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QHW Designation: D 6044 — 96

Standard Guide for
Representative Sampling for Management of Waste and
Contaminated Media *

This standard is issued under the fixed designation D 6044; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilone] indicates an editorial change since the last revision or reapproval.

1. Scope responsibility of the user of this standard to establish appro-

1.1 This guide covers the definition of representativeness iR'iate safety and health practices and determine the applica-
environmental sampling, identifies sources that can affedpility of regulatory limitations prior to use.
representativeness (especially bias), and describes the & peferenced Documents
tributes that a representative sample or a representative set of
samples should possess. For convenience, the term* represen?-1 ASTM Standards: ,
tative sample” is used in this guide to denote both a represen- D 3370 Practices for Sampling Water from Closed Con-
tative sample and a representative set of samples, unless duits’ ) i o
otherwise qualified in the text. D 4448 Guide for Sampling Groundwater Monitoring

1.2 This guide outlines a process by which a representative Wells® ) ) ] )
sample may be obtained from a population. The purpose of the D 4547 _Practlce for Sampling Waste and Soils for Volatile
representative sample is to provide information about a statis- Organic$ _ , _
tical parameter(s) (such as mean) of the population regarding P 4700 Guide for Soil Sampling from the Vadose Zbne
some characteristic(s) (such as concentration) of its constitu- D 4823 Guide for Core-Sampling Submerged, Unconsoli-

ent(s) (such as lead). This process includes the following dated Sedimerﬁ:s o _ _
stages: 1) minimization of sampling bias and optimization of D 5088 Practice for Decontamination of Field Equipment

precision while taking the physical sample®) minimization Used at Nonradioactive Waste Sftes
of measurement bias and optimization of precision when D 5792 Practice for Generation of Environmental Data
analyzing the physical samples to obtain data, @angnimi- Related to Waste Management Activities: Development of

zation of statistical bias when making inference from the _ Data Quality Objectives _

sample data to the population. While both bias and precision D 5956 Guide for Sampling Strategies for Heterogeneous
are covered in this guide, major emphasis is given to bias Wasted _ , _

reduction. D 6051 Guide for Composite Sampling and Field Subsam-

1.3 This guide describes the attributes of a representative Pling for Environmental Waste Management Activifies
sample anq presents a general methodology fOI.’ obtammg_ Terminology
representative samples. It does not, however, provide specific _ )
or comprehensive sampling procedures. It is the user’s respon—?"1 _analyt|cal unit, R—the actual amount of the sample
sibility to ensure that proper and adequate procedures are usdg@terial analyzed in the laboratory. , .

1.4 The assessment of the representativeness of a sample is-2 Pias, n—a systematic positive or negative deviation of
not covered in this guide since it is not possible to ever know1€ Sample or estimated value from the true population value.
the true value of the population. _3.2.1 Dlscyssm_n—Tms guide dlscu_sses three sources of

1.5 Since the purpose of each sampling event is unique, thi¥@S—sampling bias, measurement bias, and statistical bias.
guide does not attempt to give a step by step account of how to 1 N€re iS a sampling bias when the value inherent in the
develop a sampling design that results in the collection oPhysical samples is systematically different from what is
representative samples. inherent in the population. _

1.6 Appendix X1 contains two case studies, which discuss There is a measurement bias when the measurement process
the factors for obtaining representative samples. produces_ a sample va!ue systematically differ_ent from thqt

1.7 This standard does not purport to address all of theinherent in the sample itself, although the physical sample is

safety concerns, if any, associated with its use. It is the
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itself unbiased. Measurement bias can also include any sygresence of fundamental heterogeneity (or fundamental érror)
tematic difference between the original sample and the sample the population that sampling variance arises. Degree of
analyzed, when the analyzed sample may have been alteredmpling variance defines the degree of precision in estimating
due to improper procedures such as improper sample presdhe population parameter using the sample data. The smaller
vation or preparation, or both. the sampling variance is, the more precise the estimate is. See

There is a statistical bias when, in the absence of sampling!sosampling error

bias and measurement bias, the statistical procedure produces &-11 homogeneity,#-the condition of the population under
biased estimate of the population value. which all items of the population are identical with respect to

the characteristic(s) of interest.

