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Abstract. The coastal aquifers of Kerala, India experience severe degradation of water quality due to
various anthropogenic activities. An attempt is made here to study the groundwater chemistry of aquifers,
which lie along the coastal zone of central Kerala. Results in general indicated that the groundwaters in
the shallow aquifers were found to be deteriorated. Based on Hill-Piper trilinear diagram it is confirmed
that some of the dug wells were characterised by high amount of sodium and chloride (>200 mg/l)
indicating the influence of saline water incursion. The presence of E. coli in all dug wells indicated
potentially dangerous fecal contaminations, which require immediate attention. The study further raises
points for the need of action for a sustainable utilization of precious resources.
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Introduction

Kerala, the southernmost state of India has unique hydrogeological characteristics
with wide variation in the rainfall pattern (average 3107 mm). Both qualitatively and
quantitatively, the coastal zones of Kerala in recent years witnessed serious
groundwater problems [8, 9, 11, 24, 25]. Several studies invariably showed that water
quality in the shallow aquifers situated in the coastal zone of Kerala is deteriorating
alarmingly amidst plenty of water all around [1, 6, 7, 10, 12, 21, 33]. Owing to the high
demand of groundwater to cater a large population in the coastal zones of Cochin,
mitigation of the deterioration in the quality of groundwater in shallow coastal aquifers
was initiated through groundwater recharge [30]. High population pressure, intense
human activities, inappropriate resource use and absence of proper management
practices leads into the deterioration. The coastal sedimentary formation serves as an
excellent condition for aquifer and the average groundwater potential of this region is
estimated to be more than 0.3 MCM/km [b]. In the shallow coastal aquifer, open wells
are the dominant groundwater abstraction structures and the density of the open wells in
the coastal area is high in the range of 400 wells/km® [30]. During rainy seasons, the sea
becomes rough and encroaches towards land and during summer seasons the saline
water finds its way through tidal channels and it admixes with shallow coast aquifers.
So the qualities of water in the shallow and deeper zones become brackish [9, 20, 30].

Added up problems such as urbanisation, industrialization, unscientific landuse, lack
of awareness of the people and saline intrusion all makes the quality of groundwater in
Cochin coastal zone worsen. All these contribute to less recharge into the coastal
aquifers thereby accentuating groundwater quality and the problem of salt water
intrusion. The present investigation attempts to illustrate the scenario of groundwater
quality and saline water intrusion during post monsoon (November 2003) in the coastal
zones of Cochin.
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Figure 1. Base map and sample locations of the study area
Study area

The study area extends from north of Fort Cochin to the south of Thoppumpadi
which lies between 9°55°-10°00°N and 76°13’-77°17’E (Fig. 1).

The area is bordered by Arabian Sea on west and a part of Cochin estuary in the
eastern side. The area is characterised by a number of tidal channels, results into
seawater encroachment, which deteriorate the water quality.

Exploratory borehole study conducted by Central Groundwater Board indicates the
recent coastal alluvium followed by Tertiary sediments consists of two distinct formations.
The upper most formation is Warkalais with thickness of nearly 80 m underlined by thick
sequences of sediments called Vaikom beds. The Tertiary sedimentary formation of Kerala
basin unconformably overlays Precambrians. In the present study most of the dug wells are
tapping groundwater at depth ranging 2 to 8 m fall in recent coastal alluvium [29].

Data and methodology

Groundwater samples have been collected from 20 dug wells during post monsoon
(November 2003) at stations as shown in Fig. /. The pH was measured at the spot,
whereas the concentration of major cations, anions and E. coli were analysed at the
laboratory as per the standard analytical procedures [2, 14].

