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Designing Cost-Effective Sampling and Measurement Plans
by Use of Estimated Uncertainty and Its Components in
Waste Management Decision-Making *

This standard is issued under the fixed designation D 6842; 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 epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope 2.2 balanced desigm—a statistical study where replication

1.1 Waste management decisions generally involve uncefl €ach of the levels of ANOVA is identical.
tainty because of the fact that decisions are based on the use of2-3 measurement process—the method and procedure of
sample data. When uncertainty can be reduced or controlled,@Ptaining and measuring samples or their subsamples to
better decision can be achieved. One way to reduce or contrfoduce sample data.
uncertainty is through the estimation and control of the 2-4 sampling processn—the method and procedure of
components contributing to the overall uncertainty (or vari-collecting physical samples from a defined population.
ance). Control of the sizes of these variance components is an2-5 Unbalanced desigm—a statistical study where replica-
optimization process. The optimizations results can be used #°n in some or all of the levels of ANOVA is not identical.
either improve an existing sampling and analysis plan (if it3_ Significance and Use

should be found to be inadequate for decision-making pur- ) ) ] ) )
poses) or to optimize a new plan by directing resources to 3.1 This guide will evaluate sample data that contain a high

where the overall variance can be reduced the most. level of uncertainty for decision-making purposes and, when it
1.2 Estimation of the variance components from the totalS feasible, design a statistical study to estimate and reduce the

variance starts with the sampling and measurement procesiources of uncertainty. Oftentimes, historical data may be
The process involves two different kinds of uncertainties:2vailable and adequate for this purpose and no new study is
random and systematic. The former is associated with imprg?€eded. _

cision of the data, while the latter is associated with bias of the 3-1.1 This approach will help the stakeholders better under-
data. This guide will discuss only sources of uncertainty of s5tand where the greatest sources of uncertainty are in the
random nature. sampling and analysis process. Resources can be directed to

1.3 There may be many sources of uncertainty in wasté/nere it can most reduce the overall uncertainty.
management decisions. However, this guide does not intend to 3-1-2 Sampling and analysis design under this approach can

address the issue of how these sources are identified. It is tfften be cost-efficient becausa) the reduction in uncertainty
responsibility of the stakeholders and their technical staff t°@n be done by statistical means alone andhe reduction can
analyze the sampling and measurement processes in order§ franslated into a lower number of analyses. S
identify the potentially significant sources of uncertainty. After 3-2 This guide is limited to the situation where a decision is

identifying these sources, this guide will provide guidance or?@s€d on the mean of a population. It will only include
how to collect and analyze data to obtain an estimate of thdiscussions of a balanced design for the collection and analysis

total uncertainty and its components. of sample data in order to estimate the sources of uncertainty.
References to unbalanced designs are provided where appro-
2. Terminology priate.

2.1 analysis of variance (ANOVAh—a statistical method 4
of decomposing (or breaking down) the total variance and "’

estimating or testing its contributing component variances for 4-1 Decision-Making Based on Data o
statistical significance. 4.1.1 When waste management decision-making is based on

data and when the data come from a subset of a population, the
data can be used to calculate quantities such as mean, median,

1 This guide is under the jurisdiction of ASTM Committee D34 on Waste Of percentage for the purpose of estimating the true value of
Management and is the direct responsibility of Subcommittee D34.01 on Samplinghese quantities in the population. These estimates can be used

and Monitoring. . . . .
Current edition approved Dec. 10, 2002. Published February 2003. to make conclusions or decisions about the populatlon on
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issues such asi) Is the average concentration of a contami- TABLE 2 Example Data of TPH (ppm) for a 3-Stage Sampling and

nant at a certain site higher or lower than a regulatory standard? Measurement Process

