
by A. S. Kochar 

The air in India's cities is fast deterio
rating as a result of industrial growth 
and urban congestion. Even the Hindi 
poets have remarked on it. Balswarup 
Rahi, of Delhi, begins his poem "Eve
ning Sorrow": 

My room is like a 
Closed-up well. 
Outside there is smog, 
Where can my mind roam? 

The ever-stretching net of factories 
and works is invading and polluting the 
Indian countryside, while the villages 
have their centuries-old problems of lack 
of sanitation and smoky air from the use 
of dried cow-dung for the kitchen fire . 
"A steady deterioration of the environ
ment is following in the wake of indus
trial progress, rapid urbanization and 
population growth in the country. The 
problems are staggering in magnitude 
and represent a challenge perhaps never 
before faced by a developed or develop
ing country anywhere." In these words 
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ProfessorS . J . Arceivala, Director of the 
Central Public Health Engineering Re
search Institute (CPHERI) at Nagpur, 
described the situation. 

Population growth alone raises major 
problems. The present population of 550 
million will increase by 12 million in the 
next year and may have grown by 200 
million before 1985, an increase almost 
equal to the combined present popula
tions of the Federal Republic of Ger
many, France, Italy and the United 
Kingdom. The population of some of 
India's largest cities will have doubled 
within the same period, thus placing a 
severe strain on their already overloaded 
services. 

Considering the limited resources, the 
competing demands and the drive for 
rapid overall progress, how are health 
and sanitation services to be provided 
for the increased population when they 
are already insufficient for about 400 
million of the existing population? 

Only 1,200 out of some 2,540 cities and 

towns have a modem water supply 
system. Not more than 16 per cent of the 
total population is served by a piped 
supply of safe drinking water; 84 per 
cent have to use water from usually 
unprotected wells or polluted lakes and 
streams. In most of the 550,000 villages 
scattered over an area of 3,268,000 
square kilometres, the well is the only 
source of drinking water. Schemes of 
rural water supply undertaken so far 
have hardly made a dent on the problem. 

Fewer than 200 cities and towns have 
underground drainage, and only two of 
the 20 largest cities are completely 
equipped with modern sewage treatment 
plants. 

Some years ago it was estimated that 
adequate urban water supply and sewe
rage schemes would cost 10,000 million 
rupees* and rural water supply schemes 
would require a minimum of 7,000 mil
lion rupees. Today, despite the consider-

* One rupee is approximately worth $0.13. 



sun as an ally 

able amount of work done, the needs 
and the cost of meeting them have both 
increased. 

It is against this formidable back
ground that CPHERI, since its establish
ment in 1959, has set out to design 
sanitation equipment that would be easy 
to operate, would require minimum 
capital outlay, could be made out of 
materials available in the country, and 
would replace imported articles without 
loss of efficiency. To achieve this objec
tive, CPHERJ obtained help from the UN 
Development Programme which has pro
vided more than half a million dollars. 
WHO has provided additional assistance 
in the form of experts and fellowships. 

Making village wells safe 

One aspect of the project is the 
treatment of water in dug wells to make 
it safe to drink. Surveys carried out by 
CPHERI and other agencies showed that 
most open dug wells were highly pollu-

ted. Faecal contamination was invariably 
present, due partly to unhygienic me
thods of drawing water and partly to 
insanitary practices in the surroundings. 
The death rate from enteric diseases in 
India is about 360 per I 00,000, caused 
mostly by polluted water and lack of 
basic sanitation. One of CPHERr's designs 
is an earthen double cylindrical pot 
which is filled with a moistened mixture 
of bleaching powder and coarse sand 
and then immersed in a well. This device 
will provide adequate chlorination dur
ing two to three weeks for a small 
household well containing about 4,500 
litres of water and having a draw-off rate 
of 360 to 450 litres per day. 

Rivers are an important source of 
water supplies for urban communities 
and need to be protected against pollu
tion from the indiscriminate discharge 
of un-treated domestic and industrial 
waste. This danger is all the more 
difficult to combat since there is no 
regulating legislation. "Agra, the city of 

Taj Mahal fame, may well be drinking 
Delhi 's sewage," is an example that 
Professor Arceivala likes to cite. 

There is danger in providing a piped 
water supply without a proper sewer 
system. When people who have been 
using water from wells or other natural 
sources get a piped supply, consumption 
increases six-fold, and almost 80 per cent 
runs out as waste. Thus more problems 
may be created than are solved, for 
without proper drainage or sewage treat
ment this waste water tends to become a 
breeding ground for disease and may 
pollute nearby wells and underground 
water or streams. 

