
 
4) Chemical and waste storage areas; and 
 
5) Data handling and storage areas. 

 

8.0 EQUIPMENT AND REFERENCE MATERIALS 
 
a) ECI is furnished with all items of equipment (including reference materials) required for the correct 

performance of tests for which accreditation is maintained.  Note that ECI does not use equipment 
outside its permanent control. 

 
b) All equipment is properly maintained, inspected, and cleaned.  Maintenance procedures are documented. 
 
c) Any equipment item that has been subjected to overloading or mishandling, or that gives suspect results, 

or has been shown by verification or otherwise to be defective, is taken out of service, clearly identified 
and wherever possible stored at a specified place until it has been repaired and shown by calibration, 
verification or test to perform satisfactorily.  The laboratory shall examine the effect of this defect on 
previous calibrations or tests. 

d) When appropriate, each item of equipment, including reference materials, is labeled, marked, or 
otherwise identified to indicate its calibration status. 

 
e) Records are maintained of each major item of equipment and all reference materials significant to the 

tests performed.  These records include documentation on all routine and non-routine maintenance 
activities in assigned log books and reference material verifications. 

 
The records include: 

 
1) The name of the item of equipment; 
 
2) The manufacturer's name, type identification, and serial number or other unique identification; 
 
3) Date received and date placed in service (if available);  
 
4) Current location, where appropriate; 
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5) If available, condition when received (e.g., new, used, reconditioned); 
 
6) Copy of the manufacturer's instructions, where available; 
 
7) Dates and results of calibrations and/or verifications and date of the next calibration and/or 

verification; 
 
8) Details of maintenance carried out to date and planned for the future; and 
 
9) History of any damage, malfunction, modification or repair. 

 

9.0 MEASUREMENT TRACEABILITY AND CALIBRATION 
 
9.1 General Requirements 
 
All measuring operations and testing equipment having an effect on the accuracy or validity of tests are 
calibrated and/or verified before being put into service and on a continuing basis.  The laboratory has an 
established program for the calibration and verification of its measuring and test equipment.  This includes 
balances, thermometers and control standards. 
 
9.2 Traceability of Calibration 
 
a) The overall program of calibration and/or verification and validation of equipment is designed and 

operated so as to ensure that measurements made by the laboratory are traceable to national standards 
of measurement. 

 
b) Calibration certificates indicate the traceability to national standards of measurement and provide the 

measurement results and associated uncertainty of measurement and/or a statement of compliance with 
an identified metrological specification.  The laboratory maintains records of all such certification in the 
QA office. 

 
c)  Where traceability to national standards of measurement is not applicable, the laboratory provides 

satisfactory evidence of correlation of results, for example, by participation in a suitable program of inter-
laboratory comparisons, proficiency testing, or independent analysis. 

 
 
9.3 Reference Standards 
 
a) Reference standards of measurement held by the laboratory (such as Class S or equivalent weights, or 

traceable thermometers) are used for calibration only and for no other purpose, unless it can be 
demonstrated that their performance as reference standards has not been invalidated.   A body that can 
provide traceability calibrates reference standards of measurement.  Where possible, this traceability is to 
a national standard of measurement. 

 
b) There is a program of calibration and verification for reference standards. 
  

i. Two weeks prior to their date of calibration expiration, individual thermometers are removed from 
service and replaced by newly calibrated units from the supplier. 

 
ii. ECI keeps two sets of Class S weights on hand for use in the laboratory.  One set is used for 

daily calibration checks, and the second set is kept for back up use should the first set be 
damaged, lost or otherwise compromised.  The second set of weights is also place in service 
when the daily use set is shipped off site for recalibration. 
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iii. Analytical balances are serviced and calibrated on a routine, annual schedule. 

 
c) Where relevant, reference standards and measuring and testing equipment are subjected to in-service 

checks between calibrations and verifications.  Reference materials are traceable.  Where possible, 
traceability is to national or international standards of measurement, or to national or international 
standard reference materials. 

 
d) NIST-Traceable Weights and Thermometers 

 
i. Reference standards of measurement shall be used for the purposes of calibration only. NIST 

traceable thermometers and NIST-traceable weights shall not be used for routine testing. If NIST 
traceable reference sources are used for routine testing they shall not be used for calibration 
purposes unless it can be shown that their performance as reference standards would not be 
invalidated.   

 
ii. For NIST-traceable weights and thermometers, ECI requires that all calibrations be conducted by 

a calibration laboratory accredited by ACLASS, A2LA or other recognized accrediting body.  
 

a. The calibration laboratory must hold ISO 17025 or ISO 9001 accreditation for the 
services rendered.  Prior to use, QA verifies that the selected vendor holds the 
appropriate scope of accreditation for the services required.   

 
b. The calibration certificate or report supplied by the calibration laboratory must contain a 

traceability statement, the conditions under which the calibrations were made, a 
compliance statement with an identified metrological specification and the pertinent 
clauses when applicable, and a clearly identified record of the quantities and functional 
test results before and after re-calibration.  

 
c. The certificate and scope of accreditation is kept on file at the laboratory and is reviewed 

yearly. 
 

iii. If significant amendments are made to a calibration certificate, it must have its own unique report 
identifier and must reference the one it is replacing.   The piece of equipment must be identified in 
the amended report using its unique serial number or other laboratory defined identifier.  The 
amended report is maintained with the original calibration report. 

 
iv. Laboratory balances are recalibrated annually by an external, certified vendor that is certified to 

ISO 17025 / ISO 9001 standards for calibration.  Prior to use, QA verifies that the selected vendor 
holds the appropriate scope of accreditation for the services required.  This service is 
documented on each balance with a signed and dated certification sticker.  

 

v. NIST mercury thermometers are sent out for recalibration every five years, or are replaced.  All 
working mercury thermometers are calibrated annually against a NIST-traceable reference 
thermometer. All digital temperature measuring devices (min/max thermometers, IR guns) are 
calibrated quarterly.  Equipment that does not meet acceptance criteria is removed from service 
and repaired or replaced. Calibration reports are maintained by the QA Manager 

 
vi. Balance calibrations and temperature readings of ovens, refrigerators, and incubators are 

checked on each day of use.  Min/Max thermometers are used for refrigerators and freezers to 
continually monitor temperature performance. 

 
 
e) Traceable Reference Standards and Materials 
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i. Reference standards and materials are traceable to certified reference materials, where available. 
Commercially prepared standard materials are purchased from vendors accredited by A2LA, 
NVLAP (National Voluntary Lab Accreditation Program) or other recognized vendor, and come 
with a Certificate of Analysis that documents the purity of the standard and expiration date, if 
assigned.  If a standard cannot be purchased from a vendor that supplies a Certificate of 
Analysis, the purity of the standard is documented by analysis against a known reference.  

 
ii. Analytical reagents must be at a minimum the purity required by or stated in the test method.  

Commercial materials that are purchased for the preparation of calibration, verification or spiking 
solutions, are usually accompanied by an assay certificate or the purity is noted on the label.  If 
the purity is >96%, the weight provided by the vendor may be used without correction. If the purity 
is <96%, a correction will be made to solution concentrations prepared from that material. 

 
iii. The receipt of all reference standards and materials, including received date and expiration date, 

is documented by the laboratory at the time of receipt, in chemical receiving logbooks.  All 
documentation received with the reference standard or material (Certificate of Analysis or Purity 
Certificates) is retained by the laboratory.  To prevent contamination and/or deterioration in 
quality, all standards and materials are handled and stored according to the method or 
manufacturer’s requirements.  

 
iv. Preparation of standard or reference materials are documented in Standard Preparation 

Logbooks maintained in each department.  These records show the traceability to the purchased 
standards or materials, and include the method of preparation, date of preparation, expiration 
date, and preparer’s initials, at a minimum.  Reference standards are assigned a unique identifier 
and are then labeled with the identifier and expiration date.  Refer to ECISOP, T003, Standards 
and Reagents Login, Preparation, Storage and Disposal, for additional information. 

 
v. All standards, reference, primary and working, whether purchased from a commercial vendor or 

prepared by the laboratory, must be checked regularly to ensure that the variability of the 
standard from the ‘true’ value does not exceed method requirements.  Calibration standards are 
checked by comparison with a standard from a second source, usually another manufacturer and 
vendor.  In cases where a second manufacturer is not available, a different lot, with vendor 
certification, may be used as a second source.  

 
vi. Quality control (QC) criteria for primary and second source standards are defined in laboratory 

SOPs.   The Reagent and Chemicals SOP, T107, gives a general overview of the requirements 
with the determinative SOPs for each process further defining the QC acceptance criteria.  In 
most cases, the analysis of an Initial Calibration Verification (ICV) or LCS/LCSD (where there is 
no sample preparation) is used as the second source verification of a primary calibration source. 

 
 
9.4 Calibration 
 
Calibration requirements are divided into two parts:  (1) requirements for analytical support equipment, and 
(2) requirements for instrument calibration.  In addition, the requirements for instrument calibration are divided 
into initial calibration and second source or initial calibration verification, and continuing calibration verification. 
 
9.4.1 Support Equipment 
 
These standards apply to all devices that may not be the actual test instrument, but are necessary to support 
laboratory operations.  These include but are not limited to:  balances, ovens, refrigerators, freezers, 
incubators, water baths, thermometers, and volumetric dispensing devices (such as Eppendorf®, or automatic 
dilutor/dispensing devices) if quantitative results are dependent on their accuracy, as in standard preparation 
and dispensing or dilution into a specified volume. 
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a) All support equipment is maintained in proper working order.  The records of all repair and maintenance 
activities, including service calls is kept. 

 
b) All support equipment is calibrated or verified at least annually, using NIST traceable references when 

available, over the entire range of use.  The results of such calibration are within the specifications 
required of the application for which this equipment is used or: 

 
 1) The item is removed from service until repaired; or 
 
 2) The laboratory maintains records of established correction factors to correct all measurements. 
 
c) Raw data records are retained to document equipment performance. 
 
d) Prior to use on each working day, balances, ovens, refrigerators, freezers, and water baths are checked 

in the expected use range, with NIST traceable calibrated references.  The acceptability for use or 
continued use is according to the needs of the analysis or application for which the equipment is being 
used. 

 
e) Mechanical volumetric dispensing devices including burettes (except Class A glassware) are checked for 

accuracy on at least a quarterly use basis.  Glass microliter syringes are to be considered Class A 
glassware, and come with a certificate from the manufacturer attesting to established accuracy or the 
accuracy is initially demonstrated and documented by the laboratory. 

 
9.4.2 Instrument Calibration 
 
This manual specifies the essential elements that define the procedures and documentation for initial 
instrument calibration and continuing instrument calibration verification to ensure that the data are of known 
quality and be appropriate for a given regulation or decision.  This manual does not specify detailed 
procedural steps (“how to”) for calibration, but establishes the essential elements for selection of the 
appropriate technique(s).  This approach allows flexibility and permits the employment of a wide variety of 
analytical procedures and statistical approaches currently applicable for calibration.  If more stringent 
standards or requirements are included in a mandated test method or by regulation, the laboratory 
demonstrates that such requirements are met.   If it is not apparent which standard is more stringent, then the 
requirements of the regulation or mandated test method are to be followed.  
 
Note:  In the following sections, initial instrument calibration is directly used for quantitation and 
continuing instrument calibration verification is used to confirm the continued validity of the initial 
calibration, unless otherwise stipulated by the analytical method. 
 
9.4.2.1 Initial Instrument Calibrations 
 

The following items are essential elements of initial instrument calibration: 
 
a) The details of the initial instrument calibration procedures including calculations, integrations, acceptance 

criteria and associated statistics are included or referenced in the test method SOP.  When initial 
instrument calibration procedures are referenced in the test method, the referenced material is retained 
by the laboratory and is available for review. 

 
b) Sufficient raw data records are retained to permit reconstruction of the initial instrument calibration, e.g., 

calibration date, test method, instrument, analysis date, each analyte name, analyst’s initials or signature; 
concentration and response, calibration curve or response factor; or unique equation or coefficient used 
to reduce instrument responses to concentration. 

 
c) Sample results are quantitated from the initial instrument calibration and may not be quantitated from any 

continuing instrument calibration verification unless specifically stated in a mandated test method. 
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d) All initial instrument calibrations are verified with a standard obtained from a second manufacturer or lot.  
Traceability shall be to a national standard, when available. 

 
e) Criteria for the acceptance of an initial instrument calibration is established, e.g., correlation coefficient or 

relative percent difference.  The criteria used are appropriate to the calibration technique employed. 
 
f) Results of samples not bracketed by initial calibration standards (within calibration range) are reported as 

having less certainty, e.g., defined qualifiers or flags or explained in the case narrative.  As determined by 
the method, the lowest calibration standard is at or above the method detection limit and at or below the 
reporting limit. 

 
g) If the initial instrument calibration results are outside established acceptance criteria, corrective actions 

are performed.  Data associated with an unacceptable initial instrument calibration is not reported. 
 
h) Calibration standards include concentrations at or below the regulatory limit/decision level, if the 

laboratory knows these limits/levels, unless these concentrations are below the laboratory’s demonstrated 
detection limits (See ECI QSM Section Appendix D.1.5 Detection Limits). 

 
i) If a reference or mandated method does not specify the number of calibration standards, the minimum 

number is two, not including blanks or a zero standard.  The laboratory’s standard operating procedure 
defines the number of points for establishing the initial instrument calibration. 

9.4.2.2 Continuing Instrument Calibration Verification 
 
When an initial instrument calibration is not performed on the day of analysis, the validity of the initial 
calibration is verified prior to sample analyses by analyzing a continuing calibration verification standard with 
each analytical batch.  The following items are essential elements of continuing calibration verification: 
 
a) The details of the continuing calibration procedure, calculations and associated statistics must be 

included or referenced in the test method SOP. 
 
b) A continuing calibration verification standard must be analyzed at the beginning and end of each 

analytical batch, and where required by method or project, at a specific frequency, every 10 or 20 
samples or 12 hours, within the batch.  The concentrations of the calibration verification shall be varied 
within the established calibration range.  If an internal standard is used, only one continuing calibration 
verification standard must be analyzed, prior to sample or QC analysis, per analytical batch. 

 
c) Sufficient raw data records must be retained to permit reconstruction of the continuing calibration 

verification, e.g., test method, instrument, analysis date, each analyte name, concentration and response, 
calibration curve or response factor, or unique equations or coefficients used to convert instrument 
responses into concentrations.  Continuing calibration verification records must explicitly connect the 
continuing calibration verification data to the initial calibration.   

 
d) Criteria for the acceptance of a continuing calibration verification must be established, e.g., relative 

percent difference. 
 
e) If the continuing calibration verification results obtained are outside established acceptance criteria, 

corrective actions must be performed.  If routine corrective action procedures fail to produce a second 
(consecutive and immediate) calibration verification within acceptance criteria, then the laboratory shall 
demonstrate performance after corrective action with two consecutive successful calibration verifications, 
or a new instrument calibration must be performed.  If the laboratory has not demonstrated acceptable 
performance, sample analyses shall not occur until a new initial calibration curve is established and 
verified. 
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As an exception, sample data associated with an unacceptable continuing calibration verification may be 
reported as qualified data under the following special conditions: 

 
 i. When the acceptance criteria for the continuing calibration verification are exceeded high, i.e., high 

bias and there are associated samples that are non-detects, then those non-detects may be 
reported.  Otherwise the samples affected by the unacceptable calibration verification are 
reanalyzed after a new calibration curve has been established, evaluated and accepted. 

 
 ii. When the acceptance criteria for the continuing calibration verification are exceeded low, i.e., low 

bias, those sample results may be reported if they exceed a maximum regulatory limit/decision level.  
Otherwise the samples affected by the unacceptable verification are reanalyzed after a new 
calibration curve has been established, evaluated and accepted. 

 

10.0 TEST METHODS AND STANDARD OPERATING PROCEDURES 
 
10.1 Methods Documentation 
 
a) The laboratory has documented instructions on the use and operation of all relevant equipment, on the 

handling and preparation of samples and for calibration and/or testing, where the absence of such 
instructions could jeopardize the calibrations or tests. 

 
b) All instructions, standards, manuals, and reference data relevant to the work of the laboratory are 

maintained up-to-date and be readily available to the staff. 
 
10.1.1 Standard Operating Procedures (SOPs) Administrative 
 
ECI maintains standard operating procedures that accurately reflect all phases of current laboratory activities 
such as instrument operation, assessing data integrity, corrective actions, handling customer complaints, 
reporting of test results, etc. 
 
a) These documents, for example, may be equipment manuals provided by the manufacturer or internally 

written documents. 
 
b) The test methods may be copies of published methods as long as any changes or selected options in the 

methods are documented and included in the SOP (See 10.1.2.) 
 
c) Copies of all SOPs are accessible to all personnel. 
 
d) The SOPs are organized. 
 
e) Each SOP clearly indicates the effective date of the document, the revision number and the signatures of 

the approving authorities. 
 
10.1.2 Standard Operating Procedures (SOPs) Analytical 
 
a) The laboratory has and maintains SOPs for each accredited analyte or test method. 
 
b) This SOP may consist of copies of published or referenced test methods or standard operating 

procedures that have been written by the laboratory. In cases where modifications to the published 
method have been made by the laboratory or where the referenced test method is ambiguous or provides 
insufficient detail, these changes or clarifications are clearly described.  Each test method includes or 
references where applicable: 
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1) Identification of the test method; 
2) Applicable matrix or matrices; 
3) Detection limit; 
4) Scope and application, including components to be analyzed; 
5) Summary of the test method; 
6) Definitions; 
7) Interferences; 
8) Safety; 
9) Equipment and supplies; 
10) Reagents and standards; 
11) Sample collection, preservation, shipment, and storage; 
12) Quality control; 
13) Calibration and standardization; 
14) Procedure; 
15) Calculations; 
16) Method performance; 
17) Pollution prevention; 
18) Data assessment and acceptance criteria for quality control measures; 
19) Corrective actions for out-of-control data; 
20) Contingencies for handling out-of-control or unacceptable data; 
21) Waste management; 
22) References; and 
23) Any tables, diagrams, flowcharts, and validation data. 
24) Modifications 
25) Revision History 

 
Laboratory procedures other than preparative or analytical procedure may use a shortened format as outlined 
in SOP T001. 
 
10.2 Exceptionally Permitting Departures from Documented Policies / Procedures 
 
a) If it is necessary to depart from a documented procedure or policy due to circumstances outside of ECI’s 

control or due to conditions encountered while preparing or analyzing a sample, the following will be 
documented. 

 
1) The nature of the exception 
2) How the data or procedure may be impacted 
3) Any Corrective Action that may be needed. 
4) Any approval from a client that may be required. 
5) Approval by management to report or proceed with the exception. 
6) A Case Narrative with the Final Report explaining the exception. 

 
10.3 Test Methods 
 
The laboratory uses appropriate test methods and procedures for all tests and related activities within its 
responsibility (including, as applicable, sample collection, sample handling, transport and storage, sample 
preparation and sample analysis).  The method and procedures shall be consistent with the accuracy 
required, and with any standard specifications relevant to the calibrations or tests concerned. 
 
a) When the use of specific test methods for a sample analysis is mandated or requested, only those 

methods are used. 
 
b) Where test methods are employed that are not required, as in the Performance Based Measurement 

System approach, the methods are fully documented and validated (see ECIQSM Section 10.1.2 and 
Appendix C), and are available to the client and other recipients of the relevant reports. 
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10.4 Test Method Assessment 

 
The laboratory will periodically conduct a Test Method Assessment (TMA) on the analytical methods in use. 
These TMAs will be conducted under the guidance of SOP T029. The purpose is to evaluate the compliance 
between bench performances of the method versus the current ECI Standard Operating Procedure versus the 
promulgated or published method. Discrepancies will need to be addressed and resolved. Note that some 
methods are totally prescriptive while others may contain prescriptive aspects, and still others are 
performance based. In many cases, modifications to the published method may be required due to 
circumstances outside the laboratories’ control. 
 

10.5 Demonstration of Capability  
 

a) Prior to acceptance and institution of any test method, satisfactory demonstration of method capability is 
required. (See ECI QSM Section Appendix C and 6.2.b.) This demonstration does not test the 
performance of the method in real world samples, but in the applicable and available clean matrix 
(sample of a matrix is which no target analytes or interferences are present at concentrations that impact 
the results of a specific test method), e.g., water, solids and air.  In addition, for analytes that do not lend 
themselves to spiking, the demonstration of capability may be performed using quality control samples.   

 
b) Continuing demonstration of method performance, as per the quality control requirements in Appendix D 

(such as laboratory control samples) is required. 
 
c) In all cases, the appropriate forms, such as the Certification Statement (Appendix C), is completed and 

retained by the laboratory to be made available upon request.  The laboratory retains all associated 
supporting data necessary to reproduce the analytical results summarized in the Certification Statement.  
(See Appendix C for an example of a Certification Statement.) 

 
d) Demonstration of capability is completed each time there is a significant change in instrument type, 

personnel, or test method. 
 
e) In departments with specialized “work cell(s)” (a group consisting of analysts with specifically defined 

tasks that together perform the test method), the group as a unit must meet the above criteria and this 
demonstration of capability is fully documented.  

 
f) When a work cell is employed, and the members of the cell change, the new employee(s) must work with 

an experienced analyst in that area of the work cell where they are employed.  This new work cell must 
demonstrate acceptable performance through acceptable continuing performance checks (appropriate 
sections of Appendix D, such as laboratory control samples).  Such performance is documented and the 
four preparation batches following the change in personnel must not result in the failure of any batch 
acceptance criteria, e.g., method blank and laboratory control sample, or the demonstration of capability 
must be repeated.  In addition, if the entire work cell is changed or replaced, the new work cell must 
perform the demonstration of capability (Appendix C). 

 
g) Performance of the work cell is linked to the training records of the individual members of the work cell 

(See ECI QSM Section 6.2). 
 
 
10.6 Sample Aliquots 
 
Where sampling (as in obtaining sample aliquots from a submitted sample) is carried out as part of the test 
method, the laboratory shall use documented procedures and appropriate techniques to obtain representative 
subsamples. Reference SOP M230, Homogenization and Compositing of Solid, Soil and Sediment Samples 
for further guidance. 
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10.7 Data Verification 
 
Calculations and data transfers are subject to appropriate checks. 
 
a) The laboratory has Standard Operating Procedures that ensure that the reported data are free from 

transcription and calculation errors. 
 
b) The laboratory has Standard Operating Procedures that ensure that all quality control measures are 

reviewed, and evaluated before data are reported.  Refer to SOPs T020, internal Quality Control Checks 
and T062, Project Management and Analytical Report Review 

 
c) The laboratory has Standard Operating Procedures that address manual calculations including manual 

integrations.  Refer to SOPs T065, Data Integrity and T023, Peak Integration Procedures. 
 
10.8 Documentation and Labeling of Standards and Reagents 
 
Documented procedures exist for the purchase, receipt and storage of consumable materials used for the 
technical operations of the laboratory. 
 
a) The laboratory retains records for all standards, reagents and media including the manufacturer/vendor, 

the manufacturer’s Certificate of Analysis or purity (if supplied), the date of receipt, recommended storage 
conditions, and an expiration date after which the material is not used, unless the laboratory verifies its 
suitability for testing use. 

 
b) Original containers (such as those provided by the manufacturer or vendor) are labeled with an expiration 

date. 
 
c) Records are maintained on reagent and standard preparation.  These records indicate traceability to 

purchased stocks or neat compounds, reference to the method of preparation, date of preparation, 
expiration date and preparer's initials. 

 
d) All containers of prepared reagents and standards bear a unique identifier and expiration date and are 

linked to the documentation requirements in ECIQSM Section 10.8.c above.   
 
10.9 Computers and Electronic Data Related Requirements 
 
Where computers, automated equipment, or microprocessors are used for the capture, processing, 
manipulation, recording, reporting, storage or retrieval of test data, ECI ensures that: 
 
a) All requirements of the NELAC Standard (i.e., Chapter 5 of NELAC) are met;  
 
b) Computer software is tested and documented to be adequate for use, e.g., internal audits, personnel 

training, focus point of QA and QC; 
 
c) Procedures are established and implemented for protecting the integrity of data.  Such procedures 

include, but are not limited to, integrity of data entry or capture, data storage, data transmission and data 
processing; 

 
d) Computer and automated equipment are maintained to ensure proper functioning and provided with the 

environmental and operating conditions necessary to maintain the integrity of calibration and test data; 
and, 

 
e) It establishes and implements appropriate procedures for the maintenance of security of data including 

the prevention of unauthorized access to, and the unauthorized amendment of, computer records. 
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11.0 SAMPLE HANDLING, SAMPLE ACCEPTANCE POLICY AND SAMPLE RECEIPT 
 
While ECI does not have control of field sampling activities, the following are essential to ensure the validity of 
the laboratory’s data. 
 
11.1 Sample Tracking 
 
a) The laboratory has a documented system for uniquely identifying the items to be tested, to ensure that 

there can be no confusion regarding the identity of such items at any time.  This system includes 
identification for all samples, subsamples and subsequent extracts and/or digestates.  The laboratory 
assigns a unique identification (ID) code to each sample container received in the laboratory.  (The use of 
container shape, size, or other physical characteristic, such as amber glass, or purple top, is not an 
acceptable means of identifying the sample.) 

 
b) This laboratory code is maintained as an unequivocal link with the unique field ID code assigned each 

container. 
 
c) The laboratory ID code is placed on the sample container as a durable label. 
 
d) The laboratory ID code is entered into the laboratory records (see ECIQSM Section 11.3.d) and is the link 

that associates the sample with related laboratory activities such as sample preparation or calibration. 
 
e) In cases where the sample collector and analyst is the same individual or the laboratory pre-assigns 

numbers to sample containers, the laboratory ID code may be the same as the field ID code. 
 
11.2 Sample Acceptance Policy 
 
The laboratory has a written sample acceptance policy that clearly outlines the circumstances under which 
samples are accepted or rejected.  Data from any samples that do not meet the following criteria are flagged 
in an unambiguous manner, and the nature of the variation is clearly defined.  The sample acceptance policy 
is available to sample collection personnel and includes, but is not limited to, the following areas of concern: 
 
a) Proper, full, and complete documentation, that includes sample identification, the location, date and time 

of collection, collector's name, preservation type, sample type and any special remarks concerning the 
sample; 

 
b) Proper sample labeling that includes a unique identification and a labeling system for the samples with 

requirements concerning the durability of the labels (water resistant) and the use of indelible ink; 
 
c) Use of appropriate sample containers; 
 
d) Adherence to specified holding times;  
 
e) Adequate sample volume.  Sufficient sample volume must be available to perform the necessary tests; 

and, 
f) Procedures to be used when samples show signs of damage, contamination or inadequate preservation. 
 
g) Samples are NOT accepted if classified as extremely hazardous, reference section 5.2 k for examples. 

 
11.3 Sample Acceptance Policy (Posted) 
  

This sample acceptance policy outlines the circumstances in which received samples are accepted or 
rejected by Eurofins Calscience, Inc. (ECI).  If any of the below criteria are not met, it may delay ECI’s 
processing of samples, possibly compromising “short” holding time analyses.  Where received 
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samples do not meet these criteria, ECI will contact the client.  If immediate client contact cannot be 
made, and hold times are not an issue, samples will be appropriately stored until the situation is 
clarified with the client.  If a delay in sample processing will result in missed holding times, and ECI 
deems there is sufficient information provided on the Chain-of-Custody (COC), the lab will proceed 
with sample log-in and processing; however, ECI will not assume any liability for samples processed 
under these circumstances. 

Data from samples that do not meet the sample acceptance criteria are flagged and/or addressed in a 
case narrative, with the nature of the deviation clearly defined. Samples must have written 
authorization to proceed if not in compliance with this guidance. 

1. Complete COC with the following information: 

 Unique sample identification, date and time of collection, sample matrix, analysis requested, 
sampler's name, preservation type (if applicable), client name and address, any additional 
comments, signature of relinquishing party and date and time that samples were relinquished. 

2. Sample temperature upon receipt of >0°C to 6°C, as applicable to the method. 

 In the event that samples are collected on the same day that they are received by the laboratory, 
they are deemed acceptable if they are received on ice and the cooling process has begun. 

3. Sample containers and preservatives must be appropriate for the test and method being 
requested on the COC. 

4. Sample labels must include a unique identification written with indelible ink on water resistant 
labels that correspond with the COC. 

5. Adequate sample volume must be provided for the analyses requested on the COC, and 
containers for volatile analyses must be free of headspace.  This includes Tedlar bags and 
Summa canisters. 

6. Sufficient holding time available to perform the analyses requested: 

 Samples shall be received at the laboratory within 72 hours of sampling, or with at least 1/2 of the 
holding time left for the analysis, whichever is less.  ECI always makes a best effort to ensure that 
holding times are not exceeded under these circumstances.  In the event that a preparation or 
analysis is performed outside of the associated holding time, the data will be qualified in the 
report. 

7. Coolers and samples must be received in good condition, with no obvious signs of damage or 
tampering. 

8. Received with a copy of ECI’s Foreign Soil Permit, if applicable. 

9. Please note, mixed waste, or samples classified as extremely hazardous are NOT accepted. 

 
If you require additional information or clarification, please do not hesitate to contact ECI, or 
your Project Manager at (714) 895-5494. 

 
11.4 Sample Receipt Protocols 
 
a) Upon receipt, the condition of the sample, including any abnormalities or departures from standard 

condition as prescribed in the relevant test method, is recorded.  All items specified in ECIQSM Section 
11.2 above are checked. 

 
1) All samples that require cold temperature preservation are considered acceptable if the arrival 

temperature is within 2C of the required temperature or the method-specified range.  For samples 
with a specified temperature of 4C, samples with a temperature ranging from just above the freezing 
temperature of water to 6C shall be acceptable.  Samples that are hand delivered to the laboratory 
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immediately after collection may not meet these criteria.  In these cases, the samples shall be 
considered acceptable if there is evidence that the chilling process has begun, such as arrival on ice. 

 
2) The laboratory shall implement procedures for checking chemical preservation using readily available 

techniques, such as pH or free chlorine, prior to or during sample preparation or analysis. 
 
 With the exception of residual chlorine measurements in aquatic toxicity samples, certain 

measurements, such a pH, are performed and recorded just prior to analysis. 
 
      Field filtration for dissolved metals, Perchlorate and others may also be required. If there is no 

documentation of field filtration on the Chain of Custody when required, the Project Manager is 
notified and the client asked. If samples are not field filtered, they are sent to the lab for filtration 
within 24 or 48 hours depending on the analysis. 

 
b) The results of all checks are recorded on Sample Receipt and, as needed, Sample Anomaly forms. 
 
c) When there is any doubt as to the item's suitability for testing, when the sample does not conform to the 

description provided, and when the test required is not fully specified, the laboratory makes every attempt 
to consult the client for further instruction before proceeding.  The laboratory establishes whether the 
sample has received all necessary preparation, or whether sample preparation has yet to be performed.  
If the sample does not meet the sample receipt acceptance criteria listed in this standard, the laboratory: 
 
1) Retains correspondence and/or records of conversations concerning the final disposition of rejected 

samples; or 
 
2) Fully documents any decision to commence with the analysis of samples not meeting acceptance 

criteria. 
 
i. The condition of these samples is, at a minimum, noted on the chain of custody record or 

transmittal form, and laboratory receipt documents. 
 
ii. The analysis data is/are appropriately "qualified" on the final report. 
 

d) The laboratory utilizes a permanent chronological record such as a logbook or electronic database to 
document receipt of all sample containers.   
 
1) This sample receipt log records the following: 

 
i. Client/Project Name; 
 
ii. Date and time of laboratory receipt; 
 
iii. Unique laboratory ID code (see ECIQSM Section 11.1); and 
 
iv. Signature or initials of the person making the entries.  
 

2) During the login process, the following information is linked to the log record or included as a part of 
the log.  If such information is recorded/documented elsewhere, that document becomes part of the 
laboratory's permanent records, easily retrievable upon request, and readily available to individuals 
who will process the sample.  Note:  The placement of the laboratory ID number on the sample 
container is not considered a permanent record. 
 
i. The field ID code that identifies each container is linked to the laboratory ID code in the sample 

receipt log. 
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ii. The date and time of sample collection is linked to the sample container and to the date and time 
of receipt in the laboratory. 

 
iii. The requested analyses (including applicable approved test method numbers) are linked to the 

laboratory ID code. 
 
iv. Any comments resulting from inspection for sample rejection are linked to the laboratory ID code. 

 
e) All documentation (i.e., memos or transmittal forms) that are conveyed to the laboratory by the sample 

submitter is retained. 
 
f) A complete chain of custody record form is maintained. 
 
11.5 Storage Conditions 
 
The laboratory has documented procedures and appropriate facilities to avoid deterioration, contamination, 
and damage to the sample during storage, handling, preparation, and testing; any relevant instructions 
provided with the item are followed.  Where items must be stored or conditioned under specific environmental 
conditions, these conditions are maintained, monitored, and recorded. 
 
a) Samples are stored according to the conditions specified by preservation protocols: 
 

1) Samples that require thermal preservation are stored under refrigeration at +/-2 of the specified 
preservation temperature unless method-specified criteria exist.  For samples with a specified storage 
temperature of 4C, storage at a temperature above the freezing point of water to 6C is acceptable. 

 
2) Samples are stored away from all standards, reagents, food, and other potentially contaminating 

sources. Samples are stored in such a manner to prevent cross contamination. 
 
b) Sample fractions, extracts, leachates, and other sample preparation products are stored according to 

ECIQSM Section 11.4.a above or according to specifications in the test method. 
 
c) When a sample or portion of a sample needs to be held secure (for example, for reasons of record, safety 

or value, or to enable check calibrations or tests to be performed later), the laboratory has storage and 
security arrangements that protect the condition and integrity of the secured items or portions concerned. 

 
11.6 Sample Disposal 
 
The laboratory has standard operating procedures for the disposal of samples, digestates, leachates and 
extracts or other sample preparation products.  Refer to SOP T005, Disposal of Laboratory Samples and 
Wastes. 

12.0 RECORDS 
 
The laboratory maintains a record system to suit its particular circumstances and comply with any applicable 
regulations.  The system produces unequivocal, accurate records that document all laboratory activities. The 
laboratory retains all original observations, calculations and derived data, calibration records and a copy of 
the test report for a minimum of five years. 
 
There are two levels of sample handling:  1) sample tracking and 2) legal chain of custody protocols that are 
used for evidentiary or legal purposes.  All essential requirements for sample tracking (e.g., chain of custody 
form) are outlined in ECIQSM Sections 12.1, 12.2 and 12.3.   ECI details the Legal/Evidentiary and Internal 
Chain of Custody procedures in SOP T100, Sample Receipt and Log-In Procedures. 
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12.1 Record Keeping System and Design 
 
The ECI record keeping system allows historical reconstruction of all laboratory activities that produced the 
analytical data.  The history of the sample is readily understood through the documentation.  This includes 
inter-laboratory transfers of samples and/or extracts. 
 
a) The records include the identity of personnel involved in sampling, sample receipt, preparation, and 

calibration or testing. 
 
b) All information relating to the laboratory facilities equipment, analytical test methods, and related 

laboratory activities, such as sample receipt, sample preparation, or data verification, are documented. 
 
c) The record keeping system facilitates the retrieval of all working files and archived records for inspection 

and verification purposes, e.g., set format for naming electronic files. 
 
d) All changes to records are signed or initialed by responsible staff. The reason for the signature or initials 

is clearly indicated in the records such as “sampled by,” “prepared by,” or “reviewed by.” 
 
e) All generated data, except those that are generated by automated data collection systems, are recorded 

directly, promptly, and legibly in permanent ink. 
 
f) Entries in records are not be obliterated by methods such as erasures, overwritten files or markings.  All 

corrections to record-keeping errors are made by one line marked through the error.  The individual 
making the correction signs (or initials) and dates the correction.  These criteria also apply to 
electronically maintained records. 

 
g) Refer to 10.9 for Computer and Electronic Data. 
 
12.2 Records Management and Storage 
 
a) All records (including those pertaining to calibration and test equipment), certificates and reports are 

safely stored, and held secure and in confidence to the client.  NELAP-related records are available to the 
accrediting authority. 

 
b) All records, including those specified in ECIQSM Section 12.3, are retained for a minimum of five years 

from generation of the last entry in the records.  The laboratory maintains all information necessary for the 
historical reconstruction of data.  Records stored only on electronic media are supported by the hardware 
and software necessary for their retrieval. 

 
c) Records that are stored or generated by computers or personal computers have hard copy or write-

protected backup copies. 
d) The laboratory has an established record management system for control of laboratory notebooks, 

instrument logbooks, standards logbooks, and records for data reduction, validation storage and 
reporting.   

 
e) Access to archived information is documented with an access log.  These records are protected against 

fire, theft, loss, environmental deterioration, vermin, and in the case of electronic records, electronic or 
magnetic sources. 

 
f) The laboratory has a plan to ensure that the records are maintained or transferred according to the 

clients’ instructions (see 4.1.8.e of NELAC) in the event of Laboratory Transfer of Ownership, Going out 
of Business or Bankruptcy. In all cases, appropriate regulatory and state legal requirements concerning 
laboratory records will be followed. For detailed policies and procedures for handling of client records and 
data in these situations, reference QSM Section 6.2.1 and SOP T-002, Document Control. 
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12.3 Laboratory Sample Tracking 
  
12.3.1 Sample Handling 
 
A record of all procedures to which a sample is subjected while in ECI’s possession is maintained.  These 
include but are not limited to all records pertaining to: 
 
a) Sample preservation, including appropriateness of sample container and compliance with holding time 

requirement; 
 
b) Sample identification, receipt, acceptance or rejection, and log-in; 
 
c) Sample storage and tracking, including shipping receipts, sample transmittal forms (chain of custody 

form); and 
 
d) Documentation procedures for the receipt and retention of test items, including all provisions necessary to 

protect the integrity of samples.  
 
12.3.2 Laboratory Support Activities 
 
In addition to documenting all the above-mentioned activities, the following is retained: 
 
a) All original raw data, whether hard copy or electronic, for calibrations, samples and quality control 

measures, including analysts work sheets and data output records (chromatograms, strip charts, and 
other instrument response readout records); 

 
b) A written description or reference to the specific test method used, which includes a description of the 

specific computational steps used to translate parametric observations into a reportable analytical value; 
 
c) Copies of final reports; 
 
d) Archived standard operating procedures; 
 
e) Correspondence relating to laboratory activities for a specific project; 
 
f) All corrective/preventive action reports, audits and audit responses; 
 
g) Proficiency test results and raw data; and, 
 
h) Results of data review, verification, and cross-checking procedures. 
 
12.3.3 Analytical Records 
 
The essential information associated with analyses, such as strip charts, tabular printouts, computer data 
files, analytical notebooks, and run logs, include: 
 
a) Laboratory sample ID code; 
 
b) Date of analysis and time of analysis if the method-specified holding time is 72 hours or less, or when 

time critical steps are included in the analysis, e.g., extractions, and incubations; 
 
c) Instrument identification and instrument operating conditions/parameters (or reference to such data); 
 
d) Analysis type; 
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e) All manual calculations e.g., manual integrations; 
 
f) Analyst's or operator's initials/signature or chemist ID number; 
 
g) Sample preparation including cleanup, separation protocols, incubation periods or subculture, ID codes, 

volumes, weights, instrument printouts, meter readings, calculations, reagents; 
 
h) Sample analysis; 
 
i) Standard and reagent origin, receipt, preparation, and use; 
 
j) Calibration criteria, frequency and acceptance criteria; 
 
k) Data and statistical calculations, review, confirmation, interpretation, assessment and reporting 

conventions; 
 
l) Quality control protocols and assessment; 
 
m) Electronic data security, software documentation and verification, software and hardware audits, backups, 

and records of any changes to automated data entries; and, 
 
n) Method performance criteria including expected quality control requirements. 
 
12.3.4 Administrative Records 
 
The following are maintained: 
 
a) Personnel qualifications, experience and training records; 
 
b) Ethics Statements; 
 
c) Records of demonstration of capability for each analyst; and 
 
d) A log of names, initials and signatures for all individuals who are responsible for signing or initialing any 

laboratory record. 
 

13.0 LABORATORY REPORT FORMAT AND CONTENTS 
 
The results of each test, or series of tests carried out by the laboratory must be reported accurately, clearly, 
unambiguously and objectively.  The results normally reported in a test report and include all the information 
necessary for the interpretation of the test results and all information required by the method used.  Some 
regulatory reporting requirements or formats, such as monthly operating reports may not require all items 
listed below, however, ECI will provide all the required information to their client for use in preparing such 
regulatory reports. 
 
a) Except as discussed in 13.b, each report to an outside client includes at least the following information 

(those prefaced with “where relevant” are not mandatory): 
 
1) A title, e.g., "Analytical Report," or "Test Certificate," "Certificate of Results" or "Laboratory Results”; 
 
2) Name and address of laboratory, and location where the test was carried out if different from the 

address of the laboratory and phone number with name of contact person for questions; 
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3) Unique identification of the certificate or report (such as serial number) and of each page, and the 
total number of pages; 

 
This requirement may be presented in several ways: 
 
i. The total number of pages may be listed on the first page of the report as long as the subsequent 

pages are identified by the unique report identification and consecutive numbers, or 
 
ii. Each page is identified with the unique report identification, the pages are identified as a number 

of the total report pages (example: 3 of 10, or 1 of 20). 
 
Other methods of identifying the pages in the report may be acceptable as long as it is clear to the 
reader that discrete pages are associated with a specific report, and that the report contains a 
specified number of pages. 

 
4) Name and address of client, where appropriate and project name if applicable; 
 
5) Description and unambiguous identification of the tested sample including the client identification 

code; 
 
6) Identification of test results derived from any sample that did not meet NELAC sample acceptance 

requirements such as improper container, holding time, or temperature; 
 
7) Date of receipt of sample, date and time of sample collection, date(s) of performance test, and time of 

sample preparation and/or analysis if the required holding time for either activity is less than or equal 
to 72 hours; 

 
8) Identification of the test method used, or unambiguous description of any nonstandard method used; 
 
9) If the laboratory collected the sample, reference to sampling procedure; 
 
10) Any deviations from (such as failed quality control), additions to or exclusions from the test method 

(such as environmental conditions), and any nonstandard conditions that may have affected the 
quality of results, and including the use and definitions of data qualifiers. 

 
11) Measurements, examinations and derived results, supported by tables, graphs, sketches, and 

photographs as appropriate, and any failures identified; identify whether data are calculated on a dry 
weight or wet weight basis; identify the reporting units such as µg/l or mg/kg; 

 
12) When required, a statement of the estimated uncertainty of the test results; 
 
13) A signature and title, or an equivalent electronic identification of the person(s) accepting responsibility 

for the content of the certificate or report (however produced), and date of issue; 
 
14) At the ECI’s discretion, a statement to the effect that the results relate only to the items tested or to 

the sample as received by the laboratory; 
 
15) At the ECI’s discretion, a statement that the certificate or report shall not be reproduced except in full, 

without the written approval of the laboratory; 
 
16) Clear identification of all test data provided by outside sources, such as subcontracted laboratories, 

clients, etc.; and 
 
17) Clear identification of numerical results with values outside of quantitation limits. 
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b) Where the certificate or report contains results of tests performed by subcontractors, these results are 
clearly identified by subcontractor name or applicable accreditation number and the entirety of the 
subcontract report is included with the final ECI report. 

 
c) After issuance of the report, the laboratory report remains unchanged.  Material amendments to a 

calibration certificate, test report or test certificate after issue may be made only in the form of a further 
document, or data transfer, including the statement "Supplement to Test Report or Test Certificate, serial 
number . . . [or as otherwise identified]", or equivalent form of wording.  Such amendments meet all the 
relevant requirements of the NELAC Standard. 

 
d) ECI notifies clients promptly, in writing, of any event such as the identification of defective measuring or 

test equipment that casts doubt on the validity of results given in any calibration certificate, test report or 
test certificate or amendment to a report or certificate. 

 
e) The laboratory will, where clients require transmission of test results by telephone, telex, facsimile or 

other electronic or electromagnetic means, follow documented procedures that ensure that the 
requirements of this Standard are met and that confidentiality is preserved. 

 
f) ECI will certify that all its NELAC-certified test results reported meet all requirements of NELAC or provide 

reasons and/or justification if they do not. 

14.0 SUBCONTRACTING ANALYTICAL SAMPLES 
 

When ECI subcontracts work whether because of unforeseen circumstances (e.g. workload, need for further 
expertise or temporary incapacity) or on a continuing basis (e.g. through client direction, contractual 
arrangement or permanent subcontracting), this work shall be placed with a laboratory accredited under 
NELAP, or other appropriate certification, for the tests to be performed or with a laboratory that meets 
applicable statutory and requirements for performing the tests and submitting the results of tests performed. 
All subcontracted work shall be referenced and so noted in the final ECI analytical report. 
 
Subcontract laboratories will provide or make available, current copies of the following documents prior to ECI 
submitting samples. This information will be updated annually or on an as needed basis. 
 
  
a) Laboratory accreditations / certifications 
 
b) Upon request, any Proficiency Testing (PT) or Performance Evaluation (PE) results relevant to the 

subcontracted samples. 
 

c) Insurance Certificates 
 

d) Quality Assurance Manual 
 

e) Subcontract laboratories will also submit statements affirming that ECI will be notified if any of the 
following occur. 

 
 There is a change or loss in accreditation for the applicable analysis. 

 
 Most recent PT or PE study results for the applicable analysis are unacceptable AND are not able to 

be addressed via Corrective Action. 
 

 There is a need to subcontract ECI project samples. Prior ECI approval is required in writing for 
subcontracting samples.  
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f) The client project requirements will be used to evaluate the subcontract laboratories and to determine 
their acceptability. Approval by either: the QA Manager, Laboratory Director or Client Services Director (or 
designee) is required. 

 
g) A master list of approved laboratories will be created and distributed to Sample Control and all Project 

Managers. All subcontracting must utilize a laboratory from this list.  
 
The procedure for subcontracting samples will follow these guidelines: 
 
a) ECI will advise its client via written, facsimile or e-mail notification of its intention to subcontract any 

portion of the testing to another party in cases when unforeseen circumstances occur. ECI shall gain 
approval by the client in writing, facsimile or via e-mail response.  

 
b) ECI may subcontract samples on a continuing basis without written, facsimile or e-mail notification under 

the following (but not limited to) cases: 
 

 Standing Client direction or instruction 
 

 Contractual specification or requirement 
 

 Project historical precedent 
 
c) A separate Chain of Custody will be created specifically for the subcontracted sample(s). This (or a copy) 

will be included with the full and complete subcontract report in the final ECI analytical report. 
 
d) ECI shall retain records demonstrating that the above requirements have been met. 
 
e) If the samples to be subcontracted are submitted to ECI under special regulatory, agency or 

governmental accreditation, Example: Department of Defense / Energy, that have more comprehensive 
or differing quality criteria, Example: DOD/DOE QSM for Environmental Laboratories Version 5.0 July 
2013, then the subcontract laboratory MUST have certification for the subcontracted analysis from the 
same entity and MUST have undergone similar assessment as the primary laboratory for the 
subcontracted component. Written authorization from the client or authorizing body must be obtained 
prior to usage of each subcontract laboratory. 

 

15.0 OUTSIDE SUPPORT SERVICES AND SUPPLIES 
 
ECI does not procure outside services and supplies, other than those referred to in this Manual. 
 
Service providers and vendors are evaluated in accordance with ISO/IEC 17025:2005 or ISO 9001 guidelines 
prior to use by ECI, reference SOP T019 and T107 for additional information. 
 

16.0 INQUIRIES AND COMPLAINTS 
 
ECISOP-T018 addresses the policies and procedures for the resolution of inquiries and complaints received 
from clients or other parties about the laboratory's activities.  Where an inquiry or complaint, or any other 
circumstance, raises doubt concerning the laboratory's compliance with the laboratory's policies or 
procedures, or with the requirements of this manual or otherwise concerning the quality of the laboratory's 
calibrations or tests, the laboratory shall ensure that those areas of activity and responsibility involved are 
promptly audited in accordance with NELAC Section 5.3.1.  Records of the complaint and subsequent actions 
are maintained and are available for audits. 
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17.0 REVIEW OF WORK REQUESTS, CONTRACTS AND TENDERS 
 

ECI has established procedures for the review of work requests contracts and tenders.  Projects, proposals 
and contracts are reviewed for adequately defined requirements and the ability of ECI to meet those 
requirements.  A thorough review of all technical and quality control requirements contained in these requests 
is performed to ensure a project’s success.  The appropriateness of requested methods, and the lab’s 
capability to perform them must be established.  A review of the laboratory’s capability to analyze non-routine 
analytes is also part of this review process.  Additionally, alternate test methods that are capable of meeting 
the clients’ requirements may be proposed by the lab.   
 
All projects, proposals and contracts are reviewed for the client’s requirements in terms of compound lists, 
test methodology requested, detection and reporting levels, and quality control limits.  During the review 
process, the laboratory determines whether it has the necessary physical, personnel and information 
resources to meet the project requirements, and if the personnel have the expertise needed to perform the 
required testing.  Each proposal is also checked for its impact on the overall capacity of the laboratory.  The 
proposed turnaround time will be checked for feasibility.  Electronic or hard copy deliverable requirements are 
evaluated against the laboratory’s ability to produce such documentation. 
 
This review process ensures that the laboratory’s test methods are suitable to achieve regulatory and/or client 
requirements and that the laboratory holds the appropriate certifications to perform the work.  In the event that 
the use of a subcontract laboratory is needed, also confirming that they meet all project requirements and 
maintain the appropriate certifications for the proposed subcontract analyses.  If the laboratory cannot provide 
all services and therefore intends to use the services of a subcontract laboratory, this will be documented and 
discussed with the client prior to project or contract approval. 
 
Following the review process, the laboratory informs the client of the results of the review and notes any 
potential conflict, lack of accreditation, or inability of the lab to complete the work satisfactorily. Any 
discrepancy between the client’s requirements and the capability of the laboratory to meet those requirements 
is resolved in writing before acceptance of the project or contract.  It is necessary that the project 
requirements or contract be acceptable to both the client and the laboratory prior to the start of the work.  The 
review process is repeated when there are amendments to the original contract by the client.   
 
All contracts, Quality Assurance Project Plans (QAPPs), Sampling and Analysis Plans (SAPs), contract 
amendments, and documented communications become part of the project record.   
 
Review Personnel 
 
Depending upon the scope of a project or contract, one or more key persons may review and accept work on 
behalf of the laboratory.  For routine projects, a review by the Project Manager (PM) is considered adequate.  
The PM confirms that the laboratory has the necessary certifications, that it can meet the clients’ data quality, 
reporting and turn-around time requirements.   
 
For new, complex or large projects, the proposed project proposal or contract is given to the Business 
Development Director for an initial review that encompasses all facets of the operation.  The scope of work is 
then distributed to the following personnel, as needed based on scope of contract, to evaluate all of the 
project related requirements: 
 
• Laboratory Director 
• Operations Director 
• Technical Director 
• Quality Assurance Director 
• Quality Assurance Manager 
• Group Leaders 
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• Project Manager(s) 
 
Appropriate records are maintained for every contract or work request.  Copies of the agreed-upon contract 
will be distributed to key personnel as needed and the signed copies maintained by the Business 
Development Director and/or Laboratory Director.   
 
Project Kick-off and Status Meetings 
 
For routine project work, project managers ensure that specific technical and QC requirements are effectively 
evaluated and communicated to laboratory personnel through the use of the LIMS system: special 
requirements section of the chemist’s worksheet.   
 
Prior to work on a new or complex project, project managers or key personnel will hold meetings with 
operations personnel to discuss schedules and any unique aspects of the project.  Items discussed include 
the project technical profile, turnaround times, holding times, methods, analyte lists, reporting limits, 
deliverables, sample hazards, and any other special requirements.   
 
Project requirements are given to the laboratory staff during project kick-off meetings or the daily status 
meetings.  Information disseminated during these meetings provides direction to the laboratory staff in order 
to maximize production, maintain high quality and ensure client satisfaction.  
 
During the project, changes to the scope of work may occur due to client, sampling or regulatory reasons.  If 
these changes impact the laboratory’s role in the project (use of a non-standard method or modification of a 
method to comply with revised requirements) then the changes need to be discussed with and agreed upon 
with the client prior to continuing with the work.  These changes must be documented prior to implementation 
and communicated to the laboratory staff during a status or project specific meeting.  Documentation of the 
modification is made in the analytical report narrative. 
 
And at all times, records of all pertinent discussions with a client relating to the project or contract are 
documented and maintained as a part of the project record.  
 

18.0 MANAGEMENT REVIEW, MANAGEMENT OF CHANGE AND CONTINUOUS IMPROVEMENT 
 

18.1 Management Review 
 
A comprehensive Management Review of the entire ECI Quality System will be conducted by the Laboratory 
Director on an annual basis, no later than the end of the first quarter for the previous year’s review.  The SOP 
T-030 may be consulted for detailed guidance.  All major stakeholders will be given an opportunity to provide 
comment or input for the review. These will include: 
 
• Laboratory Director 
• Client Services Director 
• Operations Director 
• Technical Director 
• Senior Project Manager 
• Other Operational / Project Management personnel as appropriate. 
• Clients 
 
The purpose and goal of the Management Review will identify weaknesses, areas requiring more resources 
or oversight, opportunities for continuous improvement and follow up on previous recommendations. 
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The final completed review is part of the NELAP laboratory documentation requirements and may be 
submitted to ECI authorized auditing agencies or clients upon request. 
 
18.2 Management of Change 
 
Whenever a change is made in a controlled environment (not just production) the laboratory is put at risk. 
However, one needs to constantly make changes to keep pace with business / regulatory requirements. The 
challenge to the laboratory is to minimize the risk and impact of that change.  
 
An organization must have an operating process in place for which an evaluation has been conducted, and 
that allows proper lead times and approvals to ensure that the laboratory is unaffected when changes are 
made.  But to successfully implement a change, one also needs to have a comprehensive understanding of 
the infrastructure that supports the services to determine the overall impact. The Management of Change 
process will facilitate, as referenced in SOP T030, this evaluation. 
 
The Management of Change process will track and implement the following types of changes: 
 

a) Permanent Change: – A change that is considered long term and durable. Any change which is not 
categorized as a Temporary Change. 

 
b) Temporary Change: – A change which has a defined lifetime and which will be removed before a 

defined date (usually no more than six months).  All temporary changes must have a specified removal 
date that is documented on the approved MOC form. 

 
c) Emergency Change: – An emergency change path that allows the change to be implemented and 

commissioned immediately in order to address an immediate safety, operational, health, environmental, 
or product quality situations. 

 
The functional categories that will be managed include: 
 

a) Laboratory Facility Acquisition 
b) Laboratory Instrument Acquisition 
c) Analytical Method Development and Validation 
d) Laboratory Operations Process Change 
e) Department Relocation 
f) Activation of Analytical Method 
g) Information Technology (Major Initiatives) 
h) New Accreditation or Certification 

 
 
18.3 Continuous Improvement 
 
In order for ECI to be proactive and a leader in the industry, the entire ECI Quality system is designed to 
ensure the production of scientifically sound, legally defensible data of known and proven quality. The 
addition of the Management Review and Management of Change processes enhances ECI’s ability to foster 
continuous improvement. 
 
Continuous improvement is an ongoing effort to improve data integrity, services or processes. These efforts 
can seek “incremental” improvement over time or “breakthrough” improvement all at once. All staff at ECI 
participates in continuous improvement, from the Laboratory Director down to the beginning technician, as 
well as external stakeholders when applicable.  
 
The following procedures / inputs have direct involvement in the continuous improvement process: 
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a) External Audits (Regulatory and Client Based) 
b) Internal Audits 
c) Corrective / Preventive Actions 
d) Statistical Quality Control (SQC) Monitoring 
e) Proficiency Testing Performance 
f) Client Feedback – Complaints and Commendations 
g) Management Review 
h) Management of Change 

 
The Management of Change process will guide and document the major improvements. The Corrective / 
Preventive Action procedure will enable and record the more incremental changes.  
 
The principal elements are commitment to quality, focused effort, involvement of all employees, willingness to 
change, and communication. 
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APPENDIX B - GLOSSARY 
 
The following definitions are used in the text of Quality Systems.  In writing this document, the following 
hierarchy of definition references was used:  ISO 8402, ANSI/ASQC E-4, EPA’s Quality Assurance Division 
Glossary of Terms, and finally definitions developed by NELAC.  The source of each definition, unless 
otherwise identified, is the Quality Systems Committee. 
 
Acceptance Criteria:  Specified limits placed on characteristics of an item, process, or service defined in 
requirement documents.  (ASQC) 
 
Accreditation:   The process by which an agency or organization evaluates and recognizes a laboratory as 
meeting certain predetermined qualifications or standards, thereby accrediting the laboratory.  In the context 
of the National Environmental Laboratory Accreditation Program (NELAP), this process is a voluntary one.  
(NELAC) 
 
Accrediting Authority:  The Territorial, State, or Federal agency having responsibility and accountability for 
environmental laboratory accreditation and which grants accreditation.  (NELAC) [1.5.2.3] 
 
Accuracy:  The degree of agreement between an observed value and an accepted reference value.  
Accuracy includes a combination of random error (precision) and systematic error (bias) components which 
are due to sampling and analytical operations; a data quality indicator.  (QAMS) 
 
Analysis Duplicate:  The second measurement of the target analyte(s) performed on a single sample or 
sample preparation. 
 
Analyst:  The designated individual who performs the "hands-on" analytical methods and associated 
techniques and who is the one responsible for applying required laboratory practices and other pertinent 
quality controls to meet the required level of quality.  (NELAC) 
 
Analytical Reagent (AR) Grade:  Designation for the high purity of certain chemical reagents and solvents 
given by the American Chemical Society.  (Quality Systems) 
 
Assessment:  The evaluation process used to measure or establish the performance, effectiveness, and 
conformance of an organization and/or its systems to defined criteria (to the standards and requirements of 
NELAC).  (NELAC)  
 
Audit:  A systematic evaluation to determine the conformance to quantitative and qualitative specifications of 
some operational function or activity.  (EPA-QAD) 
 
Batch:  Environmental samples, which are prepared and/or analyzed together with the same process and 
personnel using the same lot(s) of reagents.  A preparation batch is composed of one to 20 environmental 
samples of the same NELAC-defined matrix, meeting the above-mentioned criteria and with a maximum time 
between the start of processing of the first and last sample in the batch to be 24 hours.  An analytical batch 
is composed of prepared environmental samples (extracts, digestates or concentrates) which are analyzed 
together as a group.  An analytical batch can include prepared samples originating from various 
environmental matrices and can exceed 20 samples.  (NELAC Quality Systems Committee) 
 
Blank:  A sample that has not been exposed to the analyzed sample stream in order to monitor 
contamination during sampling, transport, storage or analysis.  The blank is subjected to the usual analytical 
and measurement process to establish a zero baseline or background value and is sometimes used to adjust 
or correct routine analytical results.  (ASQC) 
 
Blind Sample:  A sub-sample for analysis with a composition known to the submitter.  The analyst/ laboratory 
may know the identity of the sample but not its composition.  It is used to test the analyst’s or laboratory’s 
proficiency in the execution of the measurement process.  (NELAC) 
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Calibration:  To determine, by measurement or comparison with a standard, the correct value of each scale 
reading on a meter or other device.  The levels of the applied calibration standard should bracket the range of 
planned or expected sample measurements.  (NELAC) 
 
Calibration Curve:  The graphical relationship between the known values, such as concentrations, of a 
series of calibration standards and their instrument response.  (NELAC) 
 
Calibration Method:  A defined technical procedure for performing a calibration.  (NELAC) 
 
Calibration Standard:  A substance or reference material used to calibrate an instrument.  (QAMS) 
 
Certified Reference Material (CRM):  A reference material one or more of whose property values are 
certified by a technically valid procedure, accompanied by or traceable to a certificate or other documentation 
which is issued by a certifying body.  (ISO Guide 30 - 2.2) 
 
Chain of Custody Form:  A record that documents the possession of the samples from the time of collection 
to receipt in the laboratory.  This record generally includes: the number and types of containers; the mode of 
collection; collector; time of collection; preservation; and requested analyses.  (NELAC) 
 
Compromised Samples:  Those samples which are improperly sampled, insufficiently documented (chain of 
custody and other sample records and/or labels), improperly preserved, collected in improper containers, or 
exceeding holding times when delivered to a laboratory.  Under normal conditions compromised samples are 
not analyzed.  If emergency situations require analysis, the results must be appropriately qualified.  (NELAC) 
 
Confirmation:  Verification of the identity of a component through the use of an approach with a different 
scientific principle from the original method.  These may include, but are not limited to: 

 
 Second column confirmation; 
 Alternate wavelength; 
 Derivatization; 
 Mass spectral interpretation; 
 Alternative detectors; or 
 Additional cleanup procedures.  (NELAC) 
 

Conformance:  An affirmative indication or judgment that a product or service has met the requirements of 
the relevant specifications, contract, or regulation; also the state of meeting the requirements.  (ANSI/ ASQC 
E4-1994) 
 
Corrective Action:  The action taken to eliminate the causes of an existing nonconformity, defect or other 
undesirable situation in order to prevent recurrence.  (ISO 8402) 
 
Data Audit:  A qualitative and quantitative evaluation of the documentation and procedures associated with 
environmental measurements to verify that the resulting data are of acceptable quality (i.e., that they meet 
specified acceptance criteria).  (NELAC) 
 
Data Reduction:  The process of transforming raw data by arithmetic or statistical calculations, standard 
curves, concentration factors, etc., and collation into a more useable form.  (EPA-QAD) 
 
Deficiency:  An unauthorized deviation from acceptable procedures or practices, or a defect in an item.  
(ASQC) 
 
Demonstration of Capability:  A procedure to establish the ability of the analyst to generate acceptable 
accuracy.  (NELAC) 
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Desorption Efficiency:  The mass of target analyte recovered from sampling media, usually a sorbent tube, 
divided by the mass of target analyte spiked on to the sampling media expressed as a percentage.  Sample 
target analyte masses are usually adjusted for the desorption efficiency.  (NELAC) 
 
Detection Limit:  The lowest concentration or amount of the target analyte that can be identified, measured, 
and reported with confidence that the analyte concentration is not a false positive value.  See Method 
Detection Limit.  (NELAC) 
 
Document Control:  The act of ensuring that documents (and revisions thereto) are proposed, reviewed for 
accuracy, approved for release by authorized personnel, distributed properly and controlled to ensure use of 
the correct version at the location where the prescribed activity is performed.  (ASQC) 
 
Duplicate Analyses:  The analyses or measurements of the variable of interest performed identically on two 
subsamples of the same sample.  The results from duplicate analyses are used to evaluate analytical or 
measurement precision but not the precision of sampling, preservation or storage internal to the laboratory.  
(EPA- QAD) 
 
Holding Times (Maximum Allowable Holding Times):  The maximum times that samples may be held prior 
to analysis and still be considered valid or not compromised.  (40 CFR Part 136) 
 
Inspection:  An activity such as measuring, examining, testing, or gauging one or more characteristics of an 
entity and comparing the results with specified requirements in order to establish whether conformance is 
achieved for each characteristic.  (ANSI/ ASQC E4-1994) 
 
Internal Standard:  A known amount of standard added to a test portion of a sample as a reference for 
evaluating and controlling the precision and bias of the applied analytical method.  (NELAC) 
 
Instrument Blank:  A clean sample (e.g., distilled water) processed through the instrumental steps of the 
measurement process; used to determine instrument contamination.  (EPA-QAD) 
 
Laboratory:  A body that calibrates and/or tests.  (ISO 25) 
 
Laboratory Control Sample (however named, such as laboratory fortified blank, spiked blank, or QC 
check sample):  A sample matrix, free from the analytes of interest, spiked with verified known amounts of 
analytes or a material containing known and verified amounts of analytes.  It is generally used to establish 
intra-laboratory or analyst-specific precision and bias or to assess the performance of all or a portion of the 
measurement system.  (NELAC) 
 
Laboratory Duplicate:  Aliquots of a sample taken from the same container under laboratory conditions and 
processed and analyzed independently.  (NELAC) 
 

Limit of Detection (LOD):  Limit of Detection (LOD):  The smallest concentration of a substance that must be 
present in a sample in order to be detected at the DL with 99% confidence.  At the LOD, the false negative 
rate (Type II error) is 1%. (NELAC) 
 

Limit of Quantitation (LOQ):  The smallest concentration that produces a quantitative result with known and 
recorded precision and bias. (NELAC) 
 
Manager (however named):  The individual designated as being responsible for the overall operation, all 
personnel, and the physical plant of the environmental laboratory.  A supervisor may report to the manager.  
In some cases, the supervisor and the manager may be the same individual.  (NELAC) 
 
Matrix:  The component or substrate that contains the analyte of interest.  For purposes of batch and QC 
requirement determinations, the following matrix distinctions shall be used: 
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 Aqueous:  Any aqueous sample excluded from the definition of Drinking Water matrix or Saline/Estuarine 

source.  Includes surface water, groundwater, effluents, and TCLP or other extracts. 
 Drinking Water:  Any aqueous sample that has been designated a potable or potential potable water 

source. 
 Saline/Estuarine:  Any aqueous sample from an ocean or estuary, or other salt water source such as the 

Great Salt Lake. 
 Non-aqueous Liquid:  Any organic liquid with <15% settleable solids. 
 Biological Tissue:  Any sample of a biological origin such as fish tissue, shellfish, or plant material.  Such 

samples shall be grouped according to origin. 
 Solids:  Includes soils, sediments, sludges and other matrices with >15% settleable solids. 
 Chemical Waste:  A product or by-product of an industrial process that results in a matrix not previously 

defined. 
 Air:  Whole gas or vapor samples including those contained in flexible or rigid wall containers and the 

extracted concentrated analytes of interest from a gas or vapor that are collected with a sorbent tube, 
impinger solution, filter or other device.  (NELAC) 

 
Matrix Spike (spiked sample or fortified sample):  A sample prepared by adding a known mass of target 
analyte to a specified amount of matrix sample for which an independent estimate of target analyte 
concentration is available.  Matrix spikes are used, for example, to determine the effect of the matrix on a 
method's recovery efficiency.  (QAMS) 
 
Matrix Spike Duplicate (spiked sample or fortified sample duplicate):  A second replicate matrix spike 
prepared in the laboratory and analyzed to obtain a measure of the precision of the recovery for each analyte.  
(QAMS) 
 
May:  Denotes permitted action, but not required action.  (NELAC) 
 
Media:  Material that supports the growth of a microbiological culture. 
 
Method Blank:  A sample of a matrix similar to the batch of associated samples (when available) that is free 
from the analytes of interest and is processed simultaneously with and under the same conditions as samples 
through all steps of the analytical procedures, and in which no target analytes or interferences are present at 
concentrations that impact the analytical results for sample analyses.  (NELAC) 
 
Method Detection Limit:  The minimum concentration of a substance (an analyte) that can be measured and 
reported with 99% confidence that the analyte concentration is greater than zero and is determined from 
analysis of a sample in a given matrix containing the analyte.  (40 CFR Part 136 Appendix B) 
 
Must:  Denotes a requirement that must be met.  (Random House College Dictionary) 
 
National Accreditation Database:  The publicly accessible database listing the accreditation status of all 
laboratories participating in NELAP.  (NELAC) 
 
National Environmental Laboratory Accreditation Conference (NELAC):  A voluntary organization of 
State and Federal environmental officials and interest groups purposed primarily to establish mutually 
acceptable standards for accrediting environmental laboratories.  A subset of NELAP.  (NELAC) 
 
National Environmental Laboratory Accreditation Program (NELAP):  The overall National Environmental 
Laboratory Accreditation Program of which NELAC is a part.  (NELAC) 
 
Negative Control:  Measures taken to ensure that a test, its components, or the environment do not cause 
undesired effects, or produce incorrect test results.  (NELAC) 
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Objective Evidence:  Any documented statement of fact, other information, or record, either quantitative or 
qualitative, pertaining to the quality of an item or activity, based on observations, measures, or tests that can 
be verified.  (ASQC) 
Performance Audit:  The routine comparison of independently obtained qualitative and quantitative 
measurement system data with routinely obtained data in order to evaluate the proficiency of an analyst or 
laboratory.  (NELAC) 
 
Performance Based Measurement System (PBMS):  A set of processes wherein the data quality needs, 
mandates or limitations of a program or project are specified and serve as criteria for selecting appropriate 
test methods to meet those needs in a cost-effective manner.  (NELAC) 
 
Positive Control:  Measures taken to ensure that a test and/or its components are working properly and 
producing correct or expected results from positive test subjects.  (NELAC) 
 
Precision:  The degree to which a set of observations or measurements of the same property, obtained 
under similar conditions, conform to themselves; a data quality indicator.  Precision is usually expressed as 
standard deviation, variance or range, in either absolute or relative terms.  (NELAC) 
 
Preservation:  Refrigeration and/or reagents added at the time of sample collection (or later) to maintain the 
chemical and/or biological integrity of the sample.  (NELAC) 
 
Proficiency Testing:  A means of evaluating a laboratory’s performance under controlled conditions relative 
to a given set of criteria through analysis of unknown samples provided by an external source.  (NELAC) [2.1] 
 
Proficiency Testing Program:  The aggregate of providing rigorously controlled and standardized 
environmental samples to a laboratory for analysis, reporting of results, statistical evaluation of the results and 
the collective demographics and results summary of all participating laboratories.  (NELAC) 
 
Proficiency Test Sample (PT):  A sample, the composition of which is unknown to the analyst and is 
provided to test whether the analyst/laboratory can produce analytical results within specified acceptance 
criteria.  (QAMS) 
 
Protocol:  A detailed written procedure for field and/or laboratory operation (e.g., sampling, and analysis) 
which must be strictly followed.  (EPA- QAD) 
 
Pure Reagent Water:  Shall be water (defined by national or international standard) in which no target 
analytes or interferences are detected as required by the analytical method.  (NELAC) 
 
Quality Assurance:  An integrated system of activities involving planning, quality control, quality assessment, 
reporting and quality improvement to ensure that a product or service meets defined standards of quality with 
a stated level of confidence.  (QAMS) 
 
Quality Assurance (Project) Plan (QAPP):  A formal document describing the detailed quality control 
procedures by which the quality requirements defined for the data and decisions pertaining to a specific 
project are to be achieved.  (EPA-QAD) 
 
Quality Control:  The overall system of technical activities whose purpose is to measure and control the 
quality of a product or service so that it meets the needs of users.  (QAMS) 
 
Quality Control Sample:  An uncontaminated sample matrix with known amounts of analytes from a source 
independent from the calibration standards.  It is generally used to establish intra-laboratory or analyst 
specific precision and bias or to assess the performance of all or a portion of the measurement system.  
(EPA-QAD) 
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Quality Manual:  A document stating the management policies, objectives, principles, organizational 
structure and authority, responsibilities, accountability, and implementation of an agency, organization, or 
laboratory, to ensure the quality of its product and the utility of its product to its users.  (NELAC) 
 
Quality System:  A structured and documented management system describing the policies, objectives, 
principles, organizational authority, responsibilities, accountability, and implementation plan of an organization 
for ensuring quality in its work processes, products (items), and services.  The quality system provides the 
framework for planning, implementing, and assessing work performed by the organization and for carrying out 
required QA and QC.  (ANSI/ ASQC E-41994) 
 
Quantitation Limits:  Levels, concentrations, or quantities of a target variable (e.g., target analyte) that can 
be reported at a specific degree of confidence.  (NELAC) 
 
Range:  The difference between the minimum and the maximum of a set of values.  (EPA-QAD) 
 
Raw Data:  Any original factual information from a measurement activity or study recorded in a laboratory 
notebook, worksheets, records, memoranda, notes, or exact copies thereof that are necessary for the 
reconstruction and evaluation of the report of the activity or study.  Raw data may include photography, 
microfilm or microfiche copies, computer printouts, magnetic media, including dictated observations, and 
recorded data from automated instruments.  If exact copies of raw data have been prepared (e.g., tapes 
which have been transcribed verbatim, data and verified accurate by signature), the exact copy or exact 
transcript may be submitted.  (EPA-QAD) 
 
Reagent Blank (method reagent blank):  A sample consisting of reagent(s), without the target analyte or 
sample matrix, introduced into the analytical procedure at the appropriate point and carried through all 
subsequent steps to determine the contribution of the reagents and of the involved analytical steps.  (QAMS) 
 
Record Retention:  The systematic collection, indexing and storing of documented information under secure 
conditions.  (EPA-QAD) 
 
Reference Material:  A material or substance one or more properties of which are sufficiently well 
established to be used for the calibration of an apparatus, the assessment of a measurement method, or for 
assigning values to materials.  (ISO Guide 30- 2.1) 
 
Reference Method:  A method of known and documented accuracy and precision issued by an organization 
recognized as competent to do so.  (NELAC) 
 
Reference Standard:  A standard, generally of the highest metrological quality available at a given location, 
from which measurements made at that location are derived.  (VIM-6.08) 
 
Reference Toxicant:  The toxicant used in performing toxicity tests to indicate the sensitivity of a test 
organism and to demonstrate the laboratory’s ability to perform the test correctly and obtain consistent results 
(see Chapter 5, Appendix D, Section 2.1.f).  (NELAC) 
 
Replicate Analyses:  The measurements of the variable of interest performed identically on two or more sub-
samples of the same sample within a short time interval.  (NELAC) 
 
Requirement:  Denotes a mandatory specification; often designated by the term “shall”.  (NELAC) 
 
Sampling Media:  Material used to collect and concentrate the target analytes(s) during air sampling such as 
solid sorbents, filters, or impinger solutions. 
 
