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SCF/CS/NUT/UPPLEV/25 Final

Opinion of the Scientific Committee on Food on
the Tolerable Upper Intake Level of Selenium

(expressed on 19 October 2000)

FOREWORD

This opinion is one in the series of opinions of the SCF on the upper levels of vitamins and
minerals. The terms of reference given by the European Commission for this task, the related
background and the guidelines used by the Committee to develop tolerable upper intake levels
for vitamins and minerals used in this opinion, which were expressed by the SCF on 19
October 2000, are available on the Internet at the pages of the SCF, at the address:
http://www.europa.eu.int/comm/food/fs/sc/scf/index_en.html.

1. NUTRITIONAL BACKGROUND

1.1. Selenium forms in foods

Foods contain a number of different selenium forms. In animal foods, there are specific
selenium proteins where selenium is incorporatedvia selenide as selenocysteine, while
selenomethionine, and possibly also selenocysteine to some extent, are non-specifically
incorporated as analogues to methionine and cysteine in foods both of animal and plant origin.
Selenomethionine, as well as the inorganic forms selenite and selenate, are the most common
forms in food supplements and fodder additives. Although extensively used for research
purposes, it is uncertain if the inorganic forms occur in foods. In addition to these forms a
number of uncharacterised forms exist, e.g. in fish (Åkesson and Srikumar, 1994), but their
contribution to total dietary selenium is unknown.

Selenium forms used in supplements are inorganic selenite and selenate and organic selenium in
the form of selenomethionine, selenocystine and selenium enriched yeast. The forms of
selenium found in yeast vary according to production process and the selenomethionine has
been suggested to comprise 20 to 50% of the selenium and that some is bound as
selenotrisulphides (SCF, 1999).

It should be noted that selenium compounds other than those nutritionally relevant, i.e. those
present in food and with a tradition of use as supplements to meet nutritional requirements, are
outside the scope of this document. The toxicity and biological properties of such selenium
compounds (there are numerous synthetic ones) can be quite different from the nutritionally
relevant selenium compounds.

1.2. Selenium intake and selenium status in European countries

The amount of selenium available in the soil for plant growth and corresponding variations in
the intake of selenium by humans varies considerably among regions and countries (Gissel-
Nielsenet al., 1984; Frøslie, 1993). The mean intakes of non-vegetarian adults in different
studies are Belgium 28-61 µg/day, Denmark 41-57 µg/day, Finland 100-110 µg/day, France
29-43 µg/day, United Kingdom 63 µg/day, The Netherlands 40-54 µg/day, Norway 28-89
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µg/day, Spain 79 µg/day, and Sweden 24-35 µg/day (Alexander and Meltzer, 1995; van
Dokkum, 1995; Johanssonet al. 1997).

1.3. Metabolism of selenium

The available data indicate that selenium-containing aminoacids and probably other selenium
forms, such as selenite and selenate, can be converted to selenide in mammals (Younget al.,
1982). Selenide is a central metabolic form of selenium, which is utilised for the formation of
selenocysteine, incorporated into specific selenoproteins, and in case of high exposure, into
excretory products such as dimethyl selenide (which is exhaled) and trimethylselenonium ions
(which are excreted into urine). Selenomethionine and selenocysteine formed by
transsulfuration of selenomethionine can be non-specifically incorporated into protein as
analogues to methionine and cysteine. Other forms of protein-bound selenium may also occur
(Sunde, 1990; Alexander and Meltzer, 1995; Johanssonet al., 1997).

1.4. Bioavailability of different forms of selenium

Most forms of selenium salts and organic bound selenium, i.e. selenomethionine and
selenocysteine, are easily absorbed from the gastrointestinal tract. Only a few studies on the
bioavailability of selenium have been performed in humans (Mutanen,1986; Neve, 1994).
Selenium in blood or serum is most effectively raised by selenium-rich wheat or yeast selenium
(the latter may vary in quality), probably because of non-specific incorporation of
selenomethionine into proteins. Inorganic selenium as selenate and selenite can be incorporated
specifically into selenium proteins via selenide as selenocysteine and increase seleno-enzyme
activity until saturation (Levanderet al., 1983 (Alfthanet al., 1991). A few studies have also
compared selenium bioavailability from different foods. Van der Torreet al. (1991) found that
supplementation with selenium-rich forms of bread and meat gave similar increases in
circulating selenium levels. Christensenet al. (1983), using a triple stable-isotope method,
found that the absorption of selenium from selenite was 36% and that from intrinsically labelled
poultry meat was 71%. Selenium consumed from fish had no apparent effect on the amount of
selenium incorporated into functional selenoproteins and a low effect on general level of
selenium in plasma (Meltzeret al., 1993, Åkesson and Srikumar, 1994; Svenssonet al., 1992;
Huang et al., 1995). Given different bioavailabilities and differences in non-specific
incorporation of selenium compounds from different sources such as cereals, meat, fish and
organic and inorganic supplements, the selenium concentration in whole blood will relate
differently to the total intake of selenium (Alexander and Meltzer, 1995).

The total body pool of selenium has been estimated to be 5-15 mg in adults. Kinetic studies
indicate that blood plasma contains at least four components with half-lives between 1 and 250
hours (Pattersonet al., 1989).

1.5. Functional forms of selenium – selenoproteins

At least eleven selenoproteins containing the amino acid selenocysteine have been identified in
mammals: cellular glutathione peroxidase (cGSHPx), extracellular glutathione peroxidase
(eGSHPx), phospholipid hydroperoxide glutathione peroxidase (phGSHPx), gastrointestinal
glutathione peroxidase (giGSHPx), iodothyronine deiodinase types I, II and III, prostatic
epithelial selenoprotein (PES), selenoprotein P (SeP), selenoprotein W, thioredoxin reductase
(Alexander and Meltzer, 1995; Johanssonet al., 1997).
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1.6. Daily requirements

The amount of dietary selenium (as DL-selenomethionine) required to saturate the selenium
need of extracellular GSHPx was used as one of the approaches to define a Dietary Reference
Intake for Selenium in the USA in 2000 (55 µg/day for adult men and women) (NAS; 2000). A
so-called Population Reference Intake of 55 µg selenium per day for adults, but also other
levels of intakes based on other criteria, were established by the Scientific Committee for Food
of the European Commission (1993).

A joint FAO/IAEA/WHO Expert Consultation (WHO, 1996) gave several modes for the
calculation of requirements of the individual and populations. For a 65 kg reference man the
average normative requirement of individuals for selenium was estimated to be 26 µg/day, and
from this value the lower limit of the need of population mean intakes was estimated to be 40
µg/day. The corresponding values for a 55 kg reference woman were 21 and 30 µg
selenium/day, respectively. The latter value was estimated to increase to 39 µg/day throughout
pregnancy and to attain the values of 42, 46 and 52 µg selenium/day at 0-3, 3-6 and 6-12
months of lactation, respectively. The Nordic Nutrition Recommendations (1996) have set a
recommended intake of 50µg/day for men, an average requirement of 35µg/day and a lower
limit of needed intake of 20µg/day, the corresponding values for women being 40, 30 and 20
µg/day, respectively.

