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Summary

I. Outline of the Project

Country: Kingdom of Thailand Project title : Project for Capacity Building for
Environmental Research in Thailand

| ssue/Sector : Environmental Management Cooperation scheme:

(Ambient Air) Technical Cooperation Project

Division in charge: Environmental Management | Total cost: about 80 million yen
Team |, Group Il (Environmental Management),
Glaoba Environment Department, JJCA HQ

Period of June 2005 to June 2008 Partner Country’s Implementing Organization:
Cooperation Ministry of Natural Resources and Environment,
Environmental Research and Training Center (ERTC)

Supporting Organization in Japan:

Ministry of the Environment, National Environmental
Research and Training Ingtitute, Research Indtitute of
Environment, Agriculture and Fisheries (Osaka
Prefectural Government)

Related Cooperation: The Project for Development of Environmental and Emission Standards of VOCs
(Volatile Organic Compounds) in Kingdom of Thailand

1. Background of the Project

Thailand (Area: 51.1km?, Population: 63.1 million, Per capita GDP; USD7,595)" faces serious air pollution
prablems, especialy in urban areas, due to rapid industrialization, urbanization and motorization. Ministry of
Natural Resources and Environment (MONRE) have been wrestling with air pollution problems caused by
CO, NO,, SO,, SPM (suspended particulate matter), etc. by setting the environmental standards and
monitoring the status through 52 automatic monitoring stations in all over Thailand. However, effective
measures to control VOCs (Volatile Organic Compounds: VOCs)? was not taken yet when this project
started. VOCs emitted from the industry and vehicles are considered as toxic air pollutants as well as trigger
photochemical oxidants. Additionally, due to the Map Ta Phut case triggered by the NGO’s report, ambient
V OCs become the hottest issue in the environmental administration.

Under these circumstances, the Thai government considered monitoring and controlling VOCs by setting
environmental and emission standards as an important air quality issue, and Environmental Research and
Training Center (ERTC), Department of Environmental Quality Promotion (DEQP) of MONRE reguested
Japan technical cooperation to build capacity for ambient VOCs monitoring. In response, JCA dispatched
preparatory mission in October 2004 and both parties signed Minutes of Meeting. Following the approval of
the project, JCA started to implement “The Project for Capacity Building for Environmental Research in
Thailand” (hereinafter referred to as “the Project”) from 12 June 2005 to 11 June 2008.

Along with the Project, “The Project for Development of Environmental and Emission Standards of VOCs’
whose C/P organization is Pollution Control Department (PCD) was carried out from March 2006 to March
2008 in an integrated manner. ERTC, the organization to research in VOCs monitoring methodologies, laid a
scientific foundation and PCD formulate policies and set environmental standards based on the scientific
foundation. This collaborative mechanism was well understood from the beginning, and the dispatch plans of

' Figures of population and per capita GDP are as of 2003.
2V OCs (Volatile Organic Compounds: VOCs) are defined by WHO (World Health Organization) as organic compounds having boiling point
below 240-260 degree Celsius



experts were formulated to maximize synergetic effects of both projects. Both projects with the same overall
goa and the project purpose, indeed, greatly contributed in enhancing MONRE's capacity to take
countermeasures against VOCs air pollution.

2. Project Overview
(1) Overall Goal:
Concrete actions on air pollution by VOCs will be taken.
(2) Project Purpose:
MONRE’s capacity to take countermeasures against VOCs air pollution including development of
environmental and emission standards in Thailand is enhanced.
(3) Outputs:
1. Development of appropriate methodologies for VOCs ambient monitoring in Thailand.
2. Elucidation of the VOCs contamination status in Thailand.
3. Strengthening of the ERTC’s capability to research on VOCs air contamination and health risk.
(4) Inputs (as of thisfinal evaluation)
Japanese side:
Short term expert: 9 personsd] 15.20 M/MO
No. of traineesreceived in Japan: 3 persons
Provision of equipment: Items for sampling and laboratory analysis
(Approximately JPY 25 million)

Thai side:
Counterpart:9 persons from ERTC, Air Research and Development Sub-division
Provision of land and facility: For the project office space

I1. Evaluation Team

Member s of Japanese Side
Evaluation Team (1) Mr. Kazuo Sudo (Leader)
Senior Advisor, Global Environment Department, JICA
(2) Mr. Tomoyuki Uda (Cooperation planning)
Senior Program Officer, Environmental Management Team |, Group |1
(Environmental Management), Global Environment Department, JICA
(3) Ms. MisaOishi (Evaluation Anaysis)
Consultant, Overseas Operations Department, Kokusai Kogyo Co., Ltd.

Thai Side
(1) Mr. Boonchob Suthamanuswong, Director of ERTC
(2) Dr. Hathairatana Garivait

Head of Air Research and Development Sub-division, ERTC
(3) Ms.Wanna Laowagul

Director of Industrial Air Pollution Division

Environmental officer, Air Research and Development Sub-division, ERTC
(4) Ms. Daisy Morknoy

Environmental officer, Air Research and Development Sub-division, ERTC
(5) Ms. Plernpis Pongprayoon

Environmental officer, Air Research and Development Sub-division, ERTC
(6) Mr. Sirapong Sooktawee

Environmental officer, Air Research and Development Sub-division, ERTC




Period of Evaluation: April 1, 2008~April 11, 2008 Type of Evaluation: Final Evaluation

I11. Results of Evaluation

1. Achievements

(1) Project Purposes

Based on the status of indicators as seen below, it can be concluded that the Project Purpose is successfully
achieved.

Indicator 1: ERTC can propose reliable measurement methodol ogies for ambient VOCs monitoring to the
Pollution Control Board.

Both ERTC and PCD under MONRE have acquired the technical capabilities of ambient VOCs monitoring
by utilizing the canister method through the JICA’s technical cooperation projects. The Notification of
National Environment Board (NEB) No. 30 recommended the canister method as a reference method. In
addition, the Project is now preparing Proposal of Establishment of an Appropriate Methodology for Ambient
VOCs Monitoring in Thailand using Canister-Preconcentrator -GC/MS Technique, and this is planned to be
handed in to the secretariat of Pollution Control Board before September 2008.

Indicator 2: Priority compounds of VOCs in terms of human health risk to be monitored and controlled in
Thailand are recognized in MONRE.

Environmental standards for 9 VOCs proposed by Health Effect Committee were officially approved at NEB
on Feb. 23, 2007, and Notification of National Environment Board No. 30 , B.E 2550 (2007) was published
in the Royal Government Gazette No. 124 Part 143 dated September 14, B.E.2550 (2007). Thus it can be
concluded that MONRE recognized priority compounds of VOCs.

Indicator 3: ERTC has a technical capability to conduct training courses on air quality monitoring method of
VOCs.

ERTC conducted a five-day training course titled “Monitoring of VOCs in Ambient Air” from 23rd to 27th
July, 2007. In the training course, in addition to the invited lecturers such as associate professors of several
universities and the Director General of PCD, al nine C/P give lectures and instructions in relevant topics.
Thus it is clear that ERTC has a technical capability to conduct training courses on air quality monitoring
method of VOCs.

Indicator 4: Awareness of VOCs air pollution is enhanced through ERTC research.

ERTC publishes a research journal once in a few years, and the coming issue is going to include the paper
titled “Status of Ambient Volatile Organic Compounds in Bangkok Area’ written by the Project C/P. Also,
information on ambient VOCs air pollution and the Project is disseminated widely to the public through
ERTC'’s publications such as booklets named Green Research and newsletters named Green News and
pamphlets. In addition, the knowledge and experiences gained through the Project are shared with others
through lecturers that were presented by C/P at seminars. As just seen above, ERTC has been disseminating
the learning and experiences of the Project, and awareness of VOCs air pollution has been enhanced.

(2) Outputs
1. Through the Project, ERTC has endeavored to develop the bel ow-mentioned three methodologies and




currently the Output 1 is almost achieved. The Project is now preparing the Proposal of
Establishment of an Appropriate Methodology for Ambient VOCs Monitoring in Thailand using
Canister-Preconcentrator -GC/MS Technique, and this is planned to be handed in to the secretariat of
Pollution Control Board.

 the Canister-preconcentrator-GC/M S method (the canister method)

» the Passive sorbent tube thermal desorption-GC/M S method (the passive TD method)

» the DNPH collection-HPL C method (DNPH-HPLC method)

2. As a baseline survey, the monthly monitoring by the canister method has been carried out since
August 2006 at the 11 monitoring sites in Bangkok. The monthly monitoring activities in Bangkok by
the passive TD method and DNPH-HPLC method were added since March 2007 and October 2007
respectively. In addition, the bimonthly monitoring by three methods was a so started in Map Ta Phut.
Through those monitoring activities, spatial and time-series distribution of ambient VOCs including 9
VOCs with air quality standards has been elucidated. Thus the Team concluded that the Output 2 is
substantially achieved, although assessment of VOCs air pollution from the view point of human
health risk remains to be studied.

3.  Currently nine C/P in total are in charge of ambient VOCs monitoring. At a planning stage of
monitoring plan, population density, traffic density and available air quality monitoring data in
Bangkok were used for sampling site selection. The monitoring plan will be reviewed based on the
result of the baseline survey. The regular monitoring has been carried out since August 2006, well
before the end of the second year (May 2007), and the result is summarized from the view point of
gpatial and time-series distribution in a few documents such as “Status of Ambient Volatile Organic
Compounds in Bangkok Ared’. Through working with experts, all four main C/P acquired skills on
data interpretation. In addition, one of the C/P who underwent training course in Japan learned data
interpretation and modeling, and they contributed in compiling the above mentioned document as
authors. Although assessment of VOCs air pollution from the view point of human health risk
remains to be studied, as just seen above, ERTC’s capacity to research on VOCs air contamination has
been well strengthened and thus the Output 3 is also substantially achieved.

2. Summary of Evaluation Results

(1) Relevance

The Team concluded that the Project remains highly relevant in terms of the Policy of Thai government, the
Policy of Japanese government and the needs of C/P agency.

According to Tenth National Economic and Social Development Plan (October 2006 — September 2011), The
Thai Government considers conservation of natural resources and environment as one of the five pillars of
development strategies. Environmental conservation is how considered as important as economic and human
resource development. Also, the Enhancement and Conservation of the National Environmental Quality
Policy and Plan (1997-2016) defines framework of guidelines of natural environment protection including
pollution control. In addition, due to the Map Ta Phut case, MONRE have to tackle the pollution by VOCs as
its first priority, and thus air pollution control in relation to VOCs is indeed highly prioritized in the
environmental programs and administration. Also, in the Japan's Economic Cooperation Program for




Thailand revised in May 2006, one of the major areas of cooperation to be worked on is “responses to issues
that emerge with maturing of society” which includes the cooperation on environmental management. Thus it
is highly relevant to contribute in enhancing capacity of ERTC, the organization to study and present research
results and long-term health risks of awider range of VOCs.

(2) Effectiveness

The Team concluded that the effectiveness of the Project is substantially secured. Each three outputs has been
produced through a wide range of important activities, such as establishment of three ambient VOCs
monitoring methodologies, the regular monitoring, data interpretation and analysis of the monitoring results
and implementation of the training course on ambient VOCs monitoring. Although evaluation of VOCs air
pollution from the view point of human health risk remains as a theme to be further studied, the number of
outputs and the achievement levels of three outputs were sufficient to achieve the project purpose.

(3) Efficiency

A number of activities have been carried out and the outputs are being produced as mostly planned. In
addition, the interview surveys revea that overall satisfaction towards inputs such as human resources
(Japanese experts), trainings and provided egquipment is high, and so isthe level of utilization, as seen below.
Therefore the efficiency is secured.

Human recourses (Japanese experts)
The necessary experts were dispatched timely, according to the learning stages of each methodology. C/P
expressed that they have learned many new things through working together with experts, such as

methodol ogies themselves, data interpretation and report writing, maintenance of eguipment, tips on minor
repair and sampling method. Since C/P and Japanese experts have worked closely, the efficiency was
satisfactory attained.

Training courses in Japan

Since the themes of training courses are so specialized that the training was carried out as individual courses
provided by public universities and research institutes. The training courses are related to (i) capacity
building on DNPH-HPLC method that is necessary to cope with carbonyl compounds in the future, (ii) data
interpretation aiming to accelerate analysis of accumulated monitoring data, and (iii) atmospheric reactivity
mechanism related to VOCs air pollution. Interviewees who underwent the training courses in Japan vaued
the courses, and confirmed that the knowledge and experiences gained during the courses are extensively
used in their work.

