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Abstract
This study focuses on the impact of the disposal of
Tirunelveli city municipal waste in the quality of
groundwater in Ramayanpatti village where the waste is
disposed; the study also assesses the quality of the
groundwater suitability in irrigation in the disposed region.
Tirunelveli city generates municipal waste of nearly 15 MLD
of domestic wastewater and 100 tons of solid waste in a
day. The domestic wastewater is treated by waste
stabilization pond. The solid waste is dumped in the open
yard. These two disposal sites are located in the
Ramayanpatti area and their boundaries are at a distance
of 500m from each other. Ground water resources are
extracted in use for agriculture in the area of
Ramayanpatti. Around thirty, locations have been
identified in the Ramayanpatti area for sampling, based on
the contour and flow direction. The dominant chemical
cation species in the majority of the groundwater samples
are in the order of Na>Ca>Mg>K and anion species are in
the order of HCO3>Cl>SO4>NO3. Gibbs plot shows that the
region is dominated by evaporation and dilution
phenomenon. Rhode’s plot shows that there is no
reduction in the rate of infiltration of soil in the
Ramayanpatti region. Dendrogram shows that the
leachates infiltration is predominant in the winter season.
The study shows that the groundwater quality, nearer and
to the southeastern side of the disposal sites are most
affected and contaminated by solid waste leachates. The
inference with various irrigation plots show that the quality
of groundwater in the southeastern region is doubtful for
use in irrigation and the groundwater needs to be assessed
in order to use in irrigation for agriculture.
Keywords: sewage, solid waste, leachates, groundwater
pollution, agriculture and irrigation, dendrogram.
1.

Introduction

1.1 Background
Rapid
urbanization,
agricultural
activities
and
industrialization led to large withdrawal of groundwater
resources (Causape et al. 2004; Mohsen Jalali, 2011). The
groundwater is depleting at an alarming rate than ever.
Also, rapid urbanization and mushrooming of industries
escalated pollution in the environment i.e. in waterways,

air, soil and groundwater. With the disposal of increased
domestic sewage and industrial effluent into the
waterways and dumping of solid waste on the available
common lands resulted infiltration into the soil during rainy
seasons and affected the quality of ground water adversely
(Pande et al., 2015; De et al., 2016). The continuous use of
highly polluted ground water in irrigation will cause serious
damage to the crop and soil by way of reducing infiltration
(Rhoades, 1968), making it unfit for cultivation. Hence, in
the locations of municipal waste disposal site there is a
strong need for analyzing the impact of municipal waste
disposal on the quality of ground water in order to assess
its suitability for irrigation. One such critical location is the
Ramayanpatti village which is located on the outskirts of
Tirunelveli district where municipal waste is disposed off as
well as mining of limestone is carried out to the northeast
of this village. Hydro-chemical investigation has been
conducted by collecting ground water samples from the
bore wells surrounding Ramayanpatti village to know the
suitability of ground water for irrigation.
1.2 About the area investigated
1.2.1 General
Ramayanpatti village of Manur block (Panchayat Union) is
in the outskirts of Tirunelveli district, in close proximity to
Tirunelveli city. Tirunelveli is the sixth biggest city in
Tamilnadu having a population of 4.75 lakh as per the 2011
census data. This city is located in the southern part of the
state as shown in the Fig. 1. The sewage and the solid waste
generated by the city are disposed in this village area. The
sewage water is let into the stabilization ponds constructed
for treating the effluent through natural process and the
solid waste is dumped on the open yard at about 500m
away from this stabilization pond. The stabilization ponds
spread over an area of two hectares, are lined with clay at
their bottom, and the side slopes are lined with concrete
slabs in order to arrest seepage into the ground.
1.3 Geology and Lithology
The topography of the Tirunelveli district is a flat, sloping
terrain in nature and the altitude is 36.39m above MSL and
is endowed with small mountains and hillocks. The geology
of the site is hornblende-biotite gneiss structure. The
geomorphology is buried pediment shallow and pediment
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with black cotton soil to the complex outcrop. The top soil
is 1 to 3m below ground level. The fractured rocks occur at
20 to 40m below ground level. The soil is very deep,
moderately well drained, clayey soils on nearly level
lowlands, slightly eroded, associated with moderately
deep, moderately well drained, loamy soils. The soil is
classified as fine, loamy, mixed and typical ustropepts. The
area is covered by red sandy soil on top and black cotton
soil at the bottom. The River alluvial soils occur along the
river courses of Tamirabarani and Chittar river covering the
blocks of Tirunelveli and Palayankottai. The borehole
lithology of the study area indicates there is a considerable
thickness of the topsoil and has a thickness of about 2.5 m,
which is underlain by a clay layer of about 15 m thickness
and weathered rock layer of 25 m.

