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ABSTRACT 

 

Solid waste generation have dynamically increased in urban localities all 

over the world due to the rapid urbanization and population growth. Hazardous 

wastes from residential and industrial chemicals that should be disposed off in 

hazardous waste landfills sometimes end up in municipal landfills. Once these 

wastes end up in the landfill, chemicals can leach into the soil and groundwater 

by means of precipitation and surface runoff. Leachate contains large amount of 

organic content, inorganic salts and heavy metals. Unscientific disposal of 

municipal solid waste (MSW) causes an adverse impact on all components of 

the environment and human health. There is a dire need to monitor leachate, 

groundwater and soil to assess the extent of pollution and to implement suitable 

remedial measures. 

Deterioration of groundwater quality in the vicinity of MSW dumping 

sites was carried out by monitoring the various physico-chemical and biological 

parameters. A total of 59 groundwater samples were collected from the four 

selected MSW dumping sites (Njeliamparamba, Laloor, Pettipalam and 

Vellaramkunnu) in Kerala and the results of analysis indicated that 

Njeliamparamba was found to be the area with maximum contamination. 

Results obtained in Njeliamparamba revealed that, the quality of the 
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groundwater samples collected within 300 meter from the dumping site were 

determined to be highly polluted. The effect of leachate migration from the 

Laloor dumping site might have caused higher concentrations of nitrate and 

coliform bacteria. Presence of coliforms bacteria in the Pettipalam and 

Vellaramkunnu dumping site indicated the presence of microbial pollution of 

the groundwater. With the help of Piper diagram, the interpretation of 

hydrochemical facies of groundwater samples in Njeliamparamba, Laloor and 

Pettipalam indicated that, dominant ions comprised of (Na++K+) Cl- type, and 

the type of water that predominates in Vellaramkunnu is calcium chloride type. 

 

The impact of leachate on the surrounding groundwater quality in 

Njeliamparamba is a major environmental concern of the area. To evaluate the 

water quality issues associated with MSW, leachate and groundwater samples 

within 500 meter from the dumping site were collected and analyzed. The 

results of the physico-chemical and bacteriological analyses have confirmed the 

presence of various contaminants such as organics, inorganics and heavy 

metals. Spatial distribution of groundwater quality parameters was measured by 

Geographical Information System (GIS). The water quality status of 

groundwater samples indicated that, the samples collected within 300m distance 

from the dumping site were affected by leachate percolation. Leachate Pollution 

Index (LPI) and Water Quality Index (WQI) in the study area were applied to 

assess the overall quality of the leachate and groundwater. Since there is no 

natural or other possible reason for high concentration of the pollutants, it can 

be concluded that leachate has significant impact on groundwater quality in the 

area. Quality assessments for irrigation suitability of the groundwater samples 

were assessed using soluble sodium percentage, sodium adsorption ratio, 

Kelly’s ratio and magnesium hazard and the results showed that majority of the 

groundwater samples were found to be suitable for agriculture purposes. 
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Deteriorating soil quality is a grave consequence of MSW dumping 

which have resulted in growing public concern. To evaluate the soil quality and 

assessment of soil contamination at Njeliamparamba, a total of 50 soil samples 

were collected at the depth of 0-30cm and 30-60cm from 25 sites. The 

physicochemical characteristics of most of the samples revealed acidic nature 

and obtained mainly three types of texture (sandy loam, loam and clay loam). 

The mean value of the major ions (cations and anions) in soil samples follows 

the order: exchangeable calcium> sodium> potassium> magnesium > inorganic 

phosphorous and sulphate> chloride> alkalinity. The results revealed that the 

concentrations of all the physico-chemical parameters decreased from surface to 

sub-surface soil in all the stations, which confirmed the increased anthropogenic 

activities with time. The monitoring of pesticide residues indicated that out of 

twenty five sampling sites, only one sample showed the presence of lindane and 

three samples reported the presence of aldrin. The heavy metals such as Fe, Cu, 

Ni, Pb and Zn were detected in all the analysed soil samples and were found to 

be within the CCME soil quality limit except Pb. The results of the enrichment 

factor for surface soils revealed that most of the soils samples could be 

considered as deficiency or minimal enrichment for all the studied metals, while 

the values of Pb was found to have significant enrichment. The results of the 

contamination factor also found to have low contamination levels for Cu, Ni, 

Zn, Cd and moderate contamination levels for Pb. The pollution load index 

calculated for majority of the sampling sites were found to be low except one 

sampling site. The concentrations of available metals in the soils of 

Njeliamparamba were found to be above the critical limit for micronutrients. 

The results of the study indicated that the samples collected within the buffer 

zone had more contamination than those collected outside the zone.  

 

The DRASTIC model in a Geograhic Information System environment 

was used to determine the groundwater vulnerability to contamination in the 
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vicinity of a two solid waste disposal sites, Njeliamparamba and Laloor, 

municipal dumping sites in Kozhikode and Thrissure district. DRASTIC is an 

index model composed of several hydrogeological parameters.  The ArcMap 

10.1 was used to prepare a vulnerability map for the study area. According to 

the vulnerability map in the Njeliamparamba, the study area was divided into 

moderate vulnerable, high vulnerable and very high vulnerable. The resulting 

vulnerability map was then validated using a chemical and bacteriological 

parameter analysed from nearby wells of the dumping site to assess the area 

which is of more potential risk to pollution. From the results of the study, it is 

clear that the concentrations of total dissolved solids and E.coli can be 

correlated in different vulnerable zones; which validated the results obtained. 

The vulnerability index map in the Laloor dumping site was identified into three 

categories of groundwater vulnerable zones corresponding to low, medium and 

high vulnerability zones respectively. The characteristics of groundwater 

samples from Laloor indicated that, the nitrate is the major contaminant; 

therefore the DRASTIC model was validated using the nitrate concentrations. 

The vulnerability map indicates that 80% of the nitrate contaminated samples 

were coming in the region of high vulnerable zone. The results revealed that the 

vulnerability index value was found to be higher in Laloor compared to 

Njeliamparamba; but more groundwater contamination was observed in 

Njeliamparamba due to high leachate percolation.  The results provided a 

preliminary tool to identify potential areas or vulnerability zones with high risks 

of groundwater contamination due to the leachate percolation from solid waste 

dumping sites. The vulnerability map obtained from the DRASTIC method 

provides information about the locations that should be avoided waste dumping 

and also highlight the importance of showing high priority in terms of 

protection and prevention  of contamination.  
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Electro-coagulation technology was employed for the removal of organic 

and inorganic contaminants in MSW landfill leachate. This study investigated 

the removal of nitrate, COD and heavy metals from MSW landfill leachate. 

Effects of different parameters including pH (3, 7, 9 and 12), electro-

coagulation time (20, 40, 60, 80 and 100min), applied voltage (2, 4, 6 and 8V), 

supporting electrolyte, NaCl (0.20, 0.40, 0.60, 0.80 and 1.0g/L), electrode 

material (Fe and Al) and initial concentration of different parameters were 

studied in order to evaluate the efficiency of electro-coagulation. The highest 

removal efficiency of nitrate (75.1± 0.2%) was observed under the following 

conditions: pH: 9, voltage: 8V, electrolysis time: 80 minutes, NaCl 

concentration of 0.60g/L, initial nitrate concentration of 101.0±1.5mg/L and Al 

as sacrificial anode. For higher removal of COD, the optimal conditions are pH: 

7, voltage: 8V, electrolysis time : 80 minutes, NaCl concentration of 0.60g/L, 

initial COD concentration of 3.40g/L, and Al as sacrificial anode. The highest 

removal efficiency for heavy metals was observed at pH 6, 8V, 30 minutes of 

EC time, NaCl concentration of 0.60g/L, initial heavy metals concentration of 

5.0mg/L and Fe as sacrificial anode. In order to minimize the energy 

consumption while maintaining higher removal efficiency, the current density 

must not be higher than 1.8mA/cm2
, with EC time in the range of 15 to 30 

minutes for heavy metals and 60 to 80 min for nitrate and COD. This process 

consumes low amount of energy, making the process economically feasible 

technique and possible to scale up. The results also demonstrated that the 

electro-coagulation is a feasible technique for treatment of multi-pollutants 

(organic, inorganic and heavy metals) removal from the landfill leachate. 

Developing cost effective and environmentally friendly technologies for 

the remediation of wastewaters polluted with toxic substances is a topic of 

global interest.  The treatment of wastewater using horizontal flow constructed 

wetlands vegetated with Eichhornia crassipes and Marsileaceae were 
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investigated. The monitoring of CW shows that the performance of the system 

was good and it effectively removed high concentration of pollutants such as 

COD, TDS, TSS, oil and grease, nitrate, phosphate, sulphate, bacteria and heavy 

metals within a few days under local conditions. The percentage removal of 

heavy metals by constructed wetland in synthetic wastewater was 94.0%, 

86.80% and 80.36% for Pb, Ni and Cd respectively within 12 days.  

 

Phytoremediation technology uses plants to clean up contaminated 

environments. The phytoremediation using aquatic plant species such as 

Salvinia molesta, Azolla Caroliniana and Marsileaceae were used to remediate 

water contaminated with heavy metals. The study revealed that the Salvania 

molesta and Marsileaceae could remove Pb, Ni and Cd efficiently (>90.0%) 

within 21 days of treatment. Maximum bioconcentration factor were obtained 

for Salvinia Molesta and Marsileaceae  compared to Azolla Caroliniana. TF of 

metals in the studied plants  showed a root to shoot translocation factor of 

greater than one for all the metals; hence these plants are effectively transported 

metals from root to shoot.  

 

Phytoremediation and enhanced phytoremediation was employed to 

investigate the capability of phytoremediation and enhanced phytoremediation 

techniques using nanoscale zero-valent iron particles (nZVIFe) and citric acid to 

remediate heavy metal contaminated soil. The terrestrial plant species such as 

Catherathus rosaseus, Tradescantia spathacea and Alternanthera dentate were 

selected. The removal removal efficiency of the tested plants was observed in 

the following order: treatment with citric acid > treatment with nZVIFe > 

phytoremediation. Within 45 days of citric acid enhanced phytoremediation 

study, removal efficiency of Pb, Ni and Cd (with an initial concentration of 

100mg/kg of Pb, 55.0mg/kg of Ni & 50.0mg/kg of Cd) were 97.90%, 77.27% 

and 71.50%, respectively for Catharathus rosaseus, 93.20%, 74.18% and 
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73.60%, respectively for Tradescantia spathacea and 92.70%, 80.36% and 

76.80%, respectively for Alternanthera dentate.  

