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Abstract In this research work, hydro-geochemical characteristics were determined from twen-
ty groundwater samples and classified into water quality zones on the basis of the World Health
Organization (WHO 2006) using inverse distance weighted interpolation technique. Ground-
water samples were analyzed with respect to calcium (Ca*"), magnesium (Mg?*), sodium (Na*),
HCO,, total nitrate (NO,+NO,), chloride (CI"), sulphate (SO,*), total dissolved solids (TDS),
hydrogen ion concentration (pH) and electrical conductivity (EC) were measured form ground-
water samples. The water quality indices (WQI, and NPI = WQI,) were used to categorize the
water. Water Quality Index (WQI) value suggest that the 65% groundwater samples (excellent
+ good) are safe for drinking uses and 35% groundwater samples (very poor + poor) needs
treatment before consumptive uses from WQI,. Further, NPI (WQIL,), shows 40% and 60% of
groundwater falls under good and poor condition respectively. The findings highlight that the
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groundwater of few areas requires some degree of treatment before consumptive uses.
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1. Introduction

Groundwater is an important source of water
supply throughout the world (Singh et al. 2009). It is
the major source of drinking water supply for the urban
and rural area. The change in land use/land cover
(Singh et al. 2010; Amin et al. 2014), urbanization,
disposal of untreated wastewater, industrialization
and mismanagement has impacts on groundwater
of urban and rural areas (Guatam et al. 2013). The
irrigation of vegetables with these polluted waters has
impacts on human health (Bharose et al. 2013). The
conventional method for monitoring of the nonpoint
source pollution and analysis is field investigation and
sampling analysis, which is subject to human, material,
climate and hydrological conditions. The water quality
indices, metal pollution indices and statistical methods
are commonly used tools to evaluate lake water
(Choudhary et al. 2013; Singh et al. 2016), river water
and sediment (Gupta et al. 2014; Singh et al. 2017a,b),
groundwater (Singh et al. 2013a; Kumar et al. 2015;
Singh et al. 2015; Thakur et al. 2015; Jacintha et al.
2016; Rawat et al. 2017a,b; Gautam et al. 2018). The
development of satellite remote sensing technology has
provided a new approach for nonpoint source pollution
research in watershed environments (Gajbhiye et al.
2015; Singh et al. 2016). It is very simple for decision-
makers to know about groundwater quality using WQI
(Jacintha et al. 2016).

The evaluation of groundwater quality is an
important as its quantity since the physical and chemical
characteristics of groundwater determine its suitability
for agriculture, domestic and industrial uses. For all the
above-mentioned usages, the required water should
be of the different and specific quality. The quality of
water is checked by measuring various parameters like

pH, dissolved solids, hardness etc. Risk assessment of
groundwater, involves identifying and understanding of
the water quality the hazard associated with a particular
occurrence, action or circumstance and determination
the probability for the occurrence of such hazards
(Rawat et al., 2017a; Rawat et al., 2017b; Jacintha et
al., 2016; Rawat et al., 2013; Rawat et al., 2012; Smith,
2001). Hence, evaluation of groundwater quantity and
quality and establishing database are important for the
development of further civilization and for future water
resources development strategies.

World Health Organization (WHO) has given
criteria for drinking water. But to understand all these
standards for common people is difficult. It is also
difficult for the authority to make any decision based on
these different parameters. Hence a new approach has
been developed i.e. Water Quality Index (WQI), which
represent the water quality in terms of a numeric value.
The WQI is an important tool for decision makers
(Rawat et al., 2017a, Rawat et al., 2017b, Anim et al.,
2011). Itis a mathematical equation used to transform a
large number of water quality data into a single number
(Saeedi et al., 2010). It is simple and easy to understand
for decision makers about quality and possible uses
of any water body (Bordalo et al., 2001; Rawat et al,,
2013; Rawat et al., 2012). It serves the understanding
of water quality issues by integrating complex data and
generating a score that describes water quality status.

Geographical Information System (GIS) is
commonly used in the field of water quality investigation
(Singh et al. 2013a, b; Thakur et al. 2016; Rawat and
Singh 2018a; Rawat et al. 2018¢c) and climate-related
studies (Gajbhiye et al. 2016) to prepare the thematic
maps. The interpolated maps of WQI gives detailed
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information to decision makers (Singh et al. 2013b;
Rawat et al. 2018; Rawat et al. 2018b; Rawat et al. 2018c;
Rawat et al. 2018d).

