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Summary 

Deficiencies of various vitamin and minerals per se have been 
suggested as possible causes of sudden infant death syndrome 
(SIDS). Further, a deficiency of essential minerals may lead to 
enhanced toxicity of toxic elements, in particular, lead and cad- 
mium. To explore the possibility of mineral deficiencies or inter- 
actions with the toxic metals, lead and cadmium, lung, liver, 
kidney, and rib specimens were obtained at autopsy from 66 SIDS 
infants and 23 infants who died suddenly from other causes. Tissue 
copper, zinc, calcium, and magnesium were measured by atomic 
absorption spectroscopy. No differences were found between SIDS 
and non-SIDS for any element in any tissue except for more 
magnesium in the liver (P < 0.0001) and less copper in the lungs 
(P < 0.02) in the SIDS group. Only sporadic interactions between 
toxic and essential elements could be found. We found no evidence 
of any essential mineral deficiencies per se or significant interac- 
tions of essential and toxic minerals that might potentiate the 
effects of toxic metals. The physiologic significance, if any, of the 
higher liver magnesium and lower lung copper found in SIDS is 
unclear. 

Abbreviations 

AAS, atomic absorption spectrophotometry 
CaBP, calcium-binding protein 
SIDS, sudden infant death syndrome 

Because of their wide ranging effects, deficiencies of various 
vitamins and minerals have been suggested as a possible cause of 
SIDS including biotin (22), thiamine (11, 37), vitamin D (21) 
vitamin E and/or selenium (29, 38), and magnesium (5). Lapin, et 
al. (25) measured selenium, magnesium, copper, and zinc concen- 
trations in liver samples from 13 SIDS cases ranging from 1-10 
months of age and 14 non-SIDS cases, age 5 days to 13 years. 
They found no significant differences between the two groups; 

however, because different deficiencies are manifest in different 
tissues and because some tissue concentrations vary with age, 
mineral deficiencies were not totally excluded. 

Mineral interactions are known to occur both among the essen- 
tial elements and between toxic and essential elements (20,35,42). 
Copper and zinc are antagonistic to each other (lo), while normal 
calcium metabolism, in some instances, depends on the presence 
of normal amounts of magnesium (1). A deficiency of copper or 
zinc will lead to enhanced toxicity of lead or cadmium whereas an 
excessive dietary intake of the essential minerals will be protective 
(9, 23, 35). Tissue lead concentrations are greatly elevated when 
dietary calcium is low (27, 28, 36). Magnesium supplementation 
has been shown to effect increased excretion of lead in rats (41). 

The determination of copper, zinc, calcium, and magnesium 
concentrations in tissues of SIDS victims was undertaken to see if 
any relationships existed between these elements and the cadmium 
and lead levels previously reported (14) and at the same time with 
a larger number of cases and with appropriately age-matched 
controls to further examine the possibility of the presence of 
deficiencies or excesses of these elements in multiple tissues. 

MATERIALS AND METHODS 

Fresh lung, liver, right kidney, and right 5th rib specimens were 
obtained from infants autopsied at the St. Louis City and County 
Medical Examiners' Offlces. The ages at death ranged from 4-26 
wk. There were 66 SIDS and 23 non-SIDS infants. Each tissue 
was packaged separately in plastic bags and stored at -20°C until 
the analyses were run. The tissues were processed as previously 
described. (14). The tissue acid digests were analyzed for copper 
using electrothermal AAS and for zinc, calcium, and magnesium 
using air-acetylene flame AAS. A Varian Model 1200 AAS was 
used for rib zinc measurements and a Perkin-Elmer Model 403 
equipped with an HGA 2200 graphite furnace was used for all 
other mineral measurements. Deuterium background correction 
was used for copper and zinc. Lanthanum was used to suppress 
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phosphate interference in the calcium analyses. National Bureau mineral concentrations, all values were corrected to the age of 13 
of Standards SRM 1577 bovine liver was used as a tissue reference. wk. The age-corrected values in the two groups then were com- 
The results are reported in micrograms per gram of dried tissue. pared. Tissue mineral levels that were more than four standard 

