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Heavy metal contamination in the environment has become a major 
concern of the sc ien t i f i c  community. Lead pol lu t ion is of par t ic -  
ular in terest  because i t  enters the environment from several sources 
including automobile exhaust, industr ia l  waste, lead arsenate 
pesticides, and phosphate f e r t i l i z e r s  (GOLDSMITH 1976). 

The accumulation of lead in the t issue of organisms residing 
in a given area has been used as an index to measure both the amount 
of environmental contamination and the potential hazard to these 
organisms (SCANLON et al .  1980). Numerous invest igat ions on lead 
accumulation in hair ,  ant lers ,  and soft  t issue such as l i ver  and 
kidney of large ungulates exist  (MUNSHOWER et a l .  1979, SAWICKA- 
KAPUSTA 1979, and FRANZMANN et al .  1975). Although adequate for  
studies of acute lead contamination, analysis of t issues that do 
not accumulate and store lead throughout l i f e  may not be a sensit ive 
index to accurately measure chronic low-level lead contamination 
(UNDERWOOD 1971). SCHROEDER and TIPTON (1968) found that 90% of 
the mean total body burden of lead is in the skeleton. Consequently, 
measuring the amount of lead in bone t issue or dental t issue, as 
opposed to hai r ,  ant lers ,  or sof t  t issue of organisms residing in 
a given area may be a useful tool in determining chronic low-level 
lead contamination for  the local environment. 

Investigations of lead in the bone t issue of large ungulates 
is generally lacking and the authors are unaware of any exist ing 
data concerning lead conceqtrations in the mandible and teeth of 
such species. 

The purpose of th is invest igat ion was to determine the lead 
content of whi te- ta i led deer (Odocoi]eus y i rg in ianus) mandibles and 
teeth to develop baseline levels for future invest igat ions on lead 
accumulation in the bone and dental t issue of large non-migratory 
mammals. The mandibles and teeth of whi te- ta i led deer were chosen 
for  several reasons: I )  teeth have been increasingly used to 
measure integrated lead contamination in humans (NEEDLEMAN and 
SHAPIRO 1974); 2) age of the deer could be obtained d i rec t ly  from 
the sample by tooth replacement and; 3) mandibles (with teeth) 
were easi ly obtained from harvested deer at butcher shops during 
the fa l l  hunting season. White-tai led deer were used as an 
indicator sgecies in th is invest igat ion because they exhibi t  a 
re la t i ve ly  large constant home range (MARCHINTON and dETER 1967) 
thereby ref lect ing the level of lead con lamination in a wide area. 
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MATERIALS AND METHODS 

Mandibles and teeth were collected from 48 whi te- ta i led deer 
which had been harvested from Adams, Cumberland, Dauphin, Lancaster, 
Lebanon, and York counties in Central and Southeastern Pennsylvania 
during the fa l l  hunting season of 1979. Pennsylvania State Game 
Commission Biologist  Fred Hartman aged all samples using tooth 
replacement and wear as c r i t e r i a  for age. 

Digestion techniques used by GOLDSMITH and SCANLON (1977) on 
soft t issue were modified for use on bone and dental t issue. Man- 
dible and teeth were separated, weighed, then ashed in a muffle 
furnace at 400~ for 12 h. Ashed samples (range 0.5 to 1.5 g) in 
duplicate were digested with 20 ml of concentrated n i t r i c  acid, 
cooled, di luted with d i s t i l l e d  water and 1 ml of concentrated hydro- 
chloric acid, f i l t e red  and evaporated to near dryness. D is t i l l ed  
water was added to reconsti tute the samples, which were then diluted 
to 50 ml. Lead concentrations were determined by flame atomic 
absorption on a Perkin-Elmer Model 360 Spectrophotometer and 
expressed in~g /g  ash weight. Blank samples indicated no laboratory 
contamination and spiked samples yielded a mean of 90.4% lead 
recovery in this procedure. 

