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ABSTRACT 
Quantification of environmental pollution risk 

(EPR) induced by open dumping practice of municipal solid 

waste (MSW) is important to improve MSW management 

practices and to provide effective countermeasures for 

mitigating EPR at the MSW open dumping site. This study 

targeted an open dumping site at Karadiyana, Western 

province of Sri Lanka and aimed to assess EPR by using 

geographical and hydrological information, water (landfill 

leachate and surface water) and soil quality monitoring for 

samples collected at the pollutant source (i.e., MSW 

dumping site) and its surrounding with monthly interval 

from June to December 2019 to cover both wet and dry 

periods. The maps of EPR induced by the pollutant source 

were visualized by analysing measured physicochemical 

parameters including heavy metals incorporating with 

interpolation and weighted overlay techniques of geographic 

information system (GIS). Results showed that the EPR map 

characterized well spatial distribution and seasonal 

variation of pollutants from the source. Especially, it was 

found that the pollutants flowed towards the Northwest and 

North from the pollutant source at the investigated site. It 

was also found that higher concentrations of phosphorous 

and heavy metals were observed from landfill leachate 

samples in dry season than those in wet season.  The findings 

in this study raise the mapping of EPR would contribute to 

take actions for establishing environmental sound waste 

disposal and to promote sustainable MSW management 

practice in Sri Lanka. 
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I. INTRODUCTION 
 

Waste has become a crisis in the modern world. 

Knowingly or unknowingly each and every activity of 

human produces a vast amount of waste [1,2]. With the 

increase of population and industrial development, the 

amount of waste produced has also increased [2,3]. 

Urbanization has resulted in a significant increase in 

quantity and change in characteristics of MSW during last 

30 years [4]. Further, annual waste generation is expected 

to grow by 70% in 2050 all over the world with the 

increasing urbanization and population growth [5]. 

In Sri Lanka, nearly 85 % of the waste collected 

all over the Island mainly in urban areas end up in open 

dump sites [6,7]. Although disorganized solid waste 

disposal has been identified to be one of the major causes 

for environmental degradation in the National Action Plan 

of Sri Lanka (1998-2011), still the most common method 

of municipal solid waste disposal is open dumping [8]. 

Open dump sites are mainly located in urban areas where 

large amount of waste that had been produced in the 

country. Meethotamulla and Karadiyana are two such 

open dump sites based in Colombo where most of the 

wastes generated in Colombo and suburbs are dumped. 

Even after several years of stopping the dumping 

of wastes, the effects from the pollutants such as NO3
-, 

SO4
2, PO4

3- and heavy metals which had been leached into 

the ground keep on contaminating groundwater and 

associated resources which cannot be remediated on a 

short-term basis.  Therefore, dumping of municipal solid 

waste of varying composition in open dumpsites causes 

long term health and environmental impact. The studies 

have been conducted to study the pollutants released from 

open dumpsites [9-11], the composition of wastes 

dumped [11], effect of open dumpsites on the health of 

soil and nearby water sources [13,14] etc. However, no 

studies have been conducted to study the spatial 

distribution of pollutants once they are released to the 

environment and map the distribution of pollutants 

released from open dumpsites in Sri Lanka. Even though, 

mapping of hazard risk is common in disaster 

management, there is an emerging trend of using mapping 

techniques in waste management [9,10].  In this regard, 

GIS provides a flexible platform which integrates and 

analyses maps and waste management databases [12–14]. 

Mapping of EPR for open dumpsites/landfills is an ideal 

technology to identify the potential contaminants and 

their distribution pattern around a landfill which provides 

necessary information to help people to understand the 

risks of hazards caused by open dumping of MSW and to 

help proper mitigation measures.  EPR map will provide 

details on contaminant levels, pattern of the movement of 

contaminants and risk areas according to the hazard levels 

which can be used by the governing body to apply 

remediation measures in these areas according to the 

contamination levels. Thus, this study aims to map 

environmental pollution risk caused by the pollutant 
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released by the biochemical reactions of wastes dumped 

in open dumpsites by considering the combined effect of 

all the pollutants released from the dumpsite, retained in 

the soil and pollutants added to the water bodies nearby.  

