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Abstract
 Introduction: Workers in automotive industry are exposed to a variety of chemicals,
 especially heavy metals, degreasers, lubricants, metal cleaners, benzene, solvents,
 welding fumes and car exhausts. Many chemicals to which automotive industry
 workers are occupationally exposed, including heavy metals and organic solvents are
 haematotoxic. Several hematological indices such as hematocrit (Hct), hemoglobin
 (Hb), red blood cells (RBCs) have been used to assess the functional status of the
 oxygen-carrying capacity of the blood and also as indicators of exposure to heavy
 metals. Aim of Work: To study the changes in hematological indices among welders
 and spray-painters in automotive industry due to workplace exposures. Materials and
 Methods: The two exposed groups included 30 welders and 32 spray-painters in an
 automobile manufacturing factory in Helwan, Cairo. The non-exposed group included
 44 administrative workers in the same factory. The three groups (2 exposed and one
 none exposed) were subjected to a questionnaire including medical and occupational
 histories and laboratory investigations: blood lead level, serum manganese level and
 complete blood count. Results: Statistically significant higher levels of blood lead and
 serum manganese were found among the exposed groups. Lymphocytes percentage was
 significantly lower among welders compared to the control. Hemoglobin was significantly
 lower among spray-painters compared to the control group. Platelet distribution width
 (PDW) was significantly higher among spray-painters compared to welders and control
 groups. The total leukocytes, mid-range cells (MID) and granulocytes counts showed a
 statistically significant positive correlation with blood lead level among spray-painters.
 Platelet count and plateletcrit (PCT) showed statistically significant positive correlation
 with serum manganese level among welders.Conclusion and Recommendations:
 Workplace exposures among welders and spray-painters in automotive industry may
 affect some hematological parameters and indices. Biomonitoring of lead, manganese
  levels in blood and regular CBC should be done for workers in automotive industry
Keywords: Lead (Pb), Manganese (Mn), Automotive industry, Welders and Spary-
painters
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Introduction
Automobile manufacturing 

industry is run by several workers, such 
as mechanics, spray-painters, welders, 
battery recyclers, and radiator and air-
conditioner repairers (Ishola et al., 
2017). Workers are exposed to a variety 
of chemicals, especially heavy metals, 
degreasers, lubricants, metal cleaners, 
benzene, solvents, welding fumes and 
car exhausts (El-Saadawy et al., 2011).

Welding is one of the main 
processes for joining parts of metals 
together in the automobile industry 

(Wang and Wang, 2019). Welding 
fumes are toxic to the human body due 
to abnormal absorption, distribution, 
metabolism, and excretion of the main 
components of these fumes, such as 
heavy metals (Seaman et al., 2015).  
Several hematological indices such as 
hematocrit (Hct), hemoglobin (Hb), 
red blood cells (RBCs) have been used 
to assess the functional status of the 
oxygen-carrying capacity of the blood 
and as indicators of exposure to heavy 
metals (Shah and Atindag, 2004). Lead 
induces anemia by two mechanisms: 
impairment of heme biosynthesis, and 
increased rate of RBCs destruction 
(Schwartz et al., 1990). A relationship 
was found between blood lead (Pb–

B) and lead manganese (Pb–Mn) 
concentration. The interaction between 
Pb and Mn is thought to be mediated 
by a relationship between Pb and Mn 
porphyrin interactions in the RBCs 

(Wibowo et al., 1979). Mn accumulates 
in bone, liver, and kidney tissues, and 
consequently it may alter the process 
of hematopoiesis (Dorman et al., 2006 
and Jones, 2014). It has been reported 
that Mn interferes with absorption of 
the dietary iron sharing the similar 
metabolic pathway as that of iron 

(Garcia et al., 2006). Thus, chronic 
exposure to high levels of Mn may lead 
to iron deficient anemia and decreased 
Hb (Chandel and Jain, 2016).

