Technical Summary of Information:

Use of Iodine for Point-of-Use Water Treatment

The LifeStraw filter is a combined iodine / granulated activated carbon (GAC) filter manufactured by Vestergaard Frandsen (VF).  VF is interested in working with PSI/Ethiopia to assess the acceptability of the LifeStraw Filter in a rural developing country setting.  This document reviews the technical information available regarding the appropriateness of iodine for use as a household water treatment option.  This document does not make intend to make recommendations to PSI about what course to pursue with the LifeStraw Filter, but instead summarizes the available technical literature in order to allow PSI to make their own assessment of how they would like to move forward with the LifeStraw Filter.  
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Figure 1:  LifeStraw Filter, Manufactured by Vestergaard Frandsen

The LifeStraw Filter

The LifeStraw filter contains iodine bound to an anion exchange resin.  Users suck the water through the resin and granulated activated carbon, and drink the water immediately.  According to LifeStraw (VF, 2005) the “estimated maximum amount in the first 100 liters is estimated at 3 ppm Iodine.  The exact amount is currently measured.  After 100 liters this amount slowly is reduced to 1.5 ppm.  This means that average (assuming water intake 2 liters/day) between 3 to 6 mg maximum (daily) estimated over the entire use of LifeStraw (700liters).” 

Iodine Nutrition  

Iodine is an element that is evenly distributed in seawater, but is unevenly distributed on land and fresh water, with many areas (Himalayes, Andes, Alps, Central Asia, Europe, Central Africa) iodine deficient (ICEC, 2003).  Iodine is necessary for the human body, as it is a key component of hormones made by the thyroid.  

The recommended daily consumption amounts of iodine are presented in Tables 1-3.  As can be seen, upper limits are based on body weight in kilograms.

Table 1:  ICCIDD, WHO, and UNICEF Recommended Daily Iodine Intake (ICEC, 2003)

	Age
	Recommended Daily Intake

	0-7 years
	90 micrograms

	7-12 years
	120 micrograms

	>12 years
	150 micrograms

	Pregnant and lactating women
	200 micrograms


Table 2:  Food and Nutrition Board, National Academy of Sciences (ICEC, 2003)

	Age
	Daily Intake 

Guidelines 

	0-6 months
	100 micrograms

	7-12 months
	130 micrograms

	1-8 years
	90 micrograms

	9-13 years
	120 micrograms

	>14 years
	150 micrograms

	Pregnant women
	220 micrograms

	Lactating women
	290 micrograms

	Upper limit
	1,110 micrograms for adults


Table 3:  Recommended Dietary Intakes of Iodine and Probable Safe Upper Limits 

(FAO, 2002)

	Age
	Recommended Intake

µg/kg/day
	Upper Limit

µg/kg/day

	Premature infants
	30
	100

	0-6 months
	15
	150

	7-12 months
	15
	140

	1-5 years
	6
	50

	7-12 years
	4
	50

	12+ years
	2
	30

	Pregnant and lactating women
	3.5
	40


Humans obtain iodine through their food and drink, with high-iodine sources including seafoods and dairy products or food grown in high-iodine environments (ICEC, 2003).  In most countries, table salt is iodinated for nutrition.  In the US and Canada, table salt is iodinated to a level of 77 parts per million (or mg/L or micrograms/gram).  One hundred percent of table salt is iodinated in Canada, and 50% is in the United States.  Most other countries add 10-40 parts per million of iodine to salt.  Salt intake varies from 2-20 grams per day.  At 2 grams of salt intake per day, with 77 micrograms per gram, the recommended daily intake of 150 micrograms for an adult is reached.  Cooking does not interfere with iodination of salt, and processed food accounts for the majority of salt intake in the United States.  Processed food may contain iodinated or non-iodinated salt.  

The most serious effect of iodine deficiency is retardation of brain development in children and fetuses (ICEC, 2003).  The mean IQ of iodine deficient communities is 13.5 lower than non-iodine deficient communities.  The visible effect of iodine deficiency is goiter, an enlargement of the thyroid as the muscle expands to produce more hormones with less iodine available.  

