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Abstract Analyses of 126 samples collected from
18 dug wells in the shallow basaltic aquifer over a
period of 7 months have revealed spatial as well as
temporal changes in the chemical properties of
groundwater. While the temporal changes have
been attributed to dilution and concentration phe-
nomena governed by climatic factors, the spatial
variations in the geochemical characteristics of
groundwater appeared to be related to pollution
due to effluents from the Mula Sugar Factory. The
cause of groundwater pollution is the effluent car-
ried by a stream flowing through the area. Fluctua-
tions in the groundwater table, influent water qual-
ity character of the stream, less capacity to accom-
modate large volume of effluent and occurrence of
zero base flow (under natural conditions) in the
stream are the factors favoring infiltration of con-
stituents of waste water into the underlying weath-
ered basaltic aquifer. Pollutants have entered into
the shallow aquifer by downward percolation
through the zone of aeration to form a recharge
mound at the water table and, further, lateral
movement below the water table. The plume of
polluted groundwater has a lateral extent of a few
meters in the upstream area and more than 400 m
on either side of the stream in the downstream
part. The zone of polluted groundwater has an ar-
eal extent of more than 3.5 km2. Groundwater is
the only source available for drinking and agricul-
tural purposes. It is recommended that the base of
the lagoons and the stream used for release of

plant effluent should be waterproofed for the pro-
tection of groundwater in the Sonai area.
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Introduction

The sugar industry in Maharashtra, India, is a key factor
in the rural economy of the state. It has initiated devel-
opmental economic activities, like cooperative dairies, pa-
per mills, and poultry farms, in their respective regions.
Some of them have opened educational institutions and
technical colleges and have been responsible for changing
the social structure of rural areas. The growing demand
for more sugar factories in all parts of the state is an in-
dication of the importance of the industry to the rural
development and general economic prosperity (Anand
1987).
In spite of the fact that the sugar industry is the back-
bone of the rural economy of Maharashtra, the need has
arisen to review and recognize environmental problems
associated with it. It is noteworthy that the rapid increase
in sugar industrialization has led to unprecedented in-
creases in urbanization and population and hence the de-
gradation of environmental resources. The enormous
quantities of wastes (solid, liquid, and gas) generated by
these rural industries has led to problems of air, water,
and soil pollution. The problems of water quality and wa-
ter pollution are particularly severe in many sugar factory
areas and are threatening the rural population. In the re-
cent past, several studies (Manas 1976; Kundra and Pur-
thy 1979; Handa 1981; Krupanidhi 1984) have reported
that receiving water bodies are becoming increasingly
contaminated due to domestic and industrial waste wa-
ters. However, few studies regarding the nature of
groundwater pollution due to effluents from sugar mills
have been carried out. Therefore, in this article ground-
water pollution probably caused by the disposal of ef-
fluent from the Mula Sugar Factory is discussed.
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Fig. 1
Location map of the Sonai area
showing sampling wells and
the site of Mula Sugar Factory
in Ahmednagar district,
Maharashtra

The Mula Sugar Factory

The Mula Sugar Factory is located at Sonai in Newasa
Tahsil of the Ahmednagar district of Maharashtra. The
village covers an area of 15.12 km2 (inclusive of agricul-
ture land) and is included in toposheet No. 47 I/15 of the
Survey of India and lies between 19722b to 19724b N lati-
tude and 74749b to 74751b E longitude (Fig. 1).
The Mula Sugar Factory is a cooperative sugar industry
project, started in 1979 with an initial capacity of 1250
tons of crushed sugarcane per day (TCD), and expanded
to 2000 TCD since 1987. Water consumption is nearly
1500 liters per ton of sugarcane crushed per day (L/ton/
day). Due to internal processes, nearly 60% of this water
is recirculated. The remaining 40% leaves as effluent
from the boiling house, mill house, and filter cloth wash-
ing. The total effluent receives very little treatment; after
lagooning it is discharged to a meandering natural
stream flowing through an agricultural area for a distance
of about 1.7 km and finally meets another stream, name-
ly Panas Odha at the village of Shingnapur.
Further, there are monthly cleaning operations at the fac-
tory which release a great deal of effluent containing or-
ganic and inorganic matter. Due to the large volume of
effluent and because of low carrying capacity, the stream
floods at some places and effluent spreads over cultivated
land. Nearby wells show adverse effects; also, soils in the
area have become alkaline, with increased pH and salini-
ty.
Groundwater in the area occurs under water-table condi-
tions in the weathered basaltic aquifers. Occurrence and
availability of groundwater in the basalt is controlled by

the degree of jointing, presence of vesicles, interconnec-
tion between vesicles by fissures and cracks, contact be-
tween lava flows and flow units, and several other factors
(Pawar and Shaikh 1995). Groundwater is taken from
large diameter wells that vary in shape and size. Depend-
ing on the thickness of soil cover and the depth of
weathering, wells are fully or partly lined.