Log transformations of the raw data were used to calculate deviations from the mean were eliminated from the subsequent 
Pearson's correlation wefficients (r) .  Significance levels (P) were calculations. 
taken from a table (12) using r values and degrees of freedom. To 
avoid the possibility of errors resulting from changes with age in RESULTS 

Table 1. Tissue mineral concentrations' 

SIDS~ non-SIDS2 
Mineral/ 

tissue n Mean f S.D. n Mean f S.D. 

Copper 
Lung 
Liver 
Kidney4 
Rib 

zinc 
Lung 
Liver 
Kidney4 
Rib 

Calcium 
Lung 
Liver 
Kidney4 
Rib1 

Magnesium 
Lung 
Liver 
Kidney4 
Rib 

' Mineral concentrations are expressed in pg/g dry weight except rib 
calcium which is expressed in mg/g dry weight. 

Mean SIDS age = 11.9 wk, mean non-SIDS age = 13.4 wk. 
Significant diffference, lung Cu P < 0.02, liver Mg P < 0.0001. 
Cortex. 

The mean and standard deviation of the mineral concentrations 
for each of the four tissues are shown in Table 1. No differences 
were found except for significantly more magnesium in the liver 
(P  < 0.0001) and less copper in the lungs (P  < 0.02) in the SIDS 
group than was found in the non-SIDS group. Age correction did 
not produce any significant changes in mean & S.D. mineral 
concentrations and thus only non-age-corrected means are shown 
in the Table. 

The only mineral concentration changes with age: a decrease in 
liver copper in both the SIDS and non-SIDS (P  < 0.0001), a 
decrease in liver calcium in SIDS ( P  < 0.0005) but not in non- 
SIDS, a decrease in lung magnesium (P  < 0.0005), lung zinc (P  
< 0.05), and rib zinc ( P  < 0.005) in non-SIDS but not in SIDS. 
Only the slopes of liver calcium versus age were different between 
SIDS and non-SIDS (P < 0.01). The intercept for lung magnesium 
was lower ( P  < 0.01) in SIDS and the intercepts for liver magne- 
sium ( P  < 0.05) and liver calcium ( P  < 0.01) were higher in SIDS. 

Correlation between essential elements and rib or same tissue 
lead and kidney or same tissue cadmium (14) can be seen in Table 
2. There was no signif3cant differences in mineral levels between 
black and white infants or between males and females. 

DISCUSSION 

A search of the literature has revealed no previous studies of 
tissue minerals in infants as a distinct group. In some studies 
infants were grouped with older children and even with adults; 
however, our findings are all within expected ranges. 

Copper. Copper is an element essential for bone growth and 
maintenance, for hematopoiesis and as a wmponent of several 
key metalloenzymes including lysyl oxidase, tyrosinase, superox- 

Table 2. Tissue mineral correlations (r) 

Lead Cadmium 

SIDS non-SIDS SIDS non-SIDS 

Rib Same tissue Rib Same tissue Kidney Same tissue Kidney Same tissue 

Copper 
Lung 0.1054 0.0804 -0.2223 -0.1447 0.1040 0.2419 0.3954 0.5220' 
Liver -0.2406 -0.2371 -0.3063 -0.3084 -0.45373 -0.0543 -0.429 1' -0.0520 
Kidney -0.2344 -0.0120 -0.3081 0.05 1 1 -0.0452 0.0452 0.0543 0.0543 
Rib -0.0580 -0.0580 0.25 17 0.25 17 -0.3604' 0.1010 -0.4843' -0.0563 

zinc . 
Lung -0.0019 -0.2322 0.0028 -0.3369 -0.2200 -0.0698 -0.2646 -0.1999 
Liver -0.0260 0.2066 -0.1216 0.3366 0.0246 -0.0073 0.053 1 -0.0754 
Kidney 0.0272 0.1461 0.075 1 -0.0850 -0.0794 -0.0794 -0.3264 -0.3264 
Rib 0.0124 0.0124 0.1902 0.1902 -0.2865' 0.045 1 -0.4569' 0.1677 