 

Among the methods, phytoremediation and constructed wetland 

technology proved to be an economical option for the treatment of contaminated 

water, soil and leachate. Electro-coagulation helped in the remediation of 

contaminants in wastewater within a short period of time.  
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INTRODUCTION 

 

 

The production of solid waste is an inevitable consequence of human 

activity, and its management has become a serious issue as it directly impacts 

the health of the people and environment surrounding it. The worlds’ cities 

generate 2.01 billion tonnes of solid waste, amounting to a footprint of 0.74 

kilograms per person per day. With an increasing population, economic growth, 

along with urbanization and industrialization, annual solid waste generation is 

expected to increase by 70% from 2016 levels to 3.40 billion tonnes in 2050 

(World Bank, 2018). About 960 million tonnes of solid waste is being generated 

annually as byproducts during municipal, agricultural, industrial, mining and 

other processes in India. Out of this, 350 million tonnes is organic in nature, 290 

million tonnes is inorganic in nature, and 4.5 million tonnes is hazardous in 

nature (Pappu et al., 2007). 

 

1.1 Generation of municipal solid waste  

Currently, the quantity of waste generated from urban centers of the 

world is about 1,300 million tonnes per year (1.2 kg/capita/day) which is 

expected to rise to 2,200 million tonnes per year by 2025 (World Bank, 2012). 

1 Chapter   

http://www.worldbank.org/what-a-waste
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The waste generated from South and East Asia corresponds to 33% of the 

world’s total quantity. It is estimated that the generation of municipal solid 

waste in Asia will reach 1.80 million tonnes per day by 2025 (World Bank, 

1999).  India, the second most populous country intended to achieve an 

industrialized nation status by the year 2020, has experienced rapid urbanisation 

and industrialisation during the last few decades (Sharma & Shah, 2005). The 

waste generation in India, is more than 42 million tons annually, and the rate of 

solid waste generation varies from 0.20 kg/d to 0.80 kg/ d (Rana et al., 2015). It 

is reported from the literature study that the increase in the generation of 

municipal solid waste in India is around 5% annually (Sharholy et al., 2008), 

and the generation is 127,486 tonnes per day (TPD) in 2011 (Rana et al., 2017). 

Out of the total municipal solid waste generated in India, 89,334 TPD of waste 

was collected and 15,881 TPD was recycled (TERI, 2015). State-level statistics 

of municipal solid waste generation in India (2009 to 2012) is indicated in 

Figure 1.1.  

 

Kerala State which has the highest human development index (0.790) in 

India due to the increasing urbanization, constraints of land availability and 

regular change in consumption pattern, the generation of municipal solid waste 

in Kerala has increased beyond the assimilative capacity of our environment 

and management capability of the existing waste management systems. The 

quantity of waste generated in the Kerala State is about 6506 TPD (Varma, 

2013) and it is about 477 TPD in Kozhikode (Varma, 2013), which is the third 

largest city of Kerala. 
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Figure 1.1: State level statistics of MSW generation in India  

(Adapted from Kumar et al., 2017) 

 

1.2 Composition, characteristics and status of Indian municipal solid waste  

Municipal solid waste (MSW) defined by the Ministry of Environment 

Forest and Climate Change as “the commercial and residential wastes generated 

in municipal or notified areas in either solid or semi-solid form excluding 

industrial hazardous wastes but including treated bio-medical wastes” (MoEF, 

2000).  The composition and characteristics of MSW is significantly influenced 

by many factors such as living standards, economic development, food habits, 

culture, literacy rate, and topographical conditions (Gupta et al., 2015). MSW 

includes compostable organic matter (food waste), recyclables (paper, plastic, 

metals, glass, etc.), toxic substances (paints, used batteries, pesticides, 

medicines), and soiled waste (disposable syringes, blood stained cotton, sanitary 

napkins) (Kausal et al., 2012). Table 1.1 shows the composition of MSW in 
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India and regional variation. Figure 1.2 illustrates the average composition of 

MSW produced by Kerala. 

 

Table 1.1: Composition of MSW in India and regional variation (Annepu, 

2012)            

Region/Cit

y 

MSW 

(TPD) 

Compostable

s (%) 

Recyclable

s (%) 

Inert

s (%) 

Moistur

e (%) 

C.V. 

(MJ/kg

) 

C.V. 

(kcal/kg

) 

Metros 51,402 50.89 16.28 32.8

2 

46 6.4 1523 

Other 

cities 

2,723 51.91 19.23 28.8

6 

49 8.7 2084 

North 

India 

380 50.41 21.44 28.1

5 

46 9.8 2341 

East India 6835 52.38 16.78 30.8

5 

49 6.8 1623 

South 

India 

2343 53.41 17.02 29.5

7 

51 7.6 1827 

West 

India 

380 50.41 21.44 28.1

5 

46 9.8 2341 

Overall 

urban 

India 

13000

0 

51.30 17.48 31.2

1 

47 7.3 1751 

 

    

Figure 1.2: Average composition of MSW in Kerala  

(Adapted from Varma, 2013) 
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The Ministry of Environment Forest and Climate Change (MoEFCC), 

Government of India had issued MSW management and handling rules (2000) 

for scientific MSW management, ensuring appropriate collection, segregation, 

transportation, processing and disposal of waste and improve the existing 

amenities to prevent contamination of soil, groundwater and air. However, the 

current status of MSW management in India is not very satisfactory. MSW in 

India is generally disposed off in low lying areas or open dumps without 

necessary precautions (Srivastava et al., 2014). Usually municipalities are 

responsible for managing MSW in India, but they fail to manage it because of 

the lack of proper collection system, technical expertise and insufficient 

financial resources (Srivastava et al., 2014; Guerrero et al., 2013). The 

municipalities utilise major portion of their financial resources on collection of 

MSW and small amount is left thereafter for its management (Collivignarelli et 

al., 2004). Current systems in India cannot cope up with the volume of waste 

generated by an increasing urban population, and these impacts on the 

environmental and social imposed by MSW received attention in recent 

decades.  

 

1.3 Municipal solid waste landfill  

Disposal of MSW in landfills is the most common used method of waste 

management worldwide. Though, mostly at unlined landfills, leachate can 

contaminate soil and groundwater with potentially hazardous chemicals at 

concentrations that exceeded drinking water quality standards (Reyes-López et 

al., 2008). Lined or engineered landfills also deteriorate over time and 

eventually fail to prevent the migration of leachate into an aquifer (Banu & 

Berrin, 2015). The major environmental problem at landfills is the migration of 

leachates and the subsequent contamination of soil and groundwater. 
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1.4 Hydrological aspects of landfill process 

Hydrological and hydrogeological characteristics play major role in 

selection of landfill sites, landfill design and its performance. In order to assess 

the potential landfill site, the factors such as availability of land area, soil 

conditions, topography, hydrology, geologic and hydrogeological conditions, 

environmental conditions, and climatological conditions have to be measured. 

Therefore, the hydrometeorological parameters such as surface storage, 

infiltration, soil storage, lateral drainage, leakage through liners, weather and 

also hydrogeological components and topographical features are necessary to be 

incorporated while monitoring plan is investigated. These parameters are 

helpful for estimating the quantity of percolated leachate periodically. 

Therefore, the movement of percolated leachate of the landfill depends on the 

characteristics of the surrounding materials. In the case of unlined landfills, 

transport of leachate occurs along with the groundwater flow and may 

ultimately reach streams or other sources (Ghosh & Sharma, 2006).  

 

1.5 Landfill leachate: generation and characteristics  

Wastes placed in landfills are subjected to groundwater underflow or 

infiltration from precipitation and as water percolates through the waste, it 

extracts variety of inorganic, organic compounds and other toxic components. 

The resulting liquid called ‘leachate’ accumulates at the bottom of the landfill 

and percolates through the soil, finally reaches the groundwater (Kumari et al., 

2017; Mor et al., 2006). Figure 1.3 shows the schematic representation of the 

generation of leachate 
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Figure 1.3: Schematic representation of the generation of leachate 

(Adapted from Sami Serti, 2000) 

The rate and characteristics of landfill leachate depends on various factors 

like solid waste composition, hydrology of site, age of landfill, moisture and 

temperature conditions, particle size, degree of compaction, and available 

oxygen. Leachate are extremely concentrated complex effluents which contain 

mainly four groups of pollutants including dissolved organic matter (volatile 

fatty acid and refractory organic matter like humic substances), macro inorganic 

compounds (Na+, K+, Ca2+, Mg2+, NH4
+, HCO3

-, Fe), heavy metals (Fe, Pb, Ni, 

Cd, Zn, Cu and Mn), xenobiotic organic compounds (pesticides, aromatic 

hydrocarbons, phenols), and microorganisms (predominantly total and 

thermotolerant coliforms) (Yao, 2017). The young acidogenic landfill leachate is 

usually characterized by high concentrations of biochemical oxygen demand 

(4000–13,000mg/L) and chemical oxygen demand (30,000–60,000mg/L), 

moderately high concentration of ammonium nitrogen (500–2000mg/L), high 

ratio of BOD5/COD (0.40 to 0.70) and pH value (as low as 4) with 

biodegradable volatile fatty acids present to be its main constituents (De Morais 

& Zamora, 2005). Heavy metals are one of the most hazardous components 

present in the leachate (Adeolu et al., 2011). Table 1.2 shows the classification 

of leachate according to the composition changes. 
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Table 1.2: Classification of leachate according to composition changes  

Type of 

leachate 

Yong 

(0-5 years) 

Intermediate 

(5-10 years) 

Stabilised 

(10-20 

years) 

Old 

(>20 

years) 

Reference 

pH 3 - 6 6 - 7 7 - 7.5 7.5 Yao, 2017 

 

TDS, (mg/L) 10,000-

25,000 

5000-10,000 2000-5000 <1000 Mukherjee 

et al., 

2015 

 

Chloride, 

(mg/L)  

1000-3000 500-2000 100-500 <100 Mukherjee 

et al., 

2015 

 

Biodegradability Important Medium Low  Yao, 2017 

 

Ammonia 

Nitrogen, 

(mg/L) 

<400 - >400 <30 Mukherjee 

et al., 

2015 

      

BOD5/COD 0.50-1.0 0.10-0.50 <0.10 <0.05 Yao, 2017 

      

TOC/COD <0.30 0.30-0.50 >0.50 - Yao, 2017 

 

Organic 

compounds 

80% volatile 

fatty acids 

(VFA) 

5–30% VFA+ 

humic and 

fulvic acids 

Humic and 

fulvic acids 

- Foo & 

Hameed, 

2009 

 

Sulfate, (mg/L) 500-2000 200-1000 50-200 <50 Mukherjee 

et al., 

2015 

Heavy metals, 

(mg/L) 

Low to 

medium 

Low Low - Yao, 2017 

 

Leachate composition is influenced by a various factors such as climatic 

and hydro-geological conditions (rainfall, groundwater intrusion, snowmelt), 

operational and management issues at the landfill (compaction, refuse pre-

treatment, liquid waste codisposal, vegetation cover, re-circulation), 
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characteristics of dumped waste in the landfill (chemical composition, 

biodegradability, initial moisture content, particle size, density), internal 

processes inside landfill (decomposition of organic materials, gas and heat 

generation and their transport, refuse settlement), and  age of the landfill 

(Christensen et al., 2001; Rodríguez et al., 2004).  

