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Abstract

The objective of this study was to investigate and make recommendations for 

improved in-home water management in an underserved rural Alaskan community 

without piped water. The main focus of the study is point-of-use disinfection. A model 

was developed based on experiments to predict the chlorine decay over time and the 

necessary chlorine dosage for waters used in the pilot community so that sufficient 

chlorine residual would remain during storage. TOC concentration, initial chlorination 

level, reduced iron and temperature were major factors impacting the chlorine 

consumption. Safe free chlorine levels of between 0.2 mg/L and 4.0 mg/L could be 

achieved in a reasonable time and maintained for typical storage times, while avoiding 

unpleasant taste. A taste test in the community showed that levels of 1 mg/L or less 

could not be distinguished by most people and were acceptable for drinking.

Storage and hand washing are likely major components of preventing microbial 

contamination. It was determined that closed containers do not slow the loss of 

disinfectant from evaporation. Thorough hand washing for at least one minute using soap 

and running water is recommended, since this was the most effective method to remove 

coliform bacteria from hands.
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CHAPTER 1: OBJECTIVE AND HYPOTHESES

The objective of this study was to investigate and make recommendations for 

improved in-home water management in an underserved pilot community without piped 

water. It is the hope that these recommendations would be extended to other remote 

communities in Alaska.

The main focus of the study centers on point-of-use disinfection. Point-of-use 

disinfection using sodium hypochlorite solution (chlorine) has been successfully 

implemented by the Center for Disease Control and Prevention (CDC) in many third 

world areas as an interim alternative for providing safe water. After the water is 

disinfected, proper storage and handling are still important to prevent recontamination; 

therefore, storage and hand cleaning were explored as supplementary sanitation 

measures.

Point-of-use disinfection hypothesis:

A point-of-use drinking water disinfection system using sodium hypochlorite can

be developed that would be safe, effective, easy to use, and accepted in a remote

community.

Numerous previous studies have demonstrated that containers with a narrow mouth, a 

lid, and a spigot maintain cleaner water by minimizing contact with items such as hands 

and kitchen utensils. Therefore, experiments to prove this point were not necessary. The 

importance of storage duration as it relates to chlorine evaporation was studied.

In-home water storage hypothesis:

Closed containers slow the loss of disinfectant from evaporation, lengthening

viable storage time.
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Literature is plentiful on the importance of hand washing. Many studies have been 

conducted to explore the efficacy of hand washing techniques and disinfectants for 

medical and food handling settings. However, no studies were found that included 

washbasins.

Hand cleaning hypothesis:

Washing hands in washbasins increases the potential to spread bacteria. The 

incidence of the spread of bacteria from the use of a washbasin changes with type 

of soap used and using chlorine-treated vs. untreated water.
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CHAPTER 2: BACKGROUND

The Communities at Risk - Protecting Family Drinking Water in Rural Alaska project 

has been funded by the US Department of Agriculture (USDA) - Cooperative State 

Research Education and Extension Service and carried out by the Institute of Northern 

Engineering (INE) Water and Environmental Research Center (WERC) at the University 

of Alaska Fairbanks (UAF). The research was conducted by three graduate students and 

supervised by four faculty advisors.

According to the World Health Organization (WHO), almost 2 million people die 

annually from diarrhoeal diseases; most are children under the age of 5 in developing 

countries. WHO estimates that 8 8 % of diarrhoeal disease is caused by the use o f unsafe 

water and inadequate sanitation and hygiene. The following reductions in diarrhoeal 

diseases could be achieved (WHO, 2004):

• 6%-25% with improved water supply

• 32% with improved sanitation

• 45% with hygiene interventions (education and hand washing promotion)

• 35%-39% with drinking water quality improvements such as point-of-use 

chlorination

In most rural Alaska communities, similarities to conditions in third world countries, 

particularly with regard to safe water access and the subsequent conditions arising from 

the lack of access, are prevalent. This project was initiated to address the drinking water 

issues faced by rural Alaskan communities, with the awareness that relying on expensive, 

complex solutions to safe drinking water access such as piped systems will leave 

Alaskans without safe water far into the future.
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There is anecdotal evidence that school absenteeism and child sickness increase 

during breakup. It has been suggested that the increase may be connected to the increase 

in pathogens present in the community during that time (Ford, 2004).

Many residents of rural Alaska do not have piped water/wastewater service. 2006 

data from the Alaska Native Tribal Health Consortium (ANTHC, personal 

communication) show that in communities of less than 1 , 0 0 0  persons, more than 28% of 

the households have no piped water or closed-haul drinking water system. It is 

commonly recognized that the highest level of public health would be provided with 

piped systems. However, providing services is particularly difficult in most of these 

communities because of (EPA, 1995):

• Very small populations

• Limited cash economies

• Remote locations, harsh climates, permafrost soils, and high energy costs

• Linguistic and cultural differences and perceptions

Communities with small populations cannot realize economies of scale. Without the 

population base to share the cost, the per-household cost would be very high.

Most communities in Alaska depend on subsistence for survival; the cash economy is 

limited. The Alaska Native cultures are based on shared resources, and there are very 

few people that charge for services and goods. Without the cash economy, it is 

impossible for villages to pay technicians, materials, operational, and management costs 

for utilities.

Communities in very remote areas with harsh climates have high construction and 

operation costs. There are very few communities connected by roads in Alaska; 

therefore, supplies such as fuel need to be brought in by barge in the summer when 

available and by aircraft year-round. The climate limits when supplies can be brought in
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and when construction can take place. The climate in the more northern latitudes is also 

conducive to the formation of permafrost soils, making the construction of either 

underground or aboveground piped systems difficult. In permafrost soils, disturbance of 

the soils above the permafrost during construction and the weight and temperature of the 

pipes can cause thawing, resulting in unstable soils prone to uneven settlement.

The communication between Alaska Native Village residents and local governments 

and agencies providing sanitation services and facilities is complicated by linguistic and 

cultural differences and perceptions. Some elders do not speak or understand English, 

and others are using a blend of their traditional language and English. The long-standing 

traditional culture of these communities is very vital and strong. Many Alaska Native 

residents prefer to continue to collect their traditional water; to some the activity is 

considered a subsistence activity passed down through generations.

A study conducted by the University of Alaska Fairbanks (UAF) Cooperative 

Extension Service (CES) (Ford, 2004) took samples at several Alaska communities’ 

traditional water sources, collection sites, and home dip buckets, and tested them for the 

presence of total and fecal coliforms. The pilot community associated with this project 

was included in the study. The sampling, taken across the transition seasons (February- 

July), found:

• Ice and snow samples were free of contamination until breakup

• Total coliforms were identified in roof catchment water; however, fecal coliforms 

were not present

• Water became increasingly contaminated as it proceeded to the point of use

Since water was found to be cleaner at the source than at the point-of-use, the 

investigators concluded the communities need creative solutions such as point-of-use 

water treatment, improved water storage containers, and good sanitation in order to keep
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their drinking water safe (Ford, 2004). They also recommended further study to 

determine how pathogens spread in these small communities.

2.1 Study Area

(See Community Characteristics Fact Sheet, Appendix A)

The study community is located in the Yukon-Kuskokwim Delta approximately 420 

miles west of Anchorage, Alaska. The community has been at this location since the 

1930’s when it relocated due to constant flooding and erosion at the previous site. The 

city government was incorporated in 1970. The community is home to approximately 

300 residents o f a mostly Alaska Native population living a traditional subsistence 

lifestyle. The site has a marine climate. (DCED, 2006)

2.1.1 Existing Conditions

The population density is 311 persons per square mile of land (DCED, 2006). Two 

new housing areas have recently been developed. None of the homes in the community 

has piped water/wastewater. Residents must haul their drinking water, risking 

contamination during its collection, transport, and storage in the home. Waste must also 

be disposed of by the individual residents, risking spills and cross-contamination with the 

drinking water.

A new washeteria, opened in 2004, has a community watering point available for 

self-haul at five cents per gallon. A sewage lagoon associated with the washeteria treats 

the wastewater from the washeteria’s coin operated laundromat and showers.

Many people prefer to continue collecting water from traditional sources despite the 

availability of treated water from the washeteria. They report reasons such as the taste 

and smell of chlorine, inconvenience, and cost. Traditional water sources include roof 

catchment in the summer and ice from the river and tundra ponds when available. Snow 

is also collected for drinking water.
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Most residents collect, haul, and store water in 5- to 32-gallon dedicated plastic 

buckets called "dip buckets”; usually a dedicated 32-gallon trash can made of non-food 

grade plastics. The water is dipped out with a dedicated “dipper,” usually a 2-quart 

pitcher.

Hands are washed in basins to conserve water. The basin is stored in the bathroom. 

Water is placed in the basin with the dipper. Families frequently use a small amount and 

tip the bowl. The water in the basin is typically reused multiple times before it is 

disposed of in the yard; people often pour the water into a sink that drains directly 

underneath the house. Because of permafrost conditions, houses are built on pilings, and 

the underneath of the house is accessible.

Everyone uses the honey-bucket haul system to dispose of human waste. In the 

summer, bins are provided for families to haul waste to, either in bags or by bucket. A 

city employee drives the containers to the unimproved dump area using an all-terrain 

vehicle (ATV) hauled trailer; the honey-bucket wastes are placed along the edge of a 

tundra pond. In winter, the bin system is not used because the material freezes inside the 

bins, so then residents must self-haul to the dump area.

2.1.2 Summary of Surveys

A preliminary survey conducted in preparation for the project by a previous 

researcher (Chambers, 2005) found that drinking water is the primary concern of the 

community. The most common use for the washeteria water is for cleaning. Most people 

collect water in containers with a cap and store it in 33-gallon cans for up to 7 days. The 

main water sources in the community are from the rain, ice melt, and the river. Some 

people also report getting water from a creek, lake, and/or tundra ponds. A majority of 

the people (63%) report that they would treat their water if there were an improved, 

practical way to do it.
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Because of the work that goes into collecting the water, families constantly conserve 

and do with less. Forty-three percent of those surveyed use between 1-4 gallons per 

capita per day (gpcpd), and 38% use between 5-10 gpcpd. Where water is piped in the 

US, the average consumption of water is often 100 gallons per capita per day (EPA,

1995).

A statewide survey in 1999 (Ford, 2004) found that 67 communities are still using 

traditional drinking water sources. Some of the reasons cited for continued use of 

traditional water sources include a preference for traditional aspects, the natural taste of 

the traditional water, the dislike of the taste of chlorine, and the cost of the water from the 

washeteria.

An informal survey of five people was conducted on the first field visit for this 

project (Appendix B, 2005 Site Visit). The survey was conducted to gather insight into 

the current water management practices in the homes and feelings about changes to water 

management. The results of the survey can be summarized as follows:

• People are open to in-home drinking water treatment

• Some washeteria users filter at the point of use to remove the chlorine taste

• Traditional water sources are preferred and are believed to be safe to drink 

without treatment

• Dippers are set on bathroom and kitchen sinks and on the kitchen table

• Water is stored at room temperature

• Basins with approximately 1 quart of water are used to wash hands about 4 times 

before water is discarded

• Basins are generally kept in the bathroom

There were no concerns reported about treating water in the home. Some people 

currently do or did at one time boil water. Three people said they would consider in- 

home treatment if they knew a safe way to do it; one person said they would not.
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All report they believe traditional sources of water are safe to drink without treatment. 

Sometimes filters are used. Most people get rainwater in the summer and ice in the 

winter. All report using roof catchment in the summer. Most use an ice pick and

5 -gallon bucket to collect the ice. The ice pick is often also used during ice fishing for 

making holes. Two people said they do use the washeteria when there is no other option.

The survey asked how often washeteria water was used for drinking. Two participants 

in the survey reported '‘sometimes,” two reported "‘never,” and one reported "always” using 

the washeteria water for drinking. All five participants report concerns about the chemicals 

added to the washeteria water. One person added that they did not like the taste.

Most people use 32- to 35-gallon (from here forward referred to as 32-gallon) trash 

cans to store their water. When asked about issues with storage containers, three people 

said they are looking forward to piped water, and two said they are happy with their 

current system. One person had no issues, one wishes it were easier, and one mentioned 

they do not want to have to “pump” their water. Neither storage container size nor 

opening size mattered to the respondents. They were split regarding the use of a spout:

2  “yes” responses, 2  “no,” and 1 “don’t know.”

Most people use a 2-quart pitcher with a handle as a dipper. The dipper is not kept in 

one place exclusively. It is most commonly set on the table; however, it is also set on the 

countertops and in the bathroom after filling the basin.

Each reported different practices for changing of the water in the basin:

• After each use

• After each use or every other use (one person living there)

• Varies -  sometimes used more than once

• Use water 4 times

• 3 to 4 times a day (7 people in household)
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The people surveyed report their basins were kept in the bathroom; however, personal 

communication with a CES staff person (2006) found that the basins are moved back and 

forth to the kitchen. For instance, at dinner the basin may be brought from the bathroom 

to the kitchen for people to wash their hands prior to the meal.

The basins vary in size from 2 quarts to 2 gallons. The amount of water used in them 

varies from 2 cups to Vi gallon. Another student on the project estimates there is from 

1/5 cup to 1 quart of water in the basins (personal communication, 2004).

2.2 Previous Studies Conducted under Grant

Two additional graduate students conducted research in the pilot community in 

connection with this research. One student looked at the survivability of bacteria in cold 

climates, and the other conducted a source tracking study.

2.2.1 Bacteria Survivability in Cold Temperatures (Adhikari, 2005)

Temperatures can vary greatly in Alaska. Knowing how long the bacteria could

survive in the conditions is important in understanding the potential level of threat they 

pose to the residents.

The study investigated the effects of temperature and soil moisture content on the 

viability of coliform bacteria from dog feces in soil. Total coliform levels remained 

relatively stable in the low temperatures and declined in the warmer temperatures. This 

may imply a preservation of bacteria during the winter and a die-off in summer, with 

spring and fall as times when the bacteria may travel best in the community. The 

coliforms survived in all soil moisture contents but experienced less decline at drier 

temperatures in sub-zero temperatures.

2.2.2 Source Tracking in Community (Chambers, 2005)

The objective of this study was to determine the pathways of fecal bacterial 

movement in the pilot community. The study attempted to answer the question, if
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pathogenic bacteria entered the community, how would they move about and at what 

points would people be potentially exposed to them? The study looked at how bacteria 

are distributed in the community and how they are transported.

The study found that more than background levels of fecal bacteria were distributed 

in the community. Human contamination and multiple sources were found in town. To 

summarize the findings with respect to transport of fecal bacteria:

• Transport of fecal bacteria from dump on tires occurs

• Breakup flow is not likely to transport fecal bacteria from dump

• Flow carries bacteria in town at breakup: dog waste and gray water from disposal 

of basins may contribute

• Shoes carry bacteria into homes and buildings

• Hands move bacteria inside homes and buildings

• Soap did not kill all bacteria in washbasins

The study found that while drinking water was not necessarily the source of breakup 

illness, it was potentially an outbreak risk factor. The report identified non-drinking 

water risk factors as household contacts and the breakup stream that runs through the 

community, which children use extensively for playing. A recommendation related to 

water management in the home was made: “Water could be protected by the use of small 

necked containers with spigots or water barrels with taps...In-home chlorination could 

also be used to ensure the safety of drinking water. In the very least, dippers should be 

handled more carefully.”

2.3 Regulations

Although in-home chlorination is not regulated, a few regulatory agencies have 

recommendations for in-home chlorination. The Alaska Department of Environmental 

Conservation (ADEC) had the lowest recommended dose at about 2.25 milligrams (mg) 

of chlorine per liter of water. Note that the initial doses are calculated as available
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chlorine, or mg free chlorine per liter of water. The initial available chlorine 

concentration was calculated to determine the dose of bleach needed. The initial dose 

and the free chlorine values are represented in units of mg/L in this paper.

The University of Alaska Southeast (UAS) Alaska Training Technical Assistance 

Center which has a water treatment plant operator training program, had the highest 

recommended dose at almost 15 mg/L (Table 2-1, and Appendix C). The high dose 

recommended by UAS specifically pertains to cloudy water, which would potentially 

contain more organics and have a higher chlorine demand.

The U.S. Environmental Protection Agency (EPA) recommendations were reported in 

drops, and it is questionable if the volume of a drop can be accurately measured in the lab.

The World Health Organization (WHO) does not give general dose recommendations 

for in-home chlorination. Their “Safe Water System,” which studies and sets up in-home 

chlorination in third world areas, recommends testing the water on site to determine the 

chlorine dose needed to bring the water to between 0.4 to 0.5 mg/L after 30 minutes.

Table 2-1 Estimated range of free chlorine recommended (mg/L)*

Source Clear Water Cloudv Water
Min Max Min Max

UAS 3.72 3.72 3.36 14.90
ADEC 2.23 3.72 4.47 7.45
*Assuming Clorox bleach as source of NaOCl

Regulatory agencies provide guidelines and mandates for water treatment plants 

(WTP). Some of their guidance was used for this project. ADEC guidelines require 

drinking water treatment plants to have a residual of 0.2 to 4.0 mg/L at the point of use. 

The ADEC guidelines are based on EPA regulations. WHO recommends a maximum 

concentration of no more than 5 mg/L.
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Using the results of the home water management survey taken earlier (Chambers, 

2005) it was determined that maintaining a residual for several days would be desirable in 

order to minimize the need for re-chlorination between refilling the dip bucket. No 

recommendations for how long to maintain a residual during storage were found with 

UAS, ADEC, EPA, or WHO.

A Class A or B public water system in Alaska must ensure at least 99% (3-log) 

inactivation of Giardia lamblia cysts based on the CT value. The CT value required is 

based on the temperature, pH, and free chlorine concentration at the point o f use. The 

calculated CT value by which the required CT is compared is obtained by multiplying the 

disinfectant residual by the time the disinfectant has been in contact with the water. Note 

that since no free chlorine measurement can be taken at time zero, the calculated 

available chlorine value is used for time zero.

The maximum contaminant levels (MCL) of other relevant parameters are 

(ADEC, 2006):

• Trihalomethanes (THM): 80 parts per billion (ppb) maximum annual average

• Iron: 0.3 mg/L

• Manganese: 0.05 mg/L

• pH: 6.5 minimum -  8.5 maximum

• Free chlorine: 4.0 mg/L (EPA, 2005)

2.4 Type and Form of Disinfectant

The most common disinfectant is chlorine, often in the compound sodium hypochlorite 

(NaCIO). It is inexpensive, easy to administer, effective, and stable. Chlorine was 

introduced as a water disinfectant in 1850 and had become widely used by the early 

1900’s. Since that time, the incidence of waterborne diseases has dramatically declined 

(Frimmel and Jahnel, 2003).



14

Sodium hypochlorite solution is used to disinfect and as a bleaching agent. It is often 

referred to as “bleach,” although this name is used for other chemicals as well. Sodium 

hypochlorite is a salt of hypochlorous acid. In water it partially splits, and the resulting 

hypochlorous acid and the hypochlorite ion are responsible for the oxidizing power and 

bleaching effect. The hypochlorous acid is the more effective disinfectant. Its molecules 

are of neutral charge and small in size, making them able to diffuse thorough the cell wall 

of bacteria. The resulting change in oxidation-reduction potential inactivates the enzyme 

essential for the digestion of glucose and destroys the micro-organism’s ability to 

function.

In deciding on a form of disinfectant to use, the ease of use was our greatest concern. 

Acting on recommendations from the Centers for Disease Control and Prevention (CDC), 

liquid sodium hypochlorite, the active ingredient in commercial laundry bleach solutions, 

was chosen. Sodium hypochlorite has been found to be the “safest, most effective, and 

least expensive chemical disinfectant for point-of-use treatment” (Mintz et al, 2001). 

Personal communication with the Center for Disease Control and Prevention (CDC) also 

confirmed that “By far the easiest to dose correctly and have people use reliably is liquid” 

(personal communication with CDC, 2005).

We used Clorox brand liquid bleach for our laboratory experiments because it was 

readily available and would also be readily available to residents of remote communities. 

However, as recognized by the CDC, there are negative psychological factors with using 

a cleaning product in drinking water (Appendix B, Atlanta Trip).

Solid chlorine in “pellet” form was also considered. Pellets of calcium hypochlorite, 

Са(ОС1г), were purchased and tested in the lab for appropriateness to the current water 

management systems. Pellets placed in 32-gallon cans did not completely dissolve after 

3 weeks of sitting. They were determined to be inappropriate for the container since 

stirring would be a hardship with or without a designated paddle.
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2.5 Storage and Hand Washing

Storage of water in the home can have the most impact on keeping water clean. 

Dippers increase the likelihood of recontamination. There is ample documentation of 

studies that prove the importance of storage.

The potential differences with washing hands in basins as opposed to running water are:

• Water temperature

• Water type (chlorinated vs. untreated)

• Reuse (cleanliness)

The reuse o f hand washing basins to conserve water may promote the spread of 

communicable, waterborne diseases (EPA, 1995).

In addition, the type of soap used has been studied by others to determine its role in 

the efficacy of hand washing.

2.6 A Word on Phthalates

Water is commonly stored in non-food grade plastic containers. The question was 

raised whether or not phthalates from the container materials could potentially leach into 

the stored water.

Phthalates are chemicals used in manufacturing plastics to prolong their lifespan or 

make them more durable or flexible. There is currently very limited scientific 

information available on the potential human health effects of phthalates; however, 

phthalates are suspected of causing health concerns with long-term exposure. Studies 

with animals have found reproductive toxicity and other deleterious effects (CDC, 2005).

Because people in rural Alaskan communities potentially drink water stored in these 

containers throughout their whole lifetimes, testing water for phthalates was considered 

for inclusion in the project; unfortunately, it was found to be beyond the attainable scope.
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CHAPTER 3: REVIEW OF LITERATURE

Although control of drinking water is an important means of limiting the transmission 

of pathogens, there is still debate as to what is most important, quantity of water 

available, access to quality water, water storage, hygiene, or excreta disposal. For each 

study asserting one of these factors is more important than another, there is a disputing 

study that claims the opposite. A review by Esrey (Clasen and Caimcross, 2004) in 1991 

reported median reductions in diarrheal disease to the following percentage levels after 

different improvements:

• Hygiene 33%

• Water quantity 27%

• Sanitation 22%

• Combined water and sanitation 20%

• Water quality 17%

• Combined water quality and quantity 16%

Gundry et al. (2004) stated in a review that the studies that found water quantity was 

more important than quality had focused on water sources rather than water at its point- 

of-use. This brings up another argument in the scientific community: Is an immunity 

acquired to familiar pathogens through repeated exposure, and if so, how fast does this 

happen? For a family hauling water from a central, public watering point such as a 

washeteria, this would be important in potentially bringing home pathogens from the 

source. Gundry et al. concluded that it is unlikely that the fecal-oral pathways are more 

important than the water. However, VanDerslice and Briscoe (1993) believe that water 

contaminated in the home does not carry as serious a risk of diarrhea, because the 

residents would have some immunity to the familiar pathogens, while contamination at 

the source does pose a serious risk.
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As pointed out by Peterson (2001), contamination of fruits and vegetables washed in 

contaminated water has been implicated in illnesses. On the other hand, an 

epidemiological study by Henry et al. (1990) concluded that “food and drinking water 

appeared to be less important” than the cleanliness of mothers’ and children's hands as 

“vehicles of risk for the transmission of diarrhea disease.” Their study supported the 

growing theory that having a sufficient quantity of water is more important than access to 

quality water. They concluded that “a cleaner water supply is necessary but not sufficient 

condition for reducing diarrhea” because of the direct relationship they observed between 

diarrhea and hand contamination.

“The claim has been made that no single type of intervention has greater overall 

impact on national development and public health than does the provision of safe 

drinking water and the proper disposal of human excreta” (Mintz et al., 2001). The point- 

of-use intervention by Quick et al. (1999) found that other factors statistically associated 

with diarrhea were a functional latrine and the absence of observable feces in the 

immediate household environment (including on the ground around the homes). This 

research supported the importance of waste disposal in preventing diarrhea.

According to Sobsey et al. (2003), there is “now compelling evidence” documenting 

that by improving water quality microbiologically, waterborne infectious disease risks 

can be appreciably reduced, even in the absence of improved sanitation. As found by 

Jensen et al. (2004), even when using quality source water, fecal contamination levels 

were high in containers at the point of use. They conclude that “it is questionable 

whether public water treatment will have a significant impact on the incidence of 

endemic childhood diarrhea.”

There are even arguments against improved sanitation. Lindquist (2004) wrote, 

“There are diseases to which adults are immune because of exposure during childhood 

and exposure to a constant low level of disease organisms. If this contact is removed by
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improved sanitation, the adults may become susceptible, and even hypersensitive to the 

organism, resulting in clinical disease if there is a break down in sanitation.”

3.1 Connection between Clean Water and Health

The United Nations’ (UN) Millennium Development Goals (MDG) propose to halve 

the number of people without sustainable access to safe drinking water and reduce the 

mortality of children under five by two thirds by the year 2015 (UN, 2000).

One sixth of the world's population (approximately 1.1 billion people) did not have 

access to improved water at the beginning of 2000 (WHO, 2005). It is estimated that 15- 

2 0 % of diarrheal disease in developing countries results from the consumption of unsafe 

drinking water (Sobsey, 2003). Children are especially vulnerable to the diarrheal 

diseases from unimproved water. An estimated 6,000 children under the age of five die 

of diarrhea each day (2-3 million per year) (Mullen, 2004-5).

WHO estimates that:

• Each year more than five million people die from water-related disease

• The leading cause of child death in the world is diarrhea

Some groups are at greater risk for waterborne illnesses depending on age and 

immune status. Adults are affected most severely by viral pathogens such as hepatitis A 

and E. The E. coli (0157:H7) bacteria can lead to kidney failure in children under five. 

Children are also at a much higher risk of recreational exposure to waterborne pathogens 

because they frequently play in ponding water (Peterson, 2001). Peterson suggested that 

exposure to waterborne pathogens may affect infant mortality but added that this remains 

to be established. He believes some viruses can penetrate the placental barrier and affect 

a fetus (Peterson, 2003).
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As suggested by the CDC, children 6-18 months of age are most at risk if pathogens 

are coming into the household on boots (personal communication, 2005). Henry et al.

(1990) argued against the theory that weaning and diarrhea are regarded as cause and 

effect. They pointed out that at about the same time children begin to wean, they begin 

crawling on dirty floors and placing unclean utensils, fingers, and other household items 

into their mouths.

Diarrheal diseases also cause malnutrition by inhibiting normal consumption of foods 

and absorption of nutrients. This can lead to impaired physical growth and cognitive 

development in children, as well as reduced resistance to infection and the potential for 

long-term gastrointestinal disorders (Clasen and Caimcross, 2004). According to 

Peterson (2003), poor water conditions can also be blamed for some mainstream illnesses 

such as heart attacks.

Tooth decay has also been linked to inadequate access to water. Discussions at 

environmental workshops in Alaska revealed that parents believe because drinks are 

canned, they are “safe.” As a result, they are giving their children soda pop instead of 

water. A dental surgeon with Tanana Chiefs Conference (TCC) said he has treated a 

child with “28 teeth and 32 cavities,” and he believes it is a direct result of water being 

replaced with soda pop. He went on to connect the increased use of soda to the low 

quality of water available in the villages. (CES, 2002)

Although the literature does not agree on which component of water management in 

the home is most important in maintaining health, there is substantial evidence that they 

are all important and that an improvement in any area will make an impact.

A note on chlorine and health: High doses of chlorine consumed for extended periods 

of time have been shown to affect the blood and liver in laboratory animals. However, 

the doses used in those experiments exceed the low-level doses found in chlorinated



20

water for human consumption, and the International Agency for Research on Cancer 

(IARC) “has concluded that chlorinated water is not a ‘classifiable’ human carcinogen” 

(Fletcher and Ciancone, 1996).

3.2 Point-of-Use Treatment

The Center for Disease Control and Prevention (CDC) has for the past decade 

conducted field tests in third world countries and implemented programs there to provide 

safe drinking water using low-cost decentralized approaches. CDC endorses the Safe 

Water System promoted by the Center for Global Safe Water (CGSW). The program 

combines in-home, point-of-use water treatment using sodium hypochlorite, safe water 

storage, and health education. The program addresses the immediate needs of the most 

disadvantaged populations (Mintz et al., 2001).

The CDC has found the use of sodium hypochlorite to be acceptable for and effective 

at improving water quality in many different settings. In addition, its use has reduced 

diarrheal illness by as much as 85% (Mintz et al., 2001). Part of the acceptance of the 

program is accredited to the local production of the sodium hypochlorite through 

electrolysis of salt water. It is packaged to be used exclusively for water treatment.

In response to the seventh pandemic of cholera in Latin America, in 1991 CDC and 

the Pan American Health Organization (PAHO) developed the Safe Water System (SWS) 

(CGSW, 2005). The CGSW is now the leading agency on the point-of-use treatment and 

the SWS. The system is inexpensive, easy to follow, and has been extensively field- 

tested. The basis of the intervention is:

• Point-of-use treatment using sodium hypochlorite solution purchased locally and 

produced in the community

• Safe water storage in plastic containers with a narrow mouth, lid, and a spigot

• Behavior change techniques including social marketing, community mobilization, 

motivational interviewing, communication, and education
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CGSW focuses on vulnerable populations in developing countries. Their main purpose 

is to improve the population's access to safe drinking water. They engage in applied 

research, evaluation, and training. CGSW has now implemented the SWS in 19 countries 

on 3 continents (Mullen, 2004-5). Their potential target populations would include many 

Alaskan communities because they use surface water, have treated water but it is not piped, 

and/or exhibit poor hygienic behaviors in the collection and storage of water.

The in-home water treatment may start with reducing turbidity if necessary. Howell et 

al. (1996) looked at stream sediment and the survivability of bacteria. They found that the 

presence of small sediment particles and clays increases the E. coli survival in streams. 

They believe that the organic matter and nutrients held by the clay extends the bacteria’s 

survival. The SWS program recommends filtering through inexpensive cloth or allowing 

the particles settle overnight and then pouring the water off the top (CDC, 2005). The 

“three pot” system mentioned by Gundry et al. (2004) involves storing water for 48 hours; 

the theory is that water is cleaner o f pathogens simply through sedimentation and die-off. 

This has not been substantiated by a peer review.

Quick et al. (2002) pointed out that field trials of the SWS intervention have taken 

place in a variety of settings and it has shown to be potentially useful in preventing 

diarrhea. An intervention in Bolivia has shown 44% fewer diarrhea episodes than 

witnessed in the control group. This was partially contributed to finding less E. coli 

contaminating stored water in the intervention households (Quick et al., 1999). Reduced 

diarrhea was also found in intervention households in Zambia (48% reduction), 

Uzbekistan (85%), Guatemala (25%), Kenya (55% in children under 5), Pakistan (49%), 

Uganda (30% in people with HIV) (Mullen, 2004-5), and Durban (Quick et al., 1997).

A review by Sobsey et al. (2003) found decreased levels of E. coli, other microbes, 

and incidence of diarrhea as a result of the interventions. Overall they found that “a 

simple system of manually chlorinating collected household water and storing it in a safe
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vessel [has the ability] to significantly improve the microbiological quality of the water 

and reduce waterborne diarrheal disease."’

3.3 Roof Catchment Systems

Roof catchment systems are widely used in Alaska. They provide a convenient 

source of water that is low in organics and turbidity. Catchment systems are simple, 

usually gutters collecting water into 32-gallon garbage cans.

Little literature was found covering roof catchment systems and even fewer works 

were found specific to Alaska. An article by Evans et al. (2006) discussed the effect of 

weather on the microbes found in roof catchment water stored in tanks. They concluded 

that “The microbiological and chemical quality ... is impacted directly by roof catchment 

and subsequent run-off contamination, via direct depositions by birds and airborne micro

organisms and chemical pollutants.” The study was conducted in an urban setting in 

Newcastle, Australia. The size of the storage tanks was not mentioned. The study was 

trying to determine the quality and health risk associated with the use of roof catchment 

water. Previous studies had not reached a consensus on the issue.