Calcium 

Lung -0.0993 0.1629 0.1255 0.056 1 -0.0182 -0.0359 -0.1447 0.0584 
Liver -0.0914 -0.2036 -0.2032 -0.0353 -0.40093 -0.1830 0.2442 0.2918 
Kidney 0.0337 -0.3023 -0.1046 -0.2994 -0.1527 -0.1527 -0.3552 -0.3552 
Rib -0.073 1 -0.0731 -0.1304 -0.1304 0.2946' -0.0372 0.2042 0.0829 

Magnesium 
Lung 0.0361 -0.3219' -0.3004 -0.4742' -0.1706 -0.0877 -0.4937' -0.0277 
Liver 0.1 169 -0.0079 -0.3599 0.2536 0.0469 0.2509' 0.2321 0.0476' 
Kidney -0.0150 0.0281 -0.2569 -0.2159 -0.2538' -0.2538' -0.0745 -0.0745 
Rib -0.0383 -0.0383 -0.3366 -0.3366 -0.0365 -0.0564 -0.0406 0.0149 

' P < 0.05. 
2 ~ < o . 0 1 .  

P <  0.001. 
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ide dismutase, ceruloplasmin, uricase, dopamine P-hydroxylase, 
cytochrome oxidase, diamine oxidase, and histaminase. The av- 
erage daily copper requirement for infants is 80 &kg (32). 
Sudden death has been reported in copper-deficient cattle (43). 
Anemia, neutropenia, and impaired bone mineralization have 
been reported in humans (18). 

Cadmium is known to be a metabolic antagonist of copper (42). 
Rat studies have shown that relatively low levels of dietary 
cadmium supplementation along with a copper-sufficient diet 
caused significant reductions in plasma ceruloplasmin activities 
and kidney copper concentrations. Higher cadmium intake caused 
marked reduction in liver copper reserves. These effects were 
reversed by increasing dietary copper (4, 8). Lead also interferes 
with copper metabolism (23, 30, 31, 33, 39). When rabbits were 
given a single intraperitoneal injection of tetraethyllead, 100 mg/ 
kg, brain copper was reduced by about 40% within 24 h (33). 
Murthy, et al. (30) found that there were additive or greater effects 
of the combination of cadmium and lead on copper metabolism. 
In both SIDS and non-SIDS kidney cadmium was inversely 
correlated with liver and rib copper. No relationship to lead was 
seen. 

The present study found no significant differences in liver, 
kidney, and rib copper concentrations between the two groups 
thus ruling out a systemic copper deficiency. The physiologic 
significance, if any, of the lower lung copper found in the SIDS 
group is not known although potential relationships with super- 
oxide dismutase could stimulate speculation. 

Zinc. Zinc is another essential trace element. More than 70 zinc 
proteins have been described and most of these are enzymes. The 
average daily zinc requirement for infants up to 6 months of age 
is 3 mg (32). Among the features of zinc deficiency in infants &e - .  . 

hypogeusia, anorexfa, growth retardation, and faihre to thrive. 
Several investigators have demonstrated zinc:lead (9, 13) and 

zinc:cadmium (16, 15, 16, 34) interactions and have shown that 
diets deficient in zinc result in increased absorption and retention 
of lead and cadmium. An increased intake of zinc reduced or 
eliminated the toxic effects of the two metals. 

None of the four tissues showed a significant difference in zinc 
concentration between the SIDS and non-SIDS groups. In both 
SIDS and non-SIDS kidney cadmium was inversely correlated 
with rib zinc. No relationship to lead was seen. 