CPHERI has taken up the challenge, 
but in a very practical spirit. As conven
tional methods of sewage treatment are 
expensive and outside the reach of most 
municipalities, and since their technical 
complexity often causes maintenance 
problems, CPHERI scientists have concen
trated their efforts on devising processes 
that are inexpensive and unconventional 
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but efficient. Where sufficient land is 
available for these methods of sewage 
treatment to be used instead of conven
tional ones, it is sometimes possible to 
slash capital costs by as much as 80 per 
cent and running costs by up to 90 per 
cent. 

The methods recommended by CPHERI 
take advantage of the plentiful sunshine 
and warm climate of the major part of 
India, conditions that favour the treat
ment of waste in so-called oxidation or 
stabilization ponds. All that is needed is 
a large, shallow pond in which domestic 
'or industrial wastes are stored for a few 
days. In the presence of sunlight and 
organic nutrients in waste, a healthy 
bloom of algae flourishes together with 
colonies of bacteria. Through the na
tural process of self-purification, the 
bacteria speedily digest the organic waste 
and render it harmless, so that the 
effluent can be used for the irrigation of 
farm land without any danger of pollu
tion. There is no foul smell if the pond 
is properly operated. It can thus be 
constructed near the locality it is inten
ded to serve without causing any nuis
ance. In tropical countries such as India, 
the process is highly efficient because 
microbes multiply faster in warm clima
tes. Its maintenance costs very little. To 
ensure a minimum liquid depth of three 
feet at all times, sludge will have to be 
removed about once in six years for a 
pond four feet deep, and only once in 
twelve years for one five feet deep. 

The first experimental stabilization 
pond in India was built at the Madras 
University campus in 1957. There are 
now over 50 such plants working satis
factorily throughout the country ; most 
are for treatment of domestic sewage 
and only a few for industrial wastes. One 
of the largest designed by CPHERI was the 
first full-scale installation for the steel 
city of Bhilai, to serve a population of 
100,000. 

Other methods recommended by 
CPHERI are oxidation ditches for exten
ded aeration , and mechanically aerated 
lagoons. For middle-sized towns, aerated 
lagoons are the answer. These require 
much smaller surface areas than oxida
tion ponds. The per capita cost of 
construction and maintenance of an 
aerated lagoon to serve a population of 
between 5,000 and 20,000 is about $2 as 
compared with $10 for conventional 
treatment methods using trickling filters 
or activated sludges. The oxidation 
ditch, which makes use of a simplified 
process of extended aeration by mecha
nical rotors, is another promising unit in 

appropriate circumstances. For treat
ment of the wastes of a population of 
between 5,000 and 20,000 an oxidation 
ditch requires an area of 1 acre as 
compared to 22 acres for an oxidation 
pond and 2.5 acres for an aerated lagoon. 

Professor Arceivala insists that low
cost treatment does not mean poor 
quality of treatment. Experiments by 
CPHERI 's Division of Microbiology have 
shown that oxidation pond effluents 
were free from the pathogenic bacteria 
responsible for typhoid, cholera and 
other intestinal diseases, and thus com
pare well with the results of conventio
nal sewage treatment processes. 

Low cost-high efficiency 

During the past two decades, India 
has made tremendous strides on the 
road to industrialization. The setting up 
of huge industrial complexes, ranging 
from steel plants and petro-chemical 
industries to the manufacture of synthe
tic drugs, has been the cause of a critical 
degree of pollution. 

One of the important functions of 
CPHERI is to advise industries and muni
cipal bodies on methods of waste dispo
sal and the control of air and water 
pollution. Its consultancy and extension 
services work on the principle of "low 
cost but high efficiency ". The following 

are two examples of these activities. 
After two years of research, CPHERI 

scientists worked out a design for a waste 
treatment plant in a synthetic drugs 
factory at Hyderabad. It cost 2. 7 million 
rupees as compared with 5.7 million 
rupees quoted by a foreign firm. The 
problem was to stabilize the factory 
wastes which contained about 70 diffe
rent chemicals, including a rich mixture 
of acids. Because of the prevailing rela
tive humidity, the rate of solar evapora
tion was reduced. Therefore, biological 
treatment by means of an anaerobic 
lagoon was employed. By this method, 
which has been in successful operation 
since 1967, between 70 and 75 per cent 
of the organic substances are destroyed 
within a 20-day period. 

In India's important rayon industry, 
wastes from viscose rayon processing 
contain a high concentration of zinc 
which, in excessive amounts, is toxic to 
fish and other aquatic life. This waste 
therefore represents both a danger and a 
loss, since zinc is a costly metal that has 
to be imported. The Kanpur branch of 
CPHERI has devised both a treatment to 
purify the effluent and a precipitation 
method by which 80 to 85 per cent of the 
zinc can be recovered. Seven million 
rupees have thus been saved in foreign 
exchange, while the treated waste water 
can be safely used for irrigation . 