Selectivity:  (Analytical chemistry) The capability of a test method or instrument to respond to a target 
substance or constituent in the presence of non-target substances.  (EPA-QAD) 
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Sensitivity:  The capability of a method or instrument to discriminate between measurement responses 
representing different levels (e.g., concentrations) of a variable of interest.  (NELAC) 
 
Shall:  Denotes a requirement that is mandatory whenever the criterion for conformance with the specification 
requires that there be no deviation.  This does not prohibit the use of alternative approaches or methods for 
implementing the specification so long as the requirement is fulfilled.  (ANSI) 
 
Should:  Denotes a guideline or recommendation whenever noncompliance with the specification is 
permissible.  (ANSI) 
 
Spike:  A known mass of target analyte added to a blank sample or sub-sample; used to determine recovery 
efficiency or for other quality control purposes.  (NELAC) 
 
Standard:  The document describing the elements of laboratory accreditation that has been developed and 
established within the consensus principles of NELAC and meets the approval requirements of NELAC 
procedures and policies.  (ASQC) 
 
Standard Operating Procedure (SOP):  A written document which details the method of an operation, 
analysis or action whose techniques and procedures are thoroughly prescribed and which is accepted as the 
method for performing certain routine or repetitive tasks.  (QAMS) 
 
Standardized Reference Material (SRM):  A certified reference material produced by the U.S. National 
Institute of Standards and Technology or other equivalent organization and characterized for absolute 
content, independent of analytical method.  (EPA-QAD) 
 
Supervisor (however named):  The individual(s) designated as being responsible for a particular area or 
category of scientific analysis.  This responsibility includes direct day-to-day supervision of technical 
employees, supply and instrument adequacy and upkeep, quality assurance/quality control duties and 
ascertaining that technical employees have the required balance of education, training and experience to 
perform the required analyses.  (NELAC) 
 
Surrogate:  A substance with properties that mimic the analyte of interest.  It is unlikely to be found in 
environment samples and is added to them for quality control purposes.  (QAMS) 
 
Systems Audit (also Technical Systems Audit):  A thorough, systematic, qualitative on-site assessment of 
the facilities, equipment, personnel, training, procedures, record keeping, data validation, data management, 
and reporting aspects of a total measurement system.  (EPA-QAD) 
 
Technical Director:  Individual(s) who has overall responsibility for the technical operation of the 
environmental testing laboratory.  (NELAC) 
 
Test:  A technical operation that consists of the determination of one or more characteristics or performance 
of a given product, material, equipment, organism, physical phenomenon, process or service according to a 
specified procedure.  The result of a test is normally recorded in a document sometimes called a test report or 
a test certificate.  (ISO/IEC Guide 2-12.1, amended) 
 
Test Method:  An adoption of a scientific technique for a specific measurement problem, as documented in a 
laboratory SOP.  (NELAC) 
 
Testing Laboratory:  Laboratory that performs tests.  (ISO/ IEC Guide 2 - 12.4) 
 
Test Sensitivity/Power:  The minimum significant difference (MSD) between the control and test 
concentration that is statistically significant.  It is dependent on the number of replicates per concentration, the 
selected significance level, and the type of statistical analysis (see Chapter 5, Appendix D, Section 2.4.a).  
(NELAC) 
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Tolerance Chart:  A chart in which the plotted quality control data is assessed via a tolerance level (e.g. +/- 
10% of a mean) based on the precision level judged acceptable to meet overall quality/data use requirements 
instead of a statistical acceptance criteria (e.g. +/- 3 sigma) (applies to radiobioassay laboratories).  (ANSI) 
 
Traceability:  The property of a result of a measurement whereby it can be related to appropriate standards, 
generally international or national standards, through an unbroken chain of comparisons.  (VIM - 6.12) 
 
Validation:  The process of substantiating specified performance criteria.  (EPA- QAD) 
 
Verification:  Confirmation by examination and provision of evidence that specified requirements have been 
met.  (NELAC) 
 
NOTE:  In connection with the management of measuring equipment, verification provides a means for 
checking that the deviations between values indicated by a measuring instrument and corresponding known 
values of a measured quantity are consistently smaller than the maximum allowable error defined in a 
standard, regulation or specification peculiar to the management of the measuring equipment. 
 
The result of verification leads to a decision either to restore in service, to perform adjustment, to repair, to 
downgrade, or to declare obsolete.  In all cases, it is required that a written trace of the verification performed 
shall be kept on the measuring instrument's individual record. 
 
Work Cell:  A well-defined group of analysts that together perform the method analysis.  The members of the 
group and their specific functions within the work cell must be fully documented.  (NELAC) 
 
Sources: 
American Society for Quality Control (ASQC), Definitions of Environmental Quality Assurance Terms, 1996 
 
American National Standards Institute (ANSI), Style Manual for Preparation of Proposed American National 
Standards, Eighth Edition, March 1991 
 
ANSI/ASQC E4, 1994 
 
ANSI N42.23- 1995, Measurement and Associated Instrument Quality Assurance for Radiobioassay 
Laboratories 
 
International Standards Organization (ISO) Guides 2, 30, 8402 
 
International Vocabulary of Basic and General Terms in Metrology (VIM): 1984.  Issued by BIPM, IEC, ISO 
and OIML 
 
National Institute of Standards and Technology (NIST) 
 
National Environmental Laboratory Accreditation Conference (NELAC), July 1998 Standards 
 
Random House College Dictionary 
 
U.S. EPA Quality Assurance Management Section (QAMS), Glossary of Terms of Quality Assurance Terms, 
8/31/92 and 12/6/95 
 
U.S. EPA Quality Assurance Division (QAD) 
 
40 CFR, Part 136 
 
Webster’s New World Dictionary of the American Language 



Eurofins Calscience, Inc. – Quality Systems Manual – Version 5.7– June 2015 
                                                                                                   Reference NELAC Standard Effective September 09, 2009 

 

Eurofins Calscience, Inc. Quality Systems Manual, Page 73 of 105 
f 

APPENDIX C - DEMONSTRATION OF CAPABILITY 
 
C.1  PROCEDURE FOR DEMONSTRATION OF CAPABILITY 
 
A demonstration of capability (DOC) must be made prior to using any test method, and at any time there is a 
change in instrument type, personnel or test method.  (See NELAC 10.2.1.) 
 
Note:  Where tests are performed by specialized “work cells” (a well-defined group of analysts that together 
perform the method analysis), the work cell as a unit meets the above criteria and this demonstration is fully 
documented. 
 
In general, this demonstration does not test the performance of the method in real world samples, but in the 
applicable and available clean matrix (a sample of a matrix in which no target analytes or interferences are 
present at concentrations that impact the results of a specific test method), e.g., water, solids and air.  
However, before any results are reported using this method, actual sample spike results may be used to meet 
this standard, i.e., at least four consecutive matrix spikes within the last twelve months.  In addition, for 
analytes that do not lend themselves to spiking, e.g., TSS, the demonstration of capability may be performed 
using quality control samples. 
 
All demonstrations shall be documented through the use of the form in this appendix. 
 
The following steps, which are adapted from the EPA test methods published in 40 CFR Part 136, Appendix 
A, are performed if required by mandatory test method or regulation.  Note: For analytes for which spiking is 
not an option and for which quality control samples are not readily available, the 40 CFR approach is one way 
to perform this demonstration.  The laboratory documents that other approaches to DOC are adequate, and 
this is documented in the laboratory’s Quality Manual. 
 
a) A quality control sample is obtained from an outside source.  If not available, the QC sample may be 

prepared by the laboratory using stock standards that are prepared independently from those used in 
instrument calibration. 

 
b) The analyte(s) is diluted in a volume of clean matrix sufficient to prepare four aliquots at the concentration 

specified, or if unspecified, to a concentration approximately 10 times the method-stated or laboratory-
calculated method detection limit. 

 
c) At least four aliquots are prepared and analyzed according to the test method either concurrently or over 

a period of days. 
 
d) Using all of the results, the mean recovery ( X ) is calculated in the appropriate reporting units (such as 

µg/L) and the standard deviations of the population sample (n-1) (in the same units) for each parameter of 
interest.  When it is not possible to determine mean and standard deviations, such as for 
presence/absence and logarithmic values, the laboratory will assess performance against established 
and documented criteria. 

 
e) Compare the information from (d) above to the corresponding acceptance criteria for precision and 

accuracy in the test method (if applicable) or in laboratory-generated acceptance criteria (if there are no 
established mandatory criteria).  If all parameters meet the acceptance criteria, the analysis of actual 
samples may begin.  If any one of the parameters do not meet the acceptance criteria, the performance is 
unacceptable for that parameter. 

 
f) When one or more of the tested parameters fail at least one of the acceptance criteria, the analyst must 

proceed according to 1) or 2) below. 
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1) Locate and correct the source of the problem and repeat the test for all parameters of interest 
beginning with c) above. 

 
2) Beginning with c) above, repeat the test for all parameters that failed to meet criteria.  Repeated 

failure, however, will confirm a general problem with the measurement system.  If this occurs, locate 
and correct the source of the problem and repeat the test for all compounds of interest beginning with 
c). 

 
C.2  CERTIFICATION STATEMENT 
 
The following certification statement shall be used to document the completion of each demonstration of 
capability.  A copy of the certification statement shall be retained in the personnel records of each affected 
employee (see ECIQSM Section 6.3 and 12.3.4.b.). 
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     Demonstration of Capability 
Certification Statement 

 
Date:                     Page __of __ 
Laboratory Name:  
Laboratory Address:  
Analyst(s) Name(s): 
 
Matrix:  ___________    
Examples: laboratory pure water, soil, air, solid, biological tissue) 
 
Method number, SOP#, Rev #, and Analyte, or Class of Analytes or Measured Parameters: 
_________________    (examples:  barium by 200.7, trace metals by 6010, benzene by 8021, etc.) 
 
We, the undersigned, CERTIFY that: 
 
1. The analysts identified above, using the cited test method(s), which is in use at this facility for the analyses 
of samples under the National Environmental Laboratory Accreditation Program, have met the Demonstration 
of Capability. 
 
2. The test method(s) was performed by the analyst(s) identified on this certification. 
 
3. A copy of the test method(s) and the laboratory-specific SOPs are available for all personnel on-site. 
 
4. The data associated with the demonstration capability are true, accurate, complete and self-explanatory 
(1). 
 
5. All raw data (including a copy of this certification form) necessary to reconstruct and validate these 
analyses have been retained at the facility, and that the associated information is well organized and available 
for review by authorized assessors. 
 
_________________________________ _______________________________ __________ 
Technical Director’s Name and Title   Signature        Date 
________________________________  _______________________________ __________ 
Quality Assurance Officer’s Name   Signature        Date 
 
This certification form must be completed each time a demonstration of capability study is completed. 
 

(1)  True:  Consistent with supporting data. 
 Accurate:  Based on good laboratory practices consistent with sound scientific principles/practices. 
 Complete:  Includes the results of all supporting performance testing. 
 Self-explanatory:  Data properly labeled and stored so that the results are clear and require no additional explanation. 

 
 
 
 

(Note: Form may be modified so long as the essential items are included 
in the revised form)
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APPENDIX D - ESSENTIAL QUALITY CONTROL REQUIREMENTS 
 
The quality control protocols specified by the laboratory’s method manual (10.1.2) shall be followed.  The 
laboratory shall ensure that the essential standards outlined in Appendix D are incorporated into their method 
manuals. 
 
All quality control measures shall be assessed and evaluated on an ongoing basis and quality control 
acceptance criteria shall be used to determine the validity of the data.  The laboratory shall have procedures 
for the development of acceptance/rejection criteria where no method or regulatory criteria exists. 
 
The requirements from the body of Chapter 5, e.g., Section 5.4, apply to all types of testing.  The specific 
manner in which they are implemented is detailed in each of the sections of this Appendix, i.e., chemical 
testing. 
 
The Standard Operating Procedure (SOP) T020 “Internal Quality Control Checks” and the specific analytical 
method SOPs have a more detailed outline of the quality control procedures. 
 
D.1  CHEMICAL TESTING 
 
D.1.1 Positive and Negative Controls 
 
a) Negative Controls 
 

1) Method Blanks - Shall be performed at a frequency of one per preparation batch of samples per 
matrix type.  The results of this analysis shall be one of the QC measures to be used to assess the 
batch.  The source of contamination must be investigated and measures taken to correct, minimize or 
eliminate the problem if  

 
i) the blank contamination exceeds a concentration greater than 1/10 of the measured 

concentration of any sample in the associated sample batch or 
 

ii) the blank contamination exceeds the concentration present in the samples and is greater than 
1/10 of the specified regulatory limit.  

 
Any sample associated with the contaminated blank shall be reprocessed for analysis or the results 
reported with appropriate data qualifying codes. 

 
b) Positive Controls 
 

1) Laboratory Control Sample (LCS) - (QC Check Samples)  Shall be analyzed at a minimum of 1 per 
preparation batch of 20 or less samples per matrix type, except for analytes for which spiking 
solutions are not available such as total suspended solids, total dissolved solids, total volatile solids, 
total solids, pH, color, odor, temperature, dissolved oxygen or turbidity.  The results of these samples 
shall be used to assess the batch.  NOTE: The matrix spike (see 2 below) may be used in place of 
this control as long as the acceptance criteria are as stringent as for the LCS. 
 

a. The NELAC requirements (2009 Standard, Section 1.7.4.2 b) allow the usage of LCS 
Marginal Exceedance control limits for those analyses with multiple reporting analytes. 

b. The NELAC standards state that if a large number of analytes are in the LCS, it becomes 
statistically likely that a few will be outside control limits.  This may not indicate that the 
system is out of control; therefore, corrective action may not be necessary.  Upper and 
lower marginal exceedance (ME) limits can be established to determine when corrective 
action is necessary.  ME is defined as being beyond the LCS control limit but within the 
ME limits.  ME limits are between 3 and 4 standard deviations around the mean. 
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c. The number of allowable marginal exceedance is based on the number of analytes in the 
LCS.  If there is any analyte that exceed the LCS control limits, it does not necessary 
mean the LCS fails.  The NELAC standard states if the number of analytes fails LCS 
control limits but is within the ME limits, it is acceptable. 

 
2) Matrix Spikes (MS) - Shall be performed at a frequency of one out of every 20 samples per matrix 

type prepared over time, except for analytes for which spiking solutions are not available such as, 
total suspended solids, total dissolved solids, total volatile solids, total solids, pH, color, odor, 
temperature, dissolved oxygen or turbidity.  The selected sample(s) shall be rotated among client 
samples so that various matrix problems may be noted and/or addressed.  Poor performance in a 
matrix spike may indicate a problem with the sample composition and shall be reported to the client 
whose sample was used for the spike. 

 
3)  Surrogates - Surrogate compounds must be added to all samples, standards, and blanks, for all 

organic chromatography methods except when the matrix precludes its use or when a surrogate is 
not available.  Poor surrogate recovery may indicate a problem with the sample composition and shall 
be reported to the client whose sample produced the poor recovery. 

 
4) If the mandated or requested test method does not specify the spiking components, the laboratory 

shall spike all reportable components to be reported in the Laboratory Control Sample and Matrix 
Spike.  However, in cases where the components interfere with accurate assessment (such as 
simultaneously spiking chlordane, toxaphene, and PCBs in Method 608), the test method has an 
extremely long list of components or components that are incompatible, a representative number 
(minimum of 10%) of the listed components may be used to control the test method.  The selected 
components of each spiking mix shall represent all chemistries, elution patterns and masses, permit-
specified analytes, and other client-requested components.  However, the laboratory shall ensure that 
all reported components are used in the spike mixture within a two-year time period. 

 

D.1.2 Analytical Variability/Reproducibility 
 
Matrix Spike Duplicates (MSDs) or Laboratory Duplicates - Shall be analyzed at a minimum of 1 in 20 
samples per matrix type per sample extraction or preparation method.  The laboratory shall document its 
procedure to select the use of appropriate type of duplicate.  The selected sample(s) shall be rotated among 
client samples so that various matrix problems may be noted and/or addressed.  Poor performance in the 
duplicates may indicate a problem with the sample composition and shall be reported to the client whose 
sample was used for the duplicate. 
 
D.1.3 Method Evaluation 
 
In order to ensure the accuracy of the reported result, the following procedures shall be in place: 
 
a) Demonstration of Analytical Capability - (Section 10.5) shall be performed initially (prior to the analysis of 

any samples) and with a significant change in instrument type, personnel, matrix or test method. 
 
b) Calibration - Calibration protocols specified in Section 9.4 shall be followed. 
 
c) Proficiency Test Samples - The results of such analyses (4.2.j or 5.3.4) shall be used by the laboratory to 

evaluate the ability of the laboratory to produce accurate data. 
 
D.1.4 Analytical Measurement Uncertainty Estimation 
 
Uncertainty is “a parameter associated with the result of a measurement, that characterizes the dispersion of 
the values that could reasonably be attributed to the measurand” (as defined by the International Vocabulary 
of Basic and General Terms in Metrology, ISO Geneva, 1993, ISBN 92-67-10175-1).   
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Uncertainty is not error.  Error is a single value, the difference between the true result and the measured 
result.  For environmental samples, the true result is never known. The measurement is the sum of the 
unknown true value and the unknown error.   
 
Unknown error is a combination of systematic error, or bias, and random error.  Bias varies predictably, 
constantly, and independently from the number of measurements.  Random error is unpredictable, assumed 
to have a Gaussian distribution, and be reducible by increasing the total number of measurements. 
 
Knowledge of the uncertainty of a measurement provides additional confidence in the validity of a result as its 
value accounts for all the factors which could possibly affect the result.  Certain test methods will specify limits 
to the values of sources of uncertainty of measurement (EPA 500 series methods, etc.) and will specify the 
form of presentation of calculated results.   
 
When the method makes these stipulations, there is no need to provide a mechanism for calculating the 
uncertainty.  Where this information is not provided within a method or other regulatory device, the uncertainty 
associated with results generated by the laboratory can be determined by using the Laboratory Control 
Sample (LCS) accuracy range for a given analyte because LCS recoveries incorporate all of the laboratory-
related variables associated with a given test over time.  It is recognized that other approaches exist; 
however, ECI’s standard for estimating analytical data uncertainty uses this approach. 
 
 
D.1.4.1 Using the Laboratory Control Sample (LCS) to Estimating Analytical Uncertainty 
 
a) The estimated measurement uncertainty can be expressed as a range (±) around the reported analytical 

results at a specified confidence level. For methods that use statistically-derived LCS control limits based 
on historical LCS recovery data to assess the performance of the measurement system, these limits are 
considered an estimate of the minimum laboratory contribution to measurement uncertainty at a 99% 
confidence interval, The percent recovery of the LCS is compared either to the method-required LCS 
accuracy limits or to the statistical, historical, in-house LCS accuracy limits.   

 
 Uncertainty values may be reported for specific projects upon request. In absence of alternate  client-

specified approaches or confidence levels,  
 
ECI will use the following procedure:  
 

To calculate the uncertainty value of a reported analytical result, the lower uncertainty range 
value is calculated by subtracting the product of the result and the lower LCS percent 
recovery from the result; and the upper uncertainty value result is calculated by adding the 
product of the result and the upper LCS percent recovery.  
 
These calculated values represent approximately a 99% confidence level. In other words, 
approximated 99% of the measured values for the analyte will fall within this calculated 
range. 

 
 Example: If the reported result is 1.0 mg/l, and the LCS percent recovery range is 75 to 125%.  The 

uncertainty range would be 0.75 to 1.25 mg/l, which could also be written as 1.0 +/- 0.25 mg/l. 
 

 The Laboratory Quality and Accreditation Office has made available to the public both a spreadsheet 
that calculates analytical measurement uncertainty and an SOP describing how to use it.  This SOP 
applies to test methods that are within the scope of ISO/IEC 17025-1999 Standard: General 
Requirements for the Competence of Testing and Calibration Laboratories and it is based on the 
general rules outlined in Guide to the Expression of Uncertainty in Measurement (GUM).  
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The spreadsheet provides a QC-based nested approach for estimating measurement uncertainty using 
laboratory generated calibration and QC spike results. This spreadsheet has been authorized to be 
used on DOD/DOE projects, if requested. 

.  
 
D.1.4.2 Additional Components to Estimating Analytical Uncertainty 
 
When estimating analytical measurement uncertainty, all significant components of uncertainty must be 
identified and quantified. Components that affect analytical measurement uncertainty include sampling, 
handling, transport, storage, preparation and testing. A typical environmental laboratory will have the greatest 
contribution to uncertainty in the storage, preparation and testing portion of the analytical train, hence the 
estimation can be limited to those three areas, assuming all other factors are within recommended guidelines 
for sample size, container type, preservation (chemical, temperature, temporal) and handling/transport. If the 
latter are NOT within guidelines then these additional estimations of variability must be accounted for, and 
may supersede the laboratory contribution to uncertainty.  
 
Definitive references and procedural manuals for calculating Analytical Measurement Uncertainty are listed 
below. Note that there are different theories on the “best” way to estimate uncertainty, it is up to the end user 
to determine that which best meets their project needs.   
 
a) “Environmental Analytical Measurement Uncertainty Estimation – Nested Hierarchical Approach”, William 

Ingersoll, Defense Technical Information Center # ADA396946, 2001 
 
b) “Quantifying Uncertainty in Analytical Measurement”, EuraChem / CITAC Guide CG 4, Second Edition, 

QUAM 2000.1 
 
c) “Quantifying Measurement Uncertainty in Analytical Chemistry – A Simplified Practical Approach”, 

Thomas W. Vetter, National Institute of Standards and Technology 
 

d) ISO Guide to the Expression of Uncertainty in Measurement (GUM), 1993  
 

e)  “Estimation of Analytical Measurement Uncertainty - Laboratory Quality and Accreditation Office 
Uncertainty Calculator Standard Operating Procedure. Downloaded from                        
http://www.denix.osd.mil/edqw/upload/UNCERTAINTY-SOP.PDF , 2013 

 
f) QC-based Nested Approach for Estimating Measurement Uncertainty Spreadsheet, Microsoft Excel 

Spreadsheet, Ingersoll, William Stephen, 2002  
 

 
The process in general involves the following steps: 
 

1. Specify the Measurand – Write down a clear statement of what is being measured, including the 
relationship between the measurand and the input quantities, i.e., measured quantities, 
constants, calibration standard values, etc. 

 
2. Identify uncertainty sources – This will include sources that contribute to the uncertainty on the 

parameters in the relationships identified in step 1, but may include other sources and must 
include sources arising from chemical assumptions. 

 
3. Quantify uncertainty components – Measure or estimate the size of the uncertainty component 

associated with each potential source of uncertainty identified. It is often possible to estimate or 
determine a single contribution to uncertainty from the aggregate of multiple sources. 

 

http://www.denix.osd.mil/edqw/upload/UNCERTAINTY-SOP.PDF
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4. Calculate combined uncertainty – The information obtained in step 3 will consist of a number of 
quantified contributions to overall uncertainty, whether associated with individual sources or with 
the combined effects of several sources. 

 
The process outlined above relates to the measurement of uncertainty for the preparative / analytical 
laboratory procedure. However, there are uncertainty contributions from other factors outside the 
preparative / analytical procedure. These can be controlled to a great extent by specifying uniform and 
standardized training or conditions. 
 
Examples: 
 

Human Factors  
 

a) All personnel at ECI undergo documented training in the method and / or instrument used. Minimum 
levels of education or experience are required. 

 
b) Initial and continuing Demonstrations of Capability (DOC) must be performed and documented prior to 

and in continuance of analytical work related to their areas of responsibilities. 
 
c) Blind Proficiency Testing samples are analyzed twice a year to gauge each department, matrix and 

method. 
 
d) Data Integrity and Ethics Training are provided to new employees and on an annual basis to all 

employees.  
 
Accommodation and Environmental Conditions  
 
a) ECI has standardized operating procedures for transport, storage and tracking of samples, extracts and 

digests throughout the laboratory. All incoming orders are logged into a Laboratory Information System 
that assigns a specific identifier code to each work order, sample container and analytical result. 

 
b) The sample control areas are secured with restricted access using card key portals. Internal chain of 

custody is available if the project requires. 
c) The laboratory has over 35,000 sq ft of laboratory space with temperature controlled and air positive or 

negative environmental controls. 
 
d) Regular safety inspections are performed to identify potentially hazardous conditions and to ensure 

general cleanliness. 
 
Environmental Test Methods and Method Validation  
 
a) All methods in use have Standard Operating Procedures (SOPs) based upon published methods from the 

EPA, ASTM, Standard Methods or other established body. These are controlled documents assigned to 
each department. An annual review is performed. 

 
b) Each method has internal and external quality control criteria for preparative efficiency, instrument 

performance, calibration, continuing method performance and possible matrix effects as appropriate. 
 
c) Ongoing Proficiency Testing program. 

 
Equipment and Instrumentation  
 
a) Each instrument in use has performance parameters that must be evaluated to specific standards based 

on the established method prior to any analytical use. 
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b) Routine and preventative maintenance is performed to maintain optimum operational performance. 
 
c) Complex instrument systems are covered under manufacturer service contracts as appropriate. 
Measurement Traceability  
 
a) Every reagent used must meet the indicated purity and fitness for usage as referenced in the method 

SOPs. 
 
b) All calibration standards are certified by the manufacturer to meet or exceed purity levels as recorded in 

the accompanying Certificate of Traceability to NIST or other standards verification. 
 
c) Each reagent, standard or working standard is recorded, assigned a tracking identifier. This is referenced 

in the analytical log book as needed to assure traceability to the original source. 
 
d) All Balances, Dispensers, Pipettors, Refrigerators, Freezers and Thermometers are checked on a daily or 

other routine basis to specified tolerances. 
 
D.1.5 Detection Limits 
 
The laboratory shall utilize a test method that provides a detection limit that is appropriate and relevant for the 
intended use of the data.  Detection limits shall be determined by the protocol in the mandated test method or 
applicable regulation, e.g., Method Detection Limit (MDL).  If the protocol for determining detection limits is 
not specified, the selection of the procedure must reflect instrument limitations and the intended application of 
the test method.  Refer to SOP T006, Determination of Detection Limits. 
 
a) A detection limit study is not required for any component for which spiking solutions or quality control 

samples are not available such as temperature. 
 
b) The detection limit shall be initially determined for the compounds of interest in each test method in a 

matrix in which there are not target analytes nor interferences at a concentration that would impact the 
results or the detection limit must be determined in the matrix of interest (see definition of matrix). 

 
c) Detection limits must be determined each time there is a change in the test method that affects how the 

test is performed, or when a change in instrumentation occurs that affects the sensitivity of the analysis. 
 
d) All samples processing steps of the analytical method shall be included in the determination of the 

detection limit. 
 
e) All procedures used must be documented.  Documentation must include the matrix type.  All supporting 

data must be retained. 
 
f) The laboratory must have established procedures to relate detection limits with quantitation limits. 
 
g) The test method’s quantitation limits must be established and must be above the detection limits. 
 
D.1.6 Data Reduction 
 
The procedures for data reduction, such as use of linear regression, shall be documented. 
 
D.1.7 Quality of Standards and Reagents 
 
a) The source of standards shall comply with 9.3. 
 
b) Reagent Quality, Water Quality and Checks: 
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1) Reagents - In methods where the purity of reagents is not specified, analytical reagent grade shall be 
used.  Reagents of lesser purity than those specified by the test method shall not be used.  The 
labels on the container should be checked to verify that the purity of the reagents meets the 
requirements of the particular test method.  Such information shall be documented. 

 
2) Water - The quality of water sources shall be monitored and documented and shall meet method 

specified requirements. 
 
3) The laboratory will verify the concentration of titrants in accordance with written laboratory 

procedures. 
 
D.1.8 Selectivity 
 
a) Absolute retention time and relative retention time aid in the identification of components in 

chromatographic analyses and to evaluate the effectiveness of a column to separate constituents.  The 
laboratory shall develop and document acceptance criteria for retention time windows. 

 
b) A confirmation shall be performed to verify the compound identification when positive results are detected 

on a sample from a location that has not been previously tested by the laboratory.  Such confirmations 
shall be performed on organic tests such as pesticides, herbicides, or acid extractable or when 
recommended by the analytical test method except when the analysis involves the use of a mass 
spectrometer.  Confirmation is required unless stipulated in writing by the client.  All confirmation shall be 
documented. 

 
c) The laboratory shall document acceptance criteria for mass spectral tuning. 
 
D.1.9 Constant and Consistent Test Conditions 
 
a) The laboratory shall assure that the test instruments consistently operate within the specifications 

required of the application for which the equipment is used. 
 
b) Glassware Cleaning - Glassware shall be cleaned to meet the sensitivity of the test method. 
 

Any cleaning and storage procedures that are not specified by the test method shall be documented in 
laboratory records and SOPs. 
 

D.1.10 Method Validation – Modified Procedures, Non-Standard Methods, Additional Analytes 
 

Often times, modifications to published methods are promulgated to allow the laboratory flexibility, increased 
productivity and, in some cases, it allows for better hazardous waste management, all while maintaining the 
quality of the data generated.  But, this cannot be done without following standard method validation 
procedures to guarantee that the results achieved from the modified version are equal to or greater than the 
actual published or routinely accepted method.     
 
Validation procedures are done to make sure that the sensitivity and selectivity of the process is appropriate 
for the method or analytes chosen. Interference checks are performed to show that the changes or additions 
will not contribute interferences to previous analytes or on-going processes.  Accuracy and precision 
requirements are established, or previously defined, and used to demonstrate the capability of an analyst to 
perform the method, initially and on-going. 
 
In the event that a non-standard method (significantly modified or newly-developed) is needed to meet client 
requirements, the method specifications and how they impact the project requirements must be relayed to the 
client for approval prior to beginning work on project samples.  The client must understand the limits of the 
method, why it was developed and when it will be used on their project samples, and they must agree to its 
use. 



Eurofins Calscience, Inc. – Quality Systems Manual – Version 5.7– June 2015 
                                                                                                   Reference NELAC Standard Effective September 09, 2009 

 

Eurofins Calscience, Inc. Quality Systems Manual, Page 83 of 105 
f 

 
Any significantly modified or newly-developed method (including the addition of analytes to established 
procedures) must be fully defined in a Standard Operating Procedure.  The validation must be performed by 
qualified personnel, using appropriate reagents, standards and equipment/instrumentation and that process 
must be documented.  The following items must be performed (as applicable to the method) and the 
completed documentation with all raw data provided to the Operations Manager and QA Manager for review 
prior to granting approval for use.  A new method cannot be put into production without Operations and QA 
approval.  For situations where NELAP approval is being sought, the method cannot be used for client 
samples until the certification has been received from the State, unless approval is given by the client. 
 
D.1.10.1 Significant Modification / New Method / Additional Analyte Documentation: 
 
Prior to the acceptance of client samples for analysis, the following documentation, as applicable to the type 
of modification or method status, must be provided to both Operations and QA for review and approval.   
 
1. Approved Standard Operating Procedure for Analytical or Preparation Processes.  Include all related 

raw data for the SOP revision with the draft version. 
 

a) Modification of existing method: - Revised SOP with modifications clearly spelled out: 
 

b) New Method: - New SOP in NELAC format – QA will assign SOP number 
 

c) Additional Analytes: - Revised SOP with modifications clearly spelled out: 
 
2. Method Detection Limit (MDL) Study:  Compliant with 40CFR, Part 136. 
 

a) Include summary form and all raw data for the review 
 
3. MDL Verification Standard spiked at 1-4x the MDL, or the level specified by the specific program or 

contract. Example: 1-2x the MDL, reference specific program requirements. 
 

b)     Recovery within 30 -150%, or a minimum response distinguishable from the established instrument 
noise level. 

 
4. Reporting Limit Verification (when an MDL verification is not performed) 
 

a) For analytical methods, reprocess the low calibration standard as percent recovery – recovery 
between 50% and 150% is acceptable. 

 
b) For extraction methods, or where required by project or program, spike a blank matrix at the 

reporting limit and process through all steps of the procedure.  Note the spike level and percent 
recoveries.  Method defined control limits are used for recovery evaluation, or default recoveries 
between 40% and 160% if method defined limits are not available.  

 
5. Tuning Check (as applicable to the method) 
 
6. Degradation Check (as applicable to the method) 
 
7. A Valid Initial Calibration and Verification  
 

a) Minimum of 5 sequential points, unless otherwise stated in the method or in-house SOP. 
 

b) Low calibration standard at or below the Reporting/Quantitation Limit. 
 

c) Initial Calibration Verification Standard 
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8. Retention Time Window Study 
 
9. Second Column Confirmation for all analytes (as applicable to the method) 
 
10. Inter-element Correction (as applicable to the method) 
 
11. Linear Range Study (as applicable to the method) 
 
12. GCMS Spectral Profile(s) (as applicable to the method) 
 
13. Interference Check – Method Blank 
 

a) Analysis of a blank matrix that has gone through all related steps, preparation and /or analysis, as 
applicable. 

 
14. Acceptable PT Sample required for all new analytes where NELAP accreditation is being sought. 
 

a) At least one PT sample (preferably two) required for all new methods 
 

b) Where a PT sample is not available, or accreditation is not needed, accuracy can be measured 
through the use of a second source standard. 

 
15. For California ELAP or State NELAP, process a real world sample for MS and MSD.  The sample does 

not have to contain any target analytes but recoveries for surrogates, internal standards and spikes must 
be within lab or method defined criteria. 

 
a) Use Tap Water for drinking water only methods, tap or other clean water source for ground, 

surface, etc. methods 
 

b) Local Soil sample for SW-846 methods (if applying for soil or soil/water) 
 
16. Initial Demonstration of Capability (IDOC) per analyst  
 

a) 4 LCS for each matrix, spiked with all associated new analytes – most acceptance criteria are in 
the methods, if none, use an initial recovery range of 40-160% and an RPD of 30%. 

 
b) Non-Standard methods – Follow the procedure in the 2003 NELAC Standards, Chapter 5 appendix 

C.3.3 (b). 
 

17. Certification / Approval from Regulatory Agency where available. 
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APPENDIX E – LIST OF ACCREDITED METHODS 
 
 

 Arizona Department of Health Services – Laboratory ID AZ0781 
 

a) View at: http://www.eurofinsus.com/media/161879/arizona-cert_scope_031216.pdf  
 

 California SWRCB ELAP – Laboratory ID 2944 
 

a) View at: http://www.eurofinsus.com/media/162063/ca-elap_calscience.pdf  
 

 Guam Environmental Protection Agency – Laboratory ID E971101 
 

a) View at: http://www.eurofinsus.com/media/161875/guam-cert_foas_103115.pdf  
 

 Hawaii Department of Health – Laboratory ID (None) 
 

a) View at: http://eurofinsus.com/media/161878/hawaii-cert_093015.pdf  
 

 Kansas Department of Health & Environment – Laboratory ID E-10409 
 

a) View at: http://www.eurofinsus.com/media/16055/kansas1.pdf  
b) View at: http://www.eurofinsus.com/media/16056/kansas2.pdf  

 
 Nevada Department of Conservation and Natural Resources – Laboratory ID CA001112013-1 

 

a) View at: http://www.eurofinsus.com/media/162008/nevada-cert-2015.pdf  
 

 Oklahoma Department of Environmental Quality – Laboratory ID 1311 
 

a) View at: http://www.eurofinsus.com/media/161882/oklahoma-cert_083115.pdf  
 

 Oregon Environmental Laboratory Accreditation Program (NELAP Primary) – Laboratory ID 
CA300001 

 

a) View at: http://www.eurofinsus.com/media/161877/oregon-state-primary-nelap-cert_012916.pdf  
 

 Texas Commission of Environmental Quality – Laboratory ID T104704499-14-4 
 

a) View at: http://www.eurofinsus.com/media/161881/texas-cert_073115.pdf  
 

 United States Department of Agriculture Certificate No. P330-10-00403, Permit to Receive Soil 
 

a) View at: http://eurofinsus.com/media/16042/usda_soil_permit.pdf  
 

 United States Department of Agriculture – Authorization to Receive Plant Material 
 

b) View at: http://www.eurofinsus.com/media/162229/usda-plant-import-authorization_050615.pdf  
 

 United States Army Corp of Engineers – Approval (EPA 8270 SIM – PCB Congeners) 
 

a) View at: http://www.eurofinsus.com/media/16039/dmmo_epa8270sim.pdf  
 
 

http://www.eurofinsus.com/media/161879/arizona-cert_scope_031216.pdf
http://www.eurofinsus.com/media/162063/ca-elap_calscience.pdf
http://www.eurofinsus.com/media/161875/guam-cert_foas_103115.pdf
http://eurofinsus.com/media/161878/hawaii-cert_093015.pdf
http://www.eurofinsus.com/media/16055/kansas1.pdf
http://www.eurofinsus.com/media/16056/kansas2.pdf
http://www.eurofinsus.com/media/162008/nevada-cert-2015.pdf
http://www.eurofinsus.com/media/161882/oklahoma-cert_083115.pdf
http://www.eurofinsus.com/media/161877/oregon-state-primary-nelap-cert_012916.pdf
http://www.eurofinsus.com/media/161881/texas-cert_073115.pdf
http://eurofinsus.com/media/16042/usda_soil_permit.pdf
http://www.eurofinsus.com/media/162229/usda-plant-import-authorization_050615.pdf
http://www.eurofinsus.com/media/16039/dmmo_epa8270sim.pdf
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 United States Department of Defense / Energy ANAB/ACLASS ELAP Certificate ADE-1864 and 
Fields of Accreditation 

 

a) View at: http://www.eurofinsus.com/media/16049/dod_elap.pdf  
 

 United States Department of the Interior – Approval 
 

b) View at: http://www.eurofinsus.com/media/16067/usbor.pdf  
 

 Utah Department of Health – Laboratory ID CA00111 
 

a) View at: http://www.eurofinsus.com/media/161880/utah-cert_foas_103115.pdf  
 

 Washington Department of Ecology – Laboratory ID C916 
 

a) View at: http://www.eurofinsus.com/media/16070/washington1.pdf  
b) View at: http://www.eurofinsus.com/media/16069/washington2.pdf  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.eurofinsus.com/media/16049/dod_elap.pdf
http://www.eurofinsus.com/media/16067/usbor.pdf
http://www.eurofinsus.com/media/161880/utah-cert_foas_103115.pdf
http://www.eurofinsus.com/media/16070/washington1.pdf
http://www.eurofinsus.com/media/16069/washington2.pdf
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APPENDIX F – LIST OF PHYSICAL LOCATIONS 
 

F.1  Main Laboratory  
 

 7440 Lincoln Way, Garden Grove, CA 92841-1427 

 714-895-5494   Fax 714-894-7501 

 
F.2  Satellite Laboratory 1 
 

 7445 Lampson Avenue, Garden Grove, CA 92841-2903 

 Fax 714-898-2036 

 
F.3  Satellite Laboratory 2 
 

 11380 Knott Street, Garden Grove, CA 92841-1400 

 
F.4  Concord, CA Service Center  
 

 5063 Commercial Circle, Suite H, Concord, CA 94520-8577 

 925-689-9022  Fax 925-689-9023 
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APPENDIX G – SPECIAL PROGRAM REQUIREMENTS 
 

 
F.1  United States Department of Defense / Energy Environmental Laboratory Accreditation 
Program 
 
1. ECI participates and is accredited in the United States Department of Defense / Energy Environmental 

Laboratory Accreditation Program (DOD/DOE-ELAP). 
 
2. The DOD/DOE ELAP will provide a means for laboratories to demonstrate conformance to the DOD/DOE 

Quality Systems Manual for Environmental Laboratories (DOD/DOE QSM) as authorized by DOD/DOE 
Instruction 4715.15, Environmental Quality Systems, December 2006 and as required by the DOD/DOE 
Policy and Guidelines for Acquisitions Involving Environmental Sampling or Testing, December, 2007. 
The DOD/DOE QSM is based on the National Environmental Laboratory Accreditation Conference 
(NELAC) Quality Systems standard (Chapter 5), which provides guidelines for implementing the 
international standard, ISO/IEC 17025, General Requirements for the Competence of Testing and 
Calibration Laboratories. 

 
3. The DOD/DOE ELAP will apply to environmental programs / projects at DOD/DOE operations, activities, 

and installations, including Government-owned, contractor-operated facilities and formerly used defense 
sites, where testing is being performed in support of environmental restoration programs. The program 
will apply to all laboratories, including permanent, temporary, or mobile facilities, that generate definitive 
data, regardless of their size, volume of business, or field of accreditation; the collection of screening data 
will be governed by project specific requirements. 

 
4. The current DOD/DOE Quality Systems Manual for Environmental Laboratories is Version 5.0, dated 

June 2013 
 

5. Implementation of the DOD/DOE Quality Systems Manual for Environmental Laboratories Version 5.0, 
dated July 2013, will be phased in over the 2014-2015 time period. 

 
 

6. The ECI Management will provide sufficient training, resources and other measures to ensure compliance 
with the DOD/DOE QSM as appropriate. (including but not limited to): 

 
a. Specific Standard Operating Procedures (SOPs) and / or Appendicles 
b. DOD/DOE compliant Laboratory Information Management System (LIMS) analytical test codes 
c. Specialized technician and chemist training  
d. Enhanced Quality Assurance (QA) oversight 
e. Project specific instruments 
f. Assigned Project Management personnel  
g. Quality Assurance Project Plans (QAPP) 
h. DOD/DOE analytical data reporting qualifiers 
i. Calibration and reference materials that meet DOD/DOE requirements. 
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APPENDIX H – LISTING OF MAJOR ANALYTICAL INSTRUMENTATION  
 

GC/MS SYSTEMS 
    Designation Manufacturer/Model  Serial Number Acquired Department OS 

GC/MS-K HP 6890 US00024158 1998 Air  XP 
HP5973 US82311263 1998   
Entech 7100A 0063 1998   
Entech 7016CA 00142 1998   

GC/MS-L HP 6890 US00023714 1998 Volatiles  XP 
Agilent 5973 US82311287 1998   
Tekmar Atomx US09163001 2009   

GC/MS-M HP 6890 US00028876 1999 Volatiles  XP 
HP 5973 US9192601 1999   
Tekmar Stratum US08283015 2010   
Varian Archon MS0903W013 2010   

GC/MS-O Agilent 6890N US00034260 2000 LUFT-TPPH  XP 
Agilent 5973 US94240048 2000   
Tekmar 3100 US02261003     
Varian Archon 13863 2002   

GC/MS-P Agilent 6890 US00034661 2000 Semivolatiles XP 
  Agilent 5973N US94240038 2000     
  Agilent G2613A (Injector) CN35234549 2000     
  Agilent G2614A (Tray) US04109505 2000     
GC/MS-Q Agilent 6890 US00037519 2000 Volatiles  XP 

Agilent 5973 US03340458 2000   
Tekmar Stratum US13099007 2013   
Varian Archon 13386 2000   

GC/MS-R Agilent 6890 US00037782 2000 Volatiles  XP 
Agilent 5973 US03340489 2000   
Tekmar Stratum US12111001 2012   
Varian Archon 14040 2003   

GC/MS-S Agilent 6890 US00030897 2000 Summa QC XP 
Agilent 5973 US03340414 2000   
Tekmar Autocan US06047025 2006   

GC/MS-T Agilent 6890 US00039185 2000 Volatiles  XP 
Agilent 5973 US03940628 2000   
Tekmar Atomx US11048001 2011   

GC/MS-U Agilent 6890 US00036171 2001 Summa QC XP 
Agilent 5973 US02450134 2001   

  Tekmar Autocan US08169005 2002     
GC/MS-V Agilent 6890 US00036172 2001 Air  XP 
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Agilent 5973 US02450131 2001   
Entech 7100A 1092 2005   
Entech 7016CA 1041 2005   

GC/MS-W Agilent 6890 US00036170 2001 Volatiles XP 
Agilent 5973 US02450128 2001   
Tekmar Stratum US09154005 2010   
Varian Archon 13573 2001   

GC/MS-X Agilent 6890N US10203064 2002 Air  XP 
  Agilent 5973 US10462129 2002   
GC/MS-Y Agilent 6890 US10203153 2002 Semivolatiles  XP 
  Agilent 5973 US10442209 2002     
  Agilent G2613A (Injector) US00211064 2002     
  Agilent G2614A (Tray) CN64942239 2002     
GC/MS-Z Agilent 6890N US10225110 2002 Volatiles  XP 

Agilent 5973 US21842958 2002   
Tekmar Stratum US12115008 2012   
Varian Archon 15278 2008   

GC/MS-AA Agilent 6890N US10225149 2002 Air  XP 
Agilent 5973N US21843250 2002   
Entech 7100A 1045 2003   
Entech 7016CA 1183 2004   
Entech 7016CA 1212 2004   

GC/MS-BB Agilent 6890N US1023004 2002 Volatiles  XP 
Agilent 5973N US21843288 2002   
Tekmar Stratum US08283014 2012   
Varian Archon 15208 2007   

GC/MS-CC Agilent 6890N US10233039 2002 Volatiles  XP 
Agilent 5973N US21843272 2002   
Tekmar Stratum US10272001 2011   
Varian Archon 13431 2002   

GC/MS-DD Agilent 6890N US10239018 2002 Air  XP 
Agilent 5973N US21843913 2002   
Entech 7100A 1432     
Entech 7016CA 1018 2002   
Entech 7016CA 1187     

GC/MS-EE Agilent 6890N US10248096 2003 Summa QC  XP 
  Agilent 5973N US21844395 2003   
  Tekmar Autocan US99362027 1999   
GC/MS-GG Agilent 6890N CN10337014 2003 Marine Lab XP 
  Agilent 5973N US33246020 2003     
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  Agilent GC 80 SPME CH00213565 2011     
GC/MS-HH Agilent 6890N CN10337015 2003 Air  XP 

Agilent 5973 US30945837 2003   
Entech 7100A 1081 2003   
Entech 7016CA 1012 2003   
Entech 7016CA 1038 2003   

GC/MS-II Agilent 6890 CN10517039 2005 Air  XP 
Agilent 5973 US44647341 2005   
Entech 7100A 1458 2008   
Entech 7016CA 1098 2005   
Entech 7016CA 1225 2008   

GC/MS-JJ Agilent 6890N CN10547073 2005 Volatiles  XP 
Agilent 5973 US53941344 2005   
Tekmar Stratum US10230002 2010   
Varian Archon 14529 2005   

GC/MS-KK Agilent 6890 CN10545117 2005 Air  XP 
Agilent 5973 US53941343 2005   
Entech 7100A 1221 2005   
Entech 7016CA 1207     
Entech 7016CA 1210     

GC/MS-LL Agilent 6890N CN10651084 2007 Volatiles  XP 
Agilent 5975B US63214670 2007   
Tekmar 3100 US01317008 2002   
Varian Archon MS0902W026 2006   

GC/MS-MM Agilent 6890N CN10651076 2007 Semivolatiles XP 
  Agilent 5975B US62715103 2007     
  Agilent G2913A (Injector) CN51825044 2007     
  Agilent G2614A (Tray) CN51833057 2007     
GC/MS-NN Agilent 7890A CN10717056 2007 Air  XP 

Agilent 5975C US71215995 2007   
Entech 7100A 1291 2012   
Entech 7016CA 1211     
Entech 7150 45 2010   
Entech 7410 138 2010   

GC/MS-OO Agilent 7890A CN10745139 2007 Volatiles  XP 
Agilent 5975C US73317841 2007   
Tekmar Stratum US07277008 2009   
Varian Archon 14697 2008   

GC/MS-PP Agilent 7890A CN10744086 2007 Volatiles  XP 
Agilent 5975C US73317584 2007   
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Tekmar Stratum US07277012 2009   
Tekmar SOLATek US09051008 2009   

GC/MS-QQ Agilent 7890A CN10742034 2007 Volatiles  XP 
Agilent 5975C US71216778 2007   
Tekmar Stratum US07277018 2008   
Tekmar SOLATek US08032004 2008   

GC/MS-RR Agilent 7890A CN10730015 2007 Volatiles  XP 
Agilent 5975C US73317844 2007   
Tekmar Stratum US08032004 2008   
Tekmar SOLATek US08032006 2008   

GC/MS-SS Agilent 7890A CN10803049 2007 Semivolatiles XP 
  Agilent 5975C US80618497 2007     
  Agilent G2613A (Injector) US81801206 2007     
  Agilent G2614A (Tray) CN80246945 2007     
GC/MS-TT Agilent 7890A CN10806032 2007 Semivolatiles XP 
  Agilent 5975C US80618456 2007     
  Agilent G2613A (Injector) CN80246390 2007     
  Agilent G2614A (Tray) CN80246936 2007     
GC/MS-UU Agilent 7890A CN10805004 2007 Volatiles  XP 

Agilent 5975C US71215984 2007   
Tekmar Stratum US08087006 2008   
Varian Archon 15287 2008   

GC/MS-VV Agilent 7890A CN10805094 2007 Volatiles  XP 
Agilent C5975 US80118376 2007   
Tekmar 3100 US02203002 2001   
Tekmar SOLATek US09050003 2008   

GC/MS-WW Agilent 7890A CN10803015 2007 Volatiles  XP 
Agilent 5975C US80118375 2007   
Tekmar Atomx US11034002 2011   

GC/MS-XX Agilent 7890A CN10815050 2008 Volatiles  XP 
Agilent 5975C US80828968 2008   
Tekmar Stratum US14097001 2014   
Varian Archon 15273 2008   

GC/MS-YY Agilent 7890A CN10814115 2008 Air  XP 
Agilent C5975 US80828967 2008   
Entech 7100A 1431 2008   
Entech 7016CA 1208 2008   
Entech 7016CA 1214 2008   

GC/MS-ZZ Agilent 7890A CN10814050 2008 Air  XP 
Agilent 5975C US80828953 2008   
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Markes TD-100 GB00K10173 2011   
GC/MS-AAA Agilent 7890A CN10812068 2008 Semivolatiles  XP 
  Agilent 5975C US80828988 2008     
  Agilent G2613A (Injector) CN70438717 2008     
  Agilent G2614A (Tray) CN64942222 2008     
GC/MS-BBB Agilent 7890A CN10947130 2009 Semivolatiles XP 
  Agilent 5975C US93414124 2009     
  Agilent 7693 (Tray) CN94701470 2009     
  Agilent 7693 (Injector) CN11200098 2009     
GC/MS-CCC Agilent 7890A CN10947129 2009 Semivolatiles XP 
  Agilent 5975C US93414097 2009     
  Agilent 7693 (Tray) CN94901515 2009     
  Agilent 7693 (Injector) CN95002678 2009     
GC/MS-DDD Agilent 7890A CN10031142 2009 Semivolatiles XP 
  Agilent 5975C US10197302 2009     
  Agilent 7693 (Tray) CN10210002 2009     
  Agilent 7693 (Injector) CN10140077 2009     
GC/MS-EEE Agilent 7890A CN10241112 2009 Semivolatiles XP 
  Agilent 5975C US10257401 2009     
  Agilent 7693 (Tray) CN10210100 2009     
  Agilent 7693 (Injector) CN10230009 2009     
GC/MS-FFF Agilent 7890A CN10391179 2010 Volatiles XP 
  Agilent 5975C US10407502 2010     
  Tekmar Atomx US10200002 2010     
GC/MS-GGG Agilent 7890A CN10401096 2010 Volatiles XP 
  Agilent 5975C US10287508 2010     
  Tekmar Atomx US10246002 2010     
GC/MS-HHH Agilent 7890A CN10521074 2010 Semivolatiles Win 7 
  Agilent 5975C CN11030007 2010     
  Agilent 7693 (Tray) US11077507 2010     
  Agilent 7693 (Injector) CN11050288 2010     
GC/MS-III Agilent 7890A CN10521075 2010 Semivolatiles Win 7 
  Agilent 5975C US11077506 2010     
  Agilent 7693 (Tray) CN11030009 2010     
  Agilent 7693 (Injector) CN11050291 2010     
GC/MS-JJJ Agilent 7890A CN11441070 2011 Semivolatiles Win 7 
  Agilent 5975C US11447702 2011     
  Agilent 7693 (Tray) CN11440045 2011     
  Agilent 7693 (Injector) CN11390136 2011     
GC/MS-KKK Agilent 7890A CN11441059 2011 Air  Win 7 
  Agilent 5975C US11447704 2011     
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  Entech 7100A 1384 2008     
  Entech 7016CA 1212 2008     
  Entech 7016CA 1183 2007     
GC/MS-LLL Agilent 7890A CN12031151 2012 Air  Win 7 
  Agilent 5975C US12097802 2012     
  Entech 7100A 1290 2012     
  Entech 7016CA 1041 2005     
GC/MS-MMM Agilent 7890A CN12261027 2012 Air  Win 7 
  Agilent 5975C US12262A09 2012     
  Markes TD-100 GB00k10257 2012     
GC/MS-NNN Agilent 7890A CN14073088 2014 Semivolatiles Win 7 
  Agilent 5975C US14052222 2014     
  Agilent 7693 (Tray) CN13500019 2014     
  Agilent 7693 (Injector) CN14020017 2014     
GC/MS-OOO Agilent 7890B CN14103035 2014 Air  Win 7 
  Agilent 5977A US1410J201 2014     
  Entech 7200 1161 2014     
  Entech 7016D 1421 2014     

  
   

GC TRIPLEQUAD SYSTEMS   
      

Designation Manufacturer/Model  Serial Number Acquired Department OS 
GC/TQ-1 Agilent 7890A US11041024 2011 Marine Lab Win 7 
  Agilent 7000 TQ/MS US11046401 2011     
  Agilent 7693 (Tray) CN11030015 2011     
  Agilent 7693 (Injector) CN11050297 2011     
GC/TQ-2 Agilent 7890A US11291011 2011 Marine Lab Win 7 
  Agilent 7000 TQ/MS US11196604 2011     
  Agilent 7693 (Tray) CN11180027 2011     
  Agilent 7693 (Injector) CN95002669 2011     
      

GC SYSTEMS 
    

 

Designation Manufacturer/Model  Serial Number Acquired Department OS 
GC-1 HP 5890 Series II        

Detector(s): PID/FID 
3310A48771 1987 LUFT-GRO 2000 

Tekmar 3100 US01362002 2004   
Varian Archon 15301 2008   

GC-4 HP 5890          Detector(s): 
PID/FID 

2750A17251 1989 LUFT-GRO XP 

OI 4560 B239040     
Varian Archon 13142 1999   



Eurofins Calscience, Inc. – Quality Systems Manual – Version 5.7– June 2015 
                                                                                                   Reference NELAC Standard Effective September 09, 2009 

 

Eurofins Calscience, Inc. Quality Systems Manual, Page 95 of 105 
f 

GC-8 HP 5890 Series II PID/FID 3033A31219 1990 LUFT-GRO XP 
Tekmar 3100 US02249008 2002   
Varian Archon MS1010W015 2008   

GC-9 HP 5890 Series II     
Detector(s): FID/FID 

3033A32951 1991 Semivolatiles NT 

GC-12 HP 5890 Series II      
Detector(s): FID/TCD 

3118A35448 1991 Semivolatiles NT 

GC-13 HP 5890 Series II           
FID/TCD 

3033A32929 1990 Air XP 

GC-14 HP 5890 Series II      
Detector(s): FPD 

3126A36770 1991 Air XP 

GC-18 HP 5890 Series II   
Detector(s): PID/FID 

3235A44156 1992 LUFT-GRO 2000 

EST Encon 512080906     
Varian Archon 15307 2008   

GC-21 HP 5890 Series II   
Detector(s): PID/FID 

3336A51475 1994 LUFT-GRO XP 

Tekmar 3100 US02331005 2007   
Varian Archon MS0902W025 2008   

GC-22 HP 5890 Series II+  
Detector(s): PID/FID 

3336A61360 1994 LUFT-GRO XP 

Tekmar 3100 US02233006 2008   
Varian Archon 14699 2006   

GC-24 HP 5890 Series II+  
Detector(s): PID/FID 

3336A53949 1994 LUFT-GRO 2000 

Tekmar 3000 98194007 1998   
Varian Archon 13864 2004   

GC-25 HP 5890 Series II+  
Detector(s): PID/FID 

2921A23805 1994 LUFT-GRO XP 

Tekmar 3100 314009     
Varian Archon 13470 2001   

GC-26 HP 6890         Detector(s): 
NPD/NPD 

US00001017 1995 Semivolatiles XP 

  G1513A (Injector) CN12620285 1995     
  G1514A (Tray) US83304659 1995     
GC-29 HP 5890 Series II  

Detector(s): PID/FID 
3310A47430 2000 LUFT-GRO XP 

Tekmar 3100 US02249004 2002   
Varian Archon 13874 2002   

GC-31 HP 6890         Detector(s): 
ECD/ECD 

US00037979 2000 Semivolatiles XP 

  G2613A (Injector) CN43138313 2000     
  G2614A (Tray) CN71543642 2000     



Eurofins Calscience, Inc. – Quality Systems Manual – Version 5.7– June 2015 
                                                                                                   Reference NELAC Standard Effective September 09, 2009 

 

Eurofins Calscience, Inc. Quality Systems Manual, Page 96 of 105 
f 

GC-34 HP 5890 Series II                   
Detector(s): FID  

3033A32699 2000 Air XP 

GC-35 Agilent 6890N    
Detector(s): NPD/NPD 

US10206061 2002 Semivolatiles XP 

  G2613A (Injector) US81501043 2002     
  G2614A (Tray) US83501663 2002     
GC-36 Agilent 6890N    

Detector(s): FID/TCD 
 US10346058 2004 Air XP 

GC-37 Agilent 6890N   Detector(s): 
ECD/ECD 

CN10350094 2004 Marine Lab XP 

GC-38 HP 5890 Series II      
Detector(s): FID 

3029A30188 1995 Air XP 

GC-40 Agilent 7890N   Detector(s): 
ECD/ECD 

CN10647089 2007 Semivolatiles XP 

  G2913A (Injector) CN715400009 2007     
  G2614A (Tray) CN64842106 2007     
GC-41 Agilent 7890N   Detector(s): 

ECD/ECD 
CN10650013 2007 Semivolatiles XP 

  G2913A (Injector) CN70538721 2007     
  G2614A (Tray) CN43130148 2007     
GC-42 Agilent 6890N  Detector(s): 

PID/FID 
CN10647056 2007 LUFT-GRO XP 

Tekmar 3100 US01274007     
Varian Archon 14370 2004   

GC-43 Agilent 6890N   Detector(s): 
FID 

CN10720004 2007 Air XP 

GC-44 Agilent 6890N   Detector(s): 
FID/FID 

CN10721103 2007 Semivolatiles XP 

  G2913A (Injector) CN71840418 2007     
  G2614A (Tray) CN71843829 2007     
GC-45 Agilent 7890A  Detector(s): 

FID/FID 
CN10808107 2007 LUFT-DRO XP 

  G2913A (Injector) CN81949025 2007     
  G2614A (Tray) CN80747427 2007     
GC-46 Agilent 7890A  Detector(s): 

FID/FID 
CN1080815 2007 LUFT-DRO XP 

  G2913A (Injector) CN81949036       
  G2614A (Tray) US83201509       
GC-47 Agilent 7890A  Detector(s): 

FID/FID 
CN10819056 2008 LUFT-DRO XP 

  G2913A (Injector) CN81748778 2008     
  G2614A (Tray) CN81748307 2008     
GC-48 Agilent 7890A  Detector(s): 

FID/FID 
CN10819057 2008 LUFT-DRO XP 
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  G2913A (Injector) CN64837502 2008     
  G2614A (Tray) CN64541796 2008     
GC-49 Agilent 7890A  Detector(s): 

FID/FID 
CN10820151 2008 LUFT-DRO XP 

  G2913A (Injector) CN71549035 2008     
  G2614A (Tray) CN82048589 2008     
GC-50 Agilent 7890A  Detector(s): 

FID/FID 
CN10820150 2008 LUFT-DRO XP 

  G2913A (Injector) CN80546905 2008     
  G2614A (Tray) CN82048581 2008     
GC-51 Agilent 7890A  Detector(s): 

ECD/ECD 
CN10822026 2008 Semivolatiles XP 

  G2913A (Injector) CN82049336 2008 
 

  
  G2614A (Tray) CN82148694 2008     
GC-52 Agilent 7890N   Detector(s): 

FID 
CN10824005 2008 Air XP 

GC-53 Agilent 6890N   Detector(s): 
FID 

US00002691 2000 Air XP 

GC-54 Agilent 7890A  Detector(s): 
FPD 

US10840051 2008 Air XP 

GC-55 Agilent 7890N   Detector(s): 
TCD 

CN10844112 2008 Air  XP 

GC-56 Agilent 7890N  Detector(s): 
FID 

CN10847124 2009 LUFT-GRO XP 

OI Eclipse D647466449P     
Varian Archon 15139 2007   

GC-57 Agilent 7890N   Detector(s): 
ECD/ECD 

CN10847113 2009 LUFT-GRO XP 

OI Eclipse D81466987P     
Varian Archon 15140 2007   

GC-58 Agilent 7890N CN10942196 2009 Semivolatiles XP 
  Agilent 7693 (Tray) CN64937563 2009     
  Agilent 7693 (Injector) CN81748311 2009     
GC-59 Agilent 7890N  Detector(s): 

FID 
CN10041127 2009 Air XP 

GC-60 Agilent 6890N  Detector(s): 
FID 

US10247091 2003 Air XP 

GC-61 Agilent 6890N  Detector(s): 
FID 

US00007963 1998 Air XP 

GC-62 Agilent 6890N  Detector(s): 
FID 

US00036172 2001 Air XP 

GC-63 Agilent 7890A  Detector(s): 
ECD/ECD 

CN12151152 2012 Marine XP 
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GC-64 Agilent 6890A  Detector(s): 
FID 

US00030941 1999 Air XP 

GC-65 Agilent 7890A  Detector(s): 
TCD 

CN12111151 2012 Air XP 

GC-66 Agilent 7890A  Detector(s): 
FID 

CN12421146 2012 Semivolatiles XP 

  Agilent 7693 (Tray) CN12320016       
  Agilent 7693 (Injector) CN12300140       
      
      

Inductively Coupled Plasma Spectrophotometers (ICP) 
  

 

Designation Manufacturer/Model  Serial Number Acquired Department OS 
ICP-7 PE Optima 7300 DV 077C8120401 2008 Metals XP 
  ESI SC FAST 4DX-F1-TSP 2013     
ICP-8 PE Optima 8300    2014 Metals Win 7 
  ESI SC4 optiFAST Dxi   2014     

     

 

Inductively Coupled Plasma/Mass Spectrometers (ICP/MS) 
 

 

Designation Manufacturer/Model  Serial Number Acquired Department OS 
ICP/MS-3 PE ELAN DRC-e AH 14610812 2009 Metals XP 
  ESI SC4 DX X4DX5HSTSP16110413       
ICP/MS-4 PE ELAN DRC-e AH 13440801 2009 Metals XP 
  ESI SC4 DX X4DX5HSTSP16110603       
ICP/MS-5 PE NexION 300D 81DN1120502 2011 Metals XP 
  ESI SC4 DX FST04-TSP-091203 2001     

     

 

Flame Atomic Absorption Spectrometers (FAA) 
  

 

Designation Manufacturer/Model  Serial Number Acquired Department OS 
FAA-3 PE PinAAcle 900F PFAS11090701 2011 Metals Win 7 

     

 

Mercury Analyzers 
   

 

Designation Manufacturer/Model  Serial Number Acquired Department OS 
HG-4 PE FIMS-400 401S2030103 2005 Metals XP 

HG-5 PE FIMS-400 401S5070901 2005 Metals XP 
HG/AF-1 Teledyne Hydra II 1095 2011 Metals Win 7 

     

  

High Performance Liquid Chromatographs (HPLC) 
  

 

Designation Manufacturer/Model  Serial Number Acquired Department OS 
HPLC-5 Variable Wave. Det. JP116144U1 2001 Semivolatiles XP 
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Agilent 1100 HPLC Column Compartment DE11120911 2001     
  Quat. Pump DE11114727 2001     
  Degasser JP05029389 2001     
  Autosampler DE11115637 2001     
HPLC-6 Variable Wave. Det. JP11414177 2001 Semivolatiles XP 
Agilent 1100 HPLC Quat. Pump DE11114712 2001     
  Degasser JP05029404 2001     
  Autosampler DE11115492 2001     
HPLC-7 Variable Wave. Det. DE43602867 2004 Semivolatiles XP 
Agilent 1100 HPLC Iso Pump DE409006799 2004     
  Column Compartment DE111210117 2004     
  Autosampler DE33225927 2004     
Pickering  Pinnacle PCX 513305 2013     
HPLC-8 Multi. Wave. Det. DE60555324   Semivolatiles XP 
Agilent 1200 HPLC Iso Pump DE62956826       
  Fraction Collector DE60555134       
  Autosampler DE63055195       

     

 

Liquid Chromatography/Mass Spectrometry 
(LC/MS/MS) 

  

 

Designation Manufacturer/Model  Serial Number Acquired Department OS 
LC/TQ-1 Varian 1200L Triple Quad  3060 2005 Inorganics XP 
  Varian Prostar 210 4151 2005    
  Varian Prostar 210 4152 2005    
  Varian 410 Autosampler 50062 2005     
LC/TQ-2 Agilent 6430 LC/MS Triple 

Quad 
SG11077104 2013 Inorganics 7 

  Agilent 1260 Quat Pump DEAB707001 2013    
  Agilent 1260 ALS DEAAC17936 2013     
TOC-4 OI Soil Module  Detector(s): 

IR 
C339776273 2003 Inorganics XP 

TOC-5 OI Soil Module  Detector(s): 
IR 

C726776952 2007 Inorganics XP 

TOC-6 OI Aurora 1030 J025730749P 2011 Inorganics XP 
  OI 1088 A/S J025730749P 2011     
TOC-8 OI Aurora 1030 N248731638P 2012 Inorganics XP 
  OI 1088 A/S E248788640 2012     
IC-7 Dionex  ICS-1000  

Detector(s): Conductivity 
3100486 2003 Inorganics  

(Anions) 
XP 

IC-8 Dionex  ICS-2000  
Detector(s): Conductivity 

4100279 2004 Inorganics  
(Perchlorate) 

XP 



Eurofins Calscience, Inc. – Quality Systems Manual – Version 5.7– June 2015 
                                                                                                   Reference NELAC Standard Effective September 09, 2009 

 

Eurofins Calscience, Inc. Quality Systems Manual, Page 100 of 105 
f 

IC-9 Dionex  ICS-1000  
Detector(s): Conductivity 

8120823 2008 Inorganics  
(Anions) 

XP 

IC-10 Dionex  ICS-1000  
Detector(s): Conductivity 

8120822 2008 Inorganics  
(Anions) 

XP 

IC-11 Variable Wave. Detector 8120958 2009 Inorganics  XP 
Dionex ICS-3000 Single Pump 9010071 2009 (Cr(VI))   
  Column Comp. 8120362 2009 

 
  

  AS-DV Autosampler 10100586 2009     
IC-12 Variable Wave. Detector 9060673 2009 Inorganics  XP 
Dionex ICS-3000 Single Pump 9060616 2009 (Cr(VI))   
  Column Comp. 9010928 2009     
IC-13 Dionex  ICS-1100  

Detector(s): Conductivity 
9120764 2009 Inorganics   XP 

IC-14 Variable Wave. Detector 9100584   Inorganics  XP 
Dionex ICS-5000 Single Pump 10100152       
  Column Comp. 10100022   

 
  

  AS-DV Autosampler 10100586       
IC-15 Dionex  ICS-1100  

Detector(s): Conductivity 
14038039 2014 Inorganics   XP 

  AS-DV Autosampler 14037446 2014     
ACA1 OI 3360 Flow Analyzer  

Detector(s): UV 
751893730 2007 Inorganics XP 

UV-4 Thermo            Detector(s): 
UV 

3DUK232006 2007 Inorganics XP 

UV-5 Thermo            Detector(s): 
UV 

3DUK228001 2007 Inorganics XP 

UV-7 Agilent 8453     Detector(s): 
Diode Array 

CN22807187 2008 Inorganics XP 

UV-8 Agilent 8453     Detector(s): 
Diode Array 

CN22808466 2010 Inorganics XP 

UV-9 Agilent 8453     Detector(s): 
Diode Array 

CN22809400 2013 Inorganics XP 

    
 

FT-IR Spectrometer 
   

 

Designation Manufacturer/Model Serial Number Acquired Department OS 
IR-2 P.E. Spectrum Two 89327 2011 LUFT-DRO Win 7 

     

  

Automated Extractors 
   

 

Designation Manufacturer/Model Serial Number Acquired Department   
ASE-1 Dionex ASE-200 98120515 1999 Marine Lab   
ASE-2 Dionex ASE-200 99090112 1999 Extractions   
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ASE-3 Dionex ASE-300 1100597 2002 Extractions   
ASE-4 Dionex ASE-300 1100598 2002 Extractions   
ASE-5 Dionex ASE-200 07040191 2007 Marine Lab   
ASE-6 Dionex ASE-200 07010483 2007 Extractions   
ASE-7 Dionex ASE-350 08080167 2010 Extractions   
ASE-8 Dionex ASE-350 09020620 2010 Extractions   
ASE-9 Dionex ASE-350 10090204 2012 Extractions   
ASE-10 Dionex ASE-350 10090546 2012 Extractions   
      

Solid Phase Extraction Unit 
   

 

Designation Manufacturer/Model Serial Number Acquired Department   
SPE-1 Horizon Tech/ 4790 11-1576 2010 Extractions   

SPE-2 Horizon Tech/ 4790 11-1577 2010 Extractions   
SPE-3 Horizon Tech/ 4790 11-1578 2010 Extractions   
SPE-4 Horizon Tech/ 4790 11-1579 2010 Extractions   
SPE-5 Horizon Tech/ 4790 11-1580 2010 Extractions   
SPE-6 Horizon Tech/ 4790 11-1581 2010 Extractions   
SPE-7 Horizon Tech/ 4790 11-1582 2010 Extractions   
SPE-8 Horizon Tech/ 4790 11-1583 2010 Extractions   
      

Misc. Shaker/Rotators 
   

 

Designation Manufacturer/Model Serial Number Acquired Department   
Rotator 7 Associated Design 3740-12BRE-11 ? Extractions   
Rotator 9 Heidolf/REAX 20 120702298 ? Extractions  
Rotator 3 Associated Design 1897 ? Extractions  
Rotator 2 Associated Design 1282 ? Extractions  
Rotator 8 Associated Design 2171 ? Extractions  
Rotator 1 Associated Design 1697 ? Extractions  
  Thermo MAXQ 2508 105253-3 ? Extractions  
  Thermo MAXQ 3000 185905-68 ? Extractions  
  Thermo MAXQ 3000 1411080905883 ? Extractions  
  Southwest Sci. IncuShaker 1411080905883 ? Extractions  
  Thermo MAXQ 3000 1411080398252 ? Extractions  
  Thermo MAXQ 3000 141071288276 ? Extractions  
      

Extraction Equip. 
   

 

Designation Manufacturer/Model Serial Number Acquired Department  
DVP001 Horizon DryVap Conc. 1131 ? Extractions  
DVP001 Horizon DryVap Conc. 1377 ? Extractions  
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  Gerhardt SoxTherm 1803 2014 Extractions  
  Gerhardt SoxTherm 1849 2014 Extractions  
  Gerhardt SoxTherm 1555 2014 Extractions  
  Gerhardt SoxTherm 2032 2014 Extractions  
  FMS PowerVap Conc. E-0235 2014 Extractions  
  FMS PowerVap Conc. E-0236 2014 Extractions  
      

Particle Size Analyzer 
   

 

Designation Manufacturer/Model Serial Number Acquired Department OS 
PSA-1 B.C. LS13320 AT39390 2011 Marine Lab XP 
      

Gas Mixer 
    

 

Designation Manufacturer/Model Serial Number Acquired Department   
Mixer 1 Environics Series 2000 1490 1995 Air   
Mixer 2 Environics Series 2000 4618 2009 Air   

      Wet 
Chemistry 

     Designation Manufacturer/Model Serial Number Acquired Department 

 PH 1 Fisher Accumet Basic 176 1997 IO 

 PH 4 Fisher Accumet Basic AB81210901 2004 IO 
 ISE1 Thermo Sci. Orion Star E03578 2011 IO 
 SC 2 Amber Science 3082 108039 2001 IO 
 SC 5 Amber Science 2052 1106043 2011 IO 
 TUR 3 HF Scientific Micro 100 301269 2003 IO 
 IO 01 Fisher ISOTemp Oven 40300024 2005 IO 
 IO 07 Fisher ISOTemp 6509 

Oven 
1580080398315 2012 IO 

 IO 08 Fisher ISOTemp 6509 
Oven 

1580080398313 2012 IO 

 IO 10 Fisher ISOTemp 6509 
Oven 

613128-624 2013 IO 

 IO 13 Fisher ISOTemp 6509 
Oven 

612568-551 2013 IO 

 Thermo 01 Thermo Sci. FD1535M 152991101110630 2013 IO 
 BOD 1 Thermo Auto. 10060000 A0067 2003 IO 
 IC 04 Fisher 11-679-25C 

Incubator 
2018080505659 2012 IO 

 Balance 13 Fisher A-250 25275 1997 IO 
 Balance 14 Ohaus E02140 11120030978 1998 IO 
 Balance 13 Sartorious ME 235P 16503597 2004 IO 
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  Fisher low temp incubator 2018080505659   IO 
       
 Referigerators/Incubators 

    Designation Manufacturer/Model Serial Number Acquired Department 

   Fisher low temp incubator 2018080505659 ? IO 

 FG-23 True Manufacturing T-23 7251068 ? Extractions 
 FG-24 True Manufacturing T-23 1-3453096 ? Extractions 
 FG-25 True Manufacturing T-23 1-3496118 ? Extractions 
      
 Lab Water Systems 

    Designation Manufacturer/Model Serial Number Acquired Department 

   Barnstead EasyPure RoDi 1332060134165   LUFT 

   Barnstead Diamond RO 1266071286485   VOA 
   Barnstead NANOpure 7143 491510-421   VOA 
   Barnstead E-Pure D4641 1090090114250   IO 
   Barnstead E-Pure D4641 229758-32   LUFT D 
       
 Glassware Drying Kilns 

    Designation Manufacturer/Model Serial Number Acquired Department 

 Kiln-1 LL Kilns DaVinci T3427-D-480-3P 2013   

 Kiln-2 LL Kilns DaVinci 090111-F-CKG 2012   
       

Misc. Ovens 
     Designation Manufacturer/Model Serial Number Acquired Department 

 VOA-1 VWR 1325F 4094404   VOA 
 VOA-2 VWR 1350FM 400503   VOA 
 VOA-3 VWR 1325F 6109006   VOA 
 IO-06 VWR 1350FM 1101302   VOA 
      
 IT Equip. 

     Designation Manufacturer/Model Serial Number Acquired Department 

 NAS-1 EMC CLARiiON Array AMP00103500986 2010 Lincoln 
 NAS-2 EMC CLARiiON Array AMP00103500987 2010 Lampson 
   HP ProCurve switch 5406zl SG04SU23M   Lampson 
   HP ProCurve switch 5406zl 1NO30TI1YZ   Lincoln 
   Cisco 3800 router FTX1143A4GP   Lampson 
   Cisco 3800 router FTX1143A4GQ   Lincoln 
 Server Dell PowerEdge R900 FQBFDF1   Lampson 
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Server Dell PowerEdge R900 3T8TKH1   Lincoln 
 Server Dell PowerEdge 2650 JZR6F61   Lincoln 

 Server Dell PowerEdge 2950 8MJWKH1   Lincoln 

 Server Dell PowerEdge R720 5JB2TW1   Lincoln 
 UPS Batt. B/U APC Symetra LX ZA0624031279   Lampson 

 UPS Batt. B/U Powerware PW9170 660C120AAAAAAAP   Lincoln 

      

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Eurofins Calscience, Inc. – Quality Systems Manual – Version 5.7– June 2015 
                                                                                                   Reference NELAC Standard Effective September 09, 2009 

 

Eurofins Calscience, Inc. Quality Systems Manual, Page 105 of 105 
f 

 
 

 
 
 
 
 

END OF DOCUMENT 
 

 
 
 
 
 
 
 
 
 
 



Field Sampling Plan 

 

 
E 

DRAFT for review purposes only.  

