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| NTRODUCTI ON

|_tConsiderabIe gui dance has been provided on the inportance of
ual i assurance ity . : :
gssess%ent proceduﬁégvfofnggéé yﬁ%?tgﬁé ﬁ$¥?n1?ﬁﬁgq89¥bF¥ in
environmental studies. QA QC terns, such as quality assurance

project plans and program plans, are beconn part of the
vocabulary for renedial project managers (RPMs).  Establishment
of data qualltx obLectlves (DQ0s) early in the process of a site
I nvestigation has been stressed 1n EPA Q& QC gui dance. docunents.
Qual ity aSSeSSment practices, such as the use of duplicate,
split, spiked, and reference sanples, are becomng wdely
accepted as inportant means for assessing errors In negasurement
processes. Despite the existence of nunerous and various fores

of guidance for hazardous waste site investigations, there have
been no clear, concise, well-defined strategies for precisely how
recommended QA/ QC practices can be utilized.

Pur pose

The purpose of this docunent is to provide a foundation for
answering two basic questions:

How many, and what type, of sanples are required to
assess the quality of data in a field sanpling effort?
(qual ity assessnent sanples)

How can the information fromthe quality assessnent
sanpl es be used to identify and control sources of
error and uncertainties in the nmeasurenment process?

This document expands upon the guidance for quality control
samples for field sanpling as contained in Appendix C of EPA's
Data Quality Objectives for Renedial Response Activities-
Devel opnent Process 89) This report outlines, In greater
detall, strategies ror how errors may be assessed and m ninized
in the sanpling of soils with enphasis on inorganic contam nants.

Basi ¢ gui dance for soil sanpling, which includes a

di scussion of basic principles, may be found in EPA's Revised
s9i1_5amnling_Qna1i;x_Aasn:angs_QéQLLg_ﬁuLQQ(15). The "Users
Guide is intended to be revised on a periodic bhasis. It is
anticipated that some of the guidance provided in this docunent

will eventually be incorporated into the Users Cuide.

The primary audience for this document is assumed to be
RPM s who have a concern about the quality of the data being
collected at Superfund sites but have little time to understand
the complexities of the processes used to qifess t he ﬂuallﬁy of
data from the total mneasurenment process. e approach outl1ned
in this document for assessing errors in the field sanpling of
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inorganic in soils may be transferable, with nodification, to
ot her Contami nants in other media.

The exanple offered at the end of this document illustrates
the planning process for determning a reasonable nunmber of
qualpty assessment sanpl es. The exanpl es al so denonstrates how
the information fromthe process nmay be used to docunent the
qual ity of the measurenent data,and how this data may be used to

make adjustnents to the nonitoring program



BACKGRCOUND

Superfund and RCRA site investigations are conplicated by:
t he varletx of media being investigated, an assortnent of
met hods, the diversity of "people, the variety of contam nants,
and the numerous risks and effects to human health and the
environment.  Many phases exist 1n Superfund site investigations.
An initial phase, generally described as a “prelimnary
i nvestigation, “ consists of collecting and review ng eéxisting
data and data from |imted neasurements usjng practjcally any
avai | abl e nethod. The next phase, generally~described as "site
characterization, " uses selected methods and prescribed
procedures to characterize the magnitude and areal extent of the
contamination. Final phases include an exam nation of remedial
actions, which involve an examnation of treatment technol ogies,
and nmonitoring to assess the degree of cleanup at a site.
final phase nay.re%U|re long-term nonitoring to substantiate that
no new or additjonal threats occur to human health and the
environment.  Throughout Superfund site investigations QA QC
procedures change as data quality objectives vary and different
phases occur.

Sources of Error

_ In many of the phases of Superfund and RCRA site
investigations, errors and uncertainties occur. During the
measurement process, random errors will be induced from

sanpl i ng; handlln%, transportation and preparation of the sanples
for shipnent to the |aboratory; taking a subsanple fromthe field
sanpl e and preparlnP the subsanmple for analysis at the

| aboratory, and anad¥$|s of the sanple at the |aboratory
(including data handling errors). The magnitude of theSe errors
can be expected to vary during the nmeasurenment process and make
It nore difficult to determne the natural variability of
contamnants in the environment. FErrors introduced in the
anterprstatlon and analysis of data are not considered in this
ocument .

Typically, errors in the taking of field sanples are nuch
greater than preparation, handling, analytical, and data analysis
errors; yet, nost of the resources in sanpling studies have beeB
devoted to assessing and n11|gat|n? | aboratory errors. It may be
that those errors have traditionally been the easiest to
I dentify, assess and control. This docunment adopts the
approaches used in the laboratory, e.g. the use of duplicate,
split, spiked, evaluation and calibration sanples, to identify,
assess and control the errors in the sanpling of soils.

Systematic errors, termed bias ﬁB), can accunulate during a
nmeasurenent process. Bias may result from faults in sanpling
desi gn, sanplln?,procedure, anal ytical procedure, contam nation

| osses, interactions with containers, deteriorations,
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di spl acenent of phase or chemcal equilibria, and inaccurate
instrument Calibrations. (Table 1) Bias causes the nean value of
the sanple data to be either consistently higher or consistently
| ower than the “true” mean value, Laboratories usually introduce
various quality control sanples into their sanple load to detect
possibl e bias.” Bias in soil sanpling is difficult to detect.
conponents of bias can be discovered by the technique described
as standard additions or by using evaluation sanples. On the
other hand, it is difficult to denmonstrate that bias is not
present because an apparent lack of bias may be the result of an
Inability to neasure 1t rather than its actual absence.

Table 1. Sources of Bias in Soil Sampling Studies

B. = Measurenent bias introduced in sanple collection not caused
by contam nation , ,

B, = Measurenent bias introduced in sanple collection caused by
contam nation _ _ _

B, = Measurenment bias introduced in handling and preparation not
caused by contam nation , , ,

B, = Measurement bias introduced in handling and preparation
caused by contam nation _ _

B, = Measurement bias introduced in subsanmpling not caused by
contam nation = _ _

B.. = Measurenment bias introduced in subsanpling caused by

contam nation _ .
B,= Measurenent bias introduced in the |aboratory analytica
process not caused by contam nation _
B, = Measurement bias introduced in the laboratory analytica
rocess caused by contam nation
B.= Total neasurenent bias

NOTE : It is necessary to realize that biases, other than

contam nation biases in the neasurenent of a sanple, will often
be dependent on the original concentration of the contam nant
bei ng nmeasured and on the sanple matrix. Biases caused by
contamnation are |isted separately because sone QA sanples, such
as rinsate sanples, detect only contam nation bias.

Al'so, variability occurs in the neasurement process from the
heterogeneity of the soil and randomerrors throughout the
nmeasur enent process. The variability caused by any type of
randomerror is frequently described quantitatively by the
variance, s, of the randomerror, or by the positive square
root, the standard deviation, s,of the random error. Vartances
of independent random errors are additive in that the variance of
the sum of errors is the sum of the variances of the individua
errors (Table 2?. O her quantifications of variability do not
have this useful, additive property.
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Table 2.  Sources of Variability in Soil Sanpling Studies

where o, = total variability
0. = measurement variability
0, = population variability

a|z+ohz+cu:+al:+abx

Q
.M
0

where o, = sampling variability (standard deviation)
0, = handling, transportation and preparation

variability
0.= preparation variability (subsampling
variability)
o, = laboratory analytical variability
o, = between batch variability
NOTE: It is assuned that the data are normally

distributed or that a normalizing data transformation has
been performed.

Biases and variability can accunulate during a neasurement
process to the point where the data are unsuitable for meeting
the objectives of the study. Often at the end of, but preferably
during the planning of a study, a question arises as to whether
the data are acceptable in terms of aqcuracX, preckﬂ(mm

representativeness, and conpleteness, i.e. ality
assessnents, i.e., systematic investigations of the neasurenent

process, can be performed to try to assess-and identify the
extent of biases and variability in the nmeasurement process and
to determne whether the DQOs are being net.

Representative Sanpling

Soils are extremely conplex and variable which necessitates
a multitude of sanpling nethods. The sanple collector nust
sel ect nethods that best accommodate specific sanplln%,needs, and
that satisfy the stated sanpling objectives. In addition, the
sanple collector is responsible for providing the appropriate
sanple for laboratory analysis. A soil sanple nust satisfy
the follow ng:

1. Provide an adequate anmount of soil to neet analytica

requirements and be of sufficiently large volune as to
keep short range variability reasonably small,

2. Provide material < 2 mmin size,
3. Be a menber of the population to be evaluated and, when
5



taken in association with the other sanples, be
representative of that popul ation.

Deposition of airborne contam nants, especiall¥ t hose
recently deposited, is often evident in the surface |ayer of the
soil. Contamnants that have been deposited by liquid spills or
by long-term disposition of water soluble materials may be found
at depths up to several neters. Plunes emanating from hazardous
wast e dunps or |eaking storaPe tanks may be found at considerable
dept hs. he methods of sanpling each of these may be different;
but all make use of one of the followng three basic sanpling
tools : (1) scoops, (2) coring, or (3) augering devices.

~Two major considerations nust be addressed when selecting a
specific sanplln% tool. These two considerations include so
conditions and the contamnant(s) that are to be anal yzed from
the collected material, Soil condition can be extrenely variable
fromlocation to location. For exanple, soils can be wet or dry,
stonr, cohesive (e.g., clay) or cohesionless (e.g., sand).
Simlarly, contamnants are extrenely diverse, varying between
metal s which in nost cases are relatively imobile, to highly
nDFllelmater sol ubl e substances, to contaninants that are
vol atil e.

| nproper use and selection of sanpling tools may result in
data that are not representative of the soil environment being
sa Ied_(See.Aﬁpendlx C). Measurement errors can result froma
tool being either |napPropr|ate for the particular task, or
inproperly used. Results based on previous experience, or from
an equivalency test, may be used to evaluate and select the
proper tool for a specific sanpling objective. Operational
measurenent errors are identified and assessed by inplementing
and ut|!|2|n? a nunber of field QA sanples. The optimal nunber
and timng of QA sanples depend in part on the proper soi
sanpling nethod being utilized.

A variety of sanpling methods nay be used to obtain a
neasurement of inorganics in soil. EPA's Soil Sanpling Quality
Assurance User's Quide notes that the concentrations measured in
an het erogeneous nmedi um such as soil are related to the volume of
soil sampled and the orientation of the sanple within the vol une
of earth that is being studied. (The term"*support” is used to
describe this concept.) A RPM not only wants to know the
concentration of contaninants, but their location. Frequently,
an average concentration of contamnants in the soil is sought
and conpared against some standard. Depending on the sanpling
method used, the location of the sanples collected, the nunber of
sanpl es taken, and the time the sanples were collected, the
rePorted concentrations can vary considerably even when

re atlnfly stable contam nants such as inorganic in soil are
measur ed.




