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Abstract

The present study aimed to assess the impact of municipal solid waste dumpsite on groundwater bodies at Hyderabad,
India. Leachate and groundwater samples collected through pre- and post-monsoon analyzed the physicochemical,
microbiological, biological and heavy metals. The analytical data were compared with Bureau of Indian Standards (BIS)
drinking water quality standards. Water quality index (WQI), heavy metal pollution indices like heavy metal evaluation
index (HEI) and degree of contamination (Cd) are calculated for groundwater samples. High total dissolve solids values
in leachates revealed that they were highly contaminated with organic and inorganic salts. Biological oxygen demand
values indicated that dumpsite was “old and stabilized” with decreasing biodegradability from time to time. According
to WQI, about 75% of the water samples identified as “Poor” category that is not suitable for neither drinking nor domes-
tic purposes as per BIS standards. Similarly, HEI and Cd results indicated that majority of the samples are labeled with
low-metal pollution status. Spatial patterns obtained through geographic information systems using inverse distance
weighted interpolation technique revealed that the concentrations of various parameters are high due to increased
degradation of solid wastes during rainfall, especially during the post-monsoon. The study suggested that leachates
have treated prior to disposal on land, and continuous monitoring of groundwater wells is required to minimize the
pollution and potential health hazards.

Keywords Leachate - Municipal dumpsite - GIS - Groundwater - Heavy metal evaluation index (HEI) - Water quality index
(waQl)

1 Introduction

India is the seventh largest country by area, the second
most populous country with over 1.2 billion people and
one of the mega diversity regions in the world. However,
when it comes to MSW management, little is the way it
is meant to be. With rapid industrialization and popula-
tion growth, MSW has increased tremendously due to

increased lifestyles and social status of the people. Accord-
ing to Ministry of Urban Affairs, Govt. of India estimates,
India is generating approximately 100,000 metric tons
of solid waste everyday of which 90% is disposed in the
open place [1]. In spite of specifications of municipal solid
wastes (management and handling rules) developed by
MoEF & CC [2] for collection, segregation, storage, trans-
portation, processing and disposal, lack of implementation
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is the main cause for the widespread of open waste dis-
posal. Unconditional open dumping of the garbage in
the absence of protective liners beneath causes leachate
percolation into the aquifer system. It is a thick toxic soup
which flows out of the decomposing solid wastes carry-
ing harmful constituents like organic matter, heavy metals
and xenobiotic organic compounds as a result of precipita-
tion. Further, it seeps into the very next recipient soil and
ultimately reaches the groundwater table disrupting the
natural phenomena of hydrological cycle. Groundwater
contamination due to MSW leachate poses a serious threat
to the biotic communities as it is an important resource
for drinking and agriculture purposes. Quality assessment
and regular monitoring of groundwater wells around the
dumpsites are also the need of an hour. Several scientific
studies [3-13] are being carried out worldwide on MSW
leachate pollution impact on water bodies. Spatial vari-
ation of groundwater quality depends on the geological
formation through which it flows and on anthropogenic
activities in the groundwater [14-311].

WAQl is the superior environmental criterion and one of
the most effective tools, which ultimately describes the
water quality status for drinking purpose. The general WQI
was developed [32] and improved by Deininger for the
Scottish Development Department in [33]. WQI provides
a single value that expresses overall water quality at a cer-
tain location. It converts the complex water quality data
into information that is understandable and useable by
the public and helps in developing environmental man-
agement strategies to control the groundwater pollution.
In addition, water quality index (WQI) has been widely
used to indicate a water quality class for drinking use [34].
Details on computation of WQI using relative weight and
quality rating scale are presented in [20, 34-45].

Heavy metal pollution indices like heavy metal evalu-
ation index (HEI) and degree of contamination (Cd) also
hugely contribute in assessing the pollution status of the
groundwater resources. Various researchers have success-
fully used HEl and Cd for interpretation of heavy metal pol-
lution [46-62] and several others.

Geographic information system (GIS) combined with
IDW interpolation technique is a powerful package in
assessing and regular monitoring of the groundwater
quality. It is less time-consuming and cost-effective pro-
cess which transforms huge sets of data collection into
spatial projections to observe the patterns and connec-
tions of pollutants. It also helps in identifying probable
sources and origin of the contaminants. GIS-based study
is the best idea to observe the evolution tendency of the
water quality which keeps changing from time to time.
This modern approach tremendously helps in precise
monitoring and quick decision making process for envi-
ronmental managers and decision makers.
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In view of the above, the present investigations were
undertaken at Jawaharnagar dumpsite with the following
objectives (1) to assess the impact of leachates on ground-
water quality (2) to study the seasonal variation of ground-
water quality in two hydrological cycles and (3) to assess
the extent of groundwater contamination using WQI and
other heavy metal pollution indices with the aid of GIS.

2 Study area

Municipal solid waste dumpsite is situated in Jawaharna-
gar Village near Hyderabad city. It is just outside the lim-
its of Greater Hyderabad Municipal Corporation (GHMC)
and inside the HMDA (New limits of Hyderabad). The
site is 35 km from Hyderabad city and 105 km away from
the state highway connecting Hyderabad and Nagpur in
west direction from boundary of project site. It is an open
dumpsite which was established in the year 2002. The
total area of Jawaharnagar village dumpsite is 350 acres
from which the area occupied by the waste at present is
182 acres. It is located between 70°30"01” N to 17°32' 03"
N latitude and 78°34' 13" E to 78° 37’ 47" E longitude. The
location map of the study area was prepared using Arc GIS
10.1 software developed by ESRI (Fig. 1).

