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Abstract
Objectives: To study any possible correlation between blood lead levels and some oxidative stress parameters of selected 
groups of lead-exposed automobile occupational Jordanian workers. Material and Methods: Blood lead levels were deter-
mined for a total of 90 male automobile workers aged within the range of 25–45 years old along with the group of 20 age-
matched healthy males control. To get an idea about the antioxidant status of controls and lead-exposed workers, and to 
estimate the oxidative stress caused by exposure to lead, we measured the hydrogen peroxide (H2O2) concentration, super-
oxide dismutase (SOD) activity, lipid peroxidation as malondialdehyde (MDA) and total antioxidant capacity of controls 
and workers. Results: The study showed that lead levels in the case of workers were approximately 4–5 times as high as 
in controls 14.5–21 μg×dl–1 vs. 4.3 μg×dl–1, respectively. There was a significant decrease (16–25%) in the level of plasma 
reduced glutathione and 21–33% decrease in total antioxidant capacity (TAOC) in all worker groups, as compared to 
controls. The results showed that the concentration of malondialdehyde (MDA) in plasma was higher (120–333%) in the 
case of workers than controls being the highest in automobile electronics and the lowest – in mechanics. Furthermore, 
there was 149–221% increase in hydrogen peroxide (H2O2) concentration, and 26–38% increase in SOD activity in the case 
of workers compared to the control group. Conclusions: There is a strong evidence for the associations between occupa-
tional lead exposure and various markers of oxidative stress in Jordanian automobile occupational workers. Thus, there 
is an urgent need to raise awareness and to initiate suitable protection guidelines for workers. Int J Occup Med Environ 
Health 2018;31(4):517 – 525
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tive damage. Reduction in GSH levels during lead toxic-
ity has been reported in many studies [5,8,9]. In our early 
study [10] we found correlation between depressed GSH 
levels and depressed levels of glutathione reductase, glu-
tathione peroxidase, and glutathione-S-transferase in oc-
cupationally lead-exposed workers. Sugawara et al. [5] 
reported that the decreased level of GSH and decreased 
activity of SOD, CAT and GPx in erythrocytes from work-
ers exposed to lead may play a part in the increased mem-
brane lipid peroxidation.
Systematic studies on lead-induced oxidative stress have 
been based mostly on in vitro experiments [1,8,11]. Lead 
may directly be attached to a cell membrane, thus in-
creasing the sensitivity of the membrane to the process 
of lipid peroxidation [1]. Malondialdehyde (MDA) is the 
final product in the lipid peroxidation process, and may 
be used as a good biomarker for membrane lipid peroxi-
dation. Evaluating oxidative stress biomarkers of lead ex-
posure and establishing diagnosis and initiate more suit-
able monitory systems are very crucial for the protection 
of lead-exposed workers against lead intoxication. The 
article presents evidences on the association of oxidative 
stress with exposure to lead among 6 groups of automobile 
workers in Jordan.

MATERIAL AND METHODS
Study population
A total of 90 male volunteers – Jordanian automobile 
workers in Amman City were involved in this study. The 
study group subjects were further divided into 6 groups 
(15 each) depending upon the type of work to include: ra-
diator welders, exhaust workers, automobile electronics, 
car painters, car mechanics and metal workers. The con-
trol group (20 healthy volunteers) members were selected 
from the same locality and were matched for age, sex, and 
dietary habits. Only those who proved to be in a good state 
of health and free from any sign/s of chronic disease/s or 
disorder/s were included. None of them was exposed to 