 

1.6 Formation of leachate plume  

Gravity causes the movement of landfill leachate to the bottom through 

the underlying soil and subsequently it reaches the aquifer system. When 

leachates move towards the subsurface, mix with groundwater held in the soil 

spaces and this mixture move along the groundwater’s flow path as a plume of 

contaminated groundwater. The contaminants in the leachates come into the 

unsaturated zone initially and ultimately are transported to the groundwater 

table in the saturated zone. Both water and air fill the pores between soil 

particles in the unsaturated zone. The slow movement of leachates in the 

unsaturated zone causes attenuation of certain chemicals in the leachate. 

Positively charged Pb, Zn, Cd and Hg metals, are easily attenuated and while 

others (volatile organic compounds and acids) are not easily attenuated. As 

easily attenuated pollutants flows through soil, these pollutants adsorb to the 

soil and are removed from the leachate. When binding sites of the soil particles 

become occupied, they can hold no more chemicals and thus pollutants will 

move through the soil in to the groundwater.  

 

1.7 Threats 

Dumping of MSW without proper treatment imposes negative effect on 

different components of environment (soil, water and air), human health and 

aesthetic value. Various studies have been reported that the MSW leachate can 

be contaminate the surrounding environment, and subsequent contamination of 

the soil and groundwater quality.  
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1.7.1 Groundwater contamination 

Leachate generated from municipal solid waste dumping site are 

considered to be significant sources of groundwater contamination due to the 

migration of leachate, a complex mixture of pollutants having high 

concentration of organic and inorganic contaminants and lasting toxicological 

characteristics (Bashir et al., 2009; Abd El-Salam & Abu-Zuid, 2014). After 

leachate reach the groundwater system, the contaminants in leachate can mix 

with the aquifers. Contamination of groundwater is a long-term problem where 

contamination can persist in aquifers for decades without treatment because 

groundwater travel times are comparatively slow. Therefore, the contaminants 

can persist for a long time in the groundwater environment, rendering 

groundwater unsuitable for consumption and other uses (Kelly & Wilson 2002).  

The unscientific disposal of MSW over large areas poses severe threat to the 

underground water resources, environment and community health (Ganiyu et 

al., 2016). The quality of groundwater depends on the quantity and quality of 

generated waste, quality of recharged water, sewage treatment and subsurface 

geochemical processes (Ganiyu et al., 2016; Rizwan & Gurdeep, 2010). Areas 

near MSW dumping site have higher possibility of groundwater contamination 

because of the pollution source of leachate originating from the nearby dumping 

site. This groundwater contamination results in a significant threat to the natural 

environment as well as the local groundwater resource user. The impact of 

landfill sites on groundwater quality has been studied by different workers in 

recent years (Mor et al., 2006; Ganiyu et al., 2016; Abd El-Salam & Abu-Zuid, 

2014).  

 

Several studies on the contamination of groundwater due to the transport 

of leachate have been reported. Han et al. (2016) reported that more than 96 

types of pollutants have been detected in groundwater collected near the MSW 
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dumping site, and 22 types of pollutants were considered to be the major 

pollutants in groundwater. Based on their distribution, these pollutants were 

designated as “widespread”, “local” and “point”. The groundwater pollutants 

such as ammonia, nitrate, nitrite, organic matter, chemical oxygen demand, total 

hardness, chloride, iron, manganese, total coliforms, volatile phenol and 

permanganate index are included in widespread pollutants. The local 

groundwater pollutants included total dissolved solids, fluoride, total 

phosphorus, sulfate, hexavalent chromium and bacterial count. The trichloro-

benzene, lead, cadmium, mercury and iodide are included in point groundwater 

pollutants.  

 

1.7.2 Contamination of soil  

Soil is the main constituent of the earth system as it control the 

hydrological, biological, erosional, and geochemical cycles (Adamcová et al., 

2016). Soil contamination caused by human activities has adverse effects on the 

environments and ecosystems worldwide (Thomaz & Luiz, 2012; Chen et al., 

2015), and MSW is an emerging environmental problem. The soil is a 

significant component of landfill site is a media where polluted materials are 

deposited. The unscientific dumping of MSW on land is adversely affecting soil 

properties (both biotic and abiotic). Precipitation that infiltrates through the 

MSW leaches the constituents from the decomposed waste mass while moving 

down leading to contamination of subsurface soil.  Leachate generated from the 

MSW dumping site has adverse effect on chemical properties as well as the 

geotechnical properties of the soil. As leachate penetrates through the soil 

stratum, it contaminates the ambient environment. The degree of contamination 

in the aquifers depends on the transport rate of contaminants and depository 

conditions at the site while the contaminants permeate through the soil media 

(Vasanthi et al., 2008). Thus, understanding the transportation of leachate 

within the soil depends on understanding the structures of the soil. The 
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difference in soil porosity, hydraulic conductivity, particle size, permeability 

and surface area will lead to variation in contact time with the leachate.  

 

Soil pollution by heavy metals has become a serious environmental 

problem due to its potential adverse ecological effects (Adamcová et al., 2016). 

Some heavy metals are carcinogenic, mutagenic, teratogenic and endocrine 

disruptors while others cause neurological and behavioral changes especially in 

children (Mahar et al., 2016; Cristaldi et al., 2017). Heavy metals occur 

naturally at low concentrations in soils, but they are considered as soil 

contaminants due to their toxicity, non-biodegradable properties, wide source, 

and their ability to accumulate for long period of time (Dong et al., 2011). 

Heavy metal pollution in soil is an irreversible process, once heavy metals enter 

the soil, they are difficult to extract from the soil environment, are hazardous to 

organisms and influence soil ecosystem (Zhou & Song, 2004). Table 1.3 

discusses the some of the toxic effects of some heavy metals on human health.  

 

The heavy metals pollution of soil near MSW dumping site has recently 

been the subject of extensive discussion (Kasassi et al. 2008; Kanmani & 

Gandhimathi 2013). Indeed, various studies have demonstrated that soils 

collected near the dumping site are seriously contaminated by heavy metals; 

therefore, the assessment of heavy metals is useful to assess pollution in the 

environment. Solid waste disposals methods also represent a significant source 

of heavy metals released into the environment (Waheed et al., 2010; Rizo et al., 

2012). Due to migration of leachate, soils have been contaminated with heavy 

metals such as lead, copper, zinc, iron, manganese, chromium, and cadmium. 

The major sources of these heavy metals in MSW dumping sites are the co-

disposed industrial wastes, incinerator ashes, mine wastes and household 

hazardous substances such as batteries, paints, dyes, inks, etc. (Erses & Onay 

2003; Hong et al., 2002).  The presence of humic substance in leachate might 
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enhance the transportation of heavy metals, and also increase of ash content in 

landfill may increase the heavy metal and salts concentrations in leachates 

(Urase et al., 1997).  

 

Table 1.3: Toxic effects of various heavy metals on human health (Dixit et al., 

2015) 

Heavy 

metals 

Toxic Effects 

Cd Mutagenic, carcinogenic, endocrine disruptor, fragile bones and lung damage, 

affects calcium regulation in biological systems. 

 

As Affects essential cellular processes such as ATP synthesis and oxidative 

phosphorylation.  

 

Cr Excess of Cr6+   result in perforation of the nasal septum, bronchial carcinomas, 

dermatitis, allergic issues. 

 

Cu Brain and kidney damage, liver cirrhosis and chronic anemia, intestine and stomach 

irritation. 

 

Hg Brain damage, lung and kidney failure, autoimmune diseases, loss of memory, 

depression, drowsiness, fatigue, hair loss, insomnia, restlessness, disturbance of 

vision, tremors, temper outbursts.  

 

Ni Cancer of the lungs, nose, sinuses, throat through continuous inhalation, 

immunotoxic, genotoxic, neurotoxic, affects fertility, allergic skin diseases such as 

itching, hair loss. 

 

Pb Excess exposure in children causes risk of cardiovascular disease, impaired 

development, short-term memory loss, reduced intelligence, disabilities in learning 

and coordination problems. 

 

Se Dietary exposure of around 300μg day-1 affects endocrine function, gastrointestinal 

disturbances and hepatotoxicity, impairment of natural killer cells activity. 

Zn Dizziness, fatigue etc. 

 

Ag Exposure may cause breathing problems, lung and throat irritation and stomach pain, 

skin and other body tissues to turn gray or bluegray. 

 

Ba Cause cardiac arrhythmias, respiratory failure, high blood pressure, gastrointestinal 

dysfunction, and muscle twitching. 
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1.7.3 Contamination of air  

In India, MSW is mostly characterised by high density that emulates high 

degree of biodegradable organic matter and moisture content, which when 

undergoes anaerobic decomposition in landfills, leading to generation of landfill 

gas. The landfill gas mainly consists of CH4 and CO2 together with little amount 

of volatile organic compounds and other trace gases (Hegde et al., 2003). Being 

greenhouse gas both methane and carbon dioxide have global warming 

potential, which is 25 times higher in methane than global warming potential of 

carbo dioxide with atmospheric residence time of 12±3 years (IPCC, 2007). 

 

1.7.4 Health impacts 

Due to continuous increase in the generation of MSW, its 

mismanagement, ever-changing composition and poor public attitude, people 

are directly exposed to health risks. There is direct and indirect relationship 

between health impact with every step of the handling, treatment, and disposal 

methods of waste (Giusti, 2009). Open burning, illegal transfer of biomedical 

and other hazardous waste to dumping place leads to health problems as well as 

pollution of air, soil and groundwater (Kathiravale & Yunus, 2008). People 

residing nearby landfill sites have been reported high risk of congenital birth 

defects, cancers, bronchitis, asthma-like symptoms, chronic obstructive 

pulmonary disease, neurological symptoms, and liver problems, skin irritation, 

eye irritation, anxiety or depression in those who lived near the landfill site 

(Sever, 1997; Ray et al., 2005; Narayana, 2009). In addition, parasitic infections 

such as dengue and malaria have often occurred as they used groundwater for 

domestic purposes (De & Debnath, 2016).  
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1.8 Managing waste in a sustainable manner 

Various technologies are proposed to control the negative impacts of their 

waste and to find beneficial reuses for it.  The two leading innovative 

mechanisms are adopted for disposing MSW, which includes Biogenic waste 

conversion technologies and non-biogenic waste conversion technologies, and 

these technologies are discussed in Table 1.4 and Table 1.5. 