Sodium and potassium in groundwater samples were analysed using Flamephotometer
(Systronics FPM digital model). Calcium and magnesium were estimated by EDTA titri
metric method, whereas chloride was determined by argentometric titration using
standard silver nitrate as reagent. Carbonate and bicarbonate concentrations of the
groundwater were determined titrimetrically [2, 14]. Sulphate concentration was carried
out following turbidity method using double beam UV-Visible spectrophotometer
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(Hitachi Model 2000) [2]. The microbiological quality of samples were analysed in terms
of most probable number (MPN) of faecal coliforms using lactose broth and incubation at
44.5 °C. Tubes showing positive results after 24 to 48 hours of incubation were streaked
on to Mac Conkey Agar and esoine methyl blue (EMB) agar and incubated at 37 °C for
24 to 48 hours. Typical E. coli-like colonies were isolated and confirmed biochemically
as E. coli using IMVIiC test. The number was expressed as MPN index / 100 ml.

Results and discussion
Table I presents the results of groundwater analysis.

PpH

The pH values of groundwater were varied from 7.01 to 8.2 indicating slightly
alkaline nature. Groundwaters with pH value above 10 are exceptional and may reflect
contamination by strong base such as NaOH and Ca(OH); [22]. The range of desirable
limit of pH of water prescribed for drinking purpose by ISI [27] and WHO [35] is 6.5—
8.5 while that of EEC [23] is 6.5-9.0.

The analysed groundwater samples are within the limit prescribed by ISI [17], WHO
[35] and EEC [23]. There is no much distinct variation of pH in the different wells
selected for the present study, indicating that the groundwater is tapping from aquifers
of a single formation. The slight alkaline nature of groundwater may be due to the
presence of fine aquifer sediments mixed with clay and mud, which are unable to flush
off the salts during the monsoon rain and hence retained longer on other seasons.

Table 1.: Chemical and E. coli analysis data of groundwater

+ + 2+ 2+ COSZ- and - 2- :
well H Na K Ca Mg HCO Cl SO, MPN index
no. P (mg/l) (mg/l) (mg/l) (mg/1) (mg /13) (mg/1) (mg/l) FC /100 ml

1 8.08 380.7 23.5 57.9 20.2 200.2 470.4 1.8 150
2 7.61 145.7 90.6 102.1 12.0 317.8 145.2 2.1 290
3 8.01 480.4 110.0 190.4 22.7 334.1 749.4 5.6 95
4 7.67 457.1 75.2 117.7 10.3 321.9 640.3 24 95
5 7.10 120.0 18.2 72.9 22.5 3524 36.1 1.8 460
6 7.14 110.9 19.8 74.1 26.5 310.1 63.5 2.2 290
7 8.20 546.0 72.2 122.0 11.2 276.9 757.4 3.8 93
8 7.26 90.7 30.2 52.8 5.0 179.7 96.7 2.2 460
9 7.30 70.6 38.4 48.8 4.8 187.0 49.8 1.1 460
10 7.36 4459 459 70.2 11.0 160.1 612.0 34 120
11 7.53 110.6 38.3 50.8 15.3 203.6 128.2 2.5 240
12 7.60 339.0 95.1 87.0 22.8 187.4 541.6 3.5 150
13 7.57 111.5 65.2 54.4 3.6 185.7 126.0 1.9 210
14 7.20 65.0 23.7 82.6 3.5 238.5 23.7 0.9 240
15 7.67 85.3 42.5 97.1 2.5 234.0 70.6 2.1 210
16  7.54 64.5 15.2 61.4 1.2 167.4 37.5 0.8 460
17 7.50 34.0 8.9 24.6 23 77.0 23.1 0.6 290
18 7.07 20.1 10.2 25.6 1.7 62.5 26.0 1.2 460
19  7.50 48.5 27.6 83.2 10.1 202.2 554 1.3 240
20 7.01 11.7 52 34.0 8.9 74.1 25.2 0.9 460
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Figure 2.: Trilinear diagram of dugwell samples