INTRODUCTION
Lead is a highly toxic metal with adverse effects on hu-
man health and environment due to its widespread uses 
in many parts of the world. Work lead exposure is a com-
mon cause of lead toxicity in the case of adults with 
certain occupations deal with production, use, mainte-
nance, recycling and disposal of lead products [1]. Sev-
eral studies have associated lead exposure with a num-
ber of diseases including that of nervous, hematopoietic 
and reproductive system disease as well as kidney and 
bone diseases [1–3]. Various toxic effects induced by 
lead in biological systems have been linked to either or 
both the covalently interaction of lead (Pb2+) with-sulf-
hydryl (SH) groups of the antioxidant defense system, 
which normally provide protection against free radical 
toxicity includes enzymes such as glutathione peroxi-
dase (GPx), glutathione-S-transferase, superoxide dis-
mutase (SOD), and catalase (CAT), and nonenzymatic 
molecule like glutathione (GSH) or by replacing the zinc 
ion which acts as an essential cofactor in their catalytic 
sites and inactivates them [1,4].
Lead has also been shown to both elevate and sup-
press blood levels of the antioxidant enzymes superox-
ide dismutase (SOD), catalase, and glutathione peroxi-
dase (GPx) [5–7]. Elevations of these enzymes have been 
seen in lower blood levels (< 40 μg/dl). Furthermore, Pb2+ 
effect may be seen in the increased production of reac-
tive oxygen species (ROS) by accelerating of oxidation 
of oxyhaemoglobin to methaemoglobin and thus induces 
oxidative stress by generating imbalance between produc-
tion of free radicals in tissues and cellular components 
and their ability to detoxify the extremely reactive inter-
mediates that causing damage to membranes, DNA and 
proteins [1].
Glutathione is a tripeptide composed of L-γ-glutamyl-
cysteinyl-glycine, makes up 90% of the overall non-protein 
thiol of the cell and is considered as the mother of anti-
oxidants that protects cells from oxidative and peroxida-
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H2O2 concentration
To measure H2O2 concentration in blood samples, we 
used: Hydrogen Peroxide Assay Kit (No. ab102500) manu-
factured by ABCAM according to manufacturer’s instruc-
tions and the results were expressed as μmole/l.

Lipid peroxidation (concentration of MDA)
Determination of lipid peroxidation levels in serum samples 
were measured using the thiobarbituric acid reaction method 
of Draper and Hadley [13]. Malondialdehyde levels were esti-
mated by the thiobarbituric acid reactivity to generate a MDA-
2-thiobarbituric acid (TBA) adduct which may be easily quanti-
fied colormetrically at 532 nm. Using a Bio Assay Systems kit 
colorimetric assay to measure H2O2 concentration in blood 
samples, we used Hydrogen Peroxide Assay Kit (No. ab102500) 
manufactured by ABCAM according to manufacturer’s in-
structions and the results were expressed as μmole/l.

Total antioxidant capacity
The TAC in serum samples was measured using Randox 
kit NX2615 (Randox Laboratories, Crumlin, UK) accord-
ing to the manufacturing instruction.

Superoxide dismutase (SOD) activity
Superoxide dismutase activity is measured as the inhibi-
tion of the rate of reduction of cytochrome c by the super-
oxide radical, observed at 550 nm essentially as described 
by Beckman et al. [14]. Superoxide dismutase activity is 
expressed as U/l.

Statistical analysis
The statistical analysis was conducted using SAS v. 9 (SAS 
Institute, 2002). Data was evaluated using PROC GLM, 
in SAS. The model included the effects of treatment 
(D4 vs. D6 vs. control), parity (primiparous vs. multipa-
rous), season (summer vs. winter), and their interactions. 
Values were expressed as means (M) ± standard error (SE). 
Results were expressed as specific units or as a number.

any occupational exposure to lead. For the study, the ethi-
cal clearance was obtained from the University of Jordan 
Hospital Ethical Committee and a written consent was 
obtained from all subjects, who had been informed of the 
importance of the study.

Blood collection
Blood samples were collected from the subjects under 
aseptic condition. Six milliliters of total venous blood from 
each subject in dipotassium ethylenediaminetetraacetic 
acid (EDTA) vacutainers was used for estimating lead con-
centration. Another 6 ml-sized blood sample was obtained 
in plane tubes (vacutainer). The tubes were centrifuged 
at 3000 rpm for 10 min at room temperature to separate 
plasma and red blood cells. All the samples were ana-
lyzed on the same day of collection. Plasma was used for 
determining the activity of superoxide dismutase (SOD) 
and reduced glutathione (GSH), H2O2 concentration, 
in addition to total antioxidant capacity and lipid per- 
oxidation (MDA).

