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Over the last two decades, much interest has been
focused on the use of trace metals in human hair to
diagnose nutritional deficiencies of these metals or
toxicities of metals such as lead or organic mercury
(Kopito et al., 1967 ;Hammer et al., 1971; Eads and
Lambdin, 1973; Corridan, 1974; Wibowo et al., 1986;
Gonzalez et al., 1986). Although, the diagnostic value
of zinc (Zn), copper (Cu), lead and mercury levels in
human hair have been well established, little inform-
ation is available on the significance of iron (Fe)
levels in hair to diagnose nutritional deficiency or
toxicity of this metal. The present study was cond-
ucted to determine if occupational exposure in the
steel industry resulted in alterations in the levels of
Fe, Zn, and Cu in hair and could thus serve as a simple
tool for monitoring exposure to potentially hazardous
levels of these metals.

MATERIALS AND METHODS

Hair samples were collected at random during the winter
of 1983 from apparently healthy workers accompanying
their wives to the obstetric/gynecology clinic at a
steel mill in Karachi, Pakistan. Samples were taken
from the nape of the neck of 26 workers. Samples were
also collected from 28 age- and sex-matched control
Pakistani men in the city of Karachi, primarily
students, to enable a comparison of hair metal profiles
between two nutritionally similar groups differing only
in their occupation. Informed consent was obtained from
each subject at the time of sampling. Each hair sample
was placed in an envelope with the name, age and
occupation of the individual.

All hair samples were washed according to the method of
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Petering et al. (1971) modified as follows: Approxim-
ately 200 mg samples of hair were placed in acid-washed
(metal free) 50 ml Pyrex beakers. Each sample was
first immersed in 20 ml acetone for 10 minutes with
occasional stirring., The acetone was decanted and the
samples immersed in a 8% (w/v) solution of sodium
lauryl sulfate for 10 minutes, again with occasional
stirring. The hair samples were then poured onto a 5
cm filter connected to a Buchner funnel and washed
three times with deionized water, under suction. A
final rinse with acetone ensured removal of all
detergent. The samples were next rinsed with deionized
water three times, covered with another piece of filter
paper and allowed to air dry for 30 minutes. Samples
were then weighed and placed in metal-free 50 ml Pyrex
beakers, covered with a watch glass and wet-ashed in 25
ml conc. HNO, for 24 hours on a hot plate in a hood to
avoid contamination. Ashed samples were redissolved in
107 HNO, and read for Fe, Zn and Cu 1levels were
determined by atomic absorption spectrometry using a
Perkin-Elmer 2380 AAS as described (Jamall and Sprowls,
1987).

In order to ascertain whether the high Fe levels in
hair represented external contamination of hair or
reflected elevated body stores of Fe, known weights of
unwashed hair samples from five steel workers and 5
controls were immersed in 10 ml of a 10 mM EDTA (pH7.0)
solution in metal-free Pyrex beakers and covered with
parafilm. Blanks consisted of 10 ml of the EDTA
solution in beakers containing no hair. After 150
minutes at room temperature, a 5.0 ml aliquot of the
EDTA from each beaker was taken and analyzed without
further treatment for Fe by atomic absorption spectro-
scopy. The Fe levels leached out into the EDTA are
reported as a percentage of the dry weight of each hair
sample taken.

RESULTS AND DISCUSSION

The results indicate that steel workers had 4-fold
higher mean Fe levels in their hair as compared to age-
matched controls (Table 1). Since Fe is also a
nutritionally essential metal, the increased Fe levels
in hair of steel workers could be due to differences in
diet between workers and the controls chosen. That
this difference in Fe is not due simply to nutritional
differences between the steel workers and control
groups is borne out by the fact that the two other
essential metals assessed, Zn and Cu, were not

significantly different between the two groups examined
(Table 1).