Sources of microbes on a roof are likely to originate from birds, insects, and small 

mammals, or to be deposited from the atmosphere. Evans found that wind speed, 

direction and weather patterns impact the microbial load more than other sources of fecal 

coliforms (Evans et al., 2006).

According to a publication by the Cold Climate Housing Research Center (CCHRC) 

on best management practices (BMPs) for roof catchment systems specifically for Alaska 

(Hart and White, 2003), ideally all materials used throughout the roof catchment system 

would be certified for potable water. They also discuss disinfection for storage and 

recommend ultraviolet (UV) light. When discussing types o f reservoirs, they did not 

mention the 32-gallon catchment reservoirs used in most Alaska situations. UV light
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would likely not work in these systems, although the information on cleaning could easily 

be transferred to them. Hart and White also discuss filters (1 micron) to remove particles 

and activated carbon (AC) to improve aesthetics and remove organic chemicals and 

chlorine. Many households already filter their water through an AC filter in a pitcher.

It has been reported that some families in Alaska wash their roofs at the beginning of 

the roof catchment season; however, most people believe the first good rain is an 

adequate rinse of winter debris (Ford, 2004).

3.4 Waterborne Pathogens

Waterborne bacteria can cause illness in humans. There are two classifications of 

waterborne pathogens, based on how sensitive humans are to them. If the bacteria cause 

illness in most individuals, they are considered primary pathogens. If the bacteria mainly 

cause illness in sensitive individuals, they are considered opportunistic pathogens. 

Illnesses from bacteria are either the result of bacterial growth or the release of toxins in 

the human body. Some bacteria can be transferred freely between humans and animals, 

and others are associated only with humans.

WHO (2003) states that “Several studies have confirmed that water-related diseases 

not only remain a leading cause of morbidity and mortality worldwide, but that the 

spectrum of disease is expanding and the incidence of many water-related microbial 

diseases is increasing.” (See emerging pathogens discussion on page 24.)

According to Reiff et al. (1996), drinking water is the most common pathway of 

diseases such as cholera, typhoid fever, hepatitis, amoebic and bacillary dysenteries, 

giardiasis, and other gastrointestinal infections. Reller et al. (2001) determined that 

untreated water was the principal vehicle in an epidemic cholera outbreak in Fort-Dauphin, 

Madagascar.
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The potential for pathogens to travel in water is related to the particle size and 

consequently the settling rate. The size of a particle is a major determinant of the rate at 

which particles move in solution. Larger particles settle faster as measured in a column 

of water. Peterson (2001) compared particles with respect to size and settling rate.

While sand with 1 mm diameter could settle within seconds, bacteria (~ 1 (дт) may take 

days and viruses (0 . 1  pm to 1 nm) may take years to settle (assuming an undisturbed 

water column) depending on the particle size. The longer a particle can stay suspended in 

water, the more potential it has of being consumed by a host and causing illness 

(Peterson, 2001). In a dip bucket this is important because water is taken from the top of 

the container, potentially catching unsettled particles.

3.5 Emerging Pathogens

Emerging pathogens are defined as appearing in a human population for the first time 

or increasing in incidence or expanding into areas not previously reported over the last 

20 years (WHO, 2003). In 2003, WHO reported that there were 175 species of emerging 

pathogens from 96 different genera, 75% which are zoonotic species. Zoonotic infectious 

diseases normally circulate in an animal host but can be contracted by humans.

According to the World Health Organization (WHO, 2003), 35 new agents of disease 

were discovered between 1972 and 1999; some are pathogens that may be transmitted via 

water. The WHO anticipates that many more have re-emerged after being inactive for 

long periods or may have expanded into areas not previously reported.

Lindquist (2004) offers other explanations: the “etiologic agent may have recently 

developed into a disease causing organism for humans. The human population may have 

become more susceptible to a particular disease agent, or the ailment may have only been 

recently recognized.” Improved sanitation may have broken down immunity to an 

organism as discussed at the beginning of the literature review section. In addition,
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increases in travel and mobility of goods and improvements in the understanding of 

disease may contribute to the emergence of pathogens.

Lindquist (2004) also offers examples such as Giardia lamblia that was at one time 

thought to be harmless and was used in an experiment on human subjects. He said that 

“Alternatively an etiologic agent may be recognized to cause a new set of symptoms 

shifting its pathology to cause a new disease.” He goes on to mention that the zoonotic 

agents are “now establishing humanity as a new ecological niche,” and continues, 

“Modem agriculture is placing unprecedented pressure on sanitation resources, and 

chemical intensive mono-culture creates opportunities for development o f new and drug 

resistant disease organisms.” An example given for the susceptibility of humans with 

respect to disease agents would be the emergence of Cryptosporidium parvum. The 

AIDS epidemic has brought the significance o f C. parvum into new focus.

Improvements in the understanding of disease result in increased reporting and ability 

to diagnose. Since 1817 at least seven cholera pandemics have provided examples of 

issues of pathogen emergence. As a result, public health reforms and the developments 

in the science o f microbiology have been significantly influenced.

Emerging pathogens continue the incidence of disease outbreaks. A study sponsored 

by the American Water Works Association (AWWA) and the U.S. Environmental 

Protection Agency (Jacangelo et al., 2002) compared selected disinfectants’ effectiveness 

to inactivate waterborne emerging pathogens. They determined that ozone was the most 

efficient disinfectant against microorganisms. Chlorine dioxide was equal to or better 

than free chlorine in disinfecting. On the other hand, free chlorine showed a lower CT 

value for some virus inactivation. Chloramines were the least efficient.
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3.6 Indicators for Microbial Contamination

There is some debate as to the best indicator for microbial drinking water 

contamination. Coliforms are common bacteria occurring in the intestines of warm 

blooded animals. While generally not harmful themselves, their presence indicates that 

drinking water may be microbially contaminated, possibly with disease-causing germs. 

The presence of fecal coliform and E. coli bacteria may be an indication the water is 

contaminated with human or animal wastes. The presence of total coliform bacteria has 

been viewed as an indication that the water is contaminated (Metcalf and Eddy, 2003), 

and water treatment plants (WTPs) are mandated to test for total coliforms.

Although E. coli is a poor indicator o f viral and protozoal pathogens, two thirds of 

pathogens found in children’s diarrheal feces in Pakistan were bacterial. This supports the 

importance of monitoring bacteria as an indicator for intrusion of fecal contamination and 

for measuring the effectiveness of water treatment (Jensen et al., 2004).

Jacangelo et al. (2002) studied several chemical disinfectants (free chlorine, 

chloramines, ozone and chlorine dioxide). They determined that viruses were the most 

sensitive organisms and bacteria were the most resistant. When 99% of bacteria studied 

were inactivated, the viruses were inactivated at an equivalent or greater amount. This 

led them to conclude that viruses would not be the choice organism to control 

disinfection design parameters for drinking water systems.

3.7 Sodium Hypochlorite

Sodium hypochlorite (NaOCl) is the active ingredient in household bleach. It was 

discovered in the 1780s by Berthollet, a French chemist. Louis Pasteur is credited with 

discovering sodium hypochlorite’s potent effectiveness against disease-causing bacteria. 

It has become the most widely used disinfectant for drinking water treatment (Fletcher 

and Ciancone, 1996). Chlorine gas is the most widely used in large scale operations but 

not suitable for small scale point-of-use treatment in individual households.
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Although boiling water inactivates pathogens, it is expensive, time consuming, and 

can be harmful to the environment (Quick et al., 2002).

According to CGSW, commercial bleach is not always practical or acceptable 

because it is too expensive in some third world countries, has too variable concentrations, 

and is marketed for unappealing activities not related to consumption. CGSW 

recommends using 0.5% to 1.0% sodium hypochlorite solution, preferably produced or at 

least bottled locally to keep the cost down and help the local economy. CGSW suggests 

marketing of the product to make it more acceptable and to create a demand.

Sodium hypochlorite is produced by combining chlorine gas in a cold sodium 

hydroxide solution, summarized by the following equation:

IN aO H  + Cl2 = NaCl + NaCIO + H 20  (3-1)

To achieve a desired chlorine concentration, the dosage has to take into account the 

chlorine demand due to reactions of chlorine with other substances in the water including 

organics and metals, in which chlorine is consumed. During this time, while competing 

reactions consume chlorine, only a fraction of the added chlorine actually serves the 

intended purpose of disinfection. Once the demand is met, a free chlorine residual is 

formed. This is the most effective form of the disinfectant (Lindsay, 2004).

If additional chlorine is added to the system after the chlorine demand is satisfied, the 

free chlorine residual would begin to rise in a one-to-one ratio with the chlorine added. 

The point at which this starts is called the breakpoint. All of the free chlorine after the 

breakpoint is available for disinfection. After free chlorine is dissipated and while there 

is sufficient total chlorine available in the water, disinfection continues from the presence 

of monochloramine NH2 CI (personal communication with Hach Co.).
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A free chlorine residual in drinking water is an indicator of the potability of the water 

because it is correlated with the absence of disease-causing organisms. The presence of a 

chlorine residual indicates that the amount of initial chlorine added was sufficient to 

inactivate the bacteria that can cause diarrheal disease and the water is sufficiently 

protected from recontamination during home storage.

Available chlorine is calculated using “the ratio o f the mass of chlorine to the mass of 

the disinfectant that has the same unit of oxidizing power as chlorine” (Sincere and 

Sincere, 2003). NaOCl has twice the oxidation power of chlorine because NaOCl can 

take up two electrons in a redox reaction to produce СГ. Therefore, the actual chlorine 

concentration is multiplied by a factor of 2  times the ratio of the molecular weights of 

chlorine and NaOCl to obtain the percent of available chlorine. Available chlorine can be 

calculated using the following formula:

WHO (2003) warns that although chlorine reduces the overall risks, it has certain 

limitations. For instance, it will not inactivate Cryptosporidium oocysts. Other 

limitations pointed out by Mintz et al. (2001) include a disagreeable taste or odor that 

results from treating water containing excessive organic material.

Chlorine is still the disinfectant of choice because it provides a protective residual and 

is both easy to use and to test for.
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3.8 Modeling Chlorine Kinetics

It is important to know the levels of free chlorine in drinking water to be sure that a 

residual is present and that the water is microbially safe. In order to model chlorine 

decay, the input parameters need to be identified. Some factors determined to influence 

demand for chlorine include (Clark et al., 2001):

• Natural organic matter (NOM)

• Disinfectant dose

• Reaction time

• Temperature

Total organic carbon (TOC) is a surrogate parameter for NOM. TOC concentration 

indicates the mass of material. “Normally, the reactions between disinfectant and NOM 

make up the majority of the disinfectant demand....The demand caused by inorganic or 

microbial demand is much less than the demand associated with NOM.” TOC indicates 

the concentration o f mass of material in the water. (Clark et al., 2001)

As pointed out by Vieira et al. (2004), chlorine reacts easily with oxidizable inorganic 

compounds such as ammonia, iron, manganese, sulfides, nitrites, and cyanides. The 

authors pointed out that “partial oxidation is the main component of chlorine 

consumption” and that “the most relevant factors for bulk water quality studies are 

organic matter, iron and manganese.”

One of the earliest attempts to model chlorine decay was in 1951 by Feben and Taras. 

They developed a model which assumed that the chlorine consumed at a certain time (in 

hours) was the product of the chlorine consumed after one hour and the time raised to the 

power of a constant, n. In their model, the chlorine demand after one hour and the 

exponent n were determined experimentally for specific waters. (Clark et al., 2001)



30

Based on their 1984 investigation of several different first-order and power-law decay 

models, Haas and Karra found that the best results were generated from a parallel first- 

order decay model. This model assumes that there are fast-reacting and slow-reacting 

components which exert a demand on the chlorine. The fast-reacting compounds would 

be responsible for the initial decay and the slow-reacting for the long-term demand.

Qualls and Johnson also developed a model based on rapid and slower decay reactions. 

(Clark etal., 2001)

In 1991, Hao et al. demonstrated the importance of inorganic material in the chlorine 

kinetics. They mostly focused on Mn (II) oxidation with chlorine. (Clark et al., 2001)

The EPA described a model in 1992 that divided the decay curve into three phases. 

From the initial chlorination to 5 minutes was defined as the initial reaction. The decay 

reaction from 5 minutes to 5 hours was described with a second-order reaction. A first- 

order reaction was used after 5 hours of contact. The model was only valid when the 

initial chlorine/TOC ratio was greater than or equal to 1:1. (Clark et al., 2001)

Other techniques evaluated include using an empirical constant application to model 

the chlorine residual as a function of free chlorine concentration, dissolved organic 

carbon (DOC), temperature, and time (Lyn and Taylor, 1993) and using TOC only to 

predict the chlorine decay curve using a saturation model (Dugan et al., 1995). Chambers 

et al. in 1995 showed that rate constants found in bench-scale experiments were different 

from the rate constants describing the chlorine decay in the distribution network. (Clark 

et al., 2 0 0 1 )

Earlier research at the EPA by Clark in 1988 found that chlorine demand followed a 

first-order decay model. In 1998, Clark developed an equation based on the 1997 work 

of Vasconcelos et al. that investigated the factors leading to the loss of chlorine residual 

in water distribution systems. Clark and Sivaganesan in 1998 utilized the equation to
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develop a predictive model based on initial chlorine concentration, pH, TOC, and 

temperature. (Clark et al, 2001)

In 2002, Clark and Sivaganesan developed a second order model, where the reaction 

rate depends not only on the chlorine concentration but also on the concentrations of 

other reacting substances:

aCl + bB — » pP  (3-4)

The model predicts chlorine concentrations as a function of time, using the following 

equations:

a t M  ,3.5)
' ( l - R e “ )

where Clt is the chlorine concentration at time t, Clo is the initial free 

chlorine concentration, and u and R are determined by the equations below

u = kA- C l 0( \ - R ) (3-6)a
where kA, b, and a are constants

R = e0,32 C/ 0 ~ ° 44 (ГОС)063 (p H ) ~0'29 (Г) °'14 (3-7)

where TOC is the total organic carbon concentration, pH  represents the pH 

value of the water, and T is the temperature (°C)

Vieira et al. (2004) compared five kinetic models and found that a parallel pseudo- 

first order model gave the best results in describing chlorine decay based on water quality 

parameters. According to their findings, “ .. .in practice, a parallel first order model (a 

two-phase decay characterized by two decay constants: k ’i associated with an initial fast 

decay and k '2 associated with a second slower decay) provides a better fit o f laboratory 

decay tests.”
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3.9 DBP (Disinfection By-Products)

3.9.1 Introduction

Disinfection by-products (DBPs) form from the reaction of water disinfectants and/or 

bromide with natural organic matter (NOM) such as decaying vegetation. Certain DBPs 

are regulated by the EPA. The regulated DBPs are:

• Trihalomethanes (THMs)

• Haloacetic acids (HAA5s)

• Bromate

• Chlorite

DBPs have been found to pose health risks from ingestion, dermal, and inhalation 

exposures (Weisel et al., 1999). Potentially related cancers and adverse reproductive 

outcomes that have been linked to DBPs are:

• Brain cancer

• Colon cancer

• Pancreatic cancer

• Rectal cancer

• Fetal malformation

• Intrauterine growth retardation

• Reduced birth weight

• Spontaneous abortion

• Stillbirth

Frimmel and Jahnel (2003) reported that in areas where chlorinated surface waters are 

used, there are studies that suggest an increased risk of bladder, stomach, large intestine, 

and rectum cancers. The literature indicates the risks of contracting these diseases are 

low and would only result from long-term exposure. Literature also indicates the data 

and controls for some of the studies supporting the theory that the diseases are caused by 

DBPs is uncertain.
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Some aspects of DBP formation and their effect on treated water and the people that 

use the water are still unknown. It is important to understand more about these 

compounds to ensure the health of the consumer.

THMs and HAA5s are both formed as a product of chlorination. THMs are halogen- 

substituted single-carbon compounds. The general formula is CHX3 , where X is a 

halogen, i.e., any one or a combination of, for example, fluorine, chlorine, bromine, or 

iodine. THMs have been found to be the most prevalent in US drinking waters and pose 

more of a risk to health than HAA5s.

Krasner et al. (1989) conducted a survey of DBPs in finished drinking water in the 

US. They studied thirty-five utilities. It was the first time a survey analyzed DBPs other 

than THMs. THMs were the largest class of DBPs detected in the study, but they found 

total THMs (TTHMs) lower than previous studies, and the median total HAA5s were 

almost exactly half of the TTHM. Formaldehyde and acetaldehyde were also found to be 

produced during chlorination.

EPA regulates TTHMs, a group of four volatile compounds. The EPA maximum 

allowable annual average level for TTHMs, the sum of the mass concentrations, is 

0.080 mg/L (EPA, 2005). The compounds include:

• Trichloromethane, (chloroform), CHCI3

• Bromodichloromethane, CHCLBr

• Dibromochloromethane, СНОВГ2

• Tribromomethane (bromoform), СНВГ3

Both EPA and WHO consider bromodichloromethane the most carcinogenic o f the 

TTHMs (Lantagne et al., 2001). Chloroform is a group B2 carcinogen (a probable 

human carcinogen based on sufficient evidence from studies on animals only). Studies 

have shown that chloroform has an effect on the nervous system and causes tumors in the
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liver and kidneys. Unfortunately, it is the most common THM in chlorinated drinking 

water. This is especially important to communities in Alaska where surface water is 

used, because the formation of chloroform is more prevalent in chlorinated surface waters 

than ground waters. (WHO, 2005)

The CDC and WHO believe that microbiological guidelines take precedence over 

DBP levels. Their policy is to not let the control of DBPs compromise the effectiveness 

of disinfection.

3.9.2 Formation of DBPs

Natural organic material (NOM) is the principal organic precursor to THMs, reacting 

with halogens to form the byproducts (Singer, 1994).

All of the literature reviewed agreed that THM formation is a function of the dosage 

of chlorine, NOM present in the source water, temperature, pH, and bromide ion 

concentration. The more recent literature expanded the list to include chlorine residual 

and reaction time. In addition, some articles suggested other factors such as UV-254 

absorbance and seasonal differences that may be influenced by temperature and NOM.

Trussell and Umphres (1978) found that after the immediate and short-term organic 

chlorine demands are satisfied (and chlorine residual is obtained), further increases in 

THM formation with increased chlorine dose are modest. If the chlorine dose is reduced 

to levels which do not maintain long-term residuals, the result is a substantial reduction in 

THM formation.

They also observed that if  chlorine is increased during the presence of chlorine 

residual, there will be changes in the species of THMs that favor the less brominated 

compounds (Trussell, Umphres, 1978).
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As previously discussed, the hydrolysis product of chlorine is hypochlorous acid 

(HOC1). HOC1 partly dissociates to the hypochlorite ion (ОСГ) as in the following 

equations (Frimmel and Jahnel, 2003):

Cl2 + 2H 20  -> HOCl + ^зC>+ + СГ (3-8)

HOCl + H 20  -> Н гО+ + ОСГ (3-9)

“Since the specific reactivity of hypochlorous acid is higher than that of the 

hypochlorite ion, hypochlorous acid is the most important species in oxidation and 

chlorination reactions” (Frimmel and Jahnel, 2003).

Aspects influencing the amount of disinfection byproducts that form are:

• Increased chlorine dose and residual forms higher THM concentration

• Longer reaction times produce higher concentrations of THMs and HAAs

• Increased temperature makes reactions faster (and requires higher chlorine doses)

• Higher pH causes:

-  An increase in hypochlorite ion concentration

-  A decrease in the disinfection potential of chlorine

• Concentration and source-related properties of NOM could contribute to the 

amount of DBPs formed

• Increased bromide concentrations increase TTHM formation (Frimmel and 

Jahnel, 2003)

3.9.3 Rate of Formation

According to Trussell and Umphres (1978), “THM reaction is one of the slowest 

reactions of interest to the water utility practitioner.”

Nikolaou et al. (2004) investigated the parameters affecting THM formation related to 

chlorination. They found that THM formation was completed within 24 hours. The 

THM formation rates increased with increased chlorine dose, and some decomposition of
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DBPs occurred after an initial formation step. When excess bromide was present, with 

increased chlorine dose, bromide incorporated in the DBPs increased significantly 

(Nikolaou et al., 2004).

Factors that influence the rate of formation are:

• pH

• Temperature

• Concentration of precursor

• Dose of chlorine

• Concentration of bromide in water before chlorine is added

As reported by Kavanaugh et al. (1980), THM concentration increases while the 

concentration of chlorine decreases due to consumption; both reactions are rapid at the 

beginning of chlorination. The rate constant doubles for every 10° increase between 0°C 

and 30°C. There is a threefold increase of the rate constant for each pH unit increase. It 

was also suggested that ammonia-nitrogen (NH3-N) would reduce the available chlorine 

dose and lower the rate o f THM formation. For natural waters, the rate o f THM 

formation depends primarily on the TOC level, not the type of organic precursors.

Trussell and Umphres (1978) propose a first order reaction with respect to the 

chlorine concentration and report:

The traditional haloform reaction in organic chemistry texts is zero order 

with respect to chlorine, but it is premature to assume that the same is true 

for the more complex reactions in natural waters. If both chlorine and the 

organic substrate must be considered, two equations may be written— one 

describing the rate of CI2 consumption, and one describing the rate of 

reduction of precursor or, inversely, the rate of THM production....
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If it is assumed that the rate of THM production is related to the chlorine 

residual to the first power, the following is obtained:

= ~  = k2 (Cl2 )(C)m [(3-10)]
at at

m=order of reaction with respect to the precursor concentration 

C=concentration of organic precursor.

“Several studies indicate that the rate of THM formation is first order with respect to 

the TOC” (Kavanaugh et al., 1980). Kavanaugh’s team’s investigation could not verify 

the first order dependence. Based on their experiments, they estimated that the THM 

formation reaction is third order with respect to chlorine.

3.10 Water Storage

In the 1960s it was noted that contamination of drinking water during household 

storage could increase the risk of diarrhea. Since that time, this has been repeatedly 

observed and studied. Although it has been argued that people are less likely to get sick 

from microbes introduced to their drinking water by a family member, infants and young 

children are still vulnerable even to small doses of pathogens, even ones that would not 

make other family members sick (Mintz et al., 2001).

There are numerous examples of studies to substantiate the importance of storage 

practices in maintaining pathogen-free water. There is substantial evidence among the 

SWS interventions and other studies that higher concentrations o f bacteria are found in 

stored water than at the source.

A study was conducted in 1997 (Genthe et al.) to determine the connection between 

water supply and water quality. In the study, diarrhea was the indicator of health used. 

They observed that water quality deteriorated significantly after handling and storage. 

Although total and fecal coliforms and E. coli were found in less than 5% of source water
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samples, the organisms were detected in between 8 % and 25% of samples taken at the 

point of use.

Other studies have found similar results. For example, Gundry et al. (2004) found in 

their review that cholera had been successfully prevented in interventions that involved 

improved storage or water treatment. They also concluded that households using 

communal taps had significantly poorer quality water than those using private taps 

(indoor or outdoor).

The type of water container has also been found to have an effect on water quality. In 

the CDC’s Safe Water program, it has been observed that the replacement of unsafe 

water storage vessels with safer ones has led to lower rates of cholera transmission in 

households and less diarrhea in children. This was observed in Calcutta and in a refugee 

camp in Malawi (Mintz et al., 2001). The program defines “safe” containers as having at 

a minimum tight-fitting lids and narrow mouths.

SWS suggests containers with (CDC, 2005):

• Volume: 10L-30L

• Material: High-density polyethylene (HDPE)

• Opening: 6-9 cm

• Spigot or spout

• Instructions

• Certificate

A container with a volume of 10L-30L is not too heavy for carrying. The container 

should also be fitted with handles and have a stable base. It should be made of HDPE 

that is specially treated with ultraviolet absorbers to avoid damage (cracking) from 

sunlight exposure over time. In addition, it should be resistant to impact and oxidation, 

easy to clean, lightweight, and translucent. The opening should be from 6-9 cm. This is
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large enough to facilitate filling and cleaning and small enough to keep out hands, cups, 

and utensils. Screw-on lid would preferably be fastened to the container with a cord or 

chain. Ideally, the container would have a spigot or spout that is resistant to oxidation 

and impact. It should close easily, and discharge approximately 1L/I5sec.

The SWS affixes instructions on containers permanently, ensuring that the instructions 

remain intact when wet or moist. The instructions provide information on how to use the 

container, disinfect the water in it, and clean the interior. In addition, SWS also affixes a 

certificate indicating the container complies with requirements of the appropriate authority.

These containers limit dipping to remove water and allow removal only by pouring or 

through spigots. The CDC has had to overcome challenges of meeting traditional cultural 

standards while adequately protecting treated water from recontamination (Mintz et al., 

2001). In some cases they have had the vessels locally made or specially made to their 

requirements.

In their review of studies that included storage, Sobey et al. found that the best results 

were achieved when containers were rectangular, plastic, about 12-30L, with a moderate 

size screw cap opening and a separate valved spigot (2003).

VanDerslice and Briscoe (1993) found that water in containers in which a scoop was 

used had slightly larger increases in concentration of fecal coliforms than water in 

containers where water was poured or flowed through a spigot. They also found that 

covering the container made little difference and small storage containers had less “in- 

house” contamination.

Some studies have been conducted in Alaska. According to the Cooperative 

Extension Service (CES) of the University of Alaska Fairbanks (UAF) (2002), “Water 

tests have confirmed that open water barrels such as non-food grade trash cans (in which 

dippers are commonly used) are susceptible to fecal coliform contamination.”
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In a 1995 study, Mintz et al. compared storage containers and found that when water 

is contaminated, the characteristics of the vessel may affect bacterial survival in the 

water. They found V. cholerae 01 survived 7 days in clay pots, 22 days in plastic 

containers, and 27 days in metal drums without chlorination; survival rarely lasted more 

than 1 day when water was chlorinated to 0.2 mg/L or greater. Regardless, they still 

recommended plastic because it is durable, lightweight, non-oxidizing, easy to clean, 

inexpensive and has the potential to be produced locally.

Ogutu et al. (2001) measured the free chlorine decay in containers made of different 

materials and found a plastic jerry can lost 4% per hour, a narrow-mouthed clay vessel 

lost 8 % per hour, and a wide-mouthed clay vessel (traditional in Kenya) lost 9% per hour.

Storage tanks studied by Tokajian and Hashwa (2004) were found to have a significant 

increase in heterotrophic plate count (HPC) in correlation with storage time and storage 

temperature. HPC is a method of enumerating heterotrophic bacteria in the laboratory. 

Although they found the HPC to increase over time, the total and fecal coliforms decreased 

over time. During the summer season, when temperatures in the storage tanks were 

highest, the highest HPC and E. coli values were observed. The next most important factor 

affecting HPC regrowth was the microbiological quality of the source water. One of the 

disadvantages of large holding tanks is the inability to empty the tanks between refilling. 

The authors recommend regular cleaning of the tanks, temperature management of the 

stored water, and maintaining a disinfectant residual for safe drinking water management.

Jensen et al. (2002) executed a 5-week intervention in which 67 households were 

provided with a new pitcher; 33 households were given wide necked pitchers traditional to 

the region (Pakistan) and 34 households received narrow-necked pitchers. The objective 

was to determine if the narrow-neck pitcher, which prevents direct hand contact with the 

water, would prevent domestic fecal contamination of the drinking water. They found 

reduced E. coli in the narrow-necked pitchers due to the minimization of contamination
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within the household. They concluded that “Faecal contamination in the domestic domain 

seems to be of greater importance to the overall contamination of the drinking water, when 

the water source is relatively clean.” The only negative comment received regarding the 

narrow-necked container was that it was difficult to clean; they recommend providing a 

cleaning brush with the container to overcome the difficulty.

3.11 HandWashing

As pointed out by Mintz et al. (2001) “Improvements in the quality of drinking water 

provide far more benefit when coupled with improvements in hygiene and sanitation.” 

Promoting hand washing and the use o f soap reduces the risk of water-washed diseases 

e.g. scabies, trachoma.

It is well documented and agreed that the most effective measure for interrupting the 

transmission of micro-organisms is hand hygiene. It has been estimated that hand 

washing could prevent 1 million of the 2-3 million annual deaths resulting from diarrheal 

diseases worldwide (Akyol et al., 2006).

Based on current evidence, Curtis and Caimcross (2003) estimated that the risk of 

diarrheal diseases could be reduced by 42% to 47% by washing hands with soap and 

water. They recognized that mortality studies are inadequate.

3.11.1 Background on Hand Washing

There are two types of hand flora, transient and resident. Transient flora may consist 

of pathogens, spoilage bacteria, or harmless environmental species. Transient flora are:

• Removed from the hands fairly easily, because they have no “adhesion 

characteristics” to hold them on the surface of the skin

• Somewhat suppressed by secretions

• Out-competed by the resident flora

• Able to become permanent residents under the right conditions



42

In contrast, resident flora are:

• Removed from the hands more slowly than transient flora. Resident flora have 

adapted to the conditions on the surface of the skins that cause rapid die-off of 

most transient flora.

• Supported by the nail fold, hair follicles, and sebum-producing sebaceous glands 

(Michaels et al., 2002)

• Generally not pathogenic, “[although colonization with coagulase-positive 

staphylococcus is fairly com m on’ (Noble and Pitcher, 1978). Some pathogenic 

bacteria may be found among the resident species due to entry to deeper tissue as 

a result of frequent or prolonged exposure of the skin to microbial contamination 

in soils, skin damage, or fissures.

3.11.2 History of Hand Washing

Hand washing has been a part of many cultural customs and rituals. Washing has 

been used to remove dirt, in religious and cultural practices, and to deliver people from 

physical ailments. Before the link between hand cleanliness and the spread of infectious 

diseases was established, hands were only washed for aesthetics because at that time, bad 

smells were thought to spread infections.

In 1843, Oliver Wendell Holmes published “The Contagiousness of Puerperal Fever.” 

His study was one of the first to indicate that hand washing could prevent disease 

transmission. He recommended a simple hand washing.

Around the same time, Ingnatz Semmelweis observed the connection between 

disinfecting hands and “puerperal fever.” He recommended washing hands and then 

soaking them in chlorinated lime solution. Even so, it has only been during the last few 

decades that guidelines have been written for hand hygiene, and there are different 

practices around the world.
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In 2002 Michaels et al. looked at the connection between water temperature and hand 

washing. He observed that water temperatures recommended for hand washing in the 

food industry (minimum hand washing temperature of 43 °C (110°F) are so hot that they 

cause discomfort and even scalding. As a result, people are less likely to comply with the 

frequency of hand washing recommended. Temperatures recommended also are hotter 

than allowed by some plumbing codes. Water is wasted as people run it while waiting 

for hot enough water to reach the sink. The efficacy of the soap is also reduced by the 

use of hotter water (maximum achieved at 35°C).

3.11.3 Efficiency of Hand Washing

As pointed out, the potential differences between washing hands in basins and in 

running water are:

• Water temperature

• Water type (chlorinated vs. untreated)

• Reuse (cleanliness)

No studies on the efficiency of hand washing in basins could be located. Therefore, 

this topic is considered an important item to be researched in the current work.

In addition, the type of soap used has long been questioned as to its part in the 

efficacy of hand washing.

A report by Griffith et al. (2003) looked at surface cleanliness and its role in 

preventing recontamination of hands during hand washing in a healthcare setting. The 

study determined faucet handles present the greatest risk of contamination. This could be 

translated to the handles of dippers where washbasins are used and refilled with dippers.

From his literature review, Michaels et al. (2002) found studies to substantiate that 

water temperatures from 6 °C to 56°C (132.8°F) did not make a difference in cleanliness 

o f the hands. The results of his study are discussed below.
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For this study, seventeen studies or reviews on hand washing were reviewed. They 

often differed in media used for contamination, the soaps tested, and method for 

determining efficacy.

