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ABBREVIATIONS

IDD – iodine deficiency disorders 

USI – universal salt iodization

UI – urinary iodine

TGR – total goiter rate

KIO3 – potassium iodate

KI – potassium iodide

mcg – microgram (one million part of gram)

mg – milligram (one thousand part of gram)

ppm - part per million (or mg/kg)

CDC - Centers for Disease Control and Prevention

MoH – Ministry of Health

MICS - Multiple Indicator Cluster Survey 

DHS - Demographic Health Survey 

NSCIDD - National Sub-Committee for Control of Iodine Deficiency Disorders
SPCKK - Salt Producers Community of Kampot and Kep 
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ABSTRACT

A 72-cluster representative nationwide school-based survey was performed in Cambodia in March-April 2008. Three clusters were randomly selected in each of 23 provinces and Phnom Penh city representing both urban and rural populations. Within each cluster (school) 30 samples of salt from schoolchildren’s households were tested qualitatively for iodine with RTK, every third salt samples was tested quantitatively for iodine with WYD tester, and 15 urine specimens were collected for urinary iodine (UI) measurement. Totally, 2,329 school-children aged from 8 to 10 were assessed during the survey. The objectives of this survey were to provide information on coverage of Cambodia population with iodized, determine status of iodine nutrition of the population by measuring urinary iodine (UI) excretion, allow for comparison with previous surveys to determine whether the situation in Cambodia has improved or deteriorated. 
Results of 2008 survey suggest that the performance of the salt iodization program in Cambodia has remained virtually unchanged in the last 2-3 year: 73.7% of households were using iodized salt, the same proportion as in 2005. Virtually the same provinces were identified as failing for the presence of sufficient proportion of iodized salt on household level: only 7.9% of households in Kep province were using iodized salt (27.7% in 2005), 27.8% in Kampot (19.3% in 2005) and 28.9% in Svay Rieng.  Six provinces out of 24 were found with compliances based on the RTK of 90% or better, and 13 between 70 and 90%. For the salt that was iodized, the median iodine content was 25 mg/kg for the coarse salt and 32 mg/kg for the “refined” salt.
Results of UI assessment suggest that the IDD elimination program in Cambodia has a much better performance than coverage of population with iodized salt – 95% of Cambodia population is residing in provinces with median UI level above 100µg/L. While slightly increased level of iodine supply (median UI level - 221.5µg/L) is likely to provide adequate iodine intake for entire population, including pregnant and lactating women, it may also pose a slight risk of more than adequate iodine intake in the general population. Only in 3 provinces (Kep, Kampot and Modol Kiri) median UI values were lower than 100 µg/L indicating an inadequate intake of iodine. Low median UI levels in Kep and Kampot were clearly associated to low penetration of quality iodized salt in these provinces.
In summary, with the exception of the salt producing provinces (Kampot and Kep), the salt iodization program of Cambodia is providing sufficient iodine to almost entire population. Corrective measures should be taken to improve quality of salt production and iodization, to strengthening of monitoring system (on production and provincial levels) and to increase of use of iodized salt in salt producing provinces through education of population of benefits of iodized salt.
This survey was organized by National Sub-Committee for Control of IDD with financial support from USAID and UNICEF.

1. INTRODUCTION AND BACKGROUND
[image: image10.emf]
GENERAL INFORMATION (2008):

Population – 14.7 million
Population under 15 – 1.832 million
Birth rate – 1.8
Life expectancy at birth – Approximately 63
Infant mortality – 66 per 1000 live births
GDP per capita – USD 518
Fig. 1   Map of Cambodia
Iodine is an essential micronutrient and daily requirements for iodine varies from 90 mcg/day for children below 5 years to 250 mcg/day for pregnant and breastfeeding women. Adequate intake of iodine for schoolchildren and adults is 150 mcg/day. While consequences of iodine deficiency are known for ages, elimination of iodine deficiency became a global priority during last two decades. Iodine deficiency is the most frequent cause of preventable brain damage in children which can be prevented by adequate iodine intake. USI is the most reliable, cheap and safe method for prevention and elimination of IDD when more than 90% of households consume quality iodized salt. Table 1 presents epidemiological criteria, established by WHO, UNICEF and ICCIDD [1] for assessing the severity of iodine deficiency based on median urinary iodine (UI) levels. 

Table 1.  Epidemiological criteria for assessing iodine nutrition based on median urinary iodine concentrations of school-aged children (≥6 years) *[1]
	Median urinary iodine (µg/l)
	Iodine intake
	Iodine status

	< 20
	Insufficient
	Severe iodine deficiency



	20-49
	Insufficient
	Moderate iodine deficiency



	50-99
	Insufficient
	Mild iodine deficiency



	100-199
	Adequate
	Adequate iodine nutrition



	200-299
	Above requirements
	Likely to provide adequate intake for pregnant/lactating women, but may pose a slight risk of more than adequate intake in the population 

	≥300
	Excessive
	Risk of adverse health consequences (iodine-induced hyperthyroidism, autoimmune thyroid diseases)


* - Applies to adults, but not to pregnant and lactating women
The objective of the program for elimination of iodine deficiency is normalization of iodine consumption with food for the entire population of the country. When iodine consumption is adequate, median UI levels in population fall in the range of 100 to 300 mcg/l.  Table 2 presents indicators for elimination of iodine deficiency through USI.

