Estimating sampling uncertainty — how many
duplicate samples are needed?
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A know ledge of the meag- rement,- ncertainty arising from sampling is
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B—heterogeneity on a coarser scale—there is a greater potential
for duplicate samples to encompass areas of either high or low
contamination, tending towards larger within-sampling uncer-
tainty. Differences between duplicate samples would here range
from small to potentially large, but greater on average than in
Case A. Note also that the sample size—indicated on the
diagram by the size of increments—influences the perception of
local heterogeneity. As the size of sampling footprint increases
in relation to the true scale of variation, the effect of local
heterogeneity will tend to decrease.

Perception and estimation of
4 hcertainty

The main issues emerge in a concrete form in the following
example. Suppose that the aim of a particular investigation is to
determine the concentration of zinc in an effluent discharge
over a period of a year. The interest is in both the average value
and the variability of zinc concentration. We can focus on
variability, since monitoring programmes that are adequate to
determine variability automatically provide a sound assessment
of average value. We can identify three sources of variation,
arising from (a) the imprecision of analysis, (b) uncertainty
from sampling (UfS) and (c) the variation in the effluent
composition itself. Imprecision of analysis is expressed as the
dispersion of the results when identical test portions are ana-
lysed. UfS is expressed as variation in the composition of

samples taken at nominally the same place and time (i.e., within
asingle target), but with due regard to randomisation. Variation
in the results from separate sampling events (e.g., on diff
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of variability using N samples (as indicated in the tables) could
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