


1. USA, 2. Mexico, 3. Chile, 4. Bolivia, 5. Argentina, 6. Hungary, 7. Romania, 8. India, 9. 
Bangladesh, 10. Thailand, 11. Vietnam, 12. Taiwan, 13. China, 14. Nepal, 15. Canada, 16. 
Poland, 17. Sri Lanka, 18. New Zealand, 19. Spain, 20. Japan, 21. Iran.

World map showing countries affected by arsenic contamination in groundwater
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137 million people in more than 70 countries are probably affected by 
arsenic poisoning of drinking water. 

In West Bengal, India, 9 of the 18 districts have arsenic contaminated 
groundwater.

42.7 million people are exposed to this environmental toxicant in West 
Bengal alone.

Studies show that only 15 – 20% of the exposed individuals ultimately 
develop arsenic-induced skin lesions, which are considered to be the 
hallmarks of arsenicosis.

This observation led to the hypothesis that some individuals must be more 
prone to develop arsenic-induced skin lesions than the others.

In order to find out what factors might be responsible for arsenic 
susceptibility, we employed cytogenetic and molecular genetic techniques.
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Blood

Genomic DNA

PCRRFLP Sequencing

ChromatogramGel Electrophoresis
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Micronucleus
Assessed by Micronucleus Assay

Chromosomal Aberration
Assessed by Chromosomal Aberration Assay

DNA Damage
Assessed by Comet Assay
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Micronuclei in Oral Mucosa Cells

Micronuclei in Urothelial Cells

Micronuclei in Lymphocytes



a  p<0.01, when compared to unexposed group

b  p<0.01, when compared to exposed group without arsenic-induced skin lesion

Cancer Epidemiology Biomarker and Prevention (2004) 13:820-827. 

0

1

2

3

4

5

6

7

8

9

10

F
re

q
u

en
cy

 o
f M

N
/ 1

00
0 

C
el

ls

Oral Urothelial Lymphocyte

Unexposed

Exposed without arsenic-

induced skin lesion

Exposed with arsenic-

induced skin lesion

(N = 101)

(N = 105)

(N = 102)

a
a

a

a,b
a,b

a,b



Genetic polymorphisms emerge as one of the prime factors for 
rendering a person susceptible to develop arsenic-induced skin lesions.

Several other polymorphisms might also be implicated in this process.

The future lies in finding out how exactly these polymorphisms bring 
about  arsenic susceptibility at the mechanistic level.

Comet Assay shows that arsenic induces considerable amount of DNA 
damage in the exposed individuals and the basal level of DNA damage 
caused by arsenic is similar in the exposed population irrespective of the 
presence of skin lesions.

Cytogenetic data taken together imply that arsenic 
exposed individuals without skin lesions are not safe, but 
are at considerable risk, contrary to the common belief.



Probabilistic Risk Assessment Modelling for Mitigation of Arsenic in 
Groundwaters in West Bengal (PRAMA) is a two year project co-funded by The 
British Council and is coordinated by the University of Manchester with the 
Indian Institute of Chemical Biology, Kolkata, India. The main aims of this 
project are:

To review data on dose-response relationships for arsenic-attributable health 
outcomes. The genetic polymorphism studies reported here may contribute 
significantly to better defining dose-response control relationships.

To find out the relative contribution of different routes of arsenic exposure 
towards the total arsenic burden in exposed individuals.

To develop a probabilistic risk assessment model for human health outcomes 
arising from exposure – via whatever route – to groundwater arsenic.

The ultimate goal is to identify at-risk groups and to inform those responsible 
for implementing a range of mitigation policies.
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