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ABSTRACT

Shrimp culture is a highly profitable venture in India. Also, it has increased the availability of
nutritive food for the growing population. Designing of spatial modeling of various impact zones
in various block of Nagapattinam district, Tamilnadu, India with the help of GIS software and
study their implications. To analyze the sociological impact associated with Shrimp culture farms
in various blocks of Nagapattinam district. The study area comprises of profile of Nagapattinam
district, Meteorological Information, Details of Hydrology, Geology, Hydrogeology, the current
circumstances of Ground water quality scenario and maps of Village boundaries of various blocks
of Nagapattinam district. Database comprises of primary and secondary data which are being
collected from the study area and various government organizations.  In this study, the ground
water samples and pond water samples from different locations of the study area of Nagapattinam
district, Tamilnadu were collected during pre-monsoon and post-monsoon periods and their
chemical parameters were analyzed.  The GIS-Kriging interpolation techniques were employed to
understand the spatial-temporal variability of water quality parameters.  The type and intensity of
damage due to seepage of saline water from the ponds into the natural system making
unsuitableness for irrigation and drinking water system is deeply analyzed in the study area.
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INTRODUCTION

Shrimp culture is a highly profitable venture in
India and also it has increased the availability of
nutritive food for the growing population. The
industry has grown enormously, leading to
purchase of agricultural and fallow lands by
entrepreneurs for setting up small and large-scale
aqua farms in Tamilnadu.  However, the rapid
expansion of intensive shrimp culture in Tamilnadu
has severely damaged the adjoining ecosystems,
leading to  socio-economic and environmental
problems in the coastal areas of Tamilnadu. The
environmental impact of shrimp culture includes
eutrophication, oxygen depletion and pollution of
the surrounding waters and their biota which have
made these waters and the associated ecosystems
less suitable for other purposes like further culture

and harvesting of natural stocks.  Although
intensive Shrimp culture practices provide foreign
exchange from exports, one may strongly question
whether it benefits the country and its indigenous
population in terms of sustained socio-economic
benefits. The progressive exploitation of the
ecosystem to expand the economy has made it
necessary to redevelop the ecosystem in order to
maintain the economy. Fisheries and Shrimp culture
are facing similar problems, which need to be
tackled from an integrated societal-environmental
systems perspective, where interrelations between
sectors and their dependence on the processes and
functions of coastal seas need to be explicitly
recognised. The expansion of Shrimp culture  is
limited not only by what is happening in the market
or in other parts of the economy, but also by an
increasing demand for environmentally produced
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goods and services, sustained by intricate ecological
connections. These are more easily disrupted as the
scale of Shrimp culture grows relative to its
supporting ecosystems.

Water with required quality and quantity is
required for different stages of shrimp farming. In
the shrimp hatchery unpolluted seawater is
required for brood stock maintenance, spawning,
larval rearing and culture of food organism. Potable
water is required in sufficient quantities for
drinking and cooking food for the workers. The
grow out farm ponds need sea/brackish water, free
from agriculture, domestic and industrial pollution
and also within the required salinities, pH and
temperature ranges. The quality of water and even
the impacts from external environmental changes
pose threat to the sustainability of shrimp culture.
The higher water demand of more intensive culture
is such that demand can easily outstrip supply in
areas with poor tidal flushing. Therefore, people are
of the opinion that the deterioration of drinking
water quality is due to Shrimp culture. However,
this fact that drinking water quality is affected by
shrimp culture in coastal habitats is not true since
seawater intrusion is also found to attribute
salination in coastal areas of Nagai district.

The salinisation of surface water is another water
quality impact from shrimp farms to the receiving
waters. It is reported that shrimp farm construction
can potentially alter surface water flow patterns and
water quality. Water flows were found to be affected
by the temporary blockage of permanent division of
canals and discharge of untreated pond effluents
into the natural system was known to hinder the
water quality. Further, seepage of saline water from
the ponds into the ambient areas also leads to the
salination of the ground water. There are cases of
stratification occurring in the surface of fresh water
zone with the mixing of deeper saline water that
will affect the agriculture land when the farmers
unknowingly pump the salinised water into
farmland, which damages the land quality. Effective
pumping of saline water in case of bore water
dependent farms and fresh water in case of coastal
farms are reported to have resulted in fall of ground
water table. The salinated ground water also affects
the drinking water sources of the coastal villages.

