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Abstract: Special industrial zones are favored over scattered indusfr@® an
environmental management perspectibeit poor management can lead tonfiicts.

This paper presentsianalysis of the environmental conflittat aroséetween the state,
society and industry stakeholdersn an industrial zone of the Eastern Seaboard
Development Program of Thailand. i$tpaperseeks todetermine the effdiveness of

policy measures implemented by the state to resolve the conflict. The purpose of this study
is to draw lessons for industrializing nations that adopirtdastrialzone modelto foster
environmentally sustainable industrial development. The study revealed that blatant
violation of landuse planning regulations and expansion of the industrial zone into
community areasvasa root cause of the conflict. Through legal action, csatiety has

been successful in forcing the state and industries to halt unplanned expansion of industrial
areas and practice better environmental governance. However, inadequate commitment by
the state and industry stakeholders seems to perpetuate thiet cohreatening the
sustainability of economic gains. ASeographic Information SystemgGlS)-based
analysis confirmed that the policy interventions of the government to resolve the conflict
have not produced significant results.isipaper highlights e need for Gl$ased
environmental quality monitoring for guiding industization-based urban development
towards sustainability.
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1. Introduction

Since the 1960s, some countries in Asaepursuedindustrializationbased urban developmeay.
Among them, Japan arfsouthKorea have experiencezhdogenous development thieir urban and
industrial secta. In contrast, foreign direct investments (FDisve played a major role in the
industrialization of countries like Thailand, Malaysiand Vietham[2]. Indugrialization-based
urbanization is associated with massive transformation of the physicall, ®mmaomic, political,
spatia] and environmental facets of urbanizing arelasvironmental transformation hasttracted
special attention since the emergence of sustainable development pasactigthe 1980s [3].
Environmental problems associated withamization and industrialization that contravene sustainable
development include haphazard sprawl of bkenvironment, landise conflicts, natural resource
depletion, environmental pollution, ecological destruction and public healffacts Planned
indudrial zones offer better prospedts minimizing negativeenvironmental consequences tisamall
industial sitesscattered over large are@®cause gglomeration of functionally related industries and
centralized treatment facilities are advantagesndiistrial zoneg4]. However, if environmental
managemenis done poorlyindustrial zones pose greater threats due tat¢beamulatiorof pollution
loads beyond the carrying capacity of the ecosystem.

The Map Ta Phut industrial zonm the Eastern Seabah Development PrograrfESBDP) of
Thailand gained notoriety as a localighere mismanagement of industrial expansion amdustrial
pollution resulted in large negative environmental impd8is The Map Ta Phut industrial zone
(seeFigure 1)is highly successful in terms of stimulating economic growth and urban development of
the Eastern Sea Boar®EB) [6], andwashailed as an exemplary industrial developrmmaotel [7].
Neverthelessnegative environmentampacts accumulated overwto decades haveéiminished its
economic gains and social acceptance. Presently, Map Ta Phsbés@nvironmentaFihotspod in
Asia. Somecritics branded itiT h ai | an d 6 & refdfiing #onfeetirdamous industrial toxic
pollution case in JapdB]. There are wrriesabaut alarming health problems related to air and water
pollution in the Map Ta Phut industrial zon&Vorries over thee problems have pitted civil society
stakeholders against the state on one side and the industrialists on th&reghspredominantlyan
environmental confligtbecause conflicting parties were having different opinions about the status of
the environmental qualitylt has ragedor a long periodof time and cameto a stalematéy 2007
The ThaiGovernment implemented policy measuresesolve the conflict using a wiwin approach.
These are mostly environmental management measures. The outcomes of the measures are communica
to the stakeholders as conventional environmental quality indicatdrsdices.

This paper examines the ugkiess of GlSased monitoring to complement conventional
environment monitoring and public informinli.is presented in two parts. The first part presents a
chronological review of the conflict based on published literaftine.literature originated frm state
institutions, industrial establishments, the scientific community;gawernmental organizationand
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public media.These wereanalyzed to review the story of the conflict in an unbiased mahisang

GIS a tool, the second part of the paperexammis whet her the Government
resolved the conflict and turned Map Ta Phut industrial zone towards the path of sustainable
developmentBefore reviewing the conflict in Map Ta Phat detail, a brief theoretical construct of
conflicts and conflict resolution is presented below.