34.30 °C respectively. The monthly average relative
humidity varies from 62.19% to 78.13%. The minimum and
maximum average wind velocity in KMPH are 3.00 to 11.80.
The humidity is maximum during the month of OctoberDecember and it is as high as 98% during the month of
November. The minimum humidity is noticed in the month
of May which is as low as 29%. The annual average rainfall
is 956 mm, distributed during the North East monsoon
season (555.08 mm), South West monsoon season
(189.6 mm), summer (127.7 mm) and winter (74.5 mm).
1.5 Hydro-Meteorology
The Hydro-meteorological feature of the study area divides
the year into two major classifications as 1) Winter season
spanning from June to December and 2) Summer season
spanning from January to May. As the winter period brings
heavy rainfall, it improves the recharging of groundwater
and storage of surface water.
2.

Methods and techniques

2.1 Objective of the study
a) To study the impact of municipal waste disposal on
groundwater by hydro chemical investigation, and
b) To assess the groundwater suitability for irrigation
surrounding the municipal waste disposal site.
2.2 Data collection and synthesis

Figure 1. Location of the study area
1.4 Climate and rainfall
The climate of the Tirunelveli district is tropical, having a
minimum and maximum temperature of 25.11 °C to

A reconnaissance survey is carried out to find out the
location of sampling points surrounding the treatment
plant and open yard dumping site. The sampling points are
so selected that the majority of the points are located near
the disposal site where aquifer groundwater movement is
possible, which is inferred based on the USGS DEM contour
of the Ramayanpatti area, shown in Fig.2.

Figure 2. Satellite image of sampling points and Contour of the study area (Source: Google image and USGS DEM image)
Intensive sampling, preservation, storing and analysis have
been carried out as per APHA (American public health
association) standards 1999. Around thirty sampling points
have been identified surrounding solid waste dumping yard
and wastewater treatment site at Ramayanpatti. The aerial
extent of the sampling area is 10 square kilometers. These
sampling sites are located in the state district roads en
route to Tenkasi on the western side, enroute to
Sankarankovil on the eastern side and also in the village
roads near the disposal sites. The sampling points are

tagged from W1 to W30, marked circular, colored green,
shown in Fig. 2 of google image. The identified
groundwater sampling sites are mapped to Geo
coordinates with GPS (Global positioning system)
instrument, for plotting groundwater quality parameters.
The contour of the study area is drawn by the DEM (Digital
elevation model) image of USGS (United States Geological
survey), shown in Fig. 2 -contour of the study area. The
higher elevation of the study area is at the top left-hand
corner shown in red color, and the lower elevation is at the
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bottom right hand corner shown in blue color. The
elevation of the study area is decreasing from top left
corner of the image to the bottom right corner of the image
which is shown in Fig. 2. The treatment plant i.e. waste
stabilization pond is visible as rectangular plots in the
google image of Fig. 2, located near the w1 sampling point.
The solid waste dumping yard is visible as slightly
white/grey, irregular, located near the sampling point w4
in the google image of Fig. 2.
2.4 Groundwater Characterization
The groundwater samples are collected at thirty sampling
points during the summer season and winter season. The
collected groundwater samples are characterized for
general water quality parameters such as pH, EC (Electrical
conductivity), TDS (Total dissolved solids), COD (Chemical
oxygen demand), DO (Dissolved oxygen), Total Alkalinity,
Total Hardness, Cations such as Sodium, Potassium,
Calcium, Magnesium Anions such as Bicarbonates,
chlorides, sulfates, and Nitrates. The heavy metals
concentration is below the deductable limit and is not
discussed here. The water quality parameters are
measured in mg l-1, hardness and alkalinity in mg l-1
equivalent to CaCO3. SARadj, % Sodium ratio, calcium,
magnesium, TDS, chloride and Bicarbonate hardness are
used for graphical representation of Gibb’s diagram, Trilinear diagram, Wilcox diagram, Rhoade’s diagram and
USSL (United States salilnity laboratory) diagram.
Generally, the SAR values are used to find out the suitability
of groundwater for irrigation. Sodium Absorption Ratio
(SAR) Value is considered to be more significant for
assessing the suitability of water in irrigation. But adjusted
SAR values provide better insight into the water
penetration capacity of the soil. The reason is that, this
approach takes into account the possible carbonate
precipitation into the soil or dissolution of soil calcites in
the groundwater when the groundwater infiltrates. The
SAR value increases if the groundwater used for irrigation
contributes to precipitation, which reduces the water
penetration capacity of the soil. Conversely, the SAR value
may decrease if the groundwater quality has the ability to
dissolve carbonate precipitates from the soil, which in turn
increases water penetration capacity. Hence, in this study,
more focus is made on adjusted SAR values which are
denoted by SARadj and conventional SAR values by SARact.
The SARadj is calculated by converting the major cations &
anions into meq l-1 by their respective equivalent weights.
The adjusted SAR values are used throughout this study for
inference with various irrigation quality plot diagrams. The
descriptive statistics table 1 and 2 show the general
statistic measures of all the parameters such as range,
minimum, maximum, mean, standard error, standard
deviation, variance of the study area etc.
2.4.1. SAR and adjusted SAR calculations
The SAR and adjusted SAR calculations are done using the
following relations as given below.
SAR (actual)=

