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Abstract
Introduction: A comparative study of family members of persons working in lead based industries and non-lead based industries
were undertaken to evaluate the effect of lead on family members of lead based industrial workers and its effect on their liver
function tests. As lead can be brought home though the shoes and dresses of lead based industrial workers, this study was done to
evaluate the extent of lead exposure and its ill effects on liver functions on their family members as there were very few studies
available to show the ill effects of lead on family members of lead based industrial workers.
Materials and Methods: Subjects were classified as.
Group-A: Controls- individuals who were working in non-lead based industries.
Group B: Adult Family members of individuals who were working in lead based industries.
Biomarkers of lead exposure estimated were BLL, δ-ALAD, Hb and ZPP.
Liver function tests conducted were- estimation of serum enzymes like AST, ALT, ALP, GGT, serum bilirubin, serum total
proteins and A/G ratio.
Results: The study showed statistically significant increase in BLL (p<0.001) and ZPP (p<0.001) between the group A and group
B. There was also statistically significant difference in two groups in ALP (p<0.001). There was no significant difference in other
liver function tests.
Conclusions: This study shows that lead brought home through the shoes and dresses of lead based industrial workers affects
their family members. This could be prevented by taking simple precautionary measures such as changing clothes and taking
shower before reaching home.
Keywords: Occupational lead, Family members, Liver function tests, Preventive measures.

Introduction
Lead is the number one environmental pollutant.1
Lead poisoning is an important environmental disease
and is also a disease of life style that can have life-long
adverse health effects. Lead is a toxic heavy metal, has
no known biological functions in the human body and
causes adverse health effects. For humans it is a
cumulative poison and produces irreversible health
effects once enters inside the body.
Today the major source of lead for adults is from
occupation where lead and lead components are used,
resulting in high prevalence of lead toxicity in the
population exposed to such activity. Occupational
exposure to lead remains a big problem in developing
countries like India and occupational exposure is likely
unregulated with little monitoring of the poisoning
being done.2 Occupational exposure is usually seen in
lead based industries such as – Lead acid battery
industries, cable and wire products industries, soldering
activities, motor vehicle assembly and in the glass,
plastic, rubber, printing, ceramics, and paint industries.
Occupational exposures can also result from secondary
exposure for worker`s families if workers bring home
lead contaminated dust on their skin, clothes or shoes.