WQI reflects the composite influence of
different water quality parameters and is calculated
from the point of view of the suitability of (both
surface and groundwater) for human consumption.
Furthermore, the WQI is very useful in generating
trends, demonstrating the importance of maintaining
good water quality and disseminating technical water
quality information to the general public. Water
quality assessment can be performed using a WQI
or statistical approach. However, the classification
has some limitations. WQI formulas are not used as
absolute measures of the degree of pollution or the
actual water quality of groundwater. Although there is
no globally accepted composite index of water quality,
some countries and regions have used, or are using,
aggregated water quality data in the development of
water quality indices (Cobbina et al., 2010). Most water
quality indices rely on normalizing or standardizing,
data parameter by parameter according to expected
concentrations and some interpretation of ‘good’ versus
‘bad’ concentrations (Jacintha et al., 2016). Parameters
are often then weighted according to their perceived
importance to overall water quality and the index is
calculated as the weighted average of all observations
of interest (Avishek et al., 2010; Saeedi et al., 2010). The
index is a numerical standardized value of evaluation on
a certain matter which is in composite form. Normally,
this composite form has a qualitative characteristic.
For instance, WQI is a single numeric expression that
interprets complex information obtained from any
body of water, mostly related to water quality. In this
case, the evaluation process is not an easy process since
there is no standard value used as a base of comparison
of the evaluation. Therefore, the indices are the best way
to be introduced to determine that particular standard
value. A WQI representing any water ecosystem can
be affected by physical and chemical factors. The
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objective of the study was to evaluate the water quality
using indexing approach (WQI1, and WQI2/NPI)
for checking the suitability of water and further to
categories the water types. These indices serve as a tool
to convert a large set of data into a much reduced and
informative form.

The study area (Fig. 1) lies between 80° 09" and
80° 21’ East longitudes and 13° 15" and 13° 21’ North
latitudes with a geographical area of 92.182 km?2 and it
comes under the Survey of India (SOI) topographical
map nos. 57C6, 57C7, 57C8, and 57C3. The study area
composed of coastal aquifer of Thiruvallur district
which is located on the east is the Bay of Bengal, on
the north is Araniyar river and south is Kosasthalaiyar
river (Table 1). The western boundary is taken as 20 km
west from the Bay of Bengal. This coastal aquifer is well
known for an arenaceous formation called Coromandel
formation (Badrinarayanan, 1978) belongs to Holocene
age. The altitude of the study area varies from 1 to 20 m
above the mean sea level from east to west respectively.
The geological formation of the study area is upper
Gondwana consists of gravel, fine to coarse sand, clayey
silt, clayey sand. The study area is benefited by two
monsoons viz. southwest monsoon season from June to
September, northeast monsoon season from October to
December.

The climate of the study area is characterized by the
subtropical climate with an average temperature of 35
°C. April to June period is generally hot and dry. The
annual mean temperature minimum and the maxima
are 24.3 and 32.9 °C respectively. The relative humidity
ranges from 58 and 84% and sea breeze in the evening
hours occur during summer months. The study area
gets rain in both monsoons. The north-east monsoon
during the months of October, November, and
December chiefly contribute to the rainfall in the area.
Most of the cyclonic storms form due to depressions in
the Bay of Bengal during the north-east monsoon. The
south-west monsoon rainfall receives the rain during
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Figure. 1 Study area map showing twenty sampling locations
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the months of June to September is highly erratic
and summer rains during the month March to May
are negligible. The average rainfall as recorded in the
nearest rain gauge station at Vallur Anicut is 1260.8
mm.

The elevation ranges from 56 ft above mean sea
level (AMSL) in the west to sea level in the east. The
study area consists of a complex assemblage of fluvial,
estuarine and marine deposits. The major part of the
study area is characterized by an undulating topography
with innumerable depressions which are used as tanks
for storage of rainwater for agriculture. The coastal
track is marked by three beach terraces with broad
inter—terrace depressions. The coastal plains display a
fairly low level or gently rolling surface and only slightly
elevated above the local water surfaces (or) rivers. The
straight trend of the coastal tract is a result of the
development of vast alluvial plain. There is a number of
dunesin the coastal tract. The coastal landforms include
estuarine, tidal, mud flats or lagoons, salt marsh etc. The
study area is mainly drained by Araniyar in north and
Korattalayar in the south which is ephemeral in nature
and is mostly controlled by structural disturbances
along their river courses. The Araniyar, originating in
Chittoor district of Andhra Pradesh, flows through the
northern part of the study area and finally discharges
into Bay of Bengal near Pulicat lake. The Korattalaiyar

Table 1. General information about study area

Coordinates of study 79°55” and 80° 25 East
area

13°00’ and 13°35” North

Country India

State Tamil Nadu

District Thiruvallur

Geographical area of 296.173 km?