Calcium. About 99% of the total body calcium is in the skeleton. 
The remaining 1% perfoms a variety of vital functions relating to 
cellular adhesiveness, transmission of nerve impulses, neuromus- 
cular excitability, maintenance, and function of cell membranes, 
blood coagulation, and activation of enzyme reactions and hor- 
mone secretion (2). 

Animal studies have shown that dietary calcium interferes with 
the absorption of cadmium (17, 24,26). A low calcium diet results 
in increased absorption of cadmium. The same effect has been 
found on the absorption of lead (3, 27, 28). In a study of in vivo 
binding of lead and calcium by duodenal mucosal proteins, Bar- 
ton, et al. (3) found that both cations bound not only to the 
vitamin D-induced CaBP but also to another protein of higher 
molecular weight. CaBP had a greater affinity for calcium whereas 
the other protein had a greater affinity for lead. They concluded 
that both vitamin D-dependent CaBP and the higher molecular 
weight protein are of physiologic significance in lead absorption - - 
and-that calcium inhibits absorption, at least in part, by su6cess- 
fully competing for binding sites on the two proteins. 

No correlation between tissue calcium and tissue lead was seen 
in this study. Kidney cadmium was inversely correlated with liver 
calcium in the SIDS but not the non-SIDS group; however, the 
significance of this is unclear. At death the tissue calcium concen- 
trations are not significantly different in the two groups. Liver 
calcium decreased significantly with age in the SIDS group (P < 
0.005) but not in the non-SIDS group and these two regression 
lines were significantly different. If one assumes the intercept 
value to be the mean concentration at birth, then the SIDS group 
had significantly (about 50%) more liver calcium at birth than the 
non-SIDS group. The physiologic significance, if any, of this 

finding is unknown, however the lung magnesium intercept was 
also significantly higher and the calculated liver lead at birth also 
was suggestively higher in SIDS (14). This might be consistent 
with an increased maternal bone turnover resulting in an increased 
in utero lead exposure. 

Magnesium. Magnesium is an activator for a number of enzyme 
systems that are responsible for optimal cellular metabolism. A 
major group of enzymes are those that hydrolyze and transfer 
phosphate groups including the phosphatases and the enzymes 
that participate in reactions involving ATP. Because ATP is 
required for protein, fat, nucleic acid and coenzyme synthesis, 
muscle contraction, glucose utilization, methyl group transfer and 
acetate, formate, and sulfate activation, magnesium also is re- 
quired (44). Its involvement in protein synthesis is through its 
action of ribosomal aggregation, in binding messenger RNA to 
70s ribosomes, and in the synthesis and degradation of DNA. The 
recommended daily allowance of magnesium for infants is 50-70 
mg (32). Magnesium deficiency is manifested by hyperirritability, 
neuromuscular dysfunction, and psychotic behavior (40, 44). Tet- 
any may occur in the absence of hypocalcemia or acid-base 
changes. Cardiovascular and renal disease and hypertension may 
also be associated with hypomagnesemia. 

In a study of the effect of magnesium on the absorption and 
excretion of lead, Singh et al. (41) found that magnesium admin- 
istration to lead-fed rats increased blood lead levels and urinary 
excretion of lead. Bone and brain lead levels were ~ i g n ~ c a n t l y  
lower in the magnesium-fed group. The authors conclude that 
magnesium intake decreased the deposition of lead in bone and 
helped mobilize lead from bone, thus increasing the blood level 
and subsequent urinary excretion. 

Magnesium deprivation has been proposed as the cause of 
sudden infant death syndrome (5). A study of magnesium deficient 
rats indicated that bone was the most reliable tissue for determin- 
ing magnesium status (7). In a study of 64 infants from 1-6 months 
of age, using a magnesium load test, 38 infants retained more than 
60% of the magnesium. Seven infants of 8.2 k 1 wk who had had 
one or more sudden transient episodes that included the following 
apnea, gasping, tonic cyanosis, sweating, eye signs or tearing were 
also studied. Despite preload magnesium treatment in two infants, 
the group retained 88% of the load (6). These investigators stated 
that the signs are nonspecific but resemble premonitory signs and 
the type of episode that may occur in sudden infant death syn- 
drome, suggesting a possibli link between magnesium depleGon 
and SIDS. 