Analytical methods
Blood lead
Blood lead levels were determined as per the method giv-
en by Palmer et al. [12]. Using a graphite furnace atomic 
absorption spectrophotometer and blood lead contents 
were expressed as μg/dl.

Reduced glutathione
The kinetic assay in which catalytic amounts (nmoles) 
of GSH cause a continuous reduction of 5,5’-dithiobis 
(2-nitrobenzoic acid) (DTNB) to 5-thio-2-nitrobenzoic 
acid (TNB) and the glutathione disulfide (GSSG) formed 
is recycled by glutathione reductase and nicotinamide 
adenine dinucleotide phosphate (NADPH) was used 
for GSH determination according to the manufacturing 
instructions (Glutathione Assay Kit No. 703002, Cayman 
Chemical, Ann Arbor, USA).
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The characteristics of the study participants are summa-
rized in the Table 1. Subjects ranged from 25 to 45 years of 
age. The time of work duration for the automobile-related 
job for participants ranged 6.4–28.3 years (Table 1). The 
control group consisted of 20 age-matched healthy males 
who were exposed to lead only environmentally and did 
not carry out any activities associated with lead products 
preparation or handling.
The statistical analysis of work duration among the 4 age  
groups showed that workers of group 1 (age: 25–30 years 
old) have work duration of 6.4±2.4 years (M±SE), group 2 
(age: 31–35 years old) have work duration of 11.4±1.5 years 
(M±SE), group 3 (age: 36–40 years old) have work duration 
of 21.5±1.7 years (M±SE), while group 4 (age: 41–45 years 
old) have work duration of 28.3±1.8 years (M±SE).

Blood lead levels
Blood lead levels were significantly higher in all worker 
groups (range: 14.5–21/μg×dl–1) as compared to con-
trols (M±SE = 4.3±0.5/μg×dl–1). The highest level was 
reported for automobile electronics and the lowest was 
for radiator welders (Table 2), while car painters, me-

Least square means for significant effects were compared 
at p < 0.05 using t-test.
To find the correlation between age, work duration, lead 
concentration and other studied parameters, all workers 
were classified into 4 age groups:
 – group 1 – 25–30 years old,
 – group 2 – 31–35 years old,
 – group 3 – 36–40 years old,
 – group 4 – 41–45 years old.

Work duration, lead concentration was analyzed for every 
age group.
The correlation coefficient analysis was also done.

RESULTS
A total of 90 automobile male workers in Amman City, 
Jordan were selected to include:
 – group A – 15 radiator welders,
 – group B – 15 exhaust workers,
 – group C – 15 automobile electronics,
 – group D – 15 car painters,
 – group E – 15 car mechanics,
 – group F – 15 car metal workers.

Table 1. Characteristics of the study participants – lead-exposed automobile workers and control group, Jordan

Age
[years]

Seniority
[years]Workers

[n]Group
M±SErangeM±SErange

Study group

35.0±1.025–4419.0±2.016–3315radiator welders

35.0±0.825–4520.0±1.77–3215exhaust workers

36.0±1.223–4325.0±2.36–2515automobile electronics

35.0±0.925–4419.0±1.85–2515car painters

36.0±1.230–4517.0±2.415–3015car mechanics

34.0±1.225–4515.0±2.38–3015car metal workers

34.9±0.925–4517.1±1.86.4–28.390total

34.0±3.025–450020Control group

M – mean; SE – standard error.
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Biomarkers of oxidative stress and antioxidants
In order to assess the oxidative stress (OS) caused by ex-
posure to lead, we measured the typical OS and antioxi-
dant biomarkers and the ratio between oxidant (MDA) 
and antioxidants (GSH and SOD). The Table 2 shows the 
results obtained in blood samples of the study groups and 
control ones. When levels of MDA in plasma were mea-
sured as one of the most popular biomarker of lipid perox-
idation, the serum lipid peroxide level of workers groups 
(N = 90) was found to be in the range of 3.6±0.3 μmole/l 
to 9±0.8 μmole/l (M±SE) whereas that of the control 
group (N = 20) was 3±0.2 μmole/l (M±SE) of MDA. This 
means that plasma MDA levels were significantly increased 
by 120±16% to 333±83% (M±SE) in worker groups as 
compared to the control group (Table 2). Accordingly, 
there were significant differences between worker groups 
(range (M±SE): 8.9±0.2–13.3±0.3 μmole/l) and the con-
trol group (6±1 μmole/l) when H2O2 concentrations were 
measured (Table 2).