The approach to define a biochemical index for the saturation of the functional selenium
requirement using a limited number of selenoproteins has given variable results (Nève, 1991).
The estimations are also complicated by the fact that different forms of dietary selenium
(organicvs. inorganic) give variable responses in different measures of selenium status (Alfthan
et al., 1991) and the physiological relevance of the ‘saturation of selenium dependent enzymes
approach’ can be questioned (Johanssonet al., 1997).

1.7. Selenium deficiency and selenium in disease states

The most obvious example of a relationship between selenium status and disease is the
cardiomyopathy, Keshan disease, that occurs in selenium-deficient areas of China (Xiaet al.,
1994). Prophylactic treatment with selenium supplementation dramatically decreased disease
incidence. The disease is not a clear-cut selenium deficiency syndrome since it is not obligatory
at very low selenium status and moreover several other factors affect its incidence.

A suspected selenium deficiency syndrome has also been demonstrated in a few patients
treated with parenteral nutrition without added selenium (see Rannemet al., 1996). Muscular
pain and muscular and cardiac dysfunction has been demonstrated in some patients, but no
uniform symptomatology has been described.

In several epidemiological studies the incidence of different diseases, such as cancer and
cardiovascular disease, has been related to selenium status. In addition, selenium has been
related to immune function, viral infection, reproduction and mood (WHO, 1987; Flohé, 1989;
Knekt et al., 1990; Virtamo and Huttunen, 1991; Willett et al., 1991; Koket al., 1991; Clarke
et al., 1996, Rayman, 2000).



5

2. HAZARD IDENTIFICATION AND CHARACTERISATION

2.1. Adverse and toxic effects

2.1.1. Mechanisms of toxicity

The molecular mechanisms of selenium toxicity remain unclear. Several mechanisms have been
suggested: redox cycling of auto-oxidisable selenium metabolites, glutathione depletion,
protein synthesis inhibition, depletion of S-adenosyl-methionine (cofactor for selenide
methylation), general replacement of sulphur and reactions with critical sulphydryl groups of
proteins and cofactors (Anundiet al., 1984; Hoffman, 1977; Martin, 1973; Stadtman, 1974;
Vernieet al., 1974). No unifying hypothesis is possible and it is likely that several mechanisms
may operate and vary among different selenium compounds. Growth reduction in experimental
animals is apparently caused by selective selenium accumulation and toxicity to growth
hormone producing cells in the anterior pituitary gland (Thorlacius-Ussing, 1990).

2.1.2. Acute toxicity

Selenite, selenate and selenomethionine are among the most acutely toxic selenium compounds
(Högberg and Alexander, 1986). Intake of 250 mg selenium as a single dose or multiple doses
of 27-31 mg resulted in acute toxicity with nausea, vomiting, nail changes, dryness of hair, hair
loss, tenderness and swelling of fingertips, fatigue, irritability and garlicky breath (Jensenet al.,
1984; WHO, 1987).

In Sweden, several cases of toxicity in children occur each year due to accidental
overconsumption of selenium tablets. Acute symptoms such as vomiting have been observed,
but so far no serious cases of toxicity have been recorded (Johanssonet al., 1997).

2.2. Chronic toxicity

2.2.1. Animal toxicity data

Animals show growth reduction, liver changes, anaemia, pancreatic enlargement and some
domestic animals also exhibit neurotoxicity following selenium exposure above 0.03-0.4 mg/kg
bw (Alexander and Meltzer, 1995).

2.2.1.1.Cancer studies

Several early studies showed tumours following selenium exposure (Nelsonet al., 1943;
Volgarev and Tscherkes, 1967; Inneset al., 1969; Schroeder and Mitchener, 1971a; Schroeder
and Mitchener, 1972; Schrauzer and Ishmael, 1974; IARC, 1975; US EPA, 1980). These
studies have been evaluated on several occasions and, in general, the data have been
considered inconclusive due to many problems with the studies (Diplock, 1984). Nelson gave
low-protein diets supplemented with seleniferous wheat or 10 mg selenium salts/kg bw. A
number of rats died before 18 months, but none with tumours. In surviving rats hepatic
tumours were found in animals with liver cirrhosis. It has also been questioned whether
identified tumours were actually regeneration nodules. The study of Volgarev and Tscherkes
(1967) lacked adequate controls. Also the study by Schroeder and Mitchener (1971) lacked
adequate controls, and the colony suffered from severe infections.
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Synthetic selenium compounds that have shown effects indicative of carcinogenicity are as
follows. Selenium diethyldithiocarbamate given to mice (10 mg/kg by gavage daily for three
weeks) was found to increase the incidence of hepatomas, lymphomas and pulmonary tumours
(Inneset al., 1969). Seifteret al. (1946) gave 0.05% of bis-amino-phenyl selenium dihydroxide
in the diet to rats and found an increased incidence of adenomatous hepatic hyperplasia and
thyroid adenomas. Selenium sulphide in large oral doses (3 and 15 mg/kg bw/day to rats and
20 and 100 mg/kg bw/day to mice) was found to be carcinogenic to rats and mice (NCI,
1980a). In a separate study in mice, selenium sulphide was applied to the skin and there was no
increased incidence of tumours attributable to selenium treatment (NCI, 1980b); under most
conditions the systemic uptake of topically selenium sulphide might be insignificant (Cummins
and Kimura, 1971). Carcinogenicity of selenium compounds seems primarily to be associated
with the nature of the compound than with the element itself. The selenium compounds
mentioned above are not used as sources of selenium in food, nor as nutrients.

2.2.1.2.Reproductive effects

It is well established that several selenium compounds such as selenate, selenite, selenocysteine
and in particular selenomethionine are teratogens in avian species and in fish (Frankeet al.,
1936; Moxon and Rhian, 1943; Halversonet al., 1965; Palmeret al., 1973; Dostalet al., 1979;
Birge et al., 1983; Heinzet al., 1987; Woocket al., 1987; Hoffmanet al., 1988; Pyron and
Beitinger, 1989). Both inorganic and organic forms of selenium cross the placenta in humans
and experimental animals (Willhiteet al., 1990). Terata have also been produced in sheep
(Holmberg and Ferm, 1969) and pigs (Wahlström and Olson, 1959). Effects of selenium
compounds on reproduction and offspring in rodents have usually been associated with overt
maternal poisoning and nutritional deprivation (Schroeder and Mitchener, 1971b; Berschneider
et al., 1977; Nobunagaet al., 1979; Fermet al., 1990). Recent studies on macaques fed
selenomethionine (25, 150 and 300 µg/kg bw/day) during organogenesis showed no signs of
terata (Tarantalet al., 1991). A dose-dependent maternal toxicity was observed in this study.
Whereas no signs of treatment related toxicity in the dams were observed at the dose of 25
µg/kg bw/day (NOAEL), maternal toxicity as indicated by poor appetite and emesis was
observed in the mid- and high-dose groups. No treatment-related changes in the teeth, skin or
nails were found. No indication of teratogenicity of selenium has been shown in humans even
in the areas of high selenium intake in China (Yanget al., 1989b).

