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Introduction

Iodine is an essential micro-mineral found naturally in the earth. Deficiency results from consuming food with little or no iodine. This can occur in places where diet relies on crops grown on land with low soil concentrations of iodine, most commonly in river plains, coastal areas and areas of high altitude. Negative effects of iodine deficiency include impaired cognitive function, goitre, cretinism, low birth weight, stillbirth and increased perinatal and infant mortality. Iodine deficiency disorder (IDD) is the leading cause of preventable mental impairment worldwide. The most effective strategy to control IDD is universal salt iodization (USI). 
USI is meant to provide “dual benefit”. Salt producers benefit from having value added to their product, with the associated cost initially subsidized. Subsidization keeps the business sustainable, thus able to provide consumers with good-quality, iodized salt at an affordable price. Consumers benefit from receiving iodine at a price they can afford, and through a food that they already consume. 
IDD was once recognized as a major public health problem in Cambodia. A national goitre survey done in 1997 found an average total goitre rate (TGR) of 12 per cent among primary school children. The TGR was greater than 20 per cent in nine of 20 provinces and greater than 30 per cent – some six times higher than the WHO criteria used to indicate whether IDD is a public health problem – in four provinces.
The National Sub-Committee for the Control of Iodine Deficiency Disorder (NSCIDD) was established in 1996 to support actions related to addressing iodine deficiency in Cambodia. The sub-committee consisted of eight governmental ministries: Planning, Industry, Mines and Energy, Health, Rural Development, Education, Youth and Sport, Information, Commerce and Women’s Affairs, and five international agencies: UNICEF, WHO, Helen Keller International (HKI), Partners for Development (PFD), and GIZ. The committee identified two short-term interventions: (1) the immediate provision of iodine capsules to women of child-bearing age and (2) the provision of iodine containers for wells. Neither short-term strategy was implemented rigorously or consistently. The committee identified one long-term intervention, salt iodization, which would eventually be implemented at scale. 
The government committed to salt iodization by including a target of 90 per cent coverage in the Cambodia Millennium Development Goals (CMDG) and other national plans and policies. However, a formal decree was not issued by any government ministry, leaving only a circular from the National Council on Nutrition (NCN) that bestowed a number of important duties on the NSCIDD. The role of the NSCIDD included legislation, monitoring and quality control of iodized salt, and development of information, education, and communication (IEC) and training materials to promote iodized salt use. Collaboration and negotiation with the private sector for iodized salt production was included in the scope of work. In 1999 small-scale production of iodized salt began in Cambodia. In 2001, USAID became involved in USI, and along with UNICEF, the two agencies would provide the majority of development partner financial support for salt iodization over the following decade.
Legislation and Salt Industry Organization

