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ABSTRACT

Chemical agents can occur in foods destined for human
consumption, and assays for detection and quantification of
these agents are needed. In research, quality assurance, regulatory, and biosecurity activities, correct decisions concerning the fate of bulk food lots can be made only if the
chemical agent in the lot can be determined with a high
degree of accuracy and precision. The concentration of a
chemical agent in a bulk food lot is usually estimated by
measuring the concentration in a small portion (a test sample) of the lot. The concentration in the bulk lot is assumed
to be the same as that found in the test sample. Based on
this measured sample concentration, some decision is made
about the acceptability or edible quality of the bulk lot.
A sampling plan is defined by the test procedure used
to quantify the chemical agent and an accept-reject limit.
A test procedure is a multistage process and generally consists of three steps: sampling, sample preparation, and analysis. The sampling step includes how the sample will be
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selected or removed from the bulk lot and the size of the
sample. For granular products, the sample preparation step
is also a two-part process where the sample is ground in a
mill to reduce particle size and then a subsample is removed
from the comminuted sample. In the analytical step, the
chemical agent in the subsample is quantified using approved analytical procedures.
The measured chemical agent concentration in the test
sample will be used to either estimate the true concentration
in the bulk lot or determine whether the lot is acceptable
or unacceptable (below or above a defined legal limit). In
a regulatory environment, the measured chemical agent
concentration will be compared with a defined accept-reject
limit that is usually equal to a legal limit. If biosecurity is
an issue, the accept-reject limit may be zero or some nondetectable level. When the measured concentration is greater than the defined accept-reject limit, the lot is rejected
and diverted from the food chain. Otherwise, it is accepted
and processed into food or distributed to consumers. If the
sample concentration does not accurately and precisely reflect the lot concentration, then the lot may be misclassified
and there may be undesirable economic and/or health consequences. Sampling plans must be designed to minimize
the misclassification of lots and reduce the undesirable consequences associated with regulatory decisions about the
fate of bulk food lots. Therefore, it is important to understand the undesirable consequences of uncertainty associ-
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Using uncertainty associated with detection of aflatoxin in shelled corn as a model, the uncertainty associated with
detecting chemical agents intentionally added to food products was evaluated. Accuracy and precision are two types of
uncertainties generally associated with sampling plans. Sources of variability that affect precision were the primary focus of
this investigation. Test procedures used to detect chemical agents generally include sampling, sample preparation, and analytical
steps. The uncertainty of each step contributes to the total uncertainty of the test procedure. Using variance as a statistical
measure of uncertainty, the variance associated with each step of the test procedure used to detect aflatoxin in shelled corn
was determined for both low and high levels of contamination. For example, when using a 1-kg sample, Romer mill, 50-g
subsample, and high-performance liquid chromatography to test a lot of shelled corn contaminated with aflatoxin at 10 ng/g,
the total variance associated with the test procedure was 149.2 (coefficient of variation of 122.1%). The sampling, sample
preparation, and analytical steps accounted for 83.0, 15.6, and 1.4% of the total variance, respectively. A variance of 149.2
suggests that repeated test results will vary from 0 to 33.9 ng/g. Using the same test procedure to detect aflatoxin at 10,000
ng/g, the total variance was 264,719 (coefficient of variation of 5.1%). The sampling, sample preparation, and analytical steps
accounted for 41, 57, and 2% of the total variance, respectively. A variance of 264,719 suggests that repeated test results will
vary from 8,992 to 11,008 ng/g. Foods contaminated at low levels reflect a situation in which a small percentage of particles
is contaminated and sampling becomes the largest source of uncertainty. Large samples are required to overcome the ‘‘needlein-the-haystack’’ problem. Aflatoxin is easier to detect and identify in foods intentionally contaminated at high levels than in
foods with low levels of contamination because the relative standard deviation (coefficient of variation) decreases and the
percentage of contaminated kernels increases with an increase in concentration.
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FIGURE 1. High and low accuracy using a target as an example.