Shrimp farming causes dispersion of salt into
land around the shrimp farms there by increasing
the salinity intrusion affecting the paddy fields and
other plantations. The soil salination further
resulted in devaluation of marginal agricultural

land. Abstraction of fresh water from underground
aquifers for intensive shrimp farming has also
resulted in saltwater intrusion and salinisation of
fresh water aquifers. While fresh water Shrimp
culture poses little negative impact on ground water
and aquifers, brackish water Shrimp culture is
detrimental to subterranean water resources
Contamination of small water bodies with seawater
and deposits of saline soils during Tsunami-2004
was proved by number of researchers (Velayudha
Das and Poongothai, 2014).

Objectives of the study

 To evaluate the impact on groundwater and
surface water by analyzing, examining in
various Physical – chemical characteristics

 Designing of spatial modeling  of various
impact zones in various block of Nagapattinam
district with the help of GIS software and study
their implications

 To analyze the sociological impact associated
with Shrimp culture farms in various blocks of
Nagapattinam district.

 To recommend suitable remedial measures and
management strategies for establishment of
eco-friendly Shrimp culture unit.

STUDY AREA

Nagapattinam district is one of the coastal districts
of Tamilnadu comprising 6 taluks with a total area
of 2714.82 km2. The district lies between N latitudes
10° 10’ and 11°20’ and E longitudes 79° 14’ and 79°
50’. The coast line is 187 km long with MSL of 9 m.
A greater part of the district consists of deltaic plains
of the Cauvery river with very rich fertile soil.
Agriculture is the main stay of rural populace. The
chief sources of irrigation are canals and tube wells.
The district forms a part of the Rice Bowl of the
State. The location map of Nagapattinam district
shown in Figure 1.

The district falls in the Cauvery river basin.
Ground water occurs in all the geological
formations ranging in age from lower Miocene to
Recent, under unconfined, semi confined and
confined conditions. The occurrence and movement
of ground water are controlled by climate,
topography, geomorphology, geology and
structures etc. In major parts of the district, the
depth to water table lies within 4.0 meters below
ground level. In the north eastern part, the depth to
water table is shallow i.e. less than 2.0 m. The
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general post monsoon water level ranges between
0.2 m and 4.0m below ground level. The water level
fluctuations in the district are related to recharge
from different sources, hydro geological setting,
topography and status of ground water
developments. The district receives maximum
rainfall during Northeast monsoon period i.e.
October to December. The normal annual rainfall of
the district is 1372 mm. The impact of surface water
irrigation is very significant. The lateral surface
water flow through the river channels and canals
form the principal source of ground water recharge
in the area. The principal and potential aquifers are
the sands, gravel and alluviums. The suitability of
ground water for domestic and irrigation purposes
depend on chemical quality of water. The chemical
quality of ground water usually depends on the
nature of aquifer, lithology, physiography, land use
and other environmental factors. The chemical
quality of the ground water in the district is mainly
influenced by nature of aquifer, soil, drainage,
irrigation practices, recharge and drafts etc.

The quality of ground water from the shallow
aquifer in the western part of the district is good,
where as in the east, southern and south eastern
parts the shallow aquifer is highly mineralized and
found unsuitable for drinking purposes which can
be attributed to the semi marine to marine origin
sediments. The brine water studies by the CGWB
reveals that the brine concentration of formation
water below 60-66 m depth is very good for salt
production [Agasthiyampalli of Vedaranyam taluk].
The deterioration of ground water quality towards
sea is attributed to insufficient flushing of salt water
from the fine grained deposits. The entire coastal
belt of Nagai district is occupied by the Quaternary
formations. In the coastal areas, the ground water
occurs in the alluvial, flood and deltaic plains under
pheratic conditions. The principal and potential
aquifers are alluvium and sands. The quality of
ground water of shallow aquifer is generally good
along northern, north eastern and central parts. The
quality deteriorates in the south and south eastern
parts i.e. along Vedaranyam coast, which may be
attributed to the marine and semi marine origin
sediments. The ground water occurring in the sand
dunes are generally fresh in nature. The locations of
water sample Nagapattinam district is shown in
Figure 2.

Fig. 1. Location Map of Nagapattinam District

Fig. 2. Locations of water sample Nagapattinam district

Database And Methodology

Database comprises of primary and secondary data
which are being collected from the study area and
various government organizations.  The following
data are used in this study.

