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Abstract 
The concentrations of trace metals in hair of fishermen from the Persian Gulf region were assessed to 
detect the relationships between element levels in hair and potential factors influencing these relationships. 
The hair of 19 fishermen were sampled from six stations in the Persian Gulf (Abadan, Deylam, Bushehr-
Nirogah, Dayyer, Lengeh and Bandar Abbas in Khuzestan, Bushehr and Hormozgan provinces) and 
analyzed by Inductively Coupled Plasma Mass Spectrometry inductively (ICP-MS) and Cold Vapor 
Atomic Absorption Spectrometer to detect the trace metals and mercury levels, respectively. 
In this study we did not find significant correlation between fish diet and hair element levels, except for 
mercury (r=0.74, P=0.01). Our results demonstrated that the average concentrations of Cr, As and V in 
different stations were almost comparable, while the accumulation of Cu, Zn, Pb and Co in hair samples 
from Lengeh were much higher than those of other regions. Statistical analysis demonstrated that a 
positivly strong significant correlation (p<0.05) existed between V, Cr, Co, Cu and Zn concentrations in 
the human hair, which might have been originated from similar sources. The accumulation levels of Cd, 
Cu and Cr in our results were much lower than the corresponding accepted levels. The hair samples 
contained arsenic in high concentrations, as against arsenic level in normal healthy hair. Ninty percent of 
detected Pb levels were below 110 μg g-1 as dangerous level. Among the detected elements in hair, Pb, Ni 
and As could be used as marker of environmental exposure.  
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1. Introduction 

People are exposed to toxic metals in the 
environment via food, air, water, and soil, which 
can produce health risks (Nowak and Chmielnicka, 
2000; Passos et al., 2003). Recent researches have 
indicated that there is a direct relationship between 
the hair metal contents and environmental exposure 

such as vehicular emission and occupational 
exposure (Vishwanathan et al., 2002). Among the 
trace metals, there are some elements (As, Ni, Tl, 
Hg, Cd, Pb and Sb), which are toxic even at quite 
low concentrations, whereas others (Ca, Co, Cr, Cu, 
Mn, Mo and Zn) are biologically essential and 
natural constituents of the aquatic ecosystems and 
only become toxic at very high concentrations. 
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Scalp hair is a metabolic end product that 
incorporates metals into its structure during the 
growth process (Ashraf et al., 1994). Trace metal 
analysis on hair samples have been used to assess 
human exposure to toxicants, as early as 1931. In 
recent decades, human hair analysis has attracted 
attention of more scientists as one of the best methods 
(Bass et al., 2001), which provides a superior insight 
into average environmental metals exposure in time-
scales ranging from weeks to years. 

In comparing blood and urine, which tend to show 
current or recent body status, analyzing hair samples 
represents a longer time frame (with an average of 1 
cm growth rate per month), potentially years with 
several advantages namely: (i) easily collected, 
simple storage and transport; (ii) a high stability; (iii) 
presence of higher concentrations allowing more 
sensitive and more accurate results and (iv) cheap 
analysis (Bass et al., 2001; Pereira et al., 2004). 

The main objectives of the present study are 
investigating the heavy metal levels in human scalp 
hair from the northern parts of the Persian Gulf and 
assessing the relationships between element levels in 
hair and potential factors influencing these 
relationships. In this study, it is the first time that 
trace metals as well as methyl mercury in the hair of 
fishermen and in the muscle of consumed fishes 
throughout the northern areas of the Persian Gulf are 
analyzed. 

2. Materials and Methods 

The Persian Gulf as a shallow sea with an average 
depth of 30 m, is located in the south and southeast 
of Iran. The population of the Northern coastal areas 
in the Persian Gulf is known to consume substantial 
amounts of fish, and hence fishermen are a good 
target group to study the relationship between heavy 
metals accumulation in the body and seafood 
ingestion. In this investigation, scalp hairs of 19 

randomly selected fishermen were collected at six 
stations in the Iranian coasts of the Persian Gulf, at 
least three participants in each station. Sampling was 
performed in January 2004. Figure 1 shows the 
sampling locations: 1) Abadan, 2) Bandar Deylam, 
3) Bushehr-Nirogah, 4) Bandar Dayyer, 5) Bandar 
Lengeh and 6) Bandar Abbas. The selected sampling 
sites represent the most important harbors and 
industrial and agricultural regions in the Khuzestan, 
Bushehr and Hormozgan provinces. In order to 
assess the relationship between metals accumulation 
in hair and consumed fishes, 141 specimens of five 
fish species were collected from the same stations 
and analyzed for selected metals. The details are 
described in Agah et al., (2008). 

