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Foreword

This booklet is one of the outcomes of the APEC Seminars and Training Courses in Legal
Metrology titled “Workshop on Metrology of Agricultural Products and Foods” that was held
from February 2 through 9, 2007 at the Central Duangtawan Hotel in Chiang Mai, Thailand.
This workshop was our first attempt to go into the field of agricultural safety. It was organized
by the Asia-Pacific Legal Metrology Forum (APLMF) with a support fund of APEC Trade
and Investment Liberalization and Facilitation (TILF) program, CTI-11/2006T. The workshop
was also supported by (1) Weights and Measures Bureau, Department of Internal Trade (DIT),
Ministry of Commerce, Thailand, (2) National Measurement Institute, Australia (NMIA) and
(3) National Metrology Institute of Japan (NMIJ). Having this result, I would like to extend
my sincere gratitude to Mr. Siripol Yodmuangcharoen of DIT, Dr. Grahame Harvey of NMIA
and all the speakers who contributed their expertise to the workshop. Also special thanks
should be extended to the APEC Secretariat for their great contributions.

We have conducted the survey among the APEC member economies concerning seminar
and training programs in legal metrology to find their needs as well as possible resources
available in the region. The survey shows that there is a strong need for a seminar designed on
agricultural metrology. Agricultural product is one of the most important categories in legal
metrology closely connected to our daily life. In addition, according to the globalization of
international trade in worldwide, the compliance to the international recommendations is
becoming a significant issue for the APEC and APLMF member economies.

Main objective of this workshop was to share knowledge on the current situation on
agricultural trading in the APEC/APLMF economies in order to develop a reliable system to
determine the quality of internationally traded agricultural products. To be specific, we aimed
at clarifying the present situation on agricultural trading in the member economies, sharing
information on metrological requirements for food safety set in the region, introducing
methods for quality evaluation, explaining technical procedures for verification of measuring
instruments and discussing the issues that exist in the region.

Main target of this training course was to assist the experts involved in international
trading of agricultural products in the member economies to learn in depth on and to develop
common understanding about the procedures based on the international standards and OIML
recommendations. Thus the target would meet the APEC objective to harmonize metrology
legislation with OIML international recommendations. The contents of the seminar are
classified into four topics: Agricultural Quality Measurements, Measurements for Food Safety
and Health, Quality Control of Agricultural Products and Measurement Infrastructure.
Presentations on each topic were delivered by the speakers that are experienced in the fields.



In this view, the workshop provided an important and among the most demanded
opportunity to the Asia-Pacific region to establish an international awareness in agricultural
products trading and its product safety. | would like to say that this is certainly a valuable step
to build a shared confidence in determining the product quality and safety.

I am really pleased to have this outcome from the training course and again deeply
appreciate invaluable voluntary efforts of the APEC and APLMF secretariats.

May 15, 2007

At

Dr. Akira Ooiwa
APLMEF President



Summary Report on
the Workshop on Metrology of Agricultural Products and Foods

Today huge amounts of goods are traded across borders in the Asia-pacific region.
Increasingly, people are becoming anxious about the quality and safety of primary products
including agricultural products. On the other hand, agricultural products are among the most
important exported goods for developing economies, and consequently it is a crucial issue for
them to maintain higher quality of such products. Therefore, the reliance on quality data
including a sound metrological infrastructure underpin and facilitate international trading. In
this aspect, it would be quite beneficial for the APEC/APLMF member economies to learn
more about the current situations and problems in the measurements / evaluations of
agricultural products and foods and to share information with the experts in this region.

Based on such understandings, the first Workshop on Metrology of Agricultural Products
and Foods was held from February 7 to 9, 2007 at the Central Duangtawan Hotel in Chiang
Mai, Thailand organized by APLMF/APEC. The main topics for the Workshop were:

1. Present situations of international trade of agricultural products and foods among the
APEC and other regions,

2. Metrology requirements for agricultural products and food safety, for example on
contamination, stock temperature etc,

3. Metrology for Quality evaluation on grain protein, grain moisture, wine, sugar cane, etc,

4. Technical procedures for the verification of measuring instruments,

5. Discussion on the regional issues based on the result of the “Survey on Quality
Measurement on Agricultural Products” conducted by APLMF, and

6. Others.

This workshop was also supported by the three organizations: (1) Department of Internal
Trade (DIT), Ministry of Commerce, Thailand; (2) National Measurement Institute, Australia
(NMIA); and (3) National Metrology Institute of Japan (NMIJ), AIST. A total of 87
participants including the speakers attended the workshop from the following 12 economies:
Australia (3)*, Cambodia (1), PR China (1), Hong Kong China (2), Indonesia (2), Japan (4),
Malaysia (1), Mexico (1), Mongolia (1), Papua New Guinea (1), Thailand (69) and Vietnam
(2). The attendance from Thailand also includes supporting staffs from the Weights and
Measures Bureau, Department of Internal Trade (DIT), Ministry of Commerce. Some of the
speakers from outside of Thailand were supported with travel fund by APEC or APLMF. The
host economy and APLMF provided the venue, transportations, tours and meals. 24 speakers
from 11 economies contributed topics.

On Wednesday the 7th, the workshop started off with the opening ceremony. Mr.
Thongchai Wongrienthong of Deputy Chiang Mai Governor, Mr. Siripol Yodmuangcharoen
and Mr. Songkold Ubolsing of the Department of Internal Trade welcomed all participants to
Chiang Mai, the most historical and attractive city in Thailand. Then Dr. Akira Ooiwa,
APLMF President welcomed participants on behalf of APLMF and set out the purpose of the
workshop. After the opening ceremony, the following topics were presented by the speakers
and discussed with all participants for three days until Friday the 9th.

* () indicates the number of participants from the economy.

At the end of the series of presentations, a summary session was arranged on Friday the 9.
Discussion was chaired by Dr. Ooiwa to summarize all topics and also to discuss future
planning for the next workshop as well as other APLMF future activities. In the discussion, a
lot of valuable suggestions and requests were proposed in regard to CRMs (Certified



Reference Materials), proficiency tests, mutual recognition agreement (MRA), metrological
infrastructure including measurement standard, issues on packaging and labelling,
cooperation with other regional organizations, follow-up seminars, etc. The summary of the
discussion will be published within this year as a final APEC report.

On Friday, the workshop was concluded with a closing ceremony. Dr. Ooiwa gave a
closing address after which he presented Certificates of Appreciation to all speakers with
assistance by Mr. Veerasak Vissutthatham, Director of Weights and Measures Bureau,
Department of Internal Trade.

Besides the presentations, the host economy kindly provided activities to encourage further
discussion and to build friendship among the participants. A welcome dinner at the Khum
Khantoke Restaurant in Chiang Mai was arranged on Wednesday with fantastic traditional
attractions. On Friday, the participants visited the Northern Weights and Measures Center to
see a demonstration measuring starch content in cassava, and the Bann Tawai Market (a well-
known handicraft center). On departure, the host handed out the participants CD-ROMs that
contain text books, reports from the participants and photos taken during the workshop.

At the end of this report, as the APLMF secretariat, we would like to give our sincere and
deepest gratitude to the hard work and dedication provided by the staffs of the host economy
represented by Mr. Siripol Yodmuangcharoen, Director General of Department of Internal
Trade, Ministry of Commerce. We would like to also deeply appreciate the National
Measurement Institute, Australia for their closer cooperation with the Secretariat in
organizing the workshop. Of course we can not forget the tremendous support from the
APLMF/APEC member economies for providing competent speakers in this field of
measurement.

Dr. Tsuyoshi Matsumoto
APLMF Executive Secretary
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APEC/APLMF Seminars and Training Courses in Legal Metrology
(CTI 11/2006T)
Workshop on Metrology of Agricultural Products and Foods

7 - 9 February, 2007
at the Central Duangtawan Hotel in Chiang Mai, Thailand

Program

Organizers:
1. Asia—Pacific Economic Cooperation (APEC)

2. Asia—Pacific Legal Metrology Forum (APLMF)

Supporting Organizations:

1. Weights and Measures Bureau, Department of Internal Trade, Ministry of Commerce,
Thailand

2. National Measurement Institute, Australia (NMIA)

3. National Metrology Institute of Japan (NMIJ), AIST

Main Objective:

These days, huge amounts of goods are traded across borders within the Asia-pacific region.
Increasingly people have become anxious about the quality of such goods and are interested
in developing a reliable system to determine the quality of internationally-traded goods,
especially primary products. As a matter of course, primary products are among the most
important goods for developing economies to export, and consequently it is a crucial issue for
them to achieve and maintain higher quality of such products especially of agricultural
products and foods.

Therefore, the reliability of data, i.e. the quality evaluation concerning metrology should be
one of the main issues to be investigated to facilitate international trading. In this aspect, it
would be quite beneficial for legal metrology authorities in the APEC/APLMF member
economies to learn more about the current situations and problems and to share information in
this area at the proposed workshop.

Proposed Topics for the Workshop:

1. Present situations of international trade of agricultural products and foods among the
APEC and other regions.

2. Metrology requirements for agricultural products and food safety, for example on
contamination, stock temperature etc.

3. Metrology for Quality evaluation on grain protein, grain moisture, wine, sugar cane, etc.

4. Technical procedures for the verification of measuring instruments.

5. Discussion on the regional issues based on the result of the “Survey on Quality
Measurement on Agricultural Products” conducted by APLMF.

6. Others.




Call for Speakers:
If you or your colleagues wish to make a presentation at the workshop, please send the
“Registration Form” to the APLMF secretariat by 22 December, 2006.

Registration of Participants without Presentation:
Please send the “Registration Form” to the APLMF secretariat by 12 January, 2007.

Travel Support:

APEC travel support, composed of a roundtrip airfare in a discount economy class and per
diem including accommodation, would be prepared for the speakers from APEC economies.
APLMF travel support would be also prepared for the speakers from non-APEC & APLMF
full member economies. The maximum number of supported speakers is limited to one for
one economy for both of the APEC & APLMF supports. The final speaker(s) eligible for
travel support will be decided after an approval by the APEC/APLMF secretariat.

Visa Assistance:

If you need a visa to enter Thailand, please fill up the bottom portion of the “Registration
Form” for “Visa information’. This information will be forwarded to the host by the APLMF
secretariat. Upon receipt of the information, the host will send an official letter of invitation
for visa application.

Venue and Accommodation:

Central Duangtawan Hotel, Chiang Mai

132 Loykroh Road, Chang Klan, Muang, Chiang Mai 50100, Thailand

Tel: +66 (0) 5390 5000, Fax: +66 (0) 5327 5429
http://www.centralhotelsresorts.com/chiangmai_hotels.asp

If you wish to reserve a room at the venue with a rate of 1,600 Baht (USD44) nett/day, please
fill up the “Hotel Reservation Form” and send it to the host in Thailand by 15 January, 2007.

Access Information:

The host will prepare cars (vans) to pick up the participants at the Chiang Mai airport and
transfer to the venue on 6 February. The cars will be prepared for the participants who
provided their flight schedule to the host in advance. Host staffs will be waiting at the arrival
gate with a signboard “APEC/APLMF Workshop” and they will guide the participants to the
cars.

Contact Persons of the Workshop:

1. APLMF Secretariat (registration and travel support)
Dr. Tsuyoshi Matsumoto & Ms. Ayako Murata

APLMF Secretary

AIST Tsukuba Central 3-9, 1-1-1 Umezono, Tsukuba, Ibaraki 305-8563, Japan
Tel: +81-298-61-4362, Fax: +81-298-61-4393

E-mail: e.sec@aplmf.org & sec@aplmf.org

2. Host in Thailand (visa assistance, accommodation and venue)
Mr. Veerasak Visutthatham and Mr. Sakchai Hasamin
Weights and Measures Bureau, Department of Internal Trade, Ministry of Commerce
Tel: +66-2547-4357, Fax: +66-2547-4356
E-mail: veerasak@chwmthai.org & hasakchai@hotmail.com




Program

Day 1
7" Feb.

(Wed)

08:30-09:20 \Registration
Opening Ceremony
09:20-09:45 |Welcome address by Mr. Thongchai Wongrienthong (Deputy Chiang
Mai Governor, Thailand)
Chair:  l\welcome address by Mr. Songkold Ubolsing (Deputy Director
Mrs. Marian | General, Department of Internal Trade, Ministry of Commerce,
Haire | Thajland)
Welcome address by Mr. Siripol Yodmuangcharoen (Director
General, Department of Internal Trade, Ministry of Commerce)
Opening address by Dr. Akira Ooiwa (APLMF President)
Take a group photo
09:45-10:15 | Coffee break

Topic 1: Agricultural Quality Measurements

10:15-11:10 [1-1: The Role of OIML in Quality Measurements for Agricultural
Chair: Products and Food Safety by Dr. Grahame Harvey (National
Mr. Hiroshi |Measurement Institute, Australia)
Yamahira |1-2: Cane Sugar Measurements and a Report on the Survey carried
out by APLMF by Dr. Sheila Devasahayam (National Measurement
Institute, Australia)
11:10-11:20 | Coffee break
11:20-12:20 |1-3: Starch Content in Tapioca by Mr. Surachai Sungzikaw (Weights
_ and Measures Center in Chiang Mai, Thailand)
Chair:  [1_4: Measurement of Moisture Content in Rice by Assoc. Prof.
Dr. Grahaine Chaiwat Chaikul (Kasetsart University, Thailand)
Harvey 1-5: Calibration and Traceability of Grain Moisture Meter by Mr.
Jong Ryong Sok (Central Institute of Metrology, DPR Korea)
(presentation was canceled)
12:20-14:00 |Lunch break
14:00-15:00 |1-6: Measurements and Inspection Instruments on Rice Quality by
Chair: Mr. Hiroshi Yamahira (Kett Electric Laboratory, Japan)
Mr. Surachai |1-7: The Traceability System of Moisture Meter on Application in
Sungzikaw | Rice Trading Safety in Indonesia by Mr. Rusmin Amin (Directorate
of Metrology, Ministry of Trade, Indonesia)
15:00-15:30 | Topic 1: Discussion and Key Points chaired by Dr. Harvey*, Mr.
Yamahira and Mr. Sungzikaw.
15:30-16:00 |Coffee break

Topic 2: Measurements for Food Safety and Health

16:00-17:30

Chair: Dr.

