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The last sampling columns have focused on the advantages the Theory of Sampling (TOS) can bring to companies, producers
and manufacturers significantly reducing costs due to inferior sampling, and maximising efficiency and logistics. Here instead
we take a look at sampling from the point of view of buyers, consumers and from a broader societal perspective, exploring
the economic benefits and other advantages (e.g. transparency) that can be obtained through proper sampling. We address
the point of view of the ultimate users and beneficiaries of TOS, on the market place or elsewhere. We are going to explore
the other side of the coin, the one linked to the ethical and moral obligations that pertain to decision-makers of responsible
public and governmental bodies, which indeed should apply equally also to producers and manufacturing companies.

Sampling: from the
point of view of buyers,
consumers, citizens
Let us start by thinking of the role of
sampling from the point of view of
consumers dealing with market prod-
ucts which are essential in terms of both
security and safety, primary examples
would be food, agricultural commaodities,
beverages, drugs and other medicinal
products, air, soil and water quality. Here
inferior sampling may not only threaten
economic optimisation in the narrow
production and commercial sense,
but also result in a potentially negative
impact on public health, for example.
Quantitative and analytical data are used
daily all over the world to take important
decisions which ultimately affect every
single citizen; and single citizens have
no other choice than to trust that such
decisions are made on the best availa-
ble basis and knowledge. The question
is how, and on what basis, are decisions
made regarding product and commod-
ity safety or environmental thresholds
regarding maximally allowed pollution
levels? Upon reflection, there are very
many such decisions that are dependent
upon proper sampling... usually hidden
far away in early stages of causal path-
ways, e.g. “from-field-to-table”.

The problem is linked to the concept
of "best available knowledge” for which

18 SPECTROSCOPYEUROPE

a universal definition cannot be identi-
fied, even though it is often used to
claim/guarantee quality in the interest of
consumers, stakeholders and, ultimately,
society at large.

However, often what is “best available”
is just not good enough.

During the last fifteen years we have
provided documented evidence of
sampling situations where “the best
available” was, and sometimes still is,
insufficient. A few examples can be
found in References 1-4, where the
critical issue of proper sampling for
GMO detection and quantification was
treated in a series of papers in Trends in
Analytical Chemistry.>~* In the food and
feed realm, a major achievement was
the 2015 special issue section of Journal
of AOAC International: "Representative
Sampling for Food and Feed Materials”
presenting a compact handbook for this
important societal sector,> complete with
many consumer, user and societal view-
points. There has also been a consistent
critique of existing “sampling” sections
and paragraphs in current ISO standards.
Indeed, this topic remains highly critical:
much of what is presented in interna-
tional standards does not meet what is
required to guide towards, far less guar-
antee, "representative sampling”. The
very wide spectrum of recommenda-
tions offered ranges from acceptable

(not often) to "home-grown statistics”
(quite often), which, although maybe
correct w.r.t. the statistical formulations,
do not apply to the harsh reality of heter-
ogeneity.*>

Despite such first forays, representa-
tive sampling is not yet recognised as
one of the key tools needed to ensure
that the quantitative analytical data used
to take subject-matter decisions are
truly the “best available”. As responsi-
ble scientists, we must be realistic and
accept that, on the present basis, claims
identifying the Theory of Sampling (TOS)
as the only frame for correct sampling
may not always be understood; there
is much more work to be done before
significant impacts on the general popu-
lation will be achieved. A newly released
report dealing with a topic that runs
parallel to the present (indeed it overlaps
significantly: proper sampling is a critical
prerequisite to circular economy)® shows
this compellingly. Another, “Barriers to
the circular economy: evidence from
the European Union” by Kircherr et al.”
reveals the complexity and immensity of
this kind of awareness and educational
endeavours.

Sampling champions feel a moral
obligation to find innovative ways and
means to incorporate representative
sampling as a key criterion for any qual-
ity statement, ensuring a step-forward in
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the correct application of scientific knowl-

edge to practice.
So, two basic questions arise:

1) Who should decide when “the best
available” is indeed the best?

2) How can we convince stakeholders
and citizens that correct sampling is
a necessary pre-requisite, among
others, to ensure security and safety
of the relevant products and services
essential for society?