Table 2. Indicators of elimination of iodine deficiency [1]

	Indicator
	Objective

	Urinary iodine level:

 Median (mcg/l)

 Proportion of samples with UI levels below 100 mcg/l

 Proportion of samples with UI levels below 50 mcg/l
	 100-300

 < 50%

 < 20%

	Salt iodization:
 proportion of households consuming quality iodized salt


	 > 90%


IDD has long been recognized as a significant public health problem in Cambodia.  Results of a national survey which was conducted in 1997 found an average total goiter rate (TGR) of 12% among school children (8 to 12 years old).  In 9 of the 20 provinces surveyed, levels of TGR were above 20%, while 4 provinces had a TGR prevalence close to 40%, some eight times greater than the WHO criteria used to indicate whether IDD is a public health problem.  

The Royal Government of Cambodia initiated a National Sub-Committee for Control of Iodine Deficiency Disorders (NSCIDD) in 1996 to fight this problem, focusing on Universal Salt Iodization (USI) as the primary intervention strategy to improve the iodine status of the population.  
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Although production of iodized salt started in 1999, there had been only limited success in producing it in large quantities. In 2000 the household consumption of iodized salt was only 12%. This was due existence of many small to medium salt producers in Kampot and Kep which were hard to bring under control, and lack of legislation requiring them to iodize all salt they produced. Situation with production of iodized salt changed dramatically after a Sub-Decree No. 69 on “The Management of Iodized Salt Exploitation” was signed by Prime Minister on 20 October 2003 and put into effect in October 2004. A Salt Producers Community of Kampot and Kep (SPCKK) was formed with participation of 167 salt producers. The SPCKK is overseeing most of production and distribution of iodized salt in the country. 
Salt Production in Cambodia. According to data of “Monitoring of Household Use of Iodized Salt through Primary Schools” survey conducted in 2005 [2], 85% of salt consumed in Cambodia is produced domestically by SPCKK (Fig 2). Up to 15% of salt is imported (often illegally) from Vietnam, Thailand and Laos. The basis for supply of iodized salt in Cambodia is the production of solar salt in Kampot and Kep provinces. The solar salt production is a small scale operation with 182 salt producers. Salt iodization in Kampot and Kep provinces is coordinated and managed by SPCKK. Salt producers/farmers are shareholders with size of share proportional to size of their operations. SPCKK is also responsible for marketing and sales of all salt, either non-iodized or iodized. Reported annual production of salt is ranging from 85,000 to 160,000 MT depending upon the weather condition and mean overcast of the production season (table 3) [3]. 
Based on iodized salt production data the average consumption of salt per capita in Cambodia constitutes at least 15 g/day, including use of iodized salt supplied to processed food industry: fish sauce, pickles etc. The latter data is supported by the findings of the Cambodia Socio-Economic Survey (2004-2005), which estimates consumption of iodized salt by population at 17-27 g/day [4]. Based on average of 22 g/day, annual consumption of iodized salt would be in order of 107,000 t. This figure is quite in line with the amount of salt iodized by SPCKK. However, taking into account the use of salt by non- food segments of the industry (textile dying, water treatment, swimming pools, etc.), it might be concluded that average human consumption will constitute 17g/day [3].

Table 3. Production (MT) of raw and iodized coarse salt by SPCKK [3]
Year                      Coarse salt          Iodized salt produced         Raw salt stored

2004                            130,000                   72,500                                          52,500

2005                            85,000                     104,400                                       38,100

2006                            170,000                   106,000                                       102,100

2007                            160,000                   68,000 (as of 8/07)                  195,000

Surveys of iodized salt in Cambodia. A first National survey of iodized salt in primary schools was conducted in Cambodia in 2005 [2]. A total of 2,878 salt samples were tested with rapid test kits out of which 2,121 samples (73.7%) were found positive for iodine while 755 samples (26.3%) had no iodine. Of the 24 provinces, five had >90% of household using iodized salt, while 8 had between 75-90% of households using iodized salt, another 9 provinces had between 50-75%, and 2 provinces had less than half of the households using iodized salt. Kampot and Kep had the lowest iodized salt consumption at 19.3% and 27.7%, respectively. The lowest levels of iodized salt use were found in salt producing provinces of Cambodia due to leakage of non-iodized salt from salt fields and barns. Also lower use of iodized salt was registered in some provinces bordering neighboring countries due to illegal import of non-iodized salt (Fig. 3) [2]. Data of National School-based Survey of 2005 [2] correlate well with the findings of the 2005 CDHS [4] which reported that 72.5% of households were consuming iodized salt, 85% in urban and 71% in rural areas. In Prey Veng, Svay Rieng, Kampot and Kep provinces less than 50% of households were using iodized salt. 

Thus, despite a significant progress, Cambodia has not reached the goal of IDD eliminating through USI by 2005. To track further country progress towards IDD elimination through USI, the National Sub-committee for Control of IDD with UNICEF support decided to conduct a national school-based survey of iodized salt use by households and also to assess status of iodine nutrition of the population. 

Fig 3. Household use of iodized salt in Cambodia provinces [adapted from 2] 
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2. OBJECTIVES OF THE SURVEY
The national school-based survey of iodized salt use and status of iodine nutrition in Cambodia was conducted in March – April, 2008. The objective of all USI/IDD monitoring and surveillance activities is to ensure that the program is proceeding smoothly, but also to identify problems, set priorities and take corrective action. Targets and goals of IDD elimination program are presented in Table 2. 