A three way analysis of variances for unbalanced data sets 
with lead concentration as the dependent variable was Osed to deter- 
mine i f  anys ign i f i can t  difference was found among three 
factors: I )  county from which the deer were harvested; 2) age of 
the deer; and 3) sex. Analysis of data was performed using the 
Sta t is t ica l  Analysis System (SAS) version 79.5 of BARR et al. 
(1979). Analysis of variance is robust, but i t  assumes homogeneity 
of variance and normal d is t r ibu t ion .  Therefore, the data were 
tested for homogeneity of variance, skewness (gl) and kurtosis (g2). 
The calculated values of gl and g2 for each data set fe l l  wi th in 
allowable error and a F max test found the variances to be homo- 
geneous. 

RESULTS AND DISCUSSION 

There was no s ign i f i cant  difference in the lead levels of man- 
dibles compared to teeth (P>0.05). Although data on lead concen- 
t rat ions in mandibles and teeth of deer is lacking, FRENCH and 
BISSEL (1963) found no s ign i f i cant  difference in strontium-90 
content in the teeth and mandible of Cal i fornia mule deer. 

Mean lead concentrations for mandibles and teeth of deer from 
the six counties studied are presented in TABLE I .  Analysis of 
variance indicated that no s ign i f icant  difference occurs between 
lead concentration in deer from the s ix counties (P~0.05). The 
counties in this invest igat ion are found to be simi lar in percent 
land devoted to agr icul ture, industry, paved roadways, and suitable 
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wh i te - t a i l ed  deer hab i ta t  (PA. ABST., 1981). Although no data 
are avai lab le on lead d i s t r i b u t i o n  in the counties studied,  our 
f ind ings suggest that  the d i s t r i b u t i o n  of lead in these counties 
is s im i la r .  

TABLE 1 

Mean •  E lead concentrat ion (~g/g a.w.) of wh i t e - t a i l ed  deer 
mandibles and teeth by county. 

County N Teeth Mandible 

Lebanon 8 34.8 +-1.5 34.6 +_1.5 
Cumberland 8 35.7 +1.5 36.4 +_0.9 
Adams 8 36.1 +1.4 36.3 • 
York 8 37.1 • 36.7 • 
Dauphin 8 37.2 +__1.3 37.1 •  
Lancaster 8 37.7 + I . I  36.0 +_1.3 

Mean lead concentrat ions of mandibles and teeth for  whi te-  
t a i l ed  deer by age class are shown in TABLE 2. Analysis of va r i -  
ance found no s i g n i f i c a n t  age e f fec t  in the mandibles and teeth 
(P>0 .05) .  There are con f l i c t i ng  data in the l i t e r a t u r e  concerning 
lead content of teeth in humans. WILKINSON and PALMER (1975), and 
MALIK and FREMLIN (1974) found lead to increase in teeth wi th age. 
These f ind ings were not supported by SHAPIRO et a l .  (1975) and 
MAULBETSCH and RUTISHAUSER (1936). Our resu l ts  concur wi th the 
l a t t e r  ~nd~ngs ind ica t ing  no increase in lead content in teeth 
wi th age. However, i t  should be noted that  deer o lder  than 30 
months were extremely hard to obtain fo r  th is  s tudy:  consequently~ 
the sample of  deer over 30 months was l imi ted.  

TABLE 2 

Mean •  E lead concentrat ion (~g/g a.w.) of wh i t e - t a i l ed  deer 
mandibles and teeth by age. 

Age (months) N Teeth Mandible 

5 to 6 20 36.0 +--0.9 36.4 +__0.9 
17 to 19 22 36.9 +--0.9 35.9 +_0.7 
> 3 0  6 35.7 +-1.1 3'6.8 +_I.0 
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TABLE 3 indicates mean lead concentrations for  mandibles and 
teeth of wh i te - ta i l ed  deer by sex. Analysis of variance found no 
s i gn i f i can t  di f ference between sexes (P~0.05) .  This f ind ing is in 
agreement with that  of WILKINSON and PALMER (1975) and MAULBETSCH 
and RUTISHAUSER (1936) who found no di f ference in human teeth lead 
levels between the sexes. 

TABLE 3 

Mean L S E lead concentration ~ug/g a.w.) of wh i te - ta i l ed  deer 
mandibles and teeth by sex. 

