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The amount of lead in modern reptilian bone is unknown, as 
is how much lead reptilian tissues can acctraulate from man- 
made sources, although cadmium (ROBINSON & WELLS 1975) and 
pesticides (HOLCOMB & PARKER 1979) amass in chelonian soft 
tissues after exposure in the wild. We find that, in N. American 
box turtles (Terrapene carolina) caug)~t 500 m from lead smelters, 
the bone, blood and soft tissues bear excess lead. The box 
turtle may live up to lOO years (GRAHAM & HIfECHINSON 1969), 
has a range of on!v a few hundred meters (SCHWARTZ Ab~ SCHWARTZ 
1974), and the dense chelonian long bones experience a limited, 
mostly central turnover that leaves a wide cortex with prominent 
annular rings (CASTANET & CHEYLAN 1979). Hence, the annular 
pattern of growth in reptilian bone may offer a retrospective 
means of dating the exposures of long-term resident vertebrates 
to bone-seeking heavy metals, analogous to that provided by elm 
trees (SCHROEDER & BALASSA 1961) for vegetative uptake. 

MATERIALS AND MEI~ODS 

Three box turtles were caught by small streams in woodland 
south-east of Glover, Missouri and one, north-east of Bixby, 
Missouri: rural sites of primary lead smelters, and of a study 
(BAKER et al. 1977) on the heavy metals found in children liv- 
ing up to 8 km away. Four other turtles were caught in a sim- 
ilar habitat, but distant from industry and main roads, 5-15 km 
outside Morgantown, West Virginia. Both groups shared the same 
food, water, and outside pen in Morgantown for a period of 30- 
60 days from their capture to their deaths by an overdose of 
barbiturate. 

Lead content was assayed by atomic absorption spectropho- 
tometry. Tissues were digested in concentrated nitric acid and 
the lead determined at x = 217.O in a Perkin-Elmer 305-B spec- 
trophotometer equipped with a heated graphite furnace and 
deuterium arc background corrector and calibrated against a 
certified lead reference solution (Fisher Scientific). The bone 
pieces broken out of the sP~.ft had very little marrow. The 
humeri were scraped clean with surgical blades, the femora with 
plastic knives. The skin was dorsal, caudal, cranial. Huneral 
m-no=1~li were counted in the sector of their greatest ntrnber in 
hematoxylin-stained cross-sections of paraffin-embedded, 
decalcified shaft pieces. 
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RESULTS AND DISCUSSION 

Table I shows the lead levels of the liver, kidney, skin, 
blood, and two long bone shafts, to be significantly higher in 
exposed animals (E) than in less exposed animals (LE). The LE 
bone lead values are close to those of non-exposed horses 
(SCHMITT et al. 1971), cattle and sheep (DO~q~E 1979), toads 
(IRELAND 1977), and those of Mexican forest Indians' teeth 
(SHAPIRO et al. 1975). Exposed bone lead amounts are less than 
those in urban Detroit rats (MObW et al. 1975), ribs and ver- 
tebrae of horses living near lead smelters (SCHMITr et al. 1971), 
and in adult human dentine from urban Philadelphia (SHAPIRO et 
al. 1975). Lead levels in exposed turtle bone exceed those of 
bone in deer mice trapped alongside a major Colorado highway 
(MIERAU & FAVARI 1975), and in toads fed leaded worms for 4-8 
weeks (IRELAND 1977). 

The lead level of human bone increases with age (BARRY & 
MOSSMAN 1970; O'CONNOR et al. 1980). CASTANET & CHEYIAN'S (1979) 
method of matching the numbers of scute rings and appendicular 
bone annuli for the estimation of age in Mediterranean tortoises 
has not been previously applied to box turtles. In this study, 
the number of scute rings and humeral annuli (Table I) match 
each other as closely as in CASTANET & CHEYLAN's specimens. The 
annuli, supported by the scutes, furnish a minLmum age, by which 
to rank the turtles. Confirmation of the reliability of the 
annuli as indicators of relative and absolute age awaits lengthy 
study with vital labelling. Table i shows that, within E and 
LE groups, the lead levels in bone, blood and soft tissues hint 
at a modest correlation with seniority. More importantly there 
is no significant difference in mean minimum age to account for 
the much greater amounts of lead in E than LE animals. 

