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Abstract
Municipal solid waste (MSW) disposal is a rapidly expanding sector that caters to the rising demand for
disposal facilities; as a result, MSW treatment is becoming a signi�cant challenge in concern to
environmental and public health. The by-products of solid waste dumped in land�lls have negative
consequences on the environment and people living near disposal sites. This research aimed to assess
whether the disposal of garbage in land�lls affected the people who live near them. Consequently,
residents living near MSW disposal facilities are exposed to various risks. A systematic questionnaire
was devised and disseminated in this research to examine the adjacent people's concerns and attitudes
around the land�ll of the rapidly expanding Siliguri city of West Bengal. It was accomplished by
assessing the opinions of persons living within the 1000m of the land�ll site and how it impacts their life.
The novelty of the research includes geographical analysis of physical impressions, including odour
nuisance, breathing problems, impacts of �ies and mosquitoes, water contamination, issues due to illegal
burning, and health-related problems, which was conducted using geographic information system
methodologies. Besides, the Land�ll satisfaction index (LSI) tool was used to assess the perception of
the people residing near the land�ll. Also, to statistically validate the perception of the people related to
the impact of land�lls on their life, gamma coe�cient (y) test of Goodman-Kruskal was applied. The
�ndings reveal that the majority of the respondent within 600m are more susceptible to various risks due
to unscienti�c land�ll. Subsequently, a large portion of the responding sample was aware of the
detrimental effects of land�lls on the health and environment, therefore, individuals living near the dump
yard preferred to live farther away. The �ndings also reveal that geographical proximity has a clear
relationship between respondent perception and distance to the land�ll. The study concludes with a
discussion on how the research results may be bene�cial for designing land�ll sites and can be utilized
by urban planners, environmentalists, and engineers.

Introduction
Urbanization, lifestyle changes, and growing population are primarily responsible for the increasing
amount and diversity of solid waste generated in developing nations (Alam and Ahmade 2013). However,
the existing Municipal Solid Waste (MSW) management procedures, notably collection, processing, and
disposal, are deemed ine�cient. Consequently, environmental and health issues are becoming more
prevalent in these nations (Srivastava et al. 2015). It has become increasingly necessary to �nd new
ways to dispose of municipal solid waste (MSW) because of the lack of land�ll space (Blumberg and
Gottlieb 1989; Purcell and Magette 2010). Even though land�lls e�ciently remove vast amounts of MSW,
but the public objection to these facilities seems to be rising (Marshall and Farahbakhsh 2013) as
communities have been forced to dump solid wastes in open �elds in an unscienti�c manner, roadsides
as well as river banks and perform open burning, causing colossal damage to air and water due to
absence of well-established MSW management systems (Ejaz et al. 2010; Tyagi et al. 2014).

For public health and environmental-related concerns, open dumping is a serious issue in urban areas
(Sankoh et al. 2013; Boadi and Kuitunen 2005). In most developing nations, including India, open
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dumping is the most typical technique of managing urban garbage that is neither scienti�c nor planned
(Henry et al. 2006; Tyagi et al. 2014). Toxic gas emissions from open burning may be caused by
uncontrolled and poorly managed land�lls of trashes (Boadi and Kuitunen 2005; Srivastava et al. 2015).
Decomposing organic waste in land�lls releases greenhouse gases and pollutes the surrounding soil and
water bodies (Lim et al. 2016). MSW clogs the drains in urban areas, resulting in stagnant water suitable
for breeding insects and over�ows during the rainy season (Ejaz et al. 2010).

Subsequently, Various diseases have been linked to the illegal disposal of municipal solid waste (MSW)
(Reinhart 1993; Sharholy et al. 2008). People who live in a garbage-strewn neighborhood are more likely
to have malaria, diarrhea, and respiratory diseases (Zohoori and Ghani 2017). Individuals may also be
exposed to a variety of diseases and other toxins if they use contaminated MSW water for drinking,
bathing, and irrigation purposes (Alam and Ahmade 2013). People who live near garbage disposal
facilities are more likely to suffer from respiratory symptoms, skin, nose, and eye irritation,
gastrointestinal issues, fatigue, headaches, and psychological issues, as well as allergies (Gouveia and
Prado 2010; Abul 2010).