Figure 1. Location of the provinces dhe Eastern Sea Board&SB) area in relation to the
Bangkok Metropolitan Region (BMR)
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2. Conflict Theory and Conflict Resolution
A conflict is defined as fia st r orgegoureesiowhch v a
the aim of the conflicting parties is to neutralize, injwer el i mi nate the riva

viewpoint, conflict is a violent dispie or an incompatibility of positions [10]. AccordingMack and
Snyder[11], the termii ¢ o n freffers tota @ange of phenomehatcan be identified or characterized
by four conditions(1) the existence of two or more parties, (2) a situation of res@carcity, (3) the
presence of behavior that hurts and injures another, and (4) mutually opposed goals. These condition
are explained as the necessary empirical conditions to confirm theneeof a conflict.

One of the key issues in the analysisanoly conflict concerns the identity of the parties. It is an
analytical construct referring to the partteatinitiate a conflict, pursue it and determine its outcome.
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Possible classification of parties in a conflict could include individuals, groupsnaaities, states,
regions and sectors [10]. Conflicting parties often disagree on the issues of conflict or on what the
conflict is all about. For example, one party may see the issues in conflict as pertaining to the right of
self-determination, while he other may see them as pertaining to its security and survival [10].
Generally there are two kinds of issues at siakgtuationsof conflict. These are issues expressing
disagreement over means and issues expressing disagreement over ends. The formeém occurs
situations where the parties agree on what they wautt disagree on how to obtain it. The latter
characterize conflict Biations where the parties differ on what they want.

Il n situations of conflict, p a(fl)tassertvédthebexddntatoy i o r
which the parties attempt to satisfy their interestg2picooperativd the extent to which the pas
attempt to satisfy ot her Thomasetialgl®]dconfliat resotutos it s |
easy if all parties equally benefitd,, win-win). However, it is extremely difficult when gains for one
party occur at the loss to anothee.( win-loss). Parties may be motivated for witn solutions when
there is (1) a desire to cooperate on common interests, and (2) a desire faigshare of the resources.

Conflict analysis is a method of developing a mdithensional understandingf the causes and
dynamics of conflict [13]. Conflict analysis is taking snapshots of situations. Our analysis followed
this concept using available literature. It is recommended that a timeline of events be constructed from
different perspectives [13]. Wes ed t he Stateds policy intervent
reports from the civil societyi.¢., the public, civil society organizations, academia) asthaar
perspective The conflict mode analysis instrument of Thonetsal [12], known asTKI (The
ThomasKilmann Conflict Mode Instrument was used to understand the status of conflict resolution
in the Map Tha Phut industrial zone when it turned into a legal battle in 2007. According to TKI, there
are five modes of handling conflict. Theseare competing, collaborating, compromising, avoiding,
and accommodating [13]. The goal of the competing mode is to win over the other conflicting party or
parties. Therefore this approach is assertive and uncooperative. The collaborative mofle aims
assertive and cooperative solutipmgich are wirwin solutions. The compromising mode aims to
find middle ground through assertiveness and cooperation. The avoiding mode aims to delay and
hence it is unassertive and uncooperative. The accommodatoaermims to yield and is therefore
cooperative and unassertivEonsideration of these modes of conflict analysis suggests that the
collaborative mode is the bebecause it satisfies the concerns of all parties involved.

3. Chronology of the Conflict

The Thai Government implemented the ESBDP in 1982. One of its goals was to divert new
industrial investments from the Bangkok Metropolitan Region (BMR) to alternative growth dédiers
The first phase of the ESBDP covettbe area ofChacheangsad&honburj and Rayong provinces
the eastern region (see bigl). The planfor the first phasgroposed to establish natural gsssed
petrochemical industries and heavy industries in Rayong Profteethe discovery of natural gas
deposits in the Gulf of Tdiland in 197315. Chacheangsao Province a@GtionburiProvince were
designated to servagroindustries and light industriegespectively. Thty years of relentless
development has turned t€SB into the largest industrial conglomeration in SeaghAsia [16].
About 6730 industal developmentsvere established irthe ESB during tis period. As a resulthe
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industrial sectdr shareof the Gross Regional Product thfe ESB increased from 28% in 1980 to
44.8% in 202 [17].

