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Although many advances have been made in recent years towards understanding the role of trace
elements in human health, the clinical detection of deficiencies is often extremely difficult because
of(a) the lack of specific signs of symptoms in the early phase of disease, (b) the lack of specific,
precise and reliable assays for the measurement in systems in which the element is involved, (c)
problems at the nutritional and cellular level involving the interaction of element with element or
element with other nutrients.

Role of Selenium

Selenium, originally regarded as being a very toxic element, was found to be an essential trace element
in humans and animals in 1957, and an integral part of Factor 3, an agent active against liver

degenerationl. In 1973 erythrocyte glutathione peroxidase was found to have a selenium cofactor? and
the enzyme was in fact identical to Factor 3. Glutathione peroxidase (GSHPx) catalyses the reduction

of lipid peroxides., (ROOH) by glutathione (GSH) 3,
200H + 2GSHPx, ROH + H20 + GSSG

Lipid peroxides disrupt cell membranes and macromolecules such as DNA*. GSHPx also prevents the
accumulation of prostaglandin G (essential in the inflammatory response) and regulates prostacycline

biosynthesis, which inhibits the aggregation and adhesion of platelets to the lining of blood vessels>. In
tissue homogenates from the rat, thirteen selenium containing proteins or protein subunits have now
been identified, including the subunit of GSHPx. Except for GSHPx, their functions are unknown, but
presumably have biological importance because in an inadequate selenium intake, these have priority
for the selenium over GSHPX (Ref.6 and private Communication).

Bloavailability and metabolism

Plants provide the principle source of selenium mostly as selenomethionine in the food chain and

thence as selenomethionine or selenocystine in the meat, fish and dairy products’. Water and air

contribute little except in regions of heavy pollutiong. The element is available to plants mostly as
selenate from the soil especially when alkaline, and the soil content depends on that of the rocks from
which it is formed. However, it is readily leached from the surface. Selenium distribution is ubiquitous
but uneven resulting in regions of very low to very high levels, the major factors contributing to this are

the nature of the parent rock, rainfall, climate, pH and soil composition®!?. Selenium is readily
absorbed in the gastrointestinal tract but may also be absorbed by the respiratory tract and skin in
environmental exposure. Excretion is mainly by the kidneys, which exert a degree of homeostatic
control, and a small amount appears in the faeces. There appears to be no storage form although levels

are higher in the liver and kidneys than in other tissues!!. Selenium ingested as selenomethionine is
partly catabolised to release selenium to the central selenium pooi and the remainder goes to the tissues
as selenoproteins via re-conversion first to selenomethionine. That in the central pool becomes the
cofactor of glutathione peroxidase upto a saturation level and after that excess is excreted but that in the
tissues can increase steadily with increasing dietary intake. Selenocysteine and inorganic selenium go

to the central poor only and not towards the formation of selenoproteins in the tissues'2. Blood
selenium levels reflect dietary intake and a safe and adequate intake of American adults is generally

accepted as 50-200 ug daily'3. In Great Britain, a mean intake of 60 ug/day has been reported'* and a

normal range of 9.3-15.3 ug/dl in whole blood. Extremes maybe encountered e.g. in the Keshan district
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of China prior to 1979, the mean intake was only 11 ug/daly15 with a mean level of 2.1 ug/dl™” but in



Hubai province, the mean intake was 4490 ug/daym.
Selenium status
The determination of selenium status is difficult. GSHPx activity in blood platelets gives the most

accurate assessment as platelets have a rapid turnover!’, a high selenium content '3, the GSHPx is
depressed in selenium deficiency19 and responds quickly to dietary intake?”. Also, the activity

correlates well with selenium and GSHPx activity in the liver?!. If selenium is administered to correct
selenium deficiency, platelets GSHPx activity give a measure of selenium bioavailability, blood or
plasma selenium levels give an estimation of selenium retention, and after supplements have been
discontinued, platelets GSHPx gives an assessment or tne convertability of tissue forms to biologically

active selenium?2. The diet of selenium deficient Finnish men were supplemented with 200 ug/day of
selenium as selenium rich wheat, selenium rich yeast or as sodium selenate for 11 weeks. Plasma
selenium increased in the wheat and yeast groups but plateaued after 4 weeks at 11 ug/di in the selenate
groups. Platelets GSHPX increased and plateaued after 4 weeks in the wheat and selenate groups but
continued to slowly increase in the yeast group. At 10 weeks in all cases, platelets GSHPX was higher

but more so in the wheat and yeast groupzz. Selenium is thus more bioavailable in the organic forms,
especially in yeast.

