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copepods, shrimps and crab exposed to selenium at concentrations of 0.6 -
4.6 mg/litre, and a no effect concentration of 0.135 mg/litre in a life cycle
test with the mysid Mysidopsis bahia.

Fish: Most data in the literature are for freshwater fish, Hodson et
al. (1980) giving a 96h LCsy of 8.1 mg Se/litre as selenite for rainbow
trout, and Sato et al., (1980) a value for the same period of 35 mg/litre for
carp (using selenite). Ward et al., (1981) reported a value for the 96h
ICso of 7.4 mg/litre for juveniles of the estuarine sheepshead minnow

Cyprinodon variegatus, and 4.4 mg/litre for sub-adult pinfish Lagodon
rhomboides.

Selenium is an essential dietary mineral for humans (see section 3) and
Heisinger and Dawson (1983) found that in the freshwater black bullhead only
one form of glutathione peroxidase activity in the liver was selenium depen—-
dent. Hodson and Hilton (1983) considered that freshwater fish were unlikely
to suffer a selenium deficiency, the uptake from the diet being very efficient
and independent of dietary loading. Uptake from water was also very efficient
at low concentrations, but at high concentrations efficiency was reduced by
saturation of the gill absorption processes.

In summary, the aqueous concentrations of selenium likely to affect
marine species adversely are usually well in excess of 0.1 mg/litre. This
value 1is about three orders of magnitude greater than the average concen-
tration found for total selenium in the marine environment generally, even 1in
coastal waters, and indicates that no risk is likely to be presented to marine
organisms from selenium in water, although no long-term studies have been
made. However, the intake from food is likely to be more important than from
water, and in areas of local pollution the dietary intake might give rise to
abnormal concentrations in both invertebrates and fish.

3. HUMAN HEALTH ASPECTS

3.1 Introduction and reference documentation

Animal diseases caused by the deficiency or excess. of dietary selenium
have established this element as both essential and toxic. Recently the
association between low level of dietary selenium intake and Se-responsive
conditions affecting human health in large areas of the People's Republic of
China (PRC), and between high selenium intake and an episode of intoxication
reported to be selenosis in a small area of the PRC, has been critically ana-
lysed by a WHO Task Group. Their evaluation forms part of the comprehensive
Review of Environmental Health Criteria: Selenium (WHO, 1986). This WHO
document and the reviews of Robinson and Thomson (1983) and Robinson (1984),
together with individual papers referred to in the text and listed in the
reference section, were consulted in the preparation of this document.

3.2 Metabolism of selenium
3.2.1 Absorption
bepending on regional availability for Incorporation into animal or human

tood, there are wide variations in the daily intake of this essential ele-
ment ., some ol the most cxtreme values (or human intakes and blood selenium
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concentrations have been reported from the People's Republic of China and are
shown in Table 3. Estimates of human adult dietary intake thus range from 11
to 5000 ug Se/day. There are diseases at both ends of the nutritional spec-
trum, at the lower end Keshan disease, 1n the aetiology of which selenium

deficiency plays a major part, and at the higher end clinical conditions
attributed to selenotoxicosis.

Table 3. Daily selenium intakes and blood selenium concentrations of
residents living in high-, medium- and low-selenium areas of the
People's Republic of China

Mean daily selenium Mean blood Se (with

Place n intake (with range) n range or * S.D.)

in g in mg/l
High selenium area 6 4,990 65 3.2
with history of (3,200-6,690) (1.3-1.7)
suspected selenosis
High selenium area 3 750 14 V.44
without selenosis - . (240-1,510) (U.35-0.58)
Selenium-adequate 8 116 1745 0.09Y5
area (42-232) ‘ (1#0.091)
Low selenium area 13 11 © 1478 v.021
with Keshan disease (3-22) (#.010)

Adapted from Yang et al. (lYs3)

