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Williams M. (1997) : Mineral-related arsenic hazards, Thailand case-study
Summary, Report British Geological Survey Technical Report, WC/97/49
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diatomite, Preliminary ficld site investigations, PH Whitbread-Abrutat

Jariyawat P, et al. (1993) ! Technical report on the locations and the amount of high
arsenic contamination waste piles generated from mining and ore dressing processes

Pijitprapon A, et al. (1994) : Groundwater contamination by arsenic from the mining
industry in Ron Phibun, Thailand

Fordyce FM., etal. (1995) : Hydrogeochemistry of arsenic in an area of chronic
mining-related arsenism, Ron Phibun District, Makhon Si Thammarat Province

Williams M., et al. (1396) : Arsenic contamination in surface drainage and
groundwater in part of the southeast Asian tin belt, Nakhon Si Tammarat Province,
Southern Thailand
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Application for the Technical Cooperation (Development Study)

by the Government of Japan.

L. Project dligest
{1) Project Tille
Bavironmental Management Planning Swvey for Arsenic Contaminated Area
of Nakore Sri Tammaraj Prov‘ince, Thailand,
(2) Location
Nakern Sri Tammaraj Province, Thailand (Map svas artached) See Ahnex 1
(3) Implementing Agency

Name of Ageacy : Bavironmental Research and Training Center

Department of Environmental Quality Promotion, Ministry of Scisnce,

Technology and Environment, Thailand.

Number of Siaff of the Ageacy : Permaneat 63 persons

Temporary : 83 persons

Budgel aliocated to the Agency : 53 miltion baht

Orgzanization Chart  Se2 Annex 2

() susiification of the Project,

- Present condition of the sector.

Thailand, like many. other developiag countries in the Asia Pacific Region, is
beset with environmental problems arising mainly from events concomiiant with its rapidly
cheaging socioeconomic swruchire. Bfforts to diversity the 'cou.uuy's agriculture and develop
other indusiries have resulted in high ecomomic growth, quadrupling rzal Gress Nztopal
Product and more (han doubling per capita income in the Iast fwo decades. The main factor in
e continuous high growth rate ot: e economy has been the balanced development of
agricuiture- aod industry, centering on the manL.Lfacturing sector,

While the light industies, such as food and textile, are dominant, the
petochemical industry using parural g'as from the Gulf of Thailand as well as heavier
industries such as motor vehicle assemblies and pats mapuiachuring are gaining share in the
whole ecopomy. Without proper management this leads to sericus emvironmental problems
resulting in. waler polhition, air pollution, noise and vibration, and generation solid and

- - » r - .
hazardous waste and tosic subsiznces Thailand s environmental problems can best ke classified
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into rural and urban environmental problems,  Rural cavironmental problemns include
deforestation, loss of biological diversity, soil erosion, flooding, eater shortages and other
natural resousce-refated problems. Urban environmeat problems include overcrowding, poor
housing condition, tralfic ¢ongestion, water and air pollution from both domestic 204 industrial
sources, and hazardous wastes from industry.

In short, the environmental problems currently facing Thailand present sericus
copstraints to future e¢comomic growih and susminapuiry.' Immediate policy measures and
actions are required to mitigate adverse environmental impacts, and fo rehabilitate depraded
natural resources, in order to evert the possibility of future economic decline.

- Sectoral development paolicy.

Tie seventa Nadenal Sconimic and Social Developinent Development plan
{1991-1996) has three principal objectives, namely :

- To sustain the country’s economic growth at an appropriate level,
with stability ;

- To promote more equitable income distribution and nural
development ;
To develop human resources, improve quelity of life, and enhance
tae quality of the environment and natural resources.

The formulation of Lh-c Seventh Plan was inteaded (o be & consensus-building
exercise, It relied on the cooperative effort of all sectors, including not only government
agencies, state enterprises and mn'vcrsitit‘:s but also the private sector, and non-govermmental
organizations (NGOs). With a broad-based particfpau’gn, the substance of the Seveoth Plan
reflects a liberalization process in mamy respects, It. encourages the revision of existing
lagislation and the formulation of new laws and regulations for the conservation of natural
resources and the protection of the environment. It also specifies clear levelopment targets and
defines the role of parties involved in the development process, including NGOs and the
business sector.