 

Table 1.4: Biogenic waste conversion technologies 

Processes Descriptions of processes Referen

ces 

Composting Composting is the decomposition of organic fraction of 

MSW carried out by microorganism in warm moist, aerobic 

and anaerobic environment. The compost thus produced 

(which contains plant nutrients utilized for the growth of 

plants) used as soil conditioner in agricultural and 

horticultural or landscaping applications. 

 

(Gupta 

et al., 

2015)  

Anaerobic 

digestion 

This process is carried out by anaerobic micro organisms 

which convert carbon containing compounds to a biogas 

(primarily methane and carbon dioxide). The produced 

biogas can be burned for electricity, and the obtained residue 

can be aerobically digested to produce compost.  

 

De 

Baere, 

2006 

MSW to 

ethanol 

It is a promising technology as it uses a ubiquitous feedstock 

(MSW) to produce a cleaner liquid fuel for a rapidly 

motorizing, carbon-constrained world.  

 

Kalogo 

et al, 

2006 

Biochar 

production 

Thermal treatment of biogenic waste in oxygen-deficient 

conditions produces biochar, a soil amendment that gives 

agricultural uses as well as enduring carbon sequestration. 

Fowles, 

2007 
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Table 1.5: Non-biogenic waste conversion technologies 

Processes Descriptions of processes Referen 

ces 

Incineration 

 

Incineration processes takes place in the presence of air 

and at the temperature of 850°C and waste are converted 

to carbon dioxide, non-combustible materials with solid 

residue (bottom ash) and water. It is highly exothermic 

and the heat generated recovered and utilized for 

production of steam, heating water and generating 

electricity. Incineration method is the most practical 

method of disposing hazardous waste. 

 

DEFRA

, 2007 

Pyrolysis 

and 

gasification 

Pyrolysis and gasification process are endothermic 

process, which converts waste to energy by combusting 

solid waste in oxygen deficient condition. The end 

products of both processes are syngas (CO, CH4, and H2), 

liquid (containing acetic acid, acetone and methanol) and 

char (containing carbon with inert material. The syngas 

can be burned as a fuel, and char can be used as a fuel or a 

soil amendment. 

 

NSCA, 

2002 

Recycling Recycling refers to the reprocessing of discarded materials 

into new products. Recycling requires a supply (collected, 

separated materials) and a demand (a market for the 

recycled product). Various MSW materials that would be 

recycled are plastics, paper, glass, rubber, metals, leather, 

etc. 

Christen

sen et 

al., 2009 

 

1.9 Assessment of groundwater vulnerability  

Groundwater vulnerability is foundation stone for evaluating the risk of 

groundwater contamination and developing management preference to preserve 

the quality of groundwater. The concept of groundwater vulnerability is based 

on the statement that the physical environment may perhaps to provide some 

degree of protection for groundwater against human activities as well as natural 

contamination (Prasad & Shukla, 2014). National Research Council (1993) was 

defined groundwater vulnerability to contamination as ‘‘the tendency or 

likelihood of contaminants to reach a specified position in the groundwater 
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system after introduction at some location above the uppermost aquifer’’. Some 

of the hydro-geologic factors are soil material, geological formations of 

unsaturated zone and aquifers, depth of groundwater table and recharge rate.  

 

1.9.1 Vulnerability assessment methods 

The vulnerability assessment methods can be classified into three main 

categories, which are process based-methods, statistical methods and overlay 

and index methods (Vrba & Zaporozec, 1994; Tesoriero et al., 1998; Gogu & 

Dassargues, 2000; Harbaugh et al., 2000, Dixon, 2004). Selecting a suitable 

method will depend on several factors such as the extent of the study area, data 

availability, and desired results.  

 

1.9.1.1 Process-based models 

Process-based models usually required a large amount of primary and 

secondary data to apply the mathematical models for generating the principal 

tool. Such methods appear more complex and difficult to use on a regional scale 

(Neshat, 2013). Process-based simulation models employ the mathematical 

relations that govern the most important processes significant to water and 

contaminants behaviour in the subsurface system. These simulation models 

have the capability to quantify, predict and validate processes; vulnerability is 

represented in terms of travel times, concentrations of leachate or critical loads 

which are a quantitative assessment of pollution risk. This tool assists resources 

managers to develop a shared conceptual understanding of complex natural 

subsurface systems. The process based methods utilise simulation models to 

calculate the pollutant movement, but this method are limited by data shortage 

and computational problems. 
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1.9.1.2 Statistically-based methods 

Statistical methods utilize data on the known a real contaminant 

distribution and explain the contamination potential for a specified geographical 

region using the available data in the regions of interest. This method is applied 

to quantify the vulnerability of groundwater contamination by determining the 

statistical dependence or relationship between observed contamination and 

environmental conditions that characterize vulnerability. It determines 

connection between actual source of contaminants and spatial variables in the 

groundwater using statistics. But statistical methods have limitations such as 

insufficient water quality interpretation, collection of spatial variables and data 

precision. 

 

1.9.1.3 Overlay and index methods 

Overlay and index methods highlights the combination of different 

regional maps by assigning a numerical index. Both methods are easy to apply 

in geographic information systems particularly on a regional scale, therefore, 

these techniques are the most popular methods used in vulnerability evaluation. 

The most widely used overlay and index methods includes GOD (Foster, 1987), 

DRASTIC (Aller et al., 1987), IRISH (Daly & Drew, 1999), and AVI (van 

Stemproot et al., 1993).  

 

Overlay and index methods are based on the assumption that some major 

hydrogeological parameters mostly contribute in groundwater protection or 

affect groundwater vulnerability, and that these parameters can be identified and 

evaluated. These methods are usually based on limited basic regional data and 

generally cover extensive and regional areas. The collected hydrogeological 

parameters are classified according to a certain scoring or ranking system. This 

index would recognize areas where parameters indicating high vulnerability and 

some indices will assign numerical scores based on several parameters. Overlay 
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and index methods are used to determine the migration of contaminants from 

the ground surface into the saturated zone that gives different vulnerability 

indices at different sites (Al-Hanbali & Kondoh, 2008). It is favorable because 

some of the factors like depth to groundwater and rainfall can be accessible over 

a large area, which makes them suitable for regional scale assessments. The 

main drawback of overlay and index method is the subjectivity in assigning 

numerical values to the explanatory entities and relative weights for the 

different attributes. DRASTIC index is one of the accepted overlay methods 

used to assess groundwater vulnerability. 

 

1.9.2 Groundwater vulnerability using DRASTIC 

The DRASTIC model was introduced by the U.S. Environmental 

Protection Agency to assess the potential of groundwater contamination (Aller 

et al., 1987). The regions which are more vulnerable to contamination can be 

identified using vulnerability mapping based on the hydro-geological 

parameters that affect and control the movement of groundwater (Aller et al, 

1987). The groundwater vulnerability methods can provide information that can 

be used to prevent further pollution of contaminated areas. DRASTIC index 

assesses the groundwater vulnerability based on the intrinsic hydro-geological 

characteristics of a certain subsurface system. The DRASTIC method has four 

assumptions as follows: the contaminant is introduced at the ground surface; 

contaminant is flushed into the groundwater by precipitation; contaminant has 

the mobility of water; the area being evaluated by DRASTIC is 100 acres or 

larger. 

 

1.9.3 GIS in vulnerability assessments 

Geographical Information System in environmental 

contamination utilizes GIS software in mapping using the spatial 

https://en.wikipedia.org/wiki/GIS
https://en.wikipedia.org/wiki/Spatial_interpolation
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interpolation tools from GIS. It utilise spatial interpolations of contaminants in 

the water and soil, and allows for proficient approach to remediation and 

monitoring of environmental contamination. GIS is a computer based method 

that is designed to capture, store, retrieve, manipulate and integrate spatial data. 

The DRASTIC model in a geographical information system environment was 

used in various vulnerability studies to assess the vulnerability of the study area 

(El-Naqa et al., 2006; Prasad & Shukla, 2014; Khan, 2014).  

1.10 Treatment techniques  

Generally, the best way of controlling the pollution due to landfill leachate 

must be treated before discharging to environment. Once leachate enters the soil 

and groundwater resources, remediation methods will be very difficult and 

expensive. Various techniques such as adsorption (Foo et al., 2013), chemical 

precipitation (Zhang et al., 2009), chemical oxidation (Singh & Tang, 2013) 

coagulation/flocculation (Guo et al., 2010), and biological methods (Xu et al., 

2010) have been applied for the treatment of leachate.  Because its 

characteristics change with the age of landfill, these methods have difficulty as 

decreasing treatment efficiencies and increasing cost. Therefore, electro-

coagulation and phytoremediation technology has been used as a feasible 

alternative for the treatment of contaminated water, soil and leachate. 

 

1.10.1 Electro-coagulation techniques 

Electrochemical processes (electrolysis and electro-coagulation) have 

been successfully demonstrated for removing pollutants in various wastewaters. 

Removal mechanisms reported in the electrolysis process generally include 

oxidation, reduction, decomposition, whereas the mechanisms in the electro-

coagulation process include coagulation, adsorption, precipitation and flotation 

(Kobya, 2003). Electro-coagulation (EC) is one of the most innovative electro-

chemical techniques for wastewater treatment (Safari et al., 2011). This process 

https://en.wikipedia.org/wiki/Spatial_interpolation
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is characterized by a fast rate of pollutant removal, no chemicals requirements, 

high sedimentation velocity, simplicity in operation, compact size of the 

equipment, and low capital and operating costs (Gengec et al., 2012). This 

technology is effective to remove a wide range of pollutants such as organic and 

inorganic pollutant, toxic metals. 

In an EC process, the coagulating ions are generated in situ and this 

occurs in three stages: (a) electrolytic reactions at electrode surfaces, (b) 

formation of coagulants in aqueous phase and (c) adsorption of soluble or 

colloidal pollutants on coagulants, which are removed by sedimentation or 

flotation (Kobya et al., 2003). Iron and aluminum have been extensively used as 

a sacrificial electrode in the EC process (Gengec et al., 2012, Kobya et al., 

2006). Sacrificial electrode dissolves from the anode producing corresponding 

metal ions. These ions hydrolyze to polymeric iron (aluminum oxyhydroxides), 

which are the coagulating agents (Gengec et al., 2012). EC is a promising 

process for pre-treatment of different wastewater; moreover the buffering effect 

allows the wastewater to be discharged without pH adjustments. 