Occupational exposure leads to its slow accumulation
in the body and it exerts different toxic effects
depending on the level of its accumulation.
Lead can enter the body through ingestion,
inhalation and dermal absorption.3 In adults with
occupational exposure inhalation is the predominant
form of absorption while for children gastrointestinal
absorption is primary. Cutaneous absorption is
essentially nonexistent for inorganic lead but exists for
organic lead (tetraethyl lead used in gasoline) because
of its lipid solubility.4
Lead toxicity can affect every organ system. It is a
complex toxin and exerts numerous pathophysiologic
effects in many organ systems. The most deleterious
effects of lead are on erythropoiesis, kidney function
and the central nervous system. Children’s are more
vulnerable to lead exposure than adults because a
proportionately greater amount of lead they ingest is
absorbed, more circulating lead enters their brain and
their developing nervous system is more vulnerable.5
In developing countries like India most of the lead
based workers are unaware of the toxic effects of lead
and they work without taking proper precautionary
measures in the workplace and carry the lead in their
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clothes, shoes and skin to their home, exposing their
family members to lead.
Previous research provides a definite proof that
exposure to lead causes significant adverse effects to
multiple organ systems like nervous, haematological,
renal and reproductive systems,6,7 but very few human
studies have been conducted to know the effect of lead
on liver functions. Lead can be stored in the liver after
exposure and can cause adverse health effects. The role
of liver in lead poisoning is very significant because of
its importance in detoxification.
There are a very few studies which shows the
significant changes in liver function in lead based
industrial workers. Earlier studies on potential
hepatotoxicity of lead in experimental animal systems
used relatively high doses of inorganic lead salts. These
studies reported alterations in hepatic xenobiotic
metabolism, cholesterol metabolism, liver cell
proliferation and DNA synthesis which is indicative of
lead induced hepatic hyperplasia in experimental
animals.8 In one of the studies done in Nigeria,
Hepatotoxic effects of lead had been reported in
occupationally lead exposed workers.6
There is no available data to know the ill-effects of
lead on the family members of lead based industrial
workers and on liver functions in Indian scenario.
Aims
Since liver is the major organs of storage,
biotransformation and detoxification of lead we wanted
to evaluate the toxic effects of this metal and its effects
on liver functions even on the family members. The
liver is composed of highly active metabolic tissue
containing a huge complement of detoxification
machinery referred to as phase I and phase II enzyme
systems that ideally serve to guard other physiological
systems from the toxic effects of xenobiotic
compounds.
Objectives
1. To evaluate the BLL in family members of workers
working in lead based industries.
2. To evaluate the LFT in family members of workers
working in lead based industries.
3. To compare the BLL and LFT of family members
of lead based industries with members working in
non-lead based industries.
Materials and Methods
The study was carried out at the National Referral
Centre for Lead Poisoning in India at St. John’s
Medical College Bangalore. Experiments were carried
out by collecting blood samples from family members
of lead based industrial workers and the results were
compared with controls.
A comparative experiment study with 70 subjects
in each group was carried out and the subjects studied
were classified as
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Group A: Controls-comprised of individuals who were
working in non-lead based industries who are aged
between 18 to 40 years.
Group B: Comprised of individuals who were family
members of workers working in lead based industries
(storage battery manufacturers) who are aged between
18 to 40 years.
Methods: The subjects were evaluated for
1. Estimation of blood lead by anodic stripping
voltammetry using the ESA-3010B lead
analyser.9,10
2. Estimation of hemoglobin in the whole blood by
Drabkin’s Method (1973).11,12
3. Estimation of erythrocyte δ aminolevulinic acid
dehydratase (δ ALAD) activity by the method of
Berlin and Schaller.13
4. Estimation of zinc protoporphyrin in erythrocytes
by using AVIV hematofluorometer.14
Other parameters were evaluated using fully automated
analyser-ERBA-Excel 300.
Results and Discussion
Results of our findings are shown in Table 1 and 2.
In our study we observed a significant increase in
BLL (p<0.001) and ZPP (p<0.001) in family members
of lead based industrial workers compared to controls.
In our study age group toxic effects of lead were
not noticed at this blood lead level but lead
cumulatively accumulated and increased above the
permissible limit (10 µg/dL) fixed by CDC (Centres for
Disease Control) and the American Paediatric
Association (APA)15 for infants, children (below 6
years), and women of childbearing age, though there is
no safe blood lead level for normal population. This
level is dangerous, especially to Foetus and young
children as they are vulnerable to the neurologic effects
of lead because their brains and nervous system are still
developing and the blood brain barrier is incomplete. A
study would be planned in children/infants of lead
based industrial workers to find out the ill effects of
lead exposure.
Among the liver function tests statistical
significance was observed with respect to Alkaline
phosphatase (ALP) (p<0.001) and other parameters
were within normal limits in family members of lead
based industrial workers. This is slightly different from
one of the case reported in an adult battery worker,
which showed mild elevation in liver enzyme ALT.16
According to centre for disease control and prevention
the increase in BLL as a single parameter is more
significant than any other parameters and in our study
BLL was increased significantly.17
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Table: 1 Comparison of biomarkers of lead exposures in categories
Biomarkers of lead exposures
Group-A
Group-B
BLL(µg/dl)
5.293.05
13.926.62
(0.7-13.3)
(5.4-40.8)
Hb(%)
14.151.37
13.291.12
(12.12-17.95)
(10.2-16.47)
ALAD (µmoles/ min/L)
51.507.11
46.185.01
(32.8-64.4)
(32.2-54.6)
ZPP (µg/dl)
23.226.71
36.798.69
(10.0-38.0)
(16.0-58.0)
Results are presented as Mean  SD (Min-max)
Table 2: Comparison of liver function tests
Liver function tests
Group-A
AST (IU/L)
24.269.67
(10.42-78.02)
ALT (IU/L)
23.2110.39
(6.94-64.0)
ALP (K.A. Units)
9.512.56
(4.6-24.4)
Gamma GT (U/L)
19.758.66
(4.0-47.0)
Total Bilirubin (mg/dl)
0.590.20
(0.3-1.35)
Direct Bilirubin (mg/dl)
0.210.10
(0.1-0.67)
Indirect Bilirubin
0.370.13
(mg/dl)
(0.1-0.85)
Total protein (g/dl)
7.440.52
(6.23-8.78)
Albumin (g/dl)
4.130.40
(3.1-5.0)
Globulin (g/dl)
3.310.42
(2.2-4.5)
A/G ratio
1.260.25
(0.18-1.95)
Conclusion
The results show that the family members of lead
based industrial workers are affected as BLL is
significantly increased. This is due to lack of awareness
in lead based industrial workers about the ill health
effects of lead. They don’t even know that the lead they
carry home affects the health of their family members
also. They should be educated properly about the
importance of preventive measures to be taken in
workplace and it should be strictly implemented in
workplace by the employer. The employer also should
provide all the preventive measures required to the
workers in workplace.
Lead based industrial workers can prevent this
secondary exposure to their family members by using
simple preventive measures such as by changing their
clothes and shoes used in workplace and by taking
shower bath before returning home.

Group-B
25.2514.49
(6.8-65.9)
19.449.17
(7.5-51.2)
12.082.98
(5.2-22.4)
23.1010.39
(8.6-48.6)
0.710.28
(0.4-1.59)
0.240.12
(0.1-0.69)
0.470.21
(0.2-1.2)
7.650.48
(6.4-8.8)
4.320.27
(3.7-5.04)
3.330.42
(2.08-4.05)
1.320.21
(1.03-2.06)

P value
<0.001
0.99
0.035
<0.001

P value
0.337
0.98
<0.001
0.032
0.005
0.07
0.001
0.01
0.0011
0.005
0.077

List of Abbreviations used:
δ-ALAD-delta Amino levulinic acid dehydratase
ALP-Alkaline Phosphatase
ALT-Alanine Transaminase
AST-Aspartate Transaminase
BLL-Blood Lead Level
GGT-Gamma Glutamyl Transferase
Hb-Hemoglobin
ZPP-Zinc Protoporphyrin
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