Na
Ca+Mg 0.5
(
)
2
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Na

SAR (adjusted)=
(

Caeq +Mg 0.5
)
2

Where
Caeq is the expected Ca concentration that exists after
equilibrating with the CaCO3 solid phase present in the soil.
The equilibrated Caeq concentration is calculated from the
following equation as suggested by S. M. Lesch, D. L. Suarez
and as given below:
1/3
k1 k2 k3 PCO2
Caeq = (
)
k4 ϒCa ϒHCO3 ( HCO3 xCa)0.5

Where k1, k2, k3, k4 represents four known chemical
equilibrium constants, HCO3 and Ca represent the
bicarbonate and calcium concentrations in milli-mole per
litre in the irrigation water, ϒCa and ϒHCO3 represent the
activity coefficients associated with these bicarbonate and
calcium concentrations, and PCO2 represents the partial CO2
pressure in the soil surface. This partial CO2 pressure is
typically assumed to be 0.0007 atmospherics in this study
too, but other values can also be employed if necessary as
appropriately as Suarez, 1981. The equation is solved using
spreadsheet by finding out the Ionic strength and using
empirical regression model as given in technical note by S.
M. Lesch, D. L. Suarez.
3.

Results and Discussion

This work has been carried out in the region of the
Ramayanpatti area covering 10 sq.Km surrounding
municipal waste disposal sites. Hence the conclusion given
here is applicable only to this area. The analysis of
groundwater quality with descriptive statistics, alteration
of permeability of soil by the application of the
contaminated groundwater, and irrigation suitability with
various plots are discussed here.
3.1 Descriptive statistics for summer and winter Season
The groundwater samples are characterized for both
summer and winter seasons. Only descriptive statistics of
summer and winter seasons are shown in Table 1 and Table
3. These characterizations show that the dilution is
predominant during the winter season as may be seen from
the minimum and maximum values of the parameters. The
groundwater quality parameters such as pH, TDS, Total
Hardness increases slightly during summer season which is
shown in Table 1. The parameters such as COD and DO
decreases slightly during summer and are due to higher
rate of oxidization of COD at higher temperatures, thereby
decreasing DO and hence a slight increase of pH. As the
concentration of TDS and chloride are higher; there is a
possibility of infiltration of solid waste leachates from the
open dump yard. The nitrate concentration in groundwater
is higher in the agricultural areas where nutrient urea is
used (Jalali 2005; 2011). The spatial distribution of nitrate
concentration is shown in Fig.3. The dominant chemical
cation species in the majority of the groundwater samples
are in the order of Na>Ca>Mg>K and anion species are in
the order of HCO3>Cl>SO4>NO3. The high magnesium
species are found at the points in the groundwater flow
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path and are located in the region of mining and dolomite
processing areas.
3.2 Summer Season Analysis
The descriptive statistics of characterization of the
groundwater samples during the summer season is shown
in Table 1. The pH value shows that the groundwater, in
general, is neutral to very slightly alkaline which ranges
between 7.33 and 8.26. This shows that the carbonate is
not present in most of the samples but may present in
smaller quantities in the waters having pH above 8 (wqd,
a&i). This pH value increases slightly during this season. The
TDS value ranges from 449 to 2611 mg l-1. The TDS at
sampling points W7, W11, W14 & W18 which are in the
flow path of groundwater from dumpsite shows a higher

concentration of TDS in the range of 1631 to 2611 mg l-1.
Similarly, the Total hardness is well within the limits of
standards except at the sampling points of W7, W11, W14
&W18 where the concentration ranges from 1137 to 1723
mg l-1. Total alkalinity is well within 500 mg l-1 except at
some points where it exceeds, and the values vary from 230
to 655 mg l-1. The COD shows higher concentration at
points near to the municipal disposal sites and this value
ranges from 5 to 56 mg l-1. The DO of the sampling points is
generally good, and the values range from 5.83 to 7.38 mg
l-1. The calculated TDS/EC ratio is in the range of 0.57 to
0.64. Chlorides and TDS calculated are in the increasing
trend which shows that there is a possible contamination
of groundwater by infiltration of leachates from dumping
yard site.