Appendix E: DoD, DOE Consolidated Quality Systems 
Manual (QSM) for Environmental Laboratories 

 



Department of Defense (DoD) 

Department of Energy (DOE) 

Consolidated  

Quality Systems Manual (QSM) for 

Environmental Laboratories 

Based on ISO/IEC 17025:2005(E)  

and  

The NELAC Institute (TNI) Standards, Volume 1, (September 2009) 

DoD Quality Systems Manual Version 5.0 

DOE Quality Systems for Analytical Services Version 3.0 

July 2013



 
 

 
 

 

Department of Defense (DoD) 

  

 

Quality Systems Manual (QSM) for  

Environmental Laboratories 

 

Based on ISO/IEC 17025:2005(E)  

and  

The NELAC Institute (TNI) Standards, Volume 1, (September 2009) 

 

 

 

 

DoD Quality Systems Manual Version 5.0 

July 2013 





Department of Energy (DOE) 

Quality Systems for Analytical Services 

Based on ISO/IEC 17025:2005(E)  

and  

The NELAC Institute (TNI) Standards, Volume 1, (September 2009) 

DOE Quality Systems for Analytical Services Version 3.0 

July 2013 



Department of Energy (DOE) 

Quality Systems for Analyt ical Services (QSAS) 

Version 3.0 

rer 

anager, Department of Energy Consolidated Audit Program 
Oak Ridge Office 

( o /:so/ :i.o 13 

Anita R. Bhatt 
Director, Radiolog ical and Environmental Sc iences Laboratory 
Idaho Operations Office 

George E. Detsis 
Manager, Analyt ical Services Program 
Office of Health, Safety and Security 

Date 

Date 



 

 

Preface 

The Department of Defense (DoD) Environmental Data Quality Workgroup (EDQW) and the 
Department of Energy (DOE) Consolidated Audit Program (DOECAP) Operations Team 
developed this manual called the DoD/DOE Quality Systems Manual (QSM) for Environmental 
Laboratories.  The QSM provides baseline requirements for the establishment and management 
of quality systems for laboratories performing analytical testing services for the DoD and the 
DOE.  

This manual is based on Volume 1 of The NELAC Institute (TNI) Standards (September 2009), 
which incorporates ISO/IEC 17025:2005(E), General requirements for the competence of 
testing and calibration laboratories.  Conformance to the requirements contained in this manual 
is mandatory for any laboratory that is 1) seeking or maintaining accreditation in accordance 
with the DoD Environmental Laboratory Accreditation Program (ELAP) or 2) seeking or 
maintaining qualification in accordance with the DOECAP and DOE related contract awards.  
Laboratories that comply with the requirements of this manual must also comply with the TNI 
standards (September 2009) and ISO/IEC 17025:2005(E) unless specific provisions in those 
standards are superseded by this document.  All references to the term “accreditation” in this 
manual refer to the DoD ELAP only. 

To alleviate issues of copyright and provide a manual that is freely available to all, this manual is 
presented in a new format, which must be used in conjunction with the TNI and ISO/IEC 
17025:2005(E) standards.  DoD/DOE specific language is presented as text and appendices in 
the order in which topics are addressed in the TNI standard.  DoD/DOE text contains additional 
requirements, clarifications, and guidance to supplement the TNI and ISO/IEC language.  
Information that may be beneficial to a laboratory, but is not required, is marked as guidance.  
To the extent possible, DoD and DOE requirements have been consolidated.  Text or 
appendices that are unique to either DoD or DOE are marked as such.    

The DoD/DOE QSM is international in scope and applies to all laboratories regardless of size or 
complexity. Nothing in this document relieves any laboratory from complying with more stringent 
contract specifications, host-nation final governing standards, or federal, state, tribal, and local 
regulations. Current accreditation to DoD QSM version 4.2 is considered equivalent to 
accreditation to this manual.  DoD ELAP Accreditation Bodies will accredit laboratories to this 
version of the standard during their normal accreditation cycles. 

This manual was created in the spirit of cooperation between agencies for the purpose of 
consolidating and improving quality systems. The DoD and DOE expert committee members 
wish to thank the many volunteers that provided insight and guidance into the resolution of 
complex scientific issues that are now a part of this document. Moving forward, the goal of 
continued data quality improvement will always be at the forefront of both the DoD EDQW and 
DOECAP team.  
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Volume 1, Module 1: Proficiency Testing (PT)  

1.0 Introduction  
This module provides baseline requirements for proficiency testing for laboratories performing 
analytical testing services for the Department of Defense (DoD) and the Department of Energy 
(DOE).  This module supersedes the entirety of Volume 1, Module 1 of The NELAC 
Institute (TNI) standards (September 2009), which incorporates ISO/IEC 17025:2005(E).  

2.0 Requirements for Accreditation (Section 2 is DoD Only)  

2.1 Initial Accreditation  

2.1.1 Initial Accreditation for DoD ELAP   
To obtain initial accreditation for Department of Defense Environmental Laboratory Accreditation 
Program (DoD ELAP), the laboratory shall analyze at least two Proficiency Testing (PT) 
samples for each combination of analyte-matrix-method (e.g., Trichloroethylene (TCE)-water-
Method 624, TCE-water-Method 8260, TCE-soil-Method 8260, lead-soil-6010, or lead-soil-6020) 
that corresponds to their scope of accreditation. Laboratories that combine multiple methods 
into one Standard Operating Procedure (SOP) (e.g., SOP that combines Method 624 volatiles & 
Method 8260 volatiles) can report those methods with a single PT sample. All other analyte-
matrix-method combinations require unique PT samples.  

2.1.2 PT Samples for Initial Accreditation 
The PT samples used for initial accreditation shall be obtained from PT providers that are 
accredited under International Organization for Standardization (ISO) 17043 (General 
Requirements for Proficiency Testing) from an International Laboratory Accreditation Council 
(ILAC) approved signatory Accreditation Body.  Laboratories seeking DoD ELAP accreditation 
have the option to obtain PT samples from the Mixed Analyte Performance Evaluation Program 
(MAPEP). MAPEP is required for all laboratories that possess a radioactive materials license for 
analysis of radiological samples. MAPEP PT samples for analyte suites that do not contain 
radioactive materials can be accepted by laboratories without a radioactive materials license. 

2.1.3 PT Samples not from ISO 17043 Accredited PT Provider 
When PT samples cannot be obtained from an ISO 17043 accredited PT provider, the 
laboratory shall obtain permission to use non-ISO 17043 PT providers from their Accreditation 
Body prior to analyzing the PT sample.  The requirements and criteria from the PT provider 
must be met by the laboratory for the PT sample to be considered successful. 

2.1.4 PT Samples for Analyte-matrix-method not from PT Provider 
When PT samples for an analyte-matrix-method combination cannot be obtained from any PT 
provider and the analyte-matrix-method combination is required for a scope of accreditation, the 
laboratory shall submit this fact in writing to the DoD ELAP Accreditation Body. Other measures 
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(e.g., precision, bias, and selectivity) as outlined in the appropriate 2009 TNI Standard Test 
Modules must be performed to satisfy the PT requirement until those PT samples are available.   

2.1.5 Analysis Date of PT Samples 
The PT samples analyzed by the laboratory for initial DoD ELAP accreditation shall be no more 
than twelve (12) months old. The analysis date between PT samples shall be at least fifteen 
(15) calendar days apart if two or more successive PT samples are performed. The fifteen (15) 
calendar day requirement does not apply to the MAPEP program. Laboratories that participate 
in the MAPEP program shall follow the MAPEP program requirements. 

2.1.6 PT Study Determination 
The success or failure of any analyte-matrix-method combinations for a PT study shall be 
determined by the PT provider under the requirements of the governing regulatory or ISO 17043 
statistically derived program. 

2.1.7 PT Samples Same as Regular Environmental Samples 
In all cases, PT samples must be evaluated the same as regular environmental samples. A 
laboratory shall employ the same quality control, sequence of analytical steps, and replicates as 
used when analyzing routine samples. 

2.2 Continuing Accreditation  

2.2.1 Maintaining Accreditation 
To maintain DoD ELAP accreditation, the laboratory shall successfully analyze at least two PT 
samples per calendar year for each analyte-matrix-method combination on their scope of 
accreditation. Each PT sample shall be analyzed approximately six (6) months apart (i.e., any 
time frame from four (4) to eight (8) months apart is considered acceptable) if two PT samples 
are analyzed. A PT sample for Whole Effluent Toxicity (WET) testing is required at least once 
per year.  

2.2.2 Laboratory PT History 
The laboratory shall maintain a history of at least two (2) successful PT rounds out of the most 
recent three (3) attempts for each analyte-matrix-method combination on their scope of 
accreditation. If PT samples are required for corrective action to reestablish history of successful 
PT rounds, the analysis dates of successive corrective action PT samples shall be at least 
fifteen (15) calendar days apart. The fifteen (15) calendar day requirement does not apply to the 
MAPEP program. Laboratories that participate in the MAPEP program shall follow the MAPEP 
program requirements. 

2.2.3 Failure to Meet Criteria 
Analyte-matrix-method combinations that do not meet the above criteria must be removed from 
the DoD ELAP scope of accreditation.  
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3.0 Requirements for Participation (Section 3 is DOE Only) 

3.1 Initial Inclusion 

3.1.1 Initial Inclusion into the DOECAP Program 
The laboratory shall demonstrate successful participation for a minimum of one year in an ISO 
17043 accredited PT program. The single blind studies must be related to regulatory or 
environmental programs, matrix types, or analytes for each of the analytical disciplines (i.e., 
inorganic, organic, radiochemistry) that each laboratory will perform in support of DOE field 
offices.  A laboratory is only required to analyze samples containing analytes, and samples of 
matrices, applicable to data they report under DOE contracts. 

3.1.2 PT Samples for Initial Inclusion 
MAPEP is required for all laboratories that possess a radiological materials license and that 
perform inorganic, semi-volatile organic, or radiochemical analyses for DOE.  Laboratories that 
perform volatile organic and wet chemistry analyses to DOE will be required to maintain 
proficiency in ISO 17043 accredited PT program for all matrices that are included in the 
laboratory’s scope of work as defined in the subcontracts issued by DOE sites.  A laboratory 
must possess a radioactive materials license from the Nuclear Regulatory Commission, an 
Agreement State, or a DOE exemption to receive MAPEP samples that contain radiological 
materials. However, MAPEP PT samples for organic analytes do not contain radioactive 
materials and can be accepted by laboratories without a radioactive materials license. 
Participation in MAPEP for laboratories that do not have a radioactive materials license is 
permitted at the request of the laboratory or as required by DOE subcontract requirements. In 
either case, the results submitted by the laboratories will be subject to the same evaluation 
criteria as used for laboratories that have a radiological materials license. 
 
MAPEP samples are not provided for volatile organics or polychlorinated biphenyls (PCBs) in 
any matrix.  The laboratories must obtain volatile and PCB PT samples from other ISO 17043 
accredited suppliers. 

Other programs (such as Drinking Water) require program specific PT samples.  The following 
are required ISO 17043 PT providers for these other programs: 

RadCheM™ PT Program, conducted by Environmental Resource Associates (or equivalent 
programs offered by other commercial suppliers if such suppliers become ISO 17043 accredited 
in the future), for radioactivity measurements in drinking water. 

NELAC Fields of Testing for CWA-Water (formerly known as WP).  Under the terms of this 
manual, a laboratory may participate in two single blind, single concentration PT studies 
provided by an approved supplier. The PT suppliers must be approved by the PTOB/PTPA 
administered by the NELAP. 

NELAC Fields of Testing for SDWA-Water (formerly known as WS).  Under the terms of this 
manual, a laboratory must participate in two single blind, single concentration PT studies 
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provided by an approved supplier. The PT suppliers must be approved by the PEOP/PEPA 
administered by the NELAP. 

AIHA Proficiency accreditation for Asbestos and Beryllium (if applicable). 

Other Recommended Programs include: 

DMR QA program for NPDES analysis. 

NELAC Fields of Testing for RCRA Solid. Under the terms of this manual, a laboratory may 
participate in two single-blind, single-concentration Proficiency Evaluation (PE) studies provided 
by an approved supplier. The PE suppliers must be approved by the Proficiency Testing 
Provider Accreditor/ Proficiency Testing Oversight Body (PTPA/PTOB) administered by the 
NELAP. 

3.2 Continued Participation 

3.2.1 Maintaining Participation 
The laboratory shall demonstrate continued proficiency throughout the term of the contract 
award.  In addition, the client reserves the right to submit blind PT samples.  Each laboratory 
shall continue to participate in all applicable rounds of external PT programs.  The results of all 
PT programs will be utilized in the reports produced for DOE laboratory users.  Therefore, DOE 
will provide the laboratories operating to this manual instruction for ensuring the results of 
commercial PT studies are made available to DOE and the sites that have contracts with the 
laboratories. 

3.2.2 Failure to Meet Criteria 
Reporting an unacceptable value, as calculated by the PT program, may result in a probationary 
period until the next reporting period for that analyte.  Any applicable analyte for which individual 
laboratory results are entered as NR or “not reported” will not be considered an acceptable 
result.  Any individual analyte failures must be corrected within the next PT program 
performance cycle period.  If the laboratory fails two consecutive evaluations, the laboratory 
may not receive samples for analysis by the failed method until an acceptable PT score has 
been achieved.  The decision to withhold sample shipments will be at the discretion of the 
individual DOE contract holder. The laboratory can demonstrate proficiency in remedial MAPEP 
PT studies by acceptable performance in an unscheduled evaluation by the same PT program 
or by participation in the next regularly scheduled MAPEP study.  
 
For two or more consecutive failed (Not Acceptable) MAPEP results, the laboratory may not 
receive samples for analysis by the failed method until an acceptable remedial MAPEP PT 
sample score has been achieved.  The decision to withhold sample shipments will be at the 
discretion of the individual DOE contract holder. 
 
For all PT studies other than acceptable results, the following will be considered when 
evaluating the reported results: 
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i. Consistent bias, either positive or negative, at the “Warning” level (greater than 
+/- 20% bias) for a targeted analyte in a given sample matrix for the two most 
recent test sessions (e.g., Sr-90 in air filter 13 “+W” (+26%), Sr-90 in air filter test 
14 “+W” (+28%)); 

ii. Quality issues (flags other than “Acceptable”) that were not identified by the 
above for a targeted analyte in a given sample matrix over the last three test 
sessions, (e.g., Am-241 in soil test 12 “-N” (-47%), Am-241 in soil test 13 “+W” 
(+24%) in soil test 13 “+W” (+24%). Am-241 in soil test 14 “-N” (-38%)); and 

iii. Any other performance indicator and/or historical trending that demonstrate an 
obvious quality concern (e.g., consistent “False Positive” results for Pu-238 in all 
tested matrices over the last three test sessions). 

 
The laboratory shall document the cause(s) for failed PT results and develop corrective 
action(s) to address the cause(s) within 21 calendar days from receipt of the results.  These 
actions should then be available for DOECAP review upon request.  In the event of multiple 
failures that result in the issuance of a DOECAP Priority I finding, the laboratory shall identify 
the root cause of the failure using a sample from a previous MAPEP study or the laboratory can 
request that DOECAP contact the MAPEP PT provider to provide a sample from previous 
MAPEP studies.  The previous study samples are to be used to aide in the determination of the 
root cause of the unacceptable result(s).  The samples from a previous round of testing will not 
be scored by MAPEP. 
 
Once a laboratory has demonstrated that they can achieve acceptable results, based on the 
previously determined limits of the test session, DOECAP will contact the MAPEP coordinator to 
provide one new remedial PT sample to the laboratory for analysis.  The laboratory will provide 
the results of the remedial study to MAPEP and the results will be evaluated using the same 
evaluation criteria that are used for the normal MAPEP studies.  If the results are acceptable, 
the Priority I finding can be evaluated for closure by DOECAP.  If the results are not acceptable, 
the laboratory will be encouraged to continue resolution of any technical problems and will not 
be provided a second remedial PT sample.  The requests for remedial PT samples will be made 
solely at the request of DOECAP and not from the participating laboratories. 
 
Following the resolution of failed PT samples that result in a Priority I finding, the laboratories 
are required to achieve acceptable results in the next MAPEP testing round.  If the results of the 
next round of testing are not acceptable, the laboratory will be evaluated for further corrective 
actions or suspension of further work.  The decision for any suspension will be determined by 
the DOE contract holders. 
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Volume 1, Module 2: Quality Systems General 
Requirements 

1.0 INTRODUCTION, SCOPE, AND APPLICABILITY 

1.1 Introduction 

1.2 Scope DoD/DOE (Clarification) 
The following is a clarification of TNI 1.2:  

The Department of Defense (DoD) Environmental Data Quality Workgroup (EDQW) and the 
Department of Energy (DOE) Consolidated Audit Program (DOECAP) Operations Team 
developed the DoD/DOE Quality Systems Manual (QSM).  This manual provides baseline 
requirements for the establishment and management of quality systems for laboratories 
performing analytical testing services for the DoD and the DOE. This manual is based on 
Volume 1 of The NELAC Institute (TNI) Standards (September 2009), which incorporates 
ISO/IEC 17025:2005(E), General requirements for the competence of testing and calibration 
laboratories.  Conformance to the requirements contained in this manual is mandatory for any 
laboratory that is 1) seeking or maintaining accreditation in accordance with the DoD 
Environmental Laboratory Accreditation Program (ELAP) or 2) seeking or maintaining 
qualification in accordance with the DOECAP and DOE related contract awards.  Laboratories 
that comply with the requirements of this manual must also comply with the TNI standards 
(September 2009) and ISO/IEC 17025:2005(E) unless superseded by this document.  All 
references to the term “accreditation” in this manual refer to the DoD ELAP only. 

This manual is presented in a new format, which is designed for use in conjunction with the TNI 
(September 2009) and ISO/IEC 17025:2005(E) standards.  DoD/DOE specific language is 
presented as text and appendices in the order in which topics are addressed in the TNI 
standard.  DoD/DOE text contains additional requirements, clarifications, and guidance to 
supplement the TNI and ISO/IEC language.  Information that may be beneficial to a laboratory, 
but is not required, is marked as guidance.  To the extent possible, DoD and DOE requirements 
have been consolidated.  Text or appendices that are unique to either DoD or DOE are marked 
as such.    

The DoD/DOE QSM is international in scope and applies to all laboratories regardless of size or 
complexity. Nothing in this document relieves any laboratory from complying with more stringent 
contract specifications, host-nation final governing standards, or federal, state, tribal, and local 
regulations.  

To ensure that laboratories are capable of generating data that will meet project-specific 
requirements, the EDQW and the DOECAP Operations Team strongly encourages the 
involvement of project chemists and laboratories during project-planning activities.  
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2.0 NORMATIVE REFERENCES                                           
(ISO/IEC 17025:2005(E), Clause 2) 

3.0 TERMS AND DEFINITIONS 

3.1 Additional Terms and Definitions 
The following are DoD/DOE clarifications and additions to TNI 3.1:  

Accreditation (DoD Only Clarification):  Refers to accreditation in accordance with the DoD 
ELAP.  

Accreditation Body (DoD Only Clarification):  Entities recognized in accordance with the 
DoD ELAP that are required to operate in accordance with ISO/IEC 17011, Conformity 
assessment:  General requirements for accreditation bodies accrediting conformity assessment 
bodies.  The AB must be a signatory, in good standing, to the International Laboratory 
Accreditation Cooperation (ILAC) mutual recognition arrangement (MRA) that verifies, by 
evaluation and peer assessment, that its signatory members are in full compliance with ISO/IEC 
17011 and that its accredited laboratories comply with ISO/IEC 17025.   

Aliquot:  A discrete, measured, representative portion of a sample taken for analysis.   

Analysis:  A combination of sample preparation and instrument determination.     

Analyte:  The specific chemicals or components for which a sample is analyzed; it may be a 
group of chemicals that belong to the same chemical family and are analyzed together. 

Assessment (Clarification):  Assessment is an all-inclusive term used to denote any of the 
following:  audit, performance evaluation, peer review, inspection, or surveillance conducted on-
site.  

Blank (Clarification):  Blank samples are negative control samples, which typically include field 
blank samples (e.g., trip blank, equipment (rinsate) blank, and temperature blank) and 
laboratory blank samples (e.g., method blank, reagent blank, instrument blank, calibration blank, 
and storage blank).   

Calibration Range:  The range of values (concentrations) between the lowest and highest 
calibration standards of a multi-level calibration curve.  For metals analysis with a single-point 
calibration, the low-level calibration check standard and the high standard establish the linear 
calibration range, which lies within the linear dynamic range. 

Confirmation (Clarification) – Includes verification of the identity and quantity of the analyte 
being measured by another means (e.g., by another determinative method, technology, or 
column).  Additional cleanup procedures alone are not considered confirmation techniques. 

Consensus Standard:  A standard established by a group representing a cross-section of a 
particular industry or trade, or a part thereof. 
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Continuing Calibration Verification:  The verification of the initial calibration. Required prior to 
sample analysis and at periodic intervals.  Continuing calibration verification applies to both 
external standard and internal standard calibration techniques, as well as to linear and non-
linear calibration models.  

Correction:  Action taken to eliminate a detected non-conformity. 

Corrective Action:  The action taken to eliminate the causes of an existing nonconformity, 
defect, or other undesirable situation in order to prevent recurrence. A root cause analysis may 
not be necessary in all cases.  

Customer:  Any individual or organization for which products or services are furnished or work 
performed in response to defined requirements and expectations. 

Definitive Data:  Analytical data of known quantity and quality. The levels of data quality on 
precision and bias meet the requirements for the decision to be made. Data that is suitable for 
final decision-making.  

Demonstration of Capability (Clarification): A procedure to establish the ability of the analyst 
to generate analytical results by a specific method that meet measurement quality objectives 
(e.g., for precision and bias).   

Detection Limit (DL): The smallest analyte concentration that can be demonstrated to be 
different from zero or a blank concentration with 99% confidence. At the DL, the false positive 
rate (Type I error) is 1%.  A DL may be used as the lowest concentration for reliably reporting a 
detection of a specific analyte in a specific matrix with a specific method with 99% confidence.  

Digestion: A process in which a sample is treated (usually in conjunction with heat and acid) to 
convert the sample to a more easily measured form. 

Documents: Written components of the laboratory management system (e.g., policies, 
procedures, and instructions). 

Environmental Data:  Any measurements or information that describe environmental 
processes, locations, or conditions; ecological or health effects and consequences; or the 
performance of environmental technology.  

False Negative:  A result that fails to identify (detect) an analyte or reporting an analyte to be 
present at or below a level of interest when the analyte is actually above the level of interest.  

False Positive:  A result that erroneously identifies (detects) an analyte or reporting an analyte 
to be present above a level of interest when the analyte is actually present at or below the level 
of interest. 

Finding (Clarification): An assessment conclusion that identifies a condition having a 
significant effect on an item or activity.  An assessment finding may be positive, negative, or 
neutral and is normally accompanied by specific examples of the observed condition.  The 
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finding must be linked to a specific requirement (e.g., this standard, ISO requirements, analytical 
methods, contract specifications, or laboratory management systems requirements). 

Holding Times (Clarification):  The maximum time that may elapse from the time of sampling 
to the time of preparation or analysis, or from preparation to analysis, as appropriate.  

Initial Calibration Verification (ICV): Verifies the initial calibration with a standard obtained or 
prepared from a source independent of the source of the initial calibration standards to avoid 
potential bias of the initial calibration.  

Improper Actions:  Intentional or unintentional deviations from contract-specified or method-
specified analytical practices that have not been authorized by the customer (i.e., DoD or DOE). 

Laboratory Information Management Systems (LIMS): The entirety of an electronic data 
system (including hardware and software) that collects, analyzes, stores, and archives 
electronic records and documents.   

Limits of Detection (LOD) (Clarification):  The smallest concentration of a substance that 
must be present in a sample in order to be detected at the DL with 99% confidence.  At the 
LOD, the false negative rate (Type II error) is 1%.  A LOD may be used as the lowest 
concentration for reliably reporting a non-detect of a specific analyte in a specific matrix with a 
specific method at 99% confidence. 

Limits of Quantitation (LOQ) (Clarification):  The smallest concentration that produces a 
quantitative result with known and recorded precision and bias.  For DoD/DOE projects, the 
LOQ shall be set at or above the concentration of the lowest initial calibration standard and 
within the calibration range. 

Linear Dynamic Range:  Concentration range where the instrument provides a linear 
response.  

Measurement Performance Criteria (MPC): Criteria that may be general (such as completion 
of all tests) or specific (such as QC method acceptance limits) that are used by a project to 
judge whether a laboratory can perform a specified activity to the defined criteria.  

Measurement System (Clarification): A test method, as implemented at a particular laboratory 
and which includes the equipment used to perform the sample preparation, test, and the 
operator(s).   

Measurement Uncertainty:  An estimate of the error in a measurement often stated as a range 
of values that contain the true value, within a certain confidence level. The uncertainty generally 
includes many components which may be evaluated from experimental standard deviations 
based on repeated observations or by standard deviations evaluated from assumed probability 
distributions based on experience or other information. For DoD/DOE, a laboratory’s Analytical 
Uncertainty (such as use of LCS control limits) can be reported as the minimum uncertainty.    
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Operator Aid:  A technical posting (such as poster, operating manual, or notepad) that assists 
workers in performing routine tasks. All operator aids must be controlled documents (i.e., a part 
of the laboratory management system). 

Preservation (Clarification):  Any conditions under which a sample must be kept in order to 
maintain chemical, physical, and/or biological integrity prior to analysis.  

Qualitative Analysis: Analysis designed to identify the components of a substance or mixture. 

Quality System Matrix (Clarification):  The matrix definitions in the TNI standard shall be used 
for purposes of batch and quality control requirements and may be different from a field of 
accreditation matrix.    

Quantitation Range:  The range of values (concentrations) in a calibration curve between the 
LOQ and the highest successfully analyzed initial calibration standard.  The quantitation range 
lies within the calibration range. 

Quantitative Analysis: analysis designed to determine the amounts or proportions of the 
components of a substance. 

Records: The output of implementing and following management system documents (e.g., test 
data in electronic or hand-written forms, files, and logbooks).  

Reporting Limit:  A customer-specified lowest concentration value that meets project 
requirements for quantitative data with known precision and bias for a specific analyte in a 
specific matrix. 

Signal to Noise Ratio (S/N):  S/N is a measure of signal strength relative to background noise.  
The average strength of the noise of most measurements is constant and independent of the 
magnitude of the signal.  Thus, as the quantity being measured (producing the signal) 
decreases in magnitude, S/N decreases and the effect of noise on the relative error of a 
measurement increases. 

Storage Blank:  A sample of analyte-free media prepared by the laboratory and retained in the 
sample storage area of the laboratory. A storage blank is used to record contamination 
attributable to sample storage at the laboratory.   

Surrogate:  A substance with properties that mimic the analyte of interest.  It is unlikely to be 
found in environment samples and is added to them for quality control purposes. 

Target Analytes:  Analytes or chemicals of primary concern, identified by the customer on a 
project-specific basis.   

Test Method:  A definitive procedure that determines one or more characteristics of a given 
substance or product. 

Unethical actions:  Deliberate falsification of analytical or quality control results, where failed 
method or contractual requirements are made to appear acceptable. 
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Validation:  The confirmation by examination and provision of objective evidence that the 
particular requirements for a specific intended use are fulfilled.  

3.2 Sources 

3.3 Exclusions and Exceptions 

4.0 MANAGEMENT REQUIREMENTS  

4.1 Organization (ISO/IEC 17025:2005(E), Clause 4.1) 

4.1.5 DoD/DOE (Requirement) 
The following shall be implemented in addition to ISO Clause 4.1.5 j): 

At a minimum, the following laboratory management staff (however named) shall be considered 
key managerial personnel: 

i) Management (e.g., President, Chief Executive Officer, Chief Operating Officer, 
Laboratory Director); 

ii) Technical managers (e.g., Technical Director, Section Supervisors); 
iii) Quality managers;  
iv) Support systems and administrative managers (e.g., LIMS manager, purchasing 

manager, project managers); and 
v) Customer services managers. 

4.1.7.1 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 4.1.7.1 a) through h): 

 i)  implement, maintain, and improve the management system by using available 
tools such as audit and surveillance results, control charts, proficiency testing 
results, data analysis, corrective and preventive actions, customer feedback, and 
management reviews in efforts to monitor trends. 

4.2 Management (ISO/IEC 17025:2005(E), Clause 4.2) 

4.2.1 DoD/DOE (Requirement) 
The following shall be implemented in addition to ISO Clause 4.2.1: 

Copies of all management system documentation provided to DoD ELAP Accreditation Bodies, 
DOECAP Operations Teams, or to personnel on behalf of DoD/DOE shall be in English. 

4.2.3 DoD/DOE (Requirement) 
The following shall be implemented in addition to ISO Clause 4.2.3: 

Top management shall be responsible for: 

a) Defining the minimum qualifications, experience, and skills necessary for all 
positions in the laboratory;    
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b) Ensuring that all laboratory technical staff have demonstrated capability in the 
activities for which they are responsible.  Such demonstration shall be recorded;  

c) Ensuring that the training of each member of the technical staff is kept up-to-date 
(on-going) by the following: 
i) Each employee training file must contain a certification that the employee has 

read, understands, and is using the latest version of the management system 
records relating to his/her job responsibilities;  

ii) Training courses or workshops on specific equipment, analytical techniques, or 
laboratory procedures shall all be recorded; and 

iii) Review of analyst work by relevant technical managers on an on-going basis is 
recorded or another annual Demonstration of Capability is performed by one of  
the following: 

a. Acceptable performance of a blind sample (single or double blind to the 
analyst);   

b. At least four consecutive laboratory control samples with acceptable 
levels of precision and bias.  The laboratory must determine the 
acceptable levels of precision and bias prior to analysis; or 

c. If the above cannot be performed, analysis of authentic samples with 
results statistically indistinguishable from those obtained by another 
trained analyst. 

d) Recording all analytical and operational activities of the laboratory; 
e) Ensuring adequate supervision of  all personnel employed by the laboratory; 
f) Ensuring that all sample acceptance criteria are verified and that samples are 

logged into the sample tracking system and properly labeled and stored; and  
g) Recording the quality of all data reported by the laboratory. 

4.2.8.1 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 4.2.8.1 a) and b): 

c) The laboratory shall have a documented program to detect and deter improper or 
unethical actions.  Data shall be produced according to the project-specific 
requirements as specified in the final, approved project-planning documents, such 
as the approved Quality Assurance Project Plan (QAPP), when these documents 
are provided to the laboratory.  Following are the minimum elements of an 
acceptable program for detecting and deterring improper or unethical actions: 
i) An ethics policy must be read and signed by all personnel; 
ii) Initial and annual ethics training must be conducted as described in Section 

5.2.7; 
iii) Analysts must record an explanation and sign off on all manual changes to 

data; and 
iv) Where available in the instrument software, all electronic tracking and audit 

functions must be enabled. 
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4.2.8.2 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 4.2.8.2: 

The quality manager shall review (or oversee the review of) the quality manual at least annually, 
and update it if needed. 

4.2.8.4 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 4.2.8.4 a) through r): 

s)  procedures for procurement of standards; 
t)  procedures for data management including validation, verification, and purging of 

electronic data and data systems; 
u)  procedures for manual entry of raw data from analytical measurements that are not 

interfaced to LIMS and the verification and records of the accuracy of manually 
entered data; 

v)  procedures for making changes to electronic data (including establishing the 
requirements for a hardcopy or electronic log to record all changes to electronic 
data that affect data quality); 

w)  procedures for how electronic data are processed, maintained, and reported; 
x)  procedures for ensuring that data review includes all quality-related steps in the 

analytical process, including sample preparation, dilution calculations, 
chromatography evaluation, and spectral interpretations.  The SOP shall require 
that records of data review be maintained and available for external review; 

y)  A list of all current certifications and accreditations that the laboratory holds and 
the scope of certification or accreditation (with expiration date) for each; 

z)  Health and Safety, (e.g., Chemical Hygiene Plan) (DOE Only Requirement); and 
aa)  Materials (Waste) Management; (DOE Only Requirement). 

4.2.8.4 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 4.2.8.4 p): 

The procedures for audits and data reviews shall specify which records must be included in the 
review.  Internal data reviews shall consist of a tiered or sequential system of verification, 
consisting of at least three tiers, 100% review by the analyst, 100% verification review by a 
technically qualified supervisor or data review specialist, and a final administrative review.   

The analyst and verification review must include at least the following procedures: 

i) Determination of whether the results meet the laboratory-specific quality 
control criteria; 

ii) Checks to determine consistency with project-specific measurement 
performance criteria (MPCs) if available; 

iii) Checks to ensure that the appropriate sample preparatory and analytical 
SOPs and methods were followed, and that chain-of-custody and holding 
time requirements were met; 
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iv) Checks to ensure that all calibration and quality control requirements were 
met; and 

v) Checks for complete and accurate explanations of anomalous results, 
corrections, and the use of data qualifiers in the case narrative. 

The final administrative review shall verify that previous reviews were recorded 
properly and that the data package is complete. 

In addition, the quality manager or designee shall review a minimum of 10% of all 
data packages for technical completeness and accuracy. This review is considered 
a part of overall data review and does not need to be completed before the data 
package is issued to the customer. 

If electronic audit trail functions are available, they must be in use at all times, and 
associated data must be accessible.  If the instrument does not have an audit trail, 
the laboratory must have procedures to record the integrity of the data. 

4.2.8.5 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 4.2.8.5 a) through f): 

g)  All technical SOPs (e.g., sample preparation, analytical procedures, sample 
storage, or sample receipt) shall be reviewed for accuracy and adequacy at least 
annually, and updated if necessary. All such reviews shall be conducted by 
personnel having the pertinent background, recorded, and made available for 
assessment. 

h)  The laboratory shall develop, maintain, and implement procedures, however 
named, for Chemical Hygiene, Waste Management, and Radiation Protection (as 
applicable). (DOE Only Requirement) 

4.2.8.5 DoD/DOE (Guidance) 
The following is guidance to TNI 4.2.8.5 a) through f): 

Non-technical SOPs that are not required elements of the quality manual (e.g., personnel 
policies, timekeeping procedures, or payroll) are considered administrative SOPs and do not 
require an annual review. 

4.2.8.5 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 4.2.8.5 f) i) through xxiii): 

xxiv)  equipment/instrument maintenance; 
xxv)  computer hardware and software; and 
xxvi) troubleshooting.  
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4.3 Document Control (ISO/IEC 17025/2005(E), Clause 4.3) 

4.3.2.2 DoD/DOE (Requirement) 
The following shall be implemented in addition to ISO Clause 4.3.2.2 a) through d): 

e)  Affected personnel are notified of changes to management systems documents 
and supporting procedures, including technical documents; 

f)  Reviews (internal or external) of management system documentation shall be 
maintained and made available for assessment; and   

g)  Any documents providing instructions to laboratory personnel (e.g., operator aids) 
are considered part of the management system and are subject to document 
control procedures.  

4.4 Review of Requests, Tenders and Contracts                           
(ISO/IEC 17025/2005(E), Clause 4.4) 

4.5 Subcontracting of Environmental Tests                                                  
(ISO/IEC 17025/2005(E), Clause 4.5) 

The following shall be implemented in addition to TNI 4.5.1 through 4.5.5:   

4.5.6  DoD/DOE (Requirement) 
Laboratories must ensure and document that subcontracted (sub-tier) laboratories meet the 
requirements of this standard. 

4.5.7 DoD/DOE (Requirement) 
Subcontracted laboratories performing analytical services in support of Environmental 
Restoration projects must be accredited in accordance with the DoD ELAP. Subcontracted 
laboratories performing analytical services for the DOE must be approved by the appropriate 
DOE subcontractor representative. 

4.5.8  DoD/DOE (Requirement) 
Subcontracted laboratories must receive project-specific approval from the DoD or DOE 
customer before any samples are analyzed. 

4.5.9  DoD/DOE (Requirement) 
The requirements for subcontracting laboratories also apply to the use of any laboratory under 
the same corporate umbrella, but at a different facility or location. 

4.5.10 DoD/DOE (Requirement)  
All subcontracted or outsourced management systems elements (such as data review) or 
outsourced personnel must comply with the laboratory’s overall management system, must 
comply with the requirements of this standard, and are subject to review/approval by the 
DoD/DOE customer.  
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4.6 Purchasing Services and Supplies                                                            
(ISO/IEC 17025/2005(E), Clause 4.6) 

4.6.1 DoD/DOE (Requirement) 
The following shall be implemented in addition to ISO Clause 4.6.1: 

Records for services and supplies that may affect the quality of environmental tests must 
include the following, where applicable: 

a) Date of receipt;  
b)  Expiration date; 
c)  Source; 
d)  Lot or serial number; 
e)  Calibration and verification records; and 
f)   Accreditation or certification scopes/certificates. 
 

DoD/DOE (Guidance) 
Examples of services and supplies that may affect the quality of environmental tests include, but 
are not limited to: balance or pipette calibration, solvents, standards, reagents, and sample 
containers. 

4.7 Service to the Client (ISO/IEC 17025/2005(E), Clause 4.7) 

4.7.1 DoD/DOE (Clarification) 
The following is a clarification of ISO Clause 4.7.1: 

Examples of situations for which immediate clarification or feedback shall be sought from the 
customer include the following: 

a) The customer has specified incorrect, obsolete, or improper methods;  
b) Methods require modifications to ensure achievement of project-specific objectives 

contained in planning documents (e.g., difficult matrix, poor performing analyte);  
c) Project planning documents (e.g., Quality Assurance Project Plan (QAPP) or 

Sampling and Analysis Plan (SAP)) are missing or requirements (e.g., action 
levels, detection and quantification capabilities) in the documents  require 
clarification; or  

d) The laboratory has encountered problems with sampling or analysis that may 
impact results (e.g., improper preservation of sample). 

4.8 Complaints (ISO/IEC 17025/2005(E), Clause 4.8) 
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4.9 Control of Nonconforming Environmental Testing Work                    
(ISO/IEC 17025/2005(E), Clause 4.9) 

The following shall be implemented in addition to ISO Clauses 4.9.1 and 4.9.2: 

4.9.3  DoD/DOE (Requirement) 
The laboratory shall upon discovery, notify all affected customers of potential data quality issues 
resulting from nonconforming work.  Notification shall be performed according to a written 
procedure.  Records of corrections taken to resolve the nonconformance shall be submitted to 
the customer(s) in a timely and responsive manner. 

4.10 Improvement (ISO/IEC 17025/2005(E), Clause 4.10) 

4.11 Corrective Action (ISO/IEC 17025/2005(E), Clause 4.11) 
The following shall be implemented in addition to ISO Clauses and TNI 4.11.1 through 4.11.7: 

4.11.8 DoD/DOE (Requirement) 
The laboratory shall have and use a record system for tracking corrective actions to completion 
and for analyzing trends to prevent the recurrence of the nonconformance.  

Approved corrective actions developed to address findings during DoD ELAP or DOECAP 
assessments must be implemented. Any changes to approved corrective action plans must be 
approved by the DoD ELAP Accreditation Bodies or the DOECAP Operations Team, as 
appropriate. 

DoD/DOE (Guidance) 
The following is guidance to ISO Clause 4.6.1: 

Willful avoidance of approved corrective action implementation may result in loss of DoD ELAP 
accreditation or in DOECAP Priority I findings.  As a result, work may be discontinued until 
implementation is verified by the DoD ELAP Accreditation Body or DOECAP Operations Team, 
as appropriate. 

4.12 Preventive Action (ISO/IEC 17025/2005(E), Clause 4.12) 

4.12.1 DoD/DOE (Requirement) 
The following shall be implemented in addition to ISO Clause 4.12.1: 

Records of preventive actions shall be maintained for review. 

4.13 Control of Records (ISO/IEC 17025/2005(E), Clause 4.13) 

4.13.1.2 DoD/DOE (Clarification) 
The following is a clarification of ISO Clause 4.13.1.2: 

Dual storage of records at separate locations is considered an acceptable option for the 
purpose of protecting records against fire, theft, or loss. 
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4.13.3 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 4.13.3 g) i) and ii): 

iii) Records for changes made to data (either hardcopy or electronic) shall 
include the identification of the person who made the change and the date of 
change.  

The following shall be implemented in addition to ISO Clauses 4.13.1 and 4.13.2 and TNI 
4.13.3: 

4.13.4 DoD/DOE (Requirement) 
Permanent, bound laboratory notebooks (logbooks) or notebooks with measures in place to 
prevent the removal or addition of pages are required, if utilized. Electronic logbooks are 
acceptable. For permanent, bound logbooks the following applies: 

a)   Laboratory notebook pages shall be pre-numbered, all entries shall be signed or 
initialed and dated by the person responsible for performing the activity at the time 
the activity is performed, and all entries shall be recorded in chronological order;  

b)   All notebook pages must be closed when the activities recorded are completed or 
carried over to another page. The person responsible for performing the closure 
shall be the one who performed the last activity recorded. Closure shall occur at 
the end of the last activity recorded on a page, as soon as practicable thereafter.  
Satisfactory records of closure include analyst initials and date; and   

c)   Each laboratory notebook shall have a unique serial number clearly displayed.  

4.13.5 DoD/DOE (Requirement) 
The laboratory shall have procedures for the independent review of technical and quality 
records to ensure they are legible, accurate, and complete.  

4.13.6 DoD/DOE (Requirement) 
Laboratories must establish a review frequency for all records such as laboratory notebooks, 
instrument logbooks, standards logbooks, and records for data reduction, verification, validation, 
and archival.  Records of the reviews shall be maintained and made available for review.  

4.13.7 DoD/DOE (Requirement) 
If not self-explanatory (e.g., a typo or transposed number), corrections to technical and quality 
records shall also include a justification for the change.   

4.13.8 DoD/DOE (Requirement) 
The records control system SOP shall address the requirements for access to and control of the 
files, including accountability for any records removed from storage. 

4.13.9 DoD/DOE (Requirement) 
All SOPs shall be archived for historical reference, per regulatory or customer requirements. 
The laboratory must have a procedure for permanent laboratory closure and disposal of any 
remaining records associated with DoD/DOE analytical data. 
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4.13.10 DOE Only (Requirement)  
The laboratory shall have a system in place to record incidents involving spillage of customer 
samples or significant spillage of chemicals. 

4.14 Internal Audits (ISO/IEC 17025/2005(E), Clause 4.14) 
The following shall be implemented in addition to ISO Clauses and TNI 4.14.1 through 4.14.5:  

4.14.6 DoD/DOE (Requirement) 
The audit schedule shall ensure that all areas of the laboratory are reviewed over the course of 
one year.  

4.14.7 DoD/DOE (Requirement) 
Audit personnel shall be trained and qualified in the specific management system element or 
technical area under review. Laboratories shall determine the training and qualification 
requirements for audit personnel, including quality managers, and shall establish procedures to 
ensure that audit personnel are trained and qualified (i.e., have the necessary education or 
experience required for their assigned positions). These requirements and procedures must be 
recorded. 

4.14.8 DoD/DOE (Requirement) 
Management shall ensure that sufficient resources are available so that all internal audits shall 
be conducted by personnel independent of the activity to be audited. Personnel conducting 
independent assessments shall have sufficient authority, access to work areas, and 
organizational freedom necessary to observe all activities affecting quality and to report the 
results of such assessments to laboratory management. 

4.15 Management Reviews (ISO/IEC 17025/2005(E), Clause 4.15) 

4.15.1 DoD/DOE (Clarification) 
The following is a clarification of ISO Clause 4.15.1: 

Management reviews and internal audits are separate activities. The management review shall 
not be performed in lieu of an internal audit. It is an independent, executive review of the 
laboratory’s management system.   

4.15.1 DOE Only (Requirement) 
The following shall be implemented in addition to ISO Clause 4.15.1: 

Management reviews shall also include laboratory radiation health and safety, radioactive 
hazardous waste, and radioactive materials management functions, where applicable (i.e., 
when radioactive samples are analyzed). 

4.16 Data Integrity Investigations (TNI Section 4.16) 
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5.0 TECHNICAL REQUIREMENTS 

5.1 General (ISO/IEC 17025/2005(E), Clause 5.1) 

5.2 Personnel (ISO/IEC 17025/2005(E), Clause 5.2) 
5.2.3 DoD/DOE (Clarification) 
The following is a clarification of ISO Clause 5.2.3: 

The laboratory shall ensure that all personnel, including part-time, temporary, contracted, and 
administrative personnel, are trained in the basic laboratory QA and health and safety 
programs. 

5.2.4 DoD/DOE (Requirement) 
The following shall be implemented in addition to ISO Clause 5.2.4: 

The job description elements itemized in the note following ISO Clause 5.2.4 are minimum 
requirements. 

5.2.7 DoD/DOE (Requirement)  
The following shall be implemented in addition to TNI 5.2.7: 

Top management acknowledges its support for data integrity by implementing the specific 
requirements of the laboratory’s data integrity program. 

The following practices are prohibited: 

a)  Fabrication, falsification, or misrepresentation of data 
i) Creating data for an analysis that was not performed (dry lab)   
ii) Creating information for a sample that was not collected (dry lab) 
iii) Using external analysts, equipment, and/or laboratories to perform analyses 

when not allowed by contract 
b) Improper clock setting (time traveling) or improper date/time recording 

i) Resetting the internal clock on an instrument to make it appear that a sample 
was analyzed within holding time when in fact it was not 

ii) Changing the actual time or recording a false time to make it appear that 
holding times were met, or changing the times for sample collection, 
extractions or other steps to make it appear that holding times were met 

c) Unwarranted manipulation of samples, software, or analytical conditions 
i) Unjustified dilution of samples 
ii) Manipulating GC/MS tuning data to produce an ion abundance result that 

appears to meet specific QC criteria 
iii) Changing the instrument conditions for sample analysis from the conditions 

used for standard analysis (e.g., changing EM voltage) 
iv) Unwarranted manipulation of computer software (e.g., forcing calibration or 

QC data to meet criteria, removing computer operational codes such as the 
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“M” flag, inappropriately subtracting  background, or improperly manipulating 
the chromatographic or spectrophotometric baseline) 

v) Turning off, or otherwise disabling, electronic instrument audit/tracking 
functions 

d) Misrepresenting or misreporting QC samples 
i) Representing spiked samples as being digested or extracted when this has 

not been done 
ii) Substituting previously generated runs for a non-compliant calibration or QC 

run to make it appear that an acceptable run was performed 
iii) Failing to prepare or analyze method blanks and the laboratory control 

sample (LCS) in the same manner that samples were prepared or analyzed 
iv) Tampering with QC samples and results, including over spiking and adding 

surrogates after sample extraction 
v) Performing multiple calibrations or QC runs (including CCVs, LCSs, spikes, 

duplicates, and blanks) until one meets criteria, rather than taking needed 
corrective action, and not documenting or retaining data for the other 
unacceptable data 

vi) Deleting or failing to record non-compliant QC data to conceal the fact that 
calibration or other QC analyses were non-compliant 

e) Improper calibrations 
i) Discarding points in the initial calibration to force the calibration to be 

acceptable 
ii) Discarding points from an MDL study to force the calculated MDL to be 

higher or lower than the actual value 
iii) Using an initial calibration that does not correspond to the actual run 

sequence to make continuing calibration data look acceptable when in fact is 
was not 

iv) Performing improper manual integrations, including peak shaving, peak 
enhancing, or baseline manipulation to meet QC criteria or to avoid corrective 
actions 

f) Concealing a known analytical or sample problem 
g) Concealing a known improper or unethical behavior or action 
h) Failing to report the occurrence of a prohibited practice or known improper or 

unethical act to the appropriate laboratory or contract representative, or to an 
appropriate government official. 

5.3 Accommodation and Environmental Conditions                                 
(ISO/IEC 17025/2005(E), Clause 5.3) 

5.3.3 DoD/DOE (Requirement) 
The following shall be implemented in addition to ISO Clause 5.3.3: 

a) When cross-contamination is a possibility, samples suspected of containing high 
concentrations of analytes shall be isolated from other samples.   
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b) A Storage Blank must be stored with all volatile organic samples, regardless of 
suspected concentration levels.  Storage Blanks shall be used to determine if 
cross-contamination may have occurred.  Laboratories shall have written 
procedures and criteria for evaluating Storage Blanks, appropriate to the types of 
samples being stored.  The Storage Blanks shall be stored in the same manner as 
the customer samples.  The Storage Blanks shall be analyzed at a minimum, 
every 14 days.  The data from the analysis of the Storage Blanks shall be 
available for review.   

c) If contamination is discovered, the laboratory shall have a correction or action 
plan in place to identify the root cause and eliminate the source; determine which 
samples may have been impacted and implement measures to prevent 
recurrence. 

5.3.5 DOE Only (Requirement) 
The following shall be implemented in addition to ISO Clause 5.3.5: 

The laboratory shall have a safety inspection program in place that includes routine inspections 
of laboratory areas for safety-related concerns. 

5.4 Environmental Methods and Method Validation                    
(ISO/IEC 17025/2005(E), Clause 5.4) 

5.4.6 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 5.4.6:  

a)  The exact nature of some test methods may preclude rigorous, statistically valid 
estimation of analytical uncertainty.  In these cases the laboratory shall attempt 
to identify all components of analytical uncertainty and make a reasonable 
estimation, and shall ensure that the form of data reporting does not give a 
wrong impression of the uncertainty.  A reasonable estimation shall be based on 
knowledge of method performance and previous experience.  When estimating 
the analytical uncertainty, all uncertainty components which are of importance in 
the given situation shall be taken into account. 

b) In those cases where a well-recognized test method specifies limits to the values 
of the major source of uncertainty of measurement and specifies the form of 
presentation of calculated results, the laboratory is considered to have satisfied 
the requirements on analytical uncertainty by following the test method and 
reporting instructions. 

c) The laboratory is only responsible for estimating the portion of measurement 
uncertainty that is under its control.  As stated in Section 5.10.3.1.c, test reports 
shall include a statement of the estimated analytical uncertainty only when 
required by the customer.  If a project requires analytical uncertainty to be 
reported, the laboratory shall report the estimated uncertainty based on project-
specific procedures or, if not available, any other scientifically valid procedures.  
The estimated analytical uncertainty can be expressed as a range (±) around the 
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reported analytical results at a specified confidence level.  A laboratory may 
report the in-house, statistically-derived LCS control limits based on historical 
LCS recovery data as an estimate of the minimum laboratory contribution to 
analytical uncertainty at a 99% confidence level.  For testing laboratories, the 
laboratory shall ensure that the equipment used can provide the analytical 
portion of measurement uncertainty needed by the customer. 

5.4.7.1 DoD/DOE (Requirement) 
The following shall be implemented in addition to ISO Clause 5.4.7.1: 

The laboratory shall establish SOPs: 

a) To ensure that the reported data are free from transcription and calculation 
errors; 

b) To ensure that all quality control measures are reviewed and evaluated before 
data are reported;  

c) To address manual calculations; and   
d) To address manual integrations. 

When manual integrations are performed, raw data records shall include a complete audit trail 
for those manipulations (i.e., the chromatograms obtained before and after the manual 
integration must be retained to permit reconstruction of the results).  This requirement applies to 
all analytical runs including calibration standards and QC samples.  The person performing the 
manual integration must sign and date each manually integrated chromatogram and record the 
rationale for performing manual integration (electronic signature is acceptable).  Records for 
manual integrations may be maintained electronically as long as all requirements, including 
signature requirements, are met and the results can be historically reconstructed. 

5.4.7.2 DoD/DOE (Requirement) 
The following shall be implemented in addition to ISO Clauses 5.4.7.2 a) through c): 

d) The laboratory shall have a procedure to ensure individual user names and 
passwords are required for all LIMS users.  LIMS passwords shall be changed 
on a regular basis, at a minimum of once per year.  

e) Upon employment, laboratory employees shall have initial training in computer 
security awareness and shall have ongoing refresher training on an annual basis.  
Records of the training shall be maintained and available for review. 

f) Periodic inspections (at least annually) of the LIMS shall be performed by the 
Quality Manager or designee to ensure the integrity of electronic data.  The 
Quality Manager or designee shall maintain records of inspections and submit 
reports to laboratory management, noting any problems identified with electronic 
data processing stating the corrective actions taken. 

g) The laboratory shall have a procedure to notify the customer prior to changes in 
LIMS software or hardware configuration that will adversely affect customer 
electronic data. 
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h) Spreadsheets used for calculations shall be verified before initial use and after 
any changes to equations or formulas, including software revision upgrades, and 
records shall be available for review.  Formula cells must be write-protected to 
minimize inadvertent changes to the formulas.  Printouts from any spreadsheets 
shall include all information used to calculate the data. 

i) The laboratory shall have SOPs for: 
i) Software development methodologies that are based on the size and 

nature of the software being developed; 
ii) Testing and QC methods to ensure that all software accurately performs its 

intended functions, including: 
a. Acceptance criteria; 
b. Tests to be used; 
c. Personnel responsible for conducting the tests; 
d. Records of test results; 
e. Frequency of continuing verification of the software; and 
f. Test review and approvals. 

iii) Software change control methods that include instructions for requesting, 
authorizing, requirements to be met by the software change, testing, QC, 
approving, implementing changes, and establishing priority of change 
requests; 

iv) Software version control methods that record the software version currently 
used.  Data sets are recorded with the date and time of generation and/or 
the software version used to generate the data set;  

v) Maintaining a historical file of software, software operating procedures, 
software changes, and software version numbers; 

vi) Defining the acceptance criteria, testing, records, and approval required for 
changes to LIMS hardware and communication equipment. 

j) Records available in the laboratory to demonstrate the validity of laboratory-
generated software include: 
i) Software description and functional requirements; 
ii) Listing of algorithms and formulas; 
iii) Testing and QA records; and 
iv) Installation, operation and maintenance records. 

k) Electronic Data Security measures must ensure 
i) Individual user names and passwords have been implemented; 
ii) Operating system privileges and file access safeguards are implemented 

to restrict the user of the LIMS data to users with authorized access; 
iii) All LIMS Users are trained in computer awareness security on an annual 

basis; 
iv) System events, such as log-on failures or break-in attempts are 

monitored; 
v) The electronic data management system is protected from the 

introduction of computer viruses; 
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vi) System backups occur on a regular and published schedule and can be 
performed by more than one person within an organization; 

vii) Testing of the system backups must be performed and recorded to 
demonstrate that the backup systems contain all required data; and 

viii) Physical access to the servers is limited by security measures such as 
locating the system within a secured facility or room, and/or utilizing cipher 
locks or key cards. 

5.5 Calibration Requirements (ISO/IEC17025:2005(E) Clause 5.5) 

5.5.5 DoD/DOE (Requirement) 
The following shall be implemented in addition to ISO Clause 5.5.5 a) through g): 

h) Date placed in service;  
i)   Condition when received (e.g., new, used, reconditioned);  
j) Operational status;and 
k) Instrument configuration and settings. 

5.5.13.1 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 5.5.13.1 a): 

The laboratory shall have procedures for recording catastrophic failure of support equipment 
(e.g., refrigerators, freezers) and addresses identification of affected samples and customer 
notification. 

5.5.13.1 DoD/DOE (Requirement)  
The following shall be implemented in addition to TNI 5.5.13.1 d): 

These checks must be performed in the expected use range using reference standards that are 
obtained, where available, from an accredited third party or a NMI (e.g., NIST) traceable to the SI, 
International System of Units. 

5.5.13.1 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 5.5.13.1 a) through e): 

f)    The results of calibration and verification of support equipment must be within the 
specifications required of the application for which this equipment is used or the 
equipment must be removed from service until repaired.  Calibration and 
verification records, including those of established correction factors must be 
maintained.  In the absence of method-specific requirements, the minimum 
requirements are as follows: 
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Performance Check Frequency Acceptance Criteria 

Balance calibration check  
[Using two standard weights that 
bracket the expected mass] 

Daily prior to use Top-loading balance: ±2% or 
±0.02g, whichever is greater 
Analytical balance: ±0.1% or ±0.5 
mg, whichever is greater 

Verification of standard mass 
[Using weights traceable to the 
International System of Units (SI) 
through a NMI 

Every 5 years Certificate of Calibration from 
ISO/IEC 17025 accredited 
calibration laboratory 

Monitoring of refrigerator/freezer 
temperatures 

Daily (i.e. 7 days per week)  
[use MIN/MAX thermometers  or 
data loggers equipped with 
notification of out of control event 
capabilities if personnel not 
available to record daily] 

Refrigerators: 0˚C to 6˚C 
Freezers: ≤-10˚C 

Thermometer verification check 
[Using a thermometer traceable 
to the SI through an NMI] 
[Performed at two temperatures 
that bracket the target 
temperature(s). Assume linearity 
between the two bracketing 
temperatures.] 
[If only a single temperature is 
used, at the temperature of use] 

Liquid in glass: Before first use 
and annually 
Electronic: Before first use and 
quarterly 

Apply correction factors or 
replace thermometer 

Volumetric labware Class B: By lot before first use 
Class A and B: Upon evidence of 
deterioration 

Bias: Mean within ±2% of 
nominal volume 
Precision: RSD ≤1% of nominal 
volume (based on 10 replicate 
measurements) 

Non-volumetric labware  
[Applicable only when used for 
measuring initial sample volume 
and final extract/ digestates 
volume] 

By lot before first use or upon 
evidence of deterioration 

Bias: Mean within ±3% of 
nominal volume 
Precision: RSD ≤3% of nominal 
volume (based on 10 replicate 
measurements) 
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Performance Check Frequency Acceptance Criteria 

Mechanical volumetric pipette 
 

Daily before use 
 

Bias: Mean within ±2% of 
nominal volume 
Precision: RSD ≤1% of nominal 
volume (based on minimum of 3 
replicate measurements) 
[Note: for variable volume 
pipettes, the nominal volume is 
the volume of use] 

Glass microliter syringe  Upon receipt and upon evidence 
of deterioration 
 

General Certificate of Bias & 
Precision upon receipt  
Replace if deterioration is evident 

Drying oven temperature check Daily prior to and after use Within ±5% of set temperature 

Water purification system Daily prior to use Per Laboratory SOP  

Radiological Survey Equipment  Daily prior to use  
[The battery is checked; a 
background reading is taken; and  
verified with a radiological 
source] 

Per Laboratory SOP 

 

5.6 Measurement Traceability (ISO/IEC 17025:2005(E), Clause 5.6) 

5.6.1 and 5.6.2 DoD/DOE (Requirement) 
The following shall be implemented in lieu of TNI sections 5.6.1 and 5.6.2: 

General ISO/IEC 17025:2005(E), Clauses 5.6.1 and 5.6.2 are applicable to this standard. 

5.6.4.2 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 5.6.4.2 a): 

Records for standards, reagents, and reference materials shall include lot numbers.  
Documentation for reagents and solvents shall be checked to ensure that the stated purity will 
meet the intended use and the supporting records of the checks shall be filed in a manner that 
is retrievable.  

5.6.4.2 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 5.6.4.2 d): 

The expiration date of the prepared standard shall not exceed the expiration date of the primary 
standard.  All containers must bear a preparation date.   



 

DoD/DOE  QSM, July 2013 Module 2, Page 28 
 

5.6.4.2 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 5.6.4.2 f): 

If a standard exceeds its expiration date and is not re-certified, the laboratory shall remove the 
standard or clearly designate it as acceptable for qualitative purposes only.  

g)    Standards and reference materials shall be stored separately from samples, 
extracts, and digestates and protected in an appropriate cabinet or refrigerator. 

5.7 Collection of Samples (ISO/IEC 17025:2005(E), Clause 5.7) 

5.7.1 DoD/DOE (Requirement) 
The following shall be implemented in addition to ISO Clause 5.7.1: 

Sample handling procedures shall address laboratory practices for recording the presence of 
extraneous materials (e.g., rocks, twigs, vegetation) present in samples in the case of 
heterogeneous materials.  To avoid preparing non-representative samples, the laboratory shall 
not “target” within a relatively small mass range (e.g., 1.00 ± 0.01 g) because such targeting will 
produce non-representative subsamples if the sample has high heterogeneity. The laboratory 
shall not manipulate the sample material so the sample aliquot weighs exactly 1.00g ± 0.01g, as 
an example.  The handling of multiphase samples shall be addressed in specific sampling 
procedures, as appropriate.  The laboratory’s sampling procedures shall comply with recognized 
consensus standards (for example, ASTM standards or EPA’s Guidance for Obtaining 
Representative Laboratory Analytical Subsamples from Particulate Laboratory Samples 
(EPA/600/R-03/027)) where available. 

5.8 Handling Samples and Test Items  

        (ISO/IEC 17025:2005(E), Clause 5.8) 

5.8.1 DoD/DOE (Requirement) 
The following shall be implemented in addition to ISO Clause 5.8.1: 

Personnel dealing with radioactive samples shall be trained in radioactive sample receipt, 
radioactive waste management, radioactive materials shipping (49 CFR 172) and handling, and 
radioactive material control.  

5.8.3 DoD/DOE (Requirement) 
The following shall be implemented in addition to ISO Clause 5.8.3: 

The laboratory shall have a procedure addressing instances when it receives samples that 
require non-routine or additional sample preparation steps.  

5.8.4 DoD/DOE (Requirement) 
The following shall be implemented in addition to ISO Clause 5.8.4: 

a) The laboratory shall have SOP(s) in place to address the use of ventilation hoods 
or suitable containment for opening shipping containers, radiation screening of 
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samples, laboratory notification, and labeling requirements for radioactive 
samples. 

b) The laboratory shall have a procedure and records to verify ventilation hood 
contamination control on a semiannual basis, such as a smoke test or flow meter 
measurements. Materials submitted for industrial hygiene or asbestos analysis 
must be opened in an established manner to prevent worker exposure. 
Therefore, receiving practices must be developed and implemented for the 
receipt of beryllium, beryllium oxide and asbestos (DOE Only).   

c) Shipping containers shall be opened inside a ventilation hood or other 
designated area that provides adequate ventilation for personnel.  All shipping 
containers from known radiological areas must be surveyed for radiological 
contamination on all external surfaces.  The laboratory must develop and 
implement administrative policies for the receipt of radiological shipping 
containers and samples.  Radiological surveys of sample shipping containers 
shall be performed as soon as possible from the time of receipt by the laboratory. 
Instrumentation and equipment used for monitoring shall be: 
i) Maintained and calibrated on an established frequency; 
ii) Appropriate for the type(s), levels, and energies of the radiation 

encountered; 
iii) Appropriate for existing environmental conditions; and 
iv) Routinely tested for operability (10 CFR 835.401(b)). 

d) The laboratory shall have a system in place to record incidents involving spillage 
of customer samples or significant spillage of chemicals. 

5.8.6 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 5.8.6 a) through g): 

h)     a clear outline of the circumstances under which samples shall be accepted or 
rejected. 

5.8.7.1 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 5.8.7.1: 

Sample temperature measurement shall be verified through the use of one or more temperature 
blanks for each shipping container, if provided.  If a temperature blank is not available, other 
temperature measurement procedures may be used. 

Chemical preservation is matrix specific.  The laboratory shall refer to the Chain of Custody 
(COC) for the matrix definition.  In the case where the matrix is not identified on the COC, the 
laboratory shall contact the customer prior to proceeding.  

Chemical preservation must be checked at the time of sample receipt for all samples, unless it 
is not technically acceptable to check preservation upon receipt (e.g., VOA samples). If any of 
the following conditions exist, chemical preservation must be rechecked in the laboratory: 
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a) Continued preservation of the sample is in question (e.g., the sample may not be 
compatible with the preservation); or 

b) Deterioration of the preservation is suspected. 

The laboratory shall have procedures in place that ensure that the appropriate laboratory 
personnel are notified when samples are received with a quick turn-around time request, short 
hold times, or a short amount of hold time is remaining. 

5.8.8 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 5.8.8: 

Legal/Evidentiary Custody 

When the legal Chain of Custody (COC) protocols are not provided by a state or federal 
program and legal custody is required to be maintained for a given project, the following 
protocols shall be incorporated. 

Basic Requirements 

The legal COC protocol records shall establish an intact, continuous record of the physical 
possession, storage and disposal of used sample containers, collected samples, sample 
aliquots, and sample extracts or digestates, collectively referred to below as “samples”.  The 
COC records shall account for all time periods associated with the samples.  For ease of 
discussion, the above-mentioned items shall be referred to as samples: 

a) A sample is in someone’s custody if: 
i) It is in one’s actual physical possession; 
ii) It is in one’s view, after being in one’s physical possession; 
iii) It has been in one’s physical possession and then locked or sealed so 

that no one can tamper with it; and/or 
iv) It is kept in a secure area, restricted to authorized personnel only. 

b) The COC records shall identify all individuals who physically handled individual 
samples. 

c) DoD/DOE(Guidance)  
The following is guidance to TNI 5.8.8 c): 
In order to simplify record keeping, the number of people who physically handle 
the sample should be minimized.  

d) DoD/DOE (Guidance)  
The following is guidance to TNI 5.8.8 d): 
It is recommended that a designated sample custodian be appointed to be 
responsible for receiving, storing, and distributing samples. 

e) DoD/DOE (Guidance)  
The following is guidance to TNI 5.8.8 e): 
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The COC records are not limited to a single form or document; however, 
organizations should attempt to limit the number of records that would be 
required to establish COC.  

f) Legal COC shall begin at the point established by the federal or state oversight 
program.  This may begin at the point that cleaned sample containers are 
provided by the laboratory or the time sample collection occurs. 

g) The COC forms shall remain with the samples during transport or shipment. 
h) If shipping containers and/or individual sample containers are submitted with 

sample custody seals and any seals are not intact, the custodian shall note this 
on the COC. 

i) DoD/DOE (Guidance)  
The following is guidance to TNI 5.8.8 i): 
Mailed packages should be registered with return receipt requested. If packages 
are sent by common carrier, receipts should be retained as part of the permanent 
COC records. 

j) Once received by the laboratory, laboratory personnel are responsible for the 
care and custody of the sample and must be able to testify that the sample was 
in their possession and within view or secured in the laboratory at all times. This 
includes from the moment it was received from the custodian until the time that 
the analyses are completed until the time that the sample is disposed. 

Required Information in Custody Records 

Tracking records shall be maintained until final disposition or return of samples to the customer.  
Tracking records shall include, by direct entry or linkage to other records: 

a) Time of day and calendar date of each transfer or handling; 
b) Signatures of all personnel who physically handled the samples; 
c) All information necessary to produce unequivocal, accurate reports that record 

the laboratory activities associated with sample receipt, preparation, analysis, 
and reporting; and 

d) Common carrier records. 

5.8.9 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 5.8.9 c): 

Disposal of the physical sample shall occur only with the concurrence of the customer who 
submitted the sample if those samples are disposed of prior to any project specified time limit. 
Samples that are completely consumed during analysis shall be recorded as such for their final 
disposition. 

All conditions of disposal and all records and correspondence concerning the final disposition of 
the physical sample shall be recorded and retained. 
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Records shall indicate the date of disposal, the nature of disposal (such as sample depleted, 
sample disposed in hazardous waste facility, or sample returned to customer), and the name of 
the individual who performed the task. 

Further instructions on waste management and disposal are contained in Section 6.4 (DOE 
Only). 

5.8.9 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 5.8.9 a) through c)  

d)     Access to all evidentiary samples and subsamples shall be controlled and 
recorded for all samples associated with legal chain of custody: 
i) A clean, dry, isolated room, building, and/or refrigerated space that can 

be securely locked from the outside must be designated as a custody 
room. 

ii)  Where possible, distribution of samples to the analyst performing the 
analysis must be made by the custodian(s). 

iii) The laboratory area must be maintained as a secured area, restricted to 
authorized personnel only. 

iv) Once the sample analyses are completed, the unused portion of the 
sample, together with all identifying labels, must be returned to the 
custodian.  The returned sample must be retained in the custody room 
until permission to dispose of the sample is received by the custodian or 
other authority. 

e) Transfer of samples, subsamples, digestates or extracts to another party are 
subject to all of the requirements for legal COC for all samples associated with 
legal chain of custody. 

5.9 Quality Assurance of Environmental Testing                              
(ISO/IEC 17025:2005(E) Clause 5.9) 

5.9.1 DoD/DOE (Requirement) 
The following shall be implemented in addition to ISO Clause 5.9.1: 

Quality control samples must be processed in the same manner as field samples.  They must 
be analyzed and reported with their associated field samples.   

5.10 Reporting the Results (ISO/IEC 17025:2005(E) Clause 5.10) 
 
5.10 DoD/DOE (Requirement) 
The following shall be implemented in addition to ISO clause 5.10: 
 
The requirements of Appendix A in this standard shall be used for reporting results for 
DoD/DOE unless client specified reporting requirements are invoked.  
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Laboratories must have a written procedure for communicating with the customer for the 
purpose of establishing project-specific data reporting requirements, including 1) conventions for 
reporting results below the LOQ and 2) specification for the use of data qualifiers.  The basis for 
the use of all data qualifiers must be adequately explained in the test report. 

5.10.2 DoD/DOE (Requirement) 
The following shall be implemented in addition to ISO Clause 5.10.2 b): 

In addition, the name of a contact person and their phone number must also be included in the 
laboratory information. 

5.10.2 DoD/DOE (Requirement) 
The following shall be implemented in addition to ISO Clause 5.10.2 a) through k): 

l) Any failures identified; 
m) For Whole Effluent Toxicity, identification of the statistical method used to provide 

data; 
n) The date of issuance; and 
o) For solid samples, a statement of whether the results are based on a dry weight 

or wet weight basis. 

5.10.3.1 DoD/DOE (Requirement) 
The following shall be implemented in addition to ISO Clause 5.10.3.1 a) through e): 

f) Information on any non-standard conditions that may have affected the quality of 
the results, including the use and definitions of data qualifiers; and 

g) Where management system requirements are met, a statement of 
compliance/noncompliance requirements and/or specifications, including 
identification of test results derived from any sample that did not meet sample 
acceptance requirements such as improper container, holding time, or 
temperature. 

5.10.3.1.1 DoD/DOE (Requirement)  
In the absence of project-specific requirements, the minimum standard data qualifiers to be 
used by laboratories are: 

U – Analyte was not detected and is reported as less than the LOD or as defined by the 
customer.  The LOD has been adjusted for any dilution or concentration of the sample. 

J – The reported result is an estimated value (e.g., matrix interference was observed or 
the analyte was detected at a concentration outside the quantitation range). 

B – Blank contamination.  The recorded result is associated with a contaminated blank. 

N – Non-target analyte.  The analyte is a tentatively indentified compound using mass 
spectrometry or any non-customer requested compounds that are tentatively identified. 

Q – One or more quality control criteria failed (e.g., LCS recovery, surrogate spike 
recovery, or CCV recovery). 
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The laboratory may use additional data qualifiers, or different letters or symbols to denote the 
qualifiers listed above, as long as they are appropriately defined and their use is consistent with 
project-specific requirements (e.g., this document, the contract, and project-planning 
documents). 

[Note: These data qualifiers are for laboratory use only.  Data usability must be determined by 
the project team.] 

DoD Only (Guidance)  
The following is Guidance to DoD/DOE 5.10.3.1.1 

Example: Detection Limit (DL) = 2, Limit of Detection (LOD) = 4, Limit of Quantitation (LOQ) = 
20, and Reporting Limit (RL) = 30 for the project, with the precision and bias of the LOQ 
meeting project RL. All samples are undiluted. 

Sample #1: Analytical Result: Non-detect; Reported result: 4U 

Sample #2: Analytical Result: 2; Reported result: 2J 

Sample #3: Analytical Result: 10; Reported result: 10J 

Sample #4: Analytical Result: 20; Reported result: 20 

Sample #5: Analytical Result: 30; Reported result: 30 

5.10.5 DoD/DOE (Requirement) 
The following shall be implemented in addition to ISO Clause 5.10.5: 

When included, opinions and interpretations shall only be contained in the case narrative. 

5.10.6 DoD/DOE (Requirement) 
The following shall be implemented in addition to ISO Clause 5.10.6: 

The laboratory shall make a copy of the subcontractor’s report available to the customer when 
requested by the customer. 

5.10.11 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 5.10.11 a): 

The date and time of sample collection, preparation, and analysis are required to be included as 
part of the laboratory report, regardless of the length of holding time.  If the time of the sample 
collection is not provided, the laboratory must assume the most conservative time of day.  For 
the purpose of batch processing, the start and stop dates and times of the batch preparation 
shall be recorded.  

DoD/DOE (Guidance) 
The following is guidance to TNI 5.10.11: 

 A practical approach for determining start time follows: 
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The start time/date for “Sampling” is the moment that the sample is separated from its natural 
environment; for “Extraction” it is the moment that extraction solvent touches the sample; for 
“Analysis” it is the moment that the extract is introduced into the instrument.      

5.10.11 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 5.10.11 a) through d): 

e)     Qualification of numerical results with values outside the quantitation range. 

6.0 Hazardous and Radioactive Materials Management and 
Health and Safety Practices  

(All of Section 6 is a DOE Only Requirement)  
DOE is concerned with ensuring that environmental laboratories handling samples and analysis-
derived waste conduct these operations in a manner that is protective of human health and the 
environment.  DOE frequently sends samples with hazardous and/or radioactive constituents 
that require special handling to avoid worker, public, and environmental vulnerabilities and risks.  
The emphasis of DOE on general safety in the workplace is paramount.  DOE chooses to use 
only those analytical laboratories that can demonstrate management controls and good health 
and safety practices.  

All DOE sites submitting environmental and waste samples to environmental laboratories shall 
disclose known or suspected hazards associated with the samples.  Based on a good faith 
effort, available process knowledge, or other hazard information (radiological, toxicity, or 
biological) shall be provided to the receiving laboratories prior to shipment of the samples 
unless prior arrangements have been made regarding sample receipt.  Laboratories shall 
determine their ability to receive the samples.  Laboratories shall have the appropriate 
capabilities, procedures, and licenses to receive samples from a DOE site.  After receipt of any 
samples, the laboratories shall assume the responsibility and liability for the safe and 
compliance management of all samples, including regulatory storage and disposal of all 
samples and associated derived wastes.  Some DOE sites permit the return of sample residuals 
and prior arrangements must be established prior to the receipt of samples.  In most cases, 
derived wastes must be disposed by the laboratory. 

6.1 Radioactive Materials Management and Control 

6.1.1  
The laboratory shall comply with all applicable federal and state regulations governing 
radioactive materials control and radiological protection. 

6.1.2  
The radioactive materials license shall authorize possession of isotopes, quantity, physical form, 
and use of radioactive material sufficient for the laboratory’s scope of work in support of DOE 
sites. 
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6.1.3  
The laboratory shall have facilities and procedures in place to handle the isotopes, quantity, and 
physical form of radioactive material specified on the radioactive material license.  The 
laboratory shall ensure adherence to all radioactive materials license and procedural 
requirements. 

6.1.4  
The Radiation Safety Officer (RSO) listed in the Radioactive Materials License shall be available 
to monitor the radioactive materials and control programs and provide rapid response to any 
radiological emergencies.  The laboratory shall have an alternate or backup RSO that shall have 
the necessary training and experience to perform the duties of the RSO in the event that the 
RSO is not available. 

6.1.5  
The laboratory shall have in place a radioactive materials inventory program capable of tracking 
standards, tracers, and all radiological samples.  The radioactive material inventory shall be 
updated according to the schedule established by laboratory Radioactive Material License.  If no 
schedule is established by the license, then the laboratory shall update the inventory within 
seven days of receipt of radioactive materials.   

6.1.6  
Radioactive and mixed wastes shall be segregated from non-radioactive waste. 

6.2 Toxic Substances Control Act (TSCA) Material 

6.2.1  
The laboratory shall comply with all federal regulations governing TSCA materials control and 
protection. 

6.2.2  
The laboratory shall segregate all radioactive TSCA materials from all other analytical samples 
and residues. 

6.2.3  
The laboratory shall have a procedure for return of radioactive TSCA materials for which there is 
no commercial treatment or disposal options to the customer. 