Major cations and anions

Major cations and anions such as Na', K", Ca*", Mg%, HCO;5, CO5*, SO4* and CI
(Table 1) were plotted in hydrochemical trilinear diagram. In general high
concentrations of chloride in groundwater is attributed to rainwater, seawater, natural
brines, evaporate deposits and pollution [18, 19]. In dug wells (Nos. 1, 3, 4, 7, 10 and
12) high concentrations of chloride and sodium were measured. This high concentration
can be due to the proximity of the wells to the tidal channel and the poor muddy
sediments present in the aquifer system which further infers saline incursion. The high
chloride content is generally taken as an index of impurity of groundwater. The
clogging nature of sediments permit only intermittent flushing and hence the impurity
(sodium and chloride) was sustained longer as compared to other wells. The dug wells
(Nos. 1, 3,4, 7, 10 and 12) had higher values, which were above the permissible limit of
250 mg/l [17, 23, 35]. Sulphate concentration in groundwater of coastal zone were
within the permissible values recommended by WHO [35], EEC [23] and ISI [17]. The
major cations and anions were further analysed based on Hill-Piper trilinear diagram.

Hill-Piper diagram

Pattern diagram was initially conceived by Hill [16] and later improved by Piper [27]
and the detailed analysis of Hill-Piper trilinear diagram for post monsoon season (Fig.
2) is explained below using facies diagram.

The hydrochemical pattern diagram helps in hydrogeochemical facies classification
[5]. The trilinear diagram of this study is classified into four hydrochemical facies based
on the dominance of different cations and anions: facies 1: Ca**-Mg*"-HCO3 type I;
facies 2: Na'™-K'-Ca’"-HCOs type II; facies 3: Na'-K'-CI'-SO,* type III and facies 4:
Ca®"-Mg*"-CI'-S0,* type IV.
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Fig. 2 shows that the majority of samples were in type II (Na™-K'-Ca**-HCO3)
followed by type III (Na'-K"-CI-SO,*) and type I (Ca*"-Mg*"-HCO5). This indicates
that post monsoon samples are enriched with sodium, bicarbonate and chloride types
and, from this it is evident that sea water and tidal channel/canals plays a major role in
controlling the groundwater chemical composition in the coastal shallow aquifer, which
consists of recent alluvium. Nageswara [26] conducted study on groundwater salinity of
the shallow aquifers in the central Kerala and inferred that salt-water encroachment into
shallow aquifers can be minimised by construction of tidal barriers. The removal of
sodium ions from seawater which has infiltered into fresh water aquifer has been
described by a number of workers by the method of ion exchange [28, 31]. Sodium ion
present in seawater will exchange to Ca*" ions. The conversion of calcium bicarbonated
water to sodium bicarbonate water in many aquifers is also undoubtedly due to ion
exchange [4, 13]. The freshwater will change into NaHCO; type water [3]. Further, the
trilinear diagram (Fig. 2) revealed that dug wells (Nos. 1, 3, 4, 7, 10 and 12) falling in
facies 3 showed the saline water intrusion of coastal aquifers with high percentage of
sodium and chloride.

Escherichia coli

The bacteriological content is one of the most important aspects in drinking water
quality. The most common and widespread health risk associated with drinking water is
the bacterial contamination caused either directly or indirectly by human or animal
excreta. E. coli, a typical fecal coliform is selected as an indicator of fecal
contamination. The present study revealed a high incidence of fecal coliform, which
ranged 93 to 460 MPN index FC /100 ml (Table 1), indicating poor sanitary condition
and improper waste disposal. The seepage of E. coli is easier in the sedimentary
formation compared to hard rock terrains [15], which supported the present study. The
fecal contamination is mainly due to improper solid waste disposal from farmyard into
the soak pits located very near to drinking water wells, which do not have any
protecting wall [34]. According to Woods [34], effluents from point-like sources such
as septic tanks and general farmyard wastes are considered as the main sources of
contamination of groundwater. The lack of protecting walls will lead to the entry of
contaminated runoff water into the well from the upstream. Rojas ef al. [32] have
studied the contamination of the waters of River Rimac, Peru, and the adjoining
groundwater and found that the cause of pollution is due to mining and agricultural
activities as well as domestic fecal pollution upstream. The presence of E. coli in
groundwater indicates potentially dangerous situation, and requires immediate attention.

