
XA0102839

NAHRES-62

Vienna, 2001

REPORT OF A CONSULTANT'S MEETING

ON

NUCLEAR ANALYTICAL AND
ISOTOPE TECHNIQUES

FOR ASSESSING
NUTRITION - POLLUTION INTERACTIONS

Vienna, Austria, 11 to 15 December 2000

INTERNATIONAL ATOMIC ENERGY AGENCY



NUCLEAR ANALYTICAL AND ISOTOPE TECHNIQUES
FOR ASSESSING NUTRITION - POLLUTION INTERACTIONS

Report of a Consultant's Meeting

Vienna, Austria, 11 to 15 December 2000

NAHRES-62, IAEA, Vienna (2001)

A report prepared by the

Section of Nutritional and Health-Related Environmental Studies

Division of Human Health

Department of Nuclear Sciences and Applications

International Atomic Energy Agency

P.O. Box 100, A-1400 Vienna, Austria

Single copies of this report are available cost-free on request from the above
address



FOREWORD

Until now nutritional status and environmental pollution were mostly treated as
separate issues. However, there is a tight interaction between both areas, which can be defined
as one system consisting of the elements: Agent (air, water, soil), pollutant, host
(compartment, age, physiological stage), and environment (geographical, socio-cultural).
The interaction between the elements of the system is regulated by a complex mechanism,
which is only understood in fractions. To comprehend the system and its regulation,
appropriate indicators for the total system need to be verified and validated. Together with the
indicators for the subsystem of the environmental conditions and the nutritional situation, the
models of the regulation and accumulation of pollutants in the biological system of humans
(cell, tissues and organs, individuals, populations) affecting their nutritional status can be
developed. This will help to understand the wider impact of pollution on human and
economic development and to develop measures to reduce and alleviate health risks.

Concerns for food safety provides an example. Food safety issues and factors that
contribute to nutrient compositional changes are critical to several aspects surrounding the
nutrition-health-disease domain, and will continue to attract much attention in the future.
Nutritional toxicology will become a major challenge in this context. There are known
instances of inter-element interactions of Pb and Fe (anaemia), Hg and Se, Hg and Fe, As and
Se, Se and I, Cd and Zn, among others. Similarly, placental transfer of nutrients and toxicants
are of concern in relation to fetal health, and well defined studies are required to elucidate the
health impact in cases where pollutant levels are above the safe levels. Populations in
developing countries, particularly children, represent the largest segment of society in need of
protection and multi-factorial interventions to prevent malnutrition, infectious disease and the
effects of environmental pollution, especially in urbanized societies. Nutrition priorities are
identified under various initiatives, but nutrient interactions with pollutants (lead, arsenic,
antimony, other heavy metals, pesticides, oxides of nitrogen, tobacco, alcohol) and infections
(intestinal parasites, communicable diseases) are also significant and efforts are needed to
understand the interrelationships.
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SUMMARY

The International Atomic Energy Agency (IAEA) at their Headquarters convened a
consultants' meeting in Vienna to advise the agency on technical and programmatic issues
related to nuclear analytical and isotope techniques (NA&IT) for assessing nutrition-pollution
interactions. The consultants were: Dr. Rainer Gross (chairperson), Dr. Jan Kucera, Dr. Peter
Stegnar, and Dr. Zhifang Chai. The agenda and a full list of the participants are annexed to
this report.

The consultants acknowledged the acute problems of environmental pollution and
malnutrition, the underrepresented international interest of the pollution-nutrition interaction,
and the prominent role NA&IT can play in monitoring both environmental pollution and
nutritional status.

Successful applications of nuclear and nuclear-related techniques in environmental
research and nutritional research were demonstrated in several CRPs (Co-ordinated Research
Programs) organized by IAEA. Together with other appropriate analysis, NA&IT can help
develop adequate indicators to better understand pollutant-nutrient interactions.

The consultants recommended that IAEA should consider for the future:

1. to review the national and international guidelines for the assessment of
environmental pollution,

2. to seek for harmonization with other UN agencies methods for the assessment of
environmental pollution. In particular, information regarding methodology relating to
data acquisition and the approach to data interpretation and risk assessment,

3. to develop a research protocol for a comprehensive multi-center study on pollution-
nutrition interaction which would later explain its impact on human development.

4. to advocate to the scientific community, political decision makers and the public the
importance of interaction between environmental pollution and nutritional status for the
economic and human development,

5. to organize related CRP, TC (Technical Cooperation) projects, training courses and
other activities on assessment of pollution-nutrition interaction,

6. to provide access to literature in the field of the pollution-nutrition interaction for
research centers, GO and NGOs especially in developing countries.

The IAEA, being one of the organizers of the International Congress of Nutrition, to be
hosted in August 2001 in Vienna, should use this opportunity to attract the attention of the
international community to the urgent need to study interactions between environmental
pollution and nutrition, and to catalyze the development of relevant, standardized research
protocols.



PREAMBLE

The document has been developed for experts of the International Atomic Energy
Agency (IAEA) for program planning and policy decision. The consultants addressed the
most important aspects of the interaction between environmental pollution and nutrition, not
without acknowledging that this interaction is of extreme complexity. Not all aspects of the
relationship between environmental pollution and nutrition have been covered. For example,
factors such as smoking or addictive drugs have not been considered in this document.
Although a host of assessment methods may be required to describe the complex
environment-nutrition interaction and its disturbance caused by pollution, due to the expertise
of the IAEA, emphasis is given to nuclear analytical and isotope techniques (NA&IT) to
assess and monitor nutritional and toxic effects of environmental pollution.