 
Fig. 1: Study area 

In order to eliminate all external elements 
contamination, hair samples (about 0.5 to 1 gr) were 
cut by stainless steel scissor as close to the scalp as 
possible from nape of the neck with less 
contamination than for example front face hair 
(Steen, 1991). In this investigation, none of the 
participants used chemical products on his hair 
(McDowell et al., 2004). The hair samples were 
stored in plastic bags with identification tags and 
shipped to the laboratory for further treatment and 
analysis. In the laboratory, the hair strands were cut 
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into approximately 2-3 mm pieces with stainless 
steel scissor. Then, they were cleaned according to 
the IAEA (1997) cleaning procedure (Bass et al., 
2001). Samples were washed 5 times with diluted 
laboratory detergent (Extran), (1:200 v/v) with de-
ionized Milli-Q water, rinsed three times with Milli-
Q water, and at the end rinsed with acetone 
(Analytical grade, Merck). 

A washing cycle included 20 minutes immersion 
in each of the solutions while a mechanical shaker 
was mixing them intensively, and then, a 2 minutes 
centrifugation. Finally, the hair samples were dried 
in an oven at 60±5°C overnight (Pereira et al., 2004). 
The pre-washed hair samples were stored in clean 
plastic bags. 

All participating fishermen were asked to fill in a 
questionnaire providing information regarding their 
age, career as a fisherman, habitation area, health 
status (diseases and in particular information about 
cancer background in their family, number of 
amalgam filled teeth), source of drinking water and 
their diet (number of fish meals per week, preferred 
fish species, vegetable and fruit consumption) to 
detect potential factors influencing element levels in 
the human hair. 

2.1. Analytical Procedure 

All Teflon and glasswares used for extraction and 
analyses were cleaned thoroughly with laboratory 
detergent (Extran 2%), soaked overnight in 5% nitric 
acid solution and finally rinsed with deionized (Milli-Q) 
water. All reagents were of analytical grade. 

To mineralize the hair samples, acid digestion was 
performed in a closed microwave oven. Aliquots 
(about 0.15 g) of dry hair samples were accurately 
weighted into 50 ml digestion vessels, followed by 
acid digestion using 6 ml HNO3 (65%, Merck, 
Suprapur) and 1 ml H2O2 (30% Merck, Suprapur) 
(Muhaya et al., 1998). Trace metals (Co, Ni, Cu, Zn, 

As, Cd, Pb, Cr, V) analysis were performed by 
Inductively Coupled Plasma Mass Spectrometry 
(ICP-MS) using a VG-Elemental model PQ2 
instrument (Thermo-Finnigan) (Nguyen et al., 2005). 
Mercury was analyzed using Cold Vapor Atomic 
Absorption spectrometer (CVAAS, Hg Analyzer II, 
Thermo Separation Products) (Leermakers, 2003). 

Methylmercury was analyzed by aqueous phase 
ethylation, headspace gas chromatography separation 
(Perkin Elmer HS 40) of the ethylated compounds, 
pyrolitic decomposition and atomic fluorescence 
detection (Tekran 2500) (Leermakers et al., 2003). 
All pretreatments and analysis were performed in the 
laboratory of Vrij University of Brussels. 

In each sample batch, procedural blanks and 
Reference Materials were included. The precision 
and accuracy of the applied analytical method was 
estimated on Certified Reference Materials (CRMs), 
IAEA 086 (Mercury and trace metals in human hair- 
Monaco), Dorm2 (mercury and trace metals in dog 
fish muscle) and Tort2 (mercury and trace metals in 
Lobster Hepatopancreas) provided by the National 
Research Council of Canada. As there are a limited 
number of CRMs available for elements in hair, 
forcibly for some elements we used reference 
materials of other tissues. The results of the certified 
reference materials showed good agreement with 
certified values in respect to almost all the elements 
(Tables 1 and 2) and methylmercury. 

