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The tremendous growth in human population in urban areas has increased the human 

activities like disposal of untreated municipal and industrial sewage into water bodies. 

This resulted in remarkable increase in quantity of solid wastes in highly populated 

city like Chandrapur. On the other hand, inaccurate management of animal waste and 

selection of landfill sites without considering the geological and hydro geological 

aspects leads to high level of groundwater pollution. Percolates from landfills is 

becoming a great threat to the aquifers of surrounding areas due to the high 

concentration of toxic substances. It is indispensable to assess the leachates from 

landfills of the surrounding areas as it contains high concentration of toxic substances. 

Present article is focused to assess the quality of groundwater sources serving the 

selected areas situated in the vicinity of Zarapat Nadi and Irai Nadi which flows 

nearby from landfill situated outside Pathanpura Gate which extends upto outside area 

of Binba Gate. Groundwater samples were collected from shallow and deep aquifers 

of study area were analyzed and characterized. High levels of nitrate, chloride, TDS 

and hardness were detected in majority of groundwater samples. These data reflects 

the high level of groundwater pollution. The values obtained for different parameters, 

are compared with the standard values given by WHO and suitable suggestions as 

well conclusion were made. 
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Introduction 

 

The fast population growth, uncontrolled urbanization and industrialization, poor 

sanitation situation, uncontrolled and improper waste disposal are some of the causes 

for serious quality degradation of surface as well as ground water throughout the 

world in developed and developing countries. The urbanization rate of India has 

increased from 10.84% in 1901 to 28.5% in 2001. Unregulated growth of urban areas 

particularly over last two decades, without infrastructures services for proper 

collection, transportation, treatment disposal of domestic solid waste led to increased 

pollution and health hazards. 

 

The municipal solid waste disposal methods followed in most of the cities and towns 

of India are unsystematic and non-scientific and these landfill may just be pieces of 

open land that have been fenced off, excavation and old mining areas. Most of the 

landfill sites in India are only uncontrolled dumps where a mixture of domestic, 

commercial, industrial and hospital wastes are dumped together. Site selection is 

generally based on geographical rather than geological and hydro geological 

considerations. That means the closer the site to the source of the waste the better in 

terms of logistics. It is very common to find waste disposal sites within municipal 

boundaries and surrounded by residential areas. 

Abstract 
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Although landfills are an indispensible part of everyday living, they may present long-

term threats to surface water and also groundwater that are hydro-logically connected. 

Groundwater contamination is a major concern in landfill operations because of the 

pollutional effects of landfill leachates and its potential health risks. (Christensen 

2001; Mor 2006; Yanful 1988). The greatest contamination treat to groundwater 

comes from the leachate generated from the fill material, which most often contains 

toxic substances especially when wastes of industrial origin are land filled (Ostman 

2006). However, it has been widely reported that leachates from landfills for non-

hazardous waste could as well contain complex organic compounds, chlorinated 

hydrocarbons and metals at concentrations, which pose a threat to both surface and 

ground waters. Heavy metals such as copper, iron, zinc and manganese have been 

reported at excessive levels in ground water due to landfills operations (Jorstad 2004; 

Simsek 2008; Yanful 1998). The possibility of leachates containing groundwater 

exists wherever wastes are disposed. 

 

Leachate is a fluid that has passed through or emerged from the waste in a landfill, 

picking up a variety of suspended and dissolved materials along the way. The creation 

of leachates, sometimes deemed “garbage soup”, presents a major threat to the current 

and future quality of groundwater. Once leachate is formed and is released to the 

groundwater environment, it will migrate downward through the unsaturated zone 

until it eventually reaches the saturated zone. Leachate then will follow the hydraulic 

gradient of the groundwater system. The realization of the polluting effects of landfill 

leachates on the environment has prompted a number of studies. These include studies 

on domestic wastes (Mor 2006; Simsek 2008; Sridher 1985), leachate quality 

(Christensen 2001; Fatta 1999; Mor 2006; Ostman 2006; Sridhar 1985), as well as 

underground water quality (Fatta 1999; Jorstad 2004; Loizidou 1993; Mor 2006; 