When salt iodization started, private sector salt production was already established, but the industry was in a state of turmoil. In the late 1970s, during the Khmer Rouge period, the salt industry was organized into a socialist cooperative. When the government was dismantled at the end of the decade, so was the cooperative. The 1980s saw economic reforms toward a free market, but this did not stop the salt industry from returning to the idea of a cooperative. The 1990s were marked by a series of failed cooperatives. 
In 1996, three years after forming, another cooperative was disbanded when small- and medium-sized producers refused to renew the mandate. The small and medium producers were unhappy because the cooperative did not provide credit and their salt was not always sold. The priority of the big producers, who were in control of the cooperative, was to sell their own salt first. Inequitable sales led producers to seek their own markets and this, along with illegal importation from neighbouring countries, encouraged severe price competition. The market price was extremely volatile.
After the second cooperative failed, a new association of large producers was formed, the Salt Farmer Federation. In 1997 the federation entered a joint venture with Pheapimix, a company with no experience in salt production. By investing a substantial amount of money in the form of loans to producers, Pheapimix and the federation brought small and medium producers back into a cooperative structure. Initially, this cooperative, the third, was successful. It was able to stabilize prices and small producers had access to credit, albeit at high interest rates. However, none of these improvements were to last. Later in the year a manager of the cooperative was killed in the middle of the day after discovering corruption within his own cooperative. In reality, management of the cooperative had changed little. Large producers were still looking out primarily for themselves and smaller producers gained little from their membership. For the industry this came to a climax at the end of the 1990s when high production led to greater supply than demand. Smaller producers left the cooperative or went out of business, the price bottomed out, and Pheapimix left the industry with the company in debt. All of this happened despite producers benefiting from government restrictions on international salt imports. Needless to say, no producers were iodizing their salt when the National Sub-Committee for the Control of Iodine Deficiency Disorder was established . 
At the end of the 1990s and in the early 2000s, the NSCIDD worked with individual producers to iodize salt on a very small-scale. While working on legislation, government and development partners encouraged producers to again form cooperatives, but there was little interest because of past experience. In 2003, the work on legislation resulted in the Prime Minister signing Sub-Decree No. 69 on the Management of Iodized Salt Exploitation. The decree mandated that all salt produced, sold and distributed – for both human and animal consumption – must be iodized. Members of the NSCIDD organized dissemination workshops in all provinces, and provincial ordinances on the Management of Iodized Salt Exploitation were issued in all provinces. In 2004, legislation became implementable when the Ministries of Planning and Commerce released a Joint-Prakas outlining the specific procedures by which the requirements of the Sub-Decree were to be honoured. Notably, legislation contained a clause stipulating that producers would take over the cost of fortification when subsidies were removed.
In 2004, in response to legislation and with government support, 187 independent solar salt producers formed the Salt Producers Community of Kampot and Kep (SPCKK), which was responsible for the coordination, management, marketing and sale of raw salt. A medium-sized producer, who excelled in marketing and was one of the first producers to engage with the salt iodization programme, was instrumental in re-establishing this, the fourth cooperative. Independent salt producers were shareholders in the SPCKK, but with the size of shares proportional to production. Therefore, as with previous cooperatives, larger producers had more power within the producers’ community. The six largest producers had enough shares for a majority. Iodine was provided by development partners to the SPCKK through the NSCIDD. Membership in the cooperative was required for legal operation because it was the only way to access the fortificant. With strong legislation, a market protected from international competition and control over the fortificant, the SPCKK was a government and development partner-supported cooperative with strong control over the domestic salt market, including setting the price of salt. Still, history showed the risk of failure remained high. By applying the lessons learned from past cooperative failures, the SPCKK has sustained itself until today by ensuring a stable, high price and offering reasonable credit to small producers, making it the longest lasting cooperative in the history of the Cambodian salt industry.
The Supply Side Environment
Raw Salt Production
All solar salt is currently produced by the 187 producers that constitute the SPCKK. The average production of the smallest producer is roughly 100 metric tons per year, with the largest producing roughly 6,000-8,000 metric tons per year. Production methods are similar among producers with little differentiation in technique. Variables influencing the production of solar salt are weather, inbound salt, irrigation, the salt pans and harvesting. The weather and geography in provinces bordering the South China Sea provide a good environment for solar salt production. However, erratic monsoon weather can limit the production of solar salt from November to April, and global climate change threatens to exacerbate this risk.
Production of salt begins with salt water (the inbound salt) which is funnelled through a series of canals to salt pans, where it is evaporated and the salt is harvested. Inbound salt is harvested slightly upstream of minor tributaries to the South China Sea and channelled via dams or pumped into reservoirs. Sourcing the water from tributaries as opposed to the sea itself and channelling the water through reservoirs increases potential contamination, through decreased salinity and increased turbidity, respectively. Once in the reservoirs, the water is pumped into canals and transported to the salt pans. At this stage, contamination remains an issue because of (1) the poor quality of pumps, (2) exposure to windborne contaminants, (3) debris in canals and (4) canal surfaces of clay with poor workmanship. 

Depending on the sophistication of the operation, wooden gates or plastic pipes feed sea water into the salt pans to depths of between 2 and 6 centimetres. A one-stage evaporation procedure is used, whereby the water remains in the pans between 2  and 10 days, depending on weather and the condition of the salt pan, before harvesting. Salt pan floors covered with black plastic allow for faster evaporation, compared to pans with exposed clay, but most producers forego the plastic cover. In addition to increasing evaporation time, exposed clay floors increase contamination during harvesting. Salt needs to be scraped into 1-foot piles called salt “pies”, and scraping over exposed clay increases the amount of clay in the salt. Salt “pies” are immediately transferred to nearby storage sheds and the salt pans are prepared for the next production cycle. 
The salt producers’ operations are inefficient, demonstrate low productivity and quality and are inconsistent with current best practices in solar salt production. Best practices: (1) source salt from less-contaminated sources, (2) channel sea water with modern pumps through closed piping systems to salt pans covered in plastic, (3) use sequential brine concentration (a three-phased method of filtering sea water sequentially through three salt pans before harvesting) and (4) allow salt “pies” to rest for a specified period of time to decrease moisture content. Cambodian smallholders are able to produce only 20-40 tons of salt per hectare, compared with smallholders in Sri Lanka who produce 90-100 tons per hectare. Along with low productivity, single-stage production with slow evaporation leaves the industry more susceptible to weather. Current production techniques lead to high moisture content and contamination. Post-production, the salt is graded, with most falling into the poorest grade.
· Grade 1:  Clearer, white salt with low moisture content (5 per cent)

