Toxic METALS IN PLANTS

Dietary intake and health effects of selected toxic elements
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Anthropogenic activities have being contributing to the spread of toxic chemicals into the environment, including several toxic
metals and metalloids, increasing the levels of human exposure to many of them. Contaminated food is an important route of
human exposure and may represent a serious threat to human health. This mini review covers the health effects caused by toxic
metals, especially Cd, Hg, Pb and As, the most relevant toxic elements from a human health point of view.
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Ingestdo alimentar e efeitos sobre a satide de alguns elementos quimicos toxicos: As atividades antrdpicas tém contribuido
para a introdugdo e dispersao de varias substancias quimicas no ambiente, incluindo metais e metaloides tdxicos, aumentando
os niveis de exposi¢do humana a eles. Alimentos contaminados constituem uma importante via de contaminagdo humana e
podem representar sérios riscos a saude. Esta revisdo discute a absorgdo e os efeitos de alguns elementos quimicos tdxicos,

especificamente Cd, Hg, Pb e As, sobre a saude humana.
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INTRODUCTION

It is well known that only a few chemical elements (less
than thirty) are consistently found in living organisms taking
part in vital biochemical and physiological functions, and
recognized as essential for life. Those required in concentra-
tions higher than several hundred milligrams per day, form
the main electrolytes and take part in the maintenance of the
homeostasis and/or body structure. Essential trace elements
(required from a few micrograms to a few milligrams per
day) participate in innumerous biochemical vital processes
necessary to maintain good health. Meanwhile, the majority
of the known metals and metalloids are very toxic to living
organisms and even those considered as essential, can be
toxic if present in excess. In the last decades, the natural
environmental concentrations of several chemical elements
(toxic and essential) have been largely increased, mostly as a
result of anthropogenic activities. They can impair important
biochemical systems, constituting an important threat for the
health of plants and animalsystems animal systems (Michalke,
2003). An overview of the environmental and biological fate
of chemicals by living organisms is presented in Figure 1.

The adverse health effects of several chemical elements
have been documented throughout history: Greek and Ro-
man physicians were able to recognize symptoms of acute
lead and arsenic poisoning long before toxicology became a
science. Currently, the advances of toxicology has improved
our knowledge about human exposure to toxic elements
(metals and metalloids) and their health effects, such as
developmental retardation, several types of cancer, kidney
damage, endocrine disruption, immunological disorders (au-
toimmunity) and even death (Moreira and Moreira, 2004).

Bioavailability and distribution
The uptake of chemical elements by living organisms is
a dynamic and complex process. Plants and animals absorb
these elements from soils, sediments, and water by contact
with their external surfaces, through ingestion and also
from inhalation of airborne particles and vaporized metals.
In general, more than one exposure route is involved in
elemental intake.
The assimilation of an element (i.e., the bioavailable frac-
tion) depends on a number of chemical and physico-chemi-
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Figure 1. Natural and anthropogenic sources, cycling and fate of
inorganic elements (Adapted from Michalke, 2003).

cal factors such as chemical speciation, solubility in organic
medium, pH, Eh, etc.

In soils, metals and metalloids can occur in both
solid and aqueous (i.e., soil solution) phases. In solution,
these elements can exist either as free ions or as various
complexes associated with organic or inorganic ligands or as
suspended colloidal particles. In the solid phase, they either
can be adsorbed or absorbed on organic and inorganic soil
components, exist as minerals or co-precipitated with other
minerals. In general, ions in solution are more available for
plant (and animal) uptake, immediately entering the food
chain. However, metal ions present in the solid phase may
become available under certain biological and physico-
chemical conditions such as, exudation of special chelators,
desorption, redox and pH changes, etc.

Significant contamination of seeds, plants, and plant
products with toxic chemical elements due to contaminated
soil and water has been observed as result of release of these
toxicants into the sea, rivers, lakes, or even into irrigation
channels (Millis et al., 2004). Afterwards, the consumption
of contaminated vegetables constitutes an important route of
animal exposure.

Animals are exposed to these toxicants through a number
of routes. The most important routes of contamination are
respiratory, mostly for gaseous and particulate matters,
dermal, for chemicals able to cross the skin barrier, and
digestive, for food contaminants.

Absorption of metals and metal compounds inhaled as
particles is influenced by several processes that includes
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deposition, mucociliary and alveolar clearance, solubilization
and chemical binding. After entering the body the metal
deposited in nasopharyngeal, tracheobronchial, or pulmonary
compartments may be transported by mucociliary action to
the gastrointestinal tract. Metals can also be phagocyted by
macrophages.

Probably, food is the most important route for accumu-
lating most chemical elements (essential and toxic). Certain
elements, such as mercury, present in organisms of lower
trophic levels can be efficiently transferred to higher-level
organisms, becoming more concentrated at the top of the
food chain (biomagnification).

The dietary contribution for toxic metal intake has been
extensively studied (FSIS 48/04, 2000; Santos et al., 2004).
An estimated dietary intake of Pb, Cd and Hg from the total
diet, in some selected countries, is presented in table 1. These
results clearly show the importance of socio-economic and
cultural factors on the dietary intake of these toxic metals.

Furthermore, this study has confirmed the importance of
vegetables and cereals as significant sources for the dietary
intake of these toxic metals (table 2). In addition, some
important food sources of the most relevant toxic elements
are shown in table 3.

In general, an equilibrated diet can provide all
necessary elements for the body functions. Low intake of
a given element can be a result of low dietary intake, poor
bioavailability and the presence of antagonists in the diet.
The chemical form of an element in the diet is a major factor
of metal deficiency and/or toxicity. It is important to note that
determining total concentration of a chemical element cannot
provide the required information for a correct evaluation of
its mobility, bioavailability or impact on ecological systems
or biological organisms. The knowledge of the chemical
speciation is fundamental for understanding the chemical
and biochemical behavior of an element and its toxicity.

Table 1. Estimated intake of dietary toxic metals (pg.person’!.day!)
from total diet (Adapted from Chen and Gao, 1993)

Country (year) Pb Cd Hg
China (1990) 86.3 13.8 10.3
Japan (1988) 85.0 29.0 -
USA (1988) 9.80 13.0 3.2

UK (1988) 60.5 18.9 -

Sweden (1988) 17.0 12.0 1.80

Guatemala (1986) 254 29.0 10.8
Global (1991) 153 25.0 -
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Table 2. Contribution (% of daily intake) of various food groups to dietary intakes of Pb, Cd and Hg (Adapted from Chen and Gao, 1993).

