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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 “60th Anniversary”.  
 

EE-KU”60th 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. 
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EE-KU® Grain Moisture Tester 
 
Accessories 

1. LCD screen 
2. power switch (test) 
3. adjustment knob 
4. data set 
5. battery 
6. tester hole 
7. cone 
8. balance (100 g) 
9. thermometer (゜C)     figure 1. 

 
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 
  
 
 
 
 
 
 
 
 
 
 
 
      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) 
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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) Product (million tons)
A. Lower north-east area 9 12.6 3.67 
B. Upper north-east area 10 2.8 0.79 
C. North area 3 0.4 0.19 
D. Central area 12 2.2 0.9 

Zone A = 63 % of product of Jasmine rice in Thailand 
 
 Glutinous rice is divided into 2 zones 

Area Province Size of area (million Rai) Product (million tons)
A. Lower north-east area 14 12.3 3.54 
B. Upper north area 6 2.4 1.17 

 
Photosensitive is are divided into 3 zones 
Area Province Size of area (million Rai) Product (million tons)

A. Central area 12 1.48 0.59 
B. Upper south area 6 0.27 0.11 
C. Lower south area 5 0.2 0.08 

 
 

Non-Photo sensitive rice is irrigation area. 
Area Province Size of area (million Rai) Product (million tons)

A. Central area 6 14 9.0 
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    Figure 3. 
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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/20�) between                 9-14 
 % Amylose      12-30% 
 Weight (1000 seeds)    20.5-46.2g 
 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 Jasmine105 rice and Non-Gultinous rice
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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. 
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.  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 65th years Thai version 
Range     

Corn  0.0 - 35 %                 
Paddy  0.0 - 25 % 
Paddy(Jasmine) 0.0 - 25 % 
Soybean   0.0 – 25 % 
Millet  0.0 – 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 assign 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. 

3. Checking mobile lab to be ready to use. 

4. Determine specific kinds of food to be checked. 

5. Setting analytical items and methods. 

6. Setting analysis result criteria. 

7. Preparing materials and equipments for analysis. 

8. Moving mobile lab to agreed location on time. 

9. Working with provincial public health officers to collect sample for analysis. 
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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 For microorganism detection, standard or modified method is used for quick 

results eg. method of  

• AOAC (Official Methods of Analysis of AOAC International) 

• APHA (American Public Health Association) 

• BAM (Bacteriological Analytical Manual) 

• ISO (the International Organization for Standardization) 

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

used. 

 

4. Decision criteria  

4.1 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 .coli/g ................................................................. less than 10 

- MPN E .coli/100 ................................................. ml less than 2 
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- S. aureus/g ........................................................... less than 100 

-S. aureus/ml ............................................................not detected 

- Salmonellae/25 g ...................................................not detected 

-Salmonellae/50 ml...................................................not detected 

- Vibrio cholerae/25 g .............................................not detected 

- Vibrio parahaemolyticus/25 g................................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.coli/100 mL ........................................................not detected 

-S.aureus...................................................................not detected 

-Salmonellae.............................................................not detected 

-Vibrio cholerae .......................................................not detected 

-Vibrio parahaemolyticus.........................................not detected 

 

4.3 Chemical substances: Test kit criteria of Department of Medical Sciences, 

the Ministry of Public Health, Thailand defines that 

 - Borax ....................................................................not detected 

 - Formalin ...............................................................not detected 

 - Salicylic ................................................................not detected 

 - Hydrosulphite .......................................................not detected 

 

Materials and equipments in Mobile laboratory 

1. Incubator 

2. Water bath 

3. Microwave 

4. Burner 

5. Refrigerator 

6. Freezer 

7. Media & Reagents 

8. Glass ware & Plastic ware 

9. Balance 

10. Stomacher 
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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.............................Duangdao Wongsommart 
Ministry of Public Health, Thailand 
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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. In the 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 yield 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 .  
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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 30oc 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 
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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 
    4,928,700   

   3,492,100 Taiwan 
2 Maize 175,140 Hongkong 

   47,375 Korea 
   3,714,615   

3 MUNG BEAN 221,000 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.            
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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: 
 

• the reasons/needs for establishing/improving such a system; 
• the areas of principal national need; 
• the existing relevant resources within the nation; 
• 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



 

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

• 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; 

National needs identification

National capability assessment

Gap analysis

Selection of appropriate model or strategy

Establishment of sustainable government support

Capability building

Prioritisation of unaddressed needs

Dissemination of services
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o Consumer protection; 
o Food safety. 

 
• National economic performance 

o Ensuring quality of exports, and facilitating trade; 
o Efficiency of industrial production, more effective process control; 
o Support of innovation and industrial development; 
o 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.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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, 

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. 
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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 

 
• Effective environmental management/protection 

o Key environmental measurements. Contaminants in: 
 Air 

• Climate change - greenhouse gases 
• Ozone 
• Volatile organic components 

 Water 
 Soil 

 
• Effective implementation of the law 

o Substance abuse detection 
 Illicit drugs 
 Alcohol 

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

 
• Consumer protection 

o Product composition 
o Accurate product labelling 
o Nutrient levels 
o Adulteration 

 
• Food safety 

o Contaminant and residue levels 
o 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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• Ensuring quality of exports, and facilitating trade 
o Meeting the requirements of markets for chemical composition, maximum 

allowable levels of contaminants and residues 
o Reducing the need for duplication of measurements at source and destination 
o Preventing despatch of inferior-quality product 

 
• Surveillance of the quality of imported goods 

o Meeting national requirements 
o Imported energy sources (oil, gas, biofuels) 

 
• Efficiency of industrial production, more effective process control 

o Ensuring replication of production conditions at different sites and times 
o Monitoring chemical composition and specification of product 
o Meeting production specifications set by foreign parent company or client 

 
• Support of innovation and industrial development 

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

 
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 ? 
• Which organisations have this capability ? 
• How much capability lies within the economy’s national metrology institute ? 
• Are there institutes in the economy that might become designated institutes, acting as 

a NMI for certain quantities, measurands, matrix composition and measurement 
ranges ? 

• Is there traceability of these measurement results to a national reference ? 
• If there 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: 
 

• Match of the need with national policy; 
• Impact of the action on the welfare of the people; 
• Impact of the action on economic benefit; 
• Spread of the impact (limited to a few clients?); 
• Availability of funding; 
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• Technical difficulty of task; 
• Length of time required; 
• Cost involved; 
• Difficulty of disseminating the standards produced; 
• Availability of potential partners; 
• 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. It 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 (1st 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.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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. 
 

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, 
July 2002.) 
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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: 

• appropriately-trained staff; 
• appropriate sets of equipment; 
• 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.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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. 
 

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. 
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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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