In terms of natural resousrces and the enviroament, the Seventh Plan is 2
deparrure from the previous plans on a pumber of accounts. Most significant is the recognition
that the tasds ahead are beyoad the scope of Government alope. It is neither fair nor realistic

to expect the Government to bear the burden of generatiog most of the revenues necessary for
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environmental rehabititation.  The  Seveoth Plan has set definjie targets 10 improve
environimeatal quality throughout the country, such as ﬁe rebabilitation of water quality of the
lower reaches of the Chao Phraya and Tha Chia rivers, control of the arnouat of lead, carbon
monoxide and suspended particulates alon major streets in Bangkok, the treatment of hazardous
wastes generated from industries, the conservation of one quarter of the total land area of the
country under conservation forest, and the protection of fragile ropical coral reefs.

These ambitious plans call for contributions from all sectors of the economy.
In the area of environmental quality management, the ones of respoasibility should fall on the
pulluters and generalors of waste,Aby the industry or consumers. The Seventh Plan clearly
supports the Polluter Pays Principle. The costs of pollution cortrol must be built into tha
capital and operating costs of manufacruring producls and providing services, rather than be
subsidized throught the use of paticnal tax revenues for pollution centrol and waste treatment
projecis. A more equitable share of respénsibiﬁw could then be achisved.

In the area of natural resources management, the government will involve
local people in the task of managing the vast and diverse cateral resources of forest, land, and
walter. At the yi}lag:;. level, Where the battle 1o conserve natural resources will be won or lost,
e alliance with faroil.; whose 1hv.liiced. ), of .tiQ will be (wcial. The Sevesth Plan
recognizes the role of intermediaries such as NGOs who can assist Government in mobilizing
rural people to participate in patoral resources management.

Fundamentally, the Plan focus_es on five major areas of environmental
management policy : panral resources management, énvironmental quality, energy and
eavironment, induslry and envirenment, and urbanization snd f-n;r'i.'O?mEﬂt. There are viewed
as tae central environmental concerns associated with coatinved economic growth. The
commencement of the Sevénth Plan, in October, 1991 is a promising move towards more
sustainable develcpment, keeping a balance between growih and income cistribution,
industrialization and the protection of environmental quality, urbanization and support for the
rural population.

- Eroblems lo be solved in the sector,

The cause of keralosis and hyperpisment problems of peopls in Ronpibul was
related to consumption of arsenic contarpinated surface and ground water. Arsenic pot oaly

can be found in water but also in vegetable, food product marine organistm and 2te, Arsenic
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poisoning has been more seriously and effected 1o human health and pational economic. Thus,
the problem should be consider and solved oul as soon as possible, key (o solve and protect
environmental quality is capability of characterizing conlaminant source. In general, such
capability is still not well established and many problem can not be effectively solved

- Outline of the project.

The problera of arsenic residue in Ronpibul district, Nakora Sri-Tammiaraj
province has occwrred for many years due to existence of mining tin around this area. Alfter
the process of separating tin, lots of arsenopyrite miaerals bave been contaminated in the
eavironment, especially in surface and vnderground waler. Those arsenopyrite minerals are the
primary source of producting arsenic which can affect people who drink these arsenic-
contaminated waters., The most serious case of tis problem can cause ¢pidermistal cancer.

Clinical survey during 1987-1988 showed that more than 1,000 people
vetween age from 4 months to 85 year was affected. ln some schooi, over 80% of students
showed high arsenic level in their hair and pails. According to the most recent survey ia 1992
of school children in this district, a 22% incidence of skin lesions aad hyperkeralosis was
recorded.

However the source and distribution of confaminant has sct yet fully
understood in the area become of difficult nature of underground smdy, Hence co permaneat
countermeasure has ot yet proposed. For this reason, complete investigation of contaminant
source, distribution and furure forecast of contaminant movement as well as design and planing
for remedy the area is urgently required. |

- Purpose (short term) of the project.

To idenitify/characterize contaminant sowce and design the most
feasible solution for treatment arsenic contamination.

- Goal (long term) of the project

To relief the people from risk of furtber arsenic poisoning by
coptroliing arsenic contamination and providing saft waler source.

- Prospective beaeficiaries.

Immediately beneficiaries to-144,154 people who live in Ronpibud district will
be safe from arsenic poisoning and have better quality of life and eavircnment. In addition,

pople who live in down stream arez and other district of Nakorn Sni Tammaraj more than 1,
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448, 029 peopla will get the beneficiaries from this study. In long term, people in southern
part of Thailand (14 provinces) who would find to be suffered with arsenic poisoning problem
will benefit.
(5) Desirable or scheduled time of the commencement of the Project
as soon as possible
(8) Expelted fundiog source andlor assistance
- Ministry of Science, Techaology and Environment
- Ministry of Industry
(7) Otber relevaat Project, il any
ERTC project, JICA technical coaperation groject for ERTC has been active
for last six years. BRTC staff bas been trained for survey of grouad water contamination as

well 25 arsenic contamination. Hence those staff can be counterpart for JICA survey team.

