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Abstract 

Many factors influencing metal deposition in hair are still unknown. Animal experiments were 
performed to obtain data on the mechanism of transfer of elements into hair and to estimate whether hair 
retention is influenced by age, sex and chelating agent treatment. Experiments were performed on albino 
rats (Wistar strain) of different age and sex. Whole body hair (skin included) and organ retention of various 
elements was determined at different periods of time after intraperitoneal administration of the radioactive 
isotopes n 5 m C d , 2 0 3 H g , S 4 M n , 5»Fe, K Z n , u l C e , 1 3 7 Cs, 2 0 3 Pb and M S r . In some experiments DTPA was used 
for reducing body retention of 1 ,5*"Cd and 1*'Ce and DMPS for reducing 2 0 3 Hg retention. Results show that 
hair and organ retention of elements in rats varies with age, sex and chelation treatment and such changes 
are specific for each element and can not be generalized. Age as a factor influencing hair retention of 
metals is likely to be more important for some elements than for others. In kinetic studies we found that 
due to differences in element distribution and kinttics, the relationship between hair and organ retention 
at various time intervals varies both with age and the element concerned. Sex influences not only hair but 
also metal retention and distribution in other organs. 

1. INTRODUCTION 

Metals in hair are frequently used as indicators of the body burden of metals in 
humans. Although the biological basis for this application has been described, many factors 
influencing metal deposition in hair are still unknown. Animal experiments are therefore 
performed to obtain more data on the mechanism of the transfer of elements to hair. The 
purpose of our present work was to estimate whether hair retention is influenced by age, 
sex and chelating agent treatment and whether some general conclusions concerning the 
effect of these factors on hair retention of all elements can be made. 

2. EXPERIMENTAL 

For this purpose experiments were performed on albino rats of different age and sex 
•rom the Institute's breeding unit (Wistar strain). Older rats (6-28 weeks) and sucklings 
(1-2 weeks) with their mothers were kept in individual metabolic capes. Radioactive 
isotopes 1 1 5 m Cd, 2 0 3 Hg, 5 4Mn, 5 9Fe, 6 5Zn, 1 4 1Ce, 1 3 7Cs, 2 0 3Pb, 8 5Sr, were used as chloride of 
a high specific activity by single intraperitoneal administration. The radioactivity in the 
whole body (WB), carcass {whole body without the total gastrointestinal tract), hair 
(including skin), blood and organs was determined 6 day and in kinetic studies 7, 14 and 
21 day after radioisotope administration in solid crystal scintillation counters. 
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in some experiments animals were treated with chelating agents. DTPA (3-sodium 
calcium-diethylene-triamine-pentaacetate, Ditripentat, Heyl and Co., Berlin, Germany) was 
given to animals that received 1 1 5 m Cd and 1 4 1 Ce. DMPS (sodium 2,3-dimercaptopropane 
1-sulphonate, Oimaval, Heyl and Co., Berlin, Germany) to animals receiving 2 0 3 H g . 

The radioactivity measurements were corrected for radioactive decay and geometry 
of the samples. Results were expressed as percentage of the radioactive dose or as 
percentage of the whole body or carcass radioactivity. They were presented as arithmetic 
mean and standard error of the mean. Differences between groups were evaluated by 
Student's t-test. Some results were also presented as hair/tissue ratio. 

The external hair contamination was estimated by placing untreated animals into 
the same cage with treated rats. These animals showed almost no radioactivity on hair or 
in the whole body. Therefore external hair contamination was not performed. 

Details of the methods used are described in publications related to this project 
[1-3] 

3. RESULTS 

Results obtained are presented in Tables and Figures in publications related to this 
project 11-3]. Here, only a brief summary is presented. 

3 .1 . INFLUENCE OF AGE ON HAIR RETENTION 

3.1 .1 . Hair as a fraction of whole body retention of various elements in relation to age 

Hair retention was found to be a different fraction of the whole body retention for 
various metals ( 1 1 5 m Cd, 1 4 1 Ce, 1 3 7 Cs, S 9Fe, 2 0 3 Hg, 5 4 Mn, 2 0 3 Pb, 6 5 Zn , 8 5Sr). For example zinc 
retention in hair represented 23 and strontium only 0.5 per cent of the whole body 
retention. This is the result of selective distribution of various elements, specific not only 
for hair but also for metal retention and distribution in other organs and tissues. 

Hair retention was generally found to be a higher fraction of the whole body 
retention in sucklings than in older rats. The ratio between hair retention in sucklings and 
older rats was almost 5 for 1 4 1 Ce, about 4 for , 3 7 Cs, 3 for 1 1 5 m C d , 2 for 6 5 Zn, 5 4 M n , 5 9Fe 
and 8 5Sr and almost no age-related differences between sucklings and older rats were 
observed in hair retention of 2 0 3 Hg and 2 0 3 Pb [2]. 

