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ABSTRACT 
 

Background: Lead poisoning is a serious and sometimes fatal condition. It occurs when lead 
builds up in the body. Students exposed to lead by eating junk foods wrapped in newspaper, the 
licking of fingers for turning the photocopies, book pages, printout etc. and use of same fingers for 
eating purpose. Additionally young population get exposed to lead by use of Kohl or Kajal 
eyeliners, some traditional ethnic medicines, time spent at firing ranges and some hobbies like wall 
paintings or jobs related to plumbing and soldering. Damage caused by lead poisoning cannot be 
reversed. Lead inhibits necessary enzymes required for heme synthesis, and this result in 
increased levels of delta-aminolevulinic acid (δ-ALA) excretion through urine. 
Aim: To Estimate the urinary δ-ALA levels in the students of age group 15 to 25 years as an index 
of lead exposure. 
Study Design: This is a cross-sectional study in Mumbai from a suburban locality. 
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Methodology: The study was done on 70 students of age group between 15 years and 25 years 
with their brief history related to lead exposure. Their urine samples were analyzed for δ-ALA by 
using Ehrlich reagent.  
Results: According to our observation, out of 70 students 46 student’s (65.71%)urine samples 
shown δ-ALA level  above reference level and remaining 24 (34.28%) were considered as below 
reference level. 
Conclusion: The prevalence of lead exposure among our study population is 65.71%.  
Clinical Significance: We conclude that there is high prevalence of lead exposure in students of 
age group 15 to 25 years in Mumbai and necessary precautions need to be taken to avoid 
detrimental effects of lead poisoning. 
 

 

Keywords: Blood lead levels; lead exposure in students in Mumbai; Urinary δ ALA. 
 

1. INTRODUCTION 
 

Lead is a highly toxic metal and a very strong 
poison. Lead poisoning is a serious and 
sometimes fatal condition. It occurs when lead 
builds up in the body. Toxic exposure affects the 
brain and other vital organs, causing neurological 
and behavioral changes, gastrointestinal illness, 
and kidney impairment and interferes with heme 
synthesis. Lead is found in lead-based paints, 
including paint on the walls of old houses and 
toys. It is also found in art supplies, contaminated 
dust and ink used in printer, xerox machine ink. 
Lead poisoning usually occurs over a period of 
months or years. It can cause severe mental and 
physical impairment and can cause educational 
growth impairment in students [1,2,3]. 
 

Students exposed to lead by eating junk foods 
wrapped in newspaper, the licking of fingers for 
turning the photocopies, book pages, printout etc 
and use of same fingers for eating purpose. 
Additionally young population get exposed to 
lead by use of Kohl or Kajal eyeliners, some 
traditional ethnic medicines, time spent at firing 
ranges and some hobbies like wall paintings or 
jobs related to plumbing and soldering. Damage 
caused by lead poisoning cannot be reversed. 
Lead inhibits necessary enzymes required for 
heme synthesis, resulting in abnormal 
concentrations of heme precursors in blood and 
urine including delta-aminolevulinic acid (δ-ALA). 
Essentially, lead interferes with the activity of 
three enzymes: it indirectly stimulates the 
mitochondrial enzyme aminolevulinic acid 
synthetase; it directly inhibits the activity of the 
cytoplasmic enzyme aminolevulinic acid 
dehydratase;  and it interferes with the normal 
functioning of intramitochondrial  ferrochelatase. 
This result in increased levels of delta-
aminolevulinic acid (δ-ALA) excretion through 
urine. Hence we planned to estimate urinary δ-
ALA as a marker of lead exposure in study 
population [4,5]. 

1.1 Aims and Objectives 
 
The present study was conducted to find out the 
prevalence of lead exposure among the students 
of age group 15 to 25 years, in a suburban 
Mumbai, by estimating the urinary δ-ALA levels 
as an index of lead exposure and to educate the 
the students about health hazards of lead 
exposure and protection from it. 
 
2. MATERIALS AND METHODS 
 
This is a cross-sectional pilot observational study 
in suburban Mumbai. Urine samples of 70 
students with due informed written consent were 
collected with their names, age, gender and 
address details, by random sampling with due 
ethical considerations. Urine samples were 
collected in 15-mL plastic containers, covered 
with brown paper, exercising standard 
precautions. First morning midstream urine 
samples were collected after cleaning local area. 
Sample size was decided on the basis of formula: 
n = 4pq/l2 where l is permissible error in the 
estimation of new statistics, p is positive 
character, and q is 1 − p. Prevalence to estimate 
sample size found from previous studies of own 
institute, and National journals. 

 
Urine samples were analyzed for δ-ALA by using 
Ehrlich’s reagent in which acidic urine reacts with 
n-butanol and δ-ALA was converted to its pyrrole 
at pH 6.8. The pyrrole reacted with Ehrlich’s  
reagent to form red color, which was extracted 
with chloroform and read colorimetrically [6]. 
Comparing this method with other methods like 
ion exchange chromatography, the method 
discussed by Tomokuni et al., it is found that this 
method being colorimetric is easy, rapid, and 
accurate as all interfering substances are 
removed by butanol extraction [7,8]. The 
procedure is standardized, and graph is plotted 
prior to use on subjects. 
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3. RESULTS 
 

In present study, 70 randomly collected urine 
samples from predominantly male students of 
age groups 15 to 25 years were analyzed for δ-
ALA levels. The analyzed samples were 
categorized into δ-ALA levels below reference 
value and δ-ALA levels above reference value. δ-
ALA concentration equal to or more than 
5mg/litre is considered as above reference value 
and δ-ALA concentration less than 5 mg/litre is 
considered as below reference value [6,7]. 
 