2.2.1.3.Genotoxic effects

A moderate genotoxic activity of selenium compounds (i.e., selenite, selenate, selenide,
selenocysteine and selenosulphide) has been found in severalin vitro systems (Löfroth and
Ames, 1978; Ray and Altenburg, 1978; Nodaet al., 1979; Whitinget al., 1980; Ray, 1984;
Tennant et al., 1987; Kramer and Ames, 1988). There is onein vivo study showing
chromosomal aberrations and increased SCE in hamster bone marrow cells after selenite
treatment (Norppaet al., 1980). This occurred only at doses of 3, 4, and 6 mg Se/kg bw i.p.
that were associated with severe systemic toxicity, including lethality, some hours after dosing.
The numbers of aberrations in these groups were 13-55%, compared to 0.9-1% in the controls.
Doses of 0.3, 0.6, 1 and 2 mg Se/kg bw did not cause any clastogenic effects. A non-pregnant
macaque dosed with 600µg selenomethionine for 15 days (lethal dose) showed in comparison
with the control animal a sevenfold increase in bone marrow micronuclei (Choyet al., 1989).
In pregnant macaques receiving 0, 150 or 300µg selenomethionine/kg bw and showing signs
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of selenosis, foetal bone marrow smears did not show any increase in the number of
micronuclei (Choyet al., 1993).

In vitro studies indicate that the mutagenic effects of selenium salts are associated with
production of reactive oxygen radicals and that glutathione promotes these reactions (Kramer
and Ames, 1988). It is well known that auto-oxidisable selenium metabolites, such as hydrogen
selenide, can undergo redox cycling producing oxygen radicals and cause DNA strand breaks
(Anundi et al., 1984; Nuttall and Allen, 1984; Garberget al., 1988). Detoxification of selenide
by methylation is saturable depending on the supply of methyl donors.In vivo, only toxic
amounts were shown to be active, keeping in mind the central role of hydrogen selenide in the
metabolism of most selenium compound it is likely that overproduction of this and other auto-
oxidisable selenium metabolites could promote the formation of DNA reactive oxygen radicals.
It is possible that glutathione might play a central role as well. It follows, given such a
mechanism, that expression of selenium dependent genotoxic activity is likely to be
concentration- and threshold-dependent, but this remains to be shown (Högberg and
Alexander, 1986).

2.2.2. Human toxicity data

2.2.2.1.Exposure to supplements

Two individuals took selenium-containing yeast at doses of 200 and 400 µg selenium daily for
18 months. Together with dietary intake they received about 350 and 600 µg/day. Marginal
haematological changes and a borderline increase in serum ALAT (alanine amino transferase)
were seen (Schrauzer and White, 1978).

A small group of patients with rheumatoid arthritis receiving 250 µg Se as organic selenium in
addition to selenium from food for 6 months had decreased levels of somatomedin C in serum
in comparison with a group receiving placebo (Thorlacius-Ussinget al., 1988). A similar effect
was not observed when graded doses of 100, 200 and 300 µg selenium as selenium wheat was
given to healthy, Norwegian volunteers for a six week period (Meltzeret al., 1993), nor was
the effect observed in North Americans with a natural selenium intake range of 68-724 µg/day
(Salbeet al., 1993).

In a study by van Dokkumet al. (1992) two groups of 6 male volunteers were given 8 slices of
bread per day for six weeks. The bread was made with selenium-rich and -poor wheat. In the
treatment group the bread provided 200 µg selenium/day per subject. In a study by
Longneckeret al. (1993), groups of 4 healthy male volunteers were fed bread containing 32.4,
206 or 388 µg selenium/day. Prior to the study the intake was 80 µg/day. In both studies no
adverse effects were reported, although such information was not specifically sought.

In a supplementation study where 400 µg/day of selenium as selenite or selenomethionine
(total dose 450-500 µg/day) were given for 3 months to 32 healthy women, half of them
experienced symptoms of depression and extreme tiredness during the month following the
termination of the study (Meltzer, 1995).

In a randomised, double blind, placebo-controlled study, the effect of selenium
supplementation on prevention of skin cancer was investigated (Clarket al., 1996). A total of
1312 patients (mean age 63, range 18-80) with a history of basal cell or squamous cell



8

carcinoma were treated with 200 µg selenium/day in the form of high-selenium brewer’s yeast
tablet (Nutrition 21, La Jolla, Calif.) or placebo for up to ten years (mean 4.5 years). The
percentage of males in the control and treatment groups was 75.6 and 73.8, respectively. Mean
plasma selenium concentration at the start of the study was 114 µg/l (1.44µmol/l), which was
in the lower end of the range of normal plasma levels reported in the US (in most European
countries, however, the mean serum levels are lower (Alexander and Meltzer, 1995)). Plasma
selenium levels remained constant throughout the study in the placebo group, while plasma
selenium rose to 190 µg/l (2.4µmol/l) in the treatment group within 6-9 months from the
beginning. The safety endpoints investigated included known signs of frank selenosis (see
below), including garlic breath, pathological nail changes and brittle hair. Patients were
assessed every 6 months and the authors observed no dermatological or other signs of
selenium toxicity. A total of 35 patients upset, 21 in the selenium group and 14 in the control
group, complained about adverse effects, mostly gastrointestinal, which resulted in withdrawal
from the study.

Although it is difficult to assess the intake based on serum values, as these might vary
according to the source of selenium, an estimate can be that a mean intake of approximately 90
µg selenium/day would correspond to a serum value of 114 µg/l (1.44µmol/l) (Alexander and
Meltzer, 1995). Hence, the total intake after supplementation would be approximately 290 µg
selenium/day.

