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Several authors found a significant correlation 
between lead and cadmium concentration in hair and ex- 
posure levels, body burden and clinical symptoms of 
these metals (JAWOROWSKI 1965; JAWOROWSKI et al 1966~ 
KOPITO et al 1967; PUESCHEL et al 1972} KOPITO and 
SHWACHMAN 1975~ HAMMER et al 1971; REEVES et al 1975) 
OLERU 1975). Therefore the scalp hair, which is also 
easily removed, collected, stored and analysed, is 
often considered as an ideal material for epidemiolo- 
gical studies (i.e. HAMMER et al 1971). However, 
several authors found that other factors like age or 
sex might influence the concentration of heavy metals 
in hair and therefore hair as a biopsy material bas hOt 
been fully exploited (KLEVAY and FORKS 1973). A higher 
concentration in scalp hair was noticed in children for 
lead (WEIS et al 1972; KLEVAY and FORKS 1973; 
PETERING et al 1973; CREASON et al 1975~ KOPITO and 
SHWACHMAN 1975) and cadmium (GROSS et al 1976). Whether 
this increased hair content of lead and cadmium indi- 
cates a higher body burden in children is sti11 dispu- 
table. 

The purpose of our work was to determine in a 
controlled animal study whether age influences lead and 
cadmium accumulation in hair. In out experimental 
conditions the 203Pb retention in hair was a good indi- 
cator of lead body burden in both young and old rats. 
However, the ll5mCd hair values would give pisleadingly 
higher values of the total body burden in young rats 
if based on hair analysis only. 

MATERIAL AND METHODS 

Two experiments were performed: one with the 
purpose of studying lead and the other of studying 
cadmium retention in the whole body and hair in rela- 
tion to age. Each experiment was performed on two 
groups of female albino rats aged 18 weeks (10 animals) 
and 2 weeks (3 litters of 6 animals in each). Adult 
rats and three animals of each litter received a single 
intraperitoneal dose of 203pb or 115mCd. The 
uninjected animals in each litter served as controls 
for surface contamination. The radioactive solution 
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of 203pbC12 (carrier free isotope supplied from Gustaf 
Werner Institute, Uppsala, Sweden) contained in a dose 
about 3 ~Ci in 0.I ml; the llSmCdCl2 solution (spec. 
act. 0.5-1 mCi/mg of Cd, supplied from the Radiochemical 
Center Amersham, England) contained in a dose about 
i0 ~Ci in 0.i ml. 

Seven days after the radioisotope administration 
the weight of all animals was determined and the whole 
body retention of 203pb or ll5mCd was measured in a 
two-crystal scintillation detector for gama-radiation. 
Because practically no radioactivity was detected in 
the hair from uninjected controls, washing of the hair 
was not performed. After that all animals were 
exsanguinated in ether narcosis and their hair was re- 
moved with skin. Fresh weight of hair (including skin) 
was determined and the radioactivity was measured. The 
retention of 203pb and ll5mcd in the whole body and hair 
was expressed as the percentage of the radioactivity in 
relation to the radioactivity of the phantom (standard 
injection solution diluted to adequate volume) in the 
same way as described previously for non-ashed biolo- 
gical samples (HARMUT et al 1968). The significance of 
the difference between the groups was calculated by 
Student's t-test. 

RESULTS 

Young rats retained a significantly higher per- 
centage of lead (Table i) and cadmium (Table 2) in the 
whole body and hair than adults. However, if we express 
the lead hair values as the percentage of the dose 
retained in the whole body the values were almost the 
same for young and adult rats showing no difference 
related to age (Table i). 

TABLE 1 

Retention of 203pb in rats seven days after intraperi- 
toneal administration (means • SEM) 

Ratio Young Adults 
(2 weeks) (18 weeks) young: 

adults 
No. of animals 9 i0 , 

Whole body 80.12• 43.90• 1.83 
% of Hair 1.59• 0.85• 1.87 
dose Hair as % of 

1.97• 1.93• 1.02 whole body 
% of Whole body 1.76• 0.20• 8.80 
dose Hair 0.21• 0.02• 10.50 
per Hair as % of 

11.85• 11.43• 1.03 gram whole body 

Level of statistical significanoe between two age groups, p<0.0Ql 
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When cadmium hair values are expressed in the same 
way, young animals retain in hair a significantly hig- 
her amount of the total body burden than adults. 
Similar results were obtained when the results were 
expressed as percentage of the dose per gram of fresh 
tissue. 