Hyderabad is the capital city of Telangana state and is
the sixth largest city in India. Currently, 5000 metric tons
(MT) of municipal solid waste is generated in the city. This
waste is collected by the municipal authorities with the
help of tricycle carts and dumped into the three major col-
lection points which are located in Yousufguda, Imlibun
and Lower Tank bund. Eventually, waste collected from
all the three collection points in the city are transported
through trucks and dumped into the municipal dumpsite
of Jawaharnagar without proper segregation and recy-
cling process. The percentage composition of the munici-
pal solid waste generated in Hyderabad city (Fig. 2) was
reported elsewhere [63].

At the vicinity of the MSW dumpsite, it is observed that
groundwater table is at 120 cm below ground level. The
annual mean temperature is 26 °C. Summers are hot with
maximum temperatures of 40 °C. Winter has temperatures
varying from 14.7 to 28.6 °C. Heavy rain from the south-
west monsoon falls between June and September, with
annual rainfall of 812.5 mm.

3 Methodology
3.1 Sampling of leachate and groundwater

To examine the effect of leachate pollution on groundwa-
ter, leachate samples at two stations and twenty-three (23)
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tion of municipal solid waste
in Hyderabad. Source: Raj et al.

[63]

1 Location map of the study area (i.e., Jawaharnagar dumpsite)

2 Percentage composi-
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groundwater samples were collected around the dumpsite  random sampling technique was employed covering an
during pre- and post-monsoon in 2014 and 2015. Simple  area of approximately 49 sq. km around the dumpsite to
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Table 1 Geographic

. S.no. Sample site hamlet/vil- Sample ID Latitude Longitude Sampling distance
coordinates of groundwater lage name from dumpsite
and leachates of the study area (km)

1 Dammaiguda GWi1 17.29.34.5 78.33.0.705 3

2 Yadgarpally GW2 17.31.56.411 78.37.21.664 4

3 Godumkunta GW3 17.29.28.432 78.38.43.162 57

4 Kundanpally GW4 17.29.55.108 78.38.25.447 44

5 Karimguda GWS5 17.28.34.378 78.39.50.537 8.7

6 Malkaram GWe6 17.31.47.652 78.34.55.495 1.2

7 Y.S.R nagar GW7 17.31.4.573 78.34.50.461 1.7

8 Indiramma Jinnaram GW8 17.31.5.509 78.32.56.063 25

9 Cheriyal GW9 17.31.40.039 783746538 4.2

10 Haridaspally GW10 17.31.38.914 78.36.12.954 1.2

1 Ahmedguda GW11 17.29.59.023 78.37.8.062 42

12 Nagaram GW12 17.29.11.757 78.36.27.773 5

13 Gabbilalpet GW13 17.31.17.408 78.34.44.687 1.4

14 Yadgarpally 2 GW14 17.32.1.653 78.37.10.386 4

15 Jawaharnagar GW15 17.31.59.331 78.35.27.287 840 (in m)
16 Karimguda 2 GW16 17.28.9.435 78.39.32.925 8.7

17 Rampally GW17 17.28.8.413 78.38.6.652 8.5

18 Charkpally GW18 17.28.30.689 78.36.55.765 4.1

19 Wampugudem GW19 17.30.6.671 78.34.20.407 53

20 Ambedkarnagar GW20 17.30.31.96 78.34.21.753 6.2

21 Chennapur GW21 17.30.56.098 78.34.16.948 3.1

22 Balajinagar GW22 17.31.13.434 783343.652 44

23 Timmaipally GW23 17.32.50.585 78.37.10.307 6.1

24 Leachate 1 L1 17.31.59.330 78.35.27.280 120 (m)
25 Leachate 2 L2 17.31.59.329 78.35.27.279 121 (m)

observe the variations due to leachate pollution. The sam-
pling locations were recorded using GPS (Table 1). All the
samples were collected in 1-L pre-cleaned high-density
polyethylene bottles (HDPE), transferred to the labora-
tory and were stored at 4 °C and analyzed within 2 days of
sampling following APHA [64] methods. All the samples
were analyzed for physicochemical parameters, viz. pH, EC,
TDS, TA, TH, Ca**, Mg*?, Na*, K*, CO3% HCO;~, NO,~, SO,?,
Cl™ and F~ and heavy metals, viz. cadmium (Cd), copper
(Cu), lead (Pb), arsenic (As), chromium (Cr), iron (Fe), nickel
(Ni) manganese (Mn) and zinc (Zn).

The pH and EC were measured in the field, immediately
after the sampling using digital pH and conductivity meter
(HANNA Inst). TDS was calculated using EC value using an
empirical equation. TA, TH, Ca?*, Mg?* and CI~ were esti-
mated by titrimetry using standardized EDTA solution.
Carbonates (CO,>7) and bicarbonates (HCO;") were deter-
mined by titration with H,SO,. Sodium (Na*) and potas-
sium (K*) were determined by flame photometry. Nitrates
and fluoride determination was carried out using ion-
selective electrodes (Orion). Sulfate (SOf) was measured
by spectrophotometer (Spectronic 21). Heavy metals were
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analyzed using inductively coupled plasma optical emis-
sion spectrometry (ICP-OES, Perkin ElImer Optima 4300DV).