Nuclear analytical techniques include nuclear excitations, nuclear reactions and/or
radioactive decay and those based on inner electron shell excitations followed by X-ray
emission. The last category is also regarded pertinent to NA&IT, because these techniques
can only be performed using nuclear instrumentation, namely accelerators, ionizing radiation
and radioactive isotope sources. Isotopic techniques are those that allow analytical
information on a given element to be obtained by isotope discrimination, whether or not the
element is enriched in a particular stable isotope or labeled with a radioisotope, i.e. all kinds
of isotope dilution analysis and tracer techniques.

1. RATIONALE

It is well known that a healthy environment is a basic human right (FAO 1996). The
health of humans is tightly connected with the health of the ecosystems. Unless our
environment is used in sustainable ways it will become increasingly difficult to feed the
world's population. In all parts of the world today, ecosystems are being affected by all
kinds of anthropogenic activities, thereby causing rapid alterations in the system. The
consequences of these changes are not sufficiently understood yet. But there is evidence that
environmental pollution affects the nutritional status of individuals and populations. This
relationship is of a very complex nature and requires an interdisciplinary scientific approach
for assessment. Despite increasing awareness of the escalating problem of environmental
pollution, published scientific studies on the relationship between environmental pollution
and nutrition are underrepresented and few.

Nevertheless, the scientific community has many tools available to study the nutrition-
pollution interaction. NI&IT are well established in nutritional as well as environmental
research (IAEA 2000a). In the past, IAEA has coordinated much research and gained wide
expertise in the areas of nutrition and environmental sciences. Due to the importance of the
subject, IAEA will promote basic and applied research on the interaction between
environmental pollution and nutrition.

2. THE DIMENSIONS OF ENVIRONMENTAL POLLUTION AND NUTRITION

Until now nutritional status and environmental pollution were mostly treated as
separate issues. However, there is a tight interaction between both these areas. One the one
hand, pollutants may deteriorate the nutritional status; on the other hand, poor nutritional
status may increase the burden of health risks due to pollution. The pollution-nutrition



interaction has several dimensions. Table I shows some examples of interacting pollution
factors, which contribute to the nutritional status of humans.

2.1. Agent

In recent decades, pollution of the terrestrial and aquatic environment has dramatically
increased due to various types of anthropogenic activities. Therefore, a complex approach
should be employed to assess direct and indirect consequences of the environmental pollution
on the quality of foods and subsequently nutritional status. The main agents in these
interactions involve the physical environment (air, fresh and sea water and soil) from where
pollutants enter the food chain at various levels. The degree of pollution can be studied as a
function of the pollutant's concentration and bio-availability in the food.

2.2. Pollutants

In this document, pollutant is understood as a harmful byproduct of human activity
(anthropogenic pollutant), which is released to the physical environment (air, water and soil).
Within the food chain, pollutants enter into food. In contrast, contaminants can impure food
directly during processing, such as lead originating from coating of ceramics.

For the purpose of this document, the following categories of pollutants are considered
important for the environmental-nutritional interactions: (1) essential, non-essential and toxic
inorganic components (the toxicity and/or essentiality is frequently a matter of concentration),
(2) man-made and natural (e.g. various toxins) organic pollutants, (3) natural and man-made
radionuclides, and (4) inhalable particles.



TABLE l. INTERACTING FACTORS BETWEEN ENVIRONMENTAL POLLUTION AND NUTRITION

Factor
Agent

Pollutants

Host

Environment

Air, fresh and sea water, soil,
food sources and food,
Essential, non-essential and
toxic inorganic components,
particles, artifacts and natural
organic pollutants, natural
toxins, biological, natural and
man-made radionuclide
Compartment

Age
Physiological stage

Geographical

Social/cultural

Molecule, cell organ, cell,
organ, individual, population
Life-cycle approach
Nutritional status
(Normal, protein-energy-
malnutrition, micronutrient
deficiency, obesity)
Health status
(Healthy, infectious disease,
chronic disease)
Physical activity
Pregnancy and lactation
Megacity/urb an/rural
Tropical/subtropical/template
Education, religion, nutrition
habits, sanitary conditions,
political and economic
system

2.3. Host

The compartments covered under this category are cells, organs and tissues, individual
organisms/beings (plant/animal/human) and population groups. An example for cellular host
compartment might be various biological agents, such as viruses and bacteria. Organs and
tissues may function as specific target organs with regard to chemical (toxicological)
properties of e.g. specific toxic heavy metals. At the environmental pollution level certain
specific organisms are used as environmental pollution monitors. If they at the same time
enter the food-chain pathways they can also function as target organisms for Pollution -
Nutrition Interaction purposes.

Terms used as in radiation protection of the general public are: critical tissues and
organs (i.e. thyroid gland for radioactive iodine isotopes, bone tissue for radioactive Sr
isotopes), and critical groups of population.

There is some evidence that environmental pollution has distinct risks and effects in
different ages. Small children and aged individuals are more vulnerable than middle-aged
adults. Furthermore, during pregnancy pollutants are not only a health risk for the mother but
also for the foetus. Additionally, pollutants may have long-term effects for generations. For



example, radiation from radionuclides or the toxicity of dioxins may affect health irreversibly
for several generations.

Nutritional requirements and toxicological vulnerability vary in different physiological
stages. Several pollutants cause the formation of free radicals which damage tissues leading to
different forms of chronic diseases. This effect may be accelerated in individuals who suffer
from infectious diseases. Even worse, a low supply of antioxidant in an individual will
increase the burden of oxidative stress from pollutants and infections and will further
aggravate the risk of chronic disease.

