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Introduction

Food is the primary source of trace elements for humans. For elements to exert an effect they
must be available from food, or potentially available, both for absorption by the gut and for
subsequent utilisation by the body; in other words they must be bioavailable. The degree of
bioavailability is affected by the individual's physiological response and their diet. It is now
generally accepted that the total amount of an element present in the food tells us very little
about how well it will be absorbed and used. To find this out, more information is required
about the chemical nature of the element, how it behaves in the gastrointestinal tract, how it
crosses the gut wall and what happens to it after it has been absorbed. The chemical form or
speciation of an element is one of the primary influences on its bioavailability. In addition
there may be interactions between elements which can effect efficient utilisation or toxicity.
For example, high zinc intakes may adversely effect the uptake and absorption of copper and
iron, possibly due to competition for active sites. Selenium in fish is thought to have an
antagonistic effect on methylmercury toxicity through the formation of a bis(methylmercury)-
selenide complex which is less toxic.

The concept of speciation also applies to potentially toxic elements such as arsenic, cadmium,
mercury and lead which can be naturally elevated in some foodstuffs or may occur as
adventitious contaminants. Arsenic bioaccumulates in the marine food chain resulting in
higher levels of this element in fish than in most other foods. It is also known that inorganic
forms of arsenic are more toxic than organic species with arsenic (IE) being more toxic than
arsenic (V). In fish the predominant forms are the organic compounds arsenobetaine and
arsenocholine. Prior knowledge of the chemical form of a contaminating element might
influence the way in which the problem is dealt with. For instance if a dietary item became
contaminated with a particular form of an element, which was known to be completely non-
absorbed by humans and therefore excreted in faeces, it could be argued that any potential
problem might lie with the sewage farm and subsequent sludge disposal. In practice such
knowledge would be rarely available and contaminated items would be withdrawn from the
food supply. On a world wide scale, elevated levels of species of trace elements which may be
subject to regulation and legislation, can have severe impacts on trade between countries.

Essential elements can also be toxic if taken in excess. There is usually a wide margin
between deficiency and toxicity. The margin can be narrower for some elements (iron and
selenium) than for others (magnesium and calcium). Deciding what represents the average
dietary requirements for a population can be difficult because of large inter- and intra-
individual variations and because so much fundamental information is missing. Good
measures of nutritional status are lacking for many elements. Whilst there has been a
considerable increase in the understanding of the biochemical effects of metals there is still a
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need to ascertain the exposure levels at which biological requirements are exceeded and those
at which toxicity may occur, if risk assessments are to be realistic. Therefore, a better
understanding of the predominant chemical forms of trace elements in foods and their
subsequent behaviour in the gut would assist those who have to make decisions concerning
dietary requirements and related legislation.

Two examples of speciation studies with food

hi this presentation, the necessity for trace element speciation data for foods will be
considered by examining the situation for two elements - cadmium (Cd) and selenium (Se).
The former element is listed as a human carcinogen and is generally present at low levels in
foodstuffs with some exceptions such as shellfish, liver and kidney. Selenium is an essential
element, with a narrow margin between essentiality and toxicity. Both elements have been
extensively studied and both are still of considerable current interest; Cd because legislators
may consider lowering permissible levels in foods and Se because the levels in some foods
appear to be decreasing and dietary supplements are becoming increasingly popular (Crews
H.M., Spectrochimica Acta, 53B, 1998, 213). Whilst the type of studies discussed are
currently limited to institutions in the developed world, the information obtained and the
development of simpler methods, means that technology transfer is essential for the newer
institutions and developing countries.

Cadmium

The kidney is considered the critical target organ for Cd exposure in the general population
with urinary excretion of low molecular proteins being a characteristic sign of renal tubular
dysfunction. The absorption, distribution and urinary elimination of Cd in the non-
occupationally exposed population, where the main source of Cd is the diet, may be different
to that of workers exposed mainly by inhalation. Quantitative risk assessment associated with
human dietary Cd exposure requires a detailed knowledge of both the effects of the internal
dose and the mechanisms of uptake and interactions between the individual, physiological and
dietary characteristics of the exposure. One major criticism of the vast amount of available
Cd data is that very little has been obtained from human subjects at dietary Cd levels. The
emphasis has been, quite rightly, on occupational exposure measurements and animal studies
to elucidate toxicology mechanisms. There are few studies of humans consuming known
dietary organic forms of Cd. There are many studies on metallothionein (MT) in relation to its
role but not so many about MT in relation to food and absorption. Thus little is known about
dietary Cd speciation and the effect on intestinal absorption resulting in a dearth of knowledge
about the effects of long term, low level exposure. Advances in analytical techniques should
enable progress in this area .

