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Abstract 

If the content of an element in hair of an individual is used for the assessment of health risk of that 
person it is of special importance to know if the hair analytical data reflect the body burden or the content 
of the organ or tissues at risk. Ideally the content in hair should rise and fall in parallel to an increase or 
decrease of the body burden or the content in the critical organs. It was the aim of this project to study 
the transfer of Hg, methyl-mercury and Zn to hair and to compare it with the levels simultaneously 
observed in the total body and the relevant organs under controlled experimental conditions in an animal 
model. In addition, a similar study on As and the analyses of two experiments of a long term study on Cd 
exposure were also included. The transfer to hair of Zn, Hg and As relative to the resorbed amount is more 
efficient than that found for Cd. While low levels of Zn in hair appear to be a relatively reliable signal of low 
dietary supply, normal levels in hair do not always indicate sufficient supply. Higher levels of Hg in hair are 
attained if the source in the diet is methyl-mercury than for the same dose of inorganic mercury. Arsenic 
in hair reflects, on one side, the amount resorbed in the intestine during the period of growth of the hair 
and, on the other hand, is dependent on the time of exposure or the time after cessation of exposure before 
the period of hair growth. For acute exposure, the dose response over the whole range between natural 
and toxic levels has been established. In chronic exposure, the response of cadmium in hair to the level in 
the diet (dose response) as well as the relation between the content in hair and that in the major organs, 
exhibited a wide scatter at a low level of exposure compared to a narrow scatter at a high exposure which 
proofed to be toxic to the kidneys. This demonstrates that a conclusion from the content in hair to the level 
in the diet or the content in a specific organ is not reliable at low levels of chronic exposure even under the 
well controlled conditions of an animal experiment. This oi'ght to be even more so in man. 

1. INTRODUCTION 

Hair has been used as an indicator of exposure to toxic elements and for identifying 
deficient supply of essential elements in man. One way of application is the identification 
of exposed communities by comparing them with unexposed ones. In this case it is less 
important if a part of the elemental content in ha»' is due to external contamination from 
environmental sources. Another way of application is the determination of the level of a 
specific element in hair of an individual person in order to estimate its level in specific 
organs, especially in the tissues at risk of this person. The aim in both applications is to 
use the data for a more or less rough estimate for the risk to health. Especially in the 
second way of application it is important to know how well hair analytical data reflect the 
body burden or the content of the organ at risk. Ideally the content in hair should rise and 
fall in parallel to an increase or decrease in the whole body or in a specific organ. Animal 
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experiments may provide useful information on this question. They have several 
advantages over studies in man such as the exclusion of external contamination, the exact 
control of the intake and the length of exposure, the use of radioactive tracers etc. At the 
other hand the data obtained from animal experiments are not directly applicable to man 
because of quantitative differences in metabolism between species. Therefore our 
experiments were designed in a way to detect trends and major relations between levels 
and rates of transfer which ought to be similar in man and laboratory animals. 

Based on our experience in a previous IAEA contract with an animal model 
developed and used for evaluating the dose response relation and the external 
contamination in hair obtained from experimentally induced cycles of hair growth in the rat 
we hcve studied the transfer of Hg, Methyl-Hg and Zn. Additionally to these studies which 
have been proposed in the research agreement a study on the transfer of As to hair has 
also been performed within the period of the present contract. Furthermore the analyses 
of samples from a long term experiment on Cd exposed rats which had been started in the 
previous program have been completed and the results have been evaluated. The 
experiments done on Hg and Methyl-Hg in hair of the rat have been published as well as 
the experiments on Zn 11-4]. 

In a cooperation within the framework of the Programme, Dr. R. Tykva, Institute 
of Organic Chemistry and Biochemistry, Czechoslovak Academy of Science, Prague, has 
conducted a study on induced hair of rats treated with radioactive Cd and Hg, part of 
which was done in our laboratory. This experiment has also been published [5] . The results 
are part of the final report of Dr.Tykva. (Please see Dr. Tykva paper in this publication). 

2. EXPERIMENTAL 

Two experiments on As have been done within this contract; both have not yet 
been published and are therefore described in the following. 