Workers in automobile industry are 
exposed to mixtures of organic solvents 
which include xylene, methanol, 
toluene, benzene, methylene chloride, 
acetone, and polycyclic aromatic 
hydrocarbons (Varona-Uribe et al., 
2020). Benzene is mainly produced 
from fuel vapours and from solvents 
used for degreasing or as diluents at the 
workplace of automobile mechanics 

(Vitali et al., 2006). It was reported 
that hazardous emissions of petroleum 
derivatives in automobile factories 
led to higher risk of hematological 
dysfunctions (Obianime et al., 2017).
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In developing countries, such as 
Egypt, there is a need to highlight the 
effects of chemical exposures, including 
heavy metals, especially Pb and Mn 
on hematological parameters among 
the exposed workers in automotive 
industry. 

Aim of Work
To study the changes in 

hematological indices among welders 
and spray-painters in automobile 
industry due to workplace exposures.

Materials and Methods
- Study design: This is a cross-sectional 
comparative study. 

- Place and duration of the study: The 
study groups included workers in an 
automobile factory in Helwan, Cairo. 
The duration of the study was 6 months 
from January to June 2023.

- Study Sample: The study included 
106 participants divided into two 
exposed groups (62 workers) and one 
non-exposed group (44 workers).

-The exposed groups included:

1) A group of welders, which included 
all workers in the welding process who 
met the inclusion criteria (30 workers).

2) A group of spray-painters, which 
included all workers in the cars painting 

process who met the inclusion criteria 
(32 workers).

- Inclusion criteria of the exposed 
workers: Workers should have a work 
duration of at least one year in the 
current job and agreed to participate in 
the study.

- Exclusion criteria of the exposed 
workers: Workers who had other types 
of exposures from other jobs inside or 
outside the factory.

The control group (44 non-exposed 
workers) was recruited from the 
administrative department in the same 
factory who agreed to participate in the 
study. 

- Inclusion criteria of the control 
group: Administrative workers with 
no history of exposure to any type of 
chemicals, fumes, or vapors in the 
factory.

- Exclusion criteria of the control 
group: 1) History of exposure to any 
type of chemicals, fumes, or vapors 
inside or outside the factory, 2) Past or 
present history of any hematological 
disease.

- Sample size calculation:

Based on evidence from a previous 
study by Kamal and Malik (2012) and 
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by considering the mean of RBCs 
comparison between painting workers 
and non-exposed workers as primary 
outcome measure. G Power program 
3.1.9.4 was used to calculate the sample 
size with independent t test comparison 
between two groups.  Assuming 80% 
power, 0.05 level of significance and 
effect size d measure 0.62 with ratio 
of 1:1. The minimum required sample 
size to detect statistical significance 
difference would be 86 participants.

- Study Methods: All the studied 
groups were subjected to the following:

•• A questionnaire including 
medical and occupational histories.

•• Laboratory investigations: 
A blood sample of 10cc was obtained 
from each subject through venipuncture 
from the arm using a disposable 
plastic syringe under complete aseptic 
conditions. Each sample was then 
divided into three clean tubes; one of 
them was left to clot then centrifuged 
to separate the serum for determination 
of serum manganese level. The other 
two tubes contained dipotassium-
EDTA and were used for determination 
of blood lead level and complete 
blood picture (CBC). The blood lead 
and serum manganese levels were 
determined by an atomic absorption 

spectrophotometry: Thermoelemental 
M6. The device consists of a light source 
called a hollow cathode lamp (HCL), 
which emits particular wavelengths of 
light that are only absorbable by the 
analyte; an ‘atom cell’, which converts 
the samples into gaseous atoms that can 
absorb light from the HCL; a ‘detection 
system’ that isolates and quantifies the 
wavelengths of interest; and a computer 
system to control instrument operation 
and collect and process data (Butcher, 
2005).

Consent
A written consent to participate in 

the research, to give blood samples and 
to be clinically examined was voluntarily 
obtained from all participants.

Ethical Approval
Prior to the study, the Research 

Ethics Committee of the Faculty of 
Medicine, Cairo University approved 
the study protocol (N-17-2023). 
Approval of the administrative authority 
in the factory was also obtained. Strict 
confidentiality was followed during 
sample collection, coding and testing. 
Subjects were allowed to obtain copies 
of the results of their laboratory tests 
to enable them to undergo further 
investigations and management.
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Data Management
•• Microsoft excel 2013 was 

used for data entry and the statistical 
package for social science (SPSS) 
version 23 (SPSS, Armonk, New 
York: International Business Machines 
Corporation) was used for data analysis. 