Sampling bias is considered the most important factor ) . .
affecting inference from the samples to the population : 3.12 Judgmen_t sar_npllng,—makmg of a sample(s) based on
' judgment that it will more or less represent the average

3.3 biased sampling,the taking of a sample(s) with prior congition of the population.

knowledge that the sampling result will be biased relative to 3 12.1 Discussios—The sampling location(s) is selected
the true value of the population. because it is judged to be representative of the average
3.3.1 Discussior—This is the taking of a sample(s) based condition of the population. It can be effective when the
on available information or knowledge, especially in terms ofpopulation is relatively homogeneous or when the professional
visible signs or knowledge of contamination. This kind of judgment is good. It may or may not introduce bias. It is a
sampling is used to detect the presence of localized contamirseful sampling approach when precision is not a concern. This
nation or to identify the source of a contamination. Theis one form of authoritative sampling (sb&ased sampling
sampling results are not intended for generalization to the 3.13 population, A— the totality of items or units of

entire population. This is one form of authoritative samplingMaterials under consideration. _
(seejudgment sampling 3.14 representative sample-na sample collected in such a

manner that it reflects one or more characteristics of interest (as

3.4 characteristic, A—a property of items in & sample or tgefined by the project objectives) of a population from which
|

population that can be measured, counted, or otherwise o
served, such as viscosity, flash point, or concentration.

is collected.
i o 3.14.1 Discussior—A representative sample can be a single
3.5 composite sample,—ra combination of two or more gample, a collection of samples, or one or more composite

samples. samples. A single sample can be representative only when the
3.6 constituent, A~ an element, component, or ingredient of population is highly homogeneous.
the population. 3.15 representative sampling-hthe process of obtaining a

3.6.1 Discussior—If a population contains several contami- 'epresentative sample or a representative set of samples.

nants (such as acetone, lead, and chromium), these contami-3-16 representative set of samples—a set of samples that
nants are called the constituents of the population. collectively reflect one or more characteristics of interest of a

3.7 Data Quality Obijectives, DQOs,-aqualitative and population from which they were collected. Sepresentative
' ' ' sample

guantitative statements derived from a DQO process describing 3.17 sample, A-a portion of material that is taken for
the decision rules and the uncertainties of the decision(s.t)est'ing or for récord purposes.
within the context of the problem(s) (see Practice D 5792). 5474 Discussior-Sample is a term with numerous mean-
3.8 Data Quality Objective Processa quality management ings. The scientist collecting physical samples (for example,
tool based on the Scientific Method and developed by the U.Srom a landfill, drum, or monitoring well) or analyzing samples
Environmental Protection Agency to facilitate the planning ofconsiders a sample to be that unit of the population that was
environmental data collection activities. The DQO processollected and placed in a container. A statistician considers a
enables planners to focus their planning efforts by specifyingample to be a subset of the population, and this subset may
the use of data (the decision), the decision criteria (actiorronsist of one or more physical samples. To minimize confu-
level), and the decision maker’s acceptable decision error ratesion, the termsample as used in this guide, is a reference to
The products of the DQO process are the DQOs (see Practigither a physical sample held in a sample container, or that

D 5792). portion of the population that is subjected to in situ measure-
3.9 error, n—the random or systematic deviation of the MeNts, or a set of physical samples. Sgwresentative sample

observed sample value from its true value (d#es and 3.17.1.1 The terrsample sizalso means different things to

sampling erroy. the scientist and the statistician. To avoid confusion, terms such

as sample mass/sample volume and number of samples are
used instead of sample size.

3.18 sampling erro— the systematic and random devia-
tions of the sample value from that of the population. The

3.10 heterogeneity, -+ the condition or degree of the
population under which all items of the population are not
identical with respect to the characteristic(s) of interest.

3.10.1 Discussior—Although the ultimate interest is in the
statistical parameter such as the mean concentration of a

nstituent of th lation, heterogeneity rel h
constituent of the population, heterogeneity relates to the 7 Pitard, F. F., Pierre Gy’s Sampling Theory and Sampling Practice: Heteroge-

presence _Of diﬁerencesl in_ the characte_ristics .(fOI’ exampl%eity, Sampling Correctness and Statistical Processﬁqhmuid ed. CRC Prgss
concentration) of the units in the population. It is due to thepublishers, 1993. ocliments
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systematic error is theampling biasThe random error is the agement and contaminated media.
sampling variance .