The objectives of this survey were to: 

1) Provide information on coverage of population with iodized salt in Cambodia (nation-wide and by provinces) and on quality of iodized salt on the household level,

2) Determine status of iodine nutrition of the population in Cambodia by measuring urinary iodine (UI) excretion,

3) Determine whether the iodine content of salt needs to be modified to assure adequate and safe iodine intake levels; 

4) Allow for comparison with previous surveys (specifically on coverage with iodized salt) to determine whether the situation in Cambodia has improved or deteriorated; and 

5) Be useful for comparison with future surveys. 

3. SURVEY METHODS AND SAMPLING
In Cambodia a 72-cluster school-based survey at the national level was performed: 3 clusters were randomly selected in each of 23 provinces and Phnom Penh city representing both urban and rural populations. Within each cluster (school) 30 samples of salt from schoolchildren’s households were tested qualitatively for iodine with rapid test kits (RTK) and 15 urine specimens were collected for UI measurement. Totally, 2,329 school-children aged from 8 to 10 were assessed during the survey that should be considered as a representative group for entire population of the country. The main reason for such mode of selection of surveys sites is that it enables to get some information on provincial level. If proportional to population sampling (PPS) were used, data for some provinces with small population could be missing.  
Schoolchildren were the prime target of the survey. In Cambodia salt iodization has been the only intervention directed towards eliminating IDD in the 12 months prior to the survey and the foods consumed by school-aged children are primarily from their homes. In this situation, the IDD status of school-aged children should be representative of the IDD status of the entire population. 
NSCIDD compiled 6 teams for conducting the survey; each team was responsible for 4 provinces and visited 12 clusters (schools). Each team had 3 members: one member was responsible for registration of kids and completion of survey forms; the second one was dealing with collection and testing of salt samples, and the third one was dealing with collection of urine samples. Each team had one individual designated as the “team leader.” The team leader’s role was to assure that clusters selected are actually surveyed and visually verify that all forms are fully completed and the collection of specimens and other information is performed correctly. One member of NSCIDD was assigned the overall responsibility of the survey (“survey manager”). His duty was to oversee all aspects of the survey design, equipment, materials, training, implementation, analysis, report writing, and use of the results to affect changes in program planning.

A detailed “Protocol of school-based survey of iodized salt use and status of iodine nutrition in Cambodia” [6] was prepared by the Consultant to serve as a field manual for survey teams, team leaders and survey manager. 

Sampling methodology
In preparation for a school-based survey, the Ministry of Education, Youth and Sport provided NSCIDD with a listing of all schools in all provinces with the appropriately aged children for the survey. Because the age range for the survey is 8 to 10 years, primary schools were the main target of the assessment. 

In all 23 provinces and capital city (totally – 24 regions) three schools were randomly selected (using Random Number Table).  To make the sample as representative as possible of the province, one school was selected from an urban area and two schools - from a rural area. While technically not entirely correct, it would be acceptable to analyze the school-based data as though the schools were selected using the proportional to population sampling (PPS) methodology.

The survey team member visited each selected school before the survey and selected school children to be in the study. Parents of all children selected for a survey were requested to review and sign Informed Consent Statement and to provide a child with sample of salt for the survey. A Survey Form was completed for each cluster, collecting information on the participant’s name, age, sex, and the date of data collection. 
All team members were trained on special 2 days workshop to assure that they know exactly what they need to do to collect demographic information, salt and urine specimens and test salt specimens by RTK. Training workshops included field visits to schools with real collection of salt and urine samples, salt testing and samples handling and storage.  
Testing of salt samples
Upon collection from schoolchildren, all salt samples were identified as “coarse” or “fine” salt. Small amount of salt (half tea spoon) was taken from each bag and tested for iodine with RTK. Every third sample of salt (about 10 g each in zipped bag) was taken to laboratory in Phnom Penh and quantity of iodine was determined by WYD tester (China). Results were expressed in mg of iodine per kg of salt.
Urinary iodine analysis

UI determinations were performed by automated cerium-arsenide method in the laboratory of Mahindol University (Bangkok, Thailand). This laboratory is a member of International Network of Iodine Laboratories (IRLI) which is quality assured by CDC (Atlanta, USA). In addition, 29 urine samples were independently assayed for iodine by both Thai and CDC labs. While the Mahindol University Lab has sufficient accuracy on urine samples with iodine content less than 400 ug/L, the regression plot showed a low bias at the higher iodine concentrations. This would not affect results of the survey as most of samples had UI below 400 ug/L.
Data entry and statistical analysis 
Data entry and statistical analysis were performed by members of the Survey Team in Phnom Penh.  
4. RESULTS AND DISCUSSION

During the survey a total of 1072 urine samples were tested for iodine, in 2329 salt samples iodine was determined by RTK and in 556 samples quantitative analysis of the content of iodine in salt by WYD checker was performed. The design of this survey does not provide representative results per each province, or group of provinces.  However, for illustrative purposes the results are presented nationwide, by provinces and by group of provinces.
4.1. Coverage and quality of iodized salt in Cambodia
During the field part of the survey 2,329 salt samples were tested for iodine by RTK. No staining for iodine was recoded in 612 salt samples (26.3%) while 1717 samples (73.7%) were considered as “iodized” (Table 4). 

Present data suggest that the performance of the salt iodization program in Cambodia has remained virtually unchanged in the last 2-3 year. Results of 2005 survey showed absolutely the same proportion of households (73.7%) using iodized salt. The same provinces were identified as failing for the presence of sufficient proportion of iodized salt on household level. Only 7.9% of households in Kep province were using iodized salt (27.7% in 2005), 27.8% in Kampot (19.3% in 2005) and 28.9% in Svay Rieng.  However, also the provinces of Koh Kong in the South, and Kampong Chhnang in the Central region had inadequate coverage of iodized salt, 64% and 54%, respectively. Six provinces out of 24 were found with compliances based on the RTK of 90% or better, and 13 between 70 and 90%.

