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1.               INTRODUCTION 

Lead has been used by mankind since centuries.  Its 

versatility and toxicity are also well documented. It has 

been used in domestic water pipes, plastics, paints, inks, 

power storage devices additive in fuel and other 

applications (Tong, et al., 2000). (Silbergeld, and  

Weaver, 2007).. The toxic waste from its uses may enter 

human beings though ingestion, respiration and 

cutaneous absorption causing disorders of renal, 

hematologic, nervous, digestive, reproductive, and 
cardiovascular systems (Nawrot, et al.,2002). (Ekong, et 

al., 2006).. Primary and secondary smelting of metal are 

two important activities to which occupational workers 

are directly exposed resulting in accumulation of metal 

in blood. It is therefore recommended that concentration 

of metal in blood of humans should not exceed 10.00 

μg/dl (Abdul and. Usmani, 2015). (Binns, et al.,2007).  

The both kidneysare the main targeted organ of lead 

toxicity and many studies reported the impaired kidney  

 

 
 

 

function in occupational workers exposure to lead metal  

which followed by the hypertension and increase risk of 

liver, heart and cardiovascular disorders (Harari,           

et al.,2018).. It is estimated that about 90% total lead 

body burdenstored in bones as the half-life of lead in 

bone is about years to decade while in blood its half-life 

is approximately 1 month (Barry, et al., 2019). 

 

Cystatin C is the 122 amino acid chain 

encompassing small protein belongs to a 
lysosomalcysteine protease inhibitors group, 

synthesized by nucleated cells at constants rate and 

expressed ubiquitously (Zhang, et al., 2019). Now a day 

for early evaluation of impaired renal function or 

glomerular filtration rate (GFR) the cystatin C has been 

used as well-known marker instead of serum 

creatininebecause of the lower molecular weight         

the Cystatin C freely filtered neither secreted in           

the proximal renal tubules of kidney  unlike   creatinine.  
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Moreover, Serum cystatin C concentration is not 

affected by body mass, gender, age,muscle mass and 

protein consumption (Poręba, et al., 2011). 
 

The present study was conducted to observe the 

changes in blood pressure, Cystatin C. AST, and ALT 

of battery smelterdue to changes in blood lead 

concentration. 
 

2.                    METHODOLOGY 

The case control study conducted from August 

2016- January 2017 at the Department of physiology 

University of Sindh, Jamshoro. This study included total 

395 male subjects ages range between 18-40 years.195 

occupational workers involved in battery recycling 
activity, andresiding near recycling smelters and worked 

8 hours per day along with 200 age and sex matched 

healthy controlswho did not have exposure to metal 

were randomly selected from different region of 

Hyderabad for sampling. Written inform consents were 

obtained from all participant and experimentations was 

performed accordance to the recommendation of World 

Medical Association Declaration of Helsink. 10 ml 

venous blood samples were collected using standard 

blood sampling protocol and weight height was 

measured to calculate the BMI. Lead in blood was 

analysed by graphite Furnace atomic absorption 
spectrometer (GFAAS) while ALT, AST, and Cystatin 

C were analysed by Human diagnostic standard kit 

methods. For blood pressure the subjects were 

monitored for one week continuously before declaring 

them hypo or hypertensive individuals. The data was 

collected and analysed for T test and Chi-square using 

SPSSv20. 
 

3.                     RESULT 

The total 395 male subjects were included in the 

study with mean age of 27.96±5.6 years in smelter 

worker while 27.34±4.5 years in control. The 

significantly elevated blood lead level 19.94±8.06 was 

observed in battery smelter in comparison with control 

subjects 10.20±5.06.  We also found the remarkably 

increase blood Cystatin C level 1.09±0.35 in smelter 

however it was within normal range 0.69±0.25 in 

control participants. The liver damage marker ALT 

34.52±9.14 and AST 27.33±7.93 were also increased in 

smelter as compare to control. Meanwhile the systolic 

126.03±6.82.66 and diastolic blood pressure 107.4±7.45 
were higher in smelter and it’s directly proportional to 

blood lead, cystatin C, ALT and AST level found in 

battery smelter. 
 

Individuals from controls and smelters were 

grouped according to the blood lead levels observed 

(Table 1). A large fraction of controls (63%) were 

having blood lead levels <10mg/L while a large fraction 

of smelters (46.16%), occupationally exposed to lead 

were having blood lead levels ≥ 20mg/L. 
 

Table 1: 

 Controls (%) Smelters (%) 

Lead < 10 mg/L 63 10.26 

Lead ≥ 10 - <15 
mg/L 19 16.93 

Lead ≥ 15 - <20 
mg/L 11 26.67 

Lead ≥ 20 mg/L 7 46.16 

 

Table 2 showing various parameters recorded for 

smelters with occupational exposure to the lead and 

controls. Controls of similar age group were selected 

and no significant difference was observed between 

controls and smelters group. Occupationally exposed 

smelters group was having significantly higher level of 

circulating blood lead level in comparison to the control 

population. A slightly raised level of cystatin C, a renal 
damage marker was observed in the smelter group, the 

difference with the control group was also significant 

(0.001). The values for the liver damage markers ALT 

and AST were within their normal range, however a 

significant higher level of these enzymes was observed 

in smelter group when compared with the control group. 

