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Relationship between the lead concentration in hair
and occupational exposure
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ABSTRACT The lead content of hair in workers occupationally exposed was correlated with the
blood lead concentration. Determinations of lead in blood and hair were performed by elec-
trothermal atomic absorption spectrophotometry in two exposed groups and a control group. A
significant correlation was observed between the blood lead and hair lead concentrations, and a

regression analysis showed an exponential accumulation of the lead content in hair, simultane-
ously with the increase of the values in blood. The colour of the hair and the age of the subject did
not influence the lead accumulation in hair in the occupationally exposed subjects. The assess-

ment of lead in hair is considered a useful screening test in estimating occupational exposure.

During recent years a series of studies have pointed
to the use of the content of lead in hair as an index of
occupational exposure indicator.'-5 Modem analyti-
cal techniques now allow the metal content to be
measured in sequential segments of hair.26
The present study aimed to follow up the exami-

nation of lead in a single hair in workers occupation-
ally exposed and to correlate this with the blood lead
concentration.

Materials and methods

Two groups of male workers with differing occupa-
tional experience were studied: group 1 com-
prised 31 subjects exposed to high concentrations of
lead in air and group 2, 33 subjects with low expos-
ure. The ages and years of exposure of these two
groups are presented in tables 1 and 2.
Blood samples were collected on heparin from

each exposed person together with five hairs, includ-
ing the root. Before the analysis the hair was washed
in acetone, ethylic ether, and 1*5% solution of
sodium lauryl sulphate in order to degrease it and
remove exogenous lead, particles7; segments of
exactly 1 cm in length, measured from the root, were
then taken. To verify the cleanliness of the surface,
three hairs (before washing, after a single washing,
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Table 1 Age distribution ofexposed and control
populations

Group Age No S
(years) exposed exposed

Controls 620 - -
21-30 2 20
31-40 3 30
41-50 3 30
>50 2 20

1 620 - -

21-30 9 29-03
31-40 8 25-81
41-50 9 29-03
>50 5 16-13

2 20 1 3-04
21-30 6 18-18
31-40 7 21-21
41-50 13 39-39
>50 6 18-18

Table 2 Distribution ofyears oflead exposure

Group Years of No %
exposure exposed exposed

1 <5 5 16-13
5-10 12 38-72
11-15 6 19-35
16-20 6 19-35
>20 2 6-45

2 <5 8 24-24
5-10 7 21-22
11-15 6 18-18
16-20 8 24-24
>20 4 12-12
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Table 3 Distribution ofblood lead concentrations

Group Blood lead No %
exposed exposed

(p.g/dl) (pnolil)

1 <40 <1-93 5 16-13
40-79 1-93-3-81 22 70-97
80-120 3-86-5-79 3 9 68
>120 >5-79 1 3-22

2 <40 < 1-93 28 84-85
40-79 1-93-3-81 5 15-15
80-120 3-86-5-79 - -
>120 >5-79 - -

and after double washing) were examined by scan-
ning electron microscopy.
The lead concentration in the blood and in the

segments of hair was determined by an electrother-
mal atomic absorbtion spectrophotometry
method,28 using a Pye Unicam SP 9 apparatus
equipped with an atomisation furnace with graphite
tubes.
Blood and hair lead concentrations were also

measured in a control group of 10 men never
exposed to lead. They were aged from 21 to 55
(table 1).

Findings and discussion

The distribution of the blood lead concentrations of
exposed groups is presented in table 3. From these
data it is clear that the subjects in group 1 were more
heavily exposed than those in group 2: three sub-

jects in group 1 (9-68%) presented excessive values,
while one (3.22%) presented a value of 137 ,ug/dl
(6-61 ,umoll1).
Because of the high sensitivity of the analytical

method, it is essential that the surface of the hair is
clean. In this study the scanning electron microscopy

Table 4 Mean blood and hair lead concentrations

Grotp No of Blood lead Hair lead
subjects (nglcm)

(pg/dl) (p.ol/l)

Controls 10 24-13 1-03 0-59
1 3 1 58-62* 2-82* 5.87*
2 33 28-23 1-36 3.50*

* Statistically significant compared with controls (p < 0.001).