Media Used fo r  Contamination in Hand Washing Efficiency Studies:

• Artificial feces with FCV strain F9 as viral suspension mixed in

• Raw ground beef

• Raw chicken

• Serratia marcescens (a gram-negative species of the enterobacteriaceae)

• Escherichia coli

• Bacillus atrophaeus spores

• Raw ground beef contaminated with E. coli

• Tryptic soy broth (TSB)

Soaps Tested:

Washing products are either antiseptic or non-antiseptic. Many researchers consider 

washing with regular (non-antiseptic) soap a “social wash.”

Three forms of hand antiseptic products were discussed: scrubs, rubs, and alcoholic gels.

Scrubs are washing products (medicated soaps) that, like regular soap, are diluted 

with water. The use of scrubs is considered a “hygienic handwash.” Two examples are 

Safeguard (solid) and Dial Gold (liquid).

Rubs are liquid, alcoholic hand disinfectants (e.g., Purell) that are not used with 

water. Their use is considered “hygienic hand disinfection.” Rubs contain active 

ingredients that may be a combination of:

• Ethanol

• Propan-2-ol

• Propan-l-ol
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Scrubs can be hard on the skin. Pietsch (2001) tested Hibiscrub for its efficacy and 

skin tolerance. During his study, 15 people out of 60 dropped out of the study because of 

incompatibility of the scrub with their skin. According to Pietsch’s study (2001), rubs are 

superior to scrubs.

Alcoholic gels are used without water and have a “gel” consistency. They are rubbed 

on the hands and contain:

• Ethanol

• And/or propan-2-ol

• And/or propan-1 -ol

• Not more than 75% alcohol (to maintain viscosity)

Pietsch tested seven brands of gels and does not recommend their use. He found the 

gels in noncompliance with EN 1500 (European Norm standard for Chemical 

disinfectants and antiseptics - Hygienic handrub - Test method and requirements). He 

recognized that the gels were in development. Considering the study was 5 years ago, 

efficacy may have improved with development.

Although it is not soap, another washing method worth mentioning is an antibacterial 

microfiber towel that releases hypochlorite. This was included in some studies reviewed.

Methods fo r  Testing Effectiveness o f  Hand Washing Agents

Two methods were used to extract indicators from the hands in the studies reviewed:

• Glove juice

• Fingertip rinse

The glove juice method is designated as ASTM El 174. It uses a sampling solution in 

a glove or plastic bag over the contaminated hand, massaging the hand through the 

plastic, and then testing the contents o f the bag for contamination.
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The fingertip rinse method was used in one study reviewed. It consisted of inserting 

the hand in a collection bag with a peptone broth. The hand was rotated and the contents 

tested.

Results o f  Studies and Reviews

Table 3-1 Summary of results of reviewed hand washing and hygiene studies

Author Year Indicator Results
Kampf, et al. 2005 Feline

calicivirus
(FCV)

Ethanol has superior efficacy compared to propan-l-ol 
Higher ethanol concentrations were associated with 

better efficacy
Sickbert-Bennett 
et al.

2005 S. marcescens 
and MS 2 
bacteriophage

Handwipes significantly inferior
Handrubs significantly inferior after 10 uses in a row, 

although as efficacious as hand washing agents after 1 st 
use

“No agents were significantly superior to non
antimicrobial or tap water controls” for the removal of 
bacteria

Even short duration of hand washing reduced the 
transient hand flora

Kampf and 
Kramer

2004 Review Recommends simple hand wash with regular soap for 
patient care setting.

Does not recommend antimicrobial soaps.
Weber et al. 2003 B. atrophaeus 

spores
Soap and water, 2% chlorhexidine gluconate, and 

chlorine-containing towels reduced contamination 
Waterless rub containing ethyl alcohol was not effective

Lin et al. 2003 E. coli and 
Caliciviruses

Greatest reduction of microbes obtained by washing with 
liquid soap plus a nailbrush 

Least reduction of microbes obtained by rubbing hands 
with alcohol gel 

Microbial counts increased with length of nails
Michaels et al. 2 0 0 2 Bacteria For tested hand washing and rinsing temperatures, no 

significant difference in bacterial log 1 0  reductions 
observed for either transient or resident bacteria 

No hygienic benefit of washing hands at higher water 
temperatures

Luby et al. 2 0 0 1 Coliforms Providing soap and promoting hand washing improved 
hand cleanliness measurably 

Improvements did not depend on how contaminated the 
water used was
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Table 3-1 Summary of results of reviewed hand washing and hygiene studies (continued)

Author Year Indicator Results
Pietsch 2 0 0 1 Microbes and 

E. coli
Both liquid hand disinfectants passed the EN1500 norm 

within 30 seconds 
Sterillium was more effective at reducing microbes than 

Hibiscrub (and superior in terms of skin tolerance) 
None of the 7 gels tested met the EN1500 requirements 

within 30 seconds
Charbonneau et al. 2000 Imprints of 

palm/computer
Washing hands with mild soap and water for 20 seconds 

was more effective than applying a 70% alcohol hand 
sanitizer

Pinfold 1990 E. coli Water stored in provided closed containers was 
significantly less contaminated where the family was 
instructed on cross-contamination 

Compliance was significantly better with intervention 
The group not given a water container but provided 

education had cleaner water and somewhat (but not 
significantly) better compliance than the control group 

Humidity significantly correlated with contaminated 
hands and water 

The peak of reported diarrhea significantly correlated 
with the beginning of the rainy season

Price studied hand washing for over 9 years, conducting more than 90 experiments. 

He concluded, “ ...the largest variable in determining the rate of removal o f bacteria from 

the hands was the vigorousness of scrubbing. Other factors such as soap used or water 

temperature were less important” (Michaels et al., 2002).
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CHAPTER 4: MATERIALS AND METHODS

Laboratory and field experiments were conducted in the effort to attain the best 

management recommendations. Although laboratory experiments were conducted under 

controlled conditions, every effort was made to replicate realistic conditions of the pilot 

community. Laboratory results were utilized to develop a model for use in determining 

initial free chlorine levels needed based on water characteristics.

Field experiments tested the laboratory results and preliminary recommendations in 

real world situations. They were also used to obtain information about how likely the 

community residents would be to implement the recommendations.

4.1 Laboratory Experiments

4.1.1 Preliminaries

Preliminary laboratory experiments were needed to determine interferences and to 

assist in the development of the experiments. Factors in determining methods to use 

were appropriateness, availability, and cost. All instruments were calibrated before use 

and periodically checked for accuracy. Samples were preserved in accordance to 

recommendations in the Standard Methods for the Examination of Water and 

Wastewater, 20th edition (Clesceri et al., 1999). Dilution and dosing tests were conducted 

to ensure that chlorine concentrations were as expected.

An experiment was performed in order to determine if the size of the water storage 

container would make a difference in the chlorine consumption/decay. This preliminary 

experiment was conducted to confirm that it was possible to extrapolate results from the 

5-gallon containers used in the laboratory to the 32-gallon storage containers used in rural 

Alaska communities. Tap water in 5-gallon and 32-gallon containers (shown in 

Figure 4-1) was chlorinated to 4 mg/L, and the chlorine decay was monitored. It was 

determined from this experiment that the size/volume of the container did not affect the
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chlorine decay due to evaporation; therefore, 5 -gallon containers were used for further 

experiments to save time, water, and space (Appendix D). For waters with higher TOC, 

the size/volume ratio should be even less important because the evaporation would have 

less importance as the TOC increased.

Figure 4-1 5-gallon and 32-gallon buckets used for experiments

After determining the Fairbanks surface water had to be diluted to match the TOC of 

drinking water observed in the community, an experiment was conducted to determine 

what water type should be used for dilution. Dionized water, organic-free water, and 

reverse osmosis water from the laboratory tap were tested against one another. No 

difference was observed in the waters; therefore, dionized water was utilized for the 

dilution in all subsequent experiments.

An experiment was performed to determine if  pre-cleaning containers would affect the 

free chlorine levels. Because no difference was observed between plastic containers that 

were pre-cleaned and ones that were used after purchasing without cleaning, pre-cleaning
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was not performed on subsequent experiments. In a similar experiment comparing glass 

and plastic containers, no change in chlorine decay was observed. Plastic containers were 

used throughout the experiments (with the exception of the TOC determination, for which 

the Standard Methods required glass). This choice matches existing conditions in rural 

Alaskan communities, where plastic containers are used for water storage.

Because unfrozen lake water would not be available in the winter in Fairbanks, an 

experiment was performed to determine the most effective way to store water to preserve 

TOC levels. Water from a Fairbanks source was stored in 5-gallon containers at 0°C, 

3°C, and 20°C. TOC loss was minimal at 3°C, and it was determined the method was 

effective and practicable. Six 5-gallon buckets of water from Ballaine Lake in Fairbanks 

were collected in the autumn of 2005 and stored for use in laboratory experiments 

throughout the winter season.

Experiments were duplicated at random for quality control. On average, samples 

from duplicate experiments differed from each other by 0.3 mg/L of free chlorine.

4.1.2 Water Characterization

Water characterization was conducted to assist in determining the similarities and 

differences in waters in Fairbanks vs. local water in the pilot community. Later, the 

identified characteristics were used along with the disinfection experiments to develop a 

model to predict which free chlorine concentration would produce safe water for in- 

home, point-of-use chlorination.

Prior to this study, data were collected from ANTHC, who were involved in the 

design of the community’s water treatment plant (WTP). Water tested was collected 

from the river (source for the WTP) in January of 1996 (Appendix D).

Samples were collected from several locations in the community and Fairbanks. 

During a field visit to the pilot community in the spring of 2005, samples were collected
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from sources used by the community, including two samples off of the top of the ice on a 

lake and from the river that supplies water to the WTP. Samples were also collected 

from the treated and raw water taps at the WTP. All were collected in new 1-liter HDPE 

bottles. Samples were temporarily stored at room temperature in a “lab” at the local 

school. Water was collected from the WTP the day o f travel to Fairbanks, and all 

samples were stored outside overnight in Fairbanks (low temperature was ~1.5°C). The 

next day, the samples were stored in a lab refrigerator at ~4.5°C.

Fairbanks water samples were collected from Ballaine Lake, the Chena River at 

Nordale Road, the Chena River in downtown Fairbanks, and the taps at a downtown 

business (10th Street and Barnette Street) and a UAF Duckering Building laboratory. The 

Fairbanks samples were stored in the same refrigerator with the field samples.

A portion of each sample was preserved with phosphoric acid (H3PO4) for testing of 

TOC and another with nitric acid (HNO3) for testing of metals. Table 4 - 1  is a 

compilation of the preservation and holding times followed for the characterization of 

each sample. Due to the remoteness of the community and the tight security on 

commercial flights and freight, holding times were not always achievable, and samples 

were preserved and/or characterized as close to the recommended times as possible. 

Preservation for determination of metals and TOC could not be conducted in the field and 

had to wait approximately 1 .5 to 2  days until it could be conducted in the lab. Parameters 

that required analysis before 2  days also had to wait approximately 2  days until the 

samples were in the lab; these included turbidity, pH, and free and total chlorine.
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Table 4-1 Sample preservation and hold times*

Parameter Preservation 
(in addition to refrigeration)

Hold Time 
Recommended Regulatory

General Metals HN03 to pH<2 6 months 6 months
Conductivity 28 days 28 days
Organic Carbon H3PO4 to pH<2 7 days 28 days
TSS 7 days 2-7 days
Turbidity Dark Storage 24 hours 24 hours
pH 2  hours Analyze immediately
Free and total chlorine 0.5 hour Analyze immediately
*According to Clesceri et al. (1999)
Note: EPA guidelines were consulted and concurred with preservations and regulatory hold times 
as stated above with the exception of:

• Conductivity: Approximately 1.5 mL saturated mercuric chloride solution per liter 
sample (60-80 mg/L HgC12), room temperature (not in dark), 18 days

• Organic Carbon: HC1 or H2S04 to pH<2, 28 days
• TSS and pH were not mentioned
• Turbidity (48 hours)

Water from all o f the sources was characterized (results in Appendix D) for the 

following parameters, chosen because they are important in the chlorine decay process:

• Total Organic Carbon (TOC)

• Free and total chlorine

• pH

• Conductivity

• Turbidity

• Metals

-  Copper (Cu)

-  Iron (Fe)

-  Manganese (Mn)

• Total suspended solids (TSS)

TOC was the main parameter that was monitored, because reactions o f TOC with 

chlorine can be a major factor in chlorine consumption. The TOC was measured for
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waters used in all experiments. TOC was measured using a Tekmar/Dohrmann 

Apollo 9000 TOC autosampler. Samples were analyzed four times, along with blanks 

and calibration checks. Limits o f detection ranged from 0.5-100 mg/L.

Free and total chlorine were initially measured to determine the background levels in 

each water type. Samples were analyzed with a Hach DR/2010 spectrophotometer using 

the A/A-diethyl-p-phenylenediarnine (DPD) method (method 8021 for free chlorine and 

method 8167 for total chlorine), as detailed in the manufacturer’s instructions. The 

measurements were accurate between 0.02 and 2.00 mg/L for both free and total chlorine.

Since pH can also be a factor in the rate of chlorine decay, the pH value was 

measured. An Orion model 710A pH/ISE meter was used. The instrument was 

calibrated within < 0.1 pH units, using 4, 7, and 10 pH buffered solutions. The samples 

were brought to room temperature (~ 20°C) and stirred lightly with the pH meter before 

the measurement was read.

Conductivity was measured in units of pS/cm using a Hach “sensION5” portable 

meter. The instrument was calibrated within 1% using a solution with a conductivity of 

447 pS/cm at room temperature. Before and after measurements were taken, the 

calibration was checked using 1,314 and 447 pS/cm conductivity solutions. According to 

the manufacturer, limits of detection range from 0.1 pS/cm to 200mS/cm.

Turbidity, in units o f FAU, was measured using the Hach DR/2010. The instrument 

was calibrated using deionized water before the samples were measured. Measurements 

are detectable between 0 FAU and 4,400 FAU.

Metals were measured using a Perkin Elmer HGA 850 graphic furnace Analyst 300 

Atomic Absorption Spectrometer. Standards were prepared and used to calibrate the 

instrument until a straight line was obtained with a correlation greater than 0.995. Spikes 

were utilized at random to check the calibration. Iron and manganese were measured
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because they have the potential for multiple oxidation states and were likely to be present 

in the water. Copper was measured because of a report of water from the community’s 

WTP having a bluish tint when heated in a microwave. Iron is non-detectable (ND) 

below 0.25 mg/L, manganese below 0.10 mg/L, and copper below 0.25 mg/L.

The amount of total suspended solids (TSS) was determined using the 2540 D standard 

method (Clesceri et al., 1999). One measurement was taken for each sample. The 

minimum detection limit was estimated using the relative standard deviation, 2.31 mg/L.

After characterizing the different waters from the pilot community and from 

Fairbanks, it was determined that the parameters differed too much to try to match them 

all; therefore, it was decided that TOC would be the target parameter to try to duplicate in 

the lab. The TOC from the WTP source was the target, and after a trial it was determined 

that the Ballaine Lake water diluted 1:10 was close to the community’s source water.

The chlorine demand of each water was tested as a preliminary step.

4 .1 .3 Chlorine Decay Experiments

Three experiments were conducted to determine the effect on chlorine dissipation from:

• Initial free chlorine concentration

• Temperature

• Water type [source, TOC (total organic carbon), iron, pH]

Samples were analyzed with a Hach DR/2010 spectrophotometer using the DPD 

method. Each water was agitated before samples were drawn (Figure 4-2).
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Figure 4-2 A cooking paddle is used to stir the water in a 32-gallon can. The jerry jugs 

were shaken before samples were drawn, (photo by Molly Chambers)

To measure the effects of the dose of free chlorine, the initial dose was varied from 

2 mg/L to 12 mg/L in Ballaine Lake water from Fairbanks diluted 1:10 in 5-gallon 

buckets at room temperature.

To measure the effects of temperature, 1:10 Ballaine Lake water was dosed with an 

initial chlorination o f 8  mg/L at temperatures held constant at 3°C, 10°C, and 20°C.

In order determine how the composition of the water affected the chlorine 

consumption, we compared eight different water types (Figure 4-3):

• 1 % Ballaine Lake water

• 3% Ballaine Lake water
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• 10% Ballaine Lake water:

-  Unaltered

-  pH 8.2

-  Fe 1.2 mg/L

-  Fe 5.1 mg/L

• Fairbanks rainwater collected in the spring

• Pilot community rain water collected in the spring

Figure 4-3 Buckets set up for the vary water experiment. The experiment also tested 

chlorine decay in open vs. closed containers.

The pH level was altered using sodium hydroxide, and the iron content was changed 

using ferrous sulfate. Each type of water was initially chlorinated to 8 mg/L at room 

temperature. Some of the water types were also chlorinated at other concentrations 

during different experiments.

4.1.4 Disinfection By-Products Experiment

An experiment was used to determine the production of disinfection by-products 

(DBP) from the chlorination of water. Four TTHM samples and a trip blank were
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analyzed by a certified lab in Alaska, SGS Environmental Services, Inc. Samples were 

initially tested for TOC. The four scenarios consist of:

1) 33% Ballaine Lake water chlorinated to 12 mg/L. This scenario is intended to 

represent a potential worst case scenario because of the high TOC and high initial 

chlorination.

2) 10% Ballaine Lake water chlorinated to 8  mg/L. This represents the reference 

conditions of the laboratory experiments discussed above.

3) 10% Ballaine Lake water chlorinated to 2 mg/L. This is likely more acceptable to 

users.

4) 3% Ballaine Lake water chlorinated to 2 mg/L. This would be a “clear w ater’ 

situation that may be a more realistic representation o f roof catchment or melted 

ice as collected in the pilot community.

After chlorination, the water sat idle for one week before the DBP samples were 

drawn and sent to the lab. This was an attempt to simulate actual conditions that may be 

experienced during point-of-use chlorination in the rural Alaskan communities. The 

results are presented in Appendix D.

4.1.5 Water Storage

Water storage experiments were conducted concurrent with two other experiments by 

duplicating those experiments with open and closed containers (5 -gallon buckets and 

5-gallon jerry cans with spouts) and comparing the results.

4.1.6 HandWashing

Hand washing experiments involved project staff only and were not performed on the 

study community residents. In addition, hand washing was performed by the same 

person to minimize inconsistencies in procedures and consequently, results. Modified 

procedures from the ASTM El 174 Standard Test Method for Evaluation of the 

Effectiveness of Health Care Personnel or Consumer Handwash Formulations (ASTM,
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2000) were used for this experiment. See Table 4-2 for the entire procedure including 

cleansing wash, experimental wash, and recovery of contamination.

Products tested in this experiment include:

• Water only

• Regular soap: Ivory brand bar soap

• Scrub: Safeguard brand bar soap

• Gel: “Method” brand

The following procedure, a modified version of the cleansing wash procedure 

recommended by the ASTM method, was followed for each of the test products requiring 

water:

• Use soap and running tap water

• Wet hands and forearms sparingly with warm tap water

• Wet bar of soap

• Rub soap between hands and on forearms for 15±3 seconds

• Lather lower third of forearms and hands for an additional 30±5 seconds (add 

more water if becomes too dry)

• Rinse from fingertips to elbows for 30±5 seconds (don’t touch anything)

• Pat dry lightly with clean paper towel

For the waterless gel, the procedure recommended in the ASTM method was also 

followed. This included:

• Dispense approximately 5 ml into cupped hands

• Distribute over hands and lower third of the forearms

• While retaining test material, vigorously rub for 30±5 seconds or until dry

• Hands may be held upright and motionless prior to recovery
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The glove juice recovery procedure was modified slightly. The sampling solution 

was made of 0.4 grams (g) dissolved potassium phosphate (KH2PO4) and 10.1 g sodium 

phosphate (Na2HPC>4) in 1 L dionized water. The solution was brought to a pH of 7.8 

using hydrochloric acid (HC1). The sample was retrieved by emptying the glove into a 

beaker. 50 mL of the sample was diluted to 100 mL before testing for coliforms and 

E. coli using Colilert®.

A preliminary experiment was conducted to determine which contamination 

procedure to use. Bath water was tested against fresh ground beef. A previous sample of 

bath water was analyzed to determine if the medium had the potential to be used in the 

experiment. It had a maximum most probable number (MPN) of >2419.6 coliforms and

27.5 MPN of £  coli.

The bath water and ground hamburger were tested to determine which would leave 

more total coliforms and E. coli on the hands. After a cleansing wash, the hands were 

massaged in the contaminants for 1 minute ±5 seconds and hands were shaken dry. Then 

the recovery procedure was used to determine the results.

Table 4-2 Steps of hand washing experiment

Step Description Purpose
1 Do a cleansing wash (as described above)

2 Recover with glove juice method
How clean are hands to start with?

3 Cleansing wash
4 Massage hands in contaminant for 1 minute 

±5 seconds
Baseline: How many marker organisms 
stick to the hands?

5 Recover
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Table 4-2 Steps of hand washing experiment (continued)

Step Description Purpose
6 Cleansing wash
7 Massage hands in contaminant for 1 minute 

±5 seconds
8 Wash hands, using procedure for cleansing 

wash, in following types of water: How well did procedure and product
• Running tap water perform?
• Tap water (chlorinated) in basin (2-2.8 L 

basin with 1L water)
• Rainwater in basin

9 Recover
10 Test basin water after each run (coliforms, E. 

coli), and replenish water with same volume 
removed

Does basin get contaminated? If so, at 
what rate?

11 Repeat steps 6-10 with same product Do repeated washes make likelihood of 
clean hands better or worse? Does basin 
get dirtier with repeated use?

12 Repeat until all test products have been 
tested (see Table 4-3 below)

How do different products compare 
against one another?

13 Duplicate one test product using the 
following shorter wash procedure:

• Wet hands sparingly with warm tap water
• Wet bar of soap
• Rub soap between hands for 5 seconds
• Lather hands for an additional 10±1

How does product perform using a 
method that may be more realistic to

seconds (add more water if hands actual hand washing in a home?
become too dry)

• Rinse hands for 5 seconds (don’t touch
anything)

• Pat dry lightly with clean paper towel

Table 4-3 Test products and iterations of test procedures

Test Product

Water
None

(water only) Ivory Safeguard Ivory
(Step 13) Gel

Running tap 
water 3 times 3 times 3 times 3 times

Unchlorinated 
in basin 5 times 5 times 5 times 5 times 3 times 

(no water)
Tap water in 

basin 5 times 5 times 5 times 5 times
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4.2.1 Taste Test

Six samples of water were tested in the pilot community for acceptability. Bottled 

drinking water was chlorinated to:

• 0 mg/L

• 0.02-0.03 mg/L

• 0.06-0.11 mg/L

• 0.33-0.35 mg/L

• 1.15-1.18 mg/L

• 3.2-3.3 mg/L

The test was conducted at room temperature, using “Arrowhead Mountain Spring 

Water,” a common brand of untreated spring water, in paper cups. Samples were 

provided randomly, not in order of concentration.

Instructions were given to each group of three people before starting (Appendix B). 

As advised by the UAF Culinary Arts department, subjects were asked to swish the 

sample in their mouth and not swallow the water; buckets were available for spitting out 

the sample. (Swallowing can influence the taste of the samples that follow.) In between 

tastes, subjects were asked to cleanse their palate, using the same swish-and-spit-out 

method, with unsweetened lemon water (also recommended by the Culinary Arts 

department).

A questionnaire regarding the samples (Appendix B) asked the volunteers to report, 

for each sample, whether they tasted anything and how it tasted to them. They were 

asked to rank the samples by how much chlorine they tasted to determine if they could 

tell which water had the most chlorine and which the least. The questionnaire also asked 

if they would be willing to use the water for drinking in their home. At the bottom of the 

questionnaire was a place for other comments about the samples.

4.2 Field Experiments
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4.2.2 Chlorine Decay

We measured free chlorine decay in three water types in the pilot village: water from 

river ice, the water treatment plant final product, and raw river water coming into the 

WTP. The samples were generously donated by volunteer residents. The initial free 

chlorine level was dosed to 2 mg/L, 4 mg/L, and 8  mg/L. The chlorine decay was 

monitored for almost 4 days, with the exception of the raw WTP water, which was 

obtained later in the stay and could only be monitored for about 1 day. The treated water 

was duplicated for quality control purposes.

4.2.3 In-Home Chlorination

With the in-home chlorination test we attempted to determine whether adding diluted 

bleach to drinking water in homes is as efficient as in the laboratory. We attempted to 

achieve free chlorine levels as recommended by ADEC in the homes.

We asked volunteers to chlorinate their drinking water in their own container, using 

the diluted Clorox bleach provided. Under the initial assumption that local washeteria 

water was sufficiently chlorinated, only the volunteers with drinking water derived from 

other sources were asked to chlorinate their water. Instructions were provided and 

reviewed with the head of the household. Samples were collected daily (when possible) 

and checked for chlorine concentration, total coliforms, and E. coli levels.
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4.3 Model

A modified version of the model developed by Clark and Sivaganesan (2002) was 

used to model chlorine decay in the laboratory. Clark has conducted a lot of research in 

modeling chlorine decay, and this particular model was endorsed by the EPA; therefore 

the model was chosen as reputable and trusted. The modification simplified the model by 

combining the constants Һа, b, and a into one constant. As previously discussed

(Section 3.8), the model predicts chlorine concentrations as a function of time, using the 

following equations:

а,-&Ш (4-,)
' (l -  Re )

where Cl, is the chlorine concentration at time t, Clo is the initial free

chlorine concentration, and u and R are determined by the equations below

u = kA- C l 0{ \ - R ) (4-2)
a

where kA, b, and a are constants

R = e°-32C/ 0' a44 (TOC)0 63 (p H )'029 (Г)014 (4-3)

where TOC is the total organic carbon concentration, pH  represents the pH

value of the water, and T  is the temperature (°C)

When it was determined that the Clark model did not fit the data, a predictive linear 

model was developed as described in the results section. The statistics program SPSS 

13.0 for Windows was used to run the linear regression. The enter and stepwise methods 

were compared to optimize the slope and intercept values. Each method was run with 

and without including a constant in the equation to further quantify the values.
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CHAPTER 5: RESULTS AND DISCUSSION

5.1 Water Characterization

Table 5-1 presents the range of results (minimum and maximum) found during the 

initial water source characterization, which analyzed rain water, lake water, river water, 

melted ice, and tap water from the pilot community and/or Fairbanks. These results 

(which do not include later samples of diluted Ballaine water and water collected after the 

initial characterization) were used to determine the dilution needed of Fairbanks surface 

water to simulate waters used in the pilot community. The table also shows the range of 

values for different samples of the simulated community water (1:10 Ballaine Lake from 

Fairbanks, unaltered) and details of all the sources tested from the pilot community. As 

Figure 5-1 shows, the waters in the initial characterization varied greatly in the type 

(color) and amount of total suspended solids. The original water quality (before any 

experiments) was characterized for all waters used for chlorination experiments in the 

laboratory. Not all parameters were tested on all waters with the exception of TOC. For 

a complete list o f results (all waters used), see Appendix D.

The pH of 1:10 Ballaine Lake water varied widely. The more common values were 

closer to the 4.6 range than the 7.4 range. The variation may be due to some instrumental 

error, as it is an unexpectedly high variance. As the pH increases, the required CT value 

increases, requiring more contact time for compliance.

Limitations on holding times, preservation times, and timing of analysis may have 

influenced the results. This influence is likely an underreporting of actual values that 

may have been observed if the timing could have been achieved, as some impurities such 

as TOC would deteriorate over time.



65

Table 5-1 Summary of initial water characterization results and details of different samples 

of 1:10 Ballaine Lake waters from Fairbanks and waters tested from pilot

community

Max Min
1:10 

Ballaine Lake 
(Fairbanks)

River Lake
Ice *River River

Ice
Roof

Catch
ment

pH 8.27 5.61 4.59-7.40 7.17 5.87 6.82 7.14 7.59

Conductivity
(jiS/cm) 753.50 6.09 126.60 16.65

160
[fimhos/

cm]
59.15 39.00

TOC
(mg/L) 49.26 3.56 8.25-11.31 6.10 6.22 3.56 4.82 1.28

ГЫлгЈпр 0.04 <0.02 ND-0.02 0.02 ND ND NDeniorme total 0.04 <0.02 ND-0.02 0.04 ND ND 0.02
Turbidity
(FAU) 31.00 0.00 ND-7.0 12.50 3.50 4.00 2.00

TSS (mg/L) 199.30 <2.31 11.90 2.40 ND ND
Cu 1.64 <0.25 ND ND ND ND

Metals Fe 2.90 <0.25 ND 1.36 ND 2.90 ND ND
Mn 0.48 <0.10 ND 0.21 ND 0.48 0.12

*Data provided by ANTHC
ND = Not detectable (value is below detection level by method)

Figure 5-1 Results from total suspended solids test
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5.2 Chlorine Decay Experiments

Required CT values for 3-log removal are calculated by the following equation 

(ADEC 18AAC80.660(f)(1)). The 3 in this equation is to test for the 3-log removal, and 

the value used for Cl, used was 0.2 mg/L because it is the minimum recommended 

residual.

Req CT = 3 x 5.057^ 00693r x е0ШрН x e°'ma‘ (5-1)

Compliance was determined in two ways. The resulting required value was 

compared to the actual CT value found by stepwise integration of the concentration 

versus time. This was done by adding the CT value at time t-1 to the product of the 

difference between time t and time t-1 and the free chlorine level at time t. If the CT 

value was greater than or equal to the Req CT, then at that time t, the treated water had 

achieved the inactivation requirement. The second way was to obtain the CT by 

multiplying the concentration with respect to time by the time and comparing it to the 

required CT value at approximately one hour. One hour was used because it is 

considered a reasonable waiting time for point-of-use disinfection.

According to the integrated calculations, the measurements of chlorinated water were 

usually in compliance with the ADEC required CT values for 3-log removal after a short 

time. For the first one or two minutes of all o f the chlorination experiments CT values 

were lower than required. The experiments that started with a low initial chlorination,

2 mg/L, were not in compliance for a longer initial period that ranged from 0.5 to 4 hours. 

As well, the experiments under decreased temperatures were out of compliance for the 

first 0.5 hour and the water with increased iron for the first 4 minutes. Rainwater 

chlorinated to 4 mg/L also was out o f compliance for approximately 15 minutes (see 

Appendix E). For in-home chlorination, this means water should not be drunk directly 

after chlorination, but allowed a minimum contact time that would vary dependent upon 

the water type.



67

The other calculation method showed sufficient CT values were achieved in most 

cases after 20 minutes, and almost always within about 47 minutes (Table 5-2). Only for 

1:10 Ballaine Lake water (TOC 8.36) chlorinated to 2 mg/L were CT values meeting 

ADEC guidelines not achieved. Rain waters chlorinated to 2 mg/L met the guidelines in 

approximately 1 hour, and when chlorinated to 4 mg/L the inactivation requirement was 

achieved within about 30 minutes. Although the sample with Fe spiked to 5 mg/L did not 

achieve the inactivation requirement at the approximately 1 hour time because the 

chlorine was significantly consumed at that point, the required inactivation level was 

achieved in that sample within 4 minutes of chlorination.

Table 5-2 Holding times after which the inactivation requirement (CT value) was 

achieved. The low time is the time of the last measurement where the 

inactivation was not achieved, and the high time is the time of the first

measurement where the required CT value was achieved.

Initial
Cone.

Water Type 
(% Ballaine)

Container
Type

Temp
(°C) pH

CT
Required

Activation achieved 
within 1 hr?