2 .1 . FIRST EXPERIMENT ON AS IN THE HAIR OF THE RAT 

This experiment was designed to find out 

(1) if endogenous As in hair can be removed by a "mild" pre- analytical washing such 
as has been recommended in an earlier IAEA-Report [6]. 

(2) if the fraction of As transferred to growing hair is different where the dose is 
delivered at one time and where it is split in many fractions simulating a protracted 
period of dietary exposure within the growth period of the hair harvested. 

(3) if the transfer to hair declines as the body burden declines after cessation of the 
exposure. 
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The experimental animals were 20 adult male rats of a Wistar derived strain of 
3 months of age. They were fed a commercial standard diet and kept in metabolic cages 
at a temperature of 22°C and with a light cycle of 12 to 12 hours. Feed and water were 
supplied ad libitum. The experimental arrangement is depicted in Fig. 1. 

The animals were distributed to 4 experimental groups. New hair growth was 
induced as described previously [7]. At the time of hair induction the animals were 
transferred to metabolic cages in order to prevent the external contamination of hair. The 
animals of group 1 received 0.5 mg As each day at days 10 to 20 post hair induction. The 
animals in group 2 to 4 received a single dose of 5 mg As as AsCI 3 by stomach tube at day 
10 after the inductive plucking. In all animals the induced hair was harvested under ether 
anaesthesia by plucking at 22 days after the induction, which also was effective in 
inducing a subsequent hair cycle. At that time the animals in group 1 and 2 were killed. 
In group 3 and 4 the newly induced hair which was grown subsequently was harvested 
by plucking at day 44 and the animals in group 3 were killed at that time. In group 4 the 
induced hair was harvested a 3rd time and the animals were killed at day 66. In all animals 
the major organs were recovered for analysis of As. To demonstrate the influence of a pre-
analytical washing some of the hair samples were divided and one part was analyzed 
without washing whereas the other part was washed before the analysis using the 
procedure recommended in IAEA-Report [6]. 

2.1 .1 . Analytical procedure 

Samples of approximately 80-90 mg were transferred to quartz tubes and subjected 
to a wet ashing procedure using 0.5 mL HN0 3 (65% suprapure) at a temperature of 150°C 
in a pressure apparatus [8]. The clear solution obtained was then filled up with 0.005 N 
HCI to 10 mL volume each. 9.5 mL of each of these solutions were used for As 
determination by the "hydride method" using the Perkin Elmer MHS-20 System in 
combination with the Perkin Elmer atomic absorption spectrometer 400. For each 
determination 3 mL of the respective solution were added to 8 mL 1.5% HCI. As a reagent 
a solution containing 1 % NaOH and 3% NaHB0 4 was added. The escaping AsH 3 was 
flushed into the quartz cuvette by means of Argon. The cuvette was heated to 900°C and 
the atomic absorption was measured. 

2.1.2. Analytical quality data 

The National Bureau of Standards reference material SRM-1571 (orchard leaves) has 
a certified value of 10 ± 2/ /g (20%). Our own analysis, arithmetic mean ± standard 
deviation of 3 samples from this standard, gave the value of 9.4 ± 0 . 6 //g/g; the reference 
material SRM-1577 (bovine liver) has a certified concentration of 0.047 ± 0.006/yg/g; our 
own analysis were 0.045 ± 0.0005 //g/g (n = 2). 
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2.1.3. Results 

Table I compares the amount of As analyzed in the unwashed hair with that in 
washed hair obtained by the first harvest after the administration of AsCI 3 . The part of the 
hair samples of group 1 and 2 which was subjected to the washing procedure contained 
practically as much arsenic as the untreated samples (Table I). This demonstrates that the 
washing did not remove .s from hair. Furthermore, Table I demonstrates that there was 
practically no difference of the level of As in unwashed hair between the animals which 
received the dose split in 10 intubations within a period of 10 consecutive days (group 1) 
and those which received the dose as a single intubation at the beginning of this period. 
A comparison of the result in group 1 (split dose) with that of the common result of groups 
2 to 3 (single dose) shows that the fraction transferred to hair from the cumulative amount 
of a rather continuous exposure via ingestion was the same as that from a single ingestion 
at the beginning of that period. Thus the amount in hair in this experiment was a true 
reflection of the dose ingested during its growth period irrespective of the temporal pattern 
of the exposure. 