2.4. Environment

The nature of the environmental pollution depends heavily on the type of geographical
and socio-cultural environment. In large megacities with high population density,
atmospheric pollution caused by factors such as motor vehicles, domestic waste burnings,
domestic burnings for cooking and heating, and burning fuels in industry plays a prominent
role. Drinking water polluted with inorganic and organic substances or microorganisms is
another pollution hazard. In rural areas, one major source of contamination could be the use of
fertilizers and chemicals that find their way into agricultural produce. Inadequate sanitary
conditions in developing countries often contribute to additional contamination problems.

3. ASSESSMENT OF ENVIRONMENTAL AND NUTRITIONAL STATUS

As described earlier, the interaction between environmental pollution and nutrition is
regulated by a complex mechanism, which is only understood in fractions. For a better
comprehension of research results from field studies, the data obtained will have to be brought
into a wider context. As many factors that affect the interaction between environmental
pollution and nutrition should be controlled for while studying this.

3.1. Nutritional status

The assessment of the nutritional status of individuals and populations has found wide
application in determining health risks in individuals based on international recommendations
such as of FAO, WHO and UNICEF. The nutritional status of an individual can be assessed
by measuring anthropometry, food and nutrient intake, by clinical examination and by
biochemical indices. For comprehensive population household surveys, guidelines such as
developed by GTZ (Gross et al. 1997) (www.nutrisurvey.de) may be helpful to gain a broad
view of the nutritional situation of a population.

For specific research questions, NA&IT have found particular application in nutrition
research of individuals, such as bioavailability of nutrients and measurement of body
composition (IAEA 1996).

3.2. Environmental status

Basically, there are two approaches to assess the environmental status: (1) direct
measurement of pollutant levels in the individual compartments of the environment, such as



air, water, soil, target plant and animal tissues, including target human tissues and body fluids;
(2) indirect monitoring, most frequently involving biomonitoring of the individual
compartments of the environment. For studying atmospheric pollution, there are a variety of
biomonitors frequently used, such as tree leaves, tree bark, tree needles, bryophytes, lichens,
and mosses. For water pollution, useful biomonitors include fish tissues, seaweed, algae,
mollusks, etc. Soil pollution can be detected by analysis of wild or food plants, snails, eggs
from free-living animals, earth worms, tissues of game animals, mushrooms (especially useful
for monitoring of pollution with radionuclides). Knowledge of the chemical composition of
plants is also important for estimating the impact of biomass burning emissions that are
important sources of atmospheric pollution, especially in some developing countries, in the
tropics and sub-tropics. For biomonitoring of man's exposure, serum and materials from non-
invasive sampling such as hair and breast milk are generally used.

Biomonitoring has several advantages over direct measurement of pollutants, namely
lower cost and the potential for averaging (integrating) pollutant levels over a suitable time
period. On the other hand, it should be realized that due to the intricate equilibrium between
the monitor and the environment, the quantitative relationships between the pollutant's
concentration in the monitor's tissues and its concentration in a relevant compartment of the
environment are difficult to obtain. As a result, a comparison between results obtained by
direct and biological monitoring is usually very difficult.

Information about the environmental status in a particular region may be known from
previous studies to a certain extent. In such a case, evaluation should be made whether the
information available is fit-to-purpose for studying the environment-nutritional interaction. If
for some reason this condition is not fulfilled, a new specifically focused study should be
initiated. For instance, contamination of water with chromium is known from previous
studies, however no information about chromium speciation is available. Therefore a
supplementary study is to be organized aimed at determining essential Cr (in) and toxic Cr
(VI) in water.

It is worth of mentioning that there are no unified guidelines until now regarding
evaluation of the environmental status, although there are many national and international
bodies studying and evaluating this problem. The existence of the above guidelines would
certainly facilitate studying the environmental-nutritional interaction.

It may, therefore, be suggested that the IAEA will explore on the willingness of the
institutions concerned in developing such guidelines and feasibility of this task. It also seems
that the results of environmental pollution monitoring are presently not fully exploited for the
purpose of the health risk assessment. However, it is obvious that the outcome of risk
assessment could form a very good basis for a model of environmental-nutritional interaction.
If such a model is verified by experimental results obtained e.g. by utilization of the unique
advantages of NA&IT, this would lead to an interactive process resulting in improving the
model and producing new models in an easier and more economic way.

The problems of the environmental-nutritional interactions are of different severity for
various populations according to their socio-economic parameters. Population explosion,
poverty, severe pollution and illiteracy are the major problems that are common in developing
countries. Apart from these, respiratory and diarrheal infections, heat, humidity, poor sanitary
conditions, repeated pregnancies, eating habits due to local customs and religion restrictions
and significant exposure to parasites are examples of factors that influence the environmental-



nutritional interactions in the developing countries which are mostly absent in other
populations.

3.3. Nutrient-pollution interaction indicators

According to the system theory, the quality of the environment-nutrition system is
different from the quality of their subsystems - environment and nutrition. There are some
indicators, which may serve for monitoring the interaction between the environmental
pollution and the nutrition status, such as breast milk. However, indicators, which describe
validly and precisely the subsystems, not necessarily describe adequately the environment-
nutrition system. Rather, we have to seek for new indicators, which are valid, precise
(sensitive and specific) and feasible. Such indicators will be unspecific in describing the
subsystems and understanding the causes, but must be sensitive to indicate the magnitude and
the severity of the pollution-nutrition interaction. Together with the indicators for the
subsystem of the environmental conditions and the nutritional situation, the new indicators
need to explain models of regulation and accumulation of pollutants in the biological system
of humans (cell organs, cell, tissues and organs, individuals, populations) affecting their
nutritional status.