MATERIALS AND METHODS
Uncertainty. Even when accepted sampling, sample preparation, and analytical procedures are used (1, 6, 8, 12, 13, 18, 25),
there are uncertainties associated with each of the above steps of
the test procedure (7, 11, 16, 17, 23, 24, 26, 30, 31). Because of
these uncertainties, the true concentration of a chemical agent in
the food lot cannot be determined with 100% certainty by measuring the chemical agent concentration in a test sample taken
from the lot. Accuracy and precision are two types of uncertainties
generally associated with sampling plans used to measure chemical agents in bulk lots. Accuracy is the closeness of the measured
values to the true value (2), and precision is the closeness of the
measured values to each other (2). Graphical examples of high
and low accuracy and precision are shown in Figures 1 and 2
using a target as an example. Accuracy is usually associated with
a bias in the test procedure, whereas precision is usually associated with variability in the test procedure. Biases are usually minimized by using equipment and procedures that give every member of the population an equal chance of being chosen, e.g., sampling equipment should not exclude certain members of the lot.
Analytical methods used to quantify chemical agents should have
100% extraction efficiency and accurate reference standards. In
this article, precision is the primary focus, including sources of
variability and methods for reducing variability.
Even when biases of the test procedure are negligible, there
can be random variation among test results. Ten replicated aflatoxin test results from each of six contaminated shelled corn lots

FIGURE 2. High and low precision using a target as an example.

are shown in Table 1 (11). For each test result in the table, the
test procedure consisted of (i) comminuting a 1.1-kg sample of
corn kernels in a Romer subsampling mill, (ii) removing a 50-g
subsample from the comminuted test sample, (iii) extracting aflatoxins from a 50-g subsample using solvent as described by the
Association of Official Analytical Chemists (8), and (iv) quantifying the aflatoxins using high-performance liquid chromatography (HPLC). The 10 aflatoxin test results from each lot are ranked
from low to high to demonstrate several important characteristics
about replicated aflatoxin test results taken from the same contaminated lot. Several conclusions can be drawn from examination of
these data.
First, the wide range among replicated test results from the
same lot reflects the high degree of variability associated with
estimating the true chemical agent concentration in a bulk lot. In
Table 1, the variability is described by the variance and the coefficient of variation (CV). The maximum test result can be several times larger than the mean of the 10 test results or the best
estimate of the lot concentration.
Second, the amount of variation among the 10 test results
appears to be a function of the lot concentration. As the lot concentration increases, the variance among test results increases, but
the CV (square root of the variance divided by the lot mean)
decreases.
Third, the distribution of the 10 test results for each lot in
Table 1 is not always symmetrical about the lot concentration.
The distributions are positively skewed, meaning that more than
half of the sample test results are below the true lot concentration.
However, the distribution of sample test results becomes more
symmetrical as the lot concentration increases. This skewness can
be observed by counting the number of aflatoxin test results above
and below the lot concentration in Table 1 (average of the 10
sample test results). When a single sample is tested from a contaminated lot, there is more than a 50% chance that the sample
test result will be lower than the true lot concentration. Although

TABLE 1. Distribution of aflatoxin test results for 10 samples from each of six lots of shelled corn
Lot
no.

1
2
3
4
5
6
a

Sample test results (ng/g)a

0
0
0
0
48
165

0
0
0
9
55
211

0
0
11
22
73
223

0
5
14
26
89
256

0
8
21
31
98
268

3
10
28
33
106
295

10
15
39
59
117
326

26
38
55
65
133
378

27
40
62
69
147
379

33
49
90
92
170
444

Mean
(ng/g)

Variance
(ng/g)2

Coefficient
of variation
(%)