2-1: Food Quality and Safety Measurement in Primary Production by
Dr. Vinai Pitiyon (Director of Laboratory Center for Food and
Agricultural Products Co. Ltd., Thailand)




Chainarong

2-2: Inspection of Imported Foods and Implementation of Good

Cherdchu* | Laboratory Practice in Japan (Ms. Yoko Mori, Japan Frozen Foods
Inspection Corporation)
2-3: Implementation of Food Safety in Thailand by Mrs. Jongkolnee
Vithayarungruangsri (Director of Food Safety Operation Centre,
Thailand) and Mrs. Vanida Kaothiar (Senior of Food and Drug
Administration, Thailand)
19:00-21:00 |Welcome dinner at the Khum Khantoke Restaurant in the Chiang
Mai Business Park hosted by the host economy.
09:00-10:00 |2-4: Mobile Unit for Monitoring, Surveillance and Natural Disaster
by Mr. Preecha Chungsamanukool and Mrs. Duangdao
Chair: Wongsommart (Department of Medical Sciences, Ministry of Public
Mrs. Vanida | Health, Thailand)
Kaothiar  [2_5: Continuous Improvement of Aflatoxin Measurement in Thailand
by Mrs. Kanokporn Atisook and Mrs. Wischada Jongmevasana
(Food Scientist of Department of Medical Sciences, Thailand)
10:00-10:30 | Topic 2: Discussion and Key Points chaired by Dr. Cherdchu* and
Mrs. Kaothiar.
10:30-11:00 |Coffee break
Topic 3: Quality Control of Agricultural Products
11:00-12:00 |3-1: The Control of Agricultural Products, Food Safety and Quality
on Measuring Equipments by Mr. Ta Ngoc Tu (QUATEST 2,
Chair: | Directorate for Standards and Quality, Vietnam).
Day 2 Dr._Wing 3-2: Current Topics on Rice Maize Production and Quality in
Jing Cambodia by Mr. Ros Pysoth (Ministry of Agriculture, Forestry and
8t Eeb. Fisheries, Cambodia)
12:00-13:30 |Lunch break
(Thu) | 13:30-14:30 |3-3: Grain Crop and its Quality Measurement Control in Mongolia
by Mrs. Udval Doljin (Mongolian Agency for Standardization and
Chair: | Metrology)
Mr. Ros  3_4: Metrology for Quality Evaluation on Grain and Soybean
Pysoth | products by Dr. Wang Jing and Mr. Fu Bogiang (National Institute of
Metrology, PR China)
14:30-15:00 |3: Discussion and Key Points chaired by Dr. Wang* and Mr. Ros
15:00-15:30 |Coffee break

Topic 4: Measurement Infrastructure

15:30-17:00

Chair:

4-1: The Current Thai Metrology System Related to Food and Safety
Measurement by Dr. Pian To-tarong and Dr. Chainarong Cherdchu
(National Institute of Metrology, Thailand)

Mrs. Marian
Haire*

4-2: Grain Infrastructure by Dr. Grahame Harvey (National
Measurement Institute, Australia)

4-3: Moisture Infrastructure by Mr. Hiroshi Yamahira (Kett Electric
Laboratory, Japan)




Day 3
o Feb.
(Fri)

09:00-10:00 |4-4: Chemical Measurement Challenges for Regional Regulations
Chair: by Dr. Norma Gonzalez-Rojano (CENAM, Mexico)

Dr. Osman | 4.5: Metrology and its Regulatory Significance in Chemical
Zakaria | Analysis - The Hong Kong Experience by Dr. Chuen-Shing Mok
(Government Laboratory, Hong Kong China)

10:00-10:30 |Coffee break

10:30-11:30 |4-6: A Strategy for a National Metrology Institute to Develop a

National Metrology Infrastructure for Food Safety Measurements
Chair: in Malaysia by Dr. Osman Zakaria (National Metrology

Dr. Norma |Laboratory, SIRIM Berhad, Malaysia)

Gonzalez |4-7: Guide to Creating a National Measurement Infrastructure by
Mrs. Marian Haire (National Measurement Institute, Australia)

11:30-12:00 |Topic 4: Discussion and Key Points chaired by Mrs. Haire*, Dr.
Zakaria and Dr. Gonzalez.

Summary Session

12:00-12:50 |Discussion chaired by Dr. Ooiwa. Summarizing all topics and
discussion on future planning of the next workshop and on the
APLMF future activities.

Closing Ceremony

12:50-13:10 |Closing address by the APLMF President, Dr. Akira Ooiwa

Closing address by the host

Presentation of Certificates of Appreciation to All Speakers and
Organizers

13:10-14:30 |Lunch break

Optional Tour

14:30-18:00 |Technical tour to the Northern Weights and Measures Center in
Guided by the |San Pa Tong.

host Tour to Bann Tawai (a well-known handicraft center).

* Indicates the primary chair person, who is responsible of one of the four major topics.
Chairs without * indicate assistant chairs supporting the chair. The primary chairs are
expected to lead four "Discussion and Key Points™ and report the summary of the discussion
to the organizers before “Summary Session” on Day 3 in cooperation with assistant chairs.
This summary shall include some or all of the following items.

1
2.
3.
4

What outcomes were obtained trough the discussion?

Were there any problems pointed out in the discussion?

What kinds of speakers are requested to organize future workshop?

What kinds of fields APLMF shall work on in the future in the field of measurements
on agricultural products and foods?
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Participants List of APEC/APLMF Workshop on Metrology of Agricultural Products and Foods
February 7 — 9, 2007 at the Central Duangtawan Hotel in Chiang Mai, Thailand

No. Category Economy Full Name Organization
1 | Speaker & Chair Australia Mrs. Marian Haire National Measurement Institute, Australia
2 | Speaker & Chair Australia Dr. Grahame Harvey National Measurement Institute, Australia
3 | Speaker & Chair China, PR Dr. Wang Jing National institute of Metrology P.R.China (NIM)
4 | Speaker & Chair Cambodia Mr. Ros Pysoth Department of Agronomy and Agricultural Land Improvement
5 | Speaker & Chair Japan Mr. Hiroshi Yamahira Kett Electric Laboratory Co.
6 | Speaker & Chair Malaysia Dr. Osman Zakaria National Metrology Laboratory, SIRIM Berhad
7 | Speaker & Chair Mexico Dr. Norma Gonzalez-Rojano Centro Nacional de Metrologia (CENAM)
Local Speaker . . . . .
8 & Cr?air Thailand Dr. Chainarong Cherdchu National Institute of Metrology (Thailand)
9 Lozllcsti);e{arker Thailand Mrs. Vanida Khaothiar Thai Food and Drug Administration
Local Speaker . . . . . .
10 & Cr?air Thailand Mr. Surachai Sungzikaw Northern Weights and Measures Center (Chiang Mai)
11 Speaker Australia Dr. Sheila Devasahayam National Measurement Institute, Australia
Hong Kong .
12 Speaker China Dr. Chuen-shing Mok Government Laboratory
13 Speaker Indonesia Mr. Rusmin Amin, S.Si, MT Directorate of Metrology, Ministry of Trade
14 Speaker Japan Ms. Yoko Mori Japan Frozen Foods Inspection Corporation (JFFIC)
15 Speaker Mongolia Mrs. Udval Doljin Mongolian Agency for Standardization and Metrology
16 Speaker Vietnam Mr. Ta Ngoc Tu QUATEST 2, Directorate for Standards and Quality
B f li f f F
17 Local Speaker Thailand Mrs. Kanokporn Atisook ureau of Quality a'nd S ?ty of Food,
Department of Medical Sciences
18 Local Speaker Thailand Dr. Chaiwat Chaikul Associate Professor, Kasetsart University
Bureau of Quality and Safety of Food,
19 Local Speaker Thailand Mr. Preecha Chungsamanukool Quality . . y
Department of Medical Sciences
Bureau of Quality and Safety of Food,
20 Local Speaker Thailand Mrs. Wischada Jongmevasana ureau of Quality A . y
Department of Medical Sciences
21 Local Speaker Thailand Dr. Vinai Pitiyon Laboratory Center for Food and Agricultural Products Co. Ltd.
22 Local Speaker Thailand Dr. Pian Totarong National Institute of Metrology (Thailand)
23 Local Speaker Thailand Mrs. Jongkolnee Vithayarungruangsri Food safety Operation center, Ministry of Public Health
. Bureau of Quality and Safety of Food,
24 Local Speaker Thailand Mrs. Duangdao Wongsommart Quality A . y
Department of Medical Sciences
. Executive Secretary of APLMF /
25 APLMF Japan Dr. Tsuyoshi Matsumoto National Metrology Institute of Japan (NM1J), AIST
. . President of APLMF /
26 APLMF Japan Dr. Akira Ooiwa National Metrology Institute of Japan (NMIJ), AIST
. . . Weights and Measures Bureau,
27 H Thail Mr. Sakchai H
ost ailand r. Sakchai Hasamin Department of Internal Trade, Ministry of Commerce
Weights and Measures Bureau,
28 Host Thailand Mr. Khomkrit Poonaudom 9 ! ureau L
Department of Internal Trade, Ministry of Commerce
. . Weights and Measures Bureau,
29 H . -
ost Thailand Ms. Khemsai Rahannok Department of Internal Trade, Ministry of Commerce
30 Host Thailand Ms. Pattaraporn Surasit Weights and Measures Bureau,
) P Department of Internal Trade, Ministry of Commerce
. L Weights and Measures Bureau,
31 . -
Host Thailand Mr. Warachai Triarun Department of Internal Trade, Ministry of Commerce
Weights and M B ,
32 Host Thailand Mr. Veerasak Vissutthatham e1gn's and fvieasures Bureau .
Department of Internal Trade, Ministry of Commerce
33 Host Thailand Mr. Siripol Yodmuangcharoen Department of Internal Trade (DIT), Ministry of Commerce




34 Host Thailand Mr. Songkold Ubolsing Department of Internal Trade (DIT), Ministry of Commerce
35 Host Thailand Mr. Thongchai Wongrienthong Deputy Chiang Mai Governor, Thailand

36 Participant Hogaiﬁzng Dr. Wai-hong Fung Government Laboratory

37 Participant Indonesia Mr. Priyo Syamsul Directorate of Metrology

38 Participant Pagﬁ?nlgl:w Mr. Victor Vaporoketo Gabi National Institute of Standards & Industrial Technology
39 | Local Participant Thailand Mr. Pongsak Ampaiphan \é\;e;gzt;::?o?ﬁizt;: ?'S;Z:?;\Ainistry of Commerce
40 | Local Participant Thailand Ms. Churajrat Apanantikul The Federation of Thai Industries

41 | Local Participant Thailand Mr. Chartee Areewong \évee;grtt;::tdo?f ;ZL:;ZSI ‘?’l:;g:?;\/linistry of Commerce
42 | Local Participant Thailand Mr. Vacharapong Chaichotkij Weights and Measures Branch Offices (Nakornsawan)
43 | Local Participant Thailand Ms. Pariya Chantarat Thai Industrial Standards Institute

44 | Local Participant Thailand Mr. Saksit Chatpramot Saha Farm Co., Ltd.

45 | Local Participant Thailand Mr. Pongpan Chungyusuk Department of Agriculture

46 | Local Participant Thailand Mr. Pongdej Dejpongsarn The Federation of Thai Industries

47 | Local Participant Thailand Mr. Supachai Jaengjad Northern Weights and Measures Center (Chiang Mai)
48 | Local Participant Thailand Ms. Yaovaman Jangcharoenjittkul The Federation of Thai Industries

49 | Local Participant Thailand Ms. Utumporn Jongpaiboonkit Thai Industrial Standards Institute

50 | Local Participant Thailand Mr. Boonrath Jongsakul Eastern Weights and Measures Center (Chonburi)

51 | Local Participant Thailand Mrs. Phongpak Khemtawong Betagro Northern Agro - Industry Co., Itd.

52 | Local Participant Thailand Mr. Tapphinyo Koatnon \[I)Vee;g:‘tt;::?o?f;?ij E:J;Z:J;\/Iinistry of Commerce
53 | Local Participant Thailand Mr. Phongchai Kwunkum Northern Weights and Measures Center (Chiang Mai)
54 | Local Participant Thailand Ms. Jutharat Lienkatawa Thai Industrial Standards Institute

55 | Local Participant Thailand Ms. Sakuna Martnok Scientific Promotion Co., Ltd.

56 | Local Participant Thailand Ms. Prapussorn Mounmee Northern Weights and Measures Center (Chiang Mai)
57 | Local Participant Thailand Mr. Thanakrit Muangsit Majestic Food Industry Co., Ltd

58 | Local Participant Thailand Mr. Napol Muenkiang Doi Kham Food Products Co.,Ltd.

59 | Local Participant Thailand Mr. Sopon Opaskitti \é\;eggzt;z:?o?r ;ZL:;Z‘? ?:::;:?;\Ainistry of Commerce
60 | Local Participant Thailand Mr. Warapong Pakkut Northern Weights and Measures Center (Chiang Mai)
61 | Local Participant Thailand Mr. Somsak Panpaisan gggx;s::jo?? ;ZL:LZSI ?Ez:g:,u;\/linistry of Commerce
62 | Local Participant Thailand Mr. Supot Phuaphoomthai Northern Weights and Measures Center (Chiang Mai)
63 | Local Participant Thailand Ms. Suchanya Ponpetch E;‘:}?S:?;egs] ;;Jelirstﬁ:aﬁsnter,

64 | Local Participant Thailand Mr. Bunleng Ponvisanukul Weights and Measures Branch Offices (Nakorn Ratchasrima)
65 | Local Participant Thailand Mrs. Panjit Prayongpetch Scientific Promotion Co., Ltd.

66 | Local Participant Thailand Ms. Supaporn Promsuk Northern Weights and Measures Center (Chiang Mai)
67 | Local Participant Thailand Mr. Bancha Puamorn Northern Weights and Measures Center (Chiang Mai)
68 | Local Participant |  Thailand Mr. Artit Pundech Food safety Operation Center,

Ministry of Public Health
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69 | Local Participant Thailand Mr. Jira Raksapeng Southern Weights and Measures Center Center (Suratthani)
70 | Local Participant Thailand Mr. Kittipit Sarthumea Royal Project Foundation

71 | Local Participant Thailand Mr. Narong Soithong Weights and Measures Branch Offices (Saraburi)

72 | Local Participant Thailand Mr. Prakit Sridecharinkul North Eastern Weights and Measures Center (Khonkean)
73 | Local Participant Thailand Mr. Supatat Sungthong Chiangrai Winery Co Ltd.,

74 | Local Participant Thailand Mr. Pawat Tanakamolkit Betagro Northern Agro - Industry Co., Itd.

