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Composite sampling

The high costs of laboratory analytical procedures
frequently strain environmental and public health
budgets. Whether soil, water or biological tissue is
being analyzed, the cost of testing for chemical and
pathogenic contaminants can be quite prohibitive.

Composite sampling can substantially reduce ana-
lytical costs because the number of required analyses
is reduced by compositing several samples into one
and analyzing the composited sample. By appropriate
selection of the composite sample size and retest-
ing of select individual samples, composite sampling
may reveal the same information as would otherwise
require many more analyses.

Many of the limitations of composite sampling
have been overcome by recent research, thus pro-
viding more widespread potential for the use of
composite sampling to reduce costs of environmen-
tal and public health assessments, while maintaining
and often increasing the precision of sample-based
inference.

When the objective is to estimate the population
mean or total, compositing will always reduce analyt-
ical cost; however, a sufficient number of composite
samples must still be obtained for estimating the
variance.

When the objective is to classify each individ-
ual sample, with say subsequent estimation of the
prevalence of a binary trait or proportion of non-
compliant measurements (see Binary data), testing
composite samples with selective retesting becomes
cost-effective when the prevalence or proportion is
low. Examples where composite sampling can be
very cost-effective forclassification include estimat-
ing the prevalence of a rare disease or verifying
whether a hazardous waste site has been sufficiently
remediated (see Restoration, environmental).

Conventional statistical techniques allow for the
reduction of either cost or uncertainty. However,
the reduction of one of these factors is typically at
the expense of an increase in the other. Composite
sampling can maintain cost or uncertainty at a spec-
ified level while decreasing the other component.

Compositing simply refers to physically mixing
individual samples to form a composite sample, as
visualized in Figure 1. A single analysis is performed
on the composite, which is used to represent each of
the original individual samples.
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Figure 1 Forming composite samples from individual
samples

When analytical costs dominate over sampling
costs, the savings potential is obviously high; how-
ever, the immediate question is ‘How is it possible to
compensate for information that is lost due to com-
positing?’ More specifically, if we are testing whether
or not a substance is present or existing at a concen-
tration above some threshold, then we do not want to
dilute individual ‘contaminated’ samples with clean
samples so that the analysis does not detect any con-
tamination. Furthermore, if the measurements are of
a variable such as a chemical concentration, it may
be necessary to know the actual values of those indi-
vidual samples with the highest concentrations. For
example, ‘hot spots’ need to be identified at haz-
ardous waste sites.

Through judicial choice of a strategy for retesting
some of the original individual samples based on
composite sample measurements, many limitations of
composite sampling can be overcome. Furthermore,
other innovative applications of composite sampling
are emerging, such as combining withranked set
sampling.

Composite Sampling Method

By way of clarification, a ‘sample’ in this entry refers
to a physical object to be measured, whether an
individual or a composite, and not a collection of
observations in the statistical sense. Individual sam-
ple units are what is obtained in the field, such as soil
cores or fish fillets; or obtained from subjects, such
as blood samples. Meanwhile, a composite sample
may be a physical mix of individual sample units or
a batch of unblended individual sample units that are
tested as a group. Most compositing for environmen-
tal assessment and monitoring consists of physically
mixing individual units to make a composite sample
that is as homogeneous as possible.
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With classical sampling, no distinction is made
between the process of sampling (i.e. selection or
inclusion) and that of observation or measurement.
It is assumed, with classical sampling, that any unit
selected for inclusion in a statistical sample is mea-
sured and hence its value becomes known (see Sam-
pling, environmental). In composite sampling, how-
ever, there is a clear distinction between the sampling
and measurement stages. Compositing takes place
between these two stages, and therefore achieves two
otherwise conflicting goals. While a large number of
samples can be selected to satisfy sample size require-
ments, the number of analytical measurements is kept
affordable.

If a variable of concern is a measurement that is
continuous in nature such as a chemical concentra-
tion, then the mean (arithmetic average) of composite
samples provides an unbiased estimate of the true
but unknown population mean. Also, if measurement
error is known, the population variance based on the
scale of the individual samples can be estimated by a
simple weighting of the measured composite sample
variance.