The present study provides no support for a theory of magne- 
sium deficiency in SIDS because there were no significant differ- 
ences in lung, kidney, or rib magnesium concentrations between 
SIDS and non-SIDS groups. Indeed, the liver magnesium was 
higher in the SIDS group (P < 0.0001) but the physiologic 
significance of this is unknown. In both SIDS and non-SIDS, lung 
lead and magnesium were inversely correlated and liver cadmium 
and magnesium were directly correlated. Again, however, no clear 
pattern of interaction or specificity to SIDS was seen. 

Previous reports of conditions accompanying deficiencies of 
these minerals had suggested the possibiliiy of a relationship with 
SIDS. Other reports have shown that deficiencies of these minerals 
would increase absorption and retention of the toxic elements, 
lead and cadmium. We have found no evidence of a deficiency of 
any of these essential minerals nor were any of these minerals 
present at excessively high levels. No consistent interactions of 
any of the elements with lead or cadmium were found. The 
physiologic significance, if any, of the isolated interrelationships 
between a toxic and an essential mineral is osbscure. To assign 
any significance to the lower lung copper or elevated liver mag- 
nesium in SIDS will require further study. 

REFERENCES AND NOTES 

I .  Anast, C. S.: Interrelationship of magnesium and calcium-regulating hormones. 
In: M. S. Seelig, Ed.: Nutritional Imbalances in Infant and Adult Disease. p. 
103 (Spectrum Publications, Inc., New York, 1977). 

2. Avioli, L. V.: Major minerals. A. Calcium and phosphorus. In: R.S. Goodhart 



ESSENTIAL MINERALS 787 

and M. E. Shils, Eds.: Modern Nutrition in Health and Disease. 6th edition. p. 
294 (Lea and Febiger, Philadelphia, 1980). 

3. Barton, J. C., Conrad, M. E., Hamson, L., and Nuby, S.: Effects of calcium on 
the absorption of lead. J. Lab. Clin. Med., 91: 366 (1978). 

4. Bremner, I. and Campbell, J. K.: Effect of copper and zinc status on susceptibility 
to cadmium intoxication. Environ. Health Perspect., 25: 125 (1978). 

5. Caddell, J. L.: Magnesium deprivation in sudden unexpected infant death. 
Lancet, 2: 258 (1972). 

6. Caddell, J. L., Byme, P. A,, Triska, R. A., and McElfresh, A. E.: The magnesium 
load test. 111. Correlation of clinical and laboratory data in infants from one to 
six months of age. Clin. Pediatr., 14: 478 (1975). 

7. Caddell, J. L. and Scheppner, R.: The postmortem diagnosis of magnesium 
deficiency: studies in an animal model for the human infant. J. Forens. Sci., 
23: 335 (1978). 

8. Campbell, J. K. and Mills, C. F.: Effects of dietary cadmium and zinc on rats 
maintained on diets low in copper. Proc. Nutr. Soc., 33: 15A (1974). 

9. Cerklewski, F. L. and Forbes, R. M.: Influence of dietary zinc on lead toxicity in 
the rat. J. Nutr., 106: 689 (1976). 

10. Chiquoine, A. D.: Effect of cadmium chloride on pregnant albino mouse. J. 
Reprod. Fertil., 10: 263 (1965). 

11. Davis, R. E., Icke, G. C., and Hilton, J. M. N.: High thiamine levels in sudden 
infant death syndrome. N. Engl. J. Med., 303: 462 (1980). 