6 10 Open 20 5.1 24.3 Yes
8 10 Open 20 5.1 24.3 Yes
6 10 Closed 20 4.6 20.3 Yes
8 10 Closed 20 4.6 20.3 Yes
2 10 Open 20 6.3 37.0 No
12 10 Open 20 6.3 37.0 Yes
2 10 Closed 20 6.1 35.4 No
12 10 Closed 20 6.1 35.4 Yes
8 10 Open 10 7.4 112.2 Yes
8 10 Open 3 6.8 145.7 Yes
8 3 Open 20 5.8 30.9 Yes
8 1 Open 20 6.0 33.6 Yes
8 Fbx Rain Open 20 5.8 31.4 Yes
8 10% + pH7 Open 20 8.3 77.9 Yes
8 10% + Fe 1 Open 20 5.3 26.3 Yes
8 10% + Fe 5 Open 20 5.2 25.7 No
2 Pilot Community Rain Open 20 7.6 60.1 Yes
4 Pilot Community Rain Open 20 7.6 60.1 Yes
2 Fairbanks Rain Open 20 6.8 45.3 Yes
4 Fairbanks Rain Open 20 6.8 45.3 Yes
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Chlorine decay data for different initial concentrations of free chlorine are 

represented in Figure 5-2. With increased initial concentration, initial decay occurs at a 

faster rate. The figure also shows the ADEC recommended values for chlorinated 

water. At WTPs, ADEC requires drinking water to have a minimum free chlorine 

residual of 0.20 mg/L entering the system, and the maximum residual disinfectant level 

(MRDL) allowed at the consumer’s tap is 4.0 mg/L (ADEC, 18 AAC 80 and 

40 CFR 141.65). The sample dosed at 12 mg/L only reached the recommended level of 

<4 mg/L after about one day. It is not reasonable to expect households to wait for such 

a long time period before using the water. Therefore, this chlorination level is clearly 

inappropriate for that type of water. On the other hand, the chlorine concentration in 

the sample dosed at 2 mg/L dropped below the lower limit o f 0.2 mg/L after less than 

one hour, demonstrating that this chlorination level was too low for the water type. The 

dosages o f 6  or 8  mg/L were most appropriate and provided safe drinking water for 

approximately 1-2 days after a waiting time of 2 hours or less. Therefore, a 

concentration of 8  mg/L was chosen as the standard reference condition for further 

experiments.

Chlorine decay for 10% Ballaine Lake water dosed with an initial concentration of 

8  mg/L free chlorine was investigated at different temperatures. Results confirm that 

with increasing temperature, chlorine dissipation increases significantly (Figure 5-3).
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30 40

Time (hours)

Figure 5-2 Effect of varying initial chlorine concentrations on chlorine decay with 10% 

Ballaine Lake water at 20°C in closed containers

30 40  50

Tim e (hours)

Figure 5-3 Effect of varying temperature on chlorine decay with 10% Ballaine Lake 

water chlorinated to 8 mg/L
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To investigate the effect of water quality on chlorine consumption, 10% Ballaine 

Lake water was modified by adding reduced iron or by changing the pH. The chlorine 

consumption rate increased considerably with increased iron content, as shown in 

Figure 5-4. The 10% Ballaine Lake sample with approximately 5 mg/L of iron 

consumed the chlorine almost immediately. Even a low iron concentration of 1 mg/L 

increased the chlorine consumption rate when compared to the unaltered 10% Ballaine 

Lake water. In the real world, only reduced iron is of concern with respect to water 

quality. Most of the iron present in surface water sources would be in an oxidized state 

and therefore would not exert the chlorine demand determined here for reduced iron. 

This experiment was limited by showing the result o f the effects of non-reduced iron. 

The change in pH (10% Ballaine Lake water with added NaOH) did not appear to make 

a significant difference in the chlorine decay.

In a further experiment on the impact of the water type on chlorine decay, Ballaine 

Lake water was diluted at different ratios and compared to rain water with low TOC. 

TOC makes a greater difference in the chlorine consumption over time, as can be seen 

in Figure 5-5. Increasing TOC leads to an increase in chlorine decay rate. The decay 

rate in the three waters is clearly related to the TOC levels, with increasing TOC 

yielding a faster decay. The waters with lowest TOC, 1% Ballaine and Fairbanks Rain, 

show the slowest chlorine decay. The TOC level of the rain water fell in between those 

for 1% and 3% Ballaine, as did the chlorine decay rate.
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Figure 5-4

20 30 40

Time (hours)

Effect of added iron and increased pH on chlorine decay, comparing modified 

10% Ballaine Lake water with plain 10% Ballaine Lake water all at an initial 

free chlorine concentration of 8 mg/L and a temperature of 20°C

Figure 5-5

100 150

Tim e (hours)
Effect of water type (with varying TOC) on chlorine decay, comparing 

different concentrations of Ballaine Lake water and Fairbanks rain water all 

at an initial chlorine concentration of 8 mg/L and a temperature of 20°C



72

5.3 Disinfection By-Products

As shown in Table 5-3, DBPs did not exceed EPA requirements. The EPA maximum 

allowable annual average level for TTHMs, the sum of the mass concentrations, is 

80 j^g/L (EPA, 2005). TTHM was detected as trichloromethane (chloroform) in all o f the 

samples. Higher initial chlorine concentrations, as in Sample 2 compared to Sample 3, 

create more DBPs. At low initial chlorine concentrations, an increase in TOC (Sample 3 

compared to Sample 4) did not lead to an increase in TTHM. DBPs were highest for 

higher TOC and higher chlorine dosage. (See Appendix D.)

Table 5-3 Summary of DBP as related to TOC and initial free chlorine levels

Sample
Name

Percentage of 
Ballaine Lake Water

TOC < 
(mg/L)

Initial
Chlorination

(mg/L)
TTHM
(Mg/L)

Chloroform
(Hg/L)

1 35 18.6 12.2 38.1 38.1
2 12 7.80 7.85 24.3 24.3
3 12 6.96 2 3.58 3.58
4 5 3.46 2 3.87 3.87
4d 5 3.46 2 3.98 3.98

Although it is not shown in Figure 5-6, all chlorine concentrations were below 

0.02 mg/L within 17 hours. Sample 3, the highest TOC dosed at 2 mg/L, was consumed 

the fastest (between 1 and 1.4 hours), showing the chlorine is consumed by the TOC. 

Sample 2 maintained free chlorine the longest (between 42-67 hours) due to moderate 

TOC and high initial dose. Even though Sample 1 was dosed at a higher initial chlorine 

concentration, its high TOC consumed the chlorine sooner (between 17-43 hours). 

Comparison of Samples 2 and 3 show the impact of the initial chlorine concentration at 

similar TOC. For that water type, a free chlorine dosage of 2 mg/L was clearly 

insufficient to provide a residual for a reasonable time, while a dosage of 8  mg/L was 

more effective.

The context of the DBP experiment is limited, because the samples lacked a residual 

when sampling for DBP took place; all samples were non-detect for free chlorine within 

2 days o f the 7-day waiting period after which the samples were taken. The chlorine
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dosages and waiting time in this study were chosen to simulate a typical range of 

conditions encountered in point-of-use chlorination in rural Alaskan communities. It is 

recognized that if  the uniform formation conditions were followed or the water were 

rechlorinated, more DBPs may have formed. The chlorine may have been consumed 

before the TOC was used up. This means one might not have observed such similar DBP 

values for Samples 3 and 4 if more chlorine had been added.

0 1 2

Time (hours)

Figure 5-6 Chlorine decay at room temperature for samples of the waters tested for DBPs 

with different TOC and free chlorine dosage. Sample numbers correspond to 

Table 5-3 above. Only the first two hours are shown to emphasize detail.

5.4 Water Storage

As can be seen in Figure 5-7, whether the container was open or closed made little to 

no difference in the chlorine consumption. Apparently chlorine dissipation to the 

atmosphere was not the main factor in chlorine consumption.
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Figure 5-7 Comparison of chlorine decay of 1:10 Ballaine Lake water in open and closed 

containers at different initial chlorine levels at room temperature (20°C)

Open vs. closed containers were also investigated during the chlorine consumption 

experiment for varying water type. Figure 5-8 shows the results, in which it appears 

there are more noticeable differences in chlorine decay between open and closed 

containers. Although there are some discrepancies, the open containers showed a slightly 

quicker decline than the closed containers, which is what the hypothesis predicted. It 

may be that for waters with low TOC and iron, and therefore low chlorine consumption 

due to chemical reactions, chlorine dissipation to the atmosphere plays a little more 

noticeable role, though it is still not the decisive factor. On a practical level, this means 

households cannot maintain the necessary residual for significantly longer times by using 

closed containers. However, closed containers can still be useful to prevent water 

recontamination.
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Time (hours)

Figure 5-8 Comparison of chlorine decay in open and closed containers for different

TOC concentrations at room temperature for an initial free chlorine dosage of 

8 mg/L

5.5 Hand Washing

5.5.1 Cleanliness of Hands After Different Cleaning Procedures

Trends in the raw data (Table 5-4) demonstrate that the short wash and washing 

without soap appear less efficient than the long wash with soap. It also appears that 

washing in rainwater is less effective than washing in running tap water for all data sets. 

However, statistics do not always verify these trends, as discussed below.
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Table 5-4 Results of bacteria (MPN) on hands after washing

Test Product
None Ivory Safeguard Ivory

(water only) (full wash) (full wash) (Short wash)
Total E. Total E. Total E. Total E.

Water Run# Coliforms coli Coliforms coli Coliforms coli Coliforms coli

Running 1 1.0 0.0 0.0 0.0 0.0 0.0 2.0 1.0
2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

lap Water
3 0.0 0.0 0.0 0.0 0.0 0.0 2.0 1.0
1 21.6 3.0 3.0 2.0 3.1 3.1 2.0 1.0

...2... ...52.1... 7.5 1.0 0.0 ] 0.0 0.0 19.7 2.0
Rainwater

...3... 30.1 5.2.. 0.0 0.0 3.0 2.0 0.0 0.0in Basin
4 25.3 3.0 1.0 1.0 0.0 0.0 6.3 3.0
5 23.1 2.0 4.1 0.0 2.0 2.0 2.0 0.0
1 5.2 0.0 0.0 0.0 2.0 2.0 0.0 0.0

Chlorinated 2 5.2 0.0 2.0 1.0 1.0 1.0 0.0 0.0
(Tap) Water 3 8.5 0.0 0.0 0.0 1.0 0.0 5.2 3.1

in Basin 4 3.0 0.0 0.0 0.0 0.0 0.0 2.0 1.0
5 13.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Test Product: Gel
Run # Total Coliforms E. coli

No 1 7.5 2
Water 2 0 0

3 0 0

Statistic analyses were conducted using the t-test assuming equal variances at a 95% 

confidence level. Some analyses could not be performed due to the variances o f the 

two data sets being equal to zero. Data sets were small, leaving some question as to the 

significance of the results.

Total coliform measurements were compared between tests as an indicator for 

cleanliness. Because the data for contaminated hands had zero variance for total 

coliforms (due to the MPN reaching the maximum detection limit for the method), E. coli 

was used for the analysis to determine if the hands were significantly cleaner after 

washing than after contamination with the hamburger. In every instance, the hands were 

significantly cleaner after washing.
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Total coliforms left on hands after washing were analyzed for all o f the scenarios 

compared to the Ivory soap wash to determine if the type of soap would make a 

difference in how clean the hands became. For instance, Ivory soap vs. water only was 

compared under the running tap and in both basins. The gel was compared to the Ivory 

used in all waters. For either type of water used in a washbasin, there was a statistical 

improvement when washing with Ivory soap vs. water only. There was no significant 

improvement washing with Ivory soap compared to other washing procedures, as 

shown in Table 5-5.

Total coliforms on hands were then compared when washed under the running 

water and in the two wash basins to determine if  the type o f water used in the basin 

would make a difference. All soaps were compared in all water combinations. For 

instance, Ivory soap was compared under running tap water vs. rainwater in basin, then 

in running tap water vs. chlorinated tap water in basin, and finally, rainwater in basin 

vs. chlorinated tap water in basin. No significant difference was observed when soap 

was used; however, when water was used alone, running tap water was a significant 

improvement over the basins and the basin with chlorinated tap water was a significant 

improvement over the basin with rainwater. See Table 5-5.

Previous studies found did not address or compare washbasin use with running 

water. They did compare types of soap, and in almost all cases regular, non- 

antibacterial soap was superior. Gels were not usually found to improve cleanliness 

over regular soap either. In this study a significant difference was not found between 

gels and regular soap.
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Table 5-5 Summary of t-test results comparing Ivory soap to other products for improved 

efficacy in hand cleaning and comparing running tap water to the basins

(rainwater and chlorinated tap water) for improved efficacy in hand cleaning

METHOD Running Tap Гар Water Basin
Rainwater

Basin

Ivory
Water
Only

Safe
guard

Short
Wash Ivory

Water
Only

Safe
guard

Short
Wash Ivory

Ru
nn

in
g 

Ta
p Water

Only NS S _ __ __

Safeguard NV NS ---- ----

Short
Wash NS NS __

Ra
in

wa
te

r 
Ba

sin Ivorv NS — — — NS — ---- — —

Water
Only S _ s __ __ S

Safeguard — — NS — — — NS — NS
Short
Wash NS _ NS NS

Ta
p 

W
ate

r 
Ba

sin

Ivory

NS

s

NS NS NS

Gel NS — — — NS — — — NS
S = Significant NS = Not Significant NY = No Variance

5.5.2 Contamination of Water in Basins After Washing

Total coliforms were measured in the two basins for each combination wash 

compared with Ivory soap in the same basin water type (Table 5-6). For most soaps 

(except antibacterial soap), less coliform were accumulated in tap water basin than in the 

rainwater basin. Trends in the basin water data are even more surprising when analyzed 

statistically. For instance, for chlorinated (tap) water in the basin, it appears that using 

Ivory soap is a significant improvement over the Safeguard soap (bottom of Table 5-6). 

However, the t-test does not confirm the trend (Table 5-7, second row). This may be due 

to the extreme variance of the Safeguard results, which range from 0 to 200 for the 

coliform values. Basically, this says that results using Safeguard are too variable to really
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allow any sort of conclusions. The fact that we could not reject that Safeguard and Ivory 

soaps perform equally well does not mean that there is no difference, only that the data 

were such that we could not reject that idea; the explanation could be that there is no 

difference between the soaps or simply that there was too much scatter to determine the 

average value o f contamination for each sample (in this case the Safeguard soap results). 

See Table 5-7.

Table 5-6 Most probable number of total coliforms in basin water after each wash

Test Product

Run
None

(water only) Ivory Safeguard Ivory
(short wash)

Water No. Total Coliforms (MPN)
1 9.8 118.7 8.5 24.1

Rainwater 
in Basin

.......2 .... 41.0 5.1... 6.3 93.2
3... 512 ... 1.0 12.1 93.3
4 52.8 28.8 9.7 88.0
5 116.2 45.7 20.6 81.3
1 1.0 1.0 43.5 8.5

Chlorinated 2 3.1 0.0 47.4 26.2
(Tap) Water 3 3.0 1.0 193.5 20.1

in Basin 4 8.5 0.0 0.0 26.5
5 21.6 0.0 10.7 52.9

When chlorinated tap water was used in the basin, there was a statistically significant 

improvement (i.e., less coliform in water) when using Ivory soap vs. water only or the 

short wash.

When comparing the two basins for the same washing procedure, two statistical 

differences were observed. There was a statistical improvement when using chlorinated 

tap water vs. the rainwater during the short and water only washes. It may be that 

without the soap and/or the longer washing period, the water itself plays a more vital role 

in how clean the water stays. The residual in the chlorinated water may inactivate some 

bacteria.
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Table 5-7 Summary of t-test results comparing water cleanliness in basins

Method Rainwater 
Basin 

Water Only

Rainwater
Basin

Safeguard

Rainwater 
Basin 

Short Wash

Tap Water 
Basin 
Ivory

Tap Water 
Basin 

Water Only

Tap Water 
Basin 

Safeguard

Tap Water 
Basin 

Short Wash
Rainwater
Basin
Ivorv

NS NS NS NS — — —

Tap Water
Basin
Ivorv

— — — — s NS s
Rainwater
Basin
Water Only

— — — — s — —

Rainwater
Basin
Safeguard

— — — — — NS —

Rainwater
Basin
Short Wash

— — — — — — s

S = Significant NS = Not Significant

5.6 Field Experiments

5.6.1 Taste Test

At free chlorine levels at or below 1 mg/L, participants could not distinguish 

chlorination levels and found them acceptable (Tables 5-8 and 5-9). Only the sample 

chlorinated to 3.0 mg/L was clearly discemable by the majority of the people; more than 

two thirds of respondents were able to detect the chlorine in Sample C.

Table 5-8 Actual results of first question in taste test for Samples A-F with different free

chlorine levels (mg/L)

Question

Sample
(Cone.
1 mg/Ll)

D
(0)

B
(0.02-0.03)

E
(0.06-0.11)

F
(0.33-0.35)

A
(1.15-1.18)

c
(3.2-3.3)

Do you 
taste 

anything in 
the water?

Yes 3 2 4 3 5 13

No 12 13 11 11 10 2

The remaining results (Table 5-9) show little difference in preference for all samples 

with the exception of Sample C. People were less likely to discern chlorine in the 

remaining samples and graded them as very close for acceptability (Figure 5-9). When
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asked to rank the samples by chlorine concentration, only the two highest were in average 

correctly identified. For a complete report of taste test results, see Appendix B, 2006 Site 

Visit.

Table 5-9 Average value of taste test for Samples A-F with different free chlorine levels

(mg/L). Value range indicated in left column.

Sample Concentration 
(mg/L)

D
(0)

B
(0.02-0.03)

E
(0.06-0.11)

F
(0.33-0.35)

A
(1.15-1.18)

C
(3.2-3.3)

Value Range Average Value
Taste

(l=delicious to 5=awful) 2.93 2.87 2.73 2.64 2.67 3.53

Cl Concentration Ranking 
(l=weakest to 

6=most concentrated)
3.00 2.92 3.46 2.92 3.62 5.00

Suitability for drinking 
(l=yes to 3=no) 1.53 1.33 1.60 1.40 1.47 2.20

Figure 5-9 Average value of taste rating in chlorinated water samples
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Three participants did report a taste in the unchlorinated spring water. This may be 

an indication it was an inadequate question or a result of the different taste of the bottled 

water compared to the sources participants are used to. Other potential errors in this test 

are:

• Some participants did not appear to be serious about participation

• One adult participant could not tell a difference in any of the samples

• Ranking had to be interpreted in some cases

5.6.2 Chlorine Decay of Local Community Water Sources

The following figures include data for chlorine decay in rainwater. This work was 

not conducted in the field because of lack o f water during the field trip (too cold). Water 

was collected by local volunteers and mailed to UAF in the spring of 2006. The samples 

were mailed on the same day as collected and sent 2nd day air.

The results o f chlorinating the rainwater (Figure 5-10) show an initial dose of 2 mg/L 

provided an adequate residual for approximately 36 hours and the concentration was 

adequate for drinking in about 15 minutes. When the rainwater was chlorinated to 

4 mg/L, it took over 2 days for the concentration to reach 1 mg/L; however, an adequate 

residual was maintained for about 5 days.

In general, chlorine decay was slow in the melted river ice (Figure 5-11). When this 

water was chlorinated to 4 mg/L, it did not decrease to lmg/L within the 4 days we ran 

the test. When chlorinated to 2 mg/L, the water was in the range of acceptable taste in 

about 24 hours and maintained an acceptable residual for the entire experiment.

When the washeteria water was chlorinated (Figure 5-12), the chlorine decay behaved 

similarly to that in the rainwater. An initial dose of 2 mg/L provided an adequate residual 

for approximately 36 hours and the concentration was adequate for drinking in about 15 

minutes. In comparison, the rainwater chlorinated to 4 mg/L took almost 2 days for the
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concentration to reach 1 mg/L. Although the washeteria water was only tested for 4 days, it 

is believed an adequate residual would have been maintained for about 5 days as observed 

in the rainwater. When the initial free chlorine was at 8 mg/L, the concentration was not 

safely below the maximum contamination level (MCL) for about 3 days.

Although it has not been reported that the river water is used as a water source, it was 

tested to determine how it compares to the other local sources. Fewer data points could 

be measured for the river water because it was acquired later in the field stay. The data in 

Figure 5-13 show the local river water had the most rapid chlorine decay of the sources 

tested. Although not substantiated in the lab, it is assumed this is due to a higher TOC 

content in the river water. In spite o f the fast consumption, a free chlorine dosage of 

8 mg/L was clearly too high, still exceeding the ADEC maximum of 4 mg/L after more 

than a day. At 2 mg/L, on the other hand, the chlorine level already dropped below the 

minimum value o f 0.2 mg/L in a few hours. The dosage of 4 mg/L fulfills the ADEC 

requirements, though a noticeable taste could be present.

Although organic content was not measured directly, it appears river ice has few 

organics and river water contains the most organics of the four water sources tested, 

based on the waters’ rate of chlorine decay (Figures 5-10 to 5-13). At an initial free 

chlorine level o f 2 mg/L an adequate residual was maintained in all waters except river 

water for at least 24 hours and for as many as 5 days depending on the type of water. We 

chlorinated the local waters to 8 mg/L to compare with the laboratory experiments, 

though this high dosage is not needed for any of the tested waters.
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48

Time (hours)

Figure 5-10 Chlorine decay of local rainwater (roof catchment) at pilot community at 

20°C and different initial free chlorine levels

Time (hours)
Figure 5-11 Chlorine decay of water derived from melted river ice in pilot community. 

Tested at 20°C and different initial free chlorine levels
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48

Time (hours)
Figure 5-12 Chlorine decay of local washeteria water at pilot community at 20°C and 

different initial free chlorine levels
7

Time (hours)
Figure 5-13 Chlorine decay of local river water at pilot community at 20°C and different 

initial free chlorine levels
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5.6.3 In-Home Chlorination

Data points of water from melted ice used in a local home chlorinated to 2 mg/L are 

plotted on Figure 5-11. Although only two measurements were taken, it appears the 

initial decay was faster than for the melted ice tested in the field. Between 17 hours and 

72 hours, the home water followed the decay of the other river ice water tested. It 

appears the home source water came into acceptable taste range within about 12 hours 

and may have maintained an acceptable residual for up to 4 days.

Several other observations were made from the in-home chlorination experiment. 

River overflow did contain some coliforms. However, chlorine was effective in reducing 

coliform levels from a most probable number (MPN) of >2,419.6 (with 1 E. coli) to 0 

(total coliforms and E. coli) overnight, consuming the entire 2 mg/L free chlorine in the 

process. Roof melt tested was not contaminated with coliforms. The washeteria water 

was under-chlorinated at approximately 0.02 mg/L, but no coliforms were found in it.

See Appendix B, 2006 Site Visit, for details.

5.7 Model

The model by Clark (Equations 3-4 to 3-7) was not valid for the data of this study. 

This bad fit was not due to inappropriate constants, but the shape of the modeled decay 

curve was consistently different from the data. Figure 5-14 is a sample curve of the Clark 

model compared to the data. The model typically over-predicted the chlorine 

concentrations in the beginning and under-predicted concentrations towards the end of 

the experiment.

There was a linear relationship (as shown in Figure 5-15) between the experimental 

data of the chlorine concentration and time if  concentration was plotted on a linear and 

time on a logarithmic scale. Therefore, a linear model was chosen to reflect this finding. 

Plotting the data on a log scale for the concentration and a linear scale for time, on the 

other hand, did not lead to a linear relationship (Figure 5-16). This ruled out using a



87

classical first order decay model where the logarithm of the concentration decreases 

linearly with time.

Time (minutes)

Figure 5-14 Typical chlorine decay prediction of the Clark model compared to

experimental data. 1:10 Ballaine Lake water chlorinated to 8 mg/L in an 

open container at 3°C

Figure 5-15 Sample of best fit linear model and predictive linear model for data. 1:10 

Ballaine Lake water chlorinated to 8 mg/L in an open container at 3°C
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Time (minutes)

Figure 5-16 Chlorine decay curve of experimental data. Concentration is shown plotted 

on a log scale as commonly done for first order kinetics. 1:10 Ballaine Lake 

water chlorinated to 8 mg/L in an open container at 3°C.

Data points start at the first measurement for free chlorine that could be taken, usually 

within 2 minutes and on occasion as long as 4 minutes. The calculated theoretical initial 

values of mg free chlorine per liter of water are not included. Data points with free 

chlorine measurements under 0.2 mg/L were removed from the analysis because they 

were below the minimum regulated chlorine residual, and because measurements become 

unreliable close to the detection limit of 0.02 mg/L. In developing a model to explain the 

chlorine decay observed in our laboratory measurements, the following steps were taken:

1) Fit a line to the data o f chlorine levels over time, with time plotted on a log scale

2) Use intercept and slope from best fit line to predict chlorine levels over time

3) Apply statistics to create model equations how slope and intercept depend on 

experimental conditions

4) Apply resulting predictive model to the data

After fitting a line to the data of chlorine levels over time, a mean R2 of 0.91 was 

achieved (Table 5-10). Since the data followed a linear trend, a linear model was
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developed using the intercept and slope from that line to predict chlorine levels over time. 

Initially, the best slope and intercept were individually determined for each experimental 

series (see Table 5-10 '‘Best fit linear model”).

However, since it is the goal of a model to predict the chlorine decay at different 

conditions (TOC levels, temperatures, etc.), a multivariable regression analysis was 

conducted to determine how the slope and intercept were affected by several variables. 

The enter and stepwise methods of regression analysis were compared using the SPSS 

program. Equations were developed using information on slope and intercept 

relationship to TOC, initial chlorine level, temperature, and iron level. For iron, the 

regression was based on limited data points due to the rapid consumption of chlorine with 

the increase of iron.

The following equations provided the best fit for predicting the data:

Intercept = 1.12 x [c/]- 0.009 x Г -  0.841 x [Fe]-0 .384  x j[TO C\ (5-2)

Slope = 0.14 -  0.063 x [d]  -  0.043 x [Fe\ -  0.128 x ^[fO C] (5-3)

In the previous equations, temperature (T) is in °C and chlorine (Cl), iron (Fe), and total 

organic carbon (TOC) are in mg/L. The constant in the slope represents a temperature of 

20°C, since no noticeable difference in the slopes was obtained for the best fit linear model 

at different temperatures. Table 5-10 is a summary of values resulting from each model 

and Figure 5-15 a sample of the predictive linear model fit for the same experiments used 

in discussing the previous two models. The harmonic, arithmetic, and geometric mean 

errors are given at the bottom of the table. The error as expected is the least for the best fit 

linear model. The Predictive Linear Model performs better than the Clark model in two out 

of the three errors compared. Comparing the arithmetic mean, the Clark model appears to 

have predicted the chlorine decay better than the predictive model. This may be due to the 

fact that different degradation constants were used for each experiment in the Clark model. 

In comparison, the predictive model used the same constants for each experiment.
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Table 5-10 Summary of model parameters for different experiments

Clark Best Fit Predictive
Experimental Parameters Model Linear Model Linear Model

Initial Root Root
Water Cl Mean Mean
Type TOC Cone. Temp Fe Square R Inter Square

(% Ballaine) (mg/L) (mg/L) (°C) (mg/L) Error Square cept Slope Slope Error
10 11.31 5.89 20 0 0.746 0.98 5.58 -0.73 -0.66 0.245
10 11.31 7.85 20 0 0.951 0.96 7.74 -0.85 -0.79 0.478
10 10.66 5.89 20 0 0.835 0.94 4.8 -0.55 -0.65 0.293
10 10.66 7.85 20 0 1.206 0.83 6.64 -0.64 -0.77 0.746
10 8.36 12.18 20 0 2.388 0.78 10.74 -0.93 -1 1.727
10 8.25 12.18 20 0 1.84 0.96 12.89 -1.28 -0.99 1.412
10 8.46 7.85 10 0 1.154 0.98 7.69 -0.8 -0.73 0.441
10 8.45 7.85 3 0 1.256 0.98 8.24 -0.79 -0.73 0.39
3 2.76 7.85 20 0 0.857 0.88 8.72 -0.59 -0.57 0.832
1 1.22 7.85 20 0 0.53 0.77 8.3 -0.31 -0.5 1.517

Rain 2.34 7.85 20 0 0.677 0.84 8.42 -0.45 -0.55 1.188
10% + pH7 8.63 7.85 20 0 0.976 0.89 7.3 -0.72 -0.73 0.501
10% + Fe 1 8.29 7.85 20 1.16 1.091 0.97 6.53 -0.77 -0.77 0.249
Community

Rain 1.28 2.01 20 0 0.348 0.94 1.61 -0.16 -0.13 0.15
Community

Rain 1.28 4.01 20 0 0.55 0.9 4.23 -0.4 -0.26 0.627
Fbx Rain 1.98 2 20 0 0.392 0.93 1.47 -0.14 -0.17 0.109
Fbx Rain 1.98 4 20 0 0.802 0.91 3.4 -0.3 -0.29 0.493

35 18.58 12.18 20 0.00* 1.067 0.92 5.01 -1.09 -1.18 6.512
12 7.8 7.85 20 0.00* 0.957 0.96 6.92 -1.13 -0.71 2.01
5 3.46 2 20 0.00* 0.392 0.97 1.39 -0.18 -0.22 0.17
5 3.2 2 20 0.00* 0.393 0.98 1.34 -0.2 -0.21 0.05

*Iron was not determined for these; however, it was assumed zero since the 1:10 Ballaine was zero.

Figure 5-17 shows several series on one graph for comparison and to show the 

range of fits to the model. In some instances, the slope of the model is a good linear fit, 

but the intercept does not fit as well, skewing the curve (Sample 3), or conversely, the 

intercept may fit but not the slope (Sample 1). The figure shows an example of the best 

prediction using the model, Sample 2, where it coincides with the best fit linear model.
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In the figure are also examples of the worst prediction using the model, Sample 3, and a 

moderate prediction, Sample 1, to illustrate the range of results obtained by the model.

In addition, Figure 5-18 demonstrates the model in a systematic variation of one 

parameter; the experiments are the same as in Figure 5-2, page 69. The sample 

chlorinated to 2 mg/L could not be run in the best fit linear model because there were 

only two usable data points.

Figure 5-17 Comparison of three experiments showing range of fit for linear predictive 

model
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Figure 5-18 Model results comparing the effect of varying initial chlorine concentrations on 

chlorine decay with 10% Ballaine Lake water, at 20°C in closed containers
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CHAPTER 6: CONCLUSIONS AND RECOMMENDATIONS

Pruss et al. (2002) estimated the burden of disease from water, sanitation, and hygiene 

based on diarrheal diseases, schistosomiasis, trachoma, ascariasis, trichuriasis, and 

hookworm disease. They believe these causes account for 4.0% of all deaths and 5.7% of 

the total disease burden worldwide. They said, "Because we based these estimates 

mainly on intervention studies, this burden is largely preventable.”

This study has examined water and hygiene issues in a community where piped water 

and sanitation services are not available. Implementation of the recommendations made 

here has the potential to minimize diseases related to the deficiency of these services.

6.1 In-Home Chlorination

Results showed initial chlorine concentration and TOC of the water had a strong 

effect on the chlorine decay.

It was determined that storage temperature is a large factor in the residual detention 

time. Though lower temperatures maintain a residual for a longer time, it is 

recommended that water containing ice not be disinfected. Ice would not have the 

opportunity to come into contact with the chlorine, and the low temperature would slow 

down the disinfection process and preserve bacteria.

The model developed in this study predicts chlorine decay reasonably well and can be 

used for determining initial chlorine levels for water used in the pilot community. Safe 

levels can be achieved in a reasonable time (within a few hours) and safe residual levels 

can remain for typical storage times of several days. Levels below 1 mg/L should be 

acceptable for taste. Chlorine even removes some of the color from brownish water 

(observed in lab), making it more acceptable for drinking.
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It is recommended that chlorine be applied to drinking water at bedtime to allow for a 

sufficient CT and to ensure taste is acceptable for morning use. While the required CT 

value was usually already achieved within one hour, at dosages of 4 mg/L a longer 

waiting time is recommended for better taste since a chlorine concentration of 3 mg/L 

was judged as undesirable in the taste test. Much of the added chlorine is consumed in 

the first few hours. Waiting for several hours leads to better taste and better inactivation 

of microbes.