6.3 Laboratory Safety and Health 

6.3.1  
The laboratory shall comply with all state and federal regulations governing laboratory health 
and safety. 

6.3.2  
A laboratory safety inspection program shall be in place that includes routine inspections of 
laboratory areas for safety related concerns. 
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6.3.3  
Chemical hazards labeling on chemical containers shall be in accordance with the laboratory’s 
approved Chemical Hygiene Plan. 

6.3.4  
On an annual frequency, all visitors, maintenance personnel, and auditors shall have a recorded 
safety orientation prior to entering the laboratory.  All visitors shall be briefed on the safety 
practices and policies. 

6.3.5  
The laboratory shall have a Hazardous Waste Operator and Emergency Response 
(HAZWOPER) trained person on staff.  Backup personnel with appropriate training for the 
Emergency Response (HAZWOPER) trained personnel shall be required. 

6.3.6  
The laboratory shall have reentry procedures defined in the Emergency Action Plan. 

6.4 Waste Management and Disposal 

6.4.1  
The laboratory shall comply with all federal and state regulations governing waste management 
and disposal. 

6.4.2   
The laboratory shall have a waste management plan in place which is capable of: 

a) Identifying all waste streams generated by the laboratory including universal 
wastes such as batteries, thermostats, etc.; 

b) Identifying the process for management and disposal of the various waste 
streams; and 

c) Tracking the disposition of waste samples by Sample Delivery Group (SDG). 

6.4.3  
The waste management plan shall include, but not be limited to, the following: 

a) Administrative programs to demonstrate compliance for effluent discharges as 
required by regulatory agencies and applicable DOE Orders; 

b) Training procedures, schedules, and management of training records in the 
areas of waste management, shipping, waste handling, and radioactive materials 
control; 

c) Radioactive volumetric and surface release policies; 
d) Permits and licenses to handle hazardous and radioactive waste; 
e) Policy or direction on how to conduct waste brokering and Transport, Storage, 

and Disposal Facility (TSDF) evaluation to ensure proper disposition of waste; 
f) Tracking of individual sample container from receipt to final disposition; and 
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g) Waste minimization and pollution prevention programs including substitution 
(when permitted), segregation, and recycling. 

Waste brokering and TSDF evaluation shall be based upon the results of a site visit to the waste 
facility or a desktop review that includes information from audits of the facilities conducted by 
state or federal agencies.  The evaluation shall include liability coverage, financial stability, any 
Notices of violations (NOVs) from the last three years, relevant permits and licenses to accept 
the waste, and other relevant information.  Reviews of waste brokering and TSDF evaluations 
shall be performed every three years, unless there are changes in the facilities operations that 
require the reviews to be conducted on a more frequent basis (e.g., NOVs, change of 
ownership, notices of fines, and penalties). The laboratory shall develop criteria for the 
evaluation of waste brokers and TSDFs. Documentation of the evaluations shall be maintained. 
A list of the facilities that are approved shall be maintained. Refer to EPA public domain 
Enforcement and History Online (ECHO) and “envirofacts” websites for information on TSDFs.   

6.4.4  
The laboratory shall remove or deface all samples container labels prior to container disposal 
such that they are rendered illegible. 

6.4.5  
Analytical process waste shall be segregated and removed to a designated storage area to 
minimize the potential for cross contamination. 

6.4.6  
Laboratory analysis derived waste characterization shall be repeated at a frequency adequate 
to account for all known variation in the waste streams. 

6.4.7  
Samples that are consumed during analysis must be included in the sample accountability 
tracking.   

6.4.8  
The laboratory shall have provisions for the disposition of excess samples. 

6.4.9  
For excess samples that are bulked and drain disposed, the laboratory is aware of the 
requirements for the receiving Publicly Owned Treatment Works (POTW) or wastewater 
treatment system and has a program that meets and demonstrates compliance with these 
requirements  
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Volume 1 Module 3: Quality Systems for 
Asbestos Testing 

1.0 Asbestos Testing 

1.6 Demonstration of Capability 

1.6.2.2 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 1.6.2.2: 

Option 1.6.2.2 e) i. is not allowed. Option 1.6.2.2 e) ii shall be performed instead. 

1.7 Technical Requirements 

1.7.1.1.1 DoD/DOE (Clarification) 
The following is a clarification of TNI 1.7.1.1.1: 

Frequencies shall be increased following non-routine maintenance or unacceptable calibration 
performance. 

1.7.1.1.1 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 1.7.1.1.1 a): 

A logbook or electronic record shall be maintained with the calibrated magnification, the date of 
calibration, and the analyst’s signature or initials recorded. 

1.7.1.1.1 DoD/DOE (Clarification) 
The following is a clarification to TNI 1.7.1.1.1 b):   

Use a gold standard grid to obtain the characteristic diffraction rings, from which the camera 
constant can be calculated.   

1.7.1.2.2 DoD/DOE (Requirement) 

The following shall be implemented in lieu of TNI 1.7.1.2.2: 

The phase-shift detection limit of the microscope shall be checked daily and after modification. 
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1.7.1.3.1 DoD/DOE (Requirement) 
The following shall be implemented in lieu of TNI 1.7.1.3.1: 

a) Both stereoscope and polarized light microscope must be aligned and checked 
for function and optimized for correct operation before every use by every 
analyst. 

b) All alignments and function checks must be documented in the proper log book 
or electronic record. 
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Volume 1 Module 4: Quality Systems for 
Chemical Testing 

1.0 Chemical Testing 

1.5 Method Validation 

1.5.1 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 1.5.1 a) and 1.5.1 b): 

c) The laboratory must evaluate non-standard methods (including laboratory-
developed methods) using quality control procedures and acceptance criteria 
that are consistent with those of similar standard methods or technologies, and 
must include the following:  

i) Scope;  
ii) Calibration;   
iii) Interferences/Contamination;  
iv) Analyte identification;  
v) Analyte quantitation;  
vi) Selectivity;   
vii) Sensitivity;   
viii) Precision; and   
ix) Bias. 

d) The use of any non-standard method must be approved by DoD/DOE personnel.   
e) Methods must be validated when modifications cause changes in stoichiometry, 

technology, mass tuning acceptance criteria, or quantitation ions to occur. 

1.5.1 DoD/DOE (Guidance) 
DoD/DOE allows method modifications as described in the November 20, 2007 USEPA 
Memorandum on method flexibility.  

Methods that are not published in Standard Methods for the Examination of Water and 
Wastewater or Multi-Agency Radiological Laboratory Analytical Protocols Manual, or by 
recognized entities such as USEPA, USDOE, ASTM, or NIOSH, are considered non-standard 
methods. 

1.5.2.1 DoD/DOE (Requirement) 
The following shall be implemented in lieu of TNI 1.5.2.1 b):  

b) A laboratory shall establish a detection limit (DL) using accepted, published 
methodologies from recognized entities such as USEPA, USDOE, ASTM, or 
NIOSH for each suite of analyte-matrix-method, including surrogates.  The DL 
may be established based on historical data. The DL shall be used to determine 
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the LOD for each analyte and matrix as well as for all preparatory and cleanup 
methods routinely used on samples.  

1.5.2.1 DoD/DOE (Requirement) 
The following shall be implemented in lieu of TNI 1.5.2.1 f): 

f) Each preparation method listed on the scope of accreditation must have quarterly 
LOD/LOQ verifications. However, not all possible combinations of preparation 
and cleanup techniques are required to have LOD/LOQ verifications. If LOD/LOQ 
verifications are not performed on all combinations, the laboratory must base the 
LOD/LOQ verifications on the worst case basis (preparation method with all 
applicable cleanup steps).  
After each DL determination, the laboratory must establish the LOD by spiking a 
quality system matrix at a concentration of at least 2 times but no greater than 
four times the DL. This spike concentration establishes the LOD and the 
concentration at which the LOD shall be verified.  It is specific to each suite of 
analyte, matrix, and method (including sample preparation). The following 
requirements apply to the initial LOD establishment and to the LOD verifications: 
i) The apparent signal to noise (S/N) ratio at the LOD must be at least three 

and the results must meet all method requirements for analyte 
identification (e.g., ion abundance, second column confirmation, or 
pattern recognition).  For data systems that do not provide a measure of 
noise, the signal produced by the verification sample must produce a 
result that is at least three standard deviations greater than the mean 
method blank concentration.  This is initially estimated based on a 
minimum of four method blank analyses and later established with a 
minimum of 20 method blank results.     

ii) If the LOD verification fails, then the laboratory must repeat the DL 
determination and LOD verification or perform and pass two consecutive 
LOD verifications at a higher spike concentration and set the LOD at the 
higher concentration.   

iii) The laboratory shall maintain documentation for all DL determinations 
and LOD verifications. 

iv) The DL and LOD must be reported for all analyte-matrix-methods suites, 
unless it is not applicable to the test or specifically excluded by project 
requirements.  

g) The LOD shall be verified quarterly.  In situations where methods are setup and 
used on an infrequent basis, the laboratory may choose to perform LOD 
verifications on a one per batch basis. All verification data will be in compliance, 
reported, and available for review. 
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1.5.2.2 DoD/DOE (Requirement)  
The following shall be implemented in lieu of TNI 1.5.2.2 c): 

c) The laboratory procedure for establishing the LOQ must empirically demonstrate 
precision and bias at the LOQ for each suite of analyte-matrix-method, including 
surrogates. The LOQ and associated precision and bias must meet client 
requirements and must be reported.  If the method is modified, precision and bias 
at the new LOQ must be demonstrated and reported.  For DoD/DOE projects, the 
LOQ must be set within the calibration range, including the lowest calibration 
level. 

1.5.2.2 DoD/DOE (Requirement) 
The following shall be implemented in lieu of TNI 1.5.2.2 e):  

e) For DoD/DOE, at a minimum, the LOQ shall be verified quarterly.  In situations 
where methods are setup and used on an infrequent basis, the laboratory may 
choose to perform LOQ verifications on a one per batch basis.  

1.6 Demonstration of Capability (DOC) 

1.6.2 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 1.6.2: 

The laboratory shall have a documented procedure for performing the initial demonstration of 
capability (IDOC) for methods used.  

Changes in any condition that could potentially affect the precision and bias, sensitivity, or 
selectivity of the output (e.g., a change in the detector, column type, matrix, method revision, or 
other components of the sample analytical system) must result in a new initial DOC.  

1.7 Technical Requirements 

1.7.1.1 DoD/DOE (Requirement) 
The following shall be implemented in lieu of TNI 1.7.1.1 d): 

d) All initial instrument calibrations shall be verified with a standard obtained from a 
second manufacturer prior to analyzing any samples.   
The use of a standard from a second lot obtained from the same manufacturer 
(independently prepared from different source materials) is acceptable for use as 
a second source standard.  The concentration of the second source standard 
shall be at or near the midpoint of the calibration range.  The acceptance criteria 
for the initial calibration verification must be at least as stringent as those for the 
continuing calibration verification.  
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1.7.1.1 DoD/DOE (Requirement) 
The following shall be implemented in lieu of TNI 1.7.1.1 g): 

g) The LOQ and the highest calibration standard of a multi-level calibration curve 
establish the quantitation range.  For metals analysis with a single-point 
calibration, the LOQ and the calibration standard establish the quantitation range, 
which must lie within the linear dynamic range.  
When sample results exceed the quantitation range, the laboratory shall dilute 
and reanalyze the sample (when sufficient sample volume and holding time 
permit) to bring results within the quantitation range. For metals analysis with a 
single-point calibration, the laboratory may report a sample result above the 
quantitation range if the laboratory analyzes and passes a CCV that exceeds the 
sample concentration but is within the linear dynamic range (provided the CCV is 
analyzed in the same manner as the sample).  Results outside the quantitation 
range shall be reported as estimated values and qualified using appropriate data 
qualifiers that are explained in the case narrative.  

1.7.1.1 DoD/DOE (Requirement) 
The following shall be implemented in lieu of TNI 1.7.1.1 j): 

j) The initial calibration range shall consist of a minimum of five calibration points 
for organic analytes and three calibration points for inorganic analytes and 
Industrial Hygiene samples (except metals by ICP-AES or ICP-MS with a single-
point calibration or otherwise stated in the method).  All reported analytes and 
surrogates (if applicable) shall be included in the initial calibration.  Reported 
results for all analytes and surrogates shall be quantified using a multipoint 
calibration curve (except as noted above).  Exclusion of calibration points without 
documented scientifically valid technical justification is not permitted.  

1.7.2 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 1.7.2 c) i) through iii): 

iv) The concentration of the CCV standard shall be greater than the low 
calibration standard and less than or equal to the midpoint of the 
calibration range.  

 1.7.2 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 1.7.2 d): 

d) All CCVs analyzed must be evaluated and reported.  If a CCV fails, 
reanalysis or corrective actions must be taken.   
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1.7.2 DoD/DOE (Requirement) 
The following shall be implemented in lieu of TNI 1.7.2 e): 

i) If a CCV fails, the laboratory can immediately analyze two additional 
consecutive CCVs (immediately is defined as starting a consecutive pair 
within one hour; no samples can be run between the failed CCV and the 
two additional CCVs). This approach allows for spurious failures of 
analytes to be reported without reanalysis of samples. Any corrective 
actions that change the dynamics of the system (e.g., clip column, clean 
injection port, run blanks) requires that all samples since the last 
acceptable CCV be reanalyzed.  

ii) Both of these CCVs must meet acceptance criteria in order for the 
samples to be reported without reanalysis. 

iii) If either of these two CCVs fail or if the laboratory cannot immediately 
analyze two CCVs, the associated samples cannot be reported and must 
be reanalyzed. 

iv) Corrective action(s) and recalibration must occur if the above scenario 
fails. All affected samples since the last acceptable CCV must be 
reanalyzed. 

v) Flagging of data for a failed CCV is only appropriate when the affected 
samples cannot be reanalyzed. The laboratory must notify the client prior 
to reporting data associated with a failed CCV. 

1.7.3 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 1.7.3: 

Method specific Quality Control (QC) requirements are located in Appendix B of this standard. 
All method QC parameters and samples shall follow Appendix B requirements, as appropriate. 
Appendix B requirements are considered the minimum technology based requirements for DoD 
accreditation or DOE acceptance regardless of method version.  

1.7.3.2.3 DoD/DOE (Requirement) 
The following shall be implemented in lieu of TNI 1.7.3.2.3 b): 

b) All reported analytes must be spiked in the LCS (with the exception of Aroclor 
analysis, which is spiked per the method). This may require the preparation of 
multiple LCSs to avoid interferences.  
The concentration of the spiked compounds shall be at or below the midpoint of 
the calibration if project specific concentrations are not specified.   

c) A laboratory shall establish LCS in-house limits that:  
i) Are statistically-derived based on in-house historical data, 

using scientifically valid and documented procedures;  
ii) Meet the limits specified by the project or as stated in the 

method, if available;  
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iii) Are updated on at least an annual basis or as stated in the 
method, whichever is more frequent, and re-established after 
major changes in the analytical process (e.g., new 
instrumentation);  

iv) Are based on at least 30 data points generated under the 
same analytical process;  

v) Do not exclude failed LCS recovery data and statistical outliers 
from the calculation, unless there is a scientifically valid and 
documented reason (e.g., incorrectly made standard, 
instrument malfunction);  

vi) Control limits may not be greater than ± 3 times the standard 
deviation of the mean LCS recovery.  

d)  Control charts or data analysis software shall be maintained and used to detect 
trends and prevent out-of-control conditions.  Control limits shall be monitored on an 
on-going basis (at least quarterly) for shifts in mean recovery, changes in standard 
deviation, and development of trends.  Laboratories may choose representative 
compounds for control charts for the purpose of trend analysis. 
e)  The QA Officer or designee shall review control charts at a specified frequency 
for out-of-control conditions and initiate appropriate corrective actions.  Data analysis 
software may also be used for the statistical evaluation of data for trends and biases. 
f)   A laboratory must use its in-house statistically established LCS control limits for 
the purpose of trend analysis and may use in-house control limits as a component in 
estimating measurement uncertainty. 
g) In the absence of client specified LCS reporting criteria, the LCS control limits 
outlined in the DoD/DOE QSM Appendix C tables shall be used when reporting data 
for DoD/DOE projects. Laboratories must develop processes or procedures to 
incorporate these limits.  
h) The LCS limits specified in the DoD/DOE QSM Appendix C tables shall be used 
for batch control unless project specific criteria exist. Sporadic marginal exceedances 
are allowed for those analytes outside the 3 standard deviation control limits but still 
within 4 standard deviations. Marginal exceedances are not allowed for those 
analytes determined by a project to be target analytes (i.e. “risk drivers”) without 
project specific approval.  
i) For analytes that are not listed in the DoD/DOE QSM Appendix C control limits 
tables, a laboratory shall use their in-house control limits for batch control and data 
reporting. 
j) DoD Only (Requirement) For DoD ELAP accreditation, a laboratory must develop 
in-house control limits for all analytes on their scope of accreditation. In-house 
control limits shall be used for trend analysis, and batch control for those analytes 
not listed in the DoD/DOE QSM Appendix C LCS tables. 
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1.7.3.3 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 1.7.3.3: 

The results of all MS/MSDs must be evaluated using the same acceptance criteria used for the 
DoD/DOE Appendix C LCS limits or project limits, if specified. If the specific analyte(s) are not 
available in the QSM Appendix C tables, the laboratory shall use their LCS in-house limits as a 
means of evaluating MS/MSDs. 

1.7.3.3.1 DoD/DOE (Requirement) 
The following shall be implemented in lieu of TNI 1.7.3.3.1 b): 

b) Each preparation batch of samples must contain an associated MS and MSD (or 
matrix duplicate (MD)) using the same matrix collected for the specific project.  
The requirements for MS/MSD are not applicable to all methods (e.g., certain 
radiochemical samples, air-testing samples, classic chemistry, and industrial 
hygiene samples).  If adequate sample material is not available, then the lack of 
MS/MSDs shall be noted in the case narrative, or a LCS Duplicate (LCSD) may 
be used to determine precision.  Additional MS/MSDs may be required on a 
project-specific basis.   

1.7.3.3.1 DoD/DOE (Requirement) 
The following shall be implemented in lieu of TNI 1.7.3.3.1 c): 

c) The MS and MSD must be spiked with all reported analytes (with the exception 
of Aroclor analysis, which is spiked per the method). 

1.7.3.3.3 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 1.7.3.3.3 a) through c): 

d) Surrogate spike results shall be compared with DoD/DOE QSM Appendix C LCS 
limits or acceptance criteria specified by the client.  If these criteria are not 
available, the laboratory shall compare the results with its in-house statistically 
established LCS criteria.  

1.7.3.5 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 1.7.3.5 a) through c): 

d) The quality (e.g., purity) specifications for all standards and reagents (including 
water) shall be documented or referenced in SOPs.  

1.7.3.6 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 1.7.3.6: 

a) Tentative identification of an analyte occurs when a peak from a sample extract falls 
within the daily retention time window.  Confirmation is necessary when the composition 
of samples is not well characterized.  Confirmation techniques include further analysis 
using a second column with dissimilar stationary phase, GC/MS (full scan or SIM) or 
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HPLC/MS (if concentration permits), GC or HPLC with two different types of detectors, 
or by other recognized confirmation techniques. HPLC UV-Diode Array detectors are not 
considered confirmation for a UV detector.  

b) When reporting data for methods that require analyte confirmation using a secondary 
column or detector, project-specific reporting requirements shall be followed.  If project-
specific requirements have not been specified, follow the reporting requirements in the 
method.  If the method does not include reporting requirements, then report the results 
from the primary column or detector, unless there is a scientifically valid and 
documented reason for not doing so and is concurred with by the client.  

c) The DoD/DOE specific client shall be notified of any results that are unconfirmed (e.g., 
confirmation was not performed or confirmation was obscured by interference). 
Unconfirmed results shall also be identified in the test report, using appropriate data 
qualifier flags, and explained in the case narrative. Analyte presence is indicated only if 
both original and confirmation signals are positive or if confirmation signal cannot be 
discerned from interference.  

1.7.4.1 DoD/DOE (Requirement) 
The following shall be implemented in lieu of TNI 1.7.4.1 a):  

a) The method blank shall be considered to be contaminated if:  
i) The concentration of any target analyte (chemical of concern) in the blank 

exceeds 1/2 the LOQ and is greater than 1/10th  the amount measured in 
any associated sample, or 1/0th  the regulatory limit, whichever is greater;  

ii) The concentration of any common laboratory contaminant in the blank 
exceeds the LOQ;  

iii) If a method blank is contaminated as described above, then the 
laboratory shall reprocess affected samples in a subsequent preparation 
batch, except when sample results are below the LOD.  If insufficient 
sample volume remains for reprocessing, the results shall be reported 
with appropriate data qualifiers.  

1.7.4.2 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 1.7.4.2 b): 

c) Sporadic Marginal Exceedances are not allowed for target analytes 
(chemicals of concern as identified by a project) without project-specific 
approval.  

d) DoD/DOE considers the same analyte exceeding the LCS control limit 
two (2) out of three (3) consecutive LCS to be indicative of non-random 
behavior, which requires corrective action and reanalysis of the LCS.  
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1.7.4.2 DoD/DOE (Guidance) 
The following is guidance to TNI 1.7.4.2 b): 

Target analytes are considered those few analytes that are critical for the success of a project 
(such as risk drivers) where sporadic marginal exceedances cannot be allowed.  Laboratories 
should consult with clients whenever long lists of analytes are requested for analysis to 
determine if marginal exceedances will not be allowed. 
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Volume 1, Module 5: Quality Systems for 
Microbiological Testing 

No additions or clarifications were made to Module 5. TNI and ISO/IEC 17025:2005(E) 
standards shall be followed. 
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VOLUME 1, MODULE 6: Quality Systems for 
Radiochemical Testing 

1.0 RADIOCHEMICAL TESTING 

1.1 Introduction 

1.2 Scope 

1.3 Terms and Definitions DoD/DOE (Clarification) 
The following is a clarification of TNI 1.3: 

This DoD/DOE module references the radiochemical terms, definitions, and requirements 
contained in the 2009 TNI Standard Module 6 Quality Systems for Radiochemical Testing. 
However, it does not preclude the use of other terms, definitions, and requirements from the 
consensus document Multi-Agency Radiological Laboratory Analytical Protocols (MARLAP) 
Manual, July 2004.  

1.4 Method Selection   

1.5 Method Validation    

1.5.2.1 DoD/DOE (Requirement)  
The following shall be implemented in addition to TNI 1.5.2.1 a) through d): 

e) SOPs that incorporate equations to calculate the decision level and the minimum 
detectable concentration (or activity) must be documented and consistent with 
the mandated method or regulation. 

1.5.2.1.1 DoD/DOE (Requirement)  
a) The MDA is the smallest amount of an analyte in a sample that will be detected 

with a probability b of non-detection (Type II error), while accepting a probability 
a of erroneously deciding that a positive (non-zero) quantity of analyte is present 
in an appropriate blank sample (Type I error).  Confidence levels may be dictated 
by the project. For the purposes of this module and the equations below, the a 
and b probabilities are assumed to be 0.05. MARLAP utilizes the Minimum 
Detectable Concentration (MDC) term instead of MDA. 

b) MDA Factors and Conditions - MDAs are determined based on factors and 
conditions such as instrument settings and matrix type, which influence the 
measurement.  The MDA is used to evaluate the capability of a method relative 
to the required detection reporting limit (RL).  Sample size, count duration, tracer 
chemical recovery, detector background, blank standard deviation, and detector 
efficiency shall be optimized to result in sample MDAs less than or equal to the 
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RLs.  If RLs are not achieved, then the cause shall be addressed 
comprehensively in the Case narrative.   

c) MDA Calculation - The basic MDA calculation shall be based on the concepts 
developed by L. A. Currie from his paper “Limits for Qualitative Detection and 
Quantitative Determination, Analytical Chemistry, March, 1968, Vol. 40, or from 
the MARLAP Manual Chapter 20. The following general equations derived from 
the work of L. A. Curie can be used to calculate the MDA. 
i) With a Blank Population: 

SS

b

KTKT
s

MDA 3*29.3
+=  

K = efficiency * e -l t * aliquot fraction * tracer recovery*Yield 
TS = count time of the sample in minutes 
sb          = standard deviation of the blank population where the blank 
population is in net blank counts in count time TS 

Use of blank populations for calculation of MDAs requires the selection of 
an implementation method, which includes but is not limited to: 

Identification of blanks to be used in the population: 

1. The number of blanks to use in the population; 
2. How the blank population changes; and  
3. Limitations on the deletion of blanks. 

The method of implementation shall not introduce any statistical bias. 

The appropriate blank subtraction shall be the mean blank value of the 
blank population. 

The implementation of blank populations for calculation of MDAs shall be 
described in detail in a SOP.  

In the original Currie derivation, a constant factor of 2.71 was used. Since 
that time it has been shown and generally accepted that a constant factor 
of 3 is more appropriate (Multi Agency Radiation Survey & Site 
Investigation Manual, Aug. 2000). However, it is acceptable to use a 
constant of 2.71 in situations where that factor is built into instrument 
software without an option to use 3. In that case, obtain permission from 
the DoD/DOE client and document the use of 2.71 in the case narrative. 
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 ii) Without a Blank Population: 

 MDA for samples without a blank population can be determined if based 
on appropriate Curie or MARLAP calculations, such as: 

 
S

BS

TKK
T
b
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+
+

=  

 Where: 
 K = efficiency * e -l t * aliquot fraction * tracer Recovery*Yield 
TS = count time of the sample in minutes 
TB = count time of the background in minutes 
b = background count rate in cpm 
The above equation is used when sample and background count times 
are different. Other equations, where sample and background count times 
are the same may also be used.  

iii) General: 
The above equation for MDA has the units of dpm/sample.  Any other units 
will require appropriate conversion. 
Site specific requirements may be provided for other MDA formulations. 
MDAs for samples without a blank population can be determined if based 
on appropriate L. A. Currie or MARLAP calculations. 

d) MDA Optimization:  The laboratory shall optimize analysis parameters in order to 
achieve analyte MDAs less than or equal to the required detection threshold.  
Samples with elevated activities shall be handled according to the following 
requirements: 
i) The appropriate aliquant size shall be determined based on the activity 

level in the sample.  The aliquant shall be large enough to generate data, 
which meet the following criteria:  

ii) The measurement uncertainty shall not be greater than 10% (1 sigma) of 
the sample activity.   

iii) The MDA for the analysis shall be a maximum of 10% of the sample 
activity. 

iv) If sample-specific MDAs are calculated and reported, that shall be clearly 
stated in the data package. 

v) The definition of the MDA presupposes that an appropriate detection 
threshold (i.e., the decision level) has already been defined.  The a 
probabilities assumed for the decision level shall also be used for the 
calculation of the MDA. 
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1.5.2.1.2 DoD/DOE (Requirement)  
a) Decision Level (DL):  In the context of analyte detection, the minimum measured 

value (e.g., of the instrument signal or the analyte concentration) required to give 
confidence that a positive (nonzero) amount of analyte is present in the material 
analyzed.  The DL is sometimes called the critical level (Lc) or critical value 
(MARLAP).  It is the quantity of analyte at or above which an a posteriori decision 
is made that a positive quantity of the analyte is present. Confidence levels may 
be dictated by the project. For this document, the probability of a Type I error 
(probability of erroneously reporting a detectable nuclide in an appropriate blank 
or sample) is assumed to be set at 0.05. 

b) DL Factors and Conditions:  DLs are determined a posteriori based on sample-
specific sample size, count duration, tracer chemical recovery, detector 
background, blank standard deviation, and detector efficiency.  

c) DL Calculation:  The basic DL calculation shall be based on concepts developed 
by L. A. Currie, “Limits for Qualitative Detection and Quantitative Determination, 
Analytical Chemistry, March, 1968, Vol. 40, or MARLAP Chapter 20.  The 
following general equation below can be used to calculate the decision level. 

d) The DL can either be based on the Combined Standard Uncertainty (CSU) of the 
blank (preparation or method), or the standard deviation determined from a set of 
appropriate blanks. 
i) With Blank Population: 

When determined from the standard deviation of a set of appropriate 
blanks, the DL evaluates the level at which the blank results will not 
exceed more than 5% of the time (or other specified level of confidence) 
and may be estimated by the following equation: 

            
WIDFRE

RStDL BB

´´´
+´

=
)(   

Where: 
DL = the decision level in disintegrations per minute per unit volume or 
weight (dpm/unit); 
SB = the standard deviation of a set of appropriate blank net count rate 
after background subtraction for blanks counted for the same length of 
time as the sample; 
RB = the average blank count rate in counts per minute (cpm); 
t = the student t factor for appropriate degrees of freedom and confidence 
level; 
E = the fractional detector efficiency (c/d) for the sample; 
R = the fractional chemical yield for the sample; 
IDF = the ingrowth or decay factor for the sample; and 
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W = the weight or volume of the sample. 
DLs are used as the default detection threshold.  Alternatively, the client 
may use/specify detection thresholds that meet project/site-specific 
requirements. 

DLs for samples without a blank population can be determined if based on 
appropriate L. A. Currie or MARLAP calculations using a CSU. 

1.5.4 DoD/DOE (Requirement)  
The following shall be implemented in addition to TNI 1.5.4: 

Measurement Uncertainties (for radiochemistry analysis):  Each result shall be reported with the 
associated measurement uncertainty as a combined standard uncertainty.  The SOP for 
determining the measurement uncertainty must be consistent with mandated method and 
regulation. 

Combined Standard Uncertainty:  All measurement uncertainties shall be propagated and 
reported with each result.  The formula for calculating the Combined Standard Uncertainty 
(CSU) of a result shall be documented in the appropriate SOP.  The CSU shall include both 
systematic and random error.  CSU is always 1 sigma.  Results should be reported at the 95% 
confidence level, which is 2 sigma. 

The uncertainty of a count may be estimated as the square root of counts except when there 
are zero (0) counts.  In the case of zero (0) counts, the uncertainty of the count is assumed to 
be the square root of one count. 

Systematic Error shall include, but is not necessarily limited to: 

a) The errors from all measurement devices, such as, but not limited to pipettes and 
balances.   

b) The uncertainty of known values of tracer solutions, calibration uncertainties, etc. 

Random Error shall include, but is not necessarily limited to, the total random counting error 
associated with each sample and appropriately propagated when more than one variable is 
used to determine the result. 

1.7 Technical Requirements   

1.7.1 DoD/DOE (Requirement)  
The following shall be implemented in addition to TNI 1.7.1 a) vii): 

a) Initial Calibration: 
viii) Detection efficiency shall be determined with sources that are traceable to 

NIST or accepted international standards, or with sources prepared from 
NIST/international traceable standards, when available.  When sources 
used for determinations for detection efficiency are prepared from 
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NIST/international traceable standards, they shall be “working reference 
materials” as defined in ASTM C1128 (current version). 

ix) For alpha spectrometry, a material balance check shall be done on each 
source to clearly demonstrate accountability of all activity by mass 
balance.  The material balance check shall be done on the fraction 
remaining from the neodymium fluoride precipitation, or the electro-
deposition plus all rinses from an adequate cleaning of any vessel used in 
the process.  The estimated error in preparing the source shall be 
propagated into the error of the efficiency determination. 

 x) Check sources shall be used only to verify that efficiencies have not 
changed. They shall not be used to determine efficiencies. 

1.7.1 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 1.7.1 b) i): 

b) Instrument Calibration Verification (Performance Checks) 
i) For systems using sample changers and/or long count times that run 

more than a day, the energy calibration shall be checked before each 
analytical batch. 
The Full-Width-Half-Maximum (FWHM) resolution of the alpha or gamma 
detector shall be evaluated prior to instrument use and following repair or 
loss of control (MARLAP 18.5.6.2).  The measured FWHM resolution 
shall be trended. 
Detector response (counting efficiency) determinations shall be 
performed when the check source count is outside the acceptable limits 
of the control chart (reference ANSI N42.23, Annex A5). 
It is important to use calibration or QC sources that will not cause detector 
contamination from recoil atoms from the source. 
For radon scintillation detectors, efficiency shall be verified at least 
monthly, when the system is in use. 

1.7.1 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 1.7.1 c) including I through iv): 

c) Background Measurement 
Background Subtraction Count (BSC) measurements shall be conducted after 
calibration and monthly thereafter, and monitored for trends to ensure that a 
laboratory maintains its capability to meet required project objectives. 
Successive long background measurements may be evaluated as background 
check measurements. 
Low levels of contamination not detected in a shorter background counting time 
may bias the results of sample analyses. The duration of the background check 
measurement shall be of sufficient duration (i.e., at least as long as the sample 
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count time) to quantify contamination that may impact routine sample 
measurements. 
The background check frequency may be extended to accommodate long 
sample count times. 
If the background check is conducted less frequently than daily, any associated 
sample results shall not be released for use until a (bracketing) background 
check is measured and has met all acceptance criteria.  An Instrument 
Contamination Check (ICC) for alpha spectroscopy can be a shorter 
measurement that can be performed on a weekly basis, in which case reporting 
sample results is not contingent on bracketing ICC checks. 
A background check shall also be collected before and after any counting 
chamber changes are made (i.e., cleaning, liner replacement, or instrument 
modification). 
i) For gamma spectroscopy systems, long background measurements (to 

be used for background corrections) shall be performed on at least a 
monthly basis.  The duration of the background measurement shall be 
sufficient to quantify contamination that may affect routine sample 
measurements (the count time for the background measurement shall be 
at least as long as the sample count time.) 

ii) For alpha spectroscopy systems, monthly background determinations 
shall be performed for each Region of Interest (ROI).  The duration of the 
background measurement shall be sufficient to quantify contamination 
that may affect routine sample measurements.  
Backgrounds for alpha spectrometers should be rechecked after being 
subjected to high-activity samples. Labs must have procedures in place to 
define high activity and counting procedures to check for gross 
contamination from high activity samples. 

iii) For gas-proportional counters, long background measurements (to be 
used for background corrections) shall be performed on a monthly basis, 
at minimum. 
Backgrounds for gas flow proportional counters should be rechecked after 
being subjected to high-activity. Labs must have procedures in place to 
define high activity. 

iv) For scintillation counters, the duration of the background measurement 
shall be sufficient to quantify contamination that may affect routine 
sample measurements. 
The daily instrument check shall include a check with an unquenched, 
sealed background vial (which should never be used to correct sample 
results for background measurements, since it is not in the same 
configuration as samples). 
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1.7.2 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 1.7.2: 

QC Sample Preparation:  All samples and QC samples in each prep batch shall be prepared 
concurrently and in the same manner. 

QC Sample Counting:  All QC samples shall be counted and analyzed in the same manner as 
the samples in the prep batch, in the same time frame, and using the same instrument 
calibration parameters, instrument analysis algorithms, etc. 

Method specific Quality Control Requirements are located in Appendix B of this standard. All 
method QC samples shall follow Appendix B requirements, as appropriate. 

Note: The “same time frame” implies that where multiple detectors are used and are sufficient to 
count the entire batch at the same time, with the same count time duration. If the number of 
detectors is not sufficient to count the entire batch at the same time, then samples shall be 
counted consecutively on the available detector(s). 

Note: The “same instrument calibration parameters, instrument analysis algorithms, etc.” implies 
that these parameters for a given instrument shall not be changed for the samples in that batch.  
It is understood that for multiple detectors, the parameters may not be identical. 

1.7.2.1 DoD/DOE (Requirement)  
The following shall be implemented in addition to TNI 1.7.2.1 a) through c): 

d) Batch blanks shall be counted for a sufficient time to meet the required detection 
limit, except in the case where the achieved MDA is calculated from the standard 
deviation of a blank population.  In this case, the batch blanks shall be counted 
for the same count time as the samples. 
The batch blank matrix shall be the same as the samples, as can be reasonably 
achieved, and shall be documented in the Case narrative 

e) Blank Acceptance Criteria: 
A method blank shall be one per preparatory batch.  (MARLAP 18.4.1) 
The blank acceptance criteria shall be:  |ZBlank |≤ 3 (MARLAP 18.4.1) or a 
laboratory shall use Method Blank in-house control limits of ±3 σ of the mean. 
The Batch Blank MDA shall be less than the Reporting Limit. 
If these criteria are not met, corrective actions shall be taken (e.g., recount, 
interferent cleanup, as appropriate), unless all sample results are greater than 
five times the blank activity.  If the criteria are still not met, then the samples shall 
be reanalyzed. 

f) The following batch blank matrices shall be used for all radiochemistry analyses: 
i) Distilled or deionized water, radon free; 
ii) Characterized solid material representative of the sample matrix;  
iii) Filters, physically and chemically identical filter media, analyte free (if 

supplied to the laboratory by customer). 
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1.7.2.2 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 1.7.2.2 a) through i): 

j) The LCS shall be counted for a sufficient time to meet the required detection 
limit. 

k) The LCS matrix shall be the same as the samples, or as close as can be 
reasonably achieved, and the matrix shall be documented in the Case narrative. 

l) LCS Acceptance Criteria:  |ZLCS |≤ 3 (MARLAP 18.4.3) or use in-house control 
limits of LCS ± 3 σ of the mean. In-house control limits may not fall more than 
25% from the known LCS value. 

m) LCS Selection and Level:  The LCS shall be of the same element as the sample 
analyte and shall be at least five times, but not greater than 20 times the RL with 
the following exceptions: 
i) For RLs of low activity, the analyte shall be at a level where the random 

counting error does not exceed 10% in the counting time required to 
attain the RL. 

ii) Analytes for gamma spectroscopy need not be the same as the sample 
analyte but should fall in the approximate energy region of the spectrum 
(low, mid-range, and high energy). 

iii) For gross alpha and/or gross beta analysis, the analytes in the LCS shall 
be the same analytes used for the calibration curve. 

n) LCS shall be traceable to the NIST or accepted international standard, or shall be 
a working reference material as described in ASTM C 1128 (current version), and 
may be used repeatedly for different analytical batches as long as it is 
appropriate for the matrix and geometry of the batch. 
The analyte need not be the same as the sample analyte, but shall fall in the 
approximate energy region of the spectrum as the analyte(s) (i.e., low, mid-
range, or high energy). 

1.7.2.3 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 1.7.2.3 a) i) through vii) 

a) Matrix Spike  
viii) Matrix spikes shall be added as early in the sample preparation steps as 

practicable. 
ix) Matrix spikes are not required for radiochemical analyses if an isotopic 

tracer or chemical carrier is used in the analysis to determine chemical 
recovery (yield) for the chemical separation and sample mounting 
procedures.  Matrix spikes are not required for gross alpha, gross beta, 
gamma, or non-aqueous tritium analysis. 

x) Matrix spikes shall be run on a separate sample aliquot using the same 
analyte as that being analyzed whenever possible. 

xi) Acceptance Criteria:  Matrix spike recoveries shall be within the control 
limits of 60 - 140%, or as specified by client.  Matrix spike samples for 



 

DoD/DOE  QSM, July 2013 Module 6, Page 60 
 

which the sample activity is greater than five times the spiking level are 
not required to meet this criterion. If activity of the MS > 5 times the 
unspiked sample, use |ZMS |≤ 3.  (MARLAP 18.4.3) 

xii) Matrix Spike Selection and Level:  The matrix spike shall be added at a 
concentration of at least five, but not greater than 20 times the RL.  For 
samples having known significant activity of the targeted radionuclides, 
more than 20 times the RL may be added to minimize the effect of the 
sample activity on determination of spike recoveries. 

xiii) Counting:  The matrix spike shall be counted for a sufficient time to meet 
the required detection limit. 
Where the original (unspiked) sample contains significantly elevated 
activity, the matrix spike shall be counted for a duration equal to that of 
the associated original sample. 

1.7.2.3 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 1.7.2.3 b) i) through iv): 

b) Replicates/Matrix Spike Duplicates/Laboratory Control Sample Duplicates 
v) The purpose of the Duplicate sample analysis is to assess laboratory 

precision by providing information on the laboratory’s reproducibility, and 
the homogeneity of the sample. 

vi) The Duplicate activity shall not be averaged with the corresponding 
sample activity when reporting results. 

vii) Samples identified as Field Blanks shall not be used for Duplicate sample 
analysis. 

viii) At least one Duplicate sample shall be prepared and analyzed with every 
Analytical Batch of samples. 

ix) The Duplicate shall be counted for the same duration to meet the required 
detection limit. 

x) When the sample does not contain significantly elevated activity, QC 
samples shall be counted for a duration equal to that of the associated 
original sample. 

xi) Evaluation Criteria:  Duplicates are evaluated using three possible 
criteria: 
|ZDup | ≤ 3 (MARLAP 18.4.1) if using MARLAP; or the duplicate error ratio 
(DER) between the sample and the duplicate is <3; or the relative percent 
difference (RPD) is <25%. 
When the MARLAP, DER or the RPD criteria pass, then the Duplicate is 
acceptable. 
Duplicates that do not meet the above requirements due to difficulty in 
subsampling shall be described in the case narrative.  
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1.7.2.3 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 1.7.2.3 c): 

c) Tracer 
Tracers chemically mimic but do not interfere with the target analyte through 
radiochemical separations.  Isotopic tracers are typically radioactive materials 
(e.g., Pu-242, Sr-85).  They are added to samples to determine the overall 
chemical yield for the analytical preparation steps.  When tracers are used, each 
sample (including any batch associated QC samples) shall also be spiked with 
the same materials and individual sample yields determined.  The tracer shall be 
added to the sample at the very beginning of the sample preparation.  For solid 
samples, the tracer shall be added after grinding, sieving, etc., but prior to any 
muffling or dissolution of the sample. 
Requirements for indirect yield measurements:  (e.g., radiometric results are 
corrected for chemical yield using ‘indirect’ yield measurement techniques such 
as gravimetric measurement of added carriers or a second radiometric 
measurement of added tracer.)  
The chemical yield for each sample determined using an indirect yield 
measurement method shall fall within the range 30% - 110% or as specified by 
the client.  The technique used for the indirect yield measurement should be 
sufficient to maintain relative uncertainties associated with the yield correction 
below 10% at the 2-sigma level. 
Sample results with yields below 30% are quantitative and considered 
acceptable if:  
i) The relative uncertainty associated with the yield correction is less than 

10% (2-sigma);  
ii) Spectral resolution requirements are met and there are no indications of 

spectral interferences; and 
iii) Detection limit requirements are met. 
Reporting yield measurement uncertainties:  The uncertainty associated with 
chemical yield corrections shall be incorporated into the CSU of the associated 
sample results. 
Tracer yield requirements for isotope dilution methods:  (usually alpha 
spectroscopy) The chemical yield for isotope dilution methods shall fall within the 
range 30% - 110% or as specified by the client.  Tracer activity and sample count 
duration shall be adequate to achieve relative uncertainties for the tracer 
measurement of less than 10% at the 2-sigma level. 

1.7.2.3 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 1.7.2.3 d): 

d) Carrier 
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Carriers chemically mimic but do not interfere with the target analyte through 
radiochemical separations.  Carriers are typically nonradioactive (e.g., natural 
strontium).  They are added to samples to determine the overall chemical yield 
for the analytical preparation steps.  When carriers are used, each sample 
(including any batch associated QC samples) shall also be spiked with the same 
materials and individual sample yields determined.  The carrier shall be added to 
the sample at the very beginning of the sample preparation.  For solid samples, 
the carrier shall be added after grinding, sieving, etc., but prior to any muffling or 
dissolution of the sample. 
Requirements for indirect yield measurements:  (e.g., radiometric results are 
corrected for chemical yield using ‘indirect’ yield measurement techniques such 
as gravimetric measurement of added carriers or a second radiometric 
measurement of added tracer.) 
The chemical yield for each sample determined using an indirect yield 
measurement method shall fall within the range 30% - 110% or as specified by 
the client.  The technique used for the indirect yield measurement should be 
sufficient to maintain relative uncertainties associated with the yield correction 
below 10% at the 2-sigma level. 
Sample results with yields below 30% are quantitative and considered 
acceptable if:  
i) The relative uncertainty associated with the yield correction is less than 

10% (2-sigma); 
ii) Spectral resolution requirements are met and there are no indications of 

spectral interferences; and 
iii) Detection limit requirements are met. 
Reporting yield measurement uncertainties:  The uncertainty associated with 
chemical yield corrections shall be incorporated into the CSU of the associated 
sample results. 

1.7.2.4 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 1.7.2.4 a) through c): 

d) Negative Numbers:  All negative activities shall be reported as such.  If the sum 
of the activity and the measurement uncertainty at ± 3 sigma is a negative 
number, the cause shall be investigated and evaluated to determine if it is 
systematic or random error.  If the cause is systematic, it shall be corrected.  If 
the cause is random, it shall be documented in the case narrative.  Recurrent 
problems with significant negative results suggest that the background 
subtraction and/or blank subtraction, if applicable, are in error or that the estimate 
of error is low.  Investigation of such problems and documentation of the 
resolution is required and shall be discussed in the case narrative. 
References: 
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i) DOE / EH - 0173T "Environmental Regulatory Guide for Radiological 
Effluent Monitoring and Environmental Surveillance, January 1991.  

ii) Multi-Agency Radiological Laboratory Analytical Protocols Manual NRC 
NUREG-1576, EPA 402-B-04-001C, NTIS PB2004-105421 July 2004 
Section 18.6.5 

1.7.2.5 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 1.7.2.5 a) through c): 

d)  Water purity shall be at least distilled or deionized water. 
i) Standards shall be verified prior to initial use. 

Preparations of standards solutions used for a period of time exceeding 
one year shall be verified annually, at a minimum, and documented in a 
logbook. 
At least three verification measurements of a standard shall be used to 
determine the mean value and standard deviation of the verification 
results. 
The mean value shall be within 5% of the decay corrected certified value. 
The 2-sigma value used for the 95% confidence interval of the mean shall 
not exceed 10% of the mean value of the three verification 
measurements. 
If all criteria are met, the certified value shall be used. 

ii) Corrections for radioactive decay and/or ingrowth of progeny shall be 
performed for radionuclide standards. 

1.7.2.7 DoD/DOE (Requirement) 
The following shall be implemented in addition to TNI 1.7.2.7 a) through c): 

d) The detection/quantification requirements for contamination control sampling 
should be consistent with the lowest level of sample analyte or MDA equivalent.  
Samples shall be segregated by activity levels in sample receipt, processing 
areas, and storage areas. 

1.8 Method Specific Directions DoD/DOE (Requirements)  
The following shall be implemented in addition to TNI 1.1 through 1.7: 

1.8.1 Isotopic Determinations by Alpha Spectrometry 
a) Tracer:  Shall be used for isotope specific analysis by alpha spectrometry.   Initial 

sample preparation shall include treatment to ensure that tracer and analyte will 
undergo similar reactions during processing.  All tracers used for alpha 
spectrometry shall be tested by the laboratory for contribution in the ROIs of the 
analytes of interest.  All tracers shall be of the same element or of an element 
with the same chemistry for the separations.  If a significant contribution is found, 
the method for correction shall be site accepted prior to use. 
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b) Background Correction:  The gross counts in each target analyte and tracer ROI 
shall be corrected for the particular detector’s background contribution in those 
same ROIs. 

c) Blank Correction:  Shall not be performed, except where noted. 
d) Conditions Requiring Reanalysis: 

i) Sample- and Analyte-Specific Conditions:  Any one of the following are 
additional conditions that require reanalysis for a particular sample and 
analyte: 

1. If the tracer recovery for the sample does not fall within 30% - 
110%, reanalysis is required, beginning with preparation. 

2. If the FWHM for the tracer peak exceeds 100 keV and/or the 
peak energy does not fall within ± 40 keV of the known peak 
energy, reanalysis is required. 

3. If the target analyte and tracer peaks are not resolved because 
the target analyte activity is significantly larger than the tracer 
activity, the sample shall be reanalyzed with a smaller aliquot 
such that resolution of tracer and analyte peaks is 
accomplished. 

4. If the sample analyte spectrum contains significant interferences 
with the analyte and/or tracer ROIs, reanalysis is required.   

ii) Analytical Batch Conditions:  If the tracer chemical recovery for the Batch 
Blank does not fall within 30% - 110%, reanalysis of the entire Analytical 
Batch, beginning with the preparation, is required if sufficient sample is 
available. 

e) Instrument Calibration:  Calibration of each alpha spectrometry detector used to 
produce data shall include channel vs. energy calibration, detector response.  

f) Efficiency determination and background determination for each ROI.  Alpha 
spectrum regions of interest shall be selected with consistency from analyte to 
analyte. 

g) Energy Calibration: 
i) The energy calibration for each detector shall be performed.  A curve 

shall be fit for Energy (Y-axis) versus Channel (X-axis) and the equation 
with the slope and Y-intercept for the fit shall be documented. 

ii) The slope of the equation shall be <15 keV/channel.  
iii) The energy calibration shall be performed using at least three isotopes 

within the energy range of 3 to 6 MeV. 
iv) The final peak energy positions of all observed isotopes shall be within 

±40 keV of the expected peak energy. 
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h) Background Requirements: 
i) The background total counts (or counts per unit time) for each target 

analyte and tracer isotope ROI shall be analyzed on each detector and 
documented.   

ii) The background for each ROI shall be sufficiently low to ensure that 
required detection limits are met.   

iii) The limits of acceptability for each background ROI shall be documented. 
These shall be set such that RLs can be obtained for backgrounds at the 
limit of acceptability.   

iv) Background count times shall be equal to or longer than sample count 
times. 

i) Detector Response Determination Requirements 
Detector response (efficiency) is not used in the calculation of results when 
tracers are used in the analysis, but only used to calculate the estimated yield, 
which is also not used, except as a general method performance indicator. 
i) The response (efficiency) counts for the ROI shall be background 

corrected using the same ROI for the background unless the background 
is less than 0.5% of the total counts in the ROI. 

ii) The response (efficiency) shall be determined on at least 3,000 net 
counts in the ROI (after background correction). 

iii) Check source counts to verify detector response (efficiency) shall be 
determined on at least 2,000 counts. 

iv) The detector response and detector response error shall be documented. 
v) The detector response check as determined by the check source and/or 

pulsar count and the associated error and limits of acceptability for the 
check source result shall be documented. 

j) Spectrum Assessment: 
i) ROIs shall be clearly indicated either graphically or in tabular form on 

alpha printouts.  Spectra with ROIs shall be saved and made available for 
review upon request. 

ii) The FWHM resolution for each sample and QC sample tracer peak shall 
be ≤100 keV. 

iii) The tracer peak energy for each sample and QC sample shall be within 
±50 keV of the expected energy. 

iv) Each sample and QC sample spectrum shall be assessed for correctly 
chosen ROIs, acceptable spectral resolution, acceptable energy 
calibration and interferences with the analyte and tracer ROIs. 
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1.8.2 Radon Scintillation (Lucas Cell) 

a) Procedures for sample analyses by Lucas Cell shall incorporate and adhere to 
ASTM D3454 (current version), Standard Test Method for Radium-226 in Water.  
Where the word “should” is used in ASTM D3454, performance shall be in 
accordance with the statement unless otherwise provided in this document.  
Reference is to the current version of the method.  When references are 
updated, an implementation schedule shall be determined by the lab.  

b) The operating voltage plateau for the detector shall not exceed a slope of 
2%/100V. 

c) A new Lucas Cell shall be calibrated every month for the first six months of use 
and then annually after the initial six months of use. 

d) Background measurements for quantitation in each cell shall be carried out prior 
to each sample measurement. 

e) When consistent with MQO, Rn-222 ingrowth times may be shortened to the 
degree permitted by EPA Method 903.1 

1.8.3 Liquid Scintillation Counting 

a) Tritium in Water:  Water samples for tritium analysis and all associated QC 
samples shall be distilled prior to analysis unless specified otherwise by the 
client.  The applicable preparation SOP shall specify the fraction to be collected.  
The same fraction shall be collected for samples and all associated QC samples. 

b) Counting Vial Preparation:  Samples shall be counted in vials equivalent to or 
superior to low potassium glass vials or high density polyethylene vials.  Samples 
in polyethylene vials shall be counted within a time period not to exceed the 
manufacturer’s specification for the cocktail used in the analysis.  Analysis 
documentation shall contain sufficient information for this to be verified.  Vials 
shall be prepared according to manufacturer’s specification for the cocktail.  The 
vials shall be “dark adapted” for a minimum of 30 minutes or according to the 
cocktail manufacturer’s specifications before counting.  The prepared vials shall 
be inspected to verify that the sample loaded properly in the cocktail. 

c) Laboratory SOPs for methods using liquid scintillation counting shall incorporate 
and adhere to ANSI N42.15-1997 (or latest version), American National Standard 
Check Sources for and Verification of Liquid Scintillation Systems.  References 
are for the current version. When references are updated, an implementation 
schedule shall be determined by the lab. 

d) Instrument Background:  The instrument background vial for all tritium matrices 
shall be prepared with low-tritium or “dead” water.  The instrument background 
vial shall be prepared with the same water to cocktail ratio as the samples are 
prepared.  The type of water used to prepare the instrument background vial 
shall be explicitly noted on the preparation and counting documentation.  The 
instrument background shall be run with each sample batch.  Unless calculated 
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from a running average of background counts or a background quench curve, the 
most recent background count shall be used to calculate sample activities and 
MDAs.  This is not a performance check, rather a background subtraction sample 
in a configuration equivalent to that of associated samples in the batch.  It is used 
to generate the background subtraction data for the batch (using the results 
associated directly with that batch, results of a rolling mean, or background 
quench curve).  The effect of quench on background shall be evaluated and 
corrected using a background quench curve if it is significant. 

e) For analysis methods using quench curves to determine individual sample 
detection efficiency or background, the quench curves shall be generated at least 
yearly and verified after any instrument maintenance. 

f) If the calibration method is constant quench, the detection efficiency shall be 
checked at least weekly when in use or with each counting batch. 

g) Sample-Specific Conditions:  The following are conditions that require reanalysis 
for a particular sample and analyte, beginning with the preparation or recounting, 
as appropriate. 
i) If the constant quench method of calibration is used, the quench of each 

sample analyzed shall fall within +/-5% relative to the average efficiency 
at that quench level.  If this condition is not met, the sample must be 
reanalyzed beginning with vial preparation. 

ii) If the sample quench does not fall within the range of the quench curve, 
the samples shall be reanalyzed such that the sample quench is in the 
range of a quench curve. 

h) Spectrum Assessment:  For analytes requiring separations other than distillation: 
i) Sample spectra shall be retained (electronic or hardcopy) for each 

sample and QC sample including identification of ROIs. 
ii) Each sample and QC sample spectrum shall be assessed for correctly 

chosen ROIs, acceptability of peak shape, and interferences due to non-
target analytes or luminescence. 

1.8.4 Gas Flow Proportional Counting 

a) Planchets:  Shall be thoroughly cleaned before use to ensure that there are no 
interfering residues or contamination.  All planchets shall be prepared not to 
exceed sample weights in excess of the calibrated ranges of established self-
absorption curves.  Sample weights shall be documented and stable prior to 
counting.  Planchets exhibiting physical characteristics notably different from the 
self-absorption standards (e.g., evidence of corrosion) shall not be counted 
unless remediation efforts such as additional sample preparation and remounting 
or flaming prove unsuccessful.  Any non-routine counting situations shall be 
documented in the case narrative. 

b) Instrument Calibration:  Shall be performed in accordance with the requirements 
in ANSI N42.25, Calibration and Usage of Alpha/Beta Proportional Counters.  
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Where the word “should” is used in ANSI N42.25, calibration shall be performed 
in accordance with the statement.  References are for the current version.  When 
references change, an implementation schedule shall be determined.  

c) Calibration Sources and Standards: The standard reference material used to 
prepare sources for determining detector efficiencies and self-absorption curves 
shall be traceable to NIST or accepted international standards. The calibration 
sources shall provide adequate counting statistics over the period for which the 
source is to be counted. 
i) However, the source shall not be so radioactive as to cause pulse pileups 

or dead time that is significantly different from that to be expected from 
routine analyses. 

ii) The geometry of the calibration sources used for efficiency and self-
absorption/crosstalk curves shall be the same as that of the prepared 
sample and QC sample planchets.  The depth and shape (flat, flanged, 
ringed, etc.), in addition to the diameter, are factors that shall be the same 
for calibration sources as for samples. 

iii) The sources used for the determination of self-absorption and cross talk 
should be of similar isotope content to that of the analytical samples. Am-
241; Po-210; or Th-230 shall be used for alpha and Cs-137 or Sr-90/Y-90 
for beta. 

d) Self-Absorption and Crosstalk Curves: 
i) Self-absorption curves are required for both alpha and beta counting. 
ii) A crosstalk curve shall be established for alpha to beta crosstalk versus 

residue weight. 
iii) Beta to alpha crosstalk is not significantly affected by planchet residue 

weight, and is generally constant over the applicable weight range.  
Therefore, this crosstalk correction does not require residue weight 
consideration. 

iv) The data used to generate self-absorption and crosstalk curves shall 
consist of at least seven points, well distributed throughout the mass 
range. 

v) Each alpha and beta calibration standard shall be counted to an 
accumulation of at least 10,000 counts minimum for the initial calibration 
and 5,000 counts minimum for the calibration verification. 

vi) A new cross-talk curve must be measured prior to initial use, after loss of 
control, and upon incorporation of new or changed instrument settings.  
(MARLAP 18.5.6.1). 

e) Check Source Requirements: 
i) The alpha and beta response and corresponding crosstalk of each 

detector used to count analytical samples or QC samples shall be 
checked daily with separate alpha and beta emitting sources.  The only 
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exception to this requirement is when performing analyses with extended 
count times.  In this case, check source measurements may be 
performed between sample sets. 

ii) Following gas bottle changes, check sources and backgrounds shall be 
analyzed before samples are counted. 

iii) Check source data shall be documented and retained. 

1.8.5 Gamma Spectrometry 

a) Sample Counting Requirements: 
i) SOPs for sample analysis by gamma spectrometry shall incorporate and 

adhere to ANSI N42.14-1991 (or latest version), Calibration and Use of 
Germanium Spectrometers for the Measurement of Gamma Ray 
Emission Rate of Radionuclides, and/or ANSI N42.12-1994 (or latest 
version), Calibration and Usage of Thallium-Activated Sodium Iodide 
Detector Systems for Assay of Radionuclides.  References are for the 
current version.  When references change, an implementation schedule 
will be determined. 

ii) The gamma detector system shall consist of any detector suitable for 
measuring the gamma isotopes of interest in the typical energy range of 
approximately 0.059 to 2 MeV with regard to attaining RLs, bias and 
precision requirements.  Ge detectors of either intrinsic (pure) germanium 
or lithium drifted germanium are preferred; however for some specific 
requirements, another detector type, such as sodium iodide, may be more 
appropriate. 

iii) Detectors shall be calibrated for the specific geometry and matrix 
considerations used in the sample analysis.  The laboratory shall have 
the capability to seal soil samples in airtight cans or equivalent in order to 
allow ingrowth of radon for accurate analysis of Ra-226 or its progeny by 
gamma spectroscopy when requested. This applies to Ra-226 soil 
samples only. 

iv) Spectral Data Reference:  Identification of the reference used for the half-
life, abundance, and peak energy of all nuclides shall be documented.  
The laboratory shall document, review, and provide configuration control 
for gamma spectrometry libraries.  Assumptions made for libraries (i.e., 
half-lives based on supported/unsupported assumptions, inferential 
determinations (e.g., Th-234 = U-238 because supported)) shall be 
documented and narrated. 

b) Efficiency Calibration Requirements: 
i) Each gamma spectrometry system shall be efficiency calibrated for the 

sample geometry and matrix with traceable NIST or accepted 
international standards or prepared from NIST/international traceable 
sources. 
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1) Germanium Detectors: Refer to ANSI N42.14 for guidance on 
isotope specific efficiency and efficiency as a function of energy 
calibrations.  The efficiency calibration measurements shall be at 
least six peaks which cover the typical energy range of 
approximately 0.059 to 2 MeV. 

  At least 10,000 net counts (total counts minus the Compton   
continuum and ambient background) shall be accumulated in each 
full-energy gamma-ray peak of interest used for the efficiency 
equation (ASTM D 3649-98a). 
Sodium Iodide Detectors: Refer to ANSI N42.12. 

                                              Efficiencies shall be determined when there is a change in             
resolution, geometry, or system configuration (ASTM D 3649-
98a). 

ii) Current software that does not require a physical calibration standard to 
obtain efficiencies for various matrices and geometries may be used to 
count samples where a standard calibration source of known matrix and 
geometry cannot be specified.  This type of calibration technique is 
preferred for matrices such as waste or debris.  When such software is 
used, the laboratory shall supply detailed information and documentation 
regarding the selection of parameters used to specify the efficiency 
calibration and sample models.  Each sample selected for analysis using 
this type of calibration shall have a unique set of model parameters 
associated with it.  When such models are used, the closest model to the 
actual sample shall be selected.  The model selected for each sample 
shall be presented in the case narrative and shall include a discussion of 
actual and predicted peak ratios for isotopes with multiple gamma 
energies present in the sample. 

c) Energy Calibration Requirements:  Each gamma spectrometry system shall be 
energy calibrated with NIST/international traceable standards or prepared from 
NIST/international traceable sources. 

i) Germanium Detectors:  Refer to ANSI N42.14, Section 5.1 for guidance 
on calibrating gamma-ray energy as a function of channel number at a 
fixed gain. The energy calibration measurements shall be made using at 
least six peaks which cover the energy range from 0.059 to approximately 
2 MeV.  Additional peaks shall be used as deemed appropriate by the 
laboratory. 

ii) At least 10,000 net counts (total counts minus the Compton continuum 
and ambient background) shall be accumulated in each full-energy 
gamma-ray peak of interest (ASTM D 3649-98a). 

iii) Energy calibration shall be linear and accurate to 0.5 keV. 
iv) Sodium Iodide Detectors:  Refer to ANSI N42.12, Section 4.3.2. 
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d) Performance Evaluation: 
Germanium Detectors:  Refer to ANSI N42.14, Section 7. 
Sodium Iodide Detectors:  Refer to ANSI N42.12, Section 4.3.5. 

e) Spectrum Assessment:  Each sample and QC sample spectrum shall be 
assessed for acceptability of key peak width and shape, and interference due to 
superimposed peaks or other sources.  Any major contributor to the spectrum 
that is an unidentified peak shall be discussed in the case narrative. 

1.8.6 Conditions Requiring Reanalysis or Recount 

If reanalysis is not possible, the client shall be contacted for specific guidance or requirements. 

a) General Conditions: 
i) If the RLs could not be achieved because of laboratory errors or 

oversights such as inadequate count times, inadequate aliquot size, 
inappropriate dilution, low detector efficiencies, high detector 
backgrounds, etc., then the sample shall be reanalyzed under more 
optimal conditions. 

ii) If the RLs could not be achieved because of problems associated with the 
sample such as inadequate sample provided, elevated radioactivity 
levels, sample matrix interferences such as high amounts of suspended 
solids, multiphase liquids, etc., then such problems shall be explained in 
the Case narrative. 

b) Sample and Analyte-Specific Conditions:  Any one of the following are additional 
conditions that require reanalysis for a particular sample and analyte: 
i) If, for any reason, sample or batch QC integrity becomes suspect (e.g., 

spillage, mis-identification, cross-contamination), all potentially affected 
samples shall be reanalyzed from a point before that at which the integrity 
came into question.  If new batch QC must be prepared for reanalysis, 
samples for reanalysis shall be restarted at the normal point of initiation 
for the batch QC. 

ii) All samples associated with expired standards. 
c) Analytical Batch Conditions:  Except where noted otherwise, any one of the 

following conditions requires reanalysis of the entire analytical batch, beginning 
with the preparation: batches that failed the Method Blank or LCS criteria. 

d) Conditions Requiring a Re-count:  If the RL was not achieved due to inadequate 
count duration, low detector efficiencies, or high detector backgrounds, the 
sample shall be re-counted under more optimal conditions, and the reasons for 
the re-count shall be documented in the case narrative. 
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Volume 1, Module 7: Quality Systems for 
Toxicity Testing 

No additions or clarifications were made to Module 7. TNI and ISO/IEC 17025:2005(E) 
standards shall be followed.
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Appendix A:  Reporting Requirements 

In the absence of client specified reporting criteria, the reporting requirements outlined below 
shall be used for hard-copy data reports or electronic versions of hard-copy data (such as pdf). 
They include mandatory requirements for all printed data reports, and requirements for data 
reports requiring third party data review or validation. Optional reporting requirements are those 
that may be required by a specific project, depending upon their needs. The following elements 
are required: cover sheet, table of contents, case narrative, analytical results, sample 
management records, and Quality Assessment/Quality Control (QA/QC) information. 
Information for third-party review may be required depending on project-specific requirements or 
the method being used.  

1.0 Cover Sheet   
The cover sheet shall specify the following information: 

· Title of report (i.e., test report, test certificate); 
· Name and location of laboratory (to include a point of contact, phone and facsimile 

numbers, and e-mail address); 
· Name and location of any subcontractor laboratories, and appropriate test method 

performed (information can also be located in the case narrative as an alternative); 
· Unique identification of the report (such as serial number); 
· Client name and address; 
· Project name and site location;  
· Statement of data authenticity and official signature and title of person authorizing report 

release; 
· Amendments to previously released reports that clearly identify the serial number for the 

previous report and state the reason(s) for reissuance of the report; and 
· Total number of pages. 

2.0 Table of Contents   
Laboratory data packages shall be organized in a format that allows for easy identification and 
retrieval of information.  An index or table of contents shall be included for this purpose. 

3.0 Case Narrative   
A case narrative shall be included in each report. The purpose of the case narrative is to: 

· Describe any abnormalities and deviations that may affect the analytical results; 
· Summarize any issues in the data package that need to be highlighted for the data user 

to help them assess the usability of the data; and 
· Provide a summary of samples included in the report with the methods employed in 

order to assist the user in interpretation. 
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The case narrative shall provide (Information need not be repeated if noted elsewhere in the 
data package): 

· A table(s) summarizing samples received, providing a correlation between field sample 
numbers and laboratory sample numbers, and identifying which analytical, preparation, 
and clean-up methods  were performed. If multiple laboratories performed analyses, the 
name and location of each laboratory shall be associated with each sample; 

· A list of samples that were received but not analyzed; 
· Date of samples received; 
· Sample preservation or condition at receipt; 
· A description of extractions or analyses that are performed out of holding times;  
· A definition of all data qualifiers or flags used;   
· Identification of deviations of any calibration standards or QC sample results from 

appropriate acceptance limits and a discussion of the associated corrective actions 
taken by the laboratory; 

· Identification of multiple sample runs with reason(s) identified (e.g., dilutions or multiple 
cleanups);  

· Identification of samples and analytes for which manual integration was necessary; and 
· Appropriate notation of any other factors that could affect the sample results (e.g., air 

bubbles in volatile organic compounds (VOC) sample vials, excess headspace in soil 
VOC containers, the presence of multiple phases, sample temperature or pH excursions, 
and container type or volume). 

4.0 Analytical Results   
The results for each sample shall contain the following information at a minimum:  (Information 
need not be repeated if noted elsewhere in the data package): 

· Project name and site location; 
· Field sample ID number as written on custody form; 
· Laboratory sample ID number; 
· Preparation batch number(s); 
· Matrix (soil, water, oil, air, etc.); 
· Date and time sample collected; 
· Date and time sample prepared; 
· Date and time sample analyzed; 
· Method numbers for all preparation, cleanup, and analysis procedures employed; 
· Analyte or parameter with the Chemical Abstracts Service (CAS) Registry Number if 

available; 
· Sample aliquot analyzed; 
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· Final extract volume; 
· Identification of analytes in which manual integration occurred, including the cause and 

justification; 
· Analytical results with correct number of significant figures; 
· Detection Limit, Limit of Detection, and Limit of Quantitation associated with sample 

results and adjusted for sample-specific factors (e.g., aliquot size, dilution/concentration 
factors, and moisture content); 

· Any data qualifiers assigned; 
· Concentration units; 
· Dilution factors; 
· All multiple sample run results shall be reported;  
· Percent moisture or percent solids (all soils are to be reported on a dry weight basis); 

and 
· Statements of the estimated uncertainty of test results (optional). 

5.0 Sample Management Records  
Sample Management records shall include the documentation accompanying the samples, 
such as: 

· Chain-of-custody records; 
· Shipping documents; 
· Records generated by the laboratory which detail the condition of the samples upon 

receipt at the laboratory (e.g., sample cooler receipt forms, cooler temperature, and 
sample pH); 

· Telephone conversation or e-mail records associated with actions taken or quality 
issues; and 

· Records of sample compositing done by the laboratory. 

6.0 QA/QC Information   
The minimum laboratory internal QC data package shall include:  

· Method blank results; 
· Percent recoveries for Laboratory Control Sample (LCS), Laboratory Control Sample 

Duplicates (LCSD), Matrix spike (MS), and Matrix Spike Duplicates (MSD); 
· MSD or matrix duplicate Relative percent differences (RPD); 
· Surrogate percent recoveries;  
· Tracer recoveries;  
· Spike concentrations for LCS, MS, surrogates; 
· QC acceptance criteria for LCS, MS, surrogates; 
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· Post-Digestion Spike (PDS) recoveries; 
· In-house or project specified LCS control limits, as applicable; 
· Serial dilutions (SD) percent difference; and  
· Batch numbers (preparation, analysis, and cleanup). 

7.0 Data Reports for Third Party Review or Validation 
The data validation guidelines established in other Department of Defense/Department of 
Energy guidance or project-specific guidelines may have distinct reporting formats. The 
appropriate QAPP should be consulted to determine what type (stage) of data package is 
required. 
 
DoD data validation guidelines defines the minimum reporting requirements for each stage 
(formerly level) of data package as outlined below. 

· A cover sheet, table of contents, and case narrative including all of the 
information specified in the above sections are required for all stages of data 
reports. 

· Stage 1:  Analytical results, Sample Management Records. 
· Stage 2:  Stage 1 reporting requirements plus QA/QC Information, Instrument 

QA/QC Information, Instrument and Preparation logs. 
· Stage 3:  Stage 2 reporting requirements plus Instrument Quantitation Reports. 
· Stage 4:  Stage 3 reporting requirements plus Instrument Chromatograms and 

Spectra. 
· In addition, standards traceability should be included in Stages 3 and 4 if a legal 

chain of custody is required. 
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Appendix B: Quality Control Requirements 

 
Table – 1.  Organic Analysis by Gas Chromatography 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Breakdown check 
(Endrin/DDT Method 
8081 only) 

Before sample analysis 
and at the beginning of 
each 12-hour shift. 

Degradation of DDT and 
Endrin must each be ≤ 
15%. 

Correct problem, then 
repeat breakdown 
checks. 

Flagging is not 
appropriate. 

No samples shall be run 
until degradation of DDT 
and Endrin is each ≤ 
15%. 

Initial Calibration 
(ICAL) for all 
analytes (including 
surrogates) 

At instrument set-up and 
after ICV or CCV failure, 
prior to sample analysis. 

ICAL must meet one of 
the three options below: 
 
Option 1: RSD for each 
analyte ≤ 20%;   
 
Option 2: linear least 
squares regression for 
each analyte: r2 ≥ 0.99;   
Option 3:  non-linear 
least squares regression 
(quadratic) for each 
analyte: r2 ≥ 0.99. 

Correct problem then 
repeat ICAL. 

Flagging is not 
appropriate. 

Minimum 5 levels for 
linear and 6 levels for 
quadratic. 
Quantitation for 
multicomponent analytes 
such as chlordane, 
toxaphene, and Aroclors 
must be performed using 
a 5-point calibration. 
Results may not be 
quantitated using a 
single point.  
 

No samples shall be 
analyzed until ICAL has 
passed.   
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Table – 1.  Organic Analysis by Gas Chromatography 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Retention Time 
window position 
establishment  

Once per ICAL and at the 
beginning of the 
analytical sequence. 

Position shall be set 
using the midpoint 
standard of the ICAL 
curve when ICAL is 
performed.  On days 
when ICAL is not 
performed, the initial 
CCV is used. 

NA. NA. Calculated for each 
analyte and surrogate. 

Retention Time (RT) 
window width  

At method set-up and 
after major maintenance 
(e.g., column change). 

RT width is ± 3 times 
standard deviation for 
each analyte RT from the 
72-hour study. 

NA. NA. Calculated for each 
analyte and surrogate. 

Initial  Calibration 
Verification (ICV) 

Once after each ICAL, 
analysis of a second 
source standard prior to 
sample analysis. 

All reported analytes 
within established RT 
windows. 
 
All reported analytes 
within ± 20% of true 
value. 

Correct problem, rerun 
ICV.  If that fails, repeat 
ICAL.  

Flagging is not 
appropriate. 

No samples shall be 
analyzed until calibration 
has been verified with a 
second source. 
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Table – 1.  Organic Analysis by Gas Chromatography 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Continuing 
Calibration 
Verification (CCV) 

Before sample analysis, 
after every 10 field 
samples, and at the end 
of the analysis sequence 
with the exception of 
CCVs for Pesticides 
multi-component analytes 
(i.e. Toxaphene, 
Chlordane), which are 
only required before 
sample analysis. 
 

All reported analytes and 
surrogates within 
established RT windows. 
 
All reported analytes and 
surrogates within ± 20% 
of true value. 

Recalibrate, and 
reanalyze all affected 
samples since the last 
acceptable CCV; 
or 
Immediately analyze two 
additional consecutive 
CCVs. If both pass, 
samples may be reported 
without reanalysis. If 
either fails, take 
corrective action(s) and 
re-calibrate; then 
reanalyze all affected 
samples since the last 
acceptable CCV. 

If reanalysis cannot be 
performed, data must be 
qualified and explained 
in the case narrative.  
Apply Q-flag to all results 
for the specific analyte(s) 
in all samples since the 
last acceptable 
calibration verification. 

Results may not be 
reported without a valid 
CCV.  Flagging is only 
appropriate in cases 
where the samples 
cannot be reanalyzed. 
 
 

Method Blank (MB) One per preparatory 
batch. 

No analytes detected > 
1/2 LOQ or > 1/10 the 
amount measured in any 
sample or 1/10 the 
regulatory limit, 
whichever is greater.   
 

Correct problem.  If 
required, reprep and 
reanalyze MB and all 
samples processed with 
the contaminated blank. 

If reanalysis cannot be 
performed, data must be 
qualified and explained 
in the case narrative.  
Apply B-flag to all results 
for the specific analyte(s) 
in all samples in the 
associated preparatory 
batch. 

Results may not be 
reported without a valid 
method blank.  Flagging 
is only appropriate in 
cases where the samples 
cannot be reanalyzed. 
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Table – 1.  Organic Analysis by Gas Chromatography 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Laboratory Control 
Sample (LCS)  

One per preparatory 
batch. 

A laboratory must use 
the QSM Appendix C 
Limits for batch control if 
project limits are not 
specified.  
If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are 
not specified. 

Correct problem, then 
reprep and reanalyze the 
LCS and all samples in 
the associated 
preparatory batch for 
failed analytes, if 
sufficient sample material 
is available. 