~ The processes involved in collecting representative sanples
of inorganic in soil can be conplicated. (The Soil Sanpling
. ity rance Users Quide shoul d be consulted for further
Information on these processes. ) The problem of neasuring the
natural variability of contamnants, such as inorganic, in soi
and adequately representing the site to be studied’is also a
problemfor traditional QA QC programs which have enphasized the
assessment and minimzation of errors and variabilities in the
anal ytical process.

A major problemin obtaining a “representative" sanple is
the spatial scale chosen for the study. Ceostatistical
techni ques, such as kriging, may also be used to estimate the
natural variability of contaminants in soil. A neasure of the
spread of the distribution of contam nant concentrations about
the mean concentration is the population variance, g,

Data Quality Levels for Analytical Measurnents in Superfund

~ As many as five different levels of quality have been

assi gned bY EPA in the Superfund programto analytical data.
These |evels have been generally associated with different phases
of a site investigation (9); however, it nay prove to be
necessary to have all flve.1evels of data qua |tx/tn any one
phase of a site investigation. Levels Il and I'V involve off-
site analytical |aboratory measurements with Level |V in the
Contract Laboratory Program (CLP) having the most rigorous QN QC
rotocols and docunentafion. Levels IIT and IV are assunmed in
his docunment in the devel opnent of a strategy for assessing
field sanpling errors.

Since the assunption is nmade in this docunent that CLP
| aboratories are involved in the analysis of sanples froma soil
sanpling study, errors and biases from those |aboratory
measurenents are presuned to be small and known. These
assunptions allow greater enphasis to be given to the
identification of errors and biases in the field sanpling rather
than in the |aboratory analysis.

_ In a pilot study, within a particular phase of a Superfund
site investigation, it may be necessary to utilize Level Ill and
|V anal ytical levels to identify, assess and reduce errors in
field sampling even though these anal ytical_|levels mght not be
needed for every sanpl e and nmeasurenent. |, For exanple, a field
portable x-ray iluorescence instrunent, Which measures inorganic
Insoil, is frequently used to id nt|f¥ sanpﬁlng Iocatlﬂns for
sanples to be sent to the CLP. The data quality from the _
Eortable x-ray fluorescence instrument is not classified as being

evel 111 or 1V, however, data fromthe instrunent is used to
screen sanples for subsequent analysis by Level Il and IV
net hods. t may be advantageous to conpare the performance of the
field-screening, portable x-ray fluorescence instrunent against
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more rigorous, well characterized |aboratory analytical methods,
even though the Tevel of data quality desired from each nethod is

different.

The assessnent of errors from non-conventional "sanpling"

and anal ytical nethods, such as the portable x-ray fluorescence
instrument, are not specifically addressed in this document.

Two inportant factors must be considered in the collection
of environmental data. These are the probability that the
col lected data will yield the correct assessment”or solution for
an environnmental problem and the costs.  The Strage devel o eg
in this docunent recognizes that these inportant agyors nusp e
considered in the inplenentation of QA QC nmeasures in the
sanpling of soils for inorganics.



NUVBER OF QUALI TY ASSESSMENT SAMPLES
Backgr ound

A key question for a RPMis: how many. sanples nust be
collected to adequately characterize the glte? A question for a
QN QC officer is: how many quallt¥ assessment sanples nust be
taken to adequately characterize the errors and uncertainties in
the neasurenent process? The timng and type of those qualltY
assessnent sanples in the measurement procéss determnes the type
of information that is obtained. The nunber of quality
assessment sanples is determned by the available resources and
the degree to which investigators need to be sure that they have
adequately characterized the measurenent process. The sinplest
case is when one nethod, one sanpling crew, and one [aboratory
are used to analyze the soil samples. A nmore difficult, and
probably nnre,txplcal case is when nore than one batch of
sanples” are either collected or analyzed at various times or by

various |aboratories.

The percentage of the total nonitoring effort allocated to
QY QC activities will depend on many factors including the size
of the project, the available know edge concerning sanpling and
anal ytical procedures, the relationship of risk to human health
and the environment at various pollutant concentrations, the
nearness of action levels to nmethod detection [imts, and the
natural variability and distribution of the contan nants.
Typically the smaller the project, the larger will be the
proportion of cost allocated to Q¥ QC. New untried procedures
will typically re?U|re pilot-study runs and additiona training
for personnel. If the action level is near the method detection
limt, there will be little roomfor error in the neasurenents,
and the QN QC effort nai have to be large to assure that
measurenent errors are kept small. If the natural variability of
the contamnants is relatively large, it may be necessary to
col lect nore sanples rather than collect nmore quality assessnent
samples. One should not specify a certain percentagé of a
project’s costs be allocated to Q¥ QC wthout considering the
above factors.

Previous EPA guidance for the nunber of quality assessnent
sanpl es has been one for every 20 field sanples g9). However,
such rules of thunb are oversinplifications and should be treated
with great caution. A better approach is to determne how each
type of QA sanple is to be enployed and then determne the nunber
for that type based on the use. ~For exanple, field duplicates,
i.e., duplicate sanples at the sane |ocation, are used to
estimate the combined variance contribution of several sources of
variation. Hence, the nunber of field duplicates to be obtained
in the study should be dictated by how precise one wants that
estimate of the total measurenent variance to be.



Confidence Levels for the Assessment of Measurement Variability

, . The precision of an estimate, s', of the "true" variance,
s’,depends on the nunmber of degrees of freedomfor the estinate
which is directly related to the nunber of quality assessnent
samples. Table 3 gives the 95% confidence intervals for various
numbers of degrees of freedom based on an assunption that the
data are, or have been transfornmed to, normally distributed data.
Met hods for obtaining such confidence intervals for any nunber of
degrees of freedom are given in nost statistics texts.

Degrees of Freedom confidence Interval
2 0.27s’ £ ¢® £ 39.21s?
3 0.32s8* < 0? £ 13.89s8?
4 0.36s8 £ ¢ £ 8.26s8?
S 0.398 £ 0 € 6.02s?
6 0.428’ £ 0* € 4.84s?
7 0.44s8* < 0 £ 4.14s8?
8 0.468° £ ¢ £ 3.67s?
9 0.478 £ 0 £ 3.338

10 0.498* < o* £ 3.08s?
11 0.50s8’ < ¢ < 2.88s§’
12 0.528° < 0 £ 2.738°
13 0.538’ < 0* £ 2.59s’
14 0.548° < 0® £ 2.49s?
15 0.548° < 0 £ 2.40s?
16 0.568° < ¢ £ 2.328°
17 0.568* < 0* £ 2.258°
18 0.578? £ ¢ £ 2.198’
19 0.588 < ¢ £ 2.138
20 0.588' < 0* £ 2.08s’?
21 0.598° < 0® £ 2.0458°
22 0.608° < 0 £ 2.008’
23 0.608* < 0 £ 1.978
24 0.618® < ¢ £ 1.94s8’
25 0.628* < 0 £ 1.91s8’
30 0.648° < 0 £ 1.788’
40 0.678° < 0 £ 1.648’
50 0.708 £ ¢ £ 1.618’
100 0.778* < ¢ £ 1.35¢°

~If it is decided that 20 degrees of freedom gives
satisfactory precision for the estimate of the total neasurenent
variance, one mght equally space 20 field-duplicate sanples
among the routinely collected field sanIes S%Ea% to.hav?.Z?
duplicates by the énd of the study. (Note: ach pair, field
duplicate sanple and associated routine sanple, provides one
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denge of freedomin the espinﬁtion of the between-coll ocated-
sanpl es vari ance, ternatively, ' i

saggles at a falr?y 1gh Prequeﬁ%y gpetﬁégg%agﬁkgfdPﬁé'g?hSy
until 10 duplicate pairs are obtained and then obtain the
remaining ten duplicate pairs at a reduced rate over the

remai nder-of the study. This second procedure would allow an
early estimate of the variance based on 10 degrees of freedomto
determ ne whether the plan is resulting in error variances in
the range expected, and the remaining ten pairs would allow the
after-ftudy variance estimate to take the entire study into
account .

~The confidence intervals in Table 3 are called two-sided
confidence interval s because they put both upper and [ower limts
on the value of s®. However, in practice, one is particularly
interested in the upper |limt; that is, one is interested in how
much larger than the estimted variance mght the true variance

be. If The true neasurenment error variance is seriously
underestimted in a PI|0t study, it may cause one to proceed to
an expensive final study with an inadequate protocol. |f the

measurement error variance is underestimated in a final study it
may cause the RPMto put nore reliance on the study results than
are warranted and nay al so cause an inadequate protocol to be
copied in a_f0||OMADg study. For these reasons, some may be nore
interested in one-sided confidence intervals that provide only an
upper limt on the true variance (i.e. , since a variance cannot
be negative, a one-sided confidence interval is between zero and
an upper limt)., Such upper Iimts for one-sided confidence
limts are provided in Appendix F for confidence |evels of 90, 95
and 99 percent. (Intervals between zero and the upper limts in
Table 3 would be 97.5 percent one-sided confidence intervals;

that is, for 2 degrees of freedom one would be 97.5 percent
confident that si's between zero and 39.21s".)

Quantitative Assessnments of Bias

_ Quantitative assessments of bias are conplicated by the
different types of bias that may be present in a study and the
different tines when those biases may occur. There may be
consi stent additive-constant biasing error (e.g., the data
handling algorithm mght add a constant to all neasurenents
entered into the database). There may be consistent
mul tiplicative biasing_error (e.g., a recovery error in the
ana!¥_|cal systen). “There are also random biasing errors of the
additive and nulthpllcatlve_types (e.g., sanple taklnq{ recovery,
contam nation, and calibration errorsi I'n sanple taking, the
field crew may occasionally have the bottom portion of a soi
core drop out of the sanpler prior to bagging the core; if
concentration decreases with depth, this would be a random
b|a3|nq error that would increase the expected concentration
above “true” value. The rate of recovery of a chemcal from

sampl es may depend on the individual nmatrix properties of the
11



sanples.  The random biasing errors are most difficult to detect
and to quantify. If contamnation occurs in one of 20 sangles on
average, the yse of 20 contamnation blanks would have a 3
(=100?1-0.05] percent chance of not encountering a

contam nation incident. Random bjasing errors contribute to
measurenment variance as well as the bias of the measurement
system  The nunber of sanples required to detect random bias

W Il depend on the distribution of the biasing errors, and this
distribution will generally be unknown. A major problemin data
analysis is the separation of random biasing errors from random
nonbi asing errors. Estimation of the magnitude of bias and its
effect on the estimates and decisions, would require many nore
qual ity assessment san?les than are required for the detection of
bias. "~ Bias estimates that are reported in the literature are
often only estimates of the analytical bias obtained either as
the difference in recovery rate from 100% obtai ned by the method
of standard additions, or the average difference between reported
and reference values of performance evaluation sanples.