3.2 Water quality index (WQI)

In this study, for the calculation of water quality index
(WQI), 11 parameters, namely pH, electrical conductivity,
total dissolved solids, total hardness, calcium, magnesium,
sodium, potassium, sulfates, nitrates and chlorides were
chosen. Three major steps were carried out for computing
WQI for groundwater samples as follows:

(1) Each of the chemical parameters were assigned a
weighting factor (w) based on its importance and
potential impact on overall water quality for drink-
ing purpose. Highest weighting factor (w;=5) was
assigned to the parameters (TDS, NO;™ and CI™) which
are known sources of dumpsite leachate contami-
nation in groundwater, and a minimum weighting
factor (w;=2) was assigned to the parameters (Ca*,
Mg?* and K*) which have no significant effects on the
water quality.
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Table 2 Relative weights of various parameters to calculate water
quality index (WQI)

Water quality BIS desirable Weighting fac-  Relative
parameters limits (1998)? tor (w) weight
w)
pH 8.5 3 0.0769
EC 200 3 0.0769
TDS 1000 5 0.1282
TH 300 3 0.0769
Ca** 75 3 0.0769
Mg?* 30 3 0.0769
Na* 100 3 0.0769
K* 10 3 0.0769
50,2 200 3 0.0769
NO,™ 45 5 0.1282
cr- 250 5 0.1282
sw,;=39 SWi=1

@Bureau of Indian Standards (BIS)

(2) The relative weight (W) was calculated using follow-
ing Eq. 1 (Table 2).

Wi

Zn Wi M

n=1

M/i=

where W,;=relative weight, w;=weighting factor of
each parameter and n is no. of parameters.

(3) A quality rating scale (g;) for each chemical param-
eter was calculated by dividing the analytical value
of each groundwater sample parameter (C;) with its
respective [65] drinking water quality standard (S)).
The value obtained was further multiplied with 100
using following equation

G
q; = <§>100 (2)

(4) Further, sub-index (SI;) for each chemical parameter
was calculated by substituting the obtained values
of relative weight (W) and quality rating scale (g, of
each parameter in the following equation

Sl = W,q; (3)

(5) Finally, WQI was calculated by the summation of the
sub-index values of all the chemical parameters using
following equation

wal =)' s|, 4)
i=1

where n=no. of parameters.

3.3 Heavy metal evaluation index (HEI)

The HEI method estimates an overall water quality status
with respect to heavy metals. The HEI is computed using
the following equation:

HEI = Hc; /Hmac; (5)

n
i=1

where Hc is the monitored value of the ith parameter and
Hmac is the maximum admissible concentration (MAC) of
ith parameter.

3.4 Degree of contamination (Cd)

This method is used to evaluate the water quality by cal-
culating the degree of contamination (Cd), and it was
developed by [66]. The Cd is calculated by summation of
the contamination factors (Cfi) of individual parameters
that exceed their upper permissible value for every water
sample. The parameters considered include As, Cd, Fe, Cu,
Mn, Zn.Thus, Cd summarized the combined effect of these
heavy metal parameters in groundwater which are harm-
ful for human consumption. The Cd is computed from the
following equations:

n
Co= D Cs
i=1

=By

fi= C_N, -
where C, CA;, CN, represent the contamination factor, ana-
lytical value and upper permissible concentration of the
ith component. The CN, values were taken as maximum
admissible concentration (MAC) value.

3.5 Inverse distance weighted (IDW) interpolation
concept

Geostatistical analyst extension of ArcMap presents two
groups of interpolation techniques such as deterministic
and geostatistical. IDW is a deterministic method which
predicts a value for any unmeasured location using the
measured values surrounding the prediction location. The
basic concept behind this prediction is that things that
are closer to one another are alike than the things that are
farther apart. More weights are given to the points closer
to prediction location than the farther ones. Hence, it is
named as inverse distance weighted.

Wool/d?

p is the optimal power which is determined by root-mean-
square prediction error (RMSPE). RMSPE is determined
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using cross-validation. In cross-validation, the point which
is measured is removed and compared to the value pre-
dicted for that location. This process continues for all the
points present in a given space. This helps in quantifying
the prediction error. Various powers are tried by geostatis-
tical extension for IDW interpolation and plotted against
RMSPE. The power p=2 is used as a default value to predict
locations by geostatistical extension as it provides mini-
mum RMSPE. In this study, a huge set of groundwater data
has been introduced into geostatistical analyst environ-
ment. IDW method created spatial projections using Arc
GIS 10.3 software developed by ESRI to observe the dis-
tribution patterns of various physicochemical parameters
and pollution indices like WQI, HEl and Cd.

4 Results and discussion
4.1 Leachate characteristics

Leachates of Jawaharnagar dumpsite were analyzed for
various physicochemical parameters including heavy

metals, and the data were compared with Leachate land
disposal standards MoEF & CC [2]. The significant seasonal
and yearly variations in the concentrations of leachate
constituents have been observed and were found beyond
the prescribed permissible limits of MOEF & CC (Table 3).
Leachates collected during post-monsoon season showed
higher concentrations of pH, TDS, CI” and BOD5. It was also
observed that the same parameters collected in the year
2015 had high concentrations compared to the year 2014
(Table 3).This could be attributed to the increased degra-
dation and deterioration of solid wastes due to rainfall and
time, respectively.

The leachates were observed amber in color with alka-
line pH and fall within the standard limits. The increase
in pH is mainly attributed to the decreased ionization of
free volatile fatty acids, as a result of its conversion into
methane and carbon-dioxide during methanogenic phase
[67]. Total dissolved solids (TDS) of the leachate samples
were found high compared to the standard limits. High
TDS is mainly comprised of increased dissolved organic
and inorganic salts. BOD5 values were found high in 2014
compared to 2015. This is due to anaerobic decomposition

Table 3 Jawaharnagar dumpsite leachates (of 2014 and 2015) compared to leachate land disposal standards MOEF [2]