Equipment
Provided equipment by JICA, such as GC/MS, preconcentrator, canister, HPLC workstation and so on, is

now fully utilized for the regular monitoring activities. Equipment such as auto samplers for the canister and
the thermal desorption unit and consumables have been purchased by ERTC.

(4) I'mpact
A concrete action, i.e. setting up air quality standards for 9 VOCs, was taken, and thus it can be concluded
that the achievement of overal goa is aready realized. In addition, a positive impact for benefiting the




following people is aready emerged.

» Forty one (41) participants (14 from the public sector, 11 from academic institutions and 16 from the
private sector) attended in the five-day training course titled “Monitoring of VOCs in Ambient Air”
conducted by ERTC.

» Two hundreds thirty nine (239) visitors from 14 local and international institutions to ERTC’s ambient
VOCs laboratory.

(5) Sustainability
The Team concluded that the sustainability in terms of organizational and institutional aspect, financial aspect
and technical aspect will be secured.

Organizational and institutional aspect

ERTC acquired methods to monitor and analyze ambient VOCs through the Project, and started
disseminating the acquired knowledge through the training and seminars. Also, a support from the
government is confirmed as a form of steady budget allocation. In addition, three staff members for ambient
VOCs activities, including one who will be hired in May 2008, are increased during the project period.
Therefore the sustainability in terms of organizational and institutional aspects will be secured.

Financial aspect
Due to the strong social and political pressure arising from the Map Ta Phut case and due to MONRE’s

increasing commitment, the budget for the ambient VOCs monitoring is secured even after the Project. Thus
it can be said that the sustainability in terms of financial aspect will be also secured.

Technical aspect
During the interviews, C/P expressed their confidence saying that they have learned many new things through

the Project and now they are able to monitor and analyze ambient VOCs. Also the transferred technologies
are indeed what C/P need to carry out their duties. Therefore the transferred knowledge along with the
provided equipment is extensively used. Even after the Project, ERTC plans to disseminate knowledge and
experiences gained from the Project through (i) submission of the Proposal of Establishment of an
Appropriate Methodology for Ambient VOCs Monitoring in Thailand using Canister-Preconcentrator
-GC/MS Technique to the Pollution Control Board, (i) continuation of conducting the training courses on
ambient VOCs monitoring and (iii) publication of research papers and reports. The transferred technology
will be used extensively in their work. The mechanism to disseminate knowledge on the transferred
knowledge and skills is embedded in ERTC’s mandate; thus the sustainability in terms of technical aspects
will be secured.

3. Factorsthat promoted realization of effects
Factors concerning the planning
« In the midst of strong socia pressures arising from the Map Ta Phut case, C/P are well aware of the
importance of ambient VOCs monitoring, and have learned the monitoring methodol ogies and analysis
with high commitment.
« Before the inauguration of The Project for Development of Environmental and Emission Standards of
VOCs, ERTC was the only institution that can analyze ambient VOCs by using the canister method.




PCD, a late comer, was able to shorten the time to acquire the knowledge on the canister method by
referring to the ERTC’s experiences on VOCs research and could start the routine monitoring from
August 2006.
Factors concerning the implementation process

» ERTC has alongstanding relationship with Japanese technical cooperation, and therefore the confidence
in Japanese technologies is firm. Readiness and awareness towards Japanese technical cooperation are
also high.

» Most of experts dispatched for the Project had previous working experiences at ERTC and therefore
they were able to start activities with beforehand knowledge on the level of technical and analytical
capabilities of ERTC.

4. Factorsthat impeded realization of effects
Factors concerning the planning

» Due to the strong social and political pressure arising from the Map Ta Phut case, environmental
standard was set on 9 VOCs earlier than it was considered in the beginning of the Project. Therefore
ERTC was not able to share their monitoring data from August to October 2006 with the concerned
agencies due to the fact that the QA/QC protocol on the canister method has not been finalized.

Factors concerning the implementation process

» Due to the short and intermitted stay of Japanese experts, C/P needs longer time to acquire monitoring
methodol ogies than they originally expected. In addition, some of C/P expressed that it would be better
if the Japanese experts could stay longer since it usually takes time to learn methodologies.

» As for DNPH-HPLC method, due to the fact that malfunctioning of HPLC became clear only after the
inauguration of the Project, the progress of establishment of this method is behindhand with comparison
to other two methods.

» Asfor the canister method, the status of preconcentrator has not been good, and a serious malfunction of

preconcentrator currently hinders C/P from sampling regularly since February 2008. Since
preconcentrators are rare in Thailand and no dealer can completely repair the particular preconcentrator,
it istaking time to resume the regular monitoring.

5. Conclusion

As the Thai economy has been developing rapidly along with industrialization, urbanization and
motorization, air pollution has become a serious problem, particularly in urban areas. One of pressing
environmental concerns that Thailand is currently facing is VOCs pollution. Research and monitoring of
VOCs areindispensable for the Thai government to take effective countermeasures.

Under these circumstances, the Project has been implemented with the project purpose that MONRE's
capacity to take countermeasures against VOCs air pollution including development of environmental and
emission standards in Thailand is enhanced. The Project has developed the canister method to monitor VOCs
pollution, with the passive TD and the DNPH-HPLC methods being under successful development. The
Project activities contributed partly to the success of the PCD project for “Development of Environmental
and Emission Standards of VOCS’ in the proclamation of environmental standards of 9 VOCs. Spatial
distribution and time series analyses have been conducted to accumulate V OCs concentration data in ambient
air and demonstrate V OCs pollution status on certain sites with three methods mentioned above. ERTC has to




make continuous efforts to deepen knowledge on ambient VOCs concentration to assess human health risk
and study fate and distribution of ambient VOCs. The sustainability of the Project is promising in terms of
institutional, financial and technical aspects.

In conclusion, as the Project has been progressing smoothly with close cooperation between people
concerned and their dedicated efforts, achieving the project outputs set forth, and consequently is successfully
attaining the project purpose, the Project should be terminated as planned

6. Recommendations

1.

~

The Notification of National Environment Board No. 30 recommended the canister method as a reference
method for monitoring VOCS air quaity standards. However, in actual analysis, a set of information on
performance of each instrument and considerations on sampling, €tc, is necessary as a standard method.
The Team recommends the Project to prepare the proposal on a reference method and submit to the
Pollution Control Board by the end of September 2008.

ERTC plans to improve their analytical capabilities further by increasing the reliabilities of three
methodol ogies and not by just expanding the geographical coverage or numbers of sampling site with the
current level of reliabilities. In the process of doing so, the results of monitoring is recommended to be
presented to academic conferences and seminars and to get feedbacks on own researches in order to
suitably reflect the social needs in Thailand as well as to know the levels of own research capabilitiesin
the international standard.

As for evaluation of VOCs air pollution from the view point of human health risk, it should be worked
on with long-term commitment as one of important research topics for ERTC. It is recommended to be
done so through a standard procedure of human health risk assessment such as unit risk factor, margin of
safety, mode of exposure and frequency of occurrence.

C/P should flexibly adjust their analysis, by considering characteristic of target compounds and results of
analysis, thus repeating analysis whenever results of analysis show some abnormalities from expected.

. Lessons L earned

By learning the challenge identified during the evaluation study, i.e. the difficulty to share information
among short term experts who were dispatched intermittently and individually, it is recommended to set
up opportunities for information sharing among experts, for example, such as holding regular meetings
to make them familiar with the progress of the Project and to exchange their views and opinion on the
Project. This would contribute to efficient technical transfer.

The following conditions, which were met in the Project, can be considered as keys to success;
i.  Mounting public concerns about the existing environmental issue generate motives and incentives to
the concerned persons.
ii. Existence of commitment of the C/P organization, close cooperation between ERTC and PCD, and
the capability and great dedication of all C/P.




3.

Longstanding relationship with the JICA’s technical cooperation has successfully contributed to the
enhancement of the technical capacities of ERTC as a whole, and the confidence in Japanese
technologies by C/P greatly contributed to the smooth implementation of the Project.

8. Follow-up Situation

Nothing particular.
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MINUTES OF MEETING BETWEEN
FINAL EVALUATION TEAM AND
DEPARTMENT OF ENVIRONMENTAL QUALITY PROMOTION,
MINISTRY OF NATURAL RESOUREES AND-ENVIRONMENT,
THE KINGDOM OF THAILAND ON
JAPANESE TECHNICAL COOPERATION FOR
THE PROJECT FOR CAPACITY BUILDING FOR

ENVIRONMENTAL RESEARCH IN THATLAND

Japan International €ooperatiomr Agency (hereimafter referred to as “JICA”) dispatched the Final
Evaluation Team (hereinafter referred to as “Japanese Team”), headed by Mr. Kazuo SUDO, to the
Kingdom of Thailand from 1 April to 10 April, 2008, for the purpose of conducting the joint final
evaluation for the Project for Capacity Building for Environmental Research in Thailand (hereinafter
referred to as “the Project”).

The Joint Evaluation Team (hereinafter referred to as “the Team™), which consists of members from
Japanese Team and members from the Environmental Research and Training Center, Department of
Environmental Quality Promotion, Ministry of Natural Resources and Environment of Thailand, was
organized for the purpose of conducting the final evaluation.

After intensive study and analysis of the activities and achievements of the Project, the Team prepared
the Final Evaluation Report (hereinafter referred to as “the Report”) attached as Appendix I, and presented
it to the Joint Evaluation Meeting, whose member list is attached as Appendix II, on 10 April, 2008.

The members of the Joint Evaluation Meeting confirmed the Report and agreed to forward it to the

respective Governments.

Bangkok, 10 April 2008

- . C— L G P4

Mr. Kazuo SUDO Dr. Monthip Srizatana Tabucanon

Leader Director Genera

Final Evaluation Team Department of Environmental Quality Promotion
Japan Internaticnal Cooperation Agency Ministry of Natural Resources and Environment
Japan The Kingdom of Thailand
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Joint Final Evaluation Report

The Project for Capacity Building for Environmental

Research in Thailand
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Chapter1  OUTLINE OF THE EVALUATION STUDY

1.1. Background of the Evaluation Study

Thailand faces serious air pollution problems, especially in urban areas, due to rapid industrialization,
urbanization and motorization. VOCs (Volatile Organic Compounds: VOCs)' emitted from the industry
and vehicles are considered as toxic air pollutants as well as trigger photochemical oxidants.
Additionally, due to the Map Ta Phut case triggered by the NGO’s report, ambient VOCs become the

hottest issue in the environmental administration.

Under these circumstances, the Thai government considered monitoring and controlling VOCs by setting
environmental and emission standards as an important air quality issue, and Environmental Research and
Training Center (ERTC), Department of Environmental Quality Promotion (DEQP) of Ministry of
Natural Resources and Environment (MONRE) requested Japan technical cooperation to build capacity
for ambient VOCs monitoring. In response, JICA dispatched preparatory mission in October 2004 and
both parties signed Minutes of Meeting. Following the approval of the project, JICA started to
implement “The Project for Capacity Building for Environmental Research in Thailand” (hereinafter

referred to as “the Project”) from 12 June 2005 to 11 June 2008.

In April 2007, the mid-term evaluation was implemented to review and confirm the progress of the
Project, and the Master Plan and Plan of Operation were revised in line with the result of mid-term
evaluation. This time, two month prior to the completion of the Project, the final evaluation was
conducted to evaluate whether the Project has achieved the expected outputs and the project purpose.
The result of the final evaluation is utilized to draw the conclusion on whether it is appropriate to
complete the project as scheduled or necessary to extend the cooperation, and lessons to be applied to
other similar projects of JICA. The specific objectives of final evaluation are summarized in the next

section.