2.2.2.2.Long term exposure, epidemiological studies

Health effects of high dietary intakes of selenium have been investigated in selenium-rich areas
of South Dakota, USA (Smith and Westfall, 1937). The most common symptoms were
gastrointestinal disturbances, icteroid discoloration of the skin, and decayed and bad teeth. It is
difficult to evaluate the exposure levels and validity of these findings (WHO, 1987). Children
living in a seleniferous area in Venezuela have been compared to children living in Caracas
(Jaffe, 1976). The level of selenium in blood averaged 813 µg/l (10.3 µmol/l) in the
seleniferous area, and in one child reached 1,800 µg/l (22.8 µmol/l). Using the Chinese data on
blood/intake relationships (Yanget al., 1989a), a level of 813 µg/l (10.3 µmol/l) corresponds
to a daily intake of about 10 µg Se/kg bw. It was found that pathological nail changes, loss of
hair and dermatitis were more common in the seleniferous area. However, whether these
differences were due to selenium toxicity was not entirely clear, as the groups differed in
several other nutritional aspects.

Clinical symptoms associated with selenium poisoning such as those described above are
usually referred to as selenosis. A more detailed description of symptoms is given below.

In China, endemic selenium intoxications due to high selenium in soil have been studied by
Yang and colleagues (Yanget al., 1983). Morbidity was 49% among 248 inhabitants of five
villages with a daily intake of about 5,000 µg selenium. The main symptoms were brittle hair
with intact follicles, new hair with no pigment, and thickened nails as well as brittle nails with
spots and longitudinal streaks on the surface. In more severe cases fluid effused from around
the nail bed. Another common finding was lesions of the skin, mainly on the backs of hands
and feet, the outer side of the legs, the forearms, and the neck. Affected skin became red and
swollen, followed by the appearance of blisters and the occurrence of eruptions. Symptoms of
neurological disturbances were observed in 18 of the 22 inhabitants of one heavily affected
village alone. Patients complained of peripheral anaesthesia, acroparaesthesia, pain, and
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hyperreflexia. At a later stage numbness, convulsions, paralysis, and motor disturbances
developed. The daily intake among those with clinical signs of selenosis was estimated to range
from 3,200 to 6,690 µg, with an average of 4,990 µg selenium. The mean blood level was
3,200 µg/l (40.5 µmol/l), and the mean urine level was 2,680 µg/l (33.9 µmol/l). Livestock
were also affected in these areas. The residents recovered as soon as the diets were changed. In
high selenium areas without occurrence of selenosis the daily intake of selenium was calculated
to range from 240 to 1510µg, with a mean intake of 750µg. The corresponding blood levels
were 440 (350-580)µg/l (5.6 (4.4-7.3)µmol/l) (mean and SD). The chemical forms of
selenium were determined in Chinese rice and maize and the major form was selenomethionine
(Beilsteinet al., 1991).

In a follow up to their earlier work, Yanget al. (1989a, 1989b) studied a population of about
400 individuals which was evaluated for clinical and biochemical signs of selenium toxicity. A
detailed study of selenium intakevia various food items as well as measurements of selenium in
tissues, i.e., whole blood, urine, hair and finger- and toe-nails, allowed more accurate
estimation of the dose-response relationships observed for selenium toxicity.

The average daily intakes based on lifetime exposures were 70, 195 and 1438 µg, and 62, 198
and 1288 µg for adult males and females, respectively, in the low-, medium- and high-selenium
areas. Clinical signs of selenosis (i.e., hair or nail loss, nail abnormalities, mottled teeth, skin
lesions and changes in peripheral nerves) were examined among 349 adult residents and were
observed among subjects in the high selenium area. Subjects with clinical signs of selenosis
were classified as ++ or + (mainly finger-nail disease/changes alone and with severe hair
loss/skin changes). No clinical signs were observed among those with a blood selenium
concentration below 1000µg/l (12.7µmol/l) (intake according to regression equation, figure 1
Yang et al. 1989a: 853µg Se/day). The prevalences of subjects with selenosis ++ varied
between 3-7% in the groups with blood concentrations 1000-1250, 1250-1500 and 1500-2000
µg/l (12.7-15.8, 15.8-19.0, 19.0-25.3µmol/l). The prevalences of subjects with selenosis +
varied from 10-35% in the same groups. No dose response relationships were seen. The
prevalence of subjects with selenosis + was 45% in subjects with a blood concentration above
2000 µg/l (25.3 µmol/l). (All prevalence figures were taken from figure 4 of Yanget al.,
1989b.) Blood selenium concentrations in five subjects with long persistent clinical signs
ranged from 1054 µg/l to 1854 µg/l (13.3 to 23.5 µmol/l) with a mean of 1346 µg/l (17.0
µmol/l), corresponding to a daily intake of 1260 µg Se (range: 913-1907µg Se) (intake
calculated from the regression equation). Prolonged bleeding time was observed clinically upon
blood collection in the high selenium areas. Prolonged prothrombin time (>14 sec.) was
observed among 1 of 20 subjects with a blood selenium of 200 to 990µg/l (2.53-12.5µmol/l)
and among 45% of those subjects with a blood selenium above 1000µg/l (12.7 µmol/l)
(corresponding to an intake of about 850µg). The mean prothrombin time only increased
marginally, but ranges were not given in the publication. A strong reduction in the plasma-
Se/red cell-Se was seen at blood concentrations exceeding 900µg Se/l (11.4 µmol/l),
corresponding to an intake of 750µg/day. A decreased concentration of glutathione in blood
was observed at dietary intakes exceeding 850 µg/day. The prevalence of mottled enamel teeth
of school children of 7-14 years of age were 0, 49 and 95% in groups with low (130± 20 µg/l
(1.65 ± 0.25 µmol/l)), medium (370± 320 µg/l (4.68 ± 4.05 µmol/l)) and high (1570± 440
µg/l (19.9± 5.57µmol/l)) blood selenium concentrations, respectively.
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The five patients showing overt signs of selenosis were followed up in a later study (Yang and
Zhou, 1994). The symptoms disappeared after a change in the diet. Their blood levels
decreased from 1346± 366 to 968± 115 µg Se/l (17.0± 4.63 to 12.3± 1.46 µmol/l),
corresponding to an intake of 1270± 450 to 819± 126 µg Se/day (calculated from the
regression equation) (819µg corresponds to about 15µg/kg bw, according to the authors).
The latter mean value had a lower 95% confidence limit of 567 µg per day. The range was 654
to 952µg Se/day.

In a study (Longneckeret al., 1991), 142 subjects from geographical areas with high dietary
selenium intakes in USA were followed over a 2-year period with respect to adverse health
effects. The daily dietary intake was assessed by several 48 h duplicate-plate food collections
for selenium determination from one person in the household and by diet questionnaires. The
subjects were followed for one year, completed health questionnaires, and underwent physical
examinations and clinical chemistry tests. Selenium in whole blood, serum, urine and toenails
were also determined.