Municipal trash often includes signi�cant quantities of various organic and inorganic components that
are readily decomposed by a variety of microbes of different species (Semrau 2011; Alam and Ahmade
2013). Byproducts of municipal garbage, such as volatile organic compounds, ammonia, organic sulfur
compounds as well as hydrogen sul�de, which are produced under anaerobic circumstances, have a
signi�cant impact on the health of the community's inhabitants (Bobeck 2010; Mataloni et al. 2016). As a
result of uncontrolled municipal solid waste incineration, a large number of pollutant particles, such as
Particulate Matter (PM), SO2, CO2, CO, furans, and dioxins, are released into the environment. Exposure to
these pollutants may have a signi�cant negative impact on the physical as well as mental health of
residents in the vicinity (Roberts and Chen 2006; Silverman and Ito 2010).

Children, the elderly, and those with chronic diseases like asthma or pre-existing cardiovascular disease
tend to be particularly vulnerable to these effects (Zanobett 2000; Rushton 2003). Chronic exposure to
low concentrations of these toxic pollutants emitted from MSW has been connected with chronic health
impacts such as impaired lung function, higher rates of bronchitis, shorter life span, heightened rates of
respiratory complaints, and lung cancer (He et al. 2015). Ambient air pollution due to land�ll is connected
with unfavorable birth outcomes, such as premature birth, low birth weight, births at a short gestational
age, as well as premature deaths (Porta et al. 2009; Kumari et al. 2019).

The public's reaction to environmental exposure is heavily in�uenced by risk perception (Slovic 2000).
The �ndings on people's perceptions of the effect of poor MSW management methods are varied.
According to some research, the public believes that insu�cient solid waste management contributes to
illness causation and pollution, while others claim that the public does not correlate municipal garbage
with negative health impacts (Addo et al. 2015; Babs-Shomoye and Kabir 2016).

There is a lack of e�ciency in India's MSW management system (Asnani and Zurbrugg 2007; Ojha 2011).
Open dumping, open burning, and unscienti�c sanitary land�lls have become the norm across large
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swaths of the nation (Joshi and Ahmed 2016; De and Debnath 2016). Located in the state of West
Bengal, Siliguri is not an exception. Don Bosco Colony, which includes Don Bosco School and Silesian
College, has a dumping area where all of the city's solid garbage is collected and deposited without any
sorting. In order to reduce trash volume, it is fairly common to light it on �re (Vaverková 2019). The
pollution of water, land, and air in the vicinity of the Siliguri dumping ground has been caused by
uncontrolled open dumping and open incineration (Roy and Mandal, 2019). However, little attempt has
been made to investigate the people's comprehension, experience, and attitude to the open dumpsite.
Therefore, the present study adopted residents' perception due to unscienti�c land�ll as a critical way to
understand the effects of garbage exposure and design effective treatments.

The �ndings of this study shed light on the general public's perspective of environmental concerns and
the individuals living near a Siliguri dumping area. Using GIS, researchers were able to establish the
allowable distance between homes and dumping grounds and the relationship between distance and
dumping site issues (Balram and Dragićević 2005; Higgs and Langford 2009). In order to improve the
environmental quality, life of the local inhabitants as well as the e�ciency of facility evaluation and
design, this information would be bene�cial to planners and governments alike. Furthermore, the study's
results might serve as a call to action for the town's governing authority to include citizens living near the
town's open dumpsite in its efforts to provide a better quality of life for the whole community (Rahardyan
et al. 2004). A better knowledge of the viewpoints of the inhabitants near the open dumpsite is envisaged
to motivate the town and municipality to actively participate in the development, implementation, and
enforcement of a successful MSW management system for Siliguri.

 

Location of the study area

Siliguri is one of the fast-growing cities in West Bengal, India, which is situated in a small corridor that
links Nepal in the northwest, Bangladesh in the south, and Bhutan in the north, making it the ''gateway to
north-eastern India'' (District Census Handbook, 2011; Roy and Singha 2020). This favorable location is
responsible for the city's tremendous economic and demographic expansion. According to the 2011
census, within 41.9 sq.km, Siliguri had a population of 5.13 lakhs, with a booming density of 11,274
people per sq. km distributed over 47 wards; however, the city has withstood an almost �ve-fold increase
in its population density since 1931 (CDP report Siliguri, 2015; Roy et al. 2021). Therefore, such a
tremendous increase in population result in excessive generation of solid waste per day. According to the
study of Roy and Mandal (2019), the daily waste generation of the Siliguri city comprises 350-400 tons
per day which rises to 500-600 tons/day during the festive seasons. As a result of such excessive amount
of waste generation, the local administrative bodies failed to manage it appropriately, and as a result,
unscienti�c land�ll was taken place. 