 

II. MATERIALS AND METHODS 
 

2.1. Study area 

Karadiyana open dump site is located in the 

Karadiyana Grama Niladhari Division of Ratmalana 

Divisional Secretariat (6°48′56″ N, 79°54′16″E) in 

Western Province, Sri Lanka. Total area of the dumpsite 

is 25 acres and it consists of two sites (Site 1 and 2) where 

only Site 1 was used for waste dumping at the time of the 

study. The Karadiyana open dump site is located in a low-

lying area very close to the Weras Ganga - Bolgoda Lake 

wetland system (Figure 1). The dump site receives 500-

700 metric tons of MSW daily from 7 local authorities in 

Colombo District. 

Only active Site (Site 1) of the dump site was 

selected for the study. Sampling points were selected on 

the periphery of the dump site (A1 to A6), 100 m away 

from the periphery of the dump site (B1 to B5) and 500 m 

away from the periphery of the dump site (C1 to C3), as 

shown in Figure 1.  

 

                   
 

Figure 1: Location of Sampling points at Karadiyana MSW open dumping site and its surrounding 

(Map data © 2021 Google) 

 

2.2. Sample collection and analysis 

Leachate and soil samples were collected from 

the sampling sites A1 - A6. The leachate is being 

discharged from the dumpsite to the nearby canal around 

the dumpsite and mixed with water. Therefore, water and 

soil samples were collected from sampling sites B1-B5 

and C1 - C3 (Figure 1). 

In each sampling event, 500 mL of leachate and 

water samples were collected from the points selected.  At 

the same time, soil samples were collected at a depth of 

50 cm from the soil surface in selected sampling sites. 

Samples were collected monthly from June to December 

2019. 

2.3. Analysis of physicochemical parameters 

The collected samples were filtered through a 

0.2 mm membrane and stored for chemical analysis. 

Temperature, pH, electrical conductivity (EC), dissolved 

oxygen (DO) and total dissolved solids (TDS), nitrate 

(NO3
-), sulphate (SO4

2-), phosphate (PO4
3-), Cadmium 

(Cd2+), and Chromium (Cr6+) were measured using 

standard methods for collected leachate and water and soil 

samples [18]. 

2.4. Statistical analysis 

The values for pH, temperature, DO, EC, TDS, 

nitrate, phosphate, sulphate, cadmium and chromium 

concentrations of each sampling point in each sampling 

event were subjected to two-way ANOVA in MINITAB 

version 14.0 software package after confining their 

conformity with normal distribution using Anderson 

Darling test and the data was transformed to log[x+1] 

form except pH to reduce variance. When the null 

hypotheses in the ANOVA were rejected, Turkey’s 

pairwise comparisons were carried out. 
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2.5. Preparation environmental pollution risk map  

The study area was extracted and digitized with 

the dumpsite, roads and surface water bodies from the 

Grama Niladhari Division map of Sri Lanka. Sampling 

points were placed on the study area using the coordinates 

obtained by GPS and all the results from the analysis were 

input for each sampling point under different categories 

of soil, water and leachate. Interpolation technique was 

applied by using kriging to interpolate the values of 

physicochemical parameters to whole study area 

(equation 1). Interpolated maps were reclassified into five 

categories of pollution risk as very low, low, moderate, 

high and very high for each physicochemical parameter. 

These reclassified maps were given weightages for each 

parameter in leachate, water and soil as mentioned in 

Table 1. Final weighted overlay map was produced with 

five categories of risk by considering the combined effect 

of all the pollutants as very low hazard, low hazard, 

moderately hazard, hazard and extreme hazard. 

 

Table 1: Weightages given for parameters of water, leachate and soil for weighted overlay. 

 

Parameter  
Weightage % assigned for water and 

leachate 
Weightage % assigned for soil 

pH 6 1 

Conductivity 5 2 

Temperature 5 2 

DO 5 - 

TDS 5 - 

Nitrate 8 5 

Sulphate 8 5 

Phosphate 8 5 

Cadmium 10 6 

Chromium 10 6 

Total 70 30 

𝐙(𝐒°) =∑𝝀𝒊𝒁(𝑺𝒊)…………… . . 𝑬𝒒. 𝟏

𝑵

𝒊=𝟏

 

 

Where: 

Z(si) = the measured value at the ith location  

λi = an unknown weight for the measured value at the ith location 

s0 = the prediction location 

N = the number of measured values 

 

III. RESULTS AND DISCUSSION 
 

3.1. Spatial variation of physio-chemical parameters of 

leachate samples collected at the Karadiyana Dump Site 

Leachate samples were collected in the sampling 

locations from A1 to A6 at the periphery of the dumpsite. 

