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Abstract: 

The qualities of leachate and its plausible dangers on groundwater contamination were 

researched following the examination of some compound parameters of the leachate 

produced in the Pirana landfill site, Ahmedabad, India. Three examples of the groundwater 

were gathered from the various areas around the Pirana landfill site. The research centre 

test results on groundwater tests show high convergence of TDS (2103 mg/lit), Total 

hardness (743 mg/lit), Sulphates (473 mg/lit), Calcium (199 mg/lit) and Magnesium (103 

mg/lit) and have extremely high potential for debasing ground and surface water. The 

information gathered from the Ahmedabad Municipal Corporation likewise indicates high 

convergences of TDS (2275 mg/lit), Total Hardness (843 mg/lit), Sulphates (473 mg/lit), 

Chlorides (821 mg/lit), nitrates (671 mg/lit) and Iron (8.53 mg/lit). The surface water tests 

around the landfill site seem, by all accounts, to be tainted, most likely, through the flood of 

leachate. Groundwater parameters don't fulfill drinking water quality standard so it is hurtful 

if consumpted without legitimate treatment. Organic treatment through Reverse Osmosis 

improves the nature of groundwater essentially. The water ought to be utilized for drinking 

and cooking yet simply after its filtration through RO framework as it evacuates very nearly 

95 % of the broke up solids. 
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Introduction: 

Developing industrialisation, changing life style and rapid growth of population are the root 

causes of increasing solid waste generation in most of the developing countries. Due to 

human activities about 0.18 million tonnes of solid waste are generated daily in India. 

According to favourable economics, common method to dispose municipal solid waste is 

considered as Landfill but due to this method Groundwater pollution has increased. Open 

dump yard creates unhygienic environment and foul smell. Hence the landfill has to be 

managed efficiently as it creates major threats to human lives as well as the environment. 

This is because 90% of wastes are dumped directly into the landfill. Ahmedabad is the 1
st
 

largest Metropolis in Gujarat with a population of 55.7 lakh and spread over an area of 464 
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Sq Km. Solid waste production in Ahmedabad city is almost 4200 tonnes/day. Currently, 

about 2.01 billion metric tons of municipal solid waste are produced annually worldwide. The 

World Bank estimates overall waste generation will increase to 3.40 billion metric tons by 

2050.As estimated 13.5% of today’s waste is recycled and 5.5%is composted. The solid 

waste, in this dumping process, undergoes slow, anaerobic decomposition and generate 

substantial amount of leachate with decomposition products, heavy metals and a variety of 

hazardous pollutants which may seep from the landfill site into underground aquifers and 

thus polluting much needed urban water resources. There are also possibilities of surface 

runoff and/or overflow of the leachate to the surrounding agricultural lands, ponds, canals 

and rivers causing surface water quality deterioration. If this big amount of MSW will not be 

managed properly, it will have a severe impact on environment. The waste management 

policies and strategies are still struggling with the conflicts arising between developmental 

and environmental goals. The dissolution of solid waste combined with rainfall produces a 

large quantity of polluted water in the form of leachate. Present work shows the study of, the 

influence of physio-chemical parameters of the ground water thoroughly by collecting the 

water samples around the dump yard boundaries and then testing them for various parameters 

such as Total Hardness, Total dissolved solids, pH, Calcium and Magnesium Hardness, 

Sulphate, Chloride, Nitrate and also collected various values from the official such as 

Ahmedabad Municipal Corporation. Groundwater is the major source of potable water supply 

in the study area and its contamination is a major environmental and health concern. This 

study was therefore undertaken with the objective of assessing the possible impact of leachate 

percolation on groundwater quality of an unlined MSW landfill site at Pirana in Ahmedabad 

city. 