The average selenium intake was 239 µg/day, varying from 68 to 724 µg/day; half of them had
an intake above 200µg/day and 12 individuals above 400µg/day. There was no variation in
the prothrombin time with selenium intake. However, an association of selenium intake with
alanine aminotransferase (ALAT) in serum was observed. The values were within the reference
range and considered clinically insignificant. Increased prevalence of lethargy was also seen
with increased selenium values. Nail abnormalities were not related to selenium intake, neither
were any other symptoms or physical findings. In contrast to a study from Denmark
(Thorlacius-Ussinget al., 1988) (see above), no relationship between plasma somatomedin C
and any of the selenium indices was observed in this study (Longneckeret al., 1991; Salbeet
al., 1993).

Brätter and Negreti de Brätter (1996) studied the influence of high dietary selenium intake on
the thyroid hormone levels in serum of 125 lactating mothers 20-24 days post partum from
three regions with different selenium intake in Venezuela. The serum concentration of FT3

(free, unbound T3) (T3 is formed from T4 in the liver) was lower in the group having the
highest mean intake, 552 (range: 250-980)µg/day, but all values were found to be within the
reference range. The two other regions had mean intakes of 274 (range 170-500) and 205
(range: 90-350)µg Se/day, respectively. None of the investigated individuals had signs of
selenosis.

3. DOSE RESPONSE ASSESSMENT

Acute and chronic selenium toxicity have been demonstrated in a wide variety of animals and
human. Soluble selenium salts and selenomethionine show approximately similar toxicity and
there is no substantial variation between animal species. Soluble selenium salts (in cases of
supplementation and selenium from drinking water) may be acutely more toxic than organic
bound selenium from food. On the other hand, organic forms may be more toxic during long-
term consumption due to incorporation into proteins rather than excretion.

Except for some selenium compounds not used in food, i.e. selenium sulphide, selenium
diethyldithiocarbamate, bis-amino-phenyl selenium dihydroxide, experimental data do not
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indicate that inorganic selenium salts or organic selenium compounds relevant in food and
nutrition are carcinogenic. Adequate human data do not exist.

Genotoxicity has been seen in a number ofin vitro systems and alsoin vivo at toxic doses. It is
likely, however, that these effects may be related to the generation of reactive oxygen radicals,
being dose dependent and showing a thresholdin vivo and not occurring at nutritionally
adequate intakes.

There is no evidence for teratogenicity neither in humans nor in macaques fed
selenomethionine.

Except for the early studies of the population in seleniferous areas in USA (Smith and Westfall,
1937), the more recent Chinese studies of endemic selenium toxicity in humans (Yanget al.,
1983; Yanget al., 1989a; Yanget al., 1989b; Yang and Zhou, 1994) and the 1991 American
study (Longneckeret al., 1991), there are only anecdotal reports on chronic selenium toxicity
in humans.

Based on the Chinese studies (Yanget al., 1989a; Yanget al., 1989b; Yang and Zhou, 1994),
the minimum daily dietary intake sufficient to cause symptoms of selenosis (i.e., hair or nail
loss, nail abnormalities, mottled teeth, skin lesions and changes in peripheral nerves) is about
1200 µg Se (range: 913-1907µg Se). The LOAEL for clinical symptoms of selenosis is about
900-1000µg Se/day. No clinical signs of selenosis were recorded in individuals with blood
selenium below 1000µg/l, corresponding to an intake of about 850µg/day, which could be
taken as a NOAEL for clinical selenosis. Symptoms were also observed in a man taking 913 µg
Se/day as selenite (Yanget al., 1983). In the follow up study (Yang and Zhou, 1994) of 5
patients (from the study of 349 individuals) recovered from selenosis when their mean intake
was reduced to 819µg Se/day, the 95% lower confidence limit of the mean intake was 567
µg/day).

Symptoms from the liver, which is also affected in animal studies, manifested in increased
prothrombin time due to impaired synthesis of coagulation factors in the liver, became
statistically significant at dietary intakes at and above 850 µg Se/day (Yanget al., 1989b). In
the American study (Longneckeret al., 1991) no signs of toxicity were seen in a population
consuming on average 239 µg Se/day from food. The liver enzyme ALAT in serum, although
within the reference range, showed a correlation with selenium intake (68 to 724 µg/day), but
this was not considered to be clinically significant. No effect on prothrombin time was seen in
the latter study. However, the American population studied covered a lower range of selenium
intake than the Chinese study and, considering mean body weights, it is also likely that the
intake per kg bw was greater in the Chinese study, in comparison with the American one.

Taken together, increased prothrombin time (in the Chinese study) and slight ALAT increase
(in the American study) are both signs of subclinical/biochemical liver effects. The clinical
relevance is uncertain.

4. DERIVATION OF A TOLERABLE UPPER INTAKE LEVEL (UL)

Taking all this information into account, the Committee decided to derive the UL using the
NOAEL of 850 µg/day for clinical selenosis in the study on 349 subjects of Yanget al.
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(1989b). In support of this NOAEL is the follow up study of Yang and Zhou (1994) of the 5
individuals who recovered from selenosis when their intake had been reduced to a mean of 819
µg Se/day. The NOAEL used was derived from a study on a large number of subjects and is
expected to include sensitive individuals. It was decided to use an uncertainty factor of 3 to
allow for the remaining uncertainties of the studies used in deriving an upper level.

An UL of 300 µg Se/day was derived for adults. This value covers selenium intake from all
sources of food, including supplements.

The supplementation study by Clarket al. (1996), who did not observe any signs of selenosis
in the supplemented group (selenium enriched yeast), having an estimated mean total intake of
about 300 µg selenium/day, the American study (Longneckeret al., 1991) and the study of
lactating women from Venezuela (Brätter and Negreti de Brätter, 1996) further support this
UL.

No data are available to suggest that other life-stage groups have increased susceptibilityto
adverse effects of high selenium intake. Therefore the UL of 300 `µg per day should be
considered to apply also to pregnant and lactating women.

There are no reports of adverse effects on infants born from mothers with high intakes of
selenium or adverse effects on lactating women with dietary selenium intakes below the UL for
adults. Therefore, the UL for pregnant and lactating women is the same as for non pregnant
and non-lactating women.

There are no data to support a derivation of an UL for children. The data on mottled enamel
do not allow a NOAEL to be set. On the other hand, there are no reports indicating that
children are more susceptible to adverse effects from selenium. Hence, it seems appropriate to
extrapolate the UL from adults to children on a body weight basis. The reference weights
derived by the Scientific Committee on Food (SCF, 1993) are used as a basis for the
calculations.