TABLE I. ARSENIC IN INDUCED HAIR GROWN SHORTLY AFTER THE 
ADMINISTRATION OF ARSENIC. (1ST. EXPERIMENT, 1ST HARVEST) 

Groups Statistical 
parameters 

Unwashed 
(j/g As/g) 

Washed 
(//g As/g) 

Group 1 
split dose 

(10 x 0.5 mg) 

arit. mean 
std. error 

geo. mean 
number of animals 

2.5 
0.6 
2.3 
5 

2.8 
0.8 
2.4 

5 

Group 2 
single dose 
( 1 x 5 mg) 

arit. mean 
std. error 
geo.mean 

number of animals 

2.3 
0.3 
2.3 
5 

2.0 
0.4 
1.9 
5 

Group 3 
single dose 
( 1 x 5 mg) 

arit. mean 
std. error 

geo. mean 
number of animals 

2.9 
0.2 
3.0 
5 

no data 

Group 4 
single dose 
( 1 x 5 mg) 

arit. mean 
std. error 

geo. mean 
number of animals 

2.6 
0.2 
2.6 
5 

no data 

Groups 2 to 4 Commun arit. mean 
std. error 

number of animals 

2.6 
0.2 
15 
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Table II compares the amount of As found in hair shortly after the exposure wi th 
that in the organs in group 1 (10 intubations) and group 2 (single intubation). There was 
no significant difference between the two dosage schemes (group 1 and 2) in the As 
content of induced hair and organs. 

Table III demonstrates the amount of As found in hair and in the organs at different 
intervals after the administration of the single dose. The level in hair declined steadily and 
arrived at the background level (amount found in unexposed animals) at or before 54 d 
after the dose. The amount of As also declined in the organs. But this decline was not as 
steep as in hair. This finding shows that the transfer of As to hair declines as the content 
of As decreases in the tissues. The more rapid decline in heart, adrenals and cerebellum 
compared to that in the kidneys and the liver is most probably due to the more rapid 
exchangeability in these organs. The finding of a more rapid decline in hair may be 
attributed to a more rapid decline of the level of As in blood compared to that in the liver 
and the kidneys. 

2.2. SECOND EXPERIMENT ON AS IN THE HAIR OF THE RAT. 

This experiment was designed to compare the shifts of As levels in subsequent 
cycles of newly grown induced hair with the shifts of As in the organs relevant in As 
poisoning during a period of chronic exposure. 

2 .2 .1 . Analytical procedure 

The experimental animals were 60 male rats of a Wistar derived strain of 
approximately 300 g body weight at the beginning of the experiment. They were fed a 
commercial standard diet. The animals were distributed to 12 experimental groups of 5 
animals each. A control group received distilled water for drinking. The drinking water of 
the remaining 9 groups was a solution of AsCI 3 in distilled water and contained 3 mg As 
per litre. Feed and drinking water were supplied ad libitum. The consumption of water was 
recorded. 

At the start of the experiment hair was induced by plucking in the dorsal region in 
the animals of the control group and the exposed group No. 1. In the exposed groups 1 to 
10 hair induction was done after 3, 6, 10, 20, 30, 40, 50, 60, 70 and 80 weeks of 
exposure respectively. To prohibit exogenous contamination of the new hair the animals 
were kept in metabolic cages during the period of new hair growth. 22 days after the 
inductive plucking of the respective group they were killed by bleeding under ether 
anaesthesia. Hair was harvested in the area of the previous plucking. At the same time the 
liver, the left kidney, the heart, the forebrain, the cerebellum, both adrenals, the pancreas, 
the submaxillary gland and the gonads were recovered. The soft tissues were weighed and 
kept in the deep freeze at a temperature of -18°C. Samples for hair and tissues of 
approximately 100 mg were taken for analyses. 
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TABLE II. COMPARISON OF ARSENIC IN HAIR AND ORGANS SHORTLY AFTER ITS ADMINISTRATION AS A 
SINGLE AND SPLIT DOSE. (*/g As/g FRESH WEIGHT; FIRST EXPERIMENT) 

Groups Statistical 
parameter 

Induced hair 
(incl. root) 