Metal Cereals Legu;ﬁfss and Meats Eggs Milk Vegetables Fruits Afgg"gsic
Pb 39.6 44 5.6 5.1 0.3 27.5 5.4 2.8
Cd 54.3 43 5.8 0.7 0.7 23.9 29 3.6
Hg 0.4 39 5.8 5.8 - 8.7 5.8 9.7

Table 3. Some possible food sources of the toxic chemical elements

Contaminant Possible food sources

Cadmium Peanuts, soybeans, rice, medicinal herbs, water spinach, pig, duck liver paste, wine, beer, lettuce, corn, oats,
wheat, spinach, culinary herbs, sunflower kernels, milk, cheese, eggs, fish, shrimp, oysters, mushroom, garlic

Lead Carrots, lettuce, beetroots, moonshine, honey, smoked food, wine, beer, milk, mustard, wheat, mineral salt to
beef cattle, eggs, cocoa powder, poultry, breast milk, tamarind candy, some folk remedies, buckwheat, raisins,
calcium supplements, rice, potato, paprika powder, mussels

Arsenic Bovine and chicken meat, green papaya, rice, sheep, algae products, seafood, Indian mustard, tomato, flour,
grape juice, cooked spinach, carrots, shrimp, wine, milk, soy-sauce

Mercury Seafood, fish oil, cetacean products, eggs, human milk, mushrooms.

Sources: Schoof et al. (1999), Jarup (2003), Dorea (2004), Satarug and Moore (2004)

The relevance of such an approach for health has been
discussed elsewhere (Apostoli, 1999, 2002). A summary
of the most important chemical forms of As, Pb. Cd and
Hg and their toxicities is presented in table 4. In practice,
chemical speciation analysis in environmental and biological
samples is not an easy task. Whether different species can be
grouped or should be classified separately, will depend on the
relevance of the species differences in relation to the health
damage caused by toxic elements. Thus, chemical speciation
analysis is an essential tool for useful risk assessments of
elements in the environment, leading to more effective
diagnosis and therapy of trace element depletion or toxicity,
and better health.

Chemical elements present as free ions and those readily
ionized are almost completely absorbed by the body. Transi-
tion metals readily form stable covalent complexes and usu-
ally interact as parts of macromolecules (proteins, enzymes,
hormones, etc.) according to their chemical characteristics
including oxidation state (IEH, 1998; Schoof, 2003a,b).

This tendency ensures that these metals, in vivo, are
complexed with particular biological groups, such as
sulfhydryl (-SH), amino (—NH ), hydroxyl (~OH), disulfide
(=SS), and carboxylic (-COOH) groups of amino acids,
peptides, proteins, phospholipids, citrate, ascorbate, and
other tissue constituents. These groups are also found in

Table 4. Chemical forms and toxicity of As, Cd, Pb and Hg.

Element | Toxicity comment

Arsenic | As(III) and As(V) are toxic; organoarsenical species
show decreased toxicity, whereas arsenobetaine and
arsenocholine are not toxic.

Mercury | Hg species are generally toxic, but, inorganic Hg salts

are less dangerous than methylated forms. The latter
are considerable more toxic (by a factor of 100) and
can be enriched up to 10,000-fold in fish

Lead Pb species are generally toxic, however, organic
lead species are more easily absorbed by the
gastrointestinal tract than inorganic species

Cadmium | All species are very toxic. All of them need attention

Sources: ATSDR (1999), ATSDR (2000), Michalke (2003)

important biomolecules with catalytic, structural or transport
functions. Each transition metal possesses its affinity for
organic binding. In general; elevated values for equilibrium
constant are observed for biomolecules rich in —SH groups,
towards which metals such as Pb, As and Hg show particular
reactivity. Proteins, such as metallothioneins, ferritin,
transferrin, lactoferrin, melanotransferrin, hemosiderin,
ceruloplasmin and amino acids (glutathione (GSH), cysteine,
histidine and others) are examples of biomolecules able to

bind toxic metals in biological matrixes. The reactivity for
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a wide range of biological ligands lies at the basis of the
damaging action of the metal ion at the molecular level, and
determines the characteristic toxicity of the absorbed metal.
The knowledge of mechanisms of action is relevant for
identifying possible targets and possible related biomarkers
of effects. Health effects induced by toxic metals vary
greatly; from irritant and acute or chronic systemic toxic
effects to teratogenic, mutagenic and carcinogenic effects.

The reactive elements occurring in food, mostly as
organic complexes or associated to with fibers, often have a
low solubility within the intestinal lumen and are frequently
poorly absorbed. Absorption of these minerals would
benefit from lower concentrations or absence of agents such
as phytates, oxalates and also of fiber in the diet (Hazell et
al., 1985).

Additionally, the effect of other micronutrients on metal
absorption/toxicity is also important. Micronutrients can
interact with toxic metals at several points in the body:
absorption and excretion of toxic metals; transport of
metals in the body; binding to target proteins; metabolism
and sequestration of toxic metals; and finally, in secondary
mechanisms of toxicity such as oxidative stress. Therefore, a
diet poor in micronutrients can have an important influence
on the toxicity of nonessential metals such as Cd, Pb, Hg
and As. Excellent reviews on these subjects are available
(Hurrell, 2001; Peraza et al., 1998)

The gastrointestinal absorption of inorganic salts is
dependent of a number of factors such as presence of
transport systems, particle size, solubility, dose, simultaneous
administration of other substances, pH, rate of transit and
host factors such as species, age, nutritional status and sex. It
can vary from less than 10 % for Pb, Cd, In, Sn, U to almost
complete absorption (90-100 %) for water-soluble inorganic
salts of trivalent arsenic, germanium and thallium. Some
complex interference in intestinal absorption of a given metal
such as that observed by Pb in the presence of Ca, Zn and
Fe have been attributed to a competition for carrier proteins
(Powell et al., 1999; Bressler et al., 2004).

In biological fluids and tissues, most metals and
metalloids are not present as free cations. The blood level
of elements is influenced by the level of current exposure—
absorption, by their body burden and by excretion rate.
In blood they are usually bound to red cells or to plasma
proteins. Lead and cadmium are almost completely bound
to red blood cells. The chemical elements bound to plasma
proteins constitute the fraction available for transport
into and out of the tissues. The passage of these elements
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from the blood into the interstitial fluid and intracellular
compartment is fully dependent of on the diffusible fraction.
The distribution of those metals present in the ionized and
unbound form is directly related to the concentration gradient
in the different compartments.

