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Abstract

Seepage of pollutants from surtace and stbsurface sources of pollution are
known to oceur. Here the etfect of the type. number and the proximity of the
visible surfiace sources of pollution on the extent and degree of pollution in the
neighbouring water sources is investigated. In Madurai the pollution loadings
are more or less continuous and henee there is no possibility of reducing
poliution fevels.

Introduction

Horizontal and lateral seepage of pollutants from surfiace and subsurface sources of
poliution are known 1o oceur (Rencau and Pettry 19752 Shernil 1975). Conse-
qucnll_\’. any oprogramme o cevaluate or protect vroundwater quitlity must focus
initially on measurements ol specific details reating 1o sources and causes of
pollution (Todd ¢r al. 1976). Very few reports relating the sources of pollution to
the extent ol its influence on the quality of groundwater are available m India,
though it has been argued that the presence ol refuse dumps and sewage
stabilization ponds is responsible tor groundwaier pollution (OLmiyva und Saxena
19772 Olaniva e al. 1978).

In this study the extent ol the effectol three factors - namely, the type of sourees
of pollution. the number ot sources of pollution and the proximity of the polluting
cources — on the extent and degree of pollution of the groundwaters was
investigated in Madurai, South India, Here the Most Probable Number (MPN) of
coliforms was tiken as an index of the extent of pollutior. Wells that have coliform
counts excecding the WHO (1971) standards were considered to be polluted.

Study arca and the necd for rescarch

Madurai city is the seeond Targest and most densely popukated city of South India.
Public water supply is abstracted from the River Vaigai though the supply is highly
inadequate. There are thus 870 bore-wells installed throughout the city by the
Corporation of Nadurai to compensite Tor the inudequacy of the treated water
supply. Apart from these. there are nunmerous private open wells that are being,
used. The bore-wells are in continuous operation and contribute significantly to the
public water supply. The vield from ten bore-wells wis found to he 4-5 = 10° ]
day ' (Shivakumar and Ramamoorthy 1977).

U143 622878030247 08 303,00 1984 Butierworth & Co Publishers) bad

LIy, gy
wuTY £ ’VUHTH

. L4y
CIILLF Ry, oSt LT

SULKRE &N \



248 Croundwater pollution in Maedurai, Indiy

Groundwater in Madura district is assessed 1o oceur at shallow depth ranging
from 210 12 m below the ground level; especially in the alluvial aquifer of the River
Vaigai vallev the water table vectrs nearer (o the surface level (j.e. 2y m below
ground level: Santhakumii 1980).

The provision of sew crage treatment and disposal facilitios continues to remain o
programme ot low priority here (¢ UIPS/I/1078 749y, Onlyaround 30 per cent of the

City is provided with sewerage tacilities, As o result mdiscriminate defecation of

solid wastes occurs. and slgnant waste water pools andd open drainages Carrving
Waste waler e commonly adopted for wase disposal. Because of the high
population density, wase disposal often oceurs close 1o water sources and
constderable pollution Prosstresare exerted on the bore-wells, A« these bore-wells
are vital for the continuous supply of water 1o the public. and the water is not

treated, it is imperative 1o study the effects of the different surface sourees of

pollution on the quality of the water olitained.

Methods

OF the 870 hand-operated bore-wells in Madurai, 184 bore-wells and 13 open wells
were selected at random for this study,

The presence or absence of 4 paved platform around the wel was noted. An areq
ol St-m radius around the well was surveved for possible sources of pollution such
ds open drainage, solid waste dumping grounds, septic tanks, stagnant pools
nearby.defecation and animal waste dumping. The distance of the well from the
polluting source was then measured and e nature of the possible pollutant was
identified.

The bore-welis were operated for ten minutes be fore collecting the samples so as
o ensure that the samples represented the et groundwater. Each well v
sampled twice, the second sample being taken after o period of six months, Because
Madurai is in tropical region. (he temperature and climatic conditions do not
Nuctuate widely. The sample was analvsed within four hours of collection.