1.2. Objectives of the Evaluation Study
The specific objectives of final evaluation are outlined as follows:

(1) toreview and confirm the achievement and implementation process of the Project

' VOCs (Volatile Organic Compounds: VOCs) are defined by WHO (World Health Organization) as organic
compounds having boiling point below 240-260 degree Celsius



(2) to evaluate the Project in terms of five evaluation criteria, namely relevance, effectiveness,
efficiency, impact and sustainability, based on the Project Design Matrix (PDM)

(3) toreview and evaluate changes in external conditions

(4) to draw the conclusion on whether the Project has achieved the purpose and realized the outputs

(5) to make recommendation for further improvement of the Project to stakeholders

(6) to draw lessons that can be applied to other similar ongoing and future projects of JICA

1.3. Members of the Evaluation Study Team
The final evaluation team (hereinafter referred to as the Team) consists of the following members.

1.3.1. Thai Team
(1) Mr. Boonchob Suthamanuswong

Director of ERTC
(2) Dr. Hathairatana Garivait

Head of Air Research and Development Sub-division, ERTC
(3) Ms.Wanna Laowagul

Environmental officer, Air Research and Development Sub-division, ERTC
(4) Ms. Daisy Morknoy

Environmental officer, Air Research and Development Sub-division, ERTC
(5) Ms. Plernpis Pongprayoon

Environmental officer, Air Research and Development Sub-division, ERTC
(6) Mr. Sirapong Sooktawee

Environmental officer, Air Research and Development Sub-division, ERTC

1.3.2. Japanese Team
(1) Mr. Kazuo Sudo (Leader)
Senior Advisor, Global Environment Department, JICA
(2) Mr. Tomoyuki Uda (Cooperation planning)
Project Officer, Environmental Management Team I, Group Il (Environmental Management),
Global Environment Department, JICA
(3) Ms. Misa Oishi (Evaluation Analysis)
Consultant, Overseas Operations Department, Kokusai Kogyo Co., Ltd.




1.4. Schedule of the Evaluation Study

No. Date Time Schedule
1 Apr. 1, Tue Arrival of an evaluation consultant
2 | Apr.2,Wed | 09.00-12.00 | Meeting with the counterparts of ERTC
(Presentation on the progress and issues of the Project’
implementation from Thai Side)
13.30-17.00 | Interview with a JICA Expert/ counterparts of ERTC
2 Apr. 3, Thu | 09.00-17.00 | Interview with counterparts of ERTC
3 Apr. 4, Fri 09.00-17.00 | Interview with counterpart of ERTC
4 Apr. 5, Sat Document Preparation '
5 Apr. 6, Sun Document Preparation
6 Apr. 7, Mon Arrival of two members of the Japanese evaluation team
Meeting with JICA expert
7 Apr. 8, Tue | 08.30-10.00 | Courtesy call to Director of ERTC
11.00-17.00 | Meeting with the counterpart of ERTC
8 Apr. 9, Wed | 09.00-09.30 | Courtesy call to Director General of DEQP
11.00-17.00 | Meeting with ERTC on Joint Evaluation Report and M/M
(Draft) preparation
9 Apr. 10, Thu | 09.00-10.30 | Joint Evaluation Meeting
10.30-12.00 { Signing on M/M at DEQP
15.30-16.30 | Report to EOJ, JICA Thailand Office
From 18.30 Dinner hosted by JICA

1.5. Methodology of Evaluation

The Project was evaluated based on the revised Master Plan of the Project, which was agreed at the

. occasion of the mid-term evaluation by both Thai side and Japanese side on April 12, 2007.

1.5.1. Evaluation procedure

First, the Team formulated the evaluation grid which identified the specific evaluation points and the

data collection methods. For the data and information, the Team applied various methods such as the

interviews based on the questionnaire, the group discussions and the observation of the laboratory. The

Team analyzed and evaluated the Project in terms of the achievement level of the Project, the

implementation process, and five evaluation criteria such as Relevance, Effectiveness, Efficiency, Impact

and Sustainability. Finally, the Team made the recommendations and drew lessons learned based on the

result of evaluation.



1.5.2. Points for the evaluation

Achievement level and Implementation Process of the Project

The achievement levels in terms of Inputs, Activities, Outputs, Project Purpose and the Overall Goal
were assessed in comparison with the Master Plan, Plan of Operation (PO) and the actual progress of the
Project. The implementation process of the Project was also confirmed from the various viewpoints such

as monitoring and communication.

Evaluation Criteria
In addition to verification of achievement level and implementation process of the Project, the final
evaluation study assesses the Project from the following five evaluation criteria.

(1) Relevance: An overall assessment of whether the project purpose and overall goal are in
line with policy of both sides and with partner country’s needs.

(2) Effectiveness: A measure of whether the project purpose has been achieved. This is then a
question to the degree to which the outputs contribute towards achieving the
intended project purpose.

(3) Efficiency: A measure of the production of outputs (results) of the Project in relation to the
total resource inputs.

(4) Impact: The positive and negative changes, produced>directly and indirectly as the
result of the Project.

(5) Sustainability:  An overall assessment of the extent to which the positive changes achieved by

the Project can be expected to last after the completion of the project.

Chapter2 OUTLINE OF THE PROJECT

The Project has been carried out since June 2005. The expected Overall Goal, Project Purpose and

Outputs written in the Master Plan are as follows:

Overall Goal:

Concrete actions on air pollution by VOCs will be taken.

Project Purpose:

MONRE’s capacity to take countermeasures against VOCs air pollution including development of



environmental and emission standards in Thailand is enhanced.

Outputs:
1. Development of appropriate methodologies for VOCs ambient monitoring in Thailand.

2. Elucidation of the VOCs contamination status in Thailand.

3. Strengthening of the ERTC’s capability to research on VOCs air contamination and health risk.

Chapter3 ACHIEVEMENT AND IMPLEMENTATION PROCESS

3.1. Inputs
3.1.1. Inputs from the Japanese side
In total, the Japanese side has allocated and appropriated necessary budget for the project activities and

management as shown in the following table.
‘ Unit: Yen*

For the project period JFY2004 JFY2005 JFY2006 JFY2007 Total

Cost for Project Implementation | 18,627,000 | 29,118,000 | 11,122,000 | 21,245,000 | 80,112,000

*1 Yen = 0.3 Baht as of April 2008

Below are the details regarding main inputs provided by JICA. Please note that all the numbers and

figures below are as of April 2008.

(1) Dispatch of Japanese experts

The following numbers of experts were dispatched and assigned. For details, please refer to the Annex 4.
» Three (3) short-term experts from June 2005 to March 2006
 Three (3) short-term experts from April 2006 to March 2007
» Three (3) short-term experts from April 2007 to April 2008

(2) Counterpart Training in Japan

To date, as seen in the Annex 5, three persons in total underwent the training in Japan.

(3) Provision of equipment

The provided equipment by the Project, mainly for the monitoring activities, is detailed in Annex 6.



3.1.2. Inputs from the Thai Side
The Thai side has allocated the necessary local cost such as equipment, consumables, office facilities and
so on to implement the Project smoothly. For reference, ERTC Air Research and Development

Sub-division’s budget for ambient VOCs monitoring during the Project’s period is shown below.

ERTC Air Research and Development Sub-division’s budget for ambient VOCs monitoring

Unit: Baht
Item 2005* 2006 2007 2008**
Operation Cost 2,372,600 2,503,000 3,439,000 4,298,700
Equipment cost 2,900,000 - 399,966 2,674,000
Total 5,272,600 2,503,000 3,838,966 6,972,700

(Note) Yearly calculation is based on Thai Fiscal Year from October to September.

*2005 figure includes cost before the Project started in June 2005.
**2008 figure includes cost after the Project ends in June 2008.

3.2. Achievement of the Project

3.2.1. Overall Goal

“Concrete actions on air pollution by VOCs will be taken.”

Environmental standards for 9 VOCs® proposed by the Health Effect Committee (HEC)® were officially
approved at the National Environment Board (NEB) on Feb. 23, 2007, and Notification of National
Environment Board No. 30 , B.E 2550 (2007) was published in the Royal Government Gazette No. 124
Part 143 dated September 14, B.E.2550 (2007). A concrete action, i.e. setting up air quality standards for

9 VOCs, was taken, and thus it can be concluded that the achievement of overall goal is already realized.

As a contribution from the Project, in response to a request from MONRE in October 2005,
Environmental Research and Training Center (ERTC) analyzed samples collected by Pollution Control

Department (PCD) in Map Ta Phut by using the canister-preconcentrator-GC/MS method (the canister

2 Nine VOCs are Benzene, Vinyl Chloride, 1,2-Dichloroethane, Trichloroethylene, Dichloromethane, 1,3-Butadiene,
Chloroform, Tetrachloroethylene and 1,2-Dichloropropane. v

® The Committee for Study Human Heath Effect from Pollution in Rayong Province (Health Effect Committee). In stead
of Pollution Contro} Board, the HEC take initiatives to set up concrete measures. Members are officers from NEB,
Ministry of Public Health(MOPH), Ministry of Labour, Thailand Research Fund, Industrial Estate Authority of
Thailand(JEAT), Department of Industrial Works(DIW), Office of the Natural Resources and Environmental Policy and
Planning(ONEP), Chulabhom Research Institute, National Cancer Institute of Thailand, National and Social Advisory
subcommittee office of the National Economic and Social Development Board, Department of Environmental Quality
Promotion (DEQP), ERTC, Provincial officers, Universities, NGOs, Representative of companies in the Map Ta Phut
Industriall Estate, community leaders, and PCD as a secretariat.



method) in the midst of the strong social and political pressure arising from the Map Ta Phut case.
Before the.inauguration of “The Project for Development of Environmental and Emission Standards of
VOCs” whose C/P organization is PCD, ERTC was the only institution in Thailand that can analyze
ambient VOCs by using the canister method through the first year capacity building of the Project.

For setting up air quality standards for 9 VOCs, the PCD’s results of regular monitoring started in
August 2006 were referred to*. PCD, a late comer, was able to shorten the time to acquire the knowledge
on the canister method by referring to the ERTC’s experiences on VOC research and could start the

routine monitoring from August 2006.

3.2.2. Project Purpose
“MONRE’s capacity to take countermeasures against VOCs air pollution including development

of environmental and emission standards in Thailand is enhanced.”

Based on the status of indicators as seen below, it can be concluded that the Project Purpose is

successfully achieved.

Indicator 1: ERTC can propose reliable measurement methodologies for ambient VOCs monitoring to

the Pollution Control Board.

Both ERTC and PCD have acquired the technical capabilities of ambient VOCs monitoring by utilizing
the canister method through the JICA’s technical cooperation projects. The Notification of National
Environment Board No. 30 recommended the canister method as a reference method. In addition, the
Project is now preparing Proposal of Establishment of an Appropriate Methodology for Ambient VOCs
Monitoring in Thailand using Canister-Preconcentrator -GC/MS Technique, and this is planned to be

handed in to the secretariat of Pollution Control Board within 2008.

Indicator 2: Priority compounds of VOCs in terms of human health risk to be monitored and controlled
in Thailand are recognized in MONRE.

Environmental standards for 9 VOCs proposed by HEC were officially approved at NEB on Feb. 23,
2007, and Notification of National Environment Board No. 30 , B.E 2550 (2007) was published in the
Royal Government Gazette No. 124 Part 143 dated September 14, B.E.2550 (2007). Thus it can be

* ERTC also started its regular monitoring from August 2006. However, the results of monitoring data from August to
October 2006 were not shared with other concerned agencies since some of the results did not meet the internal QA/QC
standards.

10

iy
77

A



concluded that MONRE recognized priority compounds of VOCs.

As background information, both ERTC and PCD started the regular monitoring from August 2006. In
the planning stage of a monitoring plan, a meeting with PCD was held and the demarcation of the
monitoring sites (13 sites in the general environment near the source for PCD; 5 sites along the roads, 5
sites in the residential areas and one site in the boundary area for ERTC) was agreed upon. ERTC as a
research institute targets 77 VOCs in line with the VOCs analytical method of U.S. EPA TO-15, and
already succeeded in performing reliable analysis on 57 out of 77 VOCs. ERTC will continue the regular
monitoring using the canister method for research purpese as well as developing alternative methods® in
order to analyze a wider range of VOCs, publish results of the analysis and further deepen MONRE’s

recognition on air pollution caused by VOCs.

