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Instrumental neutron activation analysis technique has been used to determine the 
concentration levels of 12 trace elements in human head hair samples collected from 105 
individuals living in various areas of Rawalpindi-Islamabad. The data show that the ave- 
rage concentrations of Mn, Co, Ag and Au are higher in the female group as compared to 
the male group. Four individuals were found to have elevated levels of Se due to the use of 
anti-dandruff shampoos, whereas two individials had elevated levels of Hg. 

Introduction 

The ever-increasing release of  toxic trace elements and chemicals in the environ- 

ment  from agricultural and industrial activities of  man tends to contaminate the 

biosphere with foreign chemicals. 1'2 Pollution of  the biosphere is l ikely to contami- 

nate man as these chemicals may find their way to human organism through the 

environment and food chain, a-s The higher concentrations of  these elements in 

the human body  may adversely affect human health. 2'6 Therefore, it is important  

to  determine the concentrations of  the trace elements in various human organs so 

as to determine base line levels and to indicate contamination.  Biological moni- 

toring of  trace elements in man is a complex problem as it involves a number of  

factors. 2'7'a Further  it is very difficult to obtain samples in a standard and quan- 

tified manner from a living person to determine trace element distr ibution and 

composit ion in the whole body.  Therefore, a suitable tissue or substrate may be 

used as an indicator of  human contamination.  Head hair, which can be easily ob- 

tained from a living person, can be used as a preliminary indicator for monitoring 

the levels of  trace elements in human body.  9-13 Trace element concentrat ions of  

head hair may reflect short  or long term variations in the corresponding blood- 
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levels. 14 Since hair" is a metabolically dead tissue, it may store a record of past 
concentrations of trace elements in the body. 2,s Further, the concentrations of 
trace elements in head hair are generally higher than those in other tissues which 
facilitate the analysis. The elemental analysis of hair may provide useful preliminary 
information on the trace element levels of the body which can then be supple- 

mented by the analysis of other tissues. 
The present study was undertaken to determine the prevailing concentration 

levels of twelve trace elements in head hair samples of people living in various areas 
of Rawalpindi-Islamabad. The samples were analyzed using Instrumental Neutron 

Activation Analysis technique. 

Experimental 

Sample collection 

Head hair samples were collected from 105 persons including 45 female and 
60 male donors. The donors belong to different social and occupational groups 
and their ages range from 4 to 55 years. The samples were obtained by clipping 
hair strands with precleaned stainless steel" scissors from four to five different 
places close to the scalp. These samples were assigned code numbers and stored 
in small paper envelopes. The particulars of the donors were aJ~o obtained and 
recorded. 

Prior to analysis, the greasy material and adhering dust was removed by wash- 
ing the sample successively with 25 ml portions of analytical grade alcohol, twice 
with deionized water and finally with alcohol. After final washing the samples 
were air-dried a t  room temperature in a dust-free area. 

Irradiation and radioassay 

About 50 to 100 mg of the samples were sealed in pre-cleaned polyethylene 
vials for short irradiations. Three samples together with two standards were packed 
in another container and irradiated for a period ranging from 30 s to one hour 
at a thermal neutron flux of 2 �9 1013 n .  cm -2. s-1 in the pneumatic tube facilities 

of PINSTECH research reactor PARR-I. For longer irradiations the samples were 
sealed in quartz vials then packed in aluminium containers and irradiated in the 

core of the reactor. 
After appropriate cooling, the irradiated samples and standards were carefully 

transferred to other vials and reweighed. The gamma-ray spectrometry measurements 
were made with a co-axial 30 cm 3 Ge(Li) detector (ORTEC Model 8011) coupled 
to a charge sensitive preamplifier (ORTEC Model 120-4) and a spectroscopic ampli- 
fier (ORTEC Model 2010), which incorporates a pole zero cancellation system. 
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The pulses from the amplifier were analyzed by a semi-computerized Nuclear Data 

Multichannel Analyzer (ND-4410) having an 8 K memory. The spectrum was 
stored in 3072 channels. The system has an energy resolution (FWHM) of 2.1 keV 
for 1332.5 keV gamma-rays of 6~ and a peak to compton ratio of 40 : 1. 