Albumin, a plasma protein, has a great capacity to
bind several metals, yet, for some metals, binding occurs
with proteins having a specific transport function such as
transferring or ceruloplasmin. These bindings constitute a
major protective mechanism against metal toxicity. Thus,
the availability of toxic elements is regulated to a large ex-
tent by the availability and relative concentrations of these
biological ligands as well as by the ability of the result-
ing metal complexes to serve as substrates for the various
organic solute transporters (Powell et al., 1999; Bressler
et al.,, 2004). Absorption and distribution mechanisms of
chemical elements in an animal organism are presented in
figure 2.

The essential elements virtually do not produce toxic
effects on human and animals as a result of the presence
of homeostatic mechanisms (for example, the intestinal
control of absorption). In fact, living organisms have evolved
transport mechanisms for the active uptake and/or extrusion,
enabling cells to regulate their intracellular concentrations
Meanwhile, toxic elements can compete with the essential
ones for protein binding sites and this is the underlying cause
of the toxicity effects of many of them (IEH, 1998).

The toxic effects of metals and metalloids are partly due
to the direct inhibition of enzymatic systems, and also to the
indirect alteration of the essential metal-ion equilibrium. As
a consequence their biological availability is inhibited and
damage to the cell membrane can occur by the disruption of
ion transport across it.
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Figure 2. Absorption and distribution of inorganic chemical ele-
ments in animals (Adapted from Apostoli, 2002).
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The tolerable daily intake approach

In order to avoid undesirable health effects as resulted
of “excessive” intake of toxicants (including toxic metals),
international and national scientific organisms such as FAO/
WHO, FDA, European Union, etc have used the safety fac-
tor approach for establishing acceptable or tolerable intakes
of substances that exhibit threshold toxicity. The acceptable
daily intake (ADI) or tolerable daily intake (TDI) or provi-
sional tolerable weekly intakes (PTWI) are used to describe
“safe” levels of intake for several toxicants including toxic
metals (Speijers, 1999; Herrman and Younes, 1999; Larsen
and Richold, 1999; Kroes and Kozianowski, 2002).

For most kinds of toxicity, it is believed that there is a
dose below which no adverse effect will occur. For chemicals
that give rise to such toxic effects, a tolerable daily intake
(TDI), i.e. an estimate of the amount of a substance in food,
expressed on a body weight basis (mg.kg! or mg.kg! of
body weight) that can be ingested over a lifetime without
appreciable health risk, should be derived as follows:

TDI = (NOAEL or LOAEL) / UF

where:

NOAEL = no-observed-adverse-effect level;

LOAEL = lowest-observed-adverse-effect level;

UF = uncertainty factor

The NOAEL is defined as the highest dose or
concentration of a chemical in a single study, found by
experiment or observation that causes no detectable adverse
health effect. Wherever possible, the NOAEL is based
on long-term studies, NOAELs obtained from short-term
studies and studies using other sources of exposure (e.g. air)
may also be used.

If a NOAEL is not available, a LOAEL may be used,
which is the lowest observed dose or concentration of a
substance at which there is a detectable adverse health effect.
In these cases, an additional uncertainty factor is normally
applied

The guideline value (GV) can be derived from the TDI,
as follows:

GV=(TDIxbwP)/C

Where: bw = body weight

P = fraction of the TDI allocated for that kind of food

C = daily consumption

Exposure exceeding the TDI value for short periods
should not have deleterious effects upon health. However,
acute effects may occur if the TDI is substantially exceeded

even for short periods of time. Additionally, contaminants
possessing very long half-lives can be accumulated in the
body and chronic effects are most often observed when
critical concentrations are reached in target tissues.

Once absorbed into the human body, the inorganic toxic
elements may induce several deleterious effects varying from
irritant to acute or chronic effects. In addition to these toxic
effects, some authors describe another possible mode of action
that is observed at low doses, named “hormesis”. Hormesis is
defined as the stimulatory action of low dose (sub-inhibitory
amounts) of a toxicant and it has been reported for a large
number of chemicals including inorganics (Calabrese and
Baldwin, 2004).

A more detailed discussion of the health effects of As, Cd,
Pb and Hg is presented below.

Cadmium

Cd is a nonessential element and all of its compounds are
considered to be highly toxic to humans. Cd is used in several
industrial processes such as protective coatings (often applied
by electroplating) for some metals such as iron, preparation
of Cd-Ni batteries, control rods and shields within nuclear
reactors and television phosphors. Some compounds are used
as stabilizers for PVC.

Food contamination is the most important pathway of Cd
exposure to the general population, excluding smokers. Cd is
more readily taken up by plants than other metals, such as lead.
Factors contributing to the presence of Cd in the soil are fallout
from the air, Cd-containing water used for irrigation, and Cd
present in fertilizers (Smolders, 2001). Another concern as a
potential source of Cd toxicity is the use of commercial sludge
to fertilize agricultural fields (Reesal et al., 1987).

The concentration of Cd in foods is related to its
level in the soil and its bioavailability. Crops cultivated
in contaminated soil will present higher concentrations
of Cd than those from uncontaminated ones. Plant-based
foods grown in uncontaminated soils rarely exceed 0.2
mg.kg! of Cd calculated on a fresh weight basis. Some root
crops (carrots and parsnip) and some leafy crops (lettuce
and spinach) are able to accumulate more Cd than other
plant foods. Basic staple foods such as rice and wheat can
accumulate relatively high amounts of Cd when grown in
contaminated soils.

Cd intestinal uptake by farm animals is low (0.03 — 5 %
of total Cd). Its absorption is influenced by different dietary
factors such as calcium, protein and vitamin D contents.
Deficiency of these factors may increase Cd absorption.
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Internal organs of mammals such as liver and kidneys may
also contain high amounts of Cd.

The dietary Cd absorption rate in humans has been
estimated at 5 % (WHO, 1989; IPCS, 1992) of its total
intake. Acute toxicity caused by Cd contaminated food is
very unusual but chronic exposure may be frequent. (Satarug
et al., 2004).

The daily intake of Cd was estimated as 25 — 60 ug for
a 70 kg person from uncontaminated areas but values of 10
to 61 ug.day! have also been reported. The metal transporter
protein Nramp2, known also as DMTI, seems to be
involved in Cd absorption (Tallkvist et al., 2001). Increased
expression of the intestinal DMT1 has been found in iron
deficiency and hemochromatosis. Increased expression of
this metal transporter protein DMTI, in general, would
provide individuals with greater capacity to absorb Fe and
possibly Cd. This explains a 3.4-fold increase in Cd body
burden in women with low Fe stores (Satarug et al., 2004)
and in individuals with low body Fe stores (Olsson et al.,
2002). Therefore, special attention should be given to ensure
adequate Fe intakes to reduce Cd absorption, because iron
deficiency is the most common nutritional disease in the
world affecting around 2 billion people (Satarug and Moore,
2004).