Indicator 3;: ERTC has a technical capability to conduct training courses on air quality monitoring
method of VOCs.
ERTC conducted a five-day training course titled “Monitoring of VOCs in Ambient Air” from 23" to

27" July, 2007. In response to growing concerns over ambient air pollution caused by VOCs, 67
applicants applied, and 41 (14 persons from the public sector, 11 persons from academic institutions and
16 persons from the private sector) were accepted to the course. In the training course, in addition to the
invited lecturers such as associate professors of several universities and the Director General of PCD, all
nine C/Ps give lectures and instructions in relevant topics. Since the demand for the training on ambient
VOC monitoring is increasing after proclamation of 9 VOCs environment standards, ERTC will conduct
a similar training course in 2008, too; thus it is clear that ERTC has a technical capability to conduct

training courses on air quality monitoring method of VOCs.

Indicator 4: Awareness of VOCs air pollution is enhanced through ERTC research.

ERTC publishes a research journal once in a few years, and the coming issue is going to include the
paper titled “Status of Ambient Volatile Organic Compounds in Bangkok Area” written by the Project
C/Ps. In addition, information on ambient VOCs air pollution and the Project is disseminated widely to
the public through ERTC’s publications such as booklets named Green Research and newsletters named

Green News and pamphlets.

In addition, the knowledge and experiences gained through the Project are shared with others through

5 Alternative methods are the passive sorbent tube thermal desorption-GC/MS method and DNPH collection-HPLC
method.



lecturers that were presented by C/Ps at seminars and explanation to who visited the ERTC’s VOCs
laboratory. For detailed information, please refer to Annex 3. As just seen above, ERTC has been
disseminating the leaming and experiences of the Project, and awareness of VOCs air pollution has been

enhanced.
3.2.3. Ontputs

Output 1. “Development of appropriate methodologies for VOCs ambient monitoring in

Thailand.”

Through the Project, ERTC has endeavored to develop three methodologies as seen below and currently
the Output 1 is almost achieved. The Project is now preparing the Proposal of Establishment of an
Appropriate Methodology for Ambient VOCs Monitoring in Thailand using Canister-Preconcentrator
-GC/MS Technigue, and this is planned to be handed in to the secretariat of Pollution Control Board.

As for the Canister-preconcentrator-GC/MS method (the canister method), ERTC as a research institute

targets 77 VOCs in line with the VOCs analytical method of U.S. EPA TO-15, and already succeeded in
performing reliable analysis on 57 out of 77 VOCs. The monthly monitoring by the canister method has
been carried out since August 2006 at the 11 monitoring sites in Bangkok (five sites along the roads, five
sites in the residential areas and one site in the boundary area). In addition, the bimonthly monitoring
was also started from May 2007 in Map Ta Phut. SOPs were produced for this method; currently the
document named Proposal of Establishment of an Appropriate Methodology for Ambient VOCs
Monitoring in Thailand using Canister-Preconcentrator / GC/MS Technique is under preparation. The
proposal will be submitted to the Pollution Control Board once it becomes ready. For development of the

canister method, 4 C/Ps have been involved.

As for the Passive sorbent tube thermal desorption-GC/MS method (the passive TD method), 24 VOCs

in case of Carbopack B and 11 VOCs in case of Carbopack X were reliably identified. The monthly
monitoring has been carried out in the same 11 sampling sites in Bangkok since March 2007. The
bimonthly monitoring was also started in Map Ta Phut since May 2007. Currently, the draft technical
document on this method, Establishment of Passive Sorbent Tube Thermal Desorption-GC/MS - Method
Jor VOCs measurement in ambient air-, which contains the summary results of the regular monitoring is

under revision. SOPs for this method were also prepared and included in the draft technical document.

OlloT”



As for this method, three C/Ps have been working,.

Under the DNPH collection-HPLC method {(DNPH-HPLC method), sampling has been carried out by

both active and passive methods and 15 carbonyl compounds have been targeted and currently 14 out of
15 compounds can be reliably identified. Since October 2007, the monthly monitoring has been carried
out at the same 11 sampling sites in Bangkok, and the bimonthly monitoring was also started in Map Ta
Phut since November 2007. As for this method, due to the fact that (i) it was an additional method that
established to cope with carbony! compounds and (ii) malfunctioning of HPLC became clear only after
the inauguration of the Project, the progress of establishment of this method is behindhand with
comparison to other two methods. ERTC is well aware that the importance of monitoring carbonyl
compounds has been increasing since (i) those compounds has greater health risk and (ii) gasohol with
higher ethanol ratio will soon be introduced in automobile fuel market, and thus ERTC started making
efforts to establish the method and develop QA/QC protocol and SOPs. Currently one C/P is in charge of
this method, and another new staff who will be recruited in May 2008 will soon join in development of

this method.
Output 2. “Elucidation of the VOCs contamination status in Thailand.”

The status of the VOCs contamination has been elucidated through monitoring activities started in
August 2006 as seen below. Thus the Team can conclude that the Output 2 is substantially achieved,
although assessment of VOCs air pollution from the view point of human health risk remains to be

studied.

As a baseline survey, fhe monthly monitoring by the canister method has been carried out since August
2006 at the 11 monitoring sites in Bangkok. The monthly monitoring activities in Bangkok by the
passive TD method and DNPH-HPLC method were added since March 2007 and October 2007
respectively. In addition, the bimonthly monitoring by three methods was also started in Map Ta Phut.
Through those monitoring activities, spatial and time-series distribution of ambient VOCs including 9

VOCs with air quality standards has been elucidated.
Technical support on evaluation of VOCs air pollution from the view point of human health risk was

limited in the Project, therefore the theme remains to be studied. However C/P will apply the knowledge
gained from the workshop, “Health Risk Assessment of Ambient VOCS”, organized by the Project for
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Development of Environmental and Emission Standards of VOCs, in September 13" 2006 to produce a
technical report that includes a preliminary evaluation of the existing data from the view point of human
health risk. When long-term monitoring data is accumulated, ERTC is going to evaluate VOCs from the

view point of human health risk rather more thoroughly.

As a technical report, ERTC is going to compile major documents and outputs of the Project before the
end of the Project. In addition, PCD and ERTC distributed the status report on the result of their regular
VOCs monitoring at the seminar on February 29, 2008. Also, the coming issue of ERTC research journal
(to be published by September 2008) is going to include the paper titled “Status of Ambient Volatile
Organic Compounds in Bangkok Area” written by the Project C/Ps, and the ambient VOCs situation in

Bangkok is evaluated in terms of spatial and time-series distribution in this paper.

Output 3. “Strengthening of the ERTC’s capability to research on VOCs air contamination and
health risk.”

Although assessment of VOCs air pollution from the view point of human health risk remains to be
studied, as just seen in the above section, ERTC’s capacity to research on VOCs air contamination has
been well strengthened and thus the Output 3 is also substantially achieved. Status of indicators are

explained below.

Currently nine C/Ps in total are in charge of ambient VOCs monitoring. At a planning stage of
monitoring plan, population density, traffic density and available air quality monitoring data in Bahgkok
were used for sampling site selection. The monitoring plan will be reviewed based on the resuit of the

baseline survey.

The regular monitoring has been carried out since August 2006, well before the end of the second year
(May 2007), and the result is summarized from the view point of spatial and time-series distribution in a
few documents such as “Status of Ambient Volatile Organic Compounds in Bangkok Area”. Throu‘gh
working with experts, all four main C/Ps acquired skills on data interpretétion. In addition, one of the
C/Ps who underwent training course in Japan learned data interpretation and modeling, and they

contributed in compiling the above mentioned document as authors.



3.2.4. Implementation Process

ERTC has a longstanding relationship with Japanese technical cooperation, and therefore the trust in
Japanese technologies is firm. Readiness to the Japanese technical cooperation itself shows high degree
of participation and awareness of ERTC. Indeed, No critical drawbacks were found in the
implementation process. Information is formally shared among C/Ps and experts on at least two
occasions, i.e. the plan-presentation meeting just in the beginning of experts’ stay and the wrap-up
meeting in the end of their stay. The issues and problems discussed in those meetings were well taken by

C/Ps to improve their activities.

Chapter4 EVALUATION BY FIVE CRITERIA
4.1. Relevance

The Team concluded that the Project remains highly relevant in terms of the Policy of Thai government

and the needs of C/P agency.

According to Tenth National Economic and Social Development Plan (October 2006 — September 2011),
The Thai Government considers conservation of natural resources and environment as one of the five
pillars of development strategies. Environmeﬁtal conservation is now considered as important as
economic and human resource development. Also, the Enhancement and Conservation of the National
Environmental Quality Policy and Plan (1997-2016) defines framework of guidelines of natural
environment protection including pollution control. In addition, due to the Map Ta Phut case, MONRE
have to tackle the pollution by VOCs as its first priority, and thus air pollution control in relation to
VOCs is indeed highly prioritized in the environmental programs and administration. Thus it is highly
relevant to contribute in enhancing capacity of ERTC, the organization to study and present research

results and long-term health risks of a wider range of VOCs.
4.2. Effectiveness

The Team concluded that the effectiveness of the Project is substantially secured. Each three outputs has

been produced through a wide range of important activities, such as establishment of three ambient
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VOCs monitoring methodologies, the regular monitoring, data interpretation and analysis of the
monitoring results and implementation of the training course on ambient VOCs monitoring. Although
evaluation of VOCs air pollution from the view point of human health risk remains as a theme to be
further studied, the number of outputs and the achievement levels of three outputs were sufficient to

achieve the project purpose.

4.3. Efficiency

A number of activities have been carried out and the outputs are being produced as mostly planned. In
addition, the interview surveys reveal that overall satisfaction towards inputs such as human resources

(Japanese experts), trainings and provided equipment is high, and so is the level of utilization, as seen

below. Therefore the efficiency is secured.

Human recourses (Japanese experts)

The necessary experts were dispatched timely, according to the learning stages of each methodology.
C/Ps expressed that they have learned many new things through working together with experts, such as
methodologies themselves, data interpretation and report writing, maintenance of equipment, tips on
minor repair and sampling method. Since C/Ps and Japanese experts have worked closely, the efficiency

was satisfactory attained.

Training courses in Japan

Since the themes of training courses are so specialized that the training was carried out as individual
courses provided by public universities and research institutes. The training courses are related to (i)
capacity building on DNPH-HPLC method that is necessary to cope with carbonyl compounds in the
future, (ii) data interpretation aiming to accelerate analysis of accumulated monitoring data, and (jii)
atmospheric reactivity mechanism related to VOCs air pollution. Interviewees who underwent the
training courses in Japan valued the courses, and confirmed that the knowledge and experiences gained

during the courses are extensively used in their work.

Equipment
Provided equipment by JICA, such as GC/MS, preconcentrator, canister, HPLC workstation and so on, is

now fully utilized for the regular monitoring activities. Equipment such as auto samplers for the canister

and the thermal desorption unit and consumables have been purchased by ERTC. The equipment listed
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in the Annex 6 is provided by the Project without significant delay.

4.4. Impact

It is discovered that the following impacts are emerging from the Project so far:

o The leamning from the Project has been disseminated to many people such as the following groups.

v" Forty one (41) participants (14 from the public sector, 11 from academic institutions and 16
from the private sector) attended in the five-day training course titled “Monitoring of
VOCs in Ambient Air” conducted by ERTC. _

v" Two hundreds thirty nine (239) visitors from 14 local and international institutions to
ERTC’s ambient VOCs laboratory.

» In response to a request from MONRE in October 2005, ERTC analyzed samples collected by PCD
in Map Ta Phut by using the canister method in the midst of the strong social and political pressure
arising from the Map Ta Phut case. Before the inauguration of “The Project for Development of
Environmental and Emission Standards of VOCs” whose C/P organization is PCD, ERTC was the
only institution in Thailand that can analyze ambient VOCs by using the canister method through the

first year capacity building of the Project.
4.5. Sustainability

The Team concluded that the sustainability in terms of organizational and institutional aspect, financial

aspect and technical aspect will be secured.

Organizational and institutional aspect

ERTC acquired methods to monitor and analyze ambient VOCs through the Project, and started
disseminating the acquired knowledge through the training and seminars. Also, a support from the
government is confirmed as a form of steady budget allocation as seen in the table on page 9. In addition,
three staff members for ambient VOCs activities, including one who will be hired in May 2008, are
increased during the project périod. Therefore the sustainability in terms of organizational and

institutional aspects will be secured.

Financial aspect
Due to the strong social and political pressure arising from the Map Ta Phut case and due to MONRE’s
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increasing commitment, the budget for the ambient VOCs monitoring is secured even after the Project as
seen in the table on page 9. Thus it can be said that the sustainability interms of financial aspect will be

also secured.