Leachate parameters  Leachate 1 Leachate 2 Leachate land
disposal standards

2014 2015 2014 2015 MOEF [2]
Pre Post Pre Post Pre Post Pre Post

pH 8.1 9.0 83 9.0 8.3 8.6 8 8.9 5.5-9.0

EC (uS/cm) 21,220 38,450 29,958 41,252 10,150 22,000 17,524 28,546 -

TDS 14,096 29,633 25,031 33,043 13,254 19,452 24,312 29,245 2100

TH 180 245 234 284 148 179 167 197 -

TA 195 278 253 322 158 179 174 230 -

Ca* (mg/L) 39 120 42 148 15 80 42 97 -

Mg?* (mg/L) 6.5 15 10 17 35 12 6 15 -

Na* (mg/L) 2010 3225 2125 2547 1725 2585 1884 3210 -

K* (mg/L) 1870 1102 1141 1879 1432 953 1021 1721 -

CO; > (mg/L) 79 195 91 214 45 69 57 76 -

HCO; "(mg/L) 652 811 714 921 455 532 471 612 -

NO;™ (mg/L) 876 1012 995 1100 615 944 752 1017 -

5042’ (mg/L) 141 150 150 164 114 125 146 155 N

CI~ (mg/L) 6554 7247 12,266 45,319 3344 4655 11,003.6 34,876 600

F~ (mg/L) 0.2 0.3 0.2 0.7 0.2 0.3 0.2 0.7 -

BOD5 996 991 490 436 520 518 323 318 100

CcOoD 10,204 10,200 7147 7122 5388 5379 3413 3400 -

T. coli (100 ml) >1609 >1609 >1609 >1609 >1609 >1609 >1609 >1609 -

F. coli (100 ml) Present  Present  Present  Present  Present Present  Present Present -

E. coli (100 ml) Present ~ Present  Present  Present  Present Present  Present Present -
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Table 4 Jawaharnagar dumpsite leachates heavy metals compared
to leachate land disposal standards MOEF [2]

Heavy met-  Leachate 1 Leachate 2 Leachate land

als (ug/L) disposal standards,
MOEF [2]

Al 569.9 490.4 -

As 66.3 355 0.2

Cd 1.16 0.98 -

Co 27.32 17.1 -

Fe 6550 5458 -

Cu 53.8 46.14 -

Mn 6272 5142 -

Ni 67.3 10.22 -

Pb BDL BDL -

Zn 12.3 10.44 -

of methanogenic phase where in the absence of oxygen,
humic and fulvic acid compounds dominate over organic
matter. Thus, the biodegradability decreases with time
and age of the dumpsite [68]. Chlorides (CI™) were also
found high in the leachate samples when compared with
standard limits. Chloride is one of the major constituents
to determine the leachate contamination in groundwater.
The main sources of chlorides in MSW leachate are food
scraps and animal wastes. The presence of various metals
in the leachates indicated the disposal of variety of wastes
at the dumpsite. Heavy metals like arsenic (As), concen-
tration was found above the standard limits. Dumping of
arsenic containing wastes like cosmetics and personal care
products (CPCP) might be responsible for the increased
concentration of arsenic in groundwater. However, iron
(Fe) was found predominant in the leachates (Table 4).

4.2 Groundwater pollution monitoring

The groundwater samples (n=23) collected and analyzed
for various parameters in both pre- and post-monsoon
seasons for two consecutive years, i.e.,, 2014 and 2015 to
observe the seasonal and temporal variations and were
compared with WHO drinking water quality standards
[69] to determine the suitability for human consumption
(Tables 5 and 6). All the groundwater samples were color-
less and odorless except for GW10 (Haridaspally) which
is located at 1.2 km from the dumpsite. The pH of all the
groundwater samples was found within the permissible

range of WHO standards. EC values of all the groundwater
samples were found within the WHO limits except for few
samples located near the dumpsite. High conductivity is
mainly due to the presence of high concentration of dis-
solved inorganic ions in the groundwater due to the lea-
chate contamination [25].

The parameters like TDS, TH, Na*, NO;~ and CI~ were
found exceeding the permissible limits of WHO stand-
ards. Municipal dumpsite leachates are the major indeed
sources of high TDS, CI” and NO5™ in groundwater. High
TDS observed might be possibly due to the presence of
dissolved organic and inorganic salts of the leachates in
groundwater. High concentrations of chlorides are added
to the groundwater from the municipal wastes, which
clearly indicate the impact of landfill leachate [6, 70].
Other sources include farm drainage and sewage effluents
[6]. High chlorination of groundwater possibly leachate
derived produces trihalomethanes (THM). These chlorine
byproducts trigger the production of free radicals in the
body causing cell damage and are highly carcinogenic
[71]. High nitrates observed in groundwater are mainly
due to the leachate contamination. According to [72],
major sources of nitrates include domestic sewage, run-
off from agricultural fields and leachate from landfill sites.

Spatial distribution maps of TDS, CI~ and NO;™ were
prepared using IDW method in Arc GIS 10.3 software to
observe the seasonal and temporal variations in ground-
water [20, 73] due to leachate contamination (Figs. 3, 4
and 5). From the figures, the observations were made as
follows:

(1) The concentrations of three parameters (TDS, CI~
and NO;™) were high during post-monsoon season
in both years.

(2) TheTDS, CI~ and NO;™ concentrations in groundwater
increased in 2015 compared to 2014.

(3) As the distance increased from the dumpsite, the
extent of contamination has decreased.