The results of zinc and copper (157-177 and 17-19 
µg. g-1, respectively) analysis in IAEA 086 reference 
material were in a good agreement with the certified 
values (159-174 and 16.6-18.5 µg. g-1, respectively). 

The limits of detection (ng. g-1) were set as three 
times the standard deviation on the procedural blanks 
and for methylmercury (MMHg) were set as three 
times the baseline signal resulting in values of 0.004 
ng. g-1. Detection limit of the elements were: 
As:0.09; Cd:0.14; Cr:4.14; Co:0.14; Cu:3.2; Pb:1.6; 
Ni:1.04; THg:12; V:0.09; Zn:16 µg. g-1. 
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Table 1: Total mercury concentration in µg. g-1 

RM 
Hg MMHg 

Certified 
value 

Our results Recovery Certified value Our results Recovery 

TORT-2 0.27±0.06 0.297±0.005 110±2 (n=6) 0.152±0.013 0.151±0.011 99±7 (n=12) 
DOLT-3 3.37+-0.14 3.38±0.07 100±2 (n=6) - - - 
DORM-2 4.64±0.26 4.39±0.10 95±2 (n=20) 4.470±0.320 4.468±0.023 100±5 (n=7) 
IAEA 407 0.216-0.228 0.224±0.002 102±1 (n=4) 0.200±0.021 0.203±0.012 102±6 (n=3) 
IAEA 086 0.534-0.612 0.554-0.612 102±4 (n=5) 0.236-0.279 0.238-0.272 96±5 (n=5) 

Table 2: Metals concentrations in µg. g-1 

Elements 
Dorm 2 (Mussels) n=8 Tort 2 (liver), n=5 

Certified values Measured values Recovery Certified values Measured values Recovery 
As 18.0±1.1 17.99±0.45 100±3 21.6±1.8 21.69±1.03 100±5 
Cd 0.043±0.008 0.041±0.003 96±8 26.7±0.6 26.4±0.7 99±3 
Cr 34.7±5.5 33.67±0.95 107±3 0.77±0.15 0.74±0.075 103±2 
Co 0.182±0.031 0.186±0.009 102±5 0.51±0.09 0.52±0.026 103±5 
Cu 2.34±0.16 2.31±0.09 94±4 106±10 108.3±3.1 102±3 
Pb 0.065±0.007 0.061±0.008 94±13 0.35±0.13 0.34±0.018 98±5 
Ni 19.4±3.1 18.77±0.86 97±4 2.5±0.19 2.65±0.21 106±8 
V - - - 1.64±0.19 1.76±0.08 107±5 
Zn 25.6±2.3 25.25±0.78 99±3 180±6 186.6±4.2 104±2 

 

2.2. Statistical analysis 

All statistical analyses of the data including 
correlation and regression calculations were carried out 
using SPSS V13. Spearman correlations were 
calculated between element concentrations. In order to 
classify and reduce the variables and to detect the 
relationships between them with greater certainty, 
Principal Component Analysis (PCA) was performed. 
Prior to PCA, a Kolmogorov-Smirnov test was 
performed to analyze normality of data distribution. In 
addition, one way ANOVA and factor analyses were 
used to assess significant differences between the mean 
element levels in different sampling stations. A P-value 
equal or lower than 5 % indicated that significant 
relationship between the corresponding variables 
existed. 

3. Results and Discussion 

Exposure related factors included in the 
questionnaires, average concentrations of trace 
metals in hair of the participants and methylmercury 
values are summarized in Tables 3 and 4. 

In our study, the detected concentrations of the 
metals and methyl mercury (triplicate measurements) 

were higher than the corresponding detection limits. 
The age of the studied fishermen ranged from 19 to 78 
years. Based on a statistical outlier test performed in 
SPSS 13, participant 11 in Bandar Dayyer exhibited 
an unusual mercury level in his hair (39.5±0.5 μg g-1). 

This value was statistically an outlier and not used 
in subsequent mercury calculations. The total 
mercury level in the hair of this participant was ten 
times higher than that for the other participants in the 
same region and six times higher than the second 
highest hair level. Fish was the only protein source 
for this participant. The mean total mercury level in 
the hair of the fishermen (excluding participant 11) 
was 2.9±2.2 μg g-1 with a median of 1.98 μg g-1. 