Technical aspect
During the interviews, C/Ps expressed their confidence 'saying that they have learned many new things

through the Project and now they are able to monitor and analyze ambient VOCs. Also the transferred
technologies are indeed what C/Ps need to carry out their duties. Therefore the transferred knowledge

along with the provided equipment is extensively used.

Even after the Project, ERTC plans to disseminate knowledge and experiences gained from the Project
through (i) submission of the Proposal of Establishment of an Appropriate Methodology for Ambient
VOCs Monitoring in Thailand using Canister-Preconcentrator -GC/MS Technique to the Pollution
Control Board, (ii) continuation of conducting the training courses on ambient VOCs monitoring and

(iii) publication of research papers and reports.

The transferred technology will be used extensively in their work. The mechanism to disseminate
knowledge on the transferred knowledge and skills is embedded in ERTC’s mandate; thus the

sustainability in terms of technical aspects will be secured.
4.6. Conclusion

As the Thai economy has been developing rapidly along with industrialization, urbanization and
motorization, air pollution has become a serious problem, particularly in urban areas. One of pressing
environmental concerns that Thailand is currently facing is VOCs pollution. Research and monitoring of

VOCs are indispensable for the Thai government to take effective countermeasures.

Under these circumstances, the Project has been implemented with the project purpose that MONRE’s
capacity to take countermeasures against VOCs air pollution including development of environmental
and emission standards in Thailand is enhanced. The Project has developed the canister method to
monitor VOCs pollution, with the passive TD and the DNPH-HPLC methods being under successful
development. The Project activities contributed partly to the success of the PCD project for

“Development of Environmental and Emission Standards of VOCs” in the proclamation of
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environmental standards of 9 VOCs. Spatial distribution and time series analyses have been conducted to
accumulate VOCs concentration data in ambient air and demonstrate VOCs pollution status on certain
sites with three methods mentioned above. ERTC has to make continuous efforts to deepen knowledge
on ambient VOCs concentration to assess human health risk and study fate and distribution of ambient
VOCs. The sustainability of the Project is promising in terms of institutional, financial and technical

aspects.

In conclusion, as the Project has been progressing smoothly with close cooperation between people
concerned and their dedicated efforts, achieving the project outputs set forth, and consequently is

successfully attaining the project purpose, the Project should be terminated as planned.

Chapter 5 RECOMMENDATIONS AND LESSONS LEARNED
5.1. Recommendations

1. The Notification of National Environment Board No. 30 recommended the canister method as a
reference method for monitoring VOCs’ air quality standards. However, in actual analysis, a set of
information on performance of each instrument and considerations on sampling, ete, is necessary as
a standard method. The Team recommends the Project to prepare the proposal on a reference

method and submit to the Pollution Control Board by the end of September 2008.

2. ERTC plans to improve their analytical capabilities further by increasing the reliabilities of three
methodologies and not by just expanding the geographical coverage or numbers of sampling site
with the current level of reliabilities. In the process of doing so, the results of monitoring is
recommended to be presented to academic conferences and seminars and to get feedbacks on own
researches in order to suitably reflect the social needs in Thailand as well as to know the levels of

own research capabilities in the international standard.

3. As for evaluation of VOCs air pollution from the view point of human health risk, it should be
worked on with long-term commitment as one of important research topics for ERTC. It is
recommended to be done so through a standard procedure of human health risk assessment such as

unit risk factor, margin of safety, mode of exposure and frequency of occurrence.
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C/Ps should flexibly adjust their analysis, by considering characteristic of target compounds and

‘results of analysis, thus repeating analysis whenever results of analysis show some abnormalities

from- expected.

5.2. Lessons Learned

3.

By learning the challenge identified during the evaluation study, i.e. the difficulty to share
information among short term experts who were dispatched intermittently and individually, it is
recommended to set up opportunities for information sharing among experts, for example, such as
holding regular meetings to make them familiar with the progress of the Project and to exchange

their views and opinion on the Project. This would contribute to efficient technical transfer.

The following conditions, which were met in the Project, can be considered as keys to success;
Mounting public concerns about the existing environmental issue generate motives and
incentives to the concerned persons.

Existence of commitment of the C/P organization, close cooperation between ERTC and PCD,

and the capability and great dedication of all C/Ps.

Longstanding relationship with the JICA’s technical cooperation has successfully contributed to the
enhancement of the technical capacities of ERTC as a whole, and the confidence in Japanese

technologies by C/Ps greatly contributed to the smooth implementation of the Project.
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Annex 1: MASTER PLAN (revised as of April 2007)

PROJECT TITLE: Capacity Building for Environmental Research in Thailand

1. Overall goal:

Concrete actions on air pollution by VOC will be taken.

Indicator:
Output of the study will support the Pollution Control Board to take a concrete action for setting up air quality
standards for VOC in Thailand.

2. Project purpose: '
MoNRE’s capacity to take countermeasures against VOC air pollution including development of

environmental and emission standards in Thailand is enhanced.

Indicators:
1) ERTC can propose reliable measurement methodologies for ambient VOC monitoring to the Pollution

Control Board.
2) Priority compounds of VOC in terms of human health risk to be monitored and controlled in Thailand are
recognized in MoNRE.
3) ERTC has a technical capability to conduct training courses on air quality monitoring method of VOCs.
4) Awareness of VOC air pollution is enhanced through ERTC research.

3. Project outputs:
1) Development of appropriate methodologies for VOC ambient monitoring in Thailand.
Indicator:

Submission of appropriate methodologies for ambient VOC monitoring to the Pollution Control Board

2) Elucidation of the VOC contamination status in Thailand

Indicators:

a. Baseline survey is conducted.

b. Spatial distribution of ambient VOCs is elucidated.

c. Time series analysis of ambient VOCs is conducted.

d. VOC air pollution is evaluated from the view point of human health risk.

e. Technical report is completed.

3) Strengthening of the ERTC’s capability to research on VOC air contamination and health risk.
Indicators:
a. 7 ERTC personnel (3 persons for sampling, 4 persons for analysis) can design and conduct VOC

_monitdring in ambient air by the end of the second year. Y
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b. 4 ERTC persomnel can investigate VOC concentration levels in ambient air using passive sampling
method and their annual average to assess the lifetime exposure for human health risk.

c. 4 ERTC personnel acquire data interpretation for clarifying severity of VOC air pollution in Thailand.

4. Project activities
4.1 Activities under Output 1
(1) Preparation of equipment and materials i.e., Gas Chromatograph Mass Spectrometer (GC/MS),
preconcentrator system, canister, passive canister sampler
(2) Preliminary test of the methods _
(3) Quality Assurance and Quality Control (QA/QC) diagnosis flow chart
(4) Maintenance of equiptment
(5) Comparative study with other methods
(6) Pr,eparétion of Standardized Operation Procédures (SOPs) for sampling and analysis using
Canister-GC/MS method
(7) 1st year progress report

4.2 Activities under Output 2
(1) Survey and sampling site selection (at least 9 sampling sites)
@ Baselirre survey (based e 24hrs sampting)
(3) Establishment of passive sampling method and measurement for ambient air
(4) Preparation of SOPs (sampling/analysis) for TDU-GC/MS method in ambient air
(5) Data interpretation with respect to spatial distribution and time series analysis

(6) 2nd year progress report

4.3 Activities under Output 3
(1) Training on VOC ambient monitoring method (in Thailand)
(2) Training on establishment of passive sampling method (in Japan)
(3) Tralning on data interpretation and modeling (in Japan)
(4) Training on atmospheric reactivity mechanism related to VOC air pollution (in Japan)
(5) Workshop and/or seminar (in Thailand)
(6) Technical report on state of VOC air pollution in Thailand

Amnex1-2
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black line shows implemented activities, and white line

Annex 2 PLAN OF OPERATION (revised)

shows the planned schedule
Expected Outputs Activities . Schedule
Ist year 2nd year 3rd year 4th year
1. Development of (1-1) Preparation of equipment and materials (GC/MS, preconcentrator system, '
appropriate canister, passive canister sampler) ' 3 ?
methodologies for VOC| | 5y b liminary test-of the-methods* N
ambient meritoring in , .
Thailand : . . ]
1-3) QA/QC diagnosis flow chart*
(1-3) QAQC diagnosis flow chart> o fpell e
(1-4) Mairtienance of etjuiprrient 1 v
N ] 1 )
(1-5) Comparative study witlt other methods* [IEl )
|(1-6) Prepatation of SOPs (samplirig/analysis) for Canister-GC/MS method* ;J] '
(1-7) Progress réport* 13
2. Elucidation of ihe — ’. : . — | P ' : :
VOC contamination (2-1) Survey and. samplmg’sﬁe selzec'ﬂon (at least 9 sampling sites) o 3
status in Thailand (2-2) Baseline survey (based on 24 hrs sampling)* ] T ——1—1
. - : L R ! o I 1]
(2-3) Establishment of passive sampling methdd and measurement™** ! ’ ]
(2-4) Preparationt of SOPs (sampling/analysis) for passive TDU-GC/MS method* | ic 1
(2-5) Data interpretation with regpect to spatial distribution and time series analysis*** s
(2-6) Progress report |
3. Strengthening of the - . . I . . — =
- i Vv , t - n
ERTC's capability to (3-1) Trairing on VOC ambient monxtonng method (in 'h‘(alland) m| =1 i} im D !
researcl? on. VOC air (3-2) Training on establishment of passive sampling method (in Japan) LET
contamination and .
health risk (3-3) Training bn data interpfetation and modeling (in Japan) ﬁ]
. L . -
(3-4) Training on atmospheric reactivity mechanism related to VOC alf pollution (in ) EFl ’
Japan)*
(3-5) Workshop/Semihar* g
(3-6) Technical Report on state of VOC air pollution in ’i"hailand*” ' -

|
* Need technical assistance from the expett for the capacity bu.  .g of ERTC staffs (activities in Thailand).
** Capacity building of ERTC staffs through technical trainlng in Japan.
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Annex 3: Evaluation Grid of Final Evaluation

Country: The Kingdom of Thailand

Project Name: The Project for Capacity Building for Environmental Research in Thailand

April 10,2008

[tem Evaluation Questions

Questions

‘ Sub-questions (indicators)

Results

Verification of performance

Achievement of Overall Goal
(Prospect)

Concrete actions on air pollution
by VOCs wil] be taken.

1. Output of the study will
support the Pollution Control
Board to take a concrete
action for setting up air
quality standards for VOCs in

. Thailand.

Environmental standards for 9 VOCs' proposed by the Health Effect Committee (HEC)? were
officially approved at the National Environment Board (NEB) on Feb. 23, 2007, and Notification of
National Environment Board No. 30 , B.E 2550 (2007) was published in the Royal Government
Gazette No. 124 Part 143 dated September 14, B.E.2550 (2007). A concrete action, i.e. sefting u;ﬂ air
quality standards for 9 VOCs, was taken, and thus it can be concluded that the achievement of overall
goal is already realized.

As a contribution from the Project, in response to a request from MONRE in October 2005,
Environmental Research and Training Center (ERTC) analyzed samples collected by Pollution
Control Department (PCD) in Map Ta Phut by using the canister-preconcentrator-GC/MS method (the
canister method) in the midst of the strong social and political pressure arising from the Map Ta Phut
case. Before the inauguration of “The Project for Development of Environmental and Emission
Standards of VOCs” whose C/P organization is PCD, ERTC was the only institution in Thailand that
can analyze ambient VOCs by using the canister method through the first year capacity building of the
Project for Capacity Building for Environmental Research in Thailand (hereinafter referred to as “the
Project™).

For setting up air quality standards for 9 VOCs, the PCD’s results of regular monitoring started in
August 2006 were referred to®. PCD, a late comer, was able to shorten the time to acquire the
knowledge on the canister. method by referring to the ERTC’s experiences on VOCs research and

! Nine VOCs are Benzene, Vinyl Chloride. 1,2-Dichloroethane, Trichloroethylene, Dichloromethane, 1,3-Butadiene, Chloroform, Tetrachloroethylene and 1,2-Dichloropropane.