Study area

River nearby study ~ Araniyar river (in North)

area
Kosasthalaiyar river (in
South)

Part of Coastal Bay of Bengal.

Elevation range of  1to20m

study area

Annual mean Tem-  24.3 (min.) and 32.9 °C

perature (max.)

Rainfall in study 1260.8 mm (According

area nearest rain gauge station at
Vallur Anicut)

Relative Humidity =~ 58 and 84%

(RH) ranges

Soil Type Red soil, Black soil, Alluvial

soil
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river originates from the Kaverpakkam tank in Vellore
district, flows through the southern part of the study
area and finally confluences with the Bay of Bengal near
Ennore Backwaters.

Soils in the study area have been classified into
i) Red soil ii) Black soil iii) Alluvial soil. The major
portion of the study area is composed of the Red soil
of red sandy/clay loam type. Ferruginous red soils are
also seen at some places. It is poor in nitrogen, organic
matter and available phosphoric acid and is suitable for
cultivation of a large variety of crops. Black soils are
a mostly greenish lemon to dark brown, deep to very
deep, and generally occur in the depressions adjacent to
hilly areas, in the western part of the study area. Black
soils are fertile though poor in organic matter. Alluvial
soils occur along the river courses and eastern part
of the coastal areas. It is enriched with lime potash,
magnesium, low in nitrogen content and deficient in
phosphate. Sandy coastal alluvium (arenaceous soil) are
seen all along the sea coast as a narrow belt. Generally,
it is dark brown to yellowish brown in color.

Lagoonal sediments intercalated with marine
deposits do not crop out but one present along the coast
beneath the alluvium. It consists chiefly of grey to black
sandy clay, plastic clay, silt, and fine sand. An abundance
of marine shells occurs throughout these beds. The
youngest formations in the area are the alluvium, which
was deposited on the worn-down and eroded surface
of Tertiary and Gondwana rocks by the major river. It
is noted that the alluvial plains in the eastern part of
the study area. The alluvium consists of gravel, fine to
coarse sand, clay and sandy clay of various shades of
grey and brown. Exploratory drilling shows that the
thickness of these deposits increase progressively in an
easterly direction towards the coastline east of Minjur,

Table 2.Unit weight of parameters based on the World
Health Organization (WHO 2006)

Parame-  Highest Unit weightage
ters Permitted (Wn)

value of

Water (Sn)
pH 8.5 0.635
EC 1400 0.004
Ca?** 75 0.072
Mg 50 0.108
Na* 200 0.027
ClI 250 0.022
SO 42' 400 0.013
HCO} 1000 0.005
NO, +- 50 0.108
NO -
TDS 1000 0.005

K=5.3997 YWn=1
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where it is about 50 — 60 m thick. The wind deposited
sand, in the form of irregular, low flat dunes ranging in
width from less than 0.1km to about a kilometer occur
along the coast, except where they are interrupted by
the river outlets. The most striking dunes are near
Pulicat, where they have grown by wind action into
irregular mounds of 12 to 15m high. No indication
of crystalline rocks has been recorded over the whole
area reaching to Ponneri and Pulicat lake. The granular
zones encountered at different depths in the porous
formation (Sedimentaries) consist of very fine to coarse
sands, silts, and clays in varying proportions and semi-
consolidated Gondwana Sandstones. The lithologies
show the heterogeneity of the formations. The recent
alluvium is deposited over the older formations of
the Gondwanas and Archaeans. Eastern and middle
part of the study area is Porous formation consisting
of Gondwana and recent alluvium which comprise
sandstones, clays sands, and shale. The area is underline
by alluvium followed by Gondwana sandstone form
good aquifers due to good recharge from the overlying
permeable zone (alluvium). The depth of dug wells
varies from 6.00 to 16.60 m below ground level (BGL)
and depth to water level in them varied between 2.20
and 14.15 m BGL. The average yield of the wells is the
order of 160m3/day, whereas the yields of boreholes
tapping the granular zones of the top alluvium and
the weathered Gondwana sediments generally vary
from 1 to 3 Ips. Quality of water varies from brackish
to portable. In the areas pierce the shale, sandstone,
and claystone, groundwater occurs under water table
to confined conditions. The depth of dug wells varies
from 7.00 to 18.00 mbgl and depth to water level in
them varied between 3.50 and 11.50mbgl. It is recorded
discharges varying from 2 to 3 Ips. In the study area,
the unconsolidated sediments are represented by fluvial
and coastal alluvium. The coastal alluvium is restricted
to the eastern part of the study area. The fluvial type
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Figure. 2 Elevation map of sampling points
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(river) alluvium occurs along the river courses of
Araniyar and Korattalaiyar. These consist of fine to
coarse-grained sands, gravels, pebbles, and clays.