The relative distribution of the total Hg levels in 
the hair of the fishermen was as follows: 10 % of the 
results were lower than 1 μg g-1, 53 % were between 
1 and 3 μg g-1 (slightly over half were found to have 
mercury levels above the US EPA advisory level of 
1.0 μg g-1) and 37 % were between 3 and 7 μg g-1. 
Methylmercury accounted for 50 to 85 % of the total 
mercury amount (one exception at 40%) with an 
average of 68 % (Table 3). 

In the present study, the mercury level in the 
fishermen hair (n=19) was lower than 10 μg g-1, (the 
WHO warning limit), except for one participant. 
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Table 3: Exposure related factors included in the questionnaires, THg and MMHg in the hairs of the participants. 

Stations P* Age 
  
Career  
      ** 

Fish 
meals/ 
week 

Amalgam 
filled 
tooth 

Disease-Cancer 
background Consumed fishes Fruit & vegetables 

Abadan 1 42 25 7 0 None-None To-Ti- G♠ Once per week♣ ▼ 
 2 22 9 4 0 None-None Hi-Wh ♠ Once  per 10 days ♣ ▼ 
 3 34 8 3 2 None-None Ti-To-Hi ♠ Once per week♣ ▼ 

Deylam 4 27 12 6 0 
Head ache- 
4 persons 

Ti-Gr- Na -Ye-Fl ♠ Twice per week ♣ ▼ 

 5 31 15 3 0 None- 1person Ti-Gr-Fl-Fo ♠ 3-4 times per week ♣ ▼ 
 6 28 17 6 0 Dizziness-None Ti-Hi-Fl-Na ♠ Every day ▼ 
Bushehr 7 36 5 3 3 None-None G-Fl ♠  4-5 times per week ♣ ▼ 
Nirogah 8 30 5 2 4 None-None Na ♠ 3-4 times per week ♣ ▼ 
 9 30 25 9 0 None-None G-Na- Ti-Ki- Si ♠ Every day ♣ ▼ 
Dayyer 10 30 6 3 4 Muscle pain-None G-Ki- Pi-Sk ♠  1-2 times per week ♣ 
outlier 11 29 6 11 0 None-None Gr-Ki-Ti-Wh-In ♠ Every day ♣ 
 12 21 8 7 0 Dizziness-None G-Fo-Ye ♠ Every day  ♣ ▼ 
Lengeh 13 18 5 6 0 None-None Sk- Na-Si ♠ 3-4 times per week ♣ ▼ 
 14 33 12 8 0 None-None Si-Wh-Ki-Ti ♠ 4-5 times per week ♣ 
 15 36 5 4 0 None-None Sk-Ki-Si ♠ Every day  ♣ ▼ 
 16 19 8 6 0 None-None Si-Na-Sk ♠ Every day  ♣ ▼ 
Babdar 
Abbas 17 40 10 5 0 None-None G-Sk-Ma- Bu-Ka- Pi-♠  3-4 times per week ♣ 

 18 54 25 4 7 Muscle pain-None G-Sk-Ti-♠ Every day  ♣ ▼ 
 19 34 12 7 1 Dizziness- None Sk-G-Pi-Ma ♠ Every day  ♣ ▼ 

*-P: Participants, **-Career as a fisherman, ♣ -Orange or apple ▼ -Vegetables   ♠ -K: Kawakawa, To: Tonguefish; Ti: Tiger-Tooth; Na: Narrow barred 
spanish marckerel (Scombridae); Gr: Greasy Grouper; G: Grunt, F: Flathead; Fo:Fourfinger Threadfin; Mu: mullet; Si: Silver Pomfret;   Pi: Pinjalo 
snapper; Sk:Skipjack tuna; Ye: Yellowfin sea bream (Porgies); Ki: King mackerel; Bu: Bull shark (Requin shark); Wh: Whitening Wof-herring; In: 
Indian Spiny turbot; Ma: Indian Mackerel., Hi: Hisa Shad. 