•• Simple descriptive statistics 
(arithmetic mean and standard 
deviation) used for summary of 
quantitative data and frequencies used 
for qualitative data.

•• Bivariate relationship was 
displayed in cross tabulations and 
Comparison of proportions was 
performed using the chi-square test or 
fisher exact whenever appropriate.

•• One-way Annova and post-hook 
tests were used to compare normally 
distributed quantitative data. Pearson 
correlation was used to compare 
normally distributed quantitative data. 

•• The level of significance was set 
at probability (P) value <0.05.

Results
Table (1): Comparison between the studied groups as regards age, blood lead 

(Pb) and serum manganese (Mn) levels by ANOVA and Post Hoc 
tests.

Groups

1,2,3
Mean ± SD F p-value

 Post Hoc
 (Mean

 difference
between groups)

p-value

Age (yrs) 1.Welders  54.53 ± 6.62
0.68 0.5

1,3 = 1.03 0.42
2.Painters 54.88 ± 4.46 2,3 = 1.38 0.28
3.Control 53.5 ± 5.11 1,2 = 1.37 0.8

Blood Pb (µg/

dL)

1. Welders  24.08 ± 17.71
7.6 0.001*

1,3 = 8.88 <0.001*
2. Painters 22.0 ± 7.28 2,3 = 6.81 0.006*
3. Control 15.19 ± 2.91 1,2 = 2.08 0.43

 Serum Mn

(µg/dL)

1. Welders 1.41 ± 0.7
15.31 <0.00*

1,3 = 0.59 0.001*
2. Painters 1.74 ± 0.72 2,3 = 0.91 <0.001*
3. Control 0.83 ± 0.72 1,2 = 0.33 0.08

  *: Statistically significant
 Table (1) showed that the mean age of the exposed groups showed no statistically significant
 difference compared to the control group. Both welders and spray painters had statistically significant
higher mean level of blood lead and serum manganese compared to the control group.
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Table (2):  Comparison between leucocytic counts parameters among the 
studied groups using ANOVA and Post Hoc tests.

Leucocytes counts

Groups
1,2,3 Mean ± SD F p-value

 Post Hoc
 (Mean

 difference
 between
groups)

p-value

WBCs (x109/L) 1.Welders 7.01 ± 1.68

0.07 0.93

1,3 = 0.01 0.98

2.Painters 6.85 ± 2.1 2,3 = 0.17 0.73

3.Control 7.02 ± 2.35 1,2 = 0.16 0.77
Lymphocytes (x109/L) 1.Welders 2.44 ± 0.79

0.88 0.42
1,3 = 0.21 0.25

2.Painters 2.46 ± 0.91 2,3 = 0.19 0.3
3.Control 2.65 ± 0.63 1,2 = 0.03 0.9

Lymphocytes % 1.Welders 34.82 ± 7.63
3.35 0.039*

1,3 = 5.08 0.016*
2.Painters 36.29 ± 8.2 2,3 = 3.6 0.079
3.Control 39.89 ± 9.77 1,2 = 1.48 0.51

MID cells (x109/L) 1.Welders 0.54 ± 0.26
1.14 0.32

1,3 = 0.08 0.16
2.Painters 0.52 ± 0.23 2,3 = 0.05 0.3
3.control 0.47 ± 0.18 1,2 = 0.02 0.71

MID % 1.Welders 7.54 ±3.46
0.47 0.63

 1,3 =1.12 0.34
2.Painters 8.1 ± 2.72 2,3 = 0.56 0.63
3.Control 8.67 ± 6.71 1,2 = 0.56 0.66

Granulocytes (x109/L) 1.Welders 4.03 ±1.12
0.098 0.91

1,3 = 0.13 0.72
2.Painters 3.86 ±1.38 2,3 = 0.03 0.92
3.Control 3.9 ± 1.88 1,2 = 0.16 0.68