Land development for the Map Ta Phut industrial estate started in thE9®0$. A comprehensive
plan for the Map Ta Phut municipal area prepared by the Departmdiotwaf & Country Planning
(DTCP) in 1988 recognized the location of this industrial estatd demarcated an area south of
Sukhumvit Road (;e., National Highway No.1) as an industrial zoRégure 2a showsthe industrial
zone surrounded by lauffer zoneconsisting of agricultural and forest land. This was a conventional
land-use planning stragly practiced at thatme [18]. In reality, there were residentiandagricultural
communities scattered withitme buffer zone. Due to rapid industrial expansiordustrial activities
spreadbeyond the demarcated industrial zotierebyviolating landuse regulations of DTCPrhe
comprehensive plafor the Map Ta Phut municipal aresasrevised in 1991 to enlarge the industrial
zoneas depicted irfrigure 2b. Normally, comprehensive plans are revised by DTCP every 5 yiears.
effect, reviang theplan legitimized the landse violatios of the industrial sector. During the decade
of the 199Gs, more residential and agricultural lamehs converted to industriadctivities by again
violating the laneuse zoning regulations of the revised comprehenplan[5]. The industrial zone
was expanded to almost three timés original size bythe early 2008. The DTCP once again
legitimized industrial expansion in tihe&eomprehensive plan prepared for MBg Phut municipal area
in 2003 éee Figire 2¢). This mean that theindustrialz o n expassion was not a result of a planned
development. Instead, the plans prepared by DTCP wetegttmize landuse conversions that
contravened its own planning regulatio@sitics recognize this bizarre approach to urlgvelopment
planning as the root cause of the environmental conflict that ensued in Map Ta F20Qit P€ople
protested agai nst modifynglahFuSdzoreso bepgiitrindlerdidipeopld with
vested interestsAs a result, e revisd comprehensive plan of 2011 reduced the extent of the
industrial zoneas shown irFigure 2d.

Figure 2. Successiveomprehensivelans of the Map Ta Phaunicipalarea

() Plan in 2011 T

(c) Plan in 2003

Note: purplé industrial area; greénagriculture and forest area; yelldwesidential areéSource: [21].
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Division of responsibilities for planning and plan implementation is a factor that contributes to the
violation of regulations Although the DTCP prepages the comprehensive plan, the Map Ta Phut
Municipality is responsible for its implementatiofis an ordinarylocal government body, it has very
limited capacity to deal witmon-compliance taegulationslt does not havéhe political power and
authority to overrule larger state organizatiotizat promote industrial investmentsuch as the
Industrial Estates Authority of ThailantE@AT) andthe Department of Industriegol). This explains
why DTCP had to validate illegal langse conversions byilesequent comprehensive plans.

Industrial land development,oth planned and unplanneldas causedmany environmental and
health problem§22]. People have been particuladpncernedibout air pollution by industries arite
respiratory problems they expencal [23]. A research studhas shown links between exposure of
residents and industrial workers to air pollutants and the increase in diseases related to the respiratory
nervous, reproductiveand muscle systesn[7]. Some researcherstress thatVolatile Organic
CompoundgVOCs) pose théhighest health risks for people in Map Ta Pl24f. A test carried out by
the Global Community Monitor has revealed th&DCs such as benzene, vinyl chloridend
chloroform released by some industries in the MapPhait industrial zone exceeded safety standards
of developed nations by 60 tO@0 timeq25].

Polluted surface water has been linked to skin and bowel diseastgp Ta Phut residen{26].
Surface water in the Map Ta Phatlustrial zone and its vicinity has been found to be contaminated
with metallic compounds. Samples tested from 25 water bodies revealed the presence of cadmium ir
concentrations more than six times the ldhelt is regarded asafe for human contact. &presence
of zinc, manganeséad and iron in the water samples exceeded safe levels by factors of 10, &4d 47
151, respectively27]. A communiquéissued by the Public Health Office of Rayong Province in 2005
warned people not to use ground wateMap Ta Phut municipal area for drinkjrdue to iron, lead,
manganese, andhloride contaminatiofi].

Concerns ovepublic health issues came to the spotlight when a Thai national university and an
Italian research team reported tleahong the 76 promces in Thailandfir at es of cervi
breast, liver, nasal, stomach,thraan d bl ood cancers are hwhagelMast i
Ta Phut industrial zone and many other scattered industries are |1f28tedl study by the National
Carcer Institute andhe Rayong Public Health Office revealed that the incidence of cancer in Rayong
Province was 182.45 per 100,000 people compared to the national average of 122.6. The same stud
has reported that thiacidenceof birth deformities and chmosome abnormalities was 163.8 per
100,000 people compared to the national average of[48.2hese findings have exacerbated the
anxiety of Map Ta Phut residergboutthe health risks that they endure.