chanics and metal workers (groups D–F) showed simi-
lar blood lead levels. Blood lead increased significantly 
by 337–448% in all groups compared to the control 
group. Blood lead levels were variable among the 6 work 
groups; being the highest in work group C which has 
lead blood levels 21±1.6 μg×dl–1 (M±SE), followed by 
group B which has blood level 16.4±1.2 μg×dl–1 (M±SE). 
Worker group A showed the lowest blood lead level 
(M±SE = 14.5±1.4 μg×dl–1).
The statistical analysis and correlation coefficient be-
tween Pb concentration and years of duration in the 
case of exposed workers have been calculated for 
the 4 age groups. Results showed that workers of 
group 1 (25–30 years) had the blood lead concentration  
of 13.8±1.7 μg×dl–1 (M±SE), group 2 had blood lead 
concentration of 12.7±1.1 μg×dl–1 (M±SE), group 3 had 
blood lead concentration of 15.4±1.2 μg×dl–1 (M±SE), 
while group 4 had blood lead concentration of  
16.1±1.3 μg×dl–1 (M±SE).

Table 2. Blood lead levels in relation to chosen biochemical parameters in lead-exposed automobile workers  
and control group, Jordan 

MDA/
SOD

MDA/
GSH

TAOC  
[μmole/ml]
(M±SE)

H2O2 
concentration 

[μmole/l]
(M±SE)

Lipid 
peroxidation 

(MDA 
concentration) 

[μmole/l]
(M±SE)

SOD  
activity

[U/l]
(M±SE)

GSH 
concentration

[μmole/l]
(M±SE)

Lead 
concentration 

[μg/dl]
(M±SE)

Group

Study group

1.192.00.08±0.0111.4±0.24.4±0.33.7±0.3446.6±6.014.5±1.4radiator welders

1.082.00.07±0.0110.3±0.23.9±0.33.6±0.3452.0±7.016.4±1.2exhaust workers

2.644.00.07±0.0113.3±0.39.0±0.83.4±0.2435.0±6.021.0±1.6automobile 
electronics

1.242.00.08±0.0110.7±0.24.6±0.33.7±0.3435.0±5.015.0±1.3car painters

1.061.40.07±0.0110.9±0.23.6±0.33.4±0.2487.0±6.015.0±1.7car mechanics

2.334.00.07±0.018.9±0.27.7±0.63.3±0.2481.0±7.015.0±1.6car metal workers

1.111.00.10±0.016.0±1.03.0±0.22.7±0.2580.0±8.04.3±0.5Control group

M – mean; SE – standard error.
GSH – reduced glutathione; SOD – superoxide dismutase; MDA – malondialdehyde; H2O2 – hydrogen peroxide; TAOC – total antioxidant capacity.
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ence blood level for adults while elevated blood lead lev-
els (BLL) are defined as ≥ 5 μg/dl [16]. According to this 
classification, the results of our study clearly demonstrate 
that automobile workers have higher blood lead levels 
than controls and that all the included 6 groups of auto-
mobile workers had elevated blood lead levels. Our study 
is in agreement with other previous reports on blood lead 
levels in Jordan [10].
The mean blood lead levels of the exposed workers in-
volved in various automobile job categories were in the 
range between 14.5±1.4 and 21±1.6 μg/dl. The workers 
involved in automobile electronics had a higher mean 
blood lead of 21±1.6 μg/dl than those of other groups. 
The blood lead levels reported in this study for radiator  
welders and metal casters are lower than those previously 
reported in Irbid City by Hunaiti et al. [10] (32.8 μg/dl  
vs. 14.5 μg/dl for radiator welders and 41.6 μg/dl 
vs. 15.5 μg/dl for metal casters, respectively) while for car  
painters and car mechanics, they are higher (10.7 μg/dl  
vs. 15 μg/dl and 8.1 μg/dl vs. 15 μg/dl), respectively. The ob-
served differences could be due to public awareness since 
the blood levels of control groups dropped from 5.7 μg/dl 
in 1995 study to 4.3 μg/dl in this study or to differences in 
the 2 cities location and population.
Despite this drop, the blood levels in all worker groups 
are still elevated and higher than the results of the study 
performed by a group of researchers from the Ministry of 
Health and the Royal Medical Services to determine the 
blood lead level in the non-occupationally exposed Jorda-
nian population [17]. In this study, 764 blood samples were 
collected and analyzed, and the sample taken was a repre-
sentative sample for the Jordanian community and there 
was no statistically significant difference between male 
and female blood lead levels [17]. The arithmetic mean  
for blood lead level in the whole sample was 2.18 μg/dl 
which is lower than our control group value (4.3 μg/dl) and 
close to the average “reference value” for blood lead con-
centrations among Korean adolescents 22.5 μg/l (24.9 μg/l  

