CEU eTD Collection

A thesis submitted to the Department of Environmental Sciences and Policy of
Central European University in part fulfilment of the
Degree of Master of Science

Beyond the case of Northern Power Plant and oil waste contamination in Chunnakam,
Sri Lanka: Social, Economic and Environmental Implications

Shynuga THIRUKESWARAN
June, 2019

Budapest



CEU eTD Collection

Erasmus Mundus Masters Course in
Environmental Sciences, Policy and
Management

MESPOM

This thesis is submitted in fulfillment of the Master of Science degree awarded as a result of successful
completion of the Erasmus Mundus Masters course in Environmental Sciences, Policy and Management
(MESPOM) jointly operated by the University of the Aegean (Greece), Central European University (Hungary),
Lund University (Sweden) and the University of Manchester (United Kingdom,).

il



CEU eTD Collection

Notes on copyright and the ownership of intellectual property rights:

(1) Copyright in text of this thesis rests with the Author. Copies (by any process) either in
full, or of extracts, may be made only in accordance with instructions given by the Author and
lodged in the Central European University Library. Details may be obtained from the Librarian.
This page must form part of any such copies made. Further copies (by any process) of copies
made in accordance with such instructions may not be made without the permission (in writing)
of the Author.

(2) The ownership of any intellectual property rights which may be described in this thesis
is vested in the Central European University, subject to any prior agreement to the contrary,
and may not be made available for use by third parties without the written permission of the
University, which will prescribe the terms and conditions of any such agreement.

3) For bibliographic and reference purposes this thesis should be referred to as:
Thirukeswaran, S. 2019. Beyond the case of Northern Power Plant and oil waste contamination
in Chunnakam, Sri Lanka: Social, Economic and Environmental Implications. Master of
Science thesis, Central European University, Budapest.

Further information on the conditions under which disclosures and exploitation may take place

is available from the Head of the Department of Environmental Sciences and Policy, Central
European University.

il



CEU eTD Collection

Author’s declaration

No portion of the work referred to in this thesis has been submitted in support of an application
for another degree or qualification of this or any other university or other institute of learning.

T.Shynuga

<candidate’s signature>

Shynuga THIRUKESWARAN

v



CEU eTD Collection

CENTRAL EUROPEAN UNIVERSITY

ABSTRACT OF THESIS submitted by:
Shynuga THIRUKESWARAN

For the degree of Master of Science and entitled: Beyond the case of Northern Power Plant
and oil waste contamination in Chunnakam, Sri Lanka: Social, Economic and Environmental

Implications

Month and Year of submission: June, 2019.

Groundwater contamination is one of the major concern in Sri Lanka where Chunnakam
Aquifer pollution occurred since 2008 due to oil wastage contamination from Northern Power
plant. It created a huge impact on local people who depend mainly on Groundwater sources to
meet their domestic and agricultural needs. This study aims to understand the social,
economic and environmental impacts on the livelihoods of local people caused by
Chunnakam Aquifer Pollution. A community-based retrospective cross-sectional study was
done among 60 participants in the Chunnakam South region. All the participants in this study
live closer to the Chunnakam Power Station. It was found out that, 60% of them are aware of
the safety level of their water source. Further, 85% of the participants started purchasing
water from the shops after the contamination was identified. Among them, 58% of them
changed the water source after the recommendation from Public health inspectors. The
participants on average spend 1942 LKR on purchasing water on a monthly basis. These
results and responses indicates the economic loss, economic burden on families, health
hazards, property loss, and severe pollution that are caused by Chunnakam Aquifer pollution.
Government with the help of local councillors provided a limited amount of water to affected
people on a daily basis as a temporary solution. Thus, the Government and other responsible
authorities including the Northern provincial council should take proper action to solve the
impacts caused by groundwater pollution and ensure the basic needs are met by local people
in a sustainable way.
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1.0 Introduction
Exploitation and contamination of groundwater sources have been two emerging

issues around the world, especially among Asian countries where the majority of the people
depend on groundwater resources on a daily basis for drinking, washing, for agricultural
activities and to support their livelihood. With the population growth, urbanization and
industrialization demand for water has increased everywhere and quantity and quality of water
require to meet that demand changes rapidly with different sectors in a country (IWMI 2018).
Around 40% of global water consumption for irrigation comes from purely groundwater
sources (Hertig and Gleeson 2012). Especially, the South Asian region depends on irrigation
from more than 25 million ground water wells owned by individuals (Shah 2010).

Thus, impacting the quality and the quantity of groundwater can immensely disturb
people’s livelihood on a larger scale. Groundwater sources can be polluted by many factors. It
can happen due to anthropogenic activities such as dumping industrial and domestic wastages
in the water sources, exploiting ground water aquifers, increasing deforestation, using
ineffective water-based transport services, contaminating with fertilizers and other chemicals.
Groundwater can also be polluted due to natural factors such as flood, volcano eruption and
existing natural levels of contamination. One of the main reasons, water sources are polluted
in Sri Lanka is due to the disposal of factory wastages to the water sources directly or
indirectly. This activity pollutes both ground and surface water sources in many instances.

Further, severe exploitation and pollution of land and water resources by energy
production companies is one of the main concerns in Asia where, in general, land acquisition
and exploitation of natural resources for businesses and development has been possible for
multi-national companies, privately owned companies, and government authorities.
Environmental damages and social impacts caused by such electricity production plants are

highly significant among tribal communities and dissmpowered minorities since their
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livelihood mostly depends on Agriculture. Often, the impact is largely on the livelihood of
local people by loss of agricultural land, contamination of both underground water resources
and surface water resources, and further social marginalization (Nair et al. 2008).

Furthermore, energy production can be a problematic process even it is the most
beneficial things for human beings on this earth. Different nations use different energy
sources such as coal (non-renewable), fossil fuel, water, and biogas, thermal, solar and wind
(renewables) to produce electricity in order to meet their energy demand. Like every other
anthropogenic activity, electricity production also produces wastages in the forms of carbon
dioxide, poisonous gas, heat, ash, particulate matters, oil, grease, steam, and hot water. Most
of It can affect the surrounding nature during the production phase and during waste
management phase. Sri Lanka, a country with a larger number of people depend on
groundwater sources for their daily water usage, is no exception in facing such environmental
pollution and resource exploitation by electricity producing companies.

Groundwater contamination in Chunnakam is one such a case faced by many local
people since their major water sources such as open dug wells, agro wells, and deep tube
wells have been polluted perhaps had to be abandoned since 2008. Although the
contamination was observed by local farmers in 2008, this case did not get much attention
from the government until 2013. After that, many types of researches were undertaken by
both government and non-governmental organizations during last six years (2013 —2019) in
order to understand the real impact on groundwater quality created by the oil and grease
wastage from Chunnakam Power station, mainly Northern Power Plant. Researches that have
been undertaken previously have focused mainly on the source of pollution, the scale of
pollution, types of contaminants, water quality parameters, and spatial distribution of polluted
wells. Majority of these studies have not shed a light on the social, economic and

environmental impacts of Chunnakam Aquifer pollution in the last six years and beyond.
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2.0 Literature review

2.1 Water resources in Sri Lanka
Sri Lanka, an Island, is located along the equatorial line of earth surface surrounded by

the Indian Ocean. It has the area of 65610 square kilometres, accommodating approximately
21million people. People receive rain during south-western monsoon (May to August) and
Northeast monsoon (November to February) during two seasons of the years. They are not
able to receive water during the dry season and other prolonged drought seasons (Jeyalal ef al.
2005).

Sri Lanka has both natural and man-made water resources available for people. There
are a vast variety of natural water resources such as sea, lakes, larger rivers, streams and
waterfalls and man-made resources such as reservoirs, deep wells, dug wells, ponds, and
tanks. Many of these resources benefitted Sri Lankans for many years in agriculture,
irrigation, electricity production, domestic usage, industrial purpose, fisheries, transportation,
and leisure activities.

According to the Food and Agriculture Organization (FAO) report on renewable water
sources, total renewable water sources in Sri Lanka are estimated to be 52.8 km? /year (2011).
Further, there are above 100 river basins around the country which covers water supply for
90% of the Island. Among that, Jaffna district has three non-perennial rivers such as
Thondaiman Aaru, Uppu Aaru, and Valuki Aaru. These rivers hold and supply water only

during the rainy season.

2.1.1 Groundwater resources and management in Sri Lanka
Groundwater sources are one of the major sources benefitted local people for many

years as it is a renewable source. There are mainly six types of aquifers such as karstic
aquifers in the Jaffna peninsula, shallow regolith aquifers which are mostly found in hard rock
region, deep confined aquifers, sand aquifers around the coastal region, the alluvial aquifers
and the lateritic aquifers in the southwestern regions of Sri Lanka (FAO 2011). In Sri Lanka,

groundwater sources are estimated to be 7.8 km? /year and most of this ended up water mix
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with river systems and serve as surface water sources. Above 1500 water supply schemes
based on Groundwater produces approximately 6 million cubic meters per year water (FAO
2011). Further, there are around 23000 tube wells are available in the country for the domestic
purpose (Jeyalal et al. 2005).

Deep-water streams and water wells that are being used for both agriculture and
domestic purpose. Groundwater is the major substituted in many regions of Sri Lanka for
surface water as they are severely polluted or dried out in the summer season. Thus, most of
the places under the dry zone of Sri Lanka depend on groundwater source throughout the year.
For instance, the Jaffna region which falls under the dry zone of Sri Lanka, depend on water
supply from around 20000 agro wells 2433 man-made ditches for agriculture and domestic
needs (Appathurai 2016).