 

Study Area: 

Ahmedabad is the modern capital of Gujarat which lies on 23° 02′ N scope and 72° 57′ E 

longitudes on the bank of River Sabarmati. It is situated in the upper east of the Arabian Sea, 

with a height of 53m above mean ocean level. A design of Ahmedabad in Gujrat (India) map 

with Pirana Landfill site has appeared in Fig. 1. Ahmedabad’s climate is hot and humid with 

typical characteristics of a semiarid region with annual rainfall of 750-800 mm, mainly 

occurs during the south-west monsoon (June to August).  
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Fig. 1 A layout of Pirana landfill site with its location in Ahmadabad city and India, 

including sampling Locations. 

 

Ahmadabad is underlain by thick alluvial stores of Quaternary age. Lithologs of the city show 

that alluvium involves substituting beds of sand, sediment, mud and rock. There are a few 

sand layers down to the profundity of roughly 50 m. These are sprinkled with focal points of 

sediment and mud yet are basically in direct water driven correspondence with each other and 

perhaps treated as a solitary unconfined spring. When all is said in done, a 20–25 thick 

residue/earth layer isolates the deeper(depth>100 m) spring from the upper unconfined 

gathering of springs. The more profound springs have huge areal degree and directly supply 

the greater part of the water expended in the city (NEERI Report 1994; Nema et al. 

2001).Ahmedabad has got most extreme number of substance and material ventures and is 

seventh biggest generator of absolute metropolitan waste in India, in light of per capita 

creation its position is fifth in India (Fig. 1). Pirana is the main landfill site present in 

Ahmedabad city with 84 sections of land of land which gets metropolitan strong waste for 

around 35 years. Absolute strong waste produced from around the city is very nearly 4000 

tons/day (Source: Supervisor Ahmadabad Municipal Corporation). 

At present, the community body gathers 4000 metric huge amounts of strong waste day by 

day. Of which around 1900 metric ton gets reused at various plants, with around 100 metric 

huge amounts of material being recuperated at the decline move station once a day (Mukesh 

Gandhvi, Deputy Municipal Commissioner AMC). A specific strong waste transfer strategy 

not utilized at Pirana landfill site. The waste is being dumped and consumed which produces 

Methane gas in high sum and influences the adjacent local locations. These methane gas 

cause ailments and mischief to human wellbeing. In storm, the scent of the gas produced 

spreads everywhere throughout the city region and makes an upsetting Environment. The 

physical qualities of MSWbeing dumped here is appeared as a pie outline, demonstrating 

high natural and earth material substance. 
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Materials and Methods: 

The samples of solid waste, leachate and groundwater were taken in June, 2018.  and on an 

average about 4200 tons/day of waste is dumped on the site with the waste filling heights 

varying from 150 to 200 meters and spread over 84 acres of land since 1982 and this size and 

height keep on varying. The wastes dumped into this site are largely from domestic and 

commercial sources. Nearly 75-80% of the accumulated waste is collected from municipal 

bins and street sweeping. More than 15000 workers are employed by AMC and they work on 

all 365 days of a year and twice a day – 6:30 am to 11:30 am and 3:00 pm to 6:00 pm. The 

site is a non-engineered open pit and the waste brought here by collection trucks from 

different parts of the city are dumped haphazardly without segregation. AMC has identified 

more than 2000 locations as waste collection points. 

 

 

The solid waste samples (up to depth 0–25 cm) were collected with help of quadrate area 1×1 

m. Five MSW samples were taken, i.e. one sample from each corner and one from the centre 

of landfill site. Homogeneous steps were applied to the samples in order to derive 

representative laboratory samples to be used for the following experiments. The help of 

municipal bulldozer was taken for digging. Stainless steel trowel was used for collecting solid 

waste samples. These samples were collected in air tight plastic bags to avoid any chemical 

contaminations. The groundwater samples were collected from sources scattered around the 

landfill sites. There were 11 groundwater samples, 5 samples of MSW and 1 leachate sample 

taken in total. All sampling bottles were soaked with 1:1 HNO3 after washing with 

detergents. These bottles were then rinsed with double-distilled water. At the time of 

sampling, sampling bottles were thoroughly rinsed two to three times using groundwater to 

be sampled. Electrical conductivity (EC) and pH were measured in situ with help of Orion 

pen electrode. Alkalinity, expressed as HCO3, was quantified in situ by titration with 0.05 N 

HCl, and methyl orange as an indicator. Water samples were filtered using 0.45 μm Millipore 

filter paper and acidified with nitric acid (Ultrapure 
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Merck) for cation analysis and with HBO3 was used as preservative for nitrate analysis. 