Table 5 Variation ofmean lead concentration according
to hair colour

Group Hair No of Hair lead Statistical sig-
colour subjects (ng/cm) nificance ofthe

difference
among colours

Controls Dark 5 0-92
Light 5 0-26 p < 0-025
White 4 0-41

1 Dark 11 6-23*
Light 20 5-59* p > 0 05
White 3 2-36

2 Dark 12 3-56*
Light 21 3-50* p> 0005
White 3 2-56

* Statistically significant compared with controls (p < 0.001).

Fig 1 Hair examined by electron scanning microscopy: (a) before washing (x 2000); (b) after a double washing w
acetone, ethylic ether, and 1 5% solution sodium lauryl sulphate (x 2300).
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showed that a double washing with acetone, ethylic
ether, and sodium lauryl sulphate ensures a satis-
factory purity of the hair surface (fig 1).
Table 4 presents the mean values of lead in blood

and hair in the study groups. In group 1 both are
significantly greater than in the controls; in group 2
only the mean hair lead is significantly increased.
Both values are significantly raised in group 1 com-
pared with group 2 (p < 0.025).
Dark hair was found to contain a higher lead con-

centration than light or white hair (table 5). This is
apparently in disagreement with the findings of
Schroeder et al,9 who found the following variation:
dark> blond > black > red. In the present study,
however, the difference between the two colours
(dark and light) was significant only in the controls.
The significance of this fact is that occupational
exposure overwhelms any influence which hair col-
our may have on the lead concentration; this is in
agreement with the findings of other authors.2 1011
The lead concentration varied from one single

hair to another in the same subject, underlining the
necessity of calculating an average value for several
single hairs.210
The possibility of the existence of a relationship

between the lead in hair and age was investigated.
Regression analysis showed the absence of a correla-
tion between these parameters in both controls (r =
+ 0-32, p > 0.05) and exposed subjects (group 1 r =
+ 0 12, p >0-05 and group 2 r = + 0*11, p>0-05);
age is thus a non-significant factor as regards the
accumulation of lead in hair. Other authors27 10-12
have reported similar findings.
Exogenous lead diffusion within a single hair is

said to be lowest in that part of the hair closest to the
root2; the segment of hair closest to the root thus
reflects exposure better than the subsequent seg-
ments. Since the average growth of the hair is about
1 cm/month, the use of the first and subsequent cen-
timetre lengths of hair for lead analysis will allow the
study of the exposure for recent and delimitated
periods.

Regression analysis shows a significant correlation
in group 1 between the lead concentrations in single
hair and blood (r = + 0-72, p < 0-001); the correla-
tion in group 2 is much less strong (r = + 0-03, p <
0.05). It can be seen (fig 2) that the exponential
accumulation of lead in hair related to the concen-
tration in blood (the regression equation is y =
1*502 eO0lSx, where we considered the lead
concentration in blood as the independent variable
x, and the concentration in hair as dependent
variable y), in accordance with the papers of
Grandjean2 and Chattopadhyay et al. 13
From the regression of the logarithm of the lead

content in hair against the concentration in blood, a
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Fig 2 Regression oflogarithm ofhair lead against blood
lead concentrations.

biological limit value of 3 ng Pb/cm single hair for a
blood value of 40 ,ug Pb/dl (1-93 umolll) is deduced;
for a blood level of 60 ,ug/dl (2-89 ,umoJl) the lead
in hair value corresponds to 4 ng/cm. These data are
close to the findings of Grandjean,2 who found a
biological limit of 3 ng/cm corresponding to a value
of 60 ,ug Pb/dl (2.89 ,umolI1).
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