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SUMMARY

Eight samples of size 16 and 3 samples of size 15 consisting of
replicate determinations of aflatoxin in peanut subsamples are considered.
This data is analyzed to decide whether the samples could have arisen from
two-parameter normal parents, or from two-parameter lognormal parents. The
method of analysis consists of first transforming the individual samples
in such a way that the transformed values have uniform distributiocns on
the unit interval under the null hypothesis, the transformed values are then
pooled and tested for uniformity. The analysis leads to the conclusion
that the normal model fits the data quite well, and definitely better than

the lognormal model.



1. INTRODUCTION

1.1 The Biological Problem

Aflatoxin is a toxic material produced in peanuts by the fungus
Aspergillus flavus, Bampton [1963]. As a precautionary measure all
commercial lots of peanuts in the U, 3. {approximately 20,000 each
crop year) are tested for aflatoxin, Duggan [1970], A lot of
shelled peanuts may vary in size up to 100,000 pounds. The concer=
tration of aflatoxin in a lot of shelled peanuts is estimated by
measuring the aflatoxin concentration in a random sample of kernels
drawn from the lot. The sample is comminuted in a subsampling mill,
Dickens and Satterwhite [1969], and a subsample of approximately 280 g
is analyzed by a chemical procedure using thin layer chromatograpny
(TLC), Waltking, et al. [1968]. To facilitate an adequate gquality
control and consumer protection program, it is desirable to design
a sampling plan that will provide a high level of protection for the
consumer with reasonable assurance to the processor that lots of
good peanuts will not be rejected by the testing program.

Because aflatoxin is often highly concentrated in a small per=
centage of the kernels, variation among atlatoxin determinations is
large, and accurate estimates of the average concentration in a lot is
exceedingly difficult, Whitaker, et al. [1972, 197&]. In order to
predict the risk levels and costs associated with an aflatoxin sampling
plan, computer simulation methods have been developed to evaluate
sampling programs, Whitaker, et al. [1970],

One important aspect of the computer model is estimation of

the distribution of analytical results about the subsample concentra=



2

tion. It is assumed that replicated arnalyses from zubsamples with
different levels of aflatoxin can all be described vy distributions
of the game funcltional form, butr, pcssivly, with different parameters.
The objectives of the present study are to answer the questions:
(a) Does the normal or the lognormal model give a better fit for
the numbers obtained by replicated analyses of peanut subsamples?

(b) Toes either the normal or the lognormal model provide an

adequate fit for this data?

The Statistical Problem

Suppose there are available k independent sauples:

X, . RN P X e
1’ T1e 2 * ln.”
1
X, K., oeey X H
21 Ten 2 > Ton,” (1)
X X s00g X .
k1 ° k2 °? > Tn,

The random variables in (l) will te said tc satisfy a normal
model if all members of the jth sample are independertly distributed
with a N(uj,ci) distribution for j = 1, ..., ¥ . They will be
said to satisfy a lognormal model if all members of the jth sample
are independently distributed with a LN(uj,ci) distributicn for
j=1, «.., ¥ . (A random variable y has a LN(H,UZ) distribution
if In vy has a N(u,cg) digtribution.) TIn order to answer queshions
(a) and (b) above for a particular set of data of the structure of (1),
we require kesample composite goodness-of=Tit and model comparison
techniques.

There is a small statistical literature that considers thesne

types of problems., Petrov [1956] congiders this model for normal
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distributions and samples or the game gige: and giveg some distribu-

tional results. Prohorov [196%} mentions but deoes not develop the

type of transformationwepooling appreach thal will be used here.

7

The work of a number of writers who have congidered the problem
of transforming a single sample under = composite null hypothesis

assumption is of some interest here. These include papers by David

and Johnson [1948], Sarkadi [1960, 1965], Durbin [1961], Stormer

[1964], Seshandri, et al. [1969], and O'Reilly and Queserberry

[1973].

2. ANALYSIS OF AFLATOXTIN DATA

Experimental Procedure

Approximately 6200 g of raw peanut kernels coptaminated with
aflatoxin were comminuted in a mill similur to that used by the in-
spection service. The ground meal wag thzr divided into eleven
subsamples weighing approximately 560 g #a2h. Each subsample of com=
minuted peanuts was blended with 2800 ml methanol-water-hexane solution
for 2 minutes. The blended material was <“ivided egually among 15
centrifuge bottles. The content of each centrifuge bottle was analyzed
by a modified version of the Waltking method, Weltking, et al.,

[1968]. One observation was lost from each of 3 subtsamples leaving
8 subsamples with 16 determirations and 3 subsamples with 15 determinde
tions. The data is shown in Table 1.

w2 e w0 e o3 e oo s e =

Table 1 near here
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2.2 Statistical Analysis

To simplify notation we shall first consider a single sample

Xys s xn . Let
x, = (xl + ...+ xr)/r_,
2 — 2
s, = (1/r) 2 (x - Xr) R

=1

for r = 3, 4, ..., n; and Gv denote the distribution function of a

Student-t distribution with v degrees of freedom. Then put

{(r-2)1/2(x -X )/[ r- l)s - x x ]1/2 (2)

o
1l

T2

forr =3, ..., n.
It follows from O'Reilly and Quesenberry [1973], Corollary 2.1

and example 4.1, that if x . Xn is a random sample from a member

l’

of the N(u,cg) family then u oy U are independently and

1’ ne-2
identically distributed as uniform random variables on the unit
interval (0,1)--i.i.d. U(0,1) rv's.