Selenium toxicity (Selenosis)

This is rare, the classic example being that which occured in Hubei province, China?® when after
having exhausted the local brushwood, the population burnt the nearby highly seleniferous coal in their

homes as well as on the field as a fertiiser. The mean dalily16 intake rose to 4990 ug (recommended 50-

200 ugB) and the resulting endemic selenosis was manifested commonly by a generalised loss of hair
and nails.
Selenium deficiency

This is becoming apparent much more than was thought until fairly recently. Clinical symptoms may
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vary from none, for reasons unknown, to the well documented Keshan disease"~, an endemic

cardiomyopathy and Kashin-Beck disease®*, an osteoarthropathy, both occurring in Heilongjiang

province, China, until the distribution of sodium selenite supplements to the population. In some cases
the selenium status in Keshan disease was actually higher than in other symptomless cases found in
some other countries. However, many other diseases and conditions have been associated with
selenium deficiency some of which have responded to supplementation.

Cardiovascular disease

Low serum selenium levels have been linked to an increased incidence and risk of cardiovascular

disease>> exemplified by the fact that in 1970’s, E. Finland had the world’s highest mortality from
coronary heart disease and atherosclerotic cardiovascular disease for men?%, that the selenium content

of the soil is very low in that area and that the intake had been only 20-30 ug/day27. After acute
myocardial infarction low plasma and RBC selenium levels had been found together with high RBC
GSHPx activity. In these cases low selenium levels in toe-nails showed that for approximately one year
before infarction, the selenium status had been low?8. There was no relationship between serum levels
and the severity of infarct or where infarct had occurred?®. Heart tissue from by-pass surgery had low
serum, blood and RBC selenium levels and serum levels correlated well with those in the heart tissue (r
= 0.604) and blood levels with those in the ejection fractions (r 0.303). No correlation was found
involving RBC levels showing that the turnover rate for selenium in tissue is similar to that in serum
but greater than in RBC\'sC.

Liver disease

Selenium deficiency produces not only lesions in the heart, but also in the liver and in skeletal

muscle®!. Serum lipid peroxides were found to be elevated in liver in deficiencies of selenium and



vitamin E, e.g. in alcoholic cirrhosis, but no changes were found in blood GSHPx activity32.
Other diseases and conditions
There is an inverse relationship between the rate of cancer mortality and selenium bioavailability in

forage crops33. Low plasma selenium levels have been found to cause depression of the immune
system and occur in many bacterial infections but rarely in viral infection®*. Low blood or plasma

levels of selenium and of GSHPx in blood have been found in multiple sclerosis>> , tTheumatoid
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arthritis>®, hyperthyroidism37, endemic goitre38, cystic fibrosis”?, and in Crohn’s disease (but not in

ulcerative colitis) and in perianal complications of inflammatory bowel disease*” Selenium deficiency
has also been associated with eye lens cataracts*!, infertility*2, anaemia®3. glucose intolerance®* and
increased plasma LDL-cholesterol*, a cardiovascular risk factor. Many of the above conditions may be
alleviated by selenium supplementation, sometimes by huge doses e.g. upto 500 ug/day may be

required in some Crohn’s cases. Cases of pseudoalbinism in children®®, alleviated by selenium
supplementation and cardiomyopathy in adults*’ have arisen in patients on long term total parental
nutrition. Zinc and copper are added to such solutions but selenium and other trace elements should

also be added because of such deficiencies arising48. Similarly, these should be added to the special

diets in phenylketonuria and maple syrup urine disease as selenium deficiency has been reported49.

Renal failure patients on haemo or peritonealdialysis can develop selenium deficiency50 most likely as
a result of protein malnutrition as selenoproteins (other than GSHPx) are important in body

metabolism®.

