
WATER QUALITY FROM RAINWATER 

CATCHMENTS THROUGHOUT ALASKA:

LOOKING AT CONTAMINANTS IN CATCHMENT MATERIALS

RECOMMENDED:

APPROVED:

By

Corianne Irene Hart



WATER QUALITY FROM RAINWATER 

CATCHMENTS THROUGHOUT ALASKA:

LOOKING AT CONTAMINANTS IN CATCHMENT MATERIALS

THESIS

Presented to the Faculty 

of the University of Alaska Fairbanks

in Partial Fulfillment of the Requirements 

for the Degree of

MASTER OF SCIENCE

By

M A s k a
TD  
21+
A +
H37 
loo 3
C.lx

Corianne Irene Hart, B.S. 

Fairbanks, Alaska 

December 2003

RASMUSON LIBRARY
UNIVERSITY OF AUSKA-FA1RBANKS



ABSTRACT:

A field study which focused on linking materials used in rainwater catchments to the 

quality of water they produce was conducted throughout Alaska in the summer of 2003. 

The importance of this project stems from the fact that many families throughout Alaska 

depend on rainwater catchment systems to provide water for washing, cleaning, cooking 

and/or drinking purposes. After a core group of participants were identified, samples 

were periodically collected from participants’ water taps and were analyzed for a suite of 

contaminants that included metals (e.g., Pb and Zn), organics (e.g., volatile organic 

compounds) and bacteria.

Based on variables, such as construction materials, the frequency of rainfall, the amount 

of water collected and the duration of storage, we evaluated the effectiveness of various 

catchments for providing safe drinking water. This fieldwork, coupled with a companion 

document addressing best management practices for rainwater catchments, provides 

valuable information for owners of small systems seeking to use rainwater catchments in 

Alaska.

The conclusions of the study were that zinc concentrations of water collected at the tap 

were affected by roof and tank material, lead concentrations of water collected at the tap 

were affected by roof material, and copper concentrations of water collected at the tap 

were affected by pipe material.
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CHAPTER 1: INTRODUCTION

1.1 RAINWATER AS AN AVAILABLE RESOURCE

Utilizing rainwater as a source of drinking water has been a popular choice for many 

people and communities across the globe. One of the biggest reasons for this choice is 

that rainwater is seen as clean and readily available if collected carefully (Gould and 

McPherson, 1999; Gould, 2003, Yaziz et al., 1989). Many other available sources of 

water could be either contaminated and/or come from distant places (Gould and 

McPherson, 1999; Pinfold, 1993; Nair et al., 2001) and require hauling. This especially 

holds true for rural communities, such as villages in Alaska or for developing countries 

(Nair et al., 2001). Remote areas rarely have the opportunity for proper testing of their 

drinking water on a regular basis (Gadd and Kennedy, 2001; Nair et al., 2001), and there 

is not an overall concern of the quality of the water (Nair et al., 2001). There have been 

many studies conducted about the contamination of stored rainwater (Nakata et al., 1995; 

Nair et al., 2001). In industrial countries, rainwater collection is common where 

groundwater supplies are unavailable, unusable (Sharpe and Young, 1983) or 

aesthetically or chemically unattractive. For example in Ketchikan, Alaska, rainwater 

collection is common for residences outside city limits where there is no access to city 

water or for those residences inside the city limits with access to city water who dislike 

the chemically treated city water.



Despite all the benefits to using rainwater for domestic purposes, there are many issues 

surrounding rainwater catchments that may cause concern. There is a growing concern 

regarding the quality of water which small catchments produce (Gould, 2003). For 

example, many problems could arise from a contaminated roof surface. Contamination 

could originate from the settlement of atmospheric pollutants on the collection surface, 

possible contamination from animals and birds (Yaziz et al., et al., 1989), as well as 

possible chemical contamination from materials used throughout the catchment. There is 

also concern of contamination during storage of the rainwater (Gould and McPherson, 

1999).

1.2 HYPOTHESIS, OBJECTIVES, AND DESCRIPTION OF THE STUDY

Based on the available evidence, it was clear that a study of rainwater catchment systems 

should be completed in Alaska. The objective of this project was to study the relationship 

between three metals found in rainwater catchments and catchment construction materials 

used in Alaska.

This research is important to many Alaska residents who collect and drink rainwater. The 

water quality in rain catchments depends on the materials used to construct the 

catchment, the frequency of rainfall, the amount of water collected, the quality of the 

rainfall, human and animal activity in the surroundings and the duration of the water 

storage. The most problematic contaminants in rainwater catchments are bacteria, volatile



organic compounds (VOC) and metals. Metals such as zinc, lead and copper are common 

in pipe, tank, gutter and roof materials. The goal of the project was to better understand 

the water quality produced by different types of rainwater catchment systems. This study 

evaluated the quantity of contaminants (metals) found in various types of catchment 

systems and showed relationships exist between catchment materials and metal 

contamination. Specifically, it concluded that lead and copper in water at the tap is most 

likely derived from pipe material and that zinc in water at the tap is mostly likely derived 

from a galvanized tank or roof materials.

CHAPTER 2: BACKGROUND AND LITERATURE REVIEW OF RAINWATER 

CATCHMENTS

2.1 QUALITY ISSUES

The possible contamination of collected rainwater can either be chemical or 

bacteriological (Gould and McPherson, 1999). Chemical contamination could result from 

rainwater coming into contact with materials used throughout the catchment system. 

These materials could be uncertified for use with potable water, including roof materials, 

gutters, downspouts, storage tanks and lead base products (Gould and McPherson, 1999; 

Gould, 2003). This type of chemical contamination can be easily reduced by using 

approved materials (Gould and McPherson, 1999). Contamination could also result from 

the use of approved materials, such as copper piping. For instance, when these materials

3
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come into contact with acidic rainwater for extended periods of time, they might corrode 

faster than normal.

Roof surface quality is affected by the air quality of the surrounding area (Gadd and 

Kennedy, 2001; Good, 1993) (especially if the catchment is relatively close to a major 

highway or by an industrial area) (Gould, 2003; Yaziz et al., 1989), the actual rainwater 

quality itself (which is directly related to air quality of the area where rain originated) and 

the actual materials used on the roof (Gadd and Kennedy, 2001). Contamination could be 

limited by properly maintaining the catchment system (Gould, 2003) with annual 

cleanings, repair and replacements of system components. Many consumers of rainwater 

drink the water untreated and do not report serious health problems (Gould, 2003). In 

general, consumption without treatment is not recommended, and it would be suggested 

to treat or prevent contamination. Despite the lack of reported health problems, users 

should be completely aware of the health consequences related to chemical, as well as 

bacteriological contamination, and be able to take the appropriate measures to improve 

their water quality (Yaziz et al., 1989). Therefore, it is important to understand the 

relationship between materials used in the catchment system and the chemical 

characteristics of rainwater (Viraraghavan et al., 1999). This is especially true for the 

indoor piping material approved for potable water that might react to the acidic rainwater.
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2.2 MATERIAL ISSUES

Products that come into contact with drinking water can be tested and certified to ensure 

they do not leach chemicals into the drinking water. Several non-profit organizations 

specialize in testing and certifying such products. The leader in this field is the National 

Sanitation Foundation which is now called NSF International (http://www.nsf.org/). 

Together with the American National Standard Institute (ANSI), NSF International has 

created testing/material standards widely used and accepted for drinking water.

NSF/ANSIStandard 61, ‘Drinking Water System Components-Health Effects,’ is the 

most important drinking water standard. It covers many materials from the tank to the 

faucet. The standard addresses crucial aspects of drinking water system components, such 

as contaminants that leach or migrate from the product/material into the drinking water. 

(http://www.nsf.org/)

NSF/ANSI Standard 53, ‘Drinking Water Treatment Units-Health Effects,’ applies to 

filters. This standard has similar requirements as Standard 61, plus the added requirement 

that it may be effective in reducing substances, such as microbiological, chemical or 

contaminants, under the appropriate flow rate, (http://www.nsf.org/)

NSF Protocol P151, ‘Health Effects from Rainwater Catchment System Components,’ 

deals only with products used in rainwater catchment systems. This protocol evaluates

http://www.nsf.org/
http://www.nsf.org/
http://www.nsf.org/


Environmental Protection Agency regulated contaminants which could leach from 

materials used in rainwater catchment systems, such as roofing materials, coatings, 

paints, liners and gutters. Products meeting the requirements of this protocol are required 

to maintain contaminate levels below those specified in the latest version of the EPA's 

Drinking Water Regulations and Health Advisories, (http://www.nsf.org/)

2.2.1 ROOF SURFACE

There are a wide variety of roof materials found on Alaskan homes. The most common 

are asphalt based shingles, painted Calume steel, wood shingles, and painted and non

painted aluminum. Currently there is no certified roof material for potable water. 

Therefore, a coating or a membrane applied on top of the roofing material is the next best 

option. Of the several coatings that can be applied to roofing materials that are certified 

under NSF 61 or NSF PI 51, only one of the coatings is rated to below freezing 

(SEALPRO, http://users.rcn.com/sealproinc/protective_coatings.htm). In general, metal 

roofs are the recommended roofing material in rainwater catchment systems (Domestic 

Roofwater Harvesting, 2003; Associated General Contractors of Washington, 2003). 

They are smoother, cleaner, more impervious and more durable than other types of roof 

materials (Domestic Roofwater Harvesting, 2003; Texas Guide to Rainwater Harvesting, 

2003).

http://www.nsf.org/
http://users.rcn.com/sealproinc/protective_coatings.htm
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2.2.2 GUTTERS AND DOWNSPOUTS

There are no approved or certified potable water gutters currently available on the 

market. However, a membrane approved for potable water could be applied over the 

gutter material to prevent leaching of chemicals.

Suggested materials to be covered with a certified membrane are aluminum and 

galvanized steel. Aluminum is sunlight-resistant, naturally resistant to corrosion and 

tends to last a long time (Domestic Roofwater Harvesting, 2003; Texas Guide to 

Rainwater Harvesting, 2003). Galvanized steel is widely used because of its ability to be 

bent into shape (Texas Guide to Rainwater Harvesting, 2003). Careful attention to the 

shape and angle at which the gutters are placed on the house can improve the flow rate 

into the reservoir.

Water should not be allowed to remain stagnant in the gutter where it provides an 

excellent breeding ground for mosquitoes (Domestic Roofwater Harvesting, 2003). 

Copper and iron gutters could leach metals into the drinking water when exposed to 

acidic rain water. Also, all gutter materials should be free of lead (Domestic Roofwater 

Harvesting, 2003; Texas Guide to Rainwater Harvesting, 2003; Rupp, 2002; TRS, 1994; 

Simmons et al., 2001; Gould and McPherson, 1987).
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2.2.3 RESERVOIRS

Underground: Underground tanks are best for year round use (Domestic Roofwater 

Harvesting, 2003; Associated General Contractors of Washington, 2003; Texas Guide to 

Rainwater Harvesting, 2003; UAF Cooperative Extension, 2003, Montana Standards, 

2003). The tanks must be buried beneath the frost line and appropriate measures should 

be taken to insure they do not freeze (Texas Guide to Rainwater Harvesting, 2003; UAF 

Cooperative Extension, 2003; Montana Standards, 2003). They also have less chance for 

contamination and evaporation (Lye, 1992). However, care and maintenance are needed 

to prevent cracking underground.

Concrete: Although concrete tanks have the reputation of being strong and long-lasting, 

they are subject to cracking, especially underground and should be checked for leaks 

yearly (Texas Guide to Rainwater Harvesting, 2003). Concrete tanks are more permanent 

than other types of tanks because they are heavy and cannot be easily moved (Texas 

Guide to Rainwater Harvesting, 2003; Montana Standards, 2003). However, they can be 

poured into different shapes and sizes giving them an advantage over other tanks (UAF 

Cooperative Extension, 2003, Montana Standards, 2003).

Fiberglass: Fiberglass tanks have become popular because they are lightweight, 

reasonably priced, long lasting, and many companies make pre-made, ready to install 

certified tanks in many different sizes and shapes (Texas Guide to Rainwater Harvesting,



2003; UAF Cooperative Extension, 2003; Montana Standards, 2003). They are easy to 

transport (Texas Guide to Rainwater Harvesting, 2003). Fiberglass tanks should include a 

coating to prevent sunlight infiltration that may lead to algae growth (Texas Guide to 

Rainwater Harvesting, 2003).

Galvanized Steel: Galvanized steel tanks are noted for their strength and for being 

lightweight and moveable (Texas Guide to Rainwater Harvesting, 2003). Like roofs and 

gutters made from the same material, they are known to leach zinc when exposed to 

acidic rainwater (Domestic Roofwater Harvesting, 2003; Texas Guide to Rainwater 

Harvesting, 2003). For use in potable water systems, a certified inner membrane or liner 

is recommended.

Redwood: Redwood tanks have a reputation as durable water storage tanks with an 

average life expectancy of about 50 years (Texas Guide to Rainwater Harvesting, 2003). 

The wood has a natural preservative which makes it resistant to insects and decay (Texas 

Guide to Rainwater Harvesting, 2003). Redwood does not tarnish or decay and requires 

no paint or protective outside coating (Texas Guide to Rainwater Harvesting, 2003). 

However, redwood tanks will eventually leak due to fluctuations in water levels 

throughout the years. Therefore, it is suggested that a potable liner be installed inside the 

tank.



Liners, Bags and Membranes: Liners, bags and membranes can be installed or applied 

inside reservoirs to prevent leaks or provide low-cost, temporary collection tanks or 

surfaces (Texas Guide to Rainwater Harvesting, 2003). They could also be used to 

prevent leaching of chemicals from tanks, such as zinc from newly galvanized tanks or 

lime from concrete tanks, or inside non-certified tanks (Domestic Roofwater Harvesting, 

2003). Each product should be checked to make certain it is certified or approved for 

potable water by an appropriate source, such as NSF International.

2.2.4 PUMP

Water pumps should be approved for potable water by the FDA, NSF, or Underwriters 

Laboratories Inc. (UL), a nonprofit product-safety organization that specializes in motor- 

operated pumps (http://www.ul.com/).

2.2.5 FILTER

The recommended filter size for drinking water is 1 micron. A cartridge this size will 

remove any particle which is 1 micron or larger. Filters should be certified under NSF 

Standard 53. The Alaska Department of Environmental Conservation has issued a list of 

approved filters, which can be found at http://www.state.ak.us/dec/deh/water/filtration. 

htm. An activated carbon filter is the most common type of filter. Most carbon filtration 

units remove unpleasant appearance, odor and taste. These filtration units clean the water

10

http://www.ul.com/
http://www.state.ak.us/dec/deh/water/filtration
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by removing bacteria, parasites, most viruses, chlorine and the heavier minerals and 

particulate matter (Texas Guide to Rainwater Harvesting, 2003). Carbon is best at 

removing organic chemicals and chlorine.