If reanalysis cannot be 
performed, data must be 
qualified and explained 
in the case narrative.   
Apply Q-flag to specific 
analyte(s) in all samples 
in the associated 
preparatory batch. 

Results may not be 
reported without a valid 
LCS.  Flagging is only 
appropriate in cases 
where the samples 
cannot be reanalyzed. 

Matrix Spike (MS) One per preparatory 
batch. 

A laboratory must use 
the QSM Appendix C 
Limits for batch control if 
project limits are not 
specified.  

If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are 
not specified. 

Examine the project-
specific requirements.  
Contact the client as to 
additional measures to 
be taken. 

For the specific 
analyte(s) in the parent 
sample, apply J-flag if 
acceptance criteria are 
not met and explain in 
the case narrative. 

If MS results are outside 
the limits, the data shall 
be evaluated to 
determine the source(s) 
of difference, i.e., matrix 
effect or analytical error. 

Matrix Spike 
Duplicate (MSD) or 
Matrix Duplicate 
(MD) 

One per preparatory 
batch. 

A laboratory must use 
the QSM Appendix C 
Limits for batch control if 
project limits are not 
specified.  
If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are 
not specified. 
RPD ≤ 30% (between 
MS and MSD or sample 
and MD). 

Examine the project-
specific requirements.  
Contact the client as to 
additional measures to 
be taken. 

For the specific 
analyte(s) in the parent 
sample, apply J-flag if 
acceptance criteria are 
not met and explain in 
the case narrative. 

The data shall be 
evaluated to determine 
the source of difference. 
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Table – 1.  Organic Analysis by Gas Chromatography 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Surrogate Spike  All field and QC samples. QC acceptance criteria 
specified by the project, if 
available; otherwise use 
QSM Appendix C limits  
or in-house LCS limits if 
analyte(s) are not listed. 

Correct problem, then 
reprep and reanalyze all 
failed samples for all 
surrogates in the 
associated preparatory 
batch, if sufficient sample 
material is available.  If 
obvious chromatographic 
interference with 
surrogate is present, 
reanalysis may not be 
necessary. 

Apply Q-flag to all 
associated analytes if 
acceptance criteria are 
not met and explain in 
the case narrative. 

Alternative surrogates 
are recommended when 
there is obvious 
chromatographic 
interference. 

Confirmation of 
positive results 
(second column) 

All positive results must 
be confirmed (except for 
single column methods 
such as TPH by Method 
8015 where confirmation 
is not an option or 
requirement). 

Calibration and QC 
criteria for second 
column are the same as 
for initial or primary 
column analysis.   
Results between primary 
and secondary column 
RPD ≤ 40%. 

NA. Apply J-flag if RPD > 
40%.  Discuss in the 
case narrative. 

Use project-specific 
reporting requirements if 
available; otherwise, use 
method requirements if 
available; otherwise 
report the result from the 
primary column. 
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Table – 2.  Organic Analysis by High-Performance Liquid Chromatography (HPLC) 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Initial Calibration 
(ICAL) for all 
analytes 
(including 
surrogates) 

At instrument set-up and 
after ICV or CCV failure, 
prior to sample analysis. 

ICAL must meet one of 
the three options below: 
 
Option 1: RSD for each 
analyte ≤ 20%; 

 
Option 2: linear least 
squares regression for 
each analyte: r2 ≥ 0.99;  
Option 3:  non-linear least 
squares regression 
(quadratic) for each 
analyte: r2 ≥ 0.99. 

Correct problem then 
repeat ICAL. 

Flagging is not 
appropriate. 
 

Minimum 5 levels for 
linear and 6 levels for 
quadratic. 
No samples shall be 
analyzed until ICAL has 
passed.   
 

Retention Time 
window position 
establishment  

Once per ICAL and at the 
beginning of the analytical 
sequence. 

Position shall be set using 
the midpoint standard of 
the ICAL curve when 
ICAL is performed.  On 
days when ICAL is not 
performed, the initial CCV 
is used. 

NA. NA. Calculated for each 
analyte and surrogate. 

Retention Time 
(RT) window 
width  

At method set-up and 
after major maintenance 
(e.g., column change). 

RT width is ± 3 times 
standard deviation for 
each analyte RT from the 
72-hour study. 

NA. NA. Calculated for each 
analyte and surrogate. 

Initial  
Calibration 
Verification (ICV) 

Once after each ICAL, 
analysis of a second 
source standard prior to 
sample analysis. 

All reported analytes 
within established RT 
windows. 
 
All reported analytes 
within ± 15% of true 
value. 

Correct problem, rerun 
ICV.  If that fails, repeat 
ICAL.  

Flagging is not 
appropriate. 
 

No samples shall be 
analyzed until calibration 
has been verified with a 
second source. 
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Table – 2.  Organic Analysis by High-Performance Liquid Chromatography (HPLC) 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Continuing 
Calibration 
Verification 
(CCV) 

Before sample analysis, 
after every 10 field 
samples, and at the end 
of the analysis sequence. 

All reported analytes and 
surrogates within 
established RT windows. 
 
All reported analytes and 
surrogates within ± 15% 
true value. 

Recalibrate, and 
reanalyze all affected 
samples since the last 
acceptable CCV; 
or 
Immediately analyze two 
additional consecutive 
CCVs. If both pass, 
samples may be reported 
without reanalysis. If 
either fails, take corrective 
action(s) and re-calibrate; 
then reanalyze all affected 
samples since the last 
acceptable CCV. 

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative.  Apply 
Q-flag to all results for the 
specific analyte(s) in all 
samples since the last 
acceptable calibration 
verification. 

Results may not be 
reported without a valid 
CCV.  Flagging is only 
appropriate in cases 
where the samples cannot 
be reanalyzed. 
 
Retention time windows 
are updated per the 
method. 

Method Blank 
(MB) 

One per preparatory 
batch. 

No analytes detected > 
1/2 LOQ or > 1/10 the 
amount measured in any 
sample or 1/10 the 
regulatory limit, whichever 
is greater.   
 

Correct problem.  If 
required, reprep and 
reanalyze MB and all 
samples processed with 
the contaminated blank. 

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative.  Apply 
B-flag to all results for the 
specific analyte(s) in all 
samples in the associated 
preparatory batch. 

Results may not be 
reported without a valid 
method blank. 
Flagging is only 
appropriate in cases 
where the samples cannot 
be reanalyzed. 

Laboratory 
Control Sample 
(LCS)  

One per preparatory 
batch. 

A laboratory must use the 
QSM Appendix C Limits 
for batch control if project 
limits are not specified.  
If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are 
not specified. 

Correct problem, then 
reprep and reanalyze the 
LCS and all samples in 
the associated 
preparatory batch for the 
failed reported analytes, if 
sufficient sample material 
is available. 

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative.   
Apply Q-flag to specific 
analyte(s) in all samples 
in the associated 
preparatory batch. 

Results may not be 
reported without a valid 
LCS.  Flagging is only 
appropriate in cases 
where the samples cannot 
be reanalyzed. 
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Table – 2.  Organic Analysis by High-Performance Liquid Chromatography (HPLC) 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Matrix Spike (MS) One per preparatory 
batch. 

A laboratory must use the 
QSM Appendix C Limits 
for batch control if project 
limits are not specified.  
If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are 
not specified. 

Examine the project-
specific requirements.  
Contact the client as to 
additional measures to be 
taken. 

For the specific analyte(s) 
in the parent sample, 
apply J-flag if acceptance 
criteria are not met and 
explain in the case 
narrative. 

If MS results are outside 
the limits, the data shall 
be evaluated to determine 
the source(s) of 
difference, i.e., matrix 
effect or analytical error. 

Matrix Spike 
Duplicate (MSD) 
or Matrix 
Duplicate (MD) 

One per preparatory 
batch. 

A laboratory must use the 
QSM Appendix C Limits 
for batch control if project 
limits are not specified.  
If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are 
not specified. 
RPD ≤ 30% (between MS 
and MSD or sample and 
MD). 

Examine the project-
specific requirements.  
Contact the client as to 
additional measures to be 
taken. 

For the specific analyte(s) 
in the parent sample, 
apply J-flag if acceptance 
criteria are not met and 
explain in the case 
narrative. 

The data shall be 
evaluated to determine 
the source of difference. 

Surrogate Spike  All field and QC samples. QC acceptance criteria 
specified by the project, if 
available; otherwise use 
QSM Appendix C limits  
or in-house LCS limits if 
analyte(s) are not listed. 

Correct problem, then 
reprep and reanalyze all 
failed samples for all 
surrogates in the 
associated preparatory 
batch, if sufficient sample 
material is available.  If 
obvious chromatographic 
interference with 
surrogate is present, 
reanalysis may not be 
necessary. 

Apply Q-flag to all 
associated analytes if 
acceptance criteria are 
not met and explain in the 
case narrative. 

Alternative surrogates are 
recommended when there 
is obvious 
chromatographic 
interference. 
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Table – 2.  Organic Analysis by High-Performance Liquid Chromatography (HPLC) 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Confirmation of 
positive results 
(second column) 

All positive results must 
be confirmed. 

Calibration and QC 
criteria for second column 
are the same as for initial 
or primary column 
analysis. 
Results between primary 
and secondary 
column/detector RPD ≤ 
40%. 

NA. Apply J-flag if RPD > 
40%.  Discuss in the case 
narrative. 

Spectral match 
confirmation of a UV 
detector with a UV diode 
array detector (or vice 
versa) is not considered 
an acceptable 
confirmation technique. A 
second column 
confirmation is required. 
Use project-specific 
reporting requirements if 
available; otherwise, use 
method requirements, if 
available; otherwise, 
report the result from the 
primary column. 
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Table – 3.  Nitroaromatics, Nitramines, and Nitrate Esters Analysis by HPLC, LC/MS, or LC/MS/MS (Method 8330B) 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Soil drying 
procedure 

Each sample, LCS, and 
Method Blank. 

Laboratory must have a 
procedure to determine 
when the sample is dry to 
constant mass.  Record 
date, time, and ambient 
temperature on a daily 
basis while drying 
samples. 

NA. Flagging is not 
appropriate. 

 

 Commercial PT samples 
must reflect the grinding, 
extraction, and analysis 
steps as a minimum. 

Soil sieving 
procedure 

Each sample, LCS, and 
Method Blank. 

Weigh entire sample.  
Sieve entire sample with a 
10 mesh sieve.  Breakup 
pieces of soil (especially 
clay) with gloved hands.  
Do not intentionally 
include vegetation in the 
portion of the sample that 
passes through the sieve 
unless this is a project 
specific requirement.  
Collect and weigh any 
portion unable to pass 
through the sieve.  

NA. Flagging is not 
appropriate. 
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Table – 3.  Nitroaromatics, Nitramines, and Nitrate Esters Analysis by HPLC, LC/MS, or LC/MS/MS (Method 8330B) 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Soil grinding 
procedure   

Initial demonstration. The laboratory must 
initially demonstrate that 
the grinding procedure is 
capable of reducing the 
particle size to < 75 µm by 
passing representative 
portions of ground sample 
through a 200 mesh sieve 
(ASTM E11).   

NA. Flagging is not 
appropriate. 

 

  

Soil grinding 
blank   

Prior to grinding samples; 
after every 10 samples; 
and at the end of the 
batch. 

A grinding blank using 
clean solid matrix (such as 
Ottawa sand) must be 
prepared (e.g., ground 
and subsampled) and 
analyzed in the same 
manner as a field sample.  
No reported analytes must 
be detected > 1/2 LOQ.   

Blank results must be 
reported and the affected 
samples must be flagged 
accordingly if blank 
criteria are not met.  

If any individual grinding 
blank is found to exceed 
the acceptance criteria, 
apply B-flag to the 
samples following that 
blank.   

Grinding blanks may be 
composited for analysis. 
At least one grinding blank 
per batch must be 
analyzed. 

 

Soil subsampling 
process   

Each sample, duplicate, 
LCS, and Method Blank. 

Entire ground sample is 
mixed, spread out on a 
large flat surface (e.g., 
baking tray), and 30 or 
more randomly located 
increments are removed 
from the entire depth to 
sum a ~10 g subsample.   

NA. Flagging is not 
appropriate. 
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Table – 3.  Nitroaromatics, Nitramines, and Nitrate Esters Analysis by HPLC, LC/MS, or LC/MS/MS (Method 8330B) 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Soil sample 
triplicate   

At the subsampling step, 
one sample per batch.   

 
Cannot be performed on 
any sample identified as a 
blank (e.g., trip blank, field 
blank, method blank).   

Three 10 g subsamples 
are taken from a sample 
expected to contain the 
highest levels of 
explosives within the 
quantitation range of the 
method.  
 
The RSD for results above 
the LOQ must not exceed 
20%.   

Examine the project-
specific requirements.  
Contact the client as to 
additional measures to 
be taken. 
 

If reported per the client, 
apply J-flag if acceptance 
criteria are not met and 
explain in the case 
narrative. 

  

Aqueous sample 
preparation   

Each sample and 
associated batch QC 
samples. 

Solid phase extraction 
(SPE) using resin-based 
solid phase disks or 
cartridges is required.   

NA. Flagging is not 
appropriate. 
 

The salting-out procedure 
is not permitted.   

Initial Calibration 
(ICAL) for all 
analytes 
(including 
surrogates) 

At instrument setup and 
after ICV or CCV failure, 
prior to sample analysis. 

ICAL must meet one of 
the three options below: 
 
Option 1: RSD for each 
analyte ≤ 15%;   
 
Option 2: linear least 
squares regression for 
each analyte: r2 ≥ 0.99;   
Option 3:  non-linear least 
squares regression 
(quadratic) for each 
analyte: r2 ≥ 0.99. 

Correct problem, then 
repeat ICAL. 

Flagging is not 
appropriate. 
 

Minimum 5 levels for 
linear and 6 levels for 
quadratic. 
No samples shall be 
analyzed until ICAL has 
passed.   

Initial Calibration 
Verification (ICV) 

Once after each ICAL, 
analysis of a second 
source standard prior to 
sample analysis. 

All reported analyte(s) and 
surrogates within ± 20% of 
true value. 

Correct problem. Rerun 
ICV.  If that fails, repeat 
ICAL.  

Flagging is not 
appropriate. 
 

No samples shall be 
analyzed until calibration 
has been verified with a 
second source. 
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Table – 3.  Nitroaromatics, Nitramines, and Nitrate Esters Analysis by HPLC, LC/MS, or LC/MS/MS (Method 8330B) 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Continuing 
Calibration 
Verification 
(CCV) 

Before sample analysis, 
after every 10 field 
samples, and at the end of 
the analysis sequence. 

All reported analytes and 
surrogates within ± 20% of 
the true value.  

Recalibrate, and 
reanalyze all affected 
samples since the last 
acceptable CCV; 
or 
Immediately analyze two 
additional consecutive 
CCVs. If both pass, 
samples may be reported 
without reanalysis. If 
either fails, take 
corrective action(s) and 
re-calibrate; then 
reanalyze all affected 
samples since the last 
acceptable CCV. 

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative.  Apply 
Q-flag to all results for the 
specific analyte(s) in all 
samples since the last 
acceptable calibration 
verification. 

Results may not be 
reported without a valid 
CCV.   
Flagging is only 
appropriate in cases 
where the samples cannot 
be reanalyzed. 

Method Blank 
(MB) 

One per preparatory 
batch. 

No analytes detected > 
1/2 LOQ or > 1/10 the 
amount measured in any 
sample or 1/10 the 
regulatory limit, whichever 
is greater.   

Correct problem.  If 
required, reprep and 
reanalyze method blank 
and all samples 
processed with the 
contaminated blank. 

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative.  Apply 
B-flag to all results for the 
specific analyte(s) in all 
samples in the associated 
preparatory batch. 

Results may not be 
reported without a valid 
method blank. 
Flagging is only 
appropriate in cases 
where the samples cannot 
be reanalyzed. 



 

DoD/DOE QSM, July 2013 Appendix B, Page 90 
 

Table – 3.  Nitroaromatics, Nitramines, and Nitrate Esters Analysis by HPLC, LC/MS, or LC/MS/MS (Method 8330B) 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Laboratory 
Control Sample 
(LCS)  

One per preparatory 
batch. 

A laboratory must use the 
QSM Appendix C Limits 
for batch control if project 
limits are not specified.  
If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are 
not specified. 

 
Use LCS Tables 8330B 
for HPLC analysis. 
 
Use LCS Tables 8321 for 
LC/MS or LC/MS/MS 
analysis. 

Correct problem. If 
required, reprep and 
reanalyze the LCS and 
all samples in the 
associated preparatory 
batch for the failed 
analytes, if sufficient 
sample material is 
available. 

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative.   
Apply Q-flag to specific 
analyte(s) in all samples in 
the associated 
preparatory batch. 

A solid reference material 
containing all reported 
analytes must be 
prepared (e.g., ground 
and subsampled) and 
analyzed in exactly the 
same manner as a field 
sample.   

Results may not be 
reported without a valid 
LCS.  Flagging is only 
appropriate in cases 
where the samples cannot 
be reanalyzed. 

Matrix Spike 
(MS) 

One per preparatory 
batch. 

A laboratory must use the 
QSM Appendix C Limits 
for batch control if project 
limits are not specified.  
If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are 
not specified. 

Examine the project-
specific requirements.  
Contact the client as to 
additional measures to 
be taken. 

For the specific analyte(s) 
in the parent sample, 
apply J-flag if acceptance 
criteria are not met and 
explain in the case 
narrative. 

For matrix evaluation only, 
therefore is taken post 
grinding from same 
ground sample as parent 
subsample is taken.  If MS 
results are outside the 
limits, the data shall be 
evaluated to determine 
the source(s) of 
difference, i.e., matrix 
effect or analytical error. 
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Table – 3.  Nitroaromatics, Nitramines, and Nitrate Esters Analysis by HPLC, LC/MS, or LC/MS/MS (Method 8330B) 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Matrix Spike 
Duplicate (MSD) 
or Matrix 
Duplicate (MD)  

One per preparatory 
batch. 

A laboratory must use the 
QSM Appendix C Limits 
for batch control if project 
limits are not specified.  
If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are 
not specified. 

MSD or MD:  RPD of all 
analytes ≤ 20% (between 
MS and MSD or sample 
and MD). 

Examine the project-
specific requirements.  
Contact the client as to 
additional measures to 
be taken. 

For the specific analyte(s) 
in the parent sample, 
apply J-flag if acceptance 
criteria are not met and 
explain in the case 
narrative. 

For matrix evaluation only, 
therefore is taken post 
grinding from same 
ground sample as parent 
subsample is taken.   
The data shall be 
evaluated to determine 
the source of difference. 

Surrogate Spike  All field and QC samples. QC acceptance criteria 
specified by the project, if 
available; otherwise use 
QSM Appendix C limits  
or  
in-house LCS limits if 
analyte(s) are not listed. 

Correct problem, then 
reprep and reanalyze all 
failed samples for all 
surrogates in the 
associated preparatory 
batch, if sufficient sample 
material is available.  If 
obvious chromatographic 
interference with 
surrogate is present, 
reanalysis may not be 
necessary. 

Apply Q-flag to all 
associated analytes if 
acceptance criteria are not 
met and explain in the 
case narrative. 

Alternative surrogates are 
recommended when there 
is obvious 
chromatographic 
interference. 
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Table – 3.  Nitroaromatics, Nitramines, and Nitrate Esters Analysis by HPLC, LC/MS, or LC/MS/MS (Method 8330B) 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Confirmation of 
positive results 
(second column)  

All positive results must 
be confirmed. 

Calibration and QC criteria 
are the same for the 
confirmation analysis as 
for initial or primary 
column analysis.   
Results between primary 
and second column RPD 
≤ 40%. 

Report from both 
columns. 

Apply J-flag if RPD > 40%.  
Discuss in the case 
narrative. 

Use of a UV detector with 
a UV diode array detector 
or vice versa is not 
considered a valid 
confirmation technique. 
Confirmation analysis is 
not needed if LC/MS or 
LC/MS/MS was used for 
the primary analysis.  
Secondary column – Must 
be capable of resolving 
(separating) all of the 
analytes of interest and 
must have a different 
retention time order 
relative to the primary 
column. 
Use project specific 
reporting requirements if 
available; otherwise, 
report from the primary 
column. 
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Table – 4.  Organic Analysis by Gas Chromatography/Mass Spectrometry 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Tune Check Prior to ICAL and prior to 
each 12-hour period of 
sample analysis. 

Specific ion abundance 
criteria of BFB or DFTPP 
from method. 

Retune instrument and 
verify.   

Flagging is not 
appropriate. 

No samples shall be 
analyzed without a valid 
tune. 

Performance 
Check ( Method 
8270 only) 

At the beginning of each 
12-hour period, prior to 
analysis of samples. 

Degradation ≤ 20% for 
DDT.   
Benzidine and 
pentachlorophenol shall be 
present at their normal 
responses, and shall not 
exceed a tailing factor of 2. 

Correct problem, then 
repeat performance 
checks. 

Flagging is not 
appropriate. 
 

No samples shall be 
analyzed until performance 
check is within criteria. 
The DDT breakdown and 
Benzidine/Pentachlorophenol 
tailing factors are considered 
overall system checks to 
evaluate injector port 
inertness and column 
performance and are 
required regardless of the 
reported analyte list. 

Initial 
calibration 
(ICAL) for all 
analytes 
(including 
surrogates) 

At instrument set-up, 
prior to sample analysis  
 

Each analyte must meet 
one of the three options 
below: 
Option 1: RSD for each 
analyte  ≤ 15%;    

                                                                                         
Option 2: linear least 
squares regression for 
each analyte: r2 ≥ 0.99;   
Option 3:  non-linear least 
squares regression 
(quadratic) for each 
analyte: r2 ≥ 0.99. 

Correct problem then 
repeat ICAL. 

Flagging is not 
appropriate. 
 

Minimum 5 levels for linear 
and 6 levels for quadratic. 
No samples shall be 
analyzed until ICAL has 
passed.  

If the specific version of a 
method requires additional 
evaluation (e.g., RFs or low 
calibration standard analysis 
and recovery criteria) these 
additional requirements must 
also be met. 
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Table – 4.  Organic Analysis by Gas Chromatography/Mass Spectrometry 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Retention Time 
window 
position 
establishment  

Once per ICAL and at the 
beginning of the 
analytical sequence. 

Position shall be set using 
the midpoint standard of 
the ICAL curve when ICAL 
is performed.   
On days when ICAL is not 
performed, the initial CCV 
is used. 

NA. NA. Required for each analyte 
and surrogate. 

Evaluation of 
Relative 
Retention Times 
(RRT) 

With each sample. RRT of each reported 
analyte within ± 0.06 RRT 
units.  

Correct problem, then 
rerun ICAL. 

NA 

 

RRTs may be updated based 
on the daily CCV.  
 
RRTs shall be compared 
with the most recently 
updated  RRTs.   

Initial 
Calibration 
Verification 
(ICV)  

Once after each ICAL, 
analysis of a second 
source standard prior to 
sample analysis. 

All reported analytes within 
± 20% of true value. 

Correct problem.  Rerun 
ICV.  If that fails, repeat 
ICAL. 

Flagging is not 
appropriate. 

No samples shall be 
analyzed until calibration has 
been verified with a second 
source. 
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Table – 4.  Organic Analysis by Gas Chromatography/Mass Spectrometry 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Continuing 
Calibration 
Verification 
(CCV) 

Daily before sample 
analysis; after every 12 
hours of analysis time; 
and at the end of the 
analytical batch run.   

All reported analytes and 
surrogates within ± 20% of 
true value. 
All reported analytes and 
surrogates within ± 50% for 
end of analytical batch 
CCV.  

Recalibrate, and 
reanalyze all affected 
samples since the last 
acceptable CCV; 
or 
Immediately analyze two 
additional consecutive 
CCVs. If both pass, 
samples may be 
reported without 
reanalysis. If either fails, 
take corrective action(s) 
and re-calibrate; then 
reanalyze all affected 
samples since the last 
acceptable CCV. 

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative.  Apply 
Q-flag to all results for 
the specific analyte(s) in 
all samples since last 
acceptable calibration 
verification. 

Results may not be reported 
without a valid CCV.  
Flagging is only appropriate 
in cases where the samples 
cannot be reanalyzed. 
If the specific version of a 
method requires additional 
evaluation (e.g., average 
RFs) these additional 
requirements must also be 
met. 

Internal 
standards (IS) 

Every field sample, 

standard and QC sample. 

Retention time within ± 10 
seconds from retention 
time of the midpoint 
standard in the ICAL; EICP 
area within - 50% to 
+100% of ICAL midpoint 
standard. 

Inspect mass 
spectrometer and GC for 
malfunctions and correct 
problem.   

Reanalysis of samples 
analyzed while system 
was malfunctioning is 
mandatory.  

If corrective action fails in 
field samples, data must 
be qualified and 
explained in the case 
narrative.  Apply Q-flag to 
analytes associated with 
the non-compliant IS.   
Flagging is not 
appropriate for failed 
standards. 
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Table – 4.  Organic Analysis by Gas Chromatography/Mass Spectrometry 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Method Blank 
(MB) 

One per preparatory 
batch. 

No analytes detected > ½ 
LOQ or > 1/10 the amount 
measured in any sample or 
1/10 the regulatory limit, 
whichever is greater.   
Common contaminants 
must not be detected > 
LOQ. 

Correct problem.  If 
required, reprep and 
reanalyze MB and all 
samples processed with 
the contaminated blank. 

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative.   
Apply B-flag to all results 
for the specific analyte(s) 
in all samples in the 
associated preparatory 
batch. 

Results may not be reported 
without a valid method blank.   

Flagging is only appropriate 
in cases where the samples 
cannot be reanalyzed. 

Laboratory 
Control Sample 
(LCS)  

One per preparatory 
batch. 
 

A laboratory must use the 
QSM Appendix C Limits for 
batch control if project 
limits are not specified.  
If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are 
not specified. 

Correct problem, 
then reprep and 
reanalyze the LCS and 
all samples in the 
associated preparatory 
batch for failed analytes, 
if sufficient sample 
material is available.  

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative.  Apply 
Q-flag to specific 
analyte(s) in all samples 
in the associated 
preparatory batch. 

Must contain all surrogates 
and all analytes to be 
reported. 
Results may not be reported 
without a valid LCS.  
Flagging is only appropriate 
in cases where the samples 
cannot be reanalyzed. 

Matrix Spike 
(MS) 

One per preparatory 
batch. 

A laboratory must use the 
QSM Appendix C Limits for 
batch control if project 
limits are not specified.  
If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are 
not specified. 

Examine the project-
specific requirements.  
Contact the client as to 
additional measures to 
be taken. 

For the specific 
analyte(s) in the parent 
sample, apply J-flag if 
acceptance criteria are 
not met and explain in 
the case narrative. 

Must contain all surrogates 
and all analytes to be 
reported. 

If MS results are outside the 
limits, the data shall be 
evaluated to determine the 
source(s) of difference, i.e., 
matrix effect or analytical 
error. 
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Table – 4.  Organic Analysis by Gas Chromatography/Mass Spectrometry 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Matrix Spike 
Duplicate (MSD) 
or Matrix 
Duplicate (MD) 

One per preparatory 
batch.  

A laboratory must use the 
QSM Appendix C Limits for 
batch control if project 
limits are not specified.  
If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are 
not specified. 

MSD or MD:  RPD of all 
analytes ≤ 20% (between 
MS and MSD or sample 
and MD). 

Examine the project-
specific requirements.  
Contact the client as to 
additional measures to 
be taken. 

For the specific 
analyte(s) in the parent 
sample, apply J-flag if 
acceptance criteria are 
not met and explain in 
the case narrative. 

MSD: Must contain all 
surrogates and all analytes 
to be reported. 
The data shall be evaluated 
to determine the source of 
difference. 

Surrogate Spike  All field and QC samples. QC acceptance criteria 
specified by the project, if 
available; otherwise use 
QSM Appendix C limits  
or in-house LCS limits if 
analyte(s) are not listed. 

Correct problem, then 
reprep and reanalyze all 
failed samples for all 
surrogates in the 
associated preparatory 
batch, if sufficient 
sample material is 
available.  If obvious 
chromatographic 
interference with 
surrogate is present, 
reanalysis may not be 
necessary. 

Apply Q-flag to all 
associated analytes if 
acceptance criteria are 
not met and explain in 
the case narrative. 

Alternative surrogates are 
recommended when there is 
obvious chromatographic 
interference. 
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Table - 5.  Dioxin/Furan Analysis by High-Resolution Gas Chromatography/Low-Resolution Mass Spectrometry (Method 8280) 
QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Tune Check Prior to ICAL. Verify mass calibration per 
method. 

Retune instrument and 
verify. 

Flagging is not appropriate. No samples shall be analyzed 
without a valid tune. 

Retention Time 
window defining 
mix 

At method set-up and prior 
to analyzing calibration 
standards. 

Verify descriptor switching 
times per method. 

Correct problem, then 
repeat Retention Time 
window defining mix. 

Flagging is not appropriate.  

GC column 

performance 
check (for SP-
2331 column or 
equivalent) 

At the beginning and end 
of each 12-hr period 
during which samples or 
calibration solutions are 
analyzed. 

 

Peak separation between 
2,3,7,8-TCDD and other 
TCDD isomers: Resolved 
with a valley of ≤ 25%. 
 

For calibration verification 
standard only: Peak 
separation between 
1,2,3,4,7,8-HxCDD and 
1,2,3,6,7,8-HxCDD must be 
resolved with a valley of ≤ 
50%, per method. 

Correct problem, then 
repeat column 
performance checks. 

Flagging is not appropriate. Needed only if using a column 
other than DB-5 or equivalent. 
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Table - 5.  Dioxin/Furan Analysis by High-Resolution Gas Chromatography/Low-Resolution Mass Spectrometry (Method 8280) 
QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

GC Column 
performance 
check (for DB-5 
column or 
equivalent) 

At the beginning and end 
of each 12-hr period 
during which samples or 
calibration solutions are 
analyzed. 
 
Included with the ICAL 
standard (CC3) and the 
calibration verification 
standard. 

Peak separation of standard 
CC3:  Peak between the 13C-
2,3,7,8-TCDD and 13C-
1,2,3,4-TCDD must be 
resolved with a valley of ≤ 
25%; 

 
For calibration verification 
standard only: Peak 
separation between 
1,2,3,4,7,8-HxCDD and 
1,2,3,6,7,8-HxCDD must be 
resolved with a valley of ≤ 
50%. 

Correct problem, then 
repeat column 
performance checks. 

Flagging is not appropriate. No samples shall be analyzed 
until GC column performance 
check is within criteria. 

Initial calibration 
(ICAL) for all 
analytes 
identified in 
method 

At instrument set-up and 
after ICV or CCV failure, 
prior to sample analysis. 

Ion abundance ratios must 
be in accordance with the 
method. 
 
RSD of the RFs ≤ 15% for 
labeled IS and unlabeled 
PCDD/PCDF. 

Correct problem then 
repeat ICAL. 

Flagging is not appropriate. No samples shall be analyzed 
until ICAL has passed. 
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Table - 5.  Dioxin/Furan Analysis by High-Resolution Gas Chromatography/Low-Resolution Mass Spectrometry (Method 8280) 
QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Initial 
Calibration 
Verification 
(ICV)  

Once after each ICAL, 
analysis of a second 
source standard prior to 
sample analysis. 

Ion abundance specified in 
the method must be met for 
all PCDD/PCDF peaks, 
including labeled internal 
and recovery standards. 
 
Sensitivity criteria of an S/N 
ratio > 2.5 for unlabeled 
PCDD/PCDF ions and > 10 
for labeled internal and 
recovery standards. 
 
All reported analytes and IS 
within ± 20% of true value. 

Correct problem.  Rerun 
ICV.  If that fails, repeat 
ICAL. 

Flagging is not 
appropriate. 
 

No samples shall be analyzed 
until calibration has been 
verified with a second source. 
 

  

Calibration 

Verification 
(CCV) 

At the beginning of each 
12-hr period of sample 
analysis, after successful 
GC and MS resolution 
checks. 

Ion abundance specified in 
the method must be met for 
all PCDD/PCDF peaks, 
including labeled internal and 
recovery standards. 
 
Sensitivity criteria of an S/N 
ratio > 2.5 for unlabeled 
PCDD/PCDF ions and > 10 
for labeled internal and 
recovery standards. 
 

All reported analytes and IS 
within ± 20% of true value. 

Recalibrate, and 
reanalyze all affected 
samples since the last 
acceptable CCV; 

 
or 
 

Immediately analyze two 
additional consecutive 
CCVs. If both pass, 
samples may be reported 
without reanalysis. If 
either fails, take 
corrective action(s) and 
re-calibrate; then 
reanalyze all affected 
samples since the last 
acceptable CCV. 

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative.  

 
Apply Q-flag to all results 
for the specific analyte(s) in 
all samples since the last 
acceptable CCV. 

Results may not be reported 
without valid calibration 
verification.  

 
Flagging is only appropriate in 
cases where the samples 
cannot be reanalyzed. 
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Table - 5.  Dioxin/Furan Analysis by High-Resolution Gas Chromatography/Low-Resolution Mass Spectrometry (Method 8280) 
QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Internal 
standards(IS) 

Every field sample, 
standard, and QC sample. 

% Recovery for each IS in 
the original sample (prior to 
any dilutions) must be within 
25-150% of the CCV. 

Correct problem, then 
reprep and reanalyze the 
sample(s) with failed IS. 

 
 
 
 

If corrective action   fails in 
field samples, data must be 
qualified and explained in 
the case narrative.  Apply 
Q-flag to analytes 
associated with the non-
compliant Internal Standard 
Flagging is not appropriate 
for failed standards. 

 

Sensitivity Check At the end of 12-hr sample 
analysis period or at the 
end of analysis (whichever 
comes first) . 
 
Injection must be done 
within the 12-hr period. 

See calibration verification for 
criteria on ion abundances, 
and S/N ratios.  See 
Retention Time window 
defining mix for retention 
time criteria.  

Correct problem, then 
repeat calibration and 
reanalyze samples 
indicating a presence of 
PCDD/PCDF less than 
LOQ or when maximum 
possible concentration is 
reported. 

Flagging is not appropriate.  

Method Blank 
(MB) 

One per preparatory 
batch. 

No analytes detected > 1/2 
LOQ or > 1/10 the amount 
measured in any sample or 
1/10 the regulatory limit, 
whichever is greater.   
 

 

Correct problem.  If 
required, re-prep and 
reanalyze MB and all 
samples processed with 
the contaminated blank. 

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative.  
Apply B-flag to all results for 
the specific analyte(s) in all 
samples in the associated 
preparatory batch. 

Results may not be reported 
without a valid method blank. 
Flagging is only appropriate 
in cases where the samples 
cannot be reanalyzed. 
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Table - 5.  Dioxin/Furan Analysis by High-Resolution Gas Chromatography/Low-Resolution Mass Spectrometry (Method 8280) 
QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Laboratory 
Control Sample 
(LCS) 

One per preparatory 
batch. 

A laboratory must use the 
QSM Appendix C Limits for 
batch control if project limits 
are not specified.  

If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are not 
specified. 

Correct problem, then re-
prep and reanalyze the 
LCS and all samples in 
the associated 
preparatory batch for 
failed analytes, if 
sufficient sample material 
is available. 

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative. Apply 
Q-flag to specific analyte(s) 
in all samples in the 
associated preparatory 
batch. 

Results may not be reported 
without a valid LCS.  Flagging 
is only appropriate in cases 
where the samples cannot be 
reanalyzed. 

Matrix  Spike 
(MS) 

One per preparatory 
batch.  

A laboratory must use the 
QSM Appendix C Limits for 
batch control if project limits 
are not specified.  
If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are not 
specified. 

Examine the project-
specific requirements. 
Contact the client as to 
additional measures to be 
taken. 

For the specific analyte(s) 
in the parent sample, apply 
J-flag if criteria are not met 
and explain in the case 
narrative. 

For matrix evaluation only. 

If MS results are outside the 
LCS limits, the data shall be 
evaluated to determine the 
source of difference and to 
determine if there is a matrix 
effect or analytical error. 

Matrix Spike 
Duplicate (MSD) 
or Matrix 
Duplicate (MD) 

One per preparatory 
batch.  

A laboratory must use the 
QSM Appendix C Limits for 
batch control if project limits 
are not specified.  
If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are not 
specified. 
MSD or MD:  RPD of all 
analytes ≤ 20% (between 
MS and MSD or sample and 
MD). 

Examine the project-
specific requirements. 
Contact the client as to 
additional measures to be 
taken. 

For the specific analyte(s) 
in the parent sample, apply 
J-flag if criteria are not met 
and explain in the case 
narrative. 

The data shall be evaluated to 
determine the source of 
difference. 
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Table - 5.  Dioxin/Furan Analysis by High-Resolution Gas Chromatography/Low-Resolution Mass Spectrometry (Method 8280) 
QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Surrogate Spike  All field and QC samples. QC acceptance criteria 
specified by the project, if 
available; otherwise use 
QSM Appendix C limits  

or  
in-house LCS limits if 
analyte(s) are not listed. 

Correct problem, then 
re-prep and reanalyze 
all failed samples for all 
surrogates in the 
associated preparatory 
batch, if sufficient 
sample material is 
available.  If obvious 
chromatographic 
interference with 
surrogate is present, 
reanalysis may not be 
necessary. 

Apply Q-flag to all 
associated analytes if 
acceptance criteria are not 
met and explain in the 
case narrative. 
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Table - 5.  Dioxin/Furan Analysis by High-Resolution Gas Chromatography/Low-Resolution Mass Spectrometry (Method 8280) 
QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Sample 
PCDD/PCDF 
Identification 

Identify all positive sample 
detections per method. 

Verify that absolute RT at 
maximum height is within −1 
to +3 seconds of that for 
corresponding labeled 
standard, or the RRT of 
analytes is within 0.05 RRT 
units of that for unlabeled 
standard in the calibration 
verification standard, or RT 
for non-2,3,7,8-substituted 
isomers within the RT 
window established by the 
window defining mix for the 
corresponding homologue 
per method. 

Absolute RTs of the recovery 
standards must be within 
±10 seconds of those in the 
calibration verification 
standard. 

All ions listed in Table 8 of 
the method must be present 
in the SICP, must maximize 
simultaneously (±2 sec.), 
and must have not saturated 
the detector. 

S/N ratio of ISs ≥ 10 times 
background noise. 
Remaining ions in Table 8 of 
the method must have an 
S/N ratio ≥ 2.5 times the 
background noise. 

 
      
      

    
  

 
 

Correct problem, then re-
prep and reanalyze the 
sample(s) with failed 
criteria for any of the 
internal, recovery, or 
cleanup standards.  If 
PCDPE is detected or if 
sample peaks present do 
not meet all identification 
criteria, calculate the 
EMPC (estimated 
maximum possible 
concentration) according 
to the method. 

Flagging is not appropriate. Positive identification of 
2,3,7,8-TCDF on the DB-5 or 
equivalent column must be 
reanalyzed on a column 
capable of isomer specificity 
(DB-225). 
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Table - 6.  Dioxin/Furan Analysis by High-Resolution Gas Chromatography/High-Resolution Mass Spectrometry (Method 8290) 
QC Check Minimum 

Frequency 
Acceptance Criteria Corrective 

Action 
Flagging Criteria Comments 

Resolving 
Power 

Prior to ICAL and at the 
beginning and the end of 
each 12-hour period of 
analysis. 

Static resolving power ≥ 
10,000 (10% valley) for 
identified masses. 

Retune instrument and 
verify. Rerun affected 
samples. 

Flagging is not 
appropriate. 

No samples shall be 
analyzed without a valid 
tune. 

Performance 
Check 

Prior to ICAL or 
calibration verification. 
At the beginning of each 
12-hr period during which 
samples or calibration 
solutions are analyzed. 

Peak separation between 
2,3,7,8-TCDD and other 
TCDD isomers: Resolved 
with a valley of ≤ 25%. 
 Identification of all first and 
last eluters of the eight 
homologue 

retention time windows and 
documentation by labeling 
(F/L) on the chromatogram. 
Absolute retention times for 
switching from 
one homologous series to 
the next ≥ 10 sec. for all 
components of the mixture. 

Correct problem then 
repeat column 
performance check. 

Flagging is not 
appropriate. 

Use GC column 
performance check solution 
If the laboratory operates 
during consecutive 12-hr 
periods. 
No samples shall be 
analyzed until performance 
check is within criteria. 

Initial 
calibration 
(ICAL) for all 
analytes 
identified in 
method 

At instrument setup and 
after ICV or CCV failure, 
prior to sample analysis, 
and when a new lot is 
used as standard source 
for HRCC-3, sample 
fortification (IS), or 
recovery solutions. 

Ion abundance ratios in 
accordance with the 
method. 
 S/N ratio ≥ 10 for all 
reported analyte ions. RSD 
≤ 20% for the response 
factors (RF) for all 17 
unlabeled standards. RSD 
≤ 20% for the RFs for the 9 
labeled IS. 

Correct problem, then 
repeat ICAL. 

Flagging is not 
appropriate. 

No samples shall be 
analyzed run until ICAL has 
passed. 
Calibration may not be 
forced through origin. 
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Table - 6.  Dioxin/Furan Analysis by High-Resolution Gas Chromatography/High-Resolution Mass Spectrometry (Method 8290) 
QC Check Minimum 

Frequency 
Acceptance Criteria Corrective 

Action 
Flagging Criteria Comments 

Initial 
Calibration 
Verification 
(ICV)  

Once after each ICAL, 
analysis of a second 
source standard prior to 
sample analysis. 

Ion abundance specified in 
the method must be met;. 
For unlabeled standards, 
RF within ± 20% D of RF 
established in ICAL; and 
For labeled standards, RF 
within ± 30%D of the mean 
of RF established in ICAL. 

Correct problem.  Rerun 
ICV.  If that fails, repeat 
ICAL. 

Flagging is not 
appropriate. 
 

No samples shall be 
analyzed until calibration 
has been verified with a 
second source. 
 

  

Calibration 

Verification 
(CCV) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

At the beginning of each 
12-hour period, and at 
the end of each 
analytical sequence. 

Ion abundance specified in 
the method must be met. 
For unlabeled standards, 
RF within ± 20% D of RF 
established in ICAL; and 
For labeled standards, RF 
within ± 30% D of RF 
established in ICAL. 

Immediately analyze 
two additional 
consecutive CCVs. If 
both pass, samples may 
be reported without 
reanalysis. If either fails, 
take corrective action(s) 
and re-calibrate; then 
reanalyze all affected 
samples since the last 
acceptable CCV. 
 

End-of-run CCV: If the 
RF for unlabeled 
standards ≤ 25% RPD 
and the RF for labeled 
standards ≤ 35% RPD 
(relative to the RF 
established in the 
ICAL), the mean RF 
from the two daily CCVs 
must be used for 
quantitation of impacted 
samples instead of the 
ICAL mean RF value. If 
the starting and ending 

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative. Apply 
Q-flag to all results for the 
specific analyte(s) in all 
samples since the last 
acceptable CCV. 

Results may not be reported 
without a valid calibration 
verification. Flagging is only 
appropriate in cases where 
the samples cannot be 
reanalyzed. 
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Table - 6.  Dioxin/Furan Analysis by High-Resolution Gas Chromatography/High-Resolution Mass Spectrometry (Method 8290) 
QC Check Minimum 

Frequency 
Acceptance Criteria Corrective 

Action 
Flagging Criteria Comments 

Calibration 

Verification 
(CCV) 

CCVRFs differ by more 
than 25% RPD for 
unlabeled compounds 
or 35% RPD for labeled 
compounds, the sample 
may be quantitated 
against a new initial 
calibration if it is 
analyzed within two 
hours.  
Otherwise analyze 
samples with positive 
detections, if necessary. 

Internal 
Standards (IS) 

Every field sample, 
standard, and QC 
sample. 

% Recovery for each IS in 
the original sample (prior to 
dilutions) must be within 40 
– 135% of the ICAL 
average RF. 

Correct problem, then 
re-prep and reanalyze 
the samples with failed 
IS. 

Apply Q-flag to results of 
all affected samples and 
explain in the case 
narrative. 

 

Method Blank 
(MB) 

One per preparatory 
batch, run after 
calibration standards and 
before samples. 

No analytes detected > 1/2 
LOQ or > 1/10 the amount 
measured in any sample or 
1/10 the regulatory limit, 
whichever is greater.   

 

Correct problem. If 
required, reprep and 
reanalyze method blank 
and all samples 
processed with the 
contaminated blank. 

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative. Apply 
B-flag to all results for the 
specific analyte(s) in all 
samples in the associated 
preparatory batch. 

Results may not be reported 
without a valid method 
blank. Flagging is only 
appropriate in cases where 
the samples cannot be 
reanalyzed. 
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Table - 6.  Dioxin/Furan Analysis by High-Resolution Gas Chromatography/High-Resolution Mass Spectrometry (Method 8290) 
QC Check Minimum 

Frequency 
Acceptance Criteria Corrective 

Action 
Flagging Criteria Comments 

Laboratory 
Control Sample 
(LCS)  

One per preparatory 
batch. 

A laboratory must use the 
QSM Appendix C Limits for 
batch control if project 
limits are not specified.  
If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are not 
specified. 

Correct problem, then 
re-prep and reanalyze 
the LCS and all 
samples in the 
associated preparatory 
batch for failed 
analytes, if sufficient 
sample material is 
available.  

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative.  
Apply Q-flag to specific 
analyte(s) in all samples in 
the associated 
preparatory batch. 

Must contain all surrogates 
and all analytes to be 
reported. 
Results may not be reported 
without a valid LCS.  
Flagging is only appropriate 
in cases where the samples 
cannot be reanalyzed. 

Matrix Spike 
(MS) 

One per preparatory 
batch. 

A laboratory must use the 
QSM Appendix C Limits for 
batch control if project 
limits are not specified.  
If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are not 
specified. 

Examine the project-
specific requirements. 
Contact the client as to 
additional measures to 
be taken. 

For the specific analyte(s) 
in the parent sample, 
apply J-flag if acceptance 
criteria are not met and 
explain in the case 
narrative. 

Must contain all surrogates 
and all analytes to be 
reported. 
If MS results are outside the 
limits, the data shall be 
evaluated to determine the 
source of difference and to 
determine if there is a matrix 
effect or analytical error. 

Matrix Spike 
Duplicate (MSD) 
or Matrix 
Duplicate (MD) 

One per preparatory 
batch. 

A laboratory must use the 
QSM Appendix C Limits for 
batch control if project 
limits are not specified.  
If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are not 
specified. 
MSD or MD:  RPD of all 
analytes ≤ 20% (between 
MS and MSD or sample 
and MD). 

Examine the project-
specific requirements. 
Contact the client as to 
additional measures to 
be taken. 

For the specific analyte(s) 
in the parent sample, 
apply J-flag if acceptance 
criteria are not met and 
explain in the case 
narrative. 

The data shall be evaluated 
to determine the source of 
difference. 



 

DoD/DOE QSM, July 2013 Appendix B, Page 109 
 

Table - 6.  Dioxin/Furan Analysis by High-Resolution Gas Chromatography/High-Resolution Mass Spectrometry (Method 8290) 
QC Check Minimum 

Frequency 
Acceptance Criteria Corrective 

Action 
Flagging Criteria Comments 

Internal 
Standards (IS) 

Every field sample, 
standard, and QC 
sample. 

% Recovery for each IS in 
the original sample (prior to 
dilutions) must be within 40 
– 135%. 

Correct problem, then 
re-prep and reanalyze 
the samples with failed 
IS. 

Apply Q-flag to results of 
all affected samples. 

 

Sample 
Estimated 
Maximum 
Possible 
Concentration 
(EMPC) 

Every sample with a 
response S/N ≥ 2.5 for 
both quantitation ions. 

Identification criteria per 
method must be met, and 
the S/N of response for both 
quantitation ions must be ≥ 
2.5. 

NA. Flagging is not 
appropriate. 

 

Sample 2,3,7,8-
TCDD toxicity 
equivalents 
(TEQ) 
concentration 

All positive detections. Per method. NA. Flagging is not 
appropriate. 

Recommended reporting 
convention by the EPA and 
CDC for positive detections 
in terms of toxicity of 2,3,7,8-
TCDD. 
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Table – 7.  Inorganic Analysis by Atomic Absorption Spectrophotometry (AA) 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Initial 
Calibration 
(ICAL) for all 
analytes  

 

Daily ICAL prior to 
sample analysis. 

r2 ≥ 0.99. 

 
  

Correct problem, then 
repeat ICAL. 

Flagging is not appropriate. FLAA and GFAA: 
minimum three standards 
and a calibration blank. 
CVAA/Mercury: minimum 
5 standards and a 
calibration blank. 
 
No samples shall be 
analyzed until ICAL has 
passed.   

Initial 
Calibration 
Verification 
(ICV) 

Once after each ICAL, 
analysis of a second 
source standard prior to 
sample analysis. 

All reported analytes within 
± 10% of the true value. 

Correct problem.  Rerun 
ICV.  If that fails, Rerun 
ICAL.  

Flagging is not appropriate. No samples shall be 
analyzed until calibration 
has been verified with a 
second source. 

Continuing 
Calibration 
Verification 
(CCV) 

After every 10 field 
samples and at the end 
of the analysis sequence. 

All reported analytes within 
± 10% of the true value. 

Recalibrate, and 
reanalyze all affected 
samples since the last 
acceptable CCV; 
or 
Immediately analyze 
two additional 
consecutive CCVs. If 
both pass, samples may 
be reported without 
reanalysis. If either fails, 
take corrective action(s) 
and re-calibrate; then 
reanalyze all affected 
samples since the last 
acceptable CCV. 

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative.   
 
Apply Q-flag to all results 
for the specific analyte(s) in 
all samples since the last 
acceptable CCV. 

Results may not be 
reported without a valid 
CCV.  Flagging is only 
appropriate in cases 
where the samples cannot 
be reanalyzed.  
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Table – 7.  Inorganic Analysis by Atomic Absorption Spectrophotometry (AA) 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Method Blank 
(MB) 

One per preparatory 
batch. 

No analytes detected > 1/2 
LOQ or > 1/10 the amount 
measured in any sample or 
1/10 the regulatory limit, 
whichever is greater.   
 
 

Correct problem.  If 
required, reprep and 
reanalyze MB and all 
samples processed with 
the contaminated blank. 

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative.   
Apply B-flag to all results 
for the specific analyte(s) in 
all samples in the 
associated preparatory 
batch. 

Results may not be 
reported without a valid 
method blank.   

Flagging is only 
appropriate in cases 
where the samples cannot 
be reprepped or 
reanalyzed. 

Initial and 
Continuing 
Calibration 
Blank (ICB/CCB) 

Before beginning a 
sample run, after every 
10 field samples, and at 
end of the analysis 
sequence. 

No analytes detected > 
LOD. 

Correct problem and 
repeat ICAL.  All 
samples following the 
last acceptable 
calibration blank must 
be reanalyzed. 

Flagging is not appropriate. Results may not be 
reported without a valid 
calibration blank. 
For CCB, failures due to 
carryover may not require 
an ICAL. 

Laboratory 
Control Sample 
(LCS)  

One per preparatory 
batch. 

A laboratory must use the 
QSM Appendix C Limits for 
batch control if project 
limits are not specified.  
If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are not 
specified. 

Correct problem, then 
reprep and reanalyze 
the LCS and all 
samples in the 
associated preparatory 
batch for failed 
analytes, if sufficient 
sample material is 
available.  

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative.   
Apply Q-flag to specific 
analyte(s) in all samples in 
the associated preparatory 
batch. 

Results may not be 
reported without a valid 
LCS.  Flagging is only 
appropriate in cases 
where the samples cannot 
be reanalyzed. 

Matrix Spike 
(MS) 

One per preparatory 
batch. 

A laboratory must use the 
QSM Appendix C Limits for 
batch control if project 
limits are not specified.  
If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are not 
specified. 

Examine the project-
specific requirements.  
Contact the client as to 
additional measures to 
be taken. 

For the specific analyte(s) 
in the parent sample, apply 
J-flag if acceptance criteria 
are not met and explain in 
the case narrative. 

If MS results are outside 
the limits, the data shall be 
evaluated to the source of 
difference, i.e., matrix 
effect or analytical error.  
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Table – 7.  Inorganic Analysis by Atomic Absorption Spectrophotometry (AA) 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Matrix Spike 
Duplicate (MSD) 
or Matrix 
Duplicate (MD) 

One per preparatory 
batch.  

A laboratory must use the 
QSM Appendix C Limits for 
batch control if project 
limits are not specified.  
If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are not 
specified. 

MSD or MD:  RPD of all 
analytes ≤ 20% (between 
MS and MSD or sample 
and MD). 

Examine the project-
specific requirements.  
Contact the client as to 
additional measures to 
be taken. 

For the specific analyte(s) in 
the parent sample, apply J-
flag if acceptance criteria are 
not met and explain in the 
case narrative. 

The data shall be 
evaluated to determine the 
source of difference. 

Dilution Test 
(Flame AA and 
GFAA only) 

One per preparatory 
batch if MS or MSD fails. 

Five-fold dilution must 
agree within ± 10% of the 
original measurement. 

No specific CA, unless 
required by the project.  

For the specific analyte(s) 
in the parent sample, apply 
J-flag if acceptance criteria 
are not met and explain in 
the case narrative. 

Only applicable for 
samples with 
concentrations > 50 X 
LOQ (prior to dilution). Use 
along with MS/MSD or 
PDS data to confirm matrix 
effects. 

Post-Digestion 
Spike (PDS) 
Addition (Flame 
AA and GFAA 
only) 

One per preparatory 
batch if MS or MSD fails. 

Recovery within 80-120%. No specific CA, unless 
required by the project. 

For the specific analyte(s) 
in the parent sample, apply 
J-flag if acceptance criteria 
are not met and explain in 
the case narrative. 

Criteria apply for samples 
with concentrations < 50 X 
LOQ prior to dilution. 

Method of 
Standard 
Additions (MSA) 

When dilution or post 
digestion spike fails and 
if the required by project. 

NA. NA. NA. Document use of MSA in 
the case narrative. 
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Table – 8.  Inorganic Analysis by Inductively Coupled Plasma (ICP) Atomic Emission Spectrometry 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Linear Dynamic 
Range (LDR) or  

high-level check  
standard 

At initial set up and 
checked every 6 months 
with a high standard at 
the upper limit of the 
range. 

Within ± 10% of true value. Dilute samples within 
the calibration range, or 
re-establish/ verify the 
LDR. 

Flagging is not appropriate. Data cannot be reported 
above the high calibration 
range without an 
established/passing high-
level check standard. 

Initial 
Calibration 
(ICAL) for all 
analytes 

Daily ICAL prior to 
sample analysis. 

If more than one calibration 
standard is used, r2 ≥ 0.99. 
 
  

Correct problem, then 
repeat ICAL. 

Flagging is not appropriate. Minimum one high 
standard and a calibration 
blank. 
No samples shall be 
analyzed until ICAL has 
passed. 

Initial 
Calibration 
Verification  

(ICV) 

Once after each ICAL, 
analysis of a second 
source standard prior to 
sample analysis.  

All reported analytes within 
± 10% of true value. 

Correct problem. Rerun 
ICV.  If that fails, repeat 
ICAL.  

Flagging is not appropriate. No samples shall be 
analyzed until calibration 
has been verified with a 
second source. 
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Table – 8.  Inorganic Analysis by Inductively Coupled Plasma (ICP) Atomic Emission Spectrometry 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Continuing 
Calibration 
Verification  

(CCV) 

After every 10 field 
samples, and at the end 
of the analysis sequence. 

All reported analytes within 
± 10% of the true value. 

Recalibrate, and 
reanalyze all affected 
samples since the last 
acceptable CCV; 
or 
Immediately analyze 
two additional 
consecutive CCVs. If 
both pass, samples may 
be reported without 
reanalysis. If either fails, 
take corrective action(s) 
and re-calibrate; then 
reanalyze all affected 
samples since the last 
acceptable CCV. 

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative.   
Apply Q-flag to all results for 
the specific analyte(s) in all 
samples since the last 
acceptable calibration 
verification. 

Results may not be 
reported without a valid 
CCV.   

Flagging is only 
appropriate in cases 
where the samples 
cannot be reanalyzed.  

Low-level 
Calibration 
Check Standard 
(Low-level ICV)  

Daily. All reported analytes within 
± 20% of true value. 

Correct problem and 
repeat ICAL. 

Flagging is not appropriate. No samples shall be 
analyzed without a valid 
low-level calibration check 
standard (LLICV).  Low-
level calibration check 
standard should be less 
than or equal to the LOQ. 

Method Blank 
(MB) 

One per preparatory 
batch. 

No analytes detected > 1/2 
LOQ or > 1/10 the amount 
measured in any sample or 
1/10 the regulatory limit, 
whichever is greater.   
 

Correct problem. If 
required, reprep and 
reanalyze method blank 
and all samples 
processed with the 
contaminated blank. 

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative.   
Apply B-flag to all results for 
the specific analyte(s) in all 
samples in the associated 
preparatory batch. 

Results may not be 
reported without a valid 
method blank.   

Flagging is only 
appropriate in cases 
where the samples 
cannot be reanalyzed. 
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Table – 8.  Inorganic Analysis by Inductively Coupled Plasma (ICP) Atomic Emission Spectrometry 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Initial and 
Continuing 
Calibration 
Blank (ICB/CCB) 

Before beginning a 
sample run, after every 
10 field samples, and at 
end of the analysis 
sequence. 

No analytes detected > 
LOD. 

Correct problem and 
repeat ICAL. All 
samples following the 
last acceptable 
calibration blank must 
be reanalyzed. 

Flagging is not appropriate. Results may not be 
reported without a valid 
calibration blank. 

For CCB, failures due to 
carryover may not require 
an ICAL. 

Interference 
Check Solutions 
(ICS) (also 
called Spectral 
Interference 
Checks) 

After ICAL and prior to 
sample analysis. 

ICS-A:  Absolute value of 
concentration for all non-
spiked project analytes < 
LOD (unless they are a 
verified trace impurity from 
one of the spiked analytes);  
ICS-AB:  Within ± 20% of 
true value. 

Terminate analysis; 
locate and correct 
problem; reanalyze ICS, 
reanalyze all samples. 

If corrective action fails, 
apply Q-flag to all results for 
specific analyte(s) in all 
samples associated with the 
failed ICS. 

All analytes must be 
within the LDR.  ICS-AB 
is not needed if 
instrument can read 
negative responses. 

Laboratory 
Control Sample 
(LCS) 

One per preparatory 
batch. 

A laboratory must use the 
QSM Appendix C Limits for 
batch control if project 
limits are not specified.  
If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are not 
specified. 

Correct problem, 
then reprep and 
reanalyze the LCS and 
all samples in the 
associated preparatory 
batch for failed 
analytes, if sufficient 
sample material is 
available. 

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative.   
Apply Q-flag to specific 
analyte(s) in all samples in 
the associated preparatory 
batch. 

Must contain all reported 
analytes.  Results may 
not be reported without a 
valid LCS. 
Flagging is only 
appropriate in cases 
where the samples 
cannot be reanalyzed. 

Matrix Spike 
(MS) 

One per preparatory 
batch. 

A laboratory must use the 
QSM Appendix C Limits for 
batch control if project 
limits are not specified.  
If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are not 
specified. 

Examine the project-
specific requirements.  
Contact the client as to 
additional measures to 
be taken. 

For the specific analyte(s) in 
the parent sample, apply J-
flag if acceptance criteria are 
not met and explain in the 
case narrative. 

If MS results are outside 
the limits, the data shall 
be evaluated to the 
source(s) of difference, 
i.e., matrix effect or 
analytical error. 
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Table – 8.  Inorganic Analysis by Inductively Coupled Plasma (ICP) Atomic Emission Spectrometry 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Matrix Spike 
Duplicate (MSD) 
or Matrix 
Duplicate (MD) 

One per preparatory 
batch.  

A laboratory must use the 
QSM Appendix C Limits for 
batch control if project 
limits are not specified.  
If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are not 
specified. 

MSD or MD:  RPD of all 
analytes ≤ 20% (between 
MS and MSD or sample 
and MD). 

Examine the project-
specific requirements.  
Contact the client as to 
additional measures to 
be taken. 

For the specific analyte(s) in 
the parent sample, apply J-
flag if acceptance criteria are 
not met and explain in the 
case narrative. 

The data shall be 
evaluated to determine 
the source of difference. 

Dilution Test One per preparatory 
batch if MS or MSD fails. 

Five-fold dilution must 
agree within ± 10% of the 
original measurement. 

No specific CA, unless 
required by the project. 

For the specific analyte(s) in 
the parent sample, apply J-
flag if acceptance criteria are 
not met and explain in the 
case narrative. 

Only applicable for 
samples with 
concentrations > 50 x 
LOQ (prior to dilution).  
Use along with MS/MSD 
and PDS data to confirm 
matrix effects. 

Post-Digestion 
Spike (PDS) 
Addition (ICP 
only) 

Perform if MS/MSD fails.  
One per preparatory 
batch (using the same 
sample as used for the 
MS/MSD if possible). 

Recovery within 80-120%. No specific CA, unless 
required by the project. 

For the specific analyte(s) in 
the parent sample, apply J-
flag if acceptance criteria are 
not met and explain in the 
case narrative. 

Criteria applies for 
samples with 
concentrations <50 X 
LOQ prior to dilution. 

Method of 
Standard 
Additions (MSA) 

When dilution test or post 
digestion spike fails and 
if required by project. 

NA. NA. NA. Document use of MSA in 
the case narrative. 
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Table – 9.  Trace Metals Analysis by Inductively Coupled Plasma/Mass Spectrometry (ICP/MS) 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Linear Dynamic 
Range (LDR) or 
High-level 
Check Standard 

At initial set-up and 
checked every 6 months 
with a high standard at 
the upper limit of the 
range. 

Within ±10% of true value. Dilute samples within 
the calibration range, or 
re-establish/verify the 
LDR. 

Flagging is not appropriate. Data cannot be 
reported above the 
calibration range 
without an 
established/passing 
high-level check 
standard. 

Tuning  Prior to ICAL. Mass calibration ≤ 0.1 amu 
from the true value; 
Resolution < 0.9 amu full 
width at 10% peak height. 

Retune instrument and 
verify. 

Flagging is not appropriate. No samples shall be 
analyzed without a 
valid tune. 

Initial 
Calibration 
(ICAL) for All 
Analytes    

Daily ICAL prior to 
sample analysis. 

If more than one calibration 
standard is used, r2 ≥ 0.99. 
 

Correct problem, then 
repeat ICAL. 

Flagging is not appropriate. Minimum one high 
standard and a 
calibration blank.   
No samples shall be 
analyzed until ICAL 
has passed. 

Initial 
Calibration 
Verification 
(ICV) 

Once after each ICAL, 
analysis of a second 
source standard prior to 
sample analysis. 

All reported analytes, within 
± 10% of true value. 

Correct problem.  Rerun 
ICV.  If that fails, repeat 
ICAL. 

Flagging is not appropriate. No samples shall be 
analyzed until 
calibration has been 
verified with a second 
source. 
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Table – 9.  Trace Metals Analysis by Inductively Coupled Plasma/Mass Spectrometry (ICP/MS) 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Continuing 
Calibration 
Verification 
(CCV)  

After every 10 field 
samples and at the end 
of the analysis sequence. 

All reported analytes within 
± 10% of the true value. 

Recalibrate, and 
reanalyze all affected 
samples since the last 
acceptable CCV; 
or 
Immediately analyze 
two additional 
consecutive CCVs. If 
both pass, samples may 
be reported without 
reanalysis. If either fails, 
take corrective action(s) 
and re-calibrate; then 
reanalyze all affected 
samples since the last 
acceptable CCV. 
 

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative.   
Apply Q-flag to all results for 
the specific analyte(s) in all 
samples since the last 
acceptable CCV. 

Results may not be 
reported without a valid 
CCV.  Flagging is only 
appropriate in cases 
where the samples 
cannot be reanalyzed. 

Low-level 
Calibration 
Check Standard 
(Low Level ICV) 

Daily. All reported analytes within 
± 20% of the true value. 

Correct problem and 
repeat ICAL. 

Flagging is not appropriate. No samples shall be 
analyzed without a 
valid low-level 
calibration check 
standard.   
Low-level calibration 
check standard should 
be less than or equal to 
the LOQ. 
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Table – 9.  Trace Metals Analysis by Inductively Coupled Plasma/Mass Spectrometry (ICP/MS) 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Internal 

Standards (IS) 

Every field sample, 
standard and QC 
sample. 

IS intensity in the samples 
within 30-120% of intensity 
of the IS in the ICAL blank. 

If recoveries are 
acceptable for QC 
samples, but not field 
samples, the field 
samples may be 
considered to suffer 
from a matrix effect. 
Reanalyze sample at 5-
fold dilutions until 
criteria is met. 
For failed QC samples, 
correct problem, and 
rerun all associated 
failed field samples. 

Flagging is not appropriate. Samples suffering from 
matrix effect should be 
diluted until criteria are 
met, or an alternate IS 
should be selected. 

Method Blank 
(MB) 

One per preparatory 
batch. 

No analytes detected > 1/2 
LOQ or > 1/10 the amount 
measured in any sample or 
1/10 the regulatory limit, 
whichever is greater.   
 

 

Correct problem.  If 
required, reprep and 
reanalyze method blank 
and all samples 
processed with the 
contaminated blank. 

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative.   
Apply B-flag to all results for 
the specific analyte(s) in all 
samples in the associated 
preparatory batch. 

Results may not be 
reported without a valid 
method blank.  
Flagging is only 
appropriate in cases 
where the samples 
cannot be reanalyzed. 

Initial and 
Continuing 
Calibration 
Blank (ICB/CCB) 

Before beginning a 
sample run, after every 
10 field samples, and at 
end of the analysis 
sequence. 

No analytes detected > 
LOD. 

Correct problem and 
repeat ICAL. All 
samples following the 
last acceptable 
calibration blank must 
be reanalyzed. 

Flagging is not appropriate. Results may not be 
reported without a valid 
calibration blank. 
For CCB, failures due 
to carryover may not 
require an ICAL. 
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Table – 9.  Trace Metals Analysis by Inductively Coupled Plasma/Mass Spectrometry (ICP/MS) 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Interference 
Check Solutions 
(ICS) (also 
called Spectral 
Interference 
Checks) 

After ICAL and prior to 
sample analysis. 

ICS-A:  Absolute value of 
concentration for all non-
spiked project analytes < 
LOD (unless they are a 
verified trace impurity from 
one of the spiked analytes); 
ICS-AB:  Within ± 20% of 
true value. 

Terminate analysis, 
locate and correct 
problem, reanalyze ICS, 
reanalyze all samples. 

If corrective action fails, 
apply Q-flag to all results for 
specific analyte(s) in all 
samples associated with the 
failed ICS. 

All analytes must be 
within the LDR.   
ICS-AB is not needed if 
instrument can read 
negative responses. 

Laboratory 
Control Sample 
(LCS)  

One per preparatory 
batch. 

A laboratory must use the 
QSM Appendix C Limits for 
batch control if project 
limits are not specified.  
If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are not 
specified. 

Correct problem, 
then re-prep and 
reanalyze the LCS and 
all samples in the 
associated preparatory 
batch for failed 
analytes, if sufficient 
sample material is 
available. 

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative.  
Apply Q-flag to specific 
analyte(s) in all samples in 
the associated preparatory 
batch. 

Must contain all 
reported analytes. 
Results may not be 
reported without a valid 
LCS.  Flagging is only 
appropriate in cases 
where the samples 
cannot be reanalyzed. 

Matrix Spike 
(MS) 

One per preparatory 
batch. 

A laboratory must use the 
QSM Appendix C Limits for 
batch control if project 
limits are not specified.  
If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are not 
specified. 

Examine the project-
specific requirements.  
Contact the client as to 
additional measures to 
be taken. 

For the specific analyte(s) in 
the parent sample, apply J-
flag if acceptance criteria are 
not met and explain in the 
case narrative. 

If MS results are 
outside the limits, the 
data shall be evaluated 
to determine the 
source(s) of difference, 
i.e., matrix effect or 
analytical error. 
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Table – 9.  Trace Metals Analysis by Inductively Coupled Plasma/Mass Spectrometry (ICP/MS) 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Matrix Spike 
Duplicate (MSD) 
or Matrix 
Duplicate (MD) 

One per preparatory 
batch.  

A laboratory must use the 
QSM Appendix C Limits for 
batch control if project 
limits are not specified.  
If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are not 
specified. 

MSD or MD:  RPD of all 
analytes ≤ 20% (between 
MS and MSD or sample 
and MD). 

Examine the project-
specific requirements.  
Contact the client as to 
additional measures to 
be taken. 

For the specific analyte(s) in 
the parent sample, apply J-
flag if acceptance criteria are 
not met and explain in the 
case narrative. 

The data shall be 
evaluated to determine 
the source of 
difference. 

Dilution Test One per preparatory 
batch if MS or MSD fails. 

Five-fold dilution must 
agree within ± 10% of the 
original measurement. 

No specific CA, unless 
required by the project.  

For the specific analyte(s) in 
the parent sample, apply J-
flag if acceptance criteria are 
not met and explain in the 
case narrative. 

Only applicable for 
samples with 
concentrations > 50 X 
LOQ (prior to dilution). 
Use along with 
MS/MSD or PDS data 
to confirm matrix 
effects. 

Post Digestion 
Spike (PDS) 
Addition 

One per preparatory 
batch if MS or MSD fails 
(using the same sample 
as used for the MS/MSD 
if possible). 

Recovery within 80-120%.  No specific CA, unless 
required by the project. 

For the specific analyte(s) in 
the parent sample, apply J-
flag if acceptance criteria are 
not met and explain in the 
case narrative. 

Criteria apply for 
samples with 
concentrations < 50 X 
LOQ prior to dilution. 

Method of 
Standard 
Additions (MSA) 

When dilution or post 
digestion spike fails and 
if the required by project. 

NA. NA. NA. Document use of MSA 
in the case narrative. 
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Table – 10.  Inorganic Analysis by Colorimetric Hexavalent Chromium 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Initial Calibration 
(ICAL)   

 

 

Daily ICAL prior to 
sample analysis. 

r2 ≥ 0.99. Correct problem, then 
repeat ICAL. 

Flagging is not 
appropriate. 

Minimum three standards 
and a reagent blank. 

No samples shall be 
analyzed until ICAL has 
passed. 

Initial Calibration 
Verification (ICV)   

Once after each ICAL, 
analysis of a second 
source standard prior to 
sample analysis. 

All reported analytes 
within ± 10% of true 
value. 

Correct problem. Rerun 
ICV. If that fails, repeat 
ICAL.   

Flagging is not 
appropriate. 

No samples shall be 
analyzed until calibration 
has been verified with a 
second source. 

Continuing 
Calibration 
Verification (CCV) 

Daily before sample 
analysis, after every 15 
field samples and at the 
end of the analysis 
sequence. 

All reported analytes 
within ± 10% of true 
value. 

Recalibrate, and 
reanalyze all affected 
samples since the last 
acceptable CCV; 
or 

Immediately analyze two 
additional consecutive 
CCVs. If both pass, 
samples may be reported 
without reanalysis. If 
either fails, take 
corrective action(s) and 
re-calibrate; then 
reanalyze all affected 
samples since the last 
acceptable CCV. 

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative.   
Apply Q-flag to all results 
for hexavalent chromium 
in all samples since the 
last acceptable 
calibration verification. 

Results may not be 
reported without a valid 
CCV. Flagging is only 
appropriate in cases 
where the samples 
cannot be reanalyzed. 
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Table – 10.  Inorganic Analysis by Colorimetric Hexavalent Chromium 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Method Blank 
(MB) 

One per preparatory 
batch. 

No analytes detected > 
1/2 LOQ or > 1/10 the 
amount measured in any 
sample or 1/10 the 
regulatory limit, 
whichever is greater.   
 
 

Correct problem. If 
required, reprep and 
reanalyze method blank 
and all samples 
processed with the 
contaminated blank. 

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative.   
Apply B-flag to all results 
for hexavalent chromium 
in all samples in the 
associated preparatory 
batch. 

Results may not be 
reported without a valid 
method blank.   
Flagging is only 
appropriate in cases 
where the samples 
cannot be reanalyzed. 

Laboratory 
Control Sample 
(LCS) 

One per preparatory 
batch. 

A laboratory must use the 
QSM Appendix C Limits 
for batch control if project 
limits are not specified.  
If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are 
not specified. 
 

Correct problem, then re-
prep and reanalyze the 
LCS and all samples in 
the associated 
preparatory batch for 
failed analytes, if sufficient 
sample material is 
available.  

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative.   
Apply Q-flag to all results 
for hexavalent chromium 
in all samples in the 
associated preparatory 
batch. 

Results may not be 
reported without a valid 
LCS.   
Flagging is only 
appropriate in cases 
where the samples 
cannot be reanalyzed. 

Matrix Spike (MS) Once per preparatory 
batch. 

A laboratory must use the 
QSM Appendix C Limits 
for batch control if project 
limits are not specified.  
If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are 
not specified. 

Dilute and reanalyze 
sample; persistent 
interference indicates the 
need to use the method 
of standard addition, 
alternative analytical 
conditions, or an 
alternative method.  

Apply J-flag to all results 
for hexavalent chromium 
if acceptance criteria are 
not met and explain in 
the case narrative. 
 

If MS results are outside 
the limits, the data shall 
be evaluated to 
determine the source(s) 
of difference, i.e., matrix 
effect or analytical error.   
Verification check 
ensures lack of reducing 
conditions or interference 
from matrix.  
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Table – 10.  Inorganic Analysis by Colorimetric Hexavalent Chromium 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Matrix spike 
Duplicate (MSD) or 
Matrix Duplicate 
(MD) 

Aqueous matrix:  One 
per every 10 project 
samples. 
 
Solid matrix:  One per 
preparatory batch. 

A laboratory must use the 
QSM Appendix C Limits 
for batch control if project 
limits are not specified.  
If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are 
not specified. 

MSD or MD:  RPD of all 
analytes ≤ 20% (between 
MS and MSD or sample 
and MD). 

Dilute and reanalyze 
sample; persistent 
interference indicates the 
need to use the method 
of standard addition, 
alternative analytical 
conditions, or an 
alternative method. Re-
prep and reanalyze all 
samples in the prep 
batch. 

Apply J-flag to all results 
for hexavalent chromium 
if acceptance criteria are 
not met and explain in 
the case narrative. 
 

The data shall be 
evaluated to determine 
the source of difference.  
Results may not be 
reported without a valid 
pair.   
Flagging is only 
appropriate in cases 
where the samples 
cannot be reanalyzed. 

Soluble and 
Insoluble Pre-
Digestion Matrix 
Spikes (solid 
matrix samples 
only) 

One soluble and 
insoluble pre-digestion 
MS analyzed per 
preparatory batch prior 
to analysis. 

MS recoveries within 75 – 
125%. 

Correct problem and re-
homogenize, redigest, 
and reanalyze samples.  
If that fails, evaluate 
against LCS results.   

Apply J-flag to all results 
for hexavalent chromium 
if acceptance criteria are 
not met and explain in 
the case narrative. 
 