Spatial variation of water quality parameters pH, DO, 

Conductivity, temperature, TDS at sampling locations 

from A1-A6 is given in the Table 2. The relationship 

between pH and decomposition stages has been studied 

by several authors across the world [19, 20]. It has found 

in several studies that the pH of landfill leachate is 

increased from acidic to basic with the age of the landfill 

due to the biological decomposition of organic nitrogen 

into ammonium nitrogen [21–23]. In this study, all 

leachate samples collected at the periphery of the 

Karadiyana dump site showed a mean pH value of 7.48 

which is a suitable range for methanogenic bacteria. This 

result tally with the findings of Joseph et al. [24] who 

studied about the leachate quality of Karadiyana dump 

site. Similar results were obtained by Tränkler et al. [25] 

who found that leachate samples had a slightly high pH 

and remained in the range of 7 - 8 during the operations 

which indicates the early methanogenic phase. Major 

landfill sites under the same climatic conditions in Sri 

Lanka show methanogenic conditions [26].  On the other 

hand, Bahaa-eldin et al. [27] found that the average value 

of pH was 6.7 for the municipal landfill leachate in 

Malaysia indicating the young leachate and the waste 

degradation was at its late stage of acidic phase. 

EC of leachate samples ranged from 3.45 to 

29.30 ms/cm indicating the presence of higher content of 

dissolved solids. This is further verified by the amount of 

TDS in leachate where it exceeds the WHO standard. 

According to Joseph et al. [24], high organic and 

inorganic solids contributed to high TSS concentration 

and the metal salts to high EC. High of EC is attributable 

to high levels of anions and cations in the landfill leachate. 
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Also, the high values TSS indicate that leachates in this 

study could be undergoing biodegradation, thereby 

increasing the solids. 

Dissolved oxygen concentrations were very low 

around the dump site. Very low concentrations of DO in 

the leachate indicates that the high concentrations of 

biodegradable organic matter in leachate released from 

the dump site [22]. This is due to DO demands by the 

organic matter in leachate for the degradation process, 
which results an anaerobic condition in leachate [19].  

 

Table 2: The spatial variation of physio-chemical parameters of leachate at the periphery of the dumpsite. 

 

Parameter 
Sampling Locations 

A1 A2 A3 A4 A5 A6 

pH 7.55 ± 0.24a 7.47 ± 0.18a 7.33 ± 0.17a 7.66 ± 0.21a 7.65 ± 0.22a 7.24 ± 0.30a 

*DO (mg/L) 0.34 ± 0.06a 0.37a 0.36 ±0.050a 0.43 ±0.07a 0.42 ±0.08a 0.49±0.08a 

EC 

(ms/cm) 
22.98 ± 1.59a 17.79 ± 2.55ab 14.09 ± 3.31ab 9.30 ± 2.29b 8.02 ± 2.11b 18.81 ± 2.55ab 

Temp. 

(oC) 
29.68 ± 0.46a 29.45 ± 0.55a 29.37 ± 0.45a 29.18 ± 0.41a 29.37 ± 0.37a 29.17 ± 0.48a 

TDS 

(g/L) 
11.74 ± 0.56a 8.51 ± 1.18ab 5.46 ± 1.32b 5.52 ± 9.81b 4.83 ± 1.22b 11.61 ± 1.01a 

*For each parameter, mean values indicated by different superscript letters at each row are significantly different from each 

other (p<0.05)  

 

Figure 2 shows the variation of NO3-N and PO4-

P variation at the periphery of the open dump site. NO3-N 

content in leachate were below the standard concentration 

of ambient water quality for aquatic life and were not 

significantly different among sampling sites. Nitrate in 

the leachate samples were relatively low and it may be 

due to the anaerobic conditions prevailing which impairs 

the oxidization of ammonium nitrogen. However, nitrates 

are conservative contaminants as they are not affected by 

biochemical processes and natural de-contamination 

processes taking place inside the landfill as well as their 

infiltration into the unsaturated zone [24]. Therefore, the 

concern is still there even at low concentrations of nitrate 

below the standard value is capable of causing potential 

threat to water pollution. 