2. Term of Reference of the propose study
(1) Necessity/Justification of the study

The skin manifestation of chronic arsenic poisonming was fust bighlighted in
1987 in Ronpibul district. Clinical survey during 1987-1988 showed that more than 1,000
people between age from 4 month to 85 year weie affected, In some school, over 80% of
students showed high arsenic Jevel in their hair and pails. According fo the most recent survey
in 1992 of school children in this distrct, 2 22% incidence of skin lesions and hyperkorotosis
was recorded. The cause of sickness was related to the consumption of contamirated surface
and ground water -Lha'xt probably sourced from tin mining site af Ronpibut district.  The
distribution of arsenic contamination is widely spread. By slowly flowing and diffusion,
contamipant in ground water is pot just remain but also spread to wider area. Suriace water
from Ronpibul district are flowing, through numerous canals and Pakx Pa-Nang river into Pak
Pa-Nang bay which is the important area for aqua culwre. Investigaton and study of the
arsenic source from tin mining was evaluated by several organization. However there was 0o
study investigating the real comtaminant sousce which release arsenic into ground water.
Therefore study on the main arsenic contaminated source, current distribusion 2nd situation of

coglaminant as well as design possible countermeasure for remedy and identfy the most
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fzasible water supply for people in that area should be carried out as soon as possible in order
to relief arsenic poisoning probler.
(2) Necessity/Juslification of the Japanese Techoicat Cooperation
Underground contamination is highly complex phenomeaa. lavestigation and
study of such problem require multi discipline specialties such as mining engineering, geology,
chemistry, hydrology, biology and cte. No agency in Thailand bas expericnced andfor
capability o carry out these study. On the other hand, Japan.has expericnced in various
mining related 10 environmental problem and their management and solution.  Those
experience in the past can be effectively utitized to solv;a the problem in Thailapd.
(3) Objective of the study
1. To identify/characterize contaminated source,
2. To map current distnibution of contaminant,
3. To forecast expected movement of contaminant and its impact on
environment,
4, To desiga countermeasure for remedy 20d
5. To identify the most feasible alternative water supply for the area,
(4) Avea fo be covered by the study
Ronpibul district and down siream districls to Pak Pa-Nang Bay. See map
attached.
(5) Scope of lbe study
Scope of the proposed study is as follows.
1. Contaminant source identification/characierization study.
1-1 Geological investigation of tin ore
Distribution, mineralogical character, relation with arsenic
1-2 Historical record investigation of mining activities
Mining activities of primary and secondary deposite
Mineral dressing and metallurgical activides
1-3.Surface soil geochemical survey.
1<} High den.siry hydrogeochemical survey.
1-$ Dritling investigation at esimated contaminant sources.

1-6 Bvaluation of reladve imponance of sources to human health.
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2. Contaminant distribution study

2-1 Ground waler study (including investigation drilling)
Understanding aquifer struchire and contaminant distribution
2-2 Geophysical resistivity survey
Mapping of sediment thickness ard distribution
2-3 Regiopal surface soil geochemical survey
3. Contaminant movement and forecasting study

3.1 Hydrogeological study
Measwement of hydraulic conductivity and gradient

Bstimation of ground water flow direction and rate

3-2 Water balance study

Catchmeat, precipitation, mun-off, evaporation etc.

3-3 Regicnal river/stream study

Areal photo and saterilte image analysis of flow pattern

3-4 Computer modeling.
4. Remedial coun‘telmeasurc design and plaoning study
4.1 Contzminzat scarcs ;‘eﬁcdiai'dcsign .
4-2 Contaminated ground water ph.l.[!;c conirol design
4-3 Contaminated water treatment desiga
4-4 Bconomic evaluation
5. Alternadve water supply planning study
5-1 Desp aquifer development desiga
Distribution of carbonate aquifer and water quality study
5-2 Contaminate water treatmeat desiga
5-3 Economic evalualtion
(8) Study schedule
1st year Preliminary investigation and source study (5)-1
2nd year Distribution 2nd movement study (5)-2, and 3

3 rd year Remedial desien and water supply plonning (3)-4 and 5
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{?) Expecicd major output of the sludy
lnvestigation repost covering,

* jdentificationjcharacterization of contantinant source

* map of current distribution of contamipant

* forecasting of expecled movement of. conlaminant and its impact en
environment .

* design countermeasure for remedy

* ideptification of the most feasible altenative water supply for the
area.

Report shall bz followed up by countermeasure project.