Water scarcity and pollution are the major issues associated with Groundwater
management in Sri Lanka. Water scarcity is Sri Lanka mainly happens due to spatial
variability in rainfall, lack of rainfall, groundwater depletion, salinity intrusion, and surface
and groundwater pollution. Sri Lanka has been listed mostly under country with little to no
water scarcity or country with moderate water conditions when water scarcity assessments are
made by any authority (FAO 2011). However, they do not acknowledge the scarcity which
happens due to water pollution and contamination. There are many social, economic and
environmental challenges associated with managing groundwater sources in Sri Lanka. As
mentioned above ground water table and aquifers can be severely polluted due to industrial
activities, and agricultural activities. Most of the time, it takes a longer duration to identify the
pollution that happened in certain aquifers since the aquifers are found to be in the deeper part
of the earth. It is hard to control, monitor or navigate any sort of pollution associated with

groundwater table until the condition worsens in most of the cases in Sri Lanka such as that of
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Chunnakam Aquifer issue. Moreover, inefficient wastewater management facilities have

caused water pollution in Sri Lanka for long many years.

2.2 Wastewater management system in Sri Lanka
Controlling and monitoring of waste management in Sri Lanka has been an

environmental issue with the increasing population and infrastructure development.
Especially the disposal of wastages becomes a major issue which is also a time consuming,
demanding and expensive procedure. On the other hand, dumping of garbage on domestic
areas and sensitive areas such as marine ecosystems, agricultural lands, wetlands, marshy
lands, and reservation areas is a common practice adopted by the public and some local
authorities. This is due to the attitude of people towards the disposal of waste and the
difficulties faced by the relevant institutions due to their inability to handle proper methods to
solve the problem. The main issue is that inappropriate way of discharging waste in the
environment can be more hazardous to all humans, other living beings and to the environment
as a whole (UNEP 2013).

Integrated waste management in Sri Lanka has been under development in order to
reduce the hazardous impact that’s been happening all around the country both with Solid and
liquid wastes. Sri Lankan government developed a National Policy on Solid Waste
Management in 2007 to maintain the solid waste management system effective and useful to
citizens of Sri Lanka and it addresses two kinds of waste management such as municipal solid
waste and biomedical waste (CEA 2003). However, Sri Lanka is still lacking in developing
strict protocols for wastewater management. There are several stakeholders participating in
maintaining the waste management system in Sri Lanka including the Ministry of
Environment, Ministry of Local Government and Provincial Councils, Central Environmental
Authority, Provincial Council, Municipal Councils, Experts from Universities, Private Sector
Company (involved in waste management), Non-Governmental Organizations and Freelance

experts (Bandara 2011).



CEU eTD Collection

There are several problems associated with wastewater management in Sri Lanka
starting from lack of awareness to lack of technology. According to NWSDB, the government
allocates around 5 billion Sri Lankan rupees per year to wastewater disposal management. In
Sri Lanka, the Central Environment Authority (CEA) has created standards for industrial
effluent discharge and function as a regulatory body. Further, Ministry of water supply and
drainage board has the largest responsibility to look after wastewater management around the
country. Under this Ministry, National Water Supply and Drainage Board (NWSDB) has its
branches all over the country to share the responsibilities within each district of Sri Lanka.
However, for a country with increasing development and population, the responsibilities of
wastewater management should be shared among other stake holders. As the Ministry of
Forestry and environment work on a national strategy for solid waste management in Sri
Lanka, the responsibilities for Liquid waste management should also be shared with the other
national government bodies, local authorities, private sectors and the public as well to manage
a network of multiple sectors which will be more productive to find the challenges and needs
in each level (Karunasena et al. 2012).

Roughly 10% of waste water produced by industries are led to the environment
without any sort of treatment although the Central Environment Authority has strict
regulations for this. It happens mainly due to lack of awareness among small businesses about
the consequences of untreated wastewater disposal. Small businesses and manufacturers who
run the factory or industry without any proper license have disposed of wastewater to the
nearby open water source or dump it to underground without treating it many times (Jeyalal et
al. 2005). Like many other countries around the world, discharging wastewater directly into
the environment without proper treatment is prohibited in Sri Lanka. Although the regulations
are in Place there are groundwater contamination issues happening around the country.

Further, blocked drainage systems, streams, rivers, lagoons, reservoirs, tanks become a major
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threat to pure water consumption around the country. The mixture of solid waste with water
leads to water contamination and water-borne diseases. Further, contaminated and abandoned
water body due to the poor solid waste management near to water bodies provides space to
mosquitoes and houseflies to inhibit and spread diseases. Further destruction of flora and
fauna for the purpose of landfill leads to a mass loss of natural habitat and biodiversity loss.
Also, the chemicals which are used in the process contaminate the underground water which

is a threat for potable water.

2.3 Energy/Electricity production and development in Sri Lanka
Electricity in Sri Lanka is produced using different energy sources such as fossil fuels,

thermal power, biogas, hydropower, solar and wind. As a part of electricity production, larger
amount of wastage is produced by the power plants. Power plants receive license every year
after going through several assessments including environmental risk assessments. In Sri
Lanka, electricity production has been done with the mix of both non-renewable energy
sources and renewable energy sources. They are of two types such as grid-connected and off-
grid systems. The electricity is produced by both government (Ceylon Electricity Board) and
private power producers such as Northern Power Company and Agrico Power Company.
Although the Ceylon Electricity Board (CEB) and Private Power Producers (PPP) are
involved in electricity production, grid-connected electricity production is dominated by CEB
in general (UNDP 2017).
2.3.1 Electricity production in Northern Province

Northern Province had been provided electricity from the main grid (Laxabana) until
1973. During the 30 years of civil war, many parts of the country didn’t receive electricity
especially the Northern Province as it was not connected in the main grid. During this time,
privately own company such as Northern Power Company brought all the raw materials to
build Chunnakam power station by air and sea to the Northern Province as the landmark to it

was closed by the government. Northern Power plant is a fossil fuel based thermal power
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plant which was built in early 2008 around the end period of the civil war. During that time,
since the government was struggling with war and casualties, it could not focus much on
environmental regulations before agreeing on building power plants back in those time.
Whereas the local residents of Northern Province were more than happy to receive a limited
supply of electricity instead of questioning the consequences of the power plant. It led to
many problems later in the country including groundwater pollution. Further, the government
inaugurated Uththuru Janani Power plant in 2013 in Chunnakam Power station. Northern
Province, especially the Jaffna district was connected to the main grid again in 2012.
However, Northern Power Plant and Uththuru Janani Power plants continued to function to

meet peak hour electricity demand in Jaffna district.

2.4 Case Summary
Northern Power Plant is one of the thermal Power plants built in Valikamam zonal

division, Chunnakam, Jaffna, Sri Lanka. It is formerly called New Chunnakam Power station
as it was connected to Northern power station. Northern Province including Jaffna received
electricity from the main grid until 1973. After that due to the civil war situation, the
government stopped providing electricity to Jaffna from the main grid until 2009. After this,
the Ceylon Electricity Board refused to start their operation in Northern Province due to the
war situation. At that time, Northern Power Company was given the contract to run a fossil
fuel based thermal power plant until 2012 when the government started providing electricity
from the main grid again. Thus, Northern Power Plant (NPP) started it function in 2009
(Rupatheesan 2015). During this time, Northern Power Company (NPC) disposed of around
100,000 to 200,000 liters of lubrication oil into the surrounding land by pumping into drilling
holes under pressure. Moreover, the power station at Chunnakam was always under the
surveillance of military thus, the public was not aware of what was happening inside the 20

acres of land (Somasundaram 2016). The war situation not only caused many casualties but
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also limited people from access to electricity. At that time, people were happier that they at
least received electricity. So, they did not interfere with the regulations of power plant.

Further, Uththuru Janani is also a thermal Power plant built in Valikamam zonal
division very close distance to the Northern Power Plant. It is formerly called New
Chunnakam Power station as it was connected to Northern Power station. This power plant
has three diesel engines with the capacity of producing 8 megawatts each. The total capacity
of the power plant is 24 megawatt. It can produce up to 176 Gigawatt hour of electricity
annually to add to the northern power grid (MPEBD 2013). It also has its own oil refinery
system, a fuel storage site, and a waste disposal site. A lump sum amount of 3.5 billion Sri
Lankan Rupees (LKR) was invested by the government in building this power plant from the
energy and power sector development budget. It was ready to be used from January 2013. It
was then inaugurated by the former president of Sri Lanka, Mahinda Rajapaksa on 12
February 2013 (Perera 2013). The power plant was mainly built to meet the electricity
demand in Northern Province, especially for Jaffna district and to provide the local people
with uninterrupted power supply in order to support their livelihood. The electricity produced
by the power plant costs 17.89 LKR per unit of electricity.

Local people of Valikamam region observed oil and grease contamination in their
water sources at the beginning of 2010. Later with the end of the war and increasing
awareness about groundwater contamination, local people started questioning the local
authorities such as village council and divisional secretariat about the contamination
happening around. The whole protest and fights started with farmer’s association of
Chunnakam South sending a request letter to the Government Agent (GA) after they observed
oil contamination in their agro wells. Later many communities from the Valikamam region
complained as they observed oil stain in their water sources in 2012 (CENS 2016). However,

at that time when the complaints went to the reach of higher officials, both Northern Power
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Plant and Uththuru Janani was in function. It created a huge issue as to who was responsible
for this contamination.