12. Diem, K.: Scientific tables. p. 66 (Geigy Pharmaceuticals, Division of Geigy 
Chemical, Ardsley, New York 1962). 

13. El-Gazzar, R. M., Finelli, V. N., Boiano, J., and Petering, H. G.: Influence of 
dietary zinc on lead toxicity in rats. Toxicol. Lett., 1: 227 (1978). 

14. Erickson, M. M., Poklis, A., Gantner, G. E., Dickinson, A. W., and Hillman, L. 
S.: tissue mineral levels in victims of sudden infant death syndrome. I. Toxic 
metals-cadmium and lead, Pediatr. Res. 17: 779 (1983). 

15. Ferm, V. and Carpenter,S.: Teratogenic effect of cadmium and its inhibition by 
zinc. Nature, 216: 1123 (1967). 

16. Ferm, V. and Carpenter, S.: The relationship of cadmium and zinc on experi- 
mental teratogenesis. Lab. Invest., 18: 429 (1968). 

17. Friberg, L., Piscator, M., Nordberg, G. F., and Kjellstrom, T.: Cadmium in the 
Environment. p. 28 (CRC Press, Cleveland, 1974). 

18. Graham, G. G. and Cordano, A,: Copper deficiency in human subjects. In: A. S. 
Prasad and D. Oberleas, Eds.: Trace Elements in Human Health and Disease. 
Volume I, Zinc and Copper. p. 363 (Academic Press, New York, 1976). 

19. Hambidge, K. M. and Walravens, P. A.: Zinc deficiency in infants and preado- 
lescent children. In: A. S. Prasad and D. Oberleas, Eds.: Trace Elements in 
Human Health and Disease. Volume I, Zinc and Copper. p. 21 (Academic 
Press, New York, 1976). 

20. Hill, C. H.: Mineral interrelationships, In: A. S. Prasad, Ed.: Trace Elements in 
Human Health and Disease. Vol. 11. p. 28 1 (Academic Press, New York, 1976). 

21. Hillman, L. S., Erickson, M., and Haddad, J. G.: Semm 25-hydroxyvitamin D 
concentrations in sudden infant death syndrome. Pediatrics, 65: 1137 (1980). 

22. Johnson, A. R., Hood, R. L., and Emery, J. L.: Biotin and the sudden infant 
death syndrome. Nature, 285: 159 (1980). 

23. Klauder, D. S., Murthy, L., and Petering, H. G.: Effect of dietary intake of lead 
acetate on copper metabolism in male rats, In: D. D. Hemphill, Ed.: Trace 
Substances in Environmental Health-VI. p. 131 (University of Missouri- 
Columbia, Columbia, 1972). 

24. Kobayashi, J., Nakahara, H., and Hasegawa, Y.: Accumulation of cadmium in 
organs of mice fed on cadmium-polluted rice. Jpn. J. Hyg., 26: 401 (1971). 

25. Lapin, C. A., Morrow, G., 111, Chvapil, M., Belke, D. P., and Fisher, R.S.: 
Hepatic trace elements in the sudden infant death syndrome. J. Pediatr., 89: 
607 (1976). 

26. Larsson, S-E. and Piscator, M.: Effect of cadmium on skeletal tissue in normal 
and calcium-deficient rats. Isr. J. Med. Sci., 7: 495 (1971). 

27. Mahaffey, K. R., Goyer, R. A., and Haseman, J.: Dose response to lead ingestion 
in rats on low dietary calcium. J. Lab. Clin. Med., 82: 92 (1973). 

28. Mahaffey-Six, K. and Goyer, R. A.: Experimental enhancement of lead toxicity 
in the rat. J. Lab. Clin. Med., 76: 933 (1970). 

29. Money, D. F. L.: Vitamin E and selenium deficiencies and their possible 
aetiological role in the sudden death in infants syndrome. N. Z. Med. J., 71: 32 
(1970). 