Insert Fig. 1
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The Siliguri land�ll site is located in the north-eastern corner of the city, namely at Dabgram 1, between
the Don Bosco School and the Eastern Bye-Pass road. It is situated in between ward number 41 and 42
(Fig. 1). The area covered by the Siliguri land�ll is about 28 acres, but due to excessive population burden
and encroachment, the actual size remains 22 acres (8.9 ha) (CDP report Siliguri, 2015). Residents living
near the Siliguri land�ll are concerned about contamination of ground and surface water and the
nuisance consequences of dust, smell, and visual intrusion. The daily garbage that arrived at the land�ll
site accumulated, and the adjoining area quickly became an open waste dumping area. As a result, it
impacts people's everyday lives, resulting in dissatisfaction and opposition (SL. Fig 1).

Materials And Methodology
The Siliguri dumping yard is situated less than 100 meters from residential areas. As a result, the purpose
of this study was to learn about residents' impressions of the land�ll's in�uence on their health and way
of life. In order to begin, a reconnaissance study was conducted surrounding the land�ll site to determine
the dwellings and other functional institutions in the vicinity. The present study involves completing
various activities, including literature research and �eld surveys, as well as GIS-based procedures like
gridding-based approach, result visualization, and quantitative techniques (Fig. 2). The present study has
been applied around 1000m of land�ll area of Siliguri Municipality.

Insert Fig. 2

Participants and Sampling Technique
Before the research, a preliminary survey was undertaken to determine the most affected residents due to
unscienti�c land�lls. In order to examine the activities from the dumping site, an initial visit was
performed through a perimeter walk nearby the land�ll area. It is done to provide the researcher with �rst-
hand knowledge of the facility's operation and gain a situational viewpoint from community members.
During the tour, the researcher engaged the inhabitants in an unstructured interview to establish the
nature of the land�ll's impact on the neighborhood. However, according to the previous studies, people
residing within the proximity of 500m - 2 km from the land�ll sites are severely affected (De and Debnath
2016; Ganesan 2017; Urme et al. 2021; Singh et al. 2021). As a result, two techniques, namely purposive
and criteria sampling procedures, were used to collect the data for the present study. Purposive sampling
was chosen because, in this approach, a certain group of people, events, or activities are purposely
chosen to offer knowledge that is not available from other sources since only a small group of people
can supply the most helpful information (Moser & Korstjensc 2018). Therefore, Purposive sampling can
meet the research's goal because the present study emphasis primarily on the 'cases of exposed
population' to the land�ll (Singh et al. 2021).
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Subsequently, the criterion sampling technique was another consideration for the present study, which
includes the cases that only meet the requirements. However, according to Patton (2002), Criterion
sampling entails choosing cases that ful�ll some predetermined criterion of relevance. Therefore, for the
present study, only those participants are selected those who meet the following criteria (i) Exposed
household population to the land�ll sites within 1000m (1km) radius concerning municipality jurisdiction
(which is divided at an interval of 200m buffer), (ii) at least one year of residence near the land�ll sites
(Ganesan 2017; Njoku et al. 2019; Etea et al. 2021; Singh et al. 2021). However, a total of 400
questionnaires were distributed among the residents near the land�ll sites (within 1km), and among them,
384 questionnaires were collected with a 96% response rate.

Gridding based GIS approach
According to the study of Che et al. (2013), the gridding-based approach using GIS techniques can be
utilized to assess the impact of a land�ll site on the residents who live within the proximity. Thus the
present study adopted an integrated GIS-based gridding approach with questionnaire-based perception
surveys to conduct a more e�cient and scienti�c investigation of the study region from a holistic
viewpoint. However, for the present study, each cell size of 150 meters was considered, and there are 115
cells matrix in total, including ten cells with vacant sites and 105 cells with inhabited locations. In the
next step, it is identi�ed that one major college and school were situated within less than 500m from the
land�ll sites, and thus perception about the impact of unscienti�c dumping was also considered from
both institutions in the present study (Fig. 1). However, these 115 inhabited cells were �nally categorized
into �ve divisions at an interval of 200 m buffer to evaluate the perceived consequences.