In 1970 alone, CPHERI provided con-

These men are taking samples of water from the oxidation pond which is used to purify sewage. 
This system of treating harmful effluents needs no complicated machinery and lets nature do 
most of the work. 
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sultant services in the treatment of 
sewage and industrial wastes to over 35 
industrial units and 40 municipalities 
and advised about 10 organizations on 
water supply and treatment plants. It 
also undertook some 20 consultation 
jobs ranging from environmental pollu
tion surveys to designs of simple sanita
tion devices for the improvement of 
environmental hygiene both for com
munities and individual dwellings in 
rural areas. Advice was given on an 
extensive three-year study to monitor 
the air over the city of Bombay and on a 
feasibility study with regard to solid 
waste disposal for Calcutta city. 

As a result of CPHERI's recommenda
tions, nearly 15 million rupees have 
already been invested in waste disposal 
systems. 

In the fight against air pollution 
caused by large-scale industries and 
domestic cookers, CPHERI makes use of 
eight zonal laboratories spread over the 
country in Ahmedabad, Bombay, Cal
cutta, Delhi, Hyderabad, Jaipur, Kan
pur and Madras. In 1968 and 1969, the 
Air Pollution Division at Nagpur under
took a short but intensive study of air 
pollution at Bombay, Delhi and Calcutta 
which revealed a concentration of dust 
in the atmosphere from two to five times 
greater than that of cities in Europe or 
North America. In New Delhi, for 
instance, the average dust concentration 
was found to be 700 mgjm3 • The con
sumption of low-grade coal in India 
produces smoke with a generally high 
sulfur dioxide content. The dust particles 
act as "carriers" for man-made pollu
tants such as sulfur dioxide and hydro
carbons. The presence of sulfur dioxide 
and dust particles is considered to be 
one of the significant indicators of the 
general level of air pollution. The high 
level of air pollution in New Delhi was 
found to be due not only to industry and 
domestic cookers but also to automo
biles, especially the old cars with poor 
engine performance that are still so 
numerous in the cities. 

Similar air pollution studies are now 
regularly carried out in all the eight 
cities where CPHERI has zonal laborato
ries. These are being supplied with 
additional equipment so that at least 
three sampling stations can be operated 
in each city. Samples are collected during 
two 24-hour periods each month and 
transmitted to Nagpur for analysis. 

For use in the air sampling studies, 
CPHERI has developed a direction-activa
ted sampler whose components are all 

locally made. It automatically adapts 
itself to the prevailing wind. Wind direc
tion and wind velocity recorders are also 
manufactured. 

Since last year, CPHERI has been desi
gnated as one of the three WHO Regional 
Reference Centres on Air Pollution, the 
other two being Moscow and Tokyo. 
CPHERI is also a WHO Collaborating 
Institution for Community Water Supply 
and for Wastes Disposal. 

Rural sanitation 

Public health engineering research in 
India cannot neglect the sanitation needs 
of the villages which shelter 80 per cent 
of the country's population. For instan
ce, there is a simple design for a 
pit latrine which can serve the needs of 
a family of six for almost ten years and 
costs only ten rupees including labour. 
It can be kept completely free from 
odour with a minimum of water. 

To promote interest in better sanitary 
practices, CPHERI conducts short courses 
for villagers. During the last two years 
more than 15 such courses of two to 
three weeks' duration have been held to 
teach artisans the manufacture of sani
tary articles made of simple clay and 
straw or of cement and stone. 

It is still true that some communities 
resist the introduction of new methods, 
for example water chlorination. What 
people object to is not so much the need 
to go to wells in neighbouring villages to 
fetch water known to be safe, but rather 
the changed taste of the chlorinated 
water. With improved literacy in the 
countryside, however, more people are 
coming to accept the new ideas. Health 
education has always an important role 
to play. 

Professor Arceivala is justifiably proud 
of CPHERI's achievements during its 
short existence but is still far from 
satisfied. "A seriou·s handicap felt by 
us, " he says, "has been the absence of 
proper legislation for the control of 
water and air pollution . We have been 
left as mere spectators." But the wind is 
blowing in the right direction. The 
Maharashtra state, with the assistance of 
CPHERI, has already enacted a law on 
water pollution. A comprehensive bill 
for the control of water pollution is 
ready for submission to the Indian 
Parliament. And, at the request of the 
Government of India, WHO has provided 
expert assistance in the drafting of suit
able legislation for the control of a1r 
pollution. • 
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