People vary widely in their tolerance to excess iodine (ICEC, 2003).  Iodine-induced hyperthyroidism occurs in some people exposed to excess iodine, and causes an increase in thyroid hormone production.  In others, excess iodine can lead to underactivity.  High iodine intakes also can lead to autoimmune thyroid diseases (Graves’ disease, Hashimoto’s thyroiditis), or papillary thyroid cancer.  “Most people can tolerate at least 1 mg (1000 microgram) of iodine daily without adverse effect.  People with underlying autoimmune thyroid disease or who have previously been iodine deficient, may tolerate less”.  Iodinization of salt does not exceed these levels.

Use of Iodine for Drinking Water Treatment

Iodine is not as effective a disinfectant as free chlorine, and thus higher residuals of iodine are necessary to inactivate protozoa, bacteria, and viruses than with chlorine.  “Chlorine is five times more viricidal and four times more cysticidal than hypoiodous acid” (White, 1999).  

The EPA policy developed in 1973 and again in 1982 states that iodine disinfection is acceptable for short-term or limited or emergency use, but that "it is not recommended for long-term or routine community water supply application where iodine-containing species may remain in the drinking water."  WHO does not list a guideline value for iodine in drinking water, as it does not recommend long-term disinfection with iodine.  One guideline for using iodine for drinking-water treatment is no more than 2 mg/day of iodine in drinking water for no more than 3 weeks (Backer, 2000).  

Studies on the efficacy of iodine against the protozoa Giardia and Cryptosporidium have found that even a the high residuals used with iodine tablets for hiking (13-18 mg/L for 20 minutes), there was 99.9% reduction of Giardia in normal waters, but only 35% reduction of Giardia in waters of pH 5 (Gerba, ***).  In addition, only 10% of Cryptosporidium oocysts were inativated at 13-18 mg/L for 20 minutes.  The review concludes that: “These data strongly suggest that iodine disinfection is not effective in inactivating Cryptosporidium oocysts in water.  Because this organism is common in all surface waters, it is recommended that another method of treatment be used before ingestion”.  United States Army Iodine Water Purification Tablets were also tested to determine their efficacy against Cryptosporidium parvum (Stark, 2001).  The Army doctrinal dose of 16 mg of iodine per Liter and 35 minutes of contact time inactivates less than 90% of Cryptosporidium.  A dose of 29 mg of iodine per Liter and 35 minutes of contact time was required to achieve a 99% inactivation.

A number of studies have been completed on cohorts of individuals who use iodine for drinking water treatment.  In Niger, Africa, 39/102 Peace Corps volunteers using an iodine-resin ceramic filter with iodine residual of 10 mg/L developed goiter (Pearce, 2002).  The estimated daily intake of these workers was 5 Liters of water, for a total iodine ingestion of 50 milligrams per day, which is 333 times the recommended intake of 150 micrograms per day.
Use of Iodine for Drinking Water Treatment:  Other Products

A number of products are available in the backcountry hiking market that utilize iodine for water treatment. AguaTabs are simply iodine tablets, which add approximately 12-18 mg/L of iodine to the water, and were discussed above. 

More complex systems include disinfection/filtration systems, such as Procter & Gamble’s PUR purifiers, which included iodine filtration followed by granulated activated carbon removal.  Some of these filters had their EPA purifier certification removed due to the fact that the GAC removed the iodine too quickly, before the iodine had inactivated the viruses.  As a result, P&G removed one product, the Voyageur Purifier, from the market in 2000 (Caffin, 2005).   

Another purifier technology on the market is iodinated resins.  This is filtration media where iodine is bound to a positively charges structure (Carbonari, 1999).  Waterborne bacteria and viruses are negatively charged, so the positive charge attracts these contaminants, and then iodine is released to penetrate and kill the microorganism.  This attraction reduces the contact time necessary to inactivate the microorganisms (Carbonari, 1999).  A large iodinated resin system, PentaPur, capable of treating 45 gallons per minute, was found to reduce E. coli  by greater than 6 log reduction (99.9999%), and MS-2 bacteriophage (a surrogate for viruses) by greater than 99.9% (EPA, 2001).  Most of the iodine was removed by the carbon filters, but iodide ions were not removed by the post-treatment carbon filters.  Carbonari (1999) recommends a 1-micron filter pretreatment with iodinated resin systems, because it is not practical to have the 3-minute contact time necessary to inactivate Giardia and Cryptosporidium.