Cd is a normal constituent of tobacco, because Nicotiana
species is able to concentrate Cd independent of soil-Cd
content. The Cd content in tobacco varies widely, but a
typical range is 1-2 pg.g! dry weight, equivalent to 0.5-1
pg.cigarette!. Cd oxide generated during the burning of
cigarettes is highly bioavailable. Approximately 10 % of the
inhaled Cd oxide is deposited in lung tissues, and another
3040 % is absorbed into systemic blood circulation of
smokers. Smokers have 45 times higher Cd levels in blood
and 2-3 times greater amounts of Cd in their kidneys than do
nonsmokers (Satarug and Moore, 2004).

Cd poisoning was first described in 1858 but the worst
case of human contamination occurred in Toyama city,
Japan, from 1939 to 1954, where about two hundred people
suffered from a condition termed ‘Itai-itai’, literally, ‘ouch-
ouch’ disease. Multiple fractures and severe pain in the legs
and lower back affected mainly post-menopausal women;
most members of the community showed abnormal levels of
glucose, calcium, and amino acids in their urine. Although
this collection of signs and symptoms was unusual and
persistent, it took investigators 15 years to discover that itai-
itai was caused by large amounts of Cd in the village’s water
supply; the inhabitants of the community had for years been
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consuming rice contaminated by the effluent of a lead-zinc
mine upstream from their rice paddies (Oudeh et al., 2002).

Health effects of oral cadmium chronic exposure

Cd is a cumulative toxicant that affects kidneys, bone
metabolism and the reproductive tract, and it is also
carcinogenic and an endocrine disruptor. The kidney is
the critical organ in humans and other mammals exposed
for long periods to the relatively small amounts of Cd that
might occur in foods (Satarug and Moore, 2004). Long-term
exposure to Cd leads to several morphopathological changes
in the kidneys.

The renal toxicity of Cd is reduced or abolished by
increasing intakes of zinc, copper, and selenium. The
preventive effects of pretreatment with zinc and copper have
been suggested to be the result of increased production of
metallothionein in the liver and renal cortex (Pizent et al.,
2001). Some authors suggest a correlation between age and
Cd concentration in age-dependent renal dysfunction. This
fact can explain the increase of renal dysfunction and others
alterations linked to age. (Wu et al., 2001).

Several epidemiological studies in human populations
correlate the exposure to Cd with high blood pressure and
cardiovascular disease (Telisman et al., 2001 ) The suggested
mechanism for this pathology is the interference of Cd in the
rennin, angiotensin and aldosterone system. Some papers
report the calcium excretion increased by Cd exposure in
animals and humans (Wuetal.,2001) exposed to contaminated
rice. These findings suggest that Cd could promote skeletal
demineralization, which may lead to increases in bone
fragility and risk of fractures. The mechanism by which Cd
induces bone damage is not clear. Some evidence support an
interference with vitamin D, resulting in reduced calcium
absorption. Cd is more toxic to bone metabolism of women
(Jarup, 2003). Recently, Takebayashi et al. (2003) reported a
gene deletion in the mitochondrial DNA of proximal tubule
cells of rats with chronic Cd intoxication which is believed to
represent the first step for the pathogenesis of osteomalacia.
Cd probably is not a neurotoxic agent, possibly because
Cd does not cross the blood-brain barrier. (Bellinger et
al., 2004). In animals Cd causes severe placetal damage,
however in humans the data in not sufficient to substantiate
this conclusion..

Cd and its compounds are currently classified by IARC
as a Group 1 carcinogen for humans. Occupational human
exposure has been correlated with lung cancer. Prostate and
renal cancers have been related to environmental exposure to
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Cd although this relationship is not very strong. In animals,
Cd effectively induces cancers at multiple sites and by
various routes (Waalkes, 2003).

Exposure to Cd has been linked to a wide range of
detrimental effects on mammalian reproduction. Intriguingly,
depending on the identity of the steroidogenic tissue involved
and the dosage used, it has been reported to either enhance
or inhibit the biosynthesis of progesterone, a hormone that
is inexorably linked to both normal ovarian cyclicity and
the maintenance of pregnancy. Thus, Cd has been shown
to exert significant effects on ovarian and reproductive
tract morphology. Low doses were reported to stimulate
ovarian luteal progesterone biosynthesis whereas high
doses inhibited it. In addition, Cd exposure, during human
pregnancy, led to reduced birth weights and premature birth
(Henson and Chedrese, 2004). Wildlife is severally affected
by Cd too. Special attention should be given to this health
effect of Cd because the consequences in human and animal
reproduction could be disastrous to survival.

Lead

Pb is known and used since ancient times (it was men-
tioned in Exodus). Romans have used Pb for plumbing in
water supply systems. Pb is used in uncountable forms in the
modern world. Some examples are: storage batteries, cable
coverings, plumbing, ammunition, manufacture of tetracthyl
Pb, sound absorbers, radiation shields around X-ray equip-
ment and nuclear reactors, paints, while the oxide is used in
producing fine “crystal glass” and “flint glass” with a high re-
fractive index for achromatic lenses, solder and insecticides.

The entry of Pb into the food chain is a major concern,
since it can cause chronic health problems. Plants can absorb
Pb from soils and from a PbEt, traffic-induced contaminated
atmosphere. In fact, this source was responsible for more
than 90 % of total Pb emissions into the atmosphere in
congested urban areas. Pbed gasoline and traffic volume
were strongly correlated with concentrations of Pb in
various environmental media. Atmospheric and soil Pb can
contaminate water and consequently enter the aquatic food
chains (Kaste et al., 2003).

Pb may be ingested by eating or drinking contaminated
food and also by swallowing large particles (diameter greater
than 5 um). Cosmetics (including lip balm) are also an
important source of Pb contamination (Pirkle et al., 1998;
ATSDR Lead, 1999; Miller et al., 2004). The amount of Pb
absorbed depends on age and the extent to which Pb particles
are dissolved in the stomach. Experiments using adult

volunteers showed that, for those who had eaten recently, the
level of Pb in the blood was of about 6 % of the total amount
ingested. In adults who had not eaten recently, about 60—-80
% of the Pb is absorbed in the stomach. In general, children
can absorb Pb more easily than adults. The proportion of
Pb absorbed from the gastrointestinal tract is about 10% in
adults, whereas levels of 40-50 % have been reported for
infants. Gastrointestinal absorption is highly dependent on
dietary or nutritional factors: both milk and fasting enhance
absorption. Diets with low levels of calcium, vitamin D and
iron have been shown to increase Pb absorption in laboratory
animals. The water solubility of the different Pb salts is an
important determinant of the gastrointestinal absorption
of Pb, and hence its bioavailability. Skin is an important
exposure route for Pb contamination but only in cases where
Pb compounds can easily penetrate it (Pirkle et al., 1998;
Miller et al., 2004)

Pb is azootoxic metal and most people and animals receive
the largest portion of their daily Pb intake via food. Pb can
enters food during storage and manufacture, e.g. in canned
food and in alcoholic drinks. The most important pathway
whereby atmospheric Pb enters the food chain is thought to
be direct foliar contamination of plants. This contamination
depends on the level of atmospheric contamination and its
fallout. Additionally, contaminated air deposition may raise
the level of Pb in the soil, which over time can result in an
increased uptake of Pb by plants (Air Quality Guidelines for
Europe, 2000).