Table 1. Descriptive statistics for summer season
Parameter
pH
EC µS/cm
Total Alkalinity
Total Hardness
COD
DO
Calcium
Magnesium
Sodium
Pottasium
Bicarbonate
Chloride
Sulphate
Nitrate
TDS
SAR act
SAR adj

No of
Samples
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

Range

Minimum

Maximum

Mean

Standard Error

0.93
4067
425
1474
51
1.55
238
185
746
8
518
1149
287
52
2162
8.78
11.04

7.33
617
230
249
5
5.83
42
28
27
19
281
90
26
24
449
0.78
0.88

8.26
4684
655
1723
56
7.38
280
213
773
27
799
1239
313
76
2611
9.56
11.92

7.642667
2290.733
462.4333
700.7
17.86667
6.557
125.8333
97.16667
290.7667
23.56667
550.8667
443.2333
129.5333
36.73333
1417.833
4.676
5.6487

0.03926
195.5409
21.14752
65.06508
2.287765
0.078823
10.93062
8.672069
28.46142
0.385613
27.13397
52.38963
13.19602
2.34493
106.6558
0.3602
0.45227

Standard
Deviation
0.215037
1071.022
115.8297
356.3761
12.53061
0.431734
59.86945
47.49888
155.8896
2.112089
148.6189
286.9498
72.27759
12.84371
584.1778
1.9729
2.47719

Variance
0.046241
1147088
13416.53
127003.9
157.0161
0.186394
3584.351
2256.144
24301.56
4.46092
22087.57
82340.19
5224.051
164.9609
341263.7
3.892
6.136

*All parameters are in mg/l except pH,EC, both SAR

The two tailed bivariate Spearman calculation is done for
the summer season groundwater quality parameters which
is shown in Table 2. Table 2 shows the general statistic
measures of all the parameters such as range, minimum,
maximum, mean, standard error, standard deviation,
variance of the study area etc.EC and total alkalinity values
show significant correlation with all the major cations and
anions at 0.05 levels. It is obvious that the correlation is
very significant at 0.01 levels for EC and TDS calculated. The
correlation coefficient is 0.959. Total hardness shows
significant correlation with all major cations and anions
except potassium and nitrates. COD correlates negatively
with DO. Calcium, magnesium and sodium correlate well
among them and also with hardness, alkalinity, major
cations, major anions, other than potassium, nitrate and
TDS. Chlorides correlate well with TDS. Similarly, SAR actual
and SAR adjusted values show significant correlation at
0.01 levels and the ratio is 0.994. Also, both SAR values
show that the correlation with sodium is significant at 0.01
levels and the ratio is 0.92 and 0.921 since the SAR values
is directly proportional to sodium. Both the SAR values and
TDS show significant correlation with bicarbonate at 0.01
levels and the ratio are 0.568, 0.593 and 0.705. The
correlation between SAR values and TDS show significant

correlation at 0.01 levels where this correlation ratio are
0.627 and 0.645. The SAR values and TDS calculated show
significant correlation with total alkalinity at 0.01 levels and
are 0.627 and 0.645. The sodium shows significant
correlation with chloride and bicarbonate at 0.01 levels and
is 0.753 and 0.630.
3.3 Winter Season Analysis
The descriptive statistics of groundwater characterization
during summer season is shown in Table 3. The pH value
shows that the groundwater in general is neutral to very
slightly alkaline or acidic which varies from 6.91 to 7.66.
This pH value shows that the carbonate is not present in
these waters as per water quality data, analysis and
interpretations (wqd a&i) and the carbonates shall be
present if the pH is above 8. This range of pH does not
influence ionic balance in waters or the percentage affect
is negligible. Normally the pH values shall be included in the
ionic balance if the value of pH is less than 4 or greater than
10. The TDS value ranges from 460 to 2495 mg l-1. The TDS
values are well within the WHO irrigation standards at most
points and are above 2000mg l-1 at points W7, W8, W11,
W14 and W25.