 

1.10.1.1 Advantages and disadvantages of electro-coagulation techniques  

1.10.1.1.1 Advantages of EC 

 Its ease of operation, pH buffering ability, low sludge production, 

lower toxic content and easy handling.  

  Flocs formed during the EC process are larger, acid resistant, more 

stable and hence easy to eliminate through filtration.  

 The EC process avoids uses of chemicals, and therefore no 

problem of neutralising excess chemicals and no possibility of 

secondary pollution caused by chemicals added at high 

concentration.  
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 Sludge formed by EC process tends to be readily settable and easy 

to de-water, because it is mostly composed of metallic oxides/ 

hydroxides. It is a low sludge producing technique. 

 This technique can be conveniently used in rural areas where 

electricity is not available, since a solar panel attached to the unit 

may be sufficient to carry out the process. 

 

1.10.1.1.2 Disadvantages of EC  

 The ‘sacrificial electrodes’ are dissolved into wastewater as a result 

of oxidation (corrosion of electrode occurs), and need to be 

frequently replaced. 

 The use of electricity may be expensive in many places. 

  Formation of an oxide layer on the cathode with time resulting in a 

decrease in the removal efficiency.  

  High conductivity of the wastewater suspension is required.  

 Gelatinous hydroxide may tend to solubilise in some cases. 

  

1.10.2 Phytoremediation 

Phytoremediation is the innovative and cost effective technology using 

green plants for the degradation, removal, and detoxification of chemical 

pollutants from contaminated soils, sediments, or waters (Clayton, 2007). The 

U.S. Environmental Protection Agency (EPA) seeks to protect environment and 

the human health from danger associated with hazardous waste sites, whereas 

encouraging development of innovative technologies like phytoremediation for 

decontaminating these sites. The concept of phytoremediation method to clean 

and restore soil and wastewater has been employed for over 300 years (USEPA, 

2000). This remediation method can be used to clean up organic and inorganic 
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pollutants (metals, pesticides, persistent organic pollutants) from contaminated 

soil, sludge, sediments and water (Bhatia & Goyal, 2014;  Bauddh et al., 2015).  

 

The success of phytoremediation depends on various environmental 

factors such as soil structure, texture, and organic matter, water and oxygen 

availability, nutrients, solar radiation, temperature, and weathering. These 

factors directly enhance the bioavailability of contaminants and capability of 

plants to take up, translocate, and accumulate contaminants in shoots and plant–

microbe interactions (Hooda, 2007). The hyper-accumulating plant species can 

concentrate heavy metals such as Cu, Zn, Co, Mn, Ni, Pb from 100 to 1000 

times in comparison to non-accumulator plants (Sheoran et al., 2010). Each 

plant species have specific role in phytoremediation process and could be 

different mechanism which includes accumulation, exclusion, translocation, 

osmoregulation and distribution. Generally, accumulation, translocation and 

concentration of heavy metals in the aerial parts of hyper-accumulator plants 

occurred (Bhargava et al., 2012) 

 

1.10.2.1 Mechanisms of phytoremediation 

There are several processes associated with phytoremediation depending 

on the contaminant (both organic and inorganic) to be treated and site specific 

conditions. The major phytoremediation processes includes phytoextraction, 

rhizofiltration, phytostabilization, phytodegradation, rhizodegradation, and 

phytovolatilization (Clayton, 2007). Figure 1.4 describes the major processes of 

phytoremediation involved in the treatment of wastes. The summary of different 

phytoremediation techniques are discussed in Table 1.6. 
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Table 1.6: Different phytoremediation techniques 

 

Technique Appli 

catio

n 

Contamina

nt 

Mechanis

m 

Description Accumul

ation part 

Referene 

Phytofiltration/ 

rhizofiltration 

Water Organics/ 

Inorganics/ 

heavy metals 

Adsorption

/ absorption 

Pollutants 

uptake from 

contaminated 

waters by 

aquatic plants 

 

Aerial 

parts/root 

Sharma 

et al., 

2015 

Thakur 

et al., 

2016 

Phytoextra-

ction/ 

phytoaccumul 

ation 

Soil/ 

rarely  

in 

water 

Inorganics/ 

heavy metals 

Hyperaccu

mulation 

Accumulation 

of pollutants in 

by root and 

translocate 

them to upper 

part 

 

Shoots Ali, et 

al., 2013 

Sharma 

et al., 

2015 

 

Phytostabiliza 

tion 

Soil/ 

water 

Inorganics/ 

heavy metals 

Sorption, 

precipitatio

n and 

complexati

on 

Mobility 

limitation 

pollutant 

accessibility in 

soil by plant 

root 

 

Reduction 

in 

rhizosphere 

Sharma 

et al., 

2015 

Thakur 

et al., 

2016 

Phytovolatiliza 

tion 

Soil/ 

water 

Organics/ 

some heavy 

metals 

Volatilisati

on by 

leaves 

Conversion of 

pollutants to 

volatile form 

Release to 

the 

atmosphere 

Sharma 

et al., 

2015 

Ali, et 

al., 2013 

 

Phytodegra-

datio/ 

phytotransfor

mation 

Soil/ 

water 

Organics Degradatio

n in plant 

rhizosphere 

Organic 

degradation by 

plant enzymes 

Within 

plant 

tissues  

 

Thakur 

et al., 

2016 

Cacador 

et al., 

2015 

Rhizodegrada 

tion 

Soil Organics/ 

Inorganics 

Rhizosphere 

accumulati

on 

Degradation of 

organic by 

rhizospheric 

microorganisms 

 

Rhizosphe

re 

Mackova 

et al., 

2009 

 

Phytodesalina 

tion 

Soil Organics  

(salt) 

Reduction 

of salt by 

conversion 

Removal of 

salts from soils 

by halophytes 

Within 

plant 

tissues 

Zorrig et 

al., 2012 
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Figure 1.4: Major processes of phytoremediation techniques 

(Adapted from Herath & Vithanage, 2015) 

 

 

1.10.2.2 Phytoremediation of heavy metals from wastewater using aquatic 

plants 

Heavy metal contamination of the aquatic environment is a severe 

environmental problem, which threatens aquatic ecosystems and human health 

(Sasmaz et al., 2008). Heavy metals are persistent in nature and have the 

potential to accumulate in various sediments of the environment (Mishra & 

Tripathi, 2008). Conventional metal removal and mobilization techniques 

include adsorption, complexation, sedimentation, ion exchange, reverse 

osmosis, and electrodialysis. The majority of these technologies are relatively 

expensive, energy intensive and metal specific (Mishra & Tripathi, 2008). 

Consequently, the use of plants for removal of heavy metals from wastewater 

offers a promising technology (Miretzky et al., 2004; Mishra & Tripathi, 2008). 

Aquatic plants have enormous potential to accumulate metals within their body 

from the liquid environments (Singh & Singh, 2006). Therefore these plant 

species have been widely used for the removal of heavy metals from 

contaminated water bodies (Mishra et al., 2009). In order to enhance the 
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phytoremediation efficiency of plants for decontaminating the environment, 

these are frequently used in combination with other technologies. 

1.10.2.3 Phytoremediation by constructed wetland technology using 

wetland macrophytes 

The use of constructed wetlands (CWs) for phytoremediation has been 

developed as a cost-effective and environmentally friendly method for the 

remediation of wastewater.  CWs are considered to be complex ecosystems due 

to variable conditions of hydrology, plant species diversity, soil and sediment 

types, growing season, and water chemistry. This technology are being 

particularly designed to remove variety of pollutants including nutrients 

(ammonia, nitrate, phosphate), suspended solids, metals and metalloids, volatile 

organic compounds, pesticides, bacteria, enteric viruses, organohalogens, TNT, 

petroleum hydrocarbons and additives (Herath & Vithanage, 2015). 

 

The classification of constructed wetlands is based on vegetation type 

(free floating, floating leaved, submerged, emergent), hydrology, and flow 

direction. Based on wetland hydrology, CWs are classified into free water 

surface and subsurface system, whereas the subsurface-flow CWs could be 

classified according to the flow direction (horizontal subsurface flow and 

vertical subsurface flow) (Vymazal, 2010). Currently, various types of 

constructed wetlands are being combined into hybrid systems, in order to attain 

better treatment performance.  

 

1.10.2.3.1 Chemistry of constructed wetlands 

Wetland chemistry is mainly influenced by physico-chemical variables 

that interacted with various elements such as oxygen, nitrogen, phosphorus, 

sulfur, aluminum and iron.  The main mechanisms by which wetlands remove 

pollutants includes sedimentation, sorption, filtration, biological processes, and 
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biochemical interactions are the. Plants also play an important role in the 

functioning of wetlands.  The concentration of oxygen within sediments and the 

overlaying water is an important factor. The lack of oxygen conditions affects 

the aerobic respiration of plant roots and plant nutrient availability (Scholz & 

Lee, 2005). Wetland plants can live in anaerobic soils showing large adaptations 

for their survival. The nutrient availability and toxicity of a wetland is 

determined by the state of oxidation and reduction of ions such as, nitrogen, 

phosphorus, iron and manganese which are present within waterlogged soil and 

sediments in wetlands. The decomposition or oxidation of organic matter take 

places in the presence of some electron acceptors including O2, NO3
−, Mn2+, 

Fe3+, and SO4
2−,  however the oxidation is rapid in the presence of oxygen 

compared to other ions (Scholz & Lee, 2005). In addition, sulfur cycle is also 

involved in the degradation of organic matter. In the conversion of sulfate in to 

sulfide, low-molecular weight organic compounds which result from the 

fermentation are used as organic substrates by sulfur-reducing bacteria 

(Bradley, 2001). Phosphorus within wetland soils exists as soluble, insoluble, 

organic and inorganic complexes and characteristics of a wetland depend on the 

reactivity and solubility of different forms of phosphorus. In aerobic conditions, 

an insoluble phosphate is precipitated and reduces the availability of phosphorus 

to plants. The reducing the bioavailability of phosphates can also occurs by 

adsorbing onto clay particles, organic peat, and ferric/ aluminum hydroxides 

and oxides and bound up in organic matter through incorporation in bacteria, 

algae, and vascular macrophytes (Scholz & Lee, 2005). Nitrogen within 

different oxidation states is also significant to the biogeochemistry of wetlands. 

