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ABSTRACT 

Environment today faces a great threat from pollution and one of the major cause is improper disposal of garbage. The 

solid waste promotes growth of pathogens responsible for various waterborne disease and unhygienic surrounding. 

Management of solid waste reduces or eliminates adverse impacts on the environment and human health  and hence 

supports  improved quality of life. Therefore, we investigated the garbage disposal system of Itanagar, Arunachal 

Pradesh and the nearby area which was found to be improper and inefficient. Leachate is the viscous liquid material 

found in the dumping or landfill sites. Leachate is generated when the solid waste in the landfill decays. We collected the 

Leachate sample from the dumping site and its chemical properties and its effect on the local soil when in contact with 

Leachate were studied. The Leachate was found to contain chemicals above permissible limit for most of the parameters 

and it was confirmed that it influences the soil properties. 
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1.0 INTRODUCTION 

Solid waste is the unwanted or useless solid materials generated from combined residential, industrial and 

commercial activities in a given area. It may be categorised according to its origin (domestic, industrial, 

commercial, construction or institutional); according to its contents (organic material, glass, metal, plastic 

paper etc.); or according to hazard potential (toxic, non-toxin, flammable, radioactive, infectious etc.).   

Management of solid waste reduces or eliminates adverse impacts on the environment and human health and 

supports economic development and improved quality of life. A number of processes are involved in 

effectively managing waste for a municipality. These include monitoring, collection, transport, processing, 

recycling and disposal. 

Leachate is the viscous liquid material found in the dumping or landfill sites. Leachate is generated when 

water from rainfall infiltrates into the solid waste and reacts physically, chemically and biologically with 

waste to produce Leachate. Recent studies and research reveals that Leachate generates when the rate of 

precipitation exceeds the rate of evapo-transpiration in the sanitary landfill region. Mainly the municipal waste 

and industrial waste placed on or beneath the ground surface are the two most significant sources of formation 

of Leachate. 

 

2.0 LITERATURE REVIEW  

This section contains brief outline of the literature review of the various test conducted on Leachate collected 

from various landfill sites from India and around the world as reported by various investigators. 

2.1 Chemical composition of Leachate 

 Vadillo et al. (1997) conducted experiments to determine the physical and chemical parameters and 

chemical composition of the urban solid waste leachate of Marbella landfill, southern Spain. The data 

obtained show an ammonium and sodium chloride and bicarbonate type with high mineralization, 

effectively described by the following parameters: Na
+
, K

+
, NH4 

+
, Cl

– 
and alkalinity. 
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 M. H. Wong et al. (2001) collected landfill leachates and their chemical properties were analysed 

once every two months over a ten-month period from the Gin Drinkers' Bay  and Junk Bay landfills, 

China. The contents of solids,  inorganic and organic components were found to fluctuate 

considerably with time. In general, the chemical properties of the two leachates correlated negatively 

(P < 0.05) with the amounts of rainfall prior to the sampling periods. However, magnesium and pH of 

the leachates remained relatively constant with respect to sampling time. The concentrations of 

average ammoniac nitrogen were 1040 and 549 mg/litre, while chemical oxygen demand (COD) 

values were 767 and 695 mg/litre for JB and GDB leachates, respectively. 

 B. Słomczyńska et al. (2004) conducted tests on physico-chemical and toxicological characteristics 

of leachates from municipal solid waste landfills and found leachates characterized by high values of 

BOD5, COD, TOC and considerable concentrations of ammonium nitrogen, with pH values in the 

range of 6.7-8.7. 

 Suman Mor et al. (2006) reported about the characteristic of leachates samples collected from 

Gazipur Landfill Site, Delhi. The pH value of the sample was found out to be 6.9. and the relatively 

high values of EC (24500 µScm1) and TDS (27956 mg l-1) indicate the presence of inorganic 

material in the samples, the presence of high BOD (19000 mg l-1) and COD (27200 mg l-1) indicates 

the high organic strength etc. Among the nitrogenous compound, ammonia nitrogen (2675 mg l-1) 

was present in high concentration. High concentrations of NO3
-
 (380 mg l-1) and Si (326 mg l-1) were 

also observed in the leachate samples. The high level of Fe (70.62 mg l-1) in the leachate sample 

indicates that Fe and steel scrap are also dumped in the landfill. The presence of Zn (2.21 mg l-1) in 

the leachate shows that the landfill receives waste from batteries and fluorescent lamps.  