Trace Element Interactions

Lead and tin can induce anaemia by inhibiting the activity of Laminolaevulinic acid dehydrogenase, in-
volvedin one of the steps of haem-biosynthesis. Selenium supplements can nullify the effect of lead but

not that of tin°!. Mso selenium toxicity can be reduced by lead or tin>’. Similarly, selenium antagonises
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the effect of arsenic”~, mercury5 3, cadmium’>, copper54, silver>> and zinc>®. Treatment of cancers
57

caused by selenium deficiency by the administration of selenium can be inhibited by zinc”’.

Age, pregnancy and lactation

Plasma, serum selenium and RBC GSHPx activity in neonates and infants increase with age after an
initial drop between 60-90 days58. In adults, serum selenium levels decrease with age and also with
haematocrit>. Low birth weight babies were found to have lower plasma selenium levels and reduced
plasma GSHPx activity compared weight normal new borns and the hidden danger of extremely low
plasma levels may arise if parentally fed without selenium supplements60. Plasma selenium levels are
reduced in pregnancy“. Dietary selenium intake influences the concentration in milk and is sufficient
in North America women®? but in many parts of the world this may not be so e.g. in Nepal, blood and
milk selenium levels are much lower than in USA®3. Colostrum levels are higher than in mature milk

and GSHPx activity in mature milk is greater when the infant had been pre-term than when term®*,

Dietary supplementation
E. Finland had the world’s highest mortality rate from coronary heart disease in men?®, the dietary
intake of selenium being only 20-30 ug/daly27 as against the recommended level of 50-200 ug/daly13

and that in USA of about 75 ug/day65. In 1975 Finnish soils were shown to be low in selenium®.

Between 1975 and 1984 there was a high correlation between serum levels and selenium intake (r =
0.89) with rises in both in years when the import of grain was necessary®’. In 1969 Finland had been
one of the first countries to supplement animal feed with selenium to combat the deficiency in farm
animals®® and in 1984, the decision was made to supplement fertilisers with sodium selenite®® which
became effective in the 1985 growing season. This effectiveness was shown when in 1986 the mean



selenium intake of the population had risen from 39 to 92 ug/day and the serum range from 4.6 - 9.4 to

8.4 - 12.4 ug/d1’?, the USA value being 10.0 14.0 ug/d1’!. There is evidence that in some other
countries, selenium deficiency may exist on a national scale. In Belgium, in a trial, 100 ug/day of
selenium as selenomethionine was given and serum levels rose from 6.0- 10.5 to 11.1-11.9 ug/d172.
Possibly the dietary intake of 50-60 ug/day is too low. In New Zealand the mean daily intake is only 25
ug73 and the serum range 2.8-6.8 ug/d174. levels rising when grain is imported. Among those who do
not eat chicken and fish, the daily intake can be as low as 4-13 ug/day and compares with those
suffering from Keshan disease in China with 4-11 ug/day intake’>. Surprisingly, neither in Belgium nor
in New Zealand are any deleterious effects apparent, for unknown reasons. Clearly, many further
investigations are required.

Selenium and Pakistan

Except in parts of China and Venezuela, nothing is known of the dietary status of selenium in any
developing country. In view of the high incidence of cardiovascular disease, hyperlipidaemias and
diabetes mellitus, one could expect to find at least areas of low selenium status among our population.

Almost the whole population may even be deficient, as was found in New Zealand”?, if we did but

know it. In view of the high blood lead levels among the urban population76, one might expect

selenium bioavailability to be depressed. Conversely, a modification of the effects of lead might occur

if the selenium status is normal or high5 I Lead levels should be lower in rural areas and so this factor
may not apply there. The absorption of selenium and iron from the diet may antagonise each other as

does selenium versus zinc 7. Supplements of iron or zinc to correct deficiencies of these elements

may depress the absorption of selenium from the diet. Pan chewers may have low selenium status’-.
(Cadmium occurs in pan and lead appears to be absorbed from the metal foil when used). If wide
spread selenium deficiency does occur, selenium supplements could be given to affected populations,
or better still to agricultural fertifisers in those areas. This may result eventually in a decrease in one or
more of the above mentioned diseases. A fuller understanding of interelement interaction may re-
emphasize the need for the introduction of lead free petrol or a more careful consideration of dietary
supplements e.g selenium supplementations may need to accompany iron supplementation for
anaemias and the use of pan may need discouragement.