Oxidation of organic matter can be carrying out its various oxidation states. The 

anoxic condition in CWs environments leads to the release of gaseous nitrogen 

from the lithosphere and hydrosphere to the atmosphere through denitrification 

(Bradley, 2001). 
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1.10.2.3.2 Wetlands function as nutrient transformers 

Various physical, chemical and biological processes are involved in the 

transformation of nutrients within the wetland. The most important physical 

process is the settling of suspended particulate matter. The reduction in the 

particulate organic matter is the main reason of reduction in BOD of 

wastewater. The chemical processes such as adsorption, chelation and 

precipitation which are responsible for the removal of phosphorus and heavy 

metals. The important biological process which is mediated by microorganism 

includes the oxidation and reduction of carbon, nitrogen and sulphur depending 

on the availability of oxygen. The main principles of the constructed wetlands 

are the continuous oxygen supply to the upper layer only, anaerobic conditions 

in the lower part of the filter and roots of plant provide favourable environment 

for bacteria diversity.  

 

1.10.3 Nano-phytoremediation 

Metal nanoparticles have been emerged as an important branch of 

nanotechnology in the last decade. Nanotechnology is an innovation method 

which has numerous toxic remediation applications. The nano-structured 

materials can be used as adsorbents or catalysts to remove toxic and harmful 

substances from wastewater and soil. Phytoremediation is an effective and eco-

friendly method to decontaminate the environment, but the proposed technology 

is a long term (time consuming) process. Various methods were introduced to 

overcome the limitations of phyto-technology and nano-technology, and to 

combine together to form nano-phyto technology. Nano-phytoremediation is a 

combined technology involving nano-technology and phyto-technology 

(Jiamjitrpanich et al., 2013), and this method is simple, cost effective and less 

time consuming. When the remediation is carried out by nano-phytoremediation 

plants play a significant role in soil remediation.  
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Nanomaterials, including engineered nano-sized iron oxides, titanium 

oxides, or zinc oxides, manganese oxides and cerium oxides provide specific 

affinity for metal adsorption and their application is being rapidly extensive for 

environmental management. Their significant surface area, high adsorption 

capacities, and high number of active surface sites make this technology very 

promising as cost-effective amendments for decontamination of soils. The 

mitigation of the toxicities of metal/metalloids by their immobilization in the 

soil stimulates the growth and development of plants during phytoremediation.  

 

Nanoscale zero-valent iron (nZVI) has been investigated as a new tool for 

the remediation of contaminated water and soil and this technology has been 

applied worldwide in recent years (Patil et al., 2016). The determined 

contaminant removal pathways of nZVI include adsorption, complexation, 

(co)precipitation and surface mediated chemical reduction (Miehr et al., 2004). 

The removal mechanism by nZVI mainly involves adsorption/surface 

complexation for metal ions such as Zn2+ and Cd2+ which have the standard 

electrode potentials (E0) for reduction to a metallic state that are very close to, 

or more negative than Fe0 (20.44 V). For metal ions such as Hg2+ and Cu2+ 

whose E0 are much more positive than that of Fe0, removal of metal ions is 

mainly realized via surface-mediated reductive precipitation in comparison. 

While metal cations are only slightly more electropositive than Fe0, the removal 

is mainly realized via the adsorption with partial chemical reduction (Li & 

Zhang, 2007).  

 

1.10.4 Chelate enhanced phytoremediation  

Chemicall or chelate enhanced phytoremediation is based on the fact that 

the application of chemicals or chelating agents to the soil significantly 

enhances the bio-availability and hence increases the metal accumulation by 

plants (Garbisu & Alkorta, 2001). Chelating agent is a multidentate ligand, 
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which has an ability to desorb toxic metals from soil solid phases by forming 

strong water-soluble complexes. After complex formation, it can be removed 

from the soil by plants during enhanced phytoextraction or by using soil 

washing techniques. In chelate enhanced phytoextraction process, initially the 

chelant can desorbs metals from the soil matrix, and the mobilized metals move 

to rhizosphere for uptake by plant roots (Tahmasbian & Sinegani, 2013). The 

amounts of bio-available metals in soil solution are generally determined by the 

properties of the soil and applied chelant. The successful application of chelate 

enhanced phytoremediation mainly depends on the use of the extracting agent. 

The EDTA (ethylene diamine triacetic acid), NTA (nitrilo triacetic acid), citrate, 

acetate, oxalate, malate, tartrate, succinate, phthalate, salicylate etc. have been 

used as chelators for rapid mobility and uptake of metals from contaminated 

soils by plants. Chelating agents can be classified in to synthetic and organic 

chelate agents. 

 

1.10.4.1 Synthetic chelating agents 

Synthetic chelating agents, such as ethylene diamine tetraacetic acid 

(EDTA), diethylene triamine pentaacetic acid (DTPA) and ethylene glycol 

tetraacetic acid (EGTA) have been used successfully for induced 

phytoremediation (Singh & Prasad, 2015; Tahmasbian & Sinegani, 2014; 

Alkorta et al., 2004).  However, the application of such synthetic chelating 

agents introduces an environmental risk due to their high mobility in the soil, 

which can result in the transport of the contaminant to uncontaminated 

surrounding areas; this movement can potentially become a problem due to the 

high solubility and persistence in the soil of the chelate-heavy metal complex.  
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1.10.4.2 Organic chelating agents 

The soil mobilizing agents which are much less harmful to the 

environment is the use of natural organic chelating agents, also called low-

molecular-weight organic acids (LMWOA), such as citric acid, oxalic acid, 

malic acid and acetic acid. These molecules can form complexes of low to 

moderate stability with metals. LMWOA present an advantage because of their 

high rate of biodegradation in the soil, which means they do not cause the 

negative effects potentially caused by the application of the synthetic chelating 

compounds. In addition, the toxicity effect on plants, such as growth reduction, 

is not observed when citric acid is applied, in contrast to EDTA (Evangelou et 

al., 2007).  

 

1.11 Significance and Objectives of the study 

Rapid urbanisation, industrialisation, growing population and changing 

life style are the root causes of increasing solid waste generation in developing 

countries. Being the world’s second most populous country, the MSW 

generation in India is estimated 127,486 tonnes per day in 2011. Kerala State is 

enriched by natural resources and a good environmental condition is being 

through the phase of urban development. The severe constraints of land 

availability and dense populations in Kerala leads to increase in the generation 

of MSW and the social issues related to improper management is increasing at 

an alarming rate. Open dumping or landfilling is the most common method used 

to dispose the waste due to its favourable economics. Leachate generated from 

waste dumping sites is one of the main sources of soil and groundwater 

contamination if it is not properly collected, treated and safely disposed as it 

may percolate through soil reaching water aquifers. Areas near the dumping site 

has greater possibility of soil and groundwater contamination if the leachate 

emanated from decomposed solid waste infiltrates and pollutes the water table. 
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Therefore, it is important to consider this problem as one of the main 

environmental concerns as it may lead to many adverse impacts in future. This 

current scenario makes the study related to monitoring soil and groundwater 

quality in the vicinity of MSW dumping area is highly significant. It is essential 

to monitor the contaminated sites to assess the extent of pollution and to 

develop methods for the removal from contaminated environments. 

 

Groundwater samples were collected in the vicinity of selected MSW 

dumping sites (Njeliamparamba, Laloor, Pettipalam and Vellaramkunnu) of 

Kerala were monitored to find out the effect of leachate percolation on 

groundwater quality. The results of analysis indicated that Njeliamparamba was 

found to be highly contaminated, thus a detailed study on the monitoring of 

groundwater and soil samples in Njeliamparamba were continued. The physico-

chemical and bacteriological parameters of leachate and groundwater samples 

were collected and analysed. Leachate Pollution Index and Water Quality Index 

in the study were also applied to assess the overall quality of the leachate and 

groundwater. Spatial distribution of groundwater quality parameters was 

measured by GIS. Assessment of groundwater vulnerability to contamination in 

the vicinity of MSW dumping site was carried out using DRASTIC modeling in 

a geographical information system environment.    Thus, it is still valuable to 

remediate the groundwater and soil contamination in the vicinity of MSW 

dumping site and to prevent from secondary pollutions. Based on the results of 

monitoring, studies for the treatment of contaminants using electro-coagulation, 

phytoremediation, nano-phytoremediation and chelate-assisted 

phytoremediation were conducted. The results of monitoring and the methods 

are well explained in the thesis. This context, it is recommended to construct 

suitably engineered waste disposal facilities to improve public health and avoid 

environmental resources including soil and groundwater from being polluted.  
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The main objectives of the study are: 

 To assess the pollution status of selected sites around municipal solid 

waste dumping sites in Kerala with respect to water and soil. 

 To monitor the contaminated sites spatially and temporarily. 

 To identify the area vulnerable to pollution using suitable model. 

 To develop suitable remedial methods to decontaminate soil and 

water. 
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REVIEW OF LITERATURE 

Rapid growth in industrialization and urbanization coupled with ever 

increasing population of the world, billions of tons of municipal solid waste 

(MSW) is generated every day worldwide. Management of MSW is a global 

problem and is faced by all developing countries. In most of the developing 

countries, especially in high population density areas, high production of solid 

waste and scarcity of sufficient land for dumping have caused the main problem 

of waste disposal. India is one of the least urbanized countries of the world, 

however its urban population is second largest amongst the countries of the 

world. The quantity of MSW is expected to increase considerably in the years to 

come as India strives to attain an industrialized nation status by the year 2020 

(Kumari et al., 2017). 

Municipal solid waste management has become a foremost environmental 

issue in India during the last few decades because of rapid increase in its 

quantity and complexity of generated waste (Panwar et al., 2017). The 

management of MSW in India is going through a critical phase, due to 

unavailability of appropriate methods to treat and dispose of the larger 
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quantities of waste generated daily in urban cities (Gupta et al., 2015). 

Generally, municipal solid waste in India is disposed off in low-lying areas 

without taking any precautions or operational controls. Unscientific disposal of 

MSW causes an adverse impact on all components of the environment and 

human health (Sharma et al., 2018). Kerala state has the highest human 

development index in India, is also going through the phase of urban 

development and the state faces critical issues related to improper management 

of solid waste due to severe constraints of land availability, dense population 

and environmental fragility (Varma, 2013). Treatment of municipal solid waste 

in Kerala is more difficult due to the high average moisture content and low 

average calorific value (Pawels & Tom, 2013). The most of the existing 

technologies for the treatment of MSW in the state are unsuccessful which 

increases the adverse effects.  

 

Leachate generation from municipal solid waste dumping site is a major 

envirornmental concern.  Leachate contains elevated concentration of organic 

matters and inorganic ions, including heavy metals (Baun et al., 2000). The 

quantity and the quality of leachate are site specific and related to the age of the 

dumping site. The quality of leachate produced is mainly depending on the type 

of waste being dumped, moisture content, site hydrology, the degree of solid 

waste stabilization, climatic conditions, landfill age, and the stage of 

decomposition in the landfill (Abood et al., 2013). As the age of the landfill 

increases, stabilization of waste takesplace due to continuous degradation. 

