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Abstract: Leather processing involves potential lead exposure, yet biomonitoring data from Pakistani workers are limited. Objective: To compare
blood lead concentrations between leather-industry workers and community controls in Sialkot, Pakistan. Methods: This analytical cross-sectional
study enrolled 80 adults, comprising 40 tannery workers and 40 controls without known occupational heavy-metal exposure. Venous whole blood
samples were collected in heparinized tubes, digested with nitric acid/hydrogen peroxide, and analyzed for lead (Pb) concentrations using inductively
coupled plasma—optical emission spectrometry with multi-point external calibration. The primary outcome was blood lead level (ug/dL). Group means
were compared using two-sided statistical tests with significance set at a=0.05. Results: Tannery workers demonstrated significantly higher blood
lead levels compared with controls (0.441 + 0.8947 vs —0.0225 £ 0.0800 ug/dL,; p=0.0016). Among workers, concentrations ranged from —0.01 to
4.05 pg/dL, with the highest level observed in the 40-50-year age group. Minor negative values reflected blank subtraction near the detection limit.
Conclusion: Employment in the leather industry was associated with significantly elevated blood lead concentrations relative to community controls.

These findings highlight the need for workplace exposure controls and routine biomonitoring to safeguard worker health in this sector.
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Introduction

Occupational exposure to heavy metals, notably lead, presents a
significant health risk, especially for workers in industries that engage
with lead-containing materials, such as leather processing. The leather
industry, integral to many economies, faces scrutiny due to its potential
adverse effects on health, primarily through exposure to harmful
chemicals during production processes. Lead exposure is of particular
concern due to its neurotoxic effects and the often insufficient regulations
in developing countries, where the leather industry is prevalent. Lead
exposure can induce various health issues, including hypertension,
neurodevelopmental disorders, and hematological anomalies (1,2).
Recent studies have documented elevated blood lead levels among
workers in various sectors. For instance, a cross-sectional study indicated
that gasoline station attendants exhibit significantly higher blood lead
levels, correlating positively with years of exposure (3,4). Workers in the
leather tanning sector are similarly vulnerable, as lead and other heavy
metals can be present in dyes and tanning agents (5,6). In South Asia,
including Bangladesh, tannery workers have been found to suffer from a
range of health complaints, with high prevalence rates of skin diseases,
respiratory ailments, and gastrointestinal issues linked to heavy metal
exposure, particularly lead (7,8). Furthermore, evidence from animal
studies shows increased levels of heavy metals in livestock exposed to
contaminated environments, raising serious concerns for food safety and
human health (5,9).

There are notable biological mechanisms through which lead exerts its
toxicity. The metal disrupts several biochemical pathways, leading to
oxidative stress and cellular damage, particularly in organs like the liver
and kidneys (1). Populations exposed occupationally report a higher
incidence of chronic diseases, illustrating a need for improved safety
measures and monitoring programs. Despite existing regulations, many
workers remain unprotected due to inadequate enforcement and a lack of
awareness about the risks associated with lead exposure (10).

In Pakistan, the leather industry is a vital segment of the economy,
significantly contributing to exports. However, health implications for
workers are alarming, as occupational health standards are often
neglected. The absence of robust monitoring and safety protocols
exacerbates exposure risks faced by tannery workers (6). The
ramifications of elevated blood lead levels extend beyond immediate
health effects, potentially threatening health outcomes for future
generations. Therefore, developing targeted health interventions,
enhancing regulatory frameworks, and instituting rigorous blood lead
level monitoring programs are critical for protecting this vulnerable
population.

Given the backdrop of Pakistan's leather industry, this study aims to
systematically evaluate blood lead concentrations in leather-industry
workers compared to community controls. The findings will provide
crucial insights and serve as a foundation for formulating effective health
policies to safeguard workers' health and that of their families (8).

Methodology

This analytical cross-sectional study was carried out in Sialkot, Pakistan,
with field sampling at five leather-processing units and laboratory
analyses at the Zoology Lab, University of Sialkot. We enrolled 80 adults:
40 leather-industry workers (occupationally exposed) and 40 community
controls with no current or prior employment in tanneries or other heavy-
metal exposure jobs. Participation was voluntary after written informed
consent. Adults with acute illness precluding sampling or who declined
consent were not included. The protocol received ethics approval from
the University of Sialkot's institutional review board and complied with
the Helsinki Declaration.

Data collection focused exclusively on venous blood for lead (Pb)
determination. Whole blood was drawn into heparinized tubes using
standard aseptic technique. For digestion, aliquots were treated with nitric
acid (HNOs) and hydrogen peroxide (H-0:) under staged heating
(approximately 65-85 °C) until a transparent or slightly viscous solution
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was obtained, then cooled, quantitatively diluted to volume, and filtered
twice to remove particulates. A reagent blank prepared with the same
acids and diluent was processed alongside each batch, and blank values
were subtracted from sample readings to minimize matrix/background
effects.

Lead quantification used inductively coupled plasma—optical emission
spectrometry (ICP-OES; Agilent 5110) monitoring 340.458 nm. External
calibration employed Multi-Element Calibration Standard 3 at five levels
(0.01, 0.05, 0.10, 0.50, 1.00 mg/L). Instrument performance checks and
blank agreement were verified before reporting. The primary outcome
was blood lead concentration (ug/dL). Descriptive statistics are presented
as mean + SE. Group comparisons (workers vs controls) were evaluated

Table 1. Blood lead concentration by group

Group n
Workers (leather industry) 40
Controls 40

Table 2. Blood lead—distribution in workers
Statistic
Minimum
Maximum
Mean + SE
Range reported across 1-35 years of work experience.