Although water with high TOC or high iron is not normally collected for drinking, if  

needed, water such as river overflow may be safe to use if chlorinated to 4 mg/L. This 

would render the water safe for consumption for approximately 3 days depending on 

level of organics. Other waters, such as rain water, WTP water, and ice melt could safely 

be chlorinated at 2 mg/L and remain safe for about 2 to 4 days. It is recommended that 

water not used after 7 days be re-chlorinated to 2 mg/L before use.

These are guideline values which would likely provide sufficient removal of bacteria. 

However, for better determination of chlorine dosage for a given water type, it is 

recommended to determine the TOC and reduced iron content of the source water and 

then use the model for predicting chlorine decay over time. To some degree, TOC 

concentration can be related to the color and clarity of the water: the clearer the water, 

the less TOC in the water. If possible, chlorine concentration and coliform levels should 

be checked periodically.

The DBP study showed that even at the highest TOC and initial chlorination levels 

tested (which are not likely to be used for in-home chlorination), THM was well below 

the EPA requirements. Thus, DBPs are not likely a concern with point-of-use 

chlorination.
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Recommendations for the pilot community:

• Water derived from river ice:

-  Always thaw completely before chlorination

-  Initial chlorination 2 mg/L

-  Wait overnight or a minimum of one hour (16 for better flavor) before use

-  Use up to 5 days before rechlorination

• Rain water:

-  Initial chlorination 2 mg/L

-  Wait at least one hour before use

-  Use up to 2 days before rechlorination

• River water or colored water:

-  Initial chlorination 4 mg/L

-  Wait overnight or a minimum of one hour (or longer for better flavor) before 

use

-  Use up to 4 days before rechlorination

Note: Chlorinating to an initial level of 2 mg/L would be equivalent to using 

1 teaspoon of 1:10 diluted bleach in 5 gallons of water, and 4 mg/L would be equivalent 

to using 2 teaspoons of 1:10 diluted bleach in 5 gallons of water.

6.1.1 Sodium Hypochlorite Production

Part o f the acceptance of the SWS is accredited to the local production and packaging 

of the sodium hypochlorite through electrolysis of salt water. The product is then used 

exclusively for water treatment. This is recommended for the pilot community. See 

Appendix F for details on a sample system and an estimate of its cost per family per 

month in the pilot community.
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Alternatively or in the interim, it is recommended that household bleach be diluted 

1:10 for use as the point-of-use disinfection. The diluted bleach should be stored in an 

opaque container, clearly marked, and out of the reach of children.

6.1.2 Impacts to Home Water Management 

Point-of-use disinfection hypothesis:

A point-of-use drinking water disinfection system using sodium hypochlorite can 

be developed that would be safe, effective, easy to use, and accepted in a remote 

community.

It has been shown that in-home chlorination can be safe. Chlorination doses 

recommended meet the CT values required by regulation without exceeding the 

maximum allowable chlorine level of 4 mg/L. DBPs were found to not be of concern for 

the chlorination levels and water types likely to be used. The chlorination was found to 

effectively make drinking water safe for consumption after a waiting period. With the 

limited sample population studied, the ease of use and acceptability could not be 

conclusively determined. While the taste test showed that a concentration of 1 mg/L is 

not noticeable, there was still some hesitation to use chlorine. It is believed that with 

education and outreach they could be achieved as is evident by previous studies.

6.2 Water Storage

It was determined that closed containers do not slow the loss of disinfectant from 

evaporation as much as anticipated. However, storage is likely a major component of the 

contamination solution. The closed containers have the potential to keep out contaminants. 

Safe storage containers are recommended. Spigots could be purchased to tap into any 

plastic container for convenience.
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6.2.1 Impacts to Home Water Management

In-home water storage hypothesis:

Closed containers slow the loss o f disinfectant from evaporation, lengthening

viable storage time.

It was not proven that stored drinking water could be protected from chlorine 

evaporation by closing storage containers. Rather, chlorine was mainly consumed by 

reactions with impurities in the water, as evident from the large impact of the water type 

on chlorine decay. Nevertheless, the home water management should continue to use 

closed containers, as multiple previous studies have proven that it reduces the potential 

for recontamination.

6.3 Hand Washing

Hand washing will also be a significant component of safe water management in the 

home. Use of a hand washing station (sample in Appendix F) or hand washing using a 

spigot is recommended because washing hands under running water was shown to be 

more efficient than washing hands in wash basins. Supplying running water can be as 

simple as using a “tippy tap” (see Appendix F).

When washing in a basin, using soap is more effective for cleaning hands than water 

only. If no soap is available, washing with water only is most effective under running 

water, and least effective in a basin with unchlorinated water. Hands will be cleanest 

using soap under running water. If running water is not available, hands should be 

washed in a basin containing chlorine-treated water with soap.

If wash basins are used to conserve water, it is particularly important to do a thorough 

wash with soap for at least one minute, preferably using chlorinated water. It is 

acceptable (though not recommended) to reuse water up to five times without strong 

increases in coliform levels. After five washes in a basin, coliform numbers in the basin
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increased when no soap was used and for short washes. If no soap is available or a 

shorter wash will be used, a basin with chlorinated tap water will remain cleaner than if 

unchlorinated water were used. Basins will stay cleaner if  they are filled with chlorine- 

treated water and a long (over one minute) hand-wash is completed using soap.

Alcohol gels are effective; however, they may be too expensive for general use. In 

addition, if they contain an alcohol odor, they could be a trigger to an alcoholic (personal 

communication with Ralph Purdue Center). Gels are therefore recommended on a case- 

by-case basis, as appropriate to the family/situation.

CDC has found that an effective way to gain acceptance is by introducing the 

recommended methods in local clinics and schools. This can be accomplished by making 

literature available and using the methods/devices there.

6.3.1 Impacts to Home Water Management 

Hand cleaning hypothesis:

Washing hands in washbasins increases the potential to spread bacteria. The 

incidence of the spread of bacteria from the use of a washbasin changes with type 

o f soap used and using chlorine-treated vs. untreated water.

Though several trends for the impact of different factors on washing effectiveness 

were observed, it could not be statistically proven that the use of washing basins 

increases bacteria spreading or that this incidence might be affected by the type of soap 

used or using chlorine-treated vs. untreated water in the basin.

As predicted, there was some evidence that washing hands in running water is more 

efficient than using a washbasin for removing contamination from hands. This study is 

designed to make recommendations for the remote, northern, rural communities where
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running water is not achievable in the conventional sense. There are a few creative 

options that could be implemented and supported with education.

Since it was found that the use of some soap also likely improved hand washing in 

basins, soap should be made available near the basin and all family members should be 

encouraged to utilize it each time they wash and to wash for at least one minute. A 

reminder may be posted near the basin. Basins are kept cleanest if filled with treated 

water. It is recommended that someone in the household change out the basin water after 

five uses or less. A basin use log near the area could be used to help keep track of the 

number of uses and then the person that uses it the fifth time could be the one to change 

the water. If appropriate for the household, gels can be kept on hand for times of low 

water supply.

6.4 Recommendations for Future Research

Future research should include looking at alternatives to bleach for disinfection to 

offset the reluctance to use chlorine in drinking water. If chlorination is to be used, a 

home test to determine the TOC content of the water would be helpful to better quantify 

the dose o f chlorine needed.

Storage alternatives are also in need of development. This would require funds to 

develop some models to test in homes. Some considerations are transportation, refilling, 

minimizing contamination, convenience, and cost.
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Community Characteristics Fact Sheet
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Community Characteristics Fact Sheet

Community
Description

Population and 
Demographics

The study community is located in the Yukon- 
Kuskokwim Delta approximately 420 miles 
west of Anchorage, Alaska. The community 
has been at this location since the 1930’s when 
it relocated due to constant flooding and 
erosion. The City was incorporated in 1970. 
The community is the home to a mostly Alaska] 
Native population that lives a subsistence 
lifestyle.

According to the State Demographer’s 
2005 estimate, the community has a 
total population of 291 residents. The 
2000 US Census reported 280 residents. 
This population is 96.8% Alaska Native 
and includes 153 males and 127 
females.

Population %
White 9 3.2
AK Native 268 95.7
Mixed Race 3 1.1
All or part 
AK Native

271 96.8

Hispanic 1 0.36
Age Population %
< 4 25 8.9
5 - 9 38 13.6
1 0 -1 4 40 14.3
1 5 -  19 21 7.5
2 0 -2 4 20 7.1
2 5 -3 4 37 13.2
3 5 -  44 41 14.6
4 5 -5 4 25 8.9
55 -  59 8 2.9
6 0 -6 4 7 2.5
6 5 -7 4 15 5.4
7 5 -8 4 2 0.71
>85 1 0.36
Males 153 54.6
Females 127 45.4

The age distribution in the community 
includes 78 persons ages 5 to 14, 78 
persons ages 25 to 44, and 15 persons ages 
65 to 74. The median age is 24.

Housing The median estimated owned dwelling unit in this community is valued at $87,700.
Characteristics ^he P°Pulati°n density is 311 persons per square mile of land. There are two new 

housing areas recently built. None of the homes in the community has piped 
water/wastewater. Everyone uses honey-bucket haul system for human waste.

Total Housing Occupied Owner- Average Population
Units Housing Occupied Household Living in

Housing Size Households
83 76 66 3.68 280

Facilities:
The washeteria was recently upgraded and water is available for haul for five cents a gallon. A sewage 
lagoon is associated with the washeteria. The community has an unimproved dump area.



Churches 
Moravian 

Russian Orthodox

Community Facilities 
Library at school 
Gym at school

School
Lower Kuskokwim School District and serves grades P-12

Employment Centers 

School 
City Office 
Village Office 
Commercial fishing 
Merchantile

Health Care Facilities
Clinic run by Yukon-Kuskokwim Health Consortium (YKHC) 

Health aide
Emergency services have coastal and air access

Source of information: http://www.dced.state.ak.us/

http://www.dced.state.ak.us/
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Atlanta Trip Report 
March 16, 2005

I traveled to Atlanta to visit with the Centers for Disease Control and Prevention 

(CDC) and Emory University to obtain information on their Safe Water System. I took a 

presentation describing our project.

CDC

Mike Herring - Mike recommended as a first step collecting as much information 

about incidence of disease in the village.

Lorrie Backer -  Lorrie reiterated Mike’s point that the baseline disease information 

must be a first priority because we need to show our final recommendations improve 

health. She suggested looking for trends of illness (break down data into seasons and age 

groups). She believes that an important component will be educating the community on 

need.

Follow-up:

Mentioned the disease data with the steering committee and it is not in the scope of 

our project. No further action.

Emory

Rick Rheingans and Christine Moe - Rick discussed Sodium Hypochlorite Solution 

production and/or bottling on local level; something they do in many of their programs. 

He said that they have found that some people have an aversion to using cleaning 

products to treat drinking water. Another alternative to Chlorine may be a mixed oxidant.

Both of them agreed that storage is likely a major component of the contamination 

solution. Neither of them was concerned with leaching of the non-food-grade plastic 

containers. They are more concerned that the containers are closed, with a small opening 

and ideally a spigot. They both reinforced getting disease data.
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They both emphasized the importance of hand washing as an intervention if Molly 

finds it is a source. Rick suggested looking into a hand washing station or encouraging 

hand washing over the spigot instead of using a basin. Christine suggested “Glow Germ” 

as a teaching tool.

They have found that introducing the recommended methods in the clinic and school 

by making literature available and using the methods/devices there has been found to be 

an effective way to get acceptance.

Follow-up:

• Mixed Oxidant: Spoke with WTP manager at UAF and it may be a viable option. 

Dr. White and Dr. Schiewer reviewed website and decided that it was not 

necessary to include it in this study since it would be more expensive to use in an 

isolated, rural community.

• Omit looking at leaching from storage container plastic.

• Consider comparing running water over the hands. —> done

• Suggest Glow Germ to Malcolm for next non-stop science. —* done

• Call Danielle re: dosing and for the CD-ROM. —» done
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Site Visit Report
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The next day, the samples were stored in a lab refrigerator at ~4.5°C.

Molly gathered samples from the breakup water and studied the flow of the breakup 

water in and around the community. I assisted by taking photos and accompanying her 

on some of her field trips.

Molly, Dan, and I also assisted Malcolm with the Non-Stop Science projects. I led the 

hand washing experiment using the Glo Gel and assisted the students with their posters.
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(1) What do you use to get/pour drinking water out of your storage container?

Pitcher
(i) How is your dipper handled?

Handle
(ii) Is it kept in one place exclusively?

Table
(iii)What surfaces do you set it on?

Table
(2) What method do you use for collecting water?

Ice-pick/roof in summer

(i) What tools do you use?

Ice-pick/5 gallon bucket (to transfer rainwater from outside container to 

inside 35 gallon trash can

(ii) Are those tools used for any other purpose?

Ice-pick used fo r  ice-fishing

(3) Where do you store water?

32-gallon trash cans

(i) What is the approximate temperature where you store the water?

70F
(ii) What issues do you have with storage containers?

We need running water

(iii)Does the size matter?

It is good -  (i.e. what they have works)

(iv)Does the opening where it is filled matter?

Home A

Water Storage Questions

No
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(v) Would you use a spout?

D on’t know

(4) How is the hand washing basin managed in your home?

(i) How often do you change the water?

I  always change it every time that I  am going to use it.

(ii) How big is the basin?

Use 3-4 cups

(iii)Where is the basin?

In bathroom

(iv)Is there a basin for hand washing near the toilet?

Yes -  as above

(5) Do you think traditional sources of water (roof catchment, surface water) are safe 

to drink without any treatment?

Yes
(i) What concerns do you have about treating water in your home?

No
(ii) Would you be willing to treat your water before drinking it if you knew a safe 

way to do it?

No
(6) Where specifically (location) do you get surface water from in the summer?

Rain catchment

(7) Do you use water from the washeteria for drinking water?

No -  only when no water available

(i) If washeteria water is not your main drinking water source, what are your main 

concerns (e.g. cost, taste of water, fact that water is treated with chemicals)?

Too much chlorine
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(1) What do you use to get/pour drinking water out of your storage container? 

Dipper/pitcher -  children may grab and use a cup

(i) How is your dipper handled?

The non-dedicatedpitcher has a handle

(ii) Is it kept in one place exclusively?

No
(iii)What surfaces do you set it on?

Table -  boys leave in bathroom. Father reminds them to return it to the 

kitchen table.

(2) What method do you use for collecting water?

Washeteria for clothes and dishes (lOgallon Rubbermaid can), sometimes used river 

for drinking

(i) What tools do you use?

Ice-pick fo r  ice, scoop up with 5 gallon bucket and some hand use.

(ii) Are those tools used for any other purpose?

Just ice -  may use fo r  opening fishing holes.

(3) Where do you store water?

(i) Ice -  35 gallon (ii) small 10 gallon fo r  washeteria water used fo r  washing dishes 

(Hi) Larger tank fo r  rainwater catchment (spigot) -  “otherwise ju st drink p o p ”.

(i) What is the approximate temperature where you store the water? 70F

(ii) What issues do you have with storage containers?

Look forward to piped water and sewer ( “May be three years wait”)

(iii)Does the size matter?

No
(iv)Does the opening where it is filled matter?

Home B

Water Storage Questions

No
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(v) Would you use a spout?

Yes

(4) How is the hand washing basin managed in your home?

(i) How often do you change the water?

Varies -  sometimes used more than once

(ii) How big is the basin?

Holds 1-3 pitchers (1 'Т or quart, 1420 ml)

(iii)Where is the basin?

Sink in bathroom

(iv)Is there a basin for hand washing near the toilet?

Yes, see above

(v) What type of soap do you use to wash your hands?

Ivory soap, Palm (make varies). Sometimes wash without soap

(5) Do you think traditional sources of water (roof catchment, surface water) are safe to 

drink without any treatment?

Have had no problems with rainwater -  there may be some germs, but have 

experienced no sickness per se during 18 years

(i) What concerns do you have about treating water in your home?

Concern that chlorine mix may be too much, or too little (with hindsight he may 

be referring to washeteria water). “ The City Council watches closely that the 

operator follows instructions. Person must have experience to be the operator.

(ii) Would you be willing to treat your water before drinking it if  you knew a safe 

way to do it?

Yes

(6) Where specifically (location) do you get surface water from in the summer?

Roof catchment and gutters -  home made gutters to catch water since none came with

house.
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(7) Do you use water from the washeteria for drinking water?

Sometimes i f  container has no catchment water (catchment synonymous with 

rainwater) we use that. Family prefers roof/rainwater.

(i) If washeteria water is not your main drinking water source, what are your main 

concerns (e.g. cost, taste of water, fact that water is treated with chemicals)?

At times the chemical is too high. Individual informs them to follow  

treatment. In Bethel (for example) the water is unfit to drink. He has some 

experience as an operator in another community so has some understanding 

o f  water systems. He would like to ensure that operators always certified.
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(1) What do you use to get/pour drinking water out of your storage container?

Dipper -  usually 2 pitchers/change over (to wash out) when do dishes

(i) How is your dipper handled?

Handle (judging from container -  lift lid and dip)

(ii) Is it kept in one place exclusively?

Room to room as used

(iii)What surfaces do you set it on?

Tables, countertops, main room area

(2) What method do you use for collecting water?

Ice in winter/rainwater summer from the gutter. Individual notes that even though it 

has rained the outside trash can was dirty so she will wait to clean it out before use. 

As a note families will often allow a good rain to wash the roof before switching to 

rainwater in the spring

(i) What tools do you use?

Ice pick -  someone does this fo r  her

(ii) Are those tools used for any other purpose?

Tool also used fo r  ice-fishing

(3) Where do you store water?

Thirty-three-gallon Rubbermaid container /often to referred to as 35-gallon;

(i) What is the approximate temperature where you store the water? 70 F

(ii) What issues do you have with storage containers?

Okay — wish it was easier (i.e. when daughter visits). Daughter gets used to 

running showers in Fairbanks

(iii)Does the size matter?

Home C

Water Storage Questions

No
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(iv)Does the opening where it is filled matter?

Owns 5 gallons food  grade containers, but they are difficult to fill  at the 

washeteria. Also uses a 5 gallon bucket with a plastic bag liner. Note -  

advised not to use plastic garbage bag liner for drinking water -  plasticizers 

used during manufacturing process.

(v) Would you use a spout?

No spigot -remove lid and pour. Individual noted that she used an 

experimental Extension Service/ADEC lid and pump, but eventually it broke 

down and proved hard to pump. She also screens the rainwater as it enters 

the outside barrel.

(4) How is the hand washing basin managed in your home?

(i) How often do you change the water?

When the only one at home use the water once or twice. When family visits 

change more often.

(ii) How big is the basin?

2 gallon basin, but add Vi gallon fo r use

(iii)Where is the basin?

In bathroom

(iv)Is there a basin for hand washing near the toilet?

Yes — as above

(v) What type of soap do you use to wash your hands?

Liquid or bar soap -  says antibacterial soap

(5) Do you think traditional sources of water (roof catchment, surface water) are safe to 

drink without any treatment?

Yes, sometimes in the summer she sees some growth whereupon she doesn '/ keep it 

after that. Disinfects before further use.

(i) What concerns do you have about treating water in your home?

No -  sometimes can drink water from the washeteria -  older people express 

concern about chemicals (e.g. her older sister)
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(ii) Would you be willing to treat your water before drinking it if  you knew a safe 

way to do it?

Sometimes boil ( if ice) when see dust. Willing to treat i f  know how to -  be 

trained. Sometimes use a Brita

(6) Where specifically (location) do you get surface water from in the summer?

Mostly rain — i f  shortage worry. When it runs out she turns to new washeteria -  

water is so much cleaner than the old /reference to improved color of water). Nieces 

and nephews make more use o f  washeteria instead o f  ice.

(7) Do you use water from the washeteria for drinking water?

Sometimes

(i) If washeteria water is not your main drinking water source, what are your main 

concerns (e.g. cost, taste of water, fact that water is treated with chemicals)? 

Maybe the chemicals
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Horne D

(1) What do you use to get/pour drinking water out of your storage container?

Spigot attached to an inside galvanized 60-70 gallon tank

(i) How is your dipper handled?

No dipper although a pitcher is used to transfer water from the spigot to the 

point o f  use. It hung on the side o f  the tank.

(ii) Is it kept in one place exclusively?

N/A
(iii)What surfaces do you set it on?

N/A
(2) What method do you use for collecting water?

Ice (drawn from  the river and lake), rain catchment in summer

(i) What tools do you use?

Ice-pick
(ii) Are those tools used for any other purpose?

Just fo r  water/ice

(3) Where do you store water?

Large galvanized container as described -  also 35 gallon Rubbermaid cans used to 

catch gutter water -  later transferred inside

(i) What is the approximate temperature where you store the water?

72F

(ii) What issues do you have with storage containers?

None
(iii)Does the size matter?

Would consider other options

(iv)Does the opening where it is filled matter?

Water Storage Questions

No
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(v) Would you use a spout?

Yes and do.

(4) How is the hand washing basin managed in your home?

(i) How often do you change the water?

Use the same water about 4 times.

(ii) How big is the basin?

Smaller plastic bowl sits inside vanity sink. Use about 2-3 cups at one time

(iii)Where is the basin?

Bathroom

(iv)Is there a basin for hand washing near the toilet?

Yes, as above

(v) What type of soap do you use to wash your hands?

Dial antibacterial

(5) Do you think traditional sources of water (roof catchment, surface water) are safe to 

drink without any treatment?

Use a Brita

(i) What concerns do you have about treating water in your home?

None

(ii) Would you be willing to treat your water before drinking it if  you knew a safe 

way to do it?

When daughter small used to boil water before use.

(6) Where specifically (location) do you get surface water from in the summer?

Rain from the roof

(7) Do you use water from the washeteria for drinking water?

No, unless fo r  dishes

(i) If washeteria water is not your main drinking water source, what are your main 

concerns (e.g. cost, taste of water, fact that water is treated with chemicals)? 

Taste and chemicals
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(1) What do you use to get/pour drinking water out o f your storage container?

2-quart pitcher

(i) How is your dipper handled?

(ii) Is it kept in one place exclusively?

No
(iii)What surfaces do you set it on?

Table, counter, or bathroom sink

(2) What method do you use for collecting water?

Collect ice, ice melt, and treated water from the watering point

(i) What tools do you use?

Ice-pick fo r  ice and 5 gallon bucket.

(ii) Are those tools used for any other purpose?

No.
(3) Where do you store water?

By the stove

(i) What is the approximate temperature where you store the water? 70F

(ii) What issues do you have with storage containers?

Does not want to have to pump fo r their water at a watering station; i t ’s too

hard
(iii)Does the size matter?

No
(iv)Does the opening where it is filled matter?

No
(v) Would you use a spout?

Home E

Water Storage Questions

No
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(4) How is the hand washing basin managed in your home?

(i) How often do you change the water?

3 to 4 times a day; 7 people are in the home

(ii) How big is the basin?

4 quarts

(iii)Where is the basin?

Sink in bathroom

(iv)Is there a basin for hand washing near the toilet?

(v) What type of soap do you use to wash your hands?

Irish Spring and Dial

(5) Do you think traditional sources of water (roof catchment, surface water) are safe to 

drink without any treatment? Yes

(i) What concerns do you have about treating water in your home?

None
(ii) Would you be willing to treat your water before drinking it if  you knew a safe 

way to do it?

Yes
(6) Where specifically (location) do you get surface water from in the summer?

R oof catchment

(7) Do you use water from the washeteria for drinking water?

Yes
(i) If washeteria water is not your main drinking water source, what are your main 

concerns (e.g. cost, taste of water, fact that water is treated with chemicals)?
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Site Visit Report

Dates of travel: April 24, 2006 to April 28, 2006 

Mode of travel: Air

Destination: Pilot Community

Person’s traveling: Shawna Laderach

Silke Schiewer 

Malcolm Ford 

Accommodations: School

Activities: Chlorinate local waters

In-home water chlorination 

Taste test 

Non-Stop Science 

Reported by: Shawna Laderach

Details:

A sampling plan was submitted to the community prior to the visit (See Sampling Plan 

attached).

Chlorination test

At arrival, local waters were collected: melted river ice from a home, and treated water 

from the water treatment plant (WTP). River water coming into the WTP was provided 

late in the stay; therefore, not as many data points could be obtained. Samples were 

chlorinated to 2, 4, and 8 mg/L in one liter open bottles to determine the rate of chlorine 

decay. All samples were agitated before measuring. Results of the test are shown in 

Figure 1. Free chlorine levels were checked daily during the stay.
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Figure B -l

In-Home Chlorination

In the morning, volunteer homes were visited. Heads of the household were provided 

with instructions and they were explained (Instruction Sheet attached). Not all families 

started on the first day. Three families agreed to participate and one o f them generously 

agreed to monitor two types of water (Home D). Samples were to be tested daily for 

chlorine level and contamination. Samples were not provided consistently by some 

participants. Log of in-home chlorination activity is attached. One other home, although 

unwilling to participate in the chlorination, provided a sample of roof melt water that was 

piped into their home and some ice melt from their storage can for bacteria testing.

Taste test

The taste test was conducted during school hours. The test was set up as shown on 

attached “Taste test set up.” Students in an upper level class participated on a volunteer 

basis. Instructions were read to the whole class (See Instructions for Taste Test attached).
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Students took the taste test in groups of three (see photo below). At the beginning of the 

test we review the process with them. Three local adults also participated in the test. 

Questionnaires were completed after each taste (see attached questionnaire). A summary 

of the results of the taste test are shown in Figure 3.

Figure B-2 Three students and one adult take the taste test.

Non-Stop Science

Silke and I assisted Malcolm with Non-Stop Science projects with students testing the 

effectiveness of water treatment systems.



Sampling Plan for field visit April 2006

Subject/
Topic Question Sampling/Experiment Scope

Reporting/privacy
considerations Our needs from community

Point of use 
disinfection

Is adding 

ch lo rinc  to 

d rin k in g  water in 
homes as e ffic ie n t 

as in the 

laboratory?

In homes: W ork w ith  the 

head o f  the household to set 

up a ch lo rina tion  schedule. 
Test the d rin k ing  w ater fo r 

ch lorine levels and total 

col i forms.

The system w ou ld  be used fo r at 

least one week. C h lo rinc  levels 

and presence o f  total col i form  

w ould  be checked every day 

w h ile  U A F  s ta ff arc in the 

com m unity  (1 week).

M u ltip le  volunteer 

homes, iden tity  not 

revealed w ith in  or outside 

o f  com m unity .

V o lun teer fam ilies w ill in g  to try  the ch lo rina tion  

system fo r the ir d rin k ing  water fo r approxim ate ly  

1 week. I lead o f  household w ou ld  need to be 

ava ilable fo r about 20 m inutes to have the proccss 

expla ined. W ould need access to the w ater fo r 

testing. The fam ily  w ou ld  need to sign a consent 

form .

Taste test

W hat levels o f  
d is in fe c tion  are 

acceptable to 

residents?

Samples o f  d iffe ren t levels o f 
ch lo rina tion  ava ilable fo r 

tasting and participants 

w ould  rate the ir acceptance 

o f  the water.

Th is w ould  best be done a ll at 

once maybe at a gathering

Volunteers w il l  not be 

iden tified  w ith in  or 

outside the com m unity.

Volunteers to partic ipate in the lest.

Roof
catchment 
(if weather 
cooperates)

W hat
characterizes the 
water com ing o f f  

o f  roofs?

C o llect ra inw ater fo r 

analysis in U A F  lab

About 2 samples o f  ro o f 

catchment should be su ffic ien t

W ill on ly  be reported as 

ro o f catchment from  

com m unity

2 households to be w ill in g  to provide about a h a lf 

o f  a ga llon o f  the ir ro o f catchment water
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Instructions for in-home chlorination:

With the in-home chlorination test we are determining whether adding chlorine to drinking water 

in homes is as efficient as in the laboratory. We have conducted experiments in the lab with 

similar water as we found in Eek. We are trying to achieve chlorine levels as recommended by 

the Alaska Department of Environmental Conservation (ADEC) in order to kill harmful 

microbes and ensure the water is safe to drink.

Our final goal is to make recommendations to households for chlorinating their water. As the 

outcome, wre hope people not only in Eek will choose to use in home chlorination to protect their 

drinking w^ater from microbial contamination. Your participation is completely voluntary and 

results will not be associated with your name in any way.

We are asking you to chlorinate your drinking wrater in your own or the container provided,

using the bleach provided. The level of chlorination will be safe to use approximately____

min/hrs after adding the chlorine. Please re-chlorinate as we discuss. We have outlined the steps 

below7:

1) Fill -gallon container with raw water

2) Add_______chlorine to the water container using_________________________________

3) Complete the attached chlorine log

4) Wait_______ min/hours before using the water. This ensures that the chlorine has had

enough time to kill microbes and there is not too much chlorine present. We highly 

recommend that you add chlorine just before going to bed. This way you can use it the 

next morning.

5) Use the wrater as you would your regular drinking w7ater

6) You may filter the water before using

7) Refill the container by adding_________ chlorine to each______________________

_________________ of water added

8) C om plete steps 3 and 4 before using the water
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I will stop by/wait for your sample b y _______ daily. We will be testing the water for chlorine

level and bacteria. This is an important step in the process.

We will tell you daily how' the chlorination levels are and recommend when to add the next 

dosage of chlorine if the concentration becomes low.

At the end of the test ŵ e will discuss with you how you liked doing in-home chlorination. \ \Te 

can also make recommendations on amount and frequency of chlorination if you would like to 

continue chlorinating your w^ater.

Thank you for your participation and cooperation. If you have any questions or concerns, please 

don't hesitate to let us know. I w ill be in town for the duration of the test (until Friday) and will 

be staying at the school; ask for Shawna Laderach. If you have questions you wxmld like to 

direct to me after I leave I can be reached at (907)474-5684 or ffsrl6@uaf.edu. If you prefer to 

discuss your question with someone else you may contact any of the following:

Daniel M. White, Ph.D. PE
Full Professor, Department Head, Interim Director of INE 
Civil and Env.Engineering/Water and Env. Research Center 
University of Alaska Fairbanks, PO Box 755860 
Fairbanks, AK 99775-55860
(907) 474-6222 (Ph), (907) 474-7979 (Fax), Email: ffdmw@uaf.edu 

Silke Schiewer, Ph.D.
Assistant Professor in Environmental Engineering 
Civil and Env. Engineering/Water and Env. Research Center 
University of Alaska Fairbanks. PO Box 755860 
Fairbanks, AK 99775-55860
(907) 474-2620 (Ph), (907) 474-6087 (Fax), Email: ffsos@uaf.edu 
Staying at the Eek School until Wednesday

Malcolm R. Ford, M.S.
Project Outreach, “Protecting Family Drinking W^ater in Rural Alaska”
Civil and Env. Engineering/Water and Env. Research Center 
University of Alaska Fairbanks,
C/o 62, W^alnut Hill Road, Bethel, Connecticut 06801-1703 
(203) 798-8548 (Ph), Email: fordcook@sbcglobal.net 
Staying at Eek School until Thursday

mailto:ffsrl6@uaf.edu
mailto:ffdmw@uaf.edu
mailto:ffsos@uaf.edu
mailto:fordcook@sbcglobal.net


Date Time Chlorine added
Amount (mL)

Water added

Amount (gallons)

Type (ice, washeteria, rain, other)

Comments / Observations

AM / 
PM
AM / 
PM
AM/
PM
AM/
PM
AM / 
PM
AM / 
PM
AM / 
PM
AM/
PM
AM / 
PM
AM/
PM
AM / 
PM

Chlorination log for household_____

Os
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In-home Chlorination activity log summary Protecting Family Drinking W'ater In Rural Alaska
Laderach

Home: Л Notes: Children in the home
W ater Used: Washeteria Notes: Don't trust the river ice

Free Chlorine
Date (mg/L) Log Notes Coliforms (MPN)
4/24 0.02 (8:20 pm) 0
4/25 0.02 (7:46 pm) 9:30 pm Washeteria 30 gallons [No chlorine 0

added]
4/26 ND (12:20pm) 0
4/27 ND (5:14 pm)

Home: B Notes: Children in the home
W ater Used: River ice Notes: Fill 3 "30 gallon containers with 

ice at one time. Take all 3 into 
kitchen and use. Lasts up to 2-3 
weeks.
Don't like taste of chlorine. 
Agreed to participate by 
chlorinating a container they 
were done using.

