
ABSTRACT
Quaternary epoch is known for repeated glacial

and interglacial periods. Maritime terrains in the low
latitude, particularly the coastal tract, have been found
to contain evidences of marine transgressions and
regressions, drowned forests and submerged cities etc.
thus, affecting the groundwater quality of the coastal
region. India, as a developing nation, is beginning to
industrialize and most of its industries are located on
the eastern and western coast. Urbanization of both the
coasts took place at a very rapid growth rate due to
employment opportunities in industrial establishments.
The water consumption needs also increased many
folds. Therefore, industrialization and rapid urbanization
have made the water stress levels high and demand
continues to outstrip supply. At present 90% of the
water supply is met by the ground water.

However, considerable amount of information is
available from the eastern and western coast bore holes
drilled in Quaternary aquifers in connection with the
groundwater exploitation to meet the local drinking
water, irrigation and other household requirements.
Chemical analyses of the water samples collected from
shallow zones indicate that the groundwater is influ-
enced by salinity due to tidal recharge. The ionic ratios
of Na / Cl, Cl / CO3 + HCO3 and Na / Ca + Mg are com-
parable to the ionic ratios of average sea water which
makes the groundwater in these coastal regions unfit
for drinking or irrigation purpose. Moreover, the fluoride
content is found to be much higher (as high as 13 ppm
is reported) than the average fluoride concentration in
the groundwater. WHO standards permits a concentra-
tion of 1.5 ppm of fluoride for potable water. The high-
er concentration of fluoride is indicative of the mixing of
intrusive water with freshwater. The local population
who are consuming untreated groundwater for drinking
purpose, are suffering by a deadly disease “fluorosis” .

Wide spread water pollution has resulted in
increased water scarcity, poor public health, lower agri-
cultural yields and a declining quality of aquatic life in
coastal areas of India.
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INTRODUCTION
Needless to say that water is perhaps the scarcest

commodity of the 21st century. On global scale it is
assessed that over the next two decades, water use by
human beings will increase by 40% and that 17% more
water will be needed to grow more food for the increas-
ing population. The World Water Vision Commission
drew attention to the “gloomy arithmetic of water” as
water demand will out strip its availability (Vision,
2000). The scenario of water in India is equally gloomy.
When the country gained independence in 1947, the
per capita availability of water was 6000 m3 and had
only 1000 bore holes in the country but today with pop-
ulation crossing one billion, the per capita availability
has fallen to 2300 m3 which is further expected to go
down to 2000 m3 by the year 2015 though the number
of bore holes have increased to more than 6 million.The
evident reasons for this down fall are attributed to the
rapid increase in population since independence and
over withdrawal of under ground water. In another 15
to 20 years, the country will be in the grip of acute
water shortage (Case, 1981). The water supply of the
city is, therefore, under tremendous stress due to grow-
ing population’s demand of water for various uses. The
water table is declining at an alarming rate and if the
suitable measures to conserve water and recharge the
aquifers are not initiated immediately, then some of the
reservoirs in various parts of the country may deplete
permanently and the situation might worsen further.
The United Nation’s recent report stating that about
two-third of humanity would suffer from moderate to
severe water shortage, is already proving true for India
(Curtis, 1998).

The water management profession and society at
large is presently facing a more serious challenge in the
coastal areas of the country in managing desalination,

473

TECNOLOGÍA DE LA INTRUSIÓN DE AGUA DE MAR EN ACUÍFEROS COSTEROS: PAÍSES MEDITERRÁNEOS
©IGME. Madrid 2003. ISBN. 84-7840-470-8

SALINITY INTRUSIONS IN COASTAL AQUIFERS PLAY HAVOC IN PARTS OF INDIA

Dr. S. K. Sharma, GRI
24 National Road, Dehradun 248001 India

E-mail: SKS105@rediffmail.com



existing water conservation systems and reducing loss-
es. The eastern as well as the western coastal areas of
India have been found to contain evidences of marine
transgressions and regressions as evident from the
groundwater quality. India, as a developing nation, is
beginning to industrialize and most of its industries are
located on the eastern and western coast. Urbanization
of both the coasts took place at a very rapid growth
rate due to employment opportunities in industrial
establishments. The water consumption needs also
increased many folds. Therefore, industrialization and
rapid urbanization have made the water stress levels
high and demand continues to outstrip supply. At pres-
ent 90% of the water supply is  met by the groundwa-
ter.

Wide spread marine incursions has caused the
water pollution and has resulted in increased water
scarcity, poor public health, lower agricultural yields and
a declining quality of aquatic life in coastal areas of
India.

OBJECTIVE OF THE STUDY
To analyze the groundwater samples from the

existing bore holes situated in the eastern and the
western coastal areas and to assess the water quality
which is the key to socio-economic development and
quality of life of the habitants of the coastal region.

METHODOLOGY
In order to assess the groundwater quality and the

affects of intrusive sea water, 160 water samples from
the bore holes representing shallow groundwater zone
up to 50 m were collected from the coastal areas of
West Bengal and Orissa in the east and Maharashtra in
the west. Figure 1 shows the areas where from the
groundwater samples were collected for the present
study. The electrical conductivity of the samples was
measured in the field and was found to be in the range
of around 30,000 micromhos as compared to the sur-
face water of the area which is about 3000 micromhos.
This itself is an indicative of the higher salinity in
groundwater due to marine incursions. The collected
water samples were brought to the laboratory and as
per standard procedure (APHA, 1985) they were ana-
lyzed for Na, Ca, Mg, Cl, F, CO3 and HCO3 and the ratios
calculated .