Table 3. Peak observed blood lead by age category (workers)
Age category with peak
40-50 years

4.5
1
35
3
25

2
15
0

=
1 3 5 7

Concentration of lead (ng/dl)
=

-0.5

m Indoor blood (ug/dl)

!ii;;;;rv:::::::I;:I?I:ITIT:TTTE
9 11 13 15 17 19 21 23 25 27 29 31 33 3-5 37 39

with two-sample tests, using a two-sided significance threshold of p <
0.05.

Results

Eighty participants were analyzed (40 leather-industry workers; 40
controls). Mean blood lead concentration was significantly higher in
workers than controls: 0.441 +0.8947 pg/dL vs —0.0225 + 0.0800 pg/dL;
p = 0.0016. (Table 1, Figure 1). Blood lead across 1-35 years of work
experience ranged from —0.01 to 4.05 pg/dL (mean 0.441 + 0.8947
pg/dL). (Table 2, Figure 2) Among workers, the highest observed blood
lead was 4.05 pg/dL in the 40-50 years age group. (Table 3) Minor
negative values reflect blank subtraction near the detection limit.

Mean £ SE (pg/dL) p-value
0.441 + 0.8947 0.0016
-0.0225 + 0.0800 —

Value

—0.01 pg/dL

4.05 pg/dL

0.441 £ 0.8947 pg/dL

Peak blood lead
4.05 pg/dL

samples(dl)
Control group blood (pg/dl)

Fig. 1 Lead concentrations (ug/g wet weight) in the blood samples of workers of the leather industries.
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Fig. 2 The association between the concentration of lead in the blood of leather industry workers and their age
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Duration of working (year)

19
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® Indoor blood (ug/dl)

Fig.3 The association between the concentration of lead in the blood of leather industry workers and their working years.

Discussion

The present study aimed to assess blood lead concentrations in leather-
industry workers compared to community controls. We found a
significant difference in mean blood lead levels between the two groups,
with leather-industry workers demonstrating an elevated average of 0.441
+ 0.8947 pg/dL compared to —0.0225 + 0.0800 pg/dL in controls (p =
0.0016). Notably, the range of blood lead levels in workers varied from
0.03 to 4.05 ug/dL, with the highest concentration observed in workers
aged 40-50 years. This section discusses our findings within the context
of recent literature, offering insights into the implications for occupational
health.

Firstly, the significant elevation in blood lead levels among leather
workers in our study aligns with findings from Yu et al., who highlighted
that occupational exposure can lead to blood lead concentrations
exceeding safe thresholds, particularly among newly hired lead workers
(11), in environments where lead exposure is continuous, such as the
leather tanning industry, long-term effects manifest, which could resonate
with the increased prevalence of hypertension and cardiovascular
complications reported in other studies (12). Notably, data from Yu et al.
indicate that blood lead levels around 20-30 pg/dL are not uncommon in
industrial settings, further validating the occupational risks present in the
leather industry (11).

Table 1 of our results strongly supports the idea that working in the leather
industry poses significant health risks, as evidenced by the dichotomy in
blood lead levels compared to controls. In a similar context, Shvachiy et
al. emphasized that even low-level continuous exposure to lead can yield
more severe health outcomes in occupational settings than intermittent
exposure, which emphasizes the vulnerability of leather workers (13). Our
findings underscore the urgency for implementing stringent occupational
health regulations within the leather industry.

Next, the distribution of blood lead levels across varying years of work
experience (Table 2) reflects a concerning trend of accumulation that is
consistent with observations in other regions. For example, Alhaj reported
similar findings in petrol station workers, noting a direct relationship
between years of exposure and increased blood lead levels (14). Our data
suggest that prolonged exposure in the leather industry can lead to
significantly elevated blood lead levels, with more pronounced effects
occurring after 35 years of occupational exposure.

Table 3's observation of peak blood lead levels in the 40-50 years age
group corroborates earlier studies indicative of age-related susceptibility
to lead toxicity. This observation is reinforced by Lei et al., who reported
that older individuals in occupational settings exhibited heightened
vulnerability to lead toxicity and its associated health impacts,
particularly concerning bone and cardiovascular health (15). As workers

age, their cumulative exposure could exacerbate existing health
conditions, thus magnifying the risk of lead-related health complications.
Moreover, existing literature posits that lead exposure significantly
contributes to both cognitive deficits and cardiovascular disease, a trend
supported by multiple international sources. For instance, Brown et al.
observed a correlation between lead exposure and cardiovascular disease
mortality among adults, further elucidating the broader health
implications of chronic lead exposure in occupational contexts (12,16).
This reinforces the need for preventative measures in environments like
leather workshops, which are traditionally less regulated.

Thus, our findings corroborate the significant health risks associated with
lead exposure in leather-industry workers. The observed difference in
mean blood lead concentrations, the distribution of lead levels based on
work experience, and age-related susceptibility all affirm the critical need
for enhanced occupational health practices. The existing body of literature
consistently underscores the associations between lead exposure,
occupational hazards, and adverse health outcomes. It is essential for
policymakers to strengthen regulations and for industries to adopt safe
practices to mitigate lead exposure effectively.

Conclusion

Leather-industry workers in Sialkot demonstrated significantly higher
blood lead levels than non-exposed controls, with the highest value
observed in middle-aged workers. These findings warrant stricter
occupational hygiene practices and routine blood-lead surveillance for
tannery personnel.
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