Formulating Questionnaire design and data collection
strategy
At �rst pilot survey and group discussion were conducted to identify the issues related to a locality near
the land�ll sites in order to design a questionnaire that appropriately re�ects and describes the di�culties
faced by local inhabitants (Srangsriwong 2019). Subsequently, the �nal interviews were done using a
semi-structured questionnaire (includes both open and close-ended questions), which allowed
respondents to express a wide range of opinions on how the dumpsite has impacted their lives. Besides,
quantitative techniques like site observation, focus group discussion, and note on perceptions were also
adopted to understand better their real-life scenarios and adjustments near the land�ll sites (De and
Debnath 2016; Weldeyohanis 2020; Urme et al. 2021; Etea et al. 2021). However, all these data were
collected with the help of some enumerators after proper instruction and preparation. The �nal
questionnaires are easy yet comprehensive, which help to gather information on issues related to the
public perceptions of the research area. The questionnaire was divided into two sections: socio-
demographic information like age, sex, gender, education, occupation, and duration of residence included
in the �rst section. While the second section includes the risk perceptions of the people residing near the
land�ll sites, which consequences their health and environment (at an interval of 200m buffer which
covers up to 1km). This second section contains �ve-point Likert scale questions, and each respondent
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was given a list of six land�ll impacts questions, e.g., Due to nearby land�lls, how do you suffer from
odour annoyance? Moreover, the responses vary from a ‘very serious problem’ (indicating 5) to a ‘not at
all problem’ (indicating 1). Besides, one question was included at the top of the questionnaire, which
includes the coordinates of the respondent residence, which help to determine their distance from land�ll
sites and also necessary for the gridding based approach using GIS technology which helps to visualize
the impact of land�ll over the people (Che et al. 2013).

Land�ll satisfaction index (LSI)
Land�ll satisfaction index (LSI) is an aggregated tally of each answer received from the participants
related to the perceived impact of land�ll sites. Furuseth and Johnson (1988) �rst developed the LSI tool
in their research to analyze the perceptions of the peoples residing within 4800m of the Harrisburg land�ll
site (at an interval of 800m). Subsequently, the study of Okeke and Armour (2000) applied the LSI tool to
evaluate the respondent attitude towards nearby land�ll sites within the proximity of 1600m of Halton
city. Therefore, for the present study, LSI was adopted to understand the perceptions of people residing in
proximity to 1000m in the Siliguri land�ll site. For the construction of the LSI tool, scores for every six
questions related to the land�ll impacts were summed. Since the 5-point Likert scale questionnaire was
used, the LSI for Siliguri ranged from 6 to 30, indicating 6 with a very low problem (1 score for all
response) and 30 re�ecting very serious problems (5 score for all response).

Results And Discussion
Demographic characteristics

The socio-economic condition of respondents living near the municipal dumping area in Siliguri
Municipal Corporation (SMC) is shown in Sl. Table 1. For the perception survey, a total of 384 people were
considered, including 224 men and 160 women, with 66.1 percent of the sample population being
married, indicating that the male-to-female ratio was acceptable and that the bulk of the sample
population is middle-aged and older (58.6 percent older than 30 years). Besides, Students (18.5 percent)
and housewives (10.9 percent) were also included in the sample survey and the government or private
work or business, which accounted for 70.6 percent of the respondent's occupation. The sample
population considered had a literacy rate of 97.9%. (Minimum of primary education). According to the
sample, 31% of the respondent stay for 10-15 years within the proximity of land�ll, followed by 22.9%
stay for 15-20 years, 21.1% 5-10 years, 13.5% for 1-5 years, and only 10.7% of respondent stay for more
than 20 years. However, Figure 3 reveals about the perception of the respondent concerning land�ll site

Insert Fig. 3

 

Spatial analysis of perceived impacts due to open land�ll 
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Pungent odour is one of the major problems faced by any people residing near the open land�ll, causing
discomfort and annoyance (Aatamila et al. 2010; De and Debnath 2016). Some land�ll gas (LFG)
components, like hydrogen sul�de, methane are essential contributors to pungent smell originating from
a dumpsite (Vrijheid 2000) which is mainly due to poor land�ll management, such as improper
compression of garbage dumped in the land�ll and a lack of collection and use of LFG emissions (Njoku
et al. 2020). Similarly, in the case of Siliguri land�ll, an unpleasant odour emanating from land�lls is a
signi�cant issue faced by the nearby residents and dump employees. The odour released by the waste
has made people's life di�cult. It pollutes the air and has a detrimental impact on individuals walking or
driving along the roads adjacent to the land�ll sites. According to the study, 28.6% of the respondents
report severe problems due to pungent odour followed by 25% high, 19.5% moderate, 16.1% minor, and
10.7% not at all problem, respectively (Table 1). The respondent further reported that the frequency of
noxious smell occurrence was higher in summer compared to other seasons. Besides, Siliguri experience
extreme temperature, high humidity with low pressure between the month of June to August (Roy et al.
2021), and during these months, the condition near the dumping ground was unbearable, according to
the study. This study found a strong link between odour discomfort and distance from the land�ll, with
the majority of the respondents residing within 600m (24 cells) reporting very high odour discomfort (Fig.
4). However, the aggravation lessened as the distance from the land�ll increased. Subsequently, the
respondent who resides within 800m-1000m reported very low odour annoyance. 