Simsek 2008). The present investigation deals with the physico-chemical parameters 

of groundwater samples of selected bore wells and dug wells in Chandrapur. A 

systematic analysis of correlation and regression coefficients of the quality parameters 

not only helps to assess the overall water quality but also quantify relative 

concentration of various pollutants in water and provides necessary cue for 

implementation of rapid water quality management programmes. (Agrawal 2010; 

Dash 2010) 

 

Study Area  

 

Chandrapur generates hundreds of MT of waste per day. About 30% of this waste is 

organic compostable material. The remaining 70% consists of paper (11.9%), rubber, 

leather and synthetics (3.02%), glass (0.98%), metals (0.33%) and other inert 

materials (53%). The landfill outside of Pathanpura Gate extending up to Binba Gate 

that is the focus of the current study occupies approximately 100-200 acres of land 

and situated 3-5 km in south-west of Pathanpura Gate towards Sivani and also is 

stretched towards outside of Binba Gate, sometimes referred as “Tekdi”. The landfill 

accepts officially, non-hazardous solid wastes of domestic, market, commercial, 

industrial and institutional origins but in practice all type of wastes are co disposed. 

The landfill is located at elevated portion of land and samples are collected along the 

slope direction to measure the extent of groundwater pollution. The site at outside of 

Pathanpura Gate is being used for dumping at present, which would not meet future 

requirements. The climate of study area follows a typical seasonal monsoon weather 
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pattern. The peak temperatures are usually reached in May/June and can be as high as 

48
0 

C. The onset of monsoon is usually from July. The season extends up to 

September with the monsoons peaking during July and August. After monsoons, the 

average temperature varies between 27
0 

C and approx. 6-7
0 
C right through December 

and January. The average annual rainfall is around 50 inches, with more rain in the 

east than in the west. 

  

Methodology 

 

In the present study, prior to data collection, a selection criterion was established to 

aid in the identification of appropriate sampling sites for the groundwater quality 

assessment in the landfill area. The outside Pathanpura Gate landfill site is located at 

slightly elevated portion of the land (Tekdi) and the samples are collected along the 

gradient to measure the extent of groundwater pollution. Those dug wells and bore 

wells were selected for sampling, which are active and functional and continuously in 

use for drinking and domestic purposes. These sampling sites are located away from 

toilets and have not undergone any chemical treatment. The parameters were selected 

based on their relative importance in landfill leachates composition, and their 

pollution potential on groundwater resource in particular. Cl
– 

was included in the 

groundwater quality assessment because of its measure of extent of dispersion of 

leachates in groundwater body.  

 

Dug well and bore well groundwater samples were collected in plastic containers, 

which were previously cleaned with distilled water. As part of the quality control 

measures, containers were rinsed with sampled groundwater before filling. Samples 

were collected for major cation and anion analyses also. All samples were preserved 

at 25
0
C and transported to the laboratory for analysis. Physico-chemical parameters of 

the samples are analyzed following standard analytical procedure (APHA 1995). The 

pH (Equip-tronics Digital pH meter Model EQ – 612), electrical conductivity (Equip-

tronics Conductivity meter Model EQ – 662) and temperature were determined in-

situ, while the chloride (Cl
–
) using standard solution of silver nitrate, bicarbonate 

(HCO3
–
) using standard sodium carbonate solution, total hardness (TH) using 

standard CaCO3 solution, alkalinity (TA) using standard sodium carbonate solution, 

calcium (Ca
2+

) using standard CaCO3 solution and magnesium (Mg
2+

) using standard 

CaCO3 solution were determined by titrimetric method. Sodium (Na
+
) and potassium 

(K
+
) was determined using Flame photometer (TOSHCON – Toshniwal TDF – 35). 

Nitrate (NO3
–
) and sulphate (SO4

2–
) was determined using UV-visible 

spectrophotometer (ELICO Double Beam UV-VIS spectrophotometer SL 191). 

