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Careless handling of industrial wastes often creates problems for human health and the environment.
Chronic arsenic toxicity, resulting from household use of arsenic-contaminated water occurred in 53 out
of 79 members (67%) of 17 families residing in South Calcutta close to a factory that manufactured
Paris-green (copper acetoarsenite). Clinical investigation of 20 of these affected persons showed typical
skin pigmentation as well as palmar and plantar keratosis in all of them, while gastrointestinal
symptoms, anaemia and signs of liver disease and peripheral neuropathy were seen in many. The
water used by the affected families for drinking and cooking had been taken from shallow tubewells and
had arsenic levels from 5.0 to 58 mg/l (WHO permissible limit, 0.05 mg/l). Other residents in the same
area whose drinking-water came from deep tubewells or from tap water supplied by the Calcutta
Municipal Corporation (arsenic levels, <0.05 mg/l) were not affected. The study confirms that arsenic in
the shallow tubewells was due to the waste discharged by the factory producing Paris-green.

Contamination of groundwater by arsenic may be
due to industrial discharges, mining operations, or
mobilization of naturally occurring arsenic in sedi-
mentary aquifers. Such contamination has been
reported in China (Province of Taiwan) (1), USA
(Millard County, Utah) (2), Chile (3), Argentina (4),
and Japan (Torku) (5).

Between 1983 and 1985, 14 villages in South
Bengal were affected by chronic arsenic toxicity
(6-8). A high level of arsenic was detected in the
water from shallow tubewells (24-36 metres deep)
used by those affected, but the cause of the contami-
nation could not be ascertained. During the period
July-September 1989, some residents of P.N. Mitra
Lane, Behala, South West Calcutta, attended the
S.S.K.M. Hospital and were found to have signs of
chronic arsenic toxicity. This led us to study the
problem from an environmental, clinical and epi-
demiological point of view.
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Materials and methods
The locality from where the suspected cases
of arsenic toxicity came was visited; this was close
to the boundary wall of a chemicals factory
which for the last 20 years had been producing the
insecticide Paris-green (copper acetoarsenite). The
factory's effluent in P.N. Mitra Lane was connected
to a drain and a canal about 400 m away. The
population around the factory (about 10 000) uses
water from three sources: shallow tubewells, deep
tubewells, and tap water (the last two supplied by the
Calcutta Municipal Corporation). As only a few deep
tubewells and taps are available in the area, many of
the dwellings have their own shallow tubewells
whose water has been used for many years for drink-
ing, cooking and washing.

Soil samples, which were collected from around
the factory as well as from areas near the released
waste, were dried, sieved and analysed by X-ray
fluorescence, electroprobe micro-analysis, and
atomic absorption spectrophotometry for arsenic
and copper content and chemical characterization.
These procedures have been described earlier (9-11).
Water samples were analysed for arsenic(III),
arsenic(V), and total arsenic (12).

Thorough clinical, haematological and neurolo-
gical examinations as well as liver function tests,
HBsAg determinations, and urine analysis were
carried out on 20 affected patients who attended
the hospital. Liver biopsy was done in 3 out of
4 cases who agreed to be admitted to the hospital.
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Results
In the soil (18 samples) close to the factory's
effluent the concentration of arsenic was in the range
of 4-19.5 mg/g and copper in the range of
13.5-26.5 mg/g. The samples were collected about
20 m from the discharge point of the effluent and
nearly 200 m from the people's houses. Eight out of
the 12 deep tubewells analysed had <0.05 mg arsenic
per litre; four had concentrations of 0.06, 0.08, 0.16
and 0.42 mg/l. Out of the 45 shallow tubewells
analysed, 17 contained arsenic in a safe level and
28 had concentrations of 0.1-58 mg/ (10 of these
were >5.0 mg/1). In the tap water samples the
concentration of arsenic was <0.05 mg/l. The aver-
age ratio of arsenic(III) to arsenic (V) in all the
samples containing arsenic was around 1:1.

Out of the 30 houses visited, nine with 17
families were found to have cases of arsenical
dermatoses; of the 79 members of these families, 53
(67%) were affected. These people, who lived close
to the factory, had used water from their own tube-
wells for drinking and cooking. Although the
remaining 21 houses were also close to the factory,
the occupants had used the Calcutta Municipal Cor-
poration's deep tubewell or tap water whose arsenic
concentrations were in a safe level. Age and sex distri-
butions of the affected cases are given in Table 1.
The arsenic content in the water taken from different
sources is given in Table 2.