It might be considered that a homeostatic mechanism would favour the
maintenance of selenium levels within the body at a "safe' level, but only
excretion is influenced by the nutritional status for selenium, while absorp-
tion is unaffected. The average selenium intake 1is about 30 pg/day in New
Zealand and 132 ug/day in tbe USA (Robinson and Thomson, 1983), and volun-
teers in both countries absorbed about 80%Z of selenium naturally present in
food (Stewart et al., 1978; Young et al., 1982). Similar absorption values
were reported from Germany (Heinrich et al., 1977) and.Sweden (Swanson et
al., 1983). Gastrointestinal absorption is influenced by the chemical form of
selenium. Thus selenomethionine, which constitutes 50% of cereal selenium
(Thomson et al., 1985) 1is nearly completely (954) absorbed (Griffiths et
al., 1976), while only 44-70% (median : 52%) of selenite selenium was absorbed
(Thomson and Stewart, 1974; Janghorbani et al., 1984).

3.2.2 Excretion and clearance half times

In contrast to absorption, selenium excretion is influenced by the, previ-
ous dietary intake of, and nutritional status for, selenium. Thus, in the
first 24 hours the excretion of ingested T4s5e was 3.3, 7, 11 or 17% depend-~
ing on whether the young American males participating in the study were pro-
vided with 11.4, 107, 170 or 270 ug Se/day (Janghorbani et al., 1982,
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1984). New Zealand residents with selenium intakes below 30 ug/day and
having 50-70 ng Se/ml plasma had 0.1-0.2 ml/min plasma clearance, while North

Americans with 80 ug Se/day consumption and 120-140 ng Se/ml plasma had
0.2-0.3 ml/min (Robinson et al., 1985).

The "total daily urinary excretion is approximately half of the daily
intake (Thomson and Robinson, 1980), but there is a significant difference
between the clearance half times of selenite and selenomethionine. One week
after the_ingestion of 75ge-selenite or Se—-selenomethionine about 507% of
selenite /7Se and 90% of selenomethionine /’Se were retained and these
cleared with half times of 115%15 (Thomson and Stewart, 1974) and 24519
days respectively (Griffiths et al., 1976). In another study 11% of the ab-
sorbed selenium cleared with a half time of 2.3 days and 86% with a half time
of 162 days (Janghorbani et al., 1984).

The comparison of blood selenium concentrations presented in Table 3 and
the predicted equilibrium blood concentrations calculated by using the meta-
bolic model of Medinsky et al. (1985) also indicates that the retention of
selenium decreases with increasing intake, The model gives the correct re-
lationship between intake and blood selenium concentration on the assumption
that 554 of the ingested selenium was absorbed in the low selenium areas, 30%
in the adequate areas and 22% in the two high selenium areas. As absorption
is not influenced by the selenium status, these differences must reflect
differences in retention. i

3.2.3 Metabolic pathways

The higher clearance half time of selenomethionine selenium is likely to
be due to a delay in reaching the same stages in the metabolism of other sel-
enium compounds. Selenate and selenite are reduced throuth enzymic and
non-enzymic reactions to a labile intermediate selenide. The selenide is then
methylated to form trimethylselenomium ion which is excreted in urine. When
the intake is below the accutely toxic dose, this is the usual mode of ex-
cretion via the urinary tract. At higher levels of selenium intake the satu-
ration of the final methylation step results in the exhalation of dimethyl-
selenide. The selenide may also form -S-Se-S—- bonds in proteins or stable
complexes with heavy metals such as cadmium and mercury (see reviews of
Diplock, 1976; Ganther, 1979, Magos and Webb, 1980). Selenoaminoacids, with
the exception of selenomethionine, are rapidly oxidised to selenite, while the
conversion of selenomethionine is limited and/or delayed by incorporation into
the primary structure of proteins (Martin and Hurlbut, 1976) from which it may
be liberated slowly.