During rainfall, the deterioration and degradation of
solid wastes are high which results in increased leaching
and percolation of solid waste constituents into ground-
water environment. Thereby, groundwater quality is dete-
riorating with time which is evident from the impact of
leachates.
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Table 5 Physicochemical analysis of groundwater collected around Jawaharnagar dumpsite during pre- and post-monsoon in 2014 and its
comparison with WHO standards [69]

Sl. no. pH EC DS TH Ca%t Mg?* Na* K* CO,>
Pre Post Pre Post Pre Post  Pre Post Pre Post Pre Post Pre Post Pree Post Pre Post

GWI1 7.1 78 1400 1500 89 960 370 470 74 89 45 60 31 42 3 4 16 24
GW2 7.4 78 191 700 122 448 168 175 20 41 53 16 28 45 2 4 12 18
GW3 7.4 76 1300 1403 832 898 285 300 68 8 97 35 84 101 2 5 12 26
GW4 7.5 76 1400 1602 957 1025 185 300 45 8 18 206 95 149 2 4 15 25
GWS5 7.1 73 980 1502 627 961 320 325 78 90 24 31 74 126 2 5 19 28
GW6 7.3 7.6 600 772 494 512 185 200 45 78 12 18 42 77 1 6 6 34
GW7 7.2 75 1000 1254 640 803 341 370 82 102 11 33 41 57 1 3 5 21
GW8 7.2 75 1495 1610 768 1030 260 548 114 132 36 53 84 128 1 2 12 30
GW9 7.21 73 1494 1500 640 956 300 325 72 78 29 42 93 107 4 5 15 28
GW10 7.3 76 1060 3154 1060 2018 315 610 73 220 145 36 97 142 2 4 9 21
GW11 7.2 75 2104 2200 1347 1408 380 492 320 332 13 21 142 226 2 3 6 16
GW12 7.1 74 1115 1200 714 768 207 290 32 50 20 31 98 134 3 5 6 9
GW13 7.2 73 720 800 461 512 265 268 62 65 26 28 48 61 5 5 8 9
GW14 7.3 76 210 711 120 440 200 202 21 41 5 17 27 46 2 4 13 20
GW15 7.2 7.6 1100 1221 460 474 234 250 83 105 12 32 42 57 1 2 6 22
GW16 7.2 73 982 1000 625 1021 319 326 78 91 25 33 75 124 2 4 20 35
GW17 7.2 74 1285 1301 1014 1133 187 200 47 60 121 19 83 164 2 3 19 24
GW18 7.1 7.3 1248 1257 452 631 165 178 36 43 14 28 52 67 1 3 14 22
GW19 7.2 74 1247 1320 435 611 169 177 42 54 21 30 45 51 2 2 12 21
GW20 7.2 7.2 1324 1421 512 695 174 182 34 42 24 33 39 44 2 3 9 25
GW21 7.3 74 1120 1226 455 524 159 168 44 58 22 34 33 53 1 2 1 23
GW22 7.1 7.3 1210 1342 412 533 168 184 39 47 21 44 52 60 2 5 18 25
GW23 7.2 74 1262 1346 152 245 155 174 41 56 30 42 29 38 2 4 12 20
Minimum 7.1 7.2 191 700 120 245 155 168 20 41 5 16 27 38 1 2 5 9
Maximum 7.5 78 2104 3154 1347 2018 380 610 320 332 45 60 142 226 5 6 20 35
Mean 7.2 7.5 1123.8 1362.7 617.2 809.0 2396 2919 67.5 887 195 320 623 913 20 3.8 12 229
WHO [69] 6.5-8.5 1500 500 500 75 50 200 12 NA
Sl. no. HCO*" 50,2~ cr F NO3- TA

Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post
GWI1 98 350 132 174 337 352 0.5 0.8 74 164 100 293
GW2 128 153 80 95 36 43 0.6 1.2 12 38 125 205
GW3 85.4 378 135 154 260 315 14 1.6 39 58 95 330
GW4 100 158 120 158 320 347 1.1 13 73 91 102 239
GWS5 79 360 110 133 290 340 0.4 0.9 56 67 75 350
GW6 104 256 74 141 74 141 1.2 1 12 26 95 251
GW7 140 214 132 246 132 246 0.8 1 125 190 125 250
GW8 390 415 125 173 337 479 0.9 1 15 22 340 390
GW9 284 293 120 146 121 213 0.8 14 62 156 256 364
GW10 280 299 143 152 957 1138 0.9 1 32 44 245 280
GW11 120 171 123 152 820 851 0.4 0.6 64 75 130 150
GW12 142 156 120 132 156 220 0.4 1.2 75 76 126 143
GW13 98 112 82 96 145 251 1.3 1.5 165 170 165 170
GW14 127 153 81 90 35 43 0.6 1.2 12 39 125 205
GW15 142 210 125 200 125 240 0.7 1 70 84 120 245
GW16 200 378 112 130 287 344 0.4 0.9 56 66 77 345
GW17 80 354 156 191 333 341 0.2 1 57 81 181 394
GW18 82 125 75 84 40 51 0.5 0.6 41 54 95 124
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Table 5 (continued)

Sl. no. HCO*" 50,2~ cr F NO3- TA

Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post
GW19 74 132 64 70 36 45 04 0.5 39 50 121 136
GW20 81 154 71 87 33 41 0.5 0.6 45 56 112 144
GW21 78 122 73 92 45 57 04 0.6 47 55 135 157
GW22 85 136 70 81 36 47 0.2 04 33 47 128 155
GW23 76 140 77 82 42 50 0.2 0.3 37 53 131 142
Minimum 74 112 64 70 33 41 0.2 0.3 12 22 75 124
Maximum 390 450 156 246 957 1138 14 1.6 165 190 340 394
Mean 133.6 226.9 104.3 133.0 217.3 269.3 0.6 0.9 54 76.6 139.3 2375
WHO [69] NA 250 250 1.5 45 500

Table 6 Physicochemical analysis of groundwater collected around Jawaharnagar dumpsite during pre- and post-monsoon in 2015 and its
comparison with WHO standards [69]

Sl. no. pH EC DS TH Ca** Mg?* Na* K* CO,>
Pre Post Pre Post Pre Post  Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post

