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ABSTRACT  

Background of the Study: In humans, lead can cause a wide range of biological effects depending 

upon the level and duration of exposure. The heavy metal lead (Pb) is one of the most widely scattered 

toxic metals in the world. It has been used by mankind for over 9000 years. Lead in the environment 

may be derived from natural or anthropogenic sources. Aim and Objective: The aim of this study was 

to investigate the adverse effect of exposure to lead on a) systolic and diastolic blood pressure, b) 

serum calcium, ionized calcium, phosphorus and c) kidney functions, of automobile workers.   

Methods:  For this study, two groups of thirty (30) automobile workers and thirty age matched healthy 

control subjects were selected from Bijapur city. Demographic, occupational and clinical data was 

collected using questionnaire. From these two groups, venous blood samples in EDTA and Plain bulbs 

and random   midstream urine samples were collected in amber coloured bottles. The biochemical 

parameters were estimated using standard assay procedures. Statistical analysis of the data was done 

using independent student‟s„t‟ test for parametric variables.  Values were expressed as mean ± standard 

deviation (SD). P values of 0.05 or less were considered to be statistically significant.   

Results and Conclusions: As compared to controls, the automobile workers were found to have 

significantly increased (P<0.001) blood and urinary lead levels, significantly increased (P<0.05) 

systolic and diastolic blood pressure and high (P<0.05) levels of blood urea, serum uric acid and serum 

creatinine levels and the levels of serum calcium, ionized calcium, phosphorus were significantly 

reduced (P<0.001). The chromatography of the urine samples shows the generalized aminoaciduria in 

these workers. The results of this study clearly indicate that the absorption of lead is more in these 

workers which adversely affects blood pressure, disturbs calcium and phosphorus metabolism and 

damages renal tubules. Since absorption of lead has ill effects on the health of automobile workers, 

there is an urgent need to safeguard them from the hazards of occupational lead exposure.  

Keywords: Automobile workers, Blood lead (Pb-B), Urinary Lead (Pb-U), Systolic and Diastolic 

blood pressure, Calcium, Phosphorus, Ionized Calcium,  Kidney function tests and aminoaciduria. 

 

INTRODUCTION 

Lead (Pb) is one of the most widely scattered toxic 

metals in the world. It has been used by mankind 

for over 9000 years. Lead in the environment may 

be derived from natural or anthropogenic sources. 

Lead and its compounds may enter the 

environment during mining, smelting, processing, 

use, recycling or disposal. Airborne lead can be 

deposited on soil and pollute water thus reaching 

humans through the food chain and drinking 

water. Levels of lead found in air, food, water, soil 

and dust vary widely throughout the world and 
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depend upon the degree of industrial development, 

urbanization and lifestyle factors 
1, 2

. 

Lead is absorbed by the gastrointestinal tract 

(GIT) via food, beverages, soil and dust in 

industrial zone. Diet, nutritional status, chemical 

form of the metal and the pattern of food intake 

affect lead absorption. Lead is not distributed 

homogeneously throughout the body. It is rapidly 

taken up in blood and soft tissues (half life 28-30 

days) followed by a slower redistribution to bone 

(half life 27 years). Dietary lead which is not 

absorbed in GIT is excreted in faeces 
3, 4

.  

A wide variation exists in individual‟s 

susceptibility to lead poisoning, with a 

corresponding range in the spectrum of clinical 

findings. Sub acute or chronic toxicity is more 

common than acute poisoning. Early symptoms 

are often subtle, nonspecific and/or subclinical, 

involving the nervous system (restlessness, 

fatigue, irritability, sleep disturbance, headache, 

difficulty in concentrating, decreased libido etc.), 

GI system (abdominal pain, anorexia, nausea, 

constipation, diarrhoea etc.) or musculoskeletal 

system (arthralgia, myalgia). Other less common 

conditions include tremor, toxic hepatitis or acute 

gouty arthritis (saturnine gout). In general, severity 

of symptoms worsens with increasing blood lead 

levels. A high blood lead level may result in 

delirium, coma, and seizures associated with lead 

encephalopathy, a life threatening condition 
5, 6, 7

. 

In humans, lead can cause a wide range of 

biological effects depending upon the level and 

duration of exposure. It causes adverse effects in 

several organs and organ systems including 

nervous, renal, cardiovascular, reproductive, 

haematological and immune system 
2, 7

.  