Addressing both questions

1) Normally consumers decide quality,
but this rule is difficult to apply when
the quality under discussion is not the
one of the final product(s), but rather
of the process used to manufacture
process or deliver products (or services).
Suddenly quality becomes invisible for
the consumer. This is why individual citi-
zens can only trust that market decisions
taken for essential products are made on
the best available knowledge and must
be happy (if not happy... at least will-
ing) to pay taxes so that public control
systems have sufficient resources to
protect them! This admittedly oversim-
plified scenario is meant to illustrate
the ethical responsibility that regulatory
science bears towards society, a complex
responsibility. But when one accepts this
logic, we can easily answer the first ques-
tion, who should decide when “the best
available” is indeed the best? Only those
having sufficient competence and knowl-
edge of the process leading to a prod-
uct can decide if “the best available”
information is sufficient. If we project
these considerations to sampling, it
becomes clear that the quality of the
sampling used in the decision-making
regarding products essential for society
cannot be assessed by the individual
final costumer. Assessment of sampling
quality relies on the professional integ-
rity, expertise and objectivity of those
controlling the production process. This
completely changes the frame within
which sampling problems are addressed
and resolved, making it incomparable to
that faced by TOS consultants working in
the commercial realms, where the qual-
ity of their work is assessed directly by
their clients. The part of the TOS commu-
nity interested in engaging in sampling
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"Where it all begins.” The dominating errors behind the final analytical uncertainty are always larg-
est at the primary sampling step. Here soy beans are off-loaded from a cargo ship’s holds. It is
decidedly not a trivial issue how to sample this type of lot in a documented representative fash-

ion—professional TOS competence is needed.

of societally essential products must be
fully aware of these additional difficul-
ties and responsibilities, which can frus-
trate (hopefully only temporarily) even
the most motivated and determined
sampling expert.

2) However, even if society in its
role as final consumer of essential
goods cannot monitor the quality of
processes, it should be educated and
aware (enough) to fully appreciate the
practical relevance and implications that
representative sampling has, even if
oftentimes invisible to its final consum-
ers. Here is a fact simple enough to
be intuitively understandable by all: if
sampling is not representative it is futile,
indeed useless, to analyse the ensuing
"samples”, because it has no meaning
to produce such analytical results with-
out a clear provenance; the sampling +
analytical uncertainty becomes totally
unknown. This issue has been well
illustrated in previous columns and has
been explained many times in various
fora. So much so that gradually vari-
ous international normative documents
now do mention that “good sampling
should be representative”. True, this is a
much milder and timid version of “non-

representative sampling is useless”, but
whether we like it or not, this is currently
the only reward the sampling commu-
nity has received for some 15-20 years
of hard work. Now is the time to explore
new strategies to speed up progress
and ensure that representative sampling
becomes a central element in the list of
the essential quality criteria. But exactly
how to do so requires careful thinking,
because it will unavoidably entail iden-
tification and correction of deficiencies
in current practices, which of course is
never popular. Examples of the first steps
in this direction could be References 8
and 9, against which there is non-triv-
ial resistance. These issues were plen-
tifully illustrated in the recent Sampling

Column: “Sampling—Pro et Contra".°

The way forward: some
proposals
First, we should better substantiate the
claim that TOS is the only sampling
frame universally applicable to any type
of material and heterogeneity. We should
demonstrate, with empirical evidence
that this is in fact the case.

The KeLDA project>™ did so ten years
ago, but no other examples of simi-
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lar dimension (outside the mining and
minerals processing sectors) have been
produced ever since. No misunderstand-
ing regarding the mining sector: from
here comes the evergreen "How much
TOS saves you in monetary terms” publi-
cation paper par excellence by Carrasco,
Carrasco and Jada: “The economic
impact of correct sampling and analy-
sis practices in the copper mining indus-
try”,"" which was summarised in the
previous column.'?

The sampling community has
provided seminal books and many
excellent scientific papers explaining
with various degrees of complexity and
comprehensibility the mathematics
upon which TOS is rooted, and where
TOS is currently technically progressing.
The series of Proceedings, from eight
consecutive World Conferences on
Sampling and Blending, in which applica-
tions to a much broader societal field are
presented, especially in the later three
editions constitutes further progress in
such direction.

Still the sampling community must
continue to make extra efforts to put
itself on the side of society, where
intimidating mathematical formulae are
respected, but only occasionally under-
stood and where practical/direct exam-
ples are seen as the primary evidence
that allows seeing the light in what is
perceived as an intricate forest of tech-
nical and scientific complexity. History
teaches that significant, mass-scale
changes in attitude towards scientific
innovation have only taken place when
triggering explanations were simple,
clear and self-evident. The TOS commu-
nity has not yet found a fully compre-
hensive, winning formula to achieve this.
But two previous columns made seri-
ous attempts.'®'? What a challenge—one
cannot wait to contribute! Below follows
a few views on what can perhaps be
done to trigger increased societal atten-
tion to sampling.