Results and discussion 

Optimum conditions for obtaining interference-free photopeaks of the desired 
elements were determined by varying irradiation and cooling times and studying 
the gamma-ray spectra. It was observed that Mn, Cu, As and Au can be deter- 
mined using short irradiation times, whereas Zn, Fe, Co, Cr, Ag, Sb, Se and Hg 
require longer irradiation. The optimum irradiation and cooling times along with 
the relevant nuclear data of these elements are listed in Tabte 1. The photopeaks 
of 203 Hg at 279 keV and that of 7 s Se at 280 keV cannot be resolved. There- 

fore, the contribution of 7s Se to this unresolved peak was calculated and the 
necessary correction was applied to determine the amount of Hg from this peak. 
Similar correction was applied for the contribution of 24Na in the 511 keV peak 
of 64Cu. 

In order to check the accuracy of our method a US NBS Standard Reference 
Material No. 1571 (Orchard leaves) was analyzed and compared with the certified 
values in Table 2 which shows fairly good agreement. This method was then used 
for the determination of 12 elements in the hair samples. All the samples were 
analyzed in triplicate and the average values were calculated. 

The arithmetic mean and standard deviation, the geometric mean and geometric 
standard deviations, the median and the range of concentration of all the elements 

analyzed were computed. The results are summarized in Tables 3 and 4 for male 
and female groups, respectively, whereas the results of all the samples are presented 
in Table 5. The population distributions of these elements are plotted as histograms 
of concentration in linear co-ordinates in Fig. 1. 

The comparison of the data for male and female groups does not show any 
significant differences except for Mn, Co, Ag and Au. The concentrations of these 
elements are higher in the female group. It is rather difficult to find a possible 
explanation for higher concentrations of Mn and Co in the female group. How- 
ever, the higher concentration of Ag and Au in the female group may possibly 
be due to the extensive use of silver and gold jewelry in our society. 

The arithmetic mean, geometric mean and median values for Zn and Se show 

good agreement and comparatively lower relative standard deviations, which in- 
dicate a low scatter in the data, The frequency histograms also indicate approx- 
imately gaussian distribution for these elements. The other elements studied show 
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Abundance ,  
Nuclide % 

5 s Mn 100.0 

63Cu 69.1 

197Au 100.0 

7 s As 100.0 

64Zn 48.9 

SSFe 0.3 

s 9 C o  1 0 0 . 0  

s~  4.3 

1~  48.17 

121Sb 57.2 

74Se 0.87 

2 ~  29.8 

Cross. 
sectiot 

b 

13.3 

4.5 

98.8 

4.5 

0.71 

1.1 

19.0 

17.0 

4.5 

6.0 

30.0 

4.0 

Table 1 
Nuclear data for the  e lements  1 s 

Radionuclide used 
(Half-life) 

S6Mn (2.56 h) 

~*Cu (12.7 h) 

19 a Au  (2.695 h) 

76 As (26.4 h) 

s Zn (244 d) 

s 9 F e  ( 4 5 . 6  d )  

6~ (5.2 y) 

s 1 Cr (27.8 d) 

I 10 m,A_g (250.4 d) 

t 22 Sb (60.6 d) 

~SSe (120.4 d) 

2 0 s Hg (46 d) 

7-Ray used, keV 
Irradiation 

t ime 

847 

511 (1345) 

411.8 

559 (657) 

1115.5 

1099 (1292) 

1173 (1332) 

320 

763 (884, 937) 

1691 

264 (136, 279.5) 

279 

2111 

l h  

l h  

l h  

4 8 h  

4 8 h  

48 h 

4 8 h  

48 h 

4 8 h  

48 h 

4 8 h  

Cooling 
t ime  

2 h  

1 2 h  

2 d  

2 d  

2 w  

2 w  

4 w  

4 w  

4 w  

4 w  

4 w  

4 w  

Table 2 
Analysis  o f  NBS SRM-1571 'Orchard leaves) 

Element  Certified value, Our value,* 
p p m  ppm 

Cu 

M n  

Zn 

Fe 

Co 

Cr 

Au 

Sb 

As 

Se 

Hg 

12 -+ 1 

91 +- 4 

25 +- 3 

300 +- 20 

(0.2)** 

2.6 +- 0.3 
N . A .  

2.90 +- 0.3 

10 +- 2 

0.08 +- 0.01 

0 .155-  + 0.015 

13.5 +- 1.5 

94.8 +- 4 

27.3 +- 2.1 

296 +- 8 

0.22 +- 0.03 

2.8 -+ 0.2 

0.001+- 0.0005 

2.72 +- 0.2 

12.7 -+ 2 

0.09 +- 0.01 

0.168 + - 0.01 

*Average o f  3 determinat ions .  The error quoted is 
the  s tandard deviation of  these measurements .  