Wth these considerations in mnd, it wuld seemthat the
best one can do is to include some bias-detecting quaI|tK
assessnent sanples in each batch of routine sanples and hope that
they will detect bias if it is present. |If bias is detected, an
effort should be made to elimnate the source of bias, rather
than attenpt to correct routine-sanple neasurenents for bias.

Non-blind sanples, such as the calibration check standards
at the analytical |aboratory (Appendix E?, are used to assess
bias in the laboratory and provide a quality control function.
That is, if nmeasurements of these check standards differ by too
much from their reference values, the instrument is declared "out
of control" and is re-calibrated. Then, sanples between the |ast
I n-control read|n? and the out-of-control readln? my be
reanal yzed. The Trequency of use of sanples of this quality
control type should be based on the consequences associated with
out-of-control data and the costs of the anal yses of these .
sanpl es versus the costs of re-analyzing routine field sanples in
out-of-control situations. This frequency of use is usually
related to the probability of obta|n|ng.an_out-of-control_ o
situation in the |aboratofy with the objective being to mnimze
expenditures of both tine and noney while obtaining data of
quality, suitable for the intended end-use of the data.

Recommendations for the Assessnment and Control of Bias and
Measurement Variability

A two- phased approach is suggested to answer the questions
posed in the introduction:

How many, and what t¥pe, of sanples are required to
assess the quality of data in a field sanpling effort?
(quality assessment sanples)

12



How can the information fromthe quality assessnent
sampl es be used to identify and control “sources of
error and uncertainties in the measurement process?

The first phase involves the acquisition of data to estimte
total measurenent variability and bias. The second phase

invol ves identification of the sources of the hias and
variability.

The required nunber of sanples will vary depending on the
data quality objectives and available resources. The nore
qual ity assessnent sanples that are used, the better the
assessment of measurenent errors. Five field-duplicate sanples,
as dermonstrated in Table 3, will yield an estimate of the
measurenent variability that nay be high by a factor of 6 or |ow
by a factor of 2.5 with a confidence |evel "of 95% As noted
earlier, accurate assessments of measurenent bias are nore
conplicated. A reconmendation of one quality assessment sanple
for bias per batch would allow for the plotting of bias on a
control chart to determne if the measured bhias is within
acceptable limts. (Bias may be random constant, or yaryln?. )
In either the nmeasurenent of "bias, or neasurenent variability,
the accumul ation of historical data is extrenmely inportant in
judging the appropriate nunber of quality assessment sanples and
%He rf gtlve I mportance of that data to the overall objectives of

e study.

~ It nust be enphasized that estimtes of measurenent-error
variance conponents are of little value if they are based on so
few degrees of freedom that they may differ fromthe true
variances by large factors (Table 3). Hence, even in pilot
studies with few routine sanples, it is inportant to obtain
measurement -error conponent variance estimtes that are based on
a sufficient nunber of guallty assessnent samples (i.e., based on
a sufficient nunber of degrees of freedonm) that the user can have
some confidence that the Targe estimates actually represent |arge
variances and smal| estimtes represent small variances.
O herwi se, corrective actions taken to inprove precision nay be a
waste of nmoney, and failure to take corrective action may result
in the failure of the subsequent study.

Experience indicates that an effective quality assurance
program is negated if certain k%y eIen?nts of a sanplln%,effort
are not adequately addressed. hose el enments are: training
pilot studies, audits and docunentation. Mre detailed
di scussion of those key conponents is provided in Appendix A
however, the inportance of pilot studies to th?_overall.
monitoring effort cannot be stressed enough. The experience and
data gained during the pilot study can be extremely inportant to
the success of the larger monitoring effort.

13



Frequently, time and financial constraints lead to a mnimm
number of sanples being collected in the initial neasurenent

phase of a hazardous waste study. |f suffici nF hi stori cal
qual ity assessment data has not” been collected for the selected

sanpling crews, sanpling nethods, and analytical |aboratories
|onlv? in the initial nE§SU(enent Bh@se, an accurate assessnent
of pertormance during the “pilot study™ wll require a relatively
| arge number of quality assessnent sanples. However, even with
an experienced sanpling crew, tested sanmpling nethods,and well-

characterized analytical |aboratories, unique characteristics of

a Particular sife may require an *ncreased nunber of q%$lit
assessnent sanples to nmeasure perfornance agalnst stated data

qual ity objectives.
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DEFI NI TIONS AND TERVB

. Problens can often occur when inportant terms in
environnental sanpling are not defined, poorly defined, or not

wel | under st ood. Cunnpnlg accepted terms such. as soil can have
many different definitionS depending upon the interests and

background of an investigator. Nh}or errors can occur if
everyone involved in an investigation has a different

understanding of a term
Wiile the definitions contained in this document nmay not be

universal, it is inmportant in an understanding of the overal
process of assesslng errors and identifying their sources that
the terns be defined early. Inportant steps and sanmples that are

required for the assessnent of variability and bias are defined
in the main document. Basic definitions that are less critica
to an understanding of the quality assurance process are in

Appendi x B.
Qual ity Assessment Sanpl es

|I\fany terms have been used to describe quality assessment

sanpl es. lity evaluyation is also used. ality assessnept
saggles aré%ﬁ%ingﬁ as #ﬁose sanﬁles t hat aJ%o&Pstat%nents to be
made concerning the quality of the measurenent system  These
sampl es have two prinmary reasons for utilization. They allow
assessment of the qualify of the data, and nost |nport¥ntly, t hey
allow for control of data quality to assure that it neets the
original objectives.

The objective of this section is to identify the various
sanpl e types, define what they are used for, and how they have
been previously used in characterizing the measurenent process.

Qual ity assessment sanples include sanmples from three
groups, based upon whether they are double-blind, single-blind,
or non-blind to the analytical |aboratory. Double-blind sanples
are sanples that cannot be distinguished from routine sanples by
the analytical laboratory. Single-blind sanples are sanples that
can be distinguished fromroutine sanples but are of unknown
concentration. Non-blind sanples are sanples that have a
concentration and origin that are known to the analytica
|l aboratory.  Some references state that quality confrol sanples
are only those that are blind to the analytical |aboratory (9).
QO her docunents refer to quality control sanples as non-blind to
the analytical laboratory (3,13). The intent of categor|2|n?
qual ity assessnent sanples into these categories, i.e., double-
blind,” single-blind, and non-blind, is to avoid confusion due to
termnology. The key point is that all of the sanples discussed
here refer to those sanples that nake some statement about the
quality of the peasurement system This discussion wll not
include sanples such as background samples or critical sanples
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(9) because they are required for characterization of the
contamnation at a site and not for characterization of the
errors in the measurenent system

Table 4 and Appendix E list typical quality assessnent
sanpl es and describe how neasurenents of these sanples are used
in the control of the measurenent process and in the evaluation
of the quality assurance procedures. To obtain an unbiased
measure of the internal consjstency of the sanples and their
anal yses, the individual quality assessment sanples nust be
doubl e-blind and should be |abeled as routine sanples so that the
anal yst (and greferabl al so the |aboratory) does not know the
relationship between the sanples. This reduces the chances of
conscious or unconscious efforts to inprove the apparent
consi stency of the anal yses.
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Doubl e-bl i nd Sanpl es
1. Field Evaluation Sanples (FES)

These Sanples are of known concentration, subjected to the sane
mani pul ations as routine sanples and introduced in the field at
the earliest stage possible. They can be used to detect
measurement bias and to estimate precision.

2. W Field Evaluation Sanples (LLFES

These sanples are essentially the same as field evaluation

sanpl es, but they have very low or non-existent concentrations of
the contamnant.” They are” used for determnation of .
contanmnation in the sanple collection, transport, and analysis
processes. They can also be used for determnation of the system
detection limt (13).

3. External Laboratory Evaluation Samples (ELES)

This sample is simlar to the field evaluation sanple except it
Is sent directly to the analytical |aboratory wthout undergoing
any field manipulations. It can be used to ‘determne |aboratory

bias and precision if used in duplicate. W recommend using the
sane sanple as the FES to allow Isolation of the potential
sources of error. Spiked soil sanples have been used as externa
| aboratory evaluation sanples in past studies for dioxin,
esticides, and organics (1,6?, and natural evaluation sanples
(gvgsfeen used for netals analysis in soil and liquid sanples

4. Low Level External Laboratory Evaluation Sample (LLELES)

This sample is simlar to the LLFES except it is sent directly to
the anal ytical |aboratory w thout underg0|n% any field o

mani pul ati ons. It is used to deternmine method detection limt,
and the presence or absence of |aboratory contam nation. W
recommend using the same sanple source as for the LLFES to al |l ow
Isolation and rdentification of the source of contamnation

5. Fileld Matrix Spike (FMS)
This is a routine sanple spiked with the contam nant of interest
inthe field. Because of the inherent problens associated wth

the spiking procedure and recovery it is not recommended for use
in field studies (9).

6. Field Duplicate (FD)

An additional sanple taken near the routine field sample to
determne total wthin-batch measurement variability. The
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differences in the neasurenents of duplicate and associated .
sanples are in part caused by the short-range spatial variability
(heterogeneity) in the soil and are associated with the
measurement error in the field crews selection of the soil
volume to be the physical sanple (i.e., two crews sent to the
sane sanmpling site, or the same crew sent at different tinmes,
woul d be unlrkely to choose exactly the same spot to sanple).

7. Preparation Split (PS)

After a routine field sangle I s honogeni zed, a subsanple is taken
for use as the routine laboratory sample. |f an additional
subsanple is taken fromthe routine field sanple in the sanme way
as the routine laporatory sanple, this additional sanple is
called a preparation split, _The preparation split allows.
estimtion of error varlab|I|t¥ ar|5|n? from the subsanpling
process and from all sources of error O||OMAn? subsanpl'i ng.

This sanple mght also be sent to a reference [aboratory to check
for laboratory bias or to estimate inter-laboratory variability.
These have also been called replicates (5).

Single-Blind Sanples
1. Field Rinsate Blank (PRB)

These sanples, also called field blanks (9), decontam nation

bl anks 314,15), equi pment bl anks (5), and dynam c bl anks (5%, are
obtained by running distilled, deionized (DDI) water through the
sanpling equi pnent after decontamnation to test for any residua
cont ami nat i on.

2. Preparation Rinsate Blank (PRB)

These sanples, also called sanple bank bl anks (12, 14,15), are
obt ai ned by Pa55|ng DDl water through the sanple preparation
apparatus after cleaning in order to check for residual

cont am nati on.