2.Methods
Collection of data

The groundwater quality data of 20 locations during
the post-monsoon season (October-2015) of dug wells
bore wells and tube wells were obtained from CGWB.
The sampling locations are (P1, P2 P20) used for
collection of groundwater samples at the average depth
of 01 m to 17 m. The elevation data were also recorded
(Fig. 2). Information related to the date of collection/
sampling, vegetation and cropping system, the location
of nearby ponds etc. was also recorded.

Numerical Indices

In this study, the Water Quality Index (WQI) was
computed using ten parameters and step for calculating
the WQI are as follows: i) to find out descriptive statistic
of each parameter, (ii) to calculate WQI using the
standards of drinking water quality recommended by
the World Health Organization (WHO 2006).
These values were used to calculate WQI using four
different modes.
The weighted index method was used for the
calculation of WQI. Further, quality rating or sub-
index (Qn) was calculated using the following
expression (1):

7, -v)

= Quality rating for the nth water quality of nth
parameter, Vn = Actual value of nth parameter, vi
= Ideal value of this parameter and Vs = Standard
permissible value of the nth parameter [Consider
Vi =0 for all except pH where Vi =7 for pH]

Unit weight was calculated by a value inversely
proportional to the recommended standard
value Vs of the corresponding parameter using
equation (2).

w.=Ky
and . _ {/Z/J

Wn = unit weight for the nth parameters, K = constant
for proportionality, Vs = standard value for the nth
parameters, the standard value of the parameter and
this weight is given in Table 2.

For computing the WQI1, the SI (sub-indices) is
first to determine for each chemical parameter, which is
then used to determine the WQI1 as per the following
equation (3)

L.
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On the basis of the calculated Water Quality Index
(WQI1) the assumptions made regarding water quality
is given in Table 2.

2. Numerous Pollution Index (NPI or WQI2) is a
simplified pollution index (Mohan et al., 2007)
which is also known as Raw’s Pollution Index. It is
given as equation (4):

_ 4
NPI (WQI ,) = /

Vn = Actual value or observed concentration of the
nth parameter, Vs = permissible limit of the nth
parameter.