3.2.4 Selenium in blood

The difference in the metabolism and retention half times of selenometh-
ionineand selenite-selenium is consistent with the observation that seleno-
methionine is more effective than selenite in raising blood selenium levels
(Thomson et al,, 1982), Selenium naturally present in fish behaved as seleno-
methionine (Robinson et al., 1978). Likewise when Finnish men of low selenium
status were given for 11 weeks 200 pg Se/day either as selenate or as
Se-rich wheat or yeast, the plasma concentration of selenium was raised less
by the inorganic selenium salt than by food selenium. Thus selenate increased
plasma selenium from 70 to 100 ug/litre with little change in the last 7
weeks, while food selenium increased plasma selenium progressivley to
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160 pg/litre. Ten weeks after the subjects were returned to normal diet,
plama selenium concentration declined in both groups but in the food selenium
groups it remained 30 ug/litre higher than in the selenate group or the base
line level (Levander et al., 1983).

Plasma selenium concentration at low selenium status rises and falls more
rapidly in response to change in Se intake than it does in erythrocytes
(Robinson et al., 1978). At steady state blood selenium concentration is
always higher in erythrocytes than in plasma and up to a whole blood level of
160 pg/litre they correlate with each other very well (Rea et al., 1979).
When the whole blood selenium concentration is higher than 160 ug/litre,
increased intake apparently increases erythrocyte selenium without a corres-—
ponding increase in plasma selenium (Thomson and Robinson, 1980).

3.2.5 Glutathione peroxidase

A proportion of the selenium in blood 1is a functional part of the
selenium-dependent enzyme glutathione peroxidase (GSHPx). This enzyme has
four sub-units and each sub-unit contains one selenium atom at the active
site. Blood GSHPx activity is linearly correlated with erythrocyte selenium
up to a certain limit, which is about 140 pg/litre whole blood (Rea et
al., 1979). ' Thus a correlation between GSHPx and erythrocyte selenium can be
expected only in areas of moderate or low selenium intake (Rea et al., 1979).
In the USA (Valentine et al., 1980) and Germany (Schmidt and Heller, 1976) no
such correlation was noted. Likewise selenium supplementation did not in-
crease blood GSHPx in the USA (Schrauzer and White, 1978), but in New Zealand,
when initial blood levels were low, supplementation of the diet with selenite,
selenomethionine (Thomson et al., 1982) or high-Se wheat bread (Thomson et
al., 1985) increased plasma GSHPx at once and, after a delay, erythrocyte
GSHPx. The delay in the increase of erythrocyte GSHPx is presumed to be due
to the dependence of erythrocyte GSHPx on the selenium that was available at
the time of the formation of these cells (Cohen et al., 1985).

3.3 Health effects

The establishment of a reliable dose-response relationship is difficult,
partly because analytical quality control data are missing for most of the
period which has elapsed since the publication of the first epidemiological
study nearly 50 years ago. There seem to be accurate analytical methods for
selenium determination but valid quality assurance data for selenium analysis
in food and biological index media is an exception and not a rule.

3.3.1 Selenium deficiency

In North America and most of Europe blood selenium concentrations lie
between 150 and 250 ug/litre, in Finland and New Zealand between 50 to
100 pg/litre (Thomson and Robinson, 1980) and in the area of the People's
Republic of China affected by Keshan Disease the average concentration was
21 ug/litre (Yang et al., 1983). Keshan Disease, a cardiomyopathy of
children and young women, responded favourably to selenium (selenite) sup-
plementation and was absent in areas where daily intake of selenium was at
least 30 pg/day (Keshan Disease Research Group, 1979) which is the level of
average intake in parts of New Zealand (Thomson and Robinson, 1980). In New
Zealand or Scandinavia no consistent causal relationship has been found bet-
ween low selenium status and any naturally occurring diseases (Robinson and
Thomson, 1983).
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3.3.2 Selenium toxicity