According to Yatawara (2015), many areas including Chunnakam, Thellipalay,
Mallakam, Uduvil, Inuvil, Thavaddy, and Kattuvan were severely impacted by this
contamination. Local people who live around the 6 km radius to the power plant and many
other neighboring village locals noticed changes in the drinking water with oil stain and
grease in next two years since the opening of the new power plant. They complained to the
local authorities to take proper action against that issue. This issue had started since the
beginning of January 2015. Medical officer of Health (MOH) and the Public Health
Inspectors (PHI) blamed Northern Power Company for the oil waste contamination in the
water wells (Selvanayagam 2017). Nearly 10000 families including 20000 individuals in
Valikamam region have been affected by this contamination directly and local people decided
to invade the plant in order to fight against the responsible authorities (Rupatheesan 2015).

Further, local people organized a hunger strike on 20" January 2015 with the help of
around 60 local doctors, university officials, village groups, community leaders, students and
political parties. Protestors demanded three requests: closure of the power station to stop the
oil leakage, immediate visit of the minister who is responsible for energy and power sector,
and initiate permanent solutions to effectively eliminate oil contaminants and to supply
drinking water (Tamil Guardian, 2015). Northern provincial council appointed a group
including university academics to check on the water quality around the affected area to
understand the emerging problem. After the protest, the chairman of the center for
Environment and Natural Study (CENS), Dr. Ravindra Kariyawasam initiated a petition
among the local people and filed against Northern Power Company (NPC) for violating

people’s fundamental rights to clean water and clean environment. Further, he filed the case

10
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explaining the fact that improper disposal of wastage containing fuel oil was done by
Northern Power Company in the vicinity of the power plant (Tamil Guardian 2019).

In April 2015, Mallakam Magistrate court ordered to reopen the Chunnakam Thermal
Power plant in favor of Northern Power Company as they submitted an appeal against the
previous court decision to temporarily closing the power plant. In Early 2016, Supreme Court
of Sri Lanka took the petition and issued an interim injunction to suspend all activities
associated with Northern power station until it meets the requirements for environmental
standards. Meantime, the government with the support of Northern Provincial council
arranged a group of scientists and local researchers to carry out a study to check the water
quality parameters. In April 2019, after so much of struggle and protests, Supreme Court of
Sri Lanka ordered the Northern Power Company who is the owner of both Northern Power
Plant and Uththuru Janani power plant to provide the affected families with compensations
worth 20million Sri Lankan Rupees (LKR) for the social and environmental damage caused
by the oil waste contamination. Further, this compensation will be divided among
approximately 500 families each receiving 40000 LKR. These 500 families who live around
1.5km radius to the power plant and own severely impacted water wells will be given the
compensation through the National Water Supply and Drainage Board (NWSDB) (Tamil
Guardian 2019). The compensation will be provided with the aim of cleaning up the wells that

were contaminated with oil and grease wastage.

2.5 Groundwater pollution in Chunnakam Aquifer
Groundwater pollution due to oil and grease waste contamination has happened in

Chunnakam aquifer since 2008. However, people started protesting in the streets since 2013.
At the beginning of the protest around 2013, everyone including the Central Environment
Authority (CEA) and provincial council were not sure about the source contamination.

Authorities were trying to find the sources as it could have happened due to one of the many

11
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sources such as Northern Power Plant, an older power plant run by Agrico in the early years
and Uththuru Janani Power plant. Thus, many studies were done on Chunnakam Aquifer
pollution to understand the source of pollution, to narrow down the polluted area, to locate the
contaminated wells, to identify the scale of pollutants, and to understand the severity of the
pollution. There was an allegation against Northern Power plant brought from local doctors at
the beginning of 2013. However, Northern Power Plant owners denied the allegation and said
it was not their responsibility and they always saved waste oil in tanks and did not dump it
into the ground. Further, owners of the Northern Power Plant confirms that they go through
quarterly checkup by Central Environment Authority and requested for an expert committee
to run an independent study to confirm their allegations (Rupatheesan 2015). However, it was
very necessary to identify the source of contamination in order to control it from further
expanding to other neighboring villages.

A pilot study was done by Saravanan Suntharalingam with the support of National
Water Supply and Drainage Board (NWSDB) between 2013 and 2014 figures out the major
source of contamination to be located in Chunnakam area (Wijesekara ef al. 2015). This was
one of the first rounds of study done in Chunnakam Aquifer issue where the water quality
parameters were taken into consideration. The study also found 109 (73%) wells out of 150
wells were contaminated with higher amount of oil compared to the Sri Lankan standard of
1.0 mg/l and 23% of the wells were not contaminated with oil waste. Moreover, the higher
concentrations of oil and grease in the wells were found within the 1.5Km radius to the
Chunnakam Power station. When the Ministry of Health (MOH) collected samples from the
Chunnakam Power station and all those samples were found containing Oil and grease above

the Sri Lankan Standard (Suntharalingam 2018).

12
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Figure 1: Change in Oil contamination level with the distance from Chunnakam Power Station

(Source: Suntharalingam 2018)
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Figure 2: Oil concentration level in Agro wells and domestic wells within 1500m distance of
Chunnakam Power Station (Source: Suntharalingam 2018)

During the study, well water in different distances were collected by NWSDB and
water quality parameter checkup was done. The Results from this study shows (Figure 1), the
concentration of oil in the water sources decreases with the distance from the power station.

This indicates the Chunnakam Power station to be the potential point source of pollution. This
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study concludes that the contamination has spread out surely up to 1500m distance from the
power station. Within this 1500m distance majority of the agro wells (75.7%) and domestic

wells (69%) were found to be severely contaminated with oil waste.
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Figure 3: Nitrate concentration of water samples (Source: Jeevaratnam et al. 2017)

Another study was done to check the quality of groundwater near the area of
Chunnakam power station by Jeevaratnam et al. (2017). It also proved the drinking water
samples are not suitable for domestic purpose. In this study, Physical, chemical and
microbiological parameters of the 16 water samples were tested in the laboratory-based
experiments. This study found out that 15 out of 16 wells contain E-coli form above the
permissible level. Figure 3 depicts the nitrate concentration found in those 13 well water
samples in this study. Further, Average nitrogen concentration the samples were found to
range between 8.2 to 29.8 mg/l (Mean Value = 19.25 mg/l). However, according to Sri
Lankan standard, water containing Nitrate above 10mg/I is not suitable for drinking purpose

(Jeevaratnam et al. 2017).
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Figure 4: Geospatial distribution of water wells based on quality in Chunnakam South
(Source: Appathurai 2016)

Moreover, another study was done by Senthuran Appathurai (2016) to analyze the
groundwater quality in the Chunnakam Area in 2016. This study was contacted using the data
from the National Water Supply and Drainage Board (NWSDB). In this study water quality
analysis was done for 109 well water samples which were collected from Chunnakam region.
Unlike other studies, this researcher used the data to map the spatial distribution of polluted
wells in the Chunnakam region. GIS mapping was done for all the parameters including
Nitrate concentration, Total dissolved Solids (TDS), pH level, and overall water quality by
using the data given by NWSDB (Appathurai 2016). This study also did not analyze much on
social and ecological impacts directly associated with Chunnakam Ground water

contamination.
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3.0 The Aim of the Study
The major aim of this study is to understand the overall social, economic and

environmental impacts caused by the ground water contamination on the livelihood of local
people of Chunnakam, Sri Lanka. Further, this study also discusses the possible solutions to
overcome this issue, and to stop the reoccurrence of this incident in Sri Lanka due to improper

waste management systems.
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4.0 Specific Study Objectives

4.1 Objective 1:To study the overall socioeconomic conditions of local people from
Chunnakam region where the northern power plant is located since 2009

This is to understand the demographic characteristics of the sampled area using the
quantitative part of the questionnaire. Prior to analyzing the social and economic impacts
associated with the groundwater contamination, it is necessary to understand the current
conditions among the local people. In order to understand the basic socioeconomic conditions
of the population in the defined study area, data on demographic characteristics such as age,
gender, educational level, occupational status, number family members, income level and
availability of water sources are obtained from the participants through a survey done in April
2019. The variables about income level, amount of money spent for buying water on a
monthly basis, owning water wells in their homes, using different types of purification
methods were used in analyzing the economic conditions of the local people who live within

an approximately 4km radius from the northern power plant in Chunnakam region.

4.2 Objective 2: To qualitatively and quantitatively assess the environmental problems

created by the Chunnakam groundwater contamination

Environmental damages are the major impact caused by this groundwater
contamination in Chunnakam region. Assessing the environmental damages caused by the
contamination can help us to scale or measure the seriousness of such water contamination
issue Sri Lanka. Further, it also gives us a clear picture of what should be done in order to
overcome this issue. To study this aspect, open-ended questions were asked to the local
population on what changes have happened in the environment and what they have

experienced as a consequence of this water contamination between 2009 and 2019. Further,
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variables on water quality change, data on water quality parameters from previously done

researches are included in this study to understand the scale of pollution further.

4.3 Objective3: To analyze the social and economic impacts associated with the groundwater

contamination on the livelihood of local people

This is to identify the present socio-economic condition of local people that are
affected by the power plant directly. This was done using a qualitative approach. Local people
who have been living within the 4km radius to the power plant were asked questions
regarding economic burden caused by this issue, how it has affected their day to day life, how
many years they have been affected by this issue, what are the changes they made in their life
to cope up with this situation. These questions were developed on the basis of previous
researches carried out on Chunnakam Aquifer pollution and other such groundwater
contamination issues that happened in Sri Lanka. It also includes the questions related to
socio-economic status, livelihood opportunities and struggles, health problems, economic
loss, economic problems associated with environmental hazards, water substitute, and
compensation methods. This objective has been fulfilled by manually assessing the answers
provided in the questionnaire. Answer with common concepts is categorized manually in

order to picture the overall socio-economic impacts.