Free Chlorine
Date (mg/L) Log Notes Coliforms (.MPN)
4/25 0.90(10:02 am) Dosed to 2 mg/1 on Mon [4 24] -  5 pm
4/26 [No samples returned in time for colifomi
4/27 0.44 (5:17 pm) testing]

Home: C 1 Notes: Did not visit home
W ater Used: Washeteria Notes: Just filled their -20 gallon 

container

Free Chlorine
Log Notes
JVolumes may be recording sample taken

Date (mg/L) instead of chlorine addedl Coliforms (MPN)
4/25 0.02 (10:04 am) 9:30 am Added 250 mL to washeteria water
4/26 ND (10:11 am) 9:00 am Added 240 ml. to washeteria water 0
4/27 ND (5:20 pm) 8:25 am Added 240 mL to washeteria water

Home: D 1 Notes: Children and elders in the home
W ater Used: W'asheteria Notes: Filled both types day we visited

Free Chlorine
Date (mg/L) Log Notes Coliforms (MPN)
4/25 0.02 (4:06 pm) 10:30 am No chlorine added to 20 gallons of

ND (7:44 pm) washeteria water “New water got it this 0
morning/got sample from it/2” after 5-6 hours”

4/26 ND (10:14 am) 9:00 am No chlorine added to same water 0
4/27 ND (5:23 pm) 9:30 am No chlorine added to same water

Home: D 1 Notes: Children and elders in the home
W ater Used: River melt Notes: Filled both types day we visited

Free Chlorine
Date (mg/L) Log Notes Coliforms (MPN)
4/24 2:00 pm Added 10 mL to 10 gallons of river
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Home: E 1 Notes: Children in the home
W ater Used: Roof melt Notes: Not chlorinated

Free Chlorine
Date (mg/L) Lo« Notes Coliforms (MPN)
4/25 ND (7:56 pm) 0

Home: E 1 Notes: Children in the home
W ater Used: River ice Notes: Not chlorinated

Free Chlorine
Date (mg/L) Log Notes Coliforms (MPN)
4/25 ND (7:58 pm) 0
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Taste Test Set Up

Free chlorine concentrations (tested by Hach method before and after tastes):

• 0 mg/L
• 0.03 mg/L
• 0.30 mg/L
• 1.0 mg/L
• 3.0 mg/L

Water:

• Room temperature
• Bottled water from local store (Used “Arrowhead Mountain Spring Water”)
• In a row on table (not in order of concentration)
• In the original bottles (original label removed and labeled A-G for identification)
• Use Dixie cups for tasting

Test:

• Give instructions to the group before starting
• Distribute questionnaire and go over the sheet to make sure everyone has read 

everything and can understand how to fill it out
• People would taste each one and grade on the sheet
• Ask them to record their first impression
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Instructions for taste test

First we want you to understand that your participation in this taste test is voluntary. You do not 
have to participate if you don’t want to. The results are anonymous and your name will not be 
used in connection with the study. Are there any questions?

We have several bottles of water that are chlorinated on the table. There are Dixie cups next to 
the water for tasting. Please do not swallow the sample. It is safe to drink. We ask that you spit 
the sample out because swallowing can influence the taste of the following samples. There is a 
bucket to spit into near each sample. Just put the water in your mouth, swish it around and spit it

After each sample taste please complete the questions on the sheet provided. You are asked for 
each sample to report if you taste anything and how it tastes. Ranking the chlorine by 
concentration level requires you to take a look back at each sample and try to decide which one 
had the most chlorine and which had the least. You will rank them as such from 1-7. We have 
door prizes for the 4 people coming closest to the actual levels. We are also interested in if you 
would use the water for drinking in your home and there is a question related to that on the sheet. 
At the bottom of the questionnaire is a place for other comments about the sample. If you need 
more space feel free to write on the back of the sheet.

In between tastes you will be taking a teaspoon of lime sorbet to clean your palate. (If available) 
Alternatively, we have unsweetened lemonade if you prefer. Leave the sorbet or lemonade in 
your mouth for a couple of seconds, swish it around, and spit it out. Again, swallowing can 
influence the test so please spit everything out. So, you will taste the water, complete the row7 on 
the sheet for that sample, clean your palate, and taste the next sample.

Are there any questions? If you have any questions as you proceed through the test, please feel 
free to ask me.



Sample A B C D E F G
Do you taste 
anything in the 
water?

□ Yes

□ No

□ Yes

□ No

□ Yes

□ No

□ Yes

□ No

□ Yes

□ No

□ Yes

□ No

□ Yes

□ No

Taste

□ Delicious 

n Good

□ Okay

□ Not good 

n Awful

□ Delicious

□ Good

□ Okay

□ Not good 

n Awful

□ Delicious

□ Good

□ Okay

□ Not good

□ Awful

□ Delicious

□ Good

□ Okay

□ Not good 

n Awful

□ Delicious 

n Good

□ Okay

□ Not good 

n Awful

□ Delicious

□ Good

□ Okay

□ Not good 

n Awful

□ Delicious 

n Good

□ Okay

□ Not good 

n Awful

Rank by chlorine 
concentration level 
(l=most conccntratcd, 
7-̂ vvcakcst)

□ Yes □ Yes □ Yes □ Yes □ Yes □ Yes □ Yes

Would you use it 
for drinking?

□ Only if no 
other choice

□ Only if no 
other choice

□ Only if no 
other choice

□ Only if no 
other choice

□ Only if no 
other choice

□ Only if no 
other choice

□ Only if no 
other choice

□ No n No □ No n No n No □ No □ No

Other comments 
about sample



Figure B-3 Taste test questions and answers

Question
asked

Summary of answers pre sample id (Free chlorine concentration (mg/L))

A (1.18-
1.15) B (0.03-

0.02) C
(3.3-
3.2) D 0 E (0.11-

0.06) F (0.35-
0.33)

Do you taste 
anything in 
the water?

□ Yes 5 □ Yes 2 □ Yes 13 □ Yes 3 □ Yes 4 □ Yes 3

□ No 10 □ No 13 □ No 2 □ No 12 □ No 11 □ No 1 1

Taste

Delicious 1 Delicious 1 Delicious Delicious Delicious Delicious 2
□ Good 4 □ Good 3 □ Good □ Good 4 □ Good 7 □ Good 4
□ Okay 9 □ Okay 8 □ Okay 7 o Okay 9 □ Okay 5 □ Okay 6

□ Not 
good 1 □ Not 

good 3 □ Not 
good 8

□ Not 
good 1 □ Not 

good 3 □ Not 
good 1

□ Awful □ Awful □ Awful o Awful 1 □ Awful □ Awful 1

Rank by 
chlorine 

concentration 
level (l=most 
concentrated, 
7=weakest)

1 4 1 1 1 6 1 1 1 2
2 2 2 2 5 2 2 2 3 2 1

3 1 3 3 3 3 2 3 3 3 3
4 1 4 3 4 1 4 5 4 4 4
5 1 5 5 5 5 2 5 3 5 2
6 4 6 1 6 1 6 2 6 6 5

Would you 
use it for 
drinking?

□ Yes 8 □ Yes 12 □ Yes 4 □ Yes 9 □ Yes 9 □ Yes 1 1

□ Only if 
no other 
choice

7
□ Only if 
no other 
choice

1
□ Only if 
no other 
choice

4
□ Only if 
no other 
choice

4
□ Only if 
no other 
choice

3
□ Only if 
no other 
choice

2

□ No □ No 2 □ No 7 □ No 2 □ No 3 □ No 2

Other 
comments 

about sample

More like melted 
snow

More like melted 
ice

Tastes the same

Ok Tastes kinda 
funny

Better than B

Note: Highlighted cells are the correct answer.
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State of Alaska

Drinking Water Program Fact Sheet. No. 5 - 02/97

Contaminated water o f unknown quality needs to be treated before use 
to present transmission o f  disease.

3 * p i  o f  E m тпспг^аш а 1 С с г л в т Ј С » ®

D r .v . io n  o f  Esr.TCCCM oial K toU fe

DRINK IT Pt R£

Surface water and water from unprotected wells, or wells too close to a sewage disposal system, are likely to 
be contaminated with intestinal wastes from birds, animals, and man.

Whenever surface water is used for dnnkmg and household purposes, or when any question arises 
concerning the safety of your water suppiv. steps should be taken to purify the water. If the water is not 
clear, the sediment should first be allowed to settle. Then, only the clear water should be pimfied. Either of 
the two methods listed below may be used

METHOD I

Boil water for 1 minute Allow it to cool If the water has a flat taste, pour it back and forth between two 
clean containers two or three tunes

METHOD II

Add one drop of fresh, unscented chlonne bleach, such as Cbrox. Ршех (containing 5.25 to 6°o available 
chlorine) to each quart of water. If water is not clear, add 3 drops to each quart of water Mix thoroughly 
and allow to stand for 30 minutes before dnnkmg. If larger quantities of water are to be disinfected with 
chlonne bleach, use this table for proper dosages:

f.25 - 6H  Chlorine Bleach

Gallons of 
Water

5 10 20 30 40 50

Clear Water ‘Л rsp. * % tsp. *4 tsp. 1 tsp. I % tsp. 1 % tsp.

C loudy Water %A tsp. 1 tsp. 1 %  rsp. 2 tsp. 2 Vi tsp. 3 tsp.

*tsp. - teaspoon

Note: If a tablespoon is used for measuring, use 1 tablespoon for each 3 teaspoons.

For More Information, Contact:
Alaska Department of Environmental Conservation 

Drinking Water Program 
610 University Avenue Fairbanks. AK 99709-3643 

(907) 451-2108 or {800) 770-2137 Fax (907) 451-2188

F e& l& y 1 PC 7 K  fW D W fO H X tF A cT-*5 №
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v ; _ \
Mo m a ile r  w here  y o u  live , y o u  ru n  g e t v e ry  sick i f  y o u  J 

d o n ' l  w ash y o u r  hands re g u la r ly  and  p ro p e r ly .
I hese sicknesses com e  f r o r r  £ e rm s  - t in y  o rg a n is m s  - 

th a t  live  d ll a ro u n d  u * .  T h e y  ca n  cause ro H s . jrive y o u  
ito m a u h  pa in . cau.se v o m it in g ,  d ia r rh e a  a n d  y e llo w e d  
ik in ,  and  m a ke  y o u  fe d  w eak f o r  a lo n ^  t im e . . /

SorneLtmes» Ih e y  k il l peop le , e sp e c ia lly  c h ild re n  .in d  \ 
cldtrb. \

l hcse g e rm s  like  t.o g ro w  a ro u n d  m o is tu re  an d  w aste 
p ro d u c ts , a n d  th e y  s p re a d -e a s ily  b y  to u c h in g  h a n d -to -  
nand> o r  h a n d  t o  m o u th .

.So, o u r  o n ly  p ro te c t io n  is keeping ourselves clean - 
and i l \  easy, even i f  y o u  d o n ’t  have-» ru n n in g  w a te r .

GETTING 
SfCH 

STINKS I

^OU SHOULD ALU/flys WASH YOUR HANDS*
A fte r  us ing the  to ’.et.
A fte r  r o u "  n ing o r  sneering.
A fte r  сһнп^лдо a baby's diapers.
Alter d u m p in g  u  c lean ing  honeyburket.s 
A fte r  h a n d lin g  me,-.t., skin.s V- f is h .
Before ta lin ^ ; i> cook ing  foo d .

CONNING W ATCR;
l i fe  lo ts  nt sosp and vf-«tev' when you wash your hards. 
Rinse well,
l is t  paper tow e ls, n r  wash c lo th  tow e ls  fre q u e n t '.y.

A ■

\F YOU DO/y r  Rg^NiNG WATEft;

Ket.p d r in k in g  w a te r  and
wash w a te r in  separate H-ortainers.
Change the  w a te r i r  the wash ha s ir  be fore eac-i use.
Lot* a StLL’dJ Ltjsir» I L*f t y u u r hdi idb. X ,
c lean  b e ll i  к/a ih  *,nd r ’. r i i t  lias in^ o fte n , wipe d ry  w iLh c. paper tow el.
Keep y o u r  fing e r nails tr im m e d  (and dean the rn  o fle r.) . (ie rrns  j^ruw  un de r n a ili.
I- i case w a te r becomes te m p o ra r ily  unavailab le , keeo a b o ttle  o i a lcoho l ur L:ox o f m o l i l
to w le tte s  for hand  washing.

A

Ivr more information on handling koncvbucket* and . . ,►►►
.safe d/vnkincf water, turn to the other side....
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• Make s y re y o u r  bu cke t has a lid .
• E m pty  w her. the  bucket i5 two-thirds
• O lder children sp il C h ild ren  u rd
• Clc^n I he b u ck et th o r o u g h ly  and  fr e e
• Lbe ru b b er  g lo v e s , d iiir ifec ir in t and a
• Keep honcybucker uway irum  !ot>d, cc
• Keep ex tra  buckets and lid s un Viiir.d i 
. Clean тһе avea a ro u n d  the  b u cke t to  I

IF you HAUL WATER FOR HOUSEHOLD USE, REMEMBER:
• Use li villu&u waLerin% pu n t ii a l a ll possible; ’-Vver and lake w a te r m ay be c o n ta m in a te d  by hu m an  

o r  an im a l waste.
« T 'le  m o s t re liab le  way to  p u r ify  d r in k in g  w a te r is b o ilin g  (o r  5 rr.lnuLt:>.
. A n o th e r wav t o  k ill some - b u t n o t  all ge rm s • is to  tre a t w a te r w ith  ch lo r in e  bleach.

Use onci d ro p  n f Ыелгһ (C lnroe, H i- le *  P u re *} t o r  a q u a rt. or 1 ( l  teaspoon fo r  I've  "a llo r.* .
i \  w ell нпс. le t stand fo r  30  m inu tes . A s lig h t o d o r o f  bleach shou ld  be no ticeab le  in  the  w ater.

II i^ d . t r  is c loudy, double  ihe a m o u n t o f  bleach.
• Use a d r in k in g  w a U r c o n ta in e r .H al ha* a ^pouL o r  fauce t; d ip p in g  fo r  w a te r g re a tly  increases th e  

ch ances o f  con ta  m i n a tlo  r .
• РопЧ le t ch ild re n  un de r 12  ha u l w ate r.
• Kee? d r in k in g  w a te r away fro m  hum an waste, d o n ’ t  dispose o f  h u m an  waste near w a te r su^rcc^.
• T V . ro r r ta in e r fo r  h a u lin g  w a te r shou ld  have a t ig h t  f i t t in g ,  w a te rp ro o f lid . and  shou ld  p e rio d ica lly  

be sum /tired by r in s in g  w ith  a st~nng bleach s o lu t io r .

1 here's o n ly  one reason to  fo llo w  these s im p le  iU g ^ V .iu n s : T u  p re v e n t a 
ch id, p a re n t o r e lde r, fro m  b e c o m irg  se rious ly  ill to r  a t r isk to r  dea th ).

T h e re1 s no question  th a t  s a r ;t j- t io n  Is a lo t  easie r w ith  r jn n in g  w a te r and 
tlu ^h  to ile t» * and every househo ld  o r  c o m m u n ity  th a t  desires such a system  
deserves o re .

In the meantime, let’s do the right thing: practice good handwashing and 
safe wiiiie disposal.

like The kids $зу:

GETTING SICK STINKS!
Produced by the U n ive rs ity  o t Alaska .Southeasi/.SiLbi. w ith  g ran ts  and assistance tnorr. th e  A laska 

Science q  Techno logy Foundation , Lhe IL>. D e p a rtm e n t ol llu u s in ^  U  U rban D eve lopm ent; 01 Pice ui Native 
A m erican  P rogram s, and the A ssocia tion  o f  V illage Coum.il P residents R egional Housing A u th o r ity . 

Research, text and design by Jeff Richardson/Zephyer Communications and AM Pie Productions.
Tbe Kids: Jared P icke tt, Jam ie Generous, and C a itlyn  Rowell.
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Appendix D 

Laboratory Experiments

D1 -  River Water Data by CT&E, Provided by ANTHC 

D2 -  Water Characterization -  This Study 

D3 -  Comparison of Container Sizes 

D4 -  DBP Laboratory Analysis Report
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D1 -  River Water Data by CT&E, Provided by ANTHC

A h .
CT&E Environmental Services Inc.
L a b o ra to ry  D iv is io n  ta

M a t r ix  WATER
C l i e n t  S a m p le  ID ECX RIVER WATER

Laboratory Analysis Report

C l i e n c  Name 
O r d e r e d  By 

—Pxoject_NAmfc 
P r o j e c t #  

PVJSID

AX AREA NATIVE HEALTH SERVICE  

DENMAN ONDEIACY

WORX O r d e r  
P r i n t e d  D a t e  
C o l l e c t e d  D a c e  

—R e  e e  1 v e  d -D e  t e —

2 0 7 2 6  
0 2 / 0 5 / 9 6  

D i / 1 5 / 9 6  

- 0 1 / 1 3 / 5  e_

% 1 6 : 0 5  h r s . 

© hr».
ф 1 5 : 3  0 h r g .

T e c h n i c a l  D i r e c t o r  STEPHEN C. 

R e l e a s e d  B y

1 ^ , 1 «  SAMPLE COLLECTED BY: P . H . S .  WITNESSED ВУ X . l .  *  » A . V .

TOC, D IS S O L V E D -3 . 5 6  M G /L.

P a r a m e t e r

QC
R e e u l t a  Q u a l U n i t e

Allowable
L i m i t *

E x t .
D a c e

A n a l
D a t e

Inorganic Contaminants
Antimony
A r s e n i c
B a r iu m
B e r y l l i u m
Cadm ium

C hrom ium

C y a n id e
F l u o r i d e
M e r c u r y

N i c k e l
N i t r a t e - K

N i t r i t e • V
N i t r a t e  an d  N i t r x t e - N
S e le n iu m
Thailiuro

S e c o n d a r y C o n t a m i n a n t e I I
A lu m in u m

Chloride
C o lo r
C o p p e r
L a n g l i e r  I n d e x  ® 40F  

L a t i g l i e r  I n d e x  3 1 4 0 F  

F l u o r i d e
F o a m in g  A tjen te  MBAS 

I r o n
Manganese
O dor
pH
S i l v e r
Sodium
Sulface
T o t s l  D i s s o l v e d  S o l i d s  

"  ZlAd '------: ' ' '

0 . 0 0 2 5 U m g /L

ISAAC 8 0 . 0 7 0  

EPA 2 0 0  .9

0 . 0 0 2 5 U m g/L EPA 2 0 0 . 9

0 . 0 4 3 m g/L EPA 2 0 0 . 7

0 . 0 0 0 2 5 u m g /L SPA 2 0 0 . 9

0 .0 C C 2 5 u m g/L E?A 2 0 0 . 9

0 . 0 0 2 5 u m g/L EPA 2 0 0 . 9

0 .0 0 5 u m g/L EPA 3 3 5 . 4

0 . 1 0 u m g/L EPA 3 0 0 . 0

0 .0 0 0 5 u m g/L EPA 2 4 5 . 1 / 2 4 5 . 2

0 . 0 2 5 0 m g /L EPA 2 0 0 . 7

0 .1 0 u m g/L EPA 3 5 3 . 2

0 . 1 0 U m g /L SPA 3 5 3 . 2

0 .  10 u m g /L EPA 3 5 3 . 2

0 . 0 0 2 5 u m g /L EPA 2 0 0 . 9

0 . 0 0 1 0 u m g /L EPA 2 0 0 . 9

0 . 0 6 0 m g /L

18AAC 8 0 . 0 7 0  

EPA 2 0 0 . 7A

7 . 0 5 m g /L EPA 3 0 0 . 0

40 PCU SM18 2 1 2 0 B

0 . 0 2 5 u m g/L EPA 2 O 0 .7 A

-2  .1 1 m g/L SM I4 2 0 3

- 1 . 0 3 m g/L SM I4 2 0 3

C .1 0 u m g/L EPA 3 0 0 . 0  ION

0 . 1 u m g /L SM16 5 1 2 B

2 . 9 m g /L EPA 2 0 0 .7A

0 . 4 8 m g/L EPA 2 0 0 .  ?A

2 T .O .N . SM I8 2 1 5 0 B

6 .6 2 u n i t e EPA 1 S 0 . 1

0 . 0 1 0 V m g /L EPA 2 0 0 . 7 A / 2 0 0 . '

10 m g /L EPA 2 0 0 . 7A

6 . 5 7 m g /L EPA 3 0 C . 0  ION

93 m g/L SPA 1 6 0 , 1

________ 0 . 0 2 5 _ p _ _m g/L__. EPA 2 0 0 . 7A

n / a
C . 0 0 6 0 1 / 1 8 / 9 6 0 1 / 2 4 / 9 6 XGF

0 .  0 5 0 1 / 1 8 / 9 6 0 1 / 2 3 / 9 6 KGF
2 0 1 / 1 8 / 9 6 0 1 / 1 9 / 9 6 CLC

0 .  0 0 4 0 1 / 1 8 / 9 6 0 1 / 2 4 / 9 6 KGF
o.oos 0 1 / 1 8 / 9 6 0 1 / 1 9 / 9 6 KGF

0 . 1 0 1 / 1 8 / 9 6 0 1 / 2 3 / 9 6 KGF
0 . 2 0 1 / 2 9 / 9 6 0 1 / 3 0 / 9 6 BMW
4 . 0 0 1 / 1 8 / 9 6 MCE

0 .0 C 2 0 1 / 1 8 / 9 6 0 1 / 1 8 / 9 6 XT A

0 . 1 0 1 / 1 8 / 9 « 0 1 / 1 9 / 9 6 CLC
1 0 0 1 / 1 9 / 9 6 EMB
1 0 1 / 1 9 / 9 6 EMB
1 0 0 1 / 1 9 / 9 6 EMB

0 . 0 5 0 1 / 1 8 / 9 6 0 1 / 2 4 / 9 6 KGF

0 . 0 0 2 0 1 / 1 8 / 9 6 0 1 / 2 3 / 9 6 KGF

n / a
0 . 2 0 1 / 1 8 / 9 5 0 1 / 1 9 / 9 « CLC
2 5 0 0 1 / 1 8 / 9 6 MCE

1 5 0 1 / 1 8 / 9 6 VEP
1 . 3 0 1 / 1 8 / 9 6 0 1 / 1 9 / 9 6 CLC

0 1 / 3 1 / 9 6 DFL
0 1 / 3 1 / 9 6 DFL
0 1 / 1 8 / 9 6 MCE

0 . 5 0 1 / 1 9 / 9 6 EMB
0 . 3 0 1 / 1 8 / 9 6 0 1 / 1 9 / 9 6 CLC
0 . 0 5 0 1 / 1 8 / 9 6 0 1 / 1 9 / 9 6 CLC

3 0 1 / 1 8 / 9 6 WEP
6 . 5 - e . 5 0 1 / 1 8 / 9 6 WEP

0 . 1 0 1 / 1 8 / 9 6 0 1 / 1 9 / 9 6 CLC
2 5 0 0 1 / 1 9 / S  6 CLC

0 1 / 1 8 / 9 6 MCE
5 0 0 0 1 / 1 9 / 9 6 EMB
5 0 1 / 1 8 / 9 6 0 1 / 1 9 / 9 6 CLC

2 0 0 W  PoUef D rK « , A n ch o ra g e , Д К  9 9 5 1 8 .1 6 0 8  -  W .  (907) 5 6 2 -2343 F a ,:  (907) 56 1 -5 3 01



CT&E R e f  . ft 9 6 . 0 1 f l 5 - l

M a t r i x  WATER
c l i e n t  s a m p le  ID  ECK RIVER WATER

EPA 4 1 5 . 2  0 1 / 2 5 / 9 6  BMW
EPA 1 2 0 . 1  O l / l B / 9 6  0 1 / 1 в / 9 б  W£P

 E PA ~1~6D~2------------ --------- — 01/-1B/-9 fi 0 1 /X B /S 6  TAV

EPA 1 6 C , 2 / 1 6 0 .4  0 1 / 1 8 / 9 6  O l / l B / 9 6  TAV

EPA 1 6 0 . 1  SOO 0 1 / 1 9 / 9 6 EMB

EPA 4 1 5 . 2  0 1 / l ? / > 6  BMW

. . . .  v. CJA » U n a v a i l a b l e
S e e  S p e c i a l  I n s t r u c t i o n s  A b o v e

,  л n u NA -  N o e  A n a l y z e d» •  S e e  S a m p le  ReraarKe A b o v e
U * U n d e t e c t e d ,  R e p o r t e d  v a l u o  i s  t h e  p r a c t i c a l  q u a n t i f i c a t i o n  l i m i t .  L .  *• L e s e  An

GT -  G r e a t e r  T h a n
D ■ S e c o n d a r y  d i l u t i o n .
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D2 -  Water Characterization -  This Study

Water Characterization - Lab Results from Thesis Study

Location Chlorine Metals (mg/L)
Type ©o Site City Date pH

Conductivity
(MS/cm)

TOC
(mg/L) free total

Turbidity
;fau.

TSS
(mg/L) Cu Fe Mn

*
Lake at airport

Pilot
Comm Apr-05 5.87 16.65 6.22 ND ND 3.50 2.40 ND ND ND

100% Ballaine Lake Fairbanks May-05 6.67 86.25 49.26 0.04 0.04 5.50 6.20 ND 0.44 ND
100% Ballaine Lake Fairbanks Aug-05 6.17 58.65 ND ND 9.50 0.72 ND
35% Ballaine Lake Fairbanks Jun-06 18.58
12% Ballaine Lake Fairbanks Jun-06 7.80
12% Ballaine Lake Fairbanks Jun-06 6.96

a> 10% Ballaine Lake Fairbanks Aug-05 5.08 11.31 ND ND ND ND ND
TO 10% Ballaine Lake Fairbanks Aug-05 4.59 10.66 ND ND 1.00 ND ND
-J 10% Ballaine Lake Fairbanks Sep-05 7.40 8.46 ND ND 7.00 ND ND

10% Ballaine Lake Fairbanks Sep-05 6.78 8.45 ND ND 3.00 ND ND
10% Ballaine Lake Fairbanks Sep-05 6.25 8.36 0.02 0.02 ND ND ND
10% Ballaine Lake Fairbanks Sep-05 6.12 8.25 ND ND 2.50 ND ND
5% Ballaine Lake Fairbanks Jun-06 3.46

> 5% Ballaine Lake Fairbanks Jun-06 3.20
>TO 3% Ballaine Lake Fairbanks 0ct-06 5.75 2.76 ND ND ND ND ND

1% Ballaine Lake Fairbanks 0ct-05 5.98 1.22 ND ND ND ND ND
Pilot Community River Data 

from CT&E
Pilot

Comm 1996 6.82
160 

[u mhos/cm] 3.56 ND 2.90 0.48

*
Pilot Community River

Pilot
Comm Apr-05 7.14 59.15 4.82 ND ND 4.00 ND ND ND 0.12

>
& Water treatment plant

Pilot
Comm Apr-05 7.17 126.60 6.10 0.02 0.04 12.50 11.90 ND 1.36 0.21

Chena River downtown Fairbanks May-05 7.46 175.10 8.24 0.04 0.04 12.50 80.80 ND 0.61 ND

Chena River at Nordale Road Fairbanks May-05 7.64 162.75 9.09 ND 0.04 31.00 199.30 ND 0.48 ND
Roof catchment Fairbanks Jun-05 5.61 6.09 7.56 0.02 ND 7.50 5.33 ND ND ND

C Roof catchment Fairbanks 0ct-05 5.79 2.34 ND ND ND ND ND
TO
t r

Roof catchment
Pilot

Comm Jul-06 7.59 39.00 1.28 ND 0.02 2.00 ND ND
Roof catchment Fairbanks Jul-06 6.81 ND 1.98 ND ND 4.00 2.40 ND

Water treatment plant sink
Pilot

Comm Apr-05 7.19 146.60 5.82 ND ND ND ND ND ND ND

rea
ted

Ta
p

Fairbanks city tapwater from 
ACCA on 10th and Barnette 

streets Fairbanks May-05 8.27 360.50 6.15 ND 0.04 0.50 ND ND ND ND
r—

UAF tapwater from Duckering 
Building 4th Floor Fairbanks May-05 7.91 753.50 11.75 ND 0.03 2.00 ND 1.64 ND ND

T3
o CL 10% Ballaine Fairbanks Nov-05 8.31 8.63 ND ND ND ND
« u_ 10% Ballaine Fairbanks Nov-05 5.30 8.29 ND ND 0.67 1.16 ND
< Ф

u_ 10% Ballaine Fairbanks Nov-05 5.24 8.39 ND ND 4.67 5.14 ND
Max 8.31 753.50 58.65 0.04 0.04 31.00 199.30 1.64 5.14 0.48

ND=Non-detect Min 4.59 6.09 1.22 0.02 0.02 0.50 2.40 1.64 0.44 0.12
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D3 -  Comparison of Container Sizes

Comparison of container sizes (tap water chlorinated to 4 mg/L)
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D4 -  DBP Laboratory Analysis Report

S G S  Laboratory Analysis Report

200 W  Potter Drive 

Anchorage. AK 99518-1605 
Tel: (907)562-2343  
Fax: (907)561-5301 

Web: http: Ччлчлү us.sgs.com

Shawn Laderact 
Unversity of Alaska Fairbanks 
Department of Civil & Env Eng 
300 Tanana Dr Duckering Rm 245 
Fairbanks, AX 99775

Work Order: 1063074

TTHM Released bv:

Client: Univ. Of AK Fairbanks
Report Date: July 11, 2006

Enclosed are the analytical results associated with the above workorder

As required by the state o f  Alaska and the USEPA. a formal Quality Assurance/Quality Control Program is maintained by SGS. A  
copy o f  our Q u a lity  Assurance Plan (QAP). which outlines this program, is available at your request.

The laboratory certification numbers are AK 971-05 (DW ), UST-005 (CS) and AK00971 (Micro) for ADEC and 001543 for 
NELAP

Except as specifically noted, all statements and data in this report are in conformance to the provisions set forth by the SGS QAP. 
the National Environmental Laboratory Accreditation Program and, when applicable, other regulatory authorities

If you have any questions regarding this report or if  we can be o f  any other assistance, please contact your SGS Project Manager at 
907-562-2343.

The following descriptors may be found on your report which will serve to further qualify the data

PQL Practical Quantitation Limit (reporting limit)

U Indicates the analyte was analyzed for but not detected

F Indicates value that is greater than or equal to the MDL

J The quantitation is an estimation.
ND Indicates the analyte is not detected.
B Indicates the analyte is found in a blank associated with the sample
* The analyte has exceeded allowable regulatory or control limits
GT Greater Than
D The analyte concentration is the result o f  a dilution
LT Less Than
I Surrogate out o f  control limits.

Q QC parameter out o f  acceptance range
M A matrix effect was present.

JL The analyte was positively identified, but the quantitation is a low estimation
E The analyte result is above the calibrated range

Note. Soil samples are reported on a dry weight basis unless otherwise specified.

SGS Environmental Services Inc. 200 W Potter Dr. Anchorage ЛК. 99518-1603 1(907)562-2343 f  (907) 561-5301 w us.sss.com
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JJG St 1063074

Yes NANo

-X
 5C.
- X .

S A M P L E  R E C E IP T  F O R M  SGS w o#:

Are samples RUSH, priority, or w /n  7 2  h r s .  of hold time? D ue  D a te : " 6(5
If yes have you done e -m a il  n o t i f i c a t io n ?
Are samples w i th in  2 4  h r s . o f hold time or due date?
If yes, have you s p o k e n  w i th  Supervisor?