The source of toxic exposure to selenium can be occupational (through
inhalation or dermal contact), the ingestion of selenium-containing tablets or
dietary. '

3.3.2.1 Occupational exposure

Fumes and dusts of selenium and its compounds are irritative and in the
most severe cases exposure results in breathing difficulty and gastrointesti-
nal distress. The observed persistent garlic odour of the breath is due to
the respiratory excretion of dimethylselenide. There are no systematic epi-
demiolgical investigations of long term overexposure, data derived from acci-
dental overexposure are poorly documented, and the pathway of exposure is
quite different from that of overexposure by dietary means as are the selenium
compounds likely to be encountered (WHO, 1986).

3.3.2.2 Self medication

The daily ingestion of one tablet containing 2 mg sodium selenite for
more than two years elevated blood selenium level to 0.179 mg/litre and hair
selenium to 830 ng/g and caused thickened, fragile nails and garlic odour
(Yang et al., 1983). A dietary supplement containing 25 mg sodium selenite
and 5 mg elemental selenium were ingested daily by a 57 year old woman for 77
days (Jensen et al., 1984). She started to lose hair after 11 days, became
bald after two months and over the next 5 weeks white horizontal streaks
occurred on fingernails, fingertips became inflammed and fingernail beds
purulent. The patient also experienced periodic episodes of vomiting,
sour-milk breath odour and increasing fatigue. A serum sample, taken 4 days
after the last tablet, was reported to contain 0.528 mg Se/litre and the whole
blood level was presumably considerably higher.

3.3.2.3 Dietary exposure in seleniferous areas

The public health consequences of high dietary intakes of selenium were
first described in people living on farms and ranches of South Dakota, USA,
where farm animals suffered from selenium poisoning caused by feeds grown
locally on selenium~rich soil. Two health surveys were carried out, the first
on the members of 111 families and the second on a sub-group of 100 residents
with the highest urinary selenium levels ranging from 0.1 to 1.98 mg/litre
(Smith and Westfall, 1937). The frequency of various signs and symptoms ob-
served in the second study are shown in Table 4. The interpretation of the
findings was hampered by the lack of a control population and the lack of
correlation between abnormalities and urinary selenium excretion. Neverthe-
less the high incidence of gastrointestinal disorders and yellowish skin dis-
coloration, thbught to be due to hepatic dysfunction, raised the possibility
that the cause of these abnormalities was selenosis. Based on the assumption
that in chronic selenosis the urinary excretion of selenium of cats bears a
rather definite relationship to the daily ingested dose, Smith and
Westfall (1937) calculated that some members of the study group might have
ingested daily (assuming 100% absorption) 10-100 ug Se/kg, and some may have
ingested 200 ug Se/kg. For a 70 kg man, these rates of absorption would be
equivalent to a dietary selenium intake of 700 to 14000 ug/day.
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Table 4. Signs and symptoms observed in humans excreting high levels
of urinary selenium

Signs and symptoms : Frequency of occurrence

None 24
Gastrointestinal disturbances 31
Icteroid discoloration of the skin 28
Bad teeth 27
Sallow and pallid colour, especially in

younger individuals 1
History of recurrent jaundice
Dermatitis
Pigmentation of the skin (chloasma?)
Pathological nails
Rheumatoid arthritis
Cardiorenal disease
Vitiligo

NN W WLV

Adapted from Smith and Westfall (1937)

Some years later a field study was conducted in Venezuela in order to
compare the health of two groups of children, one group living in a selenifer-
ous area (Villa Bruzual) and the other in Caracas (Jaffe et al., 1972, 1976).
The mean blood selenium level in Villa Bruzual was 0.81 mg/litre with a maxi-
mum of 1.8 mg/litre and the mean urinary concentration 0.365 mg/litre with a
maximum of 3.9 mg/litre. Only the report of nausea and pathological nails
correlated with blood and urinary selenium levels. The lower haemoglobin con-
. centration in Villa Bruzual was explained by the inadequate nutrition of the
subjects and their parasitic infections.