Adverse biochemical effects of lead are well 

known today. A correlation between clinical signs 

and symptoms with blood lead level and relevant 

biochemical changes may provide important 

information for making suitable changes in the 

working environment of   workers. Therefore the 

present study was planned to find out the effect of 

lead on kidney functions, calcium and phosphorus 

metabolism, systolic and diastolic blood pressure 

of automobile workers.  

 

METHODOLOGY 

The study was carried out in 30 subjects with 

occupational exposure to lead i.e. Automobile 

workers (study group) and 30 normal healthy 

subjects (non-occupational lead exposure controls) 

from Bijapur. All the study group and control 

group   subjects were   in age ranging from 20 to 

45 years.  Prior to data and biological specimen 

collection, the workers were informed on the study 

objectives and health hazards of lead exposure. 

Informed consent was obtained from all the 

workers. Demographic, occupational and clinical 

data were collected by using questionnaire and 

interview. The ethical clearance was obtained 

from the institutional ethical committee.  

Most of the automobile workers had major 

complaints of muscle pains, itchy feeling, mild 

fatigue, aggressiveness, irritability, lethargy, poor 

concentration and abdominal discomfort etc. All 

the subjects of both the study group and controls 

belonged to average socio-economic strata of 

society. None of the subjects had any past history 

of major illness. Dietary intake and food habits of 

all subjects were normal. The subjects, who were 

on medication for minor illnesses, were excluded 

from this study. The workers selected for the study 

were non-smokers and non-alcoholic males, who 

were exposed to lead for more than 6 hrs/day and 

for 2 to 20 yrs period.  

The present study was carried out in the Dept. of 

Biochemistry, B.L.D.E.U‟s Shi B.M.Patil Medical 

College Bijapur and Central Faciilty Centre, 

Shivaji University, Kolhapur. Venous blood 

samples were collected from the subjects and 

dispensed in plain screw cap test tube for the 

estimation of biochemical parameters from serum 

samples and also in test tube containing heparin as 

anticoagulant for estimating blood lead.  

To avoid the errors from the inadequate collection 

of 24 hrs urine samples, spot midstream urine 

samples were collected from each subject in amber 
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colour bottle at the time of blood collection. Both 

the blood and urine samples were immediately 

stored at 0
0
c to 4

0
c temperature.  All biochemical 

parameters including kidney function tests were 

measured on the same day of the sample 

collection. 

Blood–lead (Pb-B) and urinary-lead (Pb-U) levels 

were estimated by the atomic absorption 

spectrophotometer (AAS) a Perkin Elmer model 

303 fitted with a Boiling three slot burner. The 

spectrophotometer was connected to a readout 

Hitachi 165 recorder 
8, 9

. 

Systolic and diastolic blood pressures of the 

workers were measured in resting i.e. supine 

position before the sample collection and 

expressed as mm of Hg 
10

.  

Serum Calcium was estimated by Arsenazo III 

complex method in which calcium reacts with a 

dye Arsenazo III at pH 3.8 to form bluish purple 

colour complex and the intensity of the colour 

formed is directly proportional to the amount of 

calcium present in the sample 
11

. 

Serum ionized calcium was calculated by 

employing the method of Mclean and Hasting as 

adopted by Beeler and Atrou using the following 

formula 
12, 13

. 

𝐼𝑜𝑛𝑖𝑧𝑒𝑑 𝑐𝑎𝑙𝑐𝑖𝑢𝑚  𝑚𝑔/𝑑𝑙 

=
𝑆𝐶𝑎(𝑚𝑔/𝑑𝑙)  × 𝑆𝑃𝑟 (𝑔/𝑑𝑙)  × 0.33 

𝑆𝑃𝑟 (𝑔/𝑑𝑙)  + 6
  

Where  S Ca = Serum total calcium and  

S Pr = Serum total protein 

 

Serum inorganic phosphorus was estimated by 

Wang et.al; and Daly and Ertingshausens method 
14,15

. Inorganic phosphorous combines with 

ammonium molybdate in presence of strong acids 

to form phosphomolybdate. The formation of 

phosphomolybdate is measured at 340 nm and is 

directly proportional to the concentration of 

inorganic phosphorous present.     

Urinary excretion of amino acids was analyzed by 

thin layer chromatography. The chromatography 

separation takes place by partitioning of the 

molecules from the mixture between the stationary 

phase and the mobile phase depending upon their 

relative affinity to each one of the phases 
16

.   