Insert Table 1

 

Another �nding suggests that the presence of odours nuisance was linked to the direction of the wind.
The Figure 4 reveals that the odour was concentrated in the north and north-eastern part of the land�ll
site, which might be explained by the wind direction, and mostly blow in the northern direction throughout
the year, especially in the summer. However, some cells in the southwest and southeast part contradict
the pattern, possibly due to the barren land (5 uninhabited cells) in the southern part of the land�ll site; as
a result, the odour is not restricted within the vicinity and spreads throughout the southern part.

Insert Fig. 4

 

On the other hand, a very serious problem due to water contamination is mainly reported by the people
within proximity of 600m (Fig. 5), besides some of the grids (10 cells) within 600m having serious
problems. However, 22.1% of the respondents report a serious water pollution problem distributed mainly
in the north-western and southern parts of the land�ll site. According to the perception of the respondent's
water contamination is a seasonal phenomenon that mainly increases in the monsoon period (July-
September) because rainfall has a signi�cant impact on leachates formation, which percolates through
the soil, causing water contamination (Vaverková 2019). According to studies, land�lls contaminate
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groundwater because leachate percolates into groundwater through cracks in membranes and
contaminates it due to high bacterial content (Okeke 2000; Maqbool et al. 2011; Edokpayi et al. 2018).
Although no laboratory investigation of groundwater in the region was performed for this study, however
according to the perception of respondents, those who reside near the 400-600m of land�ll site
experience salty and bitter taste of water due to leaching. According to the previous studies, some of the
major toxic compounds that change water taste near land�lls include chloride, lead, and mercury
(Akinbile and Yusoff 2011; Ololade et al. 2019; ICCDI Africa 2020). Subsequently, those who reside within
800-1000m of the Siliguri land�ll report almost no problem.

Insert Fig. 5

 

Breathing issues are another common problem people face near land�lls; about 24% of the respondents
face severe breathing issues, followed by 24.2% of serious issues. According to the Fig 6 respondent,
those who reside in the western part of the dumping ground facing various issues related to breathing
problems. According to previous studies, residents who live near an open dumping site are more likely to
get respiratory ailments, supported by the present study (Sankoh et al. 2013; Palmiotto et al. 2014; Njoku
et al. 2019). Bioaerosols and biological substances emitted from garbage sites can induce respiratory
disorders like asthma, chronic obstructive pulmonary disease (COPD), and breathing disorder (Heldal et
al. 2003; Kret et al. 2018). Aside from biological agents and volatile organic compounds generated by
land�lls, emissions from automobiles, trucks, and bulldozers utilized in the land�ll site can also
contribute to excessive emissions (Vimercati et al. 2016). Such emissions have harmed human health
(Njoku et al. 2019). Therefore, it is not unexpected that respondents who lived up to 600-800m from the
dumpsite of Siliguri also reported moderate to minor breathing issues (Fig. 6).

Insert Fig. 6

 

Besides, Land�ll �re is a widespread and frequent phenomenon in Siliguri dumping sites that mainly
occur during dry seasons of summer and winter (Siliguri Times 2021) (SL. Fig 2 & 3). According to the
�ndings, residents within 400-600m are the most affected in terms of burning issues (Fig. 7). On the other
hand, people away from the land�ll (600m away) report minor and not at all problems. Land�ll �res may
cause serious environmental damage by releasing poisons into the atmosphere, land, and water. The type
of garbage, the location of the dump, and the sort of �re all in�uence risk factors (Toro et al. 2018). These
�ames often occur at low temperatures and in anoxic environments. In such settings, hydrocarbons,
chlorinated materials, and pesticides create a range of hazardous gases, including dioxins/furans
(Escobar-Arnanz et al. 2018), respirable particles (PM), and heavy metals (HM) (Rovira et al. 2018), as
well as other damaging chemicals (Nadal et al. 2016). Smoke from the land�ll �re might contain
poisonous gases, including CO, H2S, and CH4, as well as carcinogenic chemicals like dioxins.
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Insert Fig. 7

 

According to the respondent, the waste dump catches �re throughout the summer and winter seasons,
either due to spontaneous combustion as a result of chemical reactions and methane generation or due
to people's negligence, or due to the act of miscreants. Residents faced severe trouble in the surrounding
area due to smoke and harmful gases resulting from waste burning in the land�ll causes foul odour and
also cause congestion in respiratory tracts.