Liver Kidney Adrenals Pancreas Forebrain Cerebellum Heart 

Group 1 
split dose 
(10 x 0.5 mg) 

arit. mean 
std. error 
geo. mean 
number of animals 

2.5 
0.6 
2.3 
5 

14.5 
2.3 

13.7 
5 

9.7 
1.6 
9.3 
5 

8.3 
3.2 
6.7 
5 

4.7 
0.7 
4.5 
5 

4.1 
1.5 
3.3 
5 

3.9 
0.8 
3.6 
5 

19.5 
2.7 

18.7 
5 

Group 2 
single dose 
( 1 x 5 mg) 

arit. mean 
std. error 
geo. mean 
number of animals 

2.3 
0.3 
2.3 
5 

9.2 
1.2 
8.9 
5 

7.0 
1.1 
6.5 
5 

2.1 
0.3 
2.0 
5 

3.2 
0.7 
2.8 
5 

1.6 
0.6 
1.3 
5 

2.7 
1.0 
2.0 
5 

9.1 
1.1 
8.8 
5 

Significance n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. 



TABLE III. ARSENIC IN ORGANS AND HAIR INDUCED AT DIFFERENT INTERVALS AFTER SINGLE INTUBATION OF 
5 mg OF ARSENIC (FIRST EXPERIMENT) HAIR GROWN AT THE END OF EACH EXPERIMENT GROUP 
(pg AS/g FRESH WEIGHT) 

Groups Statistical 
parameters 

Induced hair 
(incl. root) 

Liver Kidneys Adrenals Pancreas Forebrain Cerebellum Heart 

Group 2 
(10 days after 
intubation) 

arit. mean 
std. error 
geo. mean 
number of animals 

2.3 
0.3 
2.3 
5 

9.2 
1.2 
8.9 
5 

7.0 
1.1 
6.5 
5 

2.1 
0.3 
2.0 
5 

3.2 
0.7 
2.8 
5 

1.6 
0.6 
1.3 
5 

2.7 
1.0 
2.0 
5 

9.1 
1.1 
8.8 
5 

Group 3 
(32 days after 
intubation) 

arit. mean 
std. error 
geo. mean 
number of animals 

1.2 
0.1 
1.2 
5 

8.5 
0.8 
8.4 
5 

7.4 
0.8 
7.3 
5 

2.9 
0.8 
1.7 
5 

0.8 
0.1 
0.7 
5 

1.3 
0.7 
0.9 
5 

1.0 
0.4 
0.8 
5 

7.9 
2.8 
6.2 
5 

Group 4 
(44 days after 
intubation) 

arit. mean 
std.error 
geo. mean 
number of animals 

0.6 7.1 
1.1 
6.7 
5 

5.1 
0.6 
5.0 
5 

1.7 
0.2 
1.7 
5 

0.7 
0.2 
0.4 
5 

0.3 
0.1 
0.3 
5 

0.4 
0.2 
0.4 
5 

7.1 
1.2 
6.7 
5 



2.2.2. Analysis 

The analytical procedure was the same as in the 1 st experiment. 

2.2.3. Results 

The consumption of water decreased shortly after the transfer of the animals to the 
metabolic cages but within a few days returned to the level observed before the transfer. 
Up to now only the samples of hair, kidney, liver and forebrain have been analyzed. 
Comparing the amount of As found in the induced hair wi th that found in the organs at 
various times of the exposure a correlation coefficient (after Spearman) between 0.5 and 
0.6 was obtained. If the data of the unexposed controls were included in the comparison 
the coefficient between 0.6 and 0.7 was found. In both cases the correlation was very 
highly significant at P < 0 .001 . A graph depicting the dynamic behaviour of the levels of 
As in the organs and in the induced hair is shown in Fig. 2. A sharp increase of As in these 
organs and in induced hair occurred within 10 weeks after the start of As supply in the 
drinking water. After this the levels in liver and kidney remained almost constant indicating 
approximately equal rates of uptake and release. In the forebrain a minor but steady further 
increase was observed, which indicates that the uptake never was fully compensated by 
the release. The level of As in hair also increased during this period exhibiting an even 
steeper slope than that of the forebrain. This demonstrates a steady fansfer of As to hair 
during this chronic exposure. 