Methodology

Eighteen dug wells penetrating the basaltic aquifer were
selected in the study area with a view
1. to assess the impact of industrial activity on the chem-

istry of groundwater;
2. to determine the quality of groundwater in the natural

state;
3. to delineate the sources and pathways of pollutants.
The first objective is met by establishing an impact sta-
tion. In the present study, the impact station is consid-
ered to be a dug well in the vicinity of the source of pol-
lution which has undergone contamination. The second
objective is achieved by selecting a baseline station (i.e.,
away from the pollution source) and the third by choos-
ing either of the first two, depending upon whether the
pollutant is of natural or industrial origin. The sampling
wells selected by adopting these criteria fall into three ca-
tegories as:
a. those which are serving as a source of water supply

for drinking purposes;
b. those from the agricultural area used mainly for irri-

gation;
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c. the wells which are contaminated by sugar-factory ef-
fluent.

The sugar factory is seasonal; the schedule of operation
varies from year to year depending on the occurrence of
monsoon and availability of the sugarcane crop. In view
of this cyclic operation, sampling was carried out to cov-
er in part the period of operation of the factory and also
the nonoperational period. By adopting this approach, it
was possible to study the pollution during the operation-
al period as well as pollution during the nonoperational
period. Groundwater samples were collected monthly, in
June, July, August, and September 1989 (nonoperational
period) and in February, March (operational period), and
October (nonoperational period) in 1990. Plastic contain-
ers of 2-l capacity were used for collection and storage of
water samples. Some parameters, e.g., pH, electrical con-
ductivity (EC), and total alkalinity, were determined in
the field. Groundwater samples were brought to the labo-
ratory for analysis of sodium (Na), potassium (K), cal-
cium (Ca), magnesium (Mg), chloride (Cl), sulfate (SO4),
phosphate (PO4), nitrate (NO3), dissolved oxygen (DO),

biological oxygen demand (BOD), and chemical oxygen
demand (COD). The methods used for these analyses
were standardized as per the procedures given by APHA,
AWWA and WPCF (1989).

Results and discussion

Data obtained by carrying out chemical analyses on
groundwater samples for the period of 7 months is pre-
sented in Tables 1 and 2. Table 1 summarizes 7-month
averages and Table 2 summarizes monthly average.

Temporal and spatial variations
Geochemical data collected from the study area is indica-
tive of variations in groundwater chemistry with space
and time. The major dissolved constituents of ground-
water are Na, K, Ca, Mg, Cl, HCO3, and SO4. The concen-
trations of these ions are generally governed by the litho-
logy, nature of geochemical reactions, solubility of differ-

Table 1
Physico-chemical characteristics of groundwater water from Sonai area. Ahmednagar, India. (N.B.: All concentrations are reported
in ppm except pH, EC (ms/cm) and Slc. Effl.peffluent.)