As shown in Figure 2, PO4-P content in leachate 

were very much higher than the standard value of ambient 

water quality for aquatic life [28] during the study period 

and the concentrations among the sampling sites were not 

significantly different. The high phosphate concentrations 

in leachate may be due to the organic load of the refuse 

that contains phosphorus [29]. The phosphorous 

containing organic material (mainly phospholipids and 

phosphoproteins) releases phosphorus during its 

biodegradation and eventually increases phosphate 

concentrations [30]. The presence of high PO4-P in 

leachate and its presence in water increases eutrophication 

and correspondingly promotes the growth of algae [24]. 

The presence of high P in leachate implies the importance 

of having a treatment facility for leachate before 

discharging it to the environment. 

 

Figure 2: Spatial variation NO3-N, PO4-P in leachate at sampling locations A1 - A6 and respective ambient water 

quality standards for aquatic life 
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Cadmium concentration in leachate ranged from 

13.13 to 28.36 µg/L and concentration of Cd2+ were 

significantly different (p<0.05) among sampling sites 

(Figure 3). Cadmium concentrations in all sampling sites 

at the periphery of the dump site (A1 – A6) are very much 

higher than the ambient water quality standard of 5 µg/L 

for aquatic life [28]. Cd is a highly toxic heavy metal for 

the aquatic ecosystem and the studies have shown that Cd 

is toxic to the aquatic organisms even when the 

concentration is lower than the permissible levels [31]. 

This shows the negative impact that can cause to the 

environment by continuous discharge of leachate from 

open dump to the nearby water canals. 

 

 
 

Figure 3: Spatial variation of Cd2+ and Cr6+ concentrations of leachate at sampling   locations A1 to A6. 

 

As shown in Figure 3, Cr6+ concentrations of 

leachate from sites A1-A6 are very much higher than the 

ambient water quality standard of 20 µg/L for aquatic life 

[28]. The highest Cr6+ concentration was observed in site 

A1 while lowest at site A2. The dumping of mixed MSW 

from different sources on the dump site may increase the 

concentration of Cr6+ in leachate and it is important to 

note that the above standard is for the total Cr. In this 

study, Cr6+ concentration was measured and even that is 

higher than the total Cr standard. Therefore, total Cr in 

leachate has to be further high in leachate discharged from 

the dump site. 

Heavy metal concentration in all sampling 

locations from A1-A6 was observed as Cr6+ > Cd2+(Figure 

3). Concentrations of Cr6+ and Cd2+ in leachate are higher 

than the maximum permissible levels of ambient water 

quality for aquatic life [28]. Direct toxicity and 

biomagnification of high concentrations of heavy metals 

may result a worst impact on the aquatic species in the 

nearby surface water bodies as they are directly 

discharged into the surface water body that has been 

created around the dumpsite and will be flowing to the 

nearby environment.  

3.2. Spatial variation of physio-chemical parameters of 

water samples collected at Karadiyana Dump Site 

The characteristics of water samples collected at 

100 m and 500 m distance from the dumpsite are shown 

in Table 3. Accordingly, most of the parameters show 

favorable condition for the environment. Very low 

concentrations DO of leachate have been increased with 

the increase in the distance from the dump site which 

could be due to the effect of dilution of discharged 

leachate to the nearby water canal surrounding the dump 

site. The dilution of organic matter in leachate results in 

less microbial activities which results in high DO in the 

water body. 

Table 3: Spatial variation of physio-chemical parameters of water at 100 m and 500 m away from the dumpsite 

 

Location 
Sampling 

site 
pH DO (mg/L) 

EC 

(ms/cm) 

Temperature 

(oC) 
TDS (mg/L) 

100 m 

away 

from the 

dumpsite 

B1 7.46 ±0.14a 2.2 9± 0.26b 0.42 ± 0.11a 28.50 ± 0.48a 153.0 ± 35.20ab 

B2 7.36 ± 0.20a 3.11 ± 0.34ab 0.59 ± 0.10a 28.23 ± 0.37a 143.5 ± 45.10ab 

B3 7.33 ± 0.30a 3.19 ± 0.44ab 0.52 ± 0.02a 28.20 ± 0.60a 125.1 ± 20.60ab 
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B4 7.10 ± 0.31a 4.02 ± 0.49ab 0.40 ± 0.03a 28.13 ± 0.48a 200.6 ± 22.90a 

