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SAMPLING
• Though the central focus of most analyses is upon the 

procedure of the analysis, the sampling is a crucial factor in the 
overall process.

• Taking the right sample, not losing or altering the analyte, are 
all important in order to get a proper measurement of the 
target population.

• As sampling can introduce some error into the measurements, 
we can associate a variance to the sampling process.



SAMPLING VARIANCE
• When comparing the sample mean 

to the population mean we account 
for all sources of variance (s2) in the 
analysis.

• The standard deviation (s) in this 
equation can be simplified as being 
from two sources, the analytical 
method, and the sampling.
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7A The Importance of Sampling
When a manufacturer lists a chemical as ACS Reagent Grade, they must 
demonstrate that it conforms to specifications set by the American Chemi-
cal Society (ACS). For example, the ACS specifications for NaBr require 
that the concentration of iron be ≤5 ppm. To verify that a production lot 
meets this standard, the manufacturer collects and analyzes several samples, 
reporting the average result on the product’s label (Figure 7.1). 

If the individual samples do not accurately represent the population 
from which they are drawn—what we call the TARGET POPULATION—then 
even a careful analysis must yield an inaccurate result. Extrapolating this 
result from a sample to its target population introduces a determinate sam-
pling error. To minimize this determinate sampling error, we must collect 
the right sample.

Even if we collect the right sample, indeterminate sampling errors may 
limit the usefulness of our analysis. Equation 7.1 shows that a confidence 
interval about the mean, X , is proportional to the standard deviation, s, of 
the analysis

µ = ±X ts
n 7.1

where n is the number of samples and t is a statistical factor that accounts 
for the probability that the confidence interval contains the true value, μ. 

Each step of an analysis contributes random error that affects the over-
all standard deviation. For convenience, let’s divide an analysis into two 
steps—collecting the samples and analyzing the samples—each character-
ized by a standard deviation. Using a propagation of uncertainty, the rela-
tionship between the overall variance, s2, and the variances due to sampling, 
ssamp

2 , and the analytical method, smeth
2 , is 

s s s2 2 2= +samp meth 7.2

Equation 7.2 shows that the overall variance for an analysis may be 
limited by either the analytical method or the collecting of samples. Unfor-
tunately, analysts often try to minimize the overall variance by improving 
only the method’s precision. This is a futile effort, however, if the standard 
deviation for sampling is more than three times greater than that for the 
method.1 Figure 7.2 shows how the ratio ssamp/smeth affects the method’s 
contribution to the overall variance. As shown by the dashed line, if the 
sample’s standard deviation is 3× the method’s standard deviation, then 
indeterminate method errors explain only 10% of the overall variance. If in-
determinate sampling errors are significant, decreasing smeth provides only 
a nominal change in the overall precision.

1 Youden, Y. J. J. Assoc. Off. Anal. Chem. 1981, 50, 1007–1013.

Figure 7.1 Certificate of analy-
sis for a production lot of NaBr. 
The result for iron meets the ACS 
specifications, but the result for 
potassium does not.

Equation 7.1 should be familiar to you. 
See Chapter 4 to review confidence inter-
vals and see Appendix 4 for values of t.

For a review of the propagation of uncer-
tainty, see Chapter 4C and Appendix 2. 
Although equation 7.1 is written in terms 
of a standard deviation, s, a propagation 
of uncertainty is written in terms of vari-
ances, s2. In this section, and those that 
follow, we will use both standard devia-
tions and variances to discuss sampling 
uncertainty.
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IMPACT OF SAMPLING
An analysis has a sampling standard deviation of 3.4 ppm and a method 

standard deviation of 2.1 ppm.  Which of the scenarios below would 
result in a lower overall standard deviation for the method?

A - Reducing the method standard deviation by 20%
B - Reducing both standard deviations by 8% each



CONTRIBUTIONS
• Since the measured result contains both sampling and method 

variances it can be difficult to isolate the contributions of each 
source.

• Using standard reference materials (standards with very low 
sampling error) or replicate analyses of homogeneous samples 
(e.g. aqueous solutions) can make the sampling variance negligible.

• In such cases, the dominant variance will be from the method.  
Knowing the contribution of one variance to the total can allow 
you to determine the other.



SAMPLING PLAN
For proper quantitative analysis the sample must accurately 

represent the target population, thus several factors must be 
considered when sampling:

1.From where within the target population should we collect 
samples?

2. What type of samples should we collect?
3.What is the minimum amount of sample for each analysis?
4.How many samples should we analyze?
5.How can we minimize the overall variance for the analysis?