* The Committee for Study Human Heath Effect from Pollution in Rayong Province (Health Effect Committee). In stead of Pollution Control Board, the HEC take initiatives to set up concrete measures. Members
are officers from NEB, Ministry of Public Health(MOPH), Ministry of Labour, Thailand Research Fund, Industrial Estate Authority of Thailand(IEAT), Department of Industrial Works(DIW), Office of the Natural
Resources and Environmental Policy and Planning(ONEP), Chulabhorn Research Institute, National Cancer Institute of Thailand, National and Social Advisory subcommittee office of the National Economic and
Social Development Board, Department of Environmental Quality Promotion (DEQP), ERTC, Provincial officers, Universities, NGOs, Representative of companies in the Map Ta Phut Industriall Estate,

community Jeaders, and PCD as a secretariat.

* ERTC also started its regular monitoring from August 2006. However, the results of monitoring data from August to October 2006 were not shared with other concerned agencies since some of the results did not

meet the internal QA/QC standards.
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could start the routine monitoring from August 2006.

Achievement of Project Purpose
MONRE?’s capacity to take .
countermeasures against VOCs air
pollution including development of
environmental and emission
standards in Thailand is enhanced.

ERTC can propose reliable
measurement methodologies
for ambient VOCs monitoring
to the Pollution Control
Board.

Both ERTC and PCD have acquired the technical capabilities of ambient VOCs monitoring by
utilizing the canister method through the JICA’s technical cooperation projects. The Notification of
National Environment Board No. 30 recommended the canistet method as a reference method. In
addition, the Project is now preparing Proposal of Establishment of an Appropriate Methodology for
Ambient VOCs Monitoring in Thailand using Canister-Preconcentrator -GC/MS Technique, and this
is planned to be handed in to the secretariat of Pollution Control Board within 2008.

Priority compounds of VOCs
in terms of human health risk
to be monitored and
controlled in Thailand are
recognized in Ministry of
Natural Resources and
Environment (MONRE).

Environmental standards for 9 VOCs proposed by HEC were officially approved at NEB on Feb. 23,
2007, and Notification of National Environment Board No. 30 , B.E 2550 (2007) was published in the
Royal Government Gazette No. 124 Part 143 dated September 14, B.E.2550 (2007). Thus it can be
concluded that MONRE recognized priority compounds of VOCs.

As background information, both ERTC and PCD started the regular monitoring from August 2006. In
the planning stage of a monitoring plan, a meeting with PCD was held and the demarcation of the
monitoring sites (13 sites in the general environment near the source for PCD; 5 sites along the roads,
5 sites in the residential areas and one site in the boundary area for ERTC) was agreed upon. ERTC as
a research institute targets 77 VOCs in line with the VOCs analytical method of U.S. EPA TO-15, and
already succeeded in performing reliable analysis on 57 out of 77 VOCs. ERTC will continue the
regular monitoring using the canister method for research purpose as well as developing alternative
methods® in order to analyze a wider range of VOCs, publish results of the analysis and further
deepen MONRE’s recognition on air pollution caused by VOCs.

ERTC has a technical
capability to conduct training
courses on air quality
monitoring method of VOCs.

ERTC conducted a five-day training course titled “Monitoring of VOCs in Ambient Air” from 239 0
27" July, 2007. In response to growing concerns over ambient air poliution caused by VOCs, 67
applicants applied, and 41 (14 persons from the public sector, 11 persons from academic institutions
and 16 persons from the private sector) were accepted to the course. In the training course, in addition
to the invited lecturers such as associate professors of several universities and the Director General of
PCD, all nine C/Ps give lectures and instructions in relevant topics. Since the demand for the training
on ambient VOCs monitoring is increasing after proclamation of 9 VOCs environment standards,
ERTC will conduct a similar training course in 2008, too; thus it is clear that ERTC has a technical
capability to conduct training courses on air quality monitoring method of VOCs.

\ * Alternative methods are the passive sorbent tube thermal desorption-GC/MS method and DNPH collection-HPLC method.
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Awareness of VOCs air
pollution is enhanced through
ERTC research.

ERTC publishes a research journal once in a few years, and the coming issue is going to include the
paper titled “Status of Ambient Volatile Organic Compounds in Bangkok Area” written by the Project
C/Ps. In addition, information on ambient VOCs air pollution and the Project is disseminated widely
to the public through other ERTC’s publications such as booklets named Green Research and

newsletters named Green News and pamphlets

In addition, the knowledge and experiences gained through the Project are shared with others through
the following seminars that several C/Ps participated in as lecturers.

Table 1. Presentations by C/Ps

Seminar title

Data

Theme of presentations

1

Thailand-Japan Seminar on
Air Pollution

Aug, 2392005

VOCs Measurement Methodology Applicablc
in Thailand

of Environmental and
Emission Standard of VOCs

2 1* Seminar on Development | Sep.15%, 2006 Determination Ambient VOCs using Passive
of  Environmental and Canister-Preconcentrator-GC/MS
Emission Standard of VOCs Systematic Evaluation Tool for QA/QC criteria
(By PCD) of VOCs Analysis

3 | 3™ Seminar on Development | Feb. 297, 2008 ERTC Research on VOCs Issue

(By PCD)

In the midst of growing concerns over ambient air pollution caused by VOCs, more than 200 persons
from 14 institutions which are interested in ambient VOCs monitoring visited ERTC's VOCs

laboratory as seen in Table 2.
Table 2: Number of technical visits to ERTC’s VOCs laboratory

Date Name of Tnstitutions No.
1. 22-Nov-06 Chulalongkorn University 5
2 16-Feb-07  Local government Region I and JICA Senior Volunteer 3
3 12-Mar-07  Thai Environmental Technic Limited 5
4 12-Apr-07  Science Plus LTD.,PART. 5
5 17-Sep-07  King Monkut's Instisute of Technology Ladkrabang 80
6 18-8ep-07  S.P.S Consulting Service CO.,LTD. 2
7 11-Oct-07  Center for Environmental. Monitoring Data and Information (Vietnam Environmental Protection Agency) 5
8 17-0ct-07  Vietnam National University 15
9 8-Nov-07  Mahidol University 26
10 9-Jan-08  Ramkhamhaeng University 25
3 15-Jan-08  Institute of Environmental Technology (Vietnamese Academy of Science and Technologies) 11
12 12-Feb-08  Chulalongkorn University 45
13 25-Feb-08  Center for Environmental Technology and Management 10
14 27-Feb-08  Secot CO.LTD 2

Total 239

£
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Through several ways as just seen above, ERTC has been disseminating the learning and experiences
of the Project, and awareness of VOCs air pollution has been enhanced.

Achievement of the Outputs

1.  Development of appropriate
methodologies for VOCs
ambient monitoring in
Thailand.

Submission of appropriate
methodologies for ambient VOCs
monitoring to the Pollution Control
Board

Through the Project, ERTC has endeavored to acquire and enhance analytical capabilities by the
following three methods.

A) Canister-preconcentrator-GC/MS method (the canister method)

B) Passive sorbent tube thermal desorption-GC/MS method (the passive TD method)

C) DNPH collection—-HPLC method (DNPH-HPLC method)

As for the canister method, ERTC as a research institute targets 77 VOCs in line with the VOCs
analytical method of U.S. EPA TO-135, and already succeeded in performing reliable analysis on 57
out of 77 VOCs. The monthly monitoring by the canister method has been carried out since August
2006 at the 11 monitoring sites in Bangkok (five sites along the roads, five sites in the residential areas
and one site in the boundary area). In addition, the bimonthly monitoring was also started from May
2007 in Map Ta Phut. SOPs were produced for this method; currently the document named Proposal
of Establishment of an Appropriate Methodology for Ambient VOCs Monitoring in Thailand using
Canister-Preconcentrator / GC/MS Technique is under preparation. The proposal will be submitted to
the Pollution Control Board once it becomes ready. For development of the canister method, 4 C/Ps
have been involved in.

As for the passive TD methed, 24 VOCs in case of Carbopack B and 11 VOCs in case of Carbopack
X were reliably identified. The monthly monitoring has been carried out at the same 11 sampling sites

in Bangkok since March 2007. The bimonthly monitoring was also started in Map Ta Phut since May
2007. Currently, the draft technical document on this method, Establishment of Passive Sorbent Tube
Thermal Desorption-GC/MS — Method for VOCs measurement in ambient air-, which contains the
summary results of the regular monitoring is under revision. SOPs for this method were also prepared
and included in the draft technical document. As for this method, three C/Ps have been working.

Under the DNPH-HPLC method, sampling has been carried out by both active and passive methods

and 15 carbonyl compounds have been targeted and currently 14 out of 15 compounds can be reliably
identified. Since October 2007, the monthly monitoring has been carried out at the same 11 sampling
sites in Bangkok, and the bimonthly monitoring was also started in Map Ta Phut since November
2007. As for this method, due to the fact that (i) it was an additional method that established to cope
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with carbonyl compounds and (ii) malfunctioning of HPLC became clear only after the inauguration
of the Project, the progress of establishment of this method is behindhand with comparison to other
two methods. ERTC is well aware that the importance of monitoring carbonyl compounds has been
increasing since (i) those compounds has greater health risk and (ii) gasoho! with higher ethanol ratio
will soon be introduced in automobile fuel market, and thus ERTC started mabking efforts to establish
the method and develop QA/QC protocol and SOPs. Currently one C/P is in charge of this method,
and another new staff who will be recruited in May 2008 will soon join in development of this
method.

As seen above, ERTC has endeavored to establish not only the canister method but others such as the
passive TD and DNPH-HPLC methods. Regarding the indicator, the Project is now preparing the
Proposal of Establishment of an Appropriate Methodology for Ambient VOCs Monitoring in Thailand
using Canister-Preconcentrator -GC/MS Technigue, and this is planned to be handed in to the
secretariat of Pollution Control Board.

2.

Elucidation of the VOCs
contamination status in
Thailand.

2.1

Baseline survey is conducted.

2.2

Spatial distribution of ambient
VOCs is elucidated.

23

Time series analysis of
ambient VOCs is conducted.

2.4

VOCs air pollution is
evaluated from the view point

of human health risk.

Technical report is completed.

As a baseline survey, the monthly monitoring by the canister method has been carried out since
August 2006 at the 11 monitoring sites in Bangkok (five sites along the roads, five sites in the
residential areas and one site in the boundary area). The monthly monitoring activities in Bangkok by
the passive TD method and DNPH-HPLC method were added since March 2007 and October 2007
respectively. In addition, the bimonthly monitoring by three methods was also started in Map Ta Phut.
Through those monitoring activities, spatial and time-series distribution of ambient VOCs including 9
VOCs with air quality standards has been elucidated.

Technical support on evaluation of VOCs air pollution from the view point of human health risk was
limited in the Project, therefore the theme remains to be studied. However C/P will apply the
knowledge gained from the workshop, “Health Risk Assessment of Ambient VOCs”, organized by the
Project for Development of Environmental and Emission Standards of VOCs, in September 13" 2006
to produce a technical report that includes a preliminary evaluation of the existing data from the view
point of human health risk. When long-term monitoring data is accumulated, ERTC is going to
evaluate VOCs from the view point of human health risk rather more thoroughly.

As a technical report, ERTC is going to compile major documents and outputs of the Project before
the end of the Project. In addition, PCD and ERTC distributed the status report on the result of their
regular VOCs monitoring at the seminar on February 29, 2008. Also, the coming issue of ERTC
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research journal (to be published by September 2008) is going to include the paper titled “Status of
Ambient Volatile Organic Compounds in Bangkok Area” written by the Project C/Ps, and the ambient
VOCs situation in Bangkok is evaluated in terms of spatial and time-series distribution in this paper.

Strengthening of the ERTC’s
capability to research on
VOCs air contamination and
health risk

3.1

Seven ERTC personnel (3
persons for sampling, 4
persons for analysis) can
design and conduct VOCs
monitoring in ambient air by
the end of the second year.

32

Four ERTC personnel can
investigate VOCs
concentration levels in
ambient air using passive
sampling method and use their
annual average to assess the
lifetime exposure for human
health risk.

3.3

Four ERTC personnel acquire
data interpretation for
clarifying severity of VOCs

air pollution in Thailand.

Two new staff joined in the Project since June and July 2007, and currently nine C/Ps in total are in
charge of ambient VOCs monitoring. At a planning stage of monitoring plan, population density,
traffic density and available air quality monitoring data in Bangkok were used for sampling site
selection. The monitoring will be reviewed based on the result of the baseline survey.