Human liver, weight for weight, stores more lead than the 
kidney (BARRY & MOSSMAN 1970), but although the converse de- 
finitely holds for rats (MOLW et al. 1975; MYLROIE & EROGBOGO 
1977), deer mice (MIERAU & FAVARI 1975), and toads (IRELAND 1977) 
the turtle's kidney (E and LE) has only marginally more lead 
than the liver. The amounts of lead in LE turtle kidneys and 
livers are slightly less than those of Rana ~ in areas of 
rural Vermont (SCHROEDER & TIPTON 1969). Chelonian skin has a 
weak ability to concentrate lead, leaving three major stores, 
bone, kidney and liver, to help account for the high blood lead 
two to three months after removal from exposure. 'lhe E lung 
values are low, but above LE figures, so that inhalation might 
contribute to the acquisition of lead by E turtles, as could 
eating items, such as vegetation (SCHMITY et al. 1971) and earth- 
worms (IRELAND & RICHARDS 1977), known to be contaminated by 
smelters and metallic spoil. 

Exposed and LE turtles differed in belonging to subspecies 
T.c. triungis and T.c. carolina respectively. We believe this 
factor to be inrnaterial, because scute ring and annular counts 
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and body weights (Table i) did not distinguish the groups, and 
it is toe count and skin coloration that constitute the basis 
for separating the subspecies. Further studies will, however, 
use T.c. triungis for another LE group, seek more and older E 
turtles and other reptiles, and apply microprobe elemental 
analysis to individual bone armuli and the potentially lead- 
binding melanin granules in skin (IRELAND et al. 1979). 

ACKNOWLEDGEMENTS 

We thank Dr. J. Vo Bell for Atomic Absorption Spectropho- 
metry laboratory facilities, Dr. J. ~. Krall for statistical 
advice, and the Conservation Depar~ents of West Virginia and 
~idicsouri for permits to take turtles. 

REFERENCES 

BAKER, E. L., C. G. HAYES, P. J. IANDRIGAN, J. L. HANDKE, D. T. 
LEG~, W. J. HOUSEWORTH, and J. M. HARRINGTON: Am. J. 
Epidem. 106, 261 (1977). 

BARRY, P. S. J., and D. B. MOSSMAN: Brit. J. Industr. Med. 27, 
339, (1970). 

CASTENET, J., and M. u'~qEYLAN: Canad. J. Zool. 57, 1649 (1979). 
DOYLE, J. J.: J. Anim. Sci. 49, 482 (1979). 
GRAHAM, T. E., and V. H. HUTCHINSON: Int. Turtle & Tortoise 

Soc. J. 3, 25 (1969). 
HOLCOMB, C. M., and W. S. PARKER: Bull. Environ. Contam. Toxicol. 

23, 369 (1979). 
IREIAND, M. P.: Environ. Pollut. 12, 85 (1977). 
IRELAND, M. P., and K. S. R!CHARDS: Histochemistry 51, 153 (1977). 
IRELAND, M. P., K. S. RICHARDS, and J. AP (Tw~NN: Histochemistry 

65, 31 (1979). 
MIERAU, G. W., and B. E. FAVARI: Envir. Pollut., 8, 55 (1975). 
MOL~, D., K. KALITIS, M. ANVER, J. SCHWARTZ, A. CONSTAN, R. 

HARTUNG~ B. COHEN, D. RINGLER: Arch. Environ. Hlth. 30, 
276 (1975). 

MYIROIE, A. A., L. MOOFE, and U. EROGBOGBO: Toxic. Appl. Pharm. 
41, 361 (1977). 

O'CO~-OR, B. H., G. C, KERVIGAN, K. P. TAYLOR, P. D. MORRIS, 
and C. R. WRIGHT: Arch. Environ. Hlth. 35, 21 (1980). 

ROBINSON, K. M., and M. R. WELLS: Bull. Environ. Contam. Toxicol. 
14, 750 (1975). 

SCHMITT N., G., BROWN, E. L. DEVLIN, A. A. IARSEN, E. D. MCCANSLAND, 
and J. M. SAVILLE: Arch. Environ. Hlth. 23. 185 (1971). 

SCHROEDER, H. A., J. J. BALASSA: J. Chronic Di-~. 14, 408 (1961). 
SCHROEDER, H. A., I. H. TIPTON: Arch. Environ. Hlt--h. 17, 965 (1969). 
SCHWARTZ, C. W., and E. R. SCHWARTZ: Missouri Department of 

Conservation, TerrestrialSeries 5, 1 (1974). 
SHAPIRO, I. M., G. MITCHELL, I. DAVIDSON, and S. H. KATZ: Arch. 

Environ. Hlth. 30, 483 (1975). 

Accepted July 4, 1981 

352 