 Barjinder Bhalla et al. (2012) analysed leachate for various physico and chemical parameters to 

determine its pollution potentials, from three landfilling sites of Ludhiana i.e. Jamalpur, Noorpur and 

Jainpur. These sites have neither any bottom liner nor any leachate collection and treatment system. 

Therefore, all the leachate generated finds its paths into the surrounding environment. Based on the 

characterization of landfill leachate, Jamalpur and Noorpur belt landfilling site demonstrated low bio-

degradability i.e. BOD5/COD=0.19 and BOD5/ COD=0.20 compared with Jainpur landfilling site i.e. 

BOD5/COD=0.24.The leachate samples of Jamalpur and Noorpur belt landfilling site contained higher 

turbidity than that at Jainpur landfilling site due to the landfill age and stabilization of leachate. It was 

found that leachate samples contain high concentration of organic and inorganic constituents beyond 

the permissible limits.  

 R.K. Rowe et al. (2012) examined leachates from several municipal solid waste landfills. Ontario 

leachate characteristics are generally consistent with published data relating to both European and 

U.S. landfills. Careful examination of leachate concentration shows increase in concentration to a 

peak value followed by a decrease in concentration with time. This decrease is relatively slow for 

chlorine since the primary mechanism for a decrease is dilution. However for organics such as 

dichloromethane, benzene, toluene, phenol, ethyl benzene, vinyl chloride and trichloroethylene the 

dilution rate is fast. 

2.2 Harmful effect of Leachate 

 Suman Mor et al. (2006) studied the ground water sample from the Gazipur Landfill Site, Delhi and 

found it not fit for household purposes due to the high concentration of leachate. The moderately high 

concentration of EC, TDS, Cl
-
, SO4

-
, NO3

-
, Na

+
 and Fe etc. in groundwater near landfill deteriorates 

its quality for drinking and other domestic purposes. Further, the presence of Cl
-
, NO3

-
, NH4

+
, Phenol 

and COD can be used as tracer with relation to leachate percolation. The samples were also found to 

be bacteriological unsafe. 

 Rajkumar Nagarajan et al. (2012) investigated the impact of leachate on the groundwater at landfill 

sites of erode city in Tamil Nadu, India. The concentrations of Cl
-
, NO3

-
 , SO4

2-
, NH4

+
 were found to 

be in considerable levels in the groundwater samples particularly near to the landfill sites, likely 

indicating that groundwater quality is being significantly affected by leachate percolation. Further 

they were proved to be the tracers for groundwater contamination near Semur and Vendipalayam 
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dump yards. It was distinctly observed that the groundwater near Vendipalayam landfill site is 

affected by leachate percolation. Other than that the groundwater of the area in general is fresh except 

few places near the landfill sites, which are blackish in nature.  

  Diganta Goswami et al. (2013) analysed the chemical characteristic of lateritic soil contaminated by 

leachate. Checking the pH of the soil sample, electrical conductance of the soil solution, organic 

matters total soluble sulphates iron content silica etc. taken from two municipal solid waste (MSW) 

sites, he observed the pH values comes to be 4.8 to 5.3 and the electric conductivity and calcium 

sulphates and iron content in the soil increases as the concentration of the leachates increases. 

 

3.0 METHODOLOGY 

 Chemical composition of Leachate 

 Various tests were conducted on the leachate samples for finding out the various  chemical parameters 

like Turbidity, pH, Total hardness, Copper, Arsenic, Total solid,  Nitrate, Iron, Fluoride, Chromium, 

Chloride, BOD, COD. 