Primary Data

 Village maps
 Digitized Map with locations of water sample,

Nagapattinam district
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 Collection of water samples both ground water
as well as pond water in the Shrimp culture
pond during pre monsoon  and post monsoon

 Socio economic data through  questionnaires
survey

Secondary Data

 Meteorological data
 Data on water quality parameters for

Nagapattinam  district obtained from Institute
of water studies, Chennai

The methodology flow chart of this study is
presented in Figure 3

Analysis of water quality

In order to know the present concentration of
chemicals in the water, about 15 ground water and
pond water samples were collected from different
locations of the study area during pre-monsoon and
post-monsoon period.  The water samples were
analyzed for water quality parameters such as as
pH, EC, Hardness, Sodium, SAR, Chloride etc. The
concentration of water samples collected from
various locations of Nagapattinam district can be
repersented spatialy using ARC GIS software tool.

Socio-economic study

The structured questionnaire was prepared to
obtain information and the data collected though
interviews with farmers who sold lands to Shrimp
culture  developers from two nearby coastal villages

of Paravai, Chandrapady and detailed interviews
has also carried out with farmers who have not sold
their lands of the same coastal village of
Nagapattinam District and detailed social impact
study has been carried out along with the necessary
tables.

RESULTS AND DISCUSSION

Spatial analysis of water quality

The samples were tested in Environmental
laboratory of Civil Engineering Department,
Annamalai University.  The results of pre monsoon
and post monsoon period with tolerable limits
proposed by ISS for drinking water quality and
FAO irrigation standards.  The spatial distribution
of water quality is represented by using GIS Kirging
techniques. Concentration of water quality
parameters of the study area are shown in Figure 4
- Figure 7.

Interpretation of Water Quality

The results were compared with the limits proposed
by FAO for suitability to use agriculture purposes
and ISS for drinking purposes.

Cl:  Chloride (Cl) determination is used to control
pumping of groundwater from locations where
intrusion of seawater is a problem.  Chlorides
associated with sodium exert salty taste when its
concentration is more than 250 mg/l. In all most all

Fig. 3. Flow chart showing the Methodology
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Fig. 4. Spatial Analysis of Water Quality Parameter during Pre-Monsoon (Ground Water)

the villages of the study area  has chloride content
more than 250 mg/L and the water cannot be used
for drinking, domestic as well as agricultural
purposes.  The chloride concentration from post
monsoon result is still higher than the monsoon
period in few places due to seawater intrusion and
lower concentration in the remaining villages due to
flushing of rainfall.  Chloride moves with the soil-
water and transpiration through stem and

accumulates in the leaves. The villages of
Thethagudi East and Maruthapallam are having
lower concentration.
pH: It is an indication of the acidity or basicity of
water.  The results show that the pHranges from
7.04 to 8.42 in both periods and within the
permissible limits.  From the secondary sources, it
was reported that the ground water was fit for
irrigation and drinking purposes in all blocks of
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Fig. 5. Spatial Analysis of Water Quality Parameter during Pre-Monsoon (Pond Water - Surface Water)

Nagapattinam distirict except in certen villeges like
Thiumullaivasal, Sembanarkoil, Madhanam, Akkur,
where pH value exceeds 8.5.  Irrigation water with
a pH outside the normal range may cause a
nutritional imbalance or may contain toxic ion.

EC: The Electrical Conductivity (EC) is a total
parameter for dissociated substance. The
recommended EC value for irrigation purposes is 0
to 3 ds/m and for drinking is less than 1 ds/m.  The
results revealed that EC of groundwater at all most

locations of the study area >1 and this was not
suitable for domestic purpose and also EC of Pond
water at all most locations of the study area >3 and
this was not suitable for irrigation purpose.
TDS: Total Dissolved Solids (TDS) determination is
used to asses the suitability of potential water
supply of water for various uses.  The present study
shows values ranges from 200-810 in both PRM and
POM periods that the values of samples in all the
villages are well with in the permissible limits (<
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Fig. 6.  Spatial Analysis of Water Quality Parameter during Post Monsoon (Ground Water)