· Grade 2:  Whitish in colour with noticeable moisture content (45 per cent)
· Grade 3:  Muddy and yellowish in colour, rough grains, contaminated with impurities and with high moisture content (50 per cent)

The quality and productivity levels of solar salt in Cambodia are low and do not meet the common standards of purity, grain size and moisture content for household table salt, as set by the government. The Sub-Decree No. 69 on the Management of Iodized Salt Exploitation sets standards for quality and safety. Most iodized salt at the producer level does not meet these minimum standards. 
SPCKK purchases salt from its members at a set price, regardless of grade. It pays half prior to production, half on collection, and sells it on members’ behalf. After selling net profits are divided equally between producers and the SPCKK. Payment prior to production provides sufficient credit for smaller producers, addressing one of the grievances against previous cooperatives. All salt must be iodized before leaving Kampot province, the result of a 2001 Provincial Ordinance issued by the Provincial Governor. Iodization is handled by the SPCKK and takes place at production sites. Mobile salt iodization plants (SIP) are used on a rotating system in real-time to fill orders on market demand. Once an order is placed with the SPCKK, a SIP will be sent to producer #1, who will iodize 5 per cent. Then, the SIP will be sent to producer #2 for another 5 per cent, and so on, until the full order is iodized. This operational structure ensures the equitable collection and sale of producers’ salt, and is another lesson learned from previous failed cooperatives. Once the salt is iodized, it is stored in sealed 50 kg bags in storage sheds at individual production sites. Iodized salt is stored alongside unpackaged non-iodized salt. While almost all salt is iodized, producers do admit that labourers take non-iodized salt on a daily basis to sell in the informal market. This serves as an income supplement for the labourers, who would likely not receive a living wage without it. Producers are unwilling to change the practice.
Total production of iodized salt is given in Table 1, below. Production increased steadily from 1999, hitting an average of 108,000 metric tons between 2005 and 2008. Heavy floods in 2009 limited production and the government allowed for the import of iodized salt from China. In the following year low rainfall amounted to a bumper crop. The combination of salt imports from 2009, along with record-breaking production in 2010, meant that many producers sold only 30 per cent of their 2010 outputs. At the end of 2010, SPCKK storage sheds were full and many member producers were not working the salt pans at typical cycles. In terms of supply and demand, the industry was in a position similar to that which destroyed the most recent cooperative.
Table 1:
	Iodized Raw Salt Production from 1999-2010

	Year 
	1999
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010

	Production (MT)
	5,000
	12,000
	6,000
	12,700
	14,400
	72,500
	104,400
	106,000
	113,050
	104,000
	60,000
	96,381


Refined Salt Production
The alternative to raw salt is refined salt. Refined salt is produced by one independent factory and roughly 20 small-scale, independent salt boilers throughout the country. The owner of the only large factory that processes salt in Cambodia is also a large producer of raw salt and a member of the SPCKK. This factory, established before the SPCKK, buys non-iodized grade-two salt from the SPCKK and processes it into refined salt. The salt is delivered to the factory in bulk by trucks, then washed, crushed, dried in a centrifuge, iodized, and packaged. However, factory production has decreased every year since 2004 despite increased consumer demand for refined salt. The loss of market is attributed to high electricity costs and better quality from boiled salt producers, but may also be related to the factory owner receiving more profit by selling raw salt through the SPCKK. At full capacity, the factory can produce between 8,000-10,000 metric tons per year, but current production is roughly 2,000 metric tons per year. 