Age (years) UL (µg selenium/day)
1-3 60
4-6 90

7-10 130
11-14 200
15-17 250

Some selenium compounds were reviewed in the context of “Substances for nutritional
purposes which have been proposed for use in the manufacture of foods for particular
nutritional purposes ” by the SCF (SCF, 1999). The Committee found sodium selenate, sodium
selenite and sodium hydrogen selenite acceptable for use in food for particular nutritional uses,
but did not find other forms of selenium acceptable on the basis of current data. Therefore, the
UL of this report relate only to the selenium compounds found acceptable and, in addition, to
selenium naturally present in food.
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5. CHARACTERISATION OF RISK

Based on the information on selenium toxicity, there are areas in the world where there is a
human intake of selenium with no or only very small safety margins to levels where toxicity
may occur. However, in most European countries the mean intake levels are much lower, in
the lower range of 30-90 µg Se/day, except for Norway, that has a somewhat higher mean
intake (60 µg Se/day) due to import of wheat rich in selenium. Finland has an intake of 100-
110 µg Se/day because of selenium fertilisation. The margin between the present mean intake,
excluding supplements, in the European population and an UL (adult) of 300 µg Se/day would
be between 2.7 to 10. The 97.5 percentile intake was 81 and 90µg Se/day in Italy and The
Netherlands, respectively, giving a margin to the UL of about 2.7.

6. REFERENCES

Åkesson B and Srikumar TS (1994). Occurrence of low-molecular-weight and
high-molecular-weight selenium compounds in fish. Food Chem 51: 45-49.

Alexander J and Meltzer HM. Selenium (1995). In: Oskarsson A Ed. Risk evaluation of
essential trace elements - essential versus toxic levels of intake. Copenhagen: Nordic Council
of Ministers, Nord 1995: 18, pp 15-65.

Alfthan G, Aro A, Arvilommi H and Huttunen JK (1991). Selenium metabolism and platelet
glutathione peroxidase activity in healthy Finnish men: effects of selenium yeast, selenite, and
selenate. Am J Clin Nutr 53: 120-125.

Anundi I, Ståhl A and Högberg J (1984). Effects of selenite on O2 consumption, glutathione
oxidation and NADPH levels in isolated hepatocytes and the role of redox changes in selenite
toxicity. Chem Biol Interactions 50: 77-288.

Beilstein MA, Whanger PD and Yang GQ (1991). Chemical forms of selenium in corn and rice
grown in a high selenium area of China. Biomed Environ Sci 4(4): 392-8

Berschneider F, Willer S, Hess M and Neuffer K (1977). Fetale und maternale
Schadewirkungen bei Kaninchen nach Applikation Natriumselenit, Uroselevitt pro inj. und
Uroselevit-Prämix. Monatsch Veterinaermed 8: 299-304.

Birge WJ, Black JA, Westerman AG and Ramey BA (1983). Fish and amphibian embryos - a
model system for evaluating teratogenicity. Fundam Appl Toxicol 3: 237-242.

Brätter P and Negreti de Brätter VE (1996). Influence of high dietary selenium intake on the
thyroid hormone level in human serum. J Trace Elem Med Biol 10: 163-166.

Christensen MJ, Janghorbani M, Steinke FH, Istfan N and Young VR (1983). Simultaneous
determination of absorption of selenium from poultry meat and selenite in young men:
application of a triple stable-isotope method. Brit J Nutr 50: 43-50.

Choy WN, Willhite CC, Cukierski MJ and Book SA (1989). Primate micronucleus study of L-
methionine. Environ Mol Mutagen 14: 123-125.



14

Choy WN, Henika PR, Willhite CC and Tarantal AF (1993). Incorporation of a micronucleus
study into developmental toxiclogy and pharmacokinetic study in nonhuman primates. Environ
Mol Mutagen 21: 73-80.

Clark LC, Combs GF, Turnbull SW, Slate EH, Chalker DK, Chow J, Davis LS, Glover RA,
Graham GF, Gross EG, Krongrad A, Lesher JL, Park HK, Sanders BB, Smith CL and Taylor
JR (1996). Effects of selenium supplementation for cancer prevention in patients with
carcinoma of the skin. JAMA 276: 1957-1963

Combs GF and Combs SB (1986). The role of selenium in nutrition. Orlando, FL: Academic
Press.

Cummins LM and Kimura ET (1971). Safety evaluation of selenium sulfide antidandruff
shampoos. Toxicol Appl Pharmacol 20: 89-96.

Diplock AT (1984). Biological effects of selenium and relationships with carcinogenesis.
Toxicol Envir Chem 8: 305-311.

Dostal DE, Bowers MA and Heisinger JF (1979). Effects of mercury and selenium on embryos
and larvae of Japanese medaka (Oryzias latipes). Proc Natl Acad Sci 33: 9.

Ferm VH, Hanlon DP, Willhite CC, Choy WN and Book SA (1990). Embryotoxicity and
dose-response relationships of selenium in hamsters. Reprod Toxicol 4: 183-190.

Flohé L (1989). The Selenoprotein Glutathione Peroxidase. In: Glutathione: Chemical,
Biochemical and Medical Aspects - Part A. Dolphin D, Poulson R, Avramovic OJ (eds). Wiley,
pp 643-731.

Franke KW, Moxon AL, Poley WE and Tully WC (1936). Monstrosities produced by the
injection of selenium salts into hen’s eggs. Anat Rec 65: 15-22.

Garberg P, Ståhl A, Warholm M and Högberg J (1988). Studies on the role of DNA
fragmentation in selenium toxicity. Biochem Pharmacol 37: 3401-3406.

Halverson AW, Jerde LG and Hills CL (1965). Toxicity of inorganic selenium salts to chick
embryos. Toxicol Appl Pharmacol 7: 675-679.

Heinz GH, Hoffman DJ, Krynitsky AJ and Wheeler DMG (1987). Reproduction in mallards
fed selenium. Environ Toxicol Chem 6: 423-433.

Hoffman DJ, Ohlendorf HM and Aldrich TW (1988). Selenium teratogenesis in natural
populations of aquatic birds in central California. Arch Environ Contam Toxicol 17: 519-525.

Hoffman JL (1977). Selenite toxicity, depletion of liver S-adenosylmethionine, and inactivation
of methionine adenosyltransferase. Arch Biochem Biophys 179: 136-140.

Huang W, Åkesson B, Svensson BG, Schütz A, Burk RF and Skerfving S (1995). Serum
selenoprotein P and glutathione peroxidase (EC 1.11.1.9) in plasma as indices of selenium
status in relation to the intake of fish. Br J Nutr 73: 455-461.

Högberg J and Alexander J (1986). Selenium. In: Handbook on the Toxicology of Metals, Vol
2, 2nd ed, Friberg L, Nordberg GF and Vouk VB (eds), Amsterdam: Elsevier; pp 482-520.