The alarming extent of air and water pollutioncasional industrial accidentand associated
health risks have provoked Map Ta Phut residents to retjusthe governmenhtroduces strict
measures to curb industrial pollution and safeguard their Iesng one severe incident in 19%
toxic gas leak from a factogausecthildren and teachers of a nearby schiodéall ill. Later the whole
school wagelocated to a safer pladewas arguably the incident that triggered a series of protests and
actions by community grougd®5]. They had been requestinthat the government declatéMap Ta
Phut as a pollution control zone even before this incid¢®8]. However, any policy decisi@n
declaringMap Ta Phut s.a pollution control zonewereresisted by industrialists. They threaédto
relocateindustries toother countries if the government introduced strict environmental management
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measures (EMMSs). Fearing serious economic consequeheegovernment continued to ignore the
predicament ofthe local residentsConsequentlythesewere very critical of the government for
placingthe interests of the investoabovethe health and safety of the public. These disagreements
developednto conflicts betweenthe communities and industriess well ashe communities andhe
governmentThe government was in a dilemmiecause it haa moral duty to safeguard the interests
of the publi¢ butalsoneeds to addresgtional economimierests tdacilitate the investors.

Sensing the stalemate, 27 people representing 11 communitiess Map TaPhut industrial zone
filed a lawsuitagainst the National Environment Board (NEB)Rayong AdministrativeCourt in
2007. They accused NEB of failing to designate Map Ta Phut municipal area and its @siaity
pollution control zone. In its March 200%ndict, the court ruled that NEB was negligent in not
declaring Map Ta Phut a pollution control zone. The court ordered NEB to declare theittone
60 days. In April 2009 NEB declared the pollution consohe (see Figure 3). Anothiaw suit filed
by some community organizations and an environmental NGO accusedtiNdgBinistry of Industry,
the Ministry of Energy,the Ministry of NaturalResources anBnvironment, and the IEATor failing
to issue operating licenses to 76 new industrial expansigecgsdollowing the prescribed proced{@8].

In September 2009, the administrative court issued an injunction to suspend those projects until they
obtain clearances following environmental and health impact assesgimenEvironmentallmpact
AssessmerEIA and HealthImpactAssesserantHIA).

This was a landmark court ruling in Thailand. It shocked bothTih@ Government and the
international business community. The loss of investment due to this court ruling has been estimated tc
be 8 billion USD [30]. Hence, the government appealed the ruling at the request of industrialists.
It received the courtds permission in Decembe
that it meets environmental and health impact assessment requsenmer@tn attempt to ensure
effective solutios of the problems upothec our t 6s deci si ons, t h-@in Thali
approach to safeguard the publiehile continuing to act in the interests of investors. The Thai
government through NEB, promulgt e d an environment al managen
Mi tigati on a 22d]. EHe planfad thetfallavimg5 opjectives:

(1) To reduce the emissierof air and water pollaints and to assurelisposal of solid and
industrial waste according to l@gequirements

(2) To improve the water and air quality to an acceptable level within one year

(3) To provide health care, treatment, and rehabilitation to the public in a fair and thorough manner.

4 To enhance the communityds continuous parti
and the generation of pollution taie source

(5) To ensurghatf ut ur e devel opment wi |l be in accord
andnot affecttheenvirorment and public health

The Thai Government allocated 877 million Baht (28 million USD) for its line agencies to
implement the plan. Installation of automatic VOC monitoring equipment, water quality monitoring
equipmentand establishment of an environmamuality surveillance center within the Map Ta Phut
Municipality were the most significant actions taken. Moreover, Rblution Control Department
(PCD) installed information displays at two locations in Map Ta Phut to shewaily environmental
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staus [31,33. These displays are the primary instruments to communicate environmental quality
monitoring information to interested parties.

Figure 3. Pollution control zone demarcated by NEdglaptedrom [21]).
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The chronology of the major events since the inception of Map Ta Phut industrial zone is
summarized in Figure 4. It showlsat the saga of Map Ta Phut is meer. Even afterdeclaringMap

Ta Phut a pollution control zone and implementation of the envieateth management plathere
wereseveral major incidentscluding chemical leakage and acciddi®d. It is questionable whether

t he

environmental statusni Map Ta Phut should indicate an improving trefodvards sustainable
industrial developmentThe empirical part of this paper attespd verify the effectiveness of the
goven ment 6s i
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Figure 4. Chronology ofmajor policiesand landmark incidents related Map Ta Phut
Industrial Zone.
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Adarch 1997, A strong noxious smell zickened studentz and
teachers of a school. Later the whole school was relocated.