 

Post-digestion 
Matrix Spike (solid 
matrix samples) 

One per preparatory 
batch. 

Recovery within 85 - 
115%. 

No specific corrective 
action, unless required by 
the project. 

Apply J-flag to all results 
for hexavalent chromium 
if acceptance criteria are 
not met and explain in 
the case narrative. 
 

Criteria apply for samples 
with concentrations > 50 
X LOQ prior to dilution. 
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Table – 11.  Cyanide Analysis 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Initial Calibration 
(ICAL) 

Daily ICAL prior to 
sample analysis. 

r2 ≥ 0.99. Correct problem, then 
repeat ICAL. 

Flagging is not 
appropriate. 

Minimum three standards 
and a reagent blank. 
No samples shall be 
analyzed until ICAL has 
passed. 

Distillation 
Verification 

Once after each ICAL, 
with two distilled ICAL 
standards; prior to 
sample analysis.   

Not required if all ICAL 
standards are distilled. 

Within ± 10% of non-
distilled std value. 

Correct problem, rerun 
distilled standards or 
repeat ICAL. 

Flagging is not 
appropriate. 

One high and one low 
distilled ICAL standard. 
No samples shall be 
analyzed until distillation 
technique has been 
verified. 

Initial Calibration 
Verification (ICV) 

Once after each ICAL, 
analysis of a second 
source standard prior to 
sample analysis. 

Within ± 10% of true 
value.  

Correct problem. Rerun 
ICV. If that fails, repeat 
ICAL.  

Flagging is not 
appropriate.  

No samples shall be 
analyzed until calibration 
has been verified.  
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Table – 11.  Cyanide Analysis 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Continuing 
Calibration 
Verification (CCV) 

After every 10 field 
samples and at the end 
of the analysis sequence. 

Within ± 10% of true 
value.  

Recalibrate, and 
reanalyze all affected 
samples since the last 
acceptable CCV; 
or 
Immediately analyze two 
additional consecutive 
CCVs. If both pass, 
samples may be reported 
without reanalysis. If 
either fails, take 
corrective action(s) and 
re-calibrate; then 
reanalyze all affected 
samples since the last 
acceptable CCV. 
 

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative.   
Apply Q-flag to all results 
for cyanide in all samples 
since the last acceptable 
calibration verification. 

Results may not be 
reported without a valid 
CCV.  Flagging is only 
appropriate in cases 
where the samples 
cannot be reanalyzed. 

Method Blank 
(MB) 

One per preparatory 
batch. 

No analytes detected > 
1/2 LOQ or > 1/10 the 
amount measured in any 
sample or 1/10 the 
regulatory limit, 
whichever is greater.   
 

Correct problem.  If 
required, reprep and 
reanalyze method blank 
and all samples 
processed with the 
contaminated blank. 

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative.   
Apply B-flag to all 
cyanide results in all 
samples in the 
associated preparatory 
batch.  

Results may not be 
reported without a valid 
method blank.  Flagging 
is only appropriate in 
cases where the samples 
cannot be reanalyzed. 
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Table – 11.  Cyanide Analysis 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Initial and 
Continuing 
Calibration Blank 
(ICB/CCB) 

Before beginning a 
sample run; 
after every 10 field 
samples; 
and at end of the 
analysis sequence. 
(After ICV and each 
CCV). 

No cyanide detected > 
LOD. 

Correct problem and 
reanalyze all samples 
analyzed since the last 
acceptable calibration 
blank. 

Flagging is not 
appropriate. 

Results may not be 
reported without a valid 
calibration blank. 

Laboratory 
Control Sample 
(LCS)  

One per preparatory 
batch. 

 A laboratory must use 
the QSM Appendix C 
Limits for batch control if 
project limits are not 
specified.  
If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are 
not specified. 

Correct problem, then re-
rep and reanalyze the 
LCS and all samples in 
the associated 
preparatory batch, if 
sufficient sample material 
is available. 

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative.  
Apply Q-flag to specific 
analyte(s) in all samples 
in the associated 
preparatory batch. 

Results may not be 
reported without a valid 
LCS.  Flagging is only 
appropriate in cases 
where the samples 
cannot be reanalyzed. 

Matrix Spike (MS) One per preparatory 
batch. 

A laboratory must use 
the QSM Appendix C 
Limits for batch control if 
project limits are not 
specified.  
If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are 
not specified. 

Examine the project-
specific requirements.  
Contact the client as to 
additional measures to 
be taken. 

For the specific analyte(s) 
in the parent sample, 
apply J-flag if acceptance 
criteria are not met and 
explain in the case 
narrative. 

If MS results are outside 
the LCS limits, the data 
shall be evaluated to the 
source of difference, i.e., 
matrix effect or analytical 
error. 
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Table – 11.  Cyanide Analysis 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Matrix Spike 
Duplicate (MSD) 
and Matrix 
Duplicate (MD) 

One per preparatory 
batch. 

A laboratory must use 
the QSM Appendix C 
Limits for batch control if 
project limits are not 
specified.  
If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are 
not specified. 
MSD or MD:  RPD of all 
analytes ≤ 20% (between 
MS and MSD or sample 
and MD). 

Examine the project-
specific requirements.  
Contact the client as to 
additional measures to 
be taken. 

For the specific analyte(s) 
in the parent sample, 
apply J-flag if acceptance 
criteria are not met and 
explain in the case 
narrative. 

The data shall be 
evaluated to determine 
the source of difference. 

Method of 
Standard 
Additions (MSA) 

When dilution or post 
digestion spike fails and 
if the required by project. 

NA. NA. NA. Document use of MSA in 
the case narrative. 
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Table – 12.  Common Anions Analysis by IC 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Initial Calibration 
(ICAL) for all 
analytes 

ICAL prior to sample 
analysis. 

r2 ≥ 0.99. Correct problem, then 
repeat ICAL. 

Flagging criteria are not 
appropriate. 

Minimum 3 standards and 
a calibration blank. 
No samples shall be 
analyzed until ICAL has 
passed. 

Retention Time 
window position 
establishment 

Once per multipoint 
calibration. 

Position shall be set using 
the midpoint standard of 
the ICAL curve when 
ICAL is performed.  On 
days when ICAL is not 
performed, the initial CCV 
is used. 

NA. NA. Established for each 
analyte. 

Retention Time 
(RT) window 
width  

At method set-up and 
after major maintenance 
(e.g., column change). 

RT width is ± 3 times 
standard deviation for 
each analyte RT over a 
24-hour period. 

NA. NA. Calculated for each 
analyte. 

Initial Calibration 
Verification (ICV) 
 

Once after each ICAL, 
analysis of a second 
source standard prior to 
sample analysis. 

All reported analytes 
within established RT 
windows. 
All reported analytes 
within ± 10% of true 
value. 

Correct problem.  Rerun 
ICV.  If that fails, repeat 
ICAL. 

Flagging criteria are not 
appropriate. 

Freshly prepared ICV.   

No samples shall be 
analyzed until calibration 
has been verified. 
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Table – 12.  Common Anions Analysis by IC 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Continuing 
Calibration 
Verification 
(CCV) 

Before sample analysis; 

after every 10 field 
samples; 

and at the end of the 
analysis sequence. 

All reported analytes 
within established 
retention time windows. 
 
All reported analytes 
within ± 10% of true 
value. 

Recalibrate, and 
reanalyze all affected 
samples since the last 
acceptable CCV; 
or 
Immediately analyze two 
additional consecutive 
CCVs. If both pass, 
samples may be reported 
without reanalysis. If 
either fails, take corrective 
action(s) and re-calibrate; 
then reanalyze all affected 
samples since the last 
acceptable CCV. 
 

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative.   
Apply Q-flag to all results 
for the specific analyte(s) 
in all samples since the 
last acceptable calibration 
verification.  

Results may not be 
reported without a valid 
CCV.  Flagging is only 
appropriate in cases 
where the samples cannot 
be reanalyzed. 
 
Retention time windows 
are updated per the 
method. 

Method Blank 
(MB) 

One per preparatory 
batch. 

No analytes detected > 
1/2 LOQ or > 1/10 the 
amount measured in any 
sample or 1/10 the 
regulatory limit, whichever 
is greater.   

Correct problem. If 
required, reprep and 
reanalyze MB and all 
samples processed with 
the contaminated blank. 

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative.   

Apply B-flag to all results 
for the specific analyte(s) 
in all samples in the 
associated preparatory 
batch. 

 Results may not be 
reported without a valid 
method blank.  Flagging is 
only appropriate in cases 
where the samples cannot 
be reanalyzed. 
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Table – 12.  Common Anions Analysis by IC 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Laboratory 
Control Sample 
(LCS) 

One per preparatory 
batch. 

A laboratory must use the 
QSM Appendix C Limits 
for batch control if project 
limits are not specified.  
If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are 
not specified. 

Correct problem, then re-
prep and reanalyze the 
LCS and all samples in 
the associated 
preparatory batch for all 
reported analytes, if 
sufficient sample material 
is available. 

If reanalysis cannot be 
performed, data must be 
qualified and explained in 
the case narrative.   
Apply Q-flag to specific 
analyte(s) in all samples 
in the associated 
preparatory batch. 

Must contain all reported 
analytes. 
Results may not be 
reported without a valid 
LCS.  Flagging is only 
appropriate in cases 
where the samples cannot 
be reanalyzed. 

Matrix Spike (MS) One per preparatory 
batch. 

A laboratory must use the 
QSM Appendix C Limits 
for batch control if project 
limits are not specified.  
If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are 
not specified. 

Follow project specific 
requirements.  Contact 
the client as to additional 
measures to be taken. 

For the specific analyte(s) 
in the parent sample, 
apply J-flag if acceptance 
criteria are not met and 
explain in the case 
narrative. 

Must contain all reported 
analytes. 
If MS results are outside 
the limits, the data shall 
be evaluated to determine 
the source(s) of 
difference,   (i.e., matrix 
effect or analytical error.) 

Matrix Spike 
Duplicate (MSD) 
or Matrix 
Duplicate (MD) 

One per preparatory 
batch.  

A laboratory must use the 
QSM Appendix C Limits 
for batch control if project 
limits are not specified.  
If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are 
not specified. 
MSD or MD:  RPD of all 
analytes ≤ 15% (between 
MS and MSD or sample 
and MD). 

Follow project specific 
requirements.  Contact 
the client as to additional 
measures to be taken. 

For the specific analyte(s) 
in the parent sample, 
apply J-flag if acceptance 
criteria are not met and 
explain in the case 
narrative. 

Must contain all reported 
analytes. 
The data shall be 
evaluated to determine 
the source of difference. 
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Table – 13.  Perchlorate by Mass Spectrometry Methods 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Interference Threshold 
Study   

At initial setup and when 
major changes occur in 
the method’s operating 
procedures 
(e.g., addition of cleanup 
procedures, 
column changes, mobile 
phase changes). 

Measure the threshold 
of common suppressors 
(chloride, sulfate, 
carbonate, bicarbonate) 
that can be present in 
the system without 
affecting the quantitation 
of perchlorate. 

The threshold is the 
concentration of the 
common suppressors 
where perchlorate 
recovery falls outside an 
80-120% window. 

NA. Flagging criteria are not 
appropriate.   

This study and site 
history will determine 
the concentration at 
which the ICS 
suppressors should be 
set. 

Mass Calibration   Instrument must have a 
valid mass calibration 
prior to any sample 
analysis. 
The mass calibration is 
updated on an as-
needed basis (e.g., QC 
failures, ion masses 
show large deviations 
from known masses, 
major instrument 
maintenance is 
performed, or the 
instrument is moved). 

Mass calibration range 
must bracket the ion 
masses of interest.  The 
most recent mass 
calibration must be used 
for an analytical run, and 
the same mass 
calibration must be used 
for all data files in an 
analytical run. 
Mass calibration must 
be verified by acquiring 
a full scan continuum 
mass spectrum of a 
perchlorate stock 
standard. 

If the mass calibration 
fails, recalibrate.  If it still 
fails, consult 
manufacturer 
instructions on 
corrective maintenance. 

Flagging criteria are not 
appropriate.   

Problem must be 
corrected.  No samples 
may be analyzed under 
a failing mass 
calibration. 
Perchlorate ions should 
be within ± 0.3 m/z of 
mass 99, 101, and 107 
or their respective 
daughter ion masses 
(83, 85, and 89), 
depending on which 
ions are quantitated. 
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Table – 13.  Perchlorate by Mass Spectrometry Methods 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Tune Check   Prior to ICAL and after 
any mass calibration or 
maintenance is 
performed. 

Tuning standards must 
span the mass range of 
the analytes of interest 
and meet acceptance 
criteria outlined in the 
laboratory SOP. 

Retune instrument and 
verify.  If the tune check 
will not meet acceptance 
criteria, an instrument 
mass calibration must 
be performed and the 
tuning redone. 

 

Flagging is not 
appropriate. 

No samples shall be 
analyzed without an 
acceptable tune check. 

Initial Calibration 
(ICAL)   

At instrument setup or 
after ICV or CCV failure, 
prior to sample analysis. 

ICAL must meet one of 
the two options below:  
 
Option 1: RSD for each 
analyte ≤ 15%;  
 
Option 2: linear least 
squares regression for 
each analyte: r2 ≥ 0.995. 
 

Correct problem, then 
repeat ICAL. 

Flagging criteria are not 
appropriate.   

Minimum of 6 calibration 
levels must be used. 
 

No samples shall be 
analyzed until ICAL has 
passed. 

Initial Calibration 
Verification (ICV)   

Once after each ICAL. Perchlorate 
concentration must be 
within ± 15% of its true 
value. 

Correct problem. Rerun 
ICV.  If that fails, repeat 
ICAL.  

Flagging is not 
appropriate.   

ICV shall be a second 
source standard with its 
concentration at the 
midpoint of the 
calibration.  

No samples shall be 
analyzed until calibration 
has been verified with a 
second source. 
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Table – 13.  Perchlorate by Mass Spectrometry Methods 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Continuing Calibration 
Verification (CCV)   

On days an ICAL is 
performed, after every 
10 field samples and at 
the end of the analytical 
sequence.   

On days an ICAL is not 
performed, at the 
beginning of the 
sequence, after every 
10 field samples and at 
the end of the analytical 
sequence.   

Perchlorate 
concentration must be 
within ± 15% of its true 
value. 

Recalibrate, and 
reanalyze all affected 
samples since the last 
acceptable CCV; 
or 

Immediately analyze two 
additional consecutive 
CCVs. If both pass, 
samples may be 
reported without 
reanalysis. If either fails, 
take corrective action(s) 
and re-calibrate; then 
reanalyze all affected 
samples since the last 
acceptable CCV. 

If reanalysis cannot be 
performed, data must be 
qualified and explained 
in the case narrative.   
Apply Q-flag to all 
results for the specific 
analyte(s) in all samples 
since the last acceptable 
calibration verification. 

Results may not be 
reported without a valid 
CCV.   
Flagging is only 
appropriate in cases 
where the samples 
cannot be reanalyzed. 

Isotope Ratio 35Cl/37Cl   Every sample, batch QC 
sample, and standard.     

Monitor for either the 
parent ion at masses 
99/101 or the daughter 
ion at masses 83/85 
depending on which 
ions are quantitated.   
Must fall within 2.3 to 
3.8.   

If criteria are not met, 
the sample must be 
rerun.  If the sample was 
not pretreated, the 
sample must be re-
extracted using cleanup 
procedures.   

If, after cleanup, the 
ratio still fails, use 
alternative techniques to 
confirm presence of 
perchlorate, e.g.., a post 
spike sample or dilution 
to reduce any 
interference. 

If reanalysis after 
cleanup  fails to meet 
acceptance criteria, data 
must be qualified with a 
Q-flag and explained in 
the case narrative.   
The disposition of 
results of alternate 
techniques used to 
confirm presence of 
perchlorate must be 
discussed in the case 
narrative. 

 

Decision to report data 
failing ratio check should 
be thoroughly 
documented in case 
narrative. 
The use of cleanup 
procedures, post spike 
samples, and dilutions 
must be identified in the 
case narrative. 
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Table – 13.  Perchlorate by Mass Spectrometry Methods 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Internal Standard (IS)   Addition of 18O-labeled 
perchlorate to every 
sample, batch QC 
sample, standard, 
instrument blank, and 
method blank.   

Measured 18O IS area 
within ± 50% of the 
value from the average 
of the IS area counts of 
the ICAL.   
 
RRT of the perchlorate 
ion must be 1.0 ± 2% 
(0.98 – 1.02).   

Rerun the sample at 
increasing dilutions until 
the ± 50% acceptance 
criteria are met.  If 
criteria cannot be met 
with dilution, the 
interference is 
suspected and the 
sample must be re-
prepped using additional 
pretreatment steps.  

If reanalysis after 
pretreatment steps fails to 
meet acceptance criteria, 
data must be qualified 
with a Q-flag and 
explained in the case 
narrative.   

If peak is not within 
retention time window, 
presence is not 
confirmed.  Failing 
internal standard must 
be thoroughly 
documented in the case 
narrative. 

Interference Check 
Sample (ICS)   

One ICS is prepared 
with every batch of 20 
samples and must 
undergo the same 
preparation and 
pretreatment steps as 
the samples in the 
batch.  It verifies the 
method performance at 
the matrix conductivity 
threshold (MCT).   

At least one ICS must 
be analyzed daily.  

The ICS shall be 
prepared at the LOQ. 

Perchlorate 
concentration must be 
within ± 20% of its true 
value.    

Correct problem. 
Reanalyze all samples 
and QC samples in the 
batch.  If poor recovery 
from the cleanup filters 
is suspected, a different 
lot of filters must be 
used to re-extract all 
samples in the batch.   
If column degradation is 
suspected, a new 
column must be 
calibrated before the 
samples can be 
reanalyzed.   

Flagging criteria are not 
appropriate.   

Analysis of a standard 
containing perchlorate at 
the LOQ and interfering 
anions at the 
concentration 
determined by the 
interference threshold 
study.   
No samples may be 
reported that are 
associated with a failing 
ICS. 
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Table – 13.  Perchlorate by Mass Spectrometry Methods 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Laboratory Reagent 
Blank  (LRB)  

Prior to calibration and 
at the end of the 
analytical sequence.   
 
 

No perchlorate  

detected > ½ LOQ. 
 

Reanalyze reagent 
blank (until no carryover 
is observed) and all 
samples processed 
since the contaminated 
blank.  

If reanalysis cannot be 
performed, data must be 
qualified and explained 
in the case narrative.   

Apply B-flag to all 
results for the specific 
analyte(s) in all samples 
in the associated batch. 

Problem must be 
corrected.  Results may 
not be reported without 
a valid reagent blank.   

Flagging is only 
appropriate in cases 
where the samples 
cannot be reanalyzed. 
Additional LRBs may be 
needed to ensure that 
there was no carryover 
from over range 
samples. 

 

Method Blank (MB)   One per preparatory 
batch. 

No analytes detected > 
1/2 LOQ or > 1/10 the 
amount measured in 
any sample or 1/10 the 
regulatory limit, 
whichever is greater.   
 

Correct problem.  
Reprep and reanalyze 
method blank and all 
samples processed with 
the contaminated blank. 

If reanalysis cannot be 
performed, data must be 
qualified and explained 
in the case narrative.  
Apply B-flag to all results 
for the specific 
analyte(s) in all samples 
in the associated 
preparatory batch. 

Results may not be 
reported without a valid 
method blank.  

Flagging is only 
appropriate in cases 
where the samples 
cannot be reanalyzed. 
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Table – 13.  Perchlorate by Mass Spectrometry Methods 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Laboratory Control 
Sample (LCS)   

One per preparatory 
batch.   

 A laboratory must use 
the QSM Appendix C 
Limits for batch control if 
project limits are not 
specified.  

If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are 
not specified. 

Correct problem. 
Reprep and reanalyze 
the LCS and all samples 
in the associated 
preparatory batch for 
failed analytes, if 
sufficient sample 
material is available. 

If reanalysis cannot be 
performed, data must be 
qualified and explained 
in the case narrative.   
 

Apply Q-flag to specific 
analyte(s) in all samples 
in the associated 
preparatory batch. 

LCS must be spiked at 
the LOQ. 
 
Problems must be 
corrected.  Results may 
not be reported without 
a valid LCS.  Flagging is 
only appropriate in 
cases where the 
samples cannot be 
reanalyzed. 
 
LCS must undergo the 
same preparation and 
pretreatment steps as 
the samples in the 
batch. 

Matrix Spike (MS) One per preparatory 
batch per matrix.   

A laboratory must use 
the QSM Appendix C 
Limits for batch control if 
project limits are not 
specified.  
If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are 
not specified. 

Examine the project 
specific requirements.  
Contact the client as to 
additional measures to 
be taken. 

For the specific 
analyte(s) in the parent 
sample, apply J-flag if 
acceptance criteria are 
not met. 

The MS must be spiked 
at the LOQ. 
 
If MS results are outside 
the limits, the data must 
be evaluated to 
determine the source of 
the difference and to 
determine if there is a 
matrix effect or 
analytical error. 
 
MS must undergo the 
same preparation and 
pretreatment steps as 
the samples in the 
batch.  
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Table – 13.  Perchlorate by Mass Spectrometry Methods 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Matrix Spike Duplicate 
(MSD) or Laboratory 
Duplicate (LD) 

One per preparatory 
batch per matrix.  

A laboratory must use 
the QSM Appendix C 
Limits for batch control if 
project limits are not 
specified.  

If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are 
not specified. 
MSD or MD:  RPD of all 
analytes ≤ 15% 
(between MS and MSD 
or sample and MD). 

Examine the project 
specific requirements.  
Contact the client as to 
additional measures to 
be taken. 

For the specific 
analyte(s) in the parent 
sample, apply J-flag if 
acceptance criteria are 
not met. 

The MSD must be 
spiked at the LOQ. 
 
The data shall be 
evaluated to determine 
the source of difference. 
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Table – 14. Chemical Warfare Agents by GC/MS 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Tune Check Prior to ICAL and prior to 
each 12-hour period of 
sample analysis. 

DFTPP Mass range from 
51-443 m/z using 
acceptance criteria from 
Method 8270.  

Retune instrument and 
verify.   

Flagging is not 
appropriate. 

No samples shall be 
analyzed without a valid 
tune. 

Initial Calibration 
(ICAL) for all analytes 
and surrogates 

At instrument set-up and 
after ICV or CCV failure, 
prior to sample analysis. 

 

Each analyte must meet 
one of the three options 
below: 

Option 1: RSD for each 
analyte  ≤ 15%;                                                                                            
 
Option 2: linear least 
squares regression for 
each analyte: r2 ≥ 0.99;   

Option 3:  non-linear 
least squares regression 
(quadratic) for each 
analyte: r2 ≥ 0.99. 

Correct problem, then 
repeat ICAL.  

Flagging is not 
appropriate. 
 

Minimum 5 levels for 
linear and 6 levels for 
quadratic. 

No samples shall be 
analyzed until ICAL has 
passed.  
If laboratory developed 
methodology requires 
additional evaluations 
(e.g., RFs or low 
calibration standard 
analysis and recovery 
criteria) these additional 
requirements must also 
be met. 

Initial Calibration 
Verification (ICV)  

Once after each ICAL, 
analysis of a second 
source standard prior to 
sample analysis. 

All reported analytes and 
surrogates within ± 25% 
of true value. 

Correct problem.  Rerun 
ICV.  If that fails, repeat 
ICAL. 

Flagging is not 
appropriate. 
 

No samples shall be 
analyzed until calibration 
has been verified with a 
second source. 

Retention Time window 
position establishment  

Once per ICAL and at the 
beginning of the analytical 
sequence. 

Position shall be set 
using the midpoint 
standard of the ICAL 
curve when ICAL is 
performed.  On days 
when ICAL is not 
performed, the initial 
CCV is used. 

NA. NA. Calculated for each 
analyte and surrogate. 
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Table – 14. Chemical Warfare Agents by GC/MS 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Retention Time (RT) 
window width  

At method set-up and 
after major maintenance 
(e.g., column change). 

RT width is ± 3 times 
standard deviation for 
each analyte RT from 
the 72-hour study. 

NA. NA. Calculated for each 
analyte and surrogate. 

Continuing Calibration 
Verification (CCV) 

Before sample analysis, 
after every 10 field 
samples, and at the end 
of the prep batch. 

All reported analytes 
within established RT 
windows. 
 
All reported analytes and 
surrogates within ± 25% 
of true value. 
All reported analytes and 
surrogates within ± 50% 
for end of prep batch 
CCV. 
 

Recalibrate, and 
reanalyze all affected 
samples since the last 
acceptable CCV; 
or 
Immediately analyze two 
additional consecutive 
CCVs. If both pass, 
samples may be reported 
without reanalysis. If 
either fails, take corrective 
action(s) and re-calibrate; 
then reanalyze all affected 
samples since the last 
acceptable CCV. 

If reanalysis cannot be 
performed, data must be 
qualified and explained 
in the case narrative.   
Apply Q-flag to all results 
for the specific analyte(s) 
in all samples since the 
last acceptable 
calibration verification. 

Results may not be 
reported without a valid 
CCV.  

Flagging is only 
appropriate in cases 
where the samples 
cannot be reanalyzed. 
 
 

Internal Standards (IS) Every field sample, 

Standard and QC sample. 

Retention time within ± 
10 seconds from 
retention time of the 
midpoint standard in the 
ICAL; EICP area within - 
50% to +100% of ICAL 
midpoint standard. 

Inspect mass 
spectrometer and GC for 
malfunctions and correct 
problem.   
Reanalysis of samples 
analyzed while system 
was malfunctioning is 
mandatory.  

If corrective action fails 
in field samples, data 
must be qualified and 
explained in the case 
narrative.  Apply Q-flag 
to analytes associated 
with the non-compliant 
IS.   
Flagging is not 
appropriate for failed 
standards. 
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Table – 14. Chemical Warfare Agents by GC/MS 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Method Blank (MB) One per preparatory 
batch. 

No analytes detected > 
1/2 LOQ or > 1/10 the 
amount measured in any 
sample or 1/10 the 
regulatory limit, 
whichever is greater.   

Common contaminants 
must not be detected > 
LOQ. 
 

Correct problem.  If 
required, reprep and 
reanalyze MB and all 
samples processed with 
the contaminated blank. 

If reanalysis cannot be 
performed, data must be 
qualified and explained 
in the case narrative.  
Apply B-flag to all results 
for the specific analyte(s) 
in all samples in the 
associated preparatory 
batch. 

Results may not be 
reported without a valid 
method blank.   
Flagging is only 
appropriate in cases 
where the samples 
cannot be reanalyzed. 

Laboratory Control 
Sample (LCS)  

One per preparatory 
batch. 
 

A laboratory must use 
the QSM Appendix C 
Limits for batch control if 
project limits are not 
specified.  
If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are 
not specified. 
Limits may be set at 50-
150% until sufficient data 
has been generated to 
establish in-house 
control limits.  

Correct problem, 
then reprep and reanalyze 
the LCS and all samples 
in the associated 
preparatory batch for 
failed analytes, if sufficient 
sample material is 
available.  

If reanalysis cannot be 
performed, data must be 
qualified and explained 
in the case narrative.   
Apply Q-flag to specific 
analyte(s) in all samples 
in the associated 
preparatory batch. 

Must contain all 
surrogates and all 
analytes to be reported. 

Results may not be 
reported without a valid 
LCS.   
Flagging is only 
appropriate in cases 
where the samples 
cannot be reanalyzed. 
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Table – 14. Chemical Warfare Agents by GC/MS 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Matrix Spike (MS) One per preparatory 
batch. 

A laboratory must use 
the QSM Appendix C 
Limits for batch control if 
project limits are not 
specified.  
If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are 
not specified. 
Limits may be set at 50-
150% until sufficient data 
has been generated to 
establish in-house 
control limits. 

Examine the project 
specific requirements.  
Contact the client as to 
additional measures to be 
taken. 

For the specific 
analyte(s) in the parent 
sample, apply J-flag if 
acceptance criteria are 
not met and explain in 
the case narrative. 

Must contain all 
surrogates and all 
analytes to be reported. 
If MS results are outside 
the limits, the data shall 
be evaluated to 
determine the source(s) 
of difference, i.e., matrix 
effect or analytical error. 

Matrix Spike Duplicate 
(MSD) or Matrix 
Duplicate (MD) 

One per preparatory 
batch.  

A laboratory must use 
the QSM Appendix C 
Limits for batch control if 
project limits are not 
specified.  
If the analyte(s) are not 
listed, use in-house LCS 
limits if project limits are 
not specified. 
Limits may be set at 50-
150% until sufficient data 
has been generated to 
establish in-house 
control limits. 
MSD or MD:  RPD of all 
analytes ≤ 20% 
(between MS and MSD 
or sample and MD). 

Examine the project 
specific requirements.  
Contact the client as to 
additional measures to be 
taken. 

For the specific 
analyte(s) in the parent 
sample, apply J-flag if 
acceptance criteria are 
not met and explain in 
the case narrative. 

MSD: Must contain all 
surrogates and all 
analytes to be reported. 
The data shall be 
evaluated to determine 
the source of difference. 
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Table – 14. Chemical Warfare Agents by GC/MS 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Surrogate Spike  All field and QC samples. QC acceptance criteria 
specified by the project, 
if available; otherwise 
use QSM Appendix C 
limits  
or in-house LCS limits if 
analyte(s) are not listed. 
Limits may be set at 50-
150% until sufficient data 
has been generated to 
establish in-house 
control limits. 

Correct problem, then 
reprep and reanalyze all 
failed samples for all 
surrogates in the 
associated preparatory 
batch, if sufficient sample 
material is available.  If 
obvious chromatographic 
interference with 
surrogate is present, 
reanalysis may not be 
necessary. 

Apply Q-flag to all 
associated analytes if 
acceptance criteria are 
not met and explain in 
the case narrative. 

Alternative surrogates 
are recommended when 
there is obvious 
chromatographic 
interference. 
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Table - 15. Perfluorinated Compounds by Liquid Chromatography/Mass Spectrometry 

QC Check Minimum Frequency  Acceptance Criteria Corrective Action Flagging Criteria Comments 

Initial Calibration 
(ICAL) for all analytes 
and surrogates 

Minimum of 5 calibration 
standards to establish 
linearity at method set-up 
and after major 
maintenance.   

Each calibration point 
for each analyte must 
calculate to be within 
75-125%, except the 
lowest cal point which 
must calculate to within 
70-130%.    
 

Correct problem, then 
repeat ICAL. 

Flagging is not 
appropriate.   

No samples may be run 
until ICAL has passed. 

 
Calibration can be linear 
(5 standards) or 
quadratic (6 standards); 
weighting is allowed. 

Initial Calibration 
Verification (ICV)   

Once after each ICAL, 
analysis of a second 
source standard prior to 
sample analysis.   

All reported analytes 
and surrogates within ± 
25% of true value. 

Correct problem and 
verify second source 
standard.  Rerun ICV.  If 
that fails, correct problem 
and repeat ICAL.  

Flagging is not 
appropriate.   

No samples may be run 
until calibration has 
been verified. 

Continuing Calibration 
Verification (CCV)   

Analysis of mid-level 
standard after every 10 
field samples.  All 
samples must be 
bracketed by the analysis 
of a standard 
demonstrating that the 
system was capable of 
accurately detecting and 
quantifying perfluorinated 
compounds.  

All reported analytes 
and surrogates within ± 
25% of true value. 

Recalibrate, and 
reanalyze all affected 
samples since the last 
acceptable CCV; 
or 
Immediately analyze two 
additional consecutive 
CCVs. If both pass, 
samples may be reported 
without reanalysis. If 
either fails, take 
corrective action(s) and 
re-calibrate; then 
reanalyze all affected 
samples since the last 
acceptable CCV. 

If reanalysis cannot be 
performed, data must 
be qualified and 
explained in the case 
narrative.   
Apply Q-flag to all 
results for the specific 
analyte(s) in all samples 
since the last 
acceptable calibration 
verification. 

Flagging is only 
appropriate in cases 
where the samples 
cannot be reanalyzed. 
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Table - 15. Perfluorinated Compounds by Liquid Chromatography/Mass Spectrometry 

QC Check Minimum Frequency  Acceptance Criteria Corrective Action Flagging Criteria Comments 

Internal Standard (IS)   Addition of isotopically 
labeled analytes to every 
sample, batch QC 
sample, standard, 
instrument blank, and 
method blank.   

Determine that the 
absolute areas of the 
quantitation ions of the 
IS(s) are within 50-
150% from the average 
areas measured during 
initial calibration. 

If recoveries are 
acceptable for QC 
samples, but not field 
samples, the field 
samples may be 
considered to suffer from 
a matrix effect. 
 

For failed QC samples, 
correct problem, and 
rerun all associated 
failed field samples. 

Apply Q-flag and 
discuss in the case 
narrative.   

Failing internal standard 
should be thoroughly 
documented in the case 
narrative. 

Tune Check Prior to ICAL and after 
any mass calibration or 
maintenance is 
performed. 

Tuning standard must 
contain analytes of 
interest or appropriate 
substitute. 
 
Mass assignments of 
tuning standard within 
0.5 amu of true value. 

Retune instrument.  If the 
tuning will not meet 
acceptance criteria, an 
instrument mass 
calibration must be 
performed and the tuning 
redone. 

Flagging is not 
appropriate. 

Problem must be 
corrected.  Sample 
analysis shall not 
proceed without 
acceptable tuning. 

Method Blank (MB) One per preparatory 
batch. 

No analytes detected > 
1/2 LOQ or > 1/10 the 
amount measured in 
any sample or 1/10 the 
regulatory limit, 
whichever is greater. 

 

Correct problem.  If 
required, reprep and 
reanalyze MB and all 
samples processed with 
the contaminated blank. 

If reanalysis cannot be 
performed, data must 
be qualified and 
explained in the case 
narrative. 
Apply B-flag to all 
results for the specific 
analyte(s) in all samples 
in the associated 
preparatory batch. 

Results may not be 
reported without a valid 
method blank.  Flagging 
is only appropriate in 
cases where the 
samples cannot be 
reanalyzed. 
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Table - 15. Perfluorinated Compounds by Liquid Chromatography/Mass Spectrometry 

QC Check Minimum Frequency  Acceptance Criteria Corrective Action Flagging Criteria Comments 

Laboratory Control 
Sample (LCS) 

One per preparatory 
batch. 

A laboratory must use 
the QSM Appendix C 
Limits for batch control 
if project limits are not 
specified.  
If the analyte(s) are not 
listed, use in-house 
LCS limits if project 
limits are not specified. 
If in-house limits do not 
exist, use 70-130% until 
limits are established. 

Correct problem, then re-
prep and reanalyze the 
LCS and all samples in 
the associated 
preparatory batch for 
failed analytes, if 
sufficient sample material 
is available. 

If reanalysis cannot be 
performed, data must 
be qualified and 
explained in the case 
narrative. 
Apply Q-flag to specific 
analyte(s) in all samples 
in the associated 
preparatory batch. 

Results may not be 
reported without a valid 
LCS.  Flagging is only 
appropriate in cases 
where the samples 
cannot be reanalyzed. 

Matrix Spike (MS) One per preparatory 
batch per matrix. 

A laboratory must use 
the QSM Appendix C 
Limits for batch control 
if project limits are not 
specified.  
If the analyte(s) are not 
listed, use in-house 
LCS limits if project 
limits are not specified. 
If in-house LCS limits 
do not exist, use 70-
130% until limits are 
established. 

Examine the project-
specific requirements.  
Contact the client as to 
additional measures to 
be taken. 

For the specific 
analyte(s) in the parent 
sample, apply J-flag if 
acceptance criteria are 
not met. 

If MS results are outside 
the limits, the data shall 
be evaluated to 
determine the source(s) 
of difference, i.e., matrix 
effect or analytical error. 
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Table - 15. Perfluorinated Compounds by Liquid Chromatography/Mass Spectrometry 

QC Check Minimum Frequency  Acceptance Criteria Corrective Action Flagging Criteria Comments 

Matrix Spike Duplicate 
(MSD) or Matrix 
Duplicate (MD) 

One per preparatory 
batch per matrix. 

A laboratory must use 
the QSM Appendix C 
Limits for batch control 
if project limits are not 
specified.  
If the analyte(s) are not 
listed, use in-house 
LCS limits if project 
limits are not specified. 
If in-house LCS limits 
do not exist, use 70-
130% until limits are 
established. 

MSD or MD:  RPD of all 
analytes ≤ 30% 
(between MS and MSD 
or sample and MD) 

Examine the project 
specific requirements.  
Contact the client as to 
additional measures to 
be taken. 

For the specific 
analyte(s) in the parent 
sample, apply J-flag if 
acceptance criteria are 
not met. 

The data shall be 
evaluated to determine 
the source of error. 
 
Analyze MS/MSD for 
low concentration 
samples and 
Sample/MD for high 
concentration samples. 

Surrogate Spike All field and QC samples. QC acceptance criteria 
specified by the project, 
if available; otherwise 
use QSM Appendix C 
limits  
or in-house LCS limits if 
analyte(s) are not listed. 
Limits may be set at 70-
130% until sufficient 
data has been 
generated to establish 
in-house control limits. 

If recoveries are 
acceptable for QC 
samples, but not field 
samples, the field 
samples may be 
considered to suffer from 
a matrix effect. 
For failed QC samples, 
correct problem, and 
rerun all failed samples. 

Apply Q-flag and 
discuss in the case 
narrative. 

Alternative surrogates 
are recommended when 
there is obvious 
chromatographic 
interference. 
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  Table – 16. Alpha Spectrometry 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Initial Calibration 
(ICAL) 

(Energy, efficiency 
and FWHM peak 
resolution) 

Prior to initial use, 
following repair or loss of 
control and upon 
incorporation of new or 
changed instrument 
settings. (MARLAP 
18.5.6.3) 
 

Verify manufacturer’s 
specifications for point 
source efficiency 
(MARLAP); 
and 

Two calibration peaks 
that are: 1) ≥700 keV 
apart; or 2) that bracket 
all peaks to be 
determined. 
Energy vs. channel 
slope equation <15 keV 
per channel. 
Full Width –Half 
Maximum (FWHM) 
<100 keV for each peak 
used for calibration. 
Minimum of 3,000 net 
counts in each peak. 

Correct problem, then 
repeat ICAL. 

Flagging criteria are not 
appropriate. 

Use traceable 
calibration source (CS) 
that matches sample 
test source (STS) 
configuration (type, size 
and position relative to 
the detector). 
May use same count for 
initial efficiency 
calibration.  
No samples may be run 
until energy and FWHM 
calibration criteria are 
met. 
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  Table – 16. Alpha Spectrometry 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Initial Calibration 
Verification (ICV)  

 

After initial calibration.    

 
 

Determine peak 
location, 
resolution, and 
ROI/alpha peak 
efficiency (where 
counting efficiency is an 
analytical requirement) 
using at least two alpha 
peaks (MARLAP 
18.5.6.3). 
or  
Observed peak centroid 
falls within ±20 keV 
from reference energy 
for each peak used in 
the initial energy 
calibration. 
FWHM ≤100 keV and 
within ±20 keV of 
corresponding 
calibration peaks in 
initial energy calibration. 

Repeat ICV to check for 
error.   
If that fails, identify and 
correct problem and 
repeat ICV or ICAL and 
ICV, as appropriate. 

Flagging criteria are not 
appropriate. 

Use a second-source 
standard that matches 
STS configuration (type, 
size and position 
relative to the detector) 
or pulsar for energy 
check only. 
Bracketing peaks may 
also be used that are 
>1000 keV apart. 
No samples may be run 
until calibration has 
been verified with a 
second source. 

Continuing Calibration 
Verification (CCV)  

(Pulsar check) 

Pulsar energy verification 
weekly, prior to analysis 
of samples. 

Use either Pulsar check 
or Check source. 

Energy response check 
shall have a tolerance 
limit set at ± 3% or 
control chart set at ± 3σ 
(MARLAP 18.5.6.3). 
or 
Observed peak centroid 
falls ≤20 keV from 
reference energy. 

Recount and check 
control chart for trends.   
Determine cause, correct 
problem, and repeat 
CCV and all associated 
samples since last 
successful CCV. 

Flagging criteria are not 
appropriate. 

Pulsar check can be 
used to verify energy 
calibration when using 
radiotracers during 
analysis. 
No samples may be run 
until calibration has 
been verified. 
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  Table – 16. Alpha Spectrometry 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Continuing Calibration 
Verification (CCV)  

(Check source)  

Weekly source check 
verification prior to 
analysis of samples. 

Use either Pulsar check 
or Check source. 

Response checks shall 
have a tolerance limit or 
control chart set at ± 3% 
or 3σ. (MARLAP 
18.5.6.3) 
or 
Observed peak centroid 
falls within 20 keV from 
reference energy for 
each peak used in the 
initial energy calibration. 
FWHM ≤100 keV and 
within 30 keV of 
corresponding 
calibration peaks in 
initial energy calibration. 

Recount and check 
control chart for trends.   
Determine cause, correct 
problem, and repeat 
CCV and all associated 
samples since last 
successful CCV. 

Flagging criteria are not 
appropriate. 

Source check can be 
used to verify energy, 
FWHM and efficiency. 

No samples may be run 
until calibration has 
been verified. 

Background 
Subtraction Count 
(BSC) Measurement 

Prior to initial use or after 
initial calibration and 
monthly.  (MARLAP 
18.5.6.3) 

 

Within ±3σ of mean 
activity of recent BSCs 
for total ROI for all 
isotopes of interest 
(minimum of 3 BSC 
values). 
 

Check control chart for 
trends and recount.  
Determine cause, correct 
problem, re-establish 
BSC. 
If background activity has 
changed, re-establish 
BSC and reanalyze all 
impacted samples since 
last acceptable BSC. 

If reanalysis cannot be 
performed, apply B-flag 
where count rate <10 
times that in the 
affected ROI(s) in the 
BSC. 

BSC test source 
matches STS 
configuration (type, size 
and position relative to 
the detector). 
Activity must meet 
project objectives. 
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  Table – 16. Alpha Spectrometry 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Instrument 
Contamination Check 
(ICC) 

Performed weekly, at 
minimum, and after 
counting high activity 
samples. 
Count duration ≥ longest 
STS count. 
 

ZBlank ≤3 for blank 
subtracted (net) activity 
in all ROIs. (MARLAP 
18.4.1) 
 

Check control chart for 
trends and recount.  
Determine cause and 
correct problem.  
If background activity has 
changed, re-establish 
BSC and reanalyze all 
infected samples.  

If reanalysis cannot be 
performed, apply Q-flag 
to all affected result 
since last acceptable 
ICC where the STS 
count rate in the 
impacted ROI is ≤5 
times that of STS.  

Explain in the case 
narrative. 

  

Method Blank (MB) One per preparatory 
batch.  (MARLAP 18.4.1) 
 

|ZBlank |≤ 3.  Investigate 
recurrent results with 
|ZBlank| ≥ 2.  (MARLAP 
18.4.1) 

or 
In-house control limits 
of ±3 σ of the mean. 
 

Recount the blank to 
confirm results.  Inspect 
MB control chart for 
indication of significant 
bias 
If required, reprep and 
reanalyze method blank 
and all samples 
processed with the 
contaminated blank. 

If reanalysis cannot be 
performed, data must 
be qualified and 
explained in the case 
narrative.  
Apply B-flag to all 
results for the specific 
analyte(s) in all samples 
in the associated 
preparatory batch. 

Results may not be 
reported without a valid 
method blank.  Flagging 
is only appropriate in 
cases where the 
samples cannot be 
reanalyzed. 
Blank matrices must be 
the same as the 
associated samples (i.e. 
radon free distilled or 
deionized water, 
representative solid 
material, physically and 
chemically identical filter 
media. 
With project approval 
and appropriate 
qualification and 
narration, report results 
with a count rate >5 
times that of the 
affected ROI in the MB.  



 

DoD/DOE QSM, July 2013 Appendix B, Page 152 
 

  Table – 16. Alpha Spectrometry 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Laboratory Control 
Sample (LCS)  

One per preparatory 
batch. 
 

|ZLCS |≤ 3.  Investigate 
recurrent results with 
|ZLCS|≥ 2.  (MARLAP 
18.4.3) 
or 
Use in-house control 
limits of LCS ± 3 σ of 
the mean. In-house 
control limits may not 
fall more than 25% from 
the known LCS value. 
 

Recount the LCS to 
confirm results.  Inspect 
LCS control chart for 
indication of significant 
bias.  
Reprep and reanalyze 
the LCS and all 
associated samples. 

If reanalysis cannot be 
performed, data must 
be qualified and 
explained in the case 
narrative.   
Apply Q-flag to specific 
nuclide(s) in all samples 
in the associated 
preparatory batch. 

Results may not be 
reported without a valid 
LCS.  Qualification is 
only appropriate in 
cases where the 
samples cannot be 
reanalyzed. 
LCS matrices must be 
the same as the 
associated samples.  
LCS must be counted 
for a sufficient time to 
meet the required 
project minimum 
activity.  
Acceptance criteria for 
LCS recovery may be 
specified by the project. 

Matrix Spike (MS) One per preparatory 
batch. 
(MS not required when 
chemical yield tracers or 
carriers are employed). 

If activity of the MS > 5 
times the unspiked 
sample, then |ZMS |≤ 3.  
(MARLAP 18.4.3) 
or 
Within 60-140% 
recovery.  

 Examine the project-
specific requirements.  
Contact the client as to 
additional measures to 
be taken. 

For the specific 
nuclide(s) in the parent 
sample, apply J-flag if 
acceptance criteria are 
not met. 

The data shall be 
evaluated to determine 
the source of difference. 
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  Table – 16. Alpha Spectrometry 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Sample Duplicate One per preparatory 
batch per matrix. 

|ZDup | ≤ 3.  Investigate 
recurrent results with 
|ZDup|≥ 2.  (MARLAP 
18.4.1) 
or 
The duplicate error ratio 
(DER) between the 
sample and the 
duplicate is <3; or the 
relative percent 
difference (RPD) is 
<25%. 

Check for lab error.   

Examine the project-
specific requirements.  
Contact the client as to 
additional measures to 
be taken. 

For the specific 
nuclide(s) in the parent 
sample, apply J-flag if 
acceptance criteria are 
not met. 

The data shall be 
evaluated to determine 
the source of difference. 

Tracers (if used) Added to each sample as 
isotopic yield monitor. 

Isotopic yield within 30-
110%. 

FWHM <100 keV and 
peak energy within ±40 
keV of known peak 
energy. 

Reanalysis of sample, 
including sample 
preparation. 

For the specific 
nuclide(s) in the parent 
sample, apply J-flag if 
acceptance criteria are 
not met. 
 

The data shall be 
evaluated to determine 
the source of difference. 
Flagging is only 
appropriate in cases 
where the samples 
cannot be reanalyzed. 

Carriers (if used) Added to each sample as 
chemical yield monitor. 

Chemical yield within 
30-110%. 

Reanalysis of sample, 
including sample 
preparation. 

For the specific 
nuclide(s) in the parent 
sample, apply J-flag if 
acceptance criteria are 
not met. 

The data shall be 
evaluated to determine 
the source of difference. 
Flagging is only 
appropriate in cases 
where the samples 
cannot be reanalyzed. 
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Table -17.  Gamma Spectrometry 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Initial Calibration 
(ICAL) 

(Energy, efficiency 
and FWHM peak 
resolution) 

Prior to initial use, 
following repair or loss of 
control and upon 
incorporation of new or 
changed instrument 
settings. (MARLAP 
18.5.6.2) 
 

Verify manufacturer’s 
specifications for 
gamma peak resolution.  
(MARLAP 18.5.6.2) 
Efficiency vs. energy for 
each geometry/matrix. 
95% confidence limit of 
the fitted function: ≤8% 
over energy range.  
(MARLAP 18.5.6.2) 
or 
Peak energy difference 
is within 0.1 keV of 
reference energy for all 
points. 
Peak Full Width at Half 
Maximum (FWHM) < 
2.5 keV at 1332 keV. 
Energy vs. channel 
slope equation shall be 
linear and accurate to 
0.5 keV. 

Correct problem, then 
repeat ICAL. 

Flagging criteria are not 
appropriate. 

Traceable calibration 
source (CS) matches 
sample test source 
(STS) configuration 
(type, size, geometry 
and position relative to 
the detector). 
Minimum of 10,000 net 
counts in each peak in 
at least six calibration 
peaks that bracket the 
range of use. 
No samples may be run 
until all calibration 
criteria are met. 



 

DoD/DOE QSM, July 2013 Appendix B, Page 155 
 

Table -17.  Gamma Spectrometry 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Initial Calibration 
Verification (ICV) 

After ICAL for 
energy/efficiency and 
prior to analysis of 
samples. 
 

Observed peaks of 
second source standard 
fall within ± 10% of 
initial calibration value 
relative to energy, 
FWHM, and efficiency. 
 
 

Verify second source 
standard and repeat ICV 
to check for errors.  

If that fails, identify and 
correct problem and 
repeat ICV or ICAL and 
ICV as appropriate. 

Flagging criteria are not 
appropriate. 

Traceable second-
source standard 
matches STS 
configuration (type, 
size, geometry and 
position relative to the 
detector). 
Minimum of 10,000 net 
counts in each peak in 
at least six calibration 
verification peaks that 
bracket the range of 
use. 
No samples may be run 
until calibration has 
been verified. 
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Table -17.  Gamma Spectrometry 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Continuing Calibration 
Verification (CCV) 

(Daily Check) 

Daily or prior to use. 

When working with long 
count times or batch 
sequences that run more 
than a day, CCV is 
performed at the 
beginning and end of 
each analytical batch as 
long as it not longer than 
a week. 

Verify peak shift within 
tolerance limit; verify 
efficiency within control 
parameters; verify 
resolution in tolerance 
limit.  Response checks 
shall have a tolerance 
limit or control chart set 
at ± 3% or 3σ of the 
mean.  (MARLAP 
18.5.6.2) 
or 
Peak Energy/Efficiency:  
low, mid, and high 
energies within 10% of 
the initial calibration 
value;  
FWHM:  low, mid, and 
high energies within 
10% of initial FWHM 
value. 

Correct problem, rerun 
CCV.  If that fails, then 
repeat ICAL.  

 Reanalyze all samples 
since the last successful 
calibration verification. 

If reanalysis cannot be 
performed, data must 
be qualified and 
explained in the case 
narrative.  
Apply Q-flag to all 
results for the specific 
nuclide(s) in all samples 
since the last 
acceptable calibration 
verification. 

Results may not be 
reported without a valid 
CCV.   

Flagging is only 
appropriate in cases 
where the samples 
cannot be reanalyzed. 



 

DoD/DOE QSM, July 2013 Appendix B, Page 157 
 

Table -17.  Gamma Spectrometry 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Background 
Subtraction Count 
Measurement (BSC) 

(Long  count for 
subtracting 
background from 
blanks or test 
sources) 

Immediately after ICAL 
and then performed on at 
least a monthly basis.  
(MARLAP 18.5.6.2) 
 

Statistical test of 
successive counts and 
count rates for identified 
background peaks show 
no significant difference.  
(MARLAP 18.5.6.2) 

Recount and check 
control chart for trends.  
Determine cause, correct 
problem, re-establish 
BSC. 
If background activity has 
changed, re-establish 
BSC and reanalyze or 
qualify all impacted 
samples since last 
acceptable BSC. 

Apply B-flag to all 
results for specific 
nuclide(s) in all samples 
associated with the 
blank. 

A detector’s background 
should be determined 
immediately after 
calibration, with or 
without a counting 
container, depending on 
the inherent 
radionuclide activity 
levels in the counting 
container.  
The counting interval for 
the long count shall be 
between one and four 
times the nominal 
counting interval of the 
test sources. 
 (MARLAP 18.5.6.2) 

Instrument 
Contamination Check 
(ICC) 

(Short count for 
controlling gross 
contamination) 

Daily or when working 
with long count times 
before and after each 
analytical batch. 
Check after counting 
high activity samples. 
 
 

No extraneous peaks 
identified (i.e., no new 
peaks in the short 
background spectrum 
compared to previous 
spectra);   The 
tolerance limit or control 
chart: ± 3% or 3σ of the 
mean activity.  
(MARLAP 18.5.6.2) 
 

Recount the background.  
If still out of control, 
locate and correct 
problem; reanalyze or 
qualify all impacted 
samples since last 
acceptable ICC. 
If background activity has 
changed, re-establish 
BSC and reanalyze 
samples.  

If corrective action fails, 
apply Q-flag to all 
results for specific 
nuclide(s) in all samples 
associated with the 
BSC. 

Integrate spectrum from 
~50 - 2,000 keV to 
check for gross 
contamination.  
(MARLAP 18.5.6.2) 
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Table -17.  Gamma Spectrometry 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Method Blank (MB) 

 

  

One per preparatory 
batch. 
 

 

|ZBlank |≤3 for blank 
subtracted (net) activity 
in all ROIs. (MARLAP 
18.4.1) 
or 
No analytes detected > 2 
times the blank 
Combined Standard 
Uncertainty (CSU). Blank 
result must not otherwise 
affect sample results.   

Recount the blank to 
confirm results, unless all 
sample results are >5 
times the blank activity.   
Inspect MB control chart 
for indication of significant 
bias. 
If required, reprep and 
reanalyze method blank 
and all samples 
processed with the 
contaminated blank. 

If reanalysis cannot be 
performed, data must 
be qualified and 
explained in the case 
narrative.  Apply B-flag 
to all results for the 
specific analyte(s) in all 
samples in the 
associated preparatory 
batch. 

The results of method 
blanks typically are not 
used to correct sample 
activities, but only to 
monitor for 
contamination.  
(MARLAP 18.4.1)  
Blank matrices must be 
the same as the 
associated samples 
(i.e., radon free distilled 
or deionized water, 
representative solid 
material, physically and 
chemically identical filter 
media.) 
Results may not be 
reported without a valid 
method blank.  Flagging 
is only appropriate in 
cases where the 
samples cannot be 
reanalyzed. 
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Table -17.  Gamma Spectrometry 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Laboratory Control 
Sample (LCS)  

One per preparatory 
batch. 
 

|ZLCS |≤ 3 .  Investigate 
recurrent results with 
|ZLCS|≥ 2.  (MARLAP 
18.4.3) 
or 
Use in-house control 
chart limits of ± 3σ of 
the mean. In-house 
control limits may not 
fall more than 25% from 
the known LCS value. 
Acceptance criteria for 
LCS recovery may be 
specified by the project. 

Recount the LCS to 
confirm results.  Inspect 
LCS control chart for 
indication of significant 
bias. 
If required, reprep and 
reanalyze the LCS and 
all associated samples. 

If reanalysis cannot be 
performed, data must 
be qualified and 
explained in the case 
narrative.  
Apply Q-flag to specific 
nuclide(s) in all samples 
in the associated 
preparatory batch. 

LCS matrices must be 
the same as the 
associated samples and 
shall contain nuclides 
within the energy 
ranges of all those 
nuclides to be reported.   
LCS must be counted 
for a sufficient time to 
meet the required 
project minimum 
activity. 
Results may not be 
reported without a valid 
LCS. Qualification is 
only appropriate in 
cases where the 
samples cannot be 
reanalyzed. 

Sample Duplicate One per preparatory 
batch per matrix. 

|ZDup | ≤ 3.  Investigate 
recurrent results with 
|ZDup|≥ 2.  (MARLAP 
18.4.1) 
or 
The duplicate error ratio 
(DER) between the 
sample and the 
duplicate is <3; or the 
relative percent 
difference (RPD) is 
<25%. 

Check for lab error.   

Examine the project-
specific requirements.  
Contact the client as to 
additional measures to 
be taken. 

For the specific 
nuclide(s) in the parent 
sample, apply J-flag if 
acceptance criteria are 
not met. 

The data shall be 
evaluated to determine 
the source of difference. 
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Table – 18.  Gas Flow Proportional Counting 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Initial Calibration -  
Voltage Plateau 
(ICALV) 

(separate plateaus 
determined for alpha 
and beta activity) 

Prior to initial use and 
after loss of control.  
(MARLAP 18.5.6.1) 
 

Verify manufacturer’s 
specifications.  
(MARLAP 18.5.6.1) 
Plot voltage vs. count 
rate to determine proper 
operating voltages.  
(MARLAP 18.5.6.1) 
or 
Slope of the plateau 
less than 5% over a 
range of 100V. 

Correct problem, then 
repeat ICALV. 

Flagging criteria are not 
appropriate. 

Series of 1-minute 
counts in <50V steps 
from ~300V to ~1500V.  
No samples may be run 
until plateau calibration 
criteria are met. 

Initial Calibration - 
Efficiency (ICALE) 

 

Prior to initial use, after 
loss of control, and upon 
incorporation of new or 
changed instrument 
settings.  (MARLAP 
18.5.6.1) 

 
 

Verify manufacturer’s 
specifications for 
detector efficiency for 
both alpha and beta 
counting modes using 
electroplated sources.  
(MARLAP 18.5.6.1) 
A 1σ counting 
uncertainty of ≤1% shall 
be achieved for all 
detector efficiency 
determinations.  
(MARLAP 18.5.6.1) 

Correct problem, then 
repeat ICALE. 

Flagging criteria are not 
appropriate. 

Detector’s counting 
efficiency, using 
traceable calibration 
sources, shall be 
determined for each 
radionuclide used to 
analyze test sources. 
No samples may be run 
until efficiency 
calibration criteria are 
met. 
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Table – 18.  Gas Flow Proportional Counting 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Initial Calibration – 
Cross-talk Factors 
(ICALCT) 

Prior to initial use, after 
loss of control, and upon 
incorporation of new or 
changed instrument 
settings.  (MARLAP 
18.5.6.1) 
 

Verify manufacturer’s 
specifications for cross 
talk in alpha and beta 
channels.  (MARLAP 
18.5.6.1) 
 

Correct problem, then 
repeat ICALCT. 

Flagging criteria are not 
appropriate. 

Determine crosstalk 
factors for each nuclide, 
matrix and method. 

For mass loaded test 
sources, determine 
crosstalk factors for the 
nuclide as a function of 
test source mass. 

No samples may be run 
until cross talk 
calibration criteria are 
met. 

Initial Calibration – 
Self-Absorption Curve  
(ICALSA) 

Prior to initial use, after 
loss of control, and upon 
incorporation of new or 
changed instrument 
settings.  (MARLAP 
18.5.6.1) 
 

For each radionuclide of 
interest, establish 
mathematical function 
(curve) of detector 
efficiency vs. source 
mass loading.  95% 
confidence limit of the 
fitted function (curve) 
over the calibration 
range to ≤10% and ≤5% 
uncertainty for alpha 
and beta, respectively.  
(MARLAP 18.5.6.1) 

or 
Best fit of data with 
correlation coefficient 
closest to 1.00 and the 
smallest standard error. 

Correct problem, then 
repeat ICALSA. 

Flagging criteria are not 
appropriate. 

Minimum of seven mass 
attenuated standards. 

No samples may be run 
until mass attenuation 
calibration criteria are 
met. 



 

DoD/DOE QSM, July 2013 Appendix B, Page 162 
 

Table – 18.  Gas Flow Proportional Counting 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Efficiency Calibration 
Verification (IECV) 

After ICALE for alpha 
and beta and prior to 
analysis of samples. 

 
 

A tolerance limit or 
control chart shall be 
established immediately 
after the initial counting 
efficiency calibration, 
and after instrument 
loss of control.  A 
tolerance limit or control 
chart shall be set at ± 
3% or 3σ of the mean.  
(MARLAP 18.5.6.1) 
or 
Value of second source 
calibration for each 
isotope within ±10% of 
initial calibration value. 

Correct problem and 
verify second source 
standard.  Rerun IECV.   

 
If that fails, correct 
problem and repeat 
ICALE. 

Flagging criteria are not 
appropriate. 

Use traceable second 
source standard that 
matches sample test 
source configuration 
(type, size, and position 
relative to the detector).  
 
No samples may be run 
until calibration has 
been verified. 

Continuing Calibration 
Verification (CCV) 

After a counting gas 
change and daily for 
short test-source 
counting intervals. 

For longer test-source 
counting times, a 
detector response check 
for a multi-sample shelf 
unit shall be conducted 
prior to test source 
counting, while a 
detector response check 
for a sequential sample 
counter shall be 
performed before and 
after the sample batch. 
(MARLAP 18.5.6.1) 

Within tolerance or 
control chart limits ± 3% 
or 3σ of the mean. 

Correct problem, rerun 
calibration verification.   
If that fails, then repeat 
ICALE.  Reanalyze all 
samples since the last 
successful calibration 
verification. 

If reanalysis cannot be 
performed, data must 
be qualified and 
explained in the case 
narrative.   
Apply Q-flag to all 
results for the specific 
nuclide(s) in all samples 
since the last 
acceptable calibration 
verification. 

Minimum of 2,000 net 
counts for each energy 
level. 
Results may not be 
reported without a valid 
CCV.   
Flagging is only 
appropriate in cases 
where the samples 
cannot be reanalyzed. 
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Table – 18.  Gas Flow Proportional Counting 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Method Blank (MB) One per preparatory 
batch. 
 

 |ZBlank |≤3 for blank 
subtracted (net) activity 
in all ROIs. (MARLAP 
18.4.1) 
or 
No analytes detected > 2 
times the blank 
Combined Standard 
Uncertainty (CSU). Blank 
result must not otherwise 
affect sample results.   

Recount the blank to 
confirm results, unless all 
sample results are >5 
times the blank activity.   
Inspect MB control chart 
for indication of significant 
bias. 
If required, reprep and 
reanalyze method blank 
and all samples 
processed with the 
contaminated blank. 

If reanalysis cannot be 
performed, data must 
be qualified and 
explained in the case 
narrative.   
Apply B-flag to all 
results for the specific 
analyte(s) in all samples 
in the associated 
preparatory batch. 

Results may not be 
reported without a valid 
method blank.   

Flagging is only 
appropriate in cases 
where the samples 
cannot be reanalyzed. 
Blank matrices must be 
the same as the 
associated samples (i.e. 
radon free distilled or 
deionized water, 
representative solid 
material, physically and 
chemically identical filter 
media. 

Background 
Subtraction Count 
(BSC) Measurement 

(Long  count for 
subtracting 
background from 
blanks or test 
sources) 

Performed at least on a 
monthly basis.   
Determine alpha and 
beta background initially 
and after efficiency 
calibration.  (MARLAP 
18.5.6.1) 
 

Use a statistical test to 
determine a change in 
the background count 
rate value.  (MARLAP 
18.5.6.4) 
or 
Within ±3σ of mean 
activity of recent BSCs 
(minimum of 3 BSCs). 

Check control chart for 
trend and recount. 
Determine cause and 
correct problem.  

If background activity has 
changed, re-establish 
BSC. 
All samples following the 
last acceptable 
background 
measurement must be 
reanalyzed.  

If reanalysis of samples 
is not possible, apply B-
flag to all results in all 
samples associated 
with the failed blank. 
 

Detector background 
measured using a 
contamination-free 
source mount. 

Activity must meet 
project requirements. 
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Table – 18.  Gas Flow Proportional Counting 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Instrument 
Contamination Check 
(ICC) 

(Short count for 
controlling gross 
contamination) 

Daily or when working 
with long count times, 
before and after each 
analytical batch. 
Check after counting 
high activity samples. 
 
 

Use a statistical test to 
determine a change in 
the background count 
rate value.  (MARLAP 
18.5.6.4) 
or 
Within ±3σ of mean 
activity of recent BSCs 
(minimum of 3 BSCs). 

Recount the background.  
If still out of control, 
locate and correct 
problem; reanalyze or 
qualify all impacted 
samples since last 
acceptable ICC. 
If background activity has 
changed, re-establish 
BSC and reanalyze 
samples. 

If corrective action fails, 
apply Q-flag to all 
results for specific 
nuclide(s) in all samples 
associated with the 
BSC. 

Develop detector 
response control chart 
immediately after 
calibration and loss of 
control. 

Laboratory Control 
Sample (LCS)  

One per preparatory 
batch. 
 

|ZLCS |≤ 3.  Investigate 
recurrent results with 
|ZLCS|≥ 2.  (MARLAP 
18.4.3) 
or 
Use in-house control 
chart limits of ± 3σ of 
the mean. In-house 
control limits may not 
fall more than 25% from 
the known LCS value. 
Acceptance criteria for 
LCS recovery may be 
specified by the project. 

Recount the LCS to 
confirm results.  Inspect 
LCS control chart for 
indication of significant 
bias. 
If required, reprep and 
reanalyze the LCS and 
all associated samples. 

If reanalysis cannot be 
performed, data must 
be qualified and 
explained in the case 
narrative.   
Apply Q-flag to specific 
nuclide(s) in all samples 
in the associated 
preparatory batch. 

LCS matrices must be 
the same as the 
associated samples and 
shall contain nuclides 
within the energy 
ranges of all those 
nuclides to be reported.   
LCS must be counted 
for a sufficient time to 
meet the required 
project minimum 
activity. 
Results may not be 
reported without a valid 
LCS.   
Flagging is only 
appropriate in cases 
where the samples 
cannot be reanalyzed. 
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Table – 18.  Gas Flow Proportional Counting 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Matrix Spike (MS) One per preparatory 
batch. 
(MS not required when 
yield tracers are 
employed) 

If activity of the MS > 5 
times the unspiked 
sample, |ZMS |≤ 3.  
(MARLAP 18.4.3) 
or 
Within 60-140% 
recovery. 

Examine the project-
specific requirements.  
Contact the client as to 
additional measures to 
be taken. 

For the specific 
nuclide(s) in the parent 
sample, apply J-flag if 
acceptance criteria are 
not met. 

The data shall be 
evaluated to determine 
the source of difference. 

Sample Duplicate One per preparatory 
batch per matrix. 

|ZDup | ≤ 3.  Investigate 
recurrent results with 
|ZDup|≥ 2.  (MARLAP 
18.4.1) 
or 
The duplicate error ratio 
(DER) between the 
sample and the 
duplicate is <3; or the 
relative percent 
difference (RPD) is 
<25%. 

Check for lab error.   
Examine the project-
specific requirements.  
Contact the client as to 
additional measures to 
be taken. 

For the specific 
nuclide(s) in the parent 
sample, apply J-flag if 
acceptance criteria are 
not met. 

The data shall be 
evaluated to determine 
the source of difference. 

Tracers (if used) Added to each sample. Recovery (isotopic 
yield) within 30-110%. 
 

Reanalysis of sample, 
including sample 
preparation. 

For the specific 
nuclide(s) in the parent 
sample, apply J-flag if 
acceptance criteria are 
not met. 

The data shall be 
evaluated to determine 
the source of difference. 
Flagging is only 
appropriate in cases 
where the samples 
cannot be reanalyzed. 
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Table – 18.  Gas Flow Proportional Counting 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Carriers (if used) Added to each sample as 
chemical yield monitor. 

Chemical yield within 
30-110%. 

Reanalysis of sample, 
including sample 
preparation. 

For the specific 
nuclide(s) in the parent 
sample, apply J-flag if 
acceptance criteria are 
not met. 

The data shall be 
evaluated to determine 
the source of difference. 

Flagging is only 
appropriate in cases 
where the samples 
cannot be reanalyzed. 
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Table - 19.  Liquid Scintillation Counter Analysis 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Initial Calibration 
(ICAL) 

(Efficiency, ROI) 

Prior to initial use, 
following repair or loss of 
control and upon 
incorporation of new or 
changed instrument 
settings. (MARLAP 
18.5.6.4) 
 

Verify manufacturer’s 
specifications for 
counting efficiency.  
(MARLAP 18.5.6.4) 
Establish energy ROIs 
for nuclides of interest.  
(MARLAP 18.5.6.4) 
 

Correct problem, then 
repeat ICAL. 

Flagging criteria are not 
appropriate. 

Use appropriate 
reference radionuclide 
sources, typically 
unquenched LS 
cocktails tagged with 3H 
and/or 14C. 
No samples may be run 
until efficiency 
calibration criteria are 
met and energy ROIs 
are established for 
radionuclides of 
interest. 

Method Calibration 
(QCAL)   

(Quench curve) 

 

 

Prior to method 
application, matrix, and 
cocktail changes or if 
control of system cannot 
be re-established or 
demonstrated.  
(MARLAP 18.5.6.4) 

.  
   
 

A mathematical function 
and quench curve shall 
be developed so that 
the 95 percent 
confidence limit of the 
function is ≤5% over the 
expected quench range 
of the sources. 
Individual calibration 
sources shall be 
counted to achieve ROI 
measurement 
uncertainty of ≤1%.  
(MARLAP 18.5.6.4) 
or 
Minimum 10,000 counts 
for each data point. 
Correlation coefficient  
for quench curve is > 
0.995. 

Correct problem, then 
repeat ICAL. 
 
 
 
 

Flagging criteria are not 
appropriate. 

When establishing a 
quench curve, a 
minimum of five 
calibration sources of 
different quench factors 
shall be used.  
No samples may be run 
until calibration criteria 
are passed. 
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Table - 19.  Liquid Scintillation Counter Analysis 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Method Calibration 
(QCAL)   

(Standard Addition) 

 

Once after each ICAL. Statistically evaluate 
replicate test-source 
analyses.  (MARLAP 
18.5.6.4) 
or 
The duplicate error ratio 
(DER) between the 
sample and the 
duplicate is <3; or the 
relative percent 
difference (RPD) is 
<25%. 

Correct problem, then 
repeat ICAL. 
 

 
 
 

Flagging criteria are not 
appropriate. 

Add a spike to a 
duplicate processed 
sample or add a spike 
to a sample that has 
been counted and then 
recount. 
No samples may be run 
until calibration 
(Standard Addition) has 
been verified. 

Initial Calibration 
Verification (ICV) 

Once after each ICAL.    
 

Value of each second 
source nuclide ± 10% of 
initial calibration value. 

Correct problem and 
verify second source 
standard.  Rerun ICV.   
If that fails, correct 
problem and repeat 
ICAL. 

Flagging criteria are not 
appropriate. 

Use a second source 
standard for each 
nuclide. 
No samples may be run 
until calibration has 
been verified. 
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Table - 19.  Liquid Scintillation Counter Analysis 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Continuing Calibration 
Verification (CCV) 

Counting efficiency 
performance check 
performed on day-of-use 
basis. 
Prior to use for short 
counting intervals.  
Before and after a test 
source batch for longer 
counting intervals.  
(MARLAP 18.5.6.4) 
For batch sequences that 
run more than a day, 
performance check is 
performed at the 
beginning and end of the 
batch, as long as it is not 
longer than a week. 

Response checks 
should have a tolerance 
limit or control chart set 
at ± 3% or 3σ of the 
mean.  (MARLAP 
18.5.6.4) 
 

Correct problem, rerun 
calibration verification.  If 
that fails, then repeat 
ICAL.   
Reanalyze all samples 
since the last successful 
calibration verification. 

If reanalysis cannot be 
performed, data must 
be qualified and 
explained in the case 
narrative.   
Apply Q-flag to all 
results for the specific 
nuclide(s) in all samples 
since the last 
acceptable calibration 
verification. 

ROI for unquenched 
reference standards 
(typically 3H and/or 
14C). 
Results may not be 
reported without a valid 
CCV.   
Flagging is only 
appropriate in cases 
where the samples 
cannot be reanalyzed. 

Method Blank (MB) One per preparatory 
batch. 
 

|ZBlank |≤ 3.  Investigate 
recurrent results with 
|ZBlank| ≥ 2.  (MARLAP 
18.4.1) 
or 
In-house control limits 
of ±3 σ of the mean. 
With project approval 
and appropriate 
qualification and 
narration, report results 
with a count rate >5 
times that of the 
affected ROI in the MB.  

Recount the blank to 
confirm results, unless all 
sample results are >5 
times the blank activity.   
If required, reprep and 
reanalyze method blank 
and all samples 
processed with the 
contaminated blank. 
All samples following the 
last acceptable 
background 
measurement must be 
reanalyzed. 

If reanalysis cannot be 
performed, data must 
be qualified and 
explained in the case 
narrative.   
Apply B-flag to all 
results for the specific 
analyte(s) in all samples 
in the associated 
preparatory batch. 

Results may not be 
reported without a valid 
method blank.   

Flagging is only 
appropriate in cases 
where the samples 
cannot be reanalyzed. 
Blank matrices must be 
the same as the 
associated samples (i.e. 
radon free distilled or 
deionized water, or 
representative of the 
material media. 
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Table - 19.  Liquid Scintillation Counter Analysis 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Background 
Subtraction Count 
(BSC) Measurement 

(Unquenched blank; 
applicable when MSA 
is used) 

 

Prior to initial use and 
monthly.  (MARLAP 
18.5.6.4) 

 

Use a statistical test to 
determine a change in 
the unquenched 
background ROI count 
rate value.  (MARLAP 
18.5.6.4) 
or 
Within ±3σ of mean 
activity of recent BSCs 
for each ROI to be 
determined.  (minimum 
of 3 BSCs) 

Check control chart for 
trend and recount.  
Determine cause and 
correct problem.  
If background activity has 
changed, re-establish 
BSC and reanalyze all 
impacted samples since 
last acceptable BSC.  
 

If reanalysis cannot be 
performed, apply B-flag 
to all results for specific 
nuclide(s) in all samples 
associated with the 
blank. 
 

Unquenched sealed 
background vial not 
used for background 
subtraction. 
Activity must meet 
project objectives. 

Method Background 
Measurement (MBM) 

(Quenched blank) 

Each batch.  (MARLAP 
18.5.6.4) 

 

Use a statistical test to 
determine a change in 
the quenched 
background ROI count 
rate value.  (MARLAP 
18.5.6.4) 
or 
Within ±3σ of mean 
activity of recent MBMs 
for each ROI to be 
determined.  (minimum 
of 3 MBMs) 

Check control chart for 
trends and recount.  
Determine cause, correct 
problem. 
If background activity has 
changed, re-establish 
MBM and reanalyze all 
impacted samples since 
last acceptable MBM. 

If reanalysis cannot be 
performed, apply B-flag 
where count rate <10 
times that in the 
affected ROI(s) in the 
MBM. 
 

MBM test source 
matches STS 
configuration (type, size 
and position relative to 
the detector). 
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Table - 19.  Liquid Scintillation Counter Analysis 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Laboratory Control 
Sample (LCS)  

One per preparatory 
batch. 
 

|ZLCS |≤ 3.  Investigate 
recurrent results with 
|ZLCS|≥ 2.  (MARLAP 
18.4.3) 
or 
Use in-house control 
chart limits of ± 3σ of 
the mean. In-house 
control limits may not 
fall more than 25% from 
the known LCS value. 
Acceptance criteria for 
LCS recovery may be 
specified by the project. 

Recount the LCS to 
confirm results.  Inspect 
LCS control chart for 
indication of significant 
bias.  
Reprep and reanalyze 
method LCS and all 
associated samples. 

If reanalysis cannot be 
performed, data must 
be qualified and 
explained in the case 
narrative.   
Apply Q-flag to specific 
nuclide(s) in all samples 
in the associated 
preparatory batch. 

LCS matrices must be 
the same as the 
associated samples and 
shall contain nuclides 
within the energy 
ranges of all those 
nuclides to be reported.   
LCS must be counted 
for a sufficient time to 
meet the required 
project minimum 
activity. 
Results may not be 
reported without a valid 
LCS.   
Flagging is only 
appropriate in cases 
where the samples 
cannot be reanalyzed. 