There are more than 20 independent salt boilers throughout the country. Despite recent efforts by development partners and government, there is still no association of boilers; each processor works individually. Boilers have no formal relationship with SPCKK other than to purchase salt. Boilers buy iodized salt in grades 1, 2, or 3 from SPCKK in Kampot. As the salt is being processed anyway, boilers prefer to buy the cheapest raw salt available – grades 2 or 3 – to increase profit margins. The average price is 220 riel per kg. 
Refining is done as follows: Fifty kg bags of iodized salt (all salt leaving Kampot must be iodized, regardless of whether it is being sold to boilers who re-iodize it) are dissolved in water to brine, then filtered and fed into 3m x 3m iron pans. The pans are heated using sawdust or rice husks for fuel (firewood and charcoal are too expensive). During boiling, the re-crystallized salt is manually removed from the brine, then cooled and drained. 
For re-iodization, three litres of water are added to 1 kg of potassium iodate, producing a solution which can iodize ten metric tons of salt. The iodate is added by hand with a measuring cup, at two grams of potassium iodate for each 25 kg of refined salt. In 1996, boiled-salt producers received a donation of eight small salt iodization machines, but producers preferred not to use the machines, due to the high cost of electricity. Given the small amounts of salt produced by individual salt boilers (around 25 to 50 kg per batch), and the fact that mixing takes place in a limited area, hand-mixing is probably adequate for iodization. However, the technique is not safe for fortificants, such as fluoride, that require more precise mixing.
Wholesale of Raw and Refined Salt
Once raw salt has been iodized at the production site, there are a number of distribution networks. First, one of the main salt producers will transport iodized salt directly to wholesalers using trucks. The cost of transport is borne by the wholesalers and depends on the distance. Second, some wholesalers will send their own trucks to collect the iodized salt directly from the production region. Third, the owner of the only processing factory in the country, the Nuon Houn factory in Kampot, will have salt delivered from the production region using his own trucks. Finally, some of the salt is collected by salt boilers, in their own trucks, and delivered to their boiling facilities for processing. All transactions are managed by the SPCKK and profits are divided between the SPCKK and individual producers; 50 per cent goes to the SPCKK and 50 per cent to the individual producer. They deduct 57 riel for packaging and, more recently, 10 riel for iodine. The price of raw salt does vary by grade, but for the producers the profit difference between grades is only half-a-cent per kg, or less than 10 per cent of the total profit for the producer. 
Between 2000 and 2003, with no cooperative in place, the wholesale price of raw salt was fairly stable, at .006 USD/kg for non-iodized salt and .025 USD/kg for iodized salt; only one producer was offering iodized salt at that time. After formation of the forth cooperative in 2004, iodized salt prices immediately jumped to .047 USD/kg. For nearly all producers this meant a 683% price increase, going from .006 USD/kg for their non-iodized salt to .047 USD/kg for their iodized salt. The benefit to producers was clear, especially considering they did not have to pay for the fortificant or equipment. The price of non-iodized salt, now illegal, also increased, going to .01 riel/kg. In 2004 the price difference between iodized and non-iodized salt was .037. The added cost of iodization, including labor, overhead, fortificant, and equipment, is estimated at .0135/kg; the SPCKK increased the price of iodization 2.7 times higher than the cost of iodization. 
The domestic price of iodized raw salt is currently ~$65 per metric ton for wholesalers and refiners, which compares to an international wholesale price of between $30-40 per metric ton. This price discrepancy provides an incentive for foreign traders, especially Vietnamese, to undercut the Cambodian domestic price by bringing better quality, cheaper, non-iodized and iodized salt into the country in trucks or boats that they already have loaded with fruits, vegetables and other market goods. There is a history of illegal salt importation. In the past, Vietnamese traders used salt to physically cover the importation of illegal products with a high profit margin. The salt was dumped at cost with profits coming from the illegal goods. Currently, there are profits to be made from salt alone.  
While raw salt is packaged for wholesalers with standard branding of the SPCKK and NSCIDD, this is not always the case with refined salt. After iodization, the refined, iodized salt is packaged in a variety of sizes – some bearing a label of the boiler – and sold to wholesalers and/or retailers in 3 gram, 6 gram or 1kg packages. Usually, boilers use their own transport to deliver orders to wholesalers and retailers. Occasionally, wholesalers or retailers will pick up orders directly from the boilers. 
Retail of Raw and Refined Salt
Salt is retailed in two types: refined and raw. All refined salt is promoted as iodized. The packaging either has no labelling at all, or the labelling is a non-SPCKK brand (most likely that of the boilers or traders it was purchased from). Despite legislation that mandates iodization of all salt, raw salt is sold as iodized and non-iodized. At the retail level raw salt contains no branding at all because it is repackaged. Non-iodized raw salt is often used to cure meat or produce fermented foods in preference to iodized salt, as it is believed that iodized salt alters the fermentation process and sometimes creates a bad smell. While there are many salt retailers, prices remain consistent between them because of the standard price of raw salt. Refined salt is purchased by retailers for 900 riel per kg and sold for 1,500 riel per kg. Iodized raw salt is purchased by retailers for 800 riel per kg and sold for 1,000 riel per kg. Un-iodized raw salt is purchased by retailers for 600 riel per kg and sold for 800 riel per kg. 
The Demand Side Environment
Industry

The commercial demand for salt includes two facets:street vendors and small processors who are currently numerous, and industrial food processors who may constitute an increasing share of commercial demand in the future. As the country’s development currently stands, industrial demand for iodized salt is low compared to Vietnam and Thailand, due mostly to the absence of a strong food processing sector. However, given the resources being apportioned to the agricultural sector, coupled with preferential trade for agricultural products from the European Union, it is reasonable to assume that, in the medium term, farmers will diversify their crops, expand outputs and drive the development of a food processing sector. This could increase industrial demand and present an opportunity to the domestic salt industry. In the near term however, consumer demand will continue to be the lone driver of the market and current production techniques are not sufficient, with respect to quality and cost, to be competitive for industrial use.
Consumer