Health effects of oral chronic exposure to lead

Children under 6 years are especially susceptible to the
adverse effects of Pb for several reasons. These include their
behavioral characteristics (outdoor activity, less concern for
hygienic conditions, hand-to-mouth activities), their higher
disposition for lead absorption and the prevalence of nutri-
tional deficiencies (e.g. iron and vitamin D) among children
that enhance absorption of Pb from the gastrointestinal tract.
As the blood-brain barrier is not yet fully developed in
young children, hematological and neurological adverse ef-
fects of Pb occur at lower threshold levels than in adults (Air
Quality Guidelines for Europe, 2000).

Pb has strong effects on haem biosynthesis and
erythropoiesis. Essentially, Pb interferes with the activity
of three enzymes: it indirectly stimulates the mitochondrial
enzyme delta-aminolaevulinic acid synthetase (ALAS); it
directly inhibits the activity of the cytoplasmatic enzyme &-
ALAD; and it interferes with the normal functioning of intra-
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mitochondrial ferrochelatase, which is responsible for the
insertion of iron(Il) into the protoporphyrin ring (Schwartz
et al.,, 1990). Anemia is a frequent outcome of chronic Pb
intoxication. In young children, Pb exposure is associated
with a decrease in the biosynthesis of the important hormonal
metabolite of vitamin D, namely 1,25-dihydroxy-vitamin D
(Tandon et al., 2001).

Pb is linked to encephalopathy in adults and children.
The outcome is frequently fatal in children and those
who survive, often present irreversible neurological and
neuropsychological sequelae (ATSDR, 1999). With regard
to the central nervous system (CNS), neurobehavioral
functions have been studied in environmentally exposed
children. Several studies suggest a drop in 1Q of exposed
children to inorganic Pb (Needleman et al., 1982). Some
evidence show a correlation between Pb exposure and
cardiovascular effects, including blood pressure (Den Hond
et al., 2003).

According to the IARC, evidence of the carcinogenicity
of Pb compounds in humans is inadequate. However, recent
papers reported a correlation between environmental Pb
exposure and some types of cancer (Siddiqui et al., 2002).
Two studies (Schwartz and Otto, 1987, 1991) showed an
approximate hearing loss of 2 dB with a Pb concentration
range of 70-180 pg.I'! in the blood.

Correlation between blood Pb levels and autism or other
developmental disorders, as suggested by some studies, are
inconclusive (Accardo et al., 1988; Eppright et al., 1996;
Wakefield, 2002; Edelson, 2004). The epidemiological data
examining teratogenesis suggests that the exposure of human
males to Pb may be associated with significant reproductive-
related harm (Lindbohm et al., 1991).

Arsenic

Arsenic is known since ancient times. Arsenic
compounds were mined by the early Chinese, Greek and
Egyptian civilizations. Undoubtedly, they discovered its
toxic properties early on. Arsenic has many uses such as:
in bronzing, wood preservation, pesticides, pyrotechnics,
hardening and improving the sphericity of shot, and used in
a variety o semiconductor applications (eg.: solar cells, light-
emiting diodes, lasers, and integrated circuits) (ATSDR,
2000).

Because of its ubiquity, arsenic is present in biological
media of animal and plants, even without any adverse
health effect. In blood, total arsenic varies from 1.5 to 2.5

ug L' (Apostoli, 1999; Hindmarsh and McCurd, 1986).
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Concentrations in hair varies from 0.25 to 0.88 pg.L!
(Yamato, 1988), and in urine the average concentrations are
between 20 and 50 pg. L.

Arsenic, despite its poisonous reputation, may be a
necessary ultra-trace element for red algae, chickens, rats,
goats, and pigs. Its deficiency results in inhibited growth.
Arsenic is usually found in the environment combined with
other elements as inorganic and organic forms. The organic
species are usually less toxic than the inorganic forms. Most
cases of human toxicity from arsenic have been associated
with exposure to inorganic arsenic. The most common
inorganic arsenical in air is arsenic trioxide (As,O;), while
a variety of inorganic arsenates (AsO,) or arsenites (AsO,)
occur in water, soil, or food. A number of studies have
pointed out differences in the relative toxicity of these
compounds, with trivalent arsenites tending to be somewhat
more toxic than pentavalent arsenates (Maitani et al., 1987,
ATSDR, 2000; Dopp et al., 2004).

In general, arsenic species are found in marine foods at
concentrations higher than in terrestrial ones. Total arsenic
content in seaweed used as human food varies from 3 to
200 pg.g! and in crustaceans from 10 to 100 pg.g!. In
fish, As concentrations vary according to the species but are
normally between 5 to 100 ug.g!. Values as high as 100 to
250 pg.g ! can be found in species at the top of the food chain
(Michel, 1993). It has been demonstrated that even at these
high concentrations, arsenic does not cause any damage to
health because 80-95 % of As is present as organic species
(arsenosugar, arsenolipids, etc).

The most relevant case of arsenic intoxication by food
occurred in the western areas of Japan (including Kinki,
Chugoku, Shikoku, and Kyushu) in 1955. Arsenic was
accidentally mixed into the Morinag’s Powdered Milk
“MF”, produced by the Tokushima plant of the Morinaga
Milk Company. As consequence, of the 13,389 newborn
babies that ingested the contaminated MF milk, 600 died.
While 6,093 suffered health difficulties, 624 were afflicted
by severe mental retardation, developmental difficulties, and
brain-damage-related paralysis (Ui, 1992).

Health effects of oral chronic exposure to arsenic

In humans, most cases of toxicity have resulted from
accidental, suicidal, homicidal, or medicinal ingestion of
arsenic-containing powders or solutions or by consumption
of contaminated food or drinking water. In some cases, the
chemical form is known, but in many cases (e.g., exposures
through drinking water), it is not specified. In these cases, it
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is presumed that the most likely forms are either inorganic
arsenate [As(+5)] or inorganic arsenite [As(+3)], or a
mixture.