Leachate generated during early stages (young leachate) is characterized by 

elevated concentration of biodegradable organic matter which is anaerobically 

fermented into volatile fatty acids (Renou et al., 2008). These fatty acids 

contribute to the characteristic low pH and high concentration of biological 

oxygen demand and chemical oxygen demand (Kjeldsen et al., 2002). As the 

landfill matures (methanogenenic stage),  acids accumulated during the 
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anaerobic phase are converted to CO2 and CH4 by methanogenic bacteria 

(Renou et al., 2008). Leachate generated during this phase is characterized by 

low COD concentration, high ammonium nitrogen and methane concentrations. 

Moreover, the BOD5/COD ratio reduced as the amount of carboxylic acid 

decreases and amount of recalcitrant organic molecules increase (Kjeldsen et 

al., 2002).  

The Leachate Pollution Index (LPI) provides an important method for 

evaluating the leachate contamination potential of different landfill sites at a 

particular time. It also gives an overall pollution potential of a landfill site. 

Kumar & Alappat (2005) investigated the LPI of two active and two closed 

landfills sites in Hong Kong and results concluded that leachate generated from 

the closed landfills have equal or more contamination potential than active 

landfill sites. Thus remediation actions and post-closure monitoring should be 

ensured at the closed landfills till no further threat to the environment.  Huan-

jung et al. (2006) studied the landfill leachate quality of three types of landfills 

and their results indicated that leachates had high concentrations of the chemical 

oxygen demand, total dissolved solids, volatile suspended solids, total organic 

carbon, electrical conductivity and heavy metals such as Fe, Ni and Cr.  

Municipal solid waste dumping sites are considered to be significant 

sources of soil and groundwater pollution due to the leakage of leachate, a 

complex mixture of pollutants having high organic and inorganic content and 

lasting toxicological characteristics (Han et al., 2016; Sharma et al., 2018). 

Moreover, the waste deposited in dumping site generates leachate, which 

migrates from the dumping site and joins the hydrologeological system, and 

thus contaminating the soil and groundwater resourses.  Gravity causes the 

movement of leachate to the bottom through the underlying soil and 

subsequently it reaches the aquifer system. These pollutants have accumulative, 
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detrimental effect on the existance of aquatic life forms, ecology and food 

chains leading to various problems in public health including carcinogenic 

effects, acute toxicity and genotoxicity (Gajski et al., 2012).  

Studies conducted in different regions of developing countries had 

reported groundwater contamination due to leachate migration; these landfills 

include the Matang landfill in Malaysia (Zawawia et al., 2012), Mediouna 

landfill in Morocco (Smahi et al., 2013), Henchir El Yahoudia landfill in Tunis 

(Marzougui & Mammou, 2006), Matuail landfill in Bangladesh (Azims et al., 

2011), Ondo landfill in Nigeria (Akinbile, 2012), and the Guizhou landfill in 

China (Yang et al., 2013). Groundwater contamination due to MSW dumping 

has been a concern in many developed countries as well since the 1970s. About 

75% of the 55,000 landfills in USA have contaminated the water resources 

close to them (Jones-Lee & Lee, 1993). In addition, the groundwater in the 

vicinity of some landfills has been contaminated by nitrate, nitrite and 

ammonium in Spain (Regadío et al., 2012), Denmark (Milosevic et al., 2012) 

and Greece (Fatta et al., 2002). 

 

Groundwater in India is not free from contamination by landfill leachate. 

Mor et al. (2006) investigated the quality of groundwater in the vicinity of 

Gazipur landfill site in Delhi, and their results showed that the presence of high 

concentration of EC, TDS, Cl-, SO4
2, NO3

-, Na+, Fe and coliform bacteria in 

groundwater samples deteriorates its quality for drinking and other domestic 

purposes. Concentration of most of the water quality parameters in the vicinity 

of three unlined landfill site of Erode city exceeded the limit prescribed by the 

Bureau of Indian Standards (Nagarajan et al., 2012). Groundwater 

contamination near landfills was also reported in most provinces in India, such 

as in Suchi (Gunjan et al., 2012), Delhi (Jhamnani & Singh, 2009), Dhapa 

(Maitia et al., 2016) and Raipur (Agrawal et al., 2013). 
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Particularly at unlined landfills, leachate can contaminate groundwater 

with potentially hazardous chemicals at concentrations that exceeded drinking 

water quality standards (Reyes-López et al., 2008). Though, lined landfills also 

cause threat to groundwater quality because the liners fail ultimately (Banu & 

Berrin, 2015). Many studies have reported that the major groundwater 

pollutants from landfills include chloride, total dissolved solids, ammonium, 

organic matter, chemical oxygen demand, sodium, potassium, total hardness, 

heavy metals and phosphate (Rahim et al., 2010; Azims et al., 2011; Akinbile, 

2012; Ganiyu et al., 2016).  

 

The DRASTIC index model is a very useful tool for groundwater 

vulnerability prevention. It is also used to recognize areas that are more 

vulnerable to contamination, or give priorities to areas that require more 

groundwater monitoring. The DRASTIC index model is applicable in humid 

climates (Babiker et al., 2005) and in semi-arid to arid climates (Werz & Hötzl, 

2007). Some studies have tried to correlate the DRASTIC index with 

contaminant parameters (Awawdeh & Jaradat, 2010; Neshat et al., 2013). 

Moreover, several researchers have attempted to modify the DRASTIC 

vulnerability index, producing models such as DRARCH (Guo et al. 2007), 

vector-DRASTIC (Pacheco & Fernandes, 2013).  

 

Currently Geographic Information Systems (GIS) have been extensively 

used in groundwater vulnerability mapping (Al-Hanbali & Kondoh, 2008; 

Boughriba et al., 2010; Hallaq & Elaish, 2012; Jasmin & Mallikarjuna, 2015) 

studied the groundwater vulnerability to contamination in the Dead Sea 

groundwater basin using DRASTIC model and human activity impact (HAI). 

Their results showed that the impact of vadose zone, aquifer media, and 
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recharge parameters have a significant impact on the DRASTIC model, whereas 

depth to water table and hydraulic conductivity parameters have no significant 

impact on the model. The result of DRASTIC and HAI indices indicated that 

human activity is affecting the groundwater quality and increasing its pollution 

risk.  

 

The Geographic Information System (GIS) and Water Quality Index 

(WQI) methods provide useful information for water quality assessment, and 

also give spatial distribution of groundwater quality.  Selvam et al. (2013) 

studied the GIS based evaluation of WQI of groundwater resources around 

Tuticorin coastal city, south India. The categories of water quality evaluated by 

Canadian Council of Ministers for the Environment Water Quality Index 

(CCME WQI) values of major part of the study area fall under fair category 

during pre-monsoon and good category during the post-monsoon period.  

Municipal waste dumping sites, which are placed on permeable soil, 

create greater possibility of groundwater contamination.  Type and quantity of 

pollutants migrating from dumping site to groundwaters mainly depends on the 

type and quantity of dumped waste, physical condition of the substratum, soil 

type, topography, and thickness of the aeration zone (Nowak et al., 2016). Mass 

of the pollutants migrating from the aeration zone to groundwater sourses can 

be assessed by the application of various models (Koda et al., 2009; Wysocka, 

2015). 

Land degradation caused by human activities has significant adverse 

effects on the environments and ecosystems worldwide (Chen et al., 2015), and 

solid waste dumping is an emerging environmental problem (Adamcov et al., 

2016). The presence of humic substance in leachate might increase the 

transportation of heavy metals in soil (Urase et al., 1997). Various studies have 

demonstrated that soils from municipal solid waste dumping site are 
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dangerously contaminated by heavy metals (Kanmani & Gandhimathi, 2013; 

Aydi, 2015). A study by Ogundiran & Afolabi (2008) reported that unscientific 

dumping of municipal and industrial waste can potentially contribute to high 

levels of heavy metals in the environment, and these metals accumulate in soil 

and have long persistence time through interaction with soil component and 

consequently enter food chain through plants or animals.  

There are many factors which control the mobility of heavy metals in 

soils profile such as soil pH, soil texture, organic matter, cation and anion 

exchange capacity, type of clay minerals, amount of rainfall and soil drainage. 

Many studies also revealed relationships between elements (major and trace) 

and other soil physico-chemical properties such as pH, clay content, cation 

exchange capacity, soil texture and carbonates in non-contaminated soils. Soil 

pH has a major role in contribution of metal bioavailability, toxicity and 

leaching capability into the surrounding areas (Adamcová et al., 2016). At 

initial stages, the concentration of heavy metals in landfill is usually higher, 

because of the high metal solubility due to the production of organic acids (low 

pH) (Kulikowska & Klimiuk, 2008). As a result of increased pH at later stages, 

a decrease in metal solubility occurs resulting in a decrease in the heavy metal 

concentrations except Pb because it is known to produce complex with humic 

acids (Harmsen, 1983).  

 

Many studies reported the correlation between exposure to dumping site 

and health problems. People residing or working nearby solid waste dumping 

sites have been reported to have high risk of congenital birth defects, respiratory 

illness and cancers (Sever 1997; Ray et al., 2005). Ray et al. (2009) reported 

that the impairment of lung function of landfill workers of Okhla landfill site in 

Delhi is more than 62% when compared to the control site. According to the 

World Health Organization (WHO, 2007), the evidences that links waste 
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dumping and incinerators to health problem mainly cancer, reproductive 

outcomes and mortality is scarce. The landfill workers are more vulnerable to 

tissue damage and cardiovascular diseases due to activation of leukocyte, 

platelets and airway inflammation (Ray et al., 2009). Rag pickers are more 

susceptible to toxocariasis (Alvarado-Esquivel, 2013). 

 

The best way of controlling the environmental pollution and health 

problems due to  leachate is treating the leachate to remove the toxic 

contaminants before it enters the water system (Ngo et al., 2008). Various 

treatments including physical, chemical and biological methods have been 

studied for the treatment of leachate.The biological treatment method of 

nitrification and denitrification perhaps the most effective and cheapest method 

to remove nitrogen from leachate. Though, biological treatment is hampered by 

the specific toxic substances such as adsorbable organic halogens, polyaromatic 

hydrocarbons, polychlorinated biphenyls, and by the presence of bio-refractory 

organics such as humic substance or surfactants. The efficiency of 

denitrification is decreased due to the low amount of biodegradable organics, 

especially in stabilised landfills. Conventional treatment methods such as air 

stripping, coagulation, flocculation and settling are frequently costly in terms of 

energy requirements, frequent use of chemicals and expense of plant equipment. 