GW1 73 7.7 1467 1584 942 997 382 487 80 91 54 78 43 56 5 7 23 32
GW2 73 78 489 768 350 475 110 172 25 46 17 25 35 57 4 8 15 24
GW3 7.5 7.7 1298 1399 859 912 260 310 72 85 12 40 95 124 3 9 20 31
GW4 74 7.7 1534 1643 981 1287 210 321 54 88 23 35 112 168 4 6 21 61
GW5 73 7.7 1345 1560 687 995 250 334 81 95 30 44 87 145 3 7 12 40
GW6 73 78 630 824 490 538 210 257 53 84 15 24 51 82 2 5 10 55
GW7 74 76 1200 1301 697 829 325 388 42 6 15 39 52 69 2 5 17 28
GW8 74 7.7 1387 1685 810 1234 278 584 125 147 43 61 98 139 3 6 18 37
GW9 7.1 74 1282 1500 784 980 241 269 29 78 38 46 102 112 6 10 28 51
GW10 74 78 1341 3214 1217 2107 242 758 16 41 23 54 108 165 3 5 15 27
GW11 7.1 74 2245 2284 1385 1478 410 545 140 152 14 26 154 253 3 7 14 27
GW12 7.2 74 1285 1546 754 802 230 324 28 61 31 40 121 147 3 6 10 17
GW13 7.1 72 621 785 497 562 279 355 71 78 32 36 56 74 5 7 14 28
GW14 73 78 489 768 352 475 110 172 26 47 18 26 35 57 4 8 16 24
GW15 74 7.5 1201 1300 697 829 324 388 43 87 16 40 53 70 2 5 17 27
GW16 73 7.7 1344 1560 687 995 250 334 81 95 31 44 89 105 3 7 13 28
GW17 74 76 1623 1812 1200 1285 203 250 51 67 15 27 95 177 4 6 35 53
GW18 7.2 75 478 678 352 487 115 175 24 45 16 23 41 52 2 4 22 30
GW19 7.1 74 470 689 412 521 230 280 30 46 24 36 36 58 3 4 16 25
GW20 7.3 76 512 720 382 475 212 241 52 71 20 38 34 56 3 5 22 4
GW21 7.2 75 479 723 374 481 221 253 35 51 30 41 39 50 2 5 15 32
GW22 7.1 75 475 721 385 492 290 321 42 52 24 36 44 53 3 6 20 30
GW23 7.2 73 480 689 368 474 248 312 44 54 26 36 42 55 3 5 17 35
Minimum 7.1 72 470 678 350 474 110 172 16 6 12 23 34 50 2 4 10 17
Maximum 7.5 78 2245 3214 1385 2107 410 758 140 152 54 78 154 253 6 10 35 61
Mean 7.3 76 10293 12936 681 857 2448 3404 541 725 247 389 745 101 33 62 178 34
WHO [69] 6.5-8.5 1500 500 500 75 50 200 12 NA
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Table 6 (continued)

Sl. no. HCO*" 50,2 cr F- NO3~ TA

Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post
GW1 40.3 384 135 240 3403 440 0.5 0.6 172 190 120 315
GW2 135 174 1104 115 49.6 202 0.9 1.9 49 94 144 231
GW3 95 412 173 198 262.2 355 1.6 1.7 42 56 114 355
GW4 124 168 111 145 319 355 0.7 1.2 81 95 134 266
GW5 88 195 112 145 287 351 0.6 1 100 143 97 384
GW6 125 310 110 134 78 121 1.1 1.5 20 28 112 284
GwW7 167 235 150 195 127.6 202 0.7 0.9 142 187 147 297
GW8 421 433 164 250 340 364 1 1 35 56 365 415
GW9 292 331 114 168 128 294 13 1.6 120 162 294 375
GW10 294 347 138 160 910 1111.3 0.6 1 36 54 284 347
GW11 135 184 132 190 817 859 0.5 0.6 132 155 145 187
GW12 161 178 117 129.6 223 230.4 1.1 13 73 77 145 164
GW13 121 142 106 112 134.7 266 13 1.6 166 170 114 137
GW14 135 174 110 115 50 200 0.9 1.9 49 94 114 231
GW15 165 238 150 195 128 202 0.7 0.9 140 188 145 294
GW16 89 190 112 145 300 351 0.6 1 100 142 97 385
GW17 254 412 160 208 320 355 0.5 0.6 104 167 203 412
GW18 120 152 130 235 300 350 04 0.5 52 920 121 300
GW19 89 165 102 114 90 125 0.5 0.7 50 92 142 212
GW20 85 112 112 132 97 142 0.6 0.7 82 920 102 245
GW21 52 100 113 135 75 156 04 0.6 51 93 120 240
GW22 112 158 100 124 78 136 0.5 0.6 50 920 98 180
GW23 82 145 110 120 92 212 04 0.7 48 91 92 125
Minimum 40.3 100 100 112 49.6 121 04 0.5 20 28 92 125
Maximum 421 433 173 250 910 1111.2 1.6 1.9 172 190 365 415
Mean 147 232.1 124.8 161.1 241.1 320.9 0.8 1.0 823 113.2 150 2774
WHO [69] NA 250 250 1.5 45 500

4.3 Water quality index (WQI)

Water quality index (WQI) was calculated for groundwa-
ter samples (n=23) collected during pre- and post-mon-
soon seasons of year 2014 and 2015 and were presented
(Table 7). The percentages of groundwater samples falling
in different water quality status were shown (Table 8). It
indicated that majority (60%) of the groundwater sam-
ples were falling in the “Poor” water class range (100-200).
Water samples show a good pre- and post-monsoon
water quality of 39% and 26% in 2014; 39% and 30% in
2015. GWQI spatial distribution maps were created using
IDW interpolation method to observe the water quality
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patterns in connection with leachate pollutants. From the
figures, it is clear that as the distance increased from the
dumpsite the groundwater was not influenced by the lea-
chates. On the other hand, the groundwater wells in the
vicinity of the dumpsite (approx. 2 km) were highly con-
taminated (Fig. 6). This study demonstrates that the use of
GIS and WQI methods could provide useful information for
water quality assessment.