The Katadyn Exstream Water Purifier is a water bottle with an iodinated resin system inside the water bottle, and users fill the bottle and pull the water through the filter as they drink (Katadyn, 2005).  It includes a carbon pre-filter, and pleated protozoa-removing pre-filter, and a iodinated resin filter.  Company literature claims a 99.9% reduction of protozoa, 99.9999% reduction of bacteria, and a 99.99% of viruses, which meets the U.S. EPA water purification protocols.  

Summary

This summary assumes the reader has read this document in addition to the Backer (2000) paper attached.  

Differentiation Between Iodine Dosing in Water and Recommended Daily Allowance

· The RDA for iodine is 90-290 micrograms per day depending on age

· 90-290 micrograms per day is equal to 0.090-0.290 milligrams per day

· The amount of iodine using the LifeStraw is 1.5-3.0 milligrams per Liter

· Assuming 2 Liters per day of drinking water, that is 3-6 milligrams per day of iodine.

· 3-6 milligrams per day is significantly greater than 0.0900-0.290 milligrams per day

It is important to note that more iodine is not better – there are health effects from both too little iodine and too much iodine. 

The upper limit of iodine ingestion for children 1-12 years old is 50 micrograms per kilogram per day.  Thus a child would need to be 20 kilograms (44 pounds) in order to tolerate 1 milligram per day, and 40 kilograms (88 pounds) to tolerate 2 milligrams per day, and 60 kilograms (132 pounds) to tolerate 3 milligrams per day.   

Iodine is not recommended for long-term disinfection by either the U.S. EPA or the World Health Organization due to the health effects seen in populations who have ingested iodine.  Although the exact amount of iodine that is too much is debated, the following summarizes some studies (Backer, 2000):

· In one study, people who ingested 3-16 mg/day of iodine had a 10% incidence of goiter.

· In another, > 60% of school children in China developed goiter from ingesting water with 0.462 mg/L.

· In another, 46% of people developed goiter when ingesting 50 mg iodine per day.

· A study in prisons found that 1 mg/L iodine per day for three years led to no clinical problems, but 5 mg/L for 2 months led to clinical effects.  

· Experimental data show that >= 1.5 mg/day iodine “will cause statistically significant changes in thyroid hormone assay.   However, these changes are not clinically significant, so they questionably constitute a valid threshold effect level”.  

Both Vestergaard-Fransen (2005) and Backer (2000) recommend that individuals see their doctor before long-term exposure to iodine.  Backer specifically recommends not using iodine for drinking-water treatment in populations that are iodine deficient, saying “Do not use an iodine-based water treatment method for people with increased susceptibility to iodine-induced throid disorders”, including, “people from countries or localities with chronic iodine deficiency”.  In addition, Backer states “Examine the thyroid and do thyroid function tests on anyone planning to use iodine for prolonged periods (longer than 3 months) to ensure that they are initially euthyroid.  It is not clear whether the presence of antithyroid antibodies is a contraindication to iodine use”, and finishes by stating that “coupled with periodic monitoring of thyroid function, techniques that generate low levels (1-2 mg/L) of iodine in water can be safely used for years”. 

Given the levels of iodine in the LifeStraw filter (1.5-3 mg/L), the fact the use is in children, which have lower maximum safe levels, that there is not thyroid function monitoring available for this populations, and that this population might be iodine deficient, CDC/FDDB can not at this point write a letter recommending a study with the LifeStraw filter in Ethiopia, even for short-term use.  

If you have any questions or comments, please contact Daniele Lantagne, dul4@cdc.gov.  Joe Carpenter and Eric Mintz contributed to the writing of this summary.  
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