Samples were stored below 4°C prior to analysis. 

 

Groundwater And Leachate Analysis: 

Significant cations like Ca2+, Mg2+, Na+ and K+ were dissected on AIMIL Flame 

Photometer (PE I). Groupings of Cd, Cr, Cu, Ni, Pb and Zn were controlled by Shimadzu 

nuclear ingestion spectrometry (AAS). The compound investigation was done according to 

the standard methodology given in APHA (1995). Nitrate examination was performed 

utilizing Brucine Method utilizing UV Spectrophotometer (Cecil, model no. 594). Chloride 

was resolved with Thermo-Orion Benchtop Ion Selective Electrodes. 

 

Sampling Of Leachate: 

In an effort to study the extent of groundwater contamination, three sampling points were 

selected around the landfill site from where the solid waste samples were taken. The pure 

water from RO then passed through these samples. The water obtained after passing through 

the waste was collected in 500 ml plastic bottles. 

Physio-chemical Analysis Of Leachate: 

The leachate samples were transported to the laboratory and all the samples were analysed for 

relevant physio-chemical parameters according to the accepted procedures and standard 

methods. The parameters analysed in the leachate samples include pH, total dissolved solids 

(TDS), total hardness (TH), sulphates, chlorides, acidity, magnesium and calcium. All the 

experiments were performed in the laboratory of environment department of L. D. 

Engineering College, Ahmedabad. The results of the tests are listed in table 1. 

 

 

Sr. No.  Parameters  Sample 1  Sample 2  Sample 3  

1  pH  6.8  7.3  7.1  

2  TDS  2103 1873  1813  

3  Total Hardness  743  703  683 

4  Calcium 

Hardness  

493  473  450  

5  Magnesium 

Hardness  

253  233  233  

6  Sulphates  433  393  473  

7  Chlorides  203  293  313  

8  Acidity  103  123  103  

9  Calcium  199  191  183  

10  Magnesium  103  95  95  

             Table. 1: Characteristics of the landfill leachate 
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MSW characterization and heavy metal analysis Three replicates of each sample were 

analysed: pH and electrical conductivity (EC) were measured in a suspension characterized 

by a solid/water ratio of 1:5 (w/v), after 1 h stirring. Majority of the major and trace elements 

were analysed by the “B” solution prepared by the acid digestion method, which is a 

modified procedure of Shapiro and Brannock (1962). 

In this method of solution preparation, 0.5 g of sample powder (−200 mesh size) was taken in 

a cleaned Teflon crucible and to this 10 ml of conc. HF, 5 ml conc. HNO3 and 1 ml HClO4 

were added and heated at a temperature of about 85–90°C with the lid on for about 5–6 h on a 

hot plate. After 5–6 h the lid was removed and the solution was evaporated to dryness. In the 

second phase, 5-ml conc. HF, 10-ml conc. HNO3 and 1 ml HClO4 were added and again 

evaporated to dryness. In the third phase, 10 ml of HNO3 was added to remove the traces of 

HF and the solution dried completely. Finally, 25 ml of 2 N HCl was added and heated to 

about 100°C to bring the digested sample into solution. After regular swirling, the solution 

was transferred to a 100-ml volumetric flask and made up diluted sample solution (200X) 

was prepared. This solution was directly used for the determination of trace elements such as 

Ni, Cr and 

Cd. An aliquot of this solution was further diluted 20 times (4,000×) was used for major 

element analyses. 