The following topics are examples to be considered in research:

Principles and mechanisms underlying regulations of biological systems regarding
the uptake, transport, storage, metabolism and excretion of pollutants

Interactions between pollutants and nutrients
(e.g. iodine-bromine-selenium interaction in the thyroid; organic pollutants and
micronutrients)

Negative effects of the pollutants and their metabolites on the biological systems.

It is of particular importance to learn more about the direct effects of pollutants on the
nutritional status of humans. Some knowledge has been gained on the interactions between
trace elements and pollutants. For example, the interaction between iron and lead is well
understood. As a result, in areas with high risks of lead pollution, the paediatrician knows that
anaemia in children suffering from anaemia may be caused not only by iron deficiency or
infectious diseases but by lead intoxication and consider this fact in his treatment. The same
understanding is needed about direct interactions between other pollutants and nutrients.

Successful applications of nuclear and nuclear-related techniques for both direct and
biological monitoring of the environment, demonstrated in several CRPs (Co-ordinated
Research Programs), were organized by the IAEA (IAEA 1993, IAEA 1994, IAEA 1995,
IAEA 1999, IAEA 2000b). Together with complementary analyses, NA&IT can help develop
adequate indicators to understand the regulation of the direct and indirect interactions of the
pollution-nutrition interaction.

3.4. Functional studies on the impact of pollution on human health and nutritional status

Malnutrition caused directly or indirectly by environmental pollution affects physical,
cognitive and social development of children and leads in severe cases to death. From the
limited information available, there is severe concern about the functional consequences of
environmental pollution. Already, lOug/mL Pb in the serum of children has shown negative
implications on the cognitive and social development of small children. However, far more
information needs to be collected on the health and development impact of environmental
pollution.



4. POSITION AND POTENTIAL OF NUCLEAR ANALYTICAL AND ISOTOPE-BASED
TECHNIQUES IN THE INTERACTION OF ENVIRONMENTAL AND NUTRITION
RESEARCH

4.1. Nuclear, nuclear-related and isotopic-based analytical techniques

NA&IT are uniquely well suited to targeting the purposes for the interaction of
environmental and nutritional research, because they are characterized by nuclear and
radiation properties. The application of NA&IT in this field is not only feasible, but should be
an imperative task.

The main NA&IT that can play a significant role in this research comprise analysis
such as:

• Neutron activation analysis (NAA, instrumental or radiochemical, prompt or
delayed) can provide us with qualitative and quantitative composition information on
major, minor and trace elements in environmental and nutritional samples with high
sensitivity, good accuracy, low or even no matrix effect, and multi-elemental analysis
ability. Until now in vivo NAA is still a leading tool for analysis of H, N, O, I, Ca, P,
even Cd and other heavy metals in whole human body and selected organs or tissues.

•Ion beam analysis (PIXE, Micro-PIXE, NRA, RBS, etc) can provide information on
composition as well as distribution of some important essential and toxicological
elements, e.g. Fe, Zn, Cu, and Pb, which possess important environmental significance
and nutritional function.

•Isotopic tracers (enriched stable or radioactive) can easily distinguish the endogenous
or exogenous sources of nutritional and toxicological elements, which is well suited to
study the metabolism and bioavailability of the supplemented nutrients or toxins in test
animals or even in the human body. Obtaining this type of information is very difficult
or even impossible using non-nuclear techniques. However, a consensus on the data
evaluation, comparability of results, and underlying algorithms should be achieved for
the enriched stable isotope technique in the interaction research of nutrition-pollution,
(IAEA 1996). In improving data quality and validating methodological reliability,
IAEA can play a leading role in the dissemination of this technique, in particular in the
developing countries. Isotopic tracers may also be used in combination with other tools
such as electrophoresis or radioimmunoassay.

•Radioactive counting techniques (alpha, beta and gamma spectrometry) can directly
determine the levels of radioactive nuclides in environmental and nutritional samples,
which is one of the major tasks for assessing nutrition-pollution interaction. Man-made
Sr-90, Cs-137 and Tc-99, etc., and naturally occurring Ra-226, Pb-210 andPo-210, etc.
are the most important nuclides for long-term exposure dose estimation.

•ICP-MS, as one of nuclear-related analytical techniques, can serve as a valuable
complementary tool to NAA. The merits of ICP-MS over NAA lie in relatively equal
analytical sensitivity for most elements in the periodical table, among which some are
very difficult, or even impossible to be determined by NAA.



In addition to the above-mentioned NA&IT, the synchronous radiation-based analytical
techniques (micro-SRXRF, EXAFS, XANES, small-angle scattering, diffraction, etc.),
accelerator-based mass spectrometry, neutron scattering and diffraction, radioimmunoassay
and other emerging and advanced nuclear analytical techniques will be able to provide much
opportunity for understanding nutrition-pollution interaction. Their possible application and
significance should be explored.

4.2. Past achievements of NA&IT in environmental and nutritional research

Substantial progress has been made over the past two decades in developing and
improving the NA&IT and in extending their application ability in nutritional and
toxicological research. (IAEA 2000a) A number of CRPs and TC (Technical Cooperation)
projects in this aspect organized and partly funded by IAEA have played a significant role to
promote the peaceful use of nuclear techniques and to understand the nutritional and
environmental status, in particular, in developing countries. IAEA assisted in activities such
as:

• Development of methodology of the available NA&IT and establishment of new
nuclear-related techniques

• Verification of the nature of the nutritional and environmental problems and the
efficacy of specific intervention

• Implementation of environmental pollution monitoring and nutrition intervention
programs

• Assurance of analytical quality in nutritional and toxicological surveys

• Dissemination and exchange information and materials related to application of
NA&IT in monitoring environmental and nutritional status.