3. CONCLUSIONS FROM FIRST AND SECOND EXPERIMENT ON ARSENIC 

From the 1 st experiment it may be concluded that after the cessation of chronic 
intake just as after the initial uptake from a single dose the level of As in hair decreases 
more or less similarly to that in brain and pancreas while that in the liver and kidneys is not 
significantly affected. 

The continuous supply of 3 mg As per litre drinking water in the 2nd experiment 
lead to an increase of As in hair from approximately 2 fjg As to approximately 10 fjg As 
within 80 weeks. In chronic experiments wi th Cd performed under similar conditions a 
continuous supply of 300 //g Cd/L has beer necessary to obtain 2 ug Cd per g in hair [9] . 
The high transfer to hair of As compared to that one of Cd is due 1 st to the much better 
resorbability of As in the intestine, and 2nd to its more efficient transfer to hair after its 
resorption [10]. The slope exhibited by the level of As in hair grown during various periods 
of exposure (Fig. 2) demonstrates that the level of endogenous As in hair is not only 
dependent on the level of intake but also on the length of exposure. At first sight this 
finding appears to be at variance with the finding in the first experiment. While in the first 
experiment a split dose treatment over 10 days produced practically the same level in hair 
as the same amount delivered in a single dose, in the second experiment the level in hair 
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grown during later periods of a chronic exposure was higher than that grown at earlier 
periods of exposure. Since the periods of growth were the same for all times of hair 
harvest It must be concluded that the rate of transfer increased steadily during the period 
of exposure. A continuous increase of As was observed in the forebrain but not in the liver 
and kidneys. Thus in long term chronic exposure the level of As in hair does not 
exclusively reflect the unchanged level of dietary exposure but also includes a component 
reflecting the body burden. 

A close inspection of Fig. 2 shows that there was a very steep increase shortly 
after the initiation of exposure. This initial increase above background levels depends much 
more on the dose delivered than on the length of exposure and indicates the capacity of 
hair to reflect the level of exposure. 

Thus with contrast to Cd where we have only been able to identify the reflection 
of the amount ingested during the actual period of growth of the hair and not the content 
in the major organs due to past exposure [9], in the case of As two different components 
have been found to be recovered in hair: 1 st the level of As ingested at the time of the 
growth of the hair and 2nd a component which reflects a fraction of As in the body due 
to past exposure. While past exposure could be detected in the rat by hair analysis in the 
case of As it could not be detected in the case of Cd. If the hair sampled was growing 
during the period of exposure. The component of As in hair reflecting past exposure was 
largely masked by the component reflecting the recent intake. 

3 .1 . DOSE RESPONSE RELATION 

Using the data from the first experiment together with those of previous 
experiments obtained under similar conditions during an earlier period of our contract the 
dose response relation for the transfer of As in hair can now be shown. The data are taken 
from different experiments in which the element was delivered by stomach tube to adult 
male rats as a single dose. The dose was administered at the time of eruption of new hair 
of an induced hair cycle except in one group from experiment one of this report where the 
dose was split in 10 fractions. The relation between the dose and the level of As found 
in the hair grown within 10 days of hair growth is depicted in Fig. 3. 

3.2. RELATION BETWEEN ARSENIC IN HAIR AND IN ORGANS 

Under the well controlled conditions of the animal experiment a significant 
correlation coefficient between 0.5 and 0.7 was found between the content in induced hair 
and that in the forebrain, the liver and the kidneys. 
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4. EXPERIMENTS WITH DIETARY LONG TERM EXPOSURE TO CADMIUM 

Two experiments were made. In both cases adult male rats were given CdCI 2 in the 
drinking water. In the first experiment the concentration of cadmium was 300 mg/L. in the 
second 3 mg/L. In intervals of 7, 17, 27, 37 and 47 weeks new hair growth was induced 
in the dorsal region in groups of these animals. At the same time they were transferred to 
metabolic cages, to prevent external exposure. In each group the animals were killed 10 
days after the eruption of the induced hair. The induced hair was harvested and the major 
organs collected. Samples of the organs and the induced hair were analyzed using 
ftameless AAS. The quality performance of the analysis has been described in [11] 

4 . 1 . RESULTS 

In all organs as well as in the induced hair a sharp increase of cadmium was 
observed after the start of the exposure. Later on the element continued to increase but 
at a slower rate. In the animals exposed to the high level of cadmium an inflection of the 
increase was observed in the contents of the kidneys as soon as 200 //g Cd per g fresh 
weight were reached. This inflection marks the start of the dysfunction of the kidneys due 
to cadmium toxicity. At the lower level of expcture this effect on the contents of the 
kidneys was not observed because the critical in the kidneys was never reached. 