4.4 Objective 4: To understand local peoples’ perceptions on groundwater pollution,

environmental regulations, responsibilities of the citizens, and pollution control methods

As a part of an ecosystem, human beings are also affected by any sort of
environmental hazard. Further, analyzing people’s vulnerabilities and sensitiveness towards
this water contamination issue may help the researchers further in predicting future

consequences. Since it is a community-based study, understanding and including participant’s
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perception is very important as it can help us in finding potential solutions for this
environmental hazard. Involvement of public in decision making process for environmental
challenges can help both public and the decision makers. Effective involvement of public in
decision making help responsible stakeholder to find high quality decision when the intended
environmental risk is faced by public (Beierle 1998). It shows how important and effective it
is to consider affected people’s perceptions in order to find solutions for environmental
hazards.

This issue in Chunnakam raised a huge problem between minorities, other local
people, researchers, government authorities, and political parties. This happened mainly due
to lack of understanding about what is happening around in the environment, blaming on each
other to escape from the responsibilities, lack of political willingness to intervene in
environmental hazards, not coming up with solutions to overcome the problems created and
limited support from the government authorities to local people to meet their basic rights.
Furthermore, there were even stakeholders whose main intention was to benefit from this
water contamination by creating problems among local people. Thus, perceptions and ideas on
awareness level of this groundwater contamination case, government and others actions to
solve this issue, responsibilities for paying the damage, environmental regulations related to
ground water management were collected using open-ended questions in the survey to analyze

the situation.

4.5 Objective 5: To study potential solutions to overcome groundwater contamination issues

in Chunnakam
As far as we study the overall socioeconomic and environmental impacts, it is also
necessary to identify potential solutions to overcome Chunnakam groundwater contamination

case and other such cases in Sri Lanka. This specific objective may help local people of
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Chunnakam region to achieve their basic right to potable clean water and clean environment
and to avoid future environmental hazards. As a part of this study, participants were asked
about the potential solutions to overcome this issue. Further, the questions included ways to
enforce environmental regulations in place by the common people. And, by asking these
questions, people were given a chance to think critically about this water contamination issue
and what can be done by common people in such a situation, instead of waiting for it to be
solved by the government. People’s perception of this issue was asked to support the idea that,
we, as common people have to understand our responsibilities in saving the natural water
sources and act responsibly in order to demand our rights. Furthermore, participants were
made aware of their responsibilities and the ways to approach environmental hazards rather

than complaining about it until the situation is worsen.
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5.0 Methodology

5.1 Study setting and study area
This community-based, retrospective cross-sectional study was conducted among the

local people of Chunnakam and around. Chunnakam area is located in the Valikamam South
district secretariat division of Jaffna district, Northern Province of Sri Lanka. According to the
preliminary report of the Department of Census and Statistics Valikamam South region
accommodate around fifty-one thousand (51000) people (2008). This is where the Northern
power plant and Uththuru Janani Power plant are located. Chunnakam Aquifer is one of the
major low salinity, limestone based, aquifers which covers the total fresh water supply of
Valikamam Region (Sutharsini et al. 2012). Although many areas under the Valikamam South
region has been affected by groundwater contamination, Chunnakam is the place where the
majority of the people have been affected. According to previously done study on water
quality parameters, Chunnakam is found to be the place which has been severely impacted by
the oil waste contamination which makes it a suitable study area to conduct this research
(Appathurai 2016). All the participants in this study live in the Chunnakam and within the

4km radius of the power plant since the plant was inaugurated.

Figure 5: Northern Power Plant (Source: Selvanayagam 2019)
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Figure 6: Geographical distribution of the affected area/Study location (Source: Harshan et.al

2016)

Main Groundwater Aquifers in Jaffna Peninsula

1 Kayts

Legend

M Groundwater
[ ] Jafina o
[ Kilinochchi o 8w £

Figure 7: Chunnakam Aquifer (Source: International Water Management Institute, 2015)

5.2 Ethical Clearance and Access to Participants
The study was first approved by the Department of Environmental Sciences and Policy

at the Central European University to conduct research among human participants in
December 2018. Further, approval was gathered from the Chunnakam village councilor and

relevant Community Health Officers in Valikamam Zonal division, Chunnakam, Jaffna
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district of Sri Lanka to conduct the surveys in the different locations prior to start the field
work. All the participants were met at their preferred locations during their preferred timing to
make it easy for them to participate. To respect the rights of the respondents, informed
consent was obtained after explaining the aims and procedures of the study. All the
participants were provided with clearly defined participatory information forms to provide
signature prior to start the surveys. Necessary contact details were provided to reach out if
they have any queries related to this study in the future. The survey was done in the

participant’s local language (Tamil) in order to facilitate the open-ended questions.

5.3 Study Design and Participants
This study used a retrospective cross-sectional design and conducted from April 1% to

May 1% 2019. Identified participants were those that live in the affected area around the
Thermal Power plant in Chunnakam Sri Lanka. Prior to initiating the study, all the
participants were chosen from the general population using both convenience and snowball
sampling method. It was confirmed that all the participants have been living in the current

location at least since the thermal power plant was inaugurated in 2013.

5.4 Sample Size determination and Sampling Method
Considering the availability of resources, funds, fieldwork facility, and time, the

sample size was reasonably determined to be 80 participants in total. As mentioned above
convenience sampling was made at the beginning of the study with the help of village
counselors who helped in narrowing down the area suitable for data collection. Data
collection was started from one family and moved to other houses randomly. Although around
80 participants participated in the study, around 20 of them did not fill up the survey
questionnaires with adequate information and did not meet certain criteria such as living in the
current location for last six years. It made it difficult to include all the data thus limiting the

interviewed population to 60 data points.
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5.5 Data Collection
Data collection was done in two parts using a designated questionnaire. Participants

were met at their preferred places mostly home to conduct the survey. At first, face to face
interviews was done using the questionnaire to collect quantitative data about each individual
by the researcher and author of this thesis with the help of a trained research assistant from the
local community. The study questionnaire was developed by modifying the validated
questionnaires collected from different resources. Survey data related to participants’
socioeconomic status, demographic characteristics, availability of water sources, drinking
water habit and purification methods were obtained. Secondly, open-ended questions were
asked about the awareness of the groundwater contamination problem, actions taken by the
Sri Lankan government, responsible authorities, and their perceptions and solution for ground
water pollution such as that happened in their area. Due to limited funding and time,
quantitative data on water quality parameters from the affected water sources were taken from
previously done researches to support this study. All the responses and questionnaires are kept
confidentially after the field work. The responses are shared and discussed between the author

of this thesis, research assistant and the thesis supervisor.

5.6 Data Analysis
Both quantitative and qualitative data have has been analyzed to identify the socio-

economic and environmental impacts happened consequent to groundwater contamination in
Chunnakam. Quantitative data entry was done right after finishing the field work using excel
spreadsheet. All the questions with options and variables were coded for further analysis.
Quantitative data were analyzed using SPSS version 24. Chi-square test, an independent
sample t-test, crosstabs, logical regression, linear regression tests were done according to the
independent variables and the outcome. Frequency distributions of socio-demographic

variables were calculated. In addition to that, independent sample test was done between
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continuous variables to compare the mean values. Linear regression was done to see the
changes between two continuous depended variables. Further, outcome from SPSS analysis
was presented using bar charts, pie charts, tables, graphs and figures according to the data
type.

Qualitative data gathered from open-ended questions are analyzed manually by
summarizing common answers under several categories. They are used in describing people’s
perceptions on groundwater contamination, what government has done to solve this problem
and to analyze the overall environmental impacts caused by oil waste contamination.
Analyzed qualitative data are presented using tables and diagrams. Participant’s names and

personal details are kept anonymous in order to keep confidentiality.

25



CEU eTD Collection

6.0 Results

6.1 Socio demographic characteristics of the participants

Table 1: Socio demographic characteristics of sample population (Total 60)

Characteristics Categories Frequency Percentage

Gender Male 37 61.7
Female 23 38.3

Mean Age (Mean + 45.85 £ 15.7*

SD)

Number of Family 4.03+1.37*

Members

Occupation Government Service 15 25
Business 16 26.7
Day Laborers 1 1.7
Farmer 7 11.7
Others (Retired, Home makers, 21 35.0
job seekers and etc)

Monthly Income <10000 6 10
10000-20000 11 18.3
20000-30000 24 40
>30000 19 31.7

Educational Level Primary education 2 33
Secondary education 21 35.0
Higher education 28 46.7
Graduate 9 15.0

Availability of water Yes 60 100

source No 0
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*Mean value + Standard deviation (STD)

Table 1 gives the description and the overall characteristics of the sample population
(Total 60). Throughout the study, 60 people from Chunnakam region who live closer to the
Northern power plant were involved. Among the participants 61.7% were males and 38.3%
were females. Mean age of participants were found to be 45.85 (STD 15.7) with the minimum
age of 21 and Maximum age of 78 years old. All the participants were Tamil language
speaking people as their first language. Mean amount of family members that each family
consists of is 4.03 with 1.37 standard deviation. Participants who are involved in varieties of
occupations were covered in this study. Among the participants, the majority of them (35%)
has chosen the option “Others”. Further, they mentioned ‘retired from the job’, homemakers’,
‘housekeepers’, ‘drivers’, ‘Carpentry’, ‘food processing’, ‘entrepreneurs’ and ‘job seekers’.
Among them, 26.7% of them were involved in business activities, around 25% of them were
government service holders and around 12% of them were farmers. The Majority of (40%) of
the participants have a monthly income ranging between 20000-30000 Sri Lankan Rupees
(LKR). And only 10% of them earn less than 10000LKR and 31.7% of them earn above
30000 LKR. All of the participants received some level of education throughout their life.
Education level was categorized using a defined scale according to the Sri Lankan education
system. People who received an education until grade 5 categorized as primary education
receivers. Grade 6 to 10, grade 11 to 13 and College to university are categorized as
secondary education, higher education and Graduate respectively. Further, people who
studied above graduation such as Ph.D., and post-graduate degrees were also categorized
under the option “Graduate”. Among them, the majority (46.7%) of them received up until the
higher education and 21% of them pursued secondary education. The study covered 9
graduated participants and 2 people with only primary education. All the 60 (100%)

participants own running water sources at their home.