Some practical examples include the research areas such as:

1) iron deficiency-related anemia,
2) mineral-related osteoporosis,
3) food supplementation programs,
4) doubly labeled water for measuring body composition and energy expenditure,
5) Vitamin A status,
6) assessment of Hg pollution,
7) air pollution.

4.3. Present position of NA&IT in environmental and nutritional research

Although various non-nuclear analytical techniques, e.g. laser, atomic and
spectroscopic-based analytical techniques, have constituted a severe challenge to the
application of NA&IT in many fields and NA&IT seem to gradually lose the past prominence,
the NA&IT still remain active as so ever, especially in the developing countries. (Parr et al.,
1999). In many cases the NA&IT are still indispensable. In addition, the improvement of the
available NA&IT and establishment of new NA&IT are foreseeable.
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With respect to research on nutrition-pollution interaction, the NA&IT can

• serve as tools for improving the analytical sensitivity of environmental and nutritional
monitoring techniques;

• serve as reference methods to provide reliable results for assessment of environmental
and nutritional status;

• serve as tools for identifying effective food and nutrition strategies;

• provide more information on impact factors that are affecting nutrition-pollution
interaction and on inter-elemental synergetic or antagonistic interaction;

• serve as a convincing method to study absorption rate, bioavailability, metabolism
and dynamic distribution patterns of supplemented minerals;

• serve as suitable methods to monitor biomarkers and bioindicators at different levels
(e.g. organs, cell, subcellular, and molecular, etc.) in nutritional and toxicological
research, in particular on the human body.

Taking account of the above-mentioned roles of NA&IT, application of NA&IT in
assessing nutrition-pollution interaction is not only a complementary, but also an imperative
need.

4.4. Future potential of NA&IT for assessing interaction of nutrition and pollution

The full exploration of the NA&IT potential for assessing nutrition-pollution interaction
is achievable if the following points are taken into account:

• Persistent exchange between nuclear analysts on one hand and environmentalists and
toxicologists on the other should be continuously carried out. This will make more and
more experts in nutritional and environmental fields to understand and even master the
NA&IT and its assets. Once the potential of NA&IT is understood and accepted-or,
even better, experienced-by researchers in environmental and nutritional fields, a strong
impetus to apply NA&IT will come out.

• According to the need of interaction research of nutrition-pollution, the NA&IT
should be improved to reach higher sensitivity, become more precise, more accurate,
cost-effective and with better space resolution. In the meantime, new NA&IT should
also be established to meet this practical need.

• Potential of NA&IT for chemical speciation analysis should be fully explored,
because bulk analysis is often meaningless when assessing the environmental,
nutritional and toxicological functions of major, minor and trace elements. Although
most of NA&IT in nature are based on nuclear behavior without the ability to provide
information on chemical form, valance or binding state of elements, various hybrid
techniques in combination of NA&IT with other biological, chemical and physical
separation techniques have been and are being rapidly developed. Further improvement
of NA&IT well suited for chemical speciation analysis of elements for assessing
interaction research of nutrition and pollution should be strengthened.
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• Organic pollutants, e.g. PCB, OHC, dioxin, etc., in the environment and their impact
on human health (e.g. via the food chain) constitute a severe threat to humans and
require multidisciplinary research. In many cases of monitoring the organic pollutants,
non-nuclear techniques, like GC-MS and HPLC, etc. are necessary tools, but NA&IT
can find its unique role, in particular in analysis of organohalide compounds in
environmental and nutritional samples. The short-lived nuclides Cl-38, Br-80m and I-
128 provide a true chance to use neutron activation analysis for assessing the
distribution, transportation, accumulation and toxicology of the OHC in the
environment, food chain, and the human body.

• Due to the above-mentioned merits possessed by NA&IT, the requirements of the
interaction research of nutrition and pollution at different levels, from organ to cell or
from macromolecules to single ions, can be met by present NA&IT associated with
other techniques. Further improvements oriented to assuring analytical quality are
desirable in future.

5. QUALITY ASSURANCE

Monitoring of the quality of the analytical process is a mandatory part of the studies
aimed at the evaluation of environmental-nutritional interactions in order to arrive at valid
results and conclusions. The quality system must cover all stages of the analytical process,
i.e., sampling, sample handling, the analysis itself, i.e. generating the analytical signal and its
decoding and evaluation, and eventually interpretation of the results obtained.

Quality assurance of analytic techniques has different implications depending on the
compartment under study. For example, appropriate non-invasive methods are needed for in
vivo assessment. Methods that are very accurate at the population level may be inappropriate
at the individual level (e.g. iodine in urine).

With regard to sampling and sample handling it is necessary:

• to obtain a representative sample, for instance, for assays blood should be collected in
sufficient amounts;

• to prevent contamination and analyte losses, especially at ultratrace analyte levels;
• to guarantee that no compositional changes occur on short- and long-term storage,

during transport from a sampling site to laboratory and during the storage prior to
analysis.

Very useful information about sampling and sample handling for nutritional-
environmental interaction studies can be obtained from the ongoing programs of
environmental specimen banking and IUPAC Guidelines (Cornelius et al. 1995).