In order to ascertain the source of the high Fe levels
in the hair of the steel workers, an experiment was
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done in vitro to determine if the Fe was adsorbed on
the hair from the work environment or reflected body
burden of this metal. Although different amounts of Fe
were leached out into the EDTA solution from each
control and worker hair sample (Table 2), there was no
difference in the Fe leached out by the EDTA wash when
expressed as a percentage of metal in hair, ug Fe/g
hair. These data suggest that the high Fe levels in
the hair of the steel mill workers may be a reflection
of increased body burden of this metal. Although all
of the workers sampled were asymptomatic at the time of
sampling, high Fe levels have been implicated in perox-
dative injury (Slivka et al., 1986) and constitute a
risk of developing hemosiderosis and hepatotoxicity
(Gordeuk et al., 1986). Measurements of plasma Fe,
serum transferrin and total iron binding capacity
(TIBC) would help confirm our observations. However,
our results do indicate that these workers are in fact
exposed to high levels of Fe in their work environment
and that long-term health effects due to the high Fe
exposure cannot be ruled out.

A thorough search of the literature revealed a paucity
of information on Fe levels in hair and its biological
significance. A study of metal levels in hair from
students and non-students in Oxford (Reilly and
Harrison, 1979) found that male students at Oxford had
a mean Fe level of 11,2 + 0.5 ppm (n=42). Non-student
males had Fe levels of 13.0 + 0.8 ppm (n= 80). Other
authors cite similar Fe levels viz., Harrison et al.
(1969) reported a mean Fe level in hair of 15.3 ppm in
samples taken from 18 adult American males. Creason et
al. (1975) reported levels of 22.3 ppm Fe (geometric
mean) in hair samples from 202 adults (not identified
by sex) in New York City. 1In another study (Briggs et
al., 1972) on adult males in Lusaka, Zambia, Fe levels
in hair were reported to be 31 + 2.0 ppm (n=74), some-
what higher than our control values but still consider-
ably lower than those found in the steel workers in
this study. These values are at least 507 lower than
Fe levels in hair from the control Pakistani men in the
present study (Table 1).

As indicated in Table 1, mean Zn levels in hair samples
from steel workers and control Pakistani men were not
significantly different. These values are consistent
with Zn levels in hair from males reported in several
different studies from different parts of the world
(Reilly and Harrison, 1979; Briggs et al., 1972; Chitt-
leborough, 1980). Zinc Values reported by Creason et
al. (1975) for adults in New York City (108.54 ppm Zn
geometric mean, n= 167) were somewhat lower than those
in our sample of Pakistani men and below values for
other Caucasian males cited above (Reilly and Harrison,

1979). 610



Table 1. Iron, zinc and copper in human hair (ug/g) of
steel workers and control males in Karachi,

Pakistan
ug metal/g hair

Sample Age Iron Zinc Copper
1 24 53.3 211 11.4
2 24 132 175 10.6
3 24 47.7 179 10.5
4 22 46.9 225 11.9
5 23 86.2 216 13.3
6 33 106 235 16.0
7 30 106 212 9.77
8 21 69.5 220 6.13
9 22 90.1 194 9.24
10 34 50.4 231 13.4
11 32 51.6 181 5.47
12 32 51.6 199 12.1
13 23 98.6 101 9.71
14 21 80.5 179 9,72
15 28 178 185 11.4
16 27 168 114 25.8
17 21 141 131 9.95
18 34 158 149 10.9
19 30 103 124 11.2
20 26 113 184 10.1
21 22 67.6 197 10.0
22 25 69.4 221 11.9
23 22 84.0 201 11.4
24 22 43.8 144 9.37
25 26 82.0 192 10.8
26 20 93.0 244 11.9
Workers *
Arithmetic Mean 91.2 1867% 11.308
S.D. 38.6 38.6 3.61
Controls
(N=28)
Arithmetic Mean 23.6 184 11.8
S.D. 8.28 40.3 2.85

*
Significantly different from Controls by P < 0.01 One

Way ANOVA; ns = Not significantly different from
controls
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Levels of Cu in hair in the steel workers did not
differ significantly from controls (Table 1). However,
these values are about 50%Z lower than those reported in
males in the Oxford study (Reilly et al.,1979; Harrison
et al., 1969). Creason et al.(1975) reported a geomet-
ric mean Cu level of 18.25 (n=204) in hair taken from
adults in New York City. These values for Cu levels in
human hair are not significantly different from the
levels in our study.

Our observation of elevated Fe levels in human hair
provides a simple means of monitoring workers for
exposure to potentially toxic levels of this metal.
The use of EDTA to assess chelatable Fe in vitro may
serve as a means of distinguishing between Fe adsorbed
onto hair and that reflecting increased body burden in
the absence of blood chemistry.
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