Present regulations use coliform organisms as an indicator of sewage contaming-
tion. The coliform group of bacteria includes all orgamisms that are gram negative,
non-spore-torming rods which fermen lactose and oceur in large numbers in the
large intestine of warm-blooded organisms (Tate and Trussel 1977). The Most
Probable Number (MPN) of coliforms was theretore computed in the collected
samples by the multiple tube fermentation technique (APHA 1963),

Results and discussion

Itcan be seen from Table that 10 per cent of the wells had no visible sources of

pollution within a radius of 30 m. Some wells, however, were found to have more
than one polluting source. the maximum number observed being three. 15-7 per
cent of the wells had three sources of pollution (Table 2).

Type of sources of pollution

Groundwater pollution and bacterial contamination are known to be associated
with many different sources: septic tank effluents (Jordan 1976)., disposal of waste

water (Sherril 1975: Johnson and Urie 1976) and landfill leachates (Goltzbecker

and Novello 1975) Jeaks from sewers and sewage treatment plants (Schmidt 1975),
urban runofl (McPherson 1973). man-induced faccal contamination (l)ochring and
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Table 1. Sanitary survey showing the distribution of the
proximity of polluting sources

Proximity (distance No. of Pereentage
in m from the nearest wells of
polluting source) (Total 197) wells
<l 71 360
-5 40 2003
S5-10 40 20-3
10-20 13 6-6
20-30 13 66
>3 20 10-2

Table 2. Sanitary survey showing the distribution of the
number of polluting sources

Number of visible No. of Pereentage
sources of pollution wells of
(within 30-m radius) (Total 197) wells
Nil 20 10-2

! 84 426

2 62 315

3 3l 15-7

Butler 1974), cesspool discharge (Smith and Myott 1975), refuse dumps (Olantya
and Saxena 1977) and sewage farms (Olaniva er of. 1978). No information is
available. however, on the differential effects of pollution by the different types of
sources of pollution.

In this study is was found that the different types of sources of pollution seem to
atfect the extentand the degree of pollution in the neighbouring water sources (Fig.
). For uniformity the wells with one polluting source within a distance of 10 m
were considered for this analysis. The highest pereentage of wells (i.e. 76-8 per
cent) were polluted when an open drain was nearby, while only 62-4 per cent of
wells were polluted when located near a pool of stagnant waste water and just 32-3
per cent when a garbage dump was nearby. The highest average coliform count of
8000 coliforms 100 ml " was seen in the wells adjacent to an open drain, while the
lowest average count of 98-4 coliforms 100 ml " oceurred in the case of wells with a
nearby garbage dump (Fig. 1), This can be due to two reasons. Firstly, an open
drain may be the most potent polluting source because it carries all the domestic
waste water, including raw sewage. Secondly. the amount of waste water in an open
drain is subject to less fluctuation than garbage and stagnant water which are liable
to be removed by the city corporation and evaporation respectively.

Number of sources of pollution

As the number of polluting sources near cach well increases the pereentage of
polluted wells, as well as the MPN of coliforms. tends to increase. For example,

when the wells had o polluting source within a 30-m radius. only 42 per cent of

wells were polluted while all the wells which were affected by three polluting
sources were polluted (Fig. 2). With an increased number of polluting sources, the
pollution load tends to increase, as reflected in the higher level of pollution in the
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Figure 1. Effect of the type of sourcee of pollution on the extent and degree of
pollution of the wells.,

wells (Fig. 2). Nevertheless. wells with two sources ol pollution showed no
significant increase cither in pereentage of wells polluted or in averiage MPN of
coliforms when compared to the wells with one polluting source. This discrepancy
could be attriby ted to the fact that open drains were shown to be the most potent
sonree of pollution. A higher pereentage (i.e. 67 per cent) of the wells with one
polluting source had open drains as their source of pollution, while only 40 per cent
of the wells with two polluting sources had open drains as one of the polluting
sourees.
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Figure 2. Lffect of the number of sources of pollution on the extent and
degree of pollution of the wells.
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However, as already mentioned, 42 per cent of the wells, which have no visible
source of pollution within a 30-m radius were also found to be poliuted. This can be
attributed to subsurface sources of pollution such as sewer leakages (Schmidt
1975). Pollution nay also he caused by the tendeney of some inhabitants to prime
wells with waste water, and by contamination from the hands of well users (Snow
1855}