The regular monitoring has been carried out since August 2006, well before the end of the second year
(May 2007), and the result is summarized from the view point of spatial and time-series distribution in
several documents such as “Status of Ambient Volatile Organic Compounds in Bangkok Area”,

Through working with experts, all four main C/Ps acquired skills on data interpretation. In addition,
one of the C/Ps who underwent training course in Japan learned data interpretation and modeling, and

he contributed in compiling the above mentioned document as one of authors.

As for assessment of human health risk, as seen previously, a technical support on evaluation of VOCs
air pollution from the view point of human health risk was limited in the Project, therefore the theme
remains to be studied. However C/P will apply the knowledge gained from the workshop, “Health
Risk Assessment of Ambient VOCs”, organized by the Project for Development of Environmental and
Emission Standards of VOCs, in September 13" 2006 to produce a technical report that includes a
preliminary evaluation of the existing data from the view point of human health risk. When long-term
monitoring data is accumulated, ERTC is going to evaluate VOCs from the view point of human
health risk rather more thoroughly.

Verification of Implementation Process

Implementation status of

activities

Implementation status

Were activities implemented as
planned?

Generally speaking, activities were implemented as planned except the following three.
Malfunctioning of equipment is the causes for delay for the first two activities.

* As for the canister method, the status of preconcentrator has not been good, and a serious
malfunction of preconcentrator currently hinders C/Ps from sampling regularly since February
2008. Since preconcentrators are rare in Thailand and no dealer can completely repair the
particular preconcentrator, it is taking time to resume the regular monitoring.

» No significant influence was exerted to the overall progress of the Project, but the start of a
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training course on atmospheric reactivity mechanism related to VOCs air pollution was later than
the schedule,

Implementation status of
monitoring

Are responsibilities shared clearly
among C/Ps?

Are responsibilities shared clearly
among relevant organizations?

Has monitoring been carried out?

[s monitoring mechanism
appropriate?

The Project has been carried out with nine C/Ps including the head of Air Research and Development
Sub-division. Eight C/Ps except the head of the sub-division form three teams according to methods
they are working on (four persons for the canister methods, three persons for the passive TD method
and one person for the DNPH-HPLC method).

In terms of responsibilities shared among relevant organizations, ERTC and PCD jointly developed
monitoring activities of ambient VOCs for formulation of environmental standards.

Likewise, roles and responsibilities of each team within ERTC’s Air Research and Development
Sub-division and those of ERTC and PCD are clearly understood.

According to the interviews, information is formally shared among C/Ps and experts on at least two
occasions, i.e. the plan-presentation meeting just in the beginning of experts’ stay and the wrap-up
meeting in the end of their stay. The issues and problems discussed in those meetings were well taken
by C/Ps to improve their activities.

Relationship between Thai C/Ps
and Japanese experts

Status of communication

Appropriateness of the selected
C/Ps

Ways to handle challenges.and
problems

Change in C/Ps’ attitude
(Independence and activeness)

According to the interviews, C/Ps consider that they communicate well with Japanese experts. They
worked together with experts, obtained advices from them, and thus the status of communication has
been generally godd. However, C/Ps expected Japanese experts to stay longer in order for C/Ps to get
better understanding on the subjects as well as assistance to solve technical problems.

Nine C/Ps including the head of Air Research and Development Sub-division have been working for
the Project. For example, one of them is a Ph.D holder and two others are now studying at Ph.D
courses. From the view points of their duties and expertise, it can be said that the appropriate
personnel were selected as C/Ps.

From the interview, C/Ps pointed out that, through the Project, they were able to analyze ambient
VOCs by three methods, and they are well aware that they should continue their work to further
improve their analytical capabilities. Also, the Japanese experts confirmed C/Ps’ capabilities and high
commitments. Along with the rising social interests to the VOCs problems, C/Ps carried out the
project activities with strong ownership.
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Involvement of beneficiaries

Change in attitude and awareness
of ERTC and other relevant
organizations

In the midst of strong social pressures arising from the Map Ta Phut case, C/Ps in ERTC are well
aware of the importance of ambient VOCs monitoring, and have learned the monitoring
methodologies and analysis with high commitment.

Through the training course and technical visit at ERTC, more than 250 persons (41 trainees and 239
visitors) have been benefited and acquired knowledge on ambient VOCs monitoring.

Ownership of C/P organizations

Appropriateness of allocation and
assignment of C/Ps

Budget allocation

Degree of participation of C/P
organizations

As just mentioned above, ERTC is well aware of the importance of ambient VOCs monitoring, and
evidently increased the number of C/Ps from seven to nine by now. Presently eight C/Ps, excluding the
head of the sub-division who looks after the overall activities, are working on three methods (four
persons for the canister methods, three persons for the passive TD method and one person for the
DNPH-HPLC method). It is worth mentioning here that an additional staff will be hired in May 2008
and join to study DNPH-HPLC method.

From the following table, it became clear that the budget has been steadily allocated for VOCs related
activities since 2005, and will be allocated to continue their activities after the Project.
Table 3: ERTC Air Research and Development Sub-division’s budget for ambient VOCs monitoring

(Baht)

Ttem 2005 2006 2007 2008 2009
Operation Cost 2,372,600 2,503,000 3,439,000 4,298,700 3,537,100
Equipment 2,900,000 . 399,966 2,674,000 300,000
Total 5,272,600 2,503,000 3,838,966 6,972,700 3,837,100

(Note) Yearly calculation starts from October to September in line with Thai Fiscal Year.

The Environmental Center projects started as a Japanese cooperation to ERTC in 1989. After this start,
the Environmental Center projects which Japan supports were expanded to include the Indonesian
Environmental Management Center, the Sino-Japan Friendship Center for Environmental Protection,
the Mexican Environmental Research and Training Center, the Chile Environmental Center, and the
Egyptian environmental monitoring training center. The Ministry of Foreign Affairs in Japan has
designated this approach as the Environmental Center approach. ERTC as a pioneer in this approach
has a longstanding relationship with Japanese technical cooperation, and therefore the trust in Japanese
technologies is firm. Readiness to the Japanese technical cooperation itself shows high degree of
participation and awareness of ERTC.
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Evaluation by Five Evaluation Criteria

Crite

ria

Evaluation Questions

Questions

Sub-questions

Results

Relevance

Is the Project (Overall Goals and
Project Purpose) consistent with
the national development plan and
environmental policy?

Consistency of the Overall Goals
with the national development plan
and environmental policy

Consistency of the Project Purpose
with environmental policies

Priority of air pollution control in
environmental policy

Consistency with support from
donor agencies

According to Tenth National Economic and Social Development Plan (October 2006 - September
2011), the Thai Government considers conservation of natural resources and emvironment as one of
the five pillars of development strategies. Environmental conservation is now considered as important
as economic and human resource development. Also, the Enhancement and Conservation of the
National Environmental Quality Policy and Plan (1997-2016) defines framework of guidelines of
natural environment protection including pollution control.

In addition, due to the Map Ta Phut case, MONRE have to tackle the pollution by VOCs as its first
priority, and thus air pollution control in relation to VOCs is indeed highly prioritized in the
environmental policies and administration. The Project purpose is in line with the national policies and
needs.

There is no support from other donor countries in the field of VOCs in Thailand.. Besides the Project,
JICA supported PCD through The Project for Development of Environmental and Emission Standards
of VOCs which has just finished in February 2008. PCD is the organization to set environmental and
emission standards, supervise and regulate if these standards are complied. On the other, ERTC is the
organization to study, present the research result and long-term health risks of a wider range of
substances. It is worth noting that the collaboration in monitoring activities has been carried out during
the Project, although the mandates of both organizations differ as just seen.

Was the selection of the target
group appropriate?

Is the Project which supports to
take concrete actions against VOCs
air pollution highly needed?

Do ERTC and PCD play important
roles in ambient air pollution

control?

Are the project’s components
highly needed by ERTC?

Is the size of the target group
appropriate?

Thailand faces serious air poljution problems, especially in urban areas, due to rapid industrialization,
urbanization and motorization. VOCs emitted from the industry and vehicles are considered as toxic
air pollutants as well as trigger photochemical oxidants. Additionally, due to the Map Ta Phut case
triggered by the NGOs report, ambient VOCs become the hottest issue in the environmental
administration. Under these circumstances, the Thai government considered to monitor and control
YOCs by setting environmental and emission standards as a priority environmental policy.

ERTC is the organization to study, present the research result and long-term health risks of a wider
rage of substances. On the other, PCD is the organization to set environmental and emission standards,
supervise and regulate if these standards are complied.
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Notification of National Environment Board No. 30 recommended the canister method as a reference
method, and ERTC acquires the analytical capability of ambient VOCs by this particular method
through the Project. In addition, in response to the demand from other organizations and laboratories
that are interested in ambient VOCs monitoring, ERTC conducted a five-day training course titled |
“Monitoring of VOCs in Ambient Air” from 23" to 27" July, 2007, and 41 participants acquired
knowledge on the issue. Likewise, the Project is highly needed not only by ERTC but also by the
society as a whole.

Is the Project consistent with
Japan’s foreign aid policy?

Is the Project related with any
prioritized areas of ODA strategy?

In the Japan's Economic Cooperation Program for Thailand revised in May 2006, one of the major
areas of cooperation to be worked on is “responses to issues that emerge with maturing of society”
which includes the cooperation on environmental management.

Did any changes in external factors
occur after the mid-term
evaluation?

Changes in important assumptions
and external factors

No particular changes.

Effectiveness

Is the achievement level of the
Project Purpose adequate at this
stage?

Adequacy of the achievement level
of the Project Purpose

Please refer to “the verification of performance” for details in page Annex 3-2.

Were the outputs sufficient to
achieve the Project Purpose?

Numbers, contents and qualities of
the outputs

Each three outputs has been produced through a wide range of important activities, such as
establishment of three ambient VOCs monitoring methodologies, start of the regular monitoring, data
interpretation and analysis of the monitoring resuits, and implementation of the training course on
ambient VOCs monitoring. Although evaluation of VOCs air pollution from the view point of human
health risk remains as a theme to be further studied, the numbers of outputs and the achievement level

of each output were sufficient to achieve the project purpose.

What are the inhibiting factors for
the achievement of the Project
Purpose?

Any changes in external factors

 Due tfo the strong social and political pressure arising from the Map Ta Phut case, environmental
standard was set on 9 VOCs earlier than it was considered in the beginning of the Project.
Therefore ERTC was not able to share their monitoring data from August to October 2006 with the
concerned agencies due to the fact that the QA/QC protocol on the canister method has not been
finalized. '

It would be better if the Japanese experts could stay longer since it usually takes time to learn
methodologies; however this factor rarely affected the achievement of the Project purpose.

* Due to the short and intermitted stay of Japanese experts, C/Ps needs longer time to acquire
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monitoring methodologies than they originally expected.

» It would be better if the Japanese experts could stay longer since it usually takes time to learn
methodologies.

What are the promoting factors for
the achievement of the Project
Purpose?

Any changes in extemal factors

* Due to the Map Ta Phut case, C/P’s seriousness to learn from the Project has been enhanced.

* Before the inauguration of The Project for Development of Environmental and Emission Standards
of VOCs, ERTC was the only institution that can analyze ambient VOCs by using the canister
method. PCD, a late comer, was able to shorten the time to acquire the knowledge on the canister
method by referring to the ERTC’s experiences on VOCs research and could start the routine
monitoring from August 2006.

Efficiency

Is the achievement level of the
outputs adequate at this stage?

Adequacy of the achievement level
of the outputs

Please refer to “the verification of performance” for details in page Annex 3-4 to Annex 3-6.

Are the activities adequate and '
sufficient to produce five outputs?

Numbers, contents and qualities of
the activities

As just mentioned previously, each three output consists of varieties of activities. It can be said that
the activities are adequate in terms of numbers, contents and qualities by the fact that the achievement
levels of outputs are satisfactory.

Is the output production adequate
compared to the inputs?

Adequacy of human resources,
trainings and equipment invested

Level of utilization of inputs
(human resources, trainings,
equipment)

Adequacy of timing of inputs

The interview survey reveals that overall satisfaction towards human resources (Japanese experts),
training courses and equipment provided is high, and so is the level of utilization. As for adequacy of
timing of inputs, except one training course in Japan, there is no major problem.