(2) Has the cleanup standard been met? Field  Sub- TPH in Replicate  gybsample Field Sample Grand
4.1.2 However, these estimates involve uncertainty becaus&ample sample 2 3 Total Total Total

of uncertainties in the sampling and measurement processes. 1 1 0 1 1 32

The total uncertainty associated with an estimate can be 2 8 7 8 23 55

derived from the sample data and it is usually expressed as the * é i i 2 12 30 85

variance or standard deviation of the estimate. The estimate
and its variance can be used to define the level of confidence in
decision-making. For example, they can be used to calculate

the upper and lower confidence ||m|tS, where the width of the 424 A typ|ca| Samp“ng and measurement process goes
confidence limits is a measure of uncertainty in decisionthrough three stages:

making. 4.2.4.1 The collection of field samples,

4'1'3. An e>_<a_mple Of. high data uncertainty and low confi- 4.2.4.2 Taking of subsamples from the field samples in the
dence in decision-making can occur when the sample mquboratory and

concentration of a site is substantially below a regulatory limit ) )

while its upper confidence limit is higher than the regulatory 4-2-4.3 Duplicate analysis of the subsamples.

limit. In this case, a reduction in uncertainty will lead to better 4.2.5 The variances associated with each of these stages are
decision-making. That is, there is a higher probability that th&known as the sampling variance, subsampling variance, and

correct decision about the true concentration can be reachédalytical variance, respectively. The sum of these variances
and the appropriate action taken. constitutes the total variance in decision-making. The total

4.2 Sampling and Measurement Process variance and its contributing ‘components can be estimateq
4.2.1 When the confidence level is not at the level desired©m the data when the sampling and measurement process is
by the decision-makers, the data from the sampling an§€Signed for such purposes. For this guide, the 3-stage sam-
measurement processes can be analyzed to identify significaind and measurement process above will be used as a model
sources of contributors to the total variance. This guide willfor discussion purposes. When other processes are appropriate,
permit project managers to focus on the large sources dfonsult a statistician.
uncertainty and allocate resources for their reduction. That, in ) ) )
turn, will improve the sampling and measurement processed EStimation of Total Variance and Its Components
and achieve a higher level of confidence in project decisions. 5.1 Study Design and Example Data

4.2.2 This guide is limited to the situation when a decision 5.1 1 Under any sampling and measurement process, the
needs to be made regarding the mean of a population. total variance and its components can be estimated only when
4.2.3 This guide is also limited to the discussions of athe data are collected according to a design. In particular, for
balanced design for the collection and analysis of sample datiqe 3-stage process described in 4.2, the variances can be
in order to estimate the sources of uncertainty. An example oéstimated only when there are multiple field samples, where
a balanced design is given in Table 1. In Table 1, the lett€r *  multiple subsamples are taken from each of the field samples
indicates the number of subsamples taken from a field samplgnd when each of the subsamples is in turn analyzed in

and the letter K" indicates the number of replicate analysesmultiple replicates (duplicate, triplicate, etc.). The word “mul-
performed on each subsample. Note that there is an equfible” here implies two or more, with two being the minimum
number of subsamples for each of the field samples and a@quirement. The optimal numbers of field samples, sub-
equal number of replicate analyses for each of the subsampleamples and replicates will depend on the sizes of their
in Table 1. It is this equality in replication at the subsamplingrespective variance components and the costs associated with
level and at the replicate analysis level that constitutes ghe collection or analysis regarding these components. When
balanced design. When there is inequality at any of the levelshe costs are negligible, then they will depend solely on the
it is called an unbalanced design. References to unbalanceg|ative sizes of the variance components alone.
designs will be provided where appropriate. 5.1.2 An example of such a study design may appear as
noted in Table 1. Example data of TPH concentrations col-
lected from a hypothetical site may appear as shown in Table

TABLE 1 Study Design for the Example Sampling and 2, with the addition of the last 3 columns for the statistical
Measurement Process Described in Section 5 method Analysis of Variance (ANOVA). Note that the data in
Field Sample No. Subsample No. Replicate No. Value Table 2 is a balanced design in that the number of subsamples
1 1 1 Xing per field sample is equal at 2 and the number of replicate
m 7 ))((11;1 analyses per subsample is equal at 3.
n Ximn 5.1.3 An unbalanced design occurs when the number of
f ! ,11 j<<m subsamples is not equal among the field samples or when the
m 1 Xf';"l number of replicates is not equal among the subsamples. In this
n Ximn case, the estimation of the variance components becomes more
Afm, n=2. complicated. In this situation, consult aBﬁ@tﬂm
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