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Opinion: “Cotton is cotton, don’t worry about sampling—
just look at the data...”
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At a recent collaborative session Claudi Paoletti expressed a long-standing frustration as to the reaction she has met with in the food,
feed and commodities fields. An immediate invitation to air this frustration followed from the editor of TOS forum—et voila!

ome 15 years ago, when |

asked for clarifications on

how the plants | was assess-

ing had been selected | was
simply told: “Cotton is cotton, don’t
worry about sampling—Just look at the
data”. One would wish this was a sin-
gular occasion, but | have spent many
years in my professional life hearing the
same thing over and over again: maize
is maize, soybean is soybean... a ker-
nel is a kernel... a seed is a seed: just
look at the data (don’t worry about all
this sampling)”. However, this clashed
with everything | have ever been taught
and studied: by definition, the process
of sampling is always a source of error
in itself when estimating population
characteristics and when characterising
heterogeneous lots. The Theory of Sam-
pling (TOS) was developed specifically
to define suitable strategies for obtain-
ing reliable estimates from limited num-
bers of measurements, minimising the
unavoidable sampling error. How was
it possible that apparently nobody was
worried about sampling when the focus
was on obtaining those few cotton, soy-
bean, maize plants/seeds from which

| was presumed to make inferences of
general relevance? A mystery!

Years later, in 2004, | decided to attend
WCSB 2 in Perth, Australia. There | dis-
covered that there were many scientists
(prominently engineers, geologists and
industry managers in the mining sectors)
who were also worrying about sampling—
who kindly introduced me to the Theory
of Sampling (TOS), which started to shed
some clarity on the many questions | had.
Finally | was not alone anymore: indeed
searching for diamonds in rocks, sedi-
ments and soils could not be so differ-
ent from searching for defect kernels in a
60,000 tons shipment!

This boosted my motivation and when
back in Europe | decided to carefully
investigate standard sampling proce-
dures for agricultural commodities. Sev-
eral national and international organisa-
tions have developed and recommended
approaches for kernel sampling (i.e.
seeds and grains), including: the Interna-
tional Seed Testing Association (ISTA), the
United States Department of Agriculture/
Grain Inspection, Packers & Stockyards
Administration (USDA/GIPSA), the Comité
Européen de Normalisation (CEN), the

Figure 1. The perennial issue in science, technology and industry: grab sampling (because the lot
appears to be homogenous). The worst approach to sampling ever!

WHO/FAO Codex Alimentarius, and the
International Organization for Standard-
ization (ISO).

The vast majority of the world’s recom-
mended sampling plans are based upon
the fundamental assumption of a “ran-
dom distribution” of the parameter of
interest, so that the mean, the standard
deviation of the mean and both the pro-
ducer and consumer risks can be easily
estimated according to the Binomial, the
Poisson or the hypergeometric distribu-
tion. Nonetheless, assuming randomness
without justification is very risky, if not
completely wrong, as it has been dem-
onstrated in specific cases. Experience
shows that such “perfect disorder” in
agricultural commodities is the exception,
while partial order (i.e. strong irregular
heterogeneity, spatially as well as compo-
sitionally) is rather the rule.

Industrial activities are operations nar-
rowly defined and structured in time and
space. This generates correlations that,
among other consequences, promote
segregation during transportation and
handling of the material. In addition to
the inherent heterogeneity in a popula-
tion of natural units, e.g. a lot of particu-
late material (kernels), there is always also
an amount of induced heterogeneity —for
me it is therefore clear that assuming a
random distribution is an irrational wish,
not supported by empirical evidence. This
convenient attitude simply encourages
faulty solutions to sampling problems,
overlooking the issue of heterogeneity.
Experimental confirmation comes from
several studies investigating the degree
of heterogeneity for several traits in large
seed lots. Extensive heterogeneity has
also been reported for kernel lots pro-
duced with large-scale facilities, such as
those for grass seed production in the
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mid-west US. A disturbing explanation
was offered by some authors “such seed
lots are seldom if ever blended by state-
of-the-art equipment, but are simply con-
ditioned, bagged, and marketed”.