3. Irip Blank (TB)

These sanples are used when volatile organics are sanpled, and
consist of actual sample containers filled with ASTM Type |1
water, and are kept wth the routine sanPIes t hroughout the

sanpl ing event. hey are then packaged for shipment with the
routine sanmples and sent wth each Shlppln% container to the

| aboratory (9). This sanple is used to determne the presence or
absence of contam nation during shipnent.

Non- bl i nd Sanpl es

These sanples (e.g. Laboratory Control Sanples (LCS)) are used in
the Contract Laboratory Program to assess bias and precision.

For conveni ence, these sanples are described in Appendix E with
the definitions being adapted from the CLP Inorganic Statenent of

Wrk #788 (10).
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Split Sanples
Sampl es can be split to provide:

. sampl es for both parties in a litigation or potentia
litigation situation; S
a measure of the w thin-sanple variability;
materials for spiking in order to test recovery; and
a nmeasure of the analytical and extraction errors.

The location O the sanple splitting determ nes the conponents of
variance that are nmeasured by the split. A split made in the
sampl e bank (i.e., at the sanple preparation tacility to which
samples are sent fromthe field) neasures error introduced from
that level onward. A split nmade in the field includes errors
associated with field handlln%. A split or series of subsanples
made in the laboratory for extraction purposes measures the
extraction error and subsequent analytical errors.

Spi ked Sanpl es

Spi ked sanples are prePared by adding a known amount of
reference chemcal to one of a pair of split sanples. Conparing
the results of the analysis of a spiked menber to that of the
non-spi ked nmenber of the split measures spike recovery and

provi des a neasure of the analytical bias. Spiked sanples are
difficult to prepare with soil material itself. = Frequently the
spi ke solution is added to the extract of the soil sample.” This
avoi ds the problem of mxing, but does not provide a neasure of
the interaction of the chemcals in the soil wth the spike;
neither does it provide an evaluation of the extraction
efficiency. A predigest spike, as utilized in the CLP (9) would
allow a check of the-extraction or digestion efficiency: " In
addition, if the laboratory does the spiking, the spiking is non-
blind to the |aboratory.

Bl anks

Bl anks Erovide a measure of various cross-contam nation
sources, background levels in the reagents, decontam nation
efficiency, and other potential error that can be introduced from
sources other than the sanple. For exanple, a blank introduced
at the earliest point in the field can neasure input from |
contam nated dust or air into the sanple. Arinsate blank, i.e.
decontam nation sanple, measures any chenmical that may have been
on the sanpling and sanple preparation tools after the

decontam nation process is conpleted.

Bat ch

A batch is defined as a group of sanples which are sanpled,
shipped and anal yzed under simlar conditions. Thet
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of routine and quality assessment sanples in a batch is dependent
on the desired frequency of quality assessment sanpling that a

budget will allow. i
‘sa ‘e delivery groquh'e a{serurgebdaticnh t he S&rgn(yésqus wth the term
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AVAI LABI LI TY OF QUALITY ASSESSMENT SAMPLES

_ Presently, performance-eval uation-materials (PEMs) for
inorganic in soils are not readily available. pEM ¢losely
resemble routine sanples, are well characterized, and are
provided as unknown sanples to a JaboratorY to denonstrate that
the laboratory can produce analytical results within specified
limts of performance. ) Soil performance-eval uation-naterials
are available for routine soil characterization for acid
deposition purposes (13), and performance materials have been
develoged for dioxin analysis (1,6). These materials are
available as quarterly blind sanples; however, adequate PEMs do
not exist for analysis of inorganic in hazardous waste soils.

To neet the growi ng needs for PEMs the Environnenta

Monitoring Systens Laboratory - Las Vegas (ESM.-LV) in
conjunction with EPA's Officé of Energency and Renedial Response
(CERR) has begun a pro%ec; to devel op, test, and produce "case-
specific” or "Site-specitic” PEMs.  Sanples taken at Superfund
sites are organized into groups called "Superfund Cases”. Each
case of sanples is sent to a specific CLP |aboratory for

anal ysis. The objective is to provide a multi-matrix, multi-
analyte, nulti-level library or shopping list of PEMs which the
Regi onal site-mnagers could order by tel ephone or froma
catal og. Each PEM woul d be included as just another sanple
within the Case. Utimtely the PEMs would be double-blind to
the laboratories. The PEMs  woul d be tailored-made for each
Superfund Case of analytical sanples to enable nore reliable,

accurate decision nmaking about Superfund sites.

PEMs are an inportant conponent of the rationale that is
used to assess varlabjlltrland bi as throughout the measurenent
process; however, variability and biases may al so be assessed
W thout the use of these materials since present availability is
limted. An alternative QA design that does not rely on the use
of FES and ELES is provided after the discussion of the rationale
that is based on the use of PEM.

1 Butler, L., 1989. Personal communication
EGV|ronnentaI Moni toring Systems Laboratory. Las Vegas,
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A RATI ONALE FOR ASSESSI NG ERRORS

Quality Assessnent Sanple Design

An effective quality assurance program should ensure that
the uncertainty associated with the nmeasurement system will be
|nS|Pn|f|cant when conpared to the uncertainty allowed for the
popul'ation of interest. As stated by J.K Taylor (7):

"When the uncertainty of a measured value is one-third
or less of the permssible tolerance for its use, it
can be considered as essentially errorless for that
use. "

Therefore it is critical that a quality assurance system provides
for quantification of total neasurement error. Measurenent error
consists of three nmajor conponents, i.e. sanple collection
preparation, and analysis. Each of these phases can then be
divided into smaller conponents depending on the specific design
of the operation.

It is inportant to realize that if the error associated wth
the sanple collection or preparation phase is large, then the
best |aboratory quality assurance programis inadequate. Thus a
manager shoul d apply the greatest amount of enphasis to the phase
that contributes the |argest conponent of error; this will not be
possible if the quality assurance design does not provide for
error evaluation of the nmajor neasurenent phases.

The follow ng sanple design (Figure_l% IS proposed as a
conplete quality assurance design that will allow determnation
and control of the various conponents of neasurement bias and .
precision. It is assumed that only one analytical |aboratory is
utilized; nevertheless, the design can be applied to nultiple

| aboratories. A nultiple-laboratory approach is not discussed
here for sinplicity. he sanples, discussed in the design, were
defined previously in Table 4.

Figure 1 depicts how quality assessnment sanples of severa
types are treated at the sanple collection, preparation, and
anal ysis stages. Starting at the left of the diagram the
collection of a field duplicate is shown. At the location
selected for the duplicate, two collocated sanples are collected.
One is designated as the routine sanple (RS), the other as the
field duplicate (FD). During the preparation phase, after a
routine tield sanple has been honogenized, a ST?saqPIe s, taken
to be used as the routine |aboratory sanple. an addi ti onal
subsanple is taken fromthe routine field sanple, this additiona
sangle is called a preparation split. In a simlar nanner, a

subsanple is also obtained froma field duplicate to provide the
| aboratory sanple fromwhich a concentration measurenent for the
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FD wil| be obtained. These sanples are then forwarded to the
anal ytical |aboratory for analysis.

Moving to the mddle of the diagram paired eval uation
sanpl es are shown entering the process at two stages. In
general, fleld evaluation sanples (FES) are introduced as early
In the collection and packagln% process as possible. However, in
the case of soil sampling, 1t 1S normally not possible to pass
them over the sampling tools, so they enter the process
|nnpd|ate|¥ after the collection step. These sanples are then
subjected to the sane handlln? and analysis procedures as the
other sanples. The external Taboratory evaluation sanples (ELES)
are introduced after the preparation stage in such a way that
they cannot be identified as QA sanples Ty the |aboratory and
thereby serve as double-blind sanples. hese sanples are then
subjected to the sane analytical procedures as routine sanples.

On the right side of the d|agranh t wo tzggs of rinsate
bl anks are shown. The field rinsate blank (FRB) is used to check
for sanple-collection equipment contam nation, and the _
preparation rinsate blank (PRB) is used to check for preparation

equi pnent cont am nati on.

Sone consideration nust be given to how quality assessment
sanpl es shoul d be assigned to batches of routine sanples. Each
batch shoul d contain erther one pair of field evaluation sanples
or none. Tyglcally, external evaluation sanples will only be
assigned to batches of sanples containing field evaluation
sampl'es, and, in such cases, only one pair wll be assigned to a
batch. Any particular batch may contain zero, one, or Severa
field duplicates and their associated routine sanples. However
sone attenpt should be nmade to distribute field duplicates
t hroughout the batches fromthe beglnnlng to the end of the
study . Rules for the assignment of preparation splits, and
associ ated routine sanples, to batches are the same as for field
duplicates. As a general rule, each batch should contain one

field rinsate blank and one preparation blank
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Figure 1
QUALI TY ASSESSMENT SAMPLES

Duplicates and Snlits Evaluation _Samples Rlanks
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Field Duplicates (FD)

o | ROULRE | _ ! Field |
Sample Taking | S34HE | -~ uplicate
. Roudne FD
Preparation Subsample Subsample
Phase

NUMBER REQUIRED:
Since fieid duplicates are e
measurement error variance an

Is required, at least 20 pairs ( (
duplicate (co-located) sample) or 10 triples (i.e.,

Function of Field Duplicates:
To provide data required to
estimate total neasurement
error variance mnus between-
batch error variance (oi-¢}).
In other words, field
duplicates can be used to
estimate the sumof all
measur ement-error variance
components except the
bet ween-batch error variance
conponent. To assessS
bet ween-batch errors, field

| ab eval uation

eval uation sanples or
externa
sanpl es may be used.

loyed in the estimtion of total

since an estimte of t
. €.

i his variance
, routine sanple and field
routine

sanple and two field-duplicate sanples) must be obtained to neet

the mni mal
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Preparation Splits (PS)

ing Roudne
Sample Taking Sample

' 1

Premamtion | . RouLne Prep. Split
& L:ymauuu suosamplc Subsample

Function of Preparation

Splits: _

To provide data required to

N N estimate the sum of .
subsanpling and anal yti cal

_ - variances (o,+gl) To .
Analysis RS [Ps ] acconplish this, the split
must be performed before the

sanple arrives at the
anal ytical |aboratory.