Bronchitis and sequelae (bronchiectasis, bronchopneu-
monia) have been observed during autopsy in some chronic
poisoning (inorganic forms) cases (Zaldivar and Guillier,
1977). In general, however, respiratory effects have not
been widely associated with repeated oral ingestion of low
arsenic doses.

A number of studies in humans indicated that inorganic
arsenic ingestion might lead to serious effects on the
cardiovascular system. Arsenic has been associated with
hypertension (Lee et al., 2003; Yoshida et al., 2004). Anemia
and leukopenia can be observed in humans poisoned by
inorganic arsenicals at relative high diary intake (Tay and
Seah, 1975). Clinical examination often revealed that
Cd shows toxicity to the liver (ATSDR, 2000), and these
hepatic effects could be secondary to the damage of blood
vessels. In the case of organic arsenicals, only at high doses
were hepatic damage and/or dysfunction observed (Lee et
al., 1995; Shum et al., 1995). Arsenite has a suppressive
influence on spermatogenesis and gonadotrophin and
testosterone release in rats (Sarkar et al., 2003). Some
investigations suggest immunological and thyroid hormone
impairment (llen and Rana, 2003). There is correlation
between arsenic exposure and diabetes mellitus (type II)
(Walton et al., 2004).

Inorganic arsenic ingestion can cause dermal effects
(hyperkeratosis formation of hyperkeratotic warts or corns
on the palms and soles, hyperpigmentation and hypopigmen-
tation), periorbital swelling, the occurrence of spontaneous
abortion and damage the nervous system (ATSDR, 2000).
However, arsenical compounds are usually neurotoxic only
at high doses (ATSDR, 2000; Yoshida et al., 2004). Investiga-
tions about genotoxic effects of ingested inorganic arsenicals
suggested deleterious effects, mainly in the p53 gene (Hsu
et al., 1999). IARC classifies arsenic as part of the group 1
carcinogens to humans. There is convincing evidence from a
large number of epidemiological and laboratorial studies that
ingestion of inorganic arsenic significantly increases the risk
of developing skin cancer and other internal organ cancers,
such as the liver, lung, bladder, kidney, colon and prostate
gland (Tchounwou et al., 2003; Rossman et al., 2004). Sur-
prisingly, some studies have noted that arsenic has anti-tumor
properties in certain situations (ATSDR, 1999; Jakupec et al.,
2004). Furthermore, organic arsenicals might possess weak
carcinogenic potential.

Mercury

Hg and its compounds are highly toxic, especially meth-
ylmercury - a potent neurotoxin. It has caused a significant
number of human fatalities in several accidents around the
world. Due to its wide dispersion through the atmosphere,
Hg is considered a global pollutant, being deposited even
in remote pristine aquatic systems, where it is biomagnified
through the food chain (UNEP, 2002).

The relationship between Hg and mankind goes back
to ancient times. It was one of the first chemical elements
known by man. The first written reference to Hg was made
by Aristotle around 400 AC. He called it “hydraargyrum”,
silvery water, which became its original name and source
for its atomic symbol: Hg. Its alternative name “mercury”
probably comes from the Latin verb “merx”, which means,
“trade”, since the Roman god, Hg, was associated with
trading. Indeed, Romans used Hg extensively. By 77 AD,
around 4,500 kg of Hg was consumed annually by the
Romans (Nriagu, 1979).

Hg use was initially associated with religious and mystical
practices and later with medical and industrial applications.
The oldest Hg sample was found in a ceremonial cup inside
an Egyptian tomb, dated 15 AC. The biocide properties of Hg
and mercurial compounds were long recognized and used by
mankind (e.g. syphilis treatment). While antibiotics replaced
most of the medicinal uses of Hg in the mid-20t century, its
close relationship with humans continued through its use in
dental amalgams. In the 18 century, Hg was used to recover
silver from mines all over the American continent by the
Spanish conquerors. However, it was with the invention of
instruments of measurement (e.g. thermometers, barometers,
etc.) and the development of large-scale industrial processes
(e.g. chlor-alkali plants and PVC production) that Hg usage
and release into the environment became significant. The
highly diverse uses of Hg are due to its unique physico-
chemical properties (e.g. liquid form at room temperature,
uniform volume expansion, high surface tension, high vapor
pressure with low water solubility, high redox potential, low
electrical resistivity, capacity of forming amalgams with
several metals, etc.) (Nriagu, 1979; UNEP, 2002)

Hg occurs in nature in several different forms. The most
common forms of Hg in the environment are: metallic or
elemental Hg, mercuric sulfide, mercuric chloride and
methylmercury. Minerals of Hg occur in nature mostly as a
variety of sulfide minerals (i.e. cinnabar, metacinnabar and
hypercinnabar), from which most Hg is mined, but it also
occurs in the elemental form. However, Hg can be present in
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the environment as several different species simultaneously,
in distinct physical and chemical states (i.e. solid, liquid and
gaseous forms; ionic, elemental and complexed/adsorbed
species). In general, we can divide Hg compounds into
three main groups: “volatile” species (i.e. Hg’, (CH,),Hg,
etc.), “reactive” (i.e. HgCl,, Hg*?, etc.) and “non-reactive”
species (i.e. HgS and other Hg sulfides). Hg has three
possible oxidation states (+2, +1 and 0), which are readily
inter-converted. In fact, several biotic and abiotic processes
(e.g. oxidation, reduction, volatilization, methylation,
demethylation, etc.) affect the cycling of Hg through
environmental compartments, resulting in a very complex
distribution and cycling in nature.

From the effects on human health perspective, however,
the most relevant Hg species are the organomercurials, mainly
methylmercury. Hg(IT) forms very stable covalent bonds with
carbon, resulting in resistant organometallic species that are
liposoluble. Methylmercury is of particular concern not only
because it is the most common organomercurial species but
also due to its toxicological characteristics. It bioaccumulates
in the organisms, having a long biological half-life, and it
is efficiently biomagnified through the trophic chain.
Furthermore, other Hg species, with lower toxicity, can be
naturally converted to methylmercury, which makes any Hg
release in the environment potentially harmful (Moore and
Ramamoorthy, 1984; Morel et al., 1998).