Table 4: Concentrations of elements, (mean±sd, µg. g-1), in the hair of fishermen. 

stations V Cr Ni Cu Zn Pb Co As Cd Hg MMHg % 

Abadan 1.3±0.0 1.7±0.1 2.5±0.7 10.1±1.5 217±22 2.3±0.1 0.07±0.00 0.5±0.0 0.11±0.01 6.6±0.4 79 

1.1±0.1 1.5±0.3 1.8±0.0 14.0±2.7 185±24 8.2±0.7 0.07±0.02 0.4±0.1 0.42±0.01 5.5±0.1 75 

1,0±0.0 1.4±0.1 2.3±0.1 11.5±2.3 231±21 2.3±0.1 0.19±0.03 0.4±0.0 0.14±0.00 2.6±0.0 40 

Deylam 1.3±0.2 1.9±0.4 3.5±0.2 18.0±0.8 207±4 16.9±0.8 0.12±0.02 0.5±0.1 0.15±0.02 6.1±0.1 79 

1.3±0.1 1.6±0.1 5.1±0.4 11.2±0.1 190±3 5.2±0.2 0.12±0.01 0.4±0.0 0.11±0.01 1.9±0.2 50 

1.2±0.1 1.4±0.0 2.3±0.3 8.0±0.2 172±5 4.2±0.2 0.08±0.00 0.4±0.0 0.13±0.00 6.5±0.5 69 
Bushehr 
Nirogah 

1.0±0.0 1.3±0.0 2.1±0.1 8.6±0.3 188±5 1.6±0.03 0.06±0.00 0.4±0.0 0.90±0.02 1.2±0.0 73 

1.1±0.1 1.7±0.1 4.5±0.5 11.6±0.5 168±3 12.9±0.3 0.12±0.0 0.5±0.0 0.19±0.03 0.8±0.1 77 

1.1±0.0 1.4±0.0 4.8±0.2 9..2±0.0 188±1 6.6±0.2 0.19±0.01 0.4±0.0 0.15±0.01 6.0±0.1 68 

Dayyer 1.1±0.1 1.4±0.2 2.2±0.2 10.5±0.6 184±2 1.4±0.05 0.06±0.00 0.4±0.1 0.17±0.01 2.1±0.0 74 

1.0±0.0 1.4±0.0 2.5±0.2 9.0±0.2 176±5 1.5±0.1 0.06±0.00 0.4±0.0 0.09±0.00 39.5±0.5 36 

1.0±0.0 1.3±0.1 2.8±0.3 9.6±0.4 242±2 3.7±0.0 0.08±0.01 0.4±0.0 0.19±0.01 2.2±0.0 78 

Lengeh 1.0±0.1 1.3±0.1 1.9±0.5 10.6±0.5 201±8 0.6±0.0 0.05±0.00 0.4±0.0 0.06±0.01 3.3±0.1 67 

1.5±0.1 1.9±0.1 2.5±0.3 22.2±0.5 363±2 85.5±1 0.27±0.05 0.4±0.0 0.35±0.02 1.6±0.1 78 

1.3±0.1 1.5±0.0 2.2±0.1 13.0±0.4 268±2 37.1±0.6 0.24±0.01 0.4±0.0 0.20±0.00 1.2±0.0 68 

1.2±0.2 1.5±0.1 4.2±0.1 16.2±8.7 186±2 23.4±0.6 0.25±0.01 0.4±0.0 0.19±0.01 0.8±0.0 65 

Bandar 
Abbas 

1.0±0.1 1.4±0.2 2.0±0.2 11.7±1.0 184±15 10.9±0.7 0.05±0.00 0.4±0.0 0.09±0.01 1.0±0.0 62 

1.1±0.1 1.5±0.1 1.9±0.4 12.8±1.3 184±6 1.4±0.1 0.05±0.01 0.4±0.0 0.07±0.01 1.8±0.0 73 

1.1±0.1 1.5±0.1 2.6±0.4 9.9±0.0 182±4 2.0±0.1 0.07±0.00 0.4±0.0 0.08±0.02 1.3±0.0 85 
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The ranges and median values of the trace metals 
(µg. g-1) were: Zn:162-363 (206); Cu:8-22 (12); 
Hg:0.8-6.6 (2.9); Pb:0.7-86 (4); Ni:1.8-5.1 (2.8); 
Cr:1.3-1.9 (1.5); V:1-1.5 (1.2); As: 0.3-0.5 (0.4); 
Co:0.05-0.3 (0.1) and Cd:0.06-0.9 (0.2). According 
to the mean metal levels, the metal accumulation 
levels in the fishermen hairs lead to the following 
ranking: THg>Zn>Cu>Pb>Ni>Cr>V>As>Co>Cd. 