2.3 REMOTE SOURCES OF CONTAMINANTS

The quality of rainwater varies considerably depending on the quality of atmospheric 

conditions in the local surroundings of the catchment as well as the local climate. The 

surrounding environment could contribute to trace metal concentrations in the collected 

rainwater. This contamination could occur with both wet and dry disposition (Gadd and 

Kennedy, 2001). Catchments that are close to industrial areas or close to major highways 

(exposure to automobile emissions), could experience a “wash-out” effect of particulate 

lead in the atmosphere leading to a higher than normal concentration of lead in collected 

water (Yaziz et al.,1989; Thomas and Greene, 1993). With catchment systems in rural 

areas where agricultural activities are common, the water runoff could contain increased 

levels of nitrates (Thomas and Greene, 1993). In most cases, local background 

atmospheric contamination is small and most contamination occurs when rain comes into 

contact with the surface of catchment materials (Thomas and Greene, 1993), especially 

the roof surface (Thomas and Greene, 1993).
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2.4 DISCUSSION OF CORROSION

The majority of rainwater catchment systems in Alaska contain some sort of metal, either 

in the form of roof, gutter or tank material. These materials will come into contact with 

rainwater that has been exposed to atmospheric gases (CO2, NOx and SOx), and thus, it is 

important to understand how metal reacts and results in corrosion products. The subject 

of corrosion has been widely studied in all regions of the world (Patterson and O’Brien, 

1979; Viraraghavan et al.,1999; He et al., 2001). The dissolution rate of a corrosion 

product is correlated to the proton activity (He et al., 2001). As the pH of rainwater 

decreases due to CO2, NOx and SOx, the concentration of metals from roof runoff have 

been seen to increase; this is true during the first flush and during steady-state conditions 

(He et al.,2001).

Corrosion is an interaction between metal and its environment which results in a 

chemical change in the metal or cementitious material. Different metals have different 

relative potentials and, therefore, one metal might have a greater tendency towards 

corrosion than another metal (Patterson and O’Brien, 1979). In general, corrosive waters 

tend to be low in pH, low in dissolved solids, and low in alkalinity. The rate at which 

corrosion occurs is dependent upon temperature, pH, alkalinity and hardness (Patterson 

and O’Brien, 1979). It also depends upon the type of metal, its impurities and the 

surrounding environmental parameters, such as ionic components, dissolved oxygen,
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dissolved carbon dioxide, temperature and the flow rate of the water (Patterson and 

O’Brien, 1979).

There has been a lot of research completed focusing on corrosion occurring with 

plumbing materials (Sharpe and Young, 1982; Viraraghavan et al., 1999; Westendorf and 

Middleton, 1979). Sharpe and Young (1982) and Viraraghavan et al., (1999) found that 

corrosion increased with increased storage time of the water within the plumbing 

material. Sharpe and Young (1982) also found that the concentrations of the corrosive 

products of copper and lead greatly decrease with the use of plastic piping or by reducing 

the percentages of lead in the pipe solder (Sharpe and Young, 1982). However, plastic 

pipes have their own disadvantages.

Results from Wong and Berrang (1976) reported that corrosive products could leach 

copper out of soldered copper pipes after only one day of continuous contact with water. 

Because contamination could build up inside water pipes, it is suggested to flush pipes 

with a high flow rate before usage after periods of extended inactivity (Viraraghavan et 

al., 1999). The rate of corrosion also depends on material type and age of the pipe 

(Viraraghavan et al., 1999). Those using catchment systems that include chlorine as a 

form of treatment and use copper piping for distribution should be informed that free 

residual chlorine can readily oxidize the copper surface and lead to pitting (Viraraghavan 

et al., 1999). Corrosion of the distribution system is not limited to piping. Corrosion of 

faucets is also important to consider. Brass and bronze fixtures could leach copper and



lead, respectively. Low pH and soft waters tend to be extremely corrosive to plumbing 

materials, which results in more metal dissolution in the plumbing system (Westendorf 

and Middleton, 1979).

14

2.5 DISCUSSION OF PH

In general, it has been reported that total metal contamination increases with decreasing 

pH (Forster, 1996; He et al., 2001; Gadd and Kennedy, 2001; Thomas and Greene, 1993; 

Viraraghavan et al., 1999; Yaziz et al., 1989). Forster (1996) reported that for the 

catchments within the study, the low pH of roof runoff was due to the roofing material 

itself and not due to the dissolution of particles from the atmosphere (Forster, 1996). 

Thomas and Green (1993) reported that samples from roof runoff were acidic due to the 

presence of carbon dioxide in the atmosphere, especially evident in industrial areas 

(Thomas and Greene, 1993). Once the rainwater comes into contact with the roof it could 

become more alkaline if the roof material contains cement (such as concrete tiles) (Gadd 

and Kennedy, 2001). The water could also become more alkaline if the water is stored in 

a ferrocement tank and the rainwater comes into contact with alkaline cement particles 

containing CaC03  (Quek and Forster, 1993). This occurrence of pH change was not seen 

in other tanks within the study conducted by Quek and Forster (1993). Corrosion of some 

materials could be limited by adjusting the pH towards neutral (Viraraghavan et al., 

1999). This would increase the lifetime of catchment materials, especially plumbing



materials, and decrease the loss of metallic zinc coating, if one was present (Ruckert and 

Sturzbecher; Viraraghavan et al., 1999).

2.6 SOURCES OF CONTAMINATION FOR RAINWATER CATCHMENTS

The collection surface can have a major influence on the quality of water collected. The 

collection surface could include the actual roof material, gutters, down pipes, paints, 

sealants and cleaners that are used (Gadd and Kennedy, 2001). Tree branches that 

overhang the roof could not only lead to organic matter (leaves, twigs, etc.) 

contamination, but could give access to animals and lead to fecal contamination. The 

water quality collected from a roof catchment is a function of the type and age of roof 

material (Thomas and Greene, 1993;Gadd and Kennedy, 2001). The rate at which a roof 

ages could depend on the surrounding climate. Catchments near the ocean could 

experience an increased corrosion rate if sea-salt is not regularly washed off (Gadd and 

Kennedy, 2001). This sea-salt can become deposited onto the roof surface by dry 

deposition (Gadd and Kennedy, 2001). Rainfall intensity and frequency also plays a 

major roll in roof quality. Slower water flow results in smaller particulates in the roof 

runoff and a longer contact time with the roof surface (Odnevall Wallinder et al., 2000). 

The characteristics of metal roofs depend on the corrosion layer, age, thickness, porosity, 

orientation and inclination of the exposed metal (He et al., 2001).

15
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2.6.1 COPPER

Copper material and acidic rainwater can react and form a variety of compounds. 

Cuprite(Cu20) is formed within hours or days, a non-crystalline and water soluble cupric 

sulfate within days or weeks and posjnakite (Cu4S04 (0 H)6*H20) within months of 

constant and stagnate exposure (He et al., 2001). Copper flashings or gutters could be 

used on the roof of the home; however, this is uncommon in Alaska. The primary source 

of copper contamination is mainly from the distribution system which is commonly 

composed of copper pipes. This could lead to significant daily intake of copper 

concentrations (Samuels and Meranger, 1984). The amount of copper leached from 

copper pipes depends on several parameters such as pH, daily residence time within the 

pipes and residual chlorine levels (Viraraghavan et al., 1999). Soft water which can 

dissolve copper piping is also a contributing factor. (Samuels and Meranger, 1984). 

Copper is more easily and extensively corroded than lead, galvanized stainless steel and 

cast iron (Viraraghavan et al., 1999). Another source of copper contamination is leaching 

from faucets, especially brass. Although there is a continuous decrease as the age of the 

faucet increases, the leaching of metals is substantial even after several years of use 

(Samuels and Meranger, 1984).

Copper is an essential element for proper body function and helps to protect against 

cadmium poisoning. Overexposure, however, can cause seriously health problems. The 

EPA has set the maximum contaminate level of copper at 1.3 mg/L(ppm). Drinking more



than 30 mg/L(ppm) in a short time period can cause vomiting, diarrhea, stomach cramps, 

and nausea (Agency for Toxic Substances and Disease Registry (ATSDR), 2003). High 

doses of copper in a short time period can have toxic effects on the liver, kidney and the 

brain (Georgopoulos et al., 2001; ATSDR, 2003). However, the International Agency for 

Research on Cancer (IARC) does not list copper as a human carcinogen. Copper is 

common in the environment in soils, water, sediment and air, but the primary exposure to 

high concentrations of copper is through copper pipes within the distribution system 

(Georgopoulos et al., 2001). Approximately 50% of ingested copper is adsorbed into the 

blood stream where it is then transported to the liver with minor amounts transported to 

the bone and other tissues (ATSDR, 2003).

2.6.2 ZINC

Zinc is most often used in galvanizing metal. Zinc is used as a protective layer because of 

its more active potential. Because zinc is lower on the galvanic scale, it will corrode 

before iron, thus providing iron with protection. Under many water conditions, the rate of 

the corrosion is retarded by the surface layer that forms on zinc. This surface layer leads 

to a much slower corrosion rate than that of iron, resulting in a long life for the 

galvanized material.

Roof material can be a major source of zinc contamination depending on the material 

type and how much of the roof is zinc coated (Gadd and Kennedy, 2001). The low pH of

17



rainwater can cause some leaching of zinc from galvanized iron roofs (Yaziz et al.,

1989). The amount of zinc consumed on a daily basis from the majority of catchment 

systems is insignificant in comparison to the average recommended dietary intake 

(Samuels and Meranger, 1984). Galvanized piping for the distribution system of a 

catchment is one of the oldest materials used for piping. Cadmium can leach from 

galvanized pipes because cadmium is an impurity in the zinc occurring during extraction 

of the zinc from its ores (Viraraghavan et al., 1999). Before three decades ago, galvanized 

pipe dominated as the material of choice for distribution systems. However, as the 

standards (thickness) for copper decreased and the labor for installation increased for 

galvanized piping, copper became the new popular material of choice.

Zinc is one of the most common metals found in our environment. It can be found in air, 

soil, water and in almost all foods. Most human exposure originates from drinking 

contaminated water that has had extended contact with galvanized metals (ATSDR, 

2003). Even elevated levels of zinc found in catchment systems most often do not pose a 

serious health threat (Gould, 2003). The Agency for Toxic Substances and Disease 

Registry (ATSDR) reports the recommended dietary allowance for zinc is 15 mg/day for 

men, 12 mg/day for women, 10 mg/day for children and 5 mg/day for infants. The EPA 

recommends a maximum contaminate level be set at 5 mg/L (ppm) for taste. As with 

most beneficial biological elements there is a balance between zinc’s nutritional and 

toxicity effects. Not enough zinc might result in loss of appetite, a decrease sense of taste 

and smell, slow wound healing or a damaged immune system (ASTDR, 2003). Too much
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zinc (about 100 to 250 mg/day) can cause stomach cramps, nausea, and vomiting. If 

exposed to evaluated levels of zinc for an extended period of time, anemia and pancreas 

damage could occur (ASTDR, 2003). The IARC has not classified zinc as a carcinogen.

2.6.3 LEAD

Lead contamination can occur at many points throughout the catchment system. 

Contamination could occur during contact with lead-based paints used on roof or tank 

material (Gould, 2003; Simmons et al., 2001), deposition on the roof from exhaust 

emissions (Gould, 2003; Simmons et al., 2001), and lead-based solder on pipe joints or a 

faucet made with a percentage of lead. The decreased pH of rain may also influence the 

higher concentration of metals (Olem and Herthouex, 1989). As with most metals, the 

leaching of lead increases with a decrease of pH and an increase in the age of the 

plumbing (Viraraghavan et al., 1999).

Most of the lead contamination occurs within the distribution system, especially those 

with lead-based soldered pipes (Birden et al., 1985). A common ratio of lead to tin in 

solder for domestic plumbing is 1:1 (Viraraghavan et al., 1999). Its low cost and low 

melting point make it a popular choice among plumbers (Viraraghavan et al., 1999). 

However, lead concentration was found to be greatest with systems containing lead- 

soldered copper pipe, irrespective of lead:tin solder percentages (Sharpe and Young, 

1982). The actual release of lead from lead-based soldered joints is due to the formation
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of galvanic cells in the solder which act as the anode while the copper piping acts as the 

cathode in the process of electrochemical corrosion (Viraraghavan et al., 1999). The 

concentration of lead depends on pH, temperature, water hardness, and is directly related 

to the amount of humic substances present in the water (Samuels and Meranger, 1984; 

Viraraghavan et al., 1999). Elevated levels of lead are most likely to occur with waters 

low in pH in newly soldered pipes and occur during first draw samples (Birden et al., 

1985). Lead levels increase with increasing contact with plumbing materials 

(Viraraghavan et al., 1999), and Samuels and Meranger (1984) reported that lead was 

detected in water samples after just one hour of contact with lead piping (Samuels and 

Meranger, 1984). Therefore, after an extended period of inactivity, pipes should be 

flushed before consumption or use. The lead released from lead-based soldered joints 

decreases with the age of the distribution system (Viraraghavan et al., 1999). However, 

since the Safe Drinking Water Act Amendments of 1986 the use of lead-containing 

solders in potable water systems has effectively been banned nationwide 

(http://www.epa.gov/history/topics/sdwa/04.htm). Common solders now are tin-antimony 

and tin-silver solders.

Another source of lead contamination would be from the faucet (Viraraghavan et al., 

1999). New cast-brass faucets that contain a percentage of lead could contribute to the 

lead contamination of drinking water (Gardels and Sorg, 1989; Simmons et al., 2001). A 

lab study conducted by Gardels and Sorg (1989) reported that 60-75% of the lead leached 

from a faucet appeared in the first 125 mL of sampling. After 200-250 mL of water had
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flowed, 95 percent or more of the lead had normally been flushed from the faucet. After 

this, lead concentrations in the water might be due to water which was standing in the 

pipes near the faucet or from lead-soldered joints throughout the distribution system 

(Gardels and Sorg, 1989). From this study, it is evident that the concentrations of metals 

would depend on sample size, especially if a first draw was being collected. Because of 

this variation in concentration, it is important to comply with drinking water sampling 

standards. Lead contamination that occurs at the end-point source, such as a kitchen 

faucet, is rarely treated and long term consumption of these waters could pose potentially 

seriously health effects because of accumulation in the body (Sharpe and Young, 1982).

Although lead naturally occurs in the environment, much of it comes from human 

activities, such as burning fossil fuels, mining and manufacturing (ASTDR, 2003). 

Therefore, lead levels in catchment water could be an assessment indicator of local 

environmental activities (Nakata et al., 1995). Unlike copper and zinc, lead is not a part 

of necessary biological function of the human body. Lead can negatively affect almost 

every part of the body. Lead is an active and cumulative toxicant (Patterson and O’Brien, 

1979; Gould, 2003). There has been reported links between lead and hyperactivity, 

decreased intelligence levels, hypertension, metal retardation and renal insufficiency 

(Patterson and O’Brien, 1979). Exposure to lead could cause headaches, nausea, vomiting 

and disorders of multiple organs (ASTDR, 2003). However, it is often difficult to 

attribute these symptoms directly to lead in drinking water because there are multiple 

contaminates that could induce the previous listed symptoms (Viraraghavan et al., 1999).
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The most potentially sensitive affected area is the central nervous system, especially in 

children (Gould, 2003; ASTDR, 2003). Consumption of lead also can damage kidneys 

and the reproductive system (ASTDR, 2003). The EPA has set the maximum 

contaminant level for lead at 0.015 mg/L. High level intake of lead may decrease 

reaction time and cause weakness in fingers, wrists, or ankles (ASTDR, 2003).