Granulocytes % 1.Welders 56.34 ±10.13
0.22 0.8

1,3 = 1.56 0.51
2.Painters 55.6 ± 8.35 2,3 = 0.83 0.72
3.Control 54.77 ±10.93 1,2 = 0.73 0.77

*Statistically significant                 RBCs: Red blood cells                 Hb: Hemoglobin
WBCs: White blood cells              MID: Mid-range cells                      MPV: Mean platelet volume
PDW: Platelet distribution width                                                                  PCT: Plateletcrit

 Table (2) showed that the mean lymphocytes percentage was significantly lower
 among welders compared to the control group. All other leucocytic counts
.parameters showed no statistically significant difference
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Table (3):  Comparison between erythrocytic, platelets and platelet indices 
parameters among the studied groups using ANOVA and Post Hoc tests.

 Erythrocytic and

p=latelet indices Groups

1,2,3
Mean ± SD F p-value

 Post Hoc
 (Mean

 difference
 between
groups)

p-value

RBC’s

(x1012/L)

1.Welders 4.83± 0.46
1.26 0.29

1,3 = 1.14 0.25
2.Painters 4.54 ±0.46 2,3 = 1.42 0.15
3.Control 5.97 ± 6.42 1,2 = 0.28 0.79

Hb(g/dL) 1.Welders 13.61± 1.69
4.55 0.013*

 1,3 =0.94 0.07
2.Painters 13.03 ± 1.01 2,3 = 1.51 0.004*
3.Control 14.55 ± 2.99 1,2 = 0.57 0.31

Hematocrit % 1.Welders 37.89±4.17
0.26 0.78

1,3 = 0.67 0.57
2.Painters 37.03±2.89 2,3 = 0.18 0.88
3.Control 37.21 ± 6.46 1,2 = 0.85 0.5

Platelets (x109/L) 1.Welders 255.17± 76.54
0.34 0.71

1,3 = 6.63 0.66

2.Painters 268.4±51.23 2,3 = 6.64 0.65
3.Control 261.8±61.27 1,2= 13.27 0.41

MPV (fL) 1.Welders 8.65 ±0.71
1.86 0.16

1,3 = 0.45 0.057
2.Painters 8.35±0.61 2,3 = 0.15 0.51
3.Control 8.2 ± 1.3 1,2 = 0.29 0.24

PDW 1.Welders 15.69 ±0.27
6.32 0.003*

1,3 = 0.06 0.44
2.Painters 15.98± 0.41 2,3 = 0.23 0.005*
3.Control 15.75 ± 0.35 1,2 = 0.3 0.001*

 PCT % 1.Welders 0.22 ±0.06
0.096 0.91

 1,3= 0.002 0.89
2.Painters 0.22± 0.03 2,3= 0.005 0.66
3.Control 0.22 ± 0.05 1,2= 0.003 0.79

*: Statistically significant                 RBCs: Red blood cells                       Hb: Hemoglobin
WBCs: White blood cells               MID: Mid-range cells                  MPV: Mean platelet volume
PDW: Platelet distribution width                                                               PCT: Plateletcrit
Table (3) showed that hemoglobin was significantly lower among painters compared to 
the control. Platelet distribution width (PDW) was significantly higher among painters 
compared to the welders (p=0.001). Also a significantly higher PDW was observed 
among painters compared to controls (p=0.005). All other erythrocytic and platelet 
indices showed no statistically significant difference.
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Table (4): Pearson correlation of leukocytic counts with blood lead level (Pb) 
and serum manganese level (Mn) among spray-painters.

Spray-painters Pb (r) p-value Mn (r) p-value
WBCs (x10/L) 0.39 0.026* 0.22 0.23
Lymphocytes (x10/L) 0.15 0.42 0.21 0.27
Lymphocytes% 0.26 0.14 0.04 0.81
MID cells(x10/L) 0.36 0.04* 0.04 0.79
MID % 0.04 0.79 0.11 0.53
Granulocytes (x10/L) 0.43 0.01* 0.19 0.3
Granulocytes % 0.24 0.17 0.01 0.97

*: Statistically significant               WBCs: White blood cells                       MID: Mid-range cells

Table (4) showed that the total leukocytic count together with mid-range cells (MID cells) 
and granulocytes count showed significant positive correlation with blood lead level among spray-
painters. Also, no significant correlation was found between leukocytic counts and serum manganese 
among spray-painters.