The most famous methylmercury poisoning cases
occurred in Minamata and Niigata in Japan in the 1950-1960’s
where the consumption of methylmercury-contaminated
seafood caused the death or incapacitation of thousands of
people in these two Japanese cities. This neuropathy was
named Minamata disease. Other catastrophic episodes of
environmental Hg contamination occurred in other parts
of the world. A particularly tragic incident happened in
Iraq in 1972. The consumption of wheat seeds treated with
mercurial fungicides by farmers and, later, their disposal in
rivers and lakes caused the death of 5,000 to 50,000 people
and the permanent disability of more than 100,000 people
(possibly more than 500,000) ( Nriagu, 1979; Forstner and
Wittmann, 1981).

There is a long history of human contamination by Hg.
The first case reported was the poisoning of a miner in the
15" century. The first know case of organomercurial fatal
intoxication occurred in a clinical laboratory in Europe in
1865. Hunter et al. (cited in Nriagu, 1979) were the first to
describe the symptoms of methylmercury poisoning. Thus,
the symptoms were named the Hunter-Russell syndrome.
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The different Hg compounds exhibit very different
toxicities; consequently the health effects caused by
elemental Hg, inorganic Hg, or organomercurial exposure
are completely different. Hg absorption, metabolism and
excretion are, consequently, a function of which Hg species
an individual is exposed to. Also, the sources and routes
of exposure to the various Hg compounds are markedly
different. For organomercurials, the major exposure source
comes from the diet, especially seafood; the diet can also be
the main source of inorganic Hg exposure for the majority of
people; while dental amalgams are the main exposure source
to elemental Hg for the general population and occupational
exposure can be significant for some specific workers.
Another important issue to be considered, while assessing
the health effects of Hg, are the exposure levels. There is
an ongoing debate in the scientific community about what
Hg levels cause subtle toxic effects. New data suggest that
toxic effects may be taking place at lower Hg concentrations
than recognized before. The consequence of these findings
is that a larger part of the global population may be at risk
due to Hg contamination. Finally, besides the factors already
mentioned, the extent of Hg exposure, chronic or acute,
also determine the adverse health effects observed and their
reversibility (UNEP, 2002).

Health effects of oral chronic exposure to mercury

Limited information was located regarding respiratory
effects in humans after oral exposure to organic Hg. Bron-
chopneumonia, edematous alveolitis, and the requirement of
artificial ventilation were reported (Al-Saleem, 1976; Arito
and Takahashi, 1991). It is unclear whether these respiratory
effects were the result of direct effects on the respiratory sys-
tem or were secondary to other effects.

Some studies suggest that even minor increases in
methylmercury exposures can cause harmful effects on the
cardiovascular system, which may lead to an increased in
mortality. In a cohort study, where 1,833 men were observed
during a 7 year period, Salonen et al. (cited in UNEP, 2002)
found that men with highest dietary Hg intake had a higher
risk of acute myocardial infarction. A later follow up study
demonstrated that omega-3 fatty acids had a protective effect
against acute coronary disease. This effect was less clear in
subjects with high hair Hg, suggesting that Hg interferes with
the protective effect of these fatty acids. Due to the importance
of cardiovascular diseases as a cause of death in the world,
methylmercury exposures should also be considered in this
perspective (UNEP, 2002). Abnormalities in heart rhythms
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(Al-Saleem, 1976), myocarditis, irregular pulse, occasional
bradycardia, alterations in electrocardiograms, a decrease in
heart chloride (Verschuuren et al., 1976), and an increment
in diastolic and systolic blood pressure were observed in
humans and animals (Lundgren and Swensson, 1949) after
oral Hg exposure.

Available data on humans describes diarrhea, tenesmus,
irritation, blisters in the upper gastrointestinal tract (Jalili and
Abbasi, 1961), vomiting (Al-Saleem, 1976), abdominal pain,
constipation (Pfab et al., 1996) and gastritis (Castoldi et al.,
2003), after oral exposure to organomercurial compounds. In
addition, stomatitis is the most common sign of acute high con-
centration exposure to elemental Hg vapors (UNEP, 2002).

Renal toxicity has rarely been reported following human
exposure to organic forms of Hg. However there are reports
of individuals exhibiting glomerulonephritis with proteinuria
(glomerular and tubular) and nephritic syndrome, mostly
related to occupational exposure to elemental Hg. Work with
animals has revealed organic Hg-induced nephrotoxicity in
rodents following acute-, intermediate-, and chronic-duration
exposure.

Elemental Hg can also affect kidneys severely. It can be
oxidized to Hg?*, which accumulates preferentially in the
kidneys. The increased excretion of low molecular-weight
proteins demonstrated at low-level exposure, and related
to damage to the renal tubes, may constitute the earliest
renal effects of Hg contamination. Finally, renal effects
are the endpoint in exposure to inorganic Hg. Even when
these effects can be overcome, they may still be relevant
because the exposure of the general population is likely to be
continuous (UNEP, 2002).

Among the adverse health effects caused by Hg, the
neurological effects are the most studied. Methylmercury
is a well-documented potent neuro-toxin to humans and to
several species of experimental animals following acute,
intermediate, and chronic oral exposure. Methylmercury in
our food is promptly absorbed in the gastrointestinal track,
immediately entering the blood stream. The severe damage of
the central nervous system (CNS) caused by methylmercury
and also elemental Hg exposure is due to their ability to cross
the blood-brain barrier. Actually, the nervous system is the
main target tissue for methylmercury causing several effects
and symptoms (UNEP, 2002).

There are several key neurological symptoms of high-
dose exposure to methylmercury in adults. Since there
is no specific medical test for the diagnosis of Minamata
disease, a combination of these characteristic symptoms

are used to identify cases. The major effects that are seen
include motor disturbances, such as ataxia and tremors,
as well as signs of sensory dysfunction, such as impaired
vision. The predominant neuropathological feature is the
degenerative changes in the cerebellum, which is likely to be
the mechanism involved in many of the motor dysfunctions.
The microscopical examination of the brain of patients that
died in Minamata, showed entire regions devoid of neurons,
granular cells in the cerebellum, Golgi cells and Purkinje
cells. The most common clinical symptoms observed
in adults in Minamata were paresthesia, ataxia, sensory
disturbances, tremors, impairment of hearing and difficulty
in walking. Children showed similar symptoms but with a
higher incidence and at lower Hg exposure levels. On the
other hand, the predominant symptom in adults in Iraq was
paresthesia, which usually occurred after a latent period.
Children showed cerebral palsy, altered muscle tone and
deep tendon reflex, as well as delayed developmental stages.
In humans, disruptions of higher functions have also been
noted, as evidenced by depression and irritability (Gochfeld,
2003; Shanker et al., 2003; Costa et al., 2004).