Consumers relying on catchment water as their main source of drinking water should be 

particularly concerned with high detected levels of lead because of lead’s toxic 

cumulative effect (Gould, 2003). Even low quantities of lead ingested could be reason for 

concern because lead is excreted slowly out of the body, allowing even small quantities 

to pose a health concern (Westendorf and Middleton, 1979).

2.7 DISCUSSION OF BEST MANAGEMENT PRACTICES

2.7.1 MATERIALS

All materials used in the reservoir system (membranes, liners, sealant, paints and the 

actual reservoir) should be certified for potable water by an accredited source (Associated 

General Contractors of Washington, 2003; Texas Guide to Rainwater Harvesting, 2003; 

Montana Standards, 2003). All reservoirs should have a tight fitting cover which will 

prevent evaporation, mosquito breeding and will keep insects, birds and animals from 

entering the tank (Associated General Contractors of Washington, 2003; Texas Guide to 

Rainwater Harvesting, 2003). All reservoirs should also have a way of dealing with
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overflow (Domestic Roofwater Harvesting, 2003; Associated General Contractors of 

Washington, 2003; Montana Standards, 2003). The tanks should not only have adequate 

structural strength to withstand wear and tear but should have easy access for cleaning 

(Domestic Roofwater Harvesting, 2003; Associated General Contractors of Washington, 

2003; Texas Guide to Rainwater Harvesting, 2003; Montana Standards, 2003). Finally 

tanks should be located at least 50 feet away from sources of pollution, such as septic 

tank fields (Texas Guide to Rainwater Harvesting, 2003; Montana Standards, 2003), and 

should be located at a place accessible to a water truck in case of severe drought (Texas 

Guide to Rainwater Harvesting, 2003; Montana Standards, 2003).
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2.7.2 CLEANING/MAINTAINING

The inside of the reservoir should be thoroughly scrubbed and rinsed before the system is 

put into use (Rupp, 2002; Montana Standards, 2003). Cleaning can be done with a soft 

brush, water and baking soda or a diluted bleach solution (both rinsed with ample 

amounts of water) (Rupp, 2002; Montana Standards, 2003). This should be followed with 

annual cleanings of the reservoir at which time it should be drained and emptied of 

accumulated sediment (Rupp, 2002) and cracks can be patched at this time with non-toxic 

sealant (UAF Cooperative Extension, 2003). It is important to have good ventilation 

when working inside the tank (Rupp, 2002; Montana Standards, 2003). In general, a 

manhole and a vent for cleaning purposes are suggested as standards for reservoirs, and 

regular cleaning helps to improve the quality of potable water (Rupp, 2002). Multi-tank



systems are suggested if rainwater is the only source of water for the family (UAF 

Cooperative Extension, 2003). Other tanks can be used while one of the tanks is being 

cleaned or maintained, without disruption in water use. Incoming and outgoing pipes 

should also be regularly maintained and cleaned for optimal water flow (Rupp, 2002).

The downspouts and rain washer should be kept clear and in good repair.

After the system is completely operational, but before the water is consumed as drinking 

water, it should be tested by a laboratory certified by the Environmental Protection 

Agency to make sure it is safe to drink.

2.7.3 DESIGN

Design of a catchment system is the most important step of effectively utilizing a 

rainwater catchment system for domestic use. There are many limitations to consider 

when deciding if the system will be able to sustain daily consumption of water by the 

number of occupants in the home. Precipitation data versus collection area needs to be 

considered coupled with the number of consumers and the rate of consumption (Yaziz et 

al., 1989). Annual rain events versus tank size should also be considered. Although there 

are millions of consumers who rely on rainwater catchments, there have been no official 

guidelines for homeowners (Heggen, 2000). Most catchments are constructed with trial 

and error methods, and the consequences can lead to a lack of water for the consumer 

(Heggen, 2000). Many times water quality can be improved with a good system design
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(Gould, 2003). If the climate consists of a short but intense rainy season, the design of a 

catchment system should be based on the largest cumulative rain event that falls during 

the year if the water will be used during the dry season (Sharma, 1996).

A model was developed for designing catchment systems based on the largest rain-sum 

statistics (Sharma, 1996). It can be calculated using only the mean, variance of daily 

rainfall data, the probability of any day being a rainy day and the conditional probability 

of a wet day followed by the previous wet day (Sharma, 1996). This model is called the 

Markov-Weibull model.

2.7.4 DISINFECTION

There are many methods by which reservoirs can be disinfected. One recommended 

method is ultraviolet light (Texas Guide to Rainwater Harvesting, 2003). It is the most 

effective and economical way to kill most bacteria and viruses. The ultraviolet light 

system uses no chemicals and adds nothing to the water. This gives ultraviolet systems a 

strong advantage over the use of chlorine or peroxide when treating bacteria. The 

ultraviolet bulbs must be changed annually because they naturally lose their ability to 

transmit the proper wavelength of ultraviolet light. Most systems come with an audible 

and visual alarm indicating lamp failure. Ultraviolet systems should be installed with a 

properly sized pre-filter to remove any sediment that could potentially shadow the
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bacteria as the water passes the ultraviolet light (Texas Guide to Rainwater Harvesting, 

2003).

Chlorine is often added as part of the final drinking water treatment process (Domestic 

Roofwater Harvesting, 2003; Texas Guide to Rainwater Harvesting, 2003; The 

Metamorphous of a Home Water System, 2003). However, chlorine also reacts with the 

organic matter naturally present in water, such as decaying leaves that could pass filters.

CHAPTER 3: METHODOLOGY

3.1 NOTIFICATION OF STUDY TO THE GENERAL PUBLIC

Participants for this project were recruited through a statewide newspaper and website 

advertising campaign. A newspaper advertisement was run in the first months of 2003 to 

notify the public of this study (see Figure 1). This included advertisements in the Tundra 

Drums, Valdez Star, Fairbanks Daily News-Miner, Anchorage Daily, Kenai Peninsula 

Clarion, Ketchikan Daily News, and the Juneau Empire. The advertisement was also 

posted in the Alaska Water Wastewater Management Association, Inc. (AWWMA) 

newsletter and on the Alaska Training and Technical Assistance Center (ATTAC) 

website. All interested participants that contacted UAF about more information were 

asked general questions about materials used in their systems (see Figure 2). After 

participant recruitment was complete, those participants with systems which met the



requirements of the study were sent another questionnaire with more detailed questions 

about their particular catchment systems (see Figure 3). Over 50 participants from 

Ketchikan to Tanana agreed to send water samples once a week for four months (see 

Figure 4). The location of the other catchments in the study were from Fairbanks, North 

Pole, Tanana, Bethel, Shishmaref, Valdez, Seward, Ketchikan, Thome Bay, Sitka, 

Klawock, Juneau, Gustavus, and Ward Cove with the majority of applicants in Southeast 

Alaska. See Table 1 below for number of participants from each area.

Table /:  Quantity o/participants in each city or area
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Number of participants: total: 55
Bethel 1
Fairbanks 6
Gustavus 1
Juneau 7
Ketchikan 22
Klawock 2
Seward 2
Sitka 2
Tanana 1
Thome Bay 1
Valdez 1
GoodNews 9

In addition to the newspaper campaign, twenty villages were individually contacted via 

fax alerting them of the study. These villages were known to use rainwater collection as 

one source of drinking water. The advertisement was sent to Brevig Mission, Chefomak, 

Chevak, Eagle, Eek, Eyak, Good News Bay, Kasigluk, Kipnuk, Koyuk, Koyukuk, 

Kwethluk, Kwigillingok, Kwighagak, Napaskiak, Nanapitchuk, Oscarvill, Point Hope, 

Shishmaref, and Thome Bay. Of these, three villages responded and expressed interest; 

Shishmaref, Good News Bay and Kwigilligok. From these three villages, three



participants were added from Shishmareft and nine from Good News Bay. Kwigilligok 

distributed forms to residents to fill out with information about the rainwater catchment 

systems in their village; however, they were never returned. The three participants from 

Shishmaref never sent in any sample bottles, sighting lack of rain for the first several 

weeks, followed by no response at all. Nine one-time-only samples were collected, 

received, and analyzed from Good News Bay.

3.2 VARIABLES EFFECTING WATER QUALITY IN RAINWATER 

CATCHMENTS

When preparing to study the quality of rainwater catchment systems, there are many 

variables that need to be considered (Forster, 1996). These variables can include roof 

material and physical boundaries; precipitation events, including intensity, wind, and 

pollutant concentrations in the rain; other meteorological factors, including season, 

durations, and weather characteristics; the chemical properties of the contaminant, 

including vapor pressure, partition coefficient, and its solubility in water; concentration 

of the substance in the atmospheric boundary layer, including emissions, transport, half- 

life and phase distribution; and finally, the high degree of variability with respect to 

almost every factor previously mentioned because there could be, for example, different 

roof surfaces during the same rain events that could react differently (Forster, 1996).
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All these variables were important to fully consider, if meaningful end results were 

desired. The complexity of studying rainwater catchments stems from the fact that most 

all systems are unique to each consumer. The variables in this particular study included 

location of catchment (rain events and frequency), roofing materials, type of gutter, tank 

and pipe material, size of tank and roof and overall age of system. It also took into 

consideration if the tank was covered or not, if it was lined or not, type of treatment, 

heating source of home, number of people in home and water consumption rate. See 

Tables 2 through 5 below for distribution of numbers for each category and Table 20 in 

Appendix B for each systems material types and other collected variables.
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Table 2: Roof Tank Material
Roof # Tank # Lined? Pipes #
Asphalt Shingles 14 Concrete 12 3 (yes) Copper 17
Fiberglass panels 1 Metal 17 4 (yes) copper/plastic 5
Metal 35 Plastic 23 0 (yes) plastic 10
Rolled roofing 2 wood 2 2 (yes) From Tank 16
wood 2 unknown 1 0 (yes) Galvanized/plastic 1
unknown 1 unknown 6

Table 3: Tank and Roof Size and Age

Tank Size #
Age of Tanks 
(Years) # Roof Size #

Age of Roof 
(years) #

under 2000 21 under 5 7 under 1000 17 Under 5 11
2001-4000 3 6-10 7 1001-2000 24 6-10 8
4001-6000 7 11-15 13 2000-3000 2 11-15 9
6001-8000 7 16-20 9 3001-4000 3 16-20 13
8001-10000 9 21-25 1 Unknown 9 21-25 4
10001-12000 1 26-30 2 26-30 2
12001-14000 3 31-35 1 Unknown 7
14001-16000 1 unknown 15
16001-18000 1
28000 1
Unknown 1
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Table 4: Gutter  ̂ and tank cover material and number o f watery consumers in the home
Gutter # Tank Cover # People in Home #
Metal 17 Under house 13 One 9
Plastic 25 Plastic 12 Two 19
Combo 5 Wood 10 Three 10
Unknown 8 No cover 11 Four 5

Other material 2 Five 5
Unknown 7 Six 2

Seven 1
Unknown 4

Table 5: Type o f Treatment and Heating Source
Treatment Type # Heating Source #
Bleach/chlorine 8 Oil 24
None 38 Wood 5
Activated Carbon 3 Oil/wood 9
Unknown 6 Electric 1

Baseboard 6
Other 5
Unknown 5

3.3 SAMPLING PROCEDURE

Each of the participants was asked to send a 250 ml water sample in a prepaid package 

once a week to UAF starting at the end of April 2003 until September 2003. This 

frequency resulted in a total of approximately 20 samples for each participant. The more 

samples collected, the more meaningful the results would be. For more organized data 

collection, the participants were asked to collect samples on the weekend (either Saturday 

or Sunday). The importance of sampling on the same day allows an easier way to record 

previous rain events and, therefore, allows calculation of the amount of “first washes” 

that would have accumulated in each tank at the time of the collection. After collection 

each week, each participant placed the sample bottle in the provided packing material



(bubble wrap) and placed it in the prepaid package to be sent to UAF, where it was 

analyzed for zinc, copper and lead. Packages containing four sample bottles, four chain of 

custody forms and four prepaid packages were sent to participants once every four weeks. 

Those participants who did not send back all four sample bottles were not sent more 

sample bottles until all bottles from the previous shipment were returned. This procedure 

led to inconsistent bulk mail outs for participants, meaning that not everyone was sent 

their packages of new sample bottles at the same time. The percentage of participants’ 

return of sample bottles is listed below in Table 6.

3.4 PROCEDURE PARTICIPANTS FOLLOWED TO COLLECT SAMPLES

3.4.1 NORMAL SAMPLE COLLECTION

Originally, the study was designed to have collection of the water directly from the 

reservoir. This was to avoid taking into consideration the indoor piping distribution 

materials and treatment. However, as the study progressed and as each participants’ 

catchments were better understood, it became clear that sampling at the tank would not 

only be a health risk (from possible human contamination while sampling), but for some 

an impossibility (cisterns built under the home in the foundation with little access 

available). The participants were especially asked not to dip the sample bottle into the 

tank water because that might lead to further contamination of the water. Instead, they 

were asked to fill the sample bottle from a valve on the outside of the tank if at all
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possible. For those systems that could not sample in this manner they were asked to 

sample from a faucet within the home while noting material type of distribution system as 

well as treatment method. Prior to collection, participants were instructed to allow water 

to run for several minutes before taking the sample to insure the water collected was not 

the stagnate water in the pipes. However, it is doubted that many of the participants 

followed this procedure because of reluctance to waste a limited resource; some 

participants were allowing water to run, but for inconstantant time periods. On each 

bottle participants noted the time, date and location of the sample (i.e. kitchen faucet, 

utility sink, etc.). See Figure 5. They also completed a chain of custody form (Figure 6 ).
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3.4.2 FIRST DRAW SAMPLE COLLECTION

At the end of August, all participants were asked to collect a “first draw” water sample. 

This collection should have been the first water out of the faucet after overnight 

inactivity. This sample was to be taken first thing in the morning without allowing any 

water to run down the drain. They were asked to mark clearly on the sample bottle 

“FIRST DRAW.” If the water was run without sampling, they were instructed to wait 

until the next day to collect the first draw. If the water was run again without sampling, 

they were to take a normal sample and then wait until the following week to take the first 

draw sample. After this first draw sample was collected, the collected method returned to 

normal which was to let the water run before the sample is taken.
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3.5 RECEIVING AND HANDLING OF SAMPLES

Sample bottles were received on a daily basis. Once the sample was received, the date of 

arrival, date of sample taken, time of sample taken, changes in system and recent weather 

conditions were logged into a database. The physical portion of the chain of custodies 

was then filed away and the sample bottles were acidified and cooled until testing could 

occur.