Twenty patients were investigated clinically,
their ages ranging from 1 to 69 years; the presenting
symptoms and signs are given in Table 3. Typical
skin manifestations were found in all of them, but
pulmonary symptoms were present in 40%
and neurological symptoms in 65% of cases. The
haemoglobin level varied between 8 and 13 g/dl.
Hepatomegaly (2-6 cm) was found in 80% of cases
and splenomegaly (1.5-2.5 cm) in 35% of cases. The
results of liver function tests are plotted in Fig. 1.
The globulin level was found to be >3g/dl in 55% of
cases; there was a mild elevation of SGOT (aspartate
aminotransferase) and moderate elevation of alkaline
phosphatase levels in most of the cases studied.

The liver biopsy (in 3 out of the 4 cases admit-
ted) showed mild to moderate portal zone fibrosis
with expansion in two patients who also had spleno-
megaly, but their liver function tests did not show
much alteration. The third patient had jaundice,
hepatosplenomegaly, ascites, a low serum albumin
(2 g/dl) but elevated globulin (5 g/dl), SGOT
(150 IU/dl) and SGPT (alanine aminotransferase)
(127 IU/dl) levels, and also serological evidence of
hepatitis virus B infection. The liver histology of this
patient showed gross portal zone expansion and
fibrosis, significant mononuclear cell infiltration

Table 1: Distribution of cases showing arsenic toxicity,
by age group and sex

Age group
(years) No. of malE

1-4 1
5-14 2
15-24 1
25-34 13
35-44 5
45-54 1
>55 2

Total 25

es No. of females

4
6
8
4
4
1

Total

2 (3.8)a
6 (11.3)
7 (13.2)

21 (39.6)
9 (17.0)
5 (9.4)
3 (5.7)

28 53 (100)

Water source

Deep tubewells b
(122-228 m deep)

Shallow tubewells
(24-36 m deep)

Tap waterb
Drain close to

factory effluent

No. with arsenic
No. of concentration Arsenic range

samples >0.05 mg/la (mg/l)

12 4 0.06-0.42

45 28 0.06-58

6 0
1 1 1.5c

a 0.05 mg/l is the upper guideline value recommended by WHO
for total arsenic.
b Installed and maintained by the Calcutta Municipal Corpora-
tion.
c When this sample was collected, Paris-green was not being
produced in the factory.

Table 3: Clinical features of 20 cases studied

No. of cases

Symptoms:

Weakness
Muscle aching
Tingling and numbness
of hands and feet
Cough

Signs

Pigmentation
Thickening of
palms and soles

Anaemia
Hepatomegaly (2-6 cm;

mean, 3.5 cm)
Splenomegaly (1.5-2.5 cm;
mean, 2 cm)

Jaundice
Ascites

17 (85)a
14 (70)
13 (65)

8 (40)

20 (100)
13 (65)

5 (25)
16 (80)

7 (35)

1 (5)
1 (5)

a Figures in parentheses are percentages.
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a Figures in parentheses are percentages of the total.

Table 2: Arsenic content In samples collected from
different water sources
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Fig. 1. Results of liver function tests on 20 patients.
(ALB, serum albumin; GLO, serum globulin; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; ALK,
alkaline phosphatase).
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in and around the portal zone, and scattered necrosis
in the liver lobules. The patient died of hepatic
encephalopathy two months after hospitalization.
The fourth patient developed lung abscess and was
managed with prolonged antibiotic therapy conserva-
tively. He also had hepatosplenomegaly and altered
liver function tests, but refused to have a liver
biopsy. Neuropathic changes were found by electro-
myography in 65% of patients with paraesthesia.

Discussion
This study shows how improper handling of indus-
trial wastes can lead to a health hazard. Paris-
green was the first pesticide to be widely used in
modem agriculture (13) as a popular insecticide
in orchards (14), but it is of minor importance today.
The use of arsenic-containing pesticides and
herbicides is now restricted owing to their toxicity
and suspected carcinogenicity. Our investigations
showed that the liquid waste from the manufacture
of Paris-green was discharged into an open drain
connected to a canal. The fact that the arsenic in the
soil was due to the Paris-green in the effluent
discharge is confirmed by the presence of a high
amount of copper in the soil. Electroprobe micro-
analysis of the soil samples near the discharge point
showed that out of a random 500 particles analysed
in 4 soils, an average of 430 particles contained
copper and 225 contained arsenic.