75 | Local Participant Thailand Dr. Charin Techapun Department of Biotechnology Agro-Industry (Chiang Mai)
76 | Local Participant Thailand Mr. Intanon Charoenthapanich

77 | Local Participant Thailand Mrs. Jintana Nittayaray

78 | Local Participant Thailand Ms. Sasithorn Rewthong

79 | Local Participant Thailand Mr. Boonlan Srinang

80 | Local Participant Thailand Mrs. Pwadee Wattanapanich

81 | Local Participant Thailand Mr. Poramain Watthnanusit

* The participants are categorized by their roles and listed in alphabetical order of their economies and last names.
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Measurement of Moisture Content in Rice
By

Assoc.Prof.Chaiwat Chaikul (Kasetsart University, Thailand)

History of grain moisture meter in Thailand

Grain moisture Tester was first developed in 1981 by the student of Electrical
Department (Faculty of Engineering) as “senior project” and with Assoc. Prof.
Chaiwat Chaikul as a consultant in order to consider the possibility to make a
prototype.

Later, the staffs of Electrical Department(Faculty of Engineering) and Assoc.
Prof. Dr. Juangjun Duangpatra the staffs of Department of Agronomy(Faculty of
Agriculture) joined together in researching, developing and trying to produce
moisture tester for the first time in 1985.

The first generation of the tester was designed for measuring the moisture in
maize, displaying with scale. About 200 testers in this model were made. Due to the
calibration and operation difficulties, it was then developed into the digital-display
model which is made and sold until now.

The first 10 years was for maize, the testers were produced largely for
measuring moisture because Kasetsart University was, in that time, developing and
reseaching mainly on maize.

In 1996, the moisture tester “EE-KU version 11” model was awarded on the
Inventor’s Day of National Research Council of Thailand.

This EE-KU version 11 model, displaying digitally, was designed to directly
measure the moisture in maize. For other grains for example paddy, soybeans, coffee,
pepper, millet, vegetable seeds and non-plant seed objects can be measured by using
the tables given data of more than 30 types plant seeds and non-plant seed objects

For 20 year, Kasetsart University has produced and sold over 2500 testers.
Most of them are still operating nowadays, and some are exported to China, Burma,
Vietnam, Laos, Indonesia and The Philippines

Now, The grain moisture testers are produced in two models EE-KU version
11 and EE-KU “60™ Anniversary”.

EE-KU”60™ Anniversary”, produced for 5 years, can measure the moisture of
up to 7 types of grains directly (without having to use the calibrating tables).

There is automatic temperature compensation, which gives more accurate
measurement than the EE-KU version 11 figure 1.
EE-KU 60th anniversary Figure2.



EE-KU® Grain Moisture Tester

Accessories

LCD screen

power switch (test)
adjustment knob
data set

battery

tester hole

cone

balance (100 g)
thermometer ( C)

©CoNoukrwhE

Fig. 1

Specification

This digital grain moisture tester enables all users to read exact
moisture percentage of corn, soybean, millet and paddy, by comparing the
percentage in given tables (table 2, 3)

Range corn: moisture 11-35 %

paddy: moisture 9-24 %
Sample weight: 100 g per each test

Accuracy corn: error <+ 0.5 % (moisture range 11-20 %)
error <+ 1 % (moisture 20 % and over)
paddy: error <+ 0.3% (moisture range 9-20 %)
error <+ 0.5% (moisture 20% and over)

Operating temperature: 25-35° C
Battery: one 9V battery

Accessories: cone
100 g balance
Thermometer
Case
User’s guide
Price : 6,500 Bath(ex-factory price)
(about US$163 Depend on exchange rate)
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Grain Moisture Tester 60th Anniversary Kasetsart University

R

Figure 2
Description
The unit designed for portability, with compact size 170x230x280 mm. Weight 1.2
kg., The case is made from metal, with an opening on top for putting in the seed
samples, The moisture is determined by measuring the capacitance of the seed in the
chamber, which also includes a sensor to measure the seed temperature. For easy
operation, the front panel consists of 5 function buttons. As well as a 3-Digit numeric
LCD Display with 12mm character size. All operations controlled by microcontroller.
With Ram and EEPROM. Operated by a 9Volts battery. The unit can measure the
moisture of up to 7seed types and has an automatic temperature compensated
function. Average moisture and number of measurement can be read from the display,
Fast response. Function for measuring seed temperature and user calibration is also
provide

Measurement Method Capacitance
Range (Standard version) Corn 0.0-35%
Paddy 0.0 - 25 %

Paddy (Jasmine) 0.0-25%
Soybean 0.0-25%

Millet 0.0-35%
Sample weight 100 g.
Operating temperature 20-50C
Battery 9V battery
Accessories Cone

100 g balance

Case

User’s guide
Price 9,500 Bath(ex-factory price)

(about US$238 Depend on exchange rate)



Growing rice in Thailand

Rice is the most important plant in Thailand, grown about 49 million rice, and

gives about 20 million tons of produce per year.

There was a competition in rice species for the first time in 1807 and there has
been the development in species since then. The registration on each species of rice

started longtime ago, for example,
“Khao Dawk Mali 105”(Jasmine Rice) in1959,
RD6 (glutinous rice) in 1977,
RD15 (non-glutinous rice) in 1978,
and today there are more than 83 species registered.

Most 9 type of rice to be popular to plant, and it can be divided into 4 group

1. Jasmine rice

2. Glutinous rice

3. Photosensitive rice

4. Non-Photo sensitive rice

Categories by zoning show figure 3.

Jasmine rice is divided into 4 zones

Area Province Size of area (million Rai)
A. Lower north-east area 9 12.6
B. Upper north-east area 10 2.8
C. North area 3 0.4
D. Central area 12 2.2

Zone A = 63 % of product of Jasmine rice in Thailand

Glutinous rice is divided into 2 zones

Area Province Size of area (million Rai)
A. Lower north-east area 14 12.3
B. Upper north area 6 24
Photosensitive is are divided into 3 zones
Area Province Size of area (million Rai)
A. Central area 12 1.48
B. Upper south area 6 0.27
C. Lower south area 5 0.2

Non-Photo sensitive rice is irrigation area.
Area Province Size of area (million Rai)
A. Central area 6 14

Product (million tons)
3.67
0.79
0.19
0.9

Product (million tons)
3.54
1.17

Product (million tons)
0.59
0.11
0.08

Product (million tons)
9.0
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THAILAND

Myanmar
(Burma)

ANDAMAN SEA

Growing rice in Thailand ~

w Jasmine rice A

@ Glutinous rice

¥ Chians Phattalung rice
A Leuang Pratew 123 rice

S Cambodia
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IR Ry y )
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q‘/} Vietnam
GULF OF
THAILAND
STRAIT OF — Intemational Boundary
MALACCA uirnloas i)
+ National Capital
[ Province(tinh) Capital
w - Provinces have the same
Copyright © 2006 Compare Infobase Limited Malaysia name as their capitals.

Figure 3.




Moisture contain

Rice moisture measurement problem in Thailand

Since paddy in Thailand can be divided into 4 groups, and each group have
difference characteristics for example

Density ( kg/200) between 9-14

% Amylose 12-30%
Weight (1000 seeds) 20.5-46.2¢g
Harvesting 100-140 days

Since the moisture meter used in Thailand is electrical meter it will measure
accurately when the mostly is the same as the sample of the calibrated one.
When performing experiments on each kind of paddy (4groups), we found that the
read-out and moisture content of 4 groups are different. Shown figure 4.

Figure4. Comparing moisture contain between Jasmine 105 rice and Non-Gultinous rice

30

25 4

20 4

——— Non-Gultinous

- - & - - Jasmine105

0 5 10 15 20 25 30 35 40 45

reference number

This also depend on the moisture content of the paddy and differences in sample form
and composition, amounts of electrolyte contained in the sample, and sample hardness
and brittleness grain size distribution, cultivation conditions, growth environment and
time since harvesting. The problem is the higher the moisture control of the paddy the
more in-accurate of the tester is show out.
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It was impossible to use the same calibrated tester for all types of paddy.
in practice, farmers always sell their paddy very high moisture cont.(about 20% case
3333study) to the rice mill, who use only one tester in every lot of paddy without
good calibration. This was cleary shown the different of moisture of paddy from the
study of Duangpatra as shown in figure 5

Figure2. Comparing moiseture testing by alter devices

Duangpatra 1986

35

30

25 o

20 H

Another tester

% moisture

—-A—- EE-KU tester

e A -
T il I
10 4 —&— Standard

Silo Drying Court Before Drying New comming
< > < > < > <

. which compare to the standard method and EE-KU tester and another tester. The
higher moisture of the paddy, the more different from the standard method was found
.This point out the good quality moisture tester must be specific for each group of
paddy to be tested. Therefore, tester set must be done before each type of paddy is
tested.

EE-KU 65" years Thai version

Range
Corn 0.0-35%
Paddy 0.0-25%
Paddy(Jasmine)  0.0-25%
Soybean 0.0-25%
Millet 00-35%
Etc.

Sample weight: 100 g per each test
Operating temperature: 25-35° C
New model. Coming soon.
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Mobile Unit for Monitoring, Surveillance and Natural Disaster

Natural disasters are unavoidable events but it can be prepared to handle them properly in
order to minimize their effects. Natural disasters in Thailand are increasing both in frequency
and severity, as we were attacked by Tsunami in 2004, earthquake in the north and big flood
in 2006. Natural disasters do not only effect life and assets but also effect economy, social and
normal living of people. People lose their homes. Shortage of safe food and epidemics may
occur, especially diseases that spread through food, water and drink or called foodborne
diseases. So when natural disaster occurs, the Ministry of Public Health (MOPH) which
responsible for monitoring, surveillance and preventing diseases will assignh Department of
Medical Sciences (DMSc.) by Bureau of Quality and Safety of Food (BQSF), located in
headquarter, and other 14 Regional Medical Sciences Centers, located in major provinces
throughout the country, to take action in food safety for public.

In general, food safety quality control is processed in permanent laboratory. In some cases
such as international meeting or special ceremony (such as Asia Pacific Economic
Cooperation: APEC meeting or the sixtieth Anniversary Cerebrations of His Majesty’s
Accession to the throne) or natural disaster occurs in area where permanent laboratory is far
away, and quick analysis results are required, mobile laboratory is necessary to be set up in

these specific conditions.

Procedures
When severe natural disaster occurs or there is requirement to set up the mobile laboratory.
BQSF team must follow these procedures:
1. Budgeting: Fiscal budget of BQSF can be spent but at the same time specific budget
must be requested to MOPH.
2. Collaborating with local officers in order to locate the point for mobile lab set up, the
area to collect sample and set time frame.
Checking mobile lab to be ready to use.
Determine specific kinds of food to be checked.
Setting analytical items and methods.
Setting analysis result criteria.
Preparing materials and equipments for analysis.
Moving mobile lab to agreed location on time.

© 0o N o 0o > W

Working with provincial public health officers to collect sample for analysis.



10. Bringing samples to mobile lab for analysis.

11. Reporting analysis results to provincial public health officers within 1- 3 days.

12. Provincial public health officers implement analysis results in order to control disease

or food safety.

13. Moving mobile lab back to the station.

BQSF team will determine

1. Kinds of food to be analyzed such as ready-to-eat food, water, ice and beverage.

2. Items of analysis in case of pandemic risk condition such as significant foodborne

pathogens and some indicator microorganisms which indicate sanitary food producing

eg. Staphylococcus aureus, Salmonellae, Vibrio cholerae, Vibrio parahaemolyticus,

Escherichia coli.

At the same time it may be examined for some contaminated chemical which may cause

unsafety for health. Eg) borax, formalin, salicylic, hydrosulphite.

3. Analysis methods must be quick, precise and reliable.

3.1

3.2

For microorganism detection, standard or modified method is used for quick

results eg. method of

e AOAC (Official Methods of Analysis of AOAC International)

e APHA (American Public Health Association)

e BAM (Bacteriological Analytical Manual)

e SO (the International Organization for Standardization)

For contaminated or chemicals detection, quality& safety food test Kits are

used.

4. Decision criteria

41

Food and beverage: Microbiological guidelines for foods and food contact
articles of Department of Medical Sciences (B.E.2536), Ministry of Public
Health, Thailand, defines that

Ready-to-eat food Beverage
= E .CONIG o less than 10
= IMPN E .COI/L00 ......ciiiiiiiiiiieenie e ml less than 2
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= S AUIBUS/G cevveee e less than 100

=S, AUIBUS/MI i not detected
- Salmonellae/25 g ...veeevieiiei not detected
-Salmonellae/50 Ml........cccoovviiiieiie e not detected
- Vibrio cholerae/25 g ....cccccvveeiveieiieciece e not detected
- Vibrio parahaemolyticus/25 g........cccccecevvveivenennn, not detected

4.2 Water and ice : Food regulation of the Ministry of Public Health, Thailand,
issue number 61 (B.E.2524) and number 78 (B.E.2527) defines that

-E.CO/L00 ML oo not detected
=SLAUFRUS ...ttt not detected
-Salmonellae.........coovieiii not detected
-Vibrio cholerae ... not detected
-Vibrio parahaemolytiCus...........cccooevveieiivesininnnn, not detected

4.3 Chemical substances: Test kit criteria of Department of Medical Sciences,
the Ministry of Public Health, Thailand defines that

= BOFAX v not detected
- FOrmalin oo not detected
= SAHCYHIC e not detected
- HydroSulphite ... not detected

Materials and equipments in Mobile laboratory
1. Incubator

Water bath

Microwave

Burner

Refrigerator

Freezer

Media & Reagents

Glass ware & Plastic ware

© © N o g bk~ w DN

Balance
10. Stomacher



11. Hot plate stirrer

12. Loop & Needle

13. DMSc. Test kit

14. Notebook computer
15. Printer

Microbiological methods of analysis in appendix

Appendix

Document by:

Bureau of Quality and Safety of Food................. Preecha Chungsamanukool

Department of Medical Sciences.........c..cccceevveennen.
Ministry of Public Health, Thailand

Duangdao Wongsommart

95



*Ep pue 1o ‘g ‘lg supkojepe jo seamonnys [ g

‘9®'9
2q ‘Ig UIX0IR[JV JO 8IN1dNIS

.Suixoeyje,,

Se palleu aJaM SUIX0) ay) pue snAe|y
sn|j1B1adsy Ylim paloajul [esw inuead
Ul SUIX0] SeM 8SeasIp JO asned ay L

‘palp 94am syjnod

A8x4n1 000'00T 4970 “MN Ul ,8sessIq X,
Aayn ,, 9SeasIp e JO Yealgino a19Ass :096T