6.8
11.8
26.1
35.1
95.5
276.8

179.1
347.2
866.8
856.5
1,558.2
7,629.4

196.3
158.1
113.0
83.4
41.3
31.6

Each 1.1-kg sample was ground in a Romer mill, and aflatoxin was extracted from a 50-g subsample, of which one aliquot was assayed
using HPLC.
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ated with sampling plans and the sources of uncertainty and
to determine ways to reduce uncertainty when estimating
concentrations of chemical agents in food matrices. The
uncertainties associated with detecting aflatoxin in shelled
corn was used in this study as a model to describe the
uncertainties that could be encountered when evaluating
chemical agents in food matrices.
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it is not apparent in Table 1, the skewness is greater for small
sample sizes and the distribution becomes more symmetrical as
sample size increases. These characteristics shown in Table 1 for
aflatoxin estimation in corn are also generally found for other
chemical agents and other commodities (7, 11, 27, 30).
Sources of variability. The variability among test results in
Table 1 reflects the total variability associated with the test procedure. Each step of the test procedure contributes to the total
variability observed in Table 1. As shown in Figure 3, the total
variability (VT) (using variance as the statistical measure of variability) associated with a test procedure is equal to the sum of
the variances associated with each step of the test procedure (15).
The additive relationship of the variances for sampling (VS), sample preparation (VSS), and analysis (VA) is described by the following equation:
VT 5 VS 1 VSS 1 VA

(1)

Sampling variability. Results of studies on a wide variety
of agricultural products (e.g., peanuts, cottonseed, shelled corn,
and pistachio nuts) indicate that for small sample sizes the sampling step is usually the largest source of variability associated
with the chemical agent test procedure (7, 11, 16, 17, 24, 26, 30,
31). Even when using accepted sample selection equipment and
random sample selection procedures, sampling variability is large
because of the distribution of contaminated particles within a lot.
Results of aflatoxin studies on corn and peanuts indicate that about
0.1% of the kernels in a lot are contaminated, and the concentration on a single kernel may be extremely high (9, 32). Results of
other studies on various products (e.g., peanuts, cottonseed,
shelled corn, wheat, barley, and pistachio nuts) support the finding
that a very small percentage of the particles in the lot are contaminated and the concentration on a single particle may be extremely
high. Cucullu et al. (3, 4) reported aflatoxin concentrations greater
than 1,000,000 ng/g (ppb) for individual peanut kernels and
5,000,000 ng/g for cottonseed. Shotwell et al. (19) reported finding more than 400,000 ng/g of aflatoxin in a corn kernel.
Because of this extreme range in aflatoxin concentrations
among a few contaminated kernels in a lot, variation among replicated sample test results tends to be large. The sampling variance
associated with testing shelled corn was estimated empirically (11)
for any sample size, ns, as
VS 5 (12.95/ns)M0.98

(2)

where M is the aflatoxin concentration in the lot in nanograms of
total aflatoxin per gram of corn (or ppb), and ns is the mass of
shelled corn in the sample in kilograms (kernel count per gram

FIGURE 4. Coefficients of variation (CV) for sampling, sample
preparation, and analysis when testing shelled corn for aflatoxin.

was 3.0). From equation 2, the sampling variance is a function of
the lot concentration M and sample size ns. The sampling variance
among 1.0-kg samples taken from a lot of shelled corn at 10 ppb
is 123.8, and the CV is 111.3%. The sampling CV over a range
of aflatoxin concentrations is shown in Figure 4.
Researchers have developed equations to describe the sampling variance for several commodities and chemical agents (7,
11, 16, 17, 23, 24, 26, 30, 31). The equations are specific for the
type chemical agent and the type product studied but generally
show that sampling variance is a function of concentration and
increases with concentration.
Sample preparation variability. Once the test sample has
been taken from the lot, the sample must be prepared so the chemical agent can be quantified. Often, it is not practical to quantify
the chemical agent from a large test sample, and the chemical
agent is usually extracted from a much smaller portion of product
(subsample) taken from the test sample. If the commodity is a
granular product such as shelled corn, it is essential that the entire
test sample be comminuted in a suitable mill before a subsample
is removed (5, 25). Removing a subsample of whole seed from
the test sample before the comminution process is simply a sample
size reduction process and eliminates the benefits associated with
the larger sample of granular product. After the sample has been
comminuted in a mill to reduce particle size, a subsample is removed. The assumption is that the distribution of contaminated
particles in the comminuted sample is similar to the distribution
among contaminated kernels found in the lot. As a result, there is
also variability among replicated subsamples taken from the same
comminuted test sample. However, the sample preparation variance is not as large as the sampling variance because of the large
number of comminuted particles in the subsample. An example
of sample preparation variance for aflatoxin and shelled corn is
shown in equation 3 for any subsample size nss (11):
VSS 5 (62.70/nss)M1.27