B5 7.16 ± 0.28a 4.29 ± 0.54ab 0.43 ± 0.02a 28.15 ± 0.47a 63.60 ± 20.10bc 

500 m 

away 

from the 

dumpsite 

C1 7.21 ± 0.29a 5.91 ± 1.07a 0.48 ± 0.05a 27.67 ± 0.65a 0.48 ± 0.03c 

C2 7.26 ± 0.28a 5.06 ± 1.08ab 0.45 ± 0.06a 27.60 ± 0.52a 0.51 ± 0.07c 

C3 7.18 ± 0.30a 6.47 ± 1.38a 0.41 ± 0.09a 27.12 ± 0.53a 0.52 ± 0.07c 

For each parameter, mean values indicated by different superscript letters at each row are significantly different from each 

other (p<0.05) 

 

The variation of NO3-N and PO4-P 

concentrations in water samples collected from sites B1-

B5 and C1-C3 along with the respective maximum 

permissible levels of ambient water quality for aquatic life 

[28] are shown in Figure 4. Accordingly, NO3-N 

concentration in sampling points at 100 m and 500 m 

away from the dump site are well below the standards for 

ambient water quality for aquatic life. However, PO4-P 

concentrations at all the sampling sites were higher than 

the standard and decreased with increase in distance from 

the dump site. Low concentrations of anions near the 

sampling locations C1, C2 and C3 shows the effect of 

dilution of leachate effectiveness of an artificial water 

body around a dumpsite in effluent management. showed 

a very low concentration towards the South, West and 

Northwest directions. The high concentration of PO4
3- 

released to the environment can be one of the major 

factors for dense growth of aquatic plants in the nearby 

water bodies. 

Sulphate concentrations in water samples ranged 

from 1.01 to 65.12 mg/L and the mean values of the 

sampling locations 100 m away from the dumpsite (B1-

B3) were higher the sampling locations 500 m away from 

the dumpsite (C1-C3). Although sulphate concentrations 

of the leachate leaching from the waste at the periphery of 

the dumpsite was high; moderate concentrations of 

Sulphate were observed around 100 m away from the 

dumpsite due to the dispersion and dilution effect of 

water. 

Cadmium concentration of water samples from 

B1-C3 ranged from 0.88 to 19.22 µg/L and the 

concentrations from C1-C3 were low compared to B1-B5 

(p<0.05). Cd2+concentrations in sites B3 and B5 were 

significantly higher than the other sites and the ambient 

water quality standard for aquatic life.  Cd2+ concentration 

around the dump site was high and it showed a decreasing 

trend with the distance. Similarly, the Cr6+ concentration 

of water samples ranged from 2.3 to 32.25 µg/L. Only 

Cr6+ concentration in site B5 were significantly higher 

than other sampling locations and ambient water quality 

standard for aquatic life. Therefore, site B5 can be 

identified as a critical point where most of the pollutants 

are accumulated and a suitable location for a treatment 

unit to treat landfill leachate in the Karadiyana open 

dumpsite.

 

Figure 4: Spatial variation of anion concentrations in water samples from B1 – B5 and C1 - C3 
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Figure 5: Spatial variation of Cd2+ and Cr6+ concentrations of sampling locations from B1 to C3. 

 

3.3. Spatial variation of physio-chemical parameters of 

soil samples collected at Karadiyana Dump Site. 

The leachate generated in the landfill carries 

numerous contaminants to the soil surface and to adjacent 

areas. During percolation of leachate through the soil, 

leachate undergoes various processes such as 

physicochemical decomposition process, ion exchange 

reactions, chemical alterations, oxidation, hydrolysis, 

adsorption of contaminants by the soil components etc. 

These reactions alter the properties of soil [32] and 

contaminants are get in contact with the soil at and near 

the landfill site [33]. Most of the pollutants will be 

remained in the soil while other pollutants are transported 

to air, ground and surface water by evaporation, erosion, 

and infiltration, and therefore soil must be monitored 

frequently. Characterization of soils collected at the 

dumpsite shows the importance of continuous monitoring 

of soil samples to control environmental pollution. 