30. Murthy, L., Highhouse, S., Levin, L., Menden, E. E., and Petering, H. G.: A 
study of the combined toxic effects of oral cadmium and lead in rats. In: D. D. 
Hemphill, Ed.: Trace Substances in Environmental Health-IX. p. 395 (Uni- 
versity of Missouri-Columbia, Columbia, 1975). 

31. Mylroie, A. A.: Effect of ingested lead on tissue levels of copper, iron, zinc and 
manganese in rats, In: D. D. Hemphill, Ed.: Trace Substances in Environmental 
Health-DL. p. 195 (University of Missouri-Columbia, Columbia, 1975). 

32. National Research Council: Recommended dietary allowances. 9th ed. (National 
Academy of Science, Washington, D.C., 1980). 

33. Niklowitz, W. J. and Yeager, D. W.: Interference ofPb with essential brain tlssue 
Cu, Fe, and Zn as main determinant in experimental tetraethyllead encepha- 
lopathy. Life Sci., 13: 897 (1973). 

34. Parizek, J.: The destructive effect of cadmium ions on testicular tissue and its 
prevention by zinc. J. Endocrinol., 15: 56 (1957). 

35. Petering, H. G.: Some observations on the interactions of copper, zinc, and iron 
metabolism in lead and cadmium toxicity. Environ. Health Perspect., 25: 141 
(1978). 

36. Quarterman, J. and Momson, J. N.: The effects of dietary calcium and phospho- 
rus on the retention and excretion of lead in rats. Br. J. Nutr., 34: 351 (1975). 

37. Read, D. J. C.: The aetiology of the sudden infant death syndrome: current ideas 
on breathing and sleep apnea and possible links to deranged thiamine neuro- 
chemistry. Aust. N. Z. J. Med., 8: 322 (1978). 

38. Rhead, W. J., Cay ,  E. E., Allaway, W. H., Saltzstein, S. L., and Schrauzer, G. 
N.: The vitamin E and selenium status of infants and the sudden infant death 
syndrome. Bioinorg. Chem., 1: 289 (1972). 

39. Rubino, G. F., Pagliardi, E., Prato, V., and Giangrandi, E.: Erythrocyte copper 
and porphyrins in lead poisoning. Br. J. Haematol., 4: 130 (1958). 

40. Shils, M. E.: Magnesium. In: R. S. Goodhart and M. E. Shils, Eds.: Modem 
Nutrition in Health and Disease. 6th edition. p. 310 (Lea and Febiger, 
Philadelphia, 1980). 

41. Singh, N. P., Third, I. S., Vitale, L. F., and Pawlow, M.: Intake of magnesium 
and toxicity of lead: an experimental model. Arch. Environ. Health, 34:; 168 
(1979). 

42. Task Group on Metal Interaction: Factors influencing metabolism and toxicity 
of metals: a consensus report. Environ. Health Perspect., 25:; 3 (1978). 

43. Underwood, E. J.: Trace elements in human and animal nutrition. 4th ed. p. 56 
(Academic Press, New York, 1977). 

44. Wacker, W. E. C. and Parisi, A. F.: Magnesium metabolism. N. Engl. J. Med., 
2 7 8  658 (1968). - . -. . - . ,-- --,- 

45. This work is taken in part from a dissertation submitted to the Graduate School, 
St. Louis University by M. M. Erickson in partial fulIillment of the requirement 
for the Ph.D. degree ih Pathology. 

46. Requests for reprints should be addressed to: Dr. Marilyn M. Erickson, Dept. of 
Pediatrics, St. Louis Children's Hospital, P.O. Box 14871, St. Louis, MO 63178. 

47. This research was supported in part by NIH grant No. 5T32 AM07033. 
48. This research was supported in part by NIH grant No. HD-09998-04. 
49. Received for publication June 22, 1982. 
50. Accepted for publication March 15, 1983. 


	Tissue Mineral Levels in Victims of Sudden Infant Death Syndrome 11. Essential Minerals: Copper, Zinc, Calcium, and Magnesium
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	REFERENCES AND NOTES