27



CEU eTD Collection

6.2 Availability of water sources
All the participants in this study have running water sources in their houses. There are

many types of running water sources found in the village such as dug wells, hand pump (tube
wells), public taps, community wells, household piped water supply, and tank water supply.
They are all specifically groundwater sources. However, all the participants in this study have
open dug wells, built with concrete walls as the lining between soil and water. They have been
using these water sources for drinking, cooking, farming, home gardening, agricultural
activities, and other domestic purposes since they were built. These wells were mostly old
some of which were built thirty to forty years ago. These wells have been their only source of

drinking ever since they start living in their respective houses.

6.3 Awareness, perceptions, and safety precaution
Table 2: Awareness about water sources and safety precautions taken by respondents

(Frequency distribution)

Variable Categories Frequency Percentage
Aware of the safety level of | Yes 36 60
water No 24 40
Very Satisfied 6 10
Satisfaction with water Somewhat Satisfied 19 31.7
source Neither Satisfied Nor
Unsatisfied 18 30
Somewhat dissatisfied 14 233
Very Dissatisfied 3 5
Availability of purification Yes 44 73.3
methods No 16 26.7
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Aware of oil contamination | Yes 60 100
No 00 00

Aware of water borne Yes 60 100

diseases No 00 00

Table 2 contains the variables which give us a clear understanding of how much

people are aware of the safety level of their drinking water sources, satisfaction level towards
the water source, and availability of purification methods and how much they are aware of the
oil contamination in their region. Among the participants, 60% of them said they are aware of
whether their main water source is safe for drinking purpose or not and 40% of them are not
aware of it yet. Majority of the participants 73.3% of them use some sort of purification
method to purify their water before consuming it. Interestingly, all 60 participants (100%)
responded saying they are well aware of the oil contamination issue happened in their region.
This makes it a very good pool of sample to analyze the perception of social and
environmental challenges they faced due to this contamination. Further, all 60 participants

said they are aware of water-borne diseases which might occur if they consume contaminated/

polluted water for drinking purpose and agriculture.
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Figure 8: Satisfaction level towards drinking water source

The bar chart in figure 8 above shows the responses given by the participants when
they were asked to scale their satisfaction level towards the water source they use for drinking
purpose. Majority of them (19) are somewhat satisfied with their drinking water source
whereas 14 of them are somewhat dissatisfied with their water source. 18 of them responded
as “Neither satisfied nor dissatisfied”. Only a few people are either very satisfied (6) or very
dissatisfied (3) with their water source.

Table 3: Different purification methods used among participants (Frequency distribution)

Purification method | Category Frequency Percentage
Boiling Yes 34 56.7
No 26 43.3
Filter with cloth Yes 5 8.3
No 55 91.7
Use halogen tablet Yes 20 333
No 40 66.7
Chemicals Yes 0 0
No 60 100
Water dispenser Yes 12 20
No 48 48
Others Yes 0 0
No 60 100

Table 3 depicts the different purification methods used by the participants in this

study. Boiling is one the basic method to purify water in case if we do not have other facilities
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at home. Further adding chlorine tablets (Halogen) directly to the water source is found to be
one common practice among Sri Lankans for a long time. Also with the developing
technology and facilities available in the society, people nowadays use water dispensers in
their households, offices and public places to filter the water at their convenience. In this
study also, the majority of the people responded saying they use boiling (34), halogen tablet
(20) and water dispensers (12) to purify the drinking water prior to consuming it. Filtering
with the cloth used to be an old and least expensive method to filter the water although it does
not necessarily save you from getting in contact with microbes or contaminants in the water.
In this study also, filtering with cloth, using chemicals to purify water are found to be lease

common options for purification method.

Table 4: Perceptions of participants about clean water (Frequency distribution)

Perceptions Response Frequency Percentage
Will cause no Yes 42 70
disease No 18 30
Clean in appearance  Yes 38 63.3
No 22 36.7
Odorless Yes 47 78.3
No 13 21.7
Colorless Yes 46 76.7
No 14 233
No Harmful taste Yes 26 43.3
No 34 56.7
No suspended Yes 27 45
materials No 33 55
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Table 4 shows the responses given by the participants when they were asked about

their idea on clean potable water. They were provided with the options such as clean water

cause no disease, it looks clean in appearance, odorless, colorless, have no harmful taste and

have no suspended materials in it. Majority of them chose it to be odorless (78.3%), colorless

(76.7%), will cause no disease (70%) and clean in appearance (63.3%). Comparatively fewer

people chose the clean water to have no harmful taste (43.3%) and no suspended materials

(45%).

Table 5: Money spent on buying water from the shop, contamination impact on water source

(Frequency distribution and descriptive statistics)

Variable Category
Buy water from the shop Yes
No
Amount of money spend on 1942.95 LKR +
purchasing water 1027.05*
Contaminated water source Yes
No
Duration of contamination 41.83 months +
19.84 *
Change of water sources Yes
No

Affected by ground water pollution Yes
No

*Mean value + Standard deviation (STD)
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Table 5 shows the frequency distribution of participants who buy water from the shop,
who have contaminated water source at their home, who changed their water source after the
contamination occurred and who are personally affected by groundwater pollution. Among
the participants, 43 (71.7%) of them buy water from the shop for drinking purpose. These 43
of them were asked to respond to how much they usually spend on purchasing purified/
bottled water from the shop on a monthly basis. Mean amount of money spend is 1942.95
LKR with the standard deviation of 1027.05 LKR. When they were asked if their water
source been affected by this contamination issue, 88.3% of them said yes. The mean duration
of contamination is 42.83 months with the standard deviation of 19.84 months. Among the
participants, 51 of them have already changed their drinking water source and move to bottled
water, purified water and deciding to fetch water from other safe sources such as those
temporary tanker water provided by the government. 52 of them (86.7%) said they were

affected by this issue in general.

6.4 findings on association between education level, income status, usage of
purification methods, owning contaminated water source, awareness on safety level of
water, chances of changing water sources (Chi-square test)

Educational level of participants

Primary
3%

Graduate
15%
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Figure 9: Educational level of participants

Table 6: Association between education level and usage of purification method (Chi-square

test)
Usage of drinking water Chi- Square  P-value
purification method

Education Level Yes No

Primary education (2) 0 2

Secondary Education (21) 17 4

Higher Education (28) 20 8 6.266 0.099*
Graduate (9) 7 2

(*p value <0.1)

Independent variable: Educational level

Dependent Variable: Usage of purification method prior to drinking water
(Analysis at the 90% confidence level considering the smaller sample size)

Simple chi-square test was done to see if there is any significant association between
the education level of the participants and the chances of them using any sort of purification
method prior to consuming water. It suggests that there is a statistically significant association
between educational level and usage of purification methods at a 90% confidence level (P
value < 0.1). Further, it shows that more educated people (with higher education) 6.266 higher

chance of using the purification method compare to other groups.

Table 7: Association between Educational level and Awareness about safety level of drinking
water source (Chi-square test)
Aware of water safety Chi- Square P-value

Educational level Yes No
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Primary education 0 2 4.263 0.234

Secondary Education 12 9
Higher Education 17 11
Graduate 7 2

Independent variable: Educational level
Dependent variable: Aware of water safety
(Analysis at the 90% confidence level considering the smaller sample size)
There is no significant association found between educational level and the awareness
of water safety level among the participants. It shows that the educational level of the

participants did not affect their awareness about water safety in this study. (P value > 0.1)

Table 8: Association between income level and choosing to buy water from the shop (Chi-

Square test)

Choice of buying water Chi- Square ~ P-value
Income level Yes No
<10000 2 4 5.07 0.167
10000-20000 9 2
20000-30000 18 6
>30000 14 5

Independent variable: Income level
Dependent variable: Choice of buying water
(Analysis at the 90% confidence level considering the smaller sample size)
There 1s no significant association found between income level and the chances of

buying water from the shop (P value >0.1). This shows people buy water regardless of how
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much they own on a monthly basis considering their health and necessity for clean drinking

water.

Table 9: Association between contaminated water source and choosing to buy water from the

shop (Chi-Square test)

Choose to buy water Chi- Square  P-value
Categories Yes No
Contaminated Yes 51 2 44.90 0.001
water source  No 0 7

Independent variable: Contamination of water source
Depend variable: Choice of buying water
(Analysis at the 90% confidence level considering the smaller sample size)

There is a statistically significant association found between owning contaminated
water source and chances of buying water among the participants. People who own
contaminated water sources are 44.9 times higher chance of buying water regardless of their
income level or occupational status (P value < 0.1 and < 0.05). Participants of this study

carefully decided to buy water in order to avoid health issues and other consequences.