TABLE 2 

Retention of ll5mcd in rats seven days after intrape- 
ritoneal administration (means • SEM) 

Ratio 
Young Adults 

(2 weeks) (18 weeks) young: 
adults 

No. of animals 9 10 , 
Whole body 95.77• 82.61• 1.16 

% of Hair 8.87• 3.11• 2.85 
dose Hair as % of * 

9.28• 3.81• 2.44 
whole body ~. 

%'of Whole body 2.59• 0.42• 6.20 
dose Hair 1.45• 0.09• 16.11 
per Hair as % of 

56.96• 23.13• 2.46 
gram whole body 

Levelof statistical significanoebe~two age groups, 
p<0.001 

DISCUSSION 

Results of numerous investigations indicate that 
age might be an important factor in the metabolism of 
heavy metals (JUGO 1977). Our previous experiments 
showed that suckling rats have a higher absorption of 
lead and cadmium from the intestine (KOSTIAL et al 
1971; KELLO and KOSTIAL 1977a), a decreased elimina- 
tion from the body (KOSTIAL et al 1973~ KELLO and 
KOSTIAL 1977b) and a different organ distribution 
(MOM~ILOVI~ and KOSTIAL 1964; KELLO and KOSTIAL 1977b). 
The evidence that age influences metal metabolism in 
humans is still scarce. Data on concentration of heavy 
metals in human hair in relation to age are therefore 
of special importance. Our results show that the lead 
content in hair might be a good indicator of the lead 
body burden irrelevant of age. This might indicate 
that higher lead concentrations found in children's 
hair (KOPITO and SHWACHMAN 1975; KLEVAY and FORKS 
1973; PETERING et al 1973; WEIS et al 1972; CREASON 
et al 1975) could be a real indicator of a higher lead 
body burden. The higher lead body burden might be the 
result of increased exposure (pica) or higher lead 
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absorption from the intestine in this age group 
(ALEXANDER et al 1974 - in humans; KOSTIAL et al 1971 
- in rats). 

The cadmium content in hair was however age de- 
pendent because of a higher selective accumulation of 
cadmium in the hair of young animals and therefore was 
nota good indicator of the total body burden. This 
is in agreement with the data reported by GROSS et al 
(1976) who found in their postmortem analysis a sur- 
prisingly higher concentration of cadmium in the hair 
of young children than in adults which was not associa- 
ted with a higher concentration in the kidney and 
liver. This indicates that precaution should be taken 
in estimating the body burden of cadmium in subjects of 
different age on the basis of hair analysis only. 

It might be disputable whether our results obta- 
ined in short-term radioactive tracer experiments on 
rats can be relevant for interpreting data on hair 
concentrations of lead and cadmium in humans since it 
is known that human internal hair contamination with 
metals is a slow process (HOPP 1977). We therefore 
estimated lead and cadmium retention not only in the 
hair but also in the skin in order to include the radio- 
active metals in hair follicules where endogenous metal 
deposition is likely to start (HOPP 1977). Also, 
NORDBERG and NISHIYAMA (1972) found a high correlation 
between the cadmium content in the hair and skin and 
the cadmium in the whole body in mice irrelevant of 
the time after the parenteral application of 109Cd. 
Although our results cannot be directly applied to 
human data there are a definite indication that age 
should be taken into consideration when taking hair con- 
centration as an indicator of the body burden of some 
metals. 

SUMMARY 

The purpose of this work was to evaluate whether 
hair values of lead and cadmium can be used as an 
indicator of the body burden of these metals in dif- 
ferent age groups. 

The experiments were performed on rats aged 2 and 
18 weeks, which received 2D3pb and ll5mCd by intra- 
peritoneal injection. The whole body retention and 
the retention of these radioisotopes in the hair 
(including the skin) was determined 7 days later. 
Younger animals showed a higher retention in the whole 
body and hair of radioactive lead and cadmium. The 
hair values when expressed as the percentage of the 
whole body retention were for 203pb the same in young 
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and adult rats but for ll5mcd they were 2 to 3 times 
higher in young animals than in adults. It is conclu- 
ded that lead hair values are a good indicator of the 
total body burden in both age groups. However, the 
cadmium body burden of young animals would be greatly 
overestimated if based on hair values only. This 
findings might be relevant for interpreting results of 
hair concentrations of lead and cadmium in children. 
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