Conclusion

Analysis of groundwater samples from the study area indicated signs of
deterioration, which highlights the need for a sustainable utilization of precious
resources. Groundwaters present in the shallow aquifers of some of the stations were
poor in quality and beyond potable limit as per the standard set by WHO and ISI.
Samples from rest of these zones indicated that the groundwater quality is satisfactory
(geochemically) but requires attention, with a thrust on proper sanitation and waste
disposal of the adjacent coastal region. The groundwater collected from the six dug
wells indicated that there is a mixing of fresh and saline water during post monsoon.
The study revealed that these wells need more controlled withdrawal of water with more
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recharging in order to maintain fresh-saline water equilibrium. Further, it stressed that
the coastal zone of the study area need more attention in order to maintain the ground
water quality. The study also recommends the necessity of proper sanitation and waste
disposal to sustain the groundwater quality.

Acknowledgements. Authors thank Dr.S.R.Shetye, Director, National Institute of Oceanography (NIO),
Dr.K.K.C.Nair, Former Scientist In Charge and Dr.C.T. Achuthankutty, Scientist In Charge, Regional
Centre, NIO, Cochin for the encouragement and support provided to undertake this study. This is NIO
contribution number:3957

[1]

[8]
[9]

[10]

[11]

[12]

REFERENCES

Ahmed Ali, K., James, E.J. & Nambudiripad, K.D. (1987): Salinity intrusion in the
Chettuva-Kottapuram sound of the Trichur Kole land. — Proc. Natn. Sem. Estuarine
management, Trivandrum, pp. 83-87.

APHA (1985): Standard methods for the analysis of water and waste water. 16th edn.
American Public Health Association, Washington D.C.

Appelo, C.A.J & Geirnaert, W. (1991): Process accompanying the intrusion of salt water. —
In: Breuk, W. de (ed.): Hydogeology of salt water intrusion, a selection of SWIM papers.
LLA.H. v. 11/1991, Verlag Heinz Heise.

Back, W. (1960): Origin of hydrochemical facies of groundwater in the Atlantic coastal
plain. Internat. Geol. Cong., 21 Session, Part I, Geochemical cycles, pp. 87-95.

Back, W. & Hanshaw, B.B. (1965): Chemical Geohydrology. Adv. Hydro Science, v. 1, pp.
49-109.

Basak, P. & Nazimudin, M. (1987): Seawater intrusion in coastal unconfined aquifers of the
southwestern peninsula — a case study. — Jal Vigyan Sameeksha, a publication of high level
technical committee on hydrology 2(1): 72—-80.

Basak, P. & Vasudev (1983): Salt water intrusion in typical coastal aquifers of Kerala.
Paper presented in workshop on the recent advance in the groundwater exploration and
management at NGRI, Hyderabad, 27-29. Jan. 1983.

CGWRB (1992): SIDA assisted coastal Kerala Groundwater Project. Final Report, 233 pp.
CGWB (2002): Groundwater balance. Mass awareness programme in Ernakulam district on
January 5" 2002 by CGWB, Kerala region, Thiruvananthapuram, Kerala.

CWRDM (1984): Trichur coastal wells water quality. Report No. GW/BD-47/84. Centre for
Water Resources Development and Management, Kozhikode, 673 571, Kerala, India.
CWRDM (1985): Ernakulam coastal wells water level, Temperature, electrical conductivity
and pH, report No. GW/BD-67/85. Centre for Water Resources development and
Management, Kozhikode, 673 571, Kerala, India.

Dipanjali, B.D. (2000): Simulation of Seawater Intrusion for Cochin Coast (Ernakulam
District). M. Tech. Dissertation, Centre for Environmental Studies, Department of Civil
Engineering, K.L.E. Society’s College of Engineering and Technology, Belgaum 590008
Karnataka, India.

Foster, M.D. (1942): Base exchange and sulphate reduction in salty groundwaters along
Atlantic and Gulf coast. — Am. Ass. Petro. Geologists. Bull, 26: 838—851.

Grasshoff, K., Ehrhardt, M. & Kremling, K. (1983): Method of sea water analysis. 2nd ed.
Weinheim, Deerfeild Beach, Florida Basel, Vorlagchemie.