 

RESULTS 

The results  obtained in terms of mean values and 

SD of biochemical parameters of the study group 

and the control group are presented in Table 

1.which shows  Blood  lead and urinary lead levels 

of automobile workers are  significantly increased 

(P<0.001) as compared to controls.  Systolic and 

diastolic blood pressure were significantly raised 

(P<0.05) in the study group as compared to 

controls. Serum calcium, ionized calcium, 

phosphorus were significantly decreased 

(P<0.001) in the study group. Blood urea, serum 

uric acid and serum creatinine (P<0.05) levels 

were significantly increased in the automobile 

workers.   

The Percentage change of kidney function test 

parameters of automobile workers as compared to 

controls are shown in Figure 1. The Percentage 

change of Systolic and diastolic blood pressure, 

Serum calcium, ionized calcium and phosphorus 

are presented in Figure 2.  

DISCUSSION 

In automobile workers blood lead (Pb-B) (364%, P 

< 0.001), and urinary lead (Pb-U) (176%, P < 

0.001) (Table 1) levels were significantly 

increased as compared to control subjects. This 

indicates that absorption of lead is more in these 

workers. Absorption of lead ordinarily results in 

its rapid urinary excretion. It is reported that Pb-B 

levels generally reflect acute/recent and /or current 

exposure as also by the influence of previous 

storage in the body.   

Automobile workers are prone to lead exposure 

due to their routine activities like battery 

recharging and replacing, welding, spray painting, 

radiator repairing etc 
17

. However in this study we 

have taken workers involved only in radiator 

repairing, spray painting and battery recycling and 

recharging.  The work places in which these 

workers undertake the job were not confirming to 
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standard specifications for it. Further the workers 

were blissfully ignorant about the ill effects of 

exposure to lead. They were also very unhygienic. 

It was observed that they neither bothered change 

their working garments nor wash their hands 

properly before having their meals.  

Such unhygienic working conditions and habits 

have resulted in the workers showing symptoms of   

anorexia, muscular pain, abdominal pain and 

headache which they accept with disdain.  

Increased blood lead level affects on several 

biochemical parameters.  In our study, as shown in 

(Table-1, Figure-1) in  respect of automobile 

workers as compared to controls  it is observed 

that  blood urea (26%, P <0.05), serum uric acid 

(13.11%, P<0.01) and   serum creatinine   (12.5%, 

p<0.001) levels were significantly increased, 

indicates slight nephrotoxicity may be due to lead.  

Lead is known to cause proximal renal tubular 

damage, characterized by generalized 

aminoaciduria, hypophosphataemia, with relative 

hyperphosphaturia and glycosuria accompanied by 

nuclear inclusion bodies, mitochondrial changes 

and cytomegaly of the proximal tubular epithelial 

cells. Tubular effects are noted after relatively 

short-term exposures and are generally reversible, 

whereas sclerotic changes and interstitial fibrosis, 

resulting in decreased kidney function and 

possible renal failure, require chronic exposure to 

high lead levels. Increased risk from nephropathy 

was noted in workers with a PbB level of over 60 

g/dl 
1
.The evolution of lead nephropathy is 

usually silent. The central events appear to be the 

progressive destruction of tubular cells and their 

replacement by fibrosis. Clinical manifestation of 

impairment, characterized by rise in blood urea 

nitrogen or serum creatinine, does not ordinarily 

become evident until 50-70 % of the nephrons are 

destroyed. Pathological late stage of lead 

nephropathy is characterized by interstitial fibrosis 

with atrophy and dilation of the tubules and 

relative sparing of glomeruli at this stage 

intranuclear inclusion are infrequent 
1
.   

This study indicates that Systolic (5.32%, P < 

0.05)  and diastolic (5.87%, P < 0.05) (Table 1, 

Fig.2) blood pressure were significantly high in 

automobile workers as compared to controls, 

which indicates adverse effects of lead on 

cardiovascular system. Lead impairs normal 

kidney functions which may result in secondary 

hypertension. In automobile workers serum 

calcium (– 6.3 %, P < 0.001), ionized calcium (– 

6.19%, P < 0.001), phosphorus (– 11.11%, P < 

0.001) were significantly decreased as compared 

to controls. (Table 1, Fig.2). It may be due to 

inhibition of 1-α hydroxylase enzyme in renal 

tubules. Lead causes nephrotoxicity and inhibits 1-

α hydroxylase enzyme which leads to decreased 

calcitriol synthesis resulting in impaired calcium 

and phosphorus absorption across GIT and renal 

tubules. It is well known that lead causes proximal 

renal tubular damage which leads to generalized 

aminoaciduria, hypophosphatemia with relative 

hyperphosphoturia and glycosuria 
18, 19

. Therefore, 

we made an attempt to investigate whether any 

amino acids are excreted in automobile workers. 