3. Results and Discussions
Hydrogeochemistry of water

Table 3 presents descriptive statistics of
groundwater. The result showed that pH has the mean
value of 7.65 (Fig. 3a), which is less than 4.34 percent
less from WHO 2006 permissible value of pH (Table
3). Maximum pH was noted at P13 and P19 these
sampling locations are away from the coastal region
with an elevation of 5.18 m and 16.15 m respectively
with distances 6307 m and 19603.9 m respectively.
From Table 3 EC is having highest SD of 1058.08 (uS/
cm) among ten groundwater variables. EC also has
the highest mean (1868.25 puS/cm; Fig. 3b) and max
(5000 uS/cm; Fig. 3b) at P15 with distances (12931.7
m) from the coastal area and at this point elevation is
8.53 m. Ca2+ recorded as the third lowest SE and SD
of 8.68 and 38.81mg/l, respectively. Ca2+ have a mean
and maximum value of 60.25 and it is 19.67 percent
less from WHO 2006 permissible value of Ca2+ (Fig
3¢, Table 3) and 150 mg/I at P10 respectively. Table 3,
Mg2+ has a mean value of 52.95 mg/l (Fig. 3d) which
is 5.9 percent more from WHO (2006) value (50 mg/l;
Table 3) for Mg2+. At site P15 it was found maximum
value as 197 mg/l with 8.53 m elevation from mean sea
level. Magnesium in groundwater may be attributed to
the chemistry of the geological composition of the rock
beneath of earth. Similarly mean value of Na+ (238.85
mg/1) cross the WHO (2006) standard value of 200 mg/1
(Table 3) with maximum value (589 mg/l) at P15 for
Na+ (Fig. 3e). Whereas distance of P19 from coastal
was 19603.9 m with a high elevation of 16.15 m which
revealed that low impact of seawater on groundwater
or fewer intrusions seawater in the area. Mean value
(402.50mg/1; Fig. 3f) of Cl- was found 28.92 percent of
maximum (1392 mg/l), at P15, with low elevation of
8.53 m which reveal that Cl- contamination may arise
as a result of various soluble salts from the sea (Ayeni et
al., 2011; Ojosipe, 2007). Due to the impact of the sea, it
is maximum at a distance of 12931.7 m from the coastal
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value of Cl- in the study area. Maximum and minimum
value of SO42- was found as 456 at P6 with the lowest
elevation of study area 4.88 m (Fig. 3g) and 55 mg/l
with mean value of 151.10 (Fig. 3g), which was 37.78
percent of permissible limit of SO42- according WHO
(2006) mg/l. From Table 3, mean value of HCO3- is
28.14 percent of WHO (2006) recommended value as
1000 mg/l, while highest value (484 mg/1) of HCO3-
was found at P6 with lowest elevation value of 4.88 m.
Total nitrate (NO2+NO3-) has the highest value of 25
mg/l at P18 while the mean value of total nitrate was
23.32 percent (5.83 mg/l) of maximum total nitrate. The
total nitrate concentration in groundwater sources may
be attributed to the leaching of the watershed in relation
to agricultural activities, sewage disposal at Kosalaiyar
river and leached wastewaters generated industrially,
domestically or municipally (Olajire and Imeokparia,
2000). According to Table 3, the maximum TDS of
the study area was 2674 mg/l, it is 1.5 times more from
WHO (2006) for TDS. TDS indicates the general nature
of water quality or salinity. Water containing more than
500 mg/1 is considered undesirable for domestic uses.

Water quality index

Table 4a, b presents the classification of groundwater
quality of study area based on WQII (Brown et al.,
1970) and WQI2 (Mohan et al., 2007). Table 5 is
representing descriptive statistics of WQI1 and WQI2.
According to Table 5 mean value of WQI1 and WQI2
were 47.85 and 1.13 respectively, which comes under
the category of good (25 to 50, Table 4a) and poor (1 <
, Table 4b) according to Brown et al. (1970) and Mohan
et al. (2007) respectively. The minimum value of WQI1
(19.75) and WQI2 (0.80) both are showing the excellent
category of water quality for the study area during the
study period. On the pattern of relative variation (Fig.
5a), result of coefficient of variation (CV%=SD*100/M,
CV%WQII= 11.72 and CV%WQI2=6.04) showed that
all the points are heterogeneous according to WQI1 and
WQI2 (Fig. 5a), but variability of classes wise WQI1
heterogeneity clearly plotted (Fig. 5b). In case of WQI2
heterogeneity cannot be plotted as classes because,
according to Mohan et al. (2007), only two classes
are available in WQI2 method/scheme (Fig. 5¢). The
proposed WQI (WQI1 and WQI2) equations are more
technically sound compared to the existing equations
because these are developed and formulated based on
the questionnaire survey of the water quality experts,
limits for the parameters considered in the WQI define
by WHO (2006).

Water quality mapping

Descriptive statistics of WQI of groundwater
samples are given in table 5. Groundwater quality
classes are useful for summarizing information in
order to obtain a regional and national perspective.
In this study hydro-chemical parameters have been
tested in the process of proposing an appropriate WQI
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Table 3. Descriptive statistics of hydrochemical data of groundwater samples at the study are

