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ABSTRACT 

Disposal of municipal solid waste is a major problem all over the world. Due to lack of 

successful waste management system municipal solid waste are dumped at open places without proper 

segregation. Analysis of the changes in soil quality due to the dumping of municipal solid waste was 

done in this study. Top soil samples were collected from three Municipal waste dumping areas in 

Thiruvananthapuram City viz. Chala, Palayam and Manacaud. Control samples were also collected from 

places about 100 m away from the sites. The Physico- chemical properties of soil such as pH, Electrical 

Conductivity, Moisture content, Organic matter content, Available potassium, Phosphorus and heavy 

metals such as Zinc, Copper, Nickel, Cadmium, Lead and Manganese were analyzed. The physico- 

chemical properties were found altered and concentration of heavy metals of the soils collected from 

waste dumping areas were found higher when compared to the control samples. The results showed that 

indiscriminate dumping of municipal solid waste causes alteration of soil properties and heavy metal 

pollution in soil. 
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INTRODUCTION 

Soil is a valuable natural resource for the survival of organisms
1
 and hence needs to be protected. 

Lack of successful waste management systems forces people to dump the garbage in nearby road side 

open places having less human activity. Indiscriminate dumping of wastes causes soil pollution and the 

leachate from it contaminates surface and ground water supplies
2
. The solid waste act as an external 

force affecting the physico-chemical characteristics of soil which in turn leading to poor production of 

vegetation
3
. The present study is a preliminary work on the assessment of changes in soil physico- 

chemical properties and heavy metal concentration in soil contaminated by dumping of Municipal solid 

wastes. 

 

MATERIALS AND METHODS 

The collection and analysis of soil samples were done as per standard methods. Top soil samples 

were collected from three road side waste dumping areas in Thiruvananthapuram City viz. Chala (Site 

I), Palayam (Site II) and Manacaud (Site III). Control samples were also collected from places about 100 

m away from the dumpsites. The soil samples were dried naturally by spreading it on a tray. The 

samples were crushed mechanically and sieved using 2mm sieve. The sieved samples were stored in 

labeled polythene bags for physico chemical analysis using standard methods. 

pH was measured using a glass electrode pH meter (ELICO, LI 614). The conductivity was measured 

using a conductivity meter (Systronics, 306). Organic carbon content was analyzed by the dichromate 

oxidation and titration with ferrous ammonium sulphate method described by McLeod (1973)
4
. 

Available phosphorus in soil was determined using Bray and Kurtz method (1945)
5
. Moisture content 

was determined by oven dry method. The heavy metals in soil were analyzed using air acetylene flame 

atomic absorption spectrophotometer (AAS) (Perkin Elmer PinAAcle 500) after triacid method of soil 

digestion. 

 

RESULTS AND DISCUSSION 

Physico-chemical properties of soil samples were shown in table 1 and heavy metal 

concentrations were shown in table 2. 
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pH 

The pH is a basic criterion for identification of the chemical nature of the soil. It is the measure 

of hydrogen ion activity and depends on relative amounts of adsorbed hydrogen and metallic ions in the 

soil. The pH of natural soil is in the range 7 - 8.5 and the variation is due to biological activity, 

temperature, disposal of municipal waste etc
6
. 

In the present study pH of the dumpsites were found to be slightly acidic (5.9-6.5) in nature compared to 

that of control sites (7.3- 8.1). The maximum acidity was found in site II (Palayam) followed by Site III 

(Manacaud) and Site I (Chala). Acidic pH in dumpsites was due to the decomposition of organic matter 

leading to the formation of organic acids
7
. 

Electrical Conductivity (EC) 

Conductivity is a measure of the current carrying capacity affected by the soluble salts present in 

the soil. In the present study, EC values of dumpsites were higher than that of corresponding controls. 

Studies by Siva Praveena and  Rao (2016)
7
 also showed similar results. The maximum EC was found in 

site II (Palayam) followed by Site I (Chala) and Site III (Manacaud).  According to Oberlin (2013)
8
 the 

higher EC values in dump sites is due to the decomposition of organic matter present in the Municipal 

Solid Waste.  

Available Soil Potassium 

Available potassium obtained was ranged from 180-284mg/Kg in dumpsite soil which is 

significantly higher than that in the corresponding control soil (140-173 mg/Kg). Due to degradation of 

solid waste, potassium content in soil increases
9,10

. 

Available Soil Phosphorus 

Available phosphorus in soil ranged between 4.8 and 10.5mg/kg in dumpsite soil and 2-3.2 

mg/kg in control soil. High values of available phosphorus showed the presence of the constituents of 

domestic wastes such as soaps and detergents in the landfill
11

. 

Organic Matter 

Soil organic matter possesses a natural magnetism to water and it prevents the pollutants 

reaching ground water
6
.The organic matter present in the dumpsite soil were found to be higher (3.15- 

4.1) than that of corresponding control soil (1.64-1.82). The highest concentration of organic matter was 
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found in site II (Palayam) followed by Site III (Manacaud) and Site I (Chala). The presence of organic 

matter is mainly from bio degradable materials in the solid waste and hence it is higher in soil where 

domestic waste is dumped. Studies of Saritha et al., (2014)
12

 also showed that organic matter in dump 

yard soils were high making the soil more productive for vegetation.  

Moisture Content 

The moisture content (MC) of the dumpsite samples were found to be higher (25.14- 27.14) than 

that of control samples (20.12 -21.52). This agreed with the findings of Zhang et al. (2007)
13

. High 

organic matter content in the wastes dump favors increased moisture content and water holding 

capacity
14

. Sarita et al., (2014)
12

 also reported very high values (25%) of moisture content in waste soil 

and opined wetness depends largely on the porosity of soil.  