NUMBER REQUI RED: . . _

|f the estimtion of the conponents of variance is an inportant
objective of the project, then one should follow the 20 degrees
of freedomrule and run at |east 20 preparation pairs &b.e.,
routine subsanple and preparation-split subsanple). However,
unlike estimation of the total measurenent error variance,
estimation of variance conponents may be unnecessary in the
qual ity evaluation of some projects.” |f the estination of
variance conponents is unnecessary, then the only reason for
prﬁgaratlon sgllts mght be for quality control purposes and the
nunber would be determned in terms of the quality control
requirements.
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Fiel d Eval uation Sanples (FES)

Function of Field Evaluation
sanples (in pairs ).
To provide data which when taken
in conjunction with the data
obtained fromfield duplicate
sanpl es and their associated
routine sanples allows one to
Preparation [FES | [C55] obtai n unbiased estinmates of the
Phase total neasurenent error variance,
: od, the between-batch error
variance, o;, and the sample-
collection error variance, o
‘ The data from the FES al'so aflow
Analysis | FES | [FES estimation of the handling error
variance, o, and of the total
measurement pias mnus the sanple
53ttt PP EF E CO| | ectl1on bl ases (Bn- BS- BSC),

NUMBER REQUI RED: _ S
Since field evaluation sanples are enployed in the estimation of
the total measurenent error variance and since an estinmate of
this variance is required, at least 21 field-evaluation pairs

nust be obtained to neet the mniml 20 degrees of freedom for

all variance estimtes. (The nunber of required pairs is 21
rather than 20 because one of the variances being calculated from
the data is the variance of the paired sanple averages; _
therefore, 21 avera?es are required to obtain a varrance estimate
with 20 degrees of freedom)
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External Laboratory Evaluation Sanples (ELES)

Sample Taking

Preparadon No Preparation
Phase ELES| - [ELES]

o

Function of ELES: _
To provide data required to
estimate the sum of the biases

Analysis [ELES| [ELES] due to anilysis and to data

handling (B,+B.), and anal yti cal
=SS ====S==S=S===S========z=== error variliances (O‘:).

NUVBER REQUI RED: _ _ _

If the estimation of the conponents of variance is an inportant
objective of the project, then one should follow the 20 degrees
of freedomrule and run at least 20 |aboratory evaluation pairs.
However, unlike estimation of the total neasurement error
variance, estimation of variance conponents and bias conponents
may be unnecessary in the quality evaluation of some projects.
|f the estimation of variance and bias conponents is unnecessary,
then the only reason for |aboratory evaluation sanmples mght be
for quality control purposes and the number woul d be determ ned
in terns of the quality control requirenments.
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Preparation Rinsate Bl anks (PRB)

Sample Taking
| Preparation IPR.B
Phase
_I;uncti ondof dPRB: ed
S 0 provide data required to
Analysis @ estimte the sumof bias
caused by contam nation,
EEEEESCE=EECSSS=SS =S =SS=======S=Scs= anal ySI S and dat a handl I ng
( Ba+ th+ Bssc+ Bsc) :
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Field R nsate Bl anks (FRB)

Sample taking @J

Preparation

Phase .

Function of FRB: .

To provide data required to

estimate the sumof the bias caused

by antan1ngt|?nt%t Eh% II?E of y
, sanpling and a e laboratory an

Analysis [FRB] by analysis and data handling

( Ba+ Bac+ BSC)
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Equations for Estimating Bias and Precision

Once the analytical results are received, conputation of

bias and precision values is the next step. Bias mav be .
expressedpas the difference between the A%asureg cOndentration of

the evaluation Sanples and the reference or known value for the
eval uation sample. A reference value and an expected range of

values are usually available for evaluation samples. |f the
measured values are within this range, then one can say that bias
has not been detected. If the neasured values are outside this

range, then bias may be present and its anount nay be estinated
fan1the di fferences hetween the neasured and the reference
val ues.

Precision is usually described by variance, although
standard deviations are sometimes used. However, standard
deviations are not additive, while variances are. Table 5
provi des equations for the variance estimtes. Mst of these
equations are based on the statistical definitions of variance
for the difference between paired values.  Subscripts ", and

' refer to within and between-batch variances, respectively,
Ich are conputed from paired field-evaluation sanples.
Subscripts ", and "," refer to individual sanples in a pair. In
devel oping these equations, it is assuned that splits and field
duplicates were aSS|?ned to sanple |ocations such that no
| ocation had both a field-duplicate and a preparation split. |f
duplicates and splits are assigned to the same |ocations, some of
the above variance fornulas nust be nodified. However, all the
above variance conponents can be estimated in either case. The
symbol ‘n” always represents the nunber of pairs involved. It
Is also assunmed, as will typically be case, that the field
eval uation sanples are of the same size (weight or volune) as the
routine Iaborator% sanpl es forwarded from the preparation phase:
this means that there is no subsanpling of the FES in the
preparation phase. Triples are not considered here

Details for conputing variance estinmates for tota
measurement error sanple collection, sanple handling
subsanpling, and analytical error are provided in Table 5. If
the estimates of variance conponents, involving differences of
variance estimtes, S, yield negative values, the reported
estimate is zero.
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Table 5
EQUATI ONS FOR DETERM NI NG PRECI SI ON AND BI AS

PRECI SI ON
Data Source Estimate Parameter Estimated
]
Field Duplicates stp = 2 {RS;-FD;]%/(2n) (o%,—o%) = (03+0%5+03+0%)
im]
a
Prep. Splits sps = 2, [RSi~PS1%(2n) (63+0%)
isl

n
Field Evaluation Samples  sipes = 2, [FES1i-FES2J%(2n)  (c}+0)

isl

n t—————
Field Evaluation Samples  sggps =2, [FES-FESI/(n-1)  (c3+0p+20%)
i=l
where FES; = (FES;+FES2;)/2,
a
and FES = ), (FES;+FES3;)/(2n)

il

. ,
External Lab Eval. Samp.  sygs = 2, [ELES;~ELES,i1%/(2n) o3

isl

stp + (sBres - shres)2 y
sbp - sivres - Sbs + sbies 2
(shres - shres)’2 %
shs - sbies ok
stres - sbvies o
ShLES ot




Table 5 (continued)

SUEESTED BI'AS FORMULAE

1. Field Evaluation Sanple (FES): Bias = 100(F-R/R %

where Ris the reference value for the FES, and F is the
reported neasurenent of the FES.

2. Field Rinsate Blank (FRB): Bias = 100 X/ CRDL %

where X is the measured value of the FRB, and CRDL is the
Contract Required Detection Limt.

3. Preparation Rinsate Blank (PRB): Bias = 100 P/CRDL %

where P is the nmeasured value of the PRB, and CRDL is as
defined above.

4 Pre-Digest Spike: Bias = 100 ( SSR-SR-SA) /SA %

where SSR is the spiked sanple result, SRis the sanple
result, and SA is the spike amount.

5. Post-digest Spike: (same fornula as for the pre-digest spike)
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AN ALTERNATI VE QA DESIGN THAT DOES NOT EMPLOY FES AND ELES

The quality assurance design given in the preceding section
enpl oyed field evaluation sanpleés ?FES) and external |aboratory
eval uation Sanples (ELES). It mq$ assuned that thes sampleﬁ
woul d be double blind sanmples of honbgeneous soil and that the
soil would be very simlar (i.e., simlar in soil type, in
concentrations of the pollutants of concern, and in
concentrations of other possible chemcal interferents) to that
to be sanpled in the study. This usually inplies that a fairly

| arge quantity (or quantities) of soil should be collected from
the study site, sent to a |aboratory to be dried, mxed, sieved,
and split into honogeneous subsamples to be used as FES and ELES.
It also requires analysis of a sufficient number of sanples by
the |aboratory to establish the honogeneity of the sanples, and
the sending of sanples to a nunber of other |aboratories to
establish a reference value for the FES and ELES. This is a
tinme-consumng process, and the tine required for the process nay
not be available to the RPM prior to the start of the soi
sampling study. This section addresses how one may plan the
study w thout™ FES and ELES so as to still be able to search out
bias sources, to estimte some error variance conponents, and to
estimate total measurement error variance.

~ The basic use of the FES in the preceding section was to

estimate between batch variance. As an alternative, it is
suggested that additional field duplicates may be enployed for
thi's purpose. One may go back to a particular sanpling |ocation

e.g., a point at which one sanple of soil is taken%, and take a
resh gcollocated) sample to include with each batch (or with at
| east 21 randomy selected batches if there are a |arger nunber
of batches). If it is difficult to take so many collocated
sanmpl es from one sanpling location, one mght use two or three
such locations and take collocated sanmples to include in the
batches, alternating between |ocations (e.g., for two sanpling

| ocations A and B, Dbatch 1 has a collocated sanple from |ocation
A, batch 2 fromlocation B, batch 3 fromlocation A ...). By
conparing the variability between collocated sanples that are
col lecte and.ananzed in different batches, with the variability
within the field-duplicate-and-associated-routine-sanple pairs,
one can estimate the variability contributed by changes in the
measurenent process between batches. These collocated sanples
are actually field duplicates, but because they are used in a
different way than the field duplicates encountered in the
previous section, they wll be identified as batch field
duplicates (BFD). Equations for determning the variance
estimates using this procedure are given in Table 6. The
assunption stated for Table 5 that field duplicates and
Freparatlon splits are not associated with the same sanpling

ocation is again applied in Table 6. It is shown in Table™6
that the variance conponent associated handling cannot be
separated from that associated with sample collection, and that
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Table 6

EQUATI ONS FOR DETERM NI NG PRECI SI ON W THOUT FES AND ELES

Field Duplicatcs

Prep. splits

Batch Field Duplicates?

or

Batch Field Duplicates®

stp = 3, [RS-FDyJ%(2n)

i=l

ss = 9, [RS-PSiJ%(2n)

iml

(0%~0%) =(03+03s+ad+0p)

(c3+c%s)

m
skep = 2, (BFD;- BFD}/(m-1) g2

iml

[[ O .
sirp = 2. 2, [BFDy- BFDjlz/i (m-1) o2

j=l iml

sérp - Sfp
sép - SBs
ss

78

+ o

5%4'0%3

8 Thisequation is appropriate when the m batch field duplicate samples arc all taken from
are sampling location. BFD is the sample mean of the m samples.

b

This equation is appropriate when the batch field duplicate samples are from L locations

with m(>1) BFDs coming from sampling location j. BFD, is the sample mean of the
m,samples taken for location j.
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the variance conﬁonent associated wth subsanpling cannot be
separated from that associated with analysis. Thi E ss of
|P(frnat|on is a consequence of not using FES and BLES T the
st udy

~ The bias detection allowed by use of FES and ELES may be
aﬂaln obtained at least in part by the introduction of well-
characterized single-blind sanples, containing the contamnants
of interest, that are already available from previous studies or
from EMSL-LV. These are single-blind sanples, since the
| aboratory analyst will probably be able to distinguish them from
the routine sanples. These sanples will be denoted here by FES1
and ELES1. It will not be necessary to run these sanples 1n
pairs as they will not be used in variance estimation. Figure 2
Is a diagram of this alternative study that Elays the same role
as Figure 1 did for the procedure involving FES and ELES.
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Figure 2
Alternative Quality Assessnment Sanple Design

Duplicates and Splits valuation Samples Blanks
Sample Taking §2,':$;: —- Dti;ﬁlgm @ ESl FRSS
, Routine | | Prep. Split ) [f]
Preparauon Subs:.mple "| Subsample | | Subsample (:BF_D_J FES! TRB
Phase No Preparation }
I ELES1 [ ’
]

Analysis ®s] ([75] ™ FES] [ELES [FRE, PR3,
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EXAMPLE OF QUALITY ASSESSMENT

The purpose of this exanple is to show how the guidance in

this document can be inplemented. Data used in this exanple were
obtained from an actuanSu erfund site which was contan1ﬂgtedm%y
| ead deP03|t|on froma snelter: however, . arrangenent of }he dat a
Into batches and data from field eval uation samples are fictiona

and are included for illustrative purposes.