(3)

where M is the aflatoxin concentration in the test sample in ppb,
and nss is the mass of shelled corn in the subsample in grams.
The variance in equation 3 also reflects the use of a Romer mill
that produces particles small enough so that most will pass
through a no. 20 screen. From equation 3, the sample preparation
variance is also a function of the aflatoxin concentration in the
sample and the subsample size. The sample preparation variance
associated with a 50-g subsample taken from a sample at 10 ppb
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FIGURE 3. Sources of variability associated with typical test procedures.
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is 23.3, and the CV is 48.3%. The sample preparation CV over a
range of aflatoxin concentrations is shown in Figure 4.
Researchers have developed equations to describe the sample
preparation variance for several commodities, types of mills, and
mycotoxins (7, 11, 16, 17, 23, 24, 26, 30, 31). The equations are
specific for the type chemical agent, type of mill (particle size),
and type of product used in the study. The type of mill affects
the particle size distribution. When the average particle size decreases (number of particles per unit mass increases), then the
subsampling variances for a given size subsample decreases.

TABLE 2. Variability associated with each step of the test procedure used to detect aflatoxin in shelled corn at 10 ng/ga

Analytical variability. Once the subsample is removed from
the comminuted test sample, the chemical agent in the subsample
is quantified. Analytical methods usually involve several steps
such as solvent extraction, filtration, centrifugation, drying, dilution, and quantification (14). As a result, there can be considerable
variation among replicated analyses on the same subsample extract. The analytical variance associated with HPLC techniques
(VAh) used to measure aflatoxin in corn is given by equation 4
(11) for any number of aliquots, na:

a

(4)

where M is the aflatoxin concentration in the subsample in ppb,
and na is the number of aliquots quantified by HPLC. The analytical variance and CV associated with using HPLC used to measure aflatoxin in a comminuted subsample of corn at 10 ng/g are
2.1 and 14.3%, respectively. The analytical CV over a range of
aflatoxin concentrations is shown in Figure 4.
HPLC tends to have less variability than do other analytical
techniques such as thin-layer chromatography (TLC) and enzymelinked immunosorbent assay (ELISA) (28). Using precision estimates from collaborative studies, the analytical variances associated with TLC (VAt) and ELISA (VAe) methods to measure aflatoxin in corn are shown in equations 5 and 6, respectively:
VAt 5 (0.316/na)M1.744
VAe 5 (0.631/na)M1.293

(5)
(6)

The coefficients of variation associated with measuring aflatoxin in a corn subsample at 10 ppb with the TLC and ELISA
methods are 41.9 and 35.2%, respectively. The variability associated with HPLC (10.7%, equation 4) is lower than those of TLC
or ELISA.
All of this analytical variance information reflects results
from single laboratories and does not reflect variances among laboratories. Some laboratories may have higher or lower variances
than those described in equations 4 through 6. The variance
among laboratories is about double the within-laboratory variance
(28).
Total variability. As shown in Figure 3 and equation 1, the
total variability is the sum of each variance component (represented by equations 2 through 4):
VT 5

(12.95/ns)M0.98

1

(62.70/nss)M1.27

1

(0.143/na)M1.16
(7)

Examples of the magnitude of the total variability associated
with each step of a chemical agent test procedure (equation 7) are
given below. The expected total variance associated with testing
a shelled corn lot at 10 ppb when using a 1.0-kg sample, grinding
the test sample in a Romer mill, taking a 50-g subsample from a
comminuted sample, and quantifying aflatoxin in one aliquot by
HPLC methods can be estimated from equation 7, where M 5 10,
ns 5 1, nss 5 50, and na 5 1 (Table 2):
VT 5 123.8 1 23.3 1 2.1 5 149.2