 

Result and Discussion 

 

Hydrochemical parameters and Groundwater quality: 

Groundwater quality assessment is done with 5 samples from shallow and 8 samples 

from deep aquifer nearby the landfill site. The result of the chemical analysis of 

ground water of study area is presented in Table I and their comparison with the 

WHO guidelines (WHO 2002) is given in Table II. 

 

The groundwater is alkaline with pH values varying between 6.4 and 8.4. Water from 

well 5 at about 4 meters away from the landfill has the lowest pH of 6.4, hence the 

most acidic in this present study. 
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Electrical conductivity (EC) and total dissolved solids (TDS) signify the inorganic 

load of any water body. The TDS values obtained in ground water varied from 994 to 

2927 mg/L. Almost all samples show TDS values higher than desirable limit 

suggested by WHO (WHO 2002). As the distance of sampling sites from landfill 

increases, TDS content decreases. To ascertain the suitability of groundwater of any 

purposes, it is essential to classify the groundwater depending upon their hydro-

chemical properties based on their TDS values (Davis and DeWiest 1966; Freeze and 

Cherry 1979) which are represented in Tables III and IV respectively. The 

groundwater of the area is fresh water for 15.4% of the samples locations and the rest 

of the samples represent brackish water based on (Freeze and Cherry 1979). The study 

shows that no sample is below 490 mg/L of TDS which can be used for drinking 

without any risk. EC values ranges from 1422 – 

attributed due to high Salinity and effect of landfill site on groundwater regime. The 

major inorganic ions in groundwater include Na
+
, K

+
, Ca

2+
, Mg

2+
, HCO3

–
, SO4

2–
, and 

Cl
–
. The distribution of these constituents largely depends on the type of geological 

formations in contact with the groundwater flowing through. The total alkalinity 

(TA), as CaCO3 in water ranges from 120 to 530 mg/L in ground water. The high 

alkalinity imparts water with unpleasant taste, and may be deleterious to human health 

with high pH. 

 

The total hardness (TH) of ground water varied from 55 to 1490 mg/L. The maximum 

allowable limit of TH for drinking purpose is 500 mg/L and the most desirable limit is 

100 mg/L as per the WHO. Based on TH, groundwater exceeding the limit of 300 

mg/L is considered very hard (Sawyer and McMcartly 1967). Very hard groundwater 

is dominant in the aquifers of study area, which may raise the risk of calcification of 

arteries, urinary concretions, diseases of kidney or bladder or stomach disorder 

(Hopps 1986). The high value of TH in supply water may cause corrosion of pipes, 

resulting in the presence of certain heavy metals, such as cadmium, lead and zinc in 

drinking water. 

 

Ca
2+

 and Mg
2+

 are important ions for total hardness. Ca
2+

 content in the groundwater 

varied between 10.0 and 270.0 mg/L. In the most of the samples concentration of Ca
2+

 

is within desirable limit in portable water suggested by WHO (2002). Presence of 

Ca
2+

 in water generally varies according to the proximity of natural sources. Sewage 

and industrial wastes are known to account for such anthropogenic sources of Ca
2+

 in 

water (Subrahmanyam 2001). The concentration of Mg
2+

 ions varied from 10.5 to 210 

mg/L. A concentration of 150 mg/L is recommended for Mg
2+ 

ions in drinking water 

WHO (2002). Except one all the studied samples are within the permissible limit in 

the studied area. Mg
2+ 

ions are essential as an activator of many enzyme systems but 

its salts are cathartic and diuretic and high concentration may cause laxative effect, 

while deficiency may cause structural and functional changes. 

 

The concentration of Na
+ 

ions ranges from 169 to 413 mg/L in groundwater samples. 

Most of the samples exceeded the maximum permissible limit of Na
+ 

in groundwater 

samples. The higher concentration of Na
+ 

may pose a risk to persons suffering from 

cardiac, renal and circulatory diseases (Mor 2006). The high concentration of Na
+ 

around landfill site indicates impact of landfill. The concentration of K
+ 

ions varied 

from 4 to 203 mg/L. K
+ 

is an essential nutrient but if ingested in excess may behave as 
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a laxative. Except few inputs from agricultural activities, the high concentration of K
+ 

has been reported to be an indication of leachate. 

