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Ö Z

Bu çalışmanın amacı petrol istasyonunda çalışan işçilerin saç ve seumlarında bazı metalleri belirlemektir. Toplam 50 petrol 
istasyonu işçisi (maruziyet grubu) ve 50 ofis çalışanı (kontrol grubu) çalışmaya dahil edildi. Saç örneklerinde Li, Ni, V, Tl, 

Ti ve Sr  serum örneklerinde Sr, Ti ve V  ICP-OES kullanılarak ölçüldü. Saç örneklerinde Li, Ni, V, Tl, Ti ve Sr maruziyet grubunda 
kontrolden anlamlı olarak yüksek bulunmuştur. Serum Ti seviyesi maruziyet grubunda kontrolden anlamlı olarak yüksek 
bulunmuştur. Sr ve V serum seviyeleri iki grup arasında anlamlı fark bulunmamıştır. Bu sonuçlar petrol istasyonu işçilerinin 
bu toksik metallere maruziyetini göstermektedir. Bu nedenle, petrol istasyonu işçilerinin düzenli biyogözlemlerinin ve sağlık 
taramalarının yapılması önerilir.
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A B S T R A C T

The aim of this study is to determine some metals in hair and serum samples of petrol station workers. A total of 50 petrol 
station workers (exposure group) and 50 office workers (control group) were included in the study. Li, Ni, V, Tl, Ti and Sr 

levels in hair samples and Sr, Ti and V levels in serum samples were measured using the ICP-OES instrument.  Li, Ni, V, Tl, Ti 
and Sr levels in hair samples were found to be significantly higher in the exposure group than in the control group. Ti level in 
serum samples was found to be significantly higher in the exposure group than in the control group. However, Sr and V levels 
in serum samples did not differ significantly between the two groups. These results show that petrol station workers are 
exposed to these toxic metals. For this reason, it may be recommended that petrol station workers should undergo regular 
biomonitoring and healthcare screening.
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INTRODUCTION

Human biomonitoring means the scientific method 
that is based on the sampling and analysis of hu-

man tissues and biological fluids and that assesses hu-
man exposure to environmental xenobiotics. Human 
biomonitoring has been reported to provide more ac-
curate data than predictions based on measurements 
of concentrations of chemical compounds in the envi-
ronment (such as soil, water, air, and food) [1]. Human 
biomonitoring allows to identify and screen the compo-
unds that the human body receives from the environ-
ment. Population groups at risk of high exposure (infant, 
child, adult, elderly) may be an important source of ex-
posure to persistent organic pollutants [1].

It is also a useful tool to monitor exposure trends ac-
ross the entire population at specific time intervals. In 
addition, the results of biomonitoring are used to provi-
de reference intervals of certain chemicals and then is 
used in environmental and health policies to reduce the 
risk of exposure to harmful substances [2].

Human hair is used in clinical and forensic sciences to 
provide evidence in important investigations [3]. Ho-
wever, the idea of using human hair as an indicator in 
assessing exposure to persistent organic pollutants has 
emerged in recent years. To date, it has been used as a 
bioindicator for adults exposed to selected persistent 
organochlorine pollutants and for children exposed to 
pesticides in different European countries [4]. Human 
hair offers several advantages in human biomonitoring 
thanks to its stability [1]. Two different ways for human 
hair exposure to environmental pollutants have been 
described in the literature: (1) internal (systemic) expo-
sure through the blood, incorporation of chemicals into 
living cells in the hair bulb and (2) external exposure 
through the ingestion of atmospheric air and dust [5]. 

Petrol (gasoline) is a mixture of low molecular weight 
compounds, consists predominantly of hydrocarbon 
compounds such as olefins, naphthenes, paraffins, aro-
matic hydrocarbons (C11-C14 range) and has a boiling 
point of 30-260°C [6].

It is a complex combination of petroleum (also known 
as crude oil or simply oil) hydrocarbons. About 95% of 
the components in the vapor phase of gasoline are va-
rious aliphatic and alicyclic compounds, and usually less 
than 2% are aromatics [7]. Petrol station workers are 
exposed to oil vapors and vehicle exhaust fumes. The 

combined effect of these two pathways may result in 
accelerated decline of lung function [8].

Petrol stations are likely to have significant sources of 
carbonyl compounds and volatile organic compounds, 
especially benzene, toluene, ethylbenzene, and xylene 
(BTEX). For this reason, petrol station workers may be 
exposed to high concentrations of these compounds by 
inhalation without appropriate health protection. Res-
piratory exposure to these compounds can cause seri-
ous health problems depending on the concentration, 
type, and exposure duration of the chemical substance. 
Many studies have reported that petrol station workers 
are affected by exposure to these compounds [9-15].