ACKNOWLEDGEMENTS

I am indebted to Mr. Shabbir Ahmed and Mr. Athar of Bagai Medical College for preparing this review
and for overcoming computer difficulties on the way.

REFERENCES

1. Schwartz, K. and Foltz, C.M. Selenium as an integral part of factor 3 against dietary liver
degeneration. J. Am. Chem. Soc., 1957; 79: 3292.

2. Rotruck, J.T., Pope, A.L, Ganther, H., Swanson, A.B., Hafeman, D.G. and Hoekstra, W.G. Selenium;
biochemical roleas acomponentofglutathione peroxidase. Science, 1973;179:588.

3. Little, C. and O’Bnen, P.J. An intracellular GSH. peroxidase with a lipid peroxide substrate.
Biochem. Biophys. Res. Commun., 1968; 31: 145.

4. Stadtman, T.C. Selenium . dependent enzymes. Annu. Rev. Biochem., 1980; 49:93.

5. Anonymous Selenium . containing glutathione peroxidase: its synthesis and function in arachidonate
metabolism. Nutr. Rev., 1981; 39: 21.

6. Bebne, D., Hilmert, H., Scheid, S., Gessner, H. and Elger, W. Evidence for specific selenium target
tissues and new biologically important selenoproteins. Biochim. Biophys. Acta, 1988; 966:12.



7. Allaway, W.H. Selenium in the food chain. Cornell Vet., 1973; 63: 151.

8. Engberg, R.A. Selenium in Nebraska groundwater and streams. Lincoln: N.E. Univ. of Nebraska,
1973; Nebraska Water Survey Paper No. 35.

9. Geering, H.R., Carey, E.E., Jones, LH.P. and Allaway, W.H. Solubilityand redox criteria for the
possible forms of selenium in soils. Soil. Sci. Soc. Ann. Proc., 1968; 32: 35.40.

10. U.S. Academy of Sciences. National Research Council, Selenium in nutrition. Washington D.C.
Agricultural Board, Committee on Animal Nutrition, 1971 & 1983.

11. Pierce, S. and Tappel, A.L Effects of selenite and selenomethionine on glutathione peroxidase
activity in the rat. 3. Nutr., 1977; 39: 50-4.

12. Sunde, R.A., Gutzke, G.E. and Hoekstra, W.G. Effect of dietary methionine in the biopotency of
selenite and selenomethionine in the rat. 3. Nutr., 1981; 111: 76.

13. Committee on Dietary Allowances, Food and Nutrition Board, National Research Council.
Recommended dietary allowances. 9th ed., Washington, National Academic Press, 1980.

14. ‘Phorn, J., Robertson, 3. and Buss, D.H. Trace nutrients. Selenium in Bntisb foods. Br. J. Nutr.,
1978; 39: 391.

15. Kesban Disease Research Group. Observations on effects of sodium selenite in preven. tion of
Keshan disease. Chin. Med. J., 1979; 92:471.

16. Thu. Keshan disease. Proc. Trace Elements in Man and Animals . 4. Perth, Australia, 1981.

17. Altman, P.LL and Dittmer, D.S. Biology data book. 2nd ed. Bethesda, Fed. Am. Soc. Exp. Biol.,
1972, vol.1, p. 101.

18. Kasperek, K., lyenger, G.V., Kiem, 3., Borberg, H. and Feinendegen, LE. Elemental composition of
platelets. Part I1l. Determination of Ag. Au, Cd, Go, Cr, Cs, Mo, Rb, Sb, and Se in normal human
platelets by neutron activation analysis. Clin. Chem., 1979; 25: 711.

19. Bryant, R.W. and Bailey, J.M. Altered lipoxygenase metabolism and decreased glutathione
peroxidase activity in platelets from selenium-deficient rats. Biochem. Biophys. Res. Comm., 1980;
02:268.

20. Lavander, O.A., de Loath, D.P., Morris, V.C. and Moser, P.B. Platelet glutathione peroxidase
activity as an index of selenium status in rats. J Nutr., 1983; 113: 55.