Open land�ll areas are susceptible to the incubation and multiplication of �ies, mosquitoes, rodents, and
cockroaches; as a result, it becomes a source of pollution (Singh et al. 2021); breeding of such insects are
common around the land�ll, which consequences in spreading of vector-borne diseases causing threat to
the nearby residents (Urme et al. 2021). Besides, the problems due to �ies, mosquitoes, and rodents have
been studied for many years (Dhillon & Challet 1985; Howard 2001; Lole 2005), but there has been a
scarcity of work related to the perceived impact of such insects using GIS technology. However, the
present study reveals that the entire study area (within 1000m of land�ll) is highly affected by the
menace of �ies, mosquitoes, and rodents (Fig. 8). About 36.2% of the respondent who resides within the
800m distance (except few cells) face a very serious problem, followed by 39.1% of respondents who are
susceptible to a serious threat of such insects. Except for a few grids (six cells) in the extreme northern
and southern parts, the entire study area faces the issues of �ies, mosquitoes, and rodents. According to
the respondents, the impact of �ies and mosquitoes became very high, mainly during the summer and
monsoon seasons; as a result, some people nearby the land�ll always shut their doors and windows daily
to keep insects rodents out. Previous studies also support that during summer and monsoon, their
adaptive capacity and incubation ability increase (Howard 2001; The conversion 2018; Ahmed et al.
2019). Therefore, land�lls act as a breeding place for such insects, especially during the monsoon
season, and hence diseases like dengue fever, malaria, and diarrhea are prevalent within the proximity
area.

Insert Fig. 8

 

According to the previous study, residents who live closer to land�ll sites are more likely to suffer from
medical issues such as asthma, infections, diarrhea, stomach ache, recurrent �u, cholera, malaria, cough,
skin irritation, cholera, diarrhea, and TB than those who live further away (Vrijheid 2000; Bridges et al.
2000; Brender 2011; Njoku et al. 2019). Similarly, the present study reveals that those who reside mainly
within the 400-600m report severe health-related problems (Fig. 9). According to the study, the major
problems reported by the people near the Siliguri land�ll are stomach-related problems, skin rashes,
wounds, frequent fever, and diarrhea. Besides, some of the respondents also report respiratory problems
like asthma and cough, mainly due to the bioaerosol exposure linked to a variety of respiratory disorders,
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including in�ammation of the airways (Heldal et al. 2003). According to the study's �ndings, local
inhabitants are aware of the many ailments that may arise from the exposure of particular hazardous
waste and living near a dumping ground as 24.2% of respondents report very serious health issues
followed by 17.4% serious problems. However, in the present study, whenever respondents report two or
more than two ailments like frequent stomach problems and skin irritation are considered 'very serious'
health issues. 

Insert Fig. 9

 

Impact of proximity on perceived impact of land�ll

The factors affecting the perceived impact of the land�ll are not only determined by the nature of the
land�ll but also by the variables such as resident's susceptibility toward the land�ll, his or her geographic
location concerning the land�ll, and the perception of the speci�c problem concerning the land�ll (Eyles
et al. 1993; Okeke and Armour 2000). Therefore, the �ndings of LSI reported in table 3 appear to endorse
the application of a geographical externality related to the public concerns around the Siliguri land�ll. It is
evident from the result that the land�ll act as a spatial externality which includes severe consequences
like releasing greenhouse and methane gases from the breakdown of organic wastes. There is also the
possibility of consequences from the leaching of hazardous metals and chemicals into the surrounding,
contaminating the water. Similarly, externalities include the impact of smells and burning issues on
neighborhood amenities and the in�uence of air pollution. Thus, the impact of the land�ll will contribute
differently to the spatial externality, which impacts the perception of the respondents (Ahmad et al.2014).

However, the data analysis reveals that the public concern about the consequences of land�lls develops
in a cluster around the dumping site. The impact of proximity, measured in meters, on land�ll impacts is
shown in Table 2. Those who have no concerns with the land�ll, with an LSI score of 6, tend to live at the
furthest distance from the dumping site. This tendency is especially evident in the LSI scores of
respondents who live 600 meters away from the facility. Thus, only 8% of the respondents who live within
200m report 'minor' to 'not at all problems', whereas 34% report severe problems living within this zone
(Table 2). Therefore, as predicted, the data revealed, distance is inversely related to the impact of the
land�ll; as the distance increases, the level of perception about the impact of the dumping site decreases.
People living within 200-600 meters of the site were the most concerned about the multiple impacts of
land�lls.