Geldreich, E.E. (1972): Waterborne patogens. — In: Mitchel, R. (ed.): Water pollution
microbiology, Wiley, New York, pp. 207-241.

Hill, R.A. (1940): Geochemical patterns in Coachella valley, California. — Am. Geophy.
Union. Trans. 21: 46-53.

ISI (1983): Indian standard methods of sampling and test (physical and chemical) methods
for water used in industry. 122 pp.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 3(1): 133-139.
http://www.ecology. kee.hu ® ISSN 1589 1623
© 2005, Penkala Bt., Budapest, Hungary



Laluraj et al.: Groundwater chemistry of shallow aquifers
-139-

Johnston, C.D. (1987): Distribution of environmental chloride in relation to subsurface
hydrology. — J. Hydrology 94: 67—88.

Junge, C.E & Wrby, R.T. (1958): The concentration of chloride, sodium, potassium,
calcium and sulphate in rainwater over the United States. — Jour. Meteorol. 15: 417-425.
Kumar, C.P. (2001): Simulation of sea water intrusion and tidal influence. — ISH Journal of
Hydraulic Engineering 7(1): 1-11.

Kunhambu, V. (2003) A study on sea water ingress in the coastal aquifer in the parts of
Alleppy and Ernakulam districts, Kerala State (AAP 1999-2000 and AAP 2000-2001).
Langmuir, D. (1997): Aqueous environmental chemistry. Prentice-Hall, Inc, New Jersey,
600 pp.

Lloyd, J.W. & Heathcote, J.A. (1985): Natural inorganic hydrochemistry in relation to
ground water — an introduction. Clarendon Press, Oxford, 296 pp.

Nageswara, R.J & Ramadurai, S. (1970): Systematic geohydrological survey of he coastal
plains in Malpuram, Trichur and Ernakulam districts, Kerala state. Unpublished GSI report.
Nageswara, R.J. (1972): Systematic geohydrological study of the salinity problems and sea
water intrusion in the coastal plains around Parur and Cochin in Ernakulam district, Kerala
stake. Unpublished GSI report.

Nageswara, R.J. (1975): Groundwater salinity of the shallow aquifers in the central Kerala
coastal plains, West coast, India. — Records of Geological Survey of India 111: 156-159.
Piper, A.M. (1944): A graphic procedure in the geochemical interpretation of water
analyses. — Trans. Am. Geophy. Union 25: 914-928.

Piper, A.M. & Garrett, A. (1953): Native and contaminated waters in the long beach — Santa
Ana area, California. — U.S. Geol. Sur. Water-supply paper, pp. 1136—1320.

Raghava Rao, K.V. (1976): Groundwater exploration, Development and long term aquifer
management in Kerala. Proc. Symp. Mineral Resources of Kerala and their utilisation,
Trivandrum, Oct. 18-19 1975, pp. 30-36.

Rajendran, S., Ajeeb, P. & Thompson, L. (2002): Implications of rainwater harvesting in the
coastal aquifer — A case study. Proceedings, International conference on water resources
and management in arid regions, March 2002, Kuwait, pp. 135-143.

Revelle, R. (1941): Criteria for recognition of seawater in groundwater. — Am. Geophy.
Union Trans. 22: 593-597.

Rojas, R., Howard & Bartram, J. (1993): Bacteriological groundwater quality of Lima water
supply. — Nash, H. & McCall, G.J.H. (eds.): Groundwater quality, 17" special report.
Chapman and Hall, pp. 159-167.

Venkataraman, S. (1983): Groundwater resources and development potential of Ernakulam
District, Kerala. Central Groundwater Board, Thiruvananthpuram, India.

Woods, L. (1990): Groundwater quality in the Nore River Bain, Republic of Ireland. M.Sc.
dissertation (unpublished), University College, London.

WHO (1984): Guidelines for drinking water quality, V.I. Recommendations.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 3(1): 133-139.
http://www.ecology. kee.hu ® ISSN 1589 1623
© 2005, Penkala Bt., Budapest, Hungary