Table 10: Association between owning contaminated water source, awareness level about safe
water, usage of purification method and chances of changing water source
Purify water (Dependent Chi- Square  P-value
variable)

Independent variable Categories  Yes No
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Contaminated water Yes 40 13 1.062 0.303

source No 4 3
Awareness about Yes 30 6 4.602 0.032*
Safety level of Water No 14 10

Change water source

(Dependent variable)
water source is Yes 51 2 44.90 0.001*
contaminated No 0 7

There is a statistically significant association found between having awareness about
water safety and the chances of using any sort of purification method at 95% confidence level.
There is 4.6 times higher chance of using the purification method if the participants are aware
of the safety level of their water sources (P-value < 0.05). However, there is no significant
association found between owning a contaminated water source and using the purification
method. It clearly explains the fact that even if the participants own contaminated water
sources, there will not be able to opt for purification method until and unless they are aware of
the safety level of the water they are consuming on a daily basis. Further, there is a
statistically significant association found between owning a contaminated water source and
opting to change their water source at 95% confidence level (P-value < 0.05). It shows that
participants who own contaminated water source definitely are 44 times higher chance of

changing their water source after they become aware of the water safety level.
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Purchasing water from the shop

=Yes = No

Figure 10: Option of buying water

N/A
Others (Changed it for kids)
Health professional's suggestion

Personal choice

Health Others
Personal choice professional's (Changed it for N/A
suggestion kids)
M Frequency 16 25 2 17

Figure 11: Reasons to buy water from the shop
Figure 3 and 4 show the percentage of participants who purchase purified or bottled
water from the shop and what are the reasons for purchasing the water while owning a
permanent water source at their houses respectively. Among the 60 participants, 43(72%) of
them buy water on a monthly basis for drinking purpose. Among the 43 participants, the
majority of them (25) decided to change the water source after the health professionals from
their region such as medical doctors and Public health Inspectors (PHI) suggested them. 16 of

them decided to change for their personal choice after the water contamination issue
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happened. Among them, two families changed their water source only for their kids as they

are very prone to water-borne diseases.

Government Action to solve this issue

Figure 12: responses for the question on government action

Participants were finally asked if the government has done anything to solve this
problem, to overcome the impacts caused by the contamination issue and to pay compensation
for the environmental damage caused. 72% of them responded saying the government took
some sort of action for this issue. 28% of them responded saying the government did not take
any action for this. The reasons for this response will be discussed in the qualitative analysis

of the results.
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7.0 Discussion

7.1 Socio, economic and environmental impacts of Ground water contamination
There are many socio-economic problems occurred due to the groundwater

contamination in Chunnakam aquifer including diseases, health hazards, economic loss, and
increased financial burden. Chunnakam falls under the Valikamam region. Valikamam region
fully depends on groundwater sources to fulfill their water demands for agriculture, industry,
and households since the rainfall in this region is very limited by high surface run-off and
evapotranspiration of the dry zone (Rajasooriyar et al. 2002). Above 18000 local people were
affected by this contamination issue in Chunnakam Area since 2008 (Rupatheesan 2015).
When the people’s total water supply depend on solely groundwater sources, it is
crucial to control the groundwater pollution and contamination. There can be many impacts
created by groundwater contamination such as social, economic, environmental and cultural
impacts. These impacts vary on the basis of local people’s socioeconomic status, age,
sensitiveness to health problems, and exposure to contaminated drinking water, lifestyle and

adaptability to changes in the environment.

7.2 Diseases and health hazards associated with oil contamination in Chunnakam
Aquifer

Drinking water is the necessary things for human beings for their survival. There are
many water-borne diseases which can affect people in the short and long span of their
lifetime. Some of them are cholera, diarrhea, dysentery, typhoid, polio, chronic kidney
disease, renal failure, and skin diseases (WHO 2018). 80% of all the diseases are associated
with water among human beings (Jeevaratnam et a/. 2017). Villholth et al. (2009) says that
“Uncontrolled groundwater use and contamination or natural poor quality are leading to
access limitations and health concerns™.

People in this Chunnakam region also suffered many diseases due to this groundwater

contamination since 2008. Few participants responded saying they experienced skin itchiness
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and irritation while taking shower using water from their wells. Further, children and older
people are very prone to water-borne diseases as their immune system is not yet fully
developed or do not function well. It was identified in many families of Chunnakam region
that, they changed their water source eventually as they want to avoid their children getting
sick. Further, MOH and PHIs from Chunnakam region instructed people to stop consuming
water from the polluted/ contaminated water sources. Further, they suggested, the diseases can
be only identified if the people are exposed to this contaminants by ingesting water for a long
period of time. A recent report from Water Resource Board of Sri Lanka says “Long term
expose of the contamination may cause cancer, miscarriages and detriment to early childhood
development, skin and mental health” (Yatawara 2015). Majority of the participants in this
study (85%) changed their source of drinking water after they become aware of the
contamination in their water source. Moreover, 58% of the people who purchase filtered water
from the shop, changed their water source after the recommendation of PHIs in Chunnakam
area. It shows that the severity of health impacts and awareness from PHIs motivated the
people to change the water sources immediately. It shows that restraining the people from
using the polluted water could save them from diseases occurrences in the future
Furthermore, few people in this study also mentioned that they experienced abdominal
pain and illness after consuming water from the contaminated wells. Few participants
suggested that, their village people are not aware of the consequences of the polluted water.
They continue to consume and use this water for cooking and drinking as they get used to it
for a long time and do not have the facility for another water source. It was also reported by
Chunnakam residents that many people still continue to drink water from the same polluted
source without realizing the harmful impacts. Further, when people from outside Chunnakam

region visit this area and drink water from contaminated wells, they get severe infections (The

41



CEU eTD Collection

Sunday Times 2015). It shows that proper awareness program should be provided to local

people to educate them about the future consequences of consuming water with contaminants.

7.3 Economic loss or increased economic burden
One of the negative consequences of this issue is a huge economic loss for local

people in terms of money, property, wealth and health. As discussed above, dug wells are the
major source of drinking water in the majority of the people’s houses. However, after this
contamination issue, participants had to change their major source of drinking water and
perhaps abandon their older water source.

As explained in the results section, majority of the participants (85%) decided to
change their water source and buy purified or bottled water from the shop after the
recommendation from health professionals such as MOH, PHIs and medical doctors. This is
one of the lifestyle changes they made after the Chunnakam aquifer contamination. Due to
this, their economic burden has been increased. Because of this lifestyle change, they have to
spend extra money from their monthly income. The mean income of the participants was
found to be between 20000 to 30000 LKR. Participants on average spend 1942.95 LKR
money for purchasing water from the shops. It shows that participants spend 6.5% to 19% of
their monthly income on purchasing water. It is a larger portion of the salary for a middle
income earning household. Further, participants have been experiencing this issue for around
42 months on average. This gives us a clear indication of how much money they have already
spent and how much they will have to spend for the rest of their life to meet the demand for
drinking water.

Water sources has been a major part of non-moving property among people of Sri
Lanka. Participants in this study responded saying, having water well at their houses adds
economic and cultural value to them. Further, it gives more value to the property if they want

to sell or buy a house in Sri Lanka. If the well is contaminated or abandoned for a long period
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of time, none will be willing to buy or sell it in the market. It gives a negative impact on the
property’s value. It explains how much of an economic loss it is to abandon a water source
which they have been using for many years. Further, few participants mentioned that, with the
odor and dirty appearance it creates due to oil and grease contaminants spreading in the wells,
the water wells lose the aesthetic value along with property value.

Moreover, Agricultural loss is very huge on the scale. Local farmers are the ones who
observed severe oil contamination in the agro wells since 2008. Due to this issue, some
farmers had to abandon their agro wells they had been using for many years. Some farmers
kept on using the same water sources even after they identified the grease formation on the
surface since they do not have any other option. Due to this issue, crop production has been

impacted severely which led to huge economic loss to the local farmers.

7.4 Environmental challenges associated with oil contamination of Chunnakam Aquifer
There are many environmental damage and challenges caused by oil contamination in

Chunnakam Aquifer. At first, severe damage to the natural Chunnakam aquifers with
contaminants such as heavy metals, oil and grease was caused by this oil waste dumping
(Suntharalingam 2018). Around 88.3% of the participants in this study are affected by
groundwater contamination in one way or another. Further, 86.7% of them reported saying,
their major water source has been contaminated with oil and grease since 2013. One of the
protest organizers, Dr. Senthuran, in Chunnakam against Northern Power Company reported
to local newspapers that the company has been leaking above 400000 liters of oil waste since
2013 (Tamil Guardian 2015). It happened mainly due to improper waste disposal from
Chunnakam Power station. Unfortunately, none of the open dumpsites in Sri Lanka are
engineered and therefore the pollutants are released directly into the environment and often to

the nearest water body (Wijesekara et al. 2017). In this power plant also the oil waste was
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dumped directly under the land without any sort of treatment. It shows how much of an
environmental hazard is caused by this continuous contamination of Oil waste.

Secondly, there are many ecosystem service association with natural water sources
including agricultural activities, ecotourism, drinking water sources and industrial activities.
Due to this Chunnakam Aquifer pollution, many of these ecosystem services are affected
largely. Few participants also said that, people would not be willing to buy land from this area
as the water sources are contaminated with oil and grease. Participants noted that, they see
very less tourist around there are since the protests have started. Further, visitors and tourist
will be hesitant to visit Chunnakam are due to petroleum odor and unwelcoming appearance
of oil and grease on the surface of wells. This creates a huge problem for people who earn
money from home-stay tourism. Moreover, the people worry, it gives a negative image to
their community from the outsiders.

Further, in order to solve this issue temporarily, the Sri Lankan government with the
help of regional council provided tank water to the local people. Only a limited amount of
water per family was provided on a daily basis. Apparently, no solution was given to the
farmers who have been using contaminated agro wells for their irrigation. This led to
contamination of the agricultural land in Chunnakam Area.