____________Archiving b o ttle s - if req., are they properly marked?
X Are there any problems? PM Notified?__________

Received Date: 
Received Time:

  Were samples preserved correctly and pH verified?

Is date/time conversion necessary?
# of hours to AK Local Time: 7-----
Thermometer ID:

If this is for PWS, provide PWS1D. _
____________ W ill courier charges apply?
____________X  Method of payment?______ ___________________
 £  Data package required? (L eve lT l j )  2 /  3 / 4 )

N o t e s :
X  ____ Is this a DoD project? (USACE, Navy, AFCEE)

This section must be filled out for DoD projects (USACE. Navy. AFCEE) 
Yes No
    Is received temperature 4 + 2°C?

Exceptions: Samples/Analyses Affected:

Rad Screen performed? Result: " " ' ~~
Was there an airbill? (Note # above in the right hand column) 
Was cooler sealed with custody seals?

# / where:  _____________________________
Were seal(s) intact upon arrival?
Was there a COC with cooler?
Was COC sealed in plastic bag & taped inside lid of cooler? 
Was the COC filled out properly?
Did the COC indicate COE / AFCEE / Navy project?
Did the COC and samples correspond?
Were all sample packed to prevent breakage?

Packing material: _
Were all samples unbroken and clearly labeled?
Were all samples sealed in separate plastic bags?
Were all VOCs free of headspace and/or MeOH preserved? 
Were correct container / sample sizes submitted?
Is sample condition good?
Was copy of CoC, SRF, and custody seals given to PM to fax?

Cooler ID
j -

Temp EHank
JL2>

~EL
*C
°c
°c
%c
°c

Cooler Temp
c

_________°c
 °c
 °c
 °c

•Temperature readings indude thermometer correct ton factor^T"*^

Delivery method (circle all that apply)T C lien tyN
Alert Courier / UPS / FedEx /  U S P & >^-__ *
AA Goidstreak / NAC / ERA / PenAir /  Cariile
Lynden / SGS / Other: __________________

Airbill # _____________________________
Additional Sample Remarks: f V if applicable)
_________Extra Sample Volume?
_________Limited Sample Volume?

__Field preserved for volatiles?
_Field-filtered for dissolved? _ 
__Lab-fi!tered for dissolved? _

X  Ref Lab required?
.Foreign Soil?

This section must be filled i f  problems are found.
Yes No
   Was client notified of problems?

Individual contacted:
Via: Phone / Fax / Email (circle one) 
Date/Time:
Reason for contact:

Change Order Required? 
SGS Contact:

Notes:T V , p  Ы CuiJk- O ftfc U A  ^  C O ( b  ,

Completed by (sign):
Login p roo f (check one)

DOCUMENT\FORMS\approvcd\SRF_F004rl5.doc

ivefq required x f i r

(print):
"sZZ performed by:

Form  # F004r l 5 6/6/5
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S G S 1063074
SGS WO#:

l l

SAMPLE RECEIPT FORM FOR TRANSFERS 
From

FAIRBANKS, ALASKA OR HONOLULU, HAWAII 
To

ANCHORAGE, AK

TO BE COMPLETED IN ANCHORAGE UPON ARRIVAL FROM FAIRBANKS OR HAW AIL 
NOTES RECORDED BELOW ARE ACTIONS NEEDED UPON ARRIVAL IN ANCHORAGE.

N o t e s : ----------------------------------------------------------------------------- ----------------------------------------------

Receipt Date / Time: [ Q ^ Q ---------------------------------
Is Sample Date/Time Conversion Necessary? Yes--------------  No
Number of Hours From Alaska Local Time: 
Foreign Soil? Y es_________  No

Delivery method to Anchorage (circle all that apply).  ^

Alert Courier / UPS / FedEx / USPS /  AA Goldstreak / NAC / ERA / PenAir / Carlile /Lyndgn) SGS

Other: __

A ir b i l l  #  _

COOLER AND TEMP BLANK READINGS*
Cooler ID Temn Blank f ° q  Cooler (°Q  Cooler ГО Temp Blank ( Q  Cooler ( _Q

CUSTODY SEALS INTACT: <Г үЕ£^ NO 
     ____________ # / WHEREi-

COMPLETED BY:

**•Temperature readings ini

4.  ̂ ft̂_сХг.

correction factors.

C :\D ocum ents and ScttingsNscastlcberryVM y D ooim cnts\Fonns\FO  10r04{S T tfT ).doc
Form  F010r0 4 : 06/ 14/04
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© MWH Laboratories
A Drvi*an Ы MWHAmaricax Л*с.

7S0 Rof*l Oaks Om*, So« • ICO 
Mcnrovte, C&Uonva 91016-3629 
le t  62« 368 1100 
Pat 626 386 1101 
* 800 566 LA 3S (1 Ө00 566 E227)

Laboratory Report

for

SGS Environmental Services Inc. 
2 00 W. Potter Drive

Anchorage , AK 99518
Attention: Forest Taylor 

Fax: (907) 561-5301

YOM Yolanda Martin Report#: 177627
Project Manager DRINKING

Laboratory certifies that the test results meet all NELAC requirements unless 
noted in the Comments section or the Case Narrative. Following the cover page 
are QC Report,QC Summary,Data Report,Hits Report, totaling 9 page [s]
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MWH Laboratories
7 50 Royal Oaks Drive, Monrovia, CA 91016 
PHONE: 626-386-1100/FAX: 626-386-1101
ACKNOWLEDGMENT OF SAMPLES RECEIVED 

SGS Environmental Services Inc.
2 00 W . Potter Drive Customer Code: CTE-AK
Anchorage, AK 99518 PO#: 1063074
Attn: Forest Taylor Group#: 177627
Phone: (907) 562-2343 Project#: DRINKING

Proj Mgr: Yolanda Martin
Phone: (626) 386-1104

The following samples were received from you on 06/28/06. They have been 
scheduled for the tests listed beside each sample. If this information 
is incorrect, please contact your service representative. Thank you for 
using MWH Laboratories.

Sample# Sample Id Matrix
Tests Scheduled

Sample Date

2606280294 1 1063074001
@THM524

2606280297 2 1063074002
: ■; ©THM524

2606280298 3 1063074003
:* . ©THM524

2606280299 4 1063074004
©THM52:4

2606280300 4 1063074005 DUP
; ©THM524:

2606280301 TB 1063074006
:: OTHM524

Water
Water
Water
Water
Water
Water

21-j un-2006 10:58:00 
21-jun-2006 11 :05 :00 
21-jun-2006 11:12:00 
21-jun-2006 11:19:00 
21-jun-2006 11:26:00 
21-jun-2006 10:58:00

Test Acronym Description
Test Acronym Description

@THM524 Trihalomethanes by 524.2

- 1 -
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Laboratory
MWH Laboratories 2®port
A Division of KTWH America*. ir,- f t  A  /  /  O Z /

750Roya» Oaks Drive. Suiift ICO 
Monrove.CaWofniji 91016-3629 
Tel: «26 3M 1100 
Fa*. 628 Звб 1101 
i 800 see m a s  <; soo see 5237)

SGS Environmental Services Inc. Samples Received
Forest Taylor 28-jun-2006 16:30:08
2 00 W. Potter Drive 
Anchorage , AK 99518

Analyzed Sample# Sample ID Result Federal UNITS MRL
MCL

2 6 0 6 2 8 0 2 9 4 1 1 0 6 3 0 7 4 0 0 1

06/29/06
06/29/06

Chloroform {Trichioromethane) 
Total Trihalomethanes
2 6 0 6 2 8 0 2 9 7 2 1 0 6 3 0 7 4 0 0 2

38.1
38.1 80

ug/1
ug/1

0.5
0.5

06/29/06
06/29/06

Chloroform (Trichioromethane) 
Total Trihalomethanes
2 6 0 6 2 8 0 2 9 8 3 1 0 6 3 0 7 4 0 0 3

24.3
24.3 80

ug/1
ug/1

0.5
0.5

06/29/06
06/29/06

Chloroform (Trichloromethane) 
Total Trihalomethanes
2 6 0 6 2 8 0 2 9 9 4 1 0 6 3 0 7 4 0 0 4

3 .58 
3 .58 80

ug/1
ug/1

0.5
0.5

06/29/06
06/29/06

Chloroform (Trichloromethane) 
Total Trihalomethanes
2 6 0 6 2 8 0 3 0 0

3.87
3.87

4 1 0 6 3 0 7 4 0 0 5  DUP

80
ug/1
ug/1

0.5
0.5

06/29/06
06/29/06

Chloroform (Trichloromethane) 
Total Trihalomethanes

3.98
3.98 80

ug/1
ug/1

0.5
0.5

2 6 0 6 2 8 0 3 0 1 TB 1 0 6 3 0 7 4 0 0 6

SUMMARY OF P O S IT IV E  DATA ONLY.
Hits Report - Page 1 of 1
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© MWH Laboratories
A OMtion Ы StWH Americas, inc.A Ohri&o* Ы WtVH Americ+s,

7S0 Royal Oakt Drive. Sufi» 100 
Mowova, Catitorrva 91 O',6-3629
w . егв ззв iioo
Fat 626 3*6 И01 
1 300 566 -A as (1 »00 566SZZ7)

Laboratory
Data Report
#177627

SGS Environmental Services Inc. 
Forest Taylor 
20 0 W. Potter Drive 
Anchorage , AK 99518

Samples Received 
06/28/06

Prepared Analyzed QC Ref# Method

1 1 0 6 3 0 7 4 0 0 1  (2 6 0 6 2 8 0 2 9 4 ) S am pled  on 0 6 / 2 1 / 0 6  1 0 : 5 8

T r i h a l o m e t h a n e s  b y  5 2 4 . 2

Data Report - Page 1 of 6
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MWH Laboratories
A Dfvisrojr o f AftVWAmerieas, Inc.

L a b o r a t o r y
D a ta  R e p o r t
# 1 7 7 6 2 7

750 Roy a! Oaks Drive, St** 100 
Morvt»A*,Ca№orra 9K>1C-062S 
T*: «26 386 1100 
Fax: 626 3S8 1101 
• 800 5©6 LASS C’ 800 566 5227)

SGS E n v iro n m e n ta l S e r v ic e s  In c .  
( c o n t in u e d )

prepared Analyzed QC Ref# Method

2 1 0 6 3 0 7 4 0 0 2  (2 6 0 6 2 8 0 2 9 7 ) S am p led  on 0 6 /2 1 /0 6  1 1 :0 5

T r ih a lo m e th a n e s  b y  5 2 4 .2
06/29/06 IS;55 323833 ( ML/EPA 524.2 ) Brorooforro HD ug/1 0.5
06/29/06 15:55 32 3838 ( KL/EPA S24.2 ) Chloroform (TrichloroTnethane) 24.3 ug/1 0.5
06/29/06 15:S5 323838 { KL/EPA 524.2 ) Chlorodibromowthane KD ug/1 0.5
06/29/06 15:55 323833 ( ML/EPA 524.2 ) Bramodie'nloroir.ethane ug/1 0.5
06/29/06 15-.55 323833 ( ML/EPA 502/524) Total Trih* lomethar.es 24.3 ug/1 0.5

( ML/EPA 524.2 ) Toluene-d8(70-130) 92 % Rec
( ML/BPA 524.2 ) 4-BroncCluorobenzene(70-130) 104 % Rec
{ ML/EPA 524.2 ) l .2-Dichloroethane-d4(70-130) 104 * Rec

Data Report - Page 2 of 6
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® MWH Laboratories
A Division o l KM/H Ameficat, Inc.

?50 Жу*1 Oak* Drive, Sua* 100 
»1016-3629

т* вге 386 noo
Fa* 626 386 1101 
1 &00 »6 uASS С’ 800 see 5227)

Laboratory
Data Report
#177627

SGS Environmental Services Inc. 
(continued)

Prepared Analyzed QC Ref# Method

3 1063074003 (2606280298) Sampled on 06/21/06 11:12

Trihalomethanes by 524.2

Data Report - Page 3 of 6
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© MWH Laboratories
A Division o f MVW Awrice*. Int.

750 Rtyal Oak* Drive, Sue* ICG 
Wcxvov*, Cflfitorni* 91016-3629 
Tei 626 386 1100 
Ftx 626 386 1101 
' 600 566 I.A33 ( ’ 800 566 SZZ7)

Laboratory
Data Report
#177627

SGS Environmental Services Inc. 
(continued)

prepared Analysed 0C Ref# Method

4 1063074004 (2606280299) Sampled on 06/21/06 11:19

Trihalomethanes by 524.2

Data Report - Page 4 of 6
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© MWH Laboratories
A O-viaiaf} Ы  M W H  Am*rtce*. Inc.

Laboratory
Data Report
#177627

750 Roy»l Oaks Drfv*, Sue* ICC' 
Monrovia, California 91016-3629 
Tel. 62« 386 ЛОО 
Fat €26 3861 TCI 
1 800 566 LABS (! 900 566 52?7)

SGS Environmental Services Inc. 
(continued)

Prepared Analyzed QC Ref# Method U n i t e  MRL

4 1063074005 DUP (2606280300) Sampled on 06/21/06 11:26

Trihalomethanes by 524.2

Data Report - Page 5 of 6
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© M W H  Laboratories
A Division of M W W  Amtricat. Int.

Laboratory
Data Report
#177627

750 Royal Oaks Drive. Sufee «00 
Monrovia, CafitOrtva 91016-3629 
T<ri.626 366 И00 
Fee 626 386 1101 
( 800 560 LABS (1 800 566 5227)

SGS Environmental Services Inc. 
(continued)

P r e p a r e d  A n a ly z e d  QC R e f #  M eth o d A n a l y t e

TB 1063074006 (2606280301) Sampled on 06/21/06 10:58

Trihalomethanes by 524.2

Data Report - Page 6 of 6
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© MWH Laboratories
A Division of MWH America», lr>e.

Laboratory 
QC Summary 
#177627

750 Rcy»i Oakc Ort*. S tf*  100 
IAorvwi«, CaMorrna &101<K)62$ 
Tel.626 авв 1100 
F a*626 3SS1101 
t BOO 5 «  LABS (1 800 5ве 5227)

SGS Environmental Services Inc.

QC Ref #323838 - Trihalomethanes by 524.2 Analysis Date: 06/29/2006

2606280294
2606280297
2606280298
2606280299
2606280300
2606280301

1063074001
1063074002
1063074003
1063074004
1063074005 DUP

TB 1063074006

Analyzed by 
Analyzed by 
Analyzed by 
Analyzed by 
Analyzed by
Analyzed by: rpd

rpd
rpd
rpd
rpd
rpd

QC Summary - Page 1 of 1
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© MWH Laboratories
A Dfvition Ы  IWWrt A nvr lc tt . inc.

Laboratory
QC Report
#177627

750 Royal Oaks Drive. SuKe »00 
Uonfwe, CaWow* S1016-362?
m  «36 3861100 
Ғ** 626 386 1101 
' 800 5 «  LA&S (i 600 566 5?J7)

SGS Environmental Services Inc.

QC Ref #323838 Trihalomethanes by 524.2

Splices which exceed Limits and Method Blank* with positive results are highlighted by Underlining.
Criteria for KS and DUP are advisory only, batch control is based on LCS. Criteria for duplicates 
are advisory only, unless otherwise specified in the method.

QC Report - Page 1 of 1



Appendix E 

3-Log Calculations



Experiment

Sample description

Time
(min)

Temp
(°C) pH

Cl
(mg/L) a b c

CT
required

Integrated CT Cl(t)*t

Lab
name

Initial
Cone.

Water type 
(% Ballaine)

Container
type

CT
calculated

Inactivation
requirement
achieved?

CT
calculated

(time)

Inactivation 
requirement 
achieved by 
one hour?

Vary
Concentration

S1 and
S2 6 10% Open 0.0 20 5.08 5.89 -1.39 1.83 0.02 24.29 0.00 No 0

Vary
Concentration

S1 and 
S2 6 10% Open 2.5 20 5.08 4.75 -1.39 1.83 0.02 24.29 11.87 No 11.875

Vary
Concentration

S1 and
S2 6 10% Open 29.5 20 5.08 3.30 -1.39 1.83 0.02 24.29 100.98 Yes 97.35 yes

Vary
Concentration

S1 and 
S2 6 10% Open 70.5 20 5.08 2.61 -1.39 1.83 0.02 24.29 207.98 Yes _

Vary
Concentration

S1 and 
S2 6 10% Open 131.0 20 5.08 2.05 -1.39 1.83 0.02 24.29 332.01 Yes _

Vary
Concentration

S1 and 
S2 6 10% Open 238.5 20 5.08 1.50 -1.39 1.83 0.02 24.29 493.26 Yes _

Vary
Concentration

S1 and
S2 6 10% Open 348.5 20 5.08 1.09 -1.39 1.83 0.02 24.29 613.16 Yes _

Vary
Concentration

S1 and 
S2 6 10% Open 1422.5 20 5.08 0.05 -1.39 1.83 0.02 24.29 661.49 Yes _

Vary
Concentration

S1 and 
S2 6 10% Open 2877 20 5.08 0 -1.39 1.83 0.02 24.29 661.49 Yes -

Vary
Concentration

S3 and 
S4 8 10% Open 0.0 20 5.08 7.85 -1.39 1.83 0.02 24.29 0.00 No 0

Vary
Concentration

S3 and 
S4 8 10% Open 1.5 20 5.08 6.90 -1.39 1.83 0.02 24.29 10.35 No 10.35

Vary
Concentration

S3 and 
S4 8 10% Open 22.0 20 5.08 5.60 -1.39 1.83 0.02 24.29 125.15 Yes 123.2

Vary
Concentration

S3 and 
S4 8 10% Open 63.5 20 5.08 4.50 -1.39 1.83 0.02 24.29 311.90 Yes 285.75 yes

Vary
Concentration

S3 and 
S4 8 10% Open 121.0 20 5.08 3.90 -1.39 1.83 0.02 24.29 536.15 Yes _

Vary
Concentration

S3 and 
S4 8 10% Open 229.0 20 5.08 3.15 -1.39 1.83 0.02 24.29 876.35 Yes _

Vary
Concentration

S3 and 
S4 8 10% Open 337.0 20 5.08 2.70 -1.39 1.83 0.02 24.29 1167.95 Yes _

Vary
Concentration

S3 and 
S4 8 10% Open 1412.5 20 5.08 1.14 -1.39 1.83 0.02 24.29 2388.64 Yes _

Vary
Concentration

S3 and 
S4 8 10% Open 2867.5 20 5.08 0.2 -1.39 1.83 0.02 24.29 2679.64 Yes -



Sample description Integrated CT Ci(t)*t

Experiment
Lab

name
initial
Cone.

Water type 
(% Baiiaine)

Container
type

Time
(min)

Temp
(°C) pH

Cl
(mg/L) a b c

CT
required

CT
calculated

Inactivation
requirement
achieved?

CT
calculated

(time)

Inactivation 
requirement 
achieved by 
one hour?

Vary
Concentration

S5 and 
S6 6 10% Closed 0.0 20 4.59 5.89 -1.39 1.66 0.02 20.35 0.00 No 0

Vary
Concentration

S5 and 
S6 6 10% Closed 1.5 20 4.59 4.40 -1.39 1.66 0.02 20.35 6.60 No 6.6

Vary
Concentration

S5 and 
S6 6 10% Closed 28.5 20 4.59 3.35 -1.39 1.66 0.02 20.35 97.05 Yes 95.475

Vary
Concentration

S5 and 
S6 6 10% Closed 60.5 20 4.59 2.70 -1.39 1.66 0.02 20.35 183.45 Yes 163.35 yes

Vary
Concentration

S5 and 
S6 6 10% Closed 113.5 20 4.59 2.12 -1.39 1.66 0.02 20.35 295.81 Yes _

Vary
Concentration

S5 and 
S6 6 10% Closed 199.5 20 4.59 1.63 -1.39 1.66 0.02 20.35 435.99 Yes _

Vary
Concentration

S5 and 
S6 6 10% Closed 1457.5 20 4.59 0.03 -1.39 1.66 0.02 20.35 467.44 Yes _

Vary
Concentration

S5 and 
S6 6 10% Closed 2870.5 20 4.59 0.02 -1.39 1.66 0.02 20.35 495.70 Yes -

Vary
Concentration

S7 and 
S8 8 10% Closed 0.0 20 4.59 7.85 -1.39 1.66 0.02 20.35 0.00 No 0

Vary
Concentration

S7 and 
S8 8 10% Closed 1.0 20 4.59 5.80 -1.39 1.66 0.02 20.35 5.80 No 5.8

Vary
Concentration

S7 and 
S8 8 10% Closed 20.0 20 4.59 5.40 -1.39 1.66 0.02 20.35 108.40 Yes 108

Vary
Concentration

S7 and 
S8 8 10% Closed 52.0 20 4.59 4.60 -1.39 1.66 0.02 20.35 255.60 Yes 239.2 yes

Vary
Concentration

S7 and 
S8 8 10% Closed 104.5 20 4.59 4.05 -1.39 1.66 0.02 20.35 468.23 Yes _

Vary
Concentration

S7 and 
S8 8 10% Closed 189.0 20 4.59 3.50 -1.39 1.66 0.02 20.35 763.97 Yes _

Vary
Concentration

S7 and 
S8 8 10% Closed 1448.0 20 4.59 0.98 -1.39 1.66 0.02 20.35 1997.80 Yes _

Vary
Concentration

S7 and 
S8 8 10% Closed 2861 20 4.59 0.175 -1.39 1.66 0.02 20.35 2245.07 Yes -



Sample description Integrated CT C(t)*t

Experiment
Lab

name
Initial
Cone.

Water type 
(% Ballaine)

Container
type

Time
(min)

Temp
(°C) pH

Cl
(mg/L) a b c

CT
required

CT
calculated

Inactivation
requirement
achieved?

CT
calculated

(time)

Inactivation 
requirement 
achieved by 
one hour?

Vary
Concentration

S9 and 
S10 2 10% Open 0.0 20 6.25 2.00 -1.39 2.26 0.02 37.05 0.00 No 0

Vary
Concentration

S9 and 
S10 2 10% Open 3.5 20 6.25 1.05 -1.39 2.26 0.02 37.05 3.66 No 3.6575

Vary
Concentration

S9 and 
S10 2 10% Open 29.0 20 6.25 0.17 -1.39 2.26 0.02 37.05 7.87 No 4.785

Vary
Concentration

S9 and 
S10 2 10% Open 57.5 20 6.25 0.05 -1.39 2.26 0.02 37.05 9.29 No 2.875 no

Vary
Concentration

S9 and 
S10 2 10% Open 115.0 20 6.25 0.02 -1.39 2.26 0.02 37.05 10.44 No .

Vary
Concentration

S9 and 
S10 2 10% Open 238 20 6.25 0.01 -1.39 2.26 0.02 37.05 11.67 No -

Vary
Concentration

511 
and
512 12 10% Open 0.0 20 6.25 12.18 -1.39 2.26 0.02 37.05 0.00 No 0

Vary
Concentration

511 
and
512 12 10% Open 2.0 20 6.25 7.50 -1.39 2.26 0.02 37.05 15.00 No 15

Vary
Concentration

511 
and
512 12 10% Open 24.5 20 6.25 8.95 -1.39 2.26 0.02 37.05 216.38 Yes 219.275

Vary
Concentration

511 
and
512 12 10% Open 53.0 20 6.25 8.20 -1.39 2.26 0.02 37.05 450.08 Yes 434.6 yes

Vary
Concentration

511 
and
512 12 10% Open 109.5 20 6.25 7.50 -1.39 2.26 0.02 37.05 873.83 Yes

Vary
Concentration

511 
and
512 12 10% Open 233.0 20 6.25 6.65 -1.39 2.26 0.02 37.05 1695.10 Yes

Vary
Concentration

511 
and
512 12 10% Open 422.0 20 6.25 5.85 -1.39 2.26 0.02 37.05 2800.75 Yes

Vary
Concentration

511 
and
512 12 10% Open 1469.0 20 6.25 3.95 -1.39 2.26 0.02 37.05 6936.40 Yes



Experiment

Sample description

Time
(min)

Temp
(°C) pH

Cl
(mg/L) a b c

CT
required

Integrated CT C(t)*t

Lab
name

Initial
Cone.

Water type 
(% Ballaine)

Container
type

CT
calculated

Inactivation
requirement
achieved?

CT
calculated

(time)

Inactivation 
requirement 
achieved by 
one hour?

Vary
Concentration

511 
and
512 12 10% Open 2829.0 20 6.25 2.76 -1.39 2.26 0.02 37.05 10690.00 Yes

Vary
Concentration

511 
and
512 12 10% Open 4481.0 20 6.25 2.02 -1.39 2.26 0.02 37.05 14027.04 Yes

Vary
Concentration

511 
and
512 12 10% Open 5742 20 6.25 1.62 -1.39 2.26 0.02 37.05 16069.86 Yes

Vary
Concentration

513 
and
514 2 10% Closed 0.0 20 6.12 2.00 -1.39 2.21 0.02 35.35 0.00 No 0

Vary
Concentration

513 
and
514 2 10% Closed 1.5 20 6.12 1.08 -1.39 2.21 0.02 35.35 1.61 No 1.6125

Vary
Concentration

513 
and
514 2 10% Closed 29.0 20 6.12 0.21 -1.39 2.21 0.02 35.35 7.39 No 6.09

Vary
Concentration

513 
and
514 2 10% Closed 62.5 20 6.12 0.08 -1.39 2.21 0.02 35.35 10.07 No 5 no

Vary
Concentration

513 
and
514 2 10% Closed 120.0 20 6.12 0.03 -1.39 2.21 0.02 35.35 11.51 No

Vary
Concentration

513 
and
514 2 10% Closed 209.5 20 6.12 0.01 -1.39 2.21 0.02 35.35 12.40 No

Vary
Concentration

513 
and
514 2 10% Closed 1415.0 20 6.12 0.02 -1.39 2.21 0.02 35.35 36.51 Yes

Vary
Concentration

513 
and
514 2 10% Closed 2980 20 6.12 0 -1.39 2.21 0.02 35.35 36.51 Yes

Vary
Concentration

515 
and
516 12 10% Closed 0.0 20 6.12 12.18 -1.39 2.21 0.02 35.35 0.00 No 0



Experiment

Sample description

Time
(min)

Temp
(°C) pH

Cl
(mg/L) a b c

CT
required

Integrated CT ...

Lab
name

Initial
Cone.

Water type 
(% Ballaine)

Container
type

CT
calculated

Inactivation
requirement
achieved?

CT
calculated

(time)

Inactivation 
requirement 
achieved by 
one hour?

Vary
Concentration

515 
and
516 12 10% Closed 2.0 20 6.12 10.90 -1.39 2.21 0.02 35.35 21.80 No 21.8

Vary
Concentration

515 
and
516 12 10% Closed 27.0 20 6.12 8.85 -1.39 2.21 0.02 35.35 243.05 Yes 238.95

Vary
Concentration

515 
and
516 12 10% Closed 60.5 20 6.12 8.25 -1.39 2.21 0.02 35.35 519.42 Yes 499.125 yes

Vary
Concentration

515 
and
516 12 10% Closed 117.5 20 6.12 7.45 -1.39 2.21 0.02 35.35 944.08 Yes

Vary
Concentration

515 
and
516 12 10% Closed 207.5 20 6.12 6.80 -1.39 2.21 0.02 35.35 1556.08 Yes

Vary
Concentration

515 
and
516 12 10% Closed 1413.5 20 6.12 4.05 -1.39 2.21 0.02 35.35 6440.38 Yes

Vary
Concentration

515 
and
516 12 10% Closed 2978.5 20 6.12 2.44 -1.39 2.21 0.02 35.35 10258.98 Yes

Vary
Concentration

515 
and
516 12 10% Closed 4277.0 20 6.12 1.87 -1.39 2.21 0.02 35.35 12687.17 Yes

Vary
Concentration

515 
and
516 12 10% Closed 6037.5 20 6.12 0.95 -1.39 2.21 0.02 35.35 14359.65 Yes

Vary
Concentration

515 
and
516 12 10% Closed 9897 20 6.12 0.075 -1.39 2.21 0.02 35.35 14649.11 Yes .



Sample description Integrated CT C(t)*t

Experiment
Lab

name
Initial
Cone.

Water type 
(% Ballaine)

Container
type

Time
(min)

Temp
(°C) pH

Cl
(mg/L) a b c

CT
required

CT
calculated

Inactivation
requirement
achieved?

CT
calculated

(time)

Inactivation 
requirement 
achieved by 
one hour?

Vary
Temperature A and B 8 10% Open 0.0 10 7.4 7.85 -0.69 2.67 0.02 112.21 0.00 No 0

Vary
Temperature A and B 8 10% Open 3.0 10 7.4 6.35 -0.69 2.67 0.02 112.21 19.05 No 19.05

Vary
Temperature A and B 8 10% Open 29.0 10 7.4 5.00 -0.69 2.67 0.02 112.21 149.05 Yes 145

Vary
Temperature A and B 8 10% Open 55.5 10 7.4 4.70 -0.69 2.67 0.02 112.21 273.60 Yes 260.85 yes

Vary
Temperature A and B 8 10% Open 116.0 10 7.4 4.20 -0.69 2.67 0.02 112.21 527.70 Yes .

Vary
Temperature A and B 8 10% Open 236.0 10 7.4 3.75 -0.69 2.67 0.02 112.21 977.70 Yes _

Vary
Temperature A and B 8 10% Open 1543.5 10 7.4 1.94 -0.69 2.67 0.02 112.21 3514.25 Yes .

Vary
Temperature A and B 8 10% Open 2954.5 10 7.4 1.32 -0.69 2.67 0.02 112.21 5376.77 Yes .

Vary
Temperature A and B 8 10% Open 4304.5 10 7.4 0.92 -0.69 2.67 0.02 112.21 6618.77 Yes

Vary
Temperature A and B 8 10% Open 5817.5 10 7.4 0.59 -0.69 2.67 0.02 112.21 7511.44 Yes .

Vary
Temperature A and B 8 10% Open 7176.5 10 7.4 0.38 -0.69 2.67 0.02 112.21 8027.86 Yes _

Vary
Temperature A and B 8 10% Open 8885.0 10 7.4 0.18 -0.69 2.67 0.02 112.21 8326.85 Yes .

Vary
Temperature A and B 8 10% Open 12797 10 7.4 0.01 -0.69 2.67 0.02 112.21 8365.97 Yes -

Vary
Temperature C and D 8 10% Open 0.0 3 6.78 7.85 -0.21 2.45 0.02 145.72 0.00 No 0

Vary
Temperature C and D 8 10% Open 2.5 3 6.78 6.90 -0.21 2.45 0.02 145.72 17.25 No 17.25

Vary
Temperature C and D 8 10% Open 28.5 3 6.78 5.45 -0.21 2.45 0.02 145.72 158.95 Yes 155.325

Vary
Temperature C and D 8 10% Open 53.5 3 6.78 5.20 -0.21 2.45 0.02 145.72 288.95 Yes 278.2 yes

Vary
Temperature C and D 8 10% Open 114.5 3 6.78 5.05 -0.21 2.45 0.02 145.72 597.00 Yes .

Vary
Temperature C and D 8 10% Open 235.5 3 6.78 4.55 -0.21 2.45 0.02 145.72 1147.55 Yes -



Experiment

Sample description

Time
(min)

Temp
(°C) pH

Cl
(mg/L) a b c

CT
required

Integrated CT | C(t)*t

Lab
name

Initial
Cone.

Water type 
(% Ballaine)

Container
type

CT
calculated

Inactivation
requirement
achieved?

CT
calculated

(time)

Inactivation 
requirement 
achieved by 
one hour?

Vary
Temperature C and D 8 10% Open 1542.5 3 6.78 2.63 -0.21 2.45 0.02 145.72 4584.96 Yes .