Insert Table 2

Insert Table 3
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Subsequently, it is clear that the Siliguri land�ll is surrounded by the �eld of spatial externality, and thus
to validate the perception of individual impacts and LSI, gamma coe�cient (y-statistics) have been
adopted (Table 3). The gamma coe�cient, introduced by Goodman and Kruskal, is a symmetrical
measure of connection between two ordinal variables that range from +1 to -1 (Norusis 1992). Values
close to 1 indicate a strong link between the two variables, while values close to 0 suggest little or no
association among the variables. The negative values towards 1 also indicate a positive association; as
distance increases, perception also improves (Furuseth and Johnson 1988; Okeke and Armour 2000). In
this research, the gamma coe�cient statistics have been applied to assess the distance from the Siliguri
dumpsite and individual perception of the land�ll's consequences. However, the present �ndings reveal
that the gamma coe�cient (y) varies from 0.34 to 0.74 (Table 4). The �ndings reveal that all the factors
of land�ll impacts, including LSI, are statistically signi�cant. Therefore, It is clear that the distance of the
land�ll in�uences all the factors. As expected, the factors like pungent odour (0.74), health-related issues
(0.653), and the impact of �ies, mosquitoes, and rodents (0.587) are highly associated with the distance
of the land�ll. Besides, factors like water contamination, breathing issues, and issues due to burning are
also signi�cantly associated with the distance of the respondents. Finally, the effect of distance on the
overall assessment of land�ll consequences was investigated in the same way. The �nding reveals that
the y-value of LSI is 0.34, which was also statistically signi�cant but with less explanatory power than
other land�ll impact factors.

These �ndings show that the concept of distance decay is for public concern over the land�ll, which is
partly correct. As because some public issues related to the land�ll are alleviated by increasing
geographic distance, but not all. It means that standard measures for reducing land�ll externalities, such
as situating facilities away from densely populated areas or erecting barriers, may reduce in situ impacts
but leave other tra�c and environmental issues unaddressed. Despite this, the research supported the
idea of a geographical externality �eld encircling the Siliguri land�ll, indicating that geographic isolation
was signi�cant as a mitigating factor for managing the land�ll's cumulative externalities. However, Figure
10 showing some glimpse of unscienti�c dumping in the Siliguri land�ll

Insert Fig. 10

Discussion And Conclusion
Due to a shortage of space and rising human density, land�lling is a horrible waste management option
in Siliguri city. The �ndings reveal that due to a lack of suitable land availability and personnel numbers,
the Siliguri dump demonstrated a lack of effective management techniques. The absence of meaningful
waste treatment facility consequences in the booming of mosquitoes, �ies, and rodents, the existence of
foul odours, contamination of surface water, choking of breath, and enhance the risk of health problems
among the people in the area. According to the survey �ndings, all the respondents generally agreed that
there should be a proper garbage disposal facility. However, owing to widespread public worries about
possible health and environmental consequences, controversy arose while looking for acceptable dump
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areas. Such a pattern of reaction among the respondents indicates the NIMBY - Not in my Backyard
syndrome- one's objection to locating an unwanted and undesirable facility in their neighborhood. As
expected, Residents who lived closer to the dumping yard were more worried about the facility's operating
consequences, such as smell, the impact of insects, and so on. This �nding adds to the growing body of
evidence that geographical separation is a critical component in managing and reducing cumulative
externalities created by facilities, as well as establishing the comfort zone around the land�ll site.

However, the study depicts that residents within the 600m are the most susceptible from the land�ll site;
therefore, it is plausible to assume that inhabitants in close proximity to the land�ll site believe that
distance is better in terms of physical and mental perceptions. The public's opposition to an MSW
treatment plant is often linked to public health and environmental concerns. However, according to the
�ndings, Odour nuisance and impacts of �ies and mosquitoes were the most common worry, followed by
groundwater contamination, breathing problem, health danger, and issues due to burning. Subsequently,
residents' perceptions regarding most of the land�ll effects were in�uenced by their geographical
proximity.