The first samples were physically collected by Hart and an assistant in Ketchikan and 

Juneau during the last week in April 2003 and were tested for total coliforms, VOC, 

temperature, pH and analyzed at the lab for zinc, copper and lead. At this time, each 

catchment in these locations was given a four-week supply of sample bottles and prepaid 

packages. Photographs were also taken of each system for documentation. Other 

participants in the study were sent their first sample packages via US Post Office. The 

parameters of temperature and pH were tested on site using colorpHast® strips and a 

general classification by touch for the temperature (ranging from warm to cold; however, 

participants were asked specifically to let the cold side of the water tap run for a while 

before these were tested).

Later in the study, starting at Week Number 18, pH was tested upon arrival of the 

samples before they were acidified. The pH was initially tested with an Orion pH/ISE 

meter, model 710A, located in Room 241, Duckering Building, and colorpHast® strips.
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However, after several conflicting and erroneous results, the pH strips were used 

exclusively.

After appropriate paper work was completed, samples were then acidified to a pH of less 

than 2 using 1:1 HNO3 acid. After samples were acidified, samples were placed in an 

environmental chamber at 4 degrees Celsius.

3.6 ANALYTICAL TESTING

All analytical work was completed on a Perkin Elmer HGA 850 Graphite Furnace and a 

Perkin Elmer AAnalyst 300 Atomic Absorption Spectrometer (flame AA). Atomic 

Absorption (AA) Spectroscopy, in general, measures separate wavelengths of radiation 

from the substances being analyzed and then gives information about the substance.

Each element has its own distinct pattern of wavelengths at which it will absorb energy, 

due to the unique configuration of electrons in its outer shell. This property allows 

analysis of different samples.

All copper and lead samples were analyzed using the Perkin Elmer HGA 850 Graphite 

Furnace with a calibration curve maximum of 60 ppb and 50 ppb, respectively. There 

were several participants whose sample concentrations of copper were constantly outside 

of the maximum linear range even when automatically diluted 4 to 1 by the autosampler. 

These participants’ samples and any other sample over the maximum linear range, were



then analyzed using the Perkin Elmer AAnalyst 300 Atomic Absorption Spectrometer 

(flame). Because the linear range for the zinc lamp for the HGA 850 Graphite Furnace 

was too low for sample concentrations, the AAnalyst 300 was used to measure all zinc 

samples. With concentrations over the maximum linear range of zinc (2.5 ppm), samples 

were manually diluted 3:1 and retested using the AAnalyst 300.

Because the GFAA spectrometer detects concentrations in the ppb range, contamination 

of samples can be a major source of analytical error. To limit the amount of 

contamination in the sample pre-cleaned glassware, trace-metal-grade pipette tips and 

trace-metal-grade distilled, deionized water and nitric acid are used.

The advantages of using GFAA spectroscopy for this study included greater sensitivity 

and detection limits than other methods, direct analysis of some types of liquid samples, 

low spectral interference and very small sample size. However, with these advantages 

also came some limitations. The limitations of GFAA spectroscopy included longer 

analysis time than flame AA or ICP analysis, limited dynamic range and a high power 

source.

3.7 TOTAL COLIFORM TESTING

Although not the main focus of the study, bacteriological testing was completed for 

Ketchikan and Juneau twice during the 20 weeks of water collection. Bacteriological
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pollution of the collected water can be caused when rain comes into contact with a 

number of components of the rainwater catchment system (Lye, 2002). Some consumers 

of rainwater do not treat their water with respect to its bacteriological characteristics. This 

contamination could lead to a variety of infectious diseases (Lye, 2002). However, 

proving a direct link to untreated water and ill health effects is difficult because of the 

small number of people affected from each system (Gould, 2003). On the actual 

collection surface there may be dust, organic matter, and fecal matter of bird or other 

animal origin (Gould and McPherson, 1987; Pinfold et al., 1993). Contamination in 

storage is common when an unsanitary container is used to extract water from the 

reservoir (Gould and McPherson, 1987). The use of rainjars would help to prevent this 

common problem. Rainjars are large, most often ceramic, containers with a tap at the 

bottom allowing distribution of the water which helps limit contact with the stored water 

(Pinfold et al., 1993).

It is interesting to note that tests of Simmons et al. (2001) showed no relationship 

between bacteriological quality and time between tank cleanings (Simmons et al., 2001). 

They also reported that galvanized iron storage tanks had significantly lower levels of TC 

(total coliforms), FC (fecal coliforms) and ENT (Enterococci) (Simmons et al., 2001). 

Sometimes the storage of collected water for extended periods of time may actually 

improve the quality of the water because of natural bacterial die-off (Pinfold et al., 1993; 

Lye, 2002).
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The bacteriological quality of water can change as the seasons change. During the dry 

season, dry deposition is able to build up on the catchment surface and the higher 

temperatures allow the bacteria to grow faster than during the wet season where tanks 

often overflow (Nair et al., 2001). When water is stagnate in a confined area, such as a 

reservoir during the dry season, bacteria can multiply rapidly and a complex bacterial 

population can grow (Nair et al., 2001).

3.8 VOLATILE ORGANIC COMPOUND TESTING

Testing for volatile organic compounds was also conducted for three systems in the 

Ketchikan area in April 2003. These collected samples were then shipped to Fairbanks 

and were analyzed at CT&E Environmental Services. Volatile organic compounds could 

originate from asphalt shingles on collection surfaces. The migration of volatile organic 

compounds (VOC) into water could also originate from plastic piping in the distribution 

system within the home. Plastic piping could be made from high-density polyethylene 

pipes (HDPE), crossbonded polyethylene pipes (PEX) or polyvinyl chloride (PVC) pipes 

(Skjevrak et al., 2003). Older pipes within individual systems are often replaced with 

materials that contain polymer materials (Brocca et al., 2002). The trend is to use 

polyethylene (PE) over the common polyvinylchloride (PVC) materials (Brocca et al., 

2002). Both of these polymer materials contain a variety of organic and inorganic 

additives which can improve the materials’ durability and handling during installation but 

also can leach out organic chemicals during use (Brocca et al., 2002).
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CHAPTER 4: RESULTS AND DISCUSSION OF RAINWATER CATCHMENT 

STUDY

4.1 GENERAL RESULTS

All samples received were analyzed for lead, copper and zinc (see Tables 8 , 9 and 10). 

Overall out of all samples received (475 samples from 48 systems), 56%, 56%, and 53% 

of the samples had detectable amounts of lead, copper and zinc, respectively. Despite a 

large percentage of undetectable concentrations, there were several systems in which 

metal concentrations were consistently above the maximum contaminant level (MCL) for 

a particular metal. The MCLs for lead, copper and zinc are 15 ppb, 1300 ppb and 5000 

ppb, respectively. Lead has a much lower MCL than that of copper or zinc because of its 

bio-accumulation properties and its toxicity effects at even low concentrations. The MCL 

for zinc is set a 5000 ppb for taste. There were also participants who had one or several 

samples throughout the summer exceed the MCL for a particular metal. From those 

samples which had detectable levels of the metals, 2.3% and 6.5%, were above the 

concentration for the set maximum contaminant levels for lead and copper, respectively. 

The samples with concentrations above the MCL for lead came from four different 

systems and the samples with concentrations above the MCL for copper came from five 

different systems. Two of the systems (Systems 20, 43) which had a sample that 

surpassed the MCL for lead, also had a sample that surpassed the MCL for copper 

(although samples that surpassed the MCL for lead were not collected on the same day of



the sample which surpassed the MCL for copper for both systems). Several systems had 

particularly high concentrations of lead, copper or zinc in their water samples.

One particular system (System 43), consistently had over 10 ppb of lead for all six 

samples sent in. This system’s components consisted of typical materials: an asphalt roof, 

a metal tank, and copper piping. Out of the three systems (Systems 1, 6 , and 40) with the 

reported same roofing, tank and piping material, System 43 had an average lead 

concentration approximately eight times as much as the other systems with a lead 

concentration of approximately 12 ppb. It is not known why this system was leaching 

lead at a higher rate than the other systems. This system also had the second highest 

average concentration of copper with approximately 1000 ppb of copper in the collected 

water. Based on the first draw sample of 1700 ppb of copper and 14 ppb of lead, one 

logical source of contamination could be from the piping material used within the home. 

For both copper and lead, the first draw sample concentration was approximately 1.7 and

1.2 times larger than that of the averaged overall concentration of copper and lead from 

the rest of the participants. If the metal concentration is highest during a first draw sample 

and then decreases thereafter, it could be said that the metals are originating from the end 

point source or other points along the distribution system (Viraraghavan et al., 1999) and 

not from the actual catchment materials, such as the tank or the roof materials.
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4.2 STATISTICAL DISCUSSIONS

Many participants did not consistently send in samples on a weekly basis. Because of 

this, the only participants who sent in 10 or more water samples were included in the 

statistical discussion. From the 51 systems that were sent a package(s) of sample bottles 

31 systems sent back 10 or more samples (see Tables 11, 12, and 13 in Appendix B).

4.3 RESULTS FROM FIRST DRAW SAMPLES

In general for the metals analyzed, first draw samples showed an average increase of 

approximately 6 , 6 and 2 times more lead, copper and zinc, respectively, than the 

average concentrations over the sample period (Table 14 below).

Table 13: First Draw samples _______________

Average
1st

Draw # times more

(PPb) (ppb) than average
Copper 162 1004 6
Lead 1000 6000 6
Zinc 405 730 2

For those homeowners that had collected water samples directly from the tank, they were 

also asked to collect a first draw sample within the home. Only one of the four systems 

(System 31) that had collected samples directly from the tank participated in the 

collection of the first draw sample. Samples collected from System 31 had trace levels of 

copper and the results of the first draw detected approximately 220 ppb of copper in the 

water sample. Furthermore, the homeowner reported the use of copper piping material in



the home. As stated earlier, metal concentration can increase with increased contact with 

plumbing materials (Viraraghavan et al., 1999; Samuels and Meranger, 1984). The first 

draw samples in this study seemed to follow this same trend.
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Three systems (Systems 9, 11, and 26), consistently had over 2000 ppb of zinc detected 

in their water samples. They all had different combinations of catchment materials, see 

Table 15 below. However, all the systems did have metal materials in common, whether 

it be roof or the tank material. As stated earlier, roof material can be a major source of 

zinc contamination depending on the material type and how much of the roof is zinc 

coated (Gadd and Kennedy, 2001). The same method of contamination could occur with 

unlined metal tanks. Despite these three systems with elevated concentrations of zinc 

measured, three other systems (Systems, 6 , 22, and 27) with similar catchment materials 

had relatively low concentrations of zinc measured.

Table 14: Comparing zinc levels to material types

System Roof Tank Pipe
Ave Zinc 

(PPb)
9 asphalt metal plastic 2500
11 metal plastic plastic 2600
26 metal Metal Copper 2200
6 asphalt metal Copper 73
22 metal plastic cu/plastic 260
27 metal metal Copper 250

4.4 STUDENT-T TESTS

Student-t tests were performed on the data results (see Tables 16,17, and 18 below).
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Table 15: Student-t tests, p-values: Rooj_
asphalt metal wood

Lead metal 0.603
wood 0.087 0.048
rolled 0.476 0.459 0.436

Zinc metal 0.791
wood 0.157 0.018
rolled 0.653 0.545 —

Copper metal 0.483
wood 0.448 0.841
rolled 0.625 0.662 0.665

Table 16: Student-t tests, p-values: Tank
concrete metal

Lead metal 0.967
plastic 0.717 0.692

Zinc metal 0.050
plastic 0.117 0.191

Copper metal 0.803
plastic 0.762 0.477

Table 17: Student-t tests, p-values: Pipes
Copper cu/plastic tank

Lead cu/plastic 0.172
tank 0.073 0.602
plastic 0.650 0.508 0.321

Zinc cu/plastic 0.212
tank 0.976 0.181
plastic 0.265 0.114 0.266

Copper cu/plastic 0.117
tank 0.029 0.156
plastic 0.050 0.349 0.099

The student-t test determines whether or not the means of two sets of sample data are 

significantly different. Statistical data analysis was performed using Microsoft Excel. 

The student-t tests were two-tailed assuming unequal variances and a significant 

difference was only accepted when the p-value was less than 0.050. The p-value



represents an attained significance level. The p-value is the smallest level of significance 

for which the observed data is considered significantly different from each other.

If a p-value was less than or equal to 0.05, then the results of the test would show (with 

95 % confidence) that a group of data is significantly different from other group of data. 

Data from each system over the summer (Samples # 1 — 20) was averaged for each 

system. For example, if a system had sent in 16 samples throughout the summer and each 

one of these samples was analyzed for lead, copper, and zinc then those data points for 

each metal were averaged. These averaged concentrations for each system were then used 

to perform student-t tests. Although the these averaged concentrations were skewed 

toward the origin and therefore representing a non-parametric data set, the student-t test 

was still used on the basis of the central limit theorem (Wackerly et al., 2002). The 

outcome of this theorem is that probability statements can still be made with 

asymptotically normally distributed data as long as the sample set is large (greater than 

30) and if the mean and variance are both finite (Wackerly et al., 2002). Before the 

student-t test was performed, the data was first divided into metals and then into groups 

according to each system’s roofing material, tank material and pipe material. For 

example, a group of water samples from those systems with asphalt roofing material was 

compared to the group of water samples from those systems with metal roofing material 

for a particular metal.
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4.4.1 STUDENT-T TEST: ROOF MATERIALS

First the data was divided into three categories for roof material; metal (17 systems), 

asphalt shingles (10 systems), wood (2 systems), and rolled roofing (tarpaper on roof) (1 

system). The final results (Table 16) from the division into these groups, was that water 

samples from the group of systems with metal roof material and water samples from the 

group of systems with wood roof material were significantly different from each other 

when looking at lead and zinc concentrations (p-values of 0.048 and 0.018, respectively). 

Therefore, because both p-values were below 0.05, the two data sets can be reported to be 

significantly different with 95 % confidence. The mean values given by the student-t test 

reported mean values of 496 ppb zinc and 1.20 ppb lead metal for water samples from the 

group of systems which contained roof material. The mean values reported for water 

samples from the group of systems which contained wood roof material were 0 ppb zinc 

and 0.40 ppb lead. The results o f this test suggests that lead and zinc concentrations are 

more likely to be present in water drawn at the tap for those systems with metal roof 

material than those systems with wood roof material. When comparing water samples 

from the group of systems which contained wood roof material and those water samples 

from the group of systems which contained asphalt roof material, the student-t test 

reported a p-value of 0.087 for lead. Although the p-value was not below the limitations 

of what had previously been designated as significant, the water samples from the two 

groups could be reported to be significantly different with only a 91.3% confidence. The 

mean value reported for water samples from the group of systems containing asphalt roof



material was 1.50 ppb lead. None of the roof materials were significantly different from 

each other when looking at copper concentrations. Other comparison combinations 

between groups of roof material types for zinc and lead did not have significant 

differences between them (Table 16). This result suggests that roof materials were not 

likely the source of copper contamination.
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4.4.2 STUDENT-T TEST: TANK MATERIALS

The data was also divided into different types of tank materials. The three types of 

materials were metal (8 systems), plastic (15 systems) and concrete (8 systems). Those 

tanks with a liner made from plastic were included under the plastic tank group. One 

system (System 28) had a ‘fiberglass’ roof material and was not included in the statistics 

of tank materials because it was an uncommon roof type. The results of the student-t tests 

(Table 17) for tank materials found that water samples from systems with metal tanks and 

water samples from systems with concrete tanks were significantly different when 

looking at zinc concentrations with a p-value of 0.050. The mean values given by the 

student-t test reported mean values of 897 ppb zinc for water samples from the group of 

systems containing metal tanks and 42 ppb zinc for water samples from the group of 

systems containing concrete tanks. The results o f  this test suggests that zinc 

concentrations would be less likely found in water drawn at the tap fo r  systems 

containing concrete tank material than for those systems containing metal tank material. 