Matrix Spike (MS) One per preparatory 
batch. 
(MS not required when 
yield tracers or carriers 
are employed) 

If activity of the MS > 5 
times the unspiked 
sample, |ZMS |≤ 3.  
(MARLAP 18.4.3) 
or 
Within 60-140% 
recovery. 

Examine the project-
specific requirements.  
Contact the client as to 
additional measures to 
be taken. 

For the specific 
nuclide(s) in the parent 
sample, apply J-flag if 
acceptance criteria are 
not met. 

The data shall be 
evaluated to determine 
the source of difference. 
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Table - 19.  Liquid Scintillation Counter Analysis 

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments 

Sample Duplicate One per preparatory 
batch per matrix. 

|ZDup | ≤ 3.  Investigate 
recurrent results with 
|ZDup|≥ 2.  (MARLAP 
18.4.1) 
or 
The duplicate error ratio 
(DER) between the 
sample and the 
duplicate is <3; or the 
relative percent 
difference (RPD) is 
<25%. 

Examine the project-
specific requirements.  
Contact the client as to 
additional measures to 
be taken. 

For the specific 
nuclide(s) in the parent 
sample, apply J-flag if 
acceptance criteria are 
not met. 

The data shall be 
evaluated to determine 
the source of difference. 

Tracers Added to each sample as 
yield monitor. 

Yield within 30-110%. 
 

Reanalysis of sample, 
including sample 
preparation. 

For the specific 
nuclide(s) in the parent 
sample, apply J-flag if 
acceptance criteria are 
not met. 

The data shall be 
evaluated to determine 
the source of difference. 
Flagging is only 
appropriate in cases 
where the samples 
cannot be reanalyzed. 

Carriers Added to each sample as 
yield monitor. 

Chemical yield within 
30-110%. 
 

Reanalysis of sample, 
including sample 
preparation. 

For the specific 
nuclide(s) in the parent 
sample, apply J-flag if 
acceptance criteria are 
not met. 

The data shall be 
evaluated to determine 
the source of difference. 
Flagging is only 
appropriate in cases 
where the samples 
cannot be reanalyzed. 
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Appendix C:  Laboratory Control Sample (LCS) 
Control Limits and Requirements 

 

1.0 Introduction  
The DoD Environmental Data Quality Workgroup (EDQW) determined that both DoD and DOE 
would benefit from updating the existing Laboratory Control Sample (LCS) control limits that 
were established as a result of a study conducted in 1999 and reported in the 2004 LCS study.  
The initial study in 2004 was based on a limited data set and did not include all the laboratories 
and methods that are now a part of DoD ELAP and DOECAP. The objective of the new study 
was to develop updated LCS limits and provide values for an expanded scope of methods. 

The new LCS study, conducted in the summer of 2012, incorporated the contributions from 
approximately 50 DoD ELAP and DOECAP accredited/approved laboratories. In all, 6.5 million 
records were analyzed, and LCS limits were set for 23 methods and approximately 
1,280 matrix-method-analyte combinations. Based on the laboratory LCS sample data, control 
limits were calculated for all matrix-method-analyte combinations that met the criteria (a 
minimum of 100 records) for having sufficient data. Control limits were calculated as the sample 
mean ± 3 sample standard deviations. 

2.0 LCS Limit Tables 

Table 1. Method 1668 Solid Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

2051-60-7 PCB 1 148 91.7 14.6 48 136 

56558-16-8 PCB 104 152 99.4 6.2 81 118 

32598-14-4 PCB 105 179 105.6 7.2 84 127 

74472-37-0 PCB 114 177 105.4 6.2 87 124 

31508-00-6 PCB 118 180 107.7 9.6 79 137 

65510-44-3 PCB 123 188 107.2 8.8 81 134 

57465-28-8 PCB 126 181 100.8 7.3 79 123 

2050-68-2 PCB 15 151 106 13.9 64 148 

33979-03-2 PCB 155 153 98.7 7.5 76 121 

38380-08-4 PCB 156 176 104.5 6.9 84 125 
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Table 1. Method 1668 Solid Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

52663-72-6 PCB 167 181 106.8 8.3 82 132 

32774-16-6 PCB 169 181 98.8 7.3 77 121 

74487-85-7 PCB 188 150 97.5 6.4 78 117 

39635-31-9 PCB 189 176 102.2 5.7 85 119 

38444-73-4 PCB 19 151 99.5 8.6 74 125 

2136-99-4 PCB 202 150 97.1 7.1 76 118 

74472-53-0 PCB 205 150 100 9.4 72 128 

40186-72-9 PCB 206 183 97.5 7.8 74 121 

52663-77-1 PCB 208 150 100.2 6.6 80 120 

2051-24-3 PCB 209 181 107.6 8.4 83 133 

2051-62-9 PCB 3 126 97.4 13.2 58 137 

38444-90-5 PCB 37 152 104.3 14.4 61 148 

13029-08-8 PCB 4 144 98 13.8 57 140 

15968-05-5 PCB 54 150 95.9 9.5 67 124 

32598-13-3 PCB 77 152 96.5 7 75 118 

70362-50-4 PCB 81 150 100.6 7.7 78 124 

 

Table 2. Method 1668 Water Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

2051-60-7 PCB 1 206 86.7 9.4 58 115 

37680-73-2 PCB 101 107 103.8 9.5 75 132 

56558-16-8 PCB 104 206 99.4 6.9 79 120 

32598-14-4 PCB 105 258 104.7 9.3 77 133 

74472-37-0 PCB 114 246 106.5 8.7 81 133 

31508-00-6 PCB 118 212 104.9 7.7 82 128 
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Table 2. Method 1668 Water Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

65510-44-3 PCB 123 252 106.8 10.2 76 138 

57465-28-8 PCB 126 242 98.4 6.8 78 119 

38380-07-3 PCB 128 103 102.3 7.8 79 126 

2050-68-2 PCB 15 211 103.5 9.8 74 133 

33979-03-2 PCB 155 208 97.4 9.5 69 126 

38380-08-4 PCB 156 248 107.6 9.9 78 137 

52663-72-6 PCB 167 249 110.4 11 78 143 

32774-16-6 PCB 169 247 96.9 8.7 71 123 

35065-30-6 PCB 170 108 108 10 78 138 

74487-85-7 PCB 188 207 95.7 6.5 76 115 

39635-31-9 PCB 189 248 102.4 7.2 81 124 

38444-73-4 PCB 19 196 98.7 6.5 79 118 

2136-99-4 PCB 202 205 95.5 6.2 77 114 

74472-53-0 PCB 205 208 95.5 8.8 69 122 

40186-72-9 PCB 206 210 93.6 6.6 74 113 

52663-77-1 PCB 208 210 98.6 6.4 79 118 

2051-24-3 PCB 209 212 103.7 8 80 128 

2051-62-9 PCB 3 208 93.6 9.8 64 123 

38444-90-5 PCB 37 206 97 12.3 60 134 

13029-08-8 PCB 4 207 95 10.9 62 128 

15968-05-5 PCB 54 204 95 9.4 67 123 

32598-13-3 PCB 77 208 94.1 6.2 75 113 

70362-50-4 PCB 81 208 100.6 8 77 125 
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Table 3. Method 6010 Solid Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

7429-90-5 Aluminum 6258 96.7 7.5 74 119 

7440-36-0 Antimony 5997 96.4 5.7 79 114 

7440-38-2 Arsenic 9530 96.2 4.9 82 111 

7440-39-3 Barium 9236 98.3 5 83 113 

7440-41-7 Beryllium 6799 97.8 5.1 83 113 

7440-42-8 Boron 2312 93 7.1 72 114 

7440-43-9 Cadmium 9466 97.5 5.3 82 113 

7440-70-2 Calcium 6347 98.1 5.8 81 116 

7440-47-3 Chromium 9598 98.9 4.6 85 113 

7440-48-4 Cobalt 6725 98.7 4.5 85 112 

7440-50-8 Copper 7839 99.1 6 81 117 

7439-89-6 Iron 5746 99.7 6.1 81 118 

7439-92-1 Lead 10160 96.8 5.1 81 112 

7439-93-2 Lithium 551 98.8 4.5 85 112 

7439-95-4 Magnesium 6283 96.1 6.1 78 115 

7439-96-5 Manganese 6732 99.1 4.9 84 114 

7439-98-7 Molybdenum 4424 98.7 5.7 82 116 

7440-02-0 Nickel 7412 98.1 4.9 83 113 

7723-14-0 Phosphorus 189 103.1 3.8 92 114 

7440-09-7 Potassium 6574 98.3 5.8 81 116 

7782-49-2 Selenium 8862 94.5 5.6 78 111 

7440-22-4 Silver 9105 97.3 5 82 112 

7440-23-5 Sodium 5825 100.1 5.8 83 118 

7440-24-6 Strontium 2573 98.5 5 83 114 

7440-28-0 Thallium 6416 96.8 4.6 83 111 
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Table 3. Method 6010 Solid Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

7440-31-5 Tin 2780 100.1 6.6 80 120 

7440-32-6 Titanium 2107 98.2 5.2 83 114 

7440-61-1 Uranium 109 97.4 5.2 82 113 

7440-62-2 Vanadium 6934 98.3 5.4 82 114 

7440-66-6 Zinc 7882 97.4 5 82 113 

 

Table 4. Method 6010 Water Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

7429-90-5 Aluminum 11532 100 4.8 86 115 

7440-36-0 Antimony 10737 100.2 4.2 88 113 

7440-38-2 Arsenic 14123 99.9 4.3 87 113 

7440-39-3 Barium 14476 100.3 4.1 88 113 

7440-41-7 Beryllium 11552 100.4 4 89 112 

7440-69-9 Bismuth 147 95.8 3.2 86 105 

7440-42-8 Boron 3871 98.8 4.8 85 113 

7440-43-9 Cadmium 13922 100.8 4.1 88 113 

7440-70-2 Calcium 11382 100 4.2 87 113 

7440-47-3 Chromium 15027 101.1 3.9 90 113 

7440-48-4 Cobalt 11824 101.2 4.2 89 114 

7440-50-8 Copper 12910 100.2 4.6 86 114 

7439-89-6 Iron 13797 100.7 4.7 87 115 

7439-92-1 Lead 14391 99.3 4.4 86 113 

7439-93-2 Lithium 938 100.7 5.3 85 117 

7439-95-4 Magnesium 11423 98.8 4.8 85 113 

7439-96-5 Manganese 12767 101.9 4.1 90 114 
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Table 4. Method 6010 Water Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

7439-98-7 Molybdenum 8251 101.1 4 89 113 

7440-02-0 Nickel 12699 100.5 4.1 88 113 

7440-05-3 Palladium 492 99.8 4 88 112 

7723-14-0 Phosphorus 203 100.5 4.2 88 113 

7440-09-7 Potassium 11006 99.9 4.7 86 114 

7782-49-2 Selenium 13264 98.5 5.2 83 114 

7440-21-3 Silicon 1525 100.6 6.1 82 119 

7440-22-4 Silver 13770 99.1 5.1 84 115 

7440-23-5 Sodium 10893 100.9 4.7 87 115 

7440-24-6 Strontium 3782 101.3 3.8 90 113 

7704-34-9 Sulfur 145 100.7 3.9 89 112 

7440-28-0 Thallium 10063 99.5 4.7 85 114 

7440-31-5 Tin 4502 101.3 4.4 88 115 

7440-32-6 Titanium 5625 101.1 3.4 91 111 

7440-61-1 Uranium 223 101.3 5.8 84 119 

7440-62-2 Vanadium 12032 100.2 3.6 90 111 

7440-66-6 Zinc 13549 100.6 4.6 87 115 

 

Table 5. Method 6020 Solid Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

7429-90-5 Aluminum 919 101 7.7 78 124 

7440-36-0 Antimony 1911 98.2 8.7 72 124 

7440-38-2 Arsenic 3686 99.8 6 82 118 

7440-39-3 Barium 2598 100.6 5 86 116 

7440-41-7 Beryllium 2457 100.3 6.6 80 120 
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Table 5. Method 6020 Solid Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

7440-42-8 Boron 581 101.1 9 74 128 

7440-43-9 Cadmium 2893 99.6 5.4 84 116 

7440-70-2 Calcium 835 102.2 5.4 86 118 

7440-47-3 Chromium 2420 100.8 6 83 119 

7440-48-4 Cobalt 2005 99.7 5.1 84 115 

7440-50-8 Copper 2548 101.3 5.8 84 119 

7439-89-6 Iron 1131 102.7 7.1 81 124 

7439-92-1 Lead 3228 101 5.7 84 118 

7439-93-2 Lithium 162 97.8 7.5 75 120 

7439-95-4 Magnesium 868 101.6 7.1 80 123 

7439-96-5 Manganese 1830 100.3 5.1 85 116 

7439-97-6 Mercury 226 99.9 8.8 74 126 

7439-98-7 Molybdenum 1188 98.1 5.1 83 114 

7440-02-0 Nickel 2617 101.4 5.8 84 119 

7440-09-7 Potassium 803 102.3 5.7 85 119 

7782-49-2 Selenium 3104 99.2 6.6 80 119 

7440-22-4 Silver 2488 100.1 5.9 83 118 

7440-23-5 Sodium 818 102.2 7.7 79 125 

7440-24-6 Strontium 676 101.7 8.9 75 129 

7440-28-0 Thallium 2589 100.1 5.9 83 118 

7440-29-1 Thorium 341 98.4 5.7 81 116 

7440-31-5 Tin 886 101.3 6.6 82 121 

7440-32-6 Titanium 512 100.2 5.7 83 117 

7440-61-1 Uranium 833 101.1 6.1 83 120 

7440-62-2 Vanadium 1677 99.1 5.7 82 116 

7440-66-6 Zinc 2352 100.1 6.2 82 119 
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Table 6. Method 6020 Water Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

7429-90-5 Aluminum 3145 100.6 5.4 84 117 

7440-36-0 Antimony 5172 100.9 5.3 85 117 

7440-38-2 Arsenic 6404 100.1 5.3 84 116 

7440-39-3 Barium 4452 99.9 4.8 86 114 

7440-41-7 Beryllium 4297 102 6.3 83 121 

7440-42-8 Boron 1460 101.5 9.6 73 130 

7440-43-9 Cadmium 5699 100.8 4.7 87 115 

7440-70-2 Calcium 2085 102.3 5.2 87 118 

7440-47-3 Chromium 5569 100.6 5.1 85 116 

7440-48-4 Cobalt 3885 100.7 4.7 86 115 

7440-50-8 Copper 5092 101.4 5.4 85 118 

7439-89-6 Iron 3135 102.4 5.2 87 118 

7439-92-1 Lead 6868 101.7 4.5 88 115 

7439-93-2 Lithium 461 102.3 8 78 126 

7439-95-4 Magnesium 2399 100.4 5.9 83 118 

7439-96-5 Manganese 4330 101.1 4.7 87 115 

7439-97-6 Mercury 328 97.2 9 70 124 

7439-98-7 Molybdenum 2908 99.3 5.4 83 115 

7440-02-0 Nickel 5095 100.8 5.3 85 117 

7440-09-7 Potassium 2154 101.2 4.7 87 115 

7782-49-2 Selenium 5797 100.1 6.7 80 120 

7440-22-4 Silver 4956 100.8 5.1 85 116 

7440-23-5 Sodium 2313 100.7 5.3 85 117 

7440-24-6 Strontium 1170 99.9 5.9 82 118 

7440-28-0 Thallium 5352 99.3 5.6 82 116 
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Table 6. Method 6020 Water Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

7440-29-1 Thorium 313 103.7 5.7 87 121 

7440-31-5 Tin 1509 100.6 4.8 86 115 

7440-32-6 Titanium 1538 98.6 5.3 83 115 

7440-33-7 Tungsten 130 103.5 6.2 85 122 

7440-61-1 Uranium 1860 103.3 5.4 87 120 

7440-62-2 Vanadium 3375 100.5 5 86 115 

7440-66-6 Zinc 4253 101 6 83 119 

 
Table 7. Method 6850 Solid Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

14797-73-0 Perchlorate 575 102.5 6.1 84 121 

 
Table 8. Method 6850 Water Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

14797-73-0 Perchlorate 790 101.6 5.8 84 119 

 
Table 9. Method 7196 Solid Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

18540-29-9 Hexavalent Chromium [Cr (VI)] 2688 96.7 4.3 84 110 
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Table 10. Method 7196 Water Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

18540-29-9 Hexavalent Chromium [Cr (VI)] 1576 100.5 3.6 90 111 

 

Table 11. Method 7470 - 7471 series Solid Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

7439-97-6 Mercury 6471 102 7.5 80 124 

 
Table 12. Method 7470 - 7471 series Water Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

7439-97-6 Mercury 10530 100.5 6.3 82 119 

 
Table 13. Method 8015 (MOD) Solid Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

460-00-4 4-Bromofluorobenzene 1263 100.7 11.1 67 134 

303-04 Diesel Range Organics (DRO) 2184 85.2 15.7 38 132 

307-27 
Gasoline Range Organics 
(GRO) 1134 100.3 7.2 79 122 

307-51 Motor Oil 658 72.2 11.2 39 106 

84-15-1 o-Terphenyl 314 87.4 14.1 45 130 
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Table 14. Method 8015 (MOD) Water Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

460-00-4 4-Bromofluorobenzene 756 101 10.8 69 133 

303-04 Diesel Range Organics (DRO) 1757 83.7 16 36 132 

307-27 
Gasoline Range Organics 
(GRO) 971 99.9 7.3 78 122 

307-51 Motor Oil 573 76.9 12.1 41 113 

84-15-1 o-Terphenyl 299 90.5 11.4 56 125 

630-02-4 Octacosane 130 101.1 13.8 60 142 

 
Table 15. Method 8081 Solid Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

789-02-6 2,4'-DDT 110 100.1 11.9 64 136 

53-19-0 2,4-DDD 111 102.8 9.2 75 130 

3424-82-6 2,4-DDE 111 102.2 9.5 74 131 

72-54-8 4,4'-DDD 2995 97.7 13.9 56 139 

72-55-9 4,4'-DDE 2938 95.3 13 56 134 

50-29-3 4,4'-DDT 2470 95.8 15.1 50 141 

309-00-2 Aldrin 2985 90.5 15.2 45 136 

319-84-6 alpha-BHC 3021 90.9 15.3 45 137 

5103-71-9 alpha-Chlordane 2681 93.7 13.2 54 133 

319-85-7 beta-BHC 2989 93.1 14.3 50 136 

57-74-9 Chlordane 229 95.7 17.7 43 149 

319-86-8 delta-BHC 2943 93.3 15.3 47 139 

60-57-1 Dieldrin 2987 95.7 13.4 56 136 

959-98-8 Endosulfan I 984 92.2 13.2 53 132 
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Table 15. Method 8081 Solid Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

33213-65-9 Endosulfan II 2913 93.1 13.5 53 134 

1031-07-8 Endosulfan sulfate 2954 95.9 13.5 55 136 

72-20-8 Endrin 3076 98.1 13.9 57 140 

7421-93-4 Endrin Aldehyde 3004 86 17 35 137 

53494-70-5 Endrin Ketone 2953 95.5 13.5 55 136 

58-89-9 gamma-BHC [Lindane] 3153 92.1 14.4 49 135 

5103-74-2 gamma-Chlordane 2749 94.3 13.7 53 135 

76-44-8 Heptachlor 3144 91.6 14.9 47 136 

1024-57-3 Heptachlor Epoxide 3093 93.9 13.9 52 136 

118-74-1 Hexachlorobenzene 319 91.6 11.4 57 126 

72-43-5 Methoxychlor 3021 97.6 15.2 52 143 

2385-85-5 Mirex 303 96.4 10.6 65 128 

877-09-8 Tetrachloro-m-xylene 1482 85.3 14.6 42 129 

8001-35-2 Toxaphene 532 86.7 17.9 33 141 

 

Table 16. Method 8081 Water Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

72-54-8 4,4'-DDD 3112 99.6 14.4 56 143 

72-55-9 4,4'-DDE 3062 96 12.9 57 135 

50-29-3 4,4'-DDT 2681 97 15.3 51 143 

309-00-2 Aldrin 3021 89.5 14.7 45 134 

319-84-6 alpha-BHC 3070 95.8 13.9 54 138 

5103-71-9 alpha-Chlordane 2736 94.3 11.6 60 129 

319-85-7 beta-BHC 3068 96.3 13.3 56 136 

57-74-9 Chlordane 150 101.2 13 62 140 
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Table 16. Method 8081 Water Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

319-86-8 delta-BHC 3035 97.2 15 52 142 

60-57-1 Dieldrin 3078 98 12.6 60 136 

959-98-8 Endosulfan I 968 93.8 10.7 62 126 

33213-65-9 Endosulfan II 3047 93.4 13.7 52 135 

1031-07-8 Endosulfan sulfate 3013 97.2 11.9 62 133 

72-20-8 Endrin 3635 98.7 13 60 138 

7421-93-4 Endrin aldehyde 3018 91.1 13.5 51 132 

53494-70-5 Endrin Ketone 2908 95.9 12.6 58 134 

58-89-9 gamma-BHC [Lindane] 3693 96.4 12.5 59 134 

5103-74-2 gamma-Chlordane 3008 95.8 13.2 56 136 

76-44-8 Heptachlor 3597 91.9 12.8 54 130 

1024-57-3 Heptachlor Epoxide 3574 96.9 12.1 61 133 

118-74-1 Hexachlorobenzene 134 82.1 18.1 27.8 136.5 

72-43-5 Methoxychlor 3569 99 15.2 54 145 

2385-85-5 Mirex 340 88.8 12.6 51 127 

877-09-8 Tetrachloro-m-xylene 1510 84.1 13.3 44 124 

8001-35-2 Toxaphene 421 83.9 16.8 33 134 

 

Table 17. Method 8082 Solid Matrix 

CAS ID Analyte 
N   

Records  
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

12674-11-2 Aroclor 1016 6847 90.1 14.5 47 134 

11097-69-1 Aroclor 1254 406 101.2 11.4 67 135 

11096-82-5 Aroclor 1260 7975 96.6 14.4 53 140 

877-09-8 Tetrachloro-m-xylene 2379 86.7 14.4 44 130 



 

DoD/DOE QSM July 2013 Appendix C, Page 186 
 

 

Table 18. Method 8082 Water Matrix 

CAS ID Analyte 
N    

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

12674-11-2 Aroclor 1016 3356 87.1 13.8 46 129 

11097-69-1 Aroclor 1254 184 80.1 15.4 34 127 

11096-82-5 Aroclor 1260 3538 89.4 14.8 45 134 

 

Table 19. Method 8141 Solid Matrix 

CAS ID Analyte 
N   

Records 
Mean 

Standard 
Deviation 

Lower 

Control Limit 

Upper  

Control Limit 

86-50-0 Azinphos-methyl 325 96.7 19.6 38 156 

35400-43-2 Bolstar [Sulprofos] 270 93.5 15.1 48 139 

786-19-6 Carbophenothion 237 96.6 12.5 59 134 

2921-88-2 Chlorpyrifos 333 93.3 15.5 47 140 

56-72-4 Coumaphos 321 98.4 20.5 37 160 

8065-48-3 Demeton 254 80.2 12.4 43 117 

333-41-5 Diazinon 328 87.9 15.2 42 134 

62-73-7 Dichlorvos [DDVP] 322 90.6 17.2 39 142 

60-51-5 Dimethoate 264 77.5 20.6 16 139 

298-04-4 Disulfoton 332 86 19.5 28 145 

2104-64-5 EPN 300 90.6 15.5 44 137 

563-12-2 Ethion 160 99.3 13.5 59 140 

13194-48-4 Ethoprop 325 87.8 13.5 47 128 

52-85-7 Fampphur 192 90.6 14.6 47 134 

115-90-2 Fensulfothion 324 87.1 20 27 147 

55-38-9 Fenthion 325 88.7 14.9 44 134 

121-75-5 Malathion 322 91.2 15.2 46 137 

298-00-0 methyl Parathion 330 93.6 14.8 49 138 
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Table 19. Method 8141 Solid Matrix 

CAS ID Analyte 
N   

Records 
Mean 

Standard 
Deviation 

Lower 

Control Limit 

Upper  

Control Limit 

126-68-1 
O,O,O-Triethyl 
phosphorothioate 186 79.8 13.3 40 120 

56-38-2 Parathion 313 94.3 14.9 50 139 

298-02-2 Phorate 330 82.6 19.8 23 142 

299-84-3 Ronnel 328 91.6 15.5 45 138 

122-34-9 Simazine 120 93 16.3 44 142 

22248-79-9 
Stirophos [Tetrachlorovinphos, 
Gardona] 153 91.2 16.3 42 140 

3689-24-5 
Tetraethyl dithiopyrophosphate 
[Sulfotep] 238 89 12.2 52 126 

297-97-2 Thionazine 192 83.5 13.3 44 124 

34643-46-4 Tokuthion [Protothiofos] 320 90.7 15.1 45 136 

327-98-0 Trichloronate 326 88.3 17.2 37 140 

 

Table 20. Method 8141 Water Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control 

Limit 

Upper 
Control 

Limit 

1912-24-9 Atrazine 262 82.1 12.5 45 120 

86-50-0 Azinphos-methyl 689 88.9 15.4 43 135 

35400-43-2 Bolstar [Sulprofos] 561 91.2 14.6 47 135 

786-19-6 Carbophenothion 418 94.4 14.1 52 137 

2921-88-2 Chlorpyrifos 644 90 14.2 47 133 

56-72-4 Coumaphos 684 89.9 15.1 45 135 

8065-48-3 Demeton 591 76.2 17.1 25 128 

126-75-0 Demeton-S 134 91.4 23.6 21 162 

333-41-5 Diazinon 684 86 14.4 43 129 
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Table 20. Method 8141 Water Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control 

Limit 

Upper 
Control 

Limit 

62-73-7 Dichlorvos [DDVP] 682 88.3 16.4 39 138 

60-51-5 Dimethoate 597 75.2 16.5 26 125 

298-04-4 Disulfoton 753 85.1 16.3 36 134 

2104-64-5 EPN 623 90 14.3 47 133 

563-12-2 Ethion 345 93.3 17.1 42 145 

13194-48-4 Ethoprop 620 88.8 12.2 52 125 

55-38-9 Fenthion 712 89.7 15.8 42 137 

121-75-5 Malathion 635 87.8 14.6 44 132 

150-50-5 Merphos 704 79.6 17.8 26 133 

298-00-0 Methyl parathion 795 91.9 14.2 49 134 

126-68-1 O,O,O-Triethyl phosphorothioate 295 94.2 17.5 42 147 

56-38-2 Parathion 713 92.9 13.7 52 134 

298-02-2 Phorate 675 79.8 19 23 139 

139-40-2 Propazine [Milogard] 241 86.7 11.8 51 122 

299-84-3 Ronnel 740 87.1 15.1 42 133 

22248-79-9 
Stirophos [Tetrachlorovinphos, 
Gardona] 310 94.8 15.8 48 142 

3689-24-5 
Tetraethyl dithiopyrophosphate 
[Sulfotep] 584 86.5 13.1 47 126 

297-97-2 Thionazine 366 85.1 13.4 45 125 

34643-46-4 Tokuthion [Protothiofos] 696 87.8 14.8 43 132 

327-98-0 Trichloronate 556 82.8 18.2 28 137 
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Table 21. Method 8151 Solid Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

93-76-5 2,4,5-T 1106 84.6 17.7 31 138 

93-72-1 2,4,5-TP [Silvex] 1179 86.1 14.3 43 129 

94-75-7 2,4-D 1256 86 19.3 28 144 

94-82-6 2,4-DB 1030 88.2 17.9 34 142 

19719-28-9 2,4-Dichlorophenylacetic Acid 1041 74 15.9 27 122 

100-02-7 4-Nitrophenol 208 76.7 20 17 137 

50594-66-6 Acifluorfen 206 79.8 18 26 134 

1861-32-1 Dacthal (DCPA) 147 72.5 15.6 26 119 

1918-00-9 Dicamba 1070 85.2 15.7 38 132 

120-36-5 Dichloroprop 1033 91.4 21 28 155 

94-74-6 MCPA 935 81.5 17.8 28 135 

93-65-2 MCPP 807 88.7 18 35 143 

 

Table 22. Method 8151 Water Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

93-76-5 2,4,5-T 1758 94.8 17.5 42 147 

93-72-1 2,4,5-TP [Silvex] 2289 92.9 13.8 51 134 

94-75-7 2,4-D 2396 98.4 17.7 45 152 

94-82-6 2,4-DB 1427 94.1 19.7 35 153 

19719-28-9 2,4-Dichlorophenylacetic Acid 905 85 17.7 32 138 

100-02-7 4-Nitrophenol 245 89.8 17.4 38 142 

50594-66-6 Acifluorfen 262 95.5 16.2 47 144 

133-90-4 Chloramben 230 79.5 18.5 24 135 

1861-32-1 Dacthal (DCPA) 160 76.2 13.6 36 117 

75-99-0 Dalapon 1220 79 20 19 139 
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1918-00-9 Dicamba 1434 95.3 15.2 50 141 

120-36-5 Dichloroprop 1404 102 18.8 46 159 

94-74-6 MCPA 1284 89.2 18.2 35 144 

93-65-2 MCPP 1137 95.2 20.7 33 157 

7085-19-0 Mecoprop 126 97.4 21.2 34 161 

87-86-5 Pentachlorophenol 1149 97.5 13.8 56 139 

 

 

Table 23. Method 8260 Solid Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

630-20-6 1,1,1,2-Tetrachloroethane 11115 101.1 7.8 78 125 

71-55-6 1,1,1-Trichloroethane 12156 101.6 9.4 73 130 

79-34-5 1,1,2,2-Tetrachloroethane 11670 97 8.9 70 124 

79-00-5 1,1,2-Trichloroethane 11772 99.7 7.2 78 121 

76-13-1 

1,1,2-Trifluoro-1,2,2-trichloroethane  

[Freon-113] 9760 100.8 11.7 66 136 

75-34-3 1,1-Dichloroethane 11856 100.4 8.1 76 125 

75-35-4 1,1-Dichloroethene 12352 100.3 10.1 70 131 

563-58-6 1,1-Dichloropropene 10793 100.5 8.3 76 125 

87-61-6 1,2,3-Trichlorobenzene 10572 97.8 10.6 66 130 

96-18-4 1,2,3-Trichloropropane 10925 99.1 8.8 73 125 

526-73-8 1,2,3-Trimethylbenzene 1948 99.8 6 82 118 

120-82-1 1,2,4-Trichlorobenzene 10980 98 10.4 67 129 

95-63-6 1,2,4-Trimethylbenzene 11085 98.7 7.9 75 123 

96-12-8 1,2-Dibromo-3-chloropropane 11380 96.6 11.7 61 132 

106-93-4 1,2-Dibromoethane 11408 100.1 7.3 78 122 

95-50-1 1,2-Dichlorobenzene 11785 99.1 7.2 78 121 

107-06-2 1,2-Dichloroethane 12328 100.5 9.2 73 128 
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Table 23. Method 8260 Solid Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

17060-07-0 1,2-Dichloroethane-d4 5951 103.1 10.8 71 136 

540-59-0 1,2-Dichloroethene 7748 99.9 7.3 78 122 

78-87-5 1,2-Dichloropropane 12145 99.5 7.8 76 123 

354-23-4 
1,2-Dichlorotrifluoroethane                 
[Freon 123a] 1269 97.8 11.3 64 132 

108-70-3 1,3,5-Trichlorobenzene 4723 99.4 9.6 71 128 

108-67-8 1,3,5-Trimethylbenzene 11080 98.4 8.4 73 124 

541-73-1 1,3-Dichlorobenzene 11619 98.9 7.4 77 121 

142-28-9 1,3-Dichloropropane 10713 99.1 7.3 77 121 

542-75-6 1,3-Dichloropropene 3714 101.6 8.1 77 126 

106-46-7 1,4-Dichlorobenzene 11848 97.5 7.6 75 120 

105-05-5 1,4-Diethylbenzene 1896 96.6 5.9 79 114 

123-91-1 1,4-Dioxane 7698 96.4 13.7 55 138 

544-10-5 1-Chlorohexane 2543 100.4 9.8 71 130 

594-20-7 2,2-Dichloropropane 10703 99.7 11.1 67 133 

78-93-3 2-Butanone [MEK] 11514 99.6 16.3 51 148 

126-99-8 2-Chloro-1,3-butadiene 6667 99 11.3 65 133 

110-75-8 2-Chloroethyl vinyl ether 6957 96.1 17.6 43 149 

95-49-8 2-Chlorotoluene 10838 98.5 7.9 75 122 

591-78-6 2-Hexanone 11004 99.1 15.4 53 145 

79-46-9 2-Nitropropane 4969 98.3 17.1 47 150 

67-63-0 2-Propanol [Isopropyl alcohol] 1696 99.8 13.4 60 140 

460-00-4 4-Bromofluorobenzene 6267 98.9 6.8 79 119 

106-43-4 4-Chlorotoluene 10785 98.3 8.6 72 124 

108-10-1 4-Methyl-2-pentanone [MIBK] 11364 99.6 11.6 65 135 

67-64-1 Acetone 11089 99.6 21.4 36 164 
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Table 23. Method 8260 Solid Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

75-05-8 Acetonitrile 5697 98.5 14.8 54 143 

107-02-8 Acrolein [Propenal] 7528 101.1 18 47 155 

107-13-1 Acrylonitrile 8293 99.7 11.4 65 134 

107-05-1 Allyl chloride 6908 101.1 11.2 68 135 

71-43-2 Benzene 12853 99.2 7.4 77 121 

100-44-7 Benzyl chloride 2743 92.1 9.4 64 120 

108-86-1 Bromobenzene 10974 99.3 7.3 78 121 

74-97-5 Bromochloromethane 11023 101.4 7.8 78 125 

75-27-4 Bromodichloromethane 11850 101 8.5 75 127 

75-25-2 Bromoform 11890 99.1 10.8 67 132 

74-83-9 Bromomethane 11416 98.3 15 53 143 

75-15-0 Carbon disulfide 11132 97.9 11.5 63 132 

56-23-5 Carbon tetrachloride 12090 102.3 10.7 70 135 

108-90-7 Chlorobenzene 12382 99.7 6.9 79 120 

124-48-1 Chlorodibromomethane 11852 100.2 8.7 74 126 

75-00-3 Chloroethane 11444 98.8 13.3 59 139 

67-66-3 Chloroform 12344 100.3 7.6 78 123 

74-87-3 Chloromethane 11876 93.3 14.3 50 136 

156-59-2 cis-1,2-Dichloroethene 11645 99.9 7.6 77 123 

10061-01-5 cis-1,3-Dichloropropene 11805 99.8 8.7 74 126 

1476-11-5 cis-1,4-Dichloro-2-butene 977 106 12.4 69 143 

110-82-7 Cyclohexane 8827 98.9 10.6 67 131 

108-94-1 Cyclohexanone 3764 93.2 20.9 30 156 

1868-53-7 Dibromofluoromethane 2142 98.1 6.8 78 119 

74-95-3 Dibromomethane 10913 101.1 7.9 78 125 

75-71-8 Dichlorodifluoromethane [Freon-12] 11467 88.9 20.1 29 149 
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Table 23. Method 8260 Solid Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

75-43-4 Dichlorofluoromethane 717 100.8 18 47 155 

60-29-7 Diethyl ether 6283 99.6 9.6 71 129 

108-20-3 Diisopropyl ether 8542 98.3 9.7 69 127 

64-17-5 Ethanol 3958 102.2 18.9 45 159 

141-78-6 Ethyl acetate 4516 95.4 14.5 52 139 

97-63-2 Ethyl methacrylate 7075 98.9 9.9 69 129 

637-92-3 Ethyl tert-butyl ether 7514 98.9 9.1 72 126 

100-41-4 Ethylbenzene 12427 99.1 7.7 76 122 

462-06-6 Fluorobenzene 689 97.3 5.4 81 114 

142-82-5 Heptane 5420 93.4 14.9 49 138 

87-68-3 Hexachlorobutadiene 10264 98.1 12.4 61 135 

67-72-1 Hexachloroethane 3265 102.5 10.1 72 133 

110-54-3 Hexane 7116 93.6 16.1 45 142 

74-88-4 Iodomethane 9457 100.9 10.1 71 131 

78-83-1 Isobutyl alcohol 6162 97.5 12.6 60 135 

108-21-4 Isopropyl acetate [Acetic acid] 2885 94.2 12.2 58 131 

98-82-8 Isopropylbenzene 11596 100.8 11.1 68 134 

179601-23-1 m/p-Xylene [3/4-Xylene] 10612 100.4 7.7 77 124 

126-98-7 Methacrylonitrile 6736 99.2 11.1 66 132 

79-20-9 Methyl acetate 8320 98.7 15.2 53 144 

80-62-6 Methyl methacrylate 7050 98.4 11.9 63 134 

1634-04-4 Methyl tert-butyl ether [MTBE] 11253 98.9 8.7 73 125 

108-87-2 Methylcyclohexane 8565 99.4 11.2 66 133 

75-09-2 Methylene chloride 12024 98.9 9.7 70 128 

123-86-4 n-Butyl acetate 2981 95.1 11 62 128 

71-36-3 n-Butyl alcohol 4800 92.9 12.6 55 131 
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Table 23. Method 8260 Solid Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

104-51-8 n-Butylbenzene 10921 98.7 9.7 70 128 

103-65-1 n-Propylbenzene 10947 98.9 8.8 73 125 

91-20-3 Naphthalene 10602 95.6 11.2 62 129 

95-47-6 o-Xylene 11940 100 7.7 77 123 

99-87-6 p-Isopropyltoluene [p-Cymene] 10953 100.3 9 73 127 

76-01-7 Pentachloroethane 5957 102 11.1 69 135 

107-12-0 Propionitrile [Ethyl cyanide] 6734 101 11.1 68 134 

135-98-8 sec-Butylbenzene 10960 99 8.8 73 126 

100-42-5 Styrene 11809 100.2 8 76 124 

994-05-8 tert-Amyl methyl ether [TAME] 7153 99.8 8.9 73 126 

75-65-0 tert-Butyl alcohol 7492 100.5 10.7 68 133 

98-06-6 tert-Butylbenzene 10974 98.8 8.6 73 125 

127-18-4 Tetrachloroethene 12091 100.5 9.2 73 128 

109-99-9 Tetrahydrofuran 8039 98 12.4 61 135 

108-88-3 Toluene 12499 99.3 7.3 77 121 

2037-26-5 Toluene-d8 6232 100.7 5.2 85 116 

156-60-5 trans-1,2-Dichloroethene 11849 99.2 8.6 74 125 

10061-02-6 trans-1,3-Dichloropropene 11805 100.9 9.8 71 130 

110-57-6 trans-1,4-Dichloro-2-butene 8307 98.6 12.3 62 136 

79-01-6 Trichloroethene 12440 100.2 7.6 77 123 

75-69-4 Trichlorofluoromethane  [Freon-11 ] 11530 101 13.1 62 140 

108-05-4 Vinyl acetate 7260 100.3 16.9 50 151 

75-01-4 Vinyl chloride 12129 95.6 13.2 56 135 

1330-20-7 Xylenes [total] 8623 100.7 7.7 78 124 
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Table 24. Method 8260 Water Matrix 
 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

630-20-6 1,1,1,2-Tetrachloroethane 24511 101.1 7.6 78 124 

71-55-6 1,1,1-Trichloroethane 28223 102.7 9.6 74 131 

79-34-5 1,1,2,2-Tetrachloroethane 27450 96.4 8.3 71 121 

79-00-5 1,1,2-Trichloroethane 27338 99.5 6.5 80 119 

76-13-1 
1,1,2-Trifluoro-1,2,2-trichloroethane            
[Freon-113] 21122 103 11.1 70 136 

75-34-3 1,1-Dichloroethane 28154 101.3 8 77 125 

75-35-4 1,1-Dichloroethene 29436 101 10 71 131 

563-58-6 1,1-Dichloropropene 23631 102 7.8 79 125 

87-61-6 1,2,3-Trichlorobenzene 24271 98.7 10.1 69 129 

96-18-4 1,2,3-Trichloropropane 24525 97.5 8 73 122 

526-73-8 1,2,3-Trimethylbenzene 2965 100.9 6.2 82 120 

120-82-1 1,2,4-Trichlorobenzene 25290 99.8 10.1 69 130 

95-63-6 1,2,4-Trimethylbenzene 27917 99.6 8 76 124 

96-12-8 1,2-Dibromo-3-chloropropane 24955 94.9 11.1 62 128 

106-93-4 1,2-Dibromoethane 29096 99 7.2 77 121 

95-50-1 1,2-Dichlorobenzene 27583 99.4 6.5 80 119 

107-06-2 1,2-Dichloroethane 32965 100.3 9.2 73 128 

17060-07-0 1,2-Dichloroethane-d4 8673 99.5 6.1 81 118 

540-59-0 1,2-Dichloroethene 18667 100.2 7.1 79 121 

78-87-5 1,2-Dichloropropane 27787 100.1 7.2 78 122 

354-23-4 
1,2-Dichlorotrifluoroethane  [Freon 
123a] 3144 103.1 10.9 70 136 

108-70-3 1,3,5-Trichlorobenzene 10037 102.1 9.2 75 130 

108-67-8 1,3,5-Trimethylbenzene 27820 99.5 8.1 75 124 
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Table 24. Method 8260 Water Matrix 
 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

106-99-0 1,3-Butadiene 1202 100.6 19.2 43 158 

541-73-1 1,3-Dichlorobenzene 26951 99.7 6.5 80 119 

142-28-9 1,3-Dichloropropane 23811 99.1 6.5 80 119 

542-75-6 1,3-Dichloropropene 9784 99.9 7.6 77 123 

106-46-7 1,4-Dichlorobenzene 27715 98.3 6.5 79 118 

105-05-5 1,4-Diethylbenzene 1980 98.4 6.4 79 118 

123-91-1 1,4-Dioxane 17866 99 13.4 59 139 

544-10-5 1-Chlorohexane 5790 99.6 8 76 124 

540-84-1 2,2,4-Trimethylpentane  [Isooctane] 5432 95.2 12.3 58 132 

594-20-7 2,2-Dichloropropane 23775 99.7 13.2 60 139 

75-85-4 2-Butanol 4332 92.7 9.1 66 120 

78-93-3 2-Butanone [MEK] 26659 99.6 14.6 56 143 

126-99-8 2-Chloro-1,3-butadiene 15673 100 11.7 65 135 

110-75-8 2-Chloroethyl vinyl ether 18225 94.7 14.7 51 139 

95-49-8 2-Chlorotoluene 23750 100 7.2 79 122 

591-78-6 2-Hexanone 25368 97.9 13.5 57 139 

91-57-6 2-Methylnaphthalene 3754 79.4 20.9 17 142 

79-46-9 2-Nitropropane 10213 92.6 14.5 49 136 

67-63-0 2-Propanol [Isopropyl alcohol] 2034 98.8 14.4 56 142 

624-95-3 3,3-Dimethyl-1-butanol 6491 90.9 13.9 49 133 

460-00-4 4-Bromofluorobenzene 9971 99.7 4.9 85 114 

106-43-4 4-Chlorotoluene 23616 99.9 7.4 78 122 

108-10-1 4-Methyl-2-pentanone [MIBK] 25796 98.5 10.6 67 130 

67-64-1 Acetone 25006 99.5 20.1 39 160 

75-05-8 Acetonitrile 13308 95.8 15.2 50 142 
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Table 24. Method 8260 Water Matrix 
 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

107-02-8 Acrolein [Propenal] 16380 96.8 19.3 39 155 

107-13-1 Acrylonitrile 20173 99 11.9 63 135 

107-05-1 Allyl chloride 15758 99 10.4 68 130 

71-43-2 Benzene 34376 99.4 6.9 79 120 

100-44-7 Benzyl chloride 10675 90.1 15.9 42 138 

108-86-1 Bromobenzene 23762 99.7 6.7 80 120 

74-97-5 Bromochloromethane 24356 100.8 7.5 78 123 

75-27-4 Bromodichloromethane 26888 101.8 7.8 79 125 

75-25-2 Bromoform 27675 97.8 10.8 66 130 

74-83-9 Bromomethane 26717 97 14.7 53 141 

75-15-0 Carbon disulfide 25719 98.8 11.5 64 133 

56-23-5 Carbon tetrachloride 28870 103.8 10.7 72 136 

108-90-7 Chlorobenzene 29802 100 6.1 82 118 

124-48-1 Chlorodibromomethane 27424 100 8.5 74 126 

75-45-6 Chlorodifluoromethane 7197 84.4 14.9 40 129 

75-00-3 Chloroethane 27069 99 13 60 138 

67-66-3 Chloroform 29373 101.1 7.5 79 124 

74-87-3 Chloromethane 27697 94.5 15 50 139 

156-59-2 cis-1,2-Dichloroethene 27935 100.1 7.5 78 123 

10061-01-5 cis-1,3-Dichloropropene 27197 99.5 8 75 124 

1476-11-5 cis-1,4-Dichloro-2-butene 1524 101.5 14.9 57 146 

110-82-7 Cyclohexane 20438 100.4 10 71 130 

1868-53-7 Dibromofluoromethane 5702 99.1 6.5 80 119 

74-95-3 Dibromomethane 24473 101.1 7.3 79 123 

75-71-8 Dichlorodifluoromethane [Freon-12] 25410 92 20.1 32 152 
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Table 24. Method 8260 Water Matrix 
 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

75-43-4 Dichlorofluoromethane 1504 101.5 9.8 72 131 

60-29-7 Diethyl ether 17189 98.6 10.2 68 129 

108-20-3 Diisopropyl ether 22989 97.5 10.3 67 128 

64-17-5 Ethanol 9543 99.2 17.1 48 151 

141-78-6 Ethyl acetate 9208 96.8 13.9 55 138 

97-63-2 Ethyl methacrylate 16674 98.7 9 72 126 

637-92-3 Ethyl tert-butyl ether 19841 98.3 9.4 70 127 

100-41-4 Ethylbenzene 33325 99.8 7 79 121 

462-06-6 Fluorobenzene 1373 97.9 6.1 80 116 

142-82-5 Heptane 11878 94.4 15 49 140 

87-68-3 Hexachlorobutadiene 23535 100.1 11.3 66 134 

67-72-1 Hexachloroethane 8718 102.9 10.3 72 134 

110-54-3 Hexane 15545 95.5 15.9 48 143 

74-88-4 Iodomethane 20229 100 10.4 69 131 

78-83-1 Isobutyl alcohol 14123 97.7 11.7 63 133 

108-21-4 Isopropyl acetate [Acetic acid] 7216 97.8 11.6 63 133 

98-82-8 Isopropylbenzene 28636 101.5 9.9 72 131 

179601-23-1 m/p-Xylene [3/4-Xylene] 28168 100.5 6.9 80 121 

126-98-7 Methacrylonitrile 15982 97.9 11.6 63 133 

79-20-9 Methyl acetate 19698 96 13.2 56 136 

80-62-6 Methyl methacrylate 16524 97.7 10.2 67 128 

1634-04-4 Methyl tert-butyl ether [MTBE] 29660 97.3 8.8 71 124 

108-87-2 Methylcyclohexane 20025 101.8 10.1 72 132 

75-09-2 Methylene chloride 27659 99.4 8.3 74 124 

123-86-4 n-Butyl acetate 7247 96.8 9.4 69 125 
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Table 24. Method 8260 Water Matrix 
 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

71-36-3 n-Butyl alcohol 10122 95.1 12 59 131 

104-51-8 n-Butylbenzene 24088 101.1 8.8 75 128 

109-60-4 n-Propyl acetate 602 100.8 8.3 76 126 

103-65-1 n-Propylbenzene 24419 101 8.5 76 126 

91-20-3 Naphthalene 27847 94.6 11.3 61 128 

95-47-6 o-Xylene 31776 100 7.2 78 122 

99-87-6 p-Isopropyltoluene [p-Cymene] 24335 102 8.5 77 127 

76-01-7 Pentachloroethane 11688 101.1 10.7 69 133 

109-66-0 Pentane 3915 74.8 19.7 16 134 

107-12-0 Propionitrile [Ethyl cyanide] 15701 99.9 12 64 136 

135-98-8 sec-Butylbenzene 24191 101.1 8.1 77 126 

100-42-5 Styrene 26985 100.5 7.6 78 123 

994-05-8 tert-Amyl methyl ether [TAME] 19726 98.1 10.1 68 128 

75-65-0 tert-Butyl alcohol 21112 98.6 10.1 68 129 

762-75-4 tert-Butyl formate 6651 98.1 11.1 65 132 

98-06-6 tert-Butylbenzene 23919 101 7.7 78 124 

127-18-4 Tetrachloroethene 29017 101.3 9.3 74 129 

109-99-9 Tetrahydrofuran 18021 95 12.8 57 133 

108-88-3 Toluene 33510 100.1 6.8 80 121 

2037-26-5 Toluene-d8 9809 100.4 3.8 89 112 

156-60-5 trans-1,2-Dichloroethene 27663 99.5 8.2 75 124 

10061-02-6 trans-1,3-Dichloropropene 27134 100 8.9 73 127 

110-57-6 trans-1,4-Dichloro-2-butene 19320 91.5 16.1 43 140 

79-01-6 Trichloroethene 30150 101.1 7.3 79 123 

75-69-4 Trichlorofluoromethane  26108 103 12.8 65 141 
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Table 24. Method 8260 Water Matrix 
 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

[Freon-11 ] 

108-05-4 Vinyl acetate 18941 100.2 15.3 54 146 

75-01-4 Vinyl chloride 29472 97.4 13.2 58 137 

1330-20-7 Xylenes [total] 23426 100.1 7 79 121 

 

 

Table 25. Method 8270 Solid Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

92-52-4 1,1-Biphenyl 1645 78.5 13 40 117 

95-94-3 1,2,4,5-Tetrachlorobenzene 1810 77.8 13.7 37 119 

120-82-1 1,2,4-Trichlorobenzene 3577 75.7 13.9 34 118 

95-50-1 1,2-Dichlorobenzene 3352 74.6 14 33 117 

528-29-0 1,2-Dinitrobenzene [1,2-DNB] 203 79.4 11.9 44 115 

122-66-7 1,2-Diphenylhydrazine [Azobenzene] 2039 83 13.9 41 125 

99-35-4 1,3,5-Trinitrobenzene [1,3,5-TNB] 154 89.2 10.7 57 121 

541-73-1 1,3-Dichlorobenzene 3288 72.6 14.1 30 115 

99-65-0 1,3-Dinitrobenzene [1,3-DNB] 598 84.6 14 43 127 

106-46-7 1,4-Dichlorobenzene 3793 73.1 13.9 31 115 

100-25-4 1,4-Dinitrobenzene 248 84.4 15.7 37 132 

130-15-4 1,4-Naphthoquinone 150 81.2 8.8 55 108 

90-13-1 1-Chloronaphthalene 119 81.1 11.1 48 115 

90-12-0 1-Methylnaphthalene 3004 79.2 13.2 40 119 

58-90-2 2,3,4,6-Tetrachlorophenol 1724 84.7 13.6 44 125 

935-95-5 2,3,5,6-Tetrachlorophenol 227 75.9 11.9 40 112 
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Table 25. Method 8270 Solid Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

608-27-5 2,3-Dichloroaniline 108 82.4 13 44 121 

95-95-4 2,4,5-Trichlorophenol 4014 82.6 13.7 41 124 

118-79-6 2,4,6-Tribromophenol 2930 85.7 15.4 39 132 

88-06-2 2,4,6-Trichlorophenol 4183 82.1 14.5 39 126 

120-83-2 2,4-Dichlorophenol 3794 80.9 13.7 40 122 

105-67-9 2,4-Dimethylphenol 3886 78.4 16.2 30 127 

121-14-2 2,4-Dinitrotoluene 4075 86.8 12.9 48 126 

87-65-0 2,6-Dichlorophenol 1364 79.2 12.6 41 117 

606-20-2 2,6-Dinitrotoluene 3706 85 13 46 124 

53-96-3 2-Acetylaminofluorene 175 94 13.3 54 134 

91-58-7 2-Chloronaphthalene 3569 77.5 12.1 41 114 

95-57-8 2-Chlorophenol 3977 77.3 14.5 34 121 

321-60-8 2-Fluorobiphenyl 3191 79.5 11.8 44 115 

367-12-4 2-Fluorophenol 3008 75.2 13.3 35 115 

91-57-6 2-Methylnaphthalene 5059 80.1 14 38 122 

95-48-7 2-Methylphenol (o-Cresol) 4016 77 14.9 32 122 

88-74-4 2-Nitroaniline 3639 85.4 13.8 44 127 

119-75-5 2-Nitrodiphenylamine 279 88.1 11.6 53 123 

88-75-5 2-Nitrophenol 3804 79.6 14.5 36 123 

109-06-8 2-Picoline [2-Methylpyridine] 181 64.5 12.7 27 103 

91-94-1 3,3'-Dichlorobenzidine 3521 71.3 16.5 22 121 

56-49-5 3-Methylcholanthrene 188 95.1 13 56 134 

99-09-2 3-Nitroaniline 3454 75.9 14.3 33 119 

65794-96-9 3/4-Methylphenol [m/p-Cresol] 2900 76.5 14.1 34 119 

534-52-1 4,6-Dinitro-2-methylphenol 3739 80.7 17.2 29 132 

101-55-3 4-Bromophenyl phenyl ether 3708 85.1 13 46 124 
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Table 25. Method 8270 Solid Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

59-50-7 4-Chloro-3-methylphenol 3880 83.3 12.9 45 122 

106-47-8 4-Chloroaniline [p-Chloroanlinie] 3435 61.3 14.9 17 106 

7005-72-3 4-Chlorophenyl phenyl ether 3673 83 12.7 45 121 

106-44-5 4-Methylphenol [p-Cresol] 1555 84.1 14.1 42 126 

100-02-7 4-Nitrophenol 3976 80.6 17 30 132 

99-55-8 
5-Nitro-o-toluidine [2-Amino-4-
nitrotoluene] 187 69.8 15.8 23 117 

57-97-6 7,12-Dimethylbenz(a)-anthracene 338 96.2 15.3 50 142 

83-32-9 Acenaphthene 5300 81.3 13.7 40 123 

208-96-8 Acenaphthylene 5194 81.8 16.8 32 132 

98-86-2 Acetophenone 2101 73.9 13.6 33 115 

120-12-7 Anthracene 5250 85.2 12.7 47 123 

1912-24-9 Atrazine 1428 87.1 13.4 47 127 

103-33-3 Azobenzene 378 82.1 14.2 39 125 

56-55-3 Benz(a)anthracene 5385 87.4 12.9 49 126 

50-32-8 Benzo(a)pyrene 5500 86.9 13.9 45 129 

205-99-2 Benzo(b)fluoranthene 5323 88.3 14.5 45 132 

191-24-2 Benzo(g,h,i)perylene 5263 88.5 15.1 43 134 

207-08-9 Benzo(k)fluoranthene 5386 89.6 14.2 47 132 

100-51-6 Benzyl alcohol 2895 75.7 15.6 29 122 

111-91-1 bis(2-Chloroethoxy)methane 3705 78.4 14.2 36 121 

111-44-4 Bis(2-chloroethyl) ether 3711 75.4 14.9 31 120 

39638-32-9 bis(2-Chloroisopropyl) ether 769 82 16.3 33 131 

117-81-7 Bis(2-ethylhexyl) phthalate 4018 91.9 13.7 51 133 

103-23-1 bis(2-Ethylhexyl)adipate 156 90.8 10.1 61 121 

85-68-7 Butyl benzyl phthalate 3956 90.3 14 48 132 
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Table 25. Method 8270 Solid Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

105-60-2 Caprolactam 1203 81.3 11.9 46 117 

86-74-8 Carbazole 3095 86.3 12 50 123 

510-15-6 Chlorobenzilate 172 99.7 16.9 49 150 

218-01-9 Chrysene 5395 87.1 12.2 50 124 

84-74-2 Di-n-butyl phthalate 4041 89.4 12.8 51 128 

117-84-0 Di-n-octyl phthalate 3985 92.4 16 45 140 

2303-16-4 Diallate [cis or trans] 173 93.7 12.7 56 132 

53-70-3 Dibenzo(a,h)anthracene 5393 89.5 14.7 45 134 

132-64-9 Dibenzofuran 3749 81.5 12.7 44 120 

84-66-2 Diethyl phthalate 4012 87.2 12.3 50 124 

60-51-5 Dimethoate 137 68 13.3 28 108 

131-11-3 Dimethyl phthalate 4023 85.9 12.6 48 124 

60-11-7 Dimethylaminoazobenzene 177 98.7 11.6 64 134 

88-85-7 Dinoseb 123 67.3 17.1 16 119 

101-84-8 Diphenyl ether 114 95.6 6 78 114 

122-39-4 Diphenylamine 854 79.5 10.6 48 111 

62-50-0 Ethyl methanesulfonate 174 85.1 16.9 34 136 

206-44-0 Fluoranthene 5340 88.3 12.9 50 127 

86-73-7 Fluorene 5150 84.2 13.8 43 125 

118-74-1 Hexachlorobenzene 4138 83.5 13 45 122 

87-68-3 Hexachlorobutadiene 4003 77.3 15.3 32 123 

67-72-1 Hexachloroethane 4049 72.2 14.9 28 117 

1888-71-7 Hexachloropropene 259 81.9 16.7 32 132 

95-13-6 Indene 188 85.3 8.9 59 112 

193-39-5 Indeno(1,2,3-cd)pyrene 5367 89.3 14.7 45 133 

465-73-6 isodrin 167 93.8 12.8 56 132 
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Table 25. Method 8270 Solid Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

78-59-1 Isophorone 3787 75.9 15.2 30 122 

120-58-1 Isosafrole 174 89.5 15.4 43 136 

66-27-3 Methyl methanesulfonate 150 77.9 13.1 38 117 

100-75-4 N-Nitorosopiperidine 232 89.4 9.8 60 119 

924-16-3 N-Nitrosodi-n-butylamine 236 91.7 10.8 59 124 

621-64-7 N-Nitrosodi-n-propylamine 3857 78.2 13.9 36 120 

55-18-5 N-nitrosodiethylamine 421 82.1 13.8 41 124 

62-75-9 N-Nitrosodimethylamine 3170 71.6 16.2 23 120 

86-30-6 N-Nitrosodiphenylamine 2968 82.7 14.8 38 127 

10595-95-6 n-Nitrosomethylethylamine 265 78.7 14.9 34 123 

59-89-2 n-Nitrosomorpholine 172 91.3 13.8 50 133 

930-55-2 n-Nitrosopyrrolidine 326 85.5 13.6 45 126 

91-20-3 Naphthalene 5342 78.8 14.7 35 123 

98-95-3 Nitrobenzene 4103 77.8 14.7 34 122 

4165-60-0 Nitrobenzene-d5 3226 79.3 14.2 37 122 

56-57-5 Nitroquinoline-1-oxide 177 91.3 24.5 18 165 

126-68-1 O,O,O-Triethyl phosphorothioate 138 91.6 10.8 59 124 

593-45-3 Octadecane 113 87.4 14.5 44 131 

608-93-5 Pentachlorobenzene 346 89.7 11.8 54 125 

76-01-7 Pentachloroethane 131 70.4 10.6 39 102 

87-86-5 Pentachlorophenol 4161 78.7 18 25 133 

82-68-8 Pentchloronitrobenzene 579 86.1 16 38 134 

62-44-2 Phenacetin 185 95 12.5 57 133 

85-01-8 Phenanthrene 5259 85.4 12 50 121 

108-95-2 Phenol 4029 77.3 14.4 34 121 

4165-62-2 Phenol-d5 1016 77.4 14.9 33 122 
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Table 25. Method 8270 Solid Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

23950-58-5 Pronamide 179 93 12.4 56 130 

129-00-0 Pyrene 5518 87.2 13.3 47 127 

91-22-5 Quinoline 219 90 11.9 54 126 

94-59-7 Safrole 176 87.8 13.6 47 129 

1718-51-0 Terphenyl-d14 3111 90.5 12.3 54 127 

3689-24-5 
Tetraethyl dithiopyrophosphate 
[Sulfotep] 136 94.4 14 52 137 

297-97-2 Thionazine 139 94.6 10.7 62 127 

 

Table 26. Method 8270 Water Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper  

Control Limit 

92-52-4 1,1-Biphenyl 2247 82.1 11.1 49 115 

95-94-3 1,2,4,5-Tetrachlorobenzene 2326 77.9 14.5 35 121 

120-82-1 1,2,4-Trichlorobenzene 4716 72.6 14.5 29 116 

95-50-1 1,2-Dichlorobenzene 4442 71.4 13.3 32 111 

528-29-0 1,2-Dinitrobenzene [1,2-DNB] 112 83.9 8.3 59 109 

122-66-7 1,2-Diphenylhydrazine [Azobenzene] 2244 85.4 12.2 49 122 

99-35-4 1,3,5-Trinitrobenzene [1,3,5-TNB] 241 89.1 16 41 137 

541-73-1 1,3-Dichlorobenzene 4375 68.6 13.6 28 110 

99-65-0 1,3-Dinitrobenzene [1,3-DNB] 601 88.2 13.1 49 128 

106-46-7 1,4-Dichlorobenzene 5433 70.4 13.9 29 112 

90-13-1 1-Chloronaphthalene 211 84.5 8.8 58 111 

90-12-0 1-Methylnaphthalene 3742 80 13.1 41 119 

134-32-7 1-Naphthylamine 258 73.7 16.6 24 124 

58-90-2 2,3,4,6-Tetrachlorophenol 2293 89 13 50 128 
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Table 26. Method 8270 Water Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper  

Control Limit 

935-95-5 2,3,5,6-Tetrachlorophenol 266 85.6 11.7 50 121 

608-27-5 2,3-Dichloroaniline 150 99.2 9.8 70 129 

95-95-4 2,4,5-Trichlorophenol 5707 88.1 11.8 53 123 

118-79-6 2,4,6-Tribromophenol 2059 91.5 16 43 140 

88-06-2 2,4,6-Trichlorophenol 6136 87.2 12.4 50 125 

120-83-2 2,4-Dichlorophenol 5330 84 12.2 47 121 

105-67-9 2,4-Dimethylphenol 5298 77.5 15.6 31 124 

51-28-5 2,4-Dinitrophenol 5127 82.9 20 23 143 

121-14-2 2,4-Dinitrotoluene 6032 92.3 11.8 57 128 

87-65-0 2,6-Dichlorophenol 1583 84 11.4 50 118 

606-20-2 2,6-Dinitrotoluene 5107 90.7 11.2 57 124 

53-96-3 2-Acetylaminofluorene 228 98.9 12.9 60 138 

91-58-7 2-Chloronaphthalene 5084 78 12.8 40 116 

95-57-8 2-Chlorophenol 5571 77.5 13.2 38 117 

93951-73-6 2-Chlorophenol-d4 119 79.9 8.7 54 106 

321-60-8 2-Fluorobiphenyl 2263 81.2 12.4 44 119 

367-12-4 2-Fluorophenol 2022 68.8 16.6 19 119 

91-57-6 2-Methylnaphthalene 6330 80.7 13.6 40 121 

95-48-7 2-Methylphenol (o-Cresol) 5800 73 14.5 30 117 

88-74-4 2-Nitroaniline 4855 90.8 12.1 55 127 

119-75-5 2-Nitrodiphenylamine 272 97.3 11.3 64 131 

88-75-5 2-Nitrophenol 5097 84.6 12.7 47 123 

109-06-8 2-Picoline [2-Methylpyridine] 195 71.6 12.6 34 109 

91-94-1 3,3'-Dichlorobenzidine 4815 77.9 16.9 27 129 

56-49-5 3-Methylcholanthrene 237 94 12.8 56 133 
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Table 26. Method 8270 Water Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper  

Control Limit 

99-09-2 3-Nitroaniline 4808 84.4 14.5 41 128 

65794-96-9 3/4-Methylphenol [m/p-Cresol] 3472 69.7 13.6 29 110 

534-52-1 4,6-Dinitro-2-methylphenol 5097 90.1 15.5 44 137 

101-55-3 4-Bromophenyl phenyl ether 5074 89.1 11.5 55 124 

59-50-7 4-Chloro-3-methylphenol 5338 85.5 11.3 52 119 

106-47-8 4-Chloroaniline [p-Chloroanlinie] 4687 75.3 14 33 117 

7005-72-3 4-Chlorophenyl phenyl ether 5071 86.7 11.3 53 121 

106-44-5 4-Methylphenol [p-Cresol] 2798 72.5 15.8 25 120 

99-55-8 
5-Nitro-o-toluidine [2-amino-4-
nitrotoluene] 

260 82.1 14.6 38 126 

57-97-6 7,12-Dimethylbenz(a)-anthracene 373 97.1 11.9 61 133 

83-32-9 Acenaphthene 6952 84.5 12.3 47 122 

208-96-8 Acenaphthylene 6662 85.3 14.7 41 130 

98-86-2 Acetophenone 2877 82.1 12 46 118 

120-12-7 Anthracene 6792 89.6 11 57 123 

140-57-8 Aramite 100 82.8 16.3 34 132 

1912-24-9 Atrazine 2328 92.8 16.4 44 142 

103-33-3 Azobenzene 578 88.5 9.3 61 116 

56-55-3 Benz(a)anthracene 6867 91.6 11.1 58 125 

50-32-8 Benzo(a)pyrene 7045 90.8 12.4 54 128 

205-99-2 Benzo(b)fluoranthene 6767 92 12.9 53 131 

191-24-2 Benzo(g,h,i)perylene 6624 92 13.9 50 134 

207-08-9 Benzo(k)fluoranthene 6803 93.2 12.1 57 129 

100-51-6 Benzyl alcohol 3349 71.2 13.5 31 112 

111-91-1 bis(2-Chloroethoxy)methane 5094 83.9 11.9 48 120 

111-44-4 Bis(2-chloroethyl) ether 5139 80.8 12.6 43 118 
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Table 26. Method 8270 Water Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper  

Control Limit 

39638-32-9 bis(2-Chloroisopropyl) ether 1140 83.4 15.4 37 130 

117-81-7 Bis(2-ethylhexyl) phthalate 5288 95.2 13.3 55 135 

85-68-7 Butyl benzyl phthalate 5173 93.3 13.5 53 134 

86-74-8 Carbazole 4187 91.1 10.4 60 122 

510-15-6 Chlorobenzilate 226 104.3 15.4 58 150 

218-01-9 Chrysene 6779 91.3 10.7 59 123 

124-18-5 Decane 126 66.9 12.8 29 105 

84-74-2 Di-n-butyl phthalate 5329 93 11.4 59 127 

117-84-0 Di-n-octyl phthalate 5222 95.5 15 51 140 

2303-16-4 Diallate [cis or trans] 249 95.3 9.6 67 124 

226-36-8 Dibenz(a,h)acridine 136 104.4 9.7 75 134 

53-70-3 Dibenzo(a,h)anthracene 6840 92.7 13.8 51 134 

132-64-9 Dibenzofuran 4963 85.3 10.8 53 118 

84-66-2 Diethyl phthalate 5207 90.1 11.5 56 125 

131-11-3 Dimethyl phthalate 4977 86 13.7 45 127 

60-11-7 Dimethylaminoazobenzene 238 97.1 11.6 62 132 

88-85-7 Dinoseb 144 93.4 10.8 61 126 

101-84-8 Diphenyl ether 142 91.7 7.8 68 115 

122-39-4 Diphenylamine 754 83 9.2 55 111 

298-04-4 Disulfoton 122 92.5 12.5 55 130 

62-50-0 Ethyl methanesulfonate 215 90.1 9.4 62 118 

206-44-0 Fluoranthene 6826 92.6 11.9 57 128 

86-73-7 Fluorene 6786 88.1 12 52 124 

118-74-1 Hexachlorobenzene 6263 88.7 12.1 53 125 

87-68-3 Hexachlorobutadiene 5878 73.1 16.9 22 124 
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Table 26. Method 8270 Water Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper  

Control Limit 

67-72-1 Hexachloroethane 5904 68 15.7 21 115 

95-13-6 Indene 253 93.8 13.7 53 135 

193-39-5 Indeno(1,2,3-cd)pyrene 6880 92.6 13.6 52 134 

465-73-6 isodrin 212 97.6 10 68 128 

78-59-1 Isophorone 5190 83.3 13.7 42 124 

120-58-1 Isosafrole 230 91.1 11.8 56 126 

66-27-3 Methyl methanesulfonate 237 70.1 12.3 33 107 

298-00-0 Methyl parathion 121 101.6 19 45 159 

100-75-4 N-Nitorosopiperidine 299 88.6 10.8 56 121 

924-16-3 N-Nitrosodi-n-butylamine 322 90.4 10.3 60 121 

621-64-7 N-Nitrosodi-n-propylamine 5145 84 11.7 49 119 

55-18-5 N-nitrosodiethylamine 488 81.8 12.9 43 121 

86-30-6 N-Nitrosodiphenylamine 3743 86.8 11.9 51 123 

10595-95-6 n-Nitrosomethylethylamine 311 78.7 12.7 41 117 

59-89-2 n-Nitrosomorpholine 214 86.2 10.3 55 117 

930-55-2 n-Nitrosopyrrolidine 716 80.8 10.8 48 113 

91-20-3 Naphthalene 6953 80 13.5 40 121 

98-95-3 Nitrobenzene 5955 83 12.8 45 121 

4165-60-0 Nitrobenzene-d5 2223 82.1 12.6 44 120 

126-68-1 O,O,O-Triethyl phosphorothioate 212 92.6 8.8 66 119 

95-53-4 o-Toluidine 296 69.9 13.2 30 110 

593-45-3 Octadecane 151 89 13.1 50 128 

56-38-2 Parathion 152 102.6 12.3 66 140 

608-93-5 Pentachlorobenzene 401 91.1 10.7 59 123 

76-01-7 Pentachloroethane 139 60.9 10.4 30 92 
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Table 26. Method 8270 Water Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper  

Control Limit 

87-86-5 Pentachlorophenol 6083 86.4 17.1 35 138 

82-68-8 Pentchloronitrobenzene 618 94.5 13.4 54 135 

62-44-2 Phenacetin 241 97.9 8.9 71 124 

85-01-8 Phenanthrene 6822 89.6 10.2 59 120 

298-02-2 Phorate 126 88.6 16.8 38 139 

23950-58-5 Pronamide 249 97 10.5 65 129 

129-00-0 Pyrene 7013 91.1 11.5 57 126 

91-22-5 Quinoline 249 100.1 10.5 69 132 

94-59-7 Safrole 233 90 9.7 61 119 

1718-51-0 Terphenyl-d14 1893 91.7 13.9 50 134 

3689-24-5 
Tetraethyl dithiopyrophosphate 
[Sulfotep] 

200 
96.7 11.9 61 133 

297-97-2 Thionazine 196 102 10.1 72 132 

 

Table 27. Method 8270 SIM Solid Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

90-12-0 1-Methylnaphthalene 2267 76.6 11.3 43 111 

95-95-4 2,4,5-Trichlorophenol 169 79.9 14.9 35 125 

91-58-7 2-Chloronaphthalene 615 76.7 10.5 45 108 

321-60-8 2-Fluorobiphenyl 1961 80.6 11.6 46 115 

91-57-6 2-Methylnaphthalene 2535 76.8 12.5 39 114 

83-32-9 Acenaphthene 2813 77.7 11.2 44 111 

208-96-8 Acenaphthylene 2761 77.1 12.8 39 116 

120-12-7 Anthracene 2812 82.1 10.7 50 114 

56-55-3 Benz(a)anthracene 2827 88 11.4 54 122 
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Table 27. Method 8270 SIM Solid Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

50-32-8 Benzo(a)pyrene 2789 87.3 12.5 50 125 

205-99-2 Benzo(b)fluoranthene 2790 90.3 12.6 53 128 

191-24-2 Benzo(g,h,i)perylene 2739 87.8 13 49 127 

207-08-9 Benzo(k)fluoranthene 2761 89.3 11.2 56 123 

111-44-4 Bis(2-chloroethyl) ether 192 65.4 15.8 18 113 

117-81-7 Bis(2-ethylhexyl) phthalate 181 108.9 13.9 67 150 

85-68-7 Butyl benzyl phthalate 144 103.5 10.6 72 135 

86-74-8 Carbazole 183 79.3 14.6 36 123 

218-01-9 Chrysene 2812 87.5 10.2 57 118 

84-74-2 Di-n-butyl phthalate 150 106.5 12.9 68 145 

117-84-0 Di-n-octyl phthalate 144 105.5 16.8 55 156 

53-70-3 Dibenzo(a,h)anthracene 2778 89.2 13.2 50 129 

132-64-9 Dibenzofuran 282 71.9 12.2 35 108 

84-66-2 Diethyl phthalate 147 99.3 10.9 67 132 

131-11-3 Dimethyl phthalate 149 99.3 9.3 71 127 

206-44-0 Fluoranthene 2782 87.3 10.7 55 119 

86-73-7 Fluorene 2795 80.6 11.2 47 114 

118-74-1 Hexachlorobenzene 201 81.9 14.2 39 125 

193-39-5 Indeno(1,2,3-cd)pyrene 2812 89.6 13.5 49 130 

62-75-9 N-Nitrosodimethylamine 117 90.7 10.9 58 124 

91-20-3 Naphthalene 2823 74.7 12.2 38 111 

4165-60-0 Nitrobenzene-d5 531 84.7 13.6 44 125 

87-86-5 Pentachlorophenol 259 82.4 15.5 36 129 

85-01-8 Phenanthrene 2792 80.8 10.6 49 113 

129-00-0 Pyrene 2792 85.8 10.2 55 117 

1718-51-0 Terphenyl-d14 1864 95.3 12.6 58 133 
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Table 28. Method 8270 SIM Water Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

92-52-4 1,1-Biphenyl 106 77.3 7.3 56 99 

90-12-0 1-Methylnaphthalene 2566 77.9 12.5 41 115 

95-95-4 2,4,5-Trichlorophenol 488 84.1 13.4 44 124 

118-79-6 2,4,6-Tribromophenol 164 83.7 12.7 46 122 

606-20-2 2,6-Dinitrotoluene 118 67.2 15.8 20 115 

91-58-7 2-Chloronaphthalene 717 72.4 12.7 34 111 

321-60-8 2-Fluorobiphenyl 747 79.2 8.8 53 106 

91-57-6 2-Methylnaphthalene 2984 76.5 12.6 39 114 

83-32-9 Acenaphthene 3241 80.9 11.1 48 114 

208-96-8 Acenaphthylene 3234 77.8 14.4 35 121 

120-12-7 Anthracene 3224 85.8 11 53 119 

56-55-3 Benz(a)anthracene 3277 89.3 10.1 59 120 

50-32-8 Benzo(a)pyrene 3284 86.4 11.2 53 120 

205-99-2 Benzo(b)fluoranthene 3248 89.7 12.3 53 126 

191-24-2 Benzo(g,h,i)perylene 3178 86 14.1 44 128 

207-08-9 Benzo(k)fluoranthene 3167 89.3 11.9 54 125 

111-44-4 Bis(2-chloroethyl) ether 775 77.8 12.6 40 116 

117-81-7 Bis(2-ethylhexyl) phthalate 275 114.1 19.6 55 173 

85-68-7 Butyl benzyl phthalate 159 90.7 17.3 39 143 

86-74-8 Carbazole 631 84 13.1 45 123 

218-01-9 Chrysene 3215 88.3 10.4 57 120 

84-74-2 Di-n-butyl phthalate 153 102.5 14.2 60 145 

117-84-0 Di-n-octyl phthalate 157 103.3 19 46 160 

53-70-3 Dibenzo(a,h)anthracene 3233 87.2 14.5 44 131 

132-64-9 Dibenzofuran 864 77.5 14.1 35 120 
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Table 28. Method 8270 SIM Water Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