3.18.1 Discussior—Before the physical samples are taken,”: Representative Samples
potential sampling variance comes from the inherent popula- 5.1 Samples are taken to infer about some statistical param-
tion heterogeneity (sometimes called the “fundamental error,eter(s) of the population regarding some characteristic(s) of its
seeheterogeneity In the physical sampling stage, additional congtituent(s) of interest. This is discussed in the following
contributors to sampling variance include random errors irfections.
collecting the samples. After the samples are collected, another 5.2 Samples-When a representative sample consists of a
contributor is the random error in the measurement process. [gingle physical sample, it is a sample that by itself reflects the
each of these stages, systematic errors can occur as well, Biiaracteristics of interest of the population. On the other hand,

they are the sources of bias, not sampling variance. when a representative sample consists of a set of physical
3.18.1.1 Sampling variance is often used to refer to the totsgamples, the samples collectively reflect some characteristics
variance from the various sources. of the population, though the samples individually may not be

3.19 stratum, r—a subgroup of the population separated inrepresentative. In most cases, more than one physical sample is
space or time, or both, from the remainder of the populationnecessary to characterize the population, because the popula-
being internally similar with respect to a target characteristic ofion in environmental sampling is usually heterogeneous.
interest, and different from adjacent strata of the population. 5.3 Constituents and CharacteristiesA population can

3.19.1 Discussior—A landfill may display spatially sepa- POSsess many constituents, each with many characteristics.
rated strata, such as old cells containing different wastes thadsually it is only a subset of these constituents and character-
new cells. A waste pipe may discharge into temporally SepaiStiCS that are of interest in the context of the stated problem.
rated strata of different constituents or concentrations, or bothl herefore, samples need to be representative of the population
if night-shift production varies from the day shift. In this guide, only in terms of these constituent(s) and characteristic(s) of
strata refer mostly to the stratification in the concentrations ofnterest. A sampling plan needs to be designed accordingly.

the same constituent(s). 5.4 Parameters—Similarly, samples need to be representa-
3.20 subsample, & a portion of the original sample that is tive of the population only in the parameter(s) of interest. If the
taken for testing or for record purposes. interest is only in estimating a parameter such as the population
o mean, then composite samples, when taken correctly, will not
4. Significance and Use be biased and therefore constitute a representative sample
4.1 Representative samples are defined in the context of tHeegarding bias) for that parameter. On the other hand, if the
study objectives. interest happens to be the estimation of the population variance

4.2 This guide defines the meaning of a representativéof individual sampling units), another parameter, then the
sample, as well as the attributes the sample(s) needs to havevariance of the composite samples is a biased estimate of the
order to provide a valid inference from the sample data to th@opulation variance and therefore is not representative. (It is to
population. be noted that composite samples are often used to increase the

4.3 This guide also provides a process to identify theprecision in estimating the population mean and not to estimate
sources of error (both systematic and random) so that an effothhe population variance of individual sampling units.)
can be made to control or minimize these errors. These sources5.5 Population—Since the samples are intended to be rep-
include sampling error, measurement error, and statistical biasesentative of a population, a population must be well defined,

4.4 When the objective is limited to the taking of a especially in its spatial or temporal boundaries, or both,
representative (physical) sample or a representative set aiccording to the study objective.

(physical) samples, only potential sampling errors need to be 5.6 RepresentativenessThe word “reflects” in this guide is

considered. When the objective is to make an inference fromused to mean a certain degree of low bias and high precision
the sample data to the population, additional measurementhen comparing the sample value(s) to the population val-
error and statistical bias need to be considered. ue(s). This is a broad definition of sample representativeness

4.5 This guide does not apply to the cases where the takingsed in this guide. A narrower definition of representativeness
of a nonrepresentative sample(s) is prescribed by the studg often used to mean simply the absence of bias.
objective. In that case, sampling approaches such as judgment5.6.1 Bias—Bias is sometimes mistakenly taken to be “a
sampling or biased sampling can be taken. These approachésference between the observed value of a physical sample and
are not within the scope of this guide. the true population value.” The correct definition of bias is “a

4.6 Following this guide does not guarantee that represersystematic(or consistent) difference between an observed
tative samples will be obtained. But failure to follow this guide (sample) value and the true population value.” The word
will likely result in obtaining sample data that are either biased'systematic” here implies “on the average” over a set of
or imprecise, or both. Following this guide should increase thg@hysical samples, and not a single physical sample. Recall that
level of confidence in making the inference from the samplesampling error consists of the random and systematic devia-
data to the population. tions of a sample (or estimated) value from that of the

4.7 This guide can be used in conjunction with the DQOpopulation. Although random deviations may occur on occa-
process (see Practice D 5792). sions due to imprecision in the sampling or measurement