There were no tank materials significantly different from each other when looking at



copper or lead concentrations. Other comparison combinations between other groups of 

tank material types for zinc did not have significant differences between them (see Table 

17). This results suggests that the tank material did not participate in lead or copper 

contamination.

4.4.3 STUDENT-T TESTS: PIPE MATERIALS

Finally, the data was divided into different types of pipe materials. The categories were 

copper pipe (14 systems), plastic pipe (7 systems), combination of copper and plastic (4 

systems), and none (samples were collected directly from the tank and did not pass 

through any piping materials) (5 systems). One system had a combination of galvanized 

steel and plastic pipes and was not included in the statistics discussion of pipe materials. 

The results of the student-t tests (Table 18) for pipe materials found that water samples 

from systems with copper pipes and water samples from systems with plastic pipes were 

significantly different when looking at copper concentrations with a p-value of 0.050.

The mean values given by the student-t test reported mean values of 332 ppb copper for 

water samples from the group of systems containing copper pipe material and 37 ppb 

copper for water samples from the group of systems containing plastic pipe material. The 

results also found that water samples from systems with copper pipes and water samples 

from systems which were collected directly from the tank were also significantly 

different when looking at copper concentrations with a p-value of 0.029. The mean value 

of 0 ppb copper was reported from the results of the student-t test for water samples from
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the group of systems which had collected water samples directly from the tank. The 

results o f these two tests suggest that it would be less likely to have elevated copper 

concentrations in water drawn from the tap when using plastic pipe or from collecting 

directly from the tank than i f  copper pipe material was used. None of the pipe materials 

were significantly different from each other when looking at zinc or lead concentrations. 

This result suggests that pipe material was not likely the source of zinc or lead 

contamination.

When comparing water samples from the group of systems which contained copper pipe 

material to those water samples from the group of systems which collected directly from 

the tank, the student-t test reported a p-value of 0.073 for lead. Although the p-value was 

not below the limitations of what had previously been designated as significant, the water 

samples from the two groups could be reported to be significantly different with only 

92.7% confidence. The mean value reported for water samples from the group of systems 

which had been collected directly from the tank was 0.50 ppb lead. None of the pipe 

materials were significantly different from each other when looking at lead or zinc 

concentrations. Other comparison combinations between other groups of pipe material 

type for copper did not have significant differences between them (see Table 18).
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4.5 CONCENTRATIONS OF METALS VERSES TANK RESIDENCE TIME

Contamination from the roof surface can be from a variety of sources, including dry 

deposition, wet deposition and the length of dry periods (Gadd and Kennedy, 2001). 

During dry deposition, aerosols from the atmosphere (which are particulate matter, 

including trace metals and organics from urban air), are deposited on the collection 

surface and then ultimately become part of the roof run-off (Gadd and Kennedy, 2001). 

Wet deposition (precipitation) occurs when rainwater which has been influenced by local 

pollution comes into contact with the collection surface and deposits trace metals, PAH’s, 

pesticides and particulate matter onto the roof surface (Gadd and Kennedy, 2001). This 

phenomenon is greatly influenced by pH because acidic rainwater tends to dissolve more 

trace metals from the collection surface (Gadd and Kennedy, 2001). During extended dry 

periods, weathered particles from the collection surface can build up and result in a high 

concentration of contaminates in the first flush (Gadd and Kennedy, 2001). However, the 

concentrations of zinc and pH changes did not seem to be effected by the length of the 

dry periods (Gadd and Kennedy, 2001).

One way to investigate the impact that rain events had on metal concentrations would be 

to look at residence time of each system’s reservoirs by calculating daily intake and daily 

usage for each system. Daily rain quantities were extracted from the NOAA National 

Climate Data Center (http://www.ncdc.noaa.gov/oa/climate/stationlocator.html) for each 

systems general location. This information along with each system’s square footage of

http://www.ncdc.noaa.gov/oa/climate/stationlocator.html


collection surface and the volume of each tank was then entered into a spread sheet. To 

calculate the amount of collected water (daily intake of rainwater), the daily rain value 

was multiplied by the square footage of the collection surface and by the conversion 

factors for inches into feet and cubic feet into gallons. Rainwater Harvesting System for 

Montana ('http://www.montana.edu/wwwpb/ pubs/mt9707.html) suggests that 

approximately 35 percent of precipitation which falls on the collection surface is 

unusable due to evaporation, leakage or diversion by a roof washer. Roof washer systems 

are used to discard the first flush of rain at the beginning of a rain. The idea behind a roof 

washer is that the amount of containments and debris will decrease after this first flush of 

rain (Domestic Roofwasher Harvesting, 2003; Associated General Contractors, 2003; 

Texas Guide to Rainwater Harvesting, 2003). The bacteriological quality of the rainwater 

could also improve(Domestic Roofwasher Harvesting, 2003; Gould and McPherson, 

1987). The roof washer minimizes the amount of leaves, twigs, insects and other matter 

in the reservoir. This, in turn, improves the taste, color and odor of the reservoir water. 

This number was modified to 20 percent for daily intake for catchment in this particular 

study because few systems in the study had roof washers incorporated into their systems. 

Therefore, the net intake was multiplied by 0.80 to result in a more realistic daily intake 

value. Within the spread sheet, it was assumed that daily water usage per person was 50 

gallons per day. However, this value could be easily changed to any value to experiment 

with how daily usage could affect the residence time of each system. This value was then 

multiplied by the number of consumers within the home to give the total daily usage per 

system. The volume of the reservoir was then divided by the total daily usage per system
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to give the average residence time when assuming no incoming rain. The actual residence 

time would be different for each system and would depend on the period between rain 

events and was not used for the following calculations. However, research previously 

conducted by Thomas and Green (1993) showed there seemed to be a relationship 

between dry periods and suspended solids, and lead. They reported an increase in 

contamination with increasing dry periods, which especially held true for lead where they 

showed a 75% correlation factor (Thomas and Greene, 1993). Also, Yaziz et al. (1989) 

reported that the dry deposition of pollutants after an extended dry period can greatly 

influence the overall water quality (Yaziz et al., 1989).

The total volume in the tank was calculated using the total daily usage per system and the 

daily intake of rainwater. It was assumed that all systems started the study with a full 

tank; however, this value could also be easily changed when investigating how initial 

tank volume affected the total metal concentration. An equation was derived which took 

into account daily intake of rainwater, total daily usage, the size of the tank and overflow 

possibilities. This daily tank volume was then plotted against weekly metal concentration 

samples (See Figures 7 through 13).

From previous research (Thomas and Greene, 1993; Yaziz et al., 1989) it would be 

expected that as residence time increases (no water intake during a dry period which 

results in a downward slope in tank volume), metal concentration would increase. 

However, zinc concentration did not seem to follow the expected trend when comparing
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same day metal concentration to same day volume concentration for System 26 (Figure 

7). Therefore, an expected increase in metal concentration should be seen with a 

corresponding decrease in water volume in the tank. Because sampling occurs at the tap 

and tank volume is so large (8000 gallons for System 26), perhaps the increase in metal 

concentration was delayed (Figure 8). This could also be found with System 25 zinc 

concentrations (Figure 9) while considering lag time. When considering lag time, an 

increase in metal concentration was matched with a previous corresponding decrease in 

water volume. From these points, a lag time was calculated. However, the amount of time 

to consider lag time is inconsistent when trying to match dry periods (increased residence 

time) to increased metal considerations (Figure 8). The same trend occurs when looking 

at lead concentrations (Figure 10 and 11). There is no apparent trend when comparing 

copper concentrations to tank volume (Figures 12, and 13). This would be expected, 

however, because of the results of the student-t tests which suggested a relationship 

between copper piping and copper concentrations in water samples irrespective of rain 

events. A possible overall problem investigating relationships between residence time 

and metal contamination could be that many of the tanks in the study are thousands of 

gallons and effects of the first dry period when diluted. Also, most samples were 

collected at the tap within the home. This sampling method could have prevented the 

finding of a clear and consistent relationship between rain events and metal 

concentrations.
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It was previously found that the amount of dissolved copper and zinc and the total lead 

increased with increased rain periods and increased preceding dry periods (Mason et al., 

1999; Yaziz et al., 1989). This suggests there is a link between the rain duration and the 

preceding dry period with the concentration of metals from the collection surface (Mason 

et al., 1999; Yaziz et al., 1989). This was not found to be the case overall in this study.

He et al., (2001) found that the concentration of each metal can vary and depends on 

specific sampling periods and precipitation events. Although it has significant influences, 

concentrations of metals do not exclusively depend on the precipitation volume (He et al., 

2001). The actual run-off concentration and rate are then derived from many different 

factors. It depends on the amount of pollutants in the surrounding environment, dry 

depositions on the collection surface, frequency of dry and wet periods, wind velocity, 

precipitation, pH and intensity of individual rain events (He et al., 2001). However, it is 

interesting to note Mason et al. (1999) found that during rain events, average wet 

deposition rates for lead and zinc were found to be higher than the dry deposition rates 

and that only a small portion of the metals that are deposited on the collection surface are 

actually washed off with the collected rain (Mason et al., 1999). Furthermore, Yaziz et al. 

(1989) found that as dry periods increased, bacteriological contamination also increased 

(Yaziz et al., 1989).
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4.6 RESULTS FROM TOTAL COLIFORM TESTING

Because the health of a community that depends on rainwater will be affected by the 

quality of water they consume, it is important for community members to be informed 

about possible contaminant sources, such as bacteriological contamination which can 

occur before or during storage of the collected water (Momba and Kaleni, 2002). The 

quality of drinking water is usually determined by the presence or absence of indicator 

organisms. Common indicator organisms are total coliforms and fecal coliforms; 

however, an increasing number of other microorganisms have been added to the USEPA 

microbiological guidelines including enterococci, Pseudomonas aeruginosa, Salmonella 

spp., Enteroviruses, Compylobacter spp., Legionella Pneumophila, Giardia spp., and 

Cryptosporidium spp. (Lye, 2002).

Overall, the results from the coliform testing in Ketchikan and Juneau showed little 

contamination from the presence or absence of total coliforms. Four samples from 28 

samples tested were positive for total coliforms and negative for fecal coliforms; one 

sample was undetermined because of the presence of a large amount of “other” bacteria 

(Table 7 and 19). Because most systems are individually designed, maintained and 

operated by individual users, large outbreaks of disease do not occur throughout 

communities; and overall, the microbial risks associated with drinking collected 

rainwater is still relatively unknown (Lye, 2002).



Table 18: Results o f total col^orm and_ pH testing (April ^003)
System I.D. Positive/Negative for Total Coliforms pH

15 Negative
13 Positive for Total, Negative for Fecal —

37 Negative 6.0
27 Negative 5.5
8 Negative 5.5

23 Negative 5.5
2 Negative 5.5
6 Negative 5.0
38 Positive for Total, Negative for Fecal —

5 Negative 5.5
25 Negative 5.5
12 Negative 6.0
4 Negative 5.0
1 Negative 5.0

21 Positive for Total, Negative for Fecal 5.5
43 Negative —

30 Negative 5.0
16 Negative 5.0
44 Negative 6.0
36 Negative —

26 Negative 5.5
31 Negative 6.0

Table 19: Total Coliform results (August 2003)
System I.D. Total Coliform results
25 negative
13 negative
4 negative
2 Positive for Total, Negative for Fecal
37 undetermined
29 negative

Microorganisms that are attached to the walls of the reservoir can detach throughout the 

storage time of the water and lead to continuous bacteriological contamination. It is well 

known that there is a direct relationship between the storage materials and the quality of



water produced and that the formation of biofilms is related to temperature, turbidity, 

concentration of organic nutrients and microbial occurrence (Momba and Kaleni, 2002). 

Long term storage of collected water does not decrease the concentration of some strains 

of bacteria (Lye, 2002), and overall total coliforms and fecal coliforms tend to increase 

with increasing duration of a dry period because an increased amount of deposition could 

collect on the roof surface (Yaziz et al., 1989; Lye, 2002).

Because of the limited amount of bacteriological sample points from this study, a 

relationship could not be formed linking the results for positive total coliforms with 

duration of dry periods, storage time, temperature, turbidity, concentration of organic 

nutrients and microbial occurrence. Ultimately, more research is needed to improve the 

design of rainwater catchment systems with respect to overall microbial quality including 

levels of virus, algae, and protozoa (Lye, 2002). Federal agencies, such as the USEPA, do 

acknowledge that rainwater catchment systems are an important resource for many 

people, but they do not monitor catchment systems and pass the regulations onto 

individual state health districts (Lye, 2002).

4.7 RESULTS FROM VOLATILE ORGANIC COMPOUND TESTING

One source of VOCs is from asphalt roofing materials. Another source of VOCs is plastic 

piping material. Although plastic pipes are not as susceptible to corrosion effects as metal 

pipes are, they can have disadvantages of their own. Plastic pipes, such as high-density
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polyethylene, contain additives and oxidation byproducts of the polymer that may leach 

out of the pipe during use and ultimately affect the water quality (Skjevrak et al., 2003). 

Organic compounds migrating from these plastic pipes could serve as nutrients for micro

organisms and result in microbial growth within the pipes (Skjevrak et al., 2003).

Systems 1, 4, and 5 were tested for VOC at the beginning of the study at the end of April 

2003. These systems were chosen because they all had asphalt roofing materials on their 

collection surface and not for their pipe material (all three systems contained copper 

piping material). The results from the testing found no VOCs present in the water 

samples tested from the three systems.

4.8 FURTHER INVESTIGATIONS OF VARIABLES AFFECTING RAINWATER 

CATCHMENTS

One of the main reasons sampling was conducted on the weekends, was to help calculate 

the number of “first washes” (flushes) which had accumulated in the tank. The first flush 

is at the beginning of a rain event; it is the water which first comes into contact with the 

collection surface. The magnitude and quality of the first flush depends on the 

surrounding environmental quality of the rain, the length of the preceding dry period, the 

extent of the dry deposition, rain volume and rain intensity (He et al., 2001; Good, 1993). 