July 2005, People protested againzt the preferential allocation
of water to the industrial zector during a drought period

Sep 2007 People blocked MNational Hishway No 1 and Protezted
against a propoced coal-fired power plant project.

-
October 2007, 27 reprezentatives from 11 communities filed a caze at Rayong
Administrative Court and reguest to declare Map Ta Phut az a Pollution Control Area

[ June 2008, 179 people Affected by a gas leak

March 2009, The RAC ruled that the NEB wasz neglizent in not announcing
Map Ta Phut municipality and vicinity as a Pollution Control Zone.

[ April 2009, NEB declared the Pollution Control Zone

September 2009, Central Adminiztrative Court suspended the expanzion of 76 industrial
projects due to the non-compliance of Health Impact Aszezzment requirement

-
December 2009, The Central Administrative Court allowed 11

suzpended projects to proceed on appeal by the government

v

[ Mlay 2012, An Fxplozion st Map Ta Phut Industrial Eztats, killed 12 people and injured 129

[ July 2013, A major oil =pill off the near coast of Rayong severely impaired the tonrizm and fizhing induztries

4. Methodology

The conflict at Map Ta Phutas beermprimarily spatial and environmental its nature Therefore,
our study employedhe commonspatial analysigools, Geographic Information Segsh (GIS) and
Remote Sensing (RS) imagesassess thsituation before and after policy intervention.

GIS and Rshased analysis to detect environmental changes and conflict analysis have been widely
used in empirical research. For exampladavet al [34] haveused these tools to detect the status of
ecological corridors and correlate it with hurremmal conflicts. Using two sets of Landsat images
covering two decadeand Arc GIS 10 softwarehis studyrevealed human interference, urbanization,
motorized traffic, noiseand air pollution as reasons for the geographic concentration of conflict
points. A similar study integrated an air dispersion med#éd ISCSTJIndustrial Source Complex
Station, Version 3and GIS software (Arc GIS 8.1) to examiie spatial dispersion patterns of toxic
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substances from industrial sources and associated environmental injustices [35]. The study used twt
data sets from 1999 and 2000 on air qualgyrface and ground wateuality for comparison
purposes. Thereforeheir analysis of change was limited to a short time span. A research study
conducted in the Map Ta Phut industrial zone has examined the spatial dispersionasfd\N&L) in

relation to point sources [36]. This research used a high resolution land ctaveseldocumenting

the status of Map Ta Phut in 2007 and a spatial model caERMOD (American Meteorological
SocietyEnvironmental Protection Agency Regulatory Mod@&lhis spatial model was developed by

the American Meteorological Society and th&UEnvironmental Protection Agencits analysis was

limited to the status of Map Ta Phut at the peak of the conflict. Additionth#ygnalysis was limited

to two environmental quality indicatorisg., NO, and SQ. Its conclusions weren the performance of

the spatial model rather than correlating dispersion and conflict. Similarly, GIS and RS tools have been
used for carbon emission management in the Niger Delta [37]. This research has proposed a dispersio
model to predict emissioeVels at any particular location over a vast geographical region.

GIS software (Arc GIS 9.2) has been used to study air pollution levels and the dynamics of their
impacts in an attempt to provide information for conflict resolution in a mining region I[B&his
researchGIS was used to predict air quality throughout a region where multiple air quality monitoring
stations were not available. Application of GIS and RS tools were also used in resolving conflicts
among stakeholders proposing different typédand use. A conflict resolution framework and an
awareness building method were outcomes of research based on GIS andaitaridtidecision
analysis techniqui9].

In our attempt to use GIS and RS tools for conflict analysis and its resolwgatd not follow a
modeling or prediction approach. Instead, we used GIS and RS tools in combination with time series
data to detect changeén the environmental statusf the study areaOur study used 200as the
baseline yeabecause it is the tempoflahdmark when the conflict at Map Ta Phut turned into a legal
battle between the three parties. The temporal span from 2007 to 2012 was corsiuezdtie data
wascompletereliable and up to dateThe study area was defined as the Map Ta Phut Mahiarpa
which generally coincided with the pollution control zone declaratidogovernment (see Figure 3).