(266T d2UIS) dWaYIS
90URWIIOLIAd SISAJeuys UIXOJe|)V eyl e

e1ep [eanAjeue
9|gel|aJ 10J |00] e Sse Bunsa) Aoualoljold e

sjoedwi y1jeay J1syl % SUIX0JR|)Y e

so1do |

puejrey L
UileaH a1jgnd jo Ansiuiy
S9JUBIIS [edIP3IA JO Juswiledsq
Y00S1y ulodyouey

puejrey] ul
JUBWIaINSea|N UIXO0IelY JO
JuswisAoldw| snonunuo)

96




Bx/6Nn QT > uIx0le|je |e10] pue

Bx/6n G > T9Q ‘U409 104 :JIWI| 9dURIB|01 S, NT
MW 1oy B3/6n g0 > 1w 1dadxs 1onpo.d

[Ie 1o} BY/6n oz > :|[9A8] uoNde S, \Ydd SN
Buissaosoad Jsyriny 10 papusiul synuead

10J BY/6Nn GT > uIxole|ye 2101 A S.X8p0D) e

|9A8] WNWIXeIA

(c00z
DYV1) usbouldsed | dnols) si TG UIXOR|IY e

‘sjuabe aAlssasddnsounuwiwi ‘oruabeinw
‘o1uabouldaed ‘01x0) Jua10d aJe SUIXOIR|)Y e

Aoixo|

97

AW .
(AINU0209 ‘snujem ‘oryoelid ‘spuowije) sinu g8y e
(orBwiN ‘Japuerto9 ‘Jaddad yoe|q ‘salfIy) sad1ds
‘(uoNo9 ‘1amopjuns ‘ueaghos ‘sinuead) SPaas|Io e
‘(leaym ‘9014 13]|1W JJead ‘wnyb.os ‘9ziew) |ealad e
:SUIXOJe[Je YlIM paleulweluod syonpoad pooH

AR
30UBLINDO0 [einyeN  HERLIOH

)
Lo U008 48 Bao

Vig pue ‘VEg 2y ¢ Ty sumxojeiye Jo seamonays g Fd

¥ig v2g
o)
S0 OH 430 0. v) -
o o
o o o o

24

S0 o0

<N® .w% <Nm
““IN ‘TNl UIXO0JR |}V JO 8IN0NAIS




(salipms asuewuoad

Aloreloqe| Jo sawayds (YOIJ) Juswssasse

Arenb jeusaixa ‘6°8) saweu jualayip Ag umouy
SowINawos ale sawayds Bunsey Aoualdijoid 910N

Sluawainseaw [eanAjeue
aunnou s Jo Alpenb syl anosdwi pue Jojuow
0] Alojeloge| e 10} ainonJselyul ayl apiaoid 0],

:s1 Bunsal Aouaioijoud jo wire Arewnd ay

‘uosuredwod Alojelogesaiul
Jo sueaw Aq aouewlopiad Bunsay Alojeloqge| Jo
uoneuiwlalap ayl st bunsa] Aouaidloid (Aloreloge)

¢ld St ieym

elep [eanAjeue sjqel|al
10} |001 & se Punsay Aousidljoid

'S1INSal pIjeA Aj[eaiuyoa) arelaush
0] 9|qe aJe pue ‘qua1adwod Ajealuyoa) ate ‘WaisAs
Juswiabeuew e ayelado Asyl Jeyl sresisuowap

0} ‘sallojeloge| uolnelqied pue bunsa] e

sallojeloge]
uonelqijes pue Buise) Jo adualadwod ayl
10} sjuswWalInbal [essus9 G002 :G20LT D3I/OSI »

pJepuels [euoleulau|

(1010819 99usdsalon|4 — Aydeisborewoiyd
pinb1T souewlopad YbiH) @14 - O1dH
(Aydeisborewouy) 18hke1 uiyl) 011
Answoion|

(Aesse jJuagiosounwiwil
paxul] swAzu3) anbiuyoal vs|13

SISAjeue Jo poysN

98




%TT €<Z
% ¢>7Z>¢€
%89 Z2>7 uodpue
%EY €<”Z
%0T ¢>Z>¢€
%81 Z > 7 ‘Sinuead 104
}nsay
(Sdvl)

aLIBYIS 8dUBWI0JId SISAJeUY UIXO01elJY ey L

U102 10J SO®| 6T
sinuead JoJ sqe| Tz :Suedionted Jo 'oN
9109S Z :3INSeall aduBLWIOLId
(6x/6ngz pareulweluod Ajjeinyeu)
U109 pue sinuead : ajdwes | d

(Sdvl)
9WIBYIS 3JUBWI0LIAd SISAJeuy UIXOJe|)Y ey L

99

aWayds | d JO punoJ IST pawioyiad
(NVS4Ir) uoninN paijddy
pue Ajayes pood Jo} sinisu| ulor %
uonensiulwpy Bnig pue poo4 's'N
aINISu| SpJepuels [eLasnpul rey L
S30UBI0S [e2IP3IA JO Juswedaq eyl /66T e

(Sdv1)
9WIBYIS 32URWI0LIAd SISAJeuy UIXOle|)Y eyl

G20.LT
D31/0S| 01 uonelpalode Alojeloqe| bulnaiyoe 01 A3 ay e

S[elIa1ewW aouaIalal PalIad se yons sjool Aljenb
1310 YlIIM UOIRUIGUOD Ul PBSN UBYM SATTOS]]S 1SONe

Sjuswainseauw Sl Jo
Alrenb ay) SA0IdWI pue Joluow 0] Alojeloqe| e sa|qeule

Al[enb [enjoe s,Alojeloge| e S109)joYe

waisAs Aupenb 3joym ay) uo syedwi - INdIN0
s, Alo1eloge| B salnseaw yolym ainseaw Allenb Ajuo ay e

Saliojeloge| Juswainseaw [eanAreue
10} [00) @2ueINsse Alfenb Tenuasss pue |nuamod Ve

|00} Alilenb e se ] d




"uonnquisip aloyaq

AllsusBbowioy 1ualIdiyns 10) pPa1sa) alam sajdwes | 4 e
‘SalI0)eloqe] [eonAjeuy (jeaiway))
Jo Bunsa] Aousidljoid 10 0201014 paziuowieH
TVNOILVYNY3LNI OVOV/OvdNI/OSI

01 Buipaodde pasedald atom sajdwes | 4 e
(surxorejje Ag pareulweluod

AJeinieu pue yue|q) sinuead pue ulo) e

a|dwes | 4

6¢ 900¢
0€ €00¢
v¢ ¢00¢
X 100¢
T¢ 000¢
0¢ 6661
144 866T
sge| Juedioied Jo 'ON JeaA
(Sdv1)

9WIBYIS 83UBWIO0LIBd SISAeUY UIX01el)Y eyl

uolelaidiaiul ereq
sISAJeue JO poYIa|N
uonepifeA poyisIN
uonenjeAs poyisIN
aoueunsse Alijend  :soido |
vdad 's'n
YJe]1S [SeYIIA IIN
ssasyoni Arel 1Q :$1010N1SU|
(syuedioiued 42) doysy4om uo-spueH 8661

(Sdv1)
9WIBYIS 32URWI0LIAd SISAJeuy UIXOle|)Y eyl

90URINSSE
Aljenb pue josu02 Ajjenb uo wajgold

POYIaW UOIIJRIIXS U0 Wa|goid

UOI1193|3S poyl1aw JO abpsjmouy| JO oeT]
saljiadoid uixorelje Jo abpajmou Jo MoeT
-9ouewoplad Alojoejsipesun Jo sasne)

(Sdvl)
9WIBYIS 3JUBWI0LIAd SISAJeuy UIXOJe|)Y ey L

100




900¢ €00¢ ¢00¢ T100¢ 000¢ 8661 L66T

TS W

Aaoepspesun g - 0€
3|qeuonsanb m || | L op
Aaoeisnes g = ~ | o5

900¢ €00¢ ¢00¢ T00C 66617 866T L66T

Aoyoesnpesun g - 0€
a|qeuonsanb m Loy
Aoyoeispes F 09

nuead Joj synsai Alojoejsnes Jo 9,

Ul09 1o} S)nsai Alojoejsnes Jo o,

101

Aiooegsnesun € 2|z|
a|qeuonsend ¢ >|z|>¢
Aioyejsines  z s|z|

:8100S Z jo uonvrasdiagur

UOIeN[eAS 3oUBLLII0JId

ds JoJ anjeA 196.Je) e o)
UM 81ewnsa seiq ayl Burredwod :2109s Z e
- poylaw [eiyo JVOV
Ag (INYD) |eliarew adualajal paljled e
apisbuofe sjdwes | 4 sisAjeue Ag paulwialsp
: .SON|BA 92UBI9)al,, - anJeA PaubIssy e
o1shels
9ouew.I0)1ad 01Ul paLLIojSURI) e S)NSal | d e

UOIeN[eAS 3oURLI0JISd




ABojouyda] pue asualds Jo ASIUIN - -suoneziueblo
[EUONBUISIUI PUE SBLIIUN0I AUBW JO S8Ipoq Juswabeuew
A AQ pauladuod si 1eyl s1onpoud [eunynalibe pue spooy Joy
SaLAsSNpU] 30 ABSIUIA - fayes pue Aenb j01u09 ‘afeuew 0] Jueniodwi AISA SI I ‘snyl =

yieaH Jo Ansiuin - ‘AAnonpoud asrel 01 Japlo
ul Buissasoud pue Buionpoad ul uewny Ag pasn osfe ate Aayl

1Nq J|asu ui syonpoud einynolibe pue spooy wody paleulblio
salaysld Jo AISIUIN - AJuo 10u aney sjualpalbul sA0ge 3yl "UYiesy uewny 10919
Aay1 ‘saseasip snouas pue awi Buo| ‘snoloiuiad Jo suoseal

31 aJe ydiym yljeay Jiayl Joj sjusipaibul jnjwiiey ‘palisap
1uawdojanap [einy pue aimnauby Jo Ansiuipy - -uou gJosqe osfe uewny ‘**Apoq Jo} 1ualpalbul Juswajddns

‘AB1aua aonpoudal ‘anlfe daay 01 swualpalbul uonINu
:saLsiuiw Buimoljo) ayi o) paubisse aJte sy1onpoad [einynaLbe Aiddns o1 aue &cma m>:_m8_ mEOmv_mmuv_mumm_.m@ubwi@»mon

pue spooy 4o} A1ayes pue Ajjenb josyuod ‘Juswaleuew ‘WweN 1SIA Ul uewny oul Apjoalip pasn ate syonpolad [einynaube pue spoo4 =
‘'s1onpoud eanyjnoube ‘'s1onpoud [ean]nalby pue Spoo4 10§
\Qwu—.mm pue \S.__.QDO |OJJUO0D JO 9|04 9yl |

pue spooj 10j) A1ajes pue Alljenb
|0J2U0D uo AlljIgisuodsal s, salnsIulA ‘||

puejreyl ‘rey Bueryp ul
|910H uemelbuenq |esqua)d ayl 1e
/002 ‘6 01 /2 ArenuqgaH
SpP0O04 pue S19NpoUid |edn]nouby
. Jo ABojo11a|N uo doysxaonn
sjuawdinb3 Bunsa] ‘Bulinsesy uo (19002/TT LLD)
Arend pue A1ajes spoo- ABojons eba ul

‘s10Npoud |einynoby Jo jo43u0) ayl S9sIN0) Bulurel| pue sieulwas q4N1dV/23dY

weN 13IA — Aiend pue spiepuels 1oj a1elol1dalid
(z 1s91BND) ¢ 2ua) Bunsa] pue asueinsse Aljend ‘nl 206N el Ag

102




T UIWelIA ‘U19lold :Swusipalbul uonuIny -

Anrend 4o |043U0D T2 T 1

(Quo)) siuswdinb3 pue s103[qO 111

"S3LIIUN0J
1odwi ayy Jo siuswadinbal pue suoneziuebio [euoneulalul Agq
papuawiwodal ‘salouale Juswabeuew Aq pajejnbai sanuadoid
Aayes ayy Jo ywuad Aipuenb anpisal uo osje INg [aA3] Alljenb
uo Ajuo jou saseq syonpoud [einynoube pue spooj Jo A1ajes
pue Alljenb |jo1u0d 03 paje|al saiuadoud Jo uonealyiuapl ayl

sanuadoid 2 1111

(Quo)) sjuswdinb3g pue s109lgO "I111

103

sa|qe1aban pue suni4 +

surels) +

s1onpoud eanynouby -

oy

SaANIppe poo4 +

(paup ‘uazol} ‘ysal)) poojess +

s1onpoud J1ayl pue oeded Yw ‘Jebns +

s1onpo.d s1vyy pue Jio Buyoo) +

“unJy-22In[ “Yuup Yos ‘19aq ‘|joyoafe :abeianaq Nuuqg +
‘Jeall wouy s1onpoid pue 1eawW ‘axed :passadold pood +
:JN1SpooS -

s10npoid T'T'HI

(Quo?) siuswdinb3 pue s108[qO 111

:MOJag Se Pa||0.1u0d

aq 01 paau sannaalqo Aysse)d ‘(1uodxa pue podwi ‘onsawop)
S]ayJew Ul pawnsuod Spooy pue sjonpold [einynaube uo paseq

$109[q0 T'I11

‘A1ajes pue

A1enb s1onpoud jeanynoube pue spooy
|oJ1u0) 01 sausawdinb3 pue s109lqO “I111




‘salio0leloqe] eyl

J0 synsaJ Bunsal o Anjigenal pue Aujenb ssueyus o1 paziueblio
8¢ pnoys saniAilde ayl ‘reyl os "s1onpouid feaninaube pue spooy
Jo A1ayes pue Ajfenb jo1u0d 10} Bunsal ul Ajjeidadss spiay Auew
ul ayelado Jeyy salojeloge| Auew Jo syuswdinbs Bulinsesw

pue Bunsal Joj uoneliqied ‘UoiIedILIaA JO SailiAde padojansp
aAeY saloleloge| ayl ‘uonesado olul Bulwod 18y "SaLIoIeIoqe]
Jay1o0 JO se ||am Se Ssalpog luawabeuew a)els Jo syuawalinbal
01 Buipiogoe sjuswdinba Bulinsesw pue Bunsal J0) uoneIqled
‘UOIIRIYIIBA JO SBIIAIDR Juswa|dwi Sali0leloge| 8yl "WeulsIA
JO seale € ul saisAyd pue Ansiwayd Jo pjaly 3yl Ul salioleloqe|
Bune.qies pue Bulinseasw ¢ paddinbs pue papesbdn ‘paisaaul
sey Alend) pue spJepuels Joj a81elo1da4ig "papelbdn usaq aney
syuawdinba Bulinseaw ‘Bunsal o) (souruaURW ‘UuoiIRIqIRD
‘uoiealylian) Juswabeurw Jo ssaualeme ‘uoielbialul JIWIOUOID
[euolleulalul Jo sjuawalinbal 0} anp ‘000z Jeak ayl wol-