W. No pH EC TDS Na K Ca Mg Cl HCO3 SO4 PO4 NO3 DO BOD COD Slc

W1 7.09 501 326 69.56 3.16 23.82 8.56 81.40 149.70 30.97 0.72 0.65 5.70 4.00 10.44 P0.796
W2 7.65 676 440 74.70 4.79 56.85 8.80 102.00 237.14 37.28 0.66 0.10 6.52 5.60 12.94 P0.299
W3 7.16 781 508 128.99 2.35 42.70 6.99 115.28 285.50 32.85 0.22 0.56 5.47 6.50 13.77 P0.235
W4 7.29 693 447 129.28 3.71 32.33 6.71 142.58 272.40 45.28 0.22 0.08 6.70 5.40 10.90 P0.250
W5 7.55 830 540 82.99 7.27 34.42 9.85 76.85 224.50 26.11 0.40 0.01 6.80 9.10 18.85 P0.020
W7 7.23 645 419 102.14 3.10 33.85 5.71 109.37 209.40 36.11 0.31 0.13 6.52 6.90 14.42 P0.383
W8 7.28 3754 2414 390.20 7.25 79.42 13.70 535.10 370.10 62.68 0.29 0.01 4.70 11.50 22.74 c0.163
W9 7.06 3556 2310 419.00 7.75 90.42 10.00 495.74 411.14 90.10 0.33 0.29 4.40 9.40 21.40 c0.035
W10 7.30 1094 711 373.10 2.53 78.57 10.00 495.28 365.14 62.28 0.34 0.01 6.84 6.20 13.10 c0.179
W11 7.50 557 362 91.66 3.28 82.50 8.80 87.00 259.83 61.00 0.38 0.07 6.66 5.72 12.45 c0.328
W12 7.48 670 435 155.00 9.83 92.33 8.33 154.50 374.33 76.66 0.12 0.03 6.80 4.41 11.10 c0.479
W13 7.37 607 394 131.60 4.20 59.10 7.70 111.66 240.83 46.83 0.14 0.02 6.30 6.08 11.00 c0.031
W14 7.52 1024 665 151.16 3.90 28.33 5.66 53.83 384.66 41.16 0.40 0.08 5.30 6.10 15.33 c0.066
W15 7.88 1025 666 167.33 5.50 38.16 6.80 55.66 408.33 38.66 0.21 0.08 5.40 9.63 21.80 c0.563
W16 7.53 812 527 166.66 7.75 35.83 6.83 74.66 364.16 37.50 0.37 0.02 6.48 9.00 18.66 c0.149
W17 7.46 782 507 69.50 3.50 40.16 6.70 105.66 196.16 32.66 0.13 0.02 7.15 3.20 5.05 c0.101
W18 7.18 527 347 69.83 3.65 43.00 10.41 67.16 214.16 26.16 0.12 0.15 6.63 6.20 12.84 P0.309
Effl. 5.50 3175 2064 68.00 1.50 201.00 24.00 325.00 530.00 8.00 3.50 9.50 NIL 590.00 2245.00 c0.678

Table 2
Physico-chemical characteristics of groundwater from the Sonai area, Ahmednagar district, Maharashtra. [N.B. All the values of
constituents except pH, EC (ms/cm) are in ppm.]

Month pH EC Na K Ca Mg Cl HCO3 SO4 PO4 NO3 DO BOD COD

June 1989 7.18 1381 226 3.62 56.80 10.20 352 286 62.40 0.44 0.19 4.70 5.60 14.4
July 1989 7.53 1043 137 1.79 56.22 5.27 113 298 59.00 0.33 0.14 6.30 6.695 14.7
August 1989 7.48 2327 116 3.45 56.27 8.80 98 272 30.11 0.21 0.08 6.30 6.50 12
September 1989 7.43 992 105 6.40 52.40 6.10 85 244 36.20 0.29 0.10 7.10 6.42 11.9
February 1990 7.21 1172 208 8.19 59.00 11.11 257 319 38.60 0.39 0.14 6.00 8.50 16.9
March 1990 7.24 1077 217 6.50 58.60 11.53 244 326 43.00 0.36 0.12 5.90 8.70 17.6
October 1990 7.73 416 154 1.62 22.29 7.04 107 263 53.61 0.39 0.07 6.50 1.30 10.1
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ent salts, velocity and volume of groundwater flow, and
the role of human activities (Matthess and Harvey 1982;
Bhatt and Saklani 1996). In order to evaluate the spatial
and temporal changes in the concentrations of these con-
stituents, the average chemical data (Table 1) for the
wells located along two cross sections were considered.
On the basis of this information and considering the
groundwater flow direction, the cross section A-Ab was
taken in the NE-SW direction passing through well num-
bers W6, W4, W13, W9, W8, W15, and W14. Similarly,
the cross section B-Bb was taken in E-W direction across
the well numbers W17, W2, W5, W8, and W10. The aver-
age chemical data (Table 1) for the wells along these two
cross sections were plotted to show the spatial variations
in the properties of the groundwater (Fig. 2). For this
purpose the chemical parameters were divided into three
groups on the basis of their concentrations and signifi-
cance. These three groups are as follows:
1. major constituents (Na, K, Ca, Mg, HCO3, SO4, and

