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Introduction: Automotive body painters are at risk of excessive lead exposure that may compromise their health. This study
examined the protective effects of masks against lead exposure and its correlation with blood profile of automotive body painters at
Ligu district, Semarang, Indonesia.
Material and Methods: This cross-sectional study included 61 painters at Ligu district, Semarang, Indonesia (mean age 45 years,
100% male). Mask use was categorized into “frequent” and “infrequent”. Blood samples were taken to measure lead exposure and
haematological parameters (haemoglobin/HGB, erythrocytes/RBC, haematocrit/HCT, mean corpuscular haemoglobin/MCH, mean
corpuscular volume/MCV, mean corpuscular haemoglobin concentration/MCHC). Effectivity of mask use against lead exposure was
analysed with Fisher’s exact test, while lead exposure and haematopoietic parameters were evaluated with Pearson’s correlation tests.
Results: There were 26 automotive painters (42.6%) classified as unfrequent mask users, and all of them had high blood lead levels.
Most haematopoiesis parameters were in normal range. Workers with infrequent mask use were 1.269 more likely to be exposed to
lead compared to those with frequent mask use (CI 95%, 1.082–1.552). Significant associations were found between lead exposure and
RBC (p=0.0, r=−0.53), HGB (p=0, r=−0.61), and HCT (p=0.00, r=−0.61). No significant correlations were observed between lead
exposure and MCV, MCH, MCHC.
Conclusion: Lead exposure was significantly associated with haematological parameters RBC, HGB, and HCT, confirming the
effects of prolonged exposure on blood profile. However, mask use provided significant protection against lead exposure in automotive
body painters and should be an obligatory gear for workers.
Keywords: mask, lead, haematopoiesis, automotive painters

Introduction
Lead is a common material found in various industries. Automotive painting, for instance, uses lead to improve paint
quality in terms of brightness, solubility, and drying time.1 As a highly toxic non-essential metal, lead comes with
a number of environmental risks and health hazards.2–6 Regular exposure to lead may cause anaemia, kidney and liver
damage.7,8

The impact of lead exposure depends on the route, duration, and dose. Lead can enter the human body through
ingestion, absorption, and most predominantly, inhalation (80%).9 Approximately half of lead exposure in children is
obtained through ingestion, while it contributes to only 10–15% in adults due to more advanced hygiene practices.10–12

Car painters are exposed to lead during the entire painting process, starting from sanding, priming with epoxy, mixing
paint with thinner, paint spraying until finishing with varnish. Lead may enter the body through inhalation, absorption
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through the skin, or ingestion by unhygienic hand-to-mouth transmissions. Lead is mostly absorbed through skin after 12
hours of constant exposure.13

In the body, lead is metabolized and circulated in blood, tissues, and bones. As a result, biomarkers for lead exposure
include blood, soft tissues, bones, hair, urine, sweat, teeth, nails, and bile.14 The majority (95%) of absorbed lead is
carried by the erythrocytes, making it the best marker to measure lead exposure.2 Lead interferes with erythropoietin,
a hormone that promotes erythropoiesis, thus causing hampered erythrocyte production.15 Lead also inhibits delta-
aminolevulinate dehydratase (ALAD) enzyme which is involved in the formation of heme, consequently reducing
haemoglobin levels and altering erythrocyte volume as seen from decreased haematocrit levels. Those changes can be
observed from erythrocyte indices, particularly mean corpuscular haemoglobin (MCH), mean corpuscular volume
(MCV), and mean corpuscular haemoglobin concentration (MCHC). Erythrocyte indices are useful to identify
anaemia.16–18

For automotive body painters, mask usage may play a big role in the amount of lead exposure. Masks serve as
a protective item against lead inhalation, but its use vary between individuals from regular, occasional, to never. The
objective of this study is to examine the degree of protection from wearing masks against lead exposure and its
correlation with haematopoietic systems in automotive body painters in Ligu district, Semarang, Indonesia. Ligu district
is in the northern area of Semarang which is a heavily populated with automotive body painting as the main home
industry of the region.

Materials and Methods
Design and Subjects
In this cross-sectional study, data was collected in automotive body painting workshops at Ligu district, Semarang, from
December 2020 to March 2021. Subjects were randomly chosen according to the following inclusion criteria: (i)
provided written consent, (ii) currently works as an auto body painter in workshops at Ligu district, Semarang.
Exclusion criteria were (i) has worked in the workshop for less than 5 years (because they might get lead exposure
from other places), (ii) has working hours less than 8 hours in total daily work load, and (iii) is consuming multivitamin
supplements. Based on the inclusion and exclusion criteria, then 61 research subjects were obtained.