The highest H2O2 concentration (M±SE = 13.3±0.3 μmole/l) 
was reported in group C (automobile electronics) (Table 2).
To gain more information about the redox status in the 
study group we evaluated the antioxidant capacity in 
these groups. The results of antioxidant status were also 
significantly changed (Table 2). Superoxide dismutase ac-
tivity was slightly increased in all worker groups (range 
(M±SE): 3.3±0.2–3.7±0.3 U/l), compared to the con-
trol group (M±SE = 2.7±0.2 U/l) (Table 2). The high-
est increase in SOD activity was found in groups A and D 
(M±SE = 37.4±1.6%) as compared to the control group. 
A marked decrease in the levels of GSH was observed in  
all worker groups (range (M±SE): 435±5–487±6 μmole/l) 
compared to the control group (M±SE = 580±8 μmole/l) 
(Table 2). The decrease of 25% in GSH occurred in 
both C and D groups while groups E and F were the 
least affected (16% and 17%) (Table 2). Accordingly, 
the values of total antioxidant capacity (TAOC) were 
decreased by 20% to 30% in all worker groups (range 
(M±SE): 0.07±0.01–0.08±0.01 μmole/ml) compared to 
the control group (0.1±0.01 μmole/ml) (Table 2).
The ratios of oxidant as measured by the level of MDA 
to antioxidants as represented by GSH and SOD levels 
were used as an oxidative stress index. The increase in 
the ratio of MDA/GSH was seen in all worker groups. 
The 4-fold increase was observed in group C and F com-
pared to the control group. Accordingly, a double in-
crease in the ratio of MDA/SOD was reported only in 
group C and F (Table 2).

DISCUSSION
Lead occupational exposure is common among auto-
mobile workers [15] especially in developing countries 
because of the lack of regulation for setting a reference 
blood level for workers. While in the USA, for exam-
ple, the National Institute for Occupational Safety and 
Health (NIOSH) regulation in 2015 designated 5 μg/dl 
of whole blood in a venous blood sample as the refer-
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behind Pb-induced oxidative stress have been reviewed by 
Ahamed and Siddiqui [4]. These mechanisms include the 
inhibiting of the enzymes involved in the heme biosynthe-
tic pathway and thereby generating free radicals, increas-
ing the susceptibility of cell-membrane to peroxidation, 
depleting glutathione (GSH) and changing the activities 
of the antioxidant enzymes. Our results showed that, ex-
posure to elevated lead levels caused a significant increase 
in H2O2 concentration, SOD activity and the lipid peroxi-
dation biomarker (MDA) in worker groups compared to 
controls.
Similar findings were shown by Kasperczyk et al. [23]. 
They indicate a significant increase (48%) in erythro-
cyte MDA level in zinc and lead manufacturing workers 
exposed to lead for an average of 16.6 years and have 
a mean blood lead levels 40.53 μg/dl in the southern re-
gion of Poland. Chronic exposure of lead in battery manu-
facturing workers of western Maharashtra India showed 
a decrease activities of SOD and catalase which associ-
ated with increased lipid peroxidation [24,25]. Exposure 
to lead gives rise to a high production of reactive oxygen 
species; especially H2O2. Our findings support this no-
tion. The increase in H2O2 concentrations was found in all 
groups of lead-exposed workers compared to the control 
group. There was a statically significant increase in the lev-
els of SOD in all worker groups compared to the control 
group. The increase in SOD activity observed in this study 
supports the concept of possible systemic oxidative stress 
in occupationally lead-exposed toxicity.
Flora et al. [1] reported that toxicity of lead was associated 
with changes in enzymatic and non-enzymatic antioxidant 
mechanisms. Depleting of GSH and changing the activi-
ties of the antioxidant enzymes are frequently observed in 
the case of workers occupationally exposed to lead [4,10]. 
Our results showed a 16–25% decrease in GSH levels in 
all worker groups compared to the control group. The de-
crease in GSH levels in lead-exposed workers observed  
in this study could be due to the fact that the affinity of lead 