Sporadic attempts to adapt the math-
ematical properties of the Poisson distri-
bution to events of non-random material
distributions have been made in the past,
but such approaches may well violate
inherent assumptions (e.g. normal vari-
ance characteristics) required for the use
of such tools and have not been pursued
further.

Clearly, providing recommendations for
sampling approaches suitable for agricul-
tural commodities continues to be a chal-
lenge. On the one hand, a high likelihood
of non-random distribution of contamina-
tions in most market products must be
expected. On the other, there is a lack of
experimental data regarding the distribu-
tion of contaminants in the world’s many
different products. Yet, we know from
TOS that the distribution of a contaminant
in a bulk greatly affects the effectiveness
of sampling procedures, indeed it may
fatally dismiss any chance for representa-
tive sampling at all. It is clear, contrary to
today’s status quo, that an approach free
of the constraint implicit in the assump-
tion of random distribution is unavoidable.

A number of factors must be taken into
account when defining sampling pro-
tocols. Among these, the definition of a
maximum acceptable sampling error is
of utmost importance. The degree of risk
that both the consumer and the producer
are prepared to accept in terms of get-
ting a wrong result, will contribute to the
definition of this maximum level threshold.
Once this is fixed, the sampling protocol
can be designed accordingly, so that the
costs of a sampling survey can be mini-
mised without compromising the reliability
of the final analytical results beyond a cer-
tain level (the accepted risk).

Nevertheless, when sampling is exe-
cuted to check for compliance with
legislation requirements (i.e. regulatory
sampling) it is of crucial importance to
ensure a high degree of confidence that
the survey is accurate (unbiased) and
that the compound sampling error is as
small as indeed possible, within specified
economic and workload reasons. Specifi-
cally, if there is a legal threshold limit set
for acceptance of the presence of a spe-
cific contaminant, all adopted sampling

protocols must ensure that such thresh-
old is respected with the specified degree
of confidence. Of course, the lower this
limit is, the greater the demands will
be upon the sampling plans. Extensive
results from both theoretical research as
well as many experimental studies show
unequivocally that heterogeneity rules
with respect to contaminant distribution
in bulk commodities. Together, these find-
ings pose a serious limit to unconditional
acceptance of the assumption of random
distribution and to the use of a simplistic
Binomial distribution to estimate producer
and consumer risks.

So, where do we go from here? If pro-
viding reliable sampling recommendations
is a priority for the scientific community, it
is necessary to invest in research projects
designed to collect data on real distribu-
tions in agricultural commodities, world-
wide. This would allow proper calibration
of the statistical models used to estimate
the degree of expected lot heterogeneity,
without relying on pure unfounded specu-
lations.

Meanwhile, some precautions should
be taken now. As raw materials often
come from different suppliers and given
that industrial operations are structured in
space and time, we must expect that a
vestige of the original chronological order
will always present in the spatial hetero-
geneity of any lot. Under this assumption,
a systematic sampling approach is to be
preferred over a random one.

As far as the number of incre-
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protocol will have a high cost in terms of
both time and financial resources neces-
sary to carry out the necessary sampling
operation. Nevertheless, excuses to per-
form incorrect sampling can never be jus-
tified by time and money limitations. If the
sampling process is not representative,
there is no reason to carry out any sam-
pling at all—the resulting analytical results
will be fatally unreliable, because of the
lack of acceptable evidence regarding the
uncompromised field-to-aliquot pathway.
These issues have been treated in full
detail elsewhere.’®
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ments used to produce the
bulk sample (the composite
sample) is concerned, it is
very difficult to make clear,
general recommendations
because the number of incre-
ments required to minimise
the sampling error, according
to some pre-defined expec-
tation, will depend entirely on
the effective heterogeneity of
the lot under investigation.
The severe lack of data on
the expected distributions of
real lots makes it impossible
to establish objective criteria
to broadly address this prob-
lem.

Unfortunately, representa-
tive sampling is often com-
pletely uncorrelated with sam-
pling costs: a representative
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