The HCO3
–
 ion concentration in groundwater varies from 146.4 to 646.2 mg/L in 

groundwater samples. Cl
–
 is a good measure of the extent of the dispersion of 

leachates in groundwater. The Cl
–
 content in groundwater samples from study area 

ranges from 166.8 to 1562.0 mg/L. almost all the samples contained higher 

concentration of Cl
– 

ion than most desirable limit (200 mg/L) suggested by WHO 

2002. An excess of Cl
–
 in water usually taken as an index of pollution and considered 

as tracer for groundwater contamination (Loizidou 1993). Cl
– 

ion concentration higher 

than 200 mg/L are considered to be at risk for human health and may cause 

unpleasant taste of water and its high consumption may be crucial for development of 

essential hypertension, risk for stroke, left ventricular hypertrophy, osteoporosis, renal 

stones and asthma (Hopps 1986). This high Cl
– 

content of groundwater is likely to 

originate from pollution sources such as domestic effluents, fertilizers and septic tanks 

and from natural sources such as rainfall. In the study area higher concentration of Cl
– 

is attributed due to anthropogenic activities associated with landfill site. 

 

In the ground water samples of study area SO4
2–

 concentration ranged from 0.6 to 

34.8 mg/L. The concentration of SO4
2–

 in most of the samples is lower than the 

desirable limit (200 mg/L) accepted for drinking water. In general the major sources 

of nitrate in groundwater include domestic sewage, runoff from agricultural fields, 

and leachates from landfill sites. (Jalali 2005; Pawar 1995). Drinking water containing 

more than 45 mg/L NO3
–
 can cause blue baby or methamoglobinemia in infants and 

gastric carcinomas (Hopps 1986; Jalali 2005). About 77% of samples from study area 

have NO3
– 

content above 45 mg/L, which show high level of pollution. Nitrate 

concentration in groundwater samples of study area is attributed to dumping of 

organic waste at landfill site. 

 

Irrigation Suitability 

 

The irrigation water containing a high proportion of Na
+
 will increase the exchange of 

Na
+ 

content of the soil, affecting the soil permeability, and the texture makes the soil 

hard to plough and unsuitable for seedling emergence. If the percentage of Na
+ 

with 

respect to Ca
2+ 

and Mg
2+ 

exchange with Na
+
, thus causing deflocculation and 

impairment of tilt and permeability of soils. (Karanth 1987). Most of the samples 

from study area are highly saline having low Na
+ 

concentration which makes fall in 

good to moderate class for irrigation. 

 

Conclusion 

 

Solid waste landfills are a necessity in modern day society, because the collection and 

disposal of waste materials into centralized locations helps minimize risks to public 

health and safety. Solid waste landfills, which are regulated differently than hazardous 

waste landfills, may accept a variety of solid, semi-solid, and small quantities of 

liquid wastes. Landfills generally remain open for decades before undergoing closure 

phases, during which steps should be taken to minimize the risk of environmental 

contamination. 

 

Analyses of groundwater from both deep (BW) and shallow (DW) aquifers along the 

gradient from outside of Pathanpura Gate landfill extending up to Binba Gate show 
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strong evidence of groundwater contamination. The aquifers located along the 

gradient from landfill site have higher concentration of Cl
–
 and NO3

–
 illustrating the 

contribution of landfill towards groundwater pollution. There is a risk of increase in 

groundwater pollution around the landfill site considering the current levels of Cl
–
 and 

NO3

– 
found in the groundwater. About 77% of groundwater samples have NO3

– 
higher 

than 50 mg/L and are unsuitable for drinking. The current observed Cl
– 

concentration 

in groundwater samples is very high making water unfit for drinking. Overall analyses 

indicate increasing risk for sustainability of ground water resources. 