If indeed, risk assessment for dietary exposure to Cd should be made based on the behaviour
of inorganic species, this should be relatively easy to confirm, at least in terms of absorption
and retention, by using stable isotope labelling. Intrinsically labelled foods of plant and
animal origin, with total concentrations which do not exceed normal dietary levels could be
used in human studies without incurring any additional risk in terms of dietary exposure.
Ongoing studies by the speaker and colleagues are investigating the absorption of Cd from a
cereal based food by ileostomy volunteers and weaned infants. The wheat has been
intrinsically labelled with I06Cd and ethical approval has been obtained to carry out a balance
study following consumption of a wheat-based porridge. Whilst generally low in Cd, the
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quantity of cereals consumed in our diets makes them a major dietary source of this element.
The measurement of low levels (a few ng/g fresh weight) of Cd, and the normal and altered
Cd isotope ratios is possible using ICP-MS.

Selenium

There are many studies reported in the literature on animal uptake of various forms of Se and
a smaller number on human absorption and utilisation. Human studies of bioavailability of
different chemical forms of Se in foodstuffs can also be done using stable isotope labelling.
This permits the Se species to be intrinsically labelled in the plant or animal and aids
identification of the metabolic fate of the absorbed element.

The chemical form or speciation of an element may affect its behaviour analytically, (e.g. for
Se determination by hydride generation it must be present as Se IV), as well as often
influencing whether or not it is absorbed and subsequently excreted, used or stored by the
body. The analysis of chemical species is fraught with difficulties. Frequently, unknown
entities are being looked for which require isolation and identification. Few certified
reference materials for chemical species are available. Speciation methods are not
standardised since most work is still at the research and development and often in vitro. If the
nature of the species in relation to the food matrix, the gastrointestinal tract or cell systems is
being investigated then the analytical approaches have to be "soft" enough to preserve the
integrity of the species whilst permitting measurement and identification. For this reason
chromatographic methods are frequently used preceded by various extraction procedures.

The form of chromatography influences the type and degree of separation. In some cases the
reagents used to treat the sample can produce anomalous peaks. When using an in vitro
enzyme treatment to broadly simulate gastrointestinal digestion of cooked codfish, (Crews
H.M. et al, J. Anal. At. Spectrom., 11, 1996, 1177), a Se peak was obtained using ion
exchange chromatography-ICP-MS which originated from the enzyme mixture and not the
sample. This source of Se may effect the way in which Se species from this foodstuff are
subsequently absorbed by the gut but analysts need to be aware of the difficulties in
interpreting in vitro data.

Conclusions

The following points summarise where the main gaps in knowledge are perceived to be. The
first two statements apply equally well to trace element speciation studies in other areas such
as environmental and occupational exposure.

• Lack of validated methods for sample preparation which preserve the integrity of the
species.

• Difficulty in knowing that what you measure is in fact the species normally found in situ.
• Measures of the effect, beneficial or harmful, of a given species in human diets are not

easy to ascertain.
• Long term, low level exposure to dietary components is not well understood.

The study of human nutrition and health requires more information about trace element
species in food. Technology transfer between established and developing centres will permit
reliable and accurate information to be generated in this difficult area. Proper dissemination
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of accurate information gives consumers informed choice, it allows industry to make the best
use of foods, supplements and processing (which might alter chemical species) and it provides
governments with the basis for good advice and legislation. It may be that one day essential
trace element species will be listed on food composition labels or that legislation for
potentially toxic elements will be based on the chemical species present rather than the total
concentration. This in turn will adversely influence international trade if well informed and
harmonised analytical approaches and standards are not available.
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