{8) Requeslt of the study Lo otber donor agencies, if any,
(9) Other relevant information, if 2oy,

* The problern was first identified by former JICA experts.

* JICA technical cooperation project ai ERTC has been trained the Thai
counterpart for basic skills required to cooperate with Japanesesurvey
team,

* Arsenic poisoning situation in Nakern Sri Tavumarzj and Tin mining
information from ministry of Pubblic Health, Mining of Industry and local
agencies.

3, Facilities and information for the study team
(1) Assignment of covnterpart personnel ;:f the implementing agency
Dr. Mounthip Sriratana Tabucanon Director ERTC  Pb.D.(Bngineering)
Ms.Pornthip Pancharoen Chief, Water section ERTC M.Sc.(BioIogy)
;\‘fs.SLﬂcanya Boonchalermkit Cuief, Toxic section ERTC  M.Sc.(Botany)

Mr.Meeszk Milinthawisamai Water sectioa ERTC  M.Sc.(Radiochemsitry)

Mr.Janewit Wongsanon Toxic substance section ERTC  B.Sc.(Biology)
Mr. Ussameol Limsakul Water section ERTC B.Sc:(_San.iury)
Mr.Sutiep Sriachai Toxic substance section BRTC B.Sc.(Sanitary)
Ms.Cheerapun Pthanthajak Water section ERTC B Sc.(Chemistry)
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Ms.Varida Sawateyothin Water section ERTC B.Sc(Chemisty)
Mr.Panomporn Wongpan Toxic substance section BRTC  B.Se. (Science)
(2) Available data, joformalion, documenls, maps elc. related to the sludy
See Annex 3.4
{3} Information on the sccurity condition in tbe study area
‘The area is considered as safe as any major region in Thailand
4. Global issues
(1) Eoviroameotal componenl of the project
The project is directly aimed for pollution control, water supply and
enviroamental soanagement,
(2) Acticipated eoviropmental impacts by lhe praject
The project will be expected to relief the natural and social problem caused by
arsenic contamination of the area.
{3) Women as maic bepeficiaries or nof
Women in the area has higher attack rate for arsenic poisoning than men.
This is probsbly due to the foct that woman has to0 stay in the nouse and consumed
contaminated water more than men who worked outside. In this regard, womea may be bigger
beneficiaries than men.
© (4) Special coonsideration for women

No special consideration at this moment,

5. Anticipated impacts on women caused by the Project, if any

8. Poverty reduction componants of the Project, if any

7. Any constraints against the Low-income prople coused by the Project.
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ANNEX g

1. A stady of Arsenic Contaminaton in Pak Panang-Bay Nakern Sri-tammaraj province Thailand.
Sukanya Boonchalermkiy Janewil Wongsanoon and Munehiso Fukuda
Environmental Reseach and Training Center
Department of Eavirenmental Quality Promotion Ministry of Science,

Techaology and Environment

2. Contaminadon of Assenie, Cadmivm, and Lead in Pak-Panang river basin, Nakom sithammerat,
Thaxtand.

§.Arrykul, K. Koopumon, W. Witiayawarawal

Department of Mining and MetaMurgical Engineering

Princo of Sougkla University

3. Greundwater Contaminagon by Arsenic from Mining industy in Ronphiboon, Thailand.
Vachi Ramnarong & Anong Paijitprapapon

Depariment of Mincrat Resourees

4. Chronic Arsenic Poisoning in Nakorn Sri-Thammarat
Amorn Rodklx, M.D, Ficld Epidemiology Training Program (FETP) Sidney Shindel, M.D.,
Consultant to FETP

-t
5. Suvey oa locaticn of tin minning in Ronna and Saung<han mouatrzin, Roapiboon, Nzkorn
SrThammaraj. (in Tha)
Puchara jariyawat, Theranai piyawong

Department of mineral Resources,

6. Diagnuse on Arsenic Poisoning cases

Department at Medical

7. Swdy on Arsenic residus in Pak-Panang Bay by vsiag biological saimples. (in Tha)
Sukanya Boonchalermidt, Janswit Wongsan'oon and Munehiro F_'ukuda
Environmental Reseach and Training Center
Department of Environmental Quality Promotion Ministry of Seience,

Technology and Envirenment

3. Summay Reponi on countermeasure for solveing arsenic poisoning in Ruapibul deswict, Nakorm Sri-
Tammanyj province.

Nakom §ri-Thamarat public health ceater (in Tha)
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9. Arsenic poisoning at Ronpiboon Nakom Sri-Thammarat {in Thai)