(Quo)) sjuawdinba Bulinseaw ‘Builsal 10}
SanliAIloe uolje.qled pue uoiedylaa “Al

‘parenbape pue snouoJysuAs usaqg 10U
pey spJepuels [elialew aoualalal ‘syuawidinba Jo JuswisaAu] =

"a|geuoseal usaq 1o0u pey
selloleloge| JO ssauateme pue Juswalbeuew Jo syjuswalinbay =

101 8NP SUOIDLIISB] BWOS pey SanlAnde ayl Jo Juswdolanap
ayl ‘JenamoH -a1mnisu| Abojonsy weulsip Ag pajuswajdwil
aJ1am weN 13IA ul stuswdinba Bulinseaw ‘Bunsay 1oy

SaIIAI0R UoNeIgIed pue UONRIILLISA 3yl ‘000Z JeaAk ayl alojeg

sjuswdinba
Bulinseaw ‘Builsa) 10j saniAnoe
uolleaqijed pue uoneoliusa Al

“191em Ja|nsiq ‘ebnyliuad
‘anejooine ‘adodsosdiw ‘lojeqnaul ‘adeuldnd ‘usnQ :suawdinba uoddnsg +
aoueeg +
Ja12wWwoloelay +
J918WLIe|0d +
Ja1owonoads swel +
Ja19wWo.10ads aouadsalon|d +
J919Wo01109dS patelju] Nwsuel] JalNoH +
Ja19woadads uondiosqy dIW0lY +
J919W01193dS SIA-AN +
SIN/D7T '071dH /ydesBoyewolyd pinbi souewaopad YBIH +
{(SIN/D9) 1019319 Andwonoads ssep/ydelborewoly) ses +
”méo__mm se sjuswdinba ajeudoidde aney ﬂsocw saloleloge|
ayl "Mweres pue Alrenb o) pajjonuod ag 1snw sanuadoud ‘s1oalgo uo aseg
sa24nosal uawdinb3 z°|11

(Quo?) siuswdinb3 pue s108[qO 111

:SaAlIppe pood -
{(""pues ‘sanundwr) suoneuiWEIu0I [edIsAyd -
:p|now ‘1sesA -
‘wsiueh o0l -
Lrtonolgnue ‘anpisal aplonsad -uonnjjod olwello -
ton  C

- Z"0S

“ND ‘PON ‘EON “** 94 ‘Uz ‘ad ‘p) ‘sv ‘BH :uonnjod osuehiou] -

Ayayes Jo 101u0) Z°Z° T 1

(Quo)) syuswdinb3 pue s109lgO "111

104




"19)Jew uonnadwod ul saLunNod Jaylo yum uonisod
[enba e aAeY pue 1SIXe 0] JUeM aMm JI ‘a1elbialul
J1LWIOU0I3 JO [euolleulalul Jo ssadold ul SalIuNod
Buidojonap 1o} Apsey Buissaid aq |jIm uonenis
ayl -saniAnoe uodxa ‘uodwi ul saindsip ‘sjurejdwod
pasned Ajjensn synsal Bunsal ul siolld ‘spoob Jo
|013U02 pue uondadsul u] “syonpoud Jo Aljenb paonpal
1o Ayjigeisun o1 Buipea| uoseal [eluassa ayl aq

Aew suoneziueblo uononpoud 10} SIUBIDIYNSUI DAOQY =

SJuaIdIYyNSuU] A

"S1INSal JUaJayIp pey Salioleioge| Jualayip
1ng a|dwres auo ‘Ajjlgeljjeal ainsse 10U S)NsaJl Bunsal 01 spes|
snje1s ayl "pauwil a1am swelboid asayl 01 Buipuane Alojeloge)
JO Jaquinu pue maj A1aA atam syuswdinba Bunsal ssasse
0] uoslredwod Alojelogellalul 1o Bunsay Aouaioiyoid jo swelbold
‘palinbai se awil ul Juawajdwi jou pip syuswdinba Bulinseaw
pue siusawdinba palelqied swos ‘anbiuyossl aunb ul pajeiqied
J0U aJam sjuawdinba Bulinseaw Jo 1sow|e 01 spes| sjuawdinba
Burinseaw 1o} uoieiqgied ayl Jo bl Bujew :uonenbal
ul pasedwod pue pajelqies ‘pPaljliaA 10U ate sadlnsp Bulinseaw
01 spea| 1eyl ybiy 10u sI saliolelodge| Ul sadlnap Bulinseaw

pue syuawdinba Jo uoneigied ‘uoiledlsLIdA JO abpamouy +

"SNOUOJIYIUAS 10U pue 1uaIdlyap
aJe Bunuawajdwi o) sainpadoid ‘waisAs uonenbal [ealuydal +

SJUSIDINSU] A

105

‘syuswdinba
1ybnog swes ‘syuswalinbai Bunnsa)l awes 01 Buipes| ‘yum [eap
Alfensn 10u salioleloge| eyl usamiaq diysuoie|al uoneiadood

“196pnq a1e1s woly palsaAul ate A3yl INQ Salpog a2uaJayip
Auew 01 Buojaqg saliojelOqe| 01 ANpP SI uoseal ayl "Buinjos
Alybnoioyl Inoyum awin Buoj e ul palinddo sey Japuenbs ayl
‘[eanuapi si JUsW1SaAUIl INg abelioys si puny ‘xopesed e s SIyL
:Anoeded Juswdinba Jo Buisn ayenbapeul ‘JusWwiSaAUl [eI1UBP]| +
‘sanJadoud parsal
Ajuo Buisn Jo asneoaq A[joexa 10U aJe SaWIBWOoS JUBWSSISSe
Allwiojuod pue juswsadinbal ul santadoid [enuasss Jo
Bunsal ayenbapeul 01 spea| 1eyl "S224N0S duUaIaYIp Auew wWod)
pue sieak Auew uil 1ybnoq usaq pey suawdinb3 -sanuadoud
Alenb renuassa awos Bunsal oy stjuawdinba urew swos dinba
01 punj AJuo aAeY Salloleloge| ‘puny JUBWISAAUI Jo abelioys
3yl 01 anp :snouoJyduAs pue ajenbape jou ae sjuswdinby +

SJuUaIdIYNSuU] A

:Mojaq
Se pazurewwns aq Aew Jey] ‘sjusaioinsul pue sbulwoolioys
3WOS UMOUYS 0S[e Sey WalsAs ayl ‘1anamoH “s1onpoud
[eanynoube pue spooy Jo A1ajes pue Alfenb uo sanAnoe |011U0D
“quawabeuew ay) Jo Lede paingLIIUOI 1Byl S} NSal 3|qeadnou

ureb aney salioreloge| Bunsal pue Buunseaw Jo uonelado ay] -

‘syuswdinba Bunsal ‘Buninsesw Aq

s1onpoJad eanyjnoliBe pue spooy Jo A1ajes pue Alijenb uo 1089
[0J1U02 ‘quswabeuew Joy apeibdn 01 SUOIIN|OS pue SIUBIDILNSU] A

SUOIlN|OS pue SJualdINsul] “A




‘pJepuels Gzo/T D31/0SI Ag waisAs 1uswabeuew Alenb
urejurew pue Ajdde ‘ysijgeiss 01 pasu salioyeloge| ‘synsal
Bunsal jo Aurenb urejurew pue ssueyus ‘ainsse 0} ‘Ajeroadsy -

"WId)SAS
Spoylaw 1sa] ‘quawainseaw a|qeuns ayepdn 01 aAey saliojeloqe -

{JUSWIUOJIAUS
Bunsal pue Buunseaw Jo Auoeded ybnous aney Alojeloge -

‘sjuawdinba uo spoylaw Bunsay
‘Burinseaw Apoexa op ‘Bunesado ul Aouaioyoud ‘s uoissajoud
IN0ge paulel] [auuosiad [ed1uUyda) aAeY 0} paau SalioyelogeT -

‘Jey sapisag

SuoIlIN|os jedluydal T°'2'A

"SpJepuels [eusle|y adualasey yum uosuedwod Jo Ajesipoliad
douerUdURW ‘UoIleIqI[ed ‘UoITedIiLIBA Jo swelboid Aq sadInsp
Buninseaw ‘syuswdinba Jo Adeinaoe ‘Auadoid Auenbaa urejurey -

‘syonpoud [eanynouBe pue Jjn1spooy ‘spooy Jo A1ajes pue
Ajenb uo jo1u09 ‘Juawabeuew Buinias syuawalinbal Ajsines o1
syuswdinba ealuyoal renuassa paddinba pue palsaAul 8q 01 aneH -

-sauojeliode] 104 T'T'¢'A

SuoIlINjos |jedluydal T°'Z2'A

:suoinjos Buimoj|o) awos op 01 pasau syuswdinba

Bulinseaw pue Bunsal Ag s1onpoud feanynoube
pue }N1spooy} ‘spooy Jo Alajes pue Alfenb uo |0J3U0d
‘Juswabeuew Bulnias sjuswalinbal Bunsay Ajsies o

suonn|os jealuyaal 1°2°A

SuoIlIN|os jedluydal T°'2'A

‘'syjuswdinba Buunsesw pue

Bunsel Ag s1onpoud eanynoube pue JNispooy

‘spoo} 10} A1ajes pue Aljenb uo 1294)8 [043U0D
‘Juswabeuew adueyua 031 SUOIIN|OS BWOS Z°A

SUOIIN|OS “A

106




'syonpoud [eanyjnouibe
pue JJn1spoo} ‘spooy Jo A1ages pue Alljenb joiuod ‘Juswabeuew
Bunuswajdwi se |jam se suoienbal Bulysijgeiss ul saipoq
[eluBWUIBA0S) UdaM1aq A|SNOUOIYDUAS ‘A[9SO|D uoIleuUIqUIOD BARH -
‘salloleloqe| Jo sadinap ‘stuawdinba Bulinseaw pue Hunsal
Jo} Buneiqiped pue BuiAjian Jo soueniodwi pue ajo4 ayl 1noge
abpajmouoe asueyua 0} buluresy ‘Buisnyip Jo Auanoe usyibuans -
"JuawWilsaAul Buneadal
pue Buipeaids pioae ‘sjuswalinbal [e1USSSa Ul JUBLIISAAUI
ay1 a0 01 193foid e ysigelsa pjnoys ale1s ‘1aAamoH
"SaIpog 81e1s 10} aimponJiseljul 918|dwod 01 pue A|SNOUOIYIUAS
‘Al@renbape syjuswdinba aseyaund 10j 1SaAUl 01 anNUIIUOD
pinoys a1e1s "sauoreloge| Bulinseaw pue Builsal Jo WalsAs
ay1 Buidojanap ui ajo. Jueniodwi ue sAejd ajels Jo yoddns ayy -

:SSLISIUIA pUB JUSWIUIBA0D) 104 T'S'A

asodoud €A

"Auanoe 1eyy

ul salqunod Buidojenap djay 01 sprepuels Buunseaw Buneiqied

Jo} Aaljod anoaey si auayl Ainunod Alans ul saloyeloqe|

Burinseaw pue uonelqied usamiaq AlAiloe uoneladood
aziueblo ‘sjuswdinba Buunseaw 1o} AliAnoe uoneiqied abiejuy -

'swelbold Jy1dy 40 synsal Aldiynw 01 saAjeswiayl swelboid

219y} 1uawajdwi 01 paau saluNod ‘swelboud Jy1dy 1O

apIsaq ‘0S ‘papuane aJe salloleloqe| [edaldAl Ajuo 1ng swelaboid

asay) pajusawajdwi sey Jy1dy ‘1eak A1an3 ruosiredwod
Alojeloqelsaiul ‘Bunsal Asuaiolyys jo sweiboid usyibuans -

suollnjos JuawabeueN 2 2'A

107

"spoob awes ay} Jo} ade|d 1odwi osje pue Lodxs Je sawn
Z 10adsul 10u 01 Japlo ul Juswabuelre spoob 1iodxa ‘1odwil
o1ul synsaJ Buunseaw pue Builsal uo uomubodal feninw aAI9 -

‘uoniubooal

A1ojeloqe) Jo sainpadoid ul sjuswanoldwi Buiney [enuassa

SI 1 ‘saniAnoe 1eyl Joj Buibeinoous ‘Bunebedoud Jo sapisag

*MO| AJBA SI Sallojeloge| 1eyl JO a1el 8yl asnedaq SaliuNod
Buidojanap u| paziubodal salioleloge] Jo Jaquinu ayl apelbdn -

:suonn|os uswabeue z'z'A

suollnjos JuawabeueN z'2'A

‘psepuels G2o.LT 031/0SI
10 spuawalinbal y1m AlLIojuod ul walsAs Juawabeurew

Alrenb parenpalode aq pue urejurew ‘Ajdde ‘ysigelss -
‘uone.gie?
pue uoIeIYLIBA JO SBNIAIIOR BulAIas uolleiqgied 3|qelns
10} suonansul Buppiom ‘sainpadold aney pue A|SNOUOIYIUAS
pue Ajg1enbape sadinap [edaluydal [enuassa dinba ‘1sanul -
‘palejal ul
sp|aly Jayio pue Jenaiued ul s)onpoud [ednyjnalibe pue ynispooy
‘spooy Jo A1ajes pue Ajifenb j0.1u09 ‘Juswabeuew BuiAIaS YoIym
syuawdinba [eaisAyd pue [eaiwayd oy sainpadoid uonelqies
pue uonedlyIIaA ‘WalsAs uonealdads [ealuydsl ysijgelsy -

:0] aAey ‘salioleloqe Buieaqied ‘BulAjiiaA 104 T°Z°A

SuoIlINjos |jedluydal T°'Z2°'A




weN 19IA — Alend pue sprepuels J0j 91el012a41d
(z 1s91BNnQ0) Z 211ua) Bunsa] pue asueinsse Alend ‘nl 206N el

‘uoljualle INoA 10J noA ueyl

"109)J8 Juswabeuew adueyud

01 Bunnguiauod arelapow savlAap ‘stuswdinba

Bulnseaw pue Bunsal Jo adueuaUIRW

‘uoneIqIed ‘uoiledlylIdA 0} uonuale Aed

0] 9ARY Sali0jeIO0ge] "S)Nsal poylaw HBunsal

Jo A1renb se |jam se 1088 1uswabeuew

aoueyua 01 eyl os ‘AliAnoe Buinunuod pue

Je|nbau si syonpoud feanynoube pue JyN1Spooy
‘pooy jJo Aages pue Aujenb jonuod ‘Juswabeue

suoIsSNouo) ')