Geotechnical properties of soil 

 Various geotechnical tests  were conducted on the soil samples for finding out the effect on various 

geotechnical parameters like Liquid limit, Plastic limit, Shrinkage limit, Specific gravity and  Permeability 

of soil. 

 

4.0 RESULTS 

 Test Result of Leachate sample 

 Following results as tabulated in Table-1 are obtained after conducting the laboratory tests on Leachate 

sample. 

 Test Result of Soil and Soil + Leachate sample 

 The soil sample is found to be poorly graded sandy soil which was concluded from the sieve analysis. 

And also the soil was found to be non-plastic.  

 Further following results as tabulated in Table-2 are obtained after conducting the  laboratory tests on 

Soil and Soil + Leachate sample. 

 

5.0  CONCLUSION 

1.  The tests clearly shows that the Leachate sample contains high values for some of the  parameters like 

turbidity, chloride, copper,iron,chromium, BOD and COD. High turbidity  indicates the presence of 

suspended matters like clay, silt or more finely organic material  in water. Chloride in high amount 

indicates presence of industrial or domestic waste. It also indicates the presence of sewage or other 

domestic waste. High value of copper in  water makes it distasteful at a value of 1-5 mg/L. High value 

of iron cause discoloration  of clothes and incrustation in water mains due to deposition of ferric 

hydroxide.  Chromium is toxic to human and is very lethal to health. The amount of COD and BOD  is 

alarmingly high which indicates the presence of high amount of organic waste. 

2. Some harmful elements like arsenic and fluoride were found to be absent. This may be  because of the 

absence of mine or smelting ore sites in the nearby area. Arsenic is very  harmful to all forms of life 

and fluoride harms dental caries.  

3. Other parameters like pH, nitrate and hardness were found to be under the permissible  limits. 

4. The absence of nitrate means the absence of fully decomposed organic matters. 

5. The soil sample collected is a poorly graded sandy soil which is found to be non- plastic in nature. Its 

permeability is found to be medium range.  

 6. The addition of Leachate in the soil sample has proven to increase the liquid as well as the shrinkage limit 

of soil. By the increase in the Atterberg’s limits it can be concluded  that the soil is more cohesive and 

water retaining. Whereas the specific gravity is found to be less affected. 
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 7. The permeability however has decreased with the addition of Leachate sample from  medium to low. 

This may be because of the large size particles present in the Leachate sample leading to aggregate 

formation in the fine grained surface soil. This reduces the  porosity of the soil and increases its 

resistance to compression. It also lowers the  hydraulic conductivity as permeability is directly 

proportional to it, leading to reduced seepage velocity. 

Table-1 : Values of different chemical parameters of Leachate 
Sl. no Chemical Parameter Values obtained as per the laboratory tests 

(3-trials) 

Average  

Value 

1 Turbidity  59.2 

71.42 

55.17 

61.93 

2 pH 7.88 

8.10 

7.98 

7.98 

3 Total hardness  1.69 

1.34 

2.00 

1.67 

4 Copper  0.23 

0.39 

0.47 

0.36 

5 Arsenic 0.00 

0.00 

0.00 

0.00 

6 Total solid  16000 

33900 

49000 

32966.66 

7 Nitrate 31 

30 

30 

30.33 

8 Iron 0.25 

0.4 

0.4 

0.35 

9 Fluoride 0.00 

0.00 

0.00 

0.00 

10 Chromium  0.2 

0.3 

0.3 

0.26 

11 Chloride 

 

330 

364 

411 

368.33 

12 BOD  

 

98 

96 

97 

97 

13 COD  

 

114.7 

114.0 

113.0 

113.9 

 * Except pH all other values mentioned are in mg/l. 
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Table-2 : Values of different geotechnical parameters of Soil and Soil + Leachate 

Sl. no Chemical Parameters Soil Soil + Leachate 

 

1 Liquid limit 22.4% 28.97% 

2 Plastic limit - - 

3 Shrinkage limit 0.24% 0.74% 

4 Specific gravity 2.559 2.508 

5 Permeability (cm/sec) 3.07x  5.33x  
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