However, no significant correlation was detected between the leukocytic counts, blood lead 
level and serum manganese among the group of welders (results were not tabulated). 

Table (5): Pearson correlation of platelets and platelet indices with serum 
manganese (Mn) and blood lead (Pb) levels among welders.

Welders Pb (r) p-value Mn (r) p-value
Platelets (x10/L) 0.23 0.9 0.37 0.05*
MPV (fL) 0.13 0.94 0.08 0.65
PDW 0.02 0.91 0.12 0.53
 PCT % 0.01 0.98 0.38 0.04*

*: Statistically significant                                                       MPV: Mean platelet volume
PDW: Platelet distribution width                                              PCT: Plateletcrit

 Table (5) showed that platelet count and plateletcrit (PCT) significantly correlated with serum
 manganese level among welders. While no significant correlation was found between other
 platelet indices and blood lead level among the same group.

 Also, no significant correlation was found between any of the platelet indices and
  blood lead level among spray-painters (results were not tabulated).
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Discussion
Automotive industry involves high 

exposures to welding fumes together 
with various solvents in the spray-
painting processes (Men et al., 2021). 
Anemia, leukopenia, lymphocytosis 
or lymphopenia, eosinophilia, 
thrombocytopenia and pancytopenia 
have been reported among welders 

due to heavy metal exposure (Bainin 
et al., 2022). Several studies showed 
significantly increased levels of heavy 
metals including lead among spray-
painters (Ahmed et al., 2008, Basu et 
al., 2015, and Ishola et al., 2017). Many 
chemicals to which automotive industry 
workers are occupationally exposed, 
including heavy metals and organic 
solvents are haematotoxic (El-Saadawy 
et al., 2011). 

The aim of the present work was 
to study the hematological changes 
among welders and spray painters in 
automobile industry.

The current study showed that 
both welders and spray painters 
had statistically significant higher 
mean level of blood lead and serum 
manganese compared to the control 
group (Table 1).  It is to be noticed that 
the mean blood lead level of the exposed 
groups was higher than the biological 

exposure index (BEI) recommended 
by the American Conference of 
Governmental Industrial Hygienists 
(ACGIH) (20 μg/dL) (ACGIH, 2017). 
These results were similar to those 
obtained by a previous study which 
assessed the relationship between 
exposure to lead-containing welding 
fumes and the levels of reproductive 
hormones. The authors reported that the 
mean blood lead level among welders 
were significantly higher than the BEI 
recommended by the ACGIH, 2017 
and was also significantly higher than 
the mean blood lead level in the non-
exposed group (Dehghan et al., 2019).

Also it was in agreement with a 
study done by Oginawati et al., 2017 on 
Hematology analysis of lead exposure 
on painting workers and detected that 
the average blood lead level among 
spray painters were significantly 
higher compared to the control group. 
However, the average blood lead level 
among painters was less than the BEI 
recommended by ACGIH, 2017 .  

In a study conducted by Mehrifar 
et al., 2020 in Iran on the effects of 
occupational exposure to manganese 
fume among welders; they found a 
significant increase in the average blood 
concentrations of manganese among 
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welders compared to the control group.

The studied spray painters had 
significantly higher mean serum 
manganese compared to the control 
group (Table 1). This can be explained 
by the fact that manganese is a known 
component of paint either as a pigment 
or as a drier (Zuskin et al., 2007). It can 
also be explained by the exposure of 
painters to welding fumes from nearby 
welding processes.

Hematological parameters among 
the studied workers showed significant 
decrease in the mean lymphocyte 
percentage among welders in relation 
to control group (Table 2). These 
results agreed with those reported by 
Li and Taneepanichskul, 2021 in their 
study on associations between welding 
fume exposure and blood hemostatic 
parameters in Thailand. They found 
that the lymphocyte percentage among 
welders was lower than the control, 
but marginally significant. However, 
these results were different from those 
reported by Bainin et al., 2022 from 
Ghana in which the lymphocyte fraction 
was similar between the exposed and 
the control groups.  These inconsistent 
results may be because some studies 
about welding fume focused on long-
term effects of exposure to welding 

fumes without clarification of duration 
of exposure, welding techniques, 
or the intensity of exposure (Li and 
Taneepanichskul, 2021). 