Beyond traditional
application fields

The use of fortified foods, food supple-
ments and “functional foods" is on the
rise. This may result in a higher intake
of nutrient substances, which could turn

20 SPECTROSCOPYEUROPE

into a concern if intake levels become
sufficiently high to induce adverse
effects. Nutrients, in contrast to contam-
inants, are essential for human/animal
health and have their positive nutri-
tional effects within specific concentra-
tion ranges, governed by homeostatic
mechanisms in the human/animal
body. Adverse health effects may occur
due to over-consumption or may lead to
deficiency symptoms in case of under-
consumption. Therefore, upper intake
levels (ULs) of nutrients from food
sources by humans/animals not induc
ing adverse health effects and minimal
required intake levels should be iden-
tified in order to avoid such effects.
Obviously proper sampling methods to
be applied in various stages of produc
tion and processing of these foods are
needed in order to be able to correctly
determine actual intake levels of nutri-
ents by humans and compare these
with the established upper safety limits
and minimal required intake levels.
Another well-known fact is the
increased spread of pathogens in the
food production chain, presumably due
to globalisation of trade and to the migra-
tion of people.® New pathogenic micro-
organisms have been detected and
characterised, as well as an increase in
antibioticresistant bacteria, presuma-
bly due to massive (over-) use of anti-
biotics for human therapy. Ingestion of
pathogens or their toxins may induce a
variety of diseases in humans/animals,
ranging from acute illness like diarrhoea
to many chronic diseases and death.

Specific guidance for risk assessment of
microbial food and feed contamination
has been developed'™ and the impor-
tance of the dynamics of microbiological
growth, survival and the (rapid) transfer
of micro-organisms throughout the food
production chain in many types of foods,
raw or processed, and further spread in
the environment has been underlined.
Exposure assessment is of critical impor-
tance for risk assessment and conse-
quently also for definition of suitable
sampling plans, that take into account
the specific distributional characteristics
of microbial populations and of their
spreading dynamics. These issues are of
the utmost importance to allow an effec
tive safety evaluation of food and feed
commodities.

Consumption and request for niche
and brand products, e.g. mono-cultural
products, extra-virgin olive oil, mozza-
rella cheese, designed to capture the
interest of an elite portion of consum-
ers, is also increasing, at least in wealthy
countries. In such cases, proper sampling
may raise interest in both producers and
society. For producers, correct sampling
may facilitate the conquest of a portion
of the market at the global level, ensur-
ing/proving specific quality standards of
unique products. Indeed, producers are
aggregating into consortia with the objec
tive of facilitating their business. For soci-
ety the same holds true: representative
sampling becomes a tool to ensure that
the final niche-product on the market,
possibly at a higher price to cover the
specific production costs, indeed has the

Pathogens (or toxins), irregularly distributed in the lot (material).
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For niche and/or brand product proper sampling actually benefits both sides of the traditional

producer—consumer issue equally.

compositional, organoleptic and nutri-
tional properties it should have. Here
proper sampling benefits both sides of
the traditional producer—consumer issue
equally.

The TOS community needs to accept
that sampling is up against a series of
inherent difficulties linked to the nature
of products in a wide societal sense, in
particular beyond TOS' traditional target
fields of mining, minerals processing and
cement. The great diversity in food and
feed sources and commodities and the
different kinds and degrees of food/water
contaminations are just a few examples,
focussed on the difficulty for society to
directly verify the quality of the produc
tion processes involved.

Here is a problem that only a few want
to entertain today: the sampling frame-
works currently used for quality assess-
ments too often rely on specific statistical
distributional assumptions (i.e. “homoge-
neous distributions” of compounds/test
materials, "assumed” normal distribu-
tions), but which are very nearly never
verified in practice, as current protocols
do not even stipulate characterisation of
inherent heterogeneity patterns stem-
ming from the specific properties of the
targeted materials. Moreover, current
quality assessment protocols do not
provide estimates of the risk associated
with the sampling surveys themselves,
nor do they address the uncertainties
associated with spatially irregular distri-
butions (material distributional hetero-

geneity).
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Conclusions

Above, it is underlined that representa-
tive sampling is key in order to reduce
the possibilities of either misestimating
actual exposure levels for humans and
animals or, worse, underestimating the
risks for consumers to exceed tolera-
ble intake levels. We need to prove this
correct framework understanding with
real data.

When you go to a wine cellar or wine
store, you taste (sample) the wine
before buying it: you do not ask the seller
if the wine is good. The TOS community
cannot expect to be listened to if they
cannot also document our claims with
facts, compelling visual, graphic and
quantitative facts. This calls for supe-
rior examples and resources to support
well-thought out research and demon-
stration projects with the same purpose.
Examples from these frontlines will be
presented in sequel columns.

Disclaimer

Claudia Paoletti is employed by the
European Food Safety Authority (EFSA).
The positions and opinions presented in
this article are those of the authors alone
and do not necessarily represent the
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Esbensen is an independent researcher.
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