Lead levels in majority of samples were below 
110 μg g-1 as dangerous level, and 10 % of samples 
(in Lengeh) ranged slightly higher than excessive 
level (Pb>30 μg g-1) (Ajayi et al., 2001). The hair 
samples contained arsenic in high concentrations, 
0.4-0.5 p.p.m, as against 0.08-0.25 p.p.m in normal 
healthy hair (Health and environment, 2005). 

Cadmium levels below 2 p.p.m in hair were 
considered current normal ranges for body (EBI, 2010). 
Copper and chromium normal ranges in hair are 11 to 
40 and 50 to 100 p.p.m, respectively (ATSDR, 2008). 
Cadmium, copper and chromium levels in our results 
were much lower than accepted level. 

3.1. Relationship between Trace Metals in Human Hair 
and in Fish Diet 

In order to assess the relationship between element 
levels in the human hair and fish diet and other 
exposure factors, 141 fish specimen were sampled at 
the same hair sampling sites. Details of fish muscle 
analysis are explained in Agah et al., 2008. The 
concentration of elements in the fish muscle per species 
per stations in µg. g-1 were: V: 0.003-0.04 Cr: 0.01-0.04, 
Co: 0.002-0.027, Ni: 0.02-0.08, Cu: 0.1-0.5, Zn: 4-5; As: 
0.29-0.9, Cd: 0.002-0.02, Pb: 0.004-0.020 and Hg: 0.01-
1.35 (Agah et al., 2008). In this study we did not find 
any significant correlation between element levels in hair 
and in the fish diet, except for mercury (r=0.74, P<0.01). 
In agreement with the other authors (Pereira et al., 2004; 
Ashraf et al., 1994), comparing the elements variations 
in hair and in the consumed fish muscle, demonstrated 
that the marine food was not the main metal exposure 
source for the local consumers, except for mercury. 

Spearman correlation analysis between element 
levels in hair and exposure related factors demonstrated 
that there was a positive correlation between the 
number of fish meals per week and the MMHg 
concentrations in hair (r= 0.43, P<0.05). The Hg 
concentrations in hair increased from eastern to western 
sites (r=0.71, P<0.01). The results of our questionnaire 
analysis demonstrated that increasing the amount of 
vegetables and fruit in the daily diet could decrease the 
mercury accumulation in the human body (r=-0.41, 
P<0.05). The details are described in Agah et al., 
(2011). These results agree with those reported by 
Carrington and Bolger (2002) and Mahaffey (2000). 

3.2. Comparison with literature data 

An overview of some of the trace metal 
concentrations in human hair samples in different 
societies is shown in Table 5. The elements 
concentrations in biological samples vary considerably 
due to geographical differences, nutritional status and 
environmental factors (Gautam et al., 2004). Also the 
great variability in the detection of element levels, 
which usually exists between different laboratories 
(Seidel et al., 2001; ATSDR, 2003), should be 
considered in comparing the data with the reference 
values. Some parameters such as age, sex, dietary 
habits and environmental status that were sometimes 
not taken into account in the literature (Nowak and 
Chmielnicka, 2000), could have very important roles in 
the elements levels. The metal levels in our study have 
been compared with other literature data compiled by 
Iyenger et al., (1978) and Gautam et al., (2004). 

Comparing our results for Zn and Ni in hair (206 
and 2.8 µg. g-1, respectively) with other studies and 
reference value of Zn (175µg. g-1) (Iyenger and 
Woittiez, 1988) and Ni (1.25±0.46 µg. g-1) (Caroli et 
al., 1994) demonstrated elevated levels, which 
indicated an environmental influence on the 
fishermen. The recommended Zn value in hair is 
between minimum 115–160 µg. g-1 to maximum 
190–210 µg. g-1 (Ponzetta et al., 1998). 
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Table 5: Trace metal levels in the human hair from different societies (mg kg-1). 
Reference Areas Hg As Zn Pb Ni Cd Cu Cr Co 
Our study Persian Gulf/Iran 0.8-