Available data on consumption of salt (from 2007) is 17-22 grams per day. This is well above international averages and also higher than the 10 gram average used for setting international fortification norms; 10 grams was used to set fortification standards in Cambodia. The estimate of 17-22 grams is based on expenditure at the household level. A recent national food consumption survey will provide real consumption at the individual level for the first time. Most purchases are made by the female head of the household, and she is likely responsible for determining how much salt is used.
Over the last decade, consumer demand for refined salt has increased steadily. Raw salt made up 70 per cent of the market in 2005, 58 per cent in 2008 and 47 per cent in 2011, according to school-based surveys. The boilers are taking an increasing share of the market from unprocessed salt sold directly from the SPCKK to wholesalers and traders. 2011 was the first time refined salt was used in a majority of households (Figure 1). 

While the increase in -proportion of refined salt shows that quality is a driver of demand, many consumers are mostly concerned about price. This is most prominent among poor households. On the national level, households in the lowest and second lowest wealth quintiles are the least likely to have fortified salt. 

Marketing

Marketing campaigns began as early as 1999. An initial television campaign sought to increase knowledge of the importance of iodine and convince consumers to adopt iodized salt. NGOs organized local committees to educate consumers about the importance of iodine for maintenance of good health, and trained community volunteers to provide education at the household level.

IDD Day, a major media event, was held on 20 October 2004, coinciding with the date that Sub-decree No. 69 took effect. A high-profile visit by UNICEF Goodwill Ambassador Sir Roger Moore (aka Bond, James Bond) served to increase the visibility of USI and demonstrate strong commitment of development partners to support elimination of IDD in Cambodia. Orientation programmes on IDD and the use of iodized salt were developed for members of Provincial Nutrition Coordination Committees, Local Authorities, Village Development Committees, Directors of Primary Schools, Health Centre Chiefs and Village Health Volunteers. Importantly, sub-national government was encouraged to ensure the availability of supply in local markets. In recent years, the NSCIDD targeted primary school teachers and children in low-coverage provinces for interpersonal communication efforts.
Over the last decade, bilateral agencies, the UN, NGOs and government have developed and delivered messages to the public on the importance of consuming iodized salt. While knowledge and attitude towards iodized salt has not been directly measured, there is anecdotal evidence that iodized salt is well known by the general public. It should be noted that none of the materials or strategies included information on the long-term, negative effects of over-consumption of salt.
Monitoring
Household Use

Monitoring was originally mandated by the government at regular intervals, with health centre staff required to conduct an assessment of iodized salt use at the household level every six months. Results were submitted to the National Nutrition Programme (NNP) after each assessment round. However, this process was suspended in the past two years, as the NNP decided the burden on local health staff was too onerous and the activity took health staff away from providing health care.
Over the last decade, reliable data on the percentage of households using iodized salt has come from national household surveys, such as the Cambodia Demographic and Health Survey and the Cambodia Socio-Economic Survey, and school-based surveys. The large-scale surveys use a semi-quantitative technique to determine if salt has any iodine (rapid test kit) and the test does not determine if the salt contains adequate iodine. Although both international and national targets are based on “adequately iodized salt”, results from rapid test kit tests are used widely for reporting, and provide the figures used to monitor the CMDG target related to USI. The school-based surveys include  determination of the exact quantity of iodine in salt, but the design covers a lower number of households and is not as representative of the population as the large-scale statistical surveys.
	Table 2. Coverage of Iodized Salt by RTK 



	Year and Source
	Coverage (%)