 

Table No. 1: “Physico Chemical properties of Soil samples” 

Parameters 

 

Site I Control I Site II Control II Site III Control III 

pH 

 

6.0 ± 0.13 7.3 ± 0.04 5.9 ± 0.02 8.1 ± 0.02 6.5 ± 0.05 7.8 ± 0.01 

EC (mS/cm) 

 

0.48 ± 0.04 0.25 ± 0.01 0.68 ± 0.12 0.33 ± 0.02 0.52 ± 0.01 0.28 ± 0.13 

Available 

Potassium 

(ppm) 

180 ± 2 140 ± 3 220 ± 5 150 ± 3 284 ± 3 173 ± 2 

Available 

phosphorus 

(ppm) 

4.80 ± 0.01 2 ± 0.02 8.72 ± 0.01 2.1 ± 0.03 10.5 ± 0.01 3.2 ± 0.05 

Moisture 

Content 

25.14 ± 0.02 20.12 ± 0.05 27.14±0.02 21.52±0.10 26.32± 0.10 20.32 ± 0.05 

Organic Matter 

(%) 

3.15 ± 0.07 1.64 ± 0.02 4.10 ± 0.05 1.82 ± 0.02 3.2 ± 0.02 1.72 ± 0.02 
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Table No. 2: “Concentration of Heavy Metals in soil (mgKg
-1

)” 

Heavy 

Metals 

Control I Site 1 Control II Site II Control III Site III 

Zn 

 

12.2± 0.02 19.30 +0.15 10.25+ 0.01 22.34 + 0.1 8.22+ 0.03 30.42 +0.13 

Cu 

 

1.30 + 0.22 3.46 + 0.12 1.22+ 0.14 3.40 +0.27 1.32+ 0.13 5.34 + 0.32 

Ni 

 

5.25 + 0.12 7.72 + 0.40 3.4 + 0.40 10.01 + 0.02 3.50 + 0.02 10.78 + 0.06 

Cd 

 

*BDL *BDL *BDL *BDL *BDL 0.20 + 0.03 

Pb 

 

8.83 + 0.64 18.92 + 0.08 3.24+ 0.04 12.04 +0.32 5.54+ 0.02 18.22 + 0.50 

Mn 

 

4.20 + 0.32 12.20 + 0.03 4.24 + 0.34 16.03 +0.02 3.23+ 0.05 22.32 + 0.52 

* BDL- Below detectable Limit 

 

Heavy Metals  

Metals are present in soil as a natural component or as a result of human activities, such as 

smelting of metalliferous ores, electroplating, fuel production, fertilizer and pesticides application, and 

generation of municipal waste
15,16

. Kitchen, ash, plastic, and industrial wastes are the primary sources of 

metals in municipal solid waste landfills
17

. 

Total metal content is important because it determines the size of the metal pool in the soil and thus the 

potential for metal uptake
18

. The soil samples were analyzed for total Zn, Cu, Ni, Cd, Pb and Mn (Table 

2). Zn, Cu and Mn are essential elements and Ni, Cd and Pb are non-essential heavy metals. 

Zinc 

Zinc is an essential trace element for human health
19

. Many foodstuffs contain certain 

concentrations of Zn. The concentration of total Zinc at dumpsites ranged between 19.3 -22.34 mg/kg 

and at control samples ranged between 8.22- 12.2 mg/kg.    

In the present study the concentration of total zinc found in dumpsite soils was higher than that obtained 

by Okeyode and Rufai (2011)
20

. Motor vehicle emission, smelting, scrap metal processing and 

application of sewage sludge may cause Zn accumulation in dumpsites
21

.  
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Copper 

The concentration of copper at the dumpsites ranged between 3.4 - 5.34 mg/kg and that at control 

soils ranged between 1.2 -1.32 mg/kg.  Decomposition of biodegradable waste introduces metallic 

copper into soil
22

. 

Nickel 

The concentration of Nickel at the dumpsites ranged between 7.72-10.78 mg/kg and that at 

control soils ranged between 3.4 – 5.25 mg/kg. Nickel deposition in the soil can be due to land fill, 

weathering of soil, etc
23

.  

Cadmium 

Cadmium was present only in one sample obtained from dumpsite (Site III). In all other samples 

it was at below detectable limit (BDL). Cadmium is a very toxic heavy metal which causes serious 

health problems in humans if ingested.  

Lead 

The concentration of total lead at the dumpsites ranged between 12.04 -18.92 mg/kg and that at 

control soils ranged between 3.24 - 8.83 mg/kg. The leachate from un-segregated lead battery in MSW 

is the reason for increased presence of lead in dumpsites
24

. 

 

Manganese 

The concentration of Mn at the dumpsites ranged between 12.2 - 22.32 mg/kg and that at control 

soils ranged between 3.23 – 4.24 mg/kg. The highest concentration of manganese was found in Site III 

(Manacaud) followed by Site II (Palayam) and Site I (Chala).  

Each dumpsite soil sample exhibited a high concentration in one or more heavy metals. According to 

Zahra et al. (2018)
25

, the heavy metals found at contaminated sites are in the following order: lead (Pb)> 

zinc (Zn)> cadmium (Cd)> copper (Cu).   

  

CONCLUSION 

The soil samples collected from the dump sites showed significant variation in physico-chemical 

parameters and heavy metal concentration from that of control samples taken 100m away from 

dumpsites. Indiscriminate dumping of solid waste altered the soil properties and heavy metal 
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concentration. The toxic heavy metals may leach out to the nearby water sources and cause a threat to 

plants, animals and human being and cause biomagnification in the course of time. The study shows the 

need of segregation of toxic components from municipal solid waste before dumping in open places. 
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