4.4 Heavy metal pollution indices

It was observed from the literature [74] that only 0.02%
of heavy metals leaches out from the total heavy metals
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Table 7 Water quality index (WQI) values of groundwater samples
collected in 2014 and 2015

S. no. Water quality index (WQI) values

2014 2015

Pre Post Pre Post
GWI1 110.2 166 156.9 184.9
GW2 47.6 49 66.5 116.5
GW3 107.1 127 1134 132.5
GW4 121.6 139 117 153.7
GW5 86.7 118 110.9 160.1
GW6 69 64 70.1 82
GW7 119.4 169 130.5 168.4
GW8 120 119 102.4 146.4
GW9 934 162 132 174.8
GW10 113 187 130.2 202.4
GW11 142.9 161 177.2 206.6
GW12 107.7 102 109.4 121.3
GW13 136 145 139 155
GW14 48 49 67 17
GW15 120.3 168 112 168
GW16 86 118.2 136.2 160
GW17 102.1 138 112 180
GW18 94.2 93 96 98
GW19 88.4 94 98 100
GW20 779 82 89 92
GW21 85 91 95 96
GW22 78 87 87 94
GW23 48.3 48 52 55

Table 8 Classification of pre-monsoon and post-monsoon ground-
water quality based on WQI value (2014 and 2015)

WQI value Water quality 2014 2015
% of GW % of GW % of GW % of GW
samples samples samples samples
Pre Post Pre Post
<50 Excellent 13% 13% Nil Nil
50-100 Good 39% 26% 39% 30%
100-200  Poor 47% 60% 60% 60%
200-300  Very poor Nil Nil Nil 8%
>300 Unsuitable Nil Nil Nil Nil
SN Applied Sciences
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deposited at landfill at the period of 30 years, so low con-
centrations of heavy metals are seen in methanogenic
leachate. Therefore, all the groundwater samples were
also analyzed for heavy metals like arsenic (As), cadmium
(Cd), iron (Fe), copper (Cu), manganese (Mn), nickel (Ni),
zinc (Zn) only for 1 year, i.e., 2015 during pre-monsoon to
understand their leachability in the study area.

Heavy metal pollution indices such as HEl and Cd were
computed and presented (Table 9). According to HEI heavy
metal index method, 82% of the samples fall in low-pollu-
tion class, 8% of the samples fall in medium pollution class
and remaining 8% fall in high-pollution class. According to
degree of contamination (Cd) factor, 91% of the ground-
water samples fall in low-pollution class and 8% of the
samples fall in high-pollution class (Table 10). The spatial
distribution pattern of HEl and Cd of all the groundwater
samples indicated that heavy metals were highly concen-
trated in the groundwater samples located in the vicinity
than away from the dumpsite (Figs. 7 and 8).

Pearson’s correlation was carried out between individ-
ual heavy metal parameters and pollution indices in order
to identify the main contributing heavy metals to pollution
indices (Table 11). It suggested that Fe and Mn were the
significant contributing parameters as Cd and HEI strongly
correlated with Fe (r=0.881) and Mn (r=0.945). Fe and
Mn positively correlated (r=0.706) with each other indi-
cating the similar source of leachate contaminating the
groundwater. Further, Cd and HEI correlation is significant
(r=0.998) where the results show similar trends with high
concentrations of Fe and Mn.

The cumulative concentration of heavy metals
(As+Cd+Fe+Cu+Mn+Zn) load versus pH in the lea-
chates and in the groundwater was plotted (Fig. 9) [75,
76]. Majority of the samples (56%) were classified as near
neutral-low metal. 24% of the samples were classified as
near neutral-high metal. However, groundwater samples
(3%) located less than 2 km distance from the dumpsite
show neutral pH-extreme metal content similar to what
was observed in leachates. This is further confirming that
leachates are infiltrating into the groundwater system of
the study area.

The distribution of the heavy metals in ground-
water was observed as follows: Fe (509.2 ppb)>Mn
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Fig. 6 Spatial distribution map of water quality index (WQI) of groundwater
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Table 9 Heavy metals, HEI

S.no. As* Cd* Fe* Cu* Mn* Zn* HEI* Cd* Metal load

and Cd values of groundwater

samples collected around the GW1 359 073  bdl 47 29 bdl 154 245 007

dumpsite GW2 bdl 078  bdl 3.1 bdl bdl 026 173  0.0038
GW3 bdl 03 bdl 58 bdl bdl 0106 189  0.0061
GW4 93 066  bdl 166  bdl 83.9 0438 259  0.1104
GW5 bdl  bdl bdl 12 263 bl 0527 146  0.0275
GW6 bdl 1.6  bdl 239 bl 936 0401 258  0.097
GW7 266 072 2245 612 365 7055 1728 1695 324
GWS bdl 08 bdl 1162 4668  bdl 96 10 0479
GW9 bdl 0148  bdl bdl bdl bdl 0.149 095  0.00014
GW10 bdl  bdl 3952 26 2353 bdl 668 668 63
GW11 bdl 074  bdl 189  bdl bdl 038 26  0.0093
GW12 bdl 106  bdl 285 21 134.1 048 28  0.159
GW13 bdl 068 3234 915 617 1217 1788 178 452
GW14 bdl 078  bdl 3.1 bdl bdl 026 173  0.0038
GW15 bdl bl 2234 2 2121 bdl 4244 4241 212
GW16 bdl  bdl bdl 1.2 263 bdl 0527 146  0.027
GW17 bdl  bdl bdl bdl bdl bdl 0 0 0
GW18 bdl  bdl 36 1.2 bdl bdl 018 017  0.0372
GW19 bdl  bdl 11 2 bdl bdl 0169 274 0018
GW20 bdl 04 bdl 2.1 bdl bdl 0135 185  0.0025
GW21 bdl  bdl bdl 1.1 bdl bdl 1.1 099 00011
GW22 bdl  bdl bdl 1 bdl bdl 1 09 0001
GW23 bdl  bdl bdl 098  bdl bdl 098 0999 0.00098
Mean 69 044 9488 73 6622 9027
WHO[69] 10 3 50 2000 500 3000
MAC 50 3 200 1000 50 5000