Most often this first flush will include particulate matter that has accumulated on the roof 

surface. From previous research conducted (He et al., 2001; Forster, 1996), it has been 

shown that the concentration of metals was noticeably higher during the first flush
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phenomenon and then decreased thereafter when the rain intensity is not as high and 

rainfall is less constant (He et al., 2001; Forster, 1996). Therefore, a large amount of 

contamination would be present in a small volume of water (Mason et al., 1999; He et al., 

2001). Mason et al. (1999) found this phenomenon to be true for lead, copper and zinc 

(Mason et al., 1999).

Good (1993) completed a study of water samples taken directly from roof runoff during a 

first wash of rain events to study worst case conditions. Not only did Good (1993) find 

elevated concentrations of metals during the first wash but found that dissolved metals 

concentrations and toxicity remained high as much as three hours after the beginning of 

the rain event indicating that metals could continue to leach out of roofing material 

throughout the rain event (Good, 1993). Good (2003) also found elevated zinc levels 

during the first flush for galvanized roof surfaces (Good: 1993). The intensity of the rain 

seems to be a big factor in influencing the magnitude of contaminants contained in the 

first wash due to the greater impact of the rain drops on the surface which can lead to a 

greater and faster dissolution of pollutants trapped on the roof surface (Yaziz et al.,

1989).

During high rainfall intensity, contamination occurs independent of roof type and during 

low rainfall intensity, contamination is dependent on roof type (Forster, 1996). However, 

no direct correlation could be made when comparing intensity to metal concentration 

because of the difficulties of assuming even distribution of contamination in the air as
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well as on the collection surface (Yaziz et al., 1989). A fair amount of rain is needed for 

the transport of soluble corrosion products as well as for physical mobilization of dry 

deposited particles from the surface of the roof to the reservoir (He et al., 2001; Quek and 

Forster, 1993). The ease of this transport is due to the high solubility of ions in the water 

(Quek and Forster, 1993) and depends on the amount of time the rain has constant contact 

with the surface of the roof (which is related to precipitation intensity) (He et al., 2001), 

pH (He et al., 2001) and surface roughness (Quek and Forster, 1993) and ultimately 

determines the water quality of the first flush. The amount of metals released increases 

with decreasing pH (He et al., 2001).

The magnitude of metal concentrations in the first flush is based on the capacity of the 

corrosion products to absorb and retain water as well as the morphology, thickness and 

porosity of the corrosion layer itself (He et al., 2001). The result of this process is a 

longer wet period within the aged panels which results in an increased amount of 

dissolved metal which then can be released from the collection surface during the next 

rain event (He et al., 2001). Because of the increase of contamination during the first 

flush, it must be concluded from previous studies (He et al., 2001; Quek and Forster, 

1993, Yaziz et al., 1989), that this first flush volume should be diverted away from the 

reservoir if possible (Thomas and Greene, 1993) with first flush devices (Gould and 

McPherson, 1987; Forster, 1996). After the first flush has been diverted, the first flush 

device could then automatically divert the collected water into the reservoir after a set 

time period or when flow rate is obtained (Forster, 1996). Diverting the first flush also
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could improve the bacteriological quality of the water (Gould and McPherson, 1987; 

Gould and McPherson, 1987) when effectively operated and maintained (Gould, 2003).

However, sampling water at the tap proved not the best way to investigate this 

phenomenon. The best way to investigate the first flush of the collection surface would 

have been to be present during the first few moments of a rain event and to collect the 

water directly off the roof. This was something that could not be asked of our participants 

because of safety issues. Further investigation is needed to discover how the phenomenon 

of the first flush affects overall metal concentration.

CHAPTER 5: CONCLUSIONS FROM RAINWATER CATCHMENT STUDY

5.1 CONCLUSIONS ABOUT ROOF MATERIALS

From the completed study, there are several conclusions that can be made with the 

statistical methods available and utilized. When comparing systems with different roof 

material, those systems with wood roof material were less likely to have elevated zinc or 

lead concentrations in the water drawn at the tap than those systems with metal roof 

material. However, there was no significant difference in metal concentration between 

samples taken from systems with metal and asphalt roof materials. Therefore, choosing 

either material would not greatly influence lead or zinc concentrations. It is interesting to 

note that of the systems with metal roofs, 53% of the systems also had copper piping,

59



which could be a possible source of the observed lead. Another possible source of lead is 

from those systems with lead-based paint on the catchment surface which could produce 

water with lead levels above the recommended level

From the student-t tests, there was no significant difference in copper concentration when 

comparing all types of roof material considered in this study (asphalt, wood, metal or 

rolled) to each other. Therefore, if considering roof materials with the intention of 

lowering zinc and lead concentrations in water drawn at the tap, it would be suggested to 

choose wood roof material over metal roof material for a rainwater catchment system. 

However, wood roof materials might be at a disadvantage when considering other 

variables besides metal concentration. Also, the mean value for water samples drawn at 

the tap for systems with metal roof material was considerably lower than the MCL for 

both lead and zinc. Thomas and Greene (1993) found that, in general, galvanized iron 

roof catchments produced the best quality of water (Thomas and Greene, 1993).

5.2 CONCLUSIONS ABOUT TANK MATERIALS

When comparing systems with different tank material, those systems with concrete tank 

material were less likely to have elevated zinc concentrations in the water drawn at the 

tap than those systems with metal tank material. Of the systems which had metal tank 

material, 50% of those systems also had metal roof material, which could possibly add to 

the zinc concentration assuming both metal tanks and metal roofs were galvanized. There 

were no significant difference in zinc concentration when choosing between metal and
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plastic tanks. There were also no significant difference in lead or copper concentrations 

when comparing all types of tank material considered in this study (concrete, metal or 

plastic). Therefore, if considering tank materials with the intention of lowering zinc 

concentrations in water drawn at the tap, it would be suggested to choose concrete tank 

material over metal tank material for a rainwater catchment system.

5.3 CONCLUSIONS ABOUT PIPE MATERIALS

When comparing systems with different pipe materials, those systems with plastic pipe 

material or those systems which collect water directly from the tank would be less likely 

to have elevated copper concentrations in the water drawn at the tap (for plastic pipes) 

than those systems with copper pipe material. There was no significant difference in 

copper concentrations between copper pipe and copper/plastic combination pipe 

materials. There also was no significant difference in lead or zinc concentrations when all 

pipe materials (copper, copper/plastic, plastic and no pipes (sampled from the tank)) were 

compared to each other. Therefore, if considering pipe materials with the intention of 

lowering copper concentrations in water drawn at the tap, it would be suggested to 

choose either plastic pipe material or collect water directly from the tank.
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5.4 CONCLUSIONS ABOUT FIRST DRAW SAMPLES

Results from the first draw samples showed that, overall, pipes should be flushed before 

consumption. All metal concentrations were elevated after one night of inactivity. Copper 

and lead concentrations were approximately 6 times greater in the average first draw 

samples when compared to the average value of a normal draw in which water was 

flushed out of the pipes before sampling occurred. Kitchen faucets containing lead can 

leach out significant concentrations of lead, especially if humic (organic) substances are 

present (Samuels and Meranger, 1984).The highest concentration of metal which is 

leached out from components of the distribution system usually occur during a first draw 

sample and will thereafter decrease as the amount of water flushed out increases 

(Viraraghavan et al., 1999). Zinc concentrations were only twice as much as the average 

normal samples. Therefore, it would be suggested for users of rainwater catchment 

systems to let water run at the tap before consumption.

5.5 CONCLUSIONS ABOUT TANK RESIDENCE TIME

There was no trend that could be found when comparing residence time to metal 

concentrations. Overall, it has been found that field studies are difficult to qualify 

because of the large number of variables involved (Viraraghavan et al., 1999). In the 

future, this relationship might be better understood with laboratory tests. Lab studies 

under controlled conditions tend to give more accurate results when it comes to basic



chemical relationships between acidic rain and the catchment materials used 

(Viraraghavan et al., 1999). Deposition and removal of contaminants are very complex 

processes which involve roof surface materials, preceding weather conditions (rainfall, 

wind conditions and dry periods), rainfall intensity and rain chemistry (Quek and Forster, 

1993).
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5.6 OVERALL CONCLUSIONS ABOUT CATCHMENT MATERIALS

In general, it was found through this study that catchment materials can have an effect on 

the quality of water they produce. It is important to educate rainwater catchment system 

users to the significance of understanding the possible sources of contamination. This 

would be especially true for those systems which had metal concentrations above the 

MCL. One possible goal would be to work towards regulation and appropriate design 

and maintenance of rainwater catchments. This could help limit or minimize 

contamination of collected rainwater (Simmons et al., 2001).
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Appendix A: Figures

D o  you use rainwater 
for in-home use?

We want to study rainwater 
catchment systems in Alaska.

If you are interested in participating, 
contact the Water and Environmental 
Research Center, UAF, for more 
information at (907) 474- 5684 or 
ftcih@uaf.edu

Figure 1: Advertisement for Study

mailto:ftcih@uaf.edu
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Name:

Phone Number: 

Address:

Email:

Location of
catchment: ____________________________________________________

Type of use: (Underline those that apply)

Drinking Cleaning(clothes, dishes, both) toilet water

Just watering garden/lawn Non-drinking use Other( )

Type of Materials: (What are the parts of the catchment made from?)

Roof (If it is a metal roof, what type o f metal?):
(Is it painted? What kind o f paint?) :

(How old is your roof?)

Tank: 

How big? (gallons?):

Figure 2: Questionnaire # 1



Name/ Address ____________________________

Phone   Email_____

Surrounding Vegetation:
Type_________________ Distance from house/roof____________________

Square footage of roof:___________________________________

Condition/Age of roof:__________________________________ _________________

Roof Material (What type and name brand?):_________________________________

Is there a zinc cap on the top of the roof?:____________________________________

Gutter system/Material type:_______________________________________________

Condition/Age of tank (age/wear and tear):___________________________________

Tank Material (What type and name brand?):_________________________________

Is the tank lined? Material type:____________________________________________

Size of tank:_______________________________________________ _____________

Daily usage (How long is water stagnate in tank?)__________________________

Cover on tank? What material?___________________________________________

Type of treatment: ____________________________________________________ __

Heating source for house: _____________________________________

Type of inside plumbing _____________________________________________

Number of people Using water_____________________________________________

Number of fixtures rainwater uses?
(How many faucets, appliances, showers, and toilets does your rainwater tank feed?)

Faucets: Sinks bathroom__________  Appliances: Dishwasher___________
Sinks, kitchens___________  Washer______________
Utility Sink ___________  Toilets_______________

Showers______________  Garden Hose

Figure 3: Questionnaire # 2



Alaska

Shishmaref 3
Fairbanks 6

Tanana 1

Valdez 1
Bethel 1

Seward

Goodnews 9

400 Miles D a v i d  S n y d e r  /  A l a s k a G e o g r a p h y . c o m  
5 - 6-01

Ketchikan
Thorne Bay
Sitka
Klawock
Juneau
Gustavus
Ward Cove

Figure 4: Map o f participant location
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Figure 5: Bottle label

Name, City_
Date______
Time
Weather conditions today and/or changes made to the system in the past week

Figure 6: Chain o f  custody form

Figure 7: Water volume in tank vs. zinc concentration for System # 26. An expected 
increase in metal concentration was not seen to corresponding decrease in water volume 
in the tank.



76

considered. When considering lag time, an increase in metal concentration was matched 
with a previous corresponding decrease in water volume. From these points, a lag time 
was calculated.
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considered. When considering lag time, an increase in metal concentration was matched 
with a previous corresponding decrease in water volume. From these points, a lag time 
was calculated.



78

Water volume in tank vs lead levels

Date

Figure 10: Water volume in tank vs. lead concentration for System An expected 
increase in metal concentration was not seen to correspond to a calculated decrease in 
water volume in the tank.
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Figure 11: Tank volume vs. lead concentration for System # 6 considering lag time. 
When considering lag time, an increase in metal concentration was matched with a 
previous corresponding decrease in water volume. From these points, a lag time was 
calculated.

3.50 
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tu3
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O>
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1.50

: 0.50

 0.00
11/25

Water volume in tank vs lead levels

1.00

Water volume in tank vs copper levels

Date

Figure 12: Water volume in tank vs. copper concentration for System # 4. An expected 
increase in metal concentration was not seen to correspond to a calculated decrease in 
water volume in the tank.
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Water volume in tank vs copper levels

Date

Figure 13 : Water volume in tank vs. copper concentration for System # 26. An expected 
increase in metal concentration was not seen to correspond to a calculated decrease in 
water volume in the tank.
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Appendix B: Tables

Table 6: Number o f  Sample bottles sent and

System
#

# of 
samples 
Sent in

# of bottles 
Sent

# of bottles 
Still have

Percentage
Return

32 8 8 0 100.0
1 12 12 0 100.0
3 12 12 0 100.0
5 12 12 0 100.0
7 12 12 0 100.0
9 12 12 0 100.0
11 15 15 0 100.0
12 13 13 0 100.0
15 12 12 0 100.0
16 12 12 0 100.0
40 4 4 0 100.0
19 12 12 0 100.0
47 1 1 1 100.0
48 1 1 1 100.0
49 1 1 1 100.0
50 1 1 1 100.0
51 1 1 1 100.0
52 1 1 1 100.0
53 1 1 1 100.0
54 1 1 1 100.0
55 1 1 1 100.0
2 15 16 1 93.8
4 15 16 1 93.8
8 15 16 1 93.8
17 15 16 1 93.8
21 15 16 1 93.8
24 15 16 1 93.8
26 15 16 1 93.8
6 11 12 1 91.7
29 11 12 1 91.7
30 11 12 1 91.7
10 14 16 2 87.5
39 7 8 1 87.5
20 14 16 2 87.5
22 14 16 2 87.5
25 14 16 2 87.5
28 14 16 2 87.5
13 10 12 2 83.3
14 10 12 2 83.3
27 10 12 2 83.3



Table 6: Number^ o f  Sample bottles sent and_ receive^ cont

System
#
23

# of 
samples 
Sent in 

13

# of bottles 
Sent 
16

# of bottles 
Still have 

3

Percentage
Return
81.3

33 3 4 1 75.0
36 9 12 3 75.0
41 9 12 3 75.0
18 12 16 4 75.0
42 9 12 3 75.0
31 12 16 4 75.0
43 8 12 4 66.7
34 4 8 4 50.0
44 2 4 2 50.0
45 6 12 6 50.0
37 5 12 7 41.7
35 3 8 5 37.5
38 2 8 6 25.0
46 1 4 3 25.0



I .D .  #
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Table 7: List of all Systems, copper
Copper (ppb) Trace = less than 5 ppb = 0
Collected 26-Apr 3-May 10-May 17-May 24-May 31-May 7-Jun 14-Jun 21-Jun

#1 #2 #3 #4 #5 #6 #7 #8 #9

1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 150.90 59.98 75.86 94.26 69.72 181.60 130.40 142.30

3 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4 16.86 502.00 193.20 1189.00 1700.00 2454.00 1962.00 1174.00