Sex N Teeth Mandible 

M 19 35.4 +_0.8 36.1 +_0.8 
F 29 37.1 +0.8 36.3 +_0.7 

Data concerning mandible lead levels in regard to age and sex 
in humans are not avai lab le.  

In conclusion, th is  study indicates l i t t l e  inf luence of age, 
sex, and county on lead levels in mandibles and teeth.  Although 
d i rec t  comparisons between deer and human are not absolute, the 
l i t e r a t u r e  c i ted concerning age and sex are general ly in accordance 
with our f ind ings.  

Addit ional  studies are needed to establ ish the r e l i a b i l i t y  of 
using deer teeth and/or mandible as a sui table b io ind ica to r  for  
chronic low level lead contamination. These studies should include: 
a) age comparisons encompassing deer over 30 months old;  b) k ine t ics  
of lead metabolism and d i s t r i b u t i o n  in teeth and mandibles; and 
c) formulation of indices between deer teeth and/or mandible lead 
levels and lead levels in the deer's home range. 

L i t t l e  va r ia t ion  in lead content in teeth and mandible i . e .  
small S E, suggest that  wh i te - ta i l ed  deer mandible and teeth lead 
levels may re f l ec t  contamination over a wide home range with l i t t l e  
va r ia t ion  among ind iv idual  deer w i th in  that  home range. 

ACKNOWLEDGEMENTS 

We g ra te fu l l y  acknowledge d. Rinehart for  s t a t i s t i c a l  assistance, 
reviewers: G. Steucek, R. Schutsky, W. McManus, T. Greco for technical 
assistance, and F. Hartman for  aging samples. 

564 



REFERENCES 

BARR, A.J. ,  J.H. GOODNIGHT, AND J.P. SALL: SAS User's guide, 1979 
Edition. SAS Ins t i tu te ,  Inc. Raleigh, 494 pp. 

FRANZMANN, A.W., A. FLYNN, AND P.D. ARNESON: J. Wildl. Manage. 
3__99, 374 (1975). 

FRENCH, N.R., AND H. BISSEL I I :  Bull. Ecol. Soc. Am. 44, 46 (1963) 
Abstr. 

GOLDSMITH, C.D., JR., AND P.F. SCANLON: Bull.  Env. Contam. Toxicol. 
I__77, 311 (1977). 

GOLDSMITH, C.D., JR., P.F. SCANLON, AND W.R. PIRIE: Bull. Env. 
Contam. Toxicol. I_6_6, 66 (1976). 

MALIK, S.R., AND J.H. FREMLIN: Caires Res. 8, 282 (1974). 

MARCHINTON, R.L., AND L.K. JETER: J. Alabama Acad. Sci. 38 (1967). 

MAULBETSCH,A., AND E. RUTISHAUSER: Arch. Int.  Pharmacodyn. Ther. 
53, 55 (1936). 

MUNSHOWER, F.F.,  AND D.R. NEUMAN: Bull. Env. Contam. Toxicol. 222, 
827 (1979). 

NEEDLEMAN, H. [ . ,  AND I.M. SHAPIRO: Env. Health Perspec. ~, 27 
(1974). 

PENNSYLVANIA ABSTRACT: A STATISTICAL FACT BOOK, EDITION 23, DEPT. 
OF COMM. BUR. OF STATISTICS; RESEARCH AND PLANNING (1981). 

SAWICKA-KAPUSTA, K.: Environ. Pol lut.  19, 283 (1979). 

SCANLON, P.F., R.G. ODERWALD, T.J. DIETRIK, AND J.L. COGGIN: 
Bull. Env. Contam. Toxicol. 25, 947 (1980). 

SCHROEDER, H.A., AND J.H. TIPTON: Arch. Env. Health I_!_7, 965 (1968). 

SHAPIRO, I.M., G. MITCHEL, I. DAVIDSON, AND S.H. KATZ: Arch. 
Environ. Health 30, 483 (1975). 

UNDERWOOD, E.J.: Trace Elements in Human and Animal Nutr i t ion,  
Third Edition, Academic Press, New York, 543 pp. (1971). 

WILKINSON, D.R., AND W. PALMIER: Int.  Lab. 6_7_7, 41 (1975). 

565 