The treatment methods like reverse osmosis and active carbon adsorption,  only 

transfer the pollution and do not mitigates the environmental problem. In the 

recent years, advanced oxidation processes (AOPs) such as UV/H2O2, UV/O3, 

UV/TiO2 and UV/FeII+H2O2  have been proposed as an effective option for 

mineralization of refractory organics in landfill leachate. But, application of this 

techniques for the treatment of large scale effluents are not economically 

feasible (Wiszniowski et al., 2006).  
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According to USEPA (1999), the combination of different physico-

chemical and biological processes occurring in nature, which can effectively 

reduce contaminants concentration, toxicity, and mobility, and can be defined as 

natural attenuation. Constructed wetlands (CWs) technology is environmentally 

friendly, economical, and sustainable engineering systems for the treatment of 

wastewater due to its characteristic properties like utilization of natural 

processes, simple construction, easy operation and low maintenance, process 

stability and cost effectiveness (Harikumar, 2010). Many studies reported that 

CWs could be efficient for removing various pollutants such as nutrients, 

organic matter, trace elements, and pathogens from various wastewaters (Cui et 

al., 2010; Saeed & Sun, 2012). Moreover, a variety of pollutant removal of 

processes such as filtration, sedimentation, adsorption, precipitation, 

volatilization, plant uptake, and various microbial processes are directly or 

indirectly influenced by the different internal and external environment 

conditions such as pH, organic carbon source, temperatures, availability of 

dissolved oxygen and operation strategies, and redox conditions in constructed 

wetlands (Saeed & Sun, 2012). 

 

The wetlands provide appropriate environment for rapid natural 

attenuation of  organic contaminants due to the presence of various 

microorganisms, nutrients in the  discharging groundwater and redox conditions 

in the surrounding groundwater and surface water interfaces (Lorah et al., 

2009). Microbial communities present in constructed wetlands can remove the 

complex organic compounds in wastewaters (Calli et al., 2006). Fluorescence 

results reveal the predominance of bacteria in constructed wetlands, which are  

responsible for the removal of biological oxygen demand (Sawaittayothin & 

Polprasert, 2007).  
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Harikumar (2010) investigated the potential of constructed wetlands 

vegetated with Scripus Lacustris, Phragmites, Acorus calamus and Lagenandra 

meeboldi for the treatment of biological oxygen demand (COD), chemical 

oxygen demand (COD), total Kjeldahl nitrogen (TKN) and total suspended 

solids (TSS) in wastewater. The percentage removal were found to be  84%, 

72%, 40%, 90% for BOD, COD, TSS and TKN respectively.  The comparison 

of horizontal and vertical constructed wetland systems planted with Typha 

latifolia for the treatment of organic, ammonia and heavy metal contaminats in 

wastewater was investigated by Yalcuk & Ugurlu (2009). The effect of different 

bedding material such as gravel and zeolite surface was also studied. The results 

showed that the maximum removal of NH4–N was obtained for vertical system 

with zeolite layer, while horizontal system was more effective for COD 

removal.  

 

Phytoremediation is emerging as an environmental friendly technology 

for the removal of heavy metal and has attracted more attention recently 

(Miretzky et al., 2004). The mechanisms involved in phytoremediation includes 

extraction of contaminants from groundwater or soil, immobilization of 

contaminants in the root zone, degradation of contaminants by various biotic or 

abiotic processes, concentration of contaminants in plant tissue, volatilization of 

volatile contaminants from plants to the air (USEPA, 2000). Each plant species 

have different heavy metal uptake mechanism which includes: accumulation, 

translocation, exclusion, osmoregulation and distribution. In those methods, the 

plants (hyper-accumulator) used for the phytoremediation accumulates metals 

mostly in their shoot than root (Singh et al., 2011). The mechanism of heavy 

metal uptake in aquatic plants mainly depends on the type of plant and 

wastewater through the direct absorption from the water to the plant surface. 

This process was followed by active or passive transport across membranes and 

by root uptake in a small extent (Nyquist & Greger, 2007). This mechanism is 
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particularly observed in submerged species and free floating plants due to their 

poorly developed root system. The plant growth rate and heavy metal 

concentrations in plant tissues have direct effect on metal removing capacity of 

plants (Giripunje et al., 2015). 

 

Various studies revealed that application of chelating agents in soil 

markedly increases metal accumulated by plants (Garbisu & Alkorta, 2001; 

Souza et al., 2013). Synthetic chelators such as critic acid, ethylene diamine 

tetraacetic acid (EDTA) and ammonium molybdate were proven to be effective 

in enhancing the bioavailability of metals in soils, therefore facilitating their 

plant absorption and translocation (Quartacci et al., 2005). Komárek et al. 

(2007) investigated the effect of addition of EDTA on metal contaminated soil. 

The results indicated that the addition of 9 mmol/kg of EDTA resulted in 100, 

188, 121, and 61-fold increase of water soluble Cd, Cu, Pb and Zn 

concentrations, respectively than control soil. The amphoteric-immobilization 

and mobilization effect of ammonium molybdate on uptake of toxic metals from 

soils by Medicago sativa L. plants was investigated by Qu et al., (2011) and 

concluded that chromium and zinc were precipitated by ammonium molybdate, 

but the cadmium, nickel, and copper were chelanted with ammonium molybdate 

and formed soluble fractions. Thus ammonium molybdate is a half-stabilization 

agent, half-extracting agent and amphoteric agent. 

 

Nanotechnology has many applications in environmental remediation. 

Nanomaterials, including nano-sized iron oxides, titanium oxides, zinc oxides, 

manganese oxides and cerium oxides provide specific affinity for metal 

adsorption and their application is being rapidly extensive for environmental 

management. Their significant surface area, high adsorption capacities, and high 

number of active surface sites make this technology very promising as cost-



Chapter 2 

 46 

effective amendments for decontamination of soil and water (Liu & Lal, 2012). 

In addition, nano-particles can be used to increase the supply of elements to 

plant shoots and foliage, increasing seed germination and seedling growth. 

Thus, nanoparticles can facilitate enhanced ability of water and fertilizer 

absorption by roots, and increase antioxidant enzyme activity such as 

superoxide dismutase and catalase, and ncan increase plant resistance against 

different stresses (Morteza et al. 2013).  

 

Nano zero valent iron (nZVI) was found to be very effective for the 

remediation of contaminated soil and groundwater. Franco et al. (2009) reported 

that 97.5% of hexavalent chromium (Cr+6) in a contaminated soil could be 

reduced to trivalent chromium (Cr+3) by nZVI, which significantly reduced the 

chromium toxicity in the soil. Similar reductive immobilization of hexavalent 

chromium in soils by nZVI was reported by other researchers (Xu and Zhao, 

2007; Ponder et al., 2000). Nano zero valent iron is also able to remediate other 

toxic metals (Hg+2, Ni+2, Ag+1, Cd+2, As+3, and As+5) in water and soil (Li & 

Zhang, 2007). The decontamination mechanisms comprise reduction of metal 

ions to zero valent metals on the nZVI surfaces or adsorption of the ions on the 

nZVI particle shells which consist of a layer of iron oxides (iron oxidation 

products).  

 

Nano-phytoremediation technology is identified as a promising treatment 

method for the decontamination of water and soil than either nanoremediation 

or phytoremediation. Harikumar & Jesitha (2016) studied the combined effect 

of phytoremediation and nanoscale zero valent iron for the removal of 

endosulphan from contaminated soil using Alpinia calcarata plant. The nano-

phytoremediation completely removed endosulphan from contaminated soil 

within 30 days (initial concentration of 1200 µg/Kg of endosulphan).  A study 

by Harikumar & Megha (2017) reported the enhancement of phytoremediation 
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capacity of heavy metal in wastewater by Eichhornia crassipes and Salvinia 

molesta using titanium dioxide nanoparticles. The application of TiO2 

nanoparticles for the treatment of cadmium exposed Eichhornia crassipes and 

Salvinia molesta showed 99.06% and 89.57% respectively, within 3 days. The 

results also indicated that, plants applied with TiO2 nanoparticles exhibited 

significant increase in physiological response like relative growth and the 

production of chlorophyll content compared to control.  

 

The electro-coagulation is a promising technologies for the removal of 

organic and inorganic contaminants from wastewater due to its simple and easy 

operated equipment, no addition of chemicals, less operation time, and low 

sludge formation. Furthermore, advantages of the electro-coagulation compared 

to conventional chemical coagulation include low dosage of coagulant, superior 

coagulant dispersion, reduced wastewater salinity and acidification, and 

intrinsic electroflotation separation potential (Gengec et al., 2012). It is a 

modern technology in which sacrificial metal anode and cathode produce 

electrically active coagulants and tiny bubbles of hydrogen and oxygen in water 

(Erabeea et al., 2017). Al-Shannag et al. (2015) reported that more than 97% 

heavy metals such as Cu2+, Cr3+, Ni2+ and Zn2+ were removed from metal 

plating wastewater by using steel electrodes at current density of 4 mA/cm2 

within 45 min. El-Shazly et al. (2011) studied the removal of nitrate ions from 

wastewater using monopolar vertical aluminum electrodes in a batch 

electrochemical unit. The results showed that 90% of nitrate was obtained 

within 80 minutes of treatment time.  

 

Leachate characterization along with soil and groundwater quality 

analysis is essential to assess level of contamination in the area. Several studies 

have reviewed the leachate characterization and its effects on groundwater 
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quality, but little information is available on the effect of MSW dumping on soil 

quality, and also influence of hydrogeological parameters that transport 

contaminants from surface sources to groundwater. Moreover, there is lack of 

data available on the effect of MSW leachates on soil and groundwater quality 

as per the conditions prevailing in Kerala. Hence it is desired to study the effect 

of MSW dumping on soil and groundwater quality and identify vulnerable 

zones in the study area, also to develop remedial measures. 
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MATERIALS AND METHODS  

 

3.1 Water Quality Assessment 

The sampling and analysis of physico-chemical and bacteriological 

analysis of collected water samples were carried out as per the standard 

procedure reported by American Public Health Association (APHA, 2012) 

 

3.1.1 Collection and preservation of water samples 

Global positioning system (GPS) was used to obtain accurate sampling 

location data in terms of latitude and longitude for further reference. The 

sampling containers and equipments were thoroughly cleaned before collection 

of samples. The containers were labelled with proper information such as 

sample type, sample code and date of sampling. Details of the sampling 

locations and peculiar characteristics of the samples were noted. The water 

samples for the analysis of physico-chemical parameters were collected in 1litre 

clean plastic containers. For the estimation of dissolved oxygen and 

biochemical oxygen demand, glass containers were used for the collection of 

samples. The containers were rinsed with two or three times with the sample to 

3 Chapter   








































































































































































































































































































































































































































































































































































































































