Fig. 4 demonstrates provinces of Cambodia with different use of iodized salt on household level (< 50%; 50-89%; >90%). 
Table 5. Use of Iodized Salt by Households in Cambodia based on Salt Testing with RTK *
	S.N.
	Province
	Total Samples
	Iodine Present
	Per Cent
	Total Population

	
	
	
	Positive
	Negative
	Positive
	Negative
	

	1
	BATTAMBANG
	109
	104
	5
	95.41
	4.59
	1,057,263

	2
	BANTEAY MEANCHEY
	114
	103
	11
	90.35
	9.65
	839,037

	3
	KAMPOT
	108
	30
	78
	27.78
	72.22
	627,974

	4
	KANDAL
	90
	65
	25
	72.22
	27.78
	1,300,974

	5
	KAMPONG CHAM
	90
	84
	6
	93.33
	6.67
	1,944,031

	6
	KAMPONG CHHNANG
	90
	49
	41
	54.44
	45.56
	551,472

	7
	KAMPONG SPEU
	84
	69
	15
	82.14
	17.86
	779,910

	8
	KAMPONG THOM
	90
	69
	21
	75.56
	24.44
	722,338

	9
	KEP
	114
	9
	105
	7.89
	92.11
	41,589

	10
	KOH KONG
	95
	61
	34
	64.21
	35.79
	215,674

	11
	KRATIE
	89
	76
	13
	85.39
	14.61
	360,691

	12
	MONDUL KIRI
	76
	59
	17
	77.63
	22.37
	46,210

	13
	ODDAR MEANCHEY
	120
	86
	34
	71.67
	28.33
	105,488

	14
	PAILIN
	92
	87
	5
	94.57
	5.43
	36,545

	15
	PURSAT
	90
	75
	15
	83.33
	16.67
	451,141

	16
	PHNOM PENH
	89
	81
	8
	91.01
	8.99
	1,441,69

	17
	PREY VENG
	90
	68
	22
	75.56
	24.44
	1,073,917

	18
	PREAH VIHEAR
	90
	69
	21
	76.67
	23.33
	164,764

	19
	RATTANAK KIRI
	109
	109
	0
	100.00
	0.00
	131,835

	20
	SIEM REAP
	92
	65
	27
	70.65
	29.35
	924,923

	21
	SVAY RIENG
	90
	26
	64
	28.89
	71.11
	557,058

	22
	STUNG TRENG
	112
	98
	14
	87.50
	12.50
	112,684

	23
	SIHANOUK VILLE
	89
	80
	9
	89.89
	10.11
	231,184

	24
	TAKEO
	117
	96
	21
	82.05
	17.95
	937,556

	
	Total
	2,329
	1,717
	612
	73.72
	26.28
	14,655,950


Note: Population is based on projection for 2008 by National Institute of Statistic Cambodia.

* - Unweighted Data
Fig 4. Proportion (in %) of households using iodized salt in different provinces of Cambodia (red - <50%; blue – 50-89%; green - > 90%)
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Same as in 2005, the IDD control program is not performing well in the provinces where salt is being produced in Cambodia – Kampot and Kep.  These provinces and Svay Rieng (Fig. 4) had only 35% of iodized salt, while for the rest of the country the average use of iodized salt was 80%. 
It is important to point out that coarse salt was reported as 63% iodized, and refined salt as 91% iodized (Table 5).  The “coarse” salt is produced from sea water by solar evaporation almost exclusively in the Southern provinces Kampot and Kep mentioned above.  The “refined” salt is produced by SPCKK in Kampot province and by small producers of boiled salt in other provinces of Cambodia [4].  Although the definition of “refined salt” may be subjective in Cambodia, it is valid to conclude that the salt of higher quality is much better complying with the iodization requirement both in terms of proportion as well as in the iodine amount (Table 5).  
Table 5. Quality of iodization of coarse and refined salt in Cambodia*
	Ranges
	Coarse(1)
	Refined(2)

	(mg/kg)
	Positive
	Negative
	Positive 
	Negative

	 
	N
	N

	< 5
	14
	100
	11
	17

	< 10
	19
	6
	8
	0

	< 15
	11
	4
	11
	4

	< 20
	41
	1
	33
	 

	< 25
	10
	0
	7
	 

	< 30
	17
	1
	25
	 

	< 40
	32
	0
	42
	 

	< 50
	15
	1
	31
	 

	< 75
	23
	1
	33
	 

	≥ 75
	10
	0
	10
	 

	Total
	192
	114
	211
	21

	Propor-tion
	63%
	37%
	91%
	9%

	
	Iodine Content in salt (mg/kg)

	Mean
	30.5
	3.2
	34.4
	4.2

	Median
	25.2
	1.3
	31.7
	1.1


* - courtesy of Dr. O.Dary
For the salt that was iodized, the median iodine content was 25 mg/kg for the coarse salt and 32 mg/kg for the “refined” salt (Fig. 5 and 6).  Therefore, it is valid to conclude that with the exception of the salt producing provinces of the South, the salt iodization program of Cambodia is providing sufficient iodine to almost the whole population. In Svay Rieng province the likely source of non-iodized salt is illegal import from neighboring Vietnam. At the same time, in 2008 in Ratanak Kiri, Battambang, Pailin and Banteay Meanchey provinces more than 90% of households were using iodized salt. According to 2005 survey data these provinces had sufficient amount of non-iodized salt due to illegal import from the neighboring countries (Vietnam and Thailand).
Fig 5. Distribution of iodine levels in coarse salt from Cambodia*
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* - courtesy of Dr. O.Dary