 

The 3-R principle, (reduce, reuse and recycle) is an appropriate methodology for solid 

waste management and also for abatement of leachate induced groundwater pollution. 

In order to protect the groundwater quality of leachate area, monitoring programme 

for groundwater quality status around the vicinity of landfill is suggested. Before 

setting a new landfill site, an adequate buffer zone between the landfill and the 

property line of the adjacent property should be maintained to minimize the effect of 

pollution. A buffer of 2 to 3 miles in the direction of groundwater flow is appropriate. 
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Table I: Analytical data for groundwater samples in the study area 

 

Sample 

No. 

Distance 

from site 

(in m) 

pH EC TDS TH
b
 TA Ca

2+
 Mg

2+
 Na

+
 K

+
 HCO3

–
 Cl

–
 SO4

2–
 NO3

–
 

1 25 7.8 2591 1426 410 345 58 64.4 388 68 420.9 415.2 8.35 213.9 

2 30 7.7 2079 1243 350 530 64 46.2 356 81 645.9 334.1 11.51 25.5 

3 40 7.6 2601 1688 360 455 36 63.2 379 203 554.8 404.6 12.5 311.6 

4 60 7.6 1835 994 490 120 84 68.0 169 5 146.2 429.5 0.60 164.5 

5 05 6.4 3260 1769 710 390 60 133.6 411 99 476.0 713.6 25.30 88.55 

6 Site 7.1 3750 2927 1490 140 270 210.2 413 101 170.8 1562.0 34.80 266.7 

7 20 8.4 1442 1077 55 465 10 10.5 389 89 567.0 223.6 3.95 71.74 

8 40 7.6 1835 1026 255 390 78 45.0 246 78 475.8 166.8 8.4 213.1 

9 85 7.5 1766 1208 330 460 20 66.8 345 75 564.2 290.9 6.78 121.2 

10 105 8.0 1823 1253 270 420 60 41.3 375 81 512.4 411.9 3.20 42.8 

11 45 7.6 1502 998 340 270 76 36.4 232 63 329.4 274.1 4.69 145.6 

12 50 7.4 1615 1108 195 360 18 35.2 323 81 439.2 241.6 10.20 176.6 

13 05 7.3 2760 1715 670 480 74 117.9 383 98 585.6 539.8 2.80 205.2 

 Average 7.5 2220 1418 455.7 371 63.4 71.6 339 86.2 452.8 463.4 10.2 157.8 
a
Sample no. 1 to 5 Dug wells, 6 -13 Bore wells. 

b
 at 25

0
C. 

Table II: Comparison of the groundwater samples of study area with WHO guidelines (WHO 2002) 

Parameters  Unit Min. Max. WHO 

pH  6.5 8.5 7 – 9.2 

EC  1422 3740 --- 

TDS mg/L 981 2930 500 – 1500  

TH mg/L 55 1490 100 – 500  

TA mg/L 120 530 --- 

Na mg/L 169 413 200 

K mg/L 4 203 --- 

Ca mg/L 10 270 75 – 200  

Mg mg/L 10.5 210 50 – 150  

HCO3 mg/L 146.4 646.6 --- 

Cl mg/L 156.9 1562 200 – 600  

SO4 mg/L 0.7 34.8 200 – 400  

NO3 mg/L 25.5 311.5 45 

 

Table III: Groundwater classification based on TDS (Davis and DeWeist 1996) 

TDS (mg/L) Classification No. of Samples % of samples 

<500 Desirable for drinking -- 0.0 

500 – 1000 Permissible for drinking 02 15.4 

1000 – 3000 Useful for irrigation 11 84.6 

> 3000 Unfit for drinking and irrigation -- 0.0 

Total  13 100 

 

Table IV: Groundwater classification based on hardness (Sawyer and Mcmcartly 1967) 

Total Hardness as 

CaCO3 

Classification No. of Samples % of samples 

<75  01 7.70 

75 – 150  Moderately High -- 0.00 

150 – 300  Hard 04 30.77 

>300 Very Hard 08 61.54 

Total  13 100 

 