Let each sample in (1) be transformed using the transformations
in (2). Then from the jth sample (j =1, ..., k) we obtain ny - 2
i.i.d. U(0,1) random variables, and a total of N = ng ot nk-2k
pooled i.i.d. U(0,1) random variables. Let u(l) < u(z) < ... < u<N)
denote the ordered values of this pooled set of random variables.
Under the normal model hypothesis then E(u(j)) = j/(N+;) for
j=1, ..., N; and if the pairs (u(j), j/(N+1)) are plotted on
Cartesian axes the points should approximate the line g(u) =

for 0<u<1l. This gives a graphical procedure for judging
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whether the parent distribution is normal. (See Epstein [1960],
section 1, for a similar graphical procedure.)

Ag mentioned earlier in subsection 2.1, Table 1 gives the data
obtained from repeated determinations of aflatoxin from 11 subsamples,
The physical interpretation of the parent distribution of interest
is that it is the distribution of analytical "errors" of the determina=-
tion process.

The transformations of (2) have been performed on each of the
samples in Table 1. The u-values obtained for each sample have been

pooled and ranked and are given in Table 2.

The 151 values in Table 2 have been used to plot the 151 points

(u(j),j/(N+l)) in Figure 1.

Figure 1 near here

Tn addition to this graphical procedure, we compute two goodness=
of-fit statistics as measures of the uniformity of the u-data of
Table 2. We compute the Pearson xg statistic using 10 cells of equal
probability, and the Watson e statistic, Watson [1961].

To compute the chi-squared statistic the interval (O,l) is
partitioned into ten intervals of length 0.1 each and the vector
of cell frequencies from the data of Table 2 is (12, 14, 10, 20, 19,

15, 16, 13, 15, 17). This gives a chi-squared value of
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k
x2 (k/N) = N - W ,
=1 4

]

(10/151)(2365) - 151 ,

i

5.62 .

The Watson U2 statistic has been shown by Miller and Quesenberry
[1975] to have attractive power properties as a test of uniformity
and is given by

N
7 = (1/12N) + £ [u(.) - (23-1)/2N]2 - N(E.l/z)2 R
=L

where U = (l/N)(u<l) + ...+ u(N)) . The value of U° for the data
of Table 2 is 0.0785.

To study the fit of the lognormal model to the data of Table 1,
we proceeded as follows., First, the natural logarithm of each
number in Table 1-was taken, and these logarithms were then analyzed
for normality just as described above. Figure 2 is a graph of the
pooled and ranked u-values obfained from these logarithms using
equation (2), plotted against their null hypothesis expected values.
The Pearson x2 and the Watson U2 statistics were found to have values

X2 = 12.64 and = 0.1089 for this case.
§

em mm am en o o w W > em

The values of xg and U2 for both the normal and lognormal
models are given in Table 3. The value in parentheses is the

significance level of the observed value,
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2
For the % values, this is the probability that a chi-squared
random variable with 9 d.f. is less than the observed value, The
probabilities for U2 have been evaluated using equation (22) in

Watson [1961] .

TABLE 3

OBSERVED VALUES OF TEST STATISTICS FOR

NORMAL AND LOGNORMAL MODELS

Statistic Normal Lognormal
x> 5.62 (.78) 12.64 (.18)
o .0785 (.L2n) .1089 (..237)

2.3 Analysis Summary

Examination of Figures 1 and 2 shows that the normal model
fits quite well, and that the lognormal model is not as good.
Exactly the same conclusion is reached by examination of Table 3.
Both of the test statistics are smaller for the normal model than
for the lognormal model and so the normal must be preferred. While
the values of xg and U2 are not significant at the usual levels
(.1, .05, etc.), the values for the lognormal model are sufficiently
large to cause suspicion. We feel that this analysis supports the
following responses to questions (a) and (b) of section 1.1:

(a) +the normal model fits the data better than the lognormal model, and

(b) +the fit of the normal model is quite satisfactory.
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3. SOME REMARKS CONCERWING THE

STATTSTICAL PROCEDURE

The approach to model testing and goodness-of-fit used here is
to transform each individual sample, and then to pool the transformed
sets. This approach may also be useful for testing models other than
the normal and lognormal.

We call attention to the fact that the transformations of

equation (2) are not symmetric in the observations. It is necessary

17 +ees X, 88 they are used in (2) be i.i.d. random
n

variableg, and must, therefore, be in random order. They must not,

that the values x

for example, be arranged according to magnitude.

The computational work described in the previous sections, in-
cluding the transformations in (2), the pooling and ranking of the
u-values, and the computation of test statistics have been carried
out using a Fortran program written by the authors for this purpose.
This work was performed at the Triangle Universities Computation
Center (TUCC).

The authors are grateful to Professor F. G. Giesbrecht for

helpful discussions.
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