GIS software wasused as tool to analyze spatia@nvironmental changes the study area. Air and
water quality were selected as the environ@leguality indicators due to the nature of complaints by
civil society stakeholder&nvironmental health was not considered as an indicator due ddfitigty
of obtaining health data directly attributable to pollution. Air and water quality gidaeferencedo the
study area were obtained from the Pollution Control Department (PIZi2)PCDhad 6 monitoring
stations in and around the industrial zone. These stations have automatic loggers for collecting data o
two types of air pollutantsThefirst type includesair pollutants such asulfur dioxide (SQ), nitrogen
dioxide (NQ), carbonmonoxide (CO) particulate matter (PM), andozone (Q). The second group
consists ofVOCs such asvinyl chloride, butadiene dichloromethangand chloroform Water quality
data were also obtained from PCD. 2007, PCDhad 4 monitoring points in the Map Ta Phut
industrial zone that could assess surface water qudlitgy reportedwater quality usinggeneral
indicators These parameteiacludedpH, suspended solids (S®)jplogical oxygendemand (BOD),
chemicaloxygendemand (COD)andheavymetals €opper,arsenic,lead,ironferrous,and anc). Due
to the admini st rna2000B,thePCD imareasedtise nuhder of snondaning peitd
17 and expanded water quality testittg include more indicators. However, the spatial analysis
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related to water pollutionf the current studyas limited to the heavy metalShis was dueo the
limited datain the base year. Moreover, water patlotdue to heavy metals is more relevant to the
environmental conflict.
Time series data of average qirality and water qualityndicatorsfor each year from 2007 to 2012
were analyzed to detechangesn environmentatonditions after the introduction of policy measures
by the governmeniThis was a general analysis to detect trends duhagtime span. It was followed
by a spatial analysis gfearly average dataertaining toair quality and water qualitgbtained fom
each monitoring statiorbata withgeoreferencesvere plottedon a base mambtained from the PCD
and analyzed usintpe Geostatistical Analysis function of ArcMal10. This analysis was limitetb
the years 2007 and 2012 in order to determine chasgesesult ofthegoe r nment 6 s pol i cy
It shouldbe noted that the PCDO6s measur edetemined r ep
points. Extrapolating environmental quality from point data to an area was done using the GIS
function, Kriging Interpolation and Overlay by Weight Sum. This is a wefitablished method in
spatial statistic§4041]. Air and water were considered polluted when spot measurements for the
respective indicators exceeded the maximum allowable levels stipulatee BCD. The mukKcriteria
spatial data analysis model®€&ertmarj42] was used to distinguish the jupéd spaces in the study area.

5. Monitoring of the Outcomesof Governmental Policy Interventions

This section presents thesults of spatiatenvironmental analysis conducted to determine the
effects of governmental policy interventidhis not an assessmebut an inquiry to identify temporal
trends related toilmand water quality changes.

5.1. Outcome®n Air Quality Issues

Raw data for the five air quality indicators showed tha&maximum recorde@¢oncentration®f
each pollutant extremelgxceededmaximum permissible levelsvery year from 2007 to 2012
Figure 5 showshat the yearly average readings for each air potutindicator were higher than the
respective air quality standards excémt carbon monoxideGO). Only the average level of PM
showeda significantdeclining trend. HoweveR Mg levels still far exceeded the maximum allowable
level of 0.05 mg/m Thee findings suggest that there has béile impact on air pollutionby
governmerdl policy intervention However, it should be noted that averaging measurements taken
throughout the year from all monitoring stations into a single figure is a weakntss aifove trend
analysis. It does not explain spatial variati®herefore spatial analysis of air quality was conducted
using data with geoeferences.