IARC (1975). Some aziridines, N,-S-, and O-mustards and selenium. Monographs on the
Evaluation of Carcinogenic Risk of Chemicals to Man, , Vol 9. Lyon: International Agency for
Research on Cancer; pp 245-259.



15

Innes JRM, Ulland BM, Valerio MG, Petrucelli L, Fishbein L, Hart ER, Palotta AJ, Bates RR,
Falk HL, Gart JJ, Klein M, Mitchell I and Peters J (1969). Bioassay of pesticides and industrial
chemicals for tumorigenicity in mice: a preliminary note. J Natl Cancer Inst 42: 1101-1114.

Jaffe WG (1976). Effect of selenium intake in humans and in rats. In: Proceedings of the
Symposium on Selenium-Tellurium in the environment. Pittsburgh: Industrial Health
Foundation; pp 188-193.

Jensen R, Clossen W and Rothenberg R (1984). Selenium intoxication. New York Morb
Mortal Wkly Rep 33: 157-158.

Johansson L, Åkesson B and Alexander J (1997). Availability of selenium from soils in relation
to human nutritional requirements in Sweden – Is there a need for supplementation. Report.
Swedish Environmental Protection Agency, Stockholm, 104 pp.

Knekt P, Aromaa A, Maatela J, Alfthan G, Aaran RK, Hakama M, Hakulinen T, Peto R and
Teppo L (1990). Serum selenium and subsequent risk of cancer among Finnish men and
women. J. Natl Cancer Inst 82: 864-868.

Kok FJ, van Poppel G, Melse J, Verheul E, Schouten EG, Kruyssen DHCM and Hofman A
(1991). Do antioxidants and polyunsaturated fatty acids have a combined association with
coronary atherosclerosis? Atherosclerosis 31: 85-90.

Kramer GF and Ames BN (1988). Mechanisms of mutagenicity and toxicity of sodium selenite
(Na2SeO3) in Salmonella typhimurium. Mutat Res 201: 169-180.

Levander OA, Alfthan G, Arvilommi H, Gref CG, Huttunen JK, Kataja M, Koivistoinen P and
Pikkarainen J (1983). Bioavailability of selenium to Finnish men as assessed by platelet
glutathione peroxidase activity and other blood parameters. Am J Clin Nutr 37: 887-897.

Longnecker MP, Taylor PR, Levander OA, Howe SM, Veillon C, McAdam PA, Patterson
KY, Holden JM, Stampfer MJ, Morris JS and Willett WC (1991). Selenium in diet, blood, and
toenails in relation to human health in a seleniferous area. Am J Clin Nutr 53:1288-94.

Longnecker MP, Stampfer MJ, Morris JS, Spate V, Baskett C, Mason M and Willett WC
(1993). A 1-y trial of high-selenium bread on selenium concentrations in blood and toenails.
Am J Clin Nutr 57: 408-413.

Löfroth G and Ames BN (1978). Mutagenicity of inorganic compounds inSalmonella typhi-
murium: arsenic, chromium, and selenium. Mutat Res 53: 65-66.

Meltzer HM, Bibow K, Paulsen IT, Mundal HH, Norheim G and Holm H (1993). Different
bioavailability in humans of wheat and fish selenium as measured by blood platelet response to
increased dietary Se. Biol Trace Elem Res 36: 229-241.

Meltzer HM and Haug E (1995). Oral intake of selenium has no effect on the serum
concentrations of growth hormone, IGF-1 and IGF-binding proteins 1 and 3 in healthy women.
Eur J Clin Chem Clin Biochem 33: 411-5.

Meltzer HM (1995). Selenium bioavailability and interactions in humans. Ph.D. thesis, Nordic
School of Nutrition, Faculty of Medicine, University of Oslo, Oslo.

Moxon AL and Rhian M (1943). Selenium poisoning. Physiol Rev 23: 305-337.

Mutanen M (1986). Bioavailability of selenium. Ann Clin Res 18: 48-54.



16

National Academy of Sciences (2000). Dietary Reference Intakes for Vitamin C, Vitamin E,
Selenium and Carotenoids, National Academy Press, Washington, D.C.

National Cancer Institute (1980a). NCI Techn Rep Ser 194, U.S. Department of Health and
Human Service, Public Health Service, National Institutes of Health, Bethesda, Maryland.

National Cancer Institute (1980b). NCI Techn Rep Ser 197, U.S. Department of Health and
Human Service, Public Health Service, National Institutes of Health, Bethesda, Maryland.

Nelson AA, Fitzhugh OG and Calvery HO (1943). Liver tumors following cirrhosis caused by
selenium in rats. Cancer Res 3: 230-236.

Nève J (1994). Assessing the biological activity of selenium supplements: Interest of blood
selenium and glutathione peroxidase. In: Carapella SC, Oldfield JE, Palmieri Y, eds.
Proceedings of the Fifth International Symposium on the Uses of Selenium and Tellurium.
Grimbergen: Selenium-Tellurium Development Association, pp 123-130.

Nobunaga T, Satoh H and Suzuki T (1979). Effects of sodium selenite on methyl mercury
embrytoxicity and teratogenicity in mice. Toxicol Appl Pharmacol 47: 79-88.

Noda M, Takano T and Sakurai H (1979). Mutagenic activity of selenium compounds. Mutat
Res 66:175-179.

Norppa H, Westermark T and Knuutila S (1980). Chromosomal effects of sodium selenite in
vivo. Hereditas 93: 101-105.

Patterson BH, Levander OA, Helzlsouer K, McAdam PA Lewis SA, Taylor PR, Veillon C and
Zech LA (1989). Human selenite metabolism: a kinetic model. Am J Physiol 257: R556-R567.

Pyron M and Beitinger TL (1989). Bull. Environ Contam Toxicol 42: 609-613.

Rannem T, Persson-Moschos M, Huang W, Staun M and Åkesson B (1996). Selenoprotein P
in patients on home parenteral nutrition. J Parenter Enteral Nutr 20: 287-291.

Ray JH (1984). Sister-chromatid exchange induction by sodium selenite: reduced glutathione
converts Na2SeO3 to its SCE inducing form. Mutat Res 141: 49-53.

Ray JH and Altenburg LC (1978). Sister-chromatid exchange induction by sodium selenite:
dependence on the presence of red blood cells or red blood cell lysate. Mutat Res 54: 343-354.

Rayman MP (2000). The importance of selenium in human health. Lancet 356: 233-41.

Recommended Daily Amounts of Vitamins & Minerals in Europe (1990). Report of
Workshops organised by the Nutrition Working Group of International Life Science Institute
(I.L.S.I.) Europe. Nutr Abstr Rev 60A: 827-842.

Salbe AD, Hill CH, Howe SM, Longnecker MP, Taylor PR and Levander OA (1993).
Relationship between somatomedin C levels and tissue selenium content among adults living in
a seleniferous area. Nutr Res 13: 399-405.