Table 2. Spearman bivariate analysis for summer season
pH
EC
TA
TH
COD
DO
Ca
Mg
Na
K
HCO3ClpH
1
EC
0.14
1
TA
0.3
.541**
1
TH
0.1
.895**
.482**
1
COD
0.01
0.31
0.2
0.34
1
DO
-0.28
-.374*
-.432*
-0.35
-.516**
1
Ca
0.12
.905**
.463*
.960**
.366*
-0.34
1
Mg
0.16
.854**
.452*
.969**
0.28
-.378*
.914**
1
Na
0.26
.815**
.587**
.689**
0.33
-.481**
.725**
.677**
1
K
-0.13
0.04
-0.1
-0.04
-0.36
.389*
0
-0.06
0.11
1
HCO30.26
.596**
.974**
.559**
0.21
-.490**
.532**
.526**
.630**
-0.07
1
Cl0.1
.967**
.514**
.876**
0.29
-0.34
.884**
.837**
.753**
0.07
.585** 1
SO420.08
.432*
0.27
.569**
.407*
-.550**
.590**
.576**
.389*
-0.27
0.33
0.36
NO3-.403*
-0.05
-.362*
0.05
-0.25
0.34
0.02
0.05
-0.08
0.19
-0.34
-0.13
TDS cal
0.2
.959**
.642**
.913**
0.33
-.420*
.929**
.882**
.860**
0.03
.705** .931**
SAR act
0.36
.572**
.544**
.394*
0.21
-.458*
.440*
.402*
.920**
0.16
.568** .504**
SAR adj
0.36
.590**
.570**
.406*
0.23
-.470**
.462*
.399*
.921**
0.15
.593** .524**
*. Correlation is significant at the 0.05 level (2-tailed), **. Correlation is significant at the 0.01 level (2-tailed), TH-Total Hardness, TA-Total Alkalinity

SO42-

NO3-

TDS cal

SARact

SARadj

1
0.17
.531**
0.18
0.2

1
-0.06
-0.18
-0.19

1
.627**
.645**

1
.994**

1

Table 3. Descriptive statistics winter season
Parameters*
No of Samples
Range
pH
30
0.75
EC µS/cm
30
4036
Total Alkalinity
30
380
Total Hardness
30
1395
COD
30
77
DO
30
1.98
Calcium
30
208
Magnesium
30
171
Sodium
30
561
Potassium
30
9
Bicarbonate
30
497
Chloride
30
1111
Sulphate
30
274
Nitrate
30
61
TDS
30
2035
SARact
30
7.52
SARadj
30
9.59
*All parameters are in mg/l except pH, EC, and both SAR values

Minimum
6.91
635
231
202
4
5.64
38
25
37
20
246
78
19
22
460
1.14
1.29

Maximum
7.66
4671
611
1597
81
7.62
246
196
598
29
743
1189
293
83
2495
8.66
10.88

Mean
7.303
2262.033
425.8333
669.3667
28.4
6.605
114.9333
90.4
277.8667
24.6
507.6333
416.0333
125.2333
37.26667
1390.6
4.691667
5.611333

Std. Error
0.041064
197.9935
19.00557
62.59374
4.054684
0.100385
10.43171
8.011429
25.57359
0.43045
25.11383
50.84248
13.32629
3.161163
102.3787
0.355888
0.442155

Std. Deviation
0.224916
1084.455
104.0978
342.84
22.20842
0.549832
57.13682
43.8804
140.0723
2.357673
137.5541
278.4757
72.99111
17.3144
560.7515
1.949278
2.42178

Variance
0.050587
1176043
10836.35
117539.3
493.2138
0.302316
3264.616
1925.49
19620.26
5.558621
18921.14
77548.72
5327.702
299.7885
314442.2
3.799683
5.865019

Table 4. Spearman two tailed bivariate correlation for winter season
pH
EC
TA
TH
COD
DO
Ca
Mg
Na
K
HCO3pH
1
EC
-0.27
1
TA
.418*
.442*
1
TH
-0.29
.902**
.439*
1
COD
-0.09
0.14
-0.08
0.13
1
DO
-0.15
-.383*
-0.35
-0.27
-.591**
1
Ca
-0.25
.917**
.454*
.970**
0.17
-0.3
1
Mg
-0.32
.888**
.406*
.982**
0.13
-0.3
.932**
1
Na
0.13
.749**
.602**
.641**
0.11
-.490**
.674**
.612**
1
K
-0.15
0.05
-0.11
0.01
-.430*
.587**
0.04
-0.05
0
1
HCO3.379*
.502**
.976**
.509**
-0.09
-.408*
.519**
.478**
.640**
-0.14
1
Cl-0.19
.939**
.493**
.872**
0.13
-0.33
.910**
.836**
.681**
0.06
.548**
SO42-0.25
.512**
0.29
.566**
.380*
-.481**
.565**
.605**
.402*
-0.26
0.32
NO3-.653**
-0.02
-.425*
0.06
-0.11
.433*
-0
0.09
-0.13
0.34
-.440*
TDScal
-0.1
.932**
.641**
.911**
0.13
-.400*
.936**
.885**
.815**
-0.01
.694**
SARact
0.33
.483**
.559**
0.32
-0
-.438*
0.36
0.29
.910**
-0.04
.561**
SARadj
0.34
.507**
.594**
0.34
-0.01
-.423*
.395*
0.31
.918**
-0.01
.591**
*. Correlation is significant at the 0.05 level (2-tailed), **. Correlation is significant at the 0.01 level (2-tailed), TH-Total Hardness, TA-Total Alkalinity