Q¥ QC froma Pilot Study

A pilot study was conducted over a representative area to
determne spatial variability and extent of the |ead
contamnation in order to develop an efficient sanpling network
for obtaining representative measurenents of contanmination over a
large area. ~Since neasurement variability is known to contribute
to the overall variability of data from a sanpling effort, a
qual ity assessment program was inplemented to assess the
variability fromthe collection, handling, and analysis of the
sanples. Data from the quality assessnment program were intended
for use in determning if the measurenent variability was so high
as to prevent accurate assessments of the spatial variability
from being nade and whether corrective actions would be required
to reduce the measurement variability. One sanpling crew and one
Iabﬂratory were selected for collection and analysis of the
sanpl es.

The qua[it4 assessnent sanples are identified in Figure 1
and defined in Table 4. A laboratory control sanple was .
recommended at a rate of one per batch. This sanple was obtained
fromthe EMSL-LV EPA laboratory (9), and the acceptable
concentration range was provided to the laboratory. This sanple
was used by the analytlcal | aboratory as a quality control

sample; thus, it could not be used to estimte analytica

| aboratory bias because it was a non-blind sanple.

~ Field evaluation sanples were made by sanpling 50 kg of a
soil type, which was the same as that in the contam nated zone,
but was located 5 mles away in an area known from past studjes
to have background concentrations of lead. The bulk material was
t hen processed as follows:

-the material was air-dried for a one week period
-the material was then sieved, and all mterial that passed a
2-mm sieve was saved (40 kg of air dried nmaterial)
-16 grans of |ead were added to the 40 kﬂ of soil (400 ppm
-the sampl e was honogenized by rolling the material in a
Tef | on-coated drum for 48 hours . _
-lOPtiubsaanes were made by using a closed-bin riffle
splitter
-10 subsanpl es, chosen at random were then shipped to a
referee |aboratory to check the |ead concentrations and to
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verify that the |ead was equally distributed in each
subsanpl e

The total nunmber of samples, by type, utilized in this study were
as follows:

routi ne sanples: 180 ,
field evaluation (FES) sanples: 6 (3 pairs)

field duplicates (FD): 10

field rinsate blanks (FRB): 10
Freparatlon-spllt (PS) samples: 10
aboratory control samples (LCS): 10

total sanples analyzed: 226

total quality assessment sanples: 36

total quality control sanples: 10

percentage of Q¥ QC. 22%

. Hi gh concentrations of |ead were encountered in the field
rinsate blank (FRB) from the second batch of sanples sent to the
anal ytical laboratory. This problemwas not detected until after
the 4th batch of sanples was sent to the analytical |aboratory,
Fortunately, this problem was not observed with |ater batches.
Neverthel ess, the sampling crew was advised of this problem and
told to be nmore careful. ~In addition, all sanples associated
with that batch were resanpled and reanal yzed. =~ This probl em was
not evident with the field evaluation sanples (FES) because they
could not be used with a split-spoon sampling device. The field
eval uation sanples were introduced after the sanple was taken out
of the ground. It was also evident that the contam nation did
not come fromthe preparation phase because the preparation
bl ank was acceptable.

Post Pilot Study Data AnalySi S

After all data were received from the analytical |aboratory
the equations defined in Table 5 were utilized to calculate
estimates of total measurenent variance, the sum of sanple-
col l ection and sanpl e-handi ng vari ances, and between-batch
vari ances.

A conputer program entitled “ASSESS'’, was devel oped from
the equations in Tables 5 and 6, and data were entered into the
Frogram to estimate neasurenent-error variance conponents. Data

Isted in Table 7 were entered into the programto facilitate the
calculation of the terms described in Tables 5 and 6. The
measured |ead concentrations in soil (in ng/kg) are given for 10

! Thisis a Public-donain programwitten in Fortran for
use on an IBMPC. It may be obtained by witing to the
Exposure Assessment Division, Environmental Monitorin
Systems Laboratory, P.Q Box 93478, Las Vegas, NV 89193.
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preparation-split pairs and for 10 field-duplicate pairs. e
amount of data used has been kept small to nmake it easier to read
and to illustrate the use of the conputer programto calculate
variances.

The first step is to determne whether a transformation
(e.g., taking the natural log (In) of the values) is needed to
stabilize the variance. The estimation of variance conponents
inplies that there are unique variances to be estimted that
descri be measurement-error variance for all measurements. This
Is not the case if measurenent error variances change wth sanple
concentrations. The dependence of measurenent error variances on
sanmpl e concentrations is frequently encountered. Fortunately,
this problem can be overcone through the appropriate selection
and use of such transformations as are discussed by Hoaglin,
et al. (1983) and Box and Cbx.§1964). A typical rule of thunb
used by statisticians is that if the ratio of the nmaximum
observation to the mninum observation is less than 20, no
variance stabilizing transformation is needed; otherw se, the
need for a variance stabilizing transformation should be .
investigated. The information provided bY the field-duplicate
pairs and the preparation splits is useful in deciding whether a
transformation is required to stabilize variance with respect to
sanpl e concentration.

~ For _each field-duplicate pair and each preparation-split
pair in Table 7, the sumand absolute difference of the two
measurenents is calculated. One conpares how the pair absol ute
di fferences change as the pair sums change, which is equivalent
to comparing how the sanple standard deviations change as the
associ ated sanple nmeans change. For the field-duplicate pairs,
one observes that the differences associated with the larger suns
tend to be larger than those associated with smaller sums. For
exanple, the nedian difference associated with the five |argest
sums is 96, while the nedian difference associated with the five
smallest sums is only 28. Simlarly, for the preparation-split
airs, one finds the nedian difference associated with the five

argest sums is 28, while the nedian difference associated with
the five smallest suns is only 1.3. This is reasonably clear
evidence neasurenent error variances are changing with Sﬁnple,
concentrations and that a transformation is required. There is
insufficient information available in the table to choose an
appropriate variance stabilizing transformation. However, |ead
concentration data from other soil sanpling studies indicate that
the sinple logarithmc transformation (Y=In(lead concentration))
satisfactorily stabilizes the variances. e log-transtornation
was perforned on the data in Table 7, and the results are given
in Table 8 along with the variance conponent calculations and
estimates from the ASSESS program

40



Table 7. Quality Assessment Data

QUALITY EVALOATION DATA’  Transformed?

]Batch RS m Ps FES Pairs ELES Pairs  (RS+FD)/2* RS-FD*® (RS+PS)/2 |RS~PS!

442 0 R 0 n A A .
1 RT 0 et PR Y Y . .
4 475.0  488.0 .0 .0 .g .g
8 423.0  424.0 .0 .0 .0 .0
1 389.0 430.0 .0 0 4095  41.0
1 26.0  410.0 328.0  164.0 .0 .0
2 33.4 32.1 .0 0 32.8 1.3
2 960.0  780.0 870.0  180.0 .0 .0
3 221.0 244.0 .0 00 225 2.0
3 180.0  208.0 1940 28,0 .0 .0
4 §0.0 72.0 .0 QS 860 12.0
4 87.0-  221.0 154.0  134.0 .0 .0
5 275.0 233.0 0 0 2540 4.0
5 349.0  400.0 NS 510 .0 .0
6 474.0 446.0 .0 0 460.0  28.0
6 478.0  382.0 430.0 9.0 .0 .0
7 3.5 32.7 .0 00 N1 .8
7 3.0 333 3.2 .3 .0 .0
8 1,360.0 1,340.0 .0 .0 1,350.0  20.0
8 104.0 1280 116.0  24.0 0 .0
9 313.0 294.0 .0 0 3035  19.0
9 201.0  161.0 18,0 4.0 0 .0
10 67.0 67.0 .0 .0 67,0 .0
10 2750 199.0 27.0  76.0 .0 .0

! Concentrations in mg/kg

‘ The average concentration of the routine sample and field
duplicate is computed for the purpose of determining
whether a transformation of the data is required.

* This is computed to determine whether a transformation of
the data is required and is equal to the standard

_ - I N

deviation times the square root of 2.
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Table 8. Transformed Quality Assessment Data

QUALITY EVALUATION DATA®*  Transformed?

1n

Batch RS 30 PS FES Pairs ELES Pairs  (RS+D)/2” |RS~FD!® (RS+PS)/2 |RS-PS!
1 6.105  6.225 000 000 .000 .000
4 6.163  6.190 000 000 .000  .000
8 6.047  6.050 000 .000  .000  .000
1 5.964 6.064 .000 .000  6.014 .100
1 5.505 6.016 5.761 Sl .000 .000
2 3.509 3.469 .000 000  3.489 .040
2 6.867  6.659 6.763 .208 .000 .000
3 5.398 5.497 000 000 5.448 .099
3 5.193  5.338 5.265 145 000 .000
4 4.094 4,27 000 000  4.186 .182
4 4.466 5.398 4,932 932 000 .000
5 5.617 - 5.451 .000 000 5,534 .166
5 5.855 5.991 5.923 136 .000 .

6 6.161 6.100 .000 000  6.131 061
6 6.170  5.945 6.058 224 .000 000
7 3.512 3.4%7 .000 000  3.499 024
7 3.497  3.506 3.501 .009 .000 000
3 7.215 7.200 .000 000 7.208 015
8 4.644  4.852 §.748 .208 000 000
9 5.746 5.684 .000 000 5,715 063
9 5.303  5.081 5.192 22 .000 000
10 4,205 4.205 .000 000 4,205 000
10 5.617 5.293 . 5.455 323 .000 000

Total measurement error variance 077

Sample collection variance Insufficient samples for the computation to be made

Betveen batch variance 004 .

Subsampling variance Insufficient samples for the computation to be made

Handling variance Insufficient samples for the computation to be made

‘ Concentrations in mg/kg

’ The average concentration of the routine sample and field
duplicate is computed for the purpose of determining
whether a transformation of the data is required.