A similar significant (0.001) higher level of systolic and 

diastolic blood pressure was recorded in the smelter 

group. 
 

Table 2: 

 

Age years Lead mg/L 
CystatinC 
mg/L ALT U/L AST U/L SBP mmHg DBP mmHg 

Controls 
(n=200) 

27.34±4.57 10.21±5.23 0.95±0.26 23.85±9.96 15.95±6.09 119.09±5.22 97.88±6.24 

Battery 
Workers 

(n=195) 

27.96±5.69 19.95±8.07 1.3±0.34 34.53±9.15 27.34±7.94 126.04±6.83 107.43±7.46 

Anova n.s. *** *** *** *** *** *** 

 

Individuals with occupational exposure and 
controls were divided into four groups based on the 

blood lead level to observe the effects of occupational 

and passive exposure to the lead. The results presented 

in Table No.3. The difference for the age was found to 
be significant only in group I (Lead < 10mg/L). The 

mean lead level was similar in all three groups; the 

difference was only significant (0.05) in the group IV 
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(Lead ≥ 20mg/L). comparatively small differences were 

observed for the cystatin C level between smelter and 

control individual in different groups, the difference was 

significant (0.01) in group II (Lead ≥ 10 - <15mg/L) and 

group III (Lead ≥ 15 - <20mg/L). A significant 
difference between smelter and controls was observed 

for the ALT and AST enzymes when compared in 

different groups. The difference was non-significant for 

ALT only in group 4 and for AST in only in group II. 

Small difference was observed for the systolic and 

diastolic blood pressure in different groups, which was 

non-significant, with the exception of group IV where a 

significant difference was observed for both of the 
systolic (0.01) and diastolic (0.001) blood pressure. The 

difference was also significant (0.001) for systolic blood 

pressure for group III. 
 

Table 3 

  
Age years Lead mg/L 

Cystatin C 
mg/L ALT U/L AST U/L SBP mmHg DBP mmHg 

Lead < 10 

 Controls 
(n=126) 26.7±4.85 6.96±1.47 0.8±0.15 17.67±6.42 12.36±4.21 116.19±3.9 94.35±4.34 

 Battery 
workers 
(n=20) 23.05±4.62 7.09±1.51 0.81±0.11 21.17±5.54 15.87±4.38 115.12±3.29 93.82±4.38 

 Anova ** n.s. n.s. * *** n.s. n.s. 

Lead ≥ 10 - <15 
 

 Controls 
(n=38) 27.72±4.11 12.17±1.49 1.05±0.09 31.3±3.32 19.8±0.96 122.33±1.75 102.04±3.48 

 Battery 
workers 
(n=33) 26.55±4.59 12.77±1.41 1.01±0.07 25.75±5.32 20.3±6.15 119.97±3.3 101.18±4.15 

 Anova n.s. n.s. ** *** n.s. *** n.s. 

Lead ≥ 15 - <20 
 

 Controls 

(n=22) 29.32±3.02 17.17±1.27 1.22±0.09 36.09±2.25 22.52±1.6 124.5±1.6 104.69±3.68 

 Battery 
workers 
(n=52) 26.95±5.49 17.52±1.5 1.14±0.06 33.36±5.04 26.75±3.95 124.51±1.82 106.4±2.48 

 Anova n.s. n.s. ** * *** n.s. n.s. 

Lead ≥ 20 
 

 Controls 
(n=14) 29.08±4.09 23.26±2.88 1.54±0.13 40.07±3.64 27.47±2.47 127.99±3.25 107.62±2.51 

 Battery 
workers 
(n=90) 30.16±5.42 26.85±5.62 1.6±0.23 41.4±5.83 32.82±5.67 131.57±4.54 113.34±3.9 

 Anova n.s. * n.s. n.s. *** ** *** 
 

To observe the effects of lead on various parameters 

regardless of the mode of exposure (occupational or 

passive) the total individuals (smelters and controls) 

were divided into four groups based on the level of 

circulating blood lead levels. A highly significant 

(0.001) difference for all of the parameters was 

observed between different groups. 