Human recourses (Japanese experts)

The necessary experts were dispatched timely, according to the learning stages of each methodology.
C/Ps expressed that they have learned many new things through working together with experts, such
as methodologies themselves, data interpretation and report writing, maintenance of equipment, tips
on minor repair and sampling method. Since C/Ps and Japanese experts have worked closely, the
efficiency was satisfactory attained.

Training courses in Japan

Since the themes of each training course are so specialized that the training was carried out as
individual courses provided by public universities and research institutes. The training courses are
related to (i) capacity building on DNPH-HPLC method that is necessary to cope with carbonyl
compounds in the future, (ii) data interpretation aiming to accelerate analysis of accumulated
monitoring data, and (jii) atmospheric reactivity mechanism related to VOCs air pollution.
Interviewees who underwent the training courses in Japan valued the courses, and confirmed that the
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knowledge and experiences gained during the courses are extensively used in their work.

Equipment

Provided equipment by JICA, such as GC/MS, preconcentrator, canisters, HPLC workstation and so
on, is now fully utilized for the regular monitoring activities. Equipment such as auto samplers for the
canister and the thermal desorption unit and consumables have been purchased by ERTC. The
equipment listed in the Annex 6 is provided by the Project without significant delay.

What are the inhibiting and
prometing factors?

Promoting factors:

* ERTC has a longstanding relationship with Japanese technical cooperation, and therefore the
confidence in Japanese technologies is firm. Readiness and awareness towards Japanese technical
cooperation are also high.

Most of experts dispatched for the Project had previous working experiences at ERTC and
‘therefore they were able to start activities with beforehand knowledge on the level of technical
and analytical capabilities of ERTC.

Inhibiting factors:

* As for DNPH-HPLC method, due to the fact that malfunctioning of HPLC became clear only
after the inauguration of the Project, the progress of establishment of this method is behindhand
with comparison to other two methods.

* As for the canister method, the status of preconcentrator has not been good, and a serious
malfunction of preconcentrator currently hinders C/Ps from sampling regularly since February
2008. Since preconcentrators are rare in Thailand and no dealer can completely repair the
particular preconcentrator, it is taking time to resume the regular monitoring.

Impact

Are there prospects that the
Overall Goal will be achieved as
an effect of the Project?

Environmental and emission
standards of VOCs.

Please refer to “the verification of performance” for details in page Annex 3-1.

Are there any ripple effects to
people or organizations other than
the target groups?

Any ripple effects to other

organizations and laboratories

The learning from the Project has been disseminated to many people such as the following groups.
Forty one (41) participants (14 persons from the public sector, 11 persons from academic
institutions and 16 persons from the private sector) attended in the five-day training course titled
“Monitoring of VOCs in Ambient Air” conducted by ERTC.

Two hundreds thirty nine (239) visitors from 14 local and international institutions to ERTC’s
ambient VOCs laboratory.
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Any other impacts, either positive
or negative?

In response to a request from MONRE in October 2005, ERTC analyzed samples collected by PCD in
Map Ta Phut by using the canister method in the midst of the strong social and political pressure
arising from the Map Ta Phut case. Before the inauguration of “The Project for Development of
Environmental and Emission Standards of VOCs” whose C/P organization is PCD, ERTC was the
only institution in Thailand that can analyze ambient VOCs by using the. canister method through the
first year capacity building of the Project.

Sustainability

Position of PCD and ERTC in the
field of air pollution control

Wil these organizations be
responsible to implement air
pollution control even in the
future?

Department of Environmental Quality Promotion (DEQP) and PCD are two. departments under
MONRE responsible for environmental management in Thailand. ERTC, which is under DEQP, is'the
organization fo study and present research results and long-term health risks of a wider range of
VOCs, and also train the concerned organizations on ambient VOCs monitoring. On the other, PCD is
the organization to set environmental and emission standards, supervise and regulate them. These
organizations continue to undertake their responsibilities to support MONRE in taking concrete
actions against VOCs air pollution.

By considering organizational and
institutional aspects, are there
prospects that the sustainability is
secured?

Did ERTC acquire organizational
capacity to continue the project
activities?

Are supports from the Government
expected?

ERTC acquired methods to monitor and analyze ambient VOCs through the Project, and started
disseminating the acquired knowledge through the training and seminars. Also, a support from the
government is confirmed as a form -of steady budget allocation as seen in Table 3. In addition, three
staff members for ambient VOCs activities, including one who will be hired in May 2008, are
increased during the project period. Therefore the sustainability in terms of organizational and
institutional aspects will be secured.

By considering financial aspects,
are there prospects that the
sustainability is secured?

Is each organization mentioned
above likely to secure budget (incl.
personnel expenses) to continue
promoting VOCs control?

Due to the strong social and political pressure arising from the Map Ta Phut case and due to
MONRE’s increasing commitment, the budget for the ambient VOCs monitoring is secured even after
the Project as seen in Table 3. Thus it can be said that the sustainability in terms of financial aspect
will be also secured.

By considering technical aspects,
are there prospects that the

sustainability is secured?

Are appropriate technologies
developed and transferred, in
consideration of the technical level
of ERTC?

Did C/Ps sufficiently acquire
knowledge and skills that are
transferred by the Project?

During the interviews, C/Ps expressed their confidence saying that they have learned many new things
through the Project and now they are able to monitor and analyze ambient VOCs. Also the transferred
technologies are indeed what C/Ps need to carry out their duties. Therefore the transferred knowledge

along with the provided equipment is extensively used.

Even afier the Project, ERTC plans to disseminate knowledge and experiences gained from the Project
through (i) submission of the Proposal of Establishment of an Appropriate Methodology for Ambient
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Will the transferred technology and
equipment be used widely?

VOCs Monitoring in Thailand using Canister-Preconcentrator -GC/MS Technique to the Pollution
Control Board, (ii) continuation of conducting the training courses on ambient VOCs monitoring and
(iit) publication of research papers and reports.

The transferred technology will be used extensively in their ‘work. The mechanism to disseminate
knowledge on the transferred knowledge and skills is embedded in ERTC’s mandate; thus the
sustainability in terms of technical aspects will be secured.
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Annex 4: List of the Japanese experts

No l Expert Name Expertise Duration ! MM
Japanese Fiscal Year 2005 4.93
| Mr. Munehiro Fukuda | VOC Analysis June 2, 2005~Auag 10, 2005 2.33
Development  of  appropriate | July 24, 2005~Aug 7, 2005
2 | Dr. Seiji Watanabe methodologies for ambient VOC | 1.93
monitoring Feb 16, 2006~Mar 30, 2006
3 Dr. Takeshi Amagai Ambient aldehyde monitoring Mar 5, 2006 ~Mar 24, 2006 0.67
Japanese Fiscal Year 2006 4.44
Sep 4, 2006~0Oct 3, 2006
Establishment of Passive Sorbent
1 Dr. Yoshtharu Shi Nov 6, 2006~Nov 30, 2006 2.00
r- Toshifian Shirane Tube Thermal Desorption-GC/MS
Feb 4, 2007~-Feb 8, 2007
i ‘Sampli et
2 Dr. Kiyoshi Imamura Passive  Sampling method and Dec 1, 2006 ~Dec 26, 2006 0.87
measurement
3 Dr. Seiji Watanabe Data Interpretation Mar 5, 2007~ Apr 20, 2007 1.57
Japanese Fiscal Year 2007 5.83
May 20, 2007~ Jure 9, 2007
Establishment of Passive Sorbent
1 . Yoshiharu Shi ' July 29, 2007 ~Aug 18, 2007 2.0
Dr. Yoshiharu Shirane Tube Thermal Desorption-GC/MS : y g
Nov 1, 2007~Nov 18, 2007
Follow up establishment of an | Aug 24, 2007~Sep 22, 2007
appropriate  methodology  for
2 Dr. Kiyoshi Imamura ambient volatile organic | Nov 1, 2007~Nov 30, 2007 2.83
compounds monitoring and VOC
data analysis Feb 1, 2008 ~Feb 25, 2008
Development  of  appropriate
3 | Dr. Seiji Watanabe methodologies for ambient VOC | \ 015 2608~ Apr 8, 2008 1.0
monitoring and  final report .
preparation
Grand Total (M/M) 152
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Annex 5: List of the trainees in Japan

(1) Name: Mr. Sirapong Sooktawee
Theme:  Data interpretation and modeling
Duration: August 20, 2007~ September 13, 2007

(2) Name: Ms. Daisy Morknoy
Theme:  Establishment of Methodology on the analysis of Carbonyl Compounds in Ambient Air
Duration: March 2, 2008~March 29, 2008

(3) Name:  Dr. Hathairatana Garivait

Theme:  The training on atmospheric reactivity mechanism related to VOCs air pollution
Duration: March 9, 2008~March 22, 2008
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Annex 6: List of the provided equipment

Unit: Yen
Japanese Fiscal Year 2004 18,627,000
1 | Gas Chromatograph-Mass Selective Detector 13,448,000
2 | Uninterruptible Power  Supply (UPS) to be investigated
3 | Entech 7100 Preconcentrator System 3,237,000
4 | Mass flow meter 170,000
5 | Internal stdndard gas 180,000
6 | Pressure reguiator for standard and internal standard gas 87,000
7 | Canister (6L) x6 530,000
8 | Passive canister sampler x4 475,000
9 | Sampling set 500,000
Japanese Fiscal Year 2005 2,630,000
10 | HPLC Attachment for measuring aldehydes 1,026,000
11 | HPLC workstation for HPLC to be investigated
12 | Collection tube heater with transformer 511,000
13 | Manual Diluter to be investigated
14 | Aldehyde/Ketone Standard Sample 102,000
15 | Diphenylamine Standard Sample 112,000
16 | Aldehyde passive sampler 354,000
17 | Aldehyde active sampler 157,000
18 | Suction Pump 328,000
Japanese Fiscal Year 2006 1,528,000
19 | Auto Sampler for HPLC 1,181,000
20 | Weather Transmitter 1o be investigated
21 | Pressure Gauge 95,000
22 | HPLC Attachment 57,000
23 | HPLC Analytical Column 195,000
Japanese Fiscal Year 2007 3,868,600

24 | Grafite / Vespel ferrule 12,000 -
25 | Passive canister sampler 441,200
26 | Mini-pump 321,000
27 | Collection Tube Warmer 295,000
28 | HPLC Pump 1,444,200
29 | Standard gas 525,000
30 | Calibration Curve Drawer 134,000
31 | Active/Passive DNPH Sampler 630,000
32 | Diluter Attachment 66,200
Graad Total, excluding items whose prices are under investigation 26,653,600
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Appendix IT
A Member List of the Joint Evaluation Meeting on 10 April 2008
Thai side

1. Dr. .Monthip Sriratana Tabucanon Director General of Department of DEQP
Environmental Quality Promotion

2. Mr. Boonchob Suthamanuswong Director of Environmental ERTC
Research and Training Center
3. Dr. .Hathairatana (arivait Director of Air Research and ERTC
Development Sub-division
4. Ms. Wanna Loawagul Environmental Officer ERTC
5. Ms. Daisy Morknoy Environmental Officer ERTC
6. Ms. Plernpis Pongprayoon Environmental Officer ERTC
7. Mr. Sirapong Sooktawee Environmental Officer ERTC
8. Ms. Supanut Rosjun Environmental Officer ERTC
9. Mr. Suteera Boonyapitaks Environmental Officer ERTC
10. Mr. Pariwat Soodprasert Environmental Officer ERTC
11. Dr. Kessinree Unapunmuk Preject coordinator, PCD

Ambient Afr Monitoring Division
- Air Quality and Noise Management Bureau
12. Ms. Somsuan Howe Program Officer, TICA
Countrtes Partnership (Bilateral) Branch,
Partnership Bureau

Japanese side

13. Mr. Kazuo Sudo JICA Evaluation Team, Leader

14. Mr. Tomeyuki Uda HCA Evaluation Team, Ceoperation.Planning

I5. Ms. Misa Qishi JICA Evaluation Team, Evaluation Analysis

16. Ms.Mariko Kinoshita JICA Thailand Office, Assistant Resident Representative
17. Ms. Warapormn Termsricharoenporn JICA Thailand Office, Program Officer
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