* * U ncertified value. 
N. A. - Not reported by NBS. 
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Element 

Cu 
Mn 
Zn 
Fe 
Co 
Cr 
Au 
Ag 
Sb 
As 
Se 
rig 

Table 3 
Trace element concentration in male hair samples (ppm) 

R a n g e  

3.9 - 23.1 
0 . 4 9 -  12.60 

128.5 -480 .0  
11.3 -136.1 

0 . 0 4 -  1.40 
0 . 2 6 -  6.34 
0.01 - 1.26 
0 . 0 2 -  1.78 
0 . 0 4 -  0.70 
0 . 0 4 -  1.41 
0 . 5 7 -  1.91 
0 . 2 0 -  3.78 

A.M. 

9.3 
3.26 

254.4 
46.5 

0.21 
1.44 
0.17 
0.31 
0.14 
0,30 
1.05 
1.42 

G.M. 

8.3 
2.21 

245.8 
37.4 

0.13 

Median 

8.3 
2.11 

245.8 
42.3 

0.13 
1.04 0.88 
0.09 0.09 
0.18 0.16 
0.11 0.11 
0.18 0.13 
1.01 1.00 
1.19 1.02 

S. D. 

4.7 
3.1 

69.2 
30.3 

0.29 
1.35 
0.23 
0.40 
0.13 
0.32 
0.28 
1.01 

G. S. D. 

1.60 
2.4 
1.3 
1.97 
2.5 
2.15 
3.18 
2.67 
1 . 9 2  

2.72 
1 . 2 9  

2.07 

A. M. - Arithmetic mean. 
G. M. - Geometric mean. 
S.  D .  - S t a n d a r d  deviation. 
G. S. D. -- Geometric standard deviation. 

Table 4 
Trace element concentration in female hair samples (ppm) 

Element 

Cu 
Mn 
Zn 
Fe 
Co 
Cr 
Au 
Ag 
Sb 
As 
Se 
rig 

R a n g e  

2.1 - 24.6 
1.0 - 16.15 

130.5 -471.5  
14.8 -156.4  

0 . 0 4 -  1.7 
0 . 1 9 -  
0 . 0 3 -  
0 . 0 1 -  

0 . 0 3 -  

0 . 0 4  - 
0 . 4 2 -  
0 . 1 7 -  

58.9 
0.62 

5.07 1.39 
3.01 0.55 
3.93 0.71 
0.57 0.16 
0.84 0.20 
1.72 0.98 
8.80 2.28 

A.M. G.M. 

10.2 9.1 
5.9 4.6 

256.2 242.5 
49.2 

0.33 
0.97 
0.25 
0.31 
0.13 
0.15 
0.93 
1.5 

A .  M. - A r i t h m e t i c  m e a n .  

G .  M. - G e o m e t r i c  m e a n .  

S.  D .  --  S t a n d a r d  d e v i a t i o n .  

G .  S.  D .  --  G e o m e t r i c  s t a n d a r d  d e v i a t i o n .  

M e d i a n  

9.3 
4.8 

245.9 
45.5 

0.28 
0.90 
0.15 
0.36 
0.15 
0.14 
0.92 
1.52 

S.D. 

4.9 
3.7 

87.4 
36.3 

0.77 
1.18 
0.74 
0.94 
0.11 
0.17 
0.30 
2.34 

G. S. D. 

1 . 6 5  

2.20 
1.39 
1 . 8 4  

3.01 
2.38 
3.54 
4.18 
1 . 9 6  

2.13 
1 . 3 7  

2.53 
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Table 5 
Trace elemen concentra t ion in h u m a n  head hair samples (ppm) 

Element  Range A . M .  G.M.  Median S .D .  G . S . D .  

Ca 
Mn 
Zn 
Fe 
Co 
Cr 
Au 
Ag 
Sb 
As 
Se 
rig 

2.1 - 24.6 
0 .49--  16.15 

128:5 - 4 8 0 . 0  
11.3 - 1 5 6 . 4  

0 . 0 4 -  1.70 
0 . 1 9 -  6.34 
0.01 - 3.01 
0 .01--  3.93 
0 . 0 3 -  0.70 
0 .04--  1.41 
0 . 4 2 -  1.91 
0 .17--  8.80 

9.6 
4.27 

255.1 
51.1 

0.33 
1.42 
0.31 
0.47 
0.15 
0.26 
1.03 
1.73 

8.6 
2.92 

244.9 
41.4 

0.18 
1.01 
0.13 
0.23 
0.12 
0.17 
0.99 
1.23 

8.4 
3.13 

245.8 
44.8 

0.17 
0.89 
0.11 
0.18 
0.11 
0.14 
0.97 
1.21 

4.82 
3.60 

76.5 
33.2 

0.40 
1.29 
0.52 
0.68 
0.13 
0.28 
0.29 
1.68 

A. M. - Ar i thmet ic  mean. 
G. M. - Geometric  mean.  
S. D. - Standard deviation. 
G. S. D. -- Geometric  s tandard deviation. 