Air quality data obtained frorthe PCD gavethe annualaverage air quality at the measurement
pointsfor each indicator. Map layers were produced for the five general air quality indiCEbers
these wereoverlaid on the base map to scrutinize the composite air quality in 2007 a@d 201
Comparison of air quality in 2007 and ZDWith reference to thevfe general air quality indicators
shown in Figire 6. The GISbasedmulti-criteria spatial analysis index used by this stypwsthe
areas with highest concentration of air pollution in white patches and areas with least air pollution in
black patchesThe location of these patches can be differeneémhair quality indicator. The degree
of whiteness indicates the intensitytbé pollution in relation to one or more indicators.
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Figure 5. Average yearly emission levels of general air pollutants
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Figure 6. Composite spatial distribution pattern of air pollution by, I00,, O3, CO, and
PMyoin 2007 and 2012
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Figure6a suggests that the cumulative effect of, I0W0,, O;, CO, and PMg pollution was spread
all over the Map Ta Phununicipal area in 2007. That explains why people protested against the
industries and the government at that tina@d requested legal intervention from tRayong
Administrative Court The figureshowsa diffused white patch covering most of the municigrea
with a high intensity white patch on the eastern side of the industrial zone. The decreased white area ir
Figure6b indicates thathe concentration of air pollution was limited only to the area east of the Map
Ta Phut industrial zone in 201 Thatfigure also shows that air pollution decreased in most of the
municipal area by 2@ This could be attributed to the air pollution control measures imposed by the
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government on industrial plants. However, it should be reiterateitiate &b indicates the average
air pollution status in the respective years when all indicators are considered to&ptitel
concentration ofndividual pollutans can vary during the year due to several factbhese include
industries that may emit particular types of pollutants, cheimgeind direction and varyingclimatic
conditionsduring the year.

In an attempt tadetermine ifVOC emissions decreased since the introduction of goverament
policy, the average levels MOCs in each year from 2007 to 2012 were comparediréigindicates
no significant trend of VOC reduction during this periddvels of average emission during the years
have shown huge fluctuations for tifeur types of VOCs. The average emissions blomform
showed an increasing treddringthis period.

Figure 7. Average yearly emission levels of VOCs
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Spatial analysis conducted to find the concentration of Va@sdifferentresults The white patch
in Figure 8ashows that air pollution by thieur types of VOCs was clearly concentrated in an area
north of the Map Ta Phut industrial zone in 2007. Physical checking at the locality indicated that this
area matches the location of a small industrial estate.sM@@is area hddisappeared by 2@]as
shown in Figire 8b This can be attributed to the measuresptetl by that industrial estate to
eliminate VOC emissia However a diffuse white area in Fige & indicates that pollution by VOCs
had become a problem in other areas of the Map Ta Phutdpatity by 202. Although the white
patch in Figire & is light anddiffuse, indicating a lower concentration of air pollution by VOCs, the
spread of pollution throughout the municipality ppaeggrave situationThis isbecause VOCpresent
more healthisks thanotherair pollutant§24,44].
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Figure 8. Composite spatial distribution pattern of air pollution by Volatile Organic
Compounds (VOCs) in 2007 and 201

Data Source: Pollution Control Department

It should benotedthat the yearly averag¢éOC emissios remained within thie respective air
quality standarslduring the whole perigdexceptin 2011 for lutadienelevels Does that meathat
assuming tha¥OCsarethe main health risk in Mapa Phut is unfoundedPhe realrisk is accidental
releaseof high quantities of VOCs to the ambient air. People detect such releases due to the aromatic
nature of some VOCs and worry about the health rifke.average monthly measurements by the
PCD revealed that the levels of benzene and dichloromethane ekt¢kedaaximum amount at most
of the monitoring stations during 2002010[45]. The average monthlgvel of butadiene fluctuated
below and above the standard during the same pertmproblemof occasional increase in VOC
emissionscan be resolved if the industrial plants implement technological and safety messwels
as comply with the requirements dhe PCD. Pollution concentration mapping is a useful tool to
identify the point sources that occasionally emit VOCs and implent@for-made emission
control measures.

5.2. Outcome®n Water Quality Issues

Average levels of water pollutants in each year from 2007 to 2012 were compdetdrtoineif
the quality of surface water hafianged since the introduction of governrakmlicy measures.
Figure 9shows that the amount dfieavy metalgpresent in surface water far exceddhe allowable
maximum levels for those heavy metdlbe oncentratiorof Fe showeda declining trend since 2010
However,the Zn concentratiorshowed an alarmingly increasing trend. kg 9givesthe impression
thatthe presencef As and Pb in surface watsgmains more or less the sarhlwever,the raw data
given below the grapmdicate that their presence remain above the maximum allowed lifriite 0
PCD. The level of Cu fluctuated arourile standard level during 2008012. The above discussion
impliesthat the average qualitf surface water has not improvedtire Map TaPhutmunicipal area
despitepolicy interventiors by the government.