Ethical Consideration
As a scientific study involving humans, this study received ethical approval prior to data collection. In order to avoid
conflicts of interest, ethical approval was obtained from the Health research ethics committee from other university,
namely the Health Research Ethics Committee, Faculty of Medicine, Universitas Sultan Agung Semarang, with the
number: 183/VII/2121/Komisi Bioetik. The ethical approval was given based on the results of an evaluation conducted
by the ethics examiner team, which showed that this study had applied ethical principles of medical and health research,
especially the Declaration of Helsinki which upholds autonomy, does not harm, maintains justice and benefits for the
participants, such as: counseling based on the results of related laboratory examinations. All participants also agreed to be
involved as research subjects by signing an informed consent, having previously been clearly informed about the purpose
and procedures of this study.

Measurements
General Characteristics of Subjects
The general characteristics of subjects (age, sex, work period, working hours/day, room ventilation, exercise habit) were
obtained using a questionnaire.

Mask Use
Mask use of automotive body painters at workshops in Ligu district were observed daily for a week. Afterwards, subjects
were interviewed about their average mask use during work: always, sometimes, or never. The result from the interview
is later categorized as “frequent” and “infrequent” (for workers who sometimes or never wear masks). Observations and
interviews were conducted simultaneously as a cross check. This was done in order to minimize bias in data collection.
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Lead Levels, Haemoglobin (HGB), Erythrocytes/Red Blood Cell (RBC), Haematocrit (HCT), MCV, MCH,
MCHC
Blood samples were taken from the superficial veins of antecubital fossa and then stored in purple evacuated tubes (with
K2EDTA). The samples were stored in a plastic transport box and sent to the BioMedical Laboratory Universitas
Muhammadiyah Semarang for analysis using a haematology analyzer by photometry and electrical impedance. The
results of laboratory tests were based on the following normal limits: Lead levels (<40 µg/dL), HGB (13.3–16.7 g/dL),
RBC (4.5–5.7 x 1012 /L), HCT (35–53%), MCV (77–98 fL), MCH (26–33 pg), MCHC (33–37 g/dL). The measurement
of blood lead was done at GAKI Laboratory Universitas Diponegoro using atomic absorption spectrophotometer (AAS).

Other Data
Additional data that were collected consisted of age, gender, work period, working hours/day, ventilation, and exercise
habits. Ventilation was measured based on room area and window width which should be around 10–25%. Exercise
habits were categorized as “active” when done twice a week and “not active” when only done once or not at all in
a week.

Statistical Analysis
Categorical variables (age, gender, work period, working hours/day, ventilation, exercise habits) were described in
numbers and percentage. The degree of protection from masks were analysed using Fisher’s exact test, while the
association between lead exposure and haematopoietic system were evaluated with Pearson’s correlation tests.

Results
The characteristics of subjects are presented in Table 1. Long-term work period (>5 years) and long working hours (>8
hours) were specifically used as an inclusion and exclusion criteria to determine subjects. The 61 subjects were chosen as
they fulfilled the inclusion criteria while the remaining four were excluded. We found that subjects with infrequent mask
use had higher blood lead levels (100%, n=26) than those with frequent mask use (Table 2). In this case, the limit for high
blood lead levels is 40 micrograms per deciliter.19 The risk of lead exposure was 1.296 times higher for infrequent mask
users in comparison to frequent users (p=0.016).

Table 1 Characteristics of Subjects

Mean Age (Years) 44.23±10.33

Gender

Male 61 (100%)

Female 0 (0%)

Work period

≤5 years 4 (6.2%)
>5 years 61 (93.8%)

Working hours/day
≤8 hours 4 (6.2%)

>8 hours 61 (93.4%)

Room ventilation

Inadequate 44 (72.1%)

Adequate 17 (27.9%)

Exercise habit

Not active 37 (60.7%)
Active 24 (39.3%)
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Most haematological parameters for all subjects were still within normal range, including MCHC (Table 3). Average
blood lead levels were above normal values although it was still generally acceptable (Table 4). This refers to Decharat
et al that the blood lead level that can still be tolerated is <60 micrograms per deciliter.19

Blood lead levels were significantly and strongly correlated with HGB, RBC, and HCT (−0.61, −0.53, −0.61),
suggesting that higher lead exposure caused decreased levels of HGB, RBC, and HCT. On the contrary, no significant
correlation was observed between blood lead levels and MCV, MCH, and MCHC.

Discussion
Results from this study affirmed that mask use largely affected the extent of lead exposure. Automotive body painters at
Ligu district Semarang with infrequent mask use were 1.296 times more likely to be exposed to lead compared to those

Table 2 Relation of Blood Lead Concentrations and Mask Use in Automotive Body Painters

Mask Use Blood Lead Levels Total p RR 95% CI

Normal (<40 µg/dL) High (≥40 µg/dL)

n % n % n %

Infrequent 0 0 26 100 26 100 0.016 1.296 1.082–1.552

Frequent 8 22.9 27 77.1 35 100

Table 3 Haematological Parameters of Automotive Body Painters in Ligu District, Semarang, Indonesia