With regard to analysis it must be guaranteed that validated analytical procedures are
used, which also means that:

• analytical procedures fit-to-purpose are employed,
• a state of statistical control has been reached as demonstrated by suitable control

charts,
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• all possible sources of bias have been identified, removed and/or minimized to an
acceptable extent, so that sufficiently accurate results are produced as demonstrated by
participation in proficiency testing, collaborative trials, and most importantly, by
analysis of suitable certified reference materials (if available),

• uncertainty of measurement results is correctly evaluated.

It may be noted that there are a variety of certified reference materials (CRMs)
available from various producers matching both the matrix and analyte levels for many types
of environmental samples. However, regarding human diet samples, only a limited number of
CRMs are presently available (NIST SRM 1548a Typical Diet, NIES/NIRS Typical Japanese
Diet Certified Reference Material, ARC/CL-HDP RM Total Diet), whereas CRMs and
reference materials (RMs) of the individual food items such as various types of flour, rice,
milk powders, mixed vegetables and individual vegetable items, several beverages, meats,
etc., from various producers are more frequent. Since a limited number of analytes and
analyte species have been certified in the existing CRMs and RMs, and because most of the
CRMs are rather expensive, there is a need for sufficiently homogeneous control samples that
could be used for maintaining control charts in the environmental-nutritional studies.

In evaluation and interpretation of analysis results appropriate statistical tests must be
employed. This requires the examination of the type of distribution of the data, such as
normal (Gaussian), log-normal, skewed, non-unimodal, etc. Only then mean values,
variances, their differences and interrelationships, such as correlations, regressions, etc., can
be evaluated using appropriate parametric or non-parametric tests. After all, the prerequisite
for obtaining meaningful and representative results is a sufficiently large number of cases.

Environmental as well as nutritional biology are complex phenomena, which require
very advanced statistics to predict complex models. In the field of theoretical physics,
statistics has been advanced to analyze complex phenomena. The application of these
advanced statistical methods need to be explored for a better understanding of the regulation
of the interaction and epidemiological consequences of pollution.

6. RESEARCH NEEDS

6.1. Comprehensive multi-center study

The nutrition-pollution-interaction is determined by various confounding factors. As a
result, for a better understanding of specific studies under field conditions it would be
desirable to gain information about the general environmental conditions and nutrition
situation from the study site. This information can bring the research results into a context
necessary for a better interpretation of the findings. A jointly developed protocol helps to
assure the quality of a study and to make comparisons between populations.

6.2. Specific studies

The placenta of a mother may be potentially used as a suitable biological marker for
pollution-nutrition interaction purposes (studies). Extensive scientific evidence is already
available on utilization of placenta in studying transfer mechanisms of several toxic trace
elements from mother to foetus following exposure via food intake. In order to fully utilize
the placenta as a complex biomarker organ, other biological tissues, such as blood (maternal
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and umbilical cord) and hair (scalp and pubic) have to be taken into consideration. With
regard to ethnic and legal matters, appropriate steps must be taken towards legitimate (legal)
procedures in obtaining placenta as sampling material for well defined applied studies. The
procedures should also include well-defined protocols on sampling, sample preparation and
on analytical procedures specific to the element analyzed.

The thyroid is, as a target (critical) organ for radioactive iodine isotopes, already
efficiently used for assessing radiological situations following a nuclear accident (e.g.
Chernobyl) and nuclear or radiological incidental events. The thyroid gland, can be, therefore,
efficiently used as a biomarker for pollution - nutrition interactions, bearing in mind its
potential utilization for long-term specific situations as well (for the determination of long
lived 1-129 radionuclide).

The same applies for bone tissue as a target matrix for radioactive strontium
contamination, where, as a practical example, the food habits were being drastically altered in
the exposed (juvenile and adult) population living in the Chernobyl affected areas. They were
until recently exposed to continuous exposure of elevated levels of Sr-90 through essential
staple foodstuff items, such as milk and its related diary products.

7. RECOMMENDATIONS TO IAEA FOR ACTIONS

7.1. General recommendations

The consultants recommended the following general actions that IAEA should consider
for the future:

1. to review the national and international guidelines for the assessment of
environmental pollution using NA&IT analytic techniques,

2. to seek for harmonization with other UN agencies methods for the assessment of
environmental pollution. In particular, information regarding methodology relating to
data acquisition and the approach to data interpretation and risk assessment,

3. to develop a research protocol for a comprehensive multi-center study on pollution-
nutrition interaction which would later explain its impact on human development,

4. to advocate to the scientific community, political decision makers and the public the
importance of interaction between environmental pollution and nutritional status for the
economic and human development,

5. to organize related CRP, TC, training courses and other activities on assessment of
pollution-nutrition interaction,

6. to provide access to literature in the field of the pollution-nutrition interaction for
research centers, GO and NGOs especially in developing countries.

7.2. Specific recommendations

In specific, the consultants recommended the following actions:
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• To promote further improvement of the available NA&IT and the establishment of
new centers in the Member States, in particular, in developing countries to meet the
requirements of assessing nutrition-pollution interaction;

• To initiate a CRP on the pollution-nutrition interactions with special emphasis on the
following topics:

-Development of a protocol to assess the environmental conditions of populations,
which lives in risk of malnutrition,

-Use of non-invasive materials such as placenta and breast milk as indicators to
monitor the interaction between environmental pollution and nutritional status,

-Use of thyroid for assessing the pollution-nutrition-interaction between iodine
selenium and bromine such as in model experiments on rats,

-Possible interaction between organic pollutants and micronutrient status in
individuals and populations,

-Possible interaction between radioactivity and nutritional status in individuals and
populations,

- Quality assurance procedures for chemical speciation analysis in selected
environment and nutritional specimens for research in the pollutant-nutrition-
interaction;

• To develop appropriate reference materials for the above fields of research (e.g.
explore a possibility of using placental tissues available from the specimen banks
worldwide for this purpose; control materials of regional composite diets, e.g. for
maintaining control charts, not necessarily certified);

• To identify and support a research institution, which will examine and disseminate
advanced statistical methods to explore the complex pollution-nutrition interaction and
store scientific data collected in these research projects.