Fig 6. Distribution of iodine levels in refined salt from Cambodia*
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Table 6. Proportion of iodized salt, adequately iodized salt and iodized salt meeting government requirements in Cambodia 
	Areas of Cambodia
	Number of salt samples tested
	Proportion of iodized salt (by RTK)
	Number of salt samples with iodine >15 ppm by WYD
	Proportion of adequately iodized salt (iodine level >15 ppm)
	Proportion of salt meeting government requirements (>30-60 ppm)

	Provinces (3) with iodized salt coverage <49%
	66
	21.2%
	8
	12.1%
	7.5%

	Provinces (15) with iodized salt coverage 50-89%
	349
	76.5%
	218
	62.5%
	35.5%

	Provinces (6) with iodized salt coverage >90%
	140
	92.9%
	116
	82.8%
	51%

	All provinces (24) of Cambodia 


	556
	73.7%
	343
	61.7%
	36.3%


The design of present survey allowed to assess not only coverage of Cambodia population with iodized salt using RTK (as had been done in 2005), but also to determine proportion of households using adequately iodized salt (salt with iodine content more than 15 ppm, or mg/kg). Moreover, Cambodia government regulations require that iodized salt on retail and household levels must contain 30-60 mg/kg of iodine. For that, the proportion of salt meeting this government requirement was also calculated (Table 7).  For this every fourth salt sample collected in the field (total amount – 556 samples) was sent to laboratory in Phnom Penh for quantitative measurement of iodine by WYD checker.   
While 73.7% salt samples collected in households across Cambodia were iodized, only 61.7% of salt samples were adequately iodized (with iodine level of 15 mg/kg or more). There were significant differences in proportion of adequately iodized salt by different provinces. Table 6 provides information on use of adequately iodized salt by groups of provinces.  In 3 provinces with low penetration of iodized salt (below 30%, 21.2% on average) only 12.1% salt samples were adequately iodized and only 7.5% of samples met government requirements for salt iodization. Situation was improving with increase of iodized salt coverage: in 6 provinces with >90% of households using iodized salt 82.8% samples of salt were adequately iodized, but only 51% met government requirements for salt iodization. For all Cambodia 61.7% of salt samples were adequately iodized and 36.3% met government requirements for salt iodization.  
4.2. Iodine nutrition of Cambodia population.

It is well known that 90% of iodine ingested with food is excreted from the body with urine. Thus, iodine level in urine is a good marker of iodine intake with food. While iodine assessment in spot urine samples does not give information on iodine nutrition of individual subject (due to high variability of iodine levels in the urine) it gives reliable estimate of iodine nutrition on population basis. 

In the framework of the national survey in Cambodia UI levels were determined in 1072 schoolchildren. Median UI levels (221.5 µg/L) demonstrate that iodine supply to entire population of Cambodia is slightly above the requirement (Table 7). While such level of iodine nutrition is likely to provide adequate intake for pregnant and lactating women, it may also pose a slight risk of more than adequate iodine intake in the population. 
Table 7. Urinary iodine excretion in Cambodia population
	
	URINARY IODINE LEVELS (µg/L)

	
	Median
	Mean 
	Minimum
	Maximum

	Cambodia school children (age 8-10 years)
	221.5
	249.9
	0.9
	1271.4
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Fig. 7 Frequency distribution of urinary iodine levels (µg/L) in schoolchildren in Cambodia
Table 8. Frequency distribution pattern of urinary iodine levels in schoolchildren in Cambodia  

	Groups 
	Urinary iodine levels (µg/L)

	
	< 19
	20-49
	50-99
	100-199
	200-299
	300-499
	>500

	Schoolchildren


	2.9%
	6%
	12.8%
	24.2%
	20.7%
	25.6%
	7.8%


Frequency distribution patterns of UI levels are presented in Fig. 7 and Table 8. Only 2.9% of urinary samples had iodine concentration below 20 µg/L; 8.9% of samples were below 50 µg/L and more than 88% of urine samples had iodine concentration more than 100 µg/L. Data on iodine nutrition per each individual province (median, mean, max and min UI levels) are presented in Table 9. .
The UI data suggest that the IDD elimination program in Cambodia has a much better performance than that deduced coverage of population with iodized salt based on salt testing with RTK. Only in 3 provinces (Kep and Kampot in the South and Modol Kiri in the East) median UI values were lower than 100 µg/L, which is the most common indicator of an inadequate intake of iodine (Table 9, Fig. 8). 
Low median UI levels in schoolchildren in Kep and Kampot are clearly associated to the absence of well iodized salt in these provinces.  However, it is more difficult to explain the low UI levels in Modol Kiri, because the proportion of households using iodized salt and the iodine amounts in salt were identified as acceptable.  At the same time, median UI level in Svay Rieng province was high (280.8 µg/L) while penetration of iodized salt was low (28.9%) (Table 10). The results for some other provinces (Kampong Chhnang, Siem Riep, Kandal and others) showed unusual: high iodine excretion levels with relatively short supply of iodized salt in the homes. These cases are more difficult to explain, and it may be attributable to failure of the RTK to detect the presence of iodine in coarse salt, which is typical of Cambodia; or interference with other sources rich in iodine, as for example fish sauce made with iodized salt and conserving sufficient amounts of iodine. 