The source of the arsenic in the groundwater
was thus the factory's effluent which contained a
high level of arsenic (1.5 mg/I), the cumulative effect

of which became serious over a period of 20 years.
However, arsenic was not found in all the shallow
tubewells and on the opposite side of the factory
because of the sloping ground. The copper content
was very high in the soil near the drain but was not
raised in the groundwater, probably because the
copper was bound by the soil while the arsenic
could percolate. A high concentration of arsenic in
the groundwater indicates that the arsenic could
pass easily through the soil. Our study found the
soil in the area to be sandy and easily penetrable.

Infectious and communicable diseases, which
cause morbidity and mortality among the majority of
the population in developing countries, are often
associated with lack of clean water for daily use.
Unpolluted subsoil water, drawn from a depth
of 24-36 metres, is normally safe except when
contaminated by elements like arsenic when it poses
a major health problem, as previously described (8).
Contamination of subsoil water in a city suburb of
West Bengal by arsenic, the upper acceptable limit
of which is 0.05 mg/I, in this investigation showed
levels of 5-58 mg/l.

The main clinical features in those who drank
the contaminated water were as described earlier (6,
7)-skin pigmentation, thickening of palms and
soles, peripheral neuropathy, and gastrointestinal and
pulmonary manifestations. Liver involvement (portal
zone fibrosis and moderate alteration of liver
enzymes, SGOT (aspartate aminotransferase) and
alkaline phosphatase) was found in some of the
cases. Only those who resided near the factory and
used the arsenic-contaminated water were affected.

Similar environmental pollution causing chronic
arsenic toxicity was recently reported from Japan; it
concerns a small area near an abandoned mine and
refinery in Torku where 144 people were found to be
affected (5). It appears that roasting of arseno-pyrites
resulted in a discharge of gas containing arsenic
trioxide in the period 1920-62; analysis of samples
around the mine revealed a high arsenic content in
the dust from roof tops (0.02-0.8%), soil (0.276%),
and percolated water (0.018%). Pollution caused
by the factory in our study produced much higher
levels of arsenic, e.g., 1.95% in the soil.

Stringent laws are needed in developing coun-
tries so that environmental pollution will not lead to
contamination of the groundwater. In addition, state
health administrations should undertake the regular
testing of subsoil water that is used for drinking in
order to check the levels of toxic metals.
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Resume

Pollution de l'environnement et
arsenicisme chronique a Calcutta-Sud

Le rejet inconsid6r6 de d6chets industriels, en
particulier de d6chets dangereux, pose souvent
des problemes d'environnement et de sante
publique. Le pr6sent article d6crit une 6tude epi-
d6miologique portant sur des personnes r6sidant
dans le voisinage d'une usine de produits chi-
miques fabriquant du vert de Paris (ac6tate de
cupriars6niocuivre) a Calcutta-Sud, au Bengale-
Occidental. Une intoxication chronique par I'arse-
nic a ete diagnostiquee chez 53 personnes (25
de sexe masculin et 28 de sexe f6minin) sur une
population composee de 79 membres (67%) de
17 familles residant dans neuf habitations voi-
sines de l'usine. Toutes ces familles utilisaient de
1'eau de boisson prise dans leur propre puits ins-
tantane de faible profondeur (24-36 metres), et
dont la teneur en arsenic 6tait comprise entre 5
et 58 mg/l (limite acceptable superieure 6tablie
par l'OMS: 0,05 mg/I). Les effluents de l'usine,
preleves dans un egout voisin, avaient une
teneur en arsenic atteignant 1,5 mg/I tandis que
des 6chantillons de sol recueillis a proximit6 de
l'usine contenaient 4 a 19,5 mg/g d'arsenic.
D'autres families vivant dans le meme secteur et
utilisant de l'eau de boisson pr6lev6e dans des
puits instantan6s publics (profondeur 122-288
metres) ou de l'eau du robinet fournie par la Cal-
cutta Municipal Corporation, dans laquelle la
teneur en arsenic 6tait inf6rieure a 0,05 m//I, ne
pr6sentaient aucun signe d'arsenicisme.

