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How to construct a confidence interval
from only one measurement on a composite
sample assuming log-normality and known
variance for the increment samples

Keywords Sampling uncertainty .
Composite sample . Increment
sample . Lognormal distribution .
Inspection

H. van der Voet ()
Biometris, Wageningen University and
Research centre,
P.O. Box 100, NL-6700 AC
Wageningen, The Netherlands
e-mail: hilko.vandervoet@wur.nl

Introduction
You have to decide whether a lot of animal feed can be accepted on the basis of one analysis result. You know that the
material is non-homogeneous, so that sampling uncertainty
should be considered. There is some historical knowledge
about the variability of the material: How to proceed?
For inspection purposes a lot is often sampled according
to relevant regulations (e.g. EU directives 76/371 [1] or
98/53 [2]), by combining a number of increment samples
into one composite (bulk or aggregate) sample, from which
subsequently only one measurement of a characteristic of
interest is obtained. An example is the official inspection
of aflatoxin levels in lots of animal feed products.
For the purpose of comparing the measurement result
with a regulatory limit value it is often necessary to specify the sampling uncertainty of the measurement result. In
this note we will assume that sampling uncertainty overwhelms measurement uncertainty. Clearly, sampling uncertainty cannot be derived from one single value, and
therefore we assume that knowledge is available about the
heterogeneity of the characteristic from other, similar lots
of material.
For many characteristics of interest, such as low-level
chemical residue concentrations, the lognormal distribution is a sensible model to describe the distribution across
the lot. The problem is that the measurement on the composite sample is no longer a direct observation from this
lognormal distribution, but is the arithmetic mean of several
observations from the same lognormal distribution.

For the situation where several composite samples are
taken (from the same lot), it has been described how to
use both mean and variance of the set of measurements to
construct a confidence interval for the mean [3, 4]. However, for the much simpler situation of only one composite
sample, but where the knowledge about variability of the
lot is assumed to be known, no explicit expression of the
confidence interval was found. In this note we derive this
expression in a form suitable for practical use.
Method
Let us assume that a lot is one of a large number of lots
for which the “same” heterogeneity can be assumed. We
may characterise heterogeneity with relative measures, for
example a relative standard deviation (RSD, defined as
standard deviation divided by mean) or a geometric standard deviation (GSD, defined as antilog of the standard
deviation of the logtransformed variable). These measures
are typically quantified by measuring individual increment
samples, and therefore describe the differences between
portions of similar size as the increment samples. It is assumed in this note that a value of RSD or GSD is known.
This may be a realistic value based upon a large amount
of historical data or alternatively, it may be a subjective
worst-case specification.
Suppose y is a single measurement result on a composite
sample constructed from n increment samples. Then, with
RSD or GSD for the increments known, an approximate
95% confidence interval for the true value µy of the
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value is:
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G S D ln(G S D) − 1
n



(1)
A derivation of this result is given in the Appendix.
Example
In a study [5] increment samples were drawn from large
shipments of copra meal pellets, copra cake and palm kernel cake to study the distribution of aflatoxin B1 . For 500 g
increments in 16 lots, the within-lot heterogeneity was characterised on average by a relative standard deviation (RSD)
of 22%. The maximum RSD was 40%. Therefore it seems
reasonable to state that an RSD of 50% represents a conservative estimate.
Suppose that a composite sample is obtained by combining 20 increments of 500 g from a lot of 400 t palm
kernel cake. The measured result is y=9.5 µg/kg aflatoxin B1 . Then, assuming that measurement uncertainty
√ can
be ignored, we obtain from Eq. (1) k = exp(0.50/ 20) =
1.118, and thus the following conservative 95% confidence
interval
9.5
≤ µ y ≤ 9.5 × 1.1182
1.1182
7.6 ≤ µ y ≤ 11.9.
Note that this interval is asymmetric around the point
estimate y=9.5 µg/kg. Compared to a regulatory threshold
of 5 µg/kg the interval shows a clear exceedance for
aflatoxin B1 .
If the conclusion had been unclear (for example, against
a regulatory threshold of 8 µg/kg), then we could expect a more narrow interval by the use of analysis results
from the individual increment samples. We might expect
a typical RSD of 22% and thus, via k=1.050, an interval
8.6≤µy ≤10.5. If in such a case filed increment samples
are still available, it would be worthwhile to analyse them
separately.
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Appendix: derivation of Eq. (1)
If we denote the true value of an increment sample by x,
then, ignoring measurement error, the composite sample

Assuming the same lognormal distribution for all xi is the
same, as assuming the same normal distribution for all
ln(xi ). Let µ and σ2 be the mean and variance of this normal distribution. The variance will be known and can be
calculated from RSD or GSD as:
σ 2 = ln(1 + RSD2 ) or

σ 2 = {ln (GSD)}2

(2)

The expected value of y, which is the same as the expected
value of xi , is:


1 2
µ y = exp µ + σ
(3)
2
Equating the expected value µy to the observation y we
obtain as an estimator of µ:
1
µ̂ = ln (y) − σ 2
2

(4)

The approximate variance of this estimator is (by the delta
method):
 2
 2
d µ̂
1
var (µ̂) ≈
var (y) =
var (y)
(5)
dy
y
The standard formula for the variance of a lognormal observation is:
 2

2
(6)
var (x) = e2µ+σ eσ − 1
Combining Eqs. (5) and (6) gives:
 2
1
1
1
2
2
var (x) = 2 e2µ+σ (eσ − 1)
var (µ̂) ≈
y
n
y n
Equating the expected value µ to the estimator µ̂ from
Eq. (4) we obtain a simple expression for the estimated
variance:
2
1
eσ − 1
2
2
1 2
v̂ar (µ̂) = 2 e2(ln(y)− /2σ )+σ (eσ − 1) =
y n
n
An approximate (1−2α) confidence interval for µ is thus
given by:
µ̂ − z α v̂ar (µ̂) ≤ µ ≤ µ̂ + z α v̂ar (µ̂)
1
ln (y) − σ 2 − z α
2
1
− σ 2 + zα
2

eσ 2 − 1
≤ µ ≤ ln (y)
n
eσ 2 − 1
n
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where z α is the (1−α)-point in the standard normal distribution (e.g. z0.025 =1.96). By adding 12 σ 2 and exponentiation
(according to Eq. (3)) we obtain an approximate (1−2α)
confidence interval for µy :

Setting z α to the approximate value 2, and replacing σ2
with the appropriate expression for RSD or GSD (Eq. (2)),
we obtain Eq. (1).
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