1500 mg/L).
Na : Sodium (Na) concentration is an important
factor in classifying irrigation water.  High level of
sodium inhibits soil permeability.   The pond water
samples collected in the study area of this villages
except Sembanarkoil and Sirkali are not  within the
tolerable limit (<80 mg/L). Excessive sodium may
also make it extremely difficult to supply enough
water to meet the crop water demand. The villages

of Erunsalai, Paravai, Pusbavanam, Karapidakai
East, Puthupattinam, Chinnakottaimedu,
Tharumakulam are high in concentration.
DO: Dissolved Oxygen (DO) a vital parameter to
know the status of the aquatic    eco-system. All the
villages in the study area having concentration in
the range (4-6) with in the permissible limits. (<6
ppm) in both Pre Monsoon and and Post Monsoon
periods.
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Fig. 7.  Spatial Analysis of Water Quality Parameter during Post Monsoon (Pond Water - Surface Water)

CONCLUSION

In this study, the ground water samples and pond
water samples from different locations of the study
area  of Nagapattinam district, Tamilnadu were
collected during pre-monsoon and post-monsoon
periods and their chemical parameters were
analysed.  The GIS-Kriging interpolation techniques
were employed to understand the spatio-temporal
variability of  water quality parameters.  The type

and intensity of damage due to seepage of saline
water from the ponds into the the natural system
making unsuitableness for irrigation and drinking
water system is deeply analysied in the study areas.
The questionnaire reports were analysed for social
impacts for the welfare of farmers and other
persons.

Based on this study, the following conclusions
are:
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Water quality

 pH range is within the permissible limit of
drinking standards and slight increase during
Post monsoon period.  From the secondary
sources it was reported that all the villages is
within the permissible limit except
Vetaikaraniruppu village of Keelaiyur block has
pH value >8.5  which is alkaline in nature.

 The recommended EC value for irrigation
purposes is 0 to 3 ds/m and for drinking is less
than 1 ds/m.  The results revealed that EC of
groundwater at all most locations of the study
area >1 and this was not suitable for domestic
purpose and also EC of Pondwater at all most
locations of the study area >3 and this was not
suitable for irrigation purpose. From the
secondary sources it was reported that the water
was not suitable for domestic and irrigation
purpose

 Most of the areas have chloride content more
than 250 mg/L and water cannot be used for
drinking as well as agricultural purposes. From
the secondary sources it was reported that in
most of the areas have chloride content more
than 250 mg/L and water cannot be used for
drinking as well as agricultural purposes except
village of Mangainallur, Kuthalam, Thevur have
the value in permissible limit.

 Ground water samples in the study area is not
suitable for both irrigation and drinking
purposes.  Due to non availability of good
quality water in the study area, people are
compelled to use water from hand pumps and
bore wells.

 Pond water samples in the study area is not
suitable for irrigation purposes due to higher
EC value.

Socio-economic study

 In Nagapattinam disrict,the public and the
farmers are generally informed about the
impacts of the Shrimp culture, either through
personal experiences or through exposures to
ideas from non-governmental and farmers
protests.

 A detailed study has been made by the use of
questionnaires conducted with people at the
study area of  two important coastal villages of
paravai and chandrapadi in Nagapattinam
District.

 In Paravai and Chandrapadi, there are 85 land

owners who have not sold lands to Shrimp
culture  farms. There are on the other 44 farmers
who have sold their lands to the Shrimp culture
farms. In Paravi, however, there are only 45
farmers who are presently engaged in
agriculture,the rest of having become landless
and laboures employed in the Shrimp culture
farms.

 Reasons for the sale of agriculture lands to
Shrimp culture  farms by the farmers are a
combination of several conditions. Shortage of
water supply to the fields as a result of the
cauvery water dispute has generally resulted in
the lands being left fallow. Where cropping has
become possible because of the availability of
water,the yields have been poor. Crops yields
have declined in areas where seepage of
brackish water from the prawn farms has
deteriorated the water quality.

 Thirty farmers have indicated that the quality of
crops was better before 2013 and worst after
2013.  Two of the farmers interviewed have
indicated that the quality of crops was worst
both before and after 2013. It is conclusively
established that due to the seepage of saline
water,yield  has become reduced. Fertility of the
land is also lost as a result of the impact of
Shrimp culture.

 Officials generally conform to the views of the
farmers while at the same time suggest that
there is need to grow salt tolerant crops and
making farmers aware of it. In their opinion,
saline water needs to be treated for drinking
purposes. Effluents from the shrimp farms must
also be treated before disposal.
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