4.8 This guide is intended for those who manage, desigrprocesses, or both, they balance out on.the average and lead to
and implement sampling and analytical plans for waste manao systematic difference between theld4a@bl [N sed)
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value and the population value. The random deviation corre- ]Study Objectivel
sponds to the observation of “a random difference between a i
single physical sample value and the true population value,”

which can be randomly positive or negative, and is not a bias. Population

On the other hand, a persistent positive or negative difference .. a. Spatial & temporal boundaries

H H H H ; b. Sampling unit

is a systematic error and is a bI.aS. _ 3 o, Comatituent/Property of inforost
5.6.1.1 In order to assess bias, the true population value | | d Statistioal parameter of interest

must be known. Since the true population value is rarely V\
known, bias cannot be quantitatively assessed. However, thig: ™

guide provides an approach to identifying the potential sourceg 1 , Samp“ng Design

of bias and general considerations for controlling or minimiz- & I S \‘/

|ng these potent|a| biases. EE !l No. of samples T a. Sampling Equipment & Procedures
5.6.2 Precision—Precision has to do with the level of g | (noptmizaton) | b. Statistical Sampling Principles

confidence in estimating the population value using the samplg { ]

data. If the population is totally homogeneous and the mea& b

surement process is flawless, a single sample will provide a; Representatlve Set of

completely precise estimate of the population value. When the : _Sample(s)

population is heterogeneous or the measurement process is not

totally precise, or both, a larger number of samples will provide b Sample Preservation to minimize sampling bias

a more precise estimate thar_l a smaller number of_samples. 7777777777777777777777 Fepresentative Subsample
5.6.2.1 In the case of bias, the goal in environmental Minimize subsampling bias

sampling is its absence. In the case of precision, the goal in ‘

sampling will depend on factors such as: Sample Preservation

/

(1) The precision level needed to achieve the desired levels
of decision errors, both false positive and false negative errors,

(2) If the true value is known or suspected to be well below o e
the regulatory limit, high precision in the samples may not be “ ’
needed, and Jy

(3) The study budget.

5.6.2.2 Note that the second item applies similarly to bias as
well.

5.6.2.3 Since bias, especially during sampling, can be very FIG. 1 A Systematic Approach to Representative Sampling
large when proper procedures are not followed, it is considered
to be the first necessary condition for sample representativéccasionally, the objective is merely to detect the presence of
ness. On the other hand, precision can be more or lesgcontaminant or to obtain a “worst case” sample. In that case,
controlled, for example, by increasing the number of sample@n authoritative sampling approach (biased sampling or judg-
taken or by decreasing the sampling or measurement variabilment sampling) may be taken and this guide does not apply.
ties, or both. 6.4 Populationr—A population consists of the totality of

5.6.2.4 The optimal number of samples to take to achieve §ems or units of materials under consideration (Compilation of
desired level of precision is typically an issue in optimizationASTM Standard Definitions, 1990). Its boundaries (spatial or
of a sampling plan. Therefore, the precision issue will betemporal, or both) are defined according to the problem

- Chemical Analysis

Statistical Analysis

Correct inference procedure
to minimize statistical bias

covered only briefly in this guide. statement. This population is usually called tagget popula-
) ) ) tion. In order to solve the stated problem, samples must be
6. A Systematic Approach to Representative Sampling taken from the target population.

6.1 A systematic approach is one that first defines the 6.4.1 Sampled Populatioh-Sometimes some parts of the
desired end result and then designs a process by which suchaget population may not be amenable to sampling due to
result can be obtained. In representative sampling, the desirddctors such as accessibility. The boundaries of the target
end result is a sample or a set of samples that achieves desirpdpulation actually sampled due to factors such as incomplete
levels of low bias and high precision. accessibility define the sampled population.

6.2 Arepresentative sampling process is described in Fig. 1. 6.4.1.1 Although the samples taken from the sampled popu-
The key components in the process are described in thigtion may be representative of the sampled population, they
section. may not be representative of the target population. In this case,

6.3 Study Objective- A sampling plan is designed accord- potential exists that the samples taken from the sampled
ing to a defined problem or a stated study objective. Thepopulation may systematically deviate from the true value of
samples are then collected according to the sampling planhe target population, thereby introducing bias when making
Generally, the study objective dictates that representativinference from the samples to the target population.
samples be taken for the purpose of inference about the 6.4.1.2 When the boundaries of the target and sampled
population. In that case, these samples will need to be collectgabpulations are not identical, some pogsible solutions are:
according to this guide in order for the inference to be valid. (1) The parties to the decisior‘—mammmtﬁhe
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