5 36.34 8.70 10.39 75.09 15.00 58.84 88.55 38.04 49.35
6 116.20 11.45 165.30 122.50 63.36 69.84 152.60 50.96 23.72

7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

8 187.10 147.10 215.30 159.50 168.60 148.40 260.00 275.00 251.00

9 0.00 0.00 0.00 0.00 0.00 0.00

10 43.99 45.45 35.29 116.50 146.70 51.77 48.71
11 0.00 0.00 0.00 0.00 20.25 0.00 0.00 0.00
12 0.00 0.00 0.00 0.00 0.00 4.93
13 26.49 32.70 55.74 53.16 54.90
14 23.77 88.29 45.55 68.97
15 6.91 0.00 0.00 61.63 30.89 0.00 0.00 4.05 11.81
16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

18 0.00 0.00 0.00 0.00 0.00 0.00

19 0.00 0.00 0.00 0.00 0.00 0.00
20 0.00 0.00 0.00 0.00 0.00 2050.00 420.10
21 0.00 2.05 0.00 45.31 0.47 0.00 0.00 0.00 42.79
22 0.00 0.00 7.02 465.00 117.10 22.87

23 40.40 811.00 1146.00 299.10 844.00 1517.00 1698.00 1702.00
24 15.80 18.46 14.54 27.57 45.86 8.12 11.24

25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
26 78.00 422.00 73.00 978.00 679.00 111.00 136.00 987.00 1027.00
27 55.84 129.00 240.00 175.10 226.90 104.00 103.00
28 0.00 0.00 0.00 0.00 0.00 0.00
29 0.00 0.00 0.00 0.00 0.00 0.00 0.00
30 0.00 0.00 2.23 13.01 0.00 13.51 37.26 0.00
31 0.00
32 0.00
33

34 47.29
36 389.00 666.00 461.00 231.90 128.80 297.10 313.00 360.00
37 12.09 0.28 755.00 18.74 0.00
38 106.00 608.00
39 0.00 0.00 0.00 0.00 5.99
40
41 2.77 85.60 31.51 0.00 52.04
42 0.00 0.00 0.00 0.00 0.00
43 438.00 525.00 1735.00 1209.00 652.10
44 33.58
45 0.00 0.00 0.00 0.00
46 1090.00
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Table 7: List o f all Systems, copper; conf.
Copper (ppb) Trace = less than 5 ppb = 0 Bold text = first draw (not included in average) 
Collected 28-Jun 5-Jul 19-Jul 26-Jul 2-Aug 9-Aug 16-Aug 23-Aug 30-Aug 

I.D. #
#10 #11 #13 #14 #15 #16 #17 #18 #19

1 0.00
2 168.30 4719 100.30 129.90 111.10
3 0.00
4 551.00 3826 2140.00 3083.00 2025.00 2032.00
5 33.25 76.17 864.00

6 103.00

7 0.00 0.00 0.00

8 1526 134.10 292.00 260.00 213.00
9 0.00 0.00 0.00 115.00

10 39.75 87.77 88.54 359.00 2009

11 0.00 0.00 0.00 31.50

12 0.00 0.00 156.60 0.00
13 95.47 31.24 103.40
14 49.70 3.63 113.90 0.00
15 23.11 27.54 37.94

16 0.00 0.00
17 0.00 0.00 0.00 0.00
18 0.00 0.00 0.00 0.00 0.00
19 0.00 0.00 0.00 0.00
20 988.00 1256.00 1271.00 1506.00 1949.00 1333

21 9.76 7.07 30.07 0.00
22 572.00 793.00 0.00 25.98 32.53
23 1734.00 1979 572.00 1823.00 1340.00 575.00
24 20.09 242.40 524.00 22.13 265.50
25 0.00 0.00 0.00 237.00 198.60

26 1389 1308.00 1415.00 378.00 1311.00
27 114.80 56.38
28 0.00 0.00 0.00 0.00
29 0.00 0.00 5.42
30 3.17 0.00 0.00
31 0.00 0.00 0.00 0.00 0.00 0.00 0.00
32 0.00 0.00 0.00 0.00 0.00 8.16 0.00
33 505.50
34 10.36
36 508.00 623.00 187.00 339.40 711.00
37 113.90
38
39 0.00
40 32.07 217.70
41 17.79 78.93 12.79
42 4.88 0.00 0.00
43 869.00 1733.00 1818.00
44

45 0.00
46



/.D. #

Table 7; List of all Systems, copper, cont.
Copper (ppb) Trace = less than 5 ppb = 0 Bold text = first draw (not included in average)
Collected 6-Sep

#20 average R oof Tank Lined P ipes
1 0.00 asphalt shingles metal Copper
2 117.89 asphalt shingles concrete plastic liner copper
3 0.00 0.00 metal concrete sealed galvanized/plastic
4 667.10 1406.37 asphalt shingles plastic Copper
5 44.52 asphalt shingles metal plastic liner Copper
6 86.21 asphalt shingles metal Copper
7 0.00 metal concrete plastic liner directly from tank
8 183.00 206.72 wood shingles redwood plastic liner copper/plastic
9 0.00 metal metal plastic
10 96.68 metal metal plastic liner Copper
11 1.84 metal plastic plastic
12 0.55 wood shingles concrete copper
13 56.64 asphalt shingles concrete copper
14 112.70 56.28 metal plastic plastic
15 16.99 metal concrete coppper/plastic
16 0.00 metal concrete copper
17 0.00 metal plastic directly from tank
18 0.00 rolled roofing plastic directly from tank
19 0.00 0.00 metal plastic directly from tank
20 0.00 726.16 asphalt shingles concrete plastic liner copper
21 0.00 9.83 asphalt shingles concrete plastic
22 0.00 112.95 metal plastic copper/plastic
23 1084.73 metal concrete Copper
24 199.80 101.31 metal metal plastic liner Plastic
25 0.00 0.00 metal metal directly from tank
26 684.85 metal metal Copper
27 38.22 124.32 metal metal sealed Copper
28 0.00 0.00 Fiberglass panels plastic Plastic
29 0.54 asphalt shingles metal Plastic
30 6.29 metal metal copper/plastic
31 0.00 0.00 metal concrete Copper
32 0.00 Tin plastic plastic
33 505.50 rolled roofing Concrete not lined copper
34 28.83 metal plastic unknown
36 392.27 metal plastic Plastic
37 150.00 Asphalt shingles metal plastic
38 357.00 Asphalt shingles metal unknown
39 1.00 metal metal unknown
40 124.89 Asphalt shingles metal copper/plastic
41 35.18 metal plastic lined plastic
42 0.61 metal Wood lined unknown
43 1295.00 1067.64 Asphalt shingles metal copper
44 33.58 metal W ood unknown
45 0.00 metal plastic viscuine lined unknown
46 1090.00 unknown unknown unknown



Lead (ppb) TRACE = less than 0.100 =0
Collected 26-Apr 3-May 10-May 17-May 24-May 31-May 7-Jun 14-Jun

Table 8: List of all systems, lead

#1 #2 #3 #4 #5 #6 #7 #8
I.D #

1 0.16 0.24 0.62 0.47
2 0.22 0.00 1.75 1.01 0.78 2.64
3 2.14 2.54 1.40 1.86 1.86
4 0.36 0.00 1.90 5.35 4.26 5.58
5 2.32 0.65 0.95 6.03 0.62 3.02 2.48
6 0.22 0.00 0.87 0.56 0.39 0.54 0.70 0.00
7 1.45 0.00 0.79 1.19 1.86 1.01 0.78 0.62
8 0.43 0.29 0.16 0.24 0.70 0.23 0.70 0.16
9 0.00 0.31 0.16 0.31 0.31

10 1.43 0.54 0.62 0.00
11 0.70
12 0.00 1.47 1.24
13 0.00 8.97
14 1.35 3.89 2.25
15 0.07 0.00 0.00 0.62 0.16
16 0.29 0.00 0.23 1.09 0.00
17 0.00 0.08 0.47 0.00
18 0.00 0.08 0.00 0.54 0.16 0.00
19 0.00 0.00 0.78 0.39 0.00
20 0.00 0.00 0.00 0.00 0.00 6.59
21 0.65 0.16 0.56 0.39 0.00 0.47 0.00
22 0.08 1.27 2.71 9.22 5.50
23 0.00 0.00 0.00 0.16 0.54 0.16
24 1.67 1.59 1.55 3.72 1.86 1.40
25 0.00 0.07 0.00 0.00 0.00 0.00 0.47 0.00
26 5.80 6.81 2.06 3.89 3.88 1.86 2.48 6.67
27 0.58 1.01 2.02 1.55 2.17 1.24
28 0.00 0.00 0.00 0.00 0.00 0.00
29 0.00 0.08 0.00 0.00 0.39 0.23
30 0.14 2.54 0,63 0.47 2.09 5.04
31 0.00 0.14
32
33
34 0.43 1.19 2.02
36 0.94 1.51 1.01 1.71 1.78
37 0.00 0.00 0.00 0.00
38 8.17 8.92
39 1.19 0.70 1.16
40
41 0.40 2.30 1.32 0.47
42 0.00 13.10 6.43 4.26 4.73
43 6.52 5.80 11.16 17.67 10.85
44
45 1.51 0.95 1.94 0.85
46 2.75



Table 8: List of all systems, lead, cont.
Lead (ppb) TRACE = less than 0.100 =0 Bold text = first draw (not included in averages 
Collected 21-Jun 28-Jun 5-Jul 12-Jul 19-Jul 2-Aug 9-Aug 16-Aug 23-Aug

I.D# #9 #10 #11 13 14 #15 #16 #17 #18

1 0.00 0.00 0.00
2 0.00 0.00 4.86 0.00 0.00
3 0.00 0.00 2.88 1.73
4 10.57 0.00 14.38 2.68 5.28 0.36
5 0.00 12.26 2.68
6 0.00 0.62 0.00
7 0.00 0.00 1.00 0.00
8 0.00 16.21 0.00 0.11 0.00
9 0.00 0.00 0.00 0.00

10 0.00 0.00 0.00 0.00 0.12 1.14
11 0.00 0.00 0.00 0.00 9.13
12 0.00 0.00 0.49 25.20 0.19
13 11.28 0.32 14.96 1.91 1.72
14 0.00 0.42 3.90
15 0.00 0.00 0.00 0.00
16 0.00 0.00 0.00
17 0.00 0.00 0.00 0.00 0.00
18 0.00 0.00 0.00
19 0.00 0.00 0.00 0.00 0.00
20 0.00 0.00 2.11 16.28 3.69 1.19
21 0.00 0.00 0.00 0.32 0.12 0.00
22 0.00 0.00 6.62 0.00 0.00 0.00 0.00
23 0.00 0.00 0.00 0.00 0.00 0.18
24 0.00 0.00 14.38 14.38 0.66 15.84
25 0.00 0.00 0.00 0.00 13.57 19.96
26 2.87 6.55 5.50 8.33 3.09
27 0.00 0.00 0.11
28 0.00 0.00 0.00 0.00 0.00 0.00
29 0.00 0.00 0.00 0.00 0.00
30 0.00 0.00 0.00 0.56 0.00 0.39
31 0.00 0.00 0.00 0.00 0.00 0.00
32 0.00 0.00 0.00 0.00 5.83
33 0.00 0.56
34 0.00 0.00 0.00
36 0.00 1.41 2.89 1.07 3.49
37 8.53
38
39 0.00 0.00
40 0.46 2.88 8.70 2.80
41 0.00 0.00 0.00 0.00
42 5.31 7.21 3.31
43 10.15 14.23
44
45 0.00
46
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Table 8: List o f all systems, lead, cont.

Lead (ppb) TRACE = less than 0.100 =0  Bold text = first draw (not included in average)
Collected 30-Aug 6-Sep

I.D # #19 #20
Average Roof Tank Lined Pipes

1 0.21 asphalt shingles metal Copper
2 0.00 0.58 asphalt shingles concrete plastic liner copper
3 1.45 1.44 metal concrete sealed galvanized/plastic
4 0.00 0.00 2.80 asphalt shingles plastic Copper
5 3.10 asphalt shingles metal plastic liner Copper
6 0.00 0.35 asphalt shingles metal Copper
7 0.00 0.67 metal concrete plastic liner directly from tank
8 0.06 0.24 wood shingles redwood plastic liner copper/plastic
9 4.48 0.00 0.11 metal metal plastic
10 1.12 0.00 0.35 metal metal plastic liner Copper
11 0.00 1.40 metal plastic plastic
12 0.77 0.52 wood shingles concrete copper
13 5.59 asphalt shingles concrete copper
14 0.00 0.67 1.56 metal plastic plastic
15 0.00 0.08 metal concrete coppper/plastic
16 0.00 0.20 metal concrete copper
17 0.00 0.06 metal plastic directly from tank
18 0.00 0.08 rolled roofing plastic directly from tank
19 0.00 0.11 metal plastic directly from tank
20 2.28 0.00 2.30 asphalt shingles concrete plastic liner copper
21 0.48 0.00 0.22 asphalt shingles concrete plastic
22 0.45 0.00 1.48 metal plastic copper/plastic
23 0.00 0.09 metal concrete Copper
24 12.57 4.75 metal metal plastic liner Plastic
25 0.00 0.04 metal metal directly from tank
26 5.84 1.20 4.30 metal metal Copper
27 0.00 0.87 metal metal sealed Copper
28 0.00 0.00 Fiberglass panels plastic Plastic
29 0.06 asphalt shingles metal Plastic
30 1.04 metal metal copper/plastic
31 0.00 0.00 0.02 metal concrete Copper
32 0.00 0.00 Tin plastic plastic
33 0.00 0.00 0.14 rolled roofing Concrete not lined copper
34 0.61 metal plastic unknown
36 1.60 metal plastic Plastic
37 0.00 Asphalt shingles metal plastic
38 8.54 Asphalt shingles metal unknown
39 0.61 metal metal unknown
40 3.71 Asphalt shingles metal copper/plastic
41 0.56 metal plastic lined plastic
42 5.54 metal Wood lined unknown
43 19.77 11.70 Asphalt shingles metal copper
44 — metal Wood unknown
45 1.05 metal plastic viscuine line< unknown
46 2.75 unknown unknown unknown



Table 9: List of all systems, zinc 
Zinc (ppm) TRACE = less than 0.100 = 0
Collected 26-Apr 3-May 10-May 17-May 24-May 31-May 7-Jun 14-Jun 
/.D.#