Cl-

SO42-

NO3-

TDS cal

SAR act

SAR adj

1
.381*
-0.14
.915**
.417*
.449*

1
0.08
.598**
0.15
0.18

1
-0.09
-0.19
-0.19

1
.548**
.585**

1
.994**

1
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These points are located in the groundwater flow direction
from the solid waste dump yard. Similarly, the total
hardness is well within the limit of the irrigation standards
at most points except at the sampling points of W7, W11,
W14 and W18 where the concentration ranges from 1077
to 1597 mg l-1. Total alkalinity is also generally within
acceptable limits and well within 500mg l-1 except at some
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points where it exceeds, and the values varies from 231 to
611 mg l-1. The COD does exist in the wells W1, W2 to W8
located near the municipal solid waste disposal sites and is
above 40 mg l-1. This COD value ranges from 4 to 81 mg l-1.
The DO of the sampling points is generally good at all
sampling locations and the values range from 5.64 to 7.62
mg l-1. The TDS to EC varies from 0.55 to 0.74.

Figure 3. Spatial distribution of important groundwater quality parameters
The two tailed bivariate Spearman calculation is done for
winter season, shown in Table 4. Table 4 shows the general
statistic measures of all the parameters such as range,
minimum, maximum, mean, standard error, standard
deviation, variance of the study area etc. pH shows
significant correlation at 0.05 levels with bicarbonate,
alkalinity, nitrate and the SAR values. EC and total alkalinity
values show significant correlation with all the major
cations and anions at 0.05 levels. It is obvious that the
correlation is very significant at 0.01 levels for EC and TDS
calculated and the ratio is 0.932. Total hardness show

significant correlation with all major cations and anions
except potassium and nitrates. COD correlates negatively
with DO. Calcium, magnesium and sodium correlate well
among them and also with the TDS, hardness, alkalinity, all
the major cations and anions except potassium and nitrate.
Chlorides correlate well with the TDS calculated and the
continuous increase in chloride concentration shows that
there is a possible contamination from leachates. Similarly,
SAR actual and SAR adjusted also show significant
correlation at 0.01 levels and the ratio is 0.994. Also, both
SAR values show that the correlation with sodium is
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significant at 0.01 levels and the ratio is 0.91 and 0.918
since the SAR values is directly proportional to sodium.
Both the SAR values and TDS calculated show significant
correlation with bicarbonate at 0.01 levels and the ratio are
0.561, 0.591 and 0.694. The correlation between SAR
values and TDS calculated show significant correlation at
0.01 levels and the ratio are 0.548 and 0.585. The SAR
values and TDS calculated show significant correlation with
total alkalinity at 0.01 levels and the ratio are 0.559. 0.594
and 0.641. TDS value shows significant correlation with
calcium, magnesium and sodium at 0.01 levels and the
ratio is 0.936, 0.885 and 0.815. Sodium shows significant
correlation with chloride and bicarbonate at 0.01 levels,
and the ratio is 0.681 and 0.640
3.4 Spatial distribution of groundwater quality

the flow path of groundwater or leachate i.e., on the
eastern side of the solid waste dump yard. The areas where
agriculture is practiced are affected with pH, calcium,
sulphate and nitrate. The study area is practicing
predominantly agriculture and the most affected area is on
the southwestern side of the disposal area. The most
affected area invariably by all the cations and anions is
located in the northeastern side of the disposal site which
is along the flow path of groundwater and leachate from
solid waste dumping yard
3.5 Classification and Grouping
The classification and clustering are studied through
dendrogram for both winter and summer seasons which
are shown in Fig. 4 and Fig. 5 respectively. The dendrogram
for winter season has three significant linkage groups and
they are irrigation quality parameters linkage, conductivity
parameters linkage and hardness parameters linkage. The
other linkages are at a long cluster distance and are
insignificant. The first linkage group has direct relation
among them which are SAR actual, SAR adjusted and NO3.
The second linkage group is EC and chlorides which
indicates that the increase of chloride concentration
contributes more to the EC. This linkage indicates that the
leachates of solid waste infiltrate into the groundwater.
The third linkage is total hardness and magnesium, which
shows that the hardness increase is mainly due to the
magnesium which is due to the dolomite weathering from
mining and processing activities.