The distribution of NO3
-, PO4

3-, Cd2+ and Cr6+ 

are shown in Figure 6. Accordingly, all the parameters 

showed significant differences with distances in which a 

high concentration values were observed at the periphery 

of the dumpsite (A1-A6) and showed a decreasing trend 

with the increase in distance. The difference in movement 

of different pollutants in the soil can be due to the 

differences in soil characteristics and pollutant 

characteristics. 
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Figure 6: Spatial variation of NO3
-, PO4

3-, Cd2+ and Cr6+ in soil at the dumpsite 

 

Nitrate concentration in soil at the periphery of 

the dumpsite is high (28.86 mg/kg) and the flow of Nitrate 

ion in soil is more towards the North and Southeast 

directions of the dump site (Figure 6). Moreover, the 

distribution of Phosphate ion showed a different trend 

from other anions as the flow of Phosphate ion is more 

towards the Southeast and Southwest sides of the 

dumpsite. The flow of Cadmium ion was found towards 

the North side of the dumpsite. 

The flow pattern of Chromium is very much 

similar to the flow pattern of sulphate ions in the soil 

samples. It is not limited towards only one side of the 

dumpsite. Tumuklu et al. [34] have found that the leachate 

drained from the dumpsite due to physical, chemical and 

biological activities helps accumulation of heavy metals 

in the soil. Therefore, this shows the importance of 

recycling of all the possible materials without just 

dumping which will reduce the health and environmental 

risk. The developed map can be used by authorities as a 

tool for applying pollutant remediation measures near the 

dumpsite as it will help for them to apply the remediation 

measures only in the places where necessary. 

3.4. The temporal variation of anions and heavy metals 

in leachate samples 

Landfill leachate quality is influenced by the 

waste composition, the age of landfill, waste amount, rain 

intensity as well as the composition of municipal solid 

wastes [35]. Therefore, it is clear that temporal variation 

plays an important role in the amount of leachate that is 

being generated and the quality of leachate. Joseph et al. 

[25] has found that the leachate discharge varies from 2.4 

L/s to 0.02 L/s in rainy to dry period, respectively and 

accordingly the composition of leachate varies. Kalčíková 

et al. [36] has found that there is a strong seasonal 

variation in the amount and composition of leachate 

generated in a dumpsite [36]. 

Figure 7 shows the temporal variation of 

leachate quality parameters along with the weather data 

(rainfall and temperature) for the sampling period. The 

content of NO3
-, and Cr6+ in dry months was significantly 

higher than that of in the wet months (p<0.05). The 

sulphate and phosphate concentrations in wet and in dry 

months were significantly different (p<0.05). Depending 

on the category of contaminants, they end up either in 

water held in the soil or leached into the ground water 

[37]. Therefore, identifying the pollutant level in leachate 

is important to protect the adjacent water body and soil 

around the dump site. 

Similar temporal variation was observed for the 

water samples collected at the dumpsite with a low 

concentration than the leachate. The reduced 

concentration in the water than that of the leachate can be 

due to the effect of dilution after leachate mixed with the 

water nearby the dumpsite which further proves by the 

lowest concentrations for all the parameters were 

observed in August where the highest rainfall received in 

the study area. 
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Figure 7: Temporal variation of anions and heavy metals in leachate and weather parameters (rainfall and 

temperature) during the study period 

 

3.5. The temporal variation of anions and heavy metals 

in soil samples 

Temporal variation of anions and heavy metals 

of soil samples and the weather data throughout the study 

period are shown in Figure 8. The temporal variation of 

the mean value for pH in dry months was significantly 

different and low from the mean value for pH in wet 

months (p<0.05). The temporal variation of the mean 

value for conductivity, temperature, Nitrate concentration 

in dry months was significantly different and higher than 

that of in wet months (p<0.05). There was no any 

significant difference among the concentrations for 

sulphate and cadmium in wet as well as in dry months 

(p>0.05). However, there was a significant difference 

among the phosphate concentration and chromium 

concentration values in wet and dry months (p<0.05). 

Heavy metal concentrations were lower in soil in 

wet months with compared to the dry months. The trace 

metals available in leachate/soil can be washed away into 

the water bodies during the rainy period thus reducing the 

concentrations in soil [38]. The comparison between the 

mean values of all the parameters in wet and dry months 

of the year shows the effect of dilution in the contaminant 

concentrations. 