Participants also talked about the impact of water contamination on birds, animals and
plants in their surrounding environment. People who nurture pets and cattle at their homes
struggled to meet water demand to feed them regularly. Further, people who own home
gardens and small-scale farm were also affected by this issue. Most of them responded saying,
they had to stop farming activities due to limitation for clean water. They could not afford to

buy clean water for any activities except for drinking and cooking.
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8.0 Limitations of the study and solutions
There are many limitations in this study which may have impacted the outcome of the

study and the discussion. At first, the sample size was quite small compared to the total
population of the study area. Especially for this type of retrospective cross-sectional studies
where we look for overall social and environmental challenges faced by the local people as a
consequence of an environmental hazard: Groundwater contamination, the larger sample size
is necessary. Due to the time limit, lack of funding and resources, sample size had to be
limited to 60- 80 participants. Analyzing this issue using a larger sample size and extending
the study period to get more responses in the future studies would give a better outcome in
this field of study.

Secondly, bias is one of the sampling associated issue in this study. As it was
mentioned, participant selection for this study was done using convenience and snowball
sampling method. In these methods, participants are selected for the researcher’s convenience
and most of the time it was on a voluntary basis. When participants voluntarily take part in a
study, there is a huge possibility for bias in answering. Further, the selected samples may not
be representative of the larger population that are covered in this study. In order to avoid the
biases occurred due to sampling techniques, random sampling with larger sample size should
be done in future studies.

Thirdly, few questionnaires from participants had to be omitted from the study due to
two reasons such as participants not falling under certain criteria and not filling up the
questionnaires with adequate answers. The water contamination issue in Chunnakam area
started in 2009. Participants were chosen on the basis of region. After we chose the
participants and started the survey only, we figured out that there are few families that moved
to this region recently. We expected the participants to have lived in the region for at least
since 2009 to understand the overall impact of contamination during the last 10 years (2009-

2019). Further, few participants did not fill up the questionnaires with necessary responses.
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They left the qualitative part of the questionnaire left unanswered. Considering both cases, we
had to omit around 20 responses from the results. It would be better in the future studies to
clearly define the criteria prior to the study and give incentives to participants in order to
encourage them to participate effectively.

Next, not being able to obtain the first-hand data on water quality parameters for this
study due to the lack of funding and laboratory resources. As this issue is related to
government authorities, it was really difficult to obtain permission for laboratory-based
experiments with water samples. Further, each sampling would cost approximately 50 USD to
check for all the basic water quality parameter check up in the government authorized
laboratories. Secondary data on water quality parameter from previously done research in
used to support this study. Having first-hand data would benefit more in understanding and
analyzing the data in one’s own perspective.

Further, there is only a limited amount of researches and literature available on this
study. This groundwater contamination issue has been happening since 2009. It has been
already 10 years since the power plant was built. Although there have been many studies done
in order to understand the water quality issues, social challenges, waste management
challenges, water management issues, environmental hazards associated with Northern power
plant, the data and articles are not publicly available for the researchers to use. It is mainly due
to government restrictions and political influence. As this issue can create huge problems to
government authorities, they intentionally shut down many local researchers from voicing
against them and publishing research papers against them. It made it difficult to analyze this
study in depth. It would be really effective if all kinds of studies done regarding Northern
Power plant since 2009 to become available for other future researchers to use.

Thus, by omitting all these above-mentioned limitations effectively and doing the

study with the more representative sample would be beneficial for both researchers and the
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participants. It would help the researcher in analyzing the social, economic and environmental

challenges of Chunnakam water contamination issue adequately and precisely.

9.0 Potential Solution to the Water contamination issue
There are few potential solutions to solve social, economic and environmental impacts

caused by Chunnakam Aquifer contamination and to further stop the reoccurrence of this
issue in the future. The solutions includes, Polluter paying option, enforcing new as well as
already existing policies and regulation on wastewater management, monitoring and
evaluating the regulations strictly with the help of local authorities, fastening the process of
court hearing and law enforcement when common people file complaints and ensuring basic
rights of the people are met in Chunnakam Region.

At first, there are few major institutions involved in the wastewater management in Sri
Lanka such as Central Environmental Authority, Ministry of Environment, Ministry of
Agriculture and Environmental and occupational health, National Water Supply and Drainage
Board. Wastewater management is regulated by the National Environmental Act (NEA) no 47
of 1988 and 2000. It covers all the regulations and objective of wastewater management and
protection of the environment associated with pollution control (Jeyalal ef al. 2005). Although
the regulations are explicitly informed to any authorities who provide the license to industries
with harmful effluents, they most of the time failed to comply with the regulatory instructions.
The Central Environment Authority should strictly look into this matter while providing
license to any industrial activities. It was also identified that many small businesses actively
discharge their effluents without any license in rural areas. Proper regulation should be made
to include the small businesses into the category where they are required to comply with
regulations. Moreover, the role of groundwater in achieving sustainable development and in

the development of appropriate water management institutions needs to be highlighted and
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specifically addressed in policy discussions and during decision-making processes (Villholth
2009).

Next, Groundwater quality can never be reversed once it is polluted just by restraining
the pollutants from the source of pollution (Ramakrishnaiah et al. 2009). It can only be
solved if the waste management system is further developed and the polluted sites are
properly cleaned out. However, proper wastewater management system is one of the
necessary systems that Sri Lanka lacks behind compared to other developing countries.
Central Environmental authority basically requires industries to check on highest water levels,
quality of ground and surface water sources, location of public and private water wells within
one-kilometer radius before setting up a waste management system in their surroundings
(CEA 2018). However, industries do not tend to follow the instructions to avoid the extra cost
associated with the prior checkup. It ultimately leads to severe environmental hazards in the
future. In order to control this from happening, CEA with the support of the ministry of
environment should evaluate the industrial buildings before they start any process.

Further, in order to stop the reoccurrence of the groundwater contamination, industry
or whoever is found responsible for the polluting activities should be given severe
punishment. This punishment should create both awareness of the common people and teach
the value of ecosystem services in the environment. The “Polluter paying” concept/regulation
is most suitable in this case. Even Supreme Court of Sri Lanka ordered the Northern Power
Plant which is the polluter in this Chunnakam case to pay the compensation to the affected
people. Further, Rio declaration states that “National authorities should endeavor to promote
the internalization of environmental costs and the use of economic instruments, taking into
account the approach that the polluter should, in principle, bear the cost of pollution, with

due regard to the public interest and without distorting international trade and investment”
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(Ranawana 2019). This clears explains how polluter pay concept should be taken into
consideration while solving environmental pollution related hazards.

It was observed in this study that, lack of awareness about environmental issues and
ignorance towards the responsibilities to take part in pollution control are interconnected
problems among Chunnakam local people. Many of them mentioned as they are aware of the
contamination issue. However, most of them do not know the actual cause of this
contamination. It leads to common people misunderstanding and accusing different authorities
and sources for this pollution. Around 15% of the participants in this study were found to keep
using the same polluted water source for their drinking purpose even after they become aware
of the contamination. Moreover, the farmers, who do not have any substitute their major water
sources continued to use the polluted water for their irrigation purpose. Many studies found
poisonous contaminants in the Chunnakam polluted wells. Potential risks of heavy metals and
other toxic contaminants cannot be ignored and taken into utmost consideration as they can
cause severe health hazards in the long term (Wijesekara et al, 2014). But, due to lack of
water and awareness people kept using the polluted water. These instances show how much
these people are not aware of the severity of this pollution. Thus, CEA and other authorities
who are responsible for wastewater management should create awareness among local people.
Researchers and local scientists should come forward and educate people on these issues

which might save many lives from getting water-borne diseases in society.
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10.0 Conclusion
Water is a necessary thing for human beings to survive apart from food and shelter. An

adequate supply of safe drinking water is a prerequisite for a healthy life and impurities while
contamination in drinking water can cause many diseases (WHO, 2018). As much as the

water is important for us to survive, it is important for us to get clean potable water for
drinking purpose perhaps for cooking and bathing as well. Along with groundwater
exploitation, groundwater contamination has become a very serious concern in Sri Lanka,
where the majority of the people depend on ground water for drinking purpose. Chunnakam
Aquifer pollution is one of the many incidents where ground water is polluted by industrial
activity. Previous studies done in Chunnakam Aquifer issue found out the water wells around
the area to be severely polluted with oil and grease. Further, this study found out the overall
social, economic and environmental challenges associated with Chunnakam Water
contamination. Along with the water pollution, lack of awareness, lack or regulation in
groundwater management and irresponsible acts of industries who focus only on increasing
profit cause many challenges in Chunnakam residents. Further studies should be undertaken in
the Valikamam region covering many samples in order to understand the impact on a larger
scale. This might give a clear idea to the Central Environment authority to start working on
sustainable solutions to recover from the impacts caused in the long run. Thus, the Sri Lankan
government should develop the waste management system and policy regulations associated
with this field. Further, Local people should be made aware of the problems and the
development needed for the issues in order to make them understand their responsibilities as

citizens of Sri Lanka.
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12.0 Appendices

1:

Qualitative analvsis of the responses on awareness, public perceptions, government

action, responsibilities, and social, economic and environmental challenges.

1: What are the ways it affected your day to day life?

Need to buy water

Hard to manage everyday

Extra cost from the income

Had to change the water source for kids as they are very prone to diseases
Disease and physical unwell ness

Oil staining during shower and washing

Experience itchiness in the skin while taking shower

2: How do you think the oil waste contamination in Chunnakam aquifer changed the

environment around you?

We could not use already made wells

Effected/polluted many water sources around this area

They built new water tanks for people and tanks for schools

Wastage of already build wells for long time

Polluted water problems among people

Ground water pollution affected the trees and other plants around this area

3: Whom do you think should be responsible for paying for the damage, to clean up and to
enforce environmental regulations for this issue?

Factory authorities
Factory issue
Power station
Electricity board
Private company

4: What are the actions government took?

Built few water tanks as substitutes, mobile water supply through regional council
Provided clean water in the community schools

Temporarily stop the functions in the factory

Requested people to check on water issue (to check the quality)

Tested water sample for few houses

Government asked to pay 5000 to water parameter checking

5: What do you think can be done by common people to reduce the damage caused by the
issue, to enforce environmental regulations?