Parmi les 53 sujets atteints, 20 ont ete exa-
mines a l'h6pital. Ils 6taient ages de 1 a 69 ans,
et presentaient les sympt6mes suivants: faiblesse
generale (85%), douleurs musculaires (70%),
picotements et engourdissement des mains et
des pieds (65%), toux (40%). Les signes consis-
taient en une pigmentation typique de la peau
(100%), un epaississement cutane des paumes
et des plantes des pieds (65%), une anemie
(25%), une hepatomegalie (80%) et une spleno-
megalie (35%). Le taux d'hemoglobine variait

entre 8 et 13 g/dl et les tests de fonction hepa-
tique montraient un taux de globuline superieur a
3 g/dl dans 55% des cas. La SGOT etait legere-
ment relevee par rapport a la SGPT et la plupart
des cas 6tudies pr6sentaient une 6l6vation mode-
ree des phosphatases alcalines. Une biopsie
h6patique pratiqu6e sur trois cas montrait une
hypertrophie de la zone portale et une fibrose.
Des modifications neuropathologiques ont ete
mises en 6vidence par electromyographie dans
65% des cas pr6sentant des paresth6sies.

Cette etude montre que les eaux souter-
raines sont facilement contaminees par I'arsenic
depos6 dans le sol par suite du rejet inconsidere
de d6chets d'une usine de produits chimiques.
Une 6valuation des methodes de gestion des
dechets appliqu6es par les usines de ce type est
donc indispensable pour lutter contre la pollution
de l'eau dans les pays en developpement.

References
1. Tseng, W.P. et al. Prevalence of skin cancer in an

endemic area of chronic arsenicism in Taiwan. Jour-
nal of the National Cancer Institute, 40: 453-463
(1968).

2. Southwick, J.W. et al. An epidemiological study of
arsenic in drinking water in Millard county, Utah. In:
Lederer, W.L. & Fensterheim, R.J., ed. Arsenic:
industrial, biochemical, environmental perspectives.
New York, Van Nostrand Reinhold, 1983,
pp. 210-225.

3. Borgono, J.M. et al. Epidemiological study of
arsenicism in the city of Antofagasta. In: Himphill,
D.D., ed. Trace substances in environmental health
Columbia, University of Missouri, 1972, pp. 13-24.

4. Bergoglio, R.M. [Cancer mortality due to contami-
nation of water by arsenic in the province of C6rdo-
ba, Argentina.] Prensa medica Argentina, 51:
994-998 (1964) (in Spanish).

5. Hotta, N. Clinical aspects of chronic arsenic poison-
ing due to environmental and occupational pollution
in and around a small refining spot. Japanese jour-
nal of constitutional medicine, 53: 49-69 (1989).

6. Gorai, R. et al. Chronic arsenic poisoning from
tubewell water. Journal of the Indian Medical Asso-
ciation, 82: 34-35 (1984).

7. Guha Mazumder, D.N. et al. Chronic arsenic toxici-
ty from drinking tubewell water in rural West Bengal.
Bulletin of the World Health Organization, 66:
499-506 (1986).

8. Chakraborty, A.K. et al. Arsenical dermatosis from
tubewell water in West Bengal. Indian journal of
medical research, 85: 326-334 (1987).

9. Chakraborti, D. et al. Calcutta pollutants, Part 1.
Appraisal of some heavy metals in Calcutta city
sewage and sludge in use for fisheries and agricul-
ture. Int. j. environ. anal. chemistry, 30: 243-253
(1987).

484 WHO Bulletin OMS. Vol 701992



Environmental pollution and chronic arsenicosis

10. Chakraborti, D. et al. Calcutta pollutants, Part II.
Polynuclear aromatic hydrocarbons and some metal
concentrations on air particulates during winter
1984. Int. j. environ. anal. chemistry, 32: 109-120
(1988).

11. Chakraborti, D. et al. Calcutta pollutants, Part Ill.
Toxic metals in dust and characterisation of indivi-
dual aerosol particles. Int. j. environ. anal.
chemistry, 32: 121-133 (1988).

12. Chakraborti, D. et al. Determination of arsenic and

arsenic compounds in water. In: Lederer, W.L. &
Fensterheim, R.J., ed. Arsenic: industrial, biochemi-
cal, environmental perspectives. New York, Van
Nostrand Reinhold, 1983, pp. 282-308.

13. Whorton, J.C. Insecticide spray residues and public
health 1865-1938. Bulletin of the History of Medi-
cine, 45: 219-241 (1971).

14. Thompson, W.T. Agricultural chemicals. Vol. I,
Insecticides. Indianapolis, Thompson Publications,
1973.

WHO Bulletin OMS. Vol 70 1992 485