1.62 
2.50 
1.33 
1.94 
2.96 
2.24 
3.63 
3.30 
1.94 
2.51 
1.32 
2.27 

considerably higher relative standard deviations, indicating a wider scatter in the 
data. The geometric standard deviations for these elements indicate that concentra- 
tions of these elements differ by one or more than one order of magnitude in 
the samples studied. The data indicate that the concentrations of these elements 
do not follow a gaussian distribution. 

Of the 105 samples analyzed, four samples (2 males and 2 females) show ab- 
normally high amount of Se (33, 40, 47 and 72 ppm) whereas two samples (one 
male and one female) show higher amounts of Hg (23 and 27 ppm). The higher 
amount of Se in the four samples was found to be due to the use of anti-dandruff 
shampoos. The shampoos used by these persons were analysed and were found to 
contain 0.8 to 1.4% Se. These persons were advised to discontinue the use 9f the 

shampoo and the hair samples from one person were collected every week after 
the use of the shampoo was discontinued. The analysis of these sanlples showed 
an exponentional decrease in the concentration of Se with time. The concentra- 
tions were found to be 21, 11, 8 and 6 ppm after 1, 2, 3 and 4 weeks, respect- 
ively, as compared to the initial value Of 72 ppm. This experiment indicates that 

the elevated level of Se in the hair was due to adsorption of Se from the shampoo 
which can be removed by washing. 

The cause for the elevated levels of mercury could not be explained with the 
available information. However, studies were made to estimate the time of maxi- 
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Cr 
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50 

E 
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20 0 

10 
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50 Co 5 
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20 20 

10 
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C o n  c �9 n l . r  a t i  o n ,  pPr 

Zn 50 Mn 

4O 

- 0 3 6 9 12 
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Se 50 Au 

40 

3O 

20 

~ 0 O3 06 09 1.2 14 
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50 /~ 50 Sb 50 -" As; 50 Hg 

40 40 40 

20 20 20 
i 

O0 04 08 12 1.6 200  02 04 06 Q8 O~ 08 1.2 16 0 2 4 6 8 
C o  n c e n t r t i o n~ ppm 

Fig. 1. Distribution histograms for the concentration of trace elements in head hair (higher 
values not included). 

mum exposure of the person to mercury. The female hair sample which had an 
average concentration of 27 ppm was cut into 8 portions of 3 cm each and ana- 
lyzed for Hg. The concentrations of Hg along the length of the hair strands from 
the root end were found to be 19, 21, 24, 28, 30, 33, 31 and 24 ppm. Assuming 
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an average growth rate of about 1 cm per month, the time of maximum exposure 

to Hg is estimated to be approximately 18 months from the date of collection 
of the sample. 

C o n c l u s i o n  

In this s~dy  human head hair samples were analysed by instrumental-activation 

analysis technique to determine the prevailing concentration levels of 12 trace ele- 

ments and to reveal individuals having elevated levels of toxic trace elements in 

their hair. The screening of the data shows that four persons were exposed to 

higher levels of  Se and two to Hg. The exposure to Se was from an extemal 

source, whereas the source of Hg could not be ascertained. The data further in- 

dicate that the average concentrations of Mn, Co, Ag and Au are higher in female 

than male samples. The comparison of our data with those of other countries 2 

in Table 6 shows that our values of Fe, Mn, Se and Sb are similar to those of 

India. The values of Zn, Cr, Co and As are higher and that of Au, Ag and Cu 

are lower than the Indian values. These values however, are similar to the values 

of certain other countries. Our values of Hg are comparable with that of Iraq and 

Italy but lower than those from many other countries. 

Table 6 
Intercomparison of trace elements data of human head hair 

Elements 

Cu A.M. 

G.M. 

M 

Mn A,M. 

G.M. 

M 

Zn A.M. 

G.M. 

M 

Fe A.M. 

G.M. 