* This is computed to determine whether a transformation of
the data is required and is equal to the standard
deviation times the square root of 2.
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Figure 3 from the ASSESS
program further illustrates
the need for a transform of
the original data. The
standard deviation of the data
fromroutine sanples and field
duplicates increases with the
average concentration. A
| ogarithmc transform of the
data will stabilize the
standard deviation of the data
over the measured
concentration range. After
this has occurred, the
variances may be conputed for
the.puerse of asseSS|n%
variability throughout the
neasurement process. The
ASSESS Program al l ows these

|

calculations to be perforned =
easily. Figure 3. Scatter Plot of QA

Data from ASSESS

1s8.

12e.

",

»

.. 130, 380, 430. (8. 730. 98

Aerage Coneentration of M & P

The variances reported in Table 8 indicate that the sum of
the variances arising from sanple collection and from sanple
handling amount to about 7/8ths of the total measurenent-error
variance. The estimate of the sum of the variances caused by
sanple collection and sanple handling is given by (see Table 5)

S. - s, = 0.0730 - 0.0045 = 0. 0685,

%hile the estimate of total neasurenent-error variance iS given
y
Sty + (Sues- Swe)/2 = 0.0730 + (0.0100 - 0.0025)/2 = 0.0768

However, the estinmate s,.., based on only 2 degrees of freedom (3
pairs -1), may underestimate the true variance oJ..’ by a factor
of 30 or nore éTabIe 3). The other estimates, s’, of variance
are based on 10 or fewer degrees of freedom and may underestinate
the true variances by factors of 3 or nore. If all of the
estimates of variance had been based on at |east 20 degrees of
freedom ach, one would have much nore confidence in the
estimates and would certainly be justified in instituting a nore
rigorous training program for the sanple-taking crews and in
consi dering an increase in the volume of soil in each sanple. In
point of fact, the sum of the variances caused by sanple
collection and sanple handling was such a large portion
(approximately 1/3 ) of the total (measurenent plus spatial).
variation that action was taken to reduce its contribution”in the
primary study. Wile nore data fromthe use of field evaluation

sanpl es and external |aboratory evaluation sanples woul d have
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been useful in inplenenting the rationale for assessing errors
and variability in all phases of the pilot study, sufficient
information was provided fromthe existing quality assessment
sanpl es to begin making some changes. Tighter adherence to the
rationale during the main part of the study would ensure that
sufficient data were available to accurately assess the
S|9n|f|capce and sources of variability during the study of the
enfire site.

Figu{F 4tfrPn1tPﬁ ASSESS
rogramillustrates the range . o
P ?Ahi ch the estimates of the Tetisates of vastinde fren 18 St
various variance conponents
can be expected to occur

within a 95% confidence
interval. It is clear from
the length of the line for s..
that greater use of field 10008
eval uation sanples would have
I nproved the assessnent of 15008,
bet ween-batch variability as
wel | as of the total Lause.
nmeasurement error and sanple
col l ection variances. —

Devel opnent of the QA Plan for .
the Primary Study ) st sm  sefes shdes

The DQCs for the primary
Tgure 4. Error Plot from
study were devel oped wth rgt 9 ASSESS
he

t
background data from the pi
study . Goals were established o
for accuracy, precision, conpleteness, conparability and
representativeness of the data to be collected during the ,
expanded study. Historical data on variability in nmajor portions
of the neasurement process were input into the ASSESS program for
reference. Based upon the [imted number of FES, |ack of ELES in
the pilot study and the inportance of having reliable assessnents
of data quality throughout the neasurement process, Table 3 was
used to determne the added number of QA sanples that were _
required to better estimte variability during sanple collection,
handl i ng, transportion, subsanpling and analysis. Even though
the personnel, procedures, and anal ytical equipnent would be
identical in the primary study to that in the pilot study, the
deci sion-makers felt that 20 degrees of freedom were needed for
all quality assessment sanples to permt assessments of
variability to be within a factor of roughly two &ﬂ t he actua
value, at Teast to the 95% confidence interval. ese _
assessments would confirm that the changes nade during the pil ot
study were effective in reducing sanpling and neasurenent
variability to acceptable levels, i.e., to permt spatia
variability to be accurately assessed.
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RECOMVENDATI ONS FOR FUTURE WORK

Geater attenpts to define and standardize QC terms need
to be made in conjunction with the Quality Assurance
Managenent St af f 8CANB) within the Ofice of Research and
Devel opment (ORD) and the program of fices.

Protocols and materials for the preparation of QN QC sanples
for the field need to be reviewed further and described in
greater detail. In some cases, new materials and protocols
will need to be devel oped and standards established

The rationale presented in this document needs to be
devel oped further to integrate it with the work of QAMS.

Dat a quallt¥ obj ectives ( ) are inportant in determning
the level o CA)QC for a study, and QAMS effort to develop a
standardi zed approach to the devel opnent of DQCs throu?h t he
use of conputer software could incorporate the rationale
presented In this document. It appears that this rationale
could be translated into a spreadsheet or expert systens
conput er program

G eater characterization of comonly used sanpling methods
needs to be made. The choice of a sanpling method .
determnes to some extent the amount of QA QC involved in a
study . For methods such as the portable x-ray fluorescence
instrunent, the volume of earth sanpled, mninmum detection
level, interferences, and range of contam nants detected are
some of the characteristics that need to be defined, when
praﬁtécable, on a scale conmon to the other sanpling

net hods.

The rationale presented in this document needs to be

eval uated at several actual Superfund site investigations.
If the rationale proves to be workable and worthwhile, the
rationale needs to be adopted for use at all Superfund site
Investigations to try to achieve a uniform neasure of data
qu?llty fromall of the investigations of inorganic in

soil .

Tralnln% may be conducted prior to a study or during a
study. The optimum approach is to conplete the training and
eval uation of sanpling crews prior to the initiation of a
maj or study. The feasibility of establishing a nationa
training/certification programfor sanpling crews should be
consi dered further.

Specific sub-sanpling techniques need to be defined and
devel oped for utilization in the field and the |aboratory.
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APPENDI X A
KEY COVPONENTS

A rigorous programto assess the qualit¥ of data cannot be
devel oped "and inplenented if key conponents for a field study are
negl ected. Those conponents include training, pilot studies, a
variety of audits to assess the effectiveness of the Q¥ QC
program and docunentati on.

Trai ni ng

Training is an integral part of an effective quallaf
assurance program It should furnish the essential know edge
needed by all study Fart|0|pants to assure that plans, nethods,
and procedures are all acconplished as designed. The training
program should review key principles and pornt out changes in
protocol s to experienced workers. At the same time it should
orient the new enployee to all the study methods. Training
shoul d al ways occur at the earliest possible tine before a study
in order to give personnel time to nake adjustnents. However,
training typically occurs, in varying degrees, throughout nulti-
phased studies as personnel change and nore is |earned about the
site, methods and procedures. raining may be formal, or
informal, in the classroom or on the job. Training should
include lectures on sanmpling principles, a denmonstration of
procedures, question and answer sessions, and hands-on sanpling
practice.

A practical way to inplement a training programis to integrate
it intoa ‘prelimnary” study. However, additional training my
al so occur during a “pilot” study as personnel are evaluated on
the methods and procedures that are expected to be used during
the main study.

Pilot Study

Pilot studies may serve as the inpetus for further training
before the full-scale study. The purpose of a pilot study is to
eval uate the |ogistics, equipnent, sanﬁllng Plans and anal ytica
protocols prior to inplenentation of the full study. It should
also provide a test of the study design, quality assurance
design, and data interpretation plan. = Pilot studies are
recommended for all programs so that state-of-the-art neasurenent
met hods and study designs can be fully tested before the full
study begins. I'n order to be useful, the pilot study should
enploy all of the plans for the full-scale project, including the
same personnel, managenment structure, equipment, and procedures.
After the pilot study is conplete, the study nethods can be
careful |y assessed to see whether or not changes need to be nade
before the full-scale study starts. The data nust be interpreted
so that the study methods may be evaluated in relation to how the
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study ob{ectives are being met. It is critical that nanagers
provide time and resources to evaluate the pilot study an ,
I ncorporate changes before the start of the next phasé of a site

I nvestigation.

The guidance in this document, to assess errors in field
sanpl i ng, na¥ be used to assess the proficiency of a training
effort by allowng the measured errors to be conpared against
stated data quality objectives.

Audi ts

An adequate QA program ensures that the quality of the fina
product neets the DQ0s. Audits are an integral part of the QA
Brpcess and are vital for assuring that program procedures are

eing inplemented.

~Audits are performed to docunment the inplenentation of the
qual ity assurance program plan, quality assurance project plan
and/ or associ ated operational protocols. Four specific kinds of
audits can be used to determne the status of the neasurenent
systens, the adequacy of the data collection systens, the
conpl et eness of docunentation of data collection activities and
the abilities of the program managenent to neet the nandated data
collection and data quality objectives. These four audit types
are respectively Performance Audits, Technical System Audits,
Data Quality Audits and Management System Audits.

* Performance Audits (PA) are generally based on Quality
Assessment or Evaluation (QE) sanples. Sanples having
known concentrations may be tested as unknowns in the
| aboratory or a sanple nmay be analyzed for the presence
of certain conpounds. Performance audits are used to
determ ne objectively whether an analytical neasurenent
sKstem I's operating within established control limts at
the time of the audit.

* Technical System Audits (TSA) are qualitativ? ?n-?ite
audits that evaluate the technical aspects of field

operations against the requirenents of ' the approved
protocols and QA plans. TSA reports will note any
probl ens, allowng corrective action to be taken to
protect the validity of future data.

* ta ality Audits (DC%H re evacuations of the
%E%unen afion associatied W %ata quality indicators of

nmeasurement data to verify that the generated data are of
known and docunent ed guallty. This is an inportant part
of the validation of data packages show ng that the

met hods and SOPS designated in the QA plans were .
followed, and that the resulting data set is a functiona
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part of satisfying the established DQOs. The results are
vital to decisions regarding the |egal defensibility of
the data should it be challénged in'litigation

* A Managenent System Audit (MSA)js a formal review of an
entire program e.g. ,a review of a state’'s QA program
or areview of a state-contracted Laboratory. '|na MSA
key elenments in the program e.g., lab certification "
Progranl Q in field operations, and QCin the certified
ab, are evaluated to see if QA is being inplemented. If
deficiencies are detected, corrective actions are

suggested and inplementation nonitored.

The guidance in this document is particularly useful for the
performance audit.

Docunent ati on

DocunentedEProcedures_should be devel oped prior to a study
and fol | owed. rrors can increase and blunders can occur in any
measur enent program through inadequately prepared and revi ewed
docunentation. ~Data transcribed onto paper or recorded on
magnetic media nust be checked for accuracy on a tinely basis by
3ua||f|ed personnel . Measures to assess and minimze errors, as
escribed in this document, are not going to he effective if
adequat e documentation is not developed and reviewed on a timely

basi s.