DISCUSSION OF RESULTS
Though there has been tremendous progress in the

water supply infrastructure after setting up of the Rajiv
Gandhi National Drinking Water Mission in 1986, the
goal to provide safe drinking water to all is still to be
achieved. India’s population has recently crossed one

billion. Ever-increasing population and the increased
need for agriculture and industries has resulted in water
scarcity. The country thus faces a series of threats to the
management of water resources. This leads the rural
population and even urban also to depend upon water
from local tanks and tube wells and the consumption of
untreated water for all purposes. In view to look into
the aspects of water quality and related health prob-
lems, the water quality data from three following
coastal States (1) West Bengal, (2) Orissa and, (3)
Maharashtra (figure 1), covering major urbanized
coastal population of the nation has been collected and
analyzed.

Figure1. Location map showing areas of groundwater sample
collection (thick black circular areas indicate the States from
where samples have been collected)

The ionic ratios and the fluoride content in the sam-
ples collected have been summarized in table 1.

The major ionic ratio Na/Cl ranges from 0.7 to 1.0
in the samples from all three States which is quite com-
parable to the seawater ionic ratio of 0.85. Another
important Na/Ca+Mg ionic ratio varies between 0.71 to
0.92 which is slightly less than the ratio of the seawa-
ter. In addition, the ionic ratio Cl/CO3 + HCO3 with a
value of 2.91 to 3.5 clearly indicates the marine incur-
sion as a value more than 2.8 is considered to be an
indices of the serious contamination. The average sea-
water has a ratio of about 2.3 (Goldberg, 1963). It is
clear from the electrical conductivity values and the
ionic ratios obtained from the chemical analyses that
the groundwater in the bore holes from coastal areas of
West Bengal, Orissa and Maharashtra are contaminat-
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ed and are influenced by the sea proximity. Such water
can not be used for drinking purpose and up to some
extent for irrigation also without treating it with the
desalination plants.

The groundwater, however, playing a havoc in the
area as the fluoride concentration ranges from 2.7 to
6.0 ppm in West Bengal, 8.2 to 13.2 ppm in Orissa and
0.7 to 6.0 ppm in Maharashtra which is detrimental to
human as well plant life.

Probable source of high fluoride in groundwater
seems to be that during weathering and circulation of
water in rocks and soils, fluorine is leached out and dis-
solved in ground water. Tile fluoride content of ground
water varies greatly depending on the type of rocks
from which they originate. Among the various minerals
responsible for high concentration of fluoride, the Flour
- apatite 3Ca3 (PO4)2, CaF2 and Fluorite, CaF2 are
important. However, the most important being the Flu-
orite, CaF2 and the leaching of fluoride from the meta-
morphic rocks hornblende gneiss of Proterozoic age.

The ill affects of high fluoride content in water are
manifested in the form of ‘Endemic fluorosis’ which is
an acute public health problem in India. Medical advice
recommends the drinking water should not contain
more than 1.5 ppm of fluoride (WHO, 1994). Concen-
tration of fluoride below 1.5 ppm are helpful in preven-
tion of tooth decay, and such level of fluoride also
assists in the development of perfect bone structure in
human and animals. However, doses of fluoride above
1.5 ppm increases the severity of tooth mottling and
induces the prevalence of osteoporosis and collapsed
vertebrae. The disease resulting from excessive con-
sumption of fluoride. Fluorosis has no treatment and is
considered to be deadly disease. High fluoride content
in water even causes change in shape and color of the
fruits and vegetation.

Unlike bacteriological pollution, the effect of the
excess chemical constituents (that may be present in
the groundwater, like fluoride) on human health is
chronic in nature and manifest after consuming the
water over a long period of time. Long term ingestion of
drinking water having fluoride beyond a limit of 1.5
ppm lead to dental and skeletal fluorosis as well as non
skeletal manifestations. The following left hand side pic-
ture shows a person with normal teeth whereas the
right one suffering from dental fluorosis having brown-

ish Yellow mottled teeth, a common feature in high flu-
oride States of Orissa.

It is unfortunate that millions of people in India
have no access to safe drinking water and they are
compelled to consume the untreated water easily
accessible to them without knowing the ill affects of
such consumption.

High fluorine consumption leads to the fluorosis of
the bones which is generally found in Asian region but
it is more acute in India. Hence, possibilities of reducing
the high fluorine content of groundwater by defluorina-
tion process / dilution with the surface water is one very
simple technique but addition of Ca++- ions to solution
in contact with fluorite when experimented in distilled
water caused appreciable decrease in fluoride concen-
tration which appears to be more suitable solution to
high fluoride problem in an otherwise water scarce
India.

CONCLUSION
The groundwater in the coastal areas of West Ben-

gal, Orissa (east coast) and Maharashtra (west coast) is
in general contaminated with saline water and is not fit
to use for drinking or irrigation purpose without treat-
ment. But the worst ill affect on the habitants is due to
the excess of fluoride in groundwater which is playing
havoc in the region in the form of deadly Fluorosis dis-
ease and needs proper treatment of the groundwater
before it is being supplied to the local public of the
coastal areas.
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Table 1. Range of chemical constituents in groundwater.

Normal teeth Dental Fluorosis
Mottled teeth
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