	2000 CDHS
	13

	2004 CSES
	28

	2005 CDHS, CSIN
	73, 74

	2008 CAS, CSIN
	74, 78

	2009 CSES
	71

	2010 CDHS
	83

	2011 CSIN 
	70


Table 2 presents rapid test kit data on the coverage of iodized salt in Cambodian households. Coverage increased drastically, from 14 per cent in 2000 to 73 per cent in 2005. Since 2005, this figure has reached a plateau, with coverage fluctuating between 70 and 83 per cent over the last six years. Before 2011, nearly all refined salt was found to be iodized, but there is some evidence of a recent decline. According to the Cambodia Survey on Iodine Nutrition (CSIN) 2011, the presence of iodine in refined salt decreased from 93 per cent in 2008 to 75 per cent in 2011. The decline may be associated with the removal of the subsidy for potassium iodate.
In 2005, after coverage surged above 70 per cent, inequitable use of iodized salt emerged. In most provinces coverage of iodized salt has stayed above 70 per cent and in some provinces coverage is greater than 90 percent, but there are also areas with low coverage. Kampot and Kep, the two salt producing regions, and Svay Rieng, which borders Vietnam, were shown to have the lowest percentage of iodized salt use in households. In Kampot and Kep, the low coverage is due to leakage of non-iodized salt from production areas, and in Svay Rieng it is due to illegal imports of non-iodized salt from Vietnam. Although there is some evidence that the coverage is increasing in border and production areas, it remains well below the national average.
Wealth is another source of variation that emerged after 2005. In 2005, 87 per cent of households in the wealthiest quintile used iodized salt, compared to 65 per cent in the poorest wealth quintile. As with geographic variation, there is some evidence that the gap is narrowing, but the difference is still large (~15 percentage points). Variation by wealth was found to be most prominent in border areas such as Svay Rieng, where non-iodized, illegally imported salt is cheap and readily available. In Svay Rieng the difference in coverage between the lowest and highest wealth quintiles reached as high as 40 percentage points.
Despite their design drawbacks, school-based surveys obtain more accurate estimates of salt quality, The results show that, at  national level, the coverage of adequately iodized salt ( ≥ 15 ppm) is close to  the estimates obtained by the rapid test kit. In 2008 and 2011, salt with more than 15 ppm of iodine was just under 70 per cent. However, a closer look shows that there is significant variation in the amount of iodine contained in household samples, with 7 per cent containing excessive amounts of iodine in 2011.
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Production Quality and Market Availability
The producers themselves monitor their own production quality and the NSCIDD conducts regular monitoring at production sites: twice a month in Kampot and Kep province and twice every quarter at salt boilers. At the production level, the mandatory national standard for iodine is 50-60 ppm. Over the years, solar salt production monitoring results from both the producers and the government show significant variation in the amount of iodine included during production. This is caused by inappropriate mixing. During storage and transport the problem is exacerbated by the poor quality of salt, which leads to further concentration of iodine in portions of the package. Development partners have provided technical assistance to salt producers for quality improvement, but there was not sufficient motivation to implement this advice. While the SPCKK was provided with WYD machines to test the exact quantity of salt, boilers rely on semi-quantitative rapid test kits for self-monitoring, and therefore cannot test for the quantity of iodine. Government monitoring of boilers has shown some variation in the quantity of iodine. This is a result of hand-mixing and the inability of boilers to regularly monitor and adjust the amount of iodine they are adding. 

A production standard of 50-60 ppm is higher than the international norm. Setting production levels at 50-60 ppm is intended to compensate for high iodine losses through storage, packaging and transport; the high level will ensure that salt at retail level contains at least 30 ppm of iodine. The quantity of iodine in salt at the retail level is not monitored. In addition to the regular monitoring of production, since 2008 school-based surveys have provided an estimate of the exact quantity of iodine in the salt used in households, while the quantity of iodine is not measured in household surveys. Based on the international norm for production level (20-40 ppm) and the expected loss of 20% used to calculate that norm, the recommended household level of iodine in salt can be calculated as between 16-32 ppm of iodine. For monitoring 15-40 ppm is used to classify the desired amount of iodine in household salt and it is recommended that where the food industry does not use iodized salt or where there is low consumption of processed foods, such as Cambodia in the early 2000s, household levels are at the higher end of the range. From 2008 to 2011, there were no significant changes in the quantity of iodine in salt used at the household level: 33 per cent of salt fell below 15 ppm, 46 per cent was within the range of 15-40 ppm and 7 per cent contained an excessive amount of iodine (more than 40 ppm).
The main member of the NSCIDD with authority for monitoring and enforcing legal provisions is CamControl, a component of the Ministry of Commerce. CamControl inspectors are authorized to regularly check compliance of salt producers, wholesalers, retailers and importers through market surveillance and border inspection systems. However, enforcement of the sub-decree is still weak, with virtually no penalties being implemented to date. In most cases, only written warnings have been issued to non-compliant traders. Enforcement results have not been reported systematically nor disseminated to relevant partners. Following specific inquiries by the UN on the enforcement of Sub-Decree No. 69, CamControl reported that it has worked with local authorities in five provinces to monitor retail outlets and issue written warnings for retailers who sell non-iodized salt. A small amount of salt (260 kg) was reported to be confiscated. However, while limited in scope, some enforcement activities have been widely publicized, with news channels sometimes televising enforcement operations to deter trading in illegal non-iodized salt.
	Table 2. Indicators of Elimination of Iodine Deficiency Disorder (IDD) as a Significant Public Health Problem in a Population