Petrol station workers are chronically exposed to pet-
roleum derivatives by inhalation of volatile petroleum 
fractions during oil filling [16]. In addition, they are ex-
posed to vehicle exhaust fumes because oil filling stati-
ons are localized where traffic is high [17].

This study was conducted to determine the amount of 
trace elements in hair and serum samples of petrol sta-
tion workers.

MATERIALS and METHODS

Study Area
This study was carried out in gas stations of 5 different 
oil companies in Van province of Turkey in June 2016. 
The study group consisted of 50 men who filled gasoline 
at various gas stations. The control group consisted of 
50 healthy individuals of the similar age who were not 
exposed to oil vapors. The individuals in the study and 
control groups did not have any chronic disease and did 
not receive any medication for the last six months. 

Washing Method of Hair Samples
Hair samples were washed three times with a non-ionic 
detergent (Tritonx100) and rinsed with diatomic water. 
The washing procedure was repeated three times. Then, 
hair samples were oven dried at 60°C.

Degradation Process
0.2000 ± 0.0002 g was weighed from each of the was-
hed and dried hair samples. 1 mL of concentrated analy-
tically pure HNO3 was added on it. It was expected to 
penetrate for 8 hours. Then, 10 ml of ultrapure water 
was added to the mixture. It was stored until -20°C until 
analysis [18]. 
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Table 1. Serum metal levels of exposure and control groups.

Collection of Blood Samples
Venous blood samples were collected early in the mor-
ning following 9-12-hour fasting from all participants. 
The samples were centrifuged for 10 min at 4.000 rpm/
min, and serums were separated. Serum samples were 
kept at -80°C until measurement day. Hair and serum 
metal levels were measured using the ICP-OES instru-
ment (ICP-OES, Thermo ICAP 6300 DUO Scientific) at 
Van Yuzuncu Yıl University Science Application and Re-
search Center.

Statistical Method
Statistical methods employed in the present study were 
Mean and Standard Deviation, Independent sample 
t-test using SPSS-23. The p value less than 0.05 was con-
sidered statistically significant.The manuscript should 
be written as clearly and concisely as possible. Mate-
rials and Methods should be explained via bold titles.

RESULTS and DISCUSSION

Ti level in serum samples was found to be significantly 
higher in the exposure group than in the control group. 
However, Sr and V levels in serum samples did not differ 
significantly between the two groups.

Li, Ni, V, Tl, Ti and Sr levels in hair samples were found 
to be significantly higher in the exposure group than in 
the control group.

Determination of trace metals in human tissues and 
fluids is used to obtain information about nutritional 
status, diagnosis of diseases, symptoms of systemic to-
xicity, and environmental exposure [19-21]. 

Petroleum products are the main source of hazardo-
us chemicals containing benzene in gas stations. Pet-
rol station workers are at risk of exposure to benzene. 
Petroleum stream contributes to the increased level of 
exposure to these chemicals. Crude oil is mainly com-
posed of hydrocarbons but contains oxygen, sulfur, nit-
rogen, and metals [22, 23]. Metals and metalloids can 
be found naturally in crude oil or can be added during 

production, transportation, and storage [23, 24]. Some 
metals can be responsible for environmental contami-
nation and are carcinogenic compounds [25, 26].

Vanadium is a transition metal. It is present in the 
earth’s crust at concentrations of around 0.014 g/kg. 
It is the fifth most abundant trace element among the 
transition metals and is the 20th most abundant ele-
ment. It is found naturally in minerals and can be com-
bined with coal and oil. Vanadium is the most abundant 
trace element in petroleum products. Vanadium con-
centrations in petroleum may be as high as 1,500 mg/
kg, while some crude oils contain <0.1 mg/kg [27]. In 
particular, vanadium has been shown to be one of the 
most common elements in crude oil [28]. It has been 
reported that vanadium levels are high in hair samples 
of people working in crude oil refineries and crude oil 
production processes [29]. Studies have shown that hair 
vanadium level is 0.016 ng/mg. The present study fo-
und that hair vanadium level was significantly higher in 
the exposure group than in the control group (p=0.016). 
There was no significant difference in serum vanadium 
level between the two groups.

Sr is an osteotrophic or bone-seeking trace element 
found normally in the diet and body tissues. Although 
strontium metabolism closely resembles the metabo-
lism of calcium, it is still not considered to be an essenti-
al trace element [30].  Similar to other members of gro-
up 2 in periodic table such as calcium and magnesium, 
strontium forms a divalent cation in biological fluid. It 
binds to proteins in different degrees in biological fluids 
such as serum or plasma. The degree of binding of Sr to 
serum and plasma proteins is similar to that of calcium 
[31]. Studies on healthy volunteers have reported that 
hear Sr level is 867 ng/g [31 and 0.89 ng/mg [32], res-
pectively. The present study found that hair Sr level was 
significantly higher in the exposure group than in the 
control group (p<0.015).