Spatial distribution was drawn for average groundwater
quality of all the seasons which is shown in Fig. 3. The
direction specified throughout this paper has been
referenced with respect to the location of municipal waste
disposal and dump site. The spatial distribution is drawn for
important ground water quality parameters such as EC,
sodium, nitrates, calcium, magnesium, chloride and SAR.
The groundwater quality is badly affected at two places in
the study area. One of the affected area has been located
in the region of movement of leachate of solid waste, i.e.,
on the northeastern side. The other area is spread
throughout the study area, but the southwestern side is the
most affected where larger area of agriculture is being
practiced. The leachate and groundwater movement starts
The dendrogram for the summer season is shown in Fig. 5.
towards eastern direction from solid waste dump yard and
There was no linkage between chloride and sulfate,
changes its direction to the southern side as shown by
chloride and TDS, and widening of TDS and Total hardness.
contours of Fig. 2. pH is slightly alkaline along the
This indicates that the leachate infiltration phenomenon is
groundwater flow path of the disposal site. TDS or EC, total
either least or retarded during summer season.
alkalinity, chloride, calcium and magnesium is high along
HIERARCHICAL CLUSTER ANALYSIS

Figure4. Dendrogram for winter season

3.5 Geological phenomenon analysis
The geological phenomenon of the soil is generally inferred
with the Gibbs plot. Gibbs plot has been drawn to find out
the interaction of the soil with water or groundwater. Two

Figure 5. Dendrogram for Summer season

types of Gibbs plot have been drawn. The first type of the
plot is drawn with TDS in mg l-1 versus sum of Na, K and Ca
ratio in meq l-1 which is shown in Fig. 6. The second type of
Gibbs plot is drawn with TDS in mg l-1 versus sum of Cl &
HCO3 ratio in meq l-1 which is shown in Fig. 7. Normally the
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interaction that shall be inferred from this type of plot is
classified as dilution, evaporation, precipitation, and
weathering phenomenon. The first type of Gibbs plot
drawn for the samples shows that all the sampling points
lie in the region of evaporation and dilution, and more
precisely it is dominated by evaporation for both winter
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and summer seasons. The second type of Gibbs plot shows
that the region is dominated by both the dilution and
evaporation phenomenon. The dilution effect is more
predominant during the winter season, as can be seen from
the diagram.

Figure 6. Gibb’s plot I diagram

Summer
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Figure 7. Gibb’s plot II diagram
3.6 Irrigation quality analysis of groundwater
The hydro geochemical characteristics of groundwater are
analyzed from piper diagram (Piper, 1944) which is shown
in Fig 8. It is seen from the quaternary diagram that the
distribution of water types is two in both summer and
winter season. The quartenary diagram shows that the
groundwater is NaCl type and bicarbonates of Ca and Mg
for both the seasons. The NaCl type shows the possible
contamination of groundwater from leachates. As can be
seen from the tri linear plots of both the cation and anion,
the species that are dominant in groundwater samples are
in the order of Na+K, Ca+Mg, Cl and HCO3 for both the
winter and summer seasons. The cation tri linear plots are
in line with Na+K, but anion samples are lumped towards
carbonate and chloride. So, the dominant species of
cations and anions in groundwater around the study area
is Na+ ions and Cl-, HCO3, ions for both the seasons. The
cations align with Na + K apex and anions align with
carbonate and chloride apex. This tri linear piper diagram
also suggests groundwater contamination by the leachates

of solid waste and due to carbonate weathering by
processing industries.
The Wilcox diagram has been used to assess the sodium
and EC hazard qualitatively for groundwater used in
irrigation (Wilcox, 1948). The Wilcox diagram is plotted
using %sodium versus EC in µS/cm. The percentage sodium
ratio is calculated as follows:
Na %=

(Na+K)*100
(Na+K+Ca+Mg)

Fig. 9 shows the sodium and EC hazard of groundwater
samples. The Wilcox diagram qualitatively depicts the
groundwater as excellent to good, good to permissible,
permissible to doubtful and doubtful to unsuitable of
groundwater in irrigation. The groundwater quality is
relatively better during the winter season than the summer
season. It is obvious that the winter provides recharge, and
thereby dilution occurs. During winter, out of 30 samples,
five samples fall in the region of excellent to good, seven
samples in good to permissible, 12 samples in permissible
to doubtful and six samples fall in doubtful to unsuitable
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regions. While during Summer season 5 samples fall in the
region of excellent to good, 9 samples fall in the region of
Good to permissible, eight samples fall in the region of

permissible to doubtful, and eight samples fall in doubtful
to unsuitable quality for irrigation purposes.