3.1.2. Kinetics of hair retention in relation to whole body and organ retention of various 
elements in relation to age. 

Data on whole body, hair, liver and kidney retention of 2 0 3 H g , 1 4 1 Ce, n 5 m C d 
(presented as percentage of the dose 7, 14 and 21 day after administration of these 
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radioisotopes) indicate that the relationship between hair and organ retention at various 
time intervals varies both with age and the element concerned. For 1 , 5 m C d hair retention 
decreased at a similar rate as the whole body and organ retention in older rats, while in 
sucklings it was well related to liver but not to kidney retention. For 2 0 3 Hg hair retention 
was at all intervals related to liver but not to kidney retention in both age groups of 
animals. For 1 4 1 Ce hair retention followed the slope of kidney and not of the whole body 
or liver retention in older rats white in sucklings hair retention followed both the decrease 
in liver and kidney retention with time [2]. 

3.1.3. Hair/organ ratios of 1 1 sCd* n and 2 0 3 Hg in relation to age 

Results (presented as percentage of the radioactivity retained in the carcass) 
showed differences in hair and organ retention between suckling and older rats. Sucklings 
retained a higher fraction of both 1 1 5 , n Cd and 2 0 3 Hg in hair, blood, femur, lung, adrenals 
(1.2-5 times) and brain (9-13 times) and a lower fraction of both elements in the kidneys 
(1.2-2 times). In the liver sucklings retained a lower fraction of 1 l S m Cd (1.2 times) and a 
much higher fraction of 2 0 3 Hg (II times) than older rats. While age-related differences in 
element distribution could for some tissues, like the brain, be explained by the immaturity 
of the blood-brain barrier, differences between Cd and Hg retention in the liver can not be 
explained by "immaturity" since they were not only age but also element specific. 

The hair/tissue retention ratios for 1 , 5 m C d and 2 0 3 Hg showed also age-related 
differences. On the basis of these ratios in older rats the metal content in sucklings would 
be sometimes overestimated or underestimated. Thus, the cadmium content in tissues of 
sucklings would be overestimated in the kidneys, liver, pancreas, spleen (3-4 times) and 
underestimated in blood, lung, adrenals (1.2 times) and brain (5 times). The mercury 
content in tissues of sucklings would be overestimated in t rp liver (8 times), brain (6 
times), femur (4 times), lung (2.6 times) and blood (2 times). 

This indicates that age and elements specific distribution greatly influences the hair 
tissue ratios. (Details available from kostial et al. 1980). 

3.2. INFLUENCE OF SEX ON HAIR RETENTION OF METALS 

Values of 1 , 5 m C d , 2 0 3 Hg, 5 9Fe and 8 5 Sr in the whole body, hair, kidney and liver were 
determined in sexually mature females and males. It was shown that sex influenced not 
only hair but also metal retention and distribution in other organs. Hair retention 
represented a higher fraction of the dose and a higher fraction of the whole body retention 
in males than females for 1 1 5 m C d , 2 0 3 Hg and 5 9Fe and lower for 8 5Sr [1]. 

3.3. INFLUENCE OF CHELATING AGENT TREATMENT ON HAIR RETENTION OF METAL 

Results of the whole body, hair, liver and kidneys retention in rats treated with 
several doses of specific chelating agents indicate that in treated animals the hair retention 
was lower for 2 0 3 Hg and 1 4 1Ce while for 1 1 5 m Cd the treatment had no effect. However, the 
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reduction :"r. hair retention was usually lower than the reduction in the retention in the 
whole body and other organs. 

For 2 0 3 Hg highest differences between control and treated animals were observed 
in the kidney of older rats in which the retention was about 4 times lower in animals 
receiving DMPS while hair retention was only 1.4 times lower than in controls. In sucklings 
chelating agent therapy was less effective and kidney retention was only 2 t'mes lower 
while hair retention was reduced by a factor of 1.5. 

For , 4 , C e the highest difference between control and treated animals was observed 
in the liver of older animals which was 4 times lower in animals receiving DTPA while hair 
retention was only 1.6 times lower than in controls. Again the chelating agent treatment 
was less efficient in sucklings causing 3 times lower retention in the liver and 1.7 times 
lower retention in the hair. 

4. CONCLUSIONS 

Age seems to be an important factor in hair retention of several elements like Ce, 
Cs, Cd, Zn, Mn, Fe. In the young hair retention of these elements is a 2-5 times higher 
fraction of the whole body retention than in older rats. However, age has almost no effect 
on hair retention of mercury and lead. 

In kinetic studies hair retention and organ retention varies with age and is specific 
for each elements. Therefore, the ratio between hair and organ retention is not constant. 

In males hair retention is a higher fraction of the whole body retention for some 
elements like cadmium mercury and iron and lower for strontium. Sex influences not only 
hair but also other organ retention in a different way for each element which again 
influences the hair to organ ratios. 

Chelation treatment decreases whole body hair and organ retention of several 
metals. However, the efficiency in decreasing retention depends on the element, on the 
chelating agent used, the organ observed and the age of the animals. This causes 
differences in the hair organ retention ratios between control and treated animals. 

It might be concluded that the hair and organ retention of elements in cats varies 
with age, time after metal administration, sex and chelating treatment. These factors 
influence hair and organ retention in different ways and therefore change the hair/organ 
retention ratios. These changes are specific for each element and can not be generalized. 
Therefore, when using hair as an indicator of the body burden of metals more 
pharmacokinetic data for each element are needed for valid interpretation. 
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