"21aymAiana
pa1dasoe ‘a1es1411182 auUo ‘BuIlsal auo ‘piepuels auQ,,

:9An23lgo 01 JuaLIo

‘synsaJ Bunseaw pue Bunsal uo uoubodal eninw Joj JIseq
3y} sI ov1dv pue JvI 4O (VHIN) Sali0reloge] JO uoneypalode

uo sjuswabuelly uoniubodaay [ennpy spiepuels Bunipne
A1ojeloqe| anielbalul Buinoidwi uo aIngLIIUOD 01 Jaylaboy
yoseasal eyl A1unod yoeas ul AJIAIOR UoIelIPaIdde 92.10)

01 JapJo ul sweiboid uonoe 01 Buiplodde Aj@sojo pajesadood
aAeY SUOIIBPUNO} [B21UYIS) JO SWBISAS uoIlelpaldde AlojelogeT -

asodouad €A

'S311IUN0J U3aM1aq Sk ||am se (*"Xapo) ‘OHM ‘Ov4)
suoneziuehlo [euoneuIaIUl UBBMIAQ S1onpold [einynoube pue
4nspooy ‘pooy Jo A1ares pue Aljenb uo spaepuels buiysijgelss

Ul [9A3] uoieziuow.ey 01 aduenioduwi [eloads yoene o] -

uenodwi AJaA SI QY 1dY

- uoneladoo) uomrelPalddy AlojelogeT dided BISY pue Jy|

- uoieladoo) uoIleIPaIdY Alojeloge] [euolieulalu] Usamlaq
1loddns ayy ‘Aepol uoneladood [euoljeusalul Jo pualy [elauab uj -

uoneladood [euoneUIBIUI 104 2°E°A

asodoud €A

108




Introduction and Background

1. Cambodia is largely still an agrarian society , with agriculture representing the major
share of GDP (34 percent ) and the majority of the population (84 percent ) living in rural
areas and depending mostly on agriculture for their livelihood. Productivity of agriculture is
still quite low, both in terms of labor (. about US$170/worker) and in terms of land
(US$518/ha ). Since the majority of the population depends on agriculture for their
livelihood and most this population is made of smallholders with less than 2 ha household,
the low productivity of agriculture implies that poverty is widespread in the country (28
percent of the population are poor ).

2. The situation however, is changing. Production and productivity are increasing, the share
of agriculture in GDP is decreasing while that of industry is increasing, infrastructure is
improving, and since 1998, political stability for the first time in along period of recent
history seems to ensure the basic condition of peace. Population growth is still high, at 2.5
percent annual growth and the composition of the population shows a large share of youth
(42 percent below 14 years of age) suggesting the need of rapid growth in employment to
absorb an even greater growth of labor force.

3. Despite the impressive growth in export values and volumes over the past decade,
agriculture exports from Cambodia still faces a number of hurdles further development;
including a predominance of exports of low value-added bulk commodities and a lack of
commercial integration with the rest the world economy.

4. Overall, there are a number of factors underpinning the rationale for the continued
development of an agriculture market information system in Cambodia;

1. The strategy for agricultural production development has changed.

2. The intensification of agricultural production requires increased information on
inputs.

3. Decision making in agricultural production is becoming more decentralized.

4. Market demand for agricultural products is changing.

5. Risks in agricultural production are increasing.

5. Inthe context of all these factors, the development of a functioning agricultural
marketing information system is seen as a vital ingredient in the development of a
modern agricultural production system contributing to economic growth and poverty
reduction.
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Rice Production ,2005- 2006

-Total cultivated areas for rice production were 2,443,530 ha and 69,355 ha larger than last year ,
in which wet- season were 2,121,591 ha and 210,758 ha bigger than last 10 years (1996-2005) .
-Total damaged areas were 29,075 ha in which wet-season were 28,027 ha but these have been
restored 5,493 ha .

-Total harvested area were 2,414,455 ha and 305,615 ha were higher than last year , in which
wet-season were 2,093,564 ha (277,945 ha bigger than last year ) .

-Average Yyield for the year 2005 was 2.479 tons per ha and 0.501 ton per ha higher than last
year , in which wet-season were 2.261 ton per ha (0.536 ton per ha higher than last year ), dry
season yield was 3.091 ton per ha.

-Total production of 2005 was 5,986,179 tons and 1,815,895 tons higher than last year , in which
wet-season were getting 4.734,300 tons (1,601,719 tons higher than last year) and for dry season
was 1,251,879 tons .

-Food balance : Surplus of 1,319,511 tons of rice , equal to 2,061,830 tons of paddy , 1,411,646
tons of paddy higher than last year and 1,500,892 tons higher than in the average past10 year .

7,000,000 - —e&— Cultivated (ha)
—=— Production(tons) 5,986,179t
6,000,000 -
4,710,957 t
5,000,000 -~
4,009,016 t
4,000,000 -
4,170,284 t
3,822,509 t

3,000,000 2240917 ha 2,314,285 ha 2,443,530 ha

2,000,000 2’137‘,125 ha 2,374,175 ha

1,000,000 -

0
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Graphic : Rice Crop production,2001-2005
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Rice Grain Quality and Its Evaluation

Next to yield, grain quality in rice is considered most important. If grain quality of
a newly developed variety is not acceptable, and other outstanding improvement will be
worthless. Grain quality in rice is a very wide term and many attributes of the grain
contribute to it. These characteristics of the grain, however, differ depending upon the use
to which it is assigned and also according to the preference or liking of the user. The
grain quality perception, for example, of a farmer is different from the millers and the
consumers. Grain quality of rice may be broadly classified in to three components:

(1) Market quality, (2) cooking and eating quality, (3) Nutritional quality.

Market quality depends upon those characteristics of the grain which determine
market acceptability (price) of the grain or rice. Milling recovery, particularly head rice
recovery, grain shape, size and appearance determine market quality A variety having
higher head rice recovery, long, translucent grains is preferred. Cooking and eating
quality of rice is determined by physicochemical properties of the starch, like
gelatinization temperature, gel consistency, amylase content, volume expansion upon
cooking elongation upon cooking and aroma etc. Rice's which cook soft, non-sticky,
moist, have high volume expansion, exhibit high grain elongation and emit pleasant
aroma are preferred.

Appropriate methods and testing equipments are available to estimate grain
quality characteristics of rice. Milling recovery is estimated as percent of the head rice
(Whole or unbroken grains) and broken grain per unit weight of the rough rice (paddy or
clean dry harvest). Grain shape and size are estimated by measuring the length and width
of the brown rice grains in mm. Grain appearance is judged from grain co lour, opacity
and chalkiness etc. Gelatinization temperature of milled rice is estimated by alkali
digestion method in 1.7 % KOH solution for 23 hours at 30°c Amylase content is
estimated by colorimetric method and gel consistency by the flow of rice paste. Volume
expansion is estimated by measuring the volume of a rice sample after cooking as
compared to its volume before cooking. Grain elongation is estimated by comparing the
length of the cooked rice with that of uncooked rice of a sample. Aroma is judged. By
these tests may not sometime conform completely with the consumer's preference.
Therefore, sensory evaluation by panel tests is also important to fully determine
acceptability of cooking quality of a rice sample (of a variety) according to the
preference (or liking) of the consumers.

On the basis of raw and cooked rice characteristics, rices are classified into
different categories, like long slender, medium, short or coarse, sticky, nonsticky, hard,
soft etc. Eating preferences of the people in different regions also differ. Generally, long
grains are preferred in Indian subcontinent, medium and medium long in South-East Asia,
short in temperate regions. There is tremendous demand for long slender grains which
cook moist, soft, non-sticky with high volume expansion, high elongation and emit
pleasant aroma. The countries where short and medium grained varieties were
predominantly cultivated in the past are now replacing them with long grain varieties
because of world wide preference for long grains. Australia and Italy (and other



European countries where rice is grown) are classical examples of this shift in rice
cultivation.

Many efforts are not being devoted to improve nutritional quality of rice almost
all the varieties have comparable nutritive value. Rice has about 8 % protein content
which is lower than other cereals like wheat, corn, barley, millets and sorghum.
Remarkable quantity of the nutrients like fat, mineral, amino acids and vitamins are lost
during milling. Therefore, excessive milling should be avoided.

Export Report, 2006

N Name Quantity(Kg) Country
500,000 THAILAND
1,687,000 Franch
330,000 Mala
1 RICE 94,000 ITALY
24,950 Taiwan
2,255,000 SPAIN
22,750 POLAND
15,000 CHINA
3,492,100 Taiwan
2 Maize 175,140 Hongkong
47,375 Korea
3 MUNG BEAN TAIWAN

Source : Department of Agronomy and Agricultural Land Improvement ,2006

Constraints:

» Rely on natural factors which always irregular changes and capacity in agricultural
irrigation are caused agricultural production from year to year by unbalance growth;

> Investment is limited due to the country is scare of financial resource.

» Consistency of concept in the formulation of strategy and action plans counter-faced
and it is yet to harmonize those into one development concept that would facilitate
towards to effective implementation;

» Laws and regulation enforcement has been challenged and limited that caused
limitation to respect, remaining newly offenses;

» Structure of management, disciplines, and responsibilities for staff is poor together
with low salary affected to the management of trained staff, effectiveness of the works
and skill application are limited;

» Reform process, especially reform on administration and staff management is
considered to be slow and is not responding to requirement of works and development
progress;
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Food security, productivity and diversification

Constraints

Most poor and food-insecure households in Cambodia are rural small-hold farming
Households. They strive to produce as much of their food needs as possible. They
typically do this through a combination of activities including crop cultivation, livestock
keeping, and harvesting commons forests and fisheries for food. They also seek to get
cash income from such activities to buy foods they cannot produce and to meet other
basic needs. While these activities are critically important sources of food and income,
rural Cambodians typically confront low productivity and high risks in their own efforts
in food production and harvesting forests and fisheries.

On these small areas of land people grow food crops, but 80% of the national agricultural
cropping area depends on rain-fed cultivation under erratic wet season rainfall, and
without the possibility to grow crops in the dry season Wet season crops are at risk of
damage from flood, drought or pest damage. Poor soil fertility characteristics also limit
rice crop production in 50% of national agricultural lands. In the rain-fed lowlands,
where a majority of rural people live, there is a very limited crop diversification with a
heavy dependency on rice production. Upland agriculture, while more diversified, suffers
from low productivity, drought risks, lack of secure land title ( including communal land
tile) , land encroachment, and deforestation.

There are a range of other causes of low productivity and high risk in crop production,
especially among poorer small-hold farmers. These include: a lack of affordable good
quality inputs to improve agriculture ( seed, fertilizer, machinery, implements);
insufficient access to agricultural support services ( agricultural extension, farmer
education and training, credit, agricultural research); inadequate access to disaster and
risk management related services ( weather information, rainfall forecasts, drought and
flood warnings); inadequate agro-processing and storage technologies for value-added
production and reduction of post-harvest losses; and basic deficiencies in agricultural
marketing infrastructure and services.

Livestock production is also characterized by low productivity and high risks. Constraints
include: the small number of livestock head owned per household; high livestock
mortality rates and lowered productivity associated with seasonal shortages of feed and
water.

An overarching constraint to improving agriculture and livestock production for
improved food security is that poor small-hold farmers typically lack knowledge and
skills in how to increase productivity of crops and reduce risk through improved crop and
livestock production technologies. Meanwhile, poor small-hold farmers (including poor
rural women) do not have sufficient access to agricultural and livestock extension and
farmer training services. They also lack access (unavailable, too expensive) to improved
inputs such as quality seed, fertilizer, livestock medicines. Finally they lack access to
capital and affordable credit for agricultural investment. The lack of access of poor and
food- insecure farmers to these agricultural support services is a major constraint to
increasing their farm productivity for improved food security.



CONCLUSION:

Agricultural sector is played important role to insure food security, poverty reduction and
economic development though promoting agricultural intensification and diversification,
and ensuring the sustainable natural resources management and conservation. in order to
achieve the medium term of strategic plan, MAFF needs the support and assistance from
the Government of Cambodia and donor communities in terms of financial support and
technical assistance to improve agricultural production and to strengthen the human
resources development, agricultural research and development infrastructure &
institutions, and services With the growth of public investment emerged from financial
supports, the strengthening capacity for the project management and implementation as
well as human resource development will be improving gradually.

Base on the strategic development plan for increasing of agricultural productivity, RGC
as well as MAFF promotes support services such as agricultural research and extension,
market development of agricultural products, distribution of input supply including seeds,
fertilizer and rural credits. RGC will accord special emphasis on directing public
investment and encouraging private investment in agriculture sector in order to increasing
quantity and quality of agricultural products toward international standards.

The agricultural sector strategic development plan 2006-2010 will be defining as
compass in 5 year mission which involved all sectors and sub-sectors under MAFF and
institution concerned including public and private institutions. The Government will also
provide support for agriculture sector to serve as dynamic driving force for economic
growth and poverty reduction with investment and using of substantial domestic
resources to booster economic growth The promotion and development of economic land
concession for agro- industry crops depends on proper management and more efforts
would be address to the solving of land disputes. This document also indicated the
strength and constraint and actions to overcome the constraints, the expected outputs,
especially inputs and outputs indicators and means of verification in mid-term and full-
term operation, the budget for operation and timeframe to be successfully achieved.

The agricultural sector strategic development plan 2006-2010 will be greatly useful in an
implementation direction and provide more credible and transparent for donor
communities to contribute the resources in the priority activities for agricultural
development as well as Cambodia economic growth.
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Background

The creation of a national infrastructure to ensure that a nation’s chemical measurement
results are fit for their purpose has been recognised as a necessity in the modern world of a
global economy and trading environment. However, in many nations of the world, including a
number of developed economies, such an infrastructure is still an ideal rather than a reality.
While most of such economies have in place a structure that supports the reliability and
accuracy of physical measurement, an analogous structure for chemical measurement remains
to be established or completed.

The present Guide attempts to set out the issues that should be considered when a nation
embarks upon this task of establishment or improvement of its chemical measurement
infrastructure. Issues to be considered include the following:

e the reasons/needs for establishing/improving such a system;
e the areas of principal national need;

e the existing relevant resources within the nation;

e the information needed and available;

the information needed and lacking;

the establishment of priorities;

the experiences of other nations;

the selection of an appropriate model or strategy;

the development of workable action plans.