 

Data From AMC: 

AMC officials had collected the groundwater samples from four sampling points. The 

samples were taken from the borewells of UPL Plant, Chiripal Industries Limited, Techno 

Industries and Samruddhi Industries located near the Pirana landfill site. The collected 

samples were given to Envisafe Consultants for testing against various parameters. The 

parameters include pH, TDS, total hardness, sulphates, chlorides, iron and nitrates. The 

results of the tests are listed in table 2. 

Sr. No.  Parameters  UPL Plant  Chiripal 

Industries 

Ltd.  

Techno 

Industries 

Samruddhi 

Industries 

1  pH  7.38 7.56  7.43  7.17  

2  TDS  2141 1213  2049  2275  

3  Chlorides  636  441  561  821  

4  Sulphates  310  99  473  127  

5  Total 

Hardness  

533  253  843  683  

6  Iron  7.83  6.03  6.33  8.53  

7  Nitrates  578 266  593  671  

 Table. 2: Characteristics of groundwater samples by AMC officials. 
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Sr. No.  Parameters  Desirable limits as per 

BIS  

1  pH  6.5 to 8.5  

2  TDS  503  

3  Total Hardness  303  

4  Sulphates  153  

5  Chlorides  253  

6  Calcium  78 

7  Magnesium  303  

8  Iron  0.6 

9  Nitrates  48 

Table 3: Desirable limits of different parameters for drinking water as per BIS. 

Results And Discussion: 

The contamination capability of leachate relies upon its synthesis and it more often than not 

contains high centralizations of a wide scope of contaminants. Uncontrolled and untreated 

leachate of a landfill site dirties the encompassing soil, surface water and groundwater and 

consequently a potential danger to human and condition. The trial results and the information 

gathered from AMC indicates high groupings of practically every one of the parameters when 

contrasted with the BIS gauges for drinking water. The exploratory outcomes and the 

information gathered from AMC demonstrates high centralizations of practically every one of 

the parameters when contrasted with the BIS gauges for drinking water. The general 

population living close-by the landfill site utilizes this contaminated groundwater which is 

destructive to their wellbeing. So the groundwater close-by the pirana landfill site is 

prescribed for drinking and cooking yet simply after the best possible treatment which 

evacuates every one of the contaminants present in the water. 

The TDS is a profitable pointer of the all out broke up salt substance of water. The high TDS 

saw in the groundwater recommend a descending exchange of leachate into groundwater. 

High groupings of TDS decline the satisfactoriness of water and may likewise cause 

gastrointestinal bothering in people. 

The presence of high concentration of Fe in the leachate indicates that Fe scraps are likely 

dumped in the landfill. Concentration of Fe above the permissible limit in water results in 

aesthetic problems relating to taste, odour and colour. 

 

Conclusion: 

1. The result shows very high amount of almost all parameters and so it is harmful for 

drinking and cooking. The reverse osmosis (RO) system should be used because it 

removes all the dissolved solids upto 90% and makes the water safe for drinking. The 

only limitation of this system is that the membrane should be replaced during regular 

time intervals and frequent service should be given to the RO system. It is better to 

spend some money on this system and it is profitable also because it saves money 

which would otherwise be wasted for curing of diseases caused due to drinking of 

contaminated water. 
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2. Heavy metals in all samples do indicate an empirical relation between MSW, leachate 

and groundwater sample. The results of factor analysis indicate that pollution source 

is dominated over natural process in the vicinity of this landfill site. Moreover, 

positive loading of most of the factor for heavy metal clearly shows landfill impact 

on ground water quality especially in the direction of groundwater movement which 

is further supported by cluster analysis finding of two major groups of samples 

comprises samples with and without under the influence of landfill and contaminated 

leachates. These techniques can be used as a handy monitoring and assessment tool 

for immediate preliminary determination of landfill impacts extent. This study 

emphasized regular but cost effect monitoring of such hazardous sites by using 

multivariate statistical techniques and hydro- chemical relationships. A particular 

attention should be paid to the wells situated down gradient of the landfill and in the 

direction of groundwater flow. 
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