21. Thomson, C.D., Steven, S.M., van. Rij, A.M., Wade, C.R. and Robinson, M.F. Selenium and
Vitamin E. supplementation; activities of glutathione peroxidase in human tissue. Am. J. Clin. Nutr.,
1988; 48:316.

22. Lavander, O.A., Alftban, G., Arvilomni, H., Gref, C.G., Huttunen, J.K., Kataja, M., Koivistoinen, P.
and Pikkarainen, .1. Bioavsilability ofselenium to Finnish men as assessed by platelet glutathione
peroxidase activity and other blood parameters. Am. J. Clin. Nutr., 1983; 37: 887.

23. Yang. G., Wang. S., Zhou, R. and Sun, S. Endemicselenium intoxication humans inChina. Am. .1.
Clin. Nutr., 1983; 37: 872.

24. Keshan Disease Research Group. Epidemiological studies on the etiologic relationship of selenium
and Kesban disease, Chin. Med. 3., 1979; 92:477.

25. Salonen, iT., Alfhan,, G., l-luttunen, J.K., Pikkarainen, J. and Puska, P. Association between
cardiovasculardeath and myocardial infarction and serumselenium in a matched-pair longitudinal study.
Lances, 1982; 2: 175.

26. Keys, A., Arabanis, C., Blackburn, H. et al. Seven countries; a multivariant analysis of death and
coronary heart disease. Cambridge, He/Mass: Harvard University Press, 1980.

27. Varo, P. and Koivistoinen, P. Annual variations in the average selenium intake in Finland: cereal
products and milk as sources ofselenium in 1979/80. Int. j. Vitam. Nutr. Res., 1981; 51:62.

28. Kok, FJ., Hofmsn, A., Witterman, J.C.M., de Bruijn, AM., Knuyssen, D.H.C.M., de Bruin, M. and
Valkenburg, H.A. Decreased selenium levels in acute myocardial infarction, JAMA., 1989; 261: 1161.
29. Oster, 0., Drexier, M., Schenk, J., Meinertz, T., Kasper, W., Schuster, C.J. and Prellwitz, W. Serum
selenium concentrations in pstientswith acute myocardial infarction.Ann. Clin. Res., 1986; 18: 36.



30. Oster, 0., Dahm, M., Oelert, H. and Prellwitz, W. Concentrations of some trace elements in blood
and heart tissue of patients with coronary heart disease. Clin. Chem., 1989; 35:851.

31. Salonen, J.T. and Huttunen, J.K. Selenium in cardiovascular disease. Ann. Clin. Res., 1986; 18: 30.
32. Tanner, AR., Bantock, I., Hinks, L, Lloyd, B., Turner, N.R. and Wright, R. Depressed selenium and
vitamin E levels in an alcoholic population. Possible relationship to hepatic injury through increased
lipid peroxidation Dig. Dis. Sci., 1986; 31: 1307.

33. Shamberger, Ri. and Willis, C.E. Selenium distribution and human cancer. CRC. Crit. Rev. Clin.
Lab. Sci., 1971; 2: 211.

34. Srinvas, V., Braconier, J.H., Jeppson, B., Abdulls, M., Akesson, B. and Ockerman, P.H. Trace
element alteration in infectious disease. Scand. 3. Clin. Lab. Invest., 1988; 48: 495.

35. Wikatrom, 3., Westermark, T. and Palo, 3. Selenium, vitamin B and copper in multiple sclerosis.
Acts Neurol. Scand., 1976; 54: 287.

36. Borglund, M., Akesson, A. and Akesson, B. Low serum and plasma selenium with rheumatoid
arthritis. Scand. J. Clin. Lab. Invest., 1988; 48: 27.

37. Aihara, K., Nishi, Y., Hatano, S., Kibara, M., Yosbimitsu, K., Takeichi, N., Ito, T., Ezaki, H. and
Usui, T. Zinc, copper, manganese, and selenium metabolism in thyroid disease. Am. 3. Clin. Nutr.,
1984; 40:26.

38. Goyens, P., Goldstein, J., Nsornbola, B., Vis, H. and Durnond, J.E. Selenium deficiency as a
possible factor in pathogenesis of myxoedematousendemic cretinism. Acts Endocrinol., 1987; 114: 497.
39. Lloyd-Still, J.D. and Ganther, H.E. Selenium and glutathione peroxidase levels in cystic fibrosis.
Pediatrics, 1980; 65: 1010.