*All parameters are expressed in pg/L

Table 10 Classification of groundwater samples based on HEl and
Cd indices

S.no. Index method Class Extent of pollution % of GW sam-
ples (pre 2015)
1 HEI <27 Low 82
27-54 Medium 8
>54  High 8
2 Cd <18 Low 91
18-36 Medium -
>36  High 8
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(223.5 ppb)>Zn (97.1) > Cr (10.1 ppb) > Cu (3.5 ppb) > As
(3.1 ppb) >Cd (0.38 ppb). Iron (Fe) was found predominant
heavy metal in groundwater (Table 9). It might be due to
the dumping of the iron scraps.

Arsenic (As) was in below detectable limits (bdl) for all
the samples except for GW1 and GW7 which exceeded the
permissible limits of WHO standards. The spatial distribu-
tion pattern of Arsenic indicated that the leachate bearing
arsenic wastes was accumulated at GW7 (1.7 km) and GW1
(3 km) borewells from the dumpsite (Fig. 10). The distri-
bution of cadmium in groundwater samples was found
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Fig.7 Spatial distribution map of heavy metal evaluation index

(HEI) groundwater

Table 11 Correlations between
heavy metal concentration and
index values
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Fig. 8 Spatial distribution map of degree of contamination (Cd) in

groundwater
Variables As cd Fe Cu Mn Zn HEI (@]
As 1 0.287 0.098 0.281 -0.108 0.218 0.003 —-0.003
Cd 0.287 1 -0.072 0.468 -0.265 0.303 -0.192 -0.168
Fe 0.098 -0.072 1 0.155 0.706 0.596 0.889 0.881
Cu 0.281 0.468 0.155 1 -0.029 0.374 0.056 0.065
Mn -0.108 -0.265 0.706 -0.029 1 -0.098 0.942 0.945
Zn 0.218 0.303 0.596 0.374 —0.098 1 0.179 0.166
HEI 0.003 -0.192 0.889 0.056 0.942 0.179 1 0.998
Cd —0.003 -0.168 0.881 0.065 0.945 0.166 0.998 1

within the permissible limits of WHO, as given in [67]. Iron
(Fe) was found in below detectable limits (bdl) except for
GW?7 (1.7 km), GW10 (1.2 km), GW13 (1.4 km) and GW15
(1.3 km) showing higher concentrations due to their

locations closest to the dumpsite which can be observed
from the spatial distribution map of Fe in groundwater
(Fig. 11). Copper (Cu) distribution in all groundwater sam-
ples was within the permissible limits of WHO, as given
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in [67]. The distribution of manganese (Mn) was found to
be within the permissible limits of WHO, as given in [67].
Exceptionally, GW10 (1.2 km) and GW15 (1.3 km) wells
located in the vicinity of the dumpsite showed high con-
centrations of manganese (Mn) which can be observed
from its spatial map (Fig. 12). It is mainly due to the lea-
chate impact on groundwater. Nickel (Ni) was found to be
within the permissible limits of WHO, as given in [67] in all
the groundwater samples. However, Pb and Ni which are
toxic and even in low concentrations were found to be in
below detectable limits (bdl) in groundwater.

5 Conclusion

Groundwater is the main source of drinking and irriga-
tion in Hyderabad City’s municipal solid waste dump-
site around Jawaharnagar. The present study, therefore,
focused on assessing the impact of municipal solid waste
(MSW) dumpsites on seasonal and temporal variations
in groundwater quality. In order to confirm groundwater
quality, WHO standards were compared with major ions
and heavy metal concentrations, and various graphical
methods and indices were used for groundwater quality

assessment that concludes: High TDS concentrations of
dissolved organic and inorganic constituents were found
above the permissible levels of leachate land disposal
standards. Decreased biodegradability and alkaline pH
in leachate samples indicated the old age of the dump-
site belonging to methanogenic phase. The distribution
of heavy metals in groundwater was found as follows: Fe
>Mn>Zn>Cr>Cu>As>Cd. Iron (Fe) was found to be
predominantly heavy metal in groundwater. It could have
been due to the dumping of iron scrap. The spatial distri-
bution pattern of HEl and Cd of all the groundwater sam-
ples indicated that heavy metals were highly concentrated
in the groundwater samples located in the vicinity than
away from the dumpsite. Heavy metal pollution indices
indicated that different types of wastes are being dumped
without segregation process. Post-monsoon values of vari-
ous parameters increased to the fact that during rainfall,
leachate percolation into the surrounding environment
is high due to the increased degradation of solid wastes
dumped. The spatial maps of critical parameters like TDS,
CI7,and NO;™ indicated leachate contamination in ground-
water wells approx. 2 km from the dumpsite. WQI was
computed using relative weight and quality rating scale.
It shows that majority (60%) of groundwater samples have
poor water quality. This study indicates the leachates gen-
erated from the dumpsite should be properly treated prior
to the land disposal to reduce the contamination. Regula-
tory authorities should create public awareness on solid
waste management hierarchy that leads to control of the
extent of groundwater pollution.
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