(8)

Sample
size

Variance
(ng/g)2

Sample
Preparation
Analysis (HPLC)
Total

1 kg
50 g
1 aliquot

123.8
23.3
2.1
149.2

Coefficient
of variation
(%)

111.3
48.3
14.3
122.1

Ratio
(%)b

83.0
15.6
1.4
100.0

The contamination rate is 3 contaminated kernels per 10,000
kernels.
b The variance associated with each step divided by the total variance.

The variance, standard deviation (SD), and CV associated with
the total test procedure when measuring a lot at 10 ppb are 149.2,
12.2, and 122.1%, respectively. The sampling, subsampling, and
analytical variances account for 83.0, 15.6, and 1.4% of the total
testing variance, respectively.

RESULTS
Reducing variability of test procedure. The only way
to achieve a more precise estimate of the true lot concentration is to reduce the total variability of the test procedure.
Minimizing the variability associated with each step of the
chemical agent test procedure reduces the total variability.
Increasing the size of the sample can reduce sampling variability. Increasing the size of the subsample and/or increasing the degree of comminution (increasing the number of
particles per unit mass in the subsample) reduces the sample
preparation variability. Increasing the number of aliquots
quantified by the analytical method and/or using a more
precise quantification method (i.e., using HPLC instead of
TLC) will reduce the analytical variability. If the variability
associated with one or more of these steps can be reduced,
then the total variability among test results from the same
lot can be reduced.
In the above example, the sampling step accounted for
83.0% of the total variability. The best use of resources in
this example may be to increase sample size to reduce the
total variability. Increasing the sample size from 1.0 to 10.0
kg will reduce the sampling variance (equation 2) to 12.4.
The total variance with the 10.0-kg sample, 50-g subsample, and quantification of one aliquot by HPLC now becomes
VT 5 12.4 1 23.3 1 2.1 5 37.8

(9)

The variance, SD, and CV associated with the total testing
procedure have been reduced to 37.8, 6.1, and 61.5%, respectively. Sampling now accounts for 32.8% of the total
variability.
The range among test results associated with any size
sample and subsample and the number of analyses about
the lot concentration M can be estimated from the SD
(square root of the total variance) associated with the test
procedure. Approximately 95% of all test results will fall
between a low of M 2 1.96SD) and a high of M 1 1.96SD.
The two expressions are only approximate because they are
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TABLE 3. Variability associated with each step of the test procedure used to detect aflatoxin in shelled corn at 10,000 ng/ga
Test
procedure

Sample
size

Variance
(ng/g)2

Sample
Preparation
Analysis (HPLC)
Total

1 kg
50 g
1 aliquot

107,713
150,764
6,242
264,719

Coefficient
of variation
(%)

3.3
3.9
0.8
5.1

Ratio
(%)b

40.7
57.0
2.3
100.0

a

FIGURE 5. Effect of increasing sample size on improving precision or reducing the range of aflatoxin test results when using a
1-kg sample, 50-g subsample, Romer mill, and 1 aliquot and
HPLC to estimate aflatoxin in a lot at 10 ng/g.

inated item will be detected, and a more precise estimate
of the true level of contamination will be obtained (Figure
5).

valid only for a normal distribution where test results are
symmetrical about the mean. The distribution among aflatoxin test results is usually skewed but will approach a symmetrical distribution as sample size becomes larger. The
effect of increasing sample size on the range of test results
when testing a contaminated lot of shelled corn that has 10
ppb aflatoxin is shown in Figure 5. The range among the
smallest and largest sample test results does not decrease
at a constant rate as sample size increases. For example, at
small sample sizes doubling the sample size has a greater
effect on decreasing the range than it does at large sample
sizes. This characteristic suggests that increasing sample
size beyond a certain point may not be the best use of
resources and that increasing subsample size or number of
analyses may be a better use of resources for reducing the
range of test results (improving precision) once sample size
has become significantly large.