 

Table 4: 

 
Age years Lead mg/L 

CystatinC 
mg/L ALT U/L AST U/L SBP mmHg DBP mmHg 

Lead < 10 
(n=146) 26.2±4.96 6.97±1.47 0.8±0.14 18.15±6.4 12.84±4.39 116.04±3.83 94.28±4.33 

Lead ≥ 10 - 
<15 (n=71) 27.17±4.35 12.45±1.48 1.03±0.08 28.72±5.15 20.03±4.22 121.23±2.83 101.64±3.8 

Lead ≥ 15 - 

<20 (n=74) 27.65±4.99 17.42±1.44 1.17±0.08 34.17±4.56 25.49±3.93 124.51±1.75 105.89±2.97 

Lead ≥ 20 
(n=104) 30.01±5.26 26.37±5.46 1.59±0.22 41.22±5.59 32.1±5.65 131.09±4.55 112.57±4.22 

Anova *** *** *** *** *** *** *** 
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4.               DISCUSSION 

Although human were aware of the toxic effects of 

lead as early as the 2nd century. The early rising empire 

of Roam remained ignorant of this, as the effects were 

mostly affecting the artisan workers of low social 
orders. While the toxicity creped in nobles and decided 

their predecessors with its effects on productivity and 

collapse of many of these empires with the induction of 

dementia among emperors (12). With the passage of 

centuries, humanity has become less ignorant and with a 

better understanding of the lead toxic effects, several 

effective controls were instrumented to decrease human 

exposure to lead toxic effects. Despite these efforts, the 

lead toxicity resulted in around 1million death and was 

casual of disability in around a 24million peoples in the 

year 2017 (13). However, the craftsman and peoples 

working in the lead-related industry are still exposed 
and suffering the lead toxic effects like the artisan 

workers of earlier history. 

 

Present study results are indicative of a higher 

burden of BLL (blood lead level) in smelters in 

comparison to the control group. In the year 1991, the 

CDC has recommended the elevated blood level to 

≥10mg/dl and consideration of treatment for the lead 

levels of ≥15mg/dl (14). It is observed that 72.82% of 

subjects with occupational exposure to lead were having 

a BLL level of ≥15mg/dl and out of these 46.15% were 
having a BLL level of ≥20mg/dl, the BLL level that was 

recommended as treatable. A 1976-1980 spawned 

survey followed mortality rate in US adults in 

correlation to BLL found a 46% increase in overall 

mortality, circulatory mortality increase by 39% and 

cancer mortality increase by 68% in adults having BLL 

20-29mg/dl in contrast to those having BLL <10mg/dl 

(15). Only 10% of the smelter found to have BLL 

<10mg/dl in contrast to the control population where 

63% were falling in this group. It is interesting to note 

that even 11% of the control population found having 

BLL ≥15mg/dl, an additional 7% having BLL 
≥20mg/dl. Literature related to lead toxicity reveal that 

no level of blood lead can be considered safe, even 

lower BLL (≥2mg/dl) was found to be associated with 

mortality due to myocardial infarction (16). 
 

Toxicity induced by lead may result in damage to 

multiple organs including the liver, kidney, brain and 

cardiovascular system. AST and ALT in circulation 

serve as a marker for hepatic cellular damage. The mean 

values for serum AST and ALT observed in both groups 

were within the normal reference range, the mean 

values for AST were significantly (0.05) higher in the 

occupationally lead-exposed smelters group than 

subjects in the control group.  ALT level was also found  

 

to be higher in the smelter group, but the increase was 

non-significant. It was also observed that similarly 

rising levels of both of these enzymes were observed in 

both the group in relation to the BLL regardless of the 

exposure mode i.e. occupational as in smelters and 
passive in the control group. S Can et al., (17) also have 

reported a comparatively higher level of AST and ALT 

in battery workers in comparison to the control group. A 

positive correlation of BLL with AST and ALT was 

reported (18, 19). 

 

Kidneys are considered as the prime target for 

heavy metals toxic effects, because of their tendency for 

reabsorption and accumulation due to apical membrane 

and bicollateral membrane transportation difference; 

this may lead to the build-up of heavy metals in renal 

tissue. 
 

The duration of exposure and dosage determine the 

extent of the damage. Several workers have reported the 

association of chronic exposure to lead and higher BLL 

levels with various degrees of nephropathy and 

increased renal damage markers (20, 21). Cystatin C is 

an antiprotease and is the product of housekeeping gene 

activity of the cells, passaged freely across glomeruli, 

and is not reabsorbed to blood.  Serum cystatin C is 

inversely proportional to the GFR and is considered a 

better marker to assess renal function than serum 
creatinine (L9, 1347). The comparison of the mean for 

cystatin C among two groups reveals a significant (0.01) 

higher level in the smelter groups, however the values 

were at the borderline of the reference range for serum 

cystatin C for males (0.60 – 1.03mg/L). 

 

Lead toxicity induced glomerulo-tubular 

nephropathy with its effects on GFR was found to be 

associated with hypertension (1347). Comparatively 

higher values for both of the systolic and diastolic 

pressure were recorded in the smelter group in 

comparison to the control group. The difference was 
found to be significant (0.01) for the systolic blood 

pressure and was not significant for the diastolic blood 

pressure. Our results are in confirmation with Rahman 

et al., who reported the association of BLL with 

hypertension in the Pakistani adult population with non-

occupational exposure to lead (JZUSB07).  
 

Significant differences were observed in all the 

studied parameters (except age) when the individual 

were grouped based on the BLL levels. This indicates 

that the toxic effects of lead are independent of mode of 

exposure in the population studied. This also indicates 

that monitoring lead in general population is as 
important as in the industrial workers exposed to lead.  
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