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Abstract
Aim of the present study is to evaluate the symptoms and characteristics features in lead based industrial workers and
accessing their reliability in clinical decision making and diagnosing lead toxicity. Study involves 15 industrial workers (exposed) and 15 non-exposed individuals, matched for age, sex and nationality selected from Bangalore, India. Association
of various symptoms and characteristic features in exposed and non-exposed groups were evaluated and their association
with high blood lead levels was studied. Exposed individuals had significantly higher blood lead levels (114.13 ± 39.95 μg/
dl) than non-exposed (5.47 ± 2.00 μg/dl). Corresponding with increase in lead levels, a decrease in hemoglobin and increase
in zinc protoporphyrin levels were seen in all exposed individuals. Specific symptoms of lead poisoning such as wrist drop
was seen in 33.3% and blue line on gums and basophilic stippling was seen in 26.7% of lead exposed industrial workers.
Though the reported general symptoms of lead poisoning like weakness, abdominal colic, constipation, insomnia, dizziness, generalized body ache, loss of appetite, anxiety were strongly associated with high blood lead levels, similar symptoms
were also seen in non-exposed individuals. Lead exposed industrial workers had higher prevalence of symptoms observed.
Proper diagnosis of lead poisoning based only on symptoms may not be possible. Despite high blood lead levels, the specific symptoms of lead poisoning are not apparent, hence many cases of lead poisoning remain undiagnosed and untreated
or might receive only symptomatic treatment. Estimating blood lead levels and correlating with specific symptoms may help
diagnosing patients with lead poisoning and subsequent intervention.
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Introduction
Chronic exposure to lead has been a matter of public health of
global proportion. Most significant way of exposure for occupationally exposed adults, is inhalation of dust and fumes contaminated with lead, particularly during battery manufacturing, mining, smelting, printing, pottery glazing and refining operations,

reclamation operations, alloying, casting, abrasive blasting [1-3].
Lead poisoning cases are seen in all age groups causing serious
health hazards, especially in lead-based industrial workers, where
many of them are unaware of the risks of exposure to high levels
of lead. Many organs or organ systems have been potential targets
for lead in the body, including haematopoietic, neurological, skeletal, reproductive, gastrointestinal, immune and renal systems and
might even cause chromosomal aberrations [4-6]. Many cases of
lead poisoning do not show specific symptoms like blue lines on
gum, basophilic stippling and wrist drop. The general symptoms
shown are mimicking that of other disorders making the diagnosis very difficult, hence many of the cases remain undiagnosed
and untreated or might receive only symptomatic treatment [7].

Materials and Methods
Study included 15 lead based industrial workers and equal number of age and sex matched controls. All subjects included in the
study were working for 7 to 8 hours a day for more than 5 years.
Standard questionnaires were used to interview each individual. Information related to their working environment, personal
protective equipment, personal hygiene and habits and working
hours/day was collected. Written informed consent was obtained
from all the individuals participated in the study before collecting blood sample and for the publication of the data generated.
Association of various symptoms and characteristic features in
exposed and non-exposed groups was evaluated and their associa-
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tion with high blood lead levels was studied. ESA model 3010B
lead analyzer was used to estimate blood lead levels (PbB), which
uses the principle of differential pulse anodic stripping voltammetry (DPASV). AVIV model 206 Hematofluorometer was used
to estimate Zinc protoporphyrin (ZPP), which works on the principle of front surface fluorometry. Hemoglobin (Hb) was estimated by colorimetry using Drabkin's reagent. Statistical analysis
was carried out using unpaired Student’s t-test and Mann-Whitney
U test. Significance in the effects was considered as follows: p ≤
0.001- very highly significant; p ≤ 0.01- highly significant; p ≤
0.05 significant; p > 0.05- 0.1 - possibly significant; p > 0.1- NS
(not significant). Odds ratio with 95% confidence interval (CI)
was used to show the prevalence frequency.

dominal pain is 8.0 times higher compared to non-exposed. Odds
ratios for various other symptoms are showed in Table 2. General physical and CNS examination showed anemia in all exposed
workers (p < 0.001), with odds ratio indicating that anemia is 2850 times more likely to occur in lead exposed workers with PbB
levels of 100µg/dl and more. Anemia was seen in only 33.3% of
the non-exposed individuals. Though elevated systolic and diastolic BP was shown by both groups, exposed group presented
with higher diastolic BP (60%). The increased BP among the lead
exposed workers in this study also agrees with the observations
of other reported studies [8]. Blue line on the gum (p < 0.05) was
seen in 4 (26.7%) and wrist drop (p < 0.05) in 5 (33.3%) of the
lead exposed workers.

Results and Discussion

Amongst the laboratory parameters, elevated PbB (p < 0.001),
ZPP (p < 0.001) and Hb (p < 0.01) was seen in all exposed workers (100%) while only 26.7% showed basophilic stippling (p <
0.05). 33.3% non-exposed individuals, were having anemia with
Hb levels of 9.09 ± 1.55 g/dl, which was further confirmed by elevated ZPP levels. Increase in ZPP levels in 5 of the non-exposed
individual is because of anemia, since iron deficiency anemia will
lead to increased production of ZPP [9]. ZPP which is used as a
tool for predicting lead exposure has its limitations because of its
elevation in individuals with anemia as observed in the present
study.