High contamination rates and sampling precision.
The aflatoxin model predicts that a contaminated lot at
10,000 ppb has about 2,300 contaminated kernels for every
10,000 kernels, and the concentration on the contaminated
kernels can vary from low to very high (9). The contamination rate is 23/100 or 0.23. The variance associated with
a 1-kg sample, 50-g subsample, and HPLC analysis is
shown in Table 3 when testing a lot at 10,000 ppb. Although the variances for each step of the test procedure are
extremely large, the CVs for each step of the test procedure
are small. A small CV indicates that the SD is a small
percentage of the lot concentration (10,000 ppb). A 1-kg
sample contributes about 41% of the total variability. The
41% is much less than the 83% that a 1-kg sample contributes when sampling a lot at 10 ppb. Increasing sample
size reduces the variance associated with a 1-kg sample
(Table 2). Figure 6 shows the effect of increasing sample
size on improving precision. As sample size increases, the
range among test results about the true lot concentration of
10,000 ppb decreases. In heavily contaminated lots such as

Low contamination rates and sampling precision.
The aflatoxin model predicts that a contaminated lot at 10
ppb has about 3 contaminated kernels for every 10,000 kernels and the concentration on the contaminated kernels can
vary from low to very high (9). The contamination rate is
3/10,000 or 0.0003. Even using proper sample selection
techniques, the variation among test sample concentrations
is large because of small sample size and the sparse distribution of contaminated items in the lot. When sampling a
lot with this distribution of contamination with small samples (1.0 kg), equation 8 (and Table 2) indicates that the
sampling step accounts for most of the variability (uncertainty) associated with the total variability of the test procedure. Because of the sparse distribution among items in
a contaminated lot, it is easy to miss the contaminated items
in a lot with a small sample and thus to underestimate the
true lot concentration or, worse, not detect the contamination at all. In the situation where the contamination rate is
very low, it is important to use large sample sizes to minimize the chances of not getting a contaminated item in the
sample. Increasing sample size helps ensure that a contam-

FIGURE 6. Effect of increasing sample size on improving precision or reducing the range of aflatoxin test results when using a
1-kg sample, 50-g subsample, Romer mill, and 1 aliquot and
HPLC to estimate aflatoxin in a lot at 10,000 ng/g.
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The contamination rate is 2,300 contaminated kernels per 10,000
kernels.
b The variance associated with each step divided by the total variance.
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FIGURE 7. Typical shape of an operating
characteristic curve used to predict portion of lots accepted, P(M) and to evaluate
the buyer’s and seller’s risks associated
with a chemical agent sampling plan.

Misclassification risks. Because of the large variability among test results (Table 1), two types of mistakes are
associated with any sampling program. First, some good
lots (lots with a concentration lower than or equal to the
legal limit) will test bad and be rejected by the sampling
program. This type of mistake is often called the seller’s
risk or a false-positive result because these lots will be rejected at an unnecessary cost to the seller of the product.
Second, some bad lots (lots with a concentration higher
than the legal limit) will test good and be accepted by the
sampling program. This type of mistake is called the buyer’s risk or a false-negative result because contaminated lots
will be processed into food causing possible health problems and/or economic loss to the buyer of the product. To
maintain an effective regulatory, quality control, and/or biosecurity program, the above risks associated with a sample
design must be evaluated and reduced when considered too
large. Based upon these evaluations, the costs and benefits
(i.e., removal of contaminated lots) associated with a sampling program can be evaluated. For biosecurity issues,
quantification of a chemical agent in a food lot may not be
as critical as detecting the presence or absence of the agent
in the lot. In the latter case, the only risk of concern is a
false-negative result, i.e., not detecting a positive lot.
A lot is termed bad when the sample test result is above
an accept-reject limit, and the lot is termed good when the
sample test result is lower than or equal to an accept-reject
limit. Although an accept-reject limit is usually equal to the
legal limit, the accept-reject limit can be higher or lower
than the legal limit. For a given sample design, lots with a
chemical agent concentration M will be accepted with a
certain probability P(M) by the sampling plan. A plot of
the acceptance probability P(M) versus lot concentration M