An outbreak of disease in a seleniferous area of the People's Republic of
China in 1961 and its possible relationship with dietary selenium intoxication
was reported by Yang et al. (1983). The most common signs were brittle nails
with white spots an longitudinal streaks, loss of hair and nails, skin lesions
and in the more severe cases paraesthesia. In the five most severely affected
villages 49.2%Z of the 248 inhabitants were affected. The incidence of the
disease reached a peak between 1961 and 1964, but as the aetiological role of
selenium was suspected only later, the first analysis of food and bio- logical
samples were carried out on samples collected in 1966. At this time selenium
intakes ranged from 3,200 to 6,700 pg/day (mean: 4,990 pg/day), hair
concentration from 4.1 to 100 ug/g (mean: 32.2 wg/g), blood selenium
concentration from 1.3 mg/litre to 7.5 mg/litre (mean: 3.2 mg/litre) and
urinary concentration from 0.88 mg/litre to 6.63 mg/litre (mean:
2.68 mg/litre). Though, after a temporary evacuation from their villages at
the time of the peak incidence, there was a recovery as soon as their diets
were changed, the interaction of selenium with other nutritional and toxic
agents could not be ruled out (Yang et al., 1983). No adverse effects were
observed on nail or hair in a high selenium area without selenosis, where
blood conentration ranged from 0.35 to 0.58 mg/litre (mean: 0.44 mg/litre).
The WHO Selenium Task Group (WHO, 1986) recognised the difficulty of estab-
lishing an exact dose-response relationship with respect to selenium in this
study.
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3.4 Total exposure to selenium

In the absence of selenium—emitting industries, the atmospherlc concen-
tration of selenium is so low that this source of exposure is expected to
contribute less than 1.0 yg to the daily intake. Likewise, with the excep-
tion of seleniferous regions, the selenium content of drinking-water is so low
that it can contribute only a few ug to the total daily intake. In the
chronic selenosis area of China where the average selenium concentration of 11
drinking-water samples was 54 pg/litre and in a heavily affected village
where four surface water samples contained 117-159 pg/litre selenium, the
drinking-water increased the daily dietary intake by only a few percent (Yang
et al., 1983). Based on these considerations it was concluded that for the

general population the primary route of exposure to selenium is via the diet
(WHO, 1986).

There are great differences in the contribution of different food
products to the dietary intake of selenium and in the level of daily intakes
reported from various countries of the world (Table 5). Individual selenium
contents in foods (on the wet weight basis, before cooking) in mg/kg are
(WHO, 1986): liver, kidney and seafoods: 0.4-1.5; muscle meats: 0.1-0.4;
cereal and cereal products: <0.1->0.8 (in extreme cases 8.0); dairy
products: 0.1-0.3; fruits and vegetables: <0.l. In a high selenium area
of China the daily average selenium intake of 4.99 mg/kg was nearly equally
distributed between vegetables and cereals. The peak observed in the endemic
disease corresponded to a period of drought resulting in the failure of the
rice crop. This forced villagers to eat more vegetables and also maize which
had a selenium content higher than rice (Yang et al., 1983)

Table 5. Estimated human daily intake of selenium from
dietary sources (ug/day)

Country Plants Animals Totals
vegetables cereals dairy meat
fruits, sugars products fish
New Zealand 1 4 11 12 28
Britain 4 30 4 22 60
Canada (Toronto) 5.1 62.0 6.5 24,7 98.3
Canada (Halifax) 7.4 105.0 21.8 90.0 224.2
USA (Maryland) 5.4 44.5 13.5 68.6 132.0
USA (Dakota) 10.4 57.0 47.6 101.4 216.4
Japan 34.8 72.7 5.7 94.6 207.8
Venezuela 14.6 88.2 70.4 152.6 325.8

Adapted from WHO (1986)




























