For the implementation of such a process to construct a viable national measurement
infrastructure for chemistry, the steps outlined in this Guide must be accompanied by an
absolutely vital activity. Hand in hand with what is outlined below should be a process for
raising the awareness of the government and of the community of the importance of good
measurement. The commitment of stakeholders to the actions to follow is one of the essential
factors if this quest is to proceed. The national metrology institute (NMI) cannot achieve such
reform on its own. It must have the active support of stakeholders who are absolutely
convinced of the value to be delivered by such a system. Without this degree of ownership the
effort to establish a better national foundation for good measurements in chemistry will surely
fail.

It should be stressed from the outset that one major conclusion from this Guide is that there is
not a single “correct” way of establishing appropriate infrastructure. Different nations have
vastly different needs and resources and the approach chosen and the areas to which it is
applied may depend markedly on those factors. However, the Guide aims to present a
methodology for deciding which of those approaches is the most suitable for a given set of
national circumstances.

197



198

Despite the possibility of different outcomes in different circumstances, the process to be
followed is clear. It can be represented by the following flowchart:

National needs identification

<1

National capability assessment

<1

Gap analysis

<1

Prioritisation of unaddressed needs

<1

[ Selection of appropriate model or strategy ]

<1

[ Establishment of sustainable government support ]

<1

| Capability building ]

<1

[ Dissemination of services ]

We can examine each of these elements in succession.
Identification of National Needs

Before anything else is attempted it is vital that the reasons for creating or improving such a
system and the outcomes that are expected to be delivered by that process are firmly
established. The primary common factors behind all of these areas are:
¢ the need to be able to compare measurements effectively when they are made at
different places and/or different times, and
e the need to be able to rely on the accuracy of the measurements.

Only when common and internationally-recognised references are delivered by a chemical
measurement infrastructure will these needs be satisfied.

Usually the reasons for the existence of a chemical measurement infrastructure and the
expected deliverables from it will relate to one or more of the following areas:

¢ National welfare of the people:
o Reliable and efficient health services;
o Effective environmental management/protection;
o Effective implementation of the law;



0]
0

Consumer protection;
Food safety.

¢ National economic performance

o

0]
0
0]

Ensuring quality of exports, and facilitating trade;

Efficiency of industrial production, more effective process control;
Support of innovation and industrial development;

Surveillance of the quality of imported goods.

There are two dimensions to each of these areas that need to be considered. The first is
identification of the area of need. The second is the degree of need that is involved, the
quantification, if you like, of the depth of the need.

Example

One nation might identify the need for the measurement of trace metal levels in
cereal products such as rice. The reason could be either to protect its own
nation’s health, including with respect to imported cereals, or to safeguard the
product’s export market. The particular analytes Pb, Cr, Zn, Hg and Cd might be
identified as being of interest. However, what is also needed is the recognition of
the level of contamination that needs to be detected for each analyte and the
level of uncertainty associated with that measurement result that will render the
measurement fit for purpose.

For input on both aspects it is essential that the NMI identify the stakeholders who will drive
the process and who have the detailed knowledge to give direction to the process, and then
involve them in consultation. These stakeholders might be drawn from the following areas:

regulatory bodies;

accreditation organisations;

quality assurance organisations;
proficiency testing providers;
industry groups;

certified reference material producers;
trade organisations;

maintenance and service providers;
government departments;

health care institutes;

education sector (universities, etc.);
testing laboratories;

consumer protection organisations;
standard-setting bodies

scientific professional bodies.

Government policy is an absolutely vital guiding tool. If the national government has already
set priorities for development, these must be taken into consideration as presumably they have
been based on mature consideration of the economy’s needs. Quite apart from anything else,
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it will be easier to obtain funding from both the government and private sectors for work in
such areas already identified by government as being important.

(a) National Welfare of the People

It could be supposed that in this area, the needs of most economies are similar. Good
reference systems are needed for:

¢ Reliable and efficient health services
o Clinical diagnostic and therapeutic measurements
o Quality of pharmaceuticals

e Effective environmental management/protection
o Key environmental measurements. Contaminants in:

= Air
o Climate change - greenhouse gases
o Ozone
« Volatile organic components

=  Water

= Soil

e Effective implementation of the law
0 Substance abuse detection

= [llicit drugs

= Alcohol
Customs and tariff requirements
Toxic residues
Origin of products
Forensic chemistry/biology/biochemistry
National security

O O0OO0OO0Oo

e Consumer protection

Product composition

o0 Accurate product labelling
o Nutrient levels

0 Adulteration

(@]

e Food safety
o Contaminant and residue levels
0 Import restrictions

(b) National Economic Performance
It should be stressed that in this area, the balance of the needs of any nation may be very
different from that of any other nation, depending upon the spectrum of each nation’s

economic activities. None the less, the same categories of need should be considered and
evaluated for every economy. They are:
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e Ensuring quality of exports, and facilitating trade
0 Meeting the requirements of markets for chemical composition, maximum
allowable levels of contaminants and residues
o0 Reducing the need for duplication of measurements at source and destination
0 Preventing despatch of inferior-quality product

e Surveillance of the quality of imported goods
0 Meeting national requirements
o Imported energy sources (oil, gas, biofuels)

e Efficiency of industrial production, more effective process control
o Ensuring replication of production conditions at different sites and times
0 Monitoring chemical composition and specification of product
0 Meeting production specifications set by foreign parent company or client

e Support of innovation and industrial development
o Providing the measurement base for effective development
Facilitating the adoption of foreign technologies
Matching new product to foreign specifications
Attracting foreign investment through provision of suitable infrastructure
Development of new, alternative energy sources (biofuels, hydrogen)

OO0O0oOo

For the economic sector, a vital source of information is the national collection of statistics on
exports — which exports are the most important for the nation now, which are growing rapidly
in impact, which are selling into international markets that are sensitive to quality and involve
intensive regulation?

Methods of Collecting Information on Needs

Although postal, internet and telephone surveys must be used to collect information, simply
because of the scale of the task, the face-to-face interview method is still the most valuable.
The responses to widely-distributed questionnaires will give valuable insights, but it is
essential that key stakeholders be identified and involved in such in-depth interview processes.
Such interviews are very time consuming, and thus very expensive to conduct, but the quality
of information yielded by them can be far superior to even the best-designed questionnaire.
Furthermore they build ownership of the process into the person or organisation being
interviewed, thus delivering value beyond the pure information content.

A useful mechanism to use is, after the results of the survey have been collected and
consolidated, the convening of a general workshop on the outcomes. The workshop might
involve all of the stakeholder organisations. At the workshop the views of these stakeholders
would be sought to provide a reality check on the outcomes of the survey, to make sure that
an incorrect perspective is not about to be transmitted through subsequent actions.
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National Capability Assessment

Once the spectrum of national needs is established, the opposite side of the picture must be
evaluated — how well equipped is the economy to meet these needs. Here the first need is for
information:

Which analytes can be measured ?

In which matrices ?

Over what measurement ranges?

To what level of uncertainty ?

e Which organisations have this capability ?

e How much capability lies within the economy’s national metrology institute ?

e Are there institutes in the economy that might become designated institutes, acting as
a NMI for certain quantities, measurands, matrix composition and measurement
ranges ?

e Isthere traceability of these measurement results to a national reference ?

e Ifthere is a national reference, is that linked to international references ?

The availability of proficiency testing (PT) studies is a valuable resource for this process. PT
schemes not only tell us what types of analysis the economy does already deliver, but also
provide some information (albeit to be evaluated very critically) on how well the sector can
deliver these analyses.

Gap Analysis

The next step is to attempt to match the capability to the needs and discover where the gaps
lie, where the needs are not able to be served by existing capability within the economy. The
identification of these missing elements will determine the ensuing action program.

One way of doing this is to have the survey respondents allocate a score to the importance of

the needs, say 1 to 10, and a score on the same scale to the degree of capability that exists. By
subtracting the “capability” score from the “needs” score one obtains a “gap” score, which is

a crude measure of the necessity to increase the capability in this area. On this basis the areas

with the highest “gap” score should be assigned priority for action.

Prioritisation

Having identified which needs are not currently adequately addressed, the next stage is to
rank those needs in order of importance. There are many different sets of criteria that might be
applied to such a process. Some of these criteria will relate to the impact of addressing these
needs, others to the difficulty of doing so. A list of potential criteria would include:

e Match of the need with national policy;

e Impact of the action on the welfare of the people;
e Impact of the action on economic benefit;

e Spread of the impact (limited to a few clients?);
e Availability of funding;
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Technical difficulty of task;

Length of time required;

Cost involved;

Difficulty of disseminating the standards produced,;

e Availability of potential partners;

e Possibility of outsourcing measurement services and the production and certification
of CRMs to existing suppliers.

Potentially an important factor is the last in this list. It may be the simplest solution to import
the required reference systems (reference materials, for example) from outside the economy.
Such a strategy has obvious benefits in reducing both the timescale for availability of the
system, and its immediate cost. If available, the possibility of outsourcing might be given a
higher priority because of its immediacy.

However, there are also concomitant disadvantages, the most important of which may be the
lack of establishment of the specialist expertise that will accompany the domestic
development of such standards.

Selection of Model

There are a number of ways in which measurement standards can be established, developed
and disseminated within an economy. However, the laws of the country may be framed in
such a way that this choice of model is limited. Key to this consideration is the metrology role
(if any) that is given to the NMI by the economy’s laws. In some economies, the NMI has
absolute power and responsibility in this area. It is the only body that can legally establish the
measurement infrastructure for the nation. In other economies no such legislation exists and
other solutions of equal legal validity may be considered.

Whether or not restrictions are placed upon the nation in this respect by its laws, there will
still exist a wide range of models that could be adopted to provide a chemical measurement
infrastructure. There are probably two extremes, the centralised model, in which the task is
undertaken totally by the NMI, and the distributed model in which the task is distributed
totally to expert bodies external to the NMI, perhaps to the extent that the NMI is only an
office that coordinates the work programmes and channels funding. As in most situations,
there are a myriad of systems that will lie somewhere between the two extremes. We refer
here to one example of such a system as the partnership model. Let us discuss each of three
basic alternatives in turn.

In many ways the simplest model is that of the totally centralised system, in which the NMI
generates all measurement standards, including those for chemistry, maintains them all and
disseminates them all. Direct control through the NMI, and hence (usually) through the
national government, is the major advantage of such a system. However, for all but the largest
economies, and perhaps not even there, such a system is not cost effective for the world of
chemistry. It requires the re-creation in the NMI of resources that probably already exist in
other parts of the economy outside the NMI in at least some of the many fields of chemical
measurement. In addition, it is a very expensive option. Most NMIs do not have access to a
resource bank of a size sufficient to address all its economy’s chemical measurement needs in
this way. The centralised system also fails to get value from the very valuable interactions that
many specialist chemical measurement entities (to whom authority for standards might be
delegated under other systems) have with the measurement community. There are other
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distinct advantages to a centralised system, notably in the control mechanisms that the NMI
possesses by its very nature and in the links that the NMI already has, or is able to develop,
with the global metrological system. However, for most economies the balance is strongly in
favour of less centralised arrangements.

A variant of this model arises where the NMI does not possess substantial chemical
measurement capability but other external organisation or organisations do and the
government decides to unite these separate bodies under the umbrella of the NMI. This is a
process that has already been implemented in a number of economies, notably in the Asia-
Pacific region in Japan and Australia.

The other extreme system is one in which the responsibility for chemical measurement lies
entirely with organisations outside the NMI. If the nation’s legal system so demands, this may
be achieved by the NMI formally delegating that responsibility to those organisations for
certain quantities and measurement ranges. This designation is needed in order for the
organisations involved to be able to liaise with the global metrology community under the
Metre Convention and to become internationally recognised. If there is no such requirement
by the nation’s laws, the system may be established by a number of other means, including
the writing of laws that accomplish that delegation directly. The advantage of such a system is
that the responsibility and authority for particular measurement standards in chemistry lie
with the bodies that have the technical expertise to exercise that responsibility and authority
with potentially the greatest efficiency. In addition they would generally have direct contact
with the user groups for the specialist services and would thus be able to achieve the
dissemination task more easily than a body that does not have such links. They would also be
more likely to identify emerging needs in a more rapid fashion. The disadvantages largely
relate to the links with the outside world, or at least to that part of it that is formally
responsible for metrology. This is the realm of the NMI and if the NMI does not take that role,
the interactions with such international peak metrology groups as the Consultative Committee
on Amount of Substance (CCQM) and its working groups become more difficult. Also more
difficult is the realisation of national advantage for the economy from the CIPM Mutual
Recognition Arrangement, because the NMI is responsible for the national interaction with
that Arrangement.

It should be noted that, in delegating metrological activities to existing expert institutes that in
general will be experts in chemical testing, one must be aware of the need for the
establishment of a metrological activity in those institutes that requires additional and
different procedures, techniques, knowledge and skills then those needed for carrying out only
chemical testing.

For most economies, therefore, the system that offers the combination of the greatest
economic and social benefits with the most effective and efficient operation is some version
of what is termed here the “partnership” model. In this model the NMI forms partnerships
with a number of organisations with specialist chemical measurement skills in their own area.
The NMI supplies the core metrological expertise and the links to the external metrological
world; the partner organisation supplies the core technical measurement expertise, the links to
the domestic stakeholders and to the users of such expertise, and sometimes the links to other
international peak bodies that have a regulatory or standardisation role. The central control of
the system remains with the NMI, but the majority of the delivery responsibility is given to
the partner organisation. A diagram that represents how such a system might operate is given
below.
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Obtaining Government Commitment

Whatever model is chosen, the role of the national government as the central funding agency
is paramount. The major difficulty of all three models above lies in the financial arrangements
that will be required to implement such systems. It is here that the government role becomes
all important. 1t must supply the majority of the funding necessary to support the system
adequately and to provide sufficient incentive for all of the partner organisations to play their
role effectively. Moreover, most models will require a whole-of-government approach to be
successful. It will be difficult to persuade a number of individual government ministries to
fund their own sectors to provide adequate metrological systems. A national metrological
infrastructure is a national governmental responsibility and needs financial resources supplied
by that government.

Moreover, the government commitment must be ongoing, not limited to a one-off injection of
capital to establish the metrological infrastructure. Numerous studies have shown that
economies receive benefits from the establishment of metrological infrastructure that far
outweigh the costs of establishing and maintaining such a structure. The most comprehensive
such studies are those of the National Institute of Standards and Technology (NIST), USA,
who have made economic studies of many of their programs. Nineteen NIST studies have
been undertaken and show benefit-to-cost ratios that range from 3 to 126, with an average of
44, Other examples are cited in the 2003 CIPM Report to the General Council on Weights and
Measures (CGPM) on Evolving Needs for Metrology in Trade, Industry and Society and the
Role of the BIPM (1* Kaarls report) and its up-date to the 2007 CGPM under the same title.