Schrauzer GN and Ishmael D (1974). Effects of selenium and of arsenic on the genesis of
spontaneous mammary tumors in C3H mice. Ann Clin Lab Sci 4: 441-447.

Schrauzer GN and White DA (1978). Selenium in human nutrition: dietary intakes and effects
of supplementation. Bioinorg Chem 8: 303-318.

Schroeder HA and Mitchener M (1971a). Selenium and tellurium in rats: effect on growth,
survival and tumors. J Nutr 101: 1531-1540.



17

Schroeder HA and Mitchener M (1971b). Toxic effects of trace elements on the reproduction
of rats and mice. Arch Environ Health 23: 102-106.

Schroeder HA and Mitchener M (1972). Selenium and tellurium in mice. Effects on growth,
survival, and tumors. Arch Environ Health 24: 66-71.

Scientific Committee for Food (1993). Commission of the European Communities. Reports of
the Scientific Committee for Food of the European Community. Thirty-first series. Nutrient
and energy intakes for the European Community. Commission of the European Communities,
Luxembourg.

Scientific Committee on Food (1999). Opinion on “Substances for nutritional purposes which
have been proposed for use in the manufacture of foods for particular nutritional purposes”
(expressed on 12/5/99, Available on the Internet at the address:
http://europa.eu.int/comm/food/fs/sc/scf/index_en.html. SCF/CS/ADD/NUT/20/Final.

Seifert W, Eurich E, Hudyma G and Mueller G (1956). Science 103: 762.

Smith MJ and Westfall BB (1937). Further field studies on the selenium problem in relation to
public health. US Public Health Rep 52: 1375-1384.

Stadtman TC (1974). Selenium biochemistry. Proteins containing selenium are essential
components of certain bacterial and mammalian enzyme systems. Science 183: 915-922.

Svensson BG, Schütz A, Nilsson A, Åkesson I, Åkesson B and Skerfving S (1992). Fish as a
source of exposure to mercury and selenium. Sci Total Environ 126: 61-74.

Tarantal AF, Willhite CC, Lesley BL, Murphy CJ, Miller CJ, Cukierski MJ, Book SA and
Hendrickx AG (1991). Developmental toxicity of L-selenomethionine inMacaca fascicularis.
Fund Appl Toxicol 16: 147-160.

Tennant RW, Margoline BH, Shelby MD, Zeiger E, Haseman JK, Spalding J, Caspary W,
Resnick M, Stasiewicz S, Anderson B and Minor R (1987). Prediction of chemical
carcinogenicity in rodents fromin vitro genetic toxicity assays. Science 236: 933-941.

Thorlacius-Ussing O (1990). Dan Med Bull 37: 347-358.

Thorlacius-Ussing O, Flyvbjerg A, Tarp U, Overgad K and Ørskov H (1988). Abstract,
Selenium in Biology and Medicine. Tübingen, FRG.

US EPA (1980). Ambient Water Quality Criteria for Selenium. Washington, D.C.:
Environmental Protection Agency.

Wahlström RC and Olson OG (1959). The effect of selenium on reproduction in swine. J Anim
Sci 18: 141-145.

Van der Torre HW, van Dokkum W, Schaafsma G, Wedel M and Ockhuizen T (1991). Effect
of various levels of selenium in wheat and meat on blood Se status and on Se balance in Dutch
men. Br J Nutr 65: 69-80.

Van Dokkum W, van der Torre HW, Schaafsma G, Kistemaker C and Ockhuizen T (1992).
Supplementation with selenium-rich bread does not influence platelet aggregation in healthy
volunteers. Eur J Clin Nutr 46: 445-450.

Vernie LN, Bont WS and Emmelot P (1974). Biochemistry 13: 337-341.



18

Virtamo J and Huttunen JK (1991). Micronutrients and cardiovascular disease. In: Trace
Elements in Health and Disease. Aitio A, Aro A, Järvisalo J, Vainio H (eds). Cambridge UK:
The Royal Society of Chemistry; pp 127-140.

Volgarev MN and Tscherkes LA (1967). Further studies in tissue changes associated with
sodium selenate. In: Selenium in Biomedicine, Muth OH (ed), Westport, CT: Avi Publishing
Company; pp 179-184.

Whiting R, Wei L and Stich HF (1980). Unscheduled DNA synthesis and chromosome
abberations induced by inorganic and organic selenium compounds in the presence of
glutathione. Mutat Res 78: 159-169.

WHO (1987). Selenium, Environmental Health Criteria 58, Geneva: World Health
Organization.

WHO (1989). Minor and trace elements in breast milk. Report of a joint WHO/IAEA
collaborative study. Geneva: World Health Organization.

WHO (1996). Trace elements in human nutrition. Geneva: World Health Organization.

Willett WC, Stampfer MJ, Hunter D and Colditz GA (1991). The epidemiology of selenium
and human cancer. In: Trace Elements in Health and Disease. Aitio A, Aro A, Järvisalo J,
Vainio H (eds). Cambridge UK: The Royal Society of Chemistry; pp 141-155.

Willhite CC, Ferm VH and Zeise L (1990). Route-dependent pharmacokinetics, distribution,
and placental permeability of organic and inorganic selenium in hamsters. Teratology 42:359-
371.

Woock SE, Garret WR and Bryson WT (1987). Decreased survival and teratogenesis during
laboratory selenium exposures to bluegill,Lepomis macrochirus. Bull Environ Contam Toxicol
39: 998-1005.

Xia Y, Piao J, Hill KE and Burk RF (1994). Keshan disease and selenium status of populations
in China. In: Selenium in Biology and Human Health (Burk RF, ed) New York:
Springer-Verlag; pp 181-196.

Yang G and Zhou R (1994). Further observations on the human maximum safe dietary
selenium intake in a seleniferous area of China. J Trace Elem Electolytes Health Dis 8: 159-
165.

Yang G, Wang S, Zhou R and Sun S (1983). Endemic selenium intoxication of humans in
China. Am J Clin Nutr 37: 872-881.

Yang G, Zhou R, Yin S, Gu L, Yan B, Liu Y and Liu Y (1989a). Studies of safe maximal daily
selenium intake in a seleniferous area in China. Part I. J Trace Elem Electrolytes Health Dis 3:
77-87.

Yang G, Yin S, Zhou R, Gu L, Yan B, Liu Y and Liu Y (1989b). Studies of safe maximal daily
selenium intake in a seleniferous area in China. Part II J Trace Elem Electrolytes Health Dis 3:
123-130.

Young VR, Nahapetian A and Janghorbani M (1982). Selenium bioavailability with reference
to human nutrition. Am J Clin Nutr 35: 1076-1088.