6.6(2.9) 
0.4 206 12 3 0.2 12 1.5 0.1 

ROPME, 1999 Persian Gulf /Kuwait  1.5-5.9 NA NA NA NA NA NA NA NA 
Passos, et al., 

2003 
Brazilian Amazon 4-20 NA NA NA NA NA NA NA NA 

Feng et al., 1998 Japan 
Indonesia 

China 

4.6 
3.1 
1.7 

NA NA NA NA NA NA NA NA 

Weihe  et al., 
2005 

North Atlantic, Faroe Island 
-Women consumed whale 

-Women without consumed 
whale 

 
3.03 
1.88 

NA NA NA NA NA NA NA NA 

Brhun et. al., 
1997 

Chile 0.3–2.5 NA NA NA NA NA NA NA NA 

Shafaei, 2004 Tehran /Iran (Healthy) 0.1-2.4  700-900   0.48-0.85  33-42 NA 
Takagi et al., 

1986 
India NA 0.6 211 13 0.3 0.3 20 NA NA 
Japan NA 0.05 114 4 3 0.3 11 NA NA 

Canada NA 0.02 248 5.4 0.3 0.5 9 NA NA 
USA NA 0.01 150 2 0.4 0 16 NA NA 

Poland NA 0.02 160 2.5 0.5 0.3 9 NA NA 
Gautam , 2004 India Bengal NA 3.4 152 8 2 0.4 15 NA NA 
Caroli et al., 

1992 
Italy NA 0.1 144 8 0.7 0.2 22 NA NA 

Ponzetta et al., 
1998 

Indonesia NA NA 228 16 6 1 29 NA NA 

Oluwole et al., 
1994 

Nigeria NA 0.1 129 NA NA NA 23 NA NA 

Nowak and 
Chmielnicka, 

2000 

Poland NA NA 25-276 1-8 2-7 0.3-1 1-13 0.4-3 Nd-
1.6 

Iyengar et al., 
1978 

Compiled NA 0.1-4 99-450 3-70 0.6-
6.5 

0.2-2.7 11-
34 

NA NA 

Khalique et al, 
2005 

Pakistan NA NA 170 12 3 1 11 2 1 

   NA=Not Available; Nd= not detectable  
 

Our results demonstrated that the zinc levels in the 
hair of 25% of participants were slightly higher than 
accepted level. Zinc value in the hair of one 
participant in Bandar Lengeh was much higher than 
accepted level; however, there is no symptom up to 
1000 µg. g-1. 

The average lead value in our study (12 µg. g-1) 
was relatively lower than that in other studies, i.e. 
Compiled (Iyengar et al., 1978) and Indonesia 
(Ponzetta et al., 1998), while the concentration of 
lead in our study was comparable with India (Takagi 
et al., 1986) and Pakistan (Khalique et al., 2005). 
Lead concentration in the hair of fishermen in our 
study was higher than that in the hair of Japaneses 
(Feng et al., 1998), Americans (Takagi et al., 1986) 
and Poles (Nowak and Chmielnicka, 2000), Italians 
(Caroli et al., 1992), Indians, Bengals (Gautam et al, 
2004) and Canadians (Takagi et al., 1986). It reveals 
that the concentration of lead in the human hair in our 
sampling areas is influenced by the environmental 

exposure. The concentration of lead in the hair of 
fishermen in Bandar lengeh (12 µg. g-1) was 4 to 17 
times higher than that in the other stations. Hence, 
considering the industrial outputs in the Bandar 
Lengeh is recommended. Concentrations of Cu (12 
µg. g-1) and Cd (0.2 µg. g-1) in our research were 
lower than that in other societies, i.e. Canada (Takagi 
et al., 1986), Italy (Caroli et al., 1992) and Nigeria 
(Oluwole et al., 1994). 