40. Loeschka, K., Konig, A, Trebert, Haeberliri, S.T. and Lux., F. Low blood selenium concentrations
in Crohn’s disease (letter). Ann. Intern. Med., 1987; 106: 908.

41. Whanger, PD. and Weswig. P.H. Effect of selenium, chromium and antioxidants on growth, eye
cataracts, plasma cholesterol and blood glucose in selenium deificient vitamin A supplemented rats.
Nutr. Repts. Int., 1975; 12:345.

42. Bleau, 0., Lemarbre, 3., Faucher, 0., Roberts, K.D. and Chapdelaine, A. Serum selenium and human
fertility. Fertil. Steril., 1984; 42: 890.

43. Morris, J.G., Alexander, J.D. Jr., Miranda, R., Sanchez, A Jr., et at Selenium deficiency in cattle
associated with Heinz bodies and anaemia, Science, 1984; 223: 491.

44. Asayoma, K., Kooy, N.W. and Burr, .M. Effect of vitamin A deficiency and insulin deficiency on
insulin secretory reserve and free radical scavenging systems in islets: decrease in islet
manganosuperoxide dismutase, 3. Lab. Clin. Med., 1986; 107:409.

45. Stone, W.L, Stewart, ME., Nicholas, C. and Pavuluri, S. Effects of dietary selenium and vitamin
Eon plasma lipoprotein cholesterol levels in male rats. Ann. Nutr. Metab., 1986; 30:94.

46. Vinton, N.E., Dahlstrom, K. A., Strobel, C.T. and Ament, M.E. Macrocytosis and pseudoalbinism,
manifestations of selenium deficiency. 3. Pediatr., 1987; 111:711.

47. Johnson, R.A, Baker, S.A., Fallon, J.T., Maynard, E.P., Ruskin, J.N., Wen, Z and Ge, K. An
occidental case of cardiomyopathy and selenium deficiency. N. Engl., 3. Med., 1981; 304: 1210.

48. Dahlstrom, KA, Ament, M.E., Medhin, M.G., Meurling, S. Serum trace elements in children
receiving long.term parenteral nutrition. 3. Pediatr., 1986; 109: 625.

49. Lombeck, 1., Kasperek, K., Feinersdegen, LB. and Bremer, HJ. Serum selenium con centrations in
patients with maple-syrup-urine disease and phenylketonuria under dietotherapy. Clin. Chem. Acts,
1975; 64:57.

50. Dworkin, B., Weseley, S., Rosenthal, W.S., Schwartz, E.M. and Weiss, L Diminished blood
selenium levela in renal failure patients on dialysis; corrections with nutritional status. Am. J. Med.
Sci., 1987; 293:6.

51. Chiba, M., Fujimoto, N., Oyamada, N. and Kikuchi, M. Interaction between selenium and tin,
selenium and lead, and their effects on ALAD activity in blood. Biol.Trace Elem. Res., 1985; & 263.



52. Schrauzer, G.N., White, D.A,, McGuiness, J., Schneider, C.J. and Bell, L Arsenic and cancer;
effects ofjoint administration of arsenic and selenite on the genesis of mammary adenocarcinoma in
inbred C3H mice. Bioinorg. Chem., 1978; 9: 245.

53. Magos, L and Webb, M. The interaction of selenium with cadmium and mercury. CRC Crit. Rev.
Toxicol., 1980; 8:1.

54. Doughertym J.J. and Hoekstra, W.G. Effects ofvitamin Rand selenium on copper-induced lipid
peroxidation in vivo and on acute copper toxicity. Proc. Soc. Exp. Biol. Med., 1982; 169: 201.

55. Ganther, HE. Interaction of vitamin B and selenium with mercury and silver. Ann. N.Y. Acad. Sci.,
1980; 355:212.

56. Hansen, J.C. and Kristiansen, P. On the influence of zinc on mercury/selenium interaction. Arch.
Toxicol., 1980; 46: 273.

57. Schrauzer, G.N. The role of trace elements in the etiology of cancer, in trace element analytical
chemistry in medicine and biology Edited by Bratter, P. and Schramel, P. New York, Walter de Gruyter,
1980, p.183.