Children are a high susceptibility group because the
developing central nervous system is more vulnerable
to injury than that of the adult. Both the Japan and Iraq
incidents provided large evidence for the higher risks fetuses
and children face when exposed to methylmercury. It readily
passes the placental barrier affecting the fetuses directly. Thus,
unborn and newborn children can be adversely affected, even
when the Hg exposure levels cause minor or no symptoms
to the mother (major exposure route to this group). Several
epidemiological studies have shown that methylmercury
in seafood diets of pregnant women — even at minimal Hg
concentrations (about 1/10 - 1/5 of the observed effect levels
on adults) — appears to have subtle, persistent effects on the
children’s mental development as observed around the start
of school age (so-called cognitive deficits). In a study with
children from Faroe Islands, where methylmercury is present
in the population’s diet, prenatal exposure to methylmercury
caused neuropsychological deficits at 7 years of age. The
brain functions most vulnerable seem to be attention,
memory, and language, while motor speed, visiospatial
function, and executive function showed a less remarkable
decrease compared to increased Hg exposures. The Hg
concentration in umbilical cord blood was shown to be the
best risk indicator for the harmful effects, which did not
seem to be significantly affected by the confounding factors
examined. Children exposed to high levels of methylmercury
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(i.e. the Iraq poisoning incident) during pregnancy showed
cerebral palsy, which may be indistinguishable from the
ones caused by other factors. The main clinical picture is
microcephaly, hyperreflexia, and gross motor and mental
impairment, sometimes associated with blindness or
deafness. In less severe cases, the effects may develop only
later as psychomotor and mental impairment and persistent
pathological reflexes (UNEP, 2002).

Epidemics of human Hg poisonings have occurred with
high incidences of developmental toxicity. These episodes,
as well as case reports from isolated incidences of maternal
consumption of organic forms of Hg during pregnancy, have
provided evidence that the developing nervous system of
the fetus is highly sensitive to Hg toxicity (Mendola et al.,
2002).

Neurodevelopmental effects in children are the most
widely accepted non-lethal effect of Hg contamination.
The benchmark dose level (BMD), calculated from the
Faroe Islands study, is 58 pg.L-!' of total Hg in umbilical
cord blood (or 10 pg.g! of total Hg in maternal hair). These
tissue levels are the result of an estimated average daily
intake of about 1 pg of methylmercury per kilogram of
body weight per day. This BMD value, whose calculation
involved several scientifically-based choices such as an
uncertainty factor, the statistic model and the specific effect/
test of effect used, aims to establish a safe exposure level to
Hg for humans. In the Faroe Islands study, developmental
delays were significantly associated with the methylmercury
exposures. At the low exposure level, a developmental delay
of 1-2 months was correlated with every doubling of the
prenatal methylmercury exposure level. Individually, these
development delays may seem trivial but at a populational
level they may have serious consequences. However, in
an ongoing prospective study in the Seychelles islands, no
association between methylmercury exposure (measured
through the Hg concentration in the hair of pregnant mothers)
and developmental effects in their children (up to 5.5 years
old) were found (UNEP, 2002).

Several studies reported genotoxic effects in humans after
oral exposure to organic Hg (Betti et al., 1993; De Flora et
al., 1994; Belletti et al., 2002). Data from some studies give
limited support to an association between chromosomal
aberrations and Hg in red blood cells and an increased
prevalence of sister chromatid exchange in subjects
consuming large amounts of contaminated freshwater or
marine biota. However, no increase in the frequency of
sister chromatid exchange or numerical chromosomal
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alterations was observed in a study where individuals ate
fish caught from a a methylmercury-contaminated area in
Colombia. More recently, a correlation was found between
the prevalence of micronuclei in peripheral lymphocytes and
blood Hg concentrations in a population whose main diet
was Hg-contaminated seafood (UNEP, 2002).

IARC classifies methylmercury as a possible human
carcinogen (group 2B). Some data support the carcinogenic
effect of methylmercury (Mitsumori et al., 1990; Dare et al.,
2001; Kazantzis, 2002). The methylmercury exposure may
be correlated with lung, kidney, and central nervous system
tumors (Mitsumori et al., 1990). Among the several studies
conducted with Minamata populations regarding cancer risk,
one clearly indicated that a higher Hg exposure increased
liver and esophagus cancer mortality compared to controls.
Also, an increased risk of chronic liver disease and cirrhosis
was observed. Nevertheless, in a cohort study in Sweden with
subjects that used organomercurials for seed disinfection,
showed no increase in levels of brain cancer (UNEP, 2002).

Several studies showed that a diet with methylmercury
chloride caused renal tumors in mice, but not in rats.
However, the overall IARC assessment decided that there
is sufficient evidence for carcinogenicity of methylmercury
in animals and it is possibly carcinogenic to humans (group
2B). On the other hand, the IARC assessment found that
elemental Hg and inorganic Hg are not classifiable as to their
carcinogenicity to humans (group 3) (UNEP, 2002).

Continuous exposure conditions to elemental Hg can
lead to its accumulation in the thyroid. Hg affects a specific
enzyme system at moderate occupational exposure levels
(urinary Hg concentrations of 15-30 ug.g”! creatinine)
(UNEP, 2002).

Inorganic Hg compounds were capable of inducing
immune-mediated disease in some strains of mice and rats,
although the nature of the response seemed to be dependent
on the strain used in the experiments. Some studies with
humans occupationally exposed to median levels of elemental
Hg showed alterations in the biochemistry of the immune
response system (Pirrone et al., cited in UNEP, 2002).

The acute exposure to elemental Hg vapors can cause
“pink disease” or acrodynia. The distinctive symptoms
of this disease are peeling of the palms and soles of the
feet, excessive perspiration, itching, rash, joint pain and
weakness, elevated blood pressure, and tachycardia.
Research with occupationally-exposed individuals suggested
that elemental Hg might affect human reproduction by
increasing spontaneous abortions and congenital anomalies,
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and reducing fertility in women. On the other hand, the
reproductive effects of elemental Hg exposure in men are not
conclusive (UNEP, 2002).

Several factors may influence the adverse effects
of Hg exposure, either reducing or enhancing them.
Limited evidence advocates that nutritional status (e.g.
mal-nourishment) and dietary interactions (i.c. possibly
protective: selenium, vitamin E, omega 3; possibly enhancers
of toxicity: alcohol) can alter Hg toxicity or affect the
endpoints measured in studies. Furthermore, other pollutants
in the diet (e.g. PCBs) can interact with Hg, triggering
synergistic effects and confounding the research results.
This can be particularly relevant when assessing more subtle
chronic effects (UNEP, 2002).
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