Cl);
2. minor constituents (PO4 and NO3);
3. indicator parameters (DO, COD, and BOD).
It is observed from Fig. 2 (i.e., cross sections A-Ab and
B-Bb) that the values of Na, K, Ca, and Mg increase
markedly at wells W9 and W8 along A-Ab section and at
wells W8 and W10 along the B-Bb section. These wells
also show a sharp increase in concentrations of Cl, HCO3,
and SO4. This is because these wells are located in a
downgradient direction and are in the close vicinity of an
effluent-carrying stream. Plant effluent shows high values
of Ca, Mg, Na, K, Cl, SO4, HCO3, COD, and BOD. The
contaminated wells are rich in the same chemical consti-
tuents that are high in the effluent. Therefore, there is
apparent correlation of the contaminants in groundwater
with the composition of plant effluent. The higher Ca,
Na, K, HCO3, and Cl values in these wells suggest the ef-
fluent-carrying stream as the source.
The monthly averaged chemical data (Table 2) is also
plotted to get an idea about the variations with time (Fig.
3). It is observed from the figure that Ca, Mg, K, and SO4

show comparatively less variation in their respective con-
centrations with time. However, the Na, HCO3, and Cl
trends clearly indicate the seasonal changes in the geo-
chemistry of groundwater. The decrease in concentrations
of these species from July 1989 to September 1989 is indi-
cative of dilution effect possibly due to rising watertable
in response to enhanced recharge to the aquifer from the
infiltration of rainwater (rainy season). As against this,
gradual increase in these constituents from September
1989 to March 1990 suggests the concentration effect as
the rain-fed recharge ceases during the summer season.
The plots of minor constituents, for example, PO4 and
NO3, with time indicate a dilution and concentration ef-
fect generally similar to the foregoing. However, spatial
variations in the concentrations of PO4 and NO3 along
cross sections (Table 1) do not follow the same trend as
that of major constituents. Nevertheless, at some places
the values of these parameters are higher than the back-
ground values. This suggests that some wells are polluted

due to closeness to the effluent disposal site. In the case
of remaining wells the PO4 and NO3 values are variable
possibly due to effective removal of these ions by the
crops. Nitrogen and phosphorus are the chief nutrients
required by plants. However, phosphate is less mobile
than nitrate; it is sorbed onto the soil. On the other
hand, nitrate is very mobile due to limited physical or
chemical sorption; removal from water is predominantly
by biological uptake. It is also possible that the nitrate is
removed by the process of denitrification taking place in
the presence of labile organic carbon and denitrifying
bacteria (Starr and Gillham 1993).
Considering indicator parameters, organic pollution load
increased from September 1989 to March 1990; BOD and
COD values were high. As would be expected, DO shows
exactly the reverse trend for this period. Since these
months (September 1989 to March 1990) conicide with
the winter and early summer seasons, it can be inferred
that during these two seasons the input of pollution load
is higher and dilution is less than that during rainy sea-
son, for which BOD and COD values are lower. The high-
er BOD and COD values in summer and winter may be
considered indicative of a higher potential for pollution
of groundwater. The BOD and COD variations with re-
spect to space are consistent with the trends observed for
major constituents. This is reflected in the higher BOD,
COD, and lower DO values for well numbers W9, W8,
and W15 (A-Ab section) and W2, W5, W8, and W10 (B-
Bb section).

Sources of salts in the groundwater
In a natural system, most of the dissolved constituents
present in the groundwater reflect the nature of water-
rock interaction taking place within the lithologic frame-
work. The groundwater from the study area is found to
contain the average total dissolved solids (TDS) ranging
from 347 to 2414 PPM (Table 1). Values of TDS noted for
well numbers W8 and W9 are higher than for the re-
maining wells. Effluent shows higher TDS than wells
away from effluent-carrying stream. The natural basin
groundwater from wells away from the effluent-carrying
stream does not show elevated values of TDS comparable
to those of the wells in the close vicinity of a stream. It is
therefore essential to know what are the sources leading
to the higher concentrations of dissolved constituents in
some wells. First we consider natural sources.

Natural sources
It is important to consider the mineralogy and chemistry
of aquifer materials. The basalts constituting aquifers in
this area are made up of two important silicate phases,
for example plagioclase feldspars (labradorite) and pyrox-
enes (augite). As plagioclase feldspar forms a solid solu-

Fig. 2
Spatial variations in the major and indicator parameters along
cross sections A-Ab and B-Bb, Sonai area, Ahmednagar district,
Maharashtra
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Fig. 3
Temporal variations in the major, minor, and indicator
parameters for the groundwaters from Sonai area

tion series between anorthite (An) and albite (Ab), the
mole ratios of different cations in the groundwater de-
pend on the An content of the plagioclase (Garrels 1967).
In labradorite, An content varies from 50% to 70% and
the chemical reaction for plagioclase with 50% An con-
tent can be given (Raymahashay 1986) as:

4Ca0.5 Na0.5 Al2Si2O8(S)c6H2Oc9CO2p3Al2Si2(OH)4(S)
c2Nac2Cac6HCO3c4SiO2 (1)

mHCO3/MSiO2p3 : 2 and mNa/mCap1 : 1

This reaction suggests that, in response to the natural
water-rock interaction process, the groundwater in the
area will acquire Na, Ca, and HCO3 in specific propor-
tions, besides SiO2.
Another important mineralogical constituent of the basalt
is the pyroxene group mineral, augite. The chemical reac-
tion for the dissolution of augite can be written as:

CaMgFeAl2Si3O12 (S)c5H2Oc6CO2

pAl2Si2(OH)4cCacMgcFec6HCO3cSiO2 (2)
mHCO3/mSiO2p6 : 0 and mCa/mMgp1 : 1

From reaction (2) it can be inferred that the release of
Ca, Mg, and HCO3 ions is governed by interaction of
groundwater with augite. These two reactions suggest
that plagioclase and augite are the two chief sources of
supply of major cations (Ca, Mg, and Na) and HCO3 as
an anion to the groundwater. There is no apparent
source of SO4 and Cl in the basalt. However, rainwater
and anthropogenic activities of man can be important

sources. In a highly irrigated area, heavy use of fertilizers
is possibly responsible for high background values of
chloride and sulfate in groundwater (Pawar and Shaikh
1995).

Sugar-mill effluent as a source
As noted, there is no lithological variation in the area.
Therefore, under natural conditions there should be no
occurrence of anomalous values of ionic constituents in
the groundwater. Instead, systematic variation in the
ionic constituents along the flow paths of the groundwa-
ter would be expected. Elevated values of ionic consti-
tuents, obtained for a few wells, can be interpreted as be-
ing due to contamination and mixing of foreign waters
with natural groundwarer. Wells W8 and W9 have higher
values of dissolved constituents in comparison with the
background groundwater. As these wells are in the close
vicinity of the effluent-carrying stream and are located in
the downgradient direction, the high values of certain pa-
rameters can be related to the mixing of the effluent with
background groundwater. This can be investigated with
the help of ion concentration ratios, i.e., Na/Ca, Ca/Mg,
and Cl/HCO3.
To evaluate sugar-mill effluent as a source of groundwa-
ter contamination, wells from the area were classified
into two groups: (1) wells upgradient of the effluent
source and (2) wells downgradient of the effluent source.
Six wells (W6, W7, W11, W16, W17, and W18) fall into
group a and the remaining wells belong to group b. The
average values of molar ratios for the two well groups are
given in Table 3.
The wells of group a representing background ground-
water have lower Na/Ca, Ca/Mg, and Cl/HCO3 ratios as
compared to group-b wells representing groundwater in
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Table 3
Average ionic ratios for well groups and the effluent

well groups Nac/Ca2c Ca2c/Mg2c ClP/HCO3
P

group ‘a’ 3.03 4.04 0.69
group ‘b’ 3.32 5.12 0.99
effluent 0.29 5.10 1.05

Fig. 4
a A block diagram showing
the mechanism of
groundwater pollution in the
Sonai area, Ahmednagar
district, Maharashtra. b An
illustration showing the lateral
extent of polluted
groundwater plume in the
Sonai area

the downstream direction of the effluent-carrying stream.
The ratios for the effluent are comparable to the average
ratios for the group-b wells except for the Na/Ca ratio.
The values of the Ca/Mg and Cl/HCO3 ratios for the ef-
fluent and the group-b wells are almost the same, sug-
gesting that most of the wells are receiving ions in solu-
tion from groundwater mixing with effluent. Higher val-
ues of Na/Ca for both well groups are suggestive of preci-
pitation of calcium carbonate from groundwater (Pawar
1993). The precipitation of CaCO3 can be considered as
an important sink for calcium in the groundwater. How-
ever, the increase in the Ca/Mg ratio for group-b wells
possibly indicates that the rate of addition of Ca from the
effluent is greater than the rate of precipitation from
groundwater. The precipitation of CaCO3 accompanies
the positive values (Table 1) of saturation indices for cal-
cite (SIc). The higher Na/Ca values obtained for the back-
ground and polluted groundwater support this inference.