Proximity of souwrces of pollution

As the proximity of the source of pollution increases, the pereentage of polluted
wells increases significanty (Fig. 3). Of the wells which had a polluting source at a
distance of -5 m, 842 were found to be polluted. The MPN of coliforms also
deercased significantly with the inerease of the distance from the polluting source
(Fig. ). For uniformity, the wells with an open drain as the only polluting source
within a distince of 30 m were considered for this analysis. These wells were chosen
because, as mentioned carlier, the open drain forms the most potent and common
among the different sources of poltution due to the poor sewerage facilities
available in Madurai. Statistically o negative product moment correlation coetli-
cient {r) of —0-930 was obtained between the logarithm ot the distance of open
drain from the well and the logarithm of MPN of coliforms. significant at the 99 per
cent confidence level (degrees of freedom = A7), A regression equation of the form
}o= 32057 137440 was also derived, where Vs the log. of the distance of the
well from the source of pollution and Y is the fog. of MPN of coliforms,
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The frequency distribution of wells with different MPN of coliforms varies as the
proximity of the polluting source varies (Fig. 5). A higher pereentage of wells tends
to have low MPN of coliforms as the polluting source recedes from the vicinity of
the well. This reflects the tendencey of bacterial indicators to decrease significantly
with horizontal distance (Rencau and Pettry 1975).

Natural purification of groundwaters is also evident from these observations,
Any one ol the factois such as the presence ol a paved platform, a paved open

«
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drainage. a dry garbage pit or increased depth of the well may account for the
unpolluted nature of the rest of the bore-wells. Sinee all the waste water Must pass
through the vertical and horizontal layers ol soil, purification oceurs due to
filtration. removing a significant amount of suspended matter including bacteria
{(Nichols 1953).

A travel distance of 30 mis found (o be sufficient to reduce the pollution by 30
per cent. However, in Madurai the main sources ol pollution are waste disposal
sites and these are distributed morc-or-less continuously. Natural purification only
oceurs Lo any extent in unsaturated soils (Viraraghavan and Warnock 1976), so it
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Figure 5. Distribution of coliforms in well waters with the sources of
pollution at different distances.
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might be expected that there is little opportunity tor reducing further the levels of
pollution, This is because the capability of soil filtration to remove bacteria tends to
dectine with incrcused duration of loading of pollution (Smith and Baver 1909).
Also the coliforms i the solid waste Teachates may survive from hours to months
depending upon temperature and leechate quality (Bhinnon e Peterson 1974
Goltzbeeker and Novello 1575).

Morcover., most of the observed wells were shallow (Madarai Corporation 1979)
and shallow wells are more prone to contamination because the distanee travelled
by the surtace water and waste witer through the soil s insufticient o filter out the
bacteria and  other contaminants  (Purdon 19710 Rencau and Pettry 1975;
Viraraghavan and Warnock 1970).

The presence of a paved platform around the wells ofters protection against the
scepage of waste water and urban runott that would otherwise accumulate around
the well Tuwas found that all the wells without o plattorm were polluted (i.e.
positive for faccal coliformsy whereas only 04 per cent of the wells with a protective
plattorm show indications of pollution.

Sanitation and qualiry

Indin s o developing country where environmental hyvgiene and sanitation are
poor. Most of the people detecate on the river banks, fields and waste ground.
Hand- or asteon-tlushed Latrines connected to open drains, as well as septic tanks
and cesspits, are also prevalent in many arcas. Madurai ity s only partially
sewered, more than 70 per cent of is arca lacking sewerage facitities. Similar low
levels of groundwater gquality e seen in other parts of the country alsos in Dethi
(Kaushik er ol 19637 Phirke er al. 1969}, Bhopal (Aboo er al. 1908: Sastry er al.
1969), Jaipur (Olaniva er al. 1909 Ajmer (Bhargava e al. 1978) and Nagpur
(Punde eral. 1979), all of which are characterized by partial sewerage facilities and
poor sanitition. Thus the problems ol water quadity noted in Madura are likely to
be typical ol conditions prevailing in many other Indian towns.,
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