for males, 20.7 μg/l for females), and the geometric mean 
of the blood lead concentrations was 13.4 μg/l [18].
Moreover our control group lead level is similar to that 
reported in China, where median levels of blood lead lev-
els in the male and female population aged 0–18 years old 
were 48.8 μg/dl and 46.1 μg/dl, respectively [19]. Similarly, 
in the United States, the average blood lead concentra-
tions were 22.8 μg/dl, 45.5 μg/dl, and 40.7 μg/dl for Cau-
casian, black, and Hispanic and Mexican American ado-
lescents, respectively [20]. Biomonitoring studies on levels 
of lead and associated biomarkers provide public health 
officials with reference values so that they can determine 
whether people have been exposed to higher levels of  
lead than are found in the general population.
The correlation coefficient analysis of blood lead concen-
tration for the workers of the 4 age groups, showed a posi-
tive correlation, which means accumulation of lead in the 
body with time. Age group 4 (41–45 years) had the highest 
mean blood lead concentration (16.1 μg/dl), compared to 
group 1 (25–30 years) and group 2 (31–35 years) with blood 
lead means of 13.8 μg/dl and 12.7 μg/dl, respectively.
The correlation analysis between blood lead concentra-
tion and biomarkers of oxidative stress and antioxidants, 
showed a positive correlation in all studied worker groups.
Biomonitoring studies on levels of lead and associated bio-
markers provide public health officials with reference val-
ues so that they can determine whether people have been 
exposed to higher levels of lead than are found in the gen-
eral population. Therefore in this study we aimed to spe-
cifically investigate if elevated occupational exposure to 
lead in automobile workers was associated with increased 
incidence of oxidative stress which was a significant con-
tributor to various pathophysiological processes [1,4].
It is known that oxidative stress is caused by either in-
crease production of reactive oxygen or nitrogen species 
or decrease antioxidant defenses or both. Several studies 
support the role of oxidative stress in the pathophysiology  
of lead toxicity [1,4,21,22]. The biological mechanisms  
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towards sulfhydryl groups (-SH) makes GSH more sus-
ceptible to binding with lead, which may cause a marked 
decrease in GSH levels [1,4]. Accordingly, the values  
of TAOC were decreased by 20–30% in all worker groups 
compared to the control group. Disturbances in the normal 
redox state of cells by decreasing the levels of enzymatic 
and non-enzymatic antioxidants and increasing of lipid per-
oxidation may cause toxic effects and might be the cause 
of reduced ability of plasma to withstand oxidative stress 
induced by lead which is perceived as diminished TAOC 
among automobile workers in Jordan. Moreover, in most 
of the cases we noticed that as duration of exposure/work 
duration was increased, the effect was enhanced.

CONCLUSIONS
The observed correlation between blood lead levels and the 
studied oxidative stress and antioxidant parameters sug-
gests that lead may have induced oxidative damage to au-
tomobile workers by generating free radicals and lipid per-
oxidation and impaired their enzymatic and non-enzymatic 
antioxidants defenses, and this damage was enhanced as 
duration of exposure/work duration was increased. There-
fore, analyses of oxidative-stress and antioxidant-related 
parameters in lead-exposed workers are important in evalu-
ating the health effects and biomarker of lead exposure and 
establishing a better diagnosis and prevention standards.
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