Generally, there was a clear relation between the proportion of households using iodized salt and median UI levels (Tables 10 and 11): in group of 3 provinces with less that 50% of households using iodized salt median UI was 113.8 µg/L (due to high median UI level in Svay Rieng), in 15 provinces with 50 to 89% of household coverage with iodized salt median UI level was 218.3 µg/L and in 6 provinces with more than 90% of households using iodized salt median UI level increased to  261.6 µg/L. 

Results of present survey indicate that only 4.9% of Cambodia populations, specifically in Kampot and Kep provinces, have inadequate iodine nutrition while the rest of population (more than 95%) have normal or slightly elevated supply of iodine through their diets. 
Fig. 8 Distribution of median UI by provinces of Cambodia
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Table 9. Provinces of Cambodia with different levels of iodine nutrition
	Name of Province 

(Population)
	Household use of iodized salt (%)
	URINARY IODINE LEVELS (mcg/l)

	
	
	Median
	Mean 
	Minimum
	Maximum

	Group 1. Provinces with median urinary iodine levels < 100 mcg/l (iodine deficiency)

	1. KAMPOT (627,974)
	27.8
	76.6
	118.3
	1.7
	484.5

	2. KEP (41,589)
	7.9
	72.6
	99.6
	18.6
	284.6

	3. MONDUL KIRI (46,210)
	77.6
	89.7
	163.6
	1
	811.6

	Group 2. Provinces with median urinary iodine levels 100 – 199 mcg/l (adequate)

	4. KOH KONG (215,674)
	64.2
	128
	153.7
	42.2
	374.1

	5. KRATIE (360,691)
	85.4
	144.4
	210.5
	0.9
	956.5

	6. PHNOM PENH (1,441,690)
	91.0
	165.7
	187.2
	12
	428.6

	7. PREY VENG (1,073,917)
	75.6
	189.4
	213.6
	2.3
	883.4

	8. RATTANAK KIRI (131,835)
	100.0
	194.1
	234.4
	11.3
	904.9

	9. STUNG TRENG (112,684)
	87.5
	184.6
	184.6
	10.8
	801.1

	10. TAKEO (937,556)
	82.0
	182.4
	199.1
	15.3
	527.6

	Group 3. Provinces with median urinary iodine levels 200 – 299 mcg/l (more than adequate)

	11. BATTAMBANG (1,057,263)
	95.4
	274.7
	300.0
	64.9
	510.9

	12. BANTEAT MEANCHEY (839,037)
	90.3
	298.4
	311.7
	9.3
	664.5

	13. KANDAL (1,300.974)
	72.2
	277.7
	277.5
	57.4
	763.4

	14. KAMPONG CHHNANG (551,472)
	54.4
	223.4
	239.8
	67.4
	675.7

	15. KAMPONG SPEU (779,910)
	82.1
	248.1
	272.9
	15.1
	842.5

	16. ODDAR MEANCHEY (105,488)
	71.67
	286.0
	295.1
	10.7
	681.7

	17. PAILIN (36,545)
	94.6
	291.3
	346.3
	64.8
	869

	18. PURSAT (451,141)
	83.3
	257.2
	329.1
	29.1
	1271.4

	19. PREAH VIHEAR (164,764)
	76.7
	253.0
	282.5
	63.2
	802

	20. SVAY RIENG (557,058)
	28.9
	280.8
	328.3
	32.5
	851.9

	21. SIHANOUK VILLE (231,184)
	89.9
	228.1
	238.3
	18
	602.3

	Provinces with median urinary iodine levels > 300 mcg/l (excessive)

	22. KAMPONG CHAM (1,994,031)
	93.3
	323.9
	316.8
	46.5
	811.6

	23. KAMPONG THOM (722,338)
	75.6
	332.6
	335.9
	52
	730

	24. SIEM REAP (924,923)
	70.6
	304.7
	321.8
	13.5
	906.9


Table 10. Iodine nutrition in Cambodia provinces in relation to coverage with iodized salt
	Name of Province 
	Household use of iodized salt (%)
	URINARY IODINE LEVELS (mcg/l)

	
	