Mechanism of groundwater pollution
Geoenvironmental conditions of the area have a marked
influence on the mechanism of groundwater pollution. It
must again be noted that sugar processing is a seasonal

industry. Hence, the source of groundwater pollution, for
example the effluent-carrying stream, flows only for the
period of operation of the sugar factory. In addition, the
stream under consideration is very small. This implies
that there is no flow of natural water, i.e., base flow,
throughout the year except for surface run-off during
rainfall events. Further, the artificial flow generated by
the release of effluent also ceases for a couple of months
when the factory closes in the rainy season. Subsequent
to the rainy season, the average depth to groundwater in
the winter months is minimum, i.e., average depth to wa-
ter table H2 m. During this period, the stream remains
dry and the factory operation recommences. The opera-
tional period of the sugar factory corresponds with the
major part of the winter and early part of the summer
season in the area. The average depth to groundwater
during the early summer months is 3.6 m.
A large quantity of industrial waste water is released into
the stream. The degree of dilution of waste water is gov-
erned by the base flow of the stream (Blair 1972); howev-
er no base flow exists. This makes the stream influent to
the aquifer in the area, at least for the period of opera-
tion of the factory. Under such conditions, the waste wa-
ter percolates through porous and permeable soil and
weathered basalt to reach the aquifer. Furthermore, the
aquifer in the area is in direct hydraulic contact, as evi-
denced by nearly waterlogged conditions in the down-
stream reaches near the confluence with the Panas Odha,
favoring induced infiltration of waste water. In addition,
in the immediate vicinity of the stream, groundwater
from the shallow basaltic aquifer is abstracted contin-
uously for agricultural use. In effect, the effluent from the
stream is drawn into the aquifer rapidly.
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Infiltration of effluent through the soil and weathered
basalt is probably the primary cause of contamination of
the shallow groundwater aquifer. Entry of pollutants into
the shallow aquifer is due to the downward percolation
thorough the zone of aeration to form a recharge mound
at the water table and further lateral movement below
the water table (Fig. 4a). Effluent draining downward to
the water table mixes with groundwater and undergoes
lateral flow. Pollutants in the saturated zone have formed
a plume of polluted groundwater extending in the down-
stream direction. It has been possible to delineate the lat-
eral extent of pollution plume by considernig the area of
anomaly. In Fig. 2, the geochemical data for the wells
along the cross sections A-Ab and B-Bb are plotted for
the major and indicator parameters. It is observed that
along the cross section A-Ab elevated values of ionic con-
stituents were obtained for the wells situated between
W13 and W15. Similarly, wells W5, W8, and W10 along
cross section B-Bb also show elevated values. Thus, the
area of the anomaly was considered to represent the lat-
eral extent of a plume of polluted groundwater on either
side of the effluent-carrying stream. Since the depth of
the water table is minimum, i.e., average 2.0 m during
the period of operation of factory as compared to the
maximum water-table depth (3.6 m) during summer, the
pollution plume has spread laterally over a distance of
more than 100 m to nearly 400 m on both sides of the
stream (Fig. 4b). The zone of polluted groundwater has
an area of nearly 3.5 km2.

Summary and recommendations

On the basis of chemical analysis of groundwater samples
it is possible to establish that sugar-mill effluent is a
source of pollution of groundwater in the area. In India,
more than 80% of the population is dependent on
groundwater as the only source of drinking-water supply.
Most efforts are focused on locating the groundwater res-
ervoirs to satisfy drinking water needs and the quality as-
pect is often neglected. As stated earlier, the sugar factory
is a rural industry and continued operation of this indus-
try, without environmental precautions, may lead to seri-
ous health problems in the area. In the Ahmednagar dis-
trict alone, there are 13 such sugar factories with several
types of allied units associated with them. Moreover, in
majority of villages there is no organized water-supply fa-
cility. Instead, the rural population is dependent on tradi-
tional sources of water supply, e.g. the fetching of water
directly from rivers, springs, canals, community dug
wells, and recently taken bore wells in some areas of wa-
ter scarcity. Many of these water-supply sources are unfit
for human consumption and rural populations suffer epi-

demics throughout the year. Water-quality management
is an issue that must be given top priority.
The following measures have been recommended for the
protection of groundwater.
1. Lining the stream course used for waste disposal and

waterproofing the base of the lagoon (i.e., effluent
storage ponds) and the stream bed to prevent infiltra-
tion of the effluent.

2. Treating the effluent to meet the standards established
by Indian Standards Institution for releasing the waste
into the stream.

3. Launching public-awareness programs and convincing
the authorities to undertake groundwater protection
measures.
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