    Nickel (Ni) is a metallic element naturally found in 
plants, animals, and soils [33]. Ni and its compounds en-
ter the atmosphere through natural resources (volcanic 

Exposure Control P

Sr (ppm) 0.0102±0.0013 0.110±0.0004 0.078

Ti (ppm) 0.0007±0.0003 0.0004±0.0001 0.028

V (ppm) 0.0515±0.008 0.0533±0.002 0.150
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eruption, wind, vegetation, forest fire) as well as human 
activities (mining, smelting, refining, alloy production, 
fossil fuel burning, waste incineration) [34]. Ni and its 
compounds show toxic effects. Its toxic effect depends 
on its chemical species and physical structure as well 
as its concentration and exposure pathway. The most 
common harmful effect of Sr in the general populati-
on is allergic contact dermatitis due to prolonged skin 
contact. When compared with the general population, 
occupationally exposed people have a higher risk of res-
piratory tract cancer due to inhalation of nickel at their 
workplace in the nickel-producing or using industries 
[35].  The International Agency for Research on Cancer 
(IARC) classified nickel compounds as being carcinoge-
nic to humans (Group 1) [33]. Blood, tissues, urine, and 
feces are used as biomaterials of Ni exposure. Ni can 
be measured in other tissues such as nails and hair. In 
one study conducted with adult healthy populations in 
three different Pakistani cities, the concentration of Ni 
in hair was found to be 9 μg/g in adult males and 6.5 
μg/g in adult females [36]. In other study performed in 
adults without occupational exposure in Moscow, the 
concentration of Ni in hair was determined to be 0.413 
µg/g [37]. Another study conducted in children in Spain 
reported that the concentration of Ni in hair was 0.58 
µg/g [38]. The present study found that hair Ni level was 
significantly higher in the exposure group than in the 
control group (p= 0.001).

Titanium (Ti) is a non-essential element for humans. Ti 
can be measured in blood, brain, parenchymatous or-
gans, and hair [39, 40]. Approximately 95% of titanium 
is consumed in the form of titanium dioxide (TiO2). Its 
microparticles and nanoparticles are widely used in 
consumer products containing cosmetics and foods su-
itable for the general population [41, 42]. It is believed 
that Ti does not play an important role in the human 
body and is non-toxic even at high doses. However, the 
widespread use of TiO2 nanoparticles and their release 
to the environment have suggested significant health 

concerns about the potential health risks of Ti [43]. In 
one study performed in healthy controls in Southern 
China, it was revealed that the concentration of Ti in 
hair was 0.71± 0.65 mg/gr [44]. The present study found 
that hair and serum Ti levels was significantly higher in 
the exposure group than in the control group.

Thallium is one of the most toxic metals and can cause 
acute and chronic poisoning [45, 46]. Thallium is chemi-
cally similar to potassium. Tl+ displaces K+ in the activa-
tion of Na+/K+-ATPase in plasma cell membranes. This 
displacement may allow Tl+ to pass on the cell memb-
rane, to accumulate in the cells and to attack the mitoc-
hondrial respiratory chain [47]. This process is thought 
to play an important role in TI-induced neuropathy [48]. 
The concentration of Tl in hair has been reported to be 
0.018 ppm [48]. In healthy people without Tl exposure, 
the concentration of Tl in hair has been reported to be 
0.02 µg/g [49]. The present study found that hair Tl level 
was significantly higher in the exposure group than in 
the control group.

The fact that the present study found that Li, Ni, V, Tl, Ti 
and Sr levels in hair samples were significantly higher in 
the exposure group than in the control group demons-
trates that petrol station workers are at high risk for im-
portant health problems. In particular, when compared 
with the control group, hair Tl and Ni levels were found 
to be about 8 and 17 times higher in the exposure group, 
respectively.

Conflict of Interest

The authors declare no conflict of interest.

Exposure Control P

Li  (ppm) 0.0243±0.014 0.0026±0.0017 0.008

Ni (ppm) 0.0107±0.009 0.006±0.002 0.041

Sr (ppm) 0.142 ±0.025 0.068±0.011 0.011

Ti (ppm) 0.054±0.010 0.014±0.001 0.000

Tl (ppm) 5.717±1.517 0.716±0.107 0.000

V (ppm) 0.553±0.107 0.260±0.049 0.016

Table 2. Hair metal levels of exposure and control groups.
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