pH EC  Ca* Mg” Na* CI SO HCOZ NO+NO, TDS
sV 8.5 1400 75 50 200 250 400 1000 50 1000
M 765 186825 6025 5295 23885 402.50 15110  281.35 583 1185.10
SE 015 23659 868 1171 3515 7226 2425  21.84 161 13123
Me  7.35 1716 49 31 197 3575 140 2905 282 11245
Mo 8.7 N/A 2 12 N/A  N/A 180 307 3 1220
SD 069 105808 3881 5238 15721 32316 10845  97.67 720 586.88
SV 048 1119542 1506 2743 24716 104432 11762 9540 51 344428
K -1.07 298 018 255 050 377 183  -0.18 1.58 0.80
SK 031 155 LIl 179 107 184 114 0.27 152 0.93
R 23 4400 128 185 573 1337 438 354 25 2336
Min 64 600 22 12 16 55 18 130 0 338
Max 87 5000 150 197 589 1392 456 484 25 2674

SV, Standard Value (according to WHO 2006) ; M, Mean; SE, Standard Error; Me, Median; Mo, Mode; SD,
Standard Deviation; SV, Sample Variance; K, Kurtosis; SK, Skewness; R, Range; Min, Minimum; Max, Maximum

Table 4a. Classification of water quality on the basis of

wQ
WQl, Suitability
0to 25 Excellent
25t0 50 Good
50to 75 Poor
75 to 100 Very poor
100 and above Unsuitable for drinking

Source: Brown et al. (1970)

Table 4b. Suitability of groundwater based on NPI/

WQI2 Index
NPI Status
<1 Excellent
1< Poor

Source: Mohan et al. (2007)

in industrial cum agricultural area and especially in
among activities. WQI for 20 samples ranges from
19.75 to 119.57 and >1 to 1 < for WQIL and WQI2
respectively. About 55% and 70%, of groundwater
of study area, fall under the poor category of quality
according to WQI1 and WQI2 respectively (Fig. 6a
and b). On the basis of WQI1, a major area of study
was found to be poor (50 to 75, black color patches
in Fig. 6a) and good (25 to 50 yellow color patches in
Fig. 6a) category as per WQI1. Whereas very poor and
unsuitable for drinking purposes areas are covered
by very less area with blue and red color, respectively.
Figure 6, revealed that the area of point P16, P15 and
P5 are more contaminated because it contains blue
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Table 5. Descriptive statistics of WQI of groundwater
samples at study area

WQI1 WQI2 =(NPI)
M 47.85 1.13
SE 5.61 0.07
Me 41.92 1.05
Mo N/A N/A
SD 25.08 0.31
SV 628.81 0.09
K 2.52 1.79
SK 1.57 1.34
R 99.82 1.17
Min 19.75 0.80
Max 119.57 1.97

(very poor category) and red (unsuitable for drinking
category) color patches. This may be due to intrusions
of seawater to groundwater. The WQI2 mapping (Fig.
6b) is also showing spatial destitution of groundwater
quality within the study area of the study period 2015.
Fig. 6b explain study area into only two categories, it is
both advantage and disadvantage of WQI2, because it
is very easy to understand the category of groundwater
quality excellent (if, < 1) and very poor (if, 1<). The
disadvantage is only two class is not capable to show
heterogeneity/variability of water quality, this is also
revealed in Fig. 5a (graphical representation show
variation in WQI2) and 6b (pictorial representation

show only two classes of WQI2).
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4.Conclusion

WQI in this study has been found useful in assessing
the overall quality of water and to get rid of judgment
on the quality of the water nearby of the bay of Bengal
coastal area of Thiruvallur district of Tamil Nadu
(India). This method appears to be more systematic and
gives a comparative evaluation of the water quality. It
is also helpful for the public to understand the quality
of water as well as being a useful tool in many ways in
the field of water quality management. The use of the
WQI in the determination of the water quality on the
study area corresponds to the present tendencies within
the field of water resources management; thus, it is
attempted at a more important scale to assign chemical
importance to the classical parameters related to the
chemical quality. The advantages of WQI includes
more variables in only one number, brings to the same
measuring unit more parameters related to the water
quality, offers the possibility to compare in temporal
and spatial terms the quality of more water bodies or
that of a single one and offers an image of the water
usage degree in various fields/purposes. Further,
the calculated WQI revealed that the most parts the
groundwater quality in is suitable for human use. We
concluded that the limited extraction of groundwater
for municipal water supply in the study area is suitable
for drinking and also used for irrigation. However, there
is a need for routine monitoring of the various human
activities within the basin especially at the upstream to
check the occurrence of high salinity.
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