Public should be aware about what’s happening around them
We should voice against the issues. However, it is not safe for us to talk about this
always as it is related to the Government.
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e People should be made aware of this issue so that they don’t keep drinking the
polluted water.

e We need to protest against the people who are responsible for this issue as water is
very important for us

e Our area people should meet together and protest against this problem

e Provide awareness through public gatherings and providing newsletters

e Government should intervene and stop this power plant

2: Questionnaire used in the study

Hi, I am going to ask you some questions related to your drinking water habit and Chunnakam
aquifer contamination. This is to determine the social and environmental implications caused
by the oil waste contamination of Chunnakam Aquifer. Please answer these questions even if
you do not consider yourself to be a person directly affected by this issue. Take a while to
recall and answer as much as you remember. Thank you so much for your time and your great
help. prer o misall_1b Gl 5 LTeue»eT LPDILD FETTTSLD Blvssly Bi LlgdFemaest QOsmL_fLims
Peov Caaraiser CsL s 2 aTGarer. earesinsLd Blevgsly b eTenrbleniwl 106y 9)%Hs5S B esTeD
TPUL L FeLps LOHMILD FHMI @60 LITHLIL] 6TeGUTD TGS 6TRTLIGHS 9D B 0% TeiTErnLD
CrrasgLer @Qns Caearaiser allerrauliul Baterg. priser @)ns LNrsFanesuiesmed Gprig uims
urHEsLILL aflevenevw TullaiLd LI68Teu(BLD QIGSTTES @h% @ 2 BIFTTC (LPLYHFeUT LIF 6D
<efisg 2 gaywmn smpeowl_ar G5 HE0sTarHCner. o mis@pen_w CBIsFm@Ld

2 FaIFGLD LOGTLDTHBS BGTPIEH6T.

Title: Social and Environmental implications of oil waste contamination in Chunnakam
Aquifer (saiarmsd Blowssly Bi creGlentl $L06) &$5SFGTT6 IPLIL L FoLps LDDDILD FDDI

G LTFLILY)

I: Name /Quuwg:

2: Age/auwgr 0 y18 (Gu@pL_misaT)

3: Gender/umed :.... Male (). ... Female (G)Lievtn)

4: Location or address /(psauml: ....oo.vvieiiiiiiiiii
5: Occupation /Ggmflev :

..... Government Service (<ygeGaremnav)

..... Business (euenflsLb)

..... Day Laborer (.68 Gasenev)

......Farmer (a9eugmuiid)

...... Others, specify (Gaumy)

6: Educational Level saaf gensenio

... Primary (s oibLiplenev)

--- Secondary (@)evL_Blenev Hva)

--- Higher Secondary (Guapleme saval)

--- Graduate (" L_gm)

7: Number of family members / g® b o piLifesisaer cressrentlsens:
8: What is the monthly income of the household? wrsmEs eu@LomeTLH?
........ <10000 Rs

....... 10000-20000 Rs

....... 20000-30000 Rs

....... > 30000 Rs
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9: Is there any source of drinking water in your home? (2 misar af 1960 GLpbT auLpmISeD
o arergm)? ... Yes (@p5) ... No (g evenev)

10: If yes, which of the following sources of drinking water are available in your home?
(Check all that apply) o miser afi 1960 2 ater @B Qupid euflpevpsar? (Fflwmes
Idargmsud 0sMay CFuis)

...Dug Well (% ewmy)
...hand pump (@pruisHemm)
...Public tap (Qurgs@pmul)
...Community well (@ L1758 % ewmy)
...Household water supply/piped (af® @Lpb eurpmisaev)

...Other (Gaumy)

1 1: What means safe drinking water for you? (Check all that apply) wngisriiunes @ B

upm 2 mgar eTewtessiLh e1avtast? (Fflwine yeergasud OFMay CFuis)

...Will cause no disease/ health problem / Ggrui oyedavgy s&rsmr 19g5FemasTeanw
VIO 7]

...Clean in appearance / Qgeflauner CsammLd
...Odorless/ wewropms
...Colorless / glmwopmai
...No harmful taste/ Lrgswner semaiuppg)
...No suspended materials /&8s womes L9 ayFar DD 6
...Don’t know/ o9 5® s sailecdeme

12 Do you know whether the water is safe for drinking purpose or not? fmigar
2 HGWISLILBSSHILD GL4BT, LITGISTLILITGTST 61657 Dbl i aTT?
...Yes (20/y10) ...No (m»/@avene)
13: Overall how satisfied are you with quality of drinking water in home? grisar
2 LIGWIREGLD GBI LPY) 2 BIS6TS H(BSS| 6TGH6ET!
... Very satisfied/iseydb S LS,

..Somewhat satisfied/g@uerey HBLIS),
...Neither satisfies nor unsatisfied/s® Bleo v

..Somewhat dissatisfied/ % pL15)

... Very dissatistied/ ifsayd oS BLIS

14: Generally, does the drinking water in your household smell? griser o LGurG G G BT

LOERI(LPEL_WST! ... Yes/guo Ll No /@aeev

15: Does the drinking water in your household have a taste? griser o UCurS&@GLd &Ly bi
FOUULWST! ... Yes/guw .l No /@evemev

16: What does the drinking water in your household look like? gmisar o LiGun& %@ Lb

G pher CsnppLd erasrer? ... Clear (Gsoflouneag)  ...... Cloudy /Dirty
(55501675

17: In your home, is there any method for water purification? af’ g0 GLy55 #858aHL1Ly
Lpemp o arengsn? ... Yes (ep0) ..l No (@aeme)

18: If yes, which of the following water purification method is currently used in your
household? w15 eresflev, eralieunpres wpewm?

...Boiling/ Q1@ s aigs e

...Filter with cloth/gemfluimed auge L o

...Halogen tablet /@ Garmiler LiwesiL(®$se0

...Chemicals/ @ pgmwes aug s’ Lo
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...water dispenser /57 #88s0%@Ld @QupSILd

...Others, specify /Gaumy

19: Do you buy water for drinking purpose? griser Giypbi Casemassns seo_ufle
Osrareusstay Qeuwivieugn? ... Yes () ....... No (gevenev)

20: If yes, how much do you spend a week in your household for drinking water? @iy fewg
s L_uiled Qs mareuatey GlFuicugn @ amig@e CFwan@gLd LeaTgFar OLmiw®?

21: Reason for buying water from the shop? @ sens seo_uied Qsretauetey Gauicusmpsres
FHIgenTLd?

...Personal Choice/gwef@pLiis

...health professional’s suggestion /&smsmy Geeamaiwmers yewa) ks aufar CErigams
...No water source/f5 auLpmised LIHDTS @D

...others, Specify /Gaumy

Questions on Social Implications (seps LNygsear)

22: Have you heard about the oil waste contamination in Chunnakam Aquifer? seresngid
Blgsly Bi &S0 LPD Briser 9Pl aiatiserT?

....... Yes (t0) ....... No (Qedemev)

23: Have you been affected by oil waste contamination in Chunnakam Aquifer? searerrsid
Blovgsly BT 9FSSSB TNV BRIGET 6155 alensuileyh LITHLILIGH L B eTalisarT?

....... Yes (t0) ....... No (Qedewev)

24: If yes, How long have you been affected by this issue? 1o erafled, eraieuarey smevions
ur@Uue L pgetatisar! ... Months/Years

25: Did it affect your major source of drinking water? @)g/ 2 mig@penL_w (LpSesTen LOW TS
GBI apvFens LTHSHeTarTsT! ... Yes (@ytb) ....... No (Qaemev)

26: What are the other ways it affected you day to day life? @ ps @i Drdgemar, Goumy
6THS UMSBUIN) 2 BIFET BTATTHS UTLHEMSW LITHSH eTers?

Environmental Implication (#pm@pe ur@iicy)

27: How do you think the oil waste contamination in Chunnakam Aquifer changed the
environment around you? &eirennsid plevssly b LITFFemesIenw 2 BIS6T HDHMI & LDEHGV
GTQIITD| LITH S 6Tens)?

Solutions: $raysaer

28: Did you change the source of drinking water after this incident? @) 5s 9régeneruiesr
Lesresi BBIS6T 2 BIS6T G4BT PSS LommPlujeiTerisert?

....... Yes (pt0) ceveo.. NO (@ edemav)

29: Whom do you think should be responsible for paying for the damage, to clean up and to
enforce environmental regulations for this issue? @ 5s Blewsgsly i Lrdsmend @ wrg Mg res
FTIGHTLD 6TGIM] 66 6515 F) w51y i FH 1!

30: As far as you know, does government take any action to clean up the oil waste or to
compensate for the damage caused by this issue? @Q)ps Blewgsiy Bi FSS5®F $BLILISDHGLD,
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FDDIGLPG0 LIMSHISTLLSSTRT FL LG L BIST LPDL(HSSR LD HTFTEISLD @)FIeUenTuiled
6ThS AIBLOTGHT [BL_aL) FHOBHGTULLD 6T(HSSHIGTOTHT!

....... Yes (pb) ....... No (@aemaev)

31: If yes, what are the actions they took? wyib erefled, eTaleumm e BL_cuLySeEHemar

TBSG oTang?

32: What do you think can be done by common people to reduce the damage caused by the
issue, to enforce environmental regulations? @)5s Blewgsiy b %S5 $BHLILISDGLD,
FDMIG P60 LITHISTLULISSTET FL L P L BIS®6r LpdLIBGSSa D CLIng b&sH6T 61BF @il LD TerT
BL_aI1) SFHH®GT 6T(H %S CouesstHLd?
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