These investigations revealed generalized 

aminoaciduria in 13 automobile workers, out of 30 

i.e. 43% (Fig.3). These results clearly indicate that, 

lead adversely affects on the normal function of 

renal tubules. This is also supported by the 

evidence of increased blood urea, uric acid and 

creatinine found in these study groups 

 

CONCLUSIONS 

The study shows that automobile workers must be 

considered as personnel under professional risk as 

their routine activities affect many systems in our 

body like liver, kidney and may lead to organ 

damage. The dietary factors, nutritional status, 

patterns of food intake, demographic changes and 

the chemical form of the metal affects the 

absorption of lead. The clothes   of automobile 

workshop workers serve as a source of lead 

exposure to their family members also. A drastic 

increase in the number of automobiles in last two 

decades has only added to increase in the exposure 
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of workers of this industry segment to the ill 

effects of lead. The study indicates lead toxicity 

still persists in automobile workers. There is a 

need to protect these workers. Medical 

examination and estimations of blood and urinary 

lead should be done be at regular intervals   to 

identify workers with potential lead toxicity. The 

implementation of modern risk assessment 

techniques could improve the preventative element 

in these   workshops. 
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Table 1. Mean values and SD of  Pb-B, Pb-U systolic and diastolic blood pressure, serum calcium, 

ionized calcium, phosphorus in automobile workers and control group 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figures without parenthesis indicate Mean  SD values and those in parenthesis are range of values of the present 

study groups.
*
P < 0.05, 

*** 
P < 0.001 as compared to controls. 

Sl 

No 
Parameter 

Control Group 

(N=30) 

Automobile workers 

(N=30) 

1. 
PbB 

g/dl 

10.2 ± 5.8 
(2.0 –  23.0) 

47.37 ± 23.22*** 
(5.0 – 85.0) 

2. 
PbU 

g/dl 

6.28 ± 3.83 
(1.0 – 14.0) 

17.37 ± 12.5*** 
(1.0 – 41.0) 

3. 
Systolic B.P. 
mm/hg 

115.83 ± 10.5 
(110 – 120) 

122 ± 12.93* 
(110 – 132) 

4. 
Diastolic B.P. 
mm/Hg 

76.98 ± 8.7 
(70 – 80) 

81.5  ± 7.85* 
(75 – 110) 

5. 
Calcium 
mg/dl 

9.99 ± 0.43 
(9.6 – 11.0) 

9.36 ± 0.57* * * 
(7.1 –10.2) 

6. 
Ionized Calcium 
Mmol/L 

2.42 ± 0.10 
(2.27 – 2.67) 

2.27 ± 0.17* * * 
(1.74 – 2.49) 

7. 
Phosphorus 
mg/dl 

4.5 ± 0.46 
(3.3 – 5.5) 

4.00 ± 0.58* * * 
(2.9 – 5.1) 

8. 
Blood Urea 
[mg/dl] 

24.03 ±  3.69 
(17 – 30) 

30.29 ±  5.17* * * 
(16 – 52) 

9 
Serum Creatinine 

[mg/dl] 

1.04 ±  0.13 

( 0.9 – 1.3) 

1.17 ± 0.316* 

(0.8– 2.2) 

10. 
Serum Uric Acid 
[mg/dl] 

5.26 ±  0.834 
( 2.9 – 6.6) 

5.95 ± 1.04* * 
(3.7– 7.4) 
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Fig 1. Percentage change of kidney function tests of automobile workers with  respect to control 

group  

 
BUL - Blood urea level, CREAT – Creatinine  and UA - Uric acid. 

 

 

Fig.2 Percentage change of systolic and diastolic blood pressure, serum calcium, ionized calcium, 

phosphorus of automobile workers with respect to control group 

 
Sys BP – Systolic blood pressure, Dias BP – Diastolic blood pressure,  

Ca – Calcium, I- Ca – Ionized calcium, P – Phosphorus  
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Fig.3 The excretion of the amino acid seen in the automobile workers urine samples. The 

excretion of amino acids resembles generalized overflow type of aminoaciduria  N=Normal 

Urine Sample D-P are the urine samples of automobile workers. 

 