The results show that Siliguri city's current SWM practices have the potential to become more organized
and successful. In order to maintain environmental sustainability and equitable public health, the current
waste management practices must be modi�ed. Better primary waste disposal techniques are required to
limit the amount of garbage that ends up in land�lls. Through the media, such as newspaper advertising,
pamphlets, and lea�ets, it is critical to raise awareness among those involved in waste operations about
the negative consequences of uncontrolled solid waste disposal. Awareness campaigns include
enlightenment efforts, clean-up initiatives, and recycling drives must be adopted.

Subsequently, it is vital to prevent leachate from seeping and mixing with the adjacent water bodies in
land�lls, which may be accomplished by erecting a permanent protective barrier. Besides, protective
vegetative covers around the land�ll should be another effective approach to minimize the impact of
odour. The land�lls' organizational capability must be strengthened with enough technical and human
assistance and adequate budget allocation for e�cient SWM operations. Besides, it is necessary to
relocate the existing land�ll space because waste output increases due to excessive urbanization and
population growth, which will exhaust the extra acreage in the next few years. The waste treatment and
recycling process must be waste-reductive and waste-disposal-aware. Alternatives such as incineration
and refuse-derived fuel (RDF) production should be investigated for their environmental and health
implications.

Finally, the results of this study corroborated the �ndings of a spatial externality around LULUs (locally
unwanted land use). Therefore, land-use planners and public authorities will bene�t from a better
knowledge of the properties and area extent of these �elds. The �ndings can be bene�cial for arranging
the locational decision-making around these facilities, which can begin to de�ne the spatial externality
�elds for different types of noxious land uses. Hence, this research may help urban decision-makers and
the general public to realize the importance of enhancing health and sustainability in the city.
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Tables
 Table 1 Perceived impact by the respondent due to open landfill 
 

Landfill impacts
Very serious

problem
Serious
problem

Moderate
problem

Minor
problem

Not at all a
problem

Pungent odour  28.6 25.0 19.5 16.1 10.7
Water contamination 26.3 22.1 27.3 12.5 11.7
Breathing problems 24.0 24.2 23.2 15.9 12.8
ssues due to burning 25.5 5.7 5.2 29.9 33.6

Impact of flies,
mosquitoes & rodents 36.2 39.1 19.8 2.6 2.3
Health related issues 24.2 17.4 13.8 20.6 24.0

 
Table 2 Impact of proximity over the composite landfill evaluation score (%) 

Scale N
  Respondent distances from Siliguri landfill (in m)

<200 200-400 400-600 600-800 800-1000
6-12a 107 8 12 16 27 36

13-20a 112 26 21 23 23 6
21-30 165 34 37 16 10 3

a The total of the row does not equal to 100% due to rounding

 
Table 3 Association between proximity to landfill and its impact over the respondents
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Landfill impact GK (y) P value Result
Pungent odour -0.740 0.000** sig.
Water contamination -0.432 0.004** sig.
Breathing problems -0.460 0.001** sig.
Issues due to burning -0.391 0.008** sig.
Impact of flies, mosquitoes & rodents -0.587 0.000** sig.
Health related issues -0.653 0.000** sig.
LSI -0.34 0.03* sig
GK- Goodman-Kruskal Gamma coefficient (y)
** Significant at the 1% level, 
* significant at the 5% level

 

Figures

Figure 1
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Location map of the study area (1000m buffer at an interval of 200m around the Siliguri land�ll
concerning municipal boundary). The map also showing DEM of Siliguri municipal corporation, rivers
and wad-wise boundary. Total 115 grids (150m) was identi�ed around land�ll site among which 10 grids
are uninhabited.

Figure 2

Methodological �owchart of the present study integrated using questionnaire and GIS based approach

Figure 3
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Tree map showing perception of the respondent concerning land�ll impacts (a) Pungent odour, (b)
Perceived water contamination (c) Breathing issues (d) Issues due to burning, (e) Impact due to �ies,
mosquitoes & rodents, (f) Health related issues

Figure 4
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Perceived issue due to pungent odour. The �gure also showing annual wind direction and wind speed.

Figure 5

Perceived issue due to water contamination.
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Figure 6

Perceived breathing issues.
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Figure 7

Perceived issues due to the frequent burning near land�ll.
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Figure 8

Perceived issues due to the impact of �ies, mosquitoes and rodents.
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Figure 9

Perceived health-related issues near land�ll.
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Figure 10

Glimpse of Siliguri open land�ll site (a, b, e, f) Mountain of garbage’s dumped in an unscienti�c way, (e)
Illegal burning captured near land�ll site, (f) Aerial view Siliguri land�ll captured using Google earth
images.
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