Figure 8. Piper diagram

Figure 9a. Wilcox diagram for classification of irrigation waters
The USSL plot is similar to Wilcox but it shows the intensity
of sodium & conductivity hazard represented from 1 to 4
scale with prefix of S for sodium & C for conductivity
(Wilcox 1955). The sodium hazard is represented as S1, S2,
S3, S4 and conductivity hazard as C1, C2, C3, C4. The
classification from 1 to 4 depicts hazard for irrigation
quality of water as Low, Medium, High and Very high. The
quality of groundwater samples is better during winter
than summer seasons. During winter season 11 samples fall
in C3-S1 region and seven samples fall in C3-S2, 10samples
in C4-S2 and two samples C4-S3 region. During the summer
season 11 samples lie in the region of C3-S1, 14 samples lie
in C4-S2, and four samples lie in C4-S3 region. The
groundwater conductivity hazard varies from high to very
high i.e., all the samples lie in C3 or C4. Similarly, sodium
hazard varies from low to high i.e., S1 to S4. A majority of
the groundwater samples show very high EC hazard and
medium Sodium hazard.
The relative rate of infiltration is used to infer the
groundwater penetration capacity of the soil (Rhoades
1968). This is studied with Rhoade’s plot which describes
the changes in penetration capacity of the soil with the
quality of the applied groundwater. This Rhoade’s plot is
shown in Fig. 10. Out of 30 samples, twenty-eight samples
plotted in the region of “no reduction” in the relative rate

of infiltration. Only two samples lie in the region of a “slight
reduction” in the relative rate of infiltration. Five samples
lie at the boundary of “no reduction and slight reduction”
zone. The above plot shows that if SAR increases with
increase in EC, it shall always lie in the zone of “no
reduction” in relative rate of infiltration. Conversely if SAR
alone abnormally increases, then the groundwater quality
enters into the zone of “slight reduction” and then to
“severe reduction” in relative rate of infiltration. Similarly,
if EC alone increases, then all the points will lie in the “no
reduction” zone. This diagram as adapted from Rhoades
1977; and Oster and Schroer 1979, shows that when the EC
alone comparatively increases then the points move
towards no reduction zone. It shows that, if Na does not
contribute to the increase in TDS but other parameters
such as hardness parameters Ca, Mg do contribute, then
there shall be a decrease in the relative reduction rate of
infiltration i.e. the groundwater quality becomes better,
when applied onto the field. The above conditions indicate
that the salinity must be compensated with hardness so as
to make the ground water amenable for irrigation. So, in
general, gypsum is added to the field as a soil conditioner
to make it amenable for irrigation. The groundwater is
suitable for irrigation except at five sampling points which
lie on the border of no reduction to slight reduction.
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Figure 9b. USSL DIAGRAMS for classification of Irrigation waters

Figure 10. Rhoade’s diagram for analysis of soil infiltration capacity
4.

Conclusion

The dominant chemical cation species in the majority of the
groundwater samples are in the order of Na>Ca>Mg>K and
anion species are in the order of HCO3>Cl>SO4>NO3. Gibbs
plot shows the geological phenomenon is dominated by
evaporation and dilution. Rhoades plot shows there is no
appreciable reduction in the rate of infiltration of the soil
by the application of these groundwater samples except at
two locations where it gets slightly affected. USSL diagram
shows that the majority of the groundwater samples are
affected by high TDS or conductivity hazard, and medium
sodium hazard. Piper plot shows that two types of
groundwater occur in both the seasons and the ground
water is dominated by sodium, calcium, magnesium,
chloride, and bicarbonates. Wilcox plot shows that the
majority of the groundwater samples are in the range of
“permissible” to “doubtful to unsuitable” for use in
irrigation. SARadj values show that the quality of
groundwater is suitable for irrigation at all locations except
at two points which are located nearby municipal waste
disposal sites. Statistical analysis, such as dendrogram
study shows that the leachate infiltration is predominant
during the winter season than summer season. Spatial
distribution study and contour of the study area show that
the flow path of the groundwater is towards the
southeastern direction. The high concentration of TDS and

chloride in groundwater in the southeastern region of
disposal sites show contamination by solid waste
leachates. The nitrate concentration is generally spread in
all the areas and exceeds the limit in the wells surrounded
by agriculture practiced areas. The highest concentration
of calcium and magnesium occur in the groundwater in the
northeastern region of municipal solid waste disposal and
is due to processing of dolomites by several small-scale
industries. This study shows that the leachate from open
dump yard of municipal solid waste contaminates the
groundwater along its flow path located in the
southeastern region from the point of the municipal
disposal site. The eastern region of the study area from
municipal solid waste disposal site is the most affected and
the groundwater quality needs to be assessed before
irrigation.
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