In August 2001, the International Union of Nutritional Sciences (IUNS) will have their
International Congress of Nutrition. This congress will be hosted in Vienna and IAEA is one
of the organizers. The consultants thought that this would be a golden opportunity to attract
the attention of the international nutrition scientific community to the subject of pollution-
nutrition interaction. This is of particular relevance since IUNS has already created a
committee on environmental pollution and nutrition, chaired by one of the consultants.

The consultants offer to present during the congress some examples of research results
and the report of this mission. Furthermore, during this congress the consultants together with
additional experts (e.g. toxicologist and environmental scientist) could develop the research
protocol for multi-centric studies and specific studies. In this case, the IAEA should
coordinate with the organizers of the congress to identify an appropriate slot within the
congress.
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APPENDIX 1: INFORMATION SHEET

1. SCIENTIFIC AND TECHNICAL BACKGROUND

Adverse effects of the activities of mankind upon the environment are of rapidly
growing concern. Chemical pollution is one of the most pronounced consequences of
industrialization and of the intensified exploration of natural resources by agriculture,
forestry, and mining. Increased emissions of toxic metals, and some persistent and toxic
organic chemicals, form a pronounced threat to the environment and to human health.
Interaction between human beings and the environment is complex and involves many aspects
of man's activities. After many years of documenting the widespread presence of both natural
and anthropogenic chemicals in the environment and in humans, environmental scientists are
increasingly being called upon to apply their findings in new ways. An example of these
efforts is intensive discussion among epidemiologists and environmental toxicologists on the
health oriented relationship between the natural environment and human beings. There are
also many questions still open regarding transfer of specific contaminants from environment
to humans and interactions among different toxic elements, including their possible
antagonistic effects.

Populations of countries with economies in transition are likely to face high risks of a
deteriorated nutritional status due to environmental pollution. Combined with a diet low in
antioxidants, these populations will increasingly suffer from high rates of chronic diseases,
and when sanitary conditions are poor, from increased infectious diseases.
The Section of Nutritional and health-related environmental studies (NAHRES) has already
initiated two projects, related to the above-mentioned problems: (1) Applied human nutrition
assessment and research using nuclear and isotopic techniques, and (2) Environmental
pollution monitoring and research using nuclear and related analytical techniques. The
objectives of the projects are to demonstrate the practical use of nuclear and isotopic
techniques (1) as tools for improving the sensitivity of nutrition monitoring techniques, and
for identifying effective food and nutrition strategies, and (2) in studies of non-radioactive
environmental pollutants that may impact human health, respectively. By recognizing the
interrelationship between environmental contamination and the potential health effects by
introducing pollutants into humans through the food chain, the International Atomic Energy
Agency (IAEA) would like to obtain more information on parameters that are influencing
nutrition-pollution interactions.

From the Agency's perspectives, the involvement of nuclear methodological
component is essential in these efforts since it has a mandate to enhance the peaceful uses of
nuclear-based techniques. Practically this means that the use of either nuclear analytical
techniques or isotopes (or both of them) should comprise an important part of research
approach. Examples of this technology include isotope techniques to measure micronutrient
status, various nuclear techniques to measure environmental pollution, 13C-breath test to
measure liver function, and the use of 3H-thymidine to measure lymphocyte proliferation.
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2. NUTRIENT-POLLUTANT INTERACTIONS IN RELATION TO FOOD SAFETY

Food safety issues and factors that contribute to nutrient compositional changes are
critical to several aspects surrounding the nutrition-health-disease domain, and will continue
to attract much attention in the future. Nutritional toxicology will become a major challenge
in this context. There are known instances of inter-element interactions of Pb and Fe
(anemia), Hg and Fe, As and Se, Se and I , Cd and Zn, among others. Similarly, placental
transfer of nutrients and toxicants are of concern in relation to fetal health, and well-defined
studies are required to elucidate the health impact in cases where pollutant levels are above
safe levels. Populations in developing countries, particularly children represent the largest
segment of society in need of protection and multi-factorial interventions to prevent
malnutrition, infectious disease and the effects of environmental pollution, especially in
urbanized societies. Nutrition priorities are identified under various initiatives, but nutrient
interactions with pollutants (lead, other heavy metals, arsenic, antimony, pesticides, oxides of
nitrogen, tobacco, alcohol) and infections (intestinal parasites, communicable diseases) are
also significant and efforts are needed to understand the interrelationships.

3. OBJECTIVES

• To assess current achievements and scientific trends in research on nutrition-pollution
interactions concerning essential and toxic elements.

• To examine the applicability of nuclear and isotope based techniques for
understanding nutrition-pollution interactions.

• To identify indicators that signal adverse health effects as a result of nutrients-
pollution interactions.

• To search for preventive measures to mitigate the incidence of adverse effects of
nutrients-pollution interactions.

4. EXPECTED OUTCOMES

• Working material addressing the above-mentioned issues, describing on-going or
recent work carried out by each participating scientist, to be presented during the
meeting and made available to the IAEA.