Moreover, there are numerous economic disaster stories that demonstrate what can occur
when the appropriate measurement structures have not been put into place within a nation and
the economic status of the nation has been jeopardised. One such example is given below.

Example

In 2002, European Union inspectors were reported to have found traces of the
antibiotic choramphenicol in honey being imported from Asia into Europe. A ban on
imports from the source country followed and quickly spread to apply to many other
products including chicken, shrimp and rabbit meat. The incident was caused by the
failure of the source country’s measurement system to detect and adequately
measure such residues before the products were exported. The total cost to the
source country’s economy was estimated at being several billion US$ and the ban
caused considerable hardship in the country’s rural communities that depended upon
being paid for produce intended for export. This unfortunate result could have been
avoided if an adequate national measurement infrastructure had been in place in the
source country and, from the results generated by that system, the situation had been
addressed before the products reached the export market. (Reference: BBC News,
Julv 2002.)

It is clearly in every national government’s interest to invest in a national metrology
infrastructure. The challenge to the metrology community in each economy is to demonstrate
that fact unequivocally to the government so that appropriate levels of support will be
delivered in a sustainable manner.



Capability Building

Once the areas for priority action have been identified, the model for implementation decided
upon, and government support guaranteed, the scene is set for the next stage, that of creating
an appropriate capability. The first step is to decide upon the types of services to be delivered
to users. In particular the measurement ranges to be covered and the measurement uncertainty
levels required in these ranges need to be identified. In addition, there must be consideration
as to whether certified reference materials will be needed, and if so whether these will be
produced by the program or imported. It also has to be decided whether international
traceability for the measurements made in each sector is required.

In general, for each application area the capability will consist of:
e appropriately-trained staff;
e appropriate sets of equipment;
e an appropriate working environment.

It is very desirable that the creation of each of these three essential components occurs
concurrently. In too many economies where the government has committed large sums of
money to developing a metrological structure, the steps are taken in series rather than in
parallel, meaning that the system cannot be employed until it is absolutely complete. This
means that the metrology programme rapidly loses credibility as the government sees no
value being delivered to its operations for a long time. If the process is undertaken in a
parallel fashion, different aspects of the structure are able to be deployed much more rapidly
and deliver an immediate return on investment to the economy.

No one of these three components of capability is more important than the other, but the one
that requires the most planning is the first, ensuring that appropriately-trained staff are
available. The availability of staff may be assured through the intelligent use of the national
and international education systems combined with the fast-tracking of expertise generation
through the placement of key personnel in institutions that already are expert in the area under
development.

Equipment choice must be based on fitness for purpose. Too often, at vast expense, the key
laboratories of emerging economies seek to reproduce the equipment sets of far more
advanced institutes without considering whether they really match the national needs that had
been identified earlier. There is no point in paying for a Rolls-Royce when a much less
expensive vehicle will deliver the desired outcomes. Often the needs of a nation, particularly
in the area of the national welfare of the people, can be most efficiently addressed by
relatively modest sets of equipment that have been chosen carefully to deliver the levels of
accuracy that are needed to implement good public policies.

Similar considerations apply to the establishment of the laboratory buildings themselves.
Depending on the type of chemical measurements to be carried out consideration has to be
given to air conditioning and the required measure of cleanliness of laboratory rooms (clean
rooms). A choice may have to be made between a lavish building inadequately equipped with
instrumentation, and a more modest establishment with more extensive equipment housed
within it.
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Dissemination

Lastly, when all of the planning is in place, the capability is ready for use and the tasks well
defined, the most important period of all commences — the dissemination of the products of
the newly-created metrological structure to the operating entities of the national economy.
Here too, planning is vital. No capability should be created without including in its very early
stages consideration of the dissemination processes that will be used to deliver the results to
where they will be of economic or social value.

For the dissemination process, there are a number of different models that might be adopted.
Possibly the NMI can undertake the task completely by itself; perhaps it can devolve the
responsibility to other organisations. However, the process most likely to be effective is when
the NMI works in partnership with other bodies. To ensure that dissemination is effective,
those bodies need to have strong links to the user community and credibility with that
community. One such organisation might be that responsible for accreditation, another might
be a central chemical testing laboratory. Whoever the partner might be, if their results can be
made traceable to NMI-generated national standards in their processes, the solution to the
challenge of effective dissemination is solved.

While beginning to deliver calibration and value assignment services, it is recommended that
NMIs benchmark their new services by joining in regional or international comparisons.
Successful performance in such comparisons will deliver confidence in the NMI’s services to
both the NMI and its users and establish a basis for future traceability claims.

Example

In Australia, the National Measurement Institute (NMIA) has developed a national
standard for the concentration of ethanol in water, a standard that is used, inter alia,
to calibrate evidential breath analysers whose results are used to prosecute car
drivers under the influence of alcohol. To disseminate this standard to the police
forces throughout Australia, NMIA has formed a partnership with the police
laboratory in Victoria, one of the Australian states. This laboratory acts as a national
distribution and calibration centre for breath analysis. It prepares aqueous ethanol
solutions, has them characterised by NMIA, produces secondary standards from
them and maintains an integrated measurement network for breath analysis with its
sister laboratories in other parts of the country. Thus the national standard for this
measurement is disseminated effectively to users throughout the nation.

Conclusion

All of the above has been written not as a prescription for what to do in establishing or
improving a national measurement infrastructure, but as a guide to those nations that are
intending to proceed on such a task. Every nation will have its own set of challenges and
opportunities, and the model that is applied and the methods that are put into place to realise
that model will be different in every case. It will up to national authorities to choose the path
that they adopt.



It is hoped, however, that what has been provided in this document may be of assistance to
those responsible for achieving this important objective. What is certain is that if all nations
have effective systems of this type in place, trade between nations will be facilitated and made
more effective, and national economies will be made more efficient. If this Guide plays its
part in assisting that process, it will have performed a useful role.
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Summary of Discussion and Evaluation Results

This is a summary of the outcomes and suggestions submitted by the four primary
chairpersons based on the discussion at the Workshop on Metrology of Agricultural Products
and Foods. This report also includes a summary of evaluation results submitted by the
participants.

1. Summary of Qutcomes and Suggestions

1.1. Summary of Topic 1: Agricultural Quality Measurements

This is the survey result from the Asia Pacific Legal Metrology Forum (APLMF)
economies to obtain specific details about requirements for particular quality
measurement with emphasis of an important issue on the adequateness of the MPEs"
specified in CD4" of OIML R59" for the Asia-Pacific region. The survey also
highlighted the possibility of having two classes of instruments where: Class 1 would
be suitable for less accurate instruments using the current MPEs of approx. 0.8% up to
16% moisture; and Class 2 would be suitable for more accurate instruments with
MPE:s of about 0.5% or lower such as using near infrared technology.

Some claimed for the necessity of prioritization of specific agricultural products to be
discussed at the next workshop with the intention of focusing on a few key products.

Identify volunteers to manage related projects in the OIML TC17/SC8".

The result revealed a need for modifying the APLMF working group structure to
introduce a new working group on quality measurements of agricultural products and
foods, and identify lead economies for specific projects. This proposed WG is
expected to have the following projects.

Project 1.  Grain moisture measurements (Rice, Tapioca etc.)
Project 2. Grain protein measurements (Wheat etc.)

Project 3.  Starch measurements (Cassava etc.)

Project 4.  Coffee measurements

Project 5.  Milk measurements

These projects would develop calibration infrastructures appropriate to the APLMF
region and exert influence on the global level activities such as ISO and OIML that
would develop requirements for measuring instruments.

* Full names of acronyms are given at the end of this summary.

1.2. Summary of Topic 2: Measurements for Food Safety and Health

A multitude of quality systems were mentioned, i.e., ISO/IEC 17025°, GMP", GPL",
HACCP’, GAP", Thai-GAP and Euro-GAP.

Many quality terms were mentioned: traceability, uncertainty, verification, calibration,
proficiency testing, standard and harmonization.

Problems identified were: the number of regulations involved; lack of RM"/ CRM"
and inter-laboratory proficiency testing in the region; consideration of standard
packaging; advanced technology — instrumentation & technical use.

It was suggested from the speakers to provide a workshop on traceability in food



safety and metrology from the market to primary production of farm that shows how
to trace back and identify the necessary tools.

The chairpersons and speakers insisted a need for: a workshop on CRM or RM
production; appropriate proficiency test and/or comparison laboratory tests, a
workshop on the quality and safety of packaging required for food products, and
development of closer communication between APLMF and APMP* to discuss
matters related to TBT  and current regulations.

1.3. Summary of Topic 3: Quality Control of Agricultural Products

It was pointed out that there were many problems and requisitions in some developing
economies related to quality control with respect to agricultural products, i.e., yield of
products might be high but their quality was low.

It was suggested that CRM and calibration standards for atomic absorption
spectroscopy instruments would be urgently provided by the NMIs within the region
to produce suitable CRM in good quality according to the ISO Guide 34 .

The party remarked the importance of the role of NMIs in providing CRM, metrology
standards, and traceability system for analysis results on agricultural products.

Many agreed that it is necessary to provide training for quality measurement of
agricultural products including how to use the metrology standards, how to improve
the CRM, and how to evaluate the validation methods.

Another proposal raised was to organize regional comparison and proficiency testing
to improve the level and quality of measurement at the laboratories in the Asia-Pacific
region.

1.4. Summary of Topic 4: Measurement Infrastructure
The participants agreed that we should:

develop the following documents:

Project 1. A Guide to Metrological Control Systems (similar to the guidelines
developed by APMP)

Project 2. A Guide to Legal Metrology (for external stakeholders)
Project 3. A Guide to the Preparation and Use of certified reference materials

It was suggested this task could be managed by the APLMF Working Group on
Metrological Control Systems. Future workshops could bring together groups willing
to develop these documents during the workshop.

identify collaborative activities to support regional activities related to food
measurements,

provide links from APLMF website to database of available CRMs or develop a list of
CRMs for activities relevant to the region and place it on the APLMF website,

invite a broader range of stakeholders to the next workshop (lawyers, industry),

consider progress of OIML R59 with special application to rice moisture
measurements and give further consideration to metrological control systems for
specific agricultural products (e.g. rice and other grain, tapioca, others to be decided as
a result of APLMF survey).
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2. Summary of Evaluation Results Submitted by the Participants:

Many participants agreed the objectives of this workshop were achieved and the workshop
was successful. However, the following feedback should be considered in preparing for
the next two workshops planned for this topic:

Too many topics should have focused on 'agricultural products and foods' for
economies, for example, moisture content evaluation on agricultural products and
foods.

The topics of the workshop were not clear, so it was not quite useful to the local
participants especially those from the industries. The audience was expected to have
some knowledge on metrology on agricultural products and foods, i.e., calibration on
moisture content.

Because of the limit of time and the broad range of topics to be discussed, more
workshops should be organized, maybe each covering a specific topic for more
focused discussion. The impacts of such workshop are cumulative and far reaching as
well as beneficial.

Some participants were not familiar with some contents such as ISO Guide 34 and 35°
about legal metrology. The organizer should review and make clear communication
with all speakers before proposing to the workshop so that it will meet the objective of
the workshop.

Follow-up workshops would be required as there are many issues to be addressed
especially on those related to technical issues on actual setting up of various
assessment means for the quality of food and agricultural products. Training
workshops with more technical nature would be beneficial especially for economies
that still have problems in carrying out the relevant tests/assessments on the quality of
their food products.

Issues to follow up are traceability and comparability, uncertainty, the document “A
guide to creating or improving a national infrastructure for chemical measurement”,
and activities progress in this field (new measurements, reference materials, PT", new
documents, etc.).

Topics of pesticides laboratory measurement and metrology should be added.

Working groups should be set up in order to draft standard methods of measurements
accepted by APLMF members.

The organizers should communicate and review the topics before proposing to the
workshop to all speakers.

3. Additional Information from the Organizers

A workshop which combined two of the initially planned ones, Workshop on Product
Safety and a follow-up Workshop on Metrology of Agricultural Products and Foods, 1s
scheduled for early 2008 in PR China. This workshop will be jointly presented by
APEC and APLMF. The format of this workshop will be discussed during the 14™
APLMF Forum held in October 2007. We are looking to organize the workshop based
on the outputs of the Workshop on Metrology of Agricultural Products and Foods held
in Thailand in February 2007. The third workshop is planned for early 2009.



o In the discussion among the organizers, it was proposed that APLMF approach should
be within the metrological matters such as calibration and verification technique of
instruments, MPE with traceability, proficiency test, as well as regulations and pattern
approval of measuring instruments.

o Also it was remarked that liaisons with other specialist bodies are essential for future
programs.
APMP: laboratories that provide necessary CRMs or standards.
APLAC and PAC: to assure the quality level of the technical competence.
PASC: to develop regulatory standards that would specifically be demanded in Asia-
Pacific region.

APLMF Working Groups on
Training Coordination and Quality Measurements
of Agricultural Products

* AcCronyms:

APMP: ... Asia Pacific Metrology Programme

CD4: e, 4th Committee Draft of the OIML recommendation

CRM:..coiiieeeee e, Certified Reference Materials

GAP: e Good Agricultural Practice

GMP: ., Good Manufacturing Practice

GPL: i General Public License

HACCP: ....cveeeeieee. Hazard Analysis and Critical Control Point

IEC: o, International Electro-technical Commission

ISO: e, International Organization for Standards

ISO/IEC 17025.........ocn.. General requirements for the competence of testing and
calibration laboratories proposed by ISO/IEC

ISO Guide 34: .......ccvvennee ISO guide on general requirements for the competence of
reference material producers

ISO Guide 35:..........oeene. ISO guide on reference materials - general and statistical
principles for certification

MPE(S): cvveeeeieeeeieeeeee, Maximum Permissible Errors(s)

NMI(S):eeeeiieiieeieeiee e, National Metrology (Measurement) Institute(s)

OIML:....coiiiiiieeeeeee International Organization for Legal Metrology

OIML R59:...ccociieiee. OIML Recommendation for moisture meters for cereal grains and
oilseeds

OIML TC17/SC8. .............. OIML Technical Committee 17 / Sub Committee 8 on
instruments for quality analysis of agricultural products

PT e Proficiency Testing

RMiie e, Reference Materials

TBT: e, Technical Barriers to Trade
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