84-66-2 Diethyl phthalate 142 94.5 13.5 54 135 

206-44-0 Fluoranthene 3242 89.1 10.4 58 120 

86-73-7 Fluorene 3232 84.1 11.3 50 118 

118-74-1 Hexachlorobenzene 947 84.8 13 46 124 

87-68-3 Hexachlorobutadiene 187 84.5 14.7 40 129 

193-39-5 Indeno(1,2,3-cd)pyrene 3244 88.7 13.7 48 130 

62-75-9 N-Nitrosodimethylamine 162 62.5 10 33 92 

91-20-3 Naphthalene 3277 78.8 11.9 43 114 

4165-60-0 Nitrobenzene-d5 444 83.1 9.2 55 111 

87-86-5 Pentachlorophenol 808 88.4 17.6 36 141 

85-01-8 Phenanthrene 3240 83.6 10.3 53 115 

129-00-0 Pyrene 3252 87.1 11.3 53 121 

1718-51-0 Terphenyl-d14 642 95.1 12.4 58 132 
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Table 29. Method 8290 Solid Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

3268-87-9 
1,2,3,4,5,6,7,8-Octachlorodibenzo-p-
dioxin 824 104.2 10.3 73 135 

39001-02-0 1,2,3,4,6,7,8,9-Octachlorodibenzofuran 816 104.6 13 66 144 

35822-46-9 1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin 813 100.7 8.1 76 125 

67562-39-4 1,2,3,4,6,7,8-Heptachlorodibenzofuran 835 103.8 10.2 73 135 

55673-89-7 1,2,3,4,7,8,9-Heptachlorodibenzofuran 823 101.1 9.8 72 131 

39227-28-6 1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin 830 101.7 9.9 72 131 

70648-26-9 1,2,3,4,7,8-Hexachlorodibenzofuran 835 103.1 8.9 77 130 

57653-85-7 1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin 844 103.7 10 74 134 

57117-44-9 1,2,3,6,7,8-Hexachlorodibenzofuran 837 103.6 10.3 73 134 

19408-74-3 1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin 845 104.8 11.2 71 138 

72918-21-9 1,2,3,7,8,9-Hexachlorodibenzofuran 895 104.6 10.1 74 135 

40321-76-4 1,2,3,7,8-Pentachlorodibenzo-p-dioxin 840 99.2 8.6 74 125 

57117-41-6 1,2,3,7,8-Pentachlorodibenzofuran 803 103.7 8.9 77 131 

60851-34-5 2,3,4,6,7,8-Hexachlorodibenzofuran 942 103.4 9.7 74 133 

57117-31-4 2,3,4,7,8-Pentachlorodibenzofuran 912 101.4 8.9 75 128 

1746-01-6 2,3,7,8-Tetrachlorodibenzo-p-dioxin 871 99 9.7 70 128 

51207-31-9 2,3,7,8-Tetrachlorodibenzofuran 939 105.2 10.1 75 135 

 

Table 30. Method 8290 Water Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

3268-87-9 
1,2,3,4,5,6,7,8-Octachlorodibenzo-p-
dioxin 539 107.7 9.1 81 135 

39001-02-0 1,2,3,4,6,7,8,9-Octachlorodibenzofuran 553 107.9 14.1 66 150 

35822-46-9 
1,2,3,4,6,7,8-Heptachlorodibenzo-p-
dioxin 537 100.7 7.2 79 122 
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Table 30. Method 8290 Water Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

67562-39-4 1,2,3,4,6,7,8-Heptachlorodibenzofuran 574 105.2 8.1 81 130 

55673-89-7 1,2,3,4,7,8,9-Heptachlorodibenzofuran 575 102.7 8.4 77 128 

39227-28-6 1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin 568 102.9 7.7 80 126 

70648-26-9 1,2,3,4,7,8-Hexachlorodibenzofuran 579 105 8.4 80 130 

57653-85-7 1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin 585 105.7 9.4 78 134 

57117-44-9 1,2,3,6,7,8-Hexachlorodibenzofuran 578 105.1 8.7 79 131 

19408-74-3 1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin 585 106.6 10.1 76 137 

72918-21-9 1,2,3,7,8,9-Hexachlorodibenzofuran 577 106.7 7.9 83 130 

40321-76-4 1,2,3,7,8-Pentachlorodibenzo-p-dioxin 579 98.6 7.5 76 121 

57117-41-6 1,2,3,7,8-Pentachlorodibenzofuran 542 105.8 8 82 130 

60851-34-5 2,3,4,6,7,8-Hexachlorodibenzofuran 597 105.5 8.1 81 130 

57117-31-4 2,3,4,7,8-Pentachlorodibenzofuran 613 103.1 8.6 77 129 

1746-01-6 2,3,7,8-Tetrachlorodibenzo-p-dioxin 635 97.9 9 71 125 

51207-31-9 2,3,7,8-Tetrachlorodibenzofuran 641 104.9 11.1 72 138 

 

Table 31. Method 8310 Solid Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

90-12-0 1-Methylnaphthalene 740 88.3 16.1 40 137 

91-57-6 2-Methylnaphthalene 742 87.3 15.7 40 135 

83-32-9 Acenaphthene 826 87 13.2 47 127 

208-96-8 Acenaphthylene 815 86.5 10.3 56 117 

120-12-7 Anthracene 787 88.9 7.9 65 113 

56-55-3 Benz(a)anthracene 838 97.3 9.5 69 126 

50-32-8 Benzo(a)pyrene 838 91.3 9.6 63 120 

205-99-2 Benzo(b)fluoranthene 838 95.8 8.2 71 120 
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Table 31. Method 8310 Solid Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

191-24-2 Benzo(g,h,i)perylene 831 98.6 10 69 129 

207-08-9 Benzo(k)fluoranthene 834 95 8.3 70 120 

218-01-9 Chrysene 801 95.7 6.5 76 115 

53-70-3 Dibenzo(a,h)anthracene 834 94.2 7.9 70 118 

206-44-0 Fluoranthene 825 94.6 8.2 70 119 

86-73-7 Fluorene 809 89.7 9.6 61 119 

193-39-5 Indeno(1,2,3-cd)pyrene 675 98.9 11.6 64 134 

91-20-3 Naphthalene 848 85.4 16.6 36 135 

85-01-8 Phenanthrene 832 91.3 8.8 65 118 

129-00-0 Pyrene 838 93.7 8.3 69 119 

 

Table 32. Method 8310 Water Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

90-12-0 1-Methylnaphthalene 432 73.3 11 40 106 

91-57-6 2-Methylnaphthalene 448 73.4 10.7 41 106 

83-32-9 Acenaphthene 493 78.5 11.2 45 112 

208-96-8 Acenaphthylene 478 80.5 9.1 53 108 

120-12-7 Anthracene 453 85.8 9.2 58 113 

56-55-3 Benz(a)anthracene 493 89 11.6 54 124 

50-32-8 Benzo(a)pyrene 445 89.1 10.3 58 120 

205-99-2 Benzo(b)fluoranthene 467 88.7 11.6 54 124 

191-24-2 Benzo(g,h,i)perylene 428 88.6 11.3 55 122 

207-08-9 Benzo(k)fluoranthene 460 88.4 11.8 53 124 

218-01-9 Chrysene 469 90.3 9.6 61 119 

53-70-3 Dibenzo(a,h)anthracene 452 87.2 10.5 56 119 
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Table 32. Method 8310 Water Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

206-44-0 Fluoranthene 485 86.9 10.6 55 119 

86-73-7 Fluorene 483 82.2 9.7 53 111 

193-39-5 Indeno(1,2,3-cd)pyrene 458 89.4 12.2 53 126 

91-20-3 Naphthalene 440 73.3 10.5 42 105 

85-01-8 Phenanthrene 489 85.2 9.5 57 114 

129-00-0 Pyrene 472 86.3 9.3 58 114 

 

Table 33. Method 8321 Solid Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

99-35-4 1,3,5-Trinitrobenzene  228 92.4 7.6 69 115 

99-65-0 1,3-Dinitrobenzene  234 102.4 6.5 83 122 

118-96-7 2,4,6-Trinitrotoluene 222 99 11.4 65 133 

121-14-2 2,4-Dinitrotoluene 229 100.7 6.1 82 119 

606-20-2 2,6-Dinitrotoluene 225 99.7 4.6 86 113 

35572-78-2 2-Amino-4,6-dinitrotoluene 230 102.2 9.2 75 130 

88-72-2 2-Nitrotoluene 232 98.1 8.8 72 125 

99-08-1 3-Nitrotoluene 235 96.8 9.5 68 125 

19406-51-0 4-Amino-2,6-dinitrotoluene 230 101.2 8.1 77 125 

99-99-0 4-Nitrotoluene 231 99.2 9.1 72 127 

121-82-4 Hexahydro-1,3,5-trinitro- 
1,3,5-triazine (RDX) 

231 100.2 7.6 77 123 

98-95-3 Nitrobenzene 221 97.1 7.5 75 120 

2691-41-0 Octahydro-1,3,5,7-tetranitro- 
1,3,5,7-tetrazocine (HMX) 

225 89.3 8.1 65 114 

78-11-5 PETN 229 102.3 13.6 62 143 

479-45-8 Tetryl 214 78 13.9 36 120 
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Table 34. Method 8321 Water Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

99-35-4 1,3,5-Trinitrobenzene  452 88.6 7.4 66 111 

99-65-0 1,3-Dinitrobenzene  460 98 6.5 78 118 

118-96-7 2,4,6-Trinitrotoluene 413 98.4 10.1 68 129 

121-14-2 2,4-Dinitrotoluene 458 96.4 6.9 76 117 

606-20-2 2,6-Dinitrotoluene 447 93.7 4.7 80 108 

35572-78-2 2-Amino-4,6-dinitrotoluene 456 97.9 9.6 69 127 

88-72-2 2-Nitrotoluene 359 82 10.1 52 112 

99-08-1 3-Nitrotoluene 356 83 9.7 54 112 

19406-51-0 4-Amino-2,6-dinitrotoluene 459 96.7 9.7 68 126 

99-99-0 4-Nitrotoluene 361 85.5 10.6 54 117 

121-82-4 Hexahydro-1,3,5-trinitro-
1,3,5-triazine (RDX) 

458 99.6 8.9 73 126 

98-95-3 Nitrobenzene 353 84.6 7.7 61 108 

2691-41-0 Octahydro-1,3,5,7-tetranitro-
1,3,5,7-tetrazocine (HMX) 

452 87 8.3 62 112 

78-11-5 PETN 354 95 11 62 128 

479-45-8 Tetryl 330 86.2 17.1 35 138 

 

Table 35. Method 8330 Solid Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

528-29-0 1,2-Dinitrobenzene [1,2-DNB] 339 105.7 5.7 89 123 

99-35-4 1,3,5-Trinitrobenzene [1,3,5-TNB] 607 101.9 7 81 123 

99-65-0 1,3-Dinitrobenzene [1,3-DNB] 602 104.2 6.7 84 124 

118-96-7 2,4,6-Trinitrotoluene 618 100.2 8.4 75 125 

121-14-2 2,4-Dinitrotoluene 600 102.3 6.9 82 123 
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Table 35. Method 8330 Solid Matrix 
606-20-2 2,6-Dinitrotoluene 556 102.4 5.4 86 119 

35572-78-2 2-Amino-4,6-dinitrotoluene 562 103.8 5.7 87 121 

88-72-2 2-Nitrotoluene 591 102 6 84 120 

99-08-1 3-Nitrotoluene 614 103.3 8 79 127 

19406-51-0 4-Amino-2,6-dinitrotoluene 594 104.2 6.7 84 124 

99-99-0 4-Nitrotoluene 595 102.2 6.5 83 122 

121-82-4 Hexahydro-1,3,5-trinitro-1,3,5-
triazine (RDX) 

595 103.1 6.9 82 124 

98-95-3 Nitrobenzene 598 103.9 7.9 80 128 

55-63-0 Nitroglycerin 352 97.2 8.2 73 122 

2691-41-0 Octahydro-1,3,5,7-tetranitro-
1,3,5,7-tetrazocine (HMX) 

581 99.1 7.5 77 122 

78-11-5 PETN 326 100.9 7.5 78 123 

479-45-8 Tetryl 584 101.8 11.9 66 138 

 

Table 36. Method 8330 - 8330B series Water Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

528-29-0 1,2-Dinitrobenzene [1,2-DNB] 978 101.1 6 83 119 

99-35-4 1,3,5-Trinitrobenzene [1,3,5-TNB] 1578 99 8.5 73 125 

99-65-0 1,3-Dinitrobenzene [1,3-DNB] 1572 98.7 7 78 120 

118-96-7 2,4,6-Trinitrotoluene 1728 97 8.6 71 123 

6629-29-4 2,4-Diamino-6-nitrotoluene 578 95 9.1 68 122 

121-14-2 2,4-Dinitrotoluene 1563 98.9 7.1 78 120 

59229-75-3 2,6-Diamino-4-nitrotoluene 577 96.6 8.3 72 122 

606-20-2 2,6-Dinitrotoluene 1693 102 8.3 77 127 

35572-78-2 2-Amino-4,6-dinitrotoluene 1568 99.4 6.8 79 120 

88-72-2 2-Nitrotoluene 1630 98.4 9.6 70 127 
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Table 36. Method 8330 - 8330B series Water Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

618-87-1 3,5-Dinitroaniline 150 94.3 7.6 71 117 

99-08-1 3-Nitrotoluene 1643 98.8 8.8 73 125 

19406-51-0 4-Amino-2,6-dinitrotoluene 1586 100.3 8 76 125 

99-99-0 4-Nitrotoluene 1654 99.1 9.3 71 127 

121-82-4 Hexahydro-1,3,5-trinitro-1,3,5-
triazine (RDX) 

1833 99.1 10.4 68 130 

80251-29-2 Hexahydro-1,3-dinitroso-5-nitro-
1,3,5-triazine (DNX) 

109 92.8 8.8 66 119 

5755-27-1 Hexahydro-1-nitroso-3,5-dinitro-
1,3,5-triazine (MNX) 

249 94.3 12.5 57 132 

98-95-3 Nitrobenzene 1743 99.3 11.4 65 134 

55-63-0 Nitroglycerin 1076 100.4 8.8 74 127 

2691-41-0 Octahydro-1,3,5,7-tetranitro-
1,3,5,7-tetrazocine (HMX) 

1755 100 11.8 65 135 

78-11-5 PETN 1079 100.2 9 73 127 

479-45-8 Tetryl 1597 95.8 10.7 64 128 

 

Table 37. Method 8330B Solid Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper  

Control Limit 

528-29-0 1,2-Dinitrobenzene [1,2-DNB] 283 98.9 6.8 78 119 

99-35-4 1,3,5-Trinitrobenzene [1,3,5-TNB] 450 98 6.1 80 116 

99-65-0 1,3-Dinitrobenzene [1,3-DNB] 461 96.3 7.7 73 119 

118-96-7 2,4,6-Trinitrotoluene 443 95.8 8.2 71 120 

121-14-2 2,4-Dinitrotoluene 457 98 7.5 75 121 

606-20-2 2,6-Dinitrotoluene 430 98 6.3 79 117 

35572-78-2 2-Amino-4,6-dinitrotoluene 455 96.5 8.7 71 123 



 

DoD/DOE QSM July 2013 Appendix C, Page 221 
 

Table 37. Method 8330B Solid Matrix 
88-72-2 2-Nitrotoluene 447 96.8 9.1 70 124 

618-87-1 3,5-Dinitroaniline 115 101.6 5.3 86 118 

99-08-1 3-Nitrotoluene 448 97.7 10.3 67 129 

19406-51-0 4-Amino-2,6-dinitrotoluene 434 95.4 10.6 64 127 

99-99-0 4-Nitrotoluene 451 97.3 8.9 71 124 

121-82-4 
Hexahydro-1,3,5-trinitro-1,3,5-
triazine (RDX) 457 97.9 10.3 67 129 

98-95-3 Nitrobenzene 440 97.9 10.4 67 129 

55-63-0 Nitroglycerin 386 98.1 8.5 73 124 

2691-41-0 
Octahydro-1,3,5,7-tetranitro-
1,3,5,7-tetrazocine (HMX) 422 99.1 8.2 74 124 

78-11-5 PETN 376 100.1 9.4 72 128 

479-45-8 Tetryl 377 101.3 11.1 68 135 

 

Table 38. Method 9010 - 9020 Series Solid Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

57-12-5 Cyanide, Total 842 98.2 7.4 76 120 

 

 

Table 39. Method 9010 - 9020 Series Water Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

57-12-5 Cyanide, Total 1660 99 5.5 83 116 
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Table 40. Method 9056 Solid Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

24959-67-9 Bromide 222 101 5.1 86 116 

16887-00-6 Chloride 612 100.9 4.7 87 115 

16984-48-8 Fluoride 300 100.3 9.1 73 128 

14797-55-8 Nitrate 680 99.2 4 87 111 

14797-65-0 Nitrite 419 100.3 4.9 86 115 

14265-44-2 Phosphate 142 102.4 3.8 91 114 

14808-79-8 Sulfate 305 100.9 4.7 87 115 

 

Table 41. Method 9056 Water Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

24959-67-9 Bromide 2199 100.3 3.2 91 110 

16887-00-6 Chloride 4948 98.5 4 87 111 

16984-48-8 Fluoride 3251 99.7 4 88 112 

14797-55-8 Nitrate 3192 99.7 3.9 88 111 

14797-65-0 Nitrite 2583 98.9 3.9 87 111 

14265-44-2 Phosphate 843 97.8 6.1 80 116 

14808-79-8 Sulfate 4155 99.2 4.1 87 112 
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Table 42. Method RSK-175 Water Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

74-86-2 Acetylene 719 99.6 9.8 70 129 

106-97-8 Butane 262 97.3 7.3 75 119 

124-38-9 Carbon dioxide 441 100.8 6.9 80 122 

74-84-0 Ethane 2240 102.6 9.6 74 131 

74-85-1 Ethylene 2284 102.5 10.2 72 133 

75-28-5 Isobutane 267 97.6 6.6 78 117 

74-82-8 Methane 2459 99.2 8.7 73 125 

74-98-6 Propane 900 98.1 8.2 74 123 

 

Table 43. Method TO-15 Gas Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

630-20-6 1,1,1,2-Tetrachloroethane 1344 97.9 10.5 67 129 

71-55-6 1,1,1-Trichloroethane 5436 96.7 9.5 68 125 

79-34-5 1,1,2,2-Tetrachloroethane 5273 95.9 10.4 65 127 

79-00-5 1,1,2-Trichloroethane 5332 95.9 7.7 73 119 

76-13-1 1,1,2-Trifluoro-1,2,2-
trichloroethane [Freon-113] 

5351 96.1 10 66 126 

75-34-3 1,1-Dichloroethane 5422 97 9.7 68 126 

75-35-4 1,1-Dichloroethene 3503 97.3 11.9 61 133 

96-18-4 1,2,3-Trichloropropane 465 99.6 8 76 124 

120-82-1 1,2,4-Trichlorobenzene 4545 98.5 14.5 55 142 

95-63-6 1,2,4-Trimethylbenzene 4699 99.2 11.1 66 132 
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Table 43. Method TO-15 Gas Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

106-93-4 1,2-Dibromoethane 4655 98.2 7.9 74 122 

76-14-2 1,2-Dichloro-1,1,2,2-
tetrafluoroethane 

4572 92.4 9.7 63 121 

95-50-1 1,2-Dichlorobenzene 4739 95.7 11 63 129 

107-06-2 1,2-Dichloroethane 5467 96.8 10.5 65 128 

78-87-5 1,2-Dichloropropane 4729 95.7 8.9 69 123 

108-67-8 1,3,5-Trimethylbenzene 4679 98.3 10.4 67 130 

106-99-0 1,3-Butadiene 3167 99.8 11.4 66 134 

541-73-1 1,3-Dichlorobenzene 4737 97.1 10.9 65 130 

142-28-9 1,3-Dichloropropane 165 105.2 14.4 62 148 

542-75-6 1,3-Dichloropropene 560 100.7 8.1 77 125 

106-46-7 1,4-Dichlorobenzene 4719 95.8 11.8 60 131 

123-91-1 1,4-Dioxane 2656 96.5 8.6 71 122 

540-84-1 2,2,4-Trimethylpentane 
[Isooctane] 

3008 94.3 8.8 68 121 

78-93-3 2-Butanone [MEK] 4635 98.4 10.4 67 130 

95-49-8 2-Chlorotoluene 1092 101.9 9.2 74 130 

591-78-6 2-Hexanone 4600 95.4 11 62 128 

67-63-0 2-Propanol [Isopropyl alcohol] 3069 88.4 12.3 52 125 

622-96-8 4-Ethyltoluene 4673 97.9 10.3 67 129 

108-10-1 4-Methyl-2-pentanone [MIBK] 4646 98.5 10.5 67 130 

67-64-1 Acetone 4600 92.7 11.6 58 128 

75-05-8 Acetonitrile 1999 97.3 11.6 63 132 

107-02-8 Acrolein [Propenal] 2469 93.8 10.6 62 126 

107-13-1 Acrylonitrile 2105 103.7 10.9 71 137 

107-05-1 Allyl chloride 2980 101.1 10.1 71 131 
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Table 43. Method TO-15 Gas Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

98-83-9 alpha-Methylstyrene 1976 97.3 10.2 67 128 

71-43-2 Benzene 5436 93.8 8.4 69 119 

100-44-7 Benzyl chloride 4419 98.7 16.2 50 147 

75-27-4 Bromodichloromethane 4682 99.9 9.3 72 128 

75-25-2 Bromoform 4638 102.3 12.1 66 139 

74-83-9 Bromomethane 2657 98.6 11.8 63 134 

106-97-8 Butane 587 96.2 10.9 64 129 

75-15-0 Carbon disulfide 4756 95.6 12.7 57 134 

56-23-5 Carbon tetrachloride 4202 99.6 10.7 68 132 

108-90-7 Chlorobenzene 4652 94.5 8 70 119 

124-48-1 Chlorodibromomethane 4628 99.9 10 70 130 

75-45-6 Chlorodifluoromethane 559 102.1 14.3 59 145 

75-00-3 Chloroethane 5370 94.7 10.6 63 127 

67-66-3 Chloroform 5481 95.3 9.3 68 123 

74-87-3 Chloromethane 4540 95.2 12.2 59 132 

156-59-2 cis-1,2-Dichloroethene 5320 95.6 8.4 70 121 

10061-01-5 cis-1,3-Dichloropropene 4691 98.8 9.7 70 128 

110-82-7 Cyclohexane 3178 93.5 7.7 70 117 

124-18-5 Decane 1982 93.8 7.9 70 118 

75-71-8 Dichlorodifluoromethane     
[Freon-12] 

5307 93.6 11.5 59 128 

108-20-3 Diisopropyl ether 2309 93.5 8 70 117 

64-17-5 Ethanol 2981 91.8 11.1 59 125 

141-78-6 Ethyl acetate 2835 96.4 10.5 65 128 

100-41-4 Ethylbenzene 5420 96.8 9 70 124 

142-82-5 Heptane 3163 95.7 8.9 69 123 
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Table 43. Method TO-15 Gas Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

87-68-3 Hexachlorobutadiene 4551 96.7 13.7 56 138 

110-54-3 Hexane 3150 91.6 9.5 63 120 

98-82-8 Isopropylbenzene 3022 95.6 9.3 68 124 

179601-23-1 m/p-Xylene [3/4-Xylene] 5019 97.3 12.3 61 134 

80-62-6 Methyl methacrylate 3037 98.9 9.7 70 128 

1634-04-4 Methyl tert-butyl ether [MTBE] 4681 95.5 10 66 126 

75-09-2 Methylene chloride 5314 88.8 8.9 62 115 

71-36-3 n-Butyl alcohol 1981 97.5 11.7 62 133 

104-51-8 n-Butylbenzene 2656 97.7 10.6 66 130 

112-40-3 n-DoDecane 1932 104.4 14.1 62 147 

103-65-1 n-Propylbenzene 2570 95.7 9 69 123 

91-20-3 Naphthalene 2439 97.5 13.4 57 138 

111-84-2 Nonane 2617 95.4 10.8 63 128 

95-47-6 o-Xylene 5334 96.3 9.7 67 125 

111-65-9 Octane 2514 95 8.7 69 121 

99-87-6 p-Isopropyltoluene [p-Cymene] 2694 98.1 10.5 67 130 

109-66-0 Pentane 712 96.7 11.3 63 131 

115-07-1 Propene 3193 96.6 13.3 57 136 

135-98-8 sec-Butylbenzene 2665 96.4 9.6 68 125 

100-42-5 Styrene 4735 100.1 9 73 127 

75-65-0 tert-Butyl alcohol 2997 86.8 20.9 24 150 

98-06-6 tert-Butylbenzene 2710 94.3 9.8 65 124 

127-18-4 Tetrachloroethene 5432 95.2 9.7 66 124 

109-99-9 Tetrahydrofuran 3192 93.7 9.8 64 123 

108-88-3 Toluene 5406 92.7 8.8 66 119 

156-60-5 trans-1,2-Dichloroethene 5411 95.5 9.5 67 124 
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Table 43. Method TO-15 Gas Matrix 

CAS ID Analyte 
N 

Records 
Mean 

Standard 
Deviation 

Lower 
Control Limit 

Upper 
Control Limit 

10061-02-6 trans-1,3-Dichloropropene 4621 104 9.6 75 133 

79-01-6 Trichloroethene 5478 96.7 8.7 71 123 

75-69-4 Trichlorofluoromethane       
[Freon-11] 

5376 93.7 10.6 62 126 

1120-21-4 Undecane 1976 96.1 9 69 123 

108-05-4 Vinyl acetate 4599 97.4 13.7 56 139 

593-60-2 Vinyl bromide 1054 98.4 9.2 71 126 

75-01-4 Vinyl chloride 5445 95.1 10.4 64 127 
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APPENDIX D: Non-Destructive Assay (NDA) 

This appendix addresses quality assurance and control measures to be implemented by the 
NDA measurement organization.  There are two subsections, one concerning quality assurance 
requirements that must be performed and documented, and another addressing quality control 
measures with criteria for acceptable performance and associated action limits.   

1.0 Quality Assurance  

1.1 NDA System Calibration 
This section delineates requirements for establishment of a traceable NDA measurement 
system “initial calibration”, confirmation of the “initial calibration” and the continuing verification 
of such.  Procedures shall be developed and implemented for NDA measurement system 
calibration methods and processes.  Per the purpose of this Appendix, the term calibration is 
referred to and defined in three separate ways: 1) initial calibration, 2) calibration confirmation, 
and 3) calibration verification. 

The “initial calibration” is that fundamental calibration that addresses and accounts for the 
response of an NDA measurement system to radioactive materials present in the waste 
containers or process components of interest (measurement items).  The “calibration 
confirmation” is a thorough corroboration of the “initial calibration” using traceable working 
reference materials (WRMs) and representative waste matrix/ process component 
configurations.  The “calibration verification” is a periodic verification of the “initial calibration” to 
ensure on-going long-term data quality compliance through the period of NDA operations. 

Procedural steps for calibration are not specified here.  However, those elements that must be 
considered during the “initial calibration,” “calibration confirmation”, and “calibration verification” 
are enumerated.  This allows the NDA measurement organization autonomy in devising and 
implementing techniques and analytical procedures for these three calibration definitions.  
Through these three mechanisms, the NDA measurement organization shall demonstrate the 
calibration and associated uncertainty is compliant with applicable client and/or end-user 
requirements initially and throughout the contract period. 

1.1.1 Initial NDA System Calibration 
An NDA measurement system “initial calibration” shall be performed to ensure the 
measurement system response provides valid data of known and documented quality.  
Calibrations shall be performed using traceable WRMs obtained from suppliers maintaining a 
nationally recognized reference base and an accredited measurement program.  Full 
documentation of the calibration technique, process, and results is required.  For cases where 
there is an insufficient number and denomination of traceable radioactive material standards to 
support the “initial calibration”, the NDA organization can develop alternate calibration strategies 
based on available resources.  Alternate strategies shall be clearly documented and technically 
justifiable. 
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The development and establishment of an “initial calibration” shall address the following as 
applicable: 

a) SOPs shall be in place to specify steps/activities necessary to develop and determine 
the “initial calibration” including but not limited to, specification of traceable radioactive 
sources or their alternates, geometrical positioning of sources, traceable source/matrix 
media configurations, acquisition of NDA system response data, computational methods, 
analysis of response data to determine a robust calibration, calibration acceptance 
criteria, calibration applicability and qualifiers and calibration uncertainty. 

b) The “initial calibration” shall be performed through the use of traceable working 
reference materials, unless exceptions have been stipulated and documented.  For 
mass calibrations (i.e., calibrations that use a direct measurement of the same isotopes, 
matrices, and containers that will subsequently be measured in unknown items), the 
radioactive material mass and matrix characteristics must span and bracket the range of 
anticipated values for the measurement items.  For calibrations based on instrument 
response modeling, sufficient information shall be provided in the method description 
and calibration regimen to assure that the calibration measurements and model 
appropriately spans and brackets the anticipated analysis space (e.g., provide 
mechanisms to account for anticipated geometries, radioactive material mass, chemical 
composition, and matrix characteristics).  For enrichment determinations using the 
enrichment meter technique, the initial calibration must span the range of enrichments in 
anticipated unknown item measurements. 

c) The measurement uncertainty associated with the application of the “initial calibration” 
shall be established using a sound and technically defensible technique.  Methods for 
the estimation of total measurement uncertainty (TMU) shall be developed and 
documented.  Where applicable, the calibration uncertainty shall include terms for mass, 
matrix characteristics and configurations and radioactive material properties.  These 
methods shall consider, at a minimum, uncertainty components, the calibration 
uncertainty model (method of uncertainty component propagation), estimates of 
uncertainty introduced by differences between item characteristics and calibration 
modeling assumptions.  For example, if the model assumes a homogeneous distribution 
of the isotope of interest, the uncertainty introduced if items are not homogeneous using 
a worst case distribution as determined through a documented engineering judgment 
including supporting data must be determined. 

d) The NDA measurement method capability related to each initial calibration must be 
defined and documented.  As applicable, this capability includes waste matrix types, 
process equipment types, geometries, configurations, radioactive material types, matrix 
density range, hydrogenous material range, radioactive material mass range, radioactive 
material compound, and other parameters affecting instrument response.  The intent of 
defining the capability is to delineate those source/matrix configurations where the 
calibration is applicable and where it is not. 

e) Where surrogate materials are used to simulate waste matrices, their configuration(s) 
must be nominally representative of the actual waste item population.  The design of 
surrogate matrix configurations must be documented.  Surrogate materials used to 
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produce a given matrix configuration shall be carefully specified, procured and the 
resultant physical properties and configuration documented. 

f) If NDA method manuals, national standards, or a mandated NDA calibration methods do 
not specify the number of traceable WRMs to span the mass/activity and radioactive 
material compound(s) characteristics of the waste/process component, a minimum 
number must be determined and technically justified.  NDA organization must document 
this number and their denominations in a calibration SOP or other applicable document.  
This requirement does not necessarily apply to NDA methods that rely on modeling.  
However, the method used to assure that the calibration and model appropriately spans 
and brackets the anticipated analysis space (e.g., provide mechanisms to account for 
anticipated geometries, radioactive material mass, chemical composition, and matrix 
characteristics) as per item (b) above must be technically justified and documented.  The 
For NDA methods that do not necessarily require calibration with source material similar 
in nature to the waste or process items (e.g., neutron counting), those source(s) used 
are still required to be traceable.  However, accounting of the efficiency variation 
because of the composition of the actual radioactive material shall be assessed and 
corrected for (e.g., Californium (252Cf) fission neutron spectrum counter efficiency versus 
uranyl fluoride (UO2F2) neutron spectrum efficiency.) 

g) The “initial calibration” process shall be clearly documented including the calibration 
measurement configurations, data acquisition parameters, acquired data, data reduction 
methods, resultant calibration factors or expressions, statistical analyses and 
uncertainties.  Records containing information pertinent to the calibration process shall 
be retained including but not limited to:  

1) WRM and/or surrogate waste matrix configurations used to acquire instrument 
response data, calibration determination techniques, 

2)  SOP(s) used, 
3)  data acquisition parameters, 
4)  NDA system identification, 
5)  analytical software used, 
6)  traceable standard identifications, 
7)  analytical support equipment information,  
8) electronic file storage locations. 
Records shall be sufficient to allow reproduction of the “initial calibration”. 

h) The initial calibration shall be re-established when repairs or changes are made to the 
measurement system that are likely to affect one or more calibration parameters.  
Examples that may require repeating the initial calibration include, but not are limited to: 

1) major NDA system repairs or modifications, 
2) replacement of vital NDA measurement system components (e.g., collimator, 

multi-channel analyzer (MCA), neutron generator), 
3) change in collimator depth and/or aperture not accounted for in a model, and 
4) significant software modification and/or changes. 

 



 

DoD/DOE QSM July 2013 Appendix D, Page 231 
 

1.1.2 Calibration Confirmation 
A confirmation of the “initial” NDA measurement system calibration shall be performed.  In this 
context, confirmation means the “initial calibration” shall be assessed and determined to be 
correct and true by the objective collection of evidence supporting the calibration was properly 
established. 

a) The “calibration confirmation” process is to produce objective evidence demonstrating 
the applicability and correctness of the “initial calibration” relative to the waste forms and 
process components of interest.  The recommended method is to assemble test item(s) 
consisting of traceable source/matrix configuration(s) nominally representative of the 
waste form and/or process components to be characterized.  They cannot be the same 
configurations used to establish the “initial calibration”.  They must contain a known and 
traceable radioactive element/isotope, mass/activity and/or enrichment in a known and 
representative matrix configuration.  The confirmation test item(s) are then measured 
using the “initial calibration” of the NDA system.  The number of differing test item 
configurations used to confirm the calibration is to be determined by the NDA 
organization and documented.  The reported “calibration confirmation” measurement 
result must agree, with criteria as established by the NDA organization, with the known 
element/isotope, mass/activity and/or enrichment of the confirmation test item(s).  The 
NDA organization acceptance criteria shall not exceed the criteria as presented in 
Section 1.1.3 unless technically justified and documented. 

b) The radioactive sources used for “calibration confirmation” purposes shall, to the extent 
practicable, be representative of the actual radioactive material compositions and 
chemical compounds as found in the measurement item inventory of interest.   

c) Radioactive material standards used for “calibration confirmation” are to be traceable to 
a nationally recognized reference base (e.g., National Institute of Standards and 
Technology [NIST] or New Brunswick Laboratory [NBL]).  The traceable standards used 
for “calibration confirmation” shall not be related to (from the same feedstock or lineage) 
those used to perform the “initial calibration”.  Noncompliance with this requirement, due 
to lack of a sufficient variety of traceable standards, can be temporarily waived provided 
an adequate alternate confirmation strategy is devised.  

d) Calibration confirmation acceptance is assessed through the degree of agreement 
between the known “calibration confirmation“ test item value and that as per the NDA 
confirmation measurement result.  The NDA organization is to determine and document 
representative “calibration confirmation” source/matrix surrogate configuration(s).  The 
NDA organization may also develop “calibration confirmation” bias and precision 
acceptance criteria specific to the NDA system and measurement items under 
consideration.  Recommended “calibration confirmation” acceptance criteria are 
delineated in Section 1.1.3.   

e) Calibration confirmation results outside NDA organization defined acceptance criteria 
require implementation of corrective action(s) as applicable.  Calibration confirmation 
results are not to exceed the maximum allowable acceptance criteria of Section 1.1.3 
unless the NDA organization has specifically determined and documented greater limits 
with the requisite technical justification.   
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f) For the case where a corrective action was required and subsequently implemented, the 
“calibration confirmation” process is to be repeated.  Acceptable results must be 
obtained and documented before the NDA system is considered operational.  Where a 
“calibration confirmation” failure was determined to be due to a minor issue (e.g., wrong 
constant, wrong efficiency file, or an inappropriate test item), the entire “calibration 
confirmation” measurement regimen may not need to be repeated.  This is acceptable 
provided it is the true cause of the failure.  All corrective actions and their effects, 
supporting data, results, etc., shall be documented and retained. 

g) In the case where the “calibration confirmation” was acceptable for certain types or 
categories of radioactive material/waste matrix configurations, but unacceptable for other 
categories with distinctly different source/matrix properties, conditional acceptance of the 
“calibration confirmation” can be made.  The NDA organization, however, must clearly 
identify which categories of source/matrix configurations are approved for NDA 
measurement and which are not.  The technical basis for accepting certain source/matrix 
categories shall be documented and available for review.  Recalibration or corrective 
action efforts should be implemented and documented for source/matrix categories not 
meeting acceptance criteria for “calibration confirmation”. 

h) The “calibration confirmation” process shall be performed following an initial calibration 
or when there are indications warranting a re-assessment of the “initial calibration”, e.g., 
the source/matrix configuration of measurement items varies relative to the 
source/matrix configurations used to develop the “initial calibration”.  Additional causes 
for a performing a “calibration confirmation” include: 

1) major NDA system repairs or modifications, 
2) replacement of NDA measurement system components, e.g., detector, neutron 

generator or supporting electronic components that have the potential to affect 
data quality, 

3) re-calibration, 
4) significant changes to the NDA system software, and, 

i) relocation of the system (applies primarily to fixed stationary systems). Records must be 
retained to permit reconstruction of any NDA measurement system “calibration 
confirmation”(e.g., NDA method, measurement system configuration, confirmation date, 
primary radioactive isotope(s), mass or concentration and response, calibration factor(s), 
or equations/coefficients used to convert NDA instrument response to 
mass/concentration).  Documentation must explicitly connect the “calibration 
confirmation” data/records to the “initial calibration”. 

1.1.3 Calibration Confirmation Acceptance Criteria 
a) Bias and precision limits are used to determine the acceptability of “calibration 

confirmation” measurements.  The specified limits should be “upper limits” to be applied 
to all NDA measurement techniques over all matrix configurations.  The recommended 
“calibration confirmation” limits are not specifically tied to end-user requirements, rather 
they are nominal performance levels expected of NDA systems.  Failure to comply with 
these bias and precision limits is used as an indicator that more capable measurement 
techniques need to be developed. 
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b) NDA measurement system bias and precision should be determined through the 
acquisition of replicate measurements using matrix container and/or process component 
mock-ups combined with traceable WRMs.  The source/matrix configurations are to be 
representative of the actual measurement item population of interest.  The number of 
different source/matrix test configurations and replicate measurements of each shall be 
determined by the NDA organization and documented.  The “calibration confirmation” 
bias is to be determined in terms of %Bias [(mean measured value - known 
value)/known value]*100 or %R (mean measured value/known value)*100.  The bias 
shall not be outside the limits as per Table -1 at the 95% confidence level. 

c) Precision is reported as percent relative standard deviation (% RSD).  The %RSD shall 
not exceed the value listed in the last row of Table -1 for twenty replicate measurements 
of the “calibration confirmation” source/matrix test item(s).  Equivalent %RSD limits for a 
number of different replicate values are tabulated in Table -2. 

Table -1.  Calibration Confirmation Acceptance Limits 

Confirmation Range %Bias %R 

bias (lower limit) -30 70 

bias (upper limit) 30 130 

precision 20% RSD at the 95% confidence level for 15 replicates 

 

Table -2. Upper Limits for %RSD vs. Number of Replicates 

Number of 
Replicates 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Max 
%RSDa 

1.8 6.6 10.0 12.3 14.0 15.2 16.2 17.1 17.7 18.3 18.8 19.3 19.7 20.0 

a – the values listed are derived from the measured standard deviation of the replicate 
measurements using 
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where s is the measured standard deviation, n is the number of replicates,  
µ is the known or true value, 2

1,05.0 -nc is the critical value for the upper 5% tail of a 

one sided chi-squared distribution, with n-1 degrees of freedom, and the 0.292 
constant corresponds to a 95% upper confidence bound on the true system 
precision limit of 29.2%. 
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NDA service providers may develop alternate methods and limits for bias and 
precision.  Such alternate methods and limits must be technically defensible and 
clearly documented. 

Failure to comply with the bias and precision requirements for “calibration confirmation” 
requires development of a corrective action plan (CAP).  The CAP shall include detail on 
the nature of the failure, its suspected causes, methods to evaluate potential causes, 
and activities proposed to identify and rectify the deficiency.   The CAP results shall be 
documented and show why the failure occurred and what actions were taken to prevent 
a re-occurrence.  The calibration confirmation shall be performed again after the 
corrective actions in the CAP have been implemented and the results documented. 
 

1.1.4 Calibration Verification 
“Calibration verification” is a measure designed to provide continual and long-term information 
on the stability of the “initial calibration” while minimizing the impact on NDA operational 
schedules and resources.  The “calibration verification” test item(s) must meet the bias 
acceptance criteria delineated in Section 1.1.3.  A “calibration verification” shall be performed at 
least once every five operational days for each measurement system and calibration in use.  A 
five day operational period is defined as a rolling tally of five days where NDA operations were 
in effect, not necessarily consecutive.  The start point for the five day operational period is from 
the start of approved operations or the first operational day after the previous rolling five day 
tally was completed.  The five day operational “calibration verification” requirement may be 
extended to a maximum of thirty operational days provided the NDA organization can 
demonstrate and technically justify the long term stability of the NDA system per established 
acceptance criteria. 

Calibration verification test items are typically selected from or assembled from the traceable 
standards and matrix containers or process component mock-ups used in the “calibration 
confirmation” process.  The “calibration verification” test item is to be submitted to NDA 
operations in a “blind” manner, where applicable, and processed through the measurement 
routine as though it were an actual measurement item.  The “calibration verification” test items 
are to be selected and/or configured and submitted such that during a 12-month period the 
operational space of the NDA system “initial calibration” is spanned.  The “calibration 
verification” is a point check in the calibration realm.  It is not required that each waste matrix 
type comprising the operational space of the NDA system be tested.  However, it is expected 
that the “calibration verification” configurations vary over the operational space.  The NDA 
organization is responsible for specification, assembly and selection of “calibration verification” 
test items and meeting the applicable rolling operational day period, (i.e., minimum five days, 
maximum thirty days). 

Acceptable performance for a “calibration verification” measurement result in terms of bias, 
trending measures and so forth shall be determined and documented by the NDA organization.  
It is recommended that the “calibration confirmation” acceptability requirements of Section 1.1.3 
be considered in this process.  A CAP for out-of-control “calibration verification” results is to be 
prepared by the NDA organization.  The CAP shall include a provision requiring the evaluation 
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of measurement item data potentially affected by the failed “calibration verification” measure.  
The “calibration verification” protocol, monitoring, acceptance criteria, action levels, etc., are to 
be clearly documented and readily available for review.  The calibration verification data is to be 
control charted and monitored for trends over time. 

The NDA organization can utilize other methods of “calibration verification” provided they are 
technically justifiable and documented. 

1.2 NDA Method Detection Limit 
A methodology shall be in place to determine NDA measurement system detection limit for 
those radionuclides specified per the client/end-user requirements.  It shall be re-determined 
each time there is a significant change in the measurement method or matrix configuration.  
Instruments performing low-level waste discrimination measurements must have a minimum 
detectable activity (MDA)/lower limit of detection (LLD) sufficient to meet the acceptance criteria.  
The methodology for determination of the MDA/LLD is to be documented by the NDA 
organization. 

The LLD is that level of radioactivity which, if present, yields a measured value greater than the 
critical level (Lc) with a 95% probability, where the Lc is defined as that value which 
measurements of the background will exceed with 5% probability (the LLD may be defined in a 
different manner to comply with specific client needs).  Because the LLD is a measurement-
based parameter, it is not feasible to calculate LLDs for radionuclides that are not determined 
primarily by measurement, e.g., 99Tc.  In such cases, the NDA organization shall derive the 
equivalent of an LLD (i.e., a reporting threshold for a radionuclide(s) when technically justified).  
This value may be based on decay kinetics, scaling factors, or other scientifically based 
relationships and must be adequately documented in site records. 

The minimum detectable activity is that activity of an analyte in a sample that will be detected 
with a probability β of non-detection (Type II error) while accepting a probability α of erroneously 
deciding that a positive (non-zero) quantity of analyte is present in an appropriate blank sample 
(Type I error). For the purposes of this document, the alpha (α) and beta β) probabilities are 
both set at 0.05 unless otherwise specified. 

1.3 Infinite Thickness 
For a given radioactive material thickness (deposit or buildup), a thickness may be reached 
beyond which there is no increase in counts for an increase in thickness.  At this point, infinite 
thickness has been reached.  This phenomenon is typically only observed in gamma-ray 
counting.  The NDA organization shall have a documented process for identifying infinite 
thickness when performing measurements.  Some common techniques include: 

a) Transmission Factor - ASTM C1133-89, ‘Standard Test Method for NDA of Special 
Nuclear Material in Low Density Scrap and Waste by Segmented Passive Gamma-
Ray Scanning,’ ASTM, 1989. 

b) Peak ratio - Software such as Multi-Group Analysis for Uranium. 
 



 

DoD/DOE QSM July 2013 Appendix D, Page 236 
 

1.4 NDA Measurement Uncertainty 
NDA organizations shall have and apply methods and procedures for estimating total 
measurement uncertainty (TMU) for all reported values.  The NDA organization shall perform a 
preliminary identification of uncertainty components and produce measurement uncertainty 
estimates for the waste population to be characterized prior to generating characterization data 
for the client/end-user.  An estimate of the measurement uncertainty for the measurement item 
inventory of interest is to be performed and documented.  The estimate shall be based on 
knowledge of the measurement method performance and make use of previous experience and 
validation data from similar measurement apparatus and configurations when available.  The 
estimated measurement uncertainties must be evaluated per client and/or end-user needs and 
requirements.  The method used to calculate TMU for the purpose of demonstrating compliance 
with client and/or end-user requirements must be documented and technically justified. 

The NDA organization shall have a method to determine total measurement uncertainty for each 
NDA system employed including: 

a) Develop a document or plan that delineates the approach to TMU determination, 
defines measurement uncertainty components, and determines a method for 
acquiring data/information on components of variance and processing of acquired 
data and information to arrive at technically defensible TMU for the measurement item 
population of interest. 

b)  Procedure or applicable document that provides specific direction on the acquisition 
of NDA system measurement data for use in deriving the TMU. 

c) Produce documentation that clearly describes the processing of acquired data, 
accounting for all significant variables, and the application of methods to determine 
the TMU.  

d) Clearly define how the TMU is expressed (e.g., 95% confidence level, percent, one-
sigma, etc.) 

e) The TMU determination method must be clearly documented; NDA organizations that 
utilize commercial off-the-shelf data analysis and uncertainty software are still 
accountable to produce clear documentation of the TMU approach, components of 
variance, and technique for arriving at the TMU value. 

1.5 NDA Measurement Traceability 
The calibration of NDA instrumentation and support measurement devices (e.g., weight scale), 
used for NDA characterization purposes shall have traceable calibrations established and 
documented before being put into service.  Traceability is the ability to relate individual 
measurement results through an unbroken chain of calibrations to a nationally recognized 
reference base (e.g., NIST, r NBL, etc.).  For NDA measurements, traceable materials include 
radioactive WRMs, certified weights for scale calibrations and thickness measurement methods. 

a) The NDA organization shall have a program and procedures for establishing a 
traceable calibration as well as QC checking of its NDA instrumentation and support 
equipment.  This program shall include a system for selecting, procuring, using, and 
controlling traceable reference standards for NDA measurement instrumentation and 
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support equipment.  For cases where traceable working reference materials are not 
yet available, the NDA organization may propose alternate methods that are 
technically defensible and clearly documented.   

b) Traceable sources used for  calibration shall be traceable for all attributes used for the 
calibration (e.g., a 252Cf source shall be certified in its neutron yield and isotopic 
composition used to calculated the decay rate, and a mixed nuclide source used to 
perform an efficiency calibration of a gamma-ray detector shall be certified for the 
yield of each gamma ray energy used in the calibration and the decay properties of 
the contributing nuclides). 

c) The NDA organization shall have a procedure(s) for the specification, procurement 
and acceptance of WRMs.  The WRM certifications shall be acquired and maintained, 
and traceable to a nationally recognized reference base (e.g., NIST, NBL). 

d) The NDA service provider shall retain records for all WRMs including the 
manufacturer/vendor, the manufacturer’s Certificate of Traceability, the date of 
receipt, and a certificate expiration date. 

e) Traceable standards shall be verified at a minimum of every five years.  Standards 
with an expiration date less than five years shall be verified at a period equal to the 
time expiration time interval.  Verification of a standard is accomplished through an 
assessment of its usable attribute to the NDA application (e.g., 235U 185.7 keV 
gamma-ray emission rate and neutron emission rate).  The area number of means by 
which a standard can be deemed verified as acceptable for use.   
1) The standard can be sent to a qualified facility maintaining measurement 

systems traceable to a certified reference material (CRM) for a determination of 
the standard attribute of interest.  In this case the standard is simply given an 
updated attribute value and returned to the NDA organization with a revised or 
new certificate.   

2) Another method is to cross compare the standard with another traceable 
standard possessing the same attribute in a calibrated and operational 
measurement system.  An evaluation of the results can produce a verification of 
the standard that is about to or has expired.  The NDA organization must 
determine the acceptable uncertainty in the verified value relative to the NDA 
characterization process at hand.   

The verification method used and standard verification acceptability criteria shall be 
documented.  The results of the verification are to be documented and maintained as 
a QA record. 

f) WRM Certificates of Traceability shall contain information and data that clearly 
details traceability to a CRM. 

g) Checks needed to maintain confidence in the status of WRMs shall be carried out 
according to defined procedures and schedules. 

h) The NDA service provider shall have procedures for the safe handling, transport, 
storage and use of WRMs in order to prevent contamination or deterioration and 
protect their integrity. 
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1.6 NDA Measurement System Software 
Software quality assurance (SQA) requirements must be implemented by NDA organizations 
that utilize software as part of NDA waste characterization, developed in-house or acquired. 

When computers or automated equipment are used for the acquisition, processing, recording, 
reporting, storage, or retrieval of NDA measurement data, the NDA organization shall have 
documentation or SOPs for software related activities.  This documentation includes but is not 
limited to the following as applicable: 

a) For software acquired from a commercial vendor or other third party, evidence of 
software quality control (QC), verification and validation (V&V) and other pertinent 
data shall be acquired and maintained by the NDA organization.  Software 
verification is the process of evaluating software to determine whether the products 
of a given development phase satisfy the conditions imposed at the start of that 
phase (IEEE-STD-610).  Software validation is the process of evaluating software 
during or at the end of the development process to determine whether it satisfies 
specified requirements. (IEEE-STD-610) 

b) For software developed or modified in-house by the NDA organization, software 
development planning and QA controls shall be identified in documented plans.  The 
following activities shall be addressed in such plans/procedures: 
1) Software development and testing, 
2) Software V&V, 
3) Software configuration control, and 
4) Software operation and maintenance. 

c) Computer software developed by the NDA organization shall be documented per              
applicable software development quality standards.  Such standards usually require 
documentation, including: 
1) Software specification document, 
2) Software design document, 
3) Software test plan, and 
4) Software V&V document (Note: Commercial off-the-shelf software [e.g., word 

processing, database and statistical programs in general] used within its 
designed application range are usually considered to be sufficiently validated).  
However, NDA organization developed software and/or modifications to 
commercial software must be validated.  Installation and operability checks shall 
also be performed. 

d) Software change procedures shall include requirements for the requesting, testing, 
quality assurance, approving, and implementation of changes.   

e) Data including but not limited to, decay constants, branching ratios, material 
attenuation values, neutron yields, and  master gamma libraries used in the 
reduction of processing of NDA measurement data to a reportable quantity, whether 
electronic or hardcopy, shall be placed under a control system so only authorized 
individuals have access. 
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f) Working data or source files (e.g., nuclear data libraries, master gamma libraries, 
geometry files, and efficiency files) shall be controlled by the NDA organization to 
prevent unauthorized access or inadvertent changes and controlled to document 
changes by authorized users to allow for re-creatability of the data used.  

g) When commercial software is used that has the capability of performing user-defined 
calculations or macros (e.g., spreadsheet), all user-defined components shall be 
verified before initial use and after changes.  Documentation of such shall be readily 
available for review.  Appropriate protections must be included to preclude 
inadvertent changes to user-defined equation or macros.  Printouts from any 
spreadsheet should include that information used to calculate the result; 

h) Software version control methods must be in place to document the software version 
currently used as well as data reports with the date and time of generation and the 
software version used to generate the data report.  Software that includes user-
defined calculations and/or macros shall also track revisions to the user-defined 
customization using version information. 

i) and confidentiality of data entry or collection, data storage, data transmission and 
data processing. 

j) Computers and automated equipment are to be maintained to ensure proper function 
and must have appropriate environmental and operating conditions necessary to 
maintain the integrity of NDA measurement data and information. 

k) Procedures are to be established and implemented for the maintenance of security 
of data, including the prevention of unauthorized access to and the unauthorized 
amendment of, computer records. 

l) An inventory of all applicable software used to generate NDA characterization data 
shall be maintained that identifies the software name, version, classification and 
exemption status (DOE 0 414.C or latest version), operating environment, and the 
person and organization responsible for the software. 

m) Maintain a historical file of software, software operating procedures, software 
changes, and software version numbers. 

1.7 Acceptable Knowledge 
NDA methods typically directly quantify one or more of the prevalent radionuclides known to be 
present in the waste and process component items.  Other radionuclides may be present, some 
of which are not readily quantifiable through the NDA method being employed.  NDA 
measurement campaigns often require that radionuclide not directly measureable by NDA 
methods be quantified and/or the minimum detectable activity determined and reported. 

For radionuclides to be reported per contractual requirements, but not quantifiable through 
existing NDA techniques, isotopic ratios or radionuclide scaling factors based on acceptable 
knowledge (AK) of the facility process are commonly employed.  The radionuclides and isotopes 
that are quantifiable through the NDA methods are used in conjunction with AK derived ratios 
and scaling factors to quantify the radionuclides not directly quantifiable.  To use AK to 
determine such ratios and scaling factors, the NDA organization must technically justify the AK 
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data and its use with NDA measurement information.  The AK ratios or scaling factors must be 
appropriate to the generation point of the waste, process component, etc. 

a) AK Documentation 
The use of AK information concerning the radiological composition of a waste type or 
process component must be documented either in an AK summary report for that 
waste type/component or other controlled document.  Should this information be 
contained in AK package(s) prepared to meet other general waste characterization 
requirements, it need not be duplicated in other controlled documents that address 
the radiological properties of the waste stream.  However, all relevant information 
must be included in the AK record. 

All ratios or scaling factors used must be technically sound and based on known, 
documented relationships or correlations.  Uncertainties reported when using ratios 
and scaling factors are used must include the uncertainty in the ratio or scaling 
factor. 

The type and quantity of supporting documentation may vary by waste stream and 
shall be compiled in a written record that includes a summary identifying all sources 
of information used to delineate the waste stream's isotopic distribution or 
radionuclide scaling factors.  The basis and rationale for the delineation shall be 
clearly summarized in an AK report and traceable to referenced documents.  
Assumptions made in this rationale shall be identified.  The following information 
should be included as part of the AK written record: 
1) Map of the site with the areas and facilities involved in waste generation and 

process equipment identified, 
2) Facility mission description as related to radionuclide-bearing materials and their 

management (e.g., routine production, fuel research and development, and 
experimental processes), 

3) Description of the specific site locations (such as the area or building) and 
operations relative to the isotopic composition of the uranium bearing wastes and 
process components they generated, 

4) Waste identification or categorization schemes used at the facility relevant to the 
waste material's isotopic distribution (e.g., the use of codes that correlate to a 
specific isotopic distribution and a description of the isotopic/radionuclide 
composition of each waste stream), 

5) Information regarding the waste's physical and chemical composition that could 
affect the isotopic distribution (e.g., processes used to remove ingrown daughters 
or alter its expected contribution based solely on radioactive decay kinetics), and 

6) Statement of all numerical adjustments applied to derive the material's isotopic 
distribution (e.g., scaling factors, decay/in-growth corrections and secular 
equilibrium considerations). 

Documentation must be sufficient to enable independent calculation of the scaling 
factor or ratio of interest. 
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b)   Supplemental AK Information 
Supplemental AK information should be obtained dependent on availability. The 
amount and type of this information cannot be mandated, but information should be 
collected as appropriate to support contentions regarding the waste's isotopic 
distribution. This information is used to compile the waste's AK written record. 
Supplemental AK documentation that may be used includes but is not limited to 
information from the following sources:  

1) Safeguards and security, materials control and accountability, and other nuclear 
materials control systems or programs and the data they generated, 

2) Reports of nuclear safety or criticality, accidents/excursions involving the use of 
special nuclear material (SNM), or nuclear material, 

3) Waste packaging procedures, waste disposal, building or nuclear material 
management area logs or inventory records, and site databases that provide 
information on SNM or nuclear materials, 

4) Test plans, research project reports, or laboratory notebooks that describe the 
radionuclide content of materials used in experiments, 

5)  Information from site personnel (e.g., documented interviews), and 
6) Historical analytical data relevant to the isotopic distribution of the waste stream. 

c)   AK Discrepancy Resolution 
 If there is any form of discrepancy between AK information related to isotopic ratios 
or composition, the NDA organization is responsible for having the sources of the 
discrepancy evaluated to determine information credibility.  Information that is not 
credible or information that is limited in its applicability to the NDA characterization 
effort will be identified as such, and the reasons for dismissing it will be justified in 
writing.  Limitations concerning the information will be documented in the AK record 
and summarized in the AK report. In the event the discrepancy cannot be resolved, 
the site will perform direct measurements for the impacted population of containers 
or process items. If discrepancies "result in a change to the original determinations, 
the AK summary will be updated. 

1.8 NDA Data Reporting, Review, and Verification 
 a)  NDA Measurement Data Reporting 

     The NDA organization is to document individual NDA measurement item results in a 
standard report format.  For each NDA measurement item (waste container/ process 
component) there shall be a separate report.  The NDA measurement item reports 
shall contain or reference the location of information sufficient to fully describe all 
input data, NDA measurement configuration information, acquisition parameters, 
analysis technique, software version, QC data, etc. to allow reconstruction of the 
reported results.   
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1) Title and contact information, including: 
i. Report title (e.g., ''NDA Measurement Item Report"), 
ii. Name of NDA organization, 
iii. Client contact name for which report is to be delivered and NDA service 

provider point of contact responsible for ensuring the submittal of the report in 
the approved manner, and 

iv. Identification of project name, site, or facility NDA measurement items are 
associated with. 

 2)   Measurement item identification and QC information: 
i. Measurement item identification/designator and other identifiers/designations 

as applicable (e.g., the clients own identifier), 
ii. Date(s) of NDA data acquisition, 
iii. Analysis, background, and QC file names, 
iv. Measurement item description, 
v. NDA field worksheet file name, log name, or other identifier, 
vi. Gross/net weight, if applicable, 
vii. NDA measurement live time, and 
viii. Location of NDA measurement system, site name, facility name, building 

name, and other identifying information. 
 

3) Primary radionuclide measurement results: 
i. Primary NDA measurement quantitation method (e.g., gamma, neutron), 
ii. Primary radioisotopes and their associated TMU s in appropriate units, (for 

example, gram, activity, activity concentration, MDA, and % uncertainty), 
iii. Total radionuclide mass, activity, concentration, and associated TMU, 
iv. 235U fissile gram equivalent and associated TMU (gram), and 
v. Other primary quantities such as uranium enrichment weight percent (wt%) 

and associated wt% TMU. 
4) NDA acquisition and analysis information: 

i. NDA detector or system identification, 
ii. Name of ancillary data and/or information sheets associated with the NDA 

measurement item.  These are often called NDA Field Worksheets and 
contain information pertinent to the analysis of the acquired data such as 
container fill height and measurement configuration (e.g., detector to item 
distance and operator signature/date), 

iii. Identification of real time radiography examination files, if applicable, 
iv. The acquisition software identification and version, and 
v. Analysis software identification and version. 

5)  Comment/Narrative section: 
i. Name or reference to procedures used to acquire the NDA measurement 

data analyze the data, and acquire supporting data/information used in 
analysis, 
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ii. Name or reference to QC procedures utilized in the acquisition and 
processing of the data, 

iii. Identification or reference to WRM and check source(s) used for calibration 
and/or QC activities, 

iv. Identification of or reference to calibration procedures and records and/or 
location, and, 

v. If not specified elsewhere, definition of the quoted uncertainties (i.e., one σ, 
two σ). When TMU is reported differently on the batch cover sheet of the 
IMS, the method of expressing TMU shall be specified on the NDA 
measurement item report sheet or the applicable procedures referenced. 

The NDA measurement item report is to have the analyst signature and date and the 
independent technical reviewer signature and date. 

b) NDA Data Review 
All NDA measurement data must be reviewed and approved by qualified personnel 
prior to being reported.  At a minimum, the data and analysis must be reviewed by an 
independent technical reviewer (a second qualified person).  This reviewer shall be an 
individual other than the data generator (analyst) who is qualified to have performed 
the initial work. The independent technical reviewer shall verify, at a minimum, the 
following information: 

1) NDA measurement system QC results are within established control limits and, if 
not, the data have been appropriately dispositioned using the nonconformance 
process. This shall include a complete summary of qualitative and/or quantitative 
data for all items with data flags or qualifiers; 

2) “calibration verification” measurements were performed and reviewed as 
acceptable; 

3) NDA system data acquisition and reduction were conducted in a technically 
correct manner in accordance with current methods (verification of procedure 
and revision); 

4) Calculations performed outside of software that is in the software QA program 
have been reviewed by a valid calculation program, a periodic spot check of 
verified calculation programs (not required with every report)  and/or 100 percent 
check of all hand calculations; 

5) Proper constants such as half-lives, branching ratios, attenuation values, neutron 
yields, gamma libraries were used; 

6) Data were reported in the proper units and correct number of significant figures; 
7) Values that are not verifiable to within rounding or significant difference 

discrepancies must be rectified prior to completion of independent technical 
review; 

8) The data have been reviewed for transcription errors; 
9) Calibrations have been documented; 
10) Standards used are traceable to nationally recognized certificates. 
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 c)  NDA Data Verification 
Data verification is a systematic confirmation by examination and provision of 
evidence that specified requirements have been met data to ensure that the 
required data quality characteristics have been obtained. The verification process 
ensures that applicable quality controls have been properly implemented and data 
validity per program requirements has been met.  Verification activities are usually 
performed at the batch level where all QA elements ranging from NDA 
measurement reports to compliance with applicable regulations are collected, 
collated, and prepared for submittal.  NDA measurement data reports are to be 
provided to the client on a batch basis as determined with and agreed to by the 
client. 

1) Batch data reports are to be prepared for each measurement batch on standard 
form (hard copy or electronic equivalent).  Batch data reports shall at a minimum 
include the following: 
i. NDA organization name, NDA measurement system identification, batch 

number, NDA measurement item identifications included in the batch, date 
and signature release by authorized personnel; 

ii. Table of contents 
iii. QC data, backgrounds, replicate data, and control charts, etc., for the 

relevant batch time period; 
iv. Data verification per the NDA service provider QA Plan, and as per applicable 

procedures. 
2) Batch reports must be reviewed and approved by qualified personnel before being 

submitted.  Only appropriately trained and qualified personnel shall be allowed to 
perform data verification/review.  Verification reviews shall ensure: 
a) The QC documentation for the batch report is complete and includes as 

applicable a list of containers in the set or batch and applicable set or batch QC 
results. 

b) Data were collected as described in the planning documents and are complete 
and correct.  All batch data reports must be approved by the project manager or 
designee.  The project manager shall verify at a minimum the following 
information: 

i. Data generation-level verification have been performed by a second 
qualified person and appropriate signature release, 

ii. Batch review checklists are complete, 
iii. Batch reports are complete and data are properly reported (e.g., data are 

reported in the correct units and with the correct number of significant 
figures), and 

iv. Data comply with program objectives. 
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Results of the review may require that qualifiers be placed on the use of the data. Verification 
methods shall be planned and documented. The documentation shall include the acceptance 
criteria used to determine if the data are valid.  For noncompliant data, corrective action 
procedures shall be implemented.  

1.9 NDA Measurement Performance Evaluation 
The NDA organization shall demonstrate that its NDA methods, calibrations and uncertainty 
estimates are applicable to the matrix/process components.  Part of this demonstration of 
proficiency is the participation in performance evaluation (PE) programs as scheduled and 
conducted by specified qualification and approval agencies, if available.  Elements of the 
performance evaluation process include: 

a) NDA organization shall demonstrate successful participation in applicable PE 
program(s). The NDA organization shall demonstrate continued proficiency 
throughout its’ the term of operation.  The testing will be single-blind and 
representative of the matrix types and configurations, and analytes (235U, 238U, etc.) 
to be characterized; 

b) Unacceptable NDA results for PE test sample(s), as determined per PE program 
criteria, will require the NDA organization to implement corrective action procedures 
and submit a corrective action plan to the PE program or applicable oversight 
agency.  Results of the corrective action plan shall be documented and available for 
review.     

c) Documentation of successful capability demonstration such as a Certification 
Statement or letter of concurrence from the qualifying agency must be acquired .and 
retained by the NDA organization. All associated supporting data necessary to 
reproduce the PE measurement results as contained in the Certification Statement or 
equivalent document must be retained by the NDA organization. 

d) Once the initial capability demonstration is successfully completed, continuing 
demonstration of method performance is to be accomplished through the periodic 
“calibration verification” measurements as well as all applicable QC requirements. 

2.0 NDA Quality Control 
The purpose of a measurement control program is to test and ensure the stability of the 
measurement process and to gain additional information on measurement uncertainties where 
practicable. The measurement control program provides for the administration, evaluation, and 
control of measurement processes. The design of the measurement control program is to 
ensure the NDA measurement process provides data of sufficient quality (i.e., the measurement 
system is in control per defined criteria).  The NDA organization can then make and document 
qualifying statements about the suitability and validity of measurement data as generated for the 
client and/or end-user. 

QC measurements are to be performed in conjunction with and related to a batch of NDA 
measurement items.  A batch is a grouping of similar measurement items to which a set of QC 
criteria is applied to demonstrate acceptability of the results. The batch size is specified to be 20 
items such that when one replicate is performed per batch, a 5% check of the data is achieved.  
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In addition to the replicate requirement are pre- and post-batch QC checks (e.g., background 
and energy calibration checks).  A batch can be fewer than 20 items as for the case where there 
are fewer than 20 similar measurement items available for analysis or other driving 
circumstances, such as throughput requirements. 

For each measurement item batch, QC measures are to be performed before commencement 
of a batch and at the end of the batch.  An analytical batch may span a period of more than one 
day, but the requirement to perform QC checks per day is not superseded.  The replicate QC 
measure does not have to be performed twice per batch, but rather once.  Performance checks 
shall bracket the NDA measurements which comprise the batch.  Out of control performance 
checks for a given NDA instrument shall cause the batch data to be considered suspect.  
Corrective actions shall be in place to evaluate the measurement item results for the affected 
batch. 

2.1   QC Procedures 
The NDA organization shall have procedures implementing applicable QCs for monitoring the 
validity of NDA measurements and the analytical results.  The NDA QA program shall specify 
qualitative and quantitative acceptance criteria for the QC checks.  The NDA QC measures and 
acquired information/data shall be documented or logged in such a way that trends are 
detectable.  Statistical techniques shall be applied to the evaluation of acquired QC data and 
action levels specified.  Procedures shall also be in place to implement the corrective action 
process when QC criteria are not satisfied.  The QC program shall be periodically reviewed.  In 
addition, the NDA service provider shall address the following: 

a)  Development of a QC plan with clearly defined roles and responsibilities.  The QC 
program should assure objectivity and independence of action. The person assigned 
responsibility for the QC program shall be knowledgeable of the measurement 
system being controlled, statistical QC, and the process being monitored.  The 
organization should provide sufficient separation of functions to avoid any conflict of 
interest. 

b)  Acquisition and maintenance of suitable WRMs and check sources to monitor 
measurement system performance during NDA characterization operations.  
Records concerning specification and acquisition of standards and sources, including 
an assessment of their uncertainties and procurement shall be documented and 
retained. 

c)  QC checks shall include a means to evaluate the variability and/or repeatability of 
NDA measurement results. 

d)  Determination of measurement parameters and acceptance criteria necessary to 
ensure the accuracy of the NDA method using daily performance checks and 
analysis of performance check data (e.g., control charts, trending analysis, and 
replicate measurements). 

e)  QC protocols as specified in the NDA organization method manual and/or 
procedure(s) shall be followed. 

f)  QC measurement parameter action levels shall be established and documented.  
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g)  Written procedures shall be developed and documented to address out-of-control 
conditions and the subsequent re-qualification of the instrument. 

2.2    NDA QC Requirements 
Procedures cited in various ASTM, ANSI standards, NRC standard practices, and guidelines as 
referenced in Appendix A are recommended for use at all NDA measurement facilities. QC 
requirements must at a minimum include the following: 

a) Background Measurements must be performed and recorded for neutron and 
gamma systems for each system in use at least once per day and twice for each 
batch. The once per day background measurement can serve as the beginning or 
ending background measurement required for the batch.  The two background 
measurements for each batch shall bracket the start and end of the batch, one at the 
beginning of the batch and one at the end of the batch, unless technical justification 
to do otherwise is developed and documented.  The count time for neutron and 
gamma background checks shall be at least as long as the measurement count time 
unless otherwise specified and documented by an appropriately qualified individual. 
The background measurement shall be evaluated before daily NDA measurements 
commence.  Depending on environmental conditions, the background frequency may 
need to be increased to ensure data quality. Increases in the frequency of 
background measurements shall be determined and documented by an appropriately 
qualified individual (Note: Enrichment measurement systems that employ an infinite-
thickness analysis technique do not require a background performance check).  The 
recorded background data is to be monitored using control charts or tolerance charts 
to ensure the background environment is within statistical control.  Contributions to 
background because of radiation from nearby radiation producing equipment, 
standards, or wastes must be controlled to the extent practicable or more frequent 
background checks must be performed. 

b) Instrument Performance Measurement checks must be acquired for each NDA 
measurement system in use at least once per day and twice for each data batch.  
For each performance check two measurements shall be used to bracket the batch, 
one before and one after the batch measurements are completed.  Performance 
checks include detection efficiency checks, matrix correction checks, and for 
spectrometric instruments, energy calibration and energy resolution checks.  The 
NDA organization is to establish acceptable performance check ranges or limits as 
applicable.  An out-of control energy calibration check may cause measurement item 
results to be suspect since the last successful energy calibration check. Energy 
calibration checks can be performed at a greater frequency than once per day.  
Performance checks, as applicable, shall also be acquired on support equipment. 
The recorded performance measurement checks are to be monitored using control 
charts or tolerance charts to ensure the instrument performance is within statistical 
control. 

c) Replicate Measurements are used to determine the repeatability of a measurement 
system that represents the intrinsic instrument variability.  Repeatability variance is a 
short-term variance usually dominated by counting statistics.  The replicate 
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measurement is acquired by randomly selecting one measurement item that has 
been processed through the NDA system for the batch.  This measurement item is 
then to be re-measured using the same NDA system, software, and 
acquisition/reduction parameters.  Data analysis is to be performed independently for 
the two measurements.  The second measurement of the item is to be performed 
any time before the start of the next data set or batch.  This repeat measurement is 
then the replicate for that batch.  A minimum of one replicate measurement is 
required for each batch.  For a randomly selected replicate measurement item that 
corresponds to a measurement below the lower limit of quantitation (LLQ), the 95% 
uncertainty ranges of the pair of measurements must overlap.   

When two replicates are utilized to assess repeatability, the data should be evaluated 
using the Relative Percent Difference (RPD) as follows:   

%25%100 £´
-

S
SD

 

 Where: 
  S = initial randomly selected measurement item 
  D = duplicate result for measurement item S 

An acceptable RPD shall be less than or equal to 25% or other criteria specifically 
requested by the client.  A control chart of the RPD shall be maintained for trending 
analysis.  Procedures shall be established for the collection, processing and periodic 
evaluation of replicate data.  Alternate methods for determining repeatability and 
assessing its acceptability may be implemented by the NDA organization provided they 
are technically justifiable, documented and available for review.  The replicate data is to 
be monitored using control charts or tolerance charts to ensure the instrument 
reproducibility is within statistical control. 

Check sources used for QC checks should be traceable, long-lived and provide adequate 
counting statistics for a relatively short count time.  If the check source is not traceable, it should 
be correlated with a traceable source or well known, characterized and documented.   
All performance data shall be monitored on an as-recorded basis and over time using control 
charts and trending techniques.  Most monitoring techniques assume that measurement data 
are distributed normally and that observations are independent.  The assumption of normality 
should be assessed prior to implementation of a control regimen.  The NDA organization is 
responsible for determining acceptance criteria for as-recorded and long term data trending.  
Recommended control chart limits and actions levels are contained in Table -2.  Corrective 
action plans or procedures shall be in place to manage out-of-control results and the associated 
measurement item data. 

3.0 QC Action Levels and Response 
Quality control measurements shall be performed on a periodic basis as prescribed above and 
evaluated relative to established acceptance criteria.  Quality control measurements shall also 
be reviewed and evaluated over time to determine continued acceptability of the assay system 
and to monitor trends.  If daily quality control checks yield results that are outside the acceptable 
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range(s), the required responses in Table -3 must be followed.  The NDA service provider may 
implement more restrictive control limits and other administrative limits as applicable.  All control 
limits and associated actions are to be documented and maintained.  Refer to Table -3 Range of 
Applicability. 

Table -3 Range of Applicability 

Category Acceptability Rangea Required Response 

Acceptable Range Data b  ≤  2σc No action required 

Warning Range 2σc < Data  ≤ 3σc The performance check shall be rerun no 
more than two times.  If the rerun 
performance result is within 2σ, then the 
additional performance checks shall be 
documented and work may continue.  If the 
system does not fall within the ± 2σ after two 
rerun performance checks, then the required 
response for Action Range shall be followed.  

Action Range Data  > 3σc Work shall stop and the occurrence shall be 
documented and appropriately dispositioned 
(e.g., initiating a nonconformance report).  
The NDA system shall be removed from 
service pending successful resolution of the 
failure cause.  All assays performed since 
the last acceptable performance check, are 
suspect, pending satisfactory resolution.  At 
a minimum, a “calibration verification” is 
required prior to returning the system back to 
service. 

a - American National Standards Institute. Nondestructive Assay Measurement Control and 
Assurance, ANSI N15.36. 
b - absolute value 
c - the standard deviation is only based on the reproducibility of the data check measurements 
themselves. This is not TMU. 
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