Vary
Temperature C and D 8 10% Open 2952.0 3 6.78 2.10 -0.21 2.45 0.02 145.72 7544.91 Yes .

Vary
Temperature C and D 8 10% Open 4303.0 3 6.78 1.74 -0.21 2.45 0.02 145.72 9895.65 Yes .

Vary
Temperature C and D 8 10% Open 5815.5 3 6.78 1.38 -0.21 2.45 0.02 145.72 11975.34 Yes .

Vary
Temperature C and D 8 10% Open 7173.5 3 6.78 1.22 -0.21 2.45 0.02 145.72 13632.10 Yes

Vary
Temperature C and D 8 10% Open 8892.0 3 6.78 1.03 -0.21 2.45 0.02 145.72 15393.56 Yes

Vary
Temperature C and D 8 10% Open 12809.0 3 6.78 0.67 -0.21 2.45 0.02 145.72 17998.37 Yes

Vary
Temperature C and D 8 10% Open 14406.5 3 6.78 0.45 -0.21 2.45 0.02 145.72 18709.25 Yes

Vary
Temperature C and D 8 10% Open 15895.0 3 6.78 0.24 -0.21 2.45 0.02 145.72 19066.49 Yes

Vary
Temperature C and D 8 10% Open 23101.0 3 6.78 0.02 -0.21 2.45 0.02 145.72 19174.58 Yes

Vary
Temperature C and D 8 10% Open 24490 3 6.78 0.01 -0.21 2.45 0.02 145.72 19188.47 Yes -

Vary Water 
Type

S1 and 
S2 8 3% Open 0.0 20 5.75 7.85 -1.39 2.08 0.02 30.93 0.00 No 0

Vary Water 
Type

S1 and 
S2 8 3% Open 2.0 20 5.75 7.40 -1.39 2.08 0.02 30.93 14.80 No 14.8

Vary Water 
Type

S1 and 
S2 8 3% Open 43.5 20 5.75 6.50 -1.39 2.08 0.02 30.93 284.55 Yes 282.75 yes

Vary Water 
Type

S1 and 
S2 8 3% Open 74.0 20 5.75 6.50 -1.39 2.08 0.02 30.93 482.80 Yes .

Vary Water 
Type

S1 and 
S2 8 3% Open 125.0 20 5.75 6.35 -1.39 2.08 0.02 30.93 806.65 Yes .

Vary Water 
Type

S1 and
S2 8 3% Open 397.5 20 5.75 5.75 -1.39 2.08 0.02 30.93 2373.52 Yes

Vary Water 
Type

S1 and 
S2 8 3% Open 1320.5 20 5.75 5.40 -1.39 2.08 0.02 30.93 7357.72 Yes

Vary Water 
Type

S1 and 
S2 8 3% Open 2868.5 20 5.75 4.60 -1.39 2.08 0.02 30.93 14478.52 Yes _



Experiment

Sample description

Time
(min)

Temp
<°C) pH

Cl
(mg/L) a b c

CT
required

Integrated CT C(t)*t

Lab
name

Initial
Cone.

Water type 
(% BaMaine)

Container
type

CT
calculated

Inactivation
requirement
achieved?

CT
calculated

(time)

Inactivation 
requirement 
achieved by 
one hour?

Vary Water 
Type

S1 and 
S2 8 3% Open 4341.0 20 5.75 4.00 -1.39 2.08 0.02 30.93 20368.52 Yes _

Vary Water 
Type

S1 and 
S2 8 3% Open 5904.0 20 5.75 2.75 -1.39 2.08 0.02 30.93 24666.77 Yes _

Vary Water 
Type

S1 and 
S2 8 3% Open 10020.0 20 5.75 2.97 -1.39 2.08 0.02 30.93 36891.29 Yes _

Vary Water 
Type

S1 and 
S2 8 3% Open 11399.5 20 5.75 2.82 -1.39 2.08 0.02 30.93 40781.48 Yes .

Vary Water 
Type

S1 and
S2 8 3% Open 12862 20 5.75 2.67 -1.39 2.08 0.02 30.93 44686.36 Yes .

Vary Water 
Type

S4 and 
S5 8 1% Open 0.0 20 5.98 7.85 -1.39 2.16 0.02 33.61 0.00 No 0

Vary Water 
Type

S4 and 
S5 8 1% Open 1.5 20 5.98 7.45 -1.39 2.16 0.02 33.61 11.17 No 11.175

Vary Water 
Type

S4 and 
S5 8 1% Open 37.0 20 5.98 7.30 -1.39 2.16 0.02 33.61 270.32 Yes 270.1 yes

Vary Water 
Type

S4 and 
S5 8 1% Open 67.5 20 5.98 7.35 -1.39 2.16 0.02 33.61 494.50 Yes .

Vary Water 
Type

S4 and 
S5 8 1% Open 118.5 20 5.98 7.05 -1.39 2.16 0.02 33.61 854.05 Yes .

Vary Water 
Type

S4 and 
S5 8 1% Open 390.0 20 5.98 6.85 -1.39 2.16 0.02 33.61 2713.83 Yes .

Vary Water 
Type

S4 and 
S5 8 1% Open 1312.0 20 5.98 6.40 -1.39 2.16 0.02 33.61 8614.63 Yes _

Vary Water 
Type

S4 and 
S5 8 1% Open 2868.5 20 5.98 6.75 -1.39 2.16 0.02 33.61 19121.00 Yes .

Vary Water 
Type

S4 and
S5 8 1% Open 4340.0 20 5.98 5.60 -1.39 2.16 0.02 33.61 27361.40 Yes .

Vary Water 
Type

S4 and 
S5 8 1% Open 5898.5 20 5.98 5.70 -1.39 2.16 0.02 33.61 36244.85 Yes _

Vary Water 
Type

S4 and 
S5 8 1% Open 10017.5 20 5.98 5.05 -1.39 2.16 0.02 33.61 57045.80 Yes _

Vary Water 
Type

S4 and 
S5 8 1% Open 11394.0 20 5.98 4.85 -1.39 2.16 0.02 33.61 63721.82 Yes .

Vary Water 
Type

S4 and 
S5 8 1% Open 12856 20 5.98 4.9 -1.39 2.16 0.02 33.61 70885.62 Yes -

Vary Water 
Type

S7 and 
S8 8

Fairbanks
Rain Open 0.0 20 5.79 7.85 -1.39 2.09 0.02 31.38 0.00 No 0



Experiment

Sample description

Time
(min)

Temp
(°C) pH

Cl
(mg/L) a b c

CT
required

Integrated CT C(t)*t

Lab
name

Initial
Cone.

Water type 
(% Ballaine)

Container
type

CT
calculated

Inactivation
requirement
achieved?

CT
calculated

(time)

Inactivation 
requirement 
achieved by 
one hour?

Vary Water 
Type

S7 and 
S8 8

Fairbanks
Rain Open 1.0 20 5.79 7.40 -1.39 2.09 0.02 31.38 7.40 No 7.4

Vary Water 
Type

S7 and 
S8 8

Fairbanks
Rain Open 31.5 20 5.79 7.00 -1.39 2.09 0.02 31.38 220.90 Yes 220.5

Vary Water 
Type

S7 and 
S8 8

Fairbanks
Rain Open 61.5 20 5.79 6.85 -1.39 2.09 0.02 31.38 426.40 Yes 421.275 yes

Vary Water 
Type

S7 and 
S8 8

Fairbanks
Rain Open 113.0 20 5.79 6.80 -1.39 2.09 0.02 31.38 776.60 Yes .

Vary Water 
Type

S7 and 
S8 8

Fairbanks
Rain Open 385.5 20 5.79 6.70 -1.39 2.09 0.02 31.38 2602.35 Yes

Vary Water 
Type

S7 and 
S8 8

Fairbanks
Rain Open 1305.0 20 5.79 5.35 -1.39 2.09 0.02 31.38 7521.67 Yes .

Vary Water 
Type

S7 and 
S8 8

Fairbanks
Rain Open 2900.5 20 5.79 5.20 -1.39 2.09 0.02 31.38 15818.27 Yes .

Vary Water 
Type

S7 and 
S8 8

Fairbanks
Rain Open 4335.5 20 5.79 4.70 -1.39 2.09 0.02 31.38 22562.78 Yes .

Vary Water 
Type

S7 and 
S8 8

Fairbanks
Rain Open 5896.5 20 5.79 4.60 -1.39 2.09 0.02 31.38 29743.37 Yes _

Vary Water 
Type

S7 and 
S8 8

Fairbanks
Rain Open 10013.0 20 5.79 3.55 -1.39 2.09 0.02 31.38 44356.95 Yes .

Vary Water 
Type

S7 and 
S8 8

Fairbanks
Rain Open 11389.5 20 5.79 3.70 -1.39 2.09 0.02 31.38 49450.00 Yes .

Vary Water 
Type

S7 and 
S8 8

Fairbanks
Rain Open 12851.5 20 5.79 3.45 -1.39 2.09 0.02 31.38 54493.90 Yes -

Vary Water 
Type

510 
and
511 8 10% + pH7 Open 0.0 20 8.31 7.85 -1.39 3.00 0.02 77.94 0.00 No 0

Vary Water 
Type

510 
and
511 8 10% + pH7 Open 2.0 20 8.31 6.20 -1.39 3.00 0.02 77.94 12.40 No 12.4

Vary Water 
Type

510 
and
511 8 10% + pH7 Open 47.0 20 8.31 5.15 -1.39 3.00 0.02 77.94 244.15 Yes 242.05 yes

Vary Water 
Type

510 
and
511 8 10% + pH7 Open 97.5 20 8.31 4.30 -1.39 3.00 0.02 77.94 461.30 Yes



Experiment

Sample description

Time
(min)

Temp
(°C) pH

Cl
(mg/L) a b c

CT
required

Integrated CT C(t)*t

Lab
name

Initial
Cone.

Water type 
(% Ballaine)

Container
type

CT
calculated

Inactivation
requirement
achieved?

CT
calculated

(time)

Inactivation 
requirement 
achieved by 
one hour?

Vary Water 
Type

510 
and
511 8 10% + pH7 Open 189.0 20 8.31 3.90 -1.39 3.00 0.02 77.94 818.15 Yes

Vary Water 
Type

510 
and
511 8 10% + pH7 Open 254.5 20 8.31 3.50 -1.39 3.00 0.02 77.94 1047.40 Yes

Vary Water 
Type

510 
and
511 8 10% + pH7 Open 334.5 20 8.31 3.10 -1.39 3.00 0.02 77.94 1295.40 Yes

Vary Water 
Type

510 
and
511 8 10% + pH7 Open 1588.5 20 8.31 1.2 -1.39 3.00 0.02 77.94 2800.20 Yes

Vary Water 
Type

513 
and
514 8 10% + Fe 1 Open 0.0 20 5.3 7.85 -1.39 1.91 0.02 26.29 0.00 No 0

Vary Water 
Type

513 
and
514 8 10% + Fe 1 Open 2.0 20 5.3 5.70 -1.39 1.91 0.02 26.29 11.40 No 11.4

Vary Water 
Type

513 
and
514 8 10% + Fe 1 Open 45.5 20 5.3 3.90 -1.39 1.91 0.02 26.29 181.05 Yes 177.45 yes

Vary Water 
Type

513 
and
514 8 10% + Fe 1 Open 97.0 20 5.3 3.25 -1.39 1.91 0.02 26.29 348.43 Yes

Vary Water 
Type

513 
and
514 8 10% + Fe 1 Open 184.5 20 5.3 2.75 -1.39 1.91 0.02 26.29 589.05 Yes

Vary Water 
Type

513 
and
514 8 10% + Fe 1 Open 249.5 20 5.3 2.15 -1.39 1.91 0.02 26.29 728.80 Yes

Vary Water 
Type

513 
and
514 8 10% + Fe 1 Open 328.5 20 5.3 1.90 -1.39 1.91 0.02 26.29 878.90 Yes

Vary Water 
Type

513 
and
514 8 10% + Fe 1 Open 1593.5 20 5.3 0.55 -1.39 1.91 0.02 26.29 1574.65 Yes



Sample description Integrated CT I C(t)*t

Experiment
Lab

name
Initial
Cone.

Water type 
(% Ballaine)

Container
type

Time
(min)

Temp
(°C) pH

Cl
(mg/L) a b c

CT
required

CT
calculated

Inactivation
requirement
achieved?

CT
calculated

(time)

Inactivation 
requirement 
achieved by 
one hour?

Vary Water 
Type

516 
and
517 8 10% + Fe 5 Open 4.0 20 5.24 7.85 -1.39 1.89 0.02 25.73 31.42 Yes 31.419808

Vary Water 
Type

516 
and
517 8 10% + Fe 5 Open 6.0 20 5.24 1.65 -1.39 1.89 0.02 25.73 34.72 Yes 9.9

Vary Water 
Type

516 
and
517 8 10% + Fe 5 Open 57.5 20 5.24 0 -1.39 1.89 0.02 25.73 34.72 Yes 0 no

Rainwater Sup E2 2

Pilot
Community

Rain Open 0.0 20 7.59 2.007 -1.39 2.74 0.02 60.10 0.00 No 0

Rainwater Sup E2 2

Pilot
Community

Rain Open 2.0 20 7.59 1.5 -1.39 2.74 0.02 60.10 3.00 No 3

Rainwater Sup E2 2

Pilot
Community

Rain Open 17.0 20 7.59 1.06 -1.39 2.74 0.02 60.10 18.90 No 18.02

Rainwater Sup E2 2

Pilot
Community

Rain Open 32.0 20 7.59 1.09 -1.39 2.74 0.02 60.10 35.25 No 34.88

Rainwater Sup E2 2

Pilot
Community

Rain Open 63.0 20 7.59 1 -1.39 2.74 0.02 60.10 66.25 Yes 63 yes

Rainwater Sup E2 2

Pilot
Community

Rain Open 133.0 20 7.59 0.91 -1.39 2.74 0.02 60.10 129.95 Yes

Rainwater Sup E2 2

Pilot
Community

Rain Open 187.0 20 7.59 0.9 -1.39 2.74 0.02 60.10 178.55 Yes

Rainwater Sup E2 2

Pilot
Community

Rain Open 1456.0 20 7.59 0.38 -1.39 2.74 0.02 60.10 660.77 Yes

Rainwater Sup E2 2

Pilot
Community

Rain Open 3099.0 20 7.59 0.04 -1.39 2.74 0.02 60.10 726.49 Yes



Experiment

Sample description

Time
(min)

Temp
(°C) pH

Cl
(mg/L) a b c

CT
required

Integrated CT C(t)*t

Lab
name

Initial
Cone.

Water type 
(% Ballaine)

Container
type

CT
calculated

Inactivation
requirement
achieved?

CT
calculated

(time)

Inactivation 
requirement 
achieved by 
one hour?

Rainwater Sup E2 2

Pilot
Community

Rain Open 4765.0 20 7.59 0.03 -1.39 2.74 0.02 60.10 776.47 Yes

Rainwater Sup E2 2

Pilot
Community

Rain Open 6217.0 20 7.59 0.03 -1.39 2.74 0.02 60.10 820.03 Yes

Rainwater Sup E2 2

Pilot
Community

Rain Open 7505.0 20 7.59 0.03 -1.39 2.74 0.02 60.10 858.67 Yes

Rainwater Sup E2 2

Pilot
Community

Rain Open 10434.0 20 7.59 0.03 -1.39 2.74 0.02 60.10 946.54 Yes

Rainwater Sup E2 2

Pilot
Community

Rain Open 12863 20 7.59 0 -1.39 2.74 0.02 60.10 946.54 Yes

Rainwater Sup E4 4

Pilot
Community

Rain Open 0.0 20 7.59 4.014 -1.39 2.74 0.02 60.10 0.00 No 0

Rainwater Sup E4 4

Pilot
Community

Rain Open 5.0 20 7.59 3.3 -1.39 2.74 0.02 60.10 16.50 No 16.5

Rainwater Sup E4 4

Pilot
Community

Rain Open 17.0 20 7.59 2.78 -1.39 2.74 0.02 60.10 49.86 No 47.26

Rainwater Sup E4 4

Pilot
Community

Rain Open 32.0 20 7.59 2.88 -1.39 2.74 0.02 60.10 93.06 Yes 92.16

Rainwater Sup E4 4

Pilot
Community

Rain Open 63.0 20 7.59 2.82 -1.39 2.74 0.02 60.10 180.48 Yes 177.66 yes

Rainwater Sup E4 4

Pilot
Community

Rain Open 131.0 20 7.59 2.34 -1.39 2.74 0.02 60.10 339.60 Yes

Rainwater Sup E4 4

Pilot
Community

Rain Open 186.0 20 7.59 2.64 -1.39 2.74 0.02 60.10 484.80 Yes



Experiment

Sample description

Time
(min)

Temp
(°C) pH

Cl
(mg/L) a b c

Integrated CT Cli t r t

Lab
name

Initial
Cone.

Water type 
(% Ballaine)

Container
type

CT
required

CT
calculated

Inactivation
requirement
achieved?

CT
calculated

(time)

Inactivation 
requirement 
achieved by 
one hour?

Rainwater Sup E4 4

Pilot
Community

Rain Open 1456.0 20 7.59 1.82 -1.39 2.74 0.02 60.10 2796.20 Yes

Rainwater Sup E4 4

Pilot
Community

Rain Open 3097.0 20 7.59 1.09 -1.39 2.74 0.02 60.10 4584.89 Yes

Rainwater Sup E4 4

Pilot
Community

Rain Open 4764.0 20 7.59 0.54 -1.39 2.74 0.02 60.10 5485.07 Yes

Rainwater Sup E4 4

Pilot
Community

Rain Open 6216.0 20 7.59 0.29 -1.39 2.74 0.02 60.10 5906.15 Yes

Rainwater Sup E4 4

Pilot
Community

Rain Open 7504.0 20 7.59 0.12 -1.39 2.74 0.02 60.10 6060.71 Yes

Rainwater Sup E4 4

Pilot
Community

Rain Open 10433.0 20 7.59 0.03 -1.39 2.74 0.02 60.10 6148.58 Yes

Rainwater Sup E4 4

Pilot
Community

Rain Open 12863 20 7.59 0 -1.39 2.74 0.02 60.10 6148.58 Yes

Rainwater Sup F2 2
Fairbanks

Rain Open 0.0 20 6.81 2.003 -1.39 2.46 0.02 45.35 0.00 No 0

Rainwater Sup F2 2
Fairbanks

Rain Open 1.0 20 6.81 1.39 -1.39 2.46 0.02 45.35 1.39 No 1.39

Rainwater Sup F2 2
Fairbanks

Rain Open 16.0 20 6.81 1.07 -1.39 2.46 0.02 45.35 17.44 No 17.12

Rainwater Sup F2 2
Fairbanks

Rain Open 29.0 20 6.81 1.02 -1.39 2.46 0.02 45.35 30.70 No 29.58

Rainwater Sup F2 2
Fairbanks

Rain Open 53.0 20 6.81 0.97 -1.39 2.46 0.02 45.35 53.98 Yes 51.41 yes

Rainwater Sup F2 2
Fairbanks

Rain Open 115.0 20 6.81 0.85 -1.39 2.46 0.02 45.35 106.68 Yes _

Rainwater Sup F2 2
Fairbanks

Rain Open 170.0 20 6.81 0.86 -1.39 2.46 0.02 45.35 153.98 Yes _

Rainwater Sup F2 2
Fairbanks

Rain Open 1440.0 20 6.81 0.32 -1.39 2.46 0.02 45.35 560.38 Yes -



Experiment

Sample description

Time
(min)

Temp
(°C) pH

Cl
(mg/L) a b c

CT
required

Integrated CT C(t)*t

Lab
name

Initial
Cone.

Water type 
(% Ballaine)

Container
type

CT
calculated

Inactivation
requirement
achieved?

CT
calculated

(time)

Inactivation 
requirement 
achieved by 
one hour?

Rainwater Sup F2 2
Fairbanks

Rain Open 3081.0 20 6.81 0.08 -1.39 2.46 0.02 45.35 691.66 Yes _

Rainwater Sup F2 2
Fairbanks

Rain Open 4748.0 20 6.81 0.02 -1.39 2.46 0.02 45.35 725.00 Yes _

Rainwater Sup F2 2
Fairbanks

Rain Open 6200 20 6.81 0 -1.39 2.46 0.02 45.35 725.00 Yes -

Rainwater Sup F4 4
Fairbanks

Rain Open 0.0 20 6.81 4 -1.39 2.46 0.02 45.35 0.00 No 0

Rainwater Sup F4 4
Fairbanks

Rain Open 2.0 20 6.81 2.9 -1.39 2.46 0.02 45.35 5.80 No 5.8

Rainwater Sup F4 4
Fairbanks

Rain Open 15.0 20 6.81 2.2 -1.39 2.46 0.02 45.35 34.40 No 33

Rainwater Sup F4 4
Fairbanks

Rain Open 26 20 6.81 2.54 -1.39 2.46 0.02 45.35 62.34 Yes 66.04

Rainwater Sup F4 4
Fairbanks

Rain Open 36 20 6.81 2.42 -1.39 2.46 0.02 45.35 86.54 Yes 87.12 yes

Rainwater Sup F4 4
Fairbanks

Rain Open 97 20 6.81 2.32 -1.39 2.46 0.02 45.35 228.06 Yes _

Rainwater Sup F4 4
Fairbanks

Rain Open 152 20 6.81 2.22 -1.39 2.46 0.02 45.35 350.16 Yes _

Rainwater Sup F4 4
Fairbanks

Rain Open 1422 20 6.81 1.58 -1.39 2.46 0.02 45.35 2356.76 Yes _

Rainwater Sup F4 4
Fairbanks

Rain Open 3063 20 6.81 1.13 -1.39 2.46 0.02 45.35 4211.09 Yes _

Rainwater Sup F4 4
Fairbanks

Rain Open 4729 20 6.81 0.81 -1.39 2.46 0.02 45.35 5560.55 Yes _

Rainwater Sup F4 4
Fairbanks

Rain Open 6182 20 6.81 0.65 -1.39 2.46 0.02 45.35 6505.00 Yes _

Rainwater Sup F4 4
Fairbanks

Rain Open 7467 20 6.81 0.49 -1.39 2.46 0.02 45.35 7134.65 Yes _

Rainwater Sup F4 4
Fairbanks

Rain Open 10393 20 6.81 0.26 -1.39 2.46 0.02 45.35 7895.41 Yes _

Rainwater Sup F4 4
Fairbanks

Rain Open 12826 20 6.81 0.1 -1.39 2.46 0.02 45.35 8138.71 Yes _

Rainwater Sup F4 4
Fairbanks

Rain Open 17282 20 6.81 0.03 -1.39 2.46 0.02 45.35 8272.39 Yes -

17 yes 3 no
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Appendix F 

Sample Products



Equipment & Systems Engineering, Inc.
14260 SW 136th Street, Unit #4, Miami, FL 33186-6713 

Phone: (305) 378 4101 • Fax: (305) 378 4121 
E-mail: iotoma1@earthlink.net 

www.eauipmentandsvstems.com

Quotation No.: 5-529AC

AQUACHLOR
On-Site Sodium Hypochlorite Generator

Shawna Laderach 
University of Alaska Fairbanks 

Shawna Laderach [fssrl6@uaf.edu] 
907-474-5684

June 15, 2005

mailto:iotoma1@earthlink.net
http://www.eauipmentandsvstems.com
mailto:fssrl6@uaf.edu
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Following is EQUIPMENT & SYSTEMS ENGINEERING, INC. Quotation No. 5-529AC for 1
(one) Sodium Hypochlorite Generator System AQUACHLOR Model AC-25 to operate on 
110/220 v, 50/60 Hz AC.

The AC-25 generates 30 grams per hour of equivalent chlorine per hour at a concentration of 
0.6-0.7% (6000-7000 ppm) and includes:

• Generating Electrodes with Dimensionally Stable Anodes (DSA) and Titanium Cathodes
• Switching Type Solid State Power Supply with Electromechanic Timer Switch -  Constant 

Current output -  Floating Voltage
• Acid Cleaning Container
• Manual of Installation, Operation and Maintenance in Spanish

Technical Specifications 
AC25 (AC)

Generating Electrode AC25

Production cycle 24 hours
Average equivalent chlorine production 30 grams/hour
Equivalent chlorine 720 grams/cycle
Equivalent chlorine concentration 7 grams per liter
C o n su m p tio n  per cycle

Salt 3 kilograms
Electricity 5.0 kWh
Water 100 liters

D im e n s io n s

Electrode size 66 cm long
Cable length 213 cm
Weight 2.5 kg

Power Supply

Type Switching
Timer 24 hour variable
Input 120VAC or 

240VAC, 50/60Hz
Output 11VDC, 15A
Additional equipment required

Polypropylene tank (not supplied) 20 to 50 liters
Sanitation Capacity at 2 ppm Cl2 
dose per cycle

360,000 lit

2



188

The specifications are subject to change

PRICES:

No. DESCRIPTION

1 Ea AQUACHLOR System Model AC-25

TOTAL FOB Ex-works Miami, FL .............

Unit Price 
USS

1,330

No
Units

1

TOTAL
US$

1,330

....1 ,3 3 0

CONDITIONS:

• Delivery: 1 week
• Payment Terms: Wire Transfer of 50% with the order. Balance when order is ready to ship
• Warranty: 1 year in all parts
• Weight: 25 lbs.
• Cube: 0.5 p3

BANK INFORMATION FOR WIRE TRANSFER:

Name of Account: 
Bank:
Acct. No.:
Bank Address::

ABA No.:
Phone No.:

Equipment & Systems Engineering, Inc 
Bank of America 
3603122321
150 S.E. 3a Ave. Suite 525 
Miami, Florida USA 33111-2809 
063100277 
800 367 6262

Truly yours,

3



Estimated Cost of Chlorine Production

Assume:
* A home uses 10 gallons per day
* You want to Chlorinate to 6mg/L in 5 Gallon buckets (1.5
* The device will have a design life of 20 years
* No salvage value after life cycle
* 5 families use the device

OO
4 0

Cost per family g 
per month

Initial cost (plus 
shipping) $1,380 per unit

Depreciation $69 per year (Straight line
$5.75 per month method)

Element Unit Unit cost
Cost per cycle
(720 g equivalent СГ)

Electricity KWH $0.27 $1.34
Salt lbs $0.19 $1.26
Water gallon $0.05 $1.32
Total Cost per cycle $3.92(720 grams at 7 g/L)
Cost per grarri equivak3nt chlorine $0.0054

Volume СГ
solution 1050 grams per month per 5 households
needed

OPERATION DEPRECIATION
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Portable HandWash Stations from On Site Services Page 1 of 2

Cost = $699.00

Estimated 
shipping = 
$219.45

(personal
communication)

SaniSink™
The SaniSink™, portable hand washing station and drinkable water unit, 
is now available for sale.

With a standard electrical hookup, this portable sink provides drinking 
water and heated portable hand washing water with no maintenance 
required. Simply exchange the 5 gallon sealed water jug when 
necessary.

The P o rta b le  S in k  
th a t's  also a 
D rin k a b le  W a te r  
S o urce!

Unit Specifications

• Height: 36"
• VMdth: 24"
• Depth: 18"
• Weight: 52 lbs

Hot w ater for 
portable hand 
washing, cool w ater 
for drinking, a 
sealed paper towel 
dispenser and soap 
dispenser in one, 
easy-to-move  
portable sanitation  
unit.

SaniSink™  is ideal fo r ...

• Temporary sales offices

• Contractors offices

• Catering companies

• Fairs /  special events

•  Food vendors

• Disaster relief

F eatu res :

♦ Standard electric hook-up

♦ Self-contained, hot and cool 
potable water unit

♦ Approximately 45-60 uses 
with each sealed container

♦ 1-year warranty on pump and 
heater

The p erfe c t 
com panion fo r  
our p o rtab le  
restroom s and a 
w elcom e am enity  
a t any e ven t.

Ask your Sales  
R e p re s e n ta tiv e  
fo r deta ils  on 
SaniSink™ , 
p o rtab le  hand  
w ashing  and  
d rink ing  w a te r  
s ta tio n .

http://www. on sites anitati on. com/sanitati on/s anisink2.htm 10/23/2006

http://www


Portable Hand Wash Stations from On Site Services Page 2 of 2

191

Simply CLICK HERE to contact our sales department for more 
information on the SaniSink™. One of our On Site Sanitation Experts will 
contact you with answers to any questions you may have within 48 
hours.

[ SANITATION I EVENTS | CONTACT | HOME | HEATING ]

On Site Sanitation
95 Woodlyn Avenue, St. Paul, MN 55117

800.210.8407 651.429.3781 FAX: 651.486.6400

2300 32nd Ave. NW, Rochester, MN 55401
507.282.8407 FAX: 507.281.2604

© 2002-2006 On Site San ita tion , Inc.

http://www.onsitesanitation.com/sanitation/sanisink2.htm 10/23/2006

http://www.onsitesanitation.com/sanitation/sanisink2.htm
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Tippy Taps

A design for simple, 
economical, and effective hand

washing stations

Studies have shown that proper hand-washing techniques can reduce the incidence of 
diarrheal disease by 42-47 percent1. However, lack of access to both piped water supply 
and soap, especially in schools, is a barrier to hand-washing in the developing world. 
“Tippy Taps” are simple and economical hand-washing stations, made with commonly 
available materials and not dependent on a piped water supply. This publication describes 
how to construct and maintain a Tippy Tap and was adapted from the Uso y Calidad del 
Agua en la Escuela pamphlet published in September 1995 by the Centro de 
Investigacion, Desarrollo, Evaluacion y Promocion de Technologla Apropiada (CIDEPTA) 
and the Pan American Health Organization (PAHO).

Tippy Tap Construction

i r a i L
1. First, select a plastic container of approximately 5 liters, or 1.5 gallons, with 
a handle.

2. Then, warm the base of the handle with a candle until 
the plastic is soft.

3. When the base is soft, 
pinch the base closed 
with a pair of pliers and 
then let it cool. Make 
sure that no water can 
flow through the pinch- 
closed base.
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4. With a hot nail, 
make a 2 millimeter 
hole just above the 
pinch-closed base of 
the handle.

5. With a plastic net,
suspend the bottle from a 
metal support. Let one 
piece of plastic hang 
down to suspend the 
soap from. *

To Install and Use a Tippy Tap

• Hang the Tippy Tap near a latrine, kitchen, or 
school.

• Use the handle to tip the container and allow 
water to flow out of the hole onto your hands. 
Use soap every time you wash your hands!

Recommendations for Tippy Tap Maintenance

If there is a water tap present, a hose can be used to 1 
the Tippy Tap.

Clean the outside of the 
Tippy Tap with a brush and 
soap daily, and clean the 
inside of the Tippy Tap once 
per week with clean water 
and disinfectant.

If you have any questions on Tippy Taps, or about safe water and sanitation in the developing world, 
please contact the Centers for Disease Control and Prevention, Foodborne and Diarrheal Disease 
Branch, at safewater@cdc.gov or visit http://www.cdc.gov/safewater. We would like to thank 
CIDEPTA and PAHO for the figures and source material.

* I f  a n e t is  n o t a v a ila b le , tw o  

h o le s  can  b e  m ad e in the b a ck  o f  
the b o ttle , and  th e  T ip p y  T ap ca n  b e  su sp e n d e d  by  
c o n n e c tin g  a strin g  th rou gh  th o se  h o les  to  th e  su p p o rt.

6. Make a hole in the 
center of a bar of soap. 
From the hanging piece of 
plastic, suspend with a 
string the soap and a 
plastic or metal cover 
(such as a tin can) to 
protect it from sun and 
rain.

1. Curtis, Val and Sandy Cairncross (2003). “ Effect of washing hands with soap on diarrhoea risk in the 
community, a systemic review." The Lancet: Infectious Diseases, Volume 3, May 2003.

mailto:safewater@cdc.gov
http://www.cdc.gov/safewater