Although arsenic level in the fishermen hair in our 
study (0.4 µg. g-1) was lower than that in the human 
hair in India (0.6 µg. g-1; Takagi et al., 1986) and 
arsenic victims in the West Bengal (3.4 µg. g-1; Gautam 
et al., 2004), but it was 10 to 40 times higher than that 
in the other societies (Table 5). The concentrations of 
arsenic in all the sampling areas were almost similar 
and high. In agreement with the high concentration of 
arsenic in fish muscle in the same sampling areas 
(Agah et al., 2009), high arsenic concentration in the 
human hair might have originated from natural sources. 
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The mean Cr level in our research was almost in 
the same level reported from the Poland (0.4-2.7 
µg. g-1; Nowak and Chmielnicka, 2000) and 
Pakistan (1.9 µg. g-1; Khalique et al., 2005). The 
mean cobalt concentration in our data (0.12 µg. g-1) 
was six times less than Pakistan hair samples (0.7 
µg. g-1). 

The average mercury level observed in the hair of 
fishermen from the Persian Gulf region was lower 
than that in human hair from the Amazon regions 
(Passos, et al., 2003) and Japan (Feng, et al., 1998), 
but was comparable with the Hg concentrations 
reported in hair of fish consumers in Indonesia (Feng 
et al., 1998), in North Atlantic women who used to 
consume whale meat (Weihe et al., 2005), in Kuwaiti 
fishermen (ROPME, 1999), and Chilean fish 
consumers (Brhun, et al., 1997). 

4. Conclusion 

Our results demonstrated that the concentrations of 
V, Cr, As and Zn in and between stations were almost 
comparable, while other elements (Cu, Ni, Cd, Pb and 
Co) displayed high variation in and between stations 
with the highest levels at Lengeh. In order to detect the 
pollution source(s), it is necessary to check the 

industrial outputs in Lengeh. 
A Spearman correlation matrix (Table 6) between 

all elements, as well as the fishermen ages, career 
and fish meals per week was calculated. In addition, 
a Principle Component Analysis and associated 
loading plot were performed on all variables. 

The regression analysis between the element 
concentrations and the age of the participants and 
occupational exposures did not show any significant 
relationships. Vanadium had significant relationship 
with other elements except for Zn and Cd. 

Three principal components or groups of elements 
were extracted from the element concentrations in the 
fishermen hair, explaining 75 % of the total variation. 
Factor 1 (expressing 41 % of total variance) includes V, 
Co, Cr, Zn, Pb and Cu, which may reflect a similar 
behavior originated from common sources. Factor 2 
(explaining 21 % of total variance) includes As and Ni 
with anti correlation with Cd; Factor 3 (explaining 13 
% of total variance) includes Hg. 

From the Principal Component Analysis, 
Spearman correlation matrix and the loading plot 
(Figure 2), it appeared that a positive strong 
significant correlation (p<0.05) existed between V, 
Cr, Co, Cu and Zn concentrations in the human hair, 
which might have originated from similar sources. 

Table 6: Spearman Correlation Coefficients between the concentrations of trace metal in the hair samples. 
Elements V Cr Co Ni Cu Zn As Cd Pb Age Career Fish meal 

V 1.00            

Cr .89** 1.00           

Co .65** .54** 1.00          

Ni .43* .45* .62** 1.00         

Cu .44* .56** .31 -.1 1.00        

Zn .27 .15 .45* .05 .29 1.00       

As .79** .83** .33 .30 .36 -.03 1.00      

Cd .24 .10 .51* .07 .26 .31 -.04 1.00     

Pb .60** .58** .75** .381 .57** .28 .43* .53** 1.00    

age -.23 -.00 -.67** -.47* .03 -.15 -.01 -.32 -.32 1.00   

Career .34 .37 .11 .23 -.06 .17 .36 -.32 .23 .27 1.00  

Fishmeal .22 .06 .22 .34 -.30 .25 -.06 -.25 .01 -.18 .37 1.00 
      ** Correlation is significant at the 0.01 level (1-tailed). * Correlation is significant at the 0.05 level (1-tailed). 
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Fig. 2: PCA loading plot of the 10 elements in the fishermen hair. 

 

Among the analyzed elements in the hair samples, 
lead, nickel and arsenic could be considered as markers 
of environmental exposure. In order to assess human 
exposure to toxic elements in the sampling area, it is 
important to have more comprehensive collection of 
samples, as well as complete questionnaires through 
larger classified population. 

The questionnaire can provide all the data about 
occupational exposure, dietary habit and their sources 
(to be local or exported), especially for the main food 
sources, cigarette smoking and health background. 
Contaminated water is one of the main sources for 
human exposure to toxicants like arsenic (Gautam et 
al., 2004). 
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