	Median
	Mean 
	Minimum
	Maximum

	Group 1. Provinces with household use of iodized salt  < 50%

	1. KAMPOT
	27.8
	76.6
	118.3
	1.7
	484.5

	2. KEP
	7.9
	72.6
	99.6
	18.6
	284.6

	3. SVAY RIENG
	28.9
	280.8
	328.3
	32.5
	851.9

	Group 2. Provinces with household use of iodized salt  50 – 89%

	1. KOH KONG
	64.2
	128
	153.7
	42.2
	374.1

	2. KRATIE
	85.4
	144.4
	210.5
	0.9
	956.5

	3. KAMPONG THOM
	75.6
	332.6
	335.9
	52
	730

	4. PREY VENG
	75.6
	189.4
	213.6
	2.3
	883.4

	5. SIEM REAP
	70.6
	304.7
	321.8
	13.5
	906.9

	6. STUNG TRENG
	87.5
	184.6
	184.6
	10.8
	801.1

	7. TAKEO
	82.0
	182.4
	199.1
	15.3
	527.6

	8.KANDAL
	72.2
	277.7
	277.5
	57.4
	763.4

	9. KAMPONG CHHNANG
	54.4
	223.4
	239.8
	67.4
	675.7

	10. KAMPONG SPEU
	82.1
	248.1
	272.9
	15.1
	842.5

	11. ODDAR MEANCHEY
	71.67
	286.0
	295.1
	10.7
	681.7

	12. PURSAT
	83.3
	257.2
	329.1
	29.1
	1271.4

	13. PREAH VIHEAR
	76.7
	253.0
	282.5
	63.2
	802

	14. SIHANOUK VILLE
	89.9
	228.1
	238.3
	18
	602.3

	15. MONDUL KIRI
	77.6
	89.7
	163.6
	1
	811.6

	Group 3. Provinces with household use of iodized salt  50 – 89%

	1. KAMPONG CHAM
	93.3
	323.9
	316.8
	46.5
	811.6

	2. RATTANAK KIRI
	100.0
	194.1
	234.4
	11.3
	904.9

	3. PAILIN
	94.6
	291.3
	346.3
	64.8
	869

	4. PHNOM PENH
	91.0
	165.7
	187.2
	12
	428.6

	5. BATTAMBANG
	95.4
	274.7
	300.0
	64.9
	510.9

	6. BANTEAT MEANCHEY
	90.3
	298.4
	311.7
	9.3
	664.5


Table 11. Iodine nutrition in groups of provinces in Cambodia in relation to household use of iodized salt
	Group 
	URINARY IODINE LEVELS (mcg/l)

	
	Median
	Mean 
	Minimum
	Maximum

	Group 1: Provinces with household use of iodized salt  < 50%
	113.8
	182.6
	1.7
	851.9

	Group 2: Provinces with household use of iodized salt  50 – 89%
	218.3
	250.2
	0.9
	1271.4

	Group 3: Provinces with household use of iodized salt > 90%
	261.6
	282.7
	9.3
	904.9


The urinary iodine results suggest that the iodine intake of most of the Cambodia population is sufficient, and probably it is at the high end of the recommended intake amounts, because for 10 provinces more than 40% of the urine samples reported levels above 300 µg/L, which has been suggested as the cut-off point to identify excessive intakes of iodine.  
One of the reasons for normal or slightly elevated UI levels in population with relatively low proportion of adequately iodized salt may be overall high salt consumption of Cambodia population (directly and through condiments such as fish sauce). The provincial average of the iodine content of salt at homes was between 15 and 50 mg iodine/kg, with medians around 25-30 mg/kg. As an estimated average human consumption of salt in Cambodia may be as high as 17g/day [4], daily intake of iodine could reach 425 -510 mcg. Since up to 40% of iodine can be lost during cooking process, real consumption of iodine in Cambodia population may be lower - 250-300 µg/day. These estimates are well corresponding with median UI level (221.5 µg/L) found in present survey. 
Lack of relation between median UI levels and household consumption of iodized salt may be explained by interference of other food sources rich with iodine, specifically – fish sauce. Moreover, the design of a present survey can only provide representative data for entire population of Cambodia. A sampling framework was not representative for separate provinces or group of provinces.   
5. CONCLUSIONS AND RECOMMENDATIONS
As a result of an effective national program and enforcement of regulation on USI, by 2008 Cambodia has virtually eliminated iodine deficiency in their population. Status of iodine nutrition of population and salt iodization in Cambodia is presented in Table 12. 

Table 12. Status of iodine nutrition of population and salt iodization program in Cambodia in 2008
	Indicator

	Goal
	Cambodia data
(school-children)


	Urinary iodine levels 
 Median (µg/L)

 Proportion of samples below 100µg/L
 Proportion of samples below 50µg/L
 Proportion of population living in provinces with adequate iodine nutrition (median UI >100 µg/L

	100-300

< 50%

< 20%
100%
	221.5
12%

8.9%
95%


	Salt iodization


	 Proportion of households using iodized salt

 Proportion of households using adequately iodized salt (iodine levels > 15 mg/kg) )
 Median iodine levels in salt 
                                             Coarse

                                             Refined


	> 90%
> 90%

-

-


	74%
62%

25 mg/kg

32 mg/kg



Median UI level for the entire Cambodia population is 221.5 µg/L that may reflect average daily iodine intake of more than 300 µg, sufficient to cover increased requirements for iodine in pregnant women and to prevent brain damage of iodine deficiency in fetus [7]. It should be noted that more than 95% of Cambodia population lives in provinces with median UI levels above 100 µg/L and benefits from adequate iodine nutrition. At the same time, elevated median UI levels may pose slight risk of iodine induced hyperthyroidism, especially in older population and those with thyroid disorders, such as (multi)nodular goiter. However, public health benefits associated with adequate iodine nutrition for the entire population far outweigh slight risks associated with increased iodine supply.
Another possible reason for elevated UI levels is relatively high consumption of salt (including salt as component of condiments such as fish sauce) by Cambodia population: an estimate was made that average daily consumption of salt is 17g, far more than recommended by WHO (5-6 g/day). While some information, communication and education campaign aimed at overall reduction of salt use may be considered, its feasibility and effectiveness in Cambodia should be carefully evaluated.  It is not clear however what proportion of iodine in daily diet is consumed directly with salt as opposed to fish sauce also produced with iodized salt. Furthermore, it would be very difficult to separate salt for production of fish sauce and other condiments with that for direct household consumption, and hence the risk of weakening the program does not worth this change. Regardless of the presence and amount of iodine in fish sauce, all salt used in Cambodia, including that for the preparation of fish sauce, should continue being iodized, because it seems that this is another important way to deliver this nutrient to the population. 
The similitude of the results of 2008 National IDD survey with the data of previous (2005) assessment implies that the salt iodization program of Cambodia may have already reached a plateau of performance under the activities that have been implemented.  Significant proportion of households in Cambodia (74%) is using iodized salt. Another important source of iodine could be fish sauce fermented with iodized salt. At the same time, only 62% of households are using adequately iodized salt (with iodine level > 15 mg/kg). The discrepancy between less than optimal coverage of population with iodized salt with relatively low quantity of iodine and adequate iodine nutrition of population could be explained by typical to Cambodia high salt consumption (17g/day) and use of fish sauce fermented with iodized salt. 
Improving of the coverage and quality of iodized salt in the failing provinces (Kampot and Kep) should require special targeted approaches and strategies.  These vulnerable provinces are major salt production regions, where leakages of non-iodized salt from evaporation ponds or storage barns are taking place.  These limitations are not going to be solved by putting more attention in the iodization process, but to work with salt producers and the local communities to teach them the risks of using and consuming non-iodized salt.
While iodine nutrition of the entire population of Cambodia is optimal, significant problems exist with quality of salt iodization that is negatively affecting sustainability of national program for control and elimination of IDD. Additional efforts are needed to improve quality of production and iodization of domestically produced salt, especially in Kampot and Kep provinces. 