Study was conducted in 15 lead based industrial workers and equal
number of controls. The controls did not have any known source
of lead exposure. Both groups had a mean work experience of
more than 5 years. Despite a difference in mean work experience
of 9.86 years in exposed and 6.86 years in non-exposed, the nonparametric Man-Whitney U test showed no statistical significance
(p = 0.267) between the two groups.
Table 1 shows measurements of indicators of lead poisoning
PbB, ZPP, Hb and Blood pressure (BP) in both groups. The exposed group showed a significant elevation (p < 0.001) in PbB
and ZPP levels. Chronic lead toxicity in the exposed group was
indicated by increase in mean PbB and ZPP levels more than 100
µg/dl, the elevations being 20 and 3.8 fold respectively. A significant decrease (p < 0.001) in Hb levels was seen in exposed group.
The decrease amounted to 28%. Further, exposed group showed
a significant variation (p < 0.001) in systolic and diastolic BP, the
decrease being 11.6% and 17.7% respectively.
Table 2 indicates association of various symptoms and characteristic features in exposed and non-exposed groups. Amongst the
general symptoms in the exposed group, constipation dominated
(86.7%), followed by dizziness, generalized body ache, abdominal
colic (66.7%), weakness and insomnia (60%).
The odds ratios for constipation and abdominal colic were 9.75
and 8.0 with 95% CI respectively, indicating frequency of occurrence of constipation in lead exposed individuals is 9.75 and ab-

PbB levels of exposed workers, working in different sections of
the battery factories and small scale industries were observed to
be very high and alarming (Table 1). General symptoms of lead
poisoning evaluated in this study are seen both in lead exposed
and non-exposed group, indicating proper diagnosis of lead poisoning based on these symptoms may be challenging. Despite of
elevated blood lead levels, specific symptoms of lead poisoning
like wrist drop was seen in 33.3% and the blue line on the gum
and basophilic stippling was seen in only 26.7% of lead exposed
workers. Thus based on absence of these findings one cannot
rule out lead poisoning (Table 2). Lead poisoning cases have no
specific symptoms, leading to delay in diagnosis or might go undiagnosed or misdiagnosed receiving only symptomatic treatment
leading to death in few cases [7, 10]. It would be appropriate to
consider the potentially hazardous sources of lead exposure while
medically evaluating lead poisoning cases. Since in most of the
cases, the symptoms of lead poisoning mimic that of other disorders, the best screening and diagnostic tool for clinical decision

Table 1. Background characteristics and various parameters (mean±SD) in exposed and non-exposed individuals.
Exposed (n=15)
Background characteristics
Age (years)
Work Experience (years)
Parameters
Systolic BP (mm Hg)
Diastolic BP (mm Hg)
Hemoglobin (g/dl)
ZPP (μg/dl)
Pb (μg/dl)

Non-exposed (n=15)

29.93 ± 5.24
9.86 ± 7.29

27.87 ± 5.21
6.86 ± 4.27

132.00 ± 12.92
89.27 ± 10.98
9.09 ± 1.55
128.53 ± 67.12
114.13 ± 39.95

118.27 ± 7.04
75.80 ± 7.05
12.67 ± 2.12
33.73 ± 7.30
5.47 ± 2.00

t value

p valuea,b

1.083
t value
3.62
3.996
5.276
5.438
10.519

a 0.288NS
b 0.267*
p valuea
0.001***
0.000***
0.000***
0.000***
0.000***

Inference
Exposed group shows a significant variation in all the parameters
b
: Unpaired Student’s t-test; : Mann-Whitney U test; ***p < 0.001 - very high statistical significance;
*p < 0.05 - statistical significance; NS - no statistical significance.

a
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Table 2. Association of various symptoms with high blood lead levels.
Exposed
n=15(%)
Constipation
Abdominal colic
Dizziness
Weakness
Generalized body
ache
Insomnia
Anxiety
Loss of Appetite
Elevated Systolic BP
Elevated Diastolic BP
Anemia
Blue line on the gum
Wrist drop
Basophilic stippling
Decreased Hb
Elevated ZPP
Elevated PbB
Inference

13(86.7)
10(66.7)
10(66.7)
9(60.0)
10(66.7)

Non-exposed
χ2 – Chi square value
n =15(%)
p – significance value
General symptoms
6(40.0)
χ2 =7.033, p=0.008**
3(20.0)
χ2 =6.652, p=0.010**
4(26.7)
χ2 =4.811, p=0.028*
5(33.3)
χ2 =2.143, p=0.143NS
5(33.3)
χ2 =3.330, p=0.068y

Odds Ratio
at 95% CI (Exposed)
9.75
8.00
5.50
3.00
4.00

2.25
6(40.0)
χ2 =1.200, p=0.273NS
2
NS
1.71
6(40.0)
χ =0.536, p=0.464
2
NS
1.31
6(40.0)
χ =0.136, p=0.713
General Physical Examination
0.55
4(26.7)
6(40.0)
χ2 =0.600, p=0.439NS
1.71
9(60.0)
7(46.7)
χ2 =0.536, p=0.464NS
2
***
28.00-50.00
15(100.0)
5(33.3)
χ =15.000, p=0.000
2
*
5.10-8.80
4(26.7)
χ =4.615, p=0.032
CNS Examination
7.00-13.70
5(33.3)
χ2 =6.000, p=0.014*
Laboratory Investigations
5.09-12.40
4(26.7)
χ2 =4.615, p=0.032*
2
***
28.00-50.00
15(100.0)
5(33.3)
χ =15.000, p=0.000
2
***
28.00-50.00
15(100.0)
5(33.3)
χ =15.000, p=0.000
196-841
15(100.0)
χ2 =30.000, p=0.000***
Exposed group shows a significant variation in all the parameters
9(60.0)
8(53.3)
7(46.7)

***p < 0.001 - very high statistical significance; **p < 0.01 - high statistical significance; *p < 0.05 - statistical significance; y – near statistical significance; NS - no statistical significance.
making appears to be estimating blood lead levels.
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