• Short report (not more than 20 pages) with recommendations, to be drafted and
adopted by participants during the meeting. It is anticipated that that the discussions
during this consultants' meeting will shed light on the problems outlined above and
facilitate formulating future projects to resolve the issues using nuclear and isotope
based techniques. The topics are expected (but are not limited to) to include the
application of nuclear and isotopic techniques to evaluate interactions between
environmental pollution, antioxidant intake, immune function, liver function, and
infection and chronic diseases.
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APPENDIX 2: AGENDA FOR THE MEETING

Consultants9 Meeting
on

NUCLEAR AND ISOTOPE BASED TECHNIQUES FOR ASSESSING
NUTRITION-POLLUTION INTERACTIONS

Vienna International Centre, RoomA2305
(File Ref.:327-E4-CT-11065)

AGENDA

MONDAY, 11 DECEMBER 2000

10:00 -10:30 Registration

10:30 - 12:00 Opening of the meeting
Opening remarks: Mr. G.V. Iyengar, Section Head-NAHRES
Introductory remarks from the Scientific Secretary
Introduction of the participants
Selection of the Chairperson and Rapporteur
Adoption of the Agenda

12:00 - 14:00 Luncheon and administrative arrangements

14:00 — 16:30 SESSION 1: Presentations by the consultants and discussions

14:00-15:00 Dr. R Gross (Peru)

15:00-16:00 Dr. J. Kucera (Czech Republic)

16:00 -16:30 Coffee break

16:30- 17:30 SESSION 2: Continuation of presentations

16:30 -17:30 Dr. P. Stegnar (Slovenia)
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TUESDAY, 12 DECEMBER 2000

9:00- 11:30 SESSION 3: Continuation of presentations

9:00-10:00 Dr. C. Zhifang (China)

10:00 - 10:30 Coffee break

10:30-12:00 SESSION 4: General discussion

12:00 -14:00 Luncheon

14:00 - 17:30 SESSION 5: Selected topics for in-depth discussion
Moderator: Dr. R. Gross
Objectives:

• To assess current achievements and scientific trends in research on
nutrition-pollution interactions concerning essential and toxic elements.

• To examine the applicability of nuclear and isotope based techniques for
understanding nutrition-pollution interactions.

• To identify indicators that signal adverse health effects as a result of
nutrient-pollution interactions.

• To search for preventive measures to mitigate the incidence of adverse
effects of nutrient-pollution interactions.

Comments by all participants
Coffee break as appropriate

WEDNESDAY, 13 DECEMBER 2000

9:00 -12:30 SESSION 6: Selected topics for in-depth discussion (continued)
Moderator: Dr. R. Gross
Objectives:

• To assess current achievements and scientific trends in research on
nutrition-pollution interactions concerning essential and toxic elements.

• To examine the applicability of nuclear and isotope based techniques for
understanding nutrition-pollution interactions.

• To identify indicators that signal adverse health effects as a result of
nutrient-pollution interactions.

• To search for preventive measures to mitigate the incidence of adverse
effects of nutrient-pollution interactions.

• Other topics to be brought for discussion
• Proposed actions and identifying authors to write specific segments
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Coffee break as appropriate

12:30 -14:30 Luncheon

14:30-17:30 SESSION 7: Discussion for preparation of draft report
Chairperson and Rapporteur

Coffee break as appropriate

THURSDAY, 14 DECEMBER 2000

9:00 - 12:30 SESSION 8: Preparation of draft report
Completion of individual contributions as assigned
Coffee break as appropriate

12:30-14:30 Luncheon

14:30 -17:30 SESSION 9: Preparation of draft report (continuation)

Coffee break as appropriate

FRIDAY, 15 DECEMBER 2000

9:00 - 12:30 SESSION 10: Finalizing the report
Timetable for further action if needed
Coffee break as appropriate

Conclusion of the meeting
Closing of the meeting
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APPENDIX 3: LIST OF PARTICIPANTS

CONSULTANTS MEETING ON
NUCLEAR AND ISOTOPE BASED TECHNIQUES FOR

ASSESSING NUTRITION-POLLUTION INTERACTIONS
11-15 DEC 2000, IAEA HEADQUARTES, VIENNA, ROOM A-2305 ext. 21702

Dr. Zhifang CHAI
Department of Nuclear Analysis
Institute of High Energy Physics
Academia Sinica
P.O. Box 2732, Beijing 100080
China
Tel.: + 86-106-2563339 ext. 4205
Fax: + 86-106-2573660 or 8213374
E-mail: chaizfi@lnat.ihepa.ac.en

Dr. Jan KUCERA
Nuclear Physics Institute
CZ-250 68 Rez near Prague
Czech Republic
Tel. +420-2-66172268
Fax:+420-2-20941130
E-mail: kucera@u jf.cas.cz

Dr. Rainer GROSS
GTZ Programa Postgrado Nutrition Publica
P.O. Box 12.108
Lima
Peru
Tel.:+51-1-3162069
Fax: +51-1-3162471
E-mail: pnpgtz@attglobal.net

Prof. Peter STEGNAR
Assistant Director
"Jozef Stefan" Institute
Jamova 39
1000 Ljubljana
Slovenia
Tel.: + 386-61-177 3831 or 177 3900
Fax:+386-61-125 2017
E-mail: peter.stegnar@ijs.si
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Scientific Secretary:

Dr. Borut SMODIS
Nutritional and Health-Related

Environmental Studies
Division of Human Health
Department of Nuclear Sciences

and Applications, IAEA
A-1400 Vienna, P.O. Box 100
Tel. +43-1-2600-21652
Fax: +43-1-2600-7
E-mail: B.Smodis@iaea.org
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