	Indicator
	Objective
	2008 CSIN
	2011 CSIN

	Median (µg/L)


	100-300
	236
	235.9

	Proportion of samples with UI levels below 100 µg/L
	<50%
	17.2%
	17%

	Proportion of samples with UI levels below 50 µg/L
	<20%
	8.4%
	7.9%


Public Health Impact of the Cambodian USI Programme
The 1997 National Goitre Survey established that iodine deficiency was a major public health problem in Cambodia. A survey to determine the prevalence of goitre was never repeated because a less subjective, more direct biochemical measurement became available in the form of urinary iodine excretion (UIE). The 2008 CSIN was the first survey to measure UIE. The measurement was repeated in the 2011 CSIN. For UIE a median between 100-300 µg/L indicates adequate iodine consumption for the entire population (excluding pregnant and lactating women). By 2008, Cambodia was at the higher end of this range, at 236 µg/L. In addition to the median, the percentage of school children falling below 100 µg/L and 50 µg/L is used to assess iodine deficiency of the population. Less than 50 per cent of schoolchildren should have UIE below 100 µg/L and less than 20 per cent below 50 µg/L. As with the median, these indicators show that by 2008 iodine deficiency was no longer a major public health problem; 17 per cent of school children were below 100 µg/L and 8 per cent were below 50 µg/L. From 2008 to 2011, there were no significant changes in the standard UIE indicators of deficiency used to monitor the elimination of iodine deficiency disorders.
It should be noted that a median UIE above 200 µg/L is considered “above requirements” and greater than 300 µg/L is “excessive”. While iodine deficiency is no longer a significant public health problem, current consumption of iodine is close to excessive, and the 2011 CSIN indicates that there may be an increase in excess consumption. The proportion of children with urinary iodine in excess of 500 µg/L went from 5.5 per cent in 2008 to 16 per cent in 2011. With no large changes in the coverage and quality of iodized salt, it is reasonable to assume that the increase, if real, is caused by shifts in diet. Fish sauce has been shown to be an important source of iodine, and increased consumption of processed foods could be responsible for increased intake of iodine. In 2013, food-consumption data will allow quantification of the sources of iodine in diet and will enable demographic disaggregation. This will provide insight into which population groups may be at increasing risk of excess intake and will determine if any groups are still at risk of deficiency.
Lessons Learned and Future Questions
Overall, universal salt iodization has been successful, both from public health and business perspectives. International biochemical goals for the eradication of iodine deficiency disorders have been  met already, despite the coverage not yet reaching universal, and this achievement has been sustained for a number of years. Producers, including small producers, are still in business and some have enjoyed substantial profits over the years, while fortification is self-financed  as the cost of KIO3 purchase  has been taken over by salt producers. The main factors that kick-started the programme and allowed its eventual successes were initiated by government and development partners. In 2003 Cambodian law demanded that all salt be iodized and that producers take over fortification costs when subsidies were removed. The following year producers were supported to form a cooperative; the cooperative was a success because producers benefitted from credit and received high revenue for their iodized products. And the impact was immediate. In one year iodized salt went from a rare commodity to being present in two thirds of all Cambodian households. This rapid improvement was in stark contrast to the slow progress seen during the decade before. Yet, eight years after the legislation was enacted, coverage seems to remain at about the same level. While educating the public on the benefits of consuming iodized salt has been a core component of the strategy since its inception, the recent slow progress suggests that the key for the initial success of the programme was ensuring availability. One of the advantages of fortification over supplementation is that demand for the commodity already exists; people already ate salt. In this regard it should not be surprising that encouragement of demand showed limited effect.  The recent stagnation in iodized salt coverage  also suggests that there are systemic operational issues in execution of the salt iodization strategy  that are limiting further improvement. Ironically, some of these stem from the same drivers  for the initial success during the start of the strategy. .
One factor limiting the improvement of salt iodization is the quality of the raw input salt , which limits stable, uniform iodization. At the beginning of the decade, raw salt producers and salt refiners enjoyed government protection from international competition. For raw salt producers the only remaining competition - domestic - was also removed when a cooperative was re-established in 2004. The cooperative has survived until the present day, despite going through the same situation of oversupply that destroyed a previous cooperative. Access to the fortificant through the SPCKK encouraged members to stay, as it was the only way to operate legally. The decision by the SPCKK to give credit and equal market access to small producers prevented the cooperative from failing. Both large and small raw salt producers felt an immediate benefit from joining the new cooperative. For small producers, there was now cheap credit, a guaranteed market and a set price for their product. Large producers could also benefit from the set price; they were majority shareholders  of a mandatory cooperative that could keep, and not transparently account for, half the profit generated from the sale of all raw salt in the country. After the formation of the cooperative, raw salt producers had little reason to reinvest profits into methods and technology for quality improvement, as the profit margins of low and high quality salt was similar, and the producers’ market share was guaranteed. For salt refiners, the removal of all competition for raw salt meant they could no longer negotiate with individual producers for their raw material. This effectively set the price of refined salt at a level substantially higher than raw salt, and while demand for refined salt has increased over the years, the extent of the change was probably slowed by high prices. Over the last six years, the lack of quality improvement has meant that most people are consuming salt without uniform iodization, which has limited the ultimate success of salt iodization . The variability in how much iodine is contained in one serving is one reason for under- and over-consumption of iodine, both of which have negative impacts on health.