The analytical data demonstrate that under the conditions of an animal experiment 
with a steady supply of cadmium during a long period where the transfer via sweat was 
absent and the external contamination prevented the transfer of cadmium to hair grown 
at various times of the exposure was dose dependent (Fig. 4) and there was a significant 
correlation between the content in hair and that in various organs (Table IV and Fig. 5). 

However, it is noteworthy .hat the correlation was weak (coefficient 0.5). It 
exhibited a wide scatter in the lower range and thus did not reach statistical significance 
in the case of the forebrain, the liver, the pancreas, the heart and the testis while they 
were significant (P < 0.05) in the case of the hindbrain, the kidneys and the adrenals. 
At the high exposure the correlations were significant in all of these cases. The same was 
true if this corrslation was considered in the pooled data of the whole experiment. A large 
part of the weak correlation may be attributed to the different length of exposure which 
due to the different residence times of the element in the various organs, especially in the 
deep pools of the liver and the kidneys, which lead to steadily increasing levels in the 
organs at each of the exposures which were not reflected in the amounts transferred to 
hair. Thus the relatively high correlation with coefficients of about 0.8 which was observed 
in the comparison including both exposures as well as the controls may rather be attributed 
to the different exposures than to the different amounts accumulating in the various organs 
during the exposures. For the application as an indicator in man it must also be taken in 
•nind that in man the scatter may be even larger than in a well controlled animal 
experiment because of the larger individual diversity of dietary habi's and iiving conditions, 
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the possibility of a transfer with sweat the absence of steady expo- sure and other factors. 
Furthermore it needs to be considered that in monitoring environmental exposure in man, 
with contrast to monitoring industrial exposure at the working place, the aim is especially 
detecting and differentiating low exposures. The animal experiments indicate that in this 
field of application hair analysis of cadmium is less useful and less reliable than that of 
arsenic, especially if individual persons are examined. 
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TABLE IV. CORRELATION BETWEEN THE CONTENT OF CADMIUM IN INDUCED HAIR AND VARIOUS ORGANS. 
THF STATISTICAL PARAMETERS INDICATED ARE SPEARMAN RANK CORRELATION COEFFICIENT, 
SIGNIFICANCE P AND NUMBER OF OBSERVATIONS, RESPECTIVELY 

Induced hair to: Forebrain Hindbrain Liver Kidney Adrenal Pancreas Heart Testis 

Correlation 
at 3 mg/L 
exposure 

-0.014 
0.541 + ) 

30 

0.3981 
0.033 

30 

-0.178 
0.348 + ) 

30 

0.392 
0,032 

30 

0.471 
0.009 

30 

0.215 
0.558 + ) 

30 

-0.144 
0.448 + ) 

30 

0.327 
0.239 + ) 

30 

Correlation 
at 300 mg/L 
exposure 

0.545 
0.003 

28 

0.608 
0.001 

29 

0.505 
0.005 

29 

0.396 
0.034 

29 

0.609 
0.001 

29 

0.416 
0.025 

29 

0.460 
0.012 

29 

0.432 
0.020 

29 

Correlation at 
both exposures 
plus unexposed 

0.678 
0.001 

68 

0.793 
0.001 

69 

0.778 
0.001 

69 

0.819 
0.001 

69 

0.870 
0.001 

69 

0.801 
0.001 

69 

0.775 0 
0.001 

69 

0.809 
0.001 

69 

+ ) Not significant at P < 0.05 
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Figure 1. Experimental design (1st experiment on As) 
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Figure 2. As in induced hair and various organs of rats exposed to 3 mg As in the 
drinking water for 80 weeks. 
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Rgure 3. Dose response of As in the induced hair of adult male rats to 
a dose administered by stomach tube after the eruption of the 
hair through the skin (anaphase). The hair was harvested 
10 days after its eruption. 