The variation of pollutants in soil during the dry 

and wet months clearly shows that the accumulated 

pollutants in soil washed off during the wet months with 

the runoff water. Therefore, this further emphasis the 

importance of taking all the measures to avoid pollution 

of soil and nearby water bodies. 
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Figure 8: Temporal variation of anions and heavy metals in soil, and weather parameters (rainfall and 

temperature) during the study period 

 

3.6. Environmental pollution risk map for Karadiyana 

dumpsite 

Geographic Information System (GIS) has 

proven itself as a useful tool in identifying and mitigating 

the hazards [38,39]. Various thematic maps can be 

prepared by using remote sensing and GIS techniques 

[41]. The spatial analyst extension employs one of several 

interpolation tools to create surface grid in ArcGIS [42]. 

Kriging is a powerful statistical interpolation method used 

in several fields [43] in which the weights are based not 

only on the distance between the measured points and the 

prediction location but also on the overall spatial 

arrangement of the measured points [44]. 

Interpolated maps were produced for individual 

parameters of soil, leachate and water can be used by 

other researchers or government bodies for any mitigatory 

actions on a particular parameter. For example, increasing 

concentration of nitrate may result in eutrophication of the 

surface water body. If any action is going to be 

implemented by government or any other responsible 

authority, particular mitigatory action can be concentrated 

on the high concentrated nitrate zones around the 

dumpsite. 

Figure 9 shows the environmental pollution risk 

map developed for the Karadiyana open dumpsite by 

considering the important pollutant concentrations in the 

landfill leachate generated and soil and water collected 

nearby the dumpsite at varying distances from the 

dumpsite. Although the contaminant flow is observed in 

all the directions of the dumpsite, it is obvious that the 

contaminant flow is more towards the Northeast and 

North side of the dumpsite. Near the periphery on the 
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North side of the dumpsite, the pollutants have been 

concentrated more as the leachate infiltrated to the soil 

without flowing over the land resulting high 

concentrations of pollutants in soil in North area, resulting 

an extreme hazard zone near the sampling location A3. 

Contaminant concentration decreases drastically with a 

small distance variation from the dumpsite and the zone 

of diameter of about 150 m around the dumpsite is 

identified as moderately hazard zone. Surface water body 

around the dump site plays a major role in diluting the 

contaminant concentration and therefore the 

concentration in surface water body decreases drastically 

and the zone of diameter of 150 m - 500 m is characterized 

as low hazard zone. 

Mapping of environmental pollution risk maps 

for individual and collective effect of pollutants will help 

not only the readers, but also the municipal authorities, 

engineers and regulatory bodies in decision making 

process for landfill design, operation and maintenance. 

Further studies have to be carried out to find out the 

toxicological effect of these containments from the 

dumpsite on the freshwater species such as fishes which 

are harvested from the nearby surface water bodies. 

Figure 9: Environmental pollution risk map developed for Karadiyana open dumpsite based on pollutant 

concentrations in landfill leachate, water and soil nearby the site 

 

 

IV. CONCLUSION 
 

The study investigates the level of contaminants 

and the extent to which it has spread and the flow pattern 

of each and every contaminant in Karadiyana open 

dumpsite along the distance. Further, the study elevates 

the effects of open dumpsite on surface water as well as 

on soil. Conductivity, Total dissolved solids, and 

Phosphate concentrations of leachate samples were higher 

than the ambient water quality standards for aquatic life. 

Contaminant concentrations in the surface water around 

the dumpsite showed a decreasing trend with the distance 

from the dumpsite. Contaminant concentration is high in 

the surface water body near the dump site as leachate is 

added with the water without any treatment and the 

contaminant concentration shows a decreasing trend with 

the distance because of the dilution effect. Conductivity 

and nitrate concentrations in the soil samples were very 

much higher near the dumpsite than other parameters. 

Accumulation of contaminants directly affect the soil near 

the dumpsite. With the runoff trace metals and other 

contaminants are being washed away from the dumpsite 

into the nearby surface water body and dilution affected 

the contaminant concentration in rainy seasons of the 

year. Remote sensing and GIS technology is an efficient 

tool for delineating the flow pattern of contaminants and 
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to identify different hazard zones around a dumpsite. 

Weighted overlay method is very useful for integration of 

thematic layer and mapping of contaminant’s 

concentrations. According to the Environment pollution 

risk map developed, the area around the dumpsite have 

been classified into five groups as very low hazard, low 

hazard, moderately hazard, hazard and extremely hazard. 

The flow of contaminant concentration is more towards 

the Northwest and North side of the dump site and 

extreme hazard zone lies on that area. More priority 

should be given for extremely hazard and hazard zones 

when mitigation measures are being applied. 
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