The consumer’s only choice in the formal market is to pay a premium price for a low quality product. While formation of the most recent cooperative may have contributed to lack of consumer choice, the high prices and low quality existed in former cooperatives that pre-dated salt iodization . The tendency to monopolize the market was already there, but in the case of the new cooperative there was legislation to support a “new and better product,” iodized salt. Despite receiving free fortificant and equipment, producers immediately raised prices to an extent that went well beyond the cost of iodization. In some places, notably the raw salt producing region and provinces bordering Vietnam, consumers can currently turn to the informal market for cheaper salt that appears to be of the same or better quality. However, this salt is typically not better health value  as it is not iodized. Poor people are more likely to purchase cheaper salt, and this has resulted in lower consumption of iodized salt among a population that may need the micro-mineral the most. It is not possible to say if iodine deficiency remains as an issue particularly affecting the poor, as impact monitoring has never disaggregated results by wealth, but it is a distinct possibility and it is clear that high prices restrict the  potential of achieving coverage goals and equity expectations.
High prices and low quality may also limit success from the business perspective. As domestic industry increases, in particular in the food processing sector, it is not yet known if domestic salt producers will be able to take advantage of this emerging market, as the current poor quality of the domestic salt  makes it less fit for industrial purposes. In 2015, moreover, Cambodia’s full entrance into the ASEAN Free Trade Agreement will increase competition by foreign salt companies. Present producers in Cambodia, especially the small raw salt producers and boiled salt producers, could find it difficult to compete. If salt producers are not able to match the quality and price of the international market, they will be at risk of going out of business. Already, the removal of the fortificant subsidy places boiled salt producers at risk of going out of business or not following iodization legislation. If boiled salt producers are forced to purchase iodized raw salt and fortificant from the SPCKK, the cost of raw materials may be too high for them to stay in business, especially if the cost of fortificant remains high and legislation continues to require ‘re-iodization.’. 
After more than 10 years, salt iodization may not be reaching those who need it most. Some strategic choices must be questioned because of structural issues that both existed before, and endured after the salt iodization was put in place. Throughout the past thirteen years, the  salt industry benefitted from free marketing and free value-added in the form of iodine. Yet, the overall effort has not succeeded in ensuring adequate iodine for the poorest. For a food that is already widely consumed, but should be eaten in moderation, and in a market protected from competition, resources dedicated to consumer marketing may have been better placed in subsidizing iodized salt for the poor and improving monitoring. Availability of supply is shown to have the biggest impact on the coverage of iodized salt, but there was never systematic monitoring of markets. Another area where information has been limited is the consumption of salt. It is surprising that fortification levels were never based on actual consumption, and it is still not known if fortification levels are appropriate for sub-populations, such as children, or if over-consumption of iodine may become a public health issue.  Ensuring a safe level of fortification could have been prioritized before seeking to increase consumer demand. With over-consumption of salt likely, a future question for public health practitioners will be how to inform the public of the chronic disease risks associated with over-consumption. Despite the issues that limit success, however, in general the salt iodization strategy  can be considered successful in raising iodine nutrition levels across the population into the optimal range. As lessons from the first three failed cooperatives were used to improve the fourth cooperative, applying both the positive and negative lessons from more than a decade of salt iodization can be used to help in the elimination of iodine deficiency disorders. 
Iodization was fully subsidized until 2011. Through 2010, the cost of potassium iodate was $21.50 per kg. However, since the March 2011 Japanese tsunami, the price of potassium iodate has more than doubled to $45 per kg. This is attributed to a demand for iodine, as a precaution against radiation poisoning. The international price hike coincided with the removal of subsidies in Cambodia.





As with the SPCKK, iodine was subsidized to independent salt boilers. Beginning in 2011, boilers needed to procure their own iodine on the private market. While it was thought that the only source of potassium iodate would be the SPCKK, there is anecdotal evidence that boilers stockpiled fortificant in preparation for the removal of the subsidy. 
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