Salt production in Cambodia is based on solar evaporation of sea water. Salt Producer’s Community of Kampot and Kep (SPCKK) is able to cover national demands in iodized salt and even produce some salt for export. There are significant stockpiles of salt in salt barns to ensure sustainable supply of salt.  However, there are some obvious flaws in salt production. Neither crude, nor refined salt is dried enough to assure sufficient retention of iodine. In hot climate there might be significant losses of iodine from such wet salt. Moreover, during storage of wet salt iodine (as heavy element) could sediment on the bottom of the bag thus causing uneven distribution of iodine within the package – too low in upper layers and too much in the bottom. Also, iodization of salt with big particles (grind #3) is technically quite challenging. It is almost impossible to achieve universal distribution of iodine on such large crystals of salt.  It would be impossible to produce quality iodized salt in Cambodia without significant improvement of production process. Stability of iodine in refined salt is also higher than in coarse salt. Efforts should be made to encourage production and sales of refined salt and limit trade and use of coarse salt. 
Presently salt producers receive free potassium iodate from UNICEF. They were told that starting from 2008 they should shift to own procurements of iodate (which is quite reasonable). However, without reliable quality control (QC) system in place salt producers may easily decrease amount of iodine added to salt to save on fortificant costs. 
Recommendations:

1. UNICEF and Government of Cambodia should redouble their efforts to assist national salt producers in improvement of quality of domestically produced iodized salt. UNICEF could support the NSCIDD (representing the concerned government agencies) to engage SPCKK in better QC of salt iodization. While SPCKK has technical means for regular QC of salt iodization, in reality this routine procedure is being almost forfeited. 

2. Unless quality of iodized salt is significantly improved, it would be too early to recommend any action to lower requirements for salt iodization in Cambodia. The risk of weakening the program does not worth such change. Public health benefits associated with adequate iodine nutrition for the entire population far outweigh slight risks associated with increased iodine supply. 
2. Efforts should be made to improve quality of iodized salt produced by SPCKK and individual salt producers and also to improve quality control (QC) system at the level of SPCKK and private Salt Refinery Factory. It would be reasonable to conduct a special workshop for salt producers and train them in better quality assurance and QC of iodized salt. Reporting system on salt production level must be improved to track quality of salt iodization. There are several International Guidelines that can be used for improve the QC system and training of the personnel. External control from government bodies should also become more effective. Only quantitative methods should be used by salt producers to check quality of iodized salt on the production site. UNICEF may support SPCKK with refreshing workshop on use of WYD checker for testing iodine in salt.
3. While salt producers should invest (and recover) their own funds in purchase of potassium iodate, UNICEF may offer them support in centralized supply of this fortificant as this would be undoubtedly much cheaper for salt producers than its purchase from the world market.  SPCKK should be also encouraged to increase production of refined quality iodized salt in lieu of low quality coarse salt. 
4. Report of this survey could be published as a brochure in Khmer language (with summary in English). Advocacy Event could be held to celebrate UNICEF and Government of Cambodia with reaching important milestone in attaining the goal of sustainable elimination of IDD and to address remaining problems. 

5. Another advocacy events should be conducted in Kampot and Kep provinces (with representatives of Svay Rieng and Koh Kong) in collaboration with NSCIDD, SPCKK and representatives of Central and Local Governments. These meetings should be aimed at creation of local task forces to increase use of iodized salt and to teach the population to avoid the consumption of non-iodized salt. 
6. There is not enough evidence at this point to recommend iodine supplementation (iodized oil) for pregnant women and children under 2 years old in Kampot and Kep provinces (with median UI below 100 µg/L). Additional limited scale study of pregnant women may be needed to assess feasibility of such intervention.
7. While national IDD/USI monitoring surveys in Cambodia should be conducted every 2-3 years, a reliable monitoring system should be developed to track situation with iodized salt coverage and iodine nutrition between the surveys, especially in provinces with low penetration of iodized salt and inadequate iodine nutrition. UNICEF may support NSCIDD and SPCKK to develop national monitoring plan for Cambodia for 2008-11.  Future IDD/USI surveys could include assessment of TGR in schoolchildren (aged 8-10 years) by thyroid ultrasonography to provide data on sustainable IDD elimination in Cambodia.
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Fig. 2 Main sources of iodized salt in Cambodia [2]
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About 30% of salt from Thailand: Majority not iodized
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Household Use of Iodized Salt, July 2005, Cambodia
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