The mean red blood cells count 
and hematocrit were slightly decreased 
among welders compared to controls 
but not to statistically significant values 
(Table 3). These findings agreed to the 
results of the study done by Onwukwe 
et al. 2018, who studied changes in the 
haematological profile of automobile 
welders in Nigeria. They found that 
the welders had significantly lower 
red blood cells count and haemoglobin 
concentration. Toxic gases produced 
in the oxyacetylene welding process 
such as arsine, phosphine and carbon 
monoxide have a direct cytotoxic effect 
on RBCs and result in suppression 
of erythropoiesis. Arsine gas causes 
destruction of RBCs (Onwukwe et al. 
2018). Also the welders in the present 
study had significantly higher blood 
lead levels (Table 1),   which is known 
to cause anemia (Schwartz et al., 1990). 

Hematological parameters of the 
studied painters showed significantly 
decreased mean hemoglobin level 
compared to the control group (Table 
3). This was in accordance with the 
study done by Abdel Maksoud and his 
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colleagues in 2018 on the assessment of 
hematotoxicity and genotoxicity among 
paint workers in Assiut governorate, 
Egypt, who detected that the mean 
hemoglobin level together with RBCs 
count and hematocrit were significantly 
lower among the exposed group 
compared to the control.

A significantly increased platelet 
distribution width (PDW) was found 
among spray-painters compared to the 
welders and the control groups (Table 
3). This may be because spray-painters 
are exposed to benzene, which is one 
of the paint components (Kamal and 
Rashid, 2014). These results agreed 
with those reported by Huang and 
colleagues in 2014, in their study on the 
effects of benzene exposure on platelet 
parameters. They found that PDW and 
MPV were significantly higher among 
benzene-exposed group compared to 
the non-exposed group.

There was a statistically significant 
positive correlation between mean 
blood lead level among the studied 
painters and some of their leukocytic 
counts, which are: total white blood 
cell count (WBCs), mid-range cells 
(MID cells), and granulocytes. No 
statistically significant correlation was 
found between leukocytic counts and 

mean serum Mn level among painters 
(Table 4). This agreed with the results 
found by Soleman and co-workers 
in 2020, who studied lead exposure 
effect on peripheral blood parameters 
in Yogyakarta, Indonisia, and reported 
that lead was positively correlated with 
leukocytes among the lead-exposed 
population.

Serum Mn level positively correlated 
with platelets count and plateletcrit 
(PCT%) among exposed welders, while 
no significant correlation was found 
between blood lead level and platelet 
counts among welders (Table 5).  These 
findings were partly consistent with 
the findings of a study done in China 
by Jiang et al., 2014, in which there 
was a positive association between the 
abnormality of platelets in male workers 
and exposure time. However, platelet 
count and neurological symptoms of 
these workers were not related to the 
urinary manganese level. The authors 
concluded that exposure to manganese 
for a long time may affect platelet count 
in male workers.

Conclusion
The current study showed that 

workplace exposures in automotive 
industry may affect some hematological 
parameters and indices. Lead and 
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manganese were significantly increased 
in blood among both welders and 
spray-painters indicating high level of 
exposure to heavy metals in this industry. 
Hematological changes among exposed 
workers included significant decrease in 
lymphocyte percentage among welders, 
significant decrease in hemoglobin and 
significantly increased PDW among 
spray-painters, and non-significant 
decrease in RBCs count among welders. 
Blood lead level correlated positively 
with leukocytic counts (total WBCs, 
MID and granulocytes) in spray-
painters, while serum manganese level 
correlated positively with platelet count 
and plateletcrit among welders.

Recommendations
Biomonitoring of lead and 

manganese for workers in automotive 
industry is recommended to monitor 
their exposure to those heavy 
metals. Complete blood count is 
also recommended regularly for 
early detection of any hematological 
abnormalities among workers who are 
exposed to solvents, paints and heavy 
metals.
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