Out of 70 students 46 (65.71%) were categorized 
as having δ-ALA levels above reference and 
remaining 24 (34.28%) were considered as δ -
ALA levels below reference values. 
 

3.1 Statistical Analysis 
 

The main outcome parameter urinary δ-ALA level 
is a continuous scaled data, to find out the 
prevalence of lead exposure we converted this 
data into categorical data depending upon the 
reference range of urinary δ-ALA levels. So 
calculated only percentage of high exposed 
individuals. No other statistical test is required. 
 

Standard error of proportion S.E.P.  

= n

pq

 = 70

3466

= 5.66 
 

So, 95% confidence interval 60.05–71.37 
 

4. DISCUSSION 
 

In this study, we estimated the lead exposure in 
study group by measuring urinary marker, i.e., δ-
ALA levels. The activity of δ-ALA dehydratase is 
markedly decreased by lead, by which there is 
an increase in δ-ALA excretion [9,10]. By 
measuring the urinary δ-ALA, we can estimate 
the lead exposure [11]. The quantitative 
estimation of δ-ALA is basically based on the 
well-known reactivity of pyrroles with p-
dimethylaminobenzaldehyde. Elevated δ-ALA 
concentrations were indicated by a reddish color 
in chloroform, while normal concentrations 

usually gave only faint yellow or faint red color. 
Urine usually contains many substances, which 
react with Ehrlich’s reagent to form red color, and 
it also contains some substances that interfere 
with the formation of pyrroles and aldehydes. 
These substances are removed by n-butanol 
extraction. Small amounts of Ehrlich-positive 
substances, which escaped the n-butanol 
extraction, formed a red color with the addition of 
Ehrlich’s reagent, but this never entered into the 
chloroform phase. The only substance that 
behaved like δ-ALA was aminoacetone. Urinary 
aminoacetone levels in lead poisoning have been 
reported to be entirely normal. The specificity is 
good enough to use this method for screening 
lead exposure [12,13]. Normal urinary δ-ALA 
excretion by adult healthy men averaged 1.6 mg/l 
[2]. 
 
The highest level of urinary δ-ALA found in this 
study was 21.33 mg/l. This clearly indicate that 
the individuals are already at a high risk of lead 
exposure. Further 24 samples in this study have 
δ-ALA below reference level. This indicate we 
can prevent these individuals from detrimental 
effects of lead exposure by explaining necessary 
precautions. 
 

It was clearly observed that elevated levels of δ-
ALA found in urine of the students who had 
habits of eating noodles, canned foods and 
drinks, junk food wrapped in newspaper, by uses 
of xerox / printouts, licking the fingers with xerox / 
printout, habits of smoking and consuming 
alcohol. 
 

After this study the results were explained to the 
participants and necessary precautions were 
suggested. These includes avoiding the use of 
canned foodstuffs and eating food wrapped in 
newspaper, minimizing the uses of xerox/ 
printout, avoiding the habit of licking the fingers 
to turn xerox/ printout pages, regularly checking 
the blood lead levels, washing their hands, 
drinking clean and filter water, avoid smoking or 
consuming alcohol. We can reduce the lead 
exposure to an extent bytaking necessary 
precautions. 

 

Table 1. Statistical parameters 
 

Statistical parameter Urinary δ-ALA below reference 
level (≤5 mg/l 

Urinary δ-ALA above reference 
level (>5 mg/l 

*
No. of samples 24 46 
Percentage of exposure 34.28% 65.71% 
Mean 2.88 mg/l 8.48 mg/l 
Standard deviation) ± 0.9377 ±   3.359 

*urine from study population (students) 
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Fig. 1. Percentage of exposure according to urinary δ-ALA reference value 
 

Table 2. Age distribution 
 

Age in years Urinary δ-ALA below reference level 
(≤5 mg/l 

Urinary δ-ALA above reference 
level (>5 mg/l 

15-20 6 26 
21-25 18 20 

 

Table 3. Habits of study population 
 

Habits Percentage 
Eating the junk food wrapped in newspaper 95% 
Licking behaviour 90% 
Alcohol or smoking 10% 

 

4.1 Future Scope 
 

Measurements of blood lead levels and correlate 
it with urinary δ-ALA level and compare levels 
between male and female genders. 
 

These kinds of studies will help us to establish 
new reference levels by considering changes in 
the environment, modification and removal of 
lead from paints gasoline etc. 
 

5. CONCLUSION 
 
The study sample represents young students, 
who are future of country. It is important to make 
them aware about lead exposure and it’s 
detrimental effects in their daily routine.  The 
results obtained from the study are 65.71% that 

is more than half of the study population of 
students have already been exposed to lead. It is 
now our duty to save the rest of the students 
from ill effects of lead exposure and therefore, it 
is important to educate them regarding standard 
precautions to avoid lead exposure. 
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