M 

Countries 

Pakistan 

9.6-+4.82 
8.6Xl.62 

8.4 

4.27-+3.60 
2.92x.._2.50 

3.13 

255.1-+76.5 

244.9 x 1.33 

245.8 

51.1• 
41.4 x 1.94 

44.8 

India 
m 

16.2-+6.2 

15.3~1.56 

16.3 

3.36-+3.43 

2.51~2.66 

2.97 

138-+44 

128~ 1.5 

138 

60• 

50~ 1.72 

59 

Iraq 

N.A. 

N.A. 

180-+70 

165~ 1.6 

175 

122• 

106~ 2.5 

93 

Japan USA 

13.1-+9.9 N.A. 

11.4Xl.6 15Xl.4 

10.7 15 

1.1 -+3.8 N.A. 
0.49x2.6 0.14Xl.7 

0.42 0.14 

183-+59 N.A. 

179 x 1.30 164Xl.4 

170 160 

N.A. N.A. 
N.A. 30Xl.7 

10 31 

Canada 

N.~ 

N.~ 

N.~ 

N.A. 

190 

N.A. 

N.~ 

41 

England 

23.1 

20.6x1.61 

19.1 

N . A .  

1.33 .x._2.6 

1.2 

N.A. 

261 x._.l.4 

260 

N.A. 
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Table 6 (cont.) 

Countries 
Elements 

Pakistan India Iraq Japan USA 

Co A.M_. 

G.M. 

M 

C A.M. 

G.M. 

M 

Au A.M. 

G.M. 

M 

Ag A.M. 

G.M. 

M 

Sb A.M. 

G.M. 

M 

As A.M. 

G.M. 

M 

Se A.M. 

G.M. 

M 

Hg A.M. 

G.M. 

M 

0.33-+0.40 

0,18_x_. 2.96 

0.17 

1.42-+1.29 

1.01 x._2.24 

0.89 

0.31-+0.52 

0.13x_.3.63 

0.11 

0.47-+0.68 

0.23x_.3.30 

0.07-+0.10 

o.o5.~.16 
0.08 

0.46-+0.39 

0.3432.34 

0.42 

0.66_+0.87 

N.A, 

0.53 

0.68-+0.11 

0.39x2.58 

0.28-+0.28 

0.22 x_.2.2 

0.19 

4.1_+4,3 

2.6 ._x3.0 

2.6 

0.059• 

0.029 .x_3.4 

0.028 

0.60+1.32 

0.35x_.2.5 

0.084-+0.22 

0,041x2.5 

0.036 

N.A. 

N.A. 

0.2 

0.035-+0.122 

0.01 _x_: 3, 7 

0.009 

0.39+-0.43 

0.28x2.1 

0.18 0.62 

0.15-+0.13 0.12-+0.15 

0.12x__. 1.94 0.09x+2.16 

0.I1 0.13 

0.26-+0.28 

0.17x.2.51 

0,083-+0.14 

0.07 x5.31 

N.A. 

2.7• 

1.2~3.8 
1.2 

0.27-+0.30 

0.26x.2.0 

0.26 

N.A. 

N.A. 

0.031 

N.A. 

N.A. 

0.14 0.073 

1.03+-0.29 1.28-+0.84 

0.99x_. 1.32 1.32x2.46 

0.97 1.23 

1.73-+1.68 N.A. 

1.23x,_2.27 

1.21 

0.19 0.058 

1.4 -+1.6 1,18-+4.2 

0.92x._2,6 0.70Xl.89 

0.96 0.69 

1.4 -+2 ,1  4.2• 

0.73x_.3,0 3.8Xl.59 

0.73 3.9 

A.M. - Arithmetic mean. 
G.M. -- Geometric mean. 
M - Median. 
N . A .  - Not  available.  

N.A. 

0.03+Xl.6 

0.03 

N.A. 

1.5~2.7 

1.7 

N.A. 

N.A. 

0.1 

N.A. 

N.A~ 

N.A. 

N.A. 

0.166~2.1 

0.200 

N.A. 

0.13 x:__4.6 

0.12 

N.A, 

1.15x4.7 

0.58 

N.A. 

1.8~1.5 
1.7 

England 

N.A. 

N.A. 

N,A. 
x2 0,047+ .8 

0.05 

N.A. 

0.69 

0.41_x:2.59 

0.34 

0.65 

0.46 ..~2.28 

0.46 

N.A. 

5.52 

3.5 lX:_3.03 

4.2 
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