is called an operating characteristic (OC) curve. Figure 7
depicts the general shape of an OC curve. As M approaches
zero, P(M) approaches 1, and as M increases, P(M) approaches zero. The shape of the OC curve is uniquely defined for a particular sampling plan design with designated
values of sample size, degree of comminution, subsample
size, type analytical method, number of analyses, and the
accept-reject limit.
For a given sampling plan, the OC curve indicates the
magnitude of the buyer’s and seller’s risks. When Mc is
defined as the legal limit or the maximum lot concentration
acceptable, lots with M . Mc are bad and lots with M #
Mc are good. In Figure 7, the area under the OC curve for
M . Mc represents the buyer’s risk (bad lots accepted),
and the area above the OC curve for M # Mc represents
the seller’s risk (good lots rejected) for a particular sampling plan. The lots rejected, R(M), is 1 2 P(M).
Because the shape of the OC curve is uniquely defined
by the sample size, degree of comminution, subsample size,
the number of analyses, and the accept-reject limit, these
parameters can be used to reduce the buyer’s and seller’s
risks associated with a sampling plan. Methods have been
developed to predict the seller’s and buyer’s risks, the total
number of lots accepted and rejected, the amount of chemical agent in the accepted and rejected lots, and the costs
associated with a chemical agent inspection program for
several commodities (6, 10, 20, 21, 29). The basic information needed to evaluate the performance of a chemical
agent sampling plan includes the variability associated with
the chemical agent test procedure and the distribution
among sample test results.
The effect of increasing sample size on the shape of
the OC curve when testing shelled corn lots for aflatoxin
is shown in Figure 8, where the accept-reject limit is 1.0
ppb. This accept-reject limit was chosen instead of 0.0 because the limits of detection of analytical methods are not
truly zero but are some small finite positive value. As sample size increases from 1.0 to 3.0 to 10.0 kg, the percentage
of false-negative results decreases, as indicated by the in-
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the one in this example at 10,000 ppb, contamination will
be detected with a high degree of certainty even with a
small 1-kg sample. Because of the high percentage of contaminated items in the lot, it is highly likely that a contaminated item will be found even in a small sample taken from
the lot.
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misclassification of food shipments based on the presence
or absence of chemical agents.
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using acceptable sample selection procedures, there will be
variability associated with the chemical agent test procedure. Each step of the test procedure contributes to the total
testing variability. The total variance associated with a
chemical agent test procedure is the sum of sampling, sample preparation, and analytical variances. For small sample
sizes, sampling is usually the largest source of variability
because of the sparse distribution of contaminated seed in
the lot. Increasing sample size, the degree of sample comminution, subsample size, and the number of aliquots quantified can reduce the variability associated with a chemical
agent test procedure. Reducing variability of the chemical
agent test procedure will reduce the number of lots misclassified by the sampling plan.
The percentage of contaminated items in a lot also affects the number of lots misclassified by a sampling plan.
When a high percentage of items in a lot are contaminated,
it is highly likely that a contaminated item will be found
even in a small sample taken from the lot. Conversely,
when a small percentage of items in a lot are contaminated,
it is easy to miss the contaminated items when a small
sample is taken and thus to underestimate the true lot concentration or, worse, not detect the contamination at all. In
the situation where the contamination rate is very low, it is
important to use large sample sizes to minimize the chances
of not getting a contaminated item in the sample. Increasing
sample size helps ensure that a contaminated lot will be
detected, and a more precise estimate of the true level of
contamination will be obtained. Methods have been developed for several chemical agents and several commodities
to evaluate and design sampling plans that minimize the
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FIGURE 8. Effect of sample size on the buyer’s and seller’s risks
associated with sampling shelled corn for aflatoxin.
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