58. Van Caille-Bertrand, M., Degenhart, H.J. and Fernandes, J. Influence of age on selenium status in
Belgium and the Netherlands. Pediatr. Res., 1986; 20: 574.

59. Dickson, R.C. and Tomlinson, RH. Selenium in blood and human tissues. Clin. Chem. Acts, 1967;
16: 311.

60. Lockitch, 0., Jacobson, B., Quigley, 0., Dison, P. and Pendray, M. Selenium deficiency in low birth
weight neonates: an unrecognised problem. J. Pediatr, 1989; 114: 865.

61. Hinks, Li., Ogilvy-Stuart, A., Hambidge, K.M. and Walker, V. Maternal zincand selenium status in
pregnancies with a neural tube defect with elevated plasma alpha-protein. Br. J. Obstet. Gynecol., 1989;
96: 61.

62. Lavander, O.A., Moser, PB. and Morris, V.C. Dietary selenium intake and selenium concentrations
of plasma, erythrocytes., and breast milk in pregnant and postpartum lactating and nonlactating women.
Am. J. Clin. Nutr., 1987; 46: 694.

63. Moser, !.B., Reynolds, R.D., Acharya, S., Howard, M.P., Andon, M.B. and Lewis, S.A. Copper,
iron, zinc, and selenium dietary intake and status in Nepalese lactating women and their breast- fed
infants. Am. J. Clin. Nutr., 1988; 47: 729.

64. Ellis, L, Picciano, M.F.,, Smith, A.M., Hamosh, M. and Mehta, N.R. The impact of gestational
peroxidase activity. Pediatr. Res., 1990; 27: 32.

65. Lavander, O.A. and Morris, V.C. Dietary selenium levels needed to maintain balance in North
American adults consuming self-selected diets. Am. J.Clin. Nutr., 1984; 39:809.

66. Koljonen, T. The behaviour of selenium in Finnish soils. Ann. Agri. Fenn., 1975; 14:240.

67. Alfthan, G. Longitudinal study on the selenium status of healthy adults in Finland during 1975-
1984. Nut. Res., 1988; 8: 467.

68. Koivistoinen, P. Selenium deficiency in Finnish food and nutrition; research strategy and measures.
Acts Pharmocol. Toxicol., 1986; 59 (Suppl. 7): 104.

69. Ministry of Agriculture and Forestry. Proposal for the amounts of selenium to be added to
fertilisers. Helsinki: Min. of Agr. and Forestry (in Finnisb). Working group report no. 71, 1984.

70. Agricultural Economics Research Institute. Balance Sheet for food commodities. Hel sinki,
Agricultural Economica Research Institute, 1985.

71. Sullivan, IF,, Blotcky, A.J., Jetton, M.M., Hahn, H.K.J. and Burch, RE. Serum levels of selenium,
calcium, copper, magnesium, mangenese, and zinc in various human disease.J. Nutr., 1979; 109: 1432.
72. Neve, J., Vertongen, F. and Capel, P. Selenium supplementation in healthy Belgian adults: response
in platelet glutathione peroxidase activity and other blood indices. Am. .1. Clin. Nutr., 1988; 48: 139.
73. Robinson, M.E., McKenzie, J.M., Thomson, C.D., and van Rij, A.L. Metabolic balances of zinc.
copper, cadmium, iron, molybdenum and selenium inyoung New Zealandwomen. Br, J. Nutr., 1973;
30: 195.



74. Rca, HM., Thomson, C.D. Campbell, DR. and Robinson, M.F. Relation between erythrocyte
selenium concentration and glutatbione peroxidase (EC.1. 11.1.9) activities of ew Zealand residents
and visitors to New Zealand. Br. J. Nutr., 1979; 42: 201.

75. Yang, G.Q., Chen, IS., Wen, Z.M., Ge, K.Y., Zhu, Li, Chen, X.C. and Chen, X.S. The role of
Selenium in Keshan disease. Adv. Nutr. Res., 1984; 6: 203.

76. Manser, W.W.T., Lalani, R., Haider, S. and Khan, MA.Trace element studies on Karachi
populations. Part V. Blood lead levels in normal healthy adults and Grammar school children. JPMA.,
1990; 40: 150.