Ministuy of public health

10. Arsenic in Pak pana:.':g Bay. { in Thai)

Songk]a.na.er{n University

11. Contamination of Arsenic contamination in water, vegetsbls, fruits, and hair in Ronpiboon district,
Nakomn Si-Thammarat (in Thai)

Naroug N. Chaingmai’

Faculty of medical

Songklanakann univessity

12. Chromic Arsenic Preblem at Ronpiboon Nakom-SriThammaral (in Thai)
Dr Chanphen Chujrepawan
Ministry of Plublic health

13. Toxicology and Arsenic poisoning Simadon in Ronpibeon, Nakem Sri-Thammarat (in Tha)

Cffico of Food and Drug Administration .
14, Samary on report siudy for Arsenic contamination in soil, water for agricultern and plant (in Thai)
« Department of

. Ministry of Agriculture

15. Progress research on arseaic problem in Nakom Sr-Tammarej Province

Mindstry of Public health (in Thai)
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Fo: Messes, Deparlwent of Enviromueeniad Quality

Ministry of Science Technology and Environment

This is questionnaire shown as below for the “Environmental Management Planning Survey
for Arsenic Contaminated Area of Nakon Sri Tammaraj Province” project,

[Questionnaire]

1. Mining
+ Mining law and Mine safety law
- Mining history and products in and around the survey area
- Present condition of sin mines in and around the survey area
» Mining methods and volume of crude ore and waste
+ Dressing method and volume of concentrate and tailing ore
+ Smelting method and products, etc.

2. Laws and regulations related to the environment, etc.

- Environmental laws and regutations

- Environmentatl standards {Water quality, waste water, drinking water, soil quality)

- Budget relating to the environmental affair

- Environmental conservation plan

- Environmental monitoring plan

- Imptemental organization including administrative organization for this project
in Thailand

- Administrative setting, including organization and legislation, of this project
within the whole development policy and planning in Thailand

» On the duties and authorities of each department relating to the environment,
partiqularily concerning this project

3. Existing surveys in the Rom Pibun area
- Existing reports of investigation
+ Reports of investigation results of Arsenic contamination at Ronphibun and other
places by DMR
+ Countemeasures for Arcenic contamination in the Rom Pibun area
- Results of water analyses and/or monitoring results in Rom Pibun area
{pH, EC, Na, K, Ca, Mg, Fe, Mn, CO3, CI, SO4, As, water temp.)
- Water quality in other areas
{(pH, EC, Na, K, Ca, Mg, Fe, Mn, CO3, Cl, S04, As, water temp.)

4. Present condition of the survey area

- Population, etc. in Ronphibun village and Nakorn Sri Tammaraj prefecture
» Socigeconomic (Industries, average income, etc.) of Ronphibun village and Nakora Sri
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Tammaraj prefecture
< Infrastructure (road, water supply, ete.) of Ronphibun village and Nakorn Sri
Tammaraj prefecture

5. Data of topography, geology and ore deposits in the survey area

+ ‘Topographic maps (1/10,000~1/50,000) in the survey area

* Geologic map and map of ore deposits in the survey area

* Hydrogeological map in Nakorn Sri Tammaraj prefecture

* Results of drilling surveys in and around the Ronphibun area

» Mining reports, etc. (Ore deposits, kind of ore; waste dump areas, etc.) in the
Ronphibun area

- Location of dump areas and volume of piled materials in the Ronphibun area

» Drilling companies (Including Geological, hydrological and environmental
consultants) and their past records in Nakorn Sri Tammaraj prefecture

6. Meteorological, hydrological and water quality data in the survey area
- Meteorological data (Temperature, precipitation, humidity, wind direction, wind speed
etc.) in Nakorn Sri Tammaraj prefecture
* Distribution of water wells, water level and water quality result in the Ronphibun area
(pH, EC, Na, K, Ca, Mg, Fe, Mn, CO3, Cl, SO4, As, water temp.)
* Water quality of water supply around the Ronphibun area
(pH, EC, Na, K, Ca, Mg, Fe, Ma, CO3, Ci, S04, As, water temp.)
* Data of discharge of rivers and water quality of river water in the Ronphibun area
(pH. EC, Na, K, Ca, Mg, Fe, Mn, CO3, Cl, S04, As, water temp.)
* Concentration of As background of river waters, groundwater and soil around the
Survey area
* Sampling method of water (Location, time, and frequency) and analyzing method of
water quality

7. Arsenic injury (As) in Ronphibun village
* Condition of arsenic injury (Localion, number of injured party, etc.)
- Using volume of well water and drinking volume
- Present countermeasures and remediation plan

8. Others
- Laboratory : Location, Accuracy, analyzing time and cost
* Drilling company in the region
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