It is inportant that field personnel follow specified
documented procedures. |f changes in program execution and
design (e.g., sanple site selection, number of sanples to be
collected, sanpling intervals, and tools) are required, these
changes, with appropriate rationale, nmust also be docunented.
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APPENDI X B
DEFI NI TI ONS
Quality Assurance

A system of activities whose purpose is to provide to the
producer or user of a product or service the assurance that it

meets defined standards of quality. It consists of two separate,
but relate activities, quality control and quality assessnent.
Quality Control

The overall system of activities whose purpose is to control the
ﬁﬁallty of the measurenent data so that they neet the needs of
e user.

Qual ity Assessment

The overal | systemof activities that provide an objective
measure of the quality of data produced.

Soi |

The soil referred to in this document enconpasses the mass
(surface and subsurface) of unconsolidated mantle of weathered
rock and |oose nateri al Iylng above solid rock. Further, a
distinction nmust be made as to what fraction of the
unconsol idated material is soil and what fraction is not. The
soi | conponent here is defined as all mneral and na;urall¥ o
occurring organic material that is 2 mmor less in size. This is
the size normally used to distinguish between soils (consisting
of sands, silts, and cIays? and gravels. In addition, the 2-mm
size is generally conpatible with analytical laboratory methods,
capabilities, and requirenents.

~ The non-soi|l fraction (e.?., automobi l e fluff, wood chips,

various absorbents and mneral/organic material greater than 2-mm
in size) nust also be addressed in sanpling and monitoring. This
fraction may contribute and/or contain a greater amount o
contanmi nant(s) than the associated soil fraction. At sites in
which this occurs, reporting contamnant levels only in the soi
fraction will ultimately lead to |napPropr|ate and ‘i ncorrect
deci sion meking. Decision makers nust realize that a number of
Problens are normal 'y encountered in obtaining and using, data

romthe non-soil conmponents. For exanple, questions arise
concerning the validity of data obtained fromthe analysis of
materials that do not nmeet the size and vol ume requirements fgr
whi ch the anal ytical processes were validat ed. so, standar
reference and audit naterials are not available to substantiate
and validate the anal ytical results.
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The current recomended procedures are to identify and
record the type and volume of non-soil material for each sanple
collected with a mninumof 10 percent (% of these non-soil
sanples submtted for analysis. Data fromthe non-soil materia
are inportant to the assessSnent of the representativeness of the
soi |l sampling/nonitoring program  The behavior of contam nants
in the soil environment is a functiOn of the contam nant’s and
soil's physical and chemcal properties. Soil sorption (the
retention of substances by adsorption or absorption) is related
to properties of the contamnant (e.g., solubilities, heats of
solution, viscosity, and vapor pressure) and to properties of
soils (e.g., clay content, organic content, texture, _
perneability, pH particle size, specific surface area, ion
exchange capacity, water content, and tenperature). The soi
components that are nost associated with sorption are clay
content and organic matter. The soil particle surface
characteristics thought to be nost inportant in adsorption are
surface area and cation exchange capacity (CEQ

Standard Additions
A procedure called standard additions is commnly used to

detect bias in chemcal analysis. [In this proceduré, known
amounts of standard solutions are added to aligquots of soil _
sanples. It is recommended that this be done in the field or in

a fleld laboratory. The main problem encountered is that mixing
soils to obtain honDPenelty is difficult in a [aboratory, and
even nore so in the field.” Several known quantities of "the

standard are added to the aliquots of the soil sanples. The
anal ytical results should follow a straight |ine:

y=a+bx,

where x is the increase in concentration caused %y the addition
and K is the value obtained by the laboratory. Bias is indicated
if the data do not follow a straight line, of if a <0. If the
units of x and y are the sanme, the value of b should be near one,
and a significant deviation fromone would indicate a
propotiional bias.
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APPENDIX C

Soil Sampling Methods Table

Access %o
Sempling
Mest Suit- Sites
abtains Qperation able Soil Juziae abor
Core Most Suitable 1a $tomey Noistuze Poor So1rl 2elacive Require=
Sample sare Types Sails Coaditioas Sandiziong Sammis Siie Saspl.ng dency encs “aise
~rpe 3¢ Sampler Tes %o no' Qo').cub tither Pav Uafav Wet Oty Cither Tes Ne Saall large Shallow Deep Sitaer . I/ Moce 3mai. ac:
L. Yand~-Helid
spaoas x X 3 z z 3 z T 3
3ca0ops 2 b 4 z 3 3 z 3 z z
Shoveis 3 '3 2 1 4 2 % 13 z z
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Screw=Ctype Auqercs x z z 3 z H x Y x
3actei Augqers 'Y
203t-nole Augqer z z 3 z % z z x 3
Suteh Auger z s 3 z x
Requiac Sasrel
Auger x z 3 z 13 z 2 ] z
sSand Auqers z z H ] z x 13 z z
Hug Augers 2 z 3 z = H z z z
» o= []
$o1l Probes
det Tips 3 3 2 z X
ory Tips z z % 1 3 2 b 3 x 3 x
Terameyecr Tubes z 3 z z z z 3
rFinn-aailed Tube z z = z z T 3 x
samplecs
7eat Saspiecs z z z 2 z H x x x
IZ. Power Odrivea
Auger
Jand-Held Sccew Type z z T z 2 % z z <
Paver Auger z
Tzuck Mounted Auger b 3
Triged Meuated Orive 2 2 z g z H z z 2
Saspler
Split Speeas | 3 ] ] H 3 3 x

Cohesive S0ils (e.g., clay!
Cohesiveless seils (e.g¢., dry saad)
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APPENDI X D
THE LOGNORMAL DI STRIBUTION AND LOGARI THM C TRANSFORMATI ONS

If the random variable W = Ln(X) has a normal distribution
with mean u, and variance o, (i.e., N(u.,0,’)), then the random
variable X has a lognormal distribution (Johnson and Kotz, 1970,
Chapter " 4’) with mean

E(X) = u, = exp(~u.0, + 0,'/2),
with variance

V(X) = 0, = w'(exp(a,’) = 1)
and with standard deviation
g, = U, J(exp(o,’)-1).

Note that the relative standard deviation (rsd) for X is
J(exp(o,’)-1) which is independent of the mean, u,, while the
standard deviation is a linear function of u,. (The |ogarithnic
transformati'on i's used to stabilize neasurement variance relative
to concentration when the data indicates that the standard
deviation is a linear function of the sanple concentration.)
Further, note that the series expansion about zero of the square
of the rsd as a function of ¢, is:

[rsd(X)]® = o, + (1/2!1)(a.) + (1/3!)(a))’ + ...

and so when o, is a number near zero, [rsd(X)]’ = o,’. The square
of the rsd is sometines called the rel-variance.

®Johnson, N.L., and S. Kotz. Continuous Univariate
Distributions -1. Houghton Mfflin Co., Boston, MA 1970 300 pp.
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APPENDI X E

QUALI TY ASSESSMENT SANPLEShFhL§hEN%IRWRACT LABORATCRY PROGRAM

MMm%qns:%l_s.mng_{_Lglu- A sanple of well -
characterized sol , whose ana yte concentrations are known

to the laboratory, is used for internal |aboratory control
(10,15). This sanple is also called a quality control audit
sanpl e (13).

Pre-digest Spike Sample - A routine sample in which a known
quantity of analyte is added to an aliquot of the sanple.

I't is used to determne bias fromthe digestion and anal ysis
of conponents.

-dj j ] - A routine sanple in which a known
uantity of analyte is added to an aliquot after the
I gestion procesS is conpleted. It is used to deternmne
bias fromthe analytical or detection phase. Wien used in
combination with a pre-digest spike sanple, the bias from
the digestion phase may be determned by difference.

Au%IvticaI | aboratory Duglicate (ALD) - Thls sgnBIe S a
subsample of a routine sanple which Is analyzed by the same

nmethod. It is used to determne nethod precision, but
because it is a non-blind sanple, or known to the analyst,
It can only be used by the analyst as an internal control
tool and not as an unbiased estimate of analytica

preci sion.

Calibration Verification (CCV) Solutions - These are
prePared sol uti'ons containing known concentrations of
anal ytes that originated froma different source as the
calibration standards. They are used as an independent
check of the instrument calibration accuracy. The CCV
samples are normally run in an ordered fashion after a
specified number of routine sanples.

Blank (CCB) Solution. These are blank sanples run at the
same frequency as the I'CV and CCV, and they are used to
check for instrument baseline drift.

- This is a solution standard

at a concentration of two tines the CRDL, or two tinmes the
| DL, whichever is greater. It is used during each run in

place of a formal instrunental detection |imt determ nation
to assure the instrument is running properly.

Linear Range Verification Check Standard - This standard is
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a solution of known analyte at concentrations within the
upper limt of the linear range. Apove this range, the
sanpl es nmust be dil uted.

9. |CP Interference Check Sanple .- This S%Q?Le conta'n§ t wo
; _ lal Intertering anal ytes, and
art B contains both the analytes of interest and the target

analytes. Part A and B are anal yzed separately to determne
the potential for interferences.

56



APPENDIX F

Upper Confidence Limits for the Variance, o', as a Function of
-~ gn 3 o~ 3 a ol

- - > -i-iele) v MR de, De Va3 an uke
Degrees of_Lsxsla_gi_sgnﬁlggngg_Lil_
Freedom 20 25 29

2 9.49s’ 19.49s’ 99.50s?
3 5.13s’ 8.52s’ 26.13s’
4 3.76s’ 5.63s’ 13.46s?
5 3.108’ 6.01s’ 9.02s?
6 2.72s? 3.67s’ 6.88s*
7 2.47s? 3.23s? 5.65s?
8 2.29s° 2.92s8 4.86s°
9 2.16s? 2.71s8? 4.31s8’
10 2.05s’ 2.548° 3.91s8’
11 1.97s? 2.40s’ 3.60s8’
12 1.90s8? 2.29s8’ 3.368°
13 1.85s’ 2.21s? 3.178
14 1.80s? 2.13s’ 3.00s?
15 1.76s’ 2.07s’ 2.87s
16 1.72s8’ 2.01s8? 2.758?
17 1.698’ 1.96s’ 2.65s’
18 1.66s8’ 1.92s8’ 2.578°
19 1.638’ 1.87s’ 2.49s’
20 1.61s8’ 1.84s’ 2.428°
21 1.59s’ 1.81s8’ 2.36s8’
22 1.57s? 1.78s? 2.31s8?
23 1.55s’ 1.76s? 2.26s8’
24 1.538 1.738? 2.21s?
a5 1.52s8° 1.71s? 2.178?
30 1.46s8’ 1.62s8’ 2.01s’
40 1.38s’ 1.51s’ 1.80s’
50 1.33s’ 1.44s8° 1.68s8’
100 1.218° 1.28s8’ 1.438’
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