With selective retesting of individual sample units,
based on initial composite sample results, all of the
individual sample units can be classified according to
the presence or absence of a trait, or exceedance (vs.
compliance) of a numerical standard (see Exceedance
over threshold). The prevalence of a trait or propor-
tion of noncompliance can subsequently be estimated.
If a composite measurement does not reveal a trait
in question or is in compliance, then all individ-
ual samples comprising that composite are classified
as ‘negative’. When a composite tests positive, then
retesting is performed on the individual samples or
subsamples (aliquots) in order to locate the source of
‘contamination’.

Retesting, as visualized in a general sense in
Figure 2, may simply be exhaustive retesting of all
individuals comprising a composite or may entail
more specialized protocols. Generally, as the retesting
protocol becomes more sophisticated, the expected
number of analyses decreases. Therefore, one must
consider any increased logistical costs along with
the expected decrease in analytical cost when eval-
uating the overall cost of a compositing/retesting
protocol.

Owing to recent research [22], the individual sam-
ples with the highest value, along with those indi-
vidual samples comprising an upper percentile, can
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Retest select individuals
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Figure 2 Composite sampling with retesting

be identified with minimal retesting. This ability is
extremely important when ‘hot spots’ need to be iden-
tified such as with soil monitoring at a hazardous
waste site.

Whether the data being dealt with are from binary
(presence/absence) measurements or from measure-
ments on a continuum, composite sampling can result
in classifying each individual sample without hav-
ing to analyze each one separately. While composite
sampling may not be feasible when the prevalence
of contamination is high, the analytical costs can be
drastically reduced as the number of contaminated
samples decreases.

Circumstances that may presently disqualify
composite sampling from being applied may change
with further advances in technology. Long turn-
around time for laboratory results and large labor
costs may eliminate optimal retesting designs from
consideration. However, retesting designs in the
future may be automated and guided by an expert
system (Rajagopal, 1990, personal communication).
Also, advances in statistical methodology may further
extend the utility of composite sampling.

For other reviews of composite sampling, see [2],
[8]–[10], [25] and [26]. For an overview, see [23].

Applications

Composite sampling has its roots in what is known as
group testing. An early application of group testing
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was to estimate the prevalence of plant virus trans-
mission by insects [31]. In this application, insect
vectors were allowed to feed upon host plants, thus
allowing the disease transmission rate to be estimated
from the number of plants that subsequently become
diseased.

Apparently, the next important application of
group testing occurred during the Second World War
when US servicemen were tested for syphilis by
detecting the presence or absence of a specific antigen
of the syphilis-causing bacterium in samples of their
blood [7].

Composite sampling is increasingly becoming an
acceptable practice for sampling soils (see Soil sur-
veys), biota, and bulk materials when the goal is
estimation of some population value under restric-
tions of a desired standard error and/or limits
on the cost of sampling. Additional applications
include:

ž Establishing and verifying attainment of remedial
cleanup standards in soils using sample com-
positing andbootstrap resampling techniques.

ž Use of compositing to obtain adequate support
in geostatistical sampling.

ž Optimal compositing strategies for screening
material forhazardous agents.

ž A soil sample design utilizing techniques of
compositing, binary search, and confidence limits
on proportions.

ž Composite sampling for analyzing foliage and
other biological materials.

Examples that are particularly relevant to envi-
ronmental and public health studies include, soil
sampling for characterization of soil polychlorinated
biphenyl (PCB) contamination at gas pipeline com-
pressor stations [11, 23] and characterization of soil
polycyclic aromatic hydrocarbon (PAH) contamina-
tion at a superfund site [16]; groundwater mon-
itoring [24, 28]; indoor air monitoring for aller-
gens [15] (see Personal exposure monitoring);
measuringbioaccumulation in human adipose tis-
sue [19]; assessing contamination in fish [20]; assess-
ing contaminants in mollusks [17]; and measuring
average fat content in bulk milk [5, 32]. Also see
the special issue ofEnvironmental and Ecological
Statistics on composite sampling [1, 3, 4, 6, 12–14,
18, 21, 27, 29, 30].
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