Parameters Normal Limit

Low Normal High

HGB 5 (8.2%) 53 (86.9%) 3 (4.9%) 13.3–16.7 g/dL

RBC 20 (32.8%) 30 (49.2%) 11 (18.0) 4.5–5.7 x 1012/L

HCT 18 (29.5%) 43 (70.5%) 0 (0%) 35–53%

MCV 14 (23%) 41 (67.2%) 6 (9.8%) 77–98 fL

MCH 19 (31.1%) 34 (55.7%) 8 (13.1)% 26–33 pg

MCHC 0 (0%) 61 (100%) 0 (0%) 33–37 pg/dL

Table 4 Relation of Haematological Parameters with Blood Lead Levels

Normal Limit Average Max Min Analysis

Correlation p r

Blood Pb <40 µg/dL 42.99±4.53 52.3 27.4

HGB 13.3–16.7 g/dL 14.01±1.33 16.1 11.3 Lead-HGB 0.00 −0.61

RBC 4.5–5.7 x 1012/L 4.94±0.61 5.98 3.99 Lead-RBC 0.00 −0.53

HCT 35–53% 42.14±4.11 48.6 34 Lead-HCT 0.00 −0.61

MCV 77–98 fL 28.53±2.42 33.3 22.7 Lead-MCV 0.63 0.06

MCH 26–33 pg 85.77±7.28 100.90 68.4 Lead-MCH 0.58 0.01

MCHC 33–37 pg/dL 33.25±0.39 35.9 32.5 Lead-MCHC 0.46 0.09
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who frequently wore masks. This study also found a significant difference (p=0.016) between employees with frequent
mask use and employees with infrequent use against lead exposure, further proving the importance of masks as
a protective gear against pollutants including lead that can be absorbed through inhalation. Kuruvilla et al also reported
that the use of activated carbon fabric (ASF) masks that successfully reduced lead exposure.20

Our study had several limitations, particularly the type of masks. There is a wide variety of mask types, including
disposable face masks, bandana masks, pre-shaped face masks, and full-face respirators.21,22 Each type provides different
levels of protection against airborne contaminants, thus longitudinal studies with specified type of masks are required.
The findings in this study are independent of our previous work where mask use had no significant correlation with
cognitive deficits from lead exposure. Cognitive decline is considerably harder to measure as detectable signs may only
appear after a long period of time even though lead exposure may exceed the tolerable level at present.23

We found a strong negative correlation between blood lead concentrations with HGB, RBC, HCT. Inhalation is
a major exposure route for lead since more than 40% of lead is absorbed into the respiratory system before getting
distributed in blood. Approximately 95% of lead is attached to red blood cells and the rest is dissolved in plasma. Some
lead is stored in tissues and bones while the excretion is primarily through kidney and digestive system.24 Lead has been
proven to disrupt heme synthesis and shorten the lifespan of erythrocytes, consequently decreasing HGB, RBC, and HCT
concentrations. Lead interferes with the enzymatic activity in the beginning, middle, and end of heme biosynthesis. At
the initial steps, lead inhibits δ ALAD enzyme, an enzyme that triggers heme biosynthesis.25 As a result, the transforma-
tion of δ ALA into porphobilinogen (PBG) is blocked26 and the concentration of δ ALA is increased in blood and urine.
Lead also hinders coproporphyrinogen oxidase in the midway process of heme synthesis, leading to elevated copropor-
phyrinogen levels. The last enzyme affected by lead is ferrochelatase27 which resulted in increased protoporphyrin
concentration in red blood cells or known as free erythrocyte protoporphyrin.28 In addition, lead has pro-oxidant activity
that may incite oxidative stress in vulnerable erythrocyte membranes, thus reducing erythrocytes lifespan and eventually
causing hemolytic anaemia.27,29

No significant association was found between lead exposure with MCV, MCH, and MCHC. Blood lead levels in
automotive body painters were generally high but still within tolerable range (40 µg/dl-60 µg/dl). Value threshold for
blood lead range 40 g/dL. Similarly, all haematological parameters were also within normal range. Erythrocyte indices
(MCV, MCH, MCHC) can be calculated from HGB, RBC, and HCT. The calculation of erythrocyte indices revealed the
mean volume of erythrocytes and mean haemoglobin concentration per erythrocyte. Clinically, erythrocyte indices are
used to diagnose and identify anaemia.

The results of this study are expected to provide justification that the use of masks as personal protective equipment
for automotive painters is very important, because it has been proven to have an effect on lead levels in the blood which
in turn can have an impact on HGB, RBC, HCT levels. Indeed, there were also changes in MCV, MCH, and MCHC
levels; but still within a tolerable level. Logically, if the concentration of lead exposure studied was higher, it is possible
that changes in MCV, MCH, and MCHC levels would exceed tolerable limits. Of course, to prove this, further research is
needed involving automotive paint workers with a high duration and frequency of work or who are too ignorant to use
masks as personal protective equipment.

Conclusion
In conclusion, the results of this study showed that automotive body painters who occasionally or never wear masks
while working had higher risks for lead exposure than workers who always wear masks. We also affirmed that lead
exposure significantly affected blood profile, particularly HGB, RBC, and HCT. Further longitudinal studies with
specified mask types are required to be able to make recommendations of protective gears for automotive body painters.
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