#1 #2 #3 #4 #5 #6 #7 #8
1 0.849 0.855 0.844 1.004 1.238 1.308 1.348 1.526
2 0.000 0.000 0.000 0.000 0.000 0.000 0.000
3 0.147 0.000 0.000 0.106 0.279 0.392
4 0.000 0.000 0.000 0.000 0.100 0.124 0.000
5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
6 0.000 0.000 0.157 0.000 0.000 0.000 0.000 0.000
7 0.832 0.178 0.638 0-673 0.425 0.521 0.297
8 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
9 2.322 2-274 2.346 2.466 2.841
10 0.000 0.000 0.000 0.000 0.000 0.000
11 3.312 4.086 1.812 3.021 1.857 1.689
12 0.000 0.000 0.000 0.000 0.000 0.000
13 0.000 0.000 0.000 0.000 6.000
14 0.140 0.321 0,15 0.213
15 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
16 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
17 0.279 0.239 0.27 0.103 0.186 0.140
18 0.000 0.000 0.000 0.000 0.000 0.000
19 0.140 0.143 0.143 0.000 0.000
20 0.000 0.000 0.000 0.000 0.000 0.000 0.378
21 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
22 0.824 0.245 0.000 0.355 0.212
23 0.000 0.000 0.104 0.146 0.000 0.137 0.133
24 0.665 0.569 0.572 0.835 0.832 0.593
25 0.789 0.994 0.938 0.853 0.731 0.792 0.839 0.909
26 1.884 1.491 1.905 2.085 1.926 1.725 2.043 2.043
27 0.218 0.286 0.243 0.199 0.215 0.246 0.252
28 0.000 0.000 0.000 0.000 0.195 0.000
29 0.000 0.000 0.000 0.000 0.000 0.000
30 0.000 0.000 0.000 0.000 0.000 0.000
31 0.000 0.175
32
33
34 0.178 0.243
36 0.135 0.156 0.134 0.163 0.148 0.163 0.145
37 1.314 0.432 0.428 0.441 0.000
38 1.139 2.094
39 0.000 0.000 0.112 0.101
40
41 0.000 0.327 0.103 0.000
42 0.000 0.158 0.143 0.359 0.234
43 0.414 0.479 0.486 0.429 0.524
44 0.000
45 0.727 0.385 0.341 0.167
46 0.115



Collected 21-Jun 28-Jun 5-Jul 19-Jul 26-Jul 2-Aug 9-Aug 16-Aug 23-Aug 
I.D. #

Table 9: List of all systems, zinc, cont.
Zinc (ppm) TRACE = less than 0.100 = 0 Bold text = first draw (not included in average)

#9 #10 #11 #13 #14 #15 #16 #17 #18
1 1.472 1.621 1.745
2 0.000 0.000 0.457 0.000 0.000 0.000
3 0.357 0.176 0.413 0.195
4 0.574 0.124 0.354 0.000 0.145 0.502 0.123
5 0.000 0.000 0.000 0.168
6 0.000 0.000 0.724
7 0.753 0.753 0.384 0.724
8 0.000 1.405 0.000 0.000 0.000
9 2.400 2.8 2.904 2.865
10 0.000 0.000 0.000 0.000 0.000 0.000
11 2.430 3.435 3.513 2.247 2.325 2.124 1.791
12 0.000 0.000 0.000 0.000 0.000
13 0.000 0.000 0.000 0.000 0.000
14 0.179 0.102 0.762
15 0.000 0.000 0.000 0.000
16 0.000 0.000 0.000
17 0.116 0.258 0.158 0.183 0.140
18 0.000 0.000 0.000 0.000
19 0.235 0.198 0.000 0.000 0.000 0.000
20 0.000 0.142 0.208 0.225 0.100 0.218
21 0.000 0.000 0.000 0.000 0.000 0.000
22 0.000 0.264 1.048 0.221 0.193 0.232 0.269
23 0.135 0.147 0.101 0.144 0.132 0.166
24 0.679 0.632 1.377 1.238 0.659 1.370
25 0.941 0.939 0.927 0.797 0.544 0.811
26 2.388 3.054 2.502 2.499 2.781
27 0.278 0.292 0.273
28 0.000 0.000 0.186 0.000 0.000 0.000
29 0.000 0.000 0.000 0.000 0.000
30 0.000 0.000 0.000 0.000 0.000
31 0.126 0.000 0.000 0.000 0.000 0.000
32 0.000 0.000 0.000 0.000 0.000 0.37
33 0.000 0.000
34 0.000
36 0.115 0.167 0.145 0.000 0.179
37 0.378
38
39 0.134 0.146
40 0.000 0.000 0.000 0.000
41 0.357 0.385 0.120 0.276
42 0.324 0.182
43 0.690 0.527
44
45 0.432
46



Table 9: List of all systems, zinc, cont.
Zinc (ppm) TRACE = less than 0.100 = 0 Bold text = first draw (not included in average)
Collected 30-Aug 6-Sep 
/.D. #

#19 #20 Ave Roof Tank Lined Pipes
1 1.26 asphalt shingles metal Copper
2 0.000 0.00 asphalt shingles concrete plastic liner copper
3 0.199 0.19 metal concrete sealed galvanized/plastic
4 0.000 0.000 0.11 asphalt shingles plastic Copper
5 0.00 asphalt shingles metal plastic liner Copper
6 0.000 0.01 asphalt shingles metal Copper
7 0.128 0.53 metal concrete plastic liner directly from tank
8 0.000 0.000 0.00 wood shingles redwood plastic liner copper/plastic
9 3.075 2.355 2.56 raetai metal plastic
10 0.198 0.00 metal metal plastic liner Copper
11 2.900 2.361 2.63 metal plastic plastic
12 0.000 0.00 wood shingles concrete copper
13 0.00 asphalt shingles concrete copper
14 0.125 0.214 0.25 metal plastic plastic
15 0.000 0.00 metal concrete coppper/plastic
16 0.000 0.00 metal concrete copper
17 0.131 0 19 metal plastic directly from tank
18 0.016 0.00 rolled roofing plastic directly from tank
19 0.145 0.08 metal plastic directly from tank
20 0.189 0.000 0.09 asphalt shingles concrete plastic liner copper
21 0.000 0.000 0.00 asphalt shingles concrete plastic
22 0.313 0.252 0.26 metal plastic copper/plastic
23 0.110 0.10 metal concrete Copper
24 1.165 0.84 metal metal plastic liner Plastic
25 0.817 0.87 metal metal directly from tank
26 2.940 2.613 2.20 metal metal Copper
27 0.248 0.25 metal metal sealed Copper
28 0.000 0.03 Fiberglass panels plastic Plastic
29 0.00 asphalt shingles metal Plastic
30 0.000 0.00 metal metal copper/plastic
31 0.115 0.000 0.05 metal concrete Copper
32 0.000 0.00 Tin plastic plastic
33 0.000 0.00 rolled roofing Concrete not lined copper
34 0.14 metal plastic unknown
36 0.13 metal plastic Plastic
37 0.52 Asphalt shingles metal plastic
38 1.62 Asphalt shingles metal unknown
39 0.08 metal metal unknown
40 0.00 Asphalt shingles metal copper/plastic
41 0.20 metal plastic lined plastic
42 0.20 metal Wood lined unknown
43 0.482 0:50 Asphalt shingles metal copper
44 0.00 metal Wood unknown
45 0.41 metal plastic viscuine lined unknown
46 0.12 unknown unknown unknown



Table 10: List of systems included in statistical discussion, copper
Copper (ppb) Trace = less than 5 ppb = 0

Collected 26-Apr 3-May 10-May 17-May 24-May 31-May 7-Jun 14-Jun 21-Jun 28-Jun
I.D. # #1 #2 #3 #4 #5 #6 #7 #8 #9 #10

1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2 150.90 59.98 75.86 94.26 69.72 181.60 130.40 142.30 168.30
3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4 16.86 502.00 193.20 1189.00 1700.00 2454.00 1962.00 1174.00
5 36.34 8.70 10.39 75.09 15.00 58.84 88.55 38.04 49.35
6 116.20 11.45 165.30 122.50 63.36 69.84 152.60 50.96 23.72
7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

8 187.10 147.10 215.30 159.50 168.60 148.40 260.00 275.00 251.00
9 0.00 0.00 0.00 0.00 0.00 0.00 0.00

10 43.99 45.45 35.29 116.50 146.70 51.77 48.71 39.75
11 0.00 0.00 0.00 0.00 20.25 0.00 0.00 0.00 0.00

12 0.00 0.00 0.00 0.00 0.00 4.93 0.00

13 26.49 32.70 55.74 53.16 54.90
14 23.77 88.29 45.55 68.97 49.70
15 6.91 0.Q0 0.00 61.63 30.89 0.00 0.00 4.05 11.81
16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

18 0.00 0.00 0.00 0.00 0.00 0.00 0.00

19 0.00 0.00 0.00 0.00 0.00 0.00 0.00
20 0.00 0.00 0.00 0.00 0.00 2050.00 420.10
21 0.00 2.05 0.00 45.31 0.47 0.00 0:00 0.00 42.79
22 0.00 0.00 7.02 465.00 117.10 22.87 572.00
23 40.40 811.00 1146.00 299.10 844.00 1517.00 4698.00 1702.00 1734.00
24 15.80 18.46 14.54 27.57 45.86 8.12 11.24^ 20.09
25 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00
26 78.00 422.00 73.00 978.00 679.00 111.00 136.00 987.00 1027.00
27 55.84 129.00 240.00 175.10 226.90 104.00 103.00 114.80
28 0.00 0.00 0.00 0.00 0.00 0.00 0.00
29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
30 0.00 0.00 2.23 13.01 0.00 13.51 37.26 0.00 3.17
31 0.00 0.00
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Table 10: List of systems included in statistical discussion, copper, cont.

Copper (ppb) Trace = less than 5 ppb = 0 Bold text = first draw (not included in average)

5-Jul 19-Jul 26-Jul 2-Aug 9-Aug 16-Aug 23-Aug 30-Aug 6-Sep
I.D # #11 #13 #14 #15 #16 #17 #18 #19 #20 average

1 0.00 0.000

2 4719 100.30 129 90 111.10 117.885

3 0.00 0.000

4 551.00 3826 2140.00 3083.00 2025.00 2032.00 667.10 1406.369
5 33.25 76.17 864 44.520

6 103 86.214
7 0.00 0.00 0.00 0.000

8 1526 134.10 292.00 260.00 213.00 183.00 206.721

9 0.00 0.00 115 0.000

10 87.77 88.54 359.00 2009 96.679

11 0.00 0.00 32 1.841
12 0.00 157 0.00 0.548

13 95.47 31.24 103.40 56.638
14 3.63 113.90 0.00 112.70 56.279

15 23.11 27.54 37.94 16.989
16 0.00 0 0.000

17 0.00 0.00 0 0.000

18 0.00 0.00 0.00 0.00 0.000

19 0.00 0.00 0.00 0.00 0.000

20 988.00 1256.00 1271.00 1506.00 1949.00 1333 O.OO1 726.162
21 19 7.07 30.07 0.00 0.00 9.827
22 793 0.00 25.98 32.53 0.00 112.954
23 4979 572.00 1823.00 1340.00 575.00 1084.731
24 242.40 524.00 22.13 265.50 200 101.309
25 0.00 0.00 0.00 237 199 0.00 0.000
26 1389 1308.00 1415.00 378.00 1311.00 684.846
27 56.38 38.22 124.324
28 0.00 0.00 0 0 0.000
29 0.00 5.42 0.542
30 0.00 0.00 6.289
31 0.00 0.00 0 0.00 0.00 0.00 0.00 0.000



Collected^ 26-Apr 3-May 10-May 17-May 24-May 31-May 7-Jun 14-Jun 21-Jun

Table 11: List o f systems included in statistical discussion, lead
Lead (ppb) TR ACE  = less than 0.100 =0

#1 #2 #3 #4 #5 #6 #7 #8 #9

I D #

1 0.16 0.24 0.62 0.47 0.00
2 0.22 0.00 1.75 1.01 0.78 2.64 0.00
3 2.14 2.54 1.40 1.86 1.86 0.00
4 0.36 0.00 1.90 5.35 4.26 5.58 10.57
5 2.32 0.65 0.95 6.03 0.62 3.02 2.48 0.00
6 0.22 0.00 0.87 0.56 0.39 0.54 0.70 0.00 0.00
7 1.45 0.00 0.79 1.19 1.86 1.01 0.78 0.62 0.00
8 0.43 0.29 0.16 0.24 0.70 0.23 0.70 0.16 0.00
9 0.00 0.31 0.16 0.31 0.31 0.00

10 1.43 0.54 0.62 0.00 0.00
11 0.70 0.00
12 0.00 1.47 1.24 0.00
13 0.00 8.97
14 1.35 3.89 2.25
15 0.07 0.00 0.00 0.62 0.16 0.00
16 0.29 0.00 0.23 1.09 0.00 0.00
17 0.00 0.08 0.47 0.00 0.00
18 0.00 0.08 0.00 0.54 0.16 0.00
19 0.00 0.00 0.78 0.39 0.00 0.00
20 0.00 0.00 0.00 0.00 0.00 6.59 0.00
21 0.65 0.16 0.56 0.39 0.00 0.47 0.00 0.00
22 0.08 1.27 2.71 9.22 5.50 0.00
23 0.00 0.00 0.00 0.16 0.54 0.16 0.00
24 1.67 1.59 1.55 3.72 1.86 1.40 0.00
25 0.00 0.07 0.00 0.00 0.00 0.00 0.47 0.00 0.00
26 5.80 6.81 2.06 3.89 3.88 1.86 2.48 6.67 2.87
27 0.58 1.01 2.02 1.55 2.17 1.24
28 0.00 0.00 0.00 0.00 0.00 0.00 0.00
29 0.00 0.08 0.00 0.00 0.39 0.23 0.00
30 0.14 2.54 0.63 0.47 2.09 5.04 0.00
31 0.00 0.14



Collected 28-Jun 5-Jul 12-Jul 19-Jul 2-Aug 9-Aug 16-Aug 23-Aug 30-Aug 6-Sep

Table 11: List of systems included in statistical discussion, lead, cont
Lead (ppb) TRACE = less than 0.100 = 0  Bold text = first draw (not Included in averages)

#10 #11 13 14 #15 #16 #17 #18 #19 #20 Ave

I D #

1 0.00 0.00 0.212
2 0.00 4.86 0.00 0.00 0.00 0.580
3 0.00 2.88 1.73 1.45 1.442
4 0.00 14.38 2.68 5.28 0.36 0.00 0.00 2.796
5 12.26 2.68 3.102
6 0.62 0.00 0.00 0.354
7 0.00 1.00 0.00 0.00 0.669
8 16.21 0.00 0.11 0.00 0.06 0.236
9 0.00 0.00 0.00 4.48 0.00 0.109
10 0.00 0.00 0.00 0.12 1.14 1.12 0.00 0.350
11 0.00 0.00 0.00 9.13 0.00 1.404
12 0.00 0.49 25.20 0.19 0.77 0.520
13 11.28 0.32 14.96 1.91 1.72 5.594
14 0.00 0.42 3.90 0.00 0.67 1.560
15 0.00 0.00 0.00 0.00 0.085
16 0.00 0.00 0.00 0.201
17 0.00 0.00 0.00 0.00 0.00 0.060
18 0.00 0.00 0.00 0.00 0.078
19 0-00 0.00 0.00 0.00 0.00 0.106
20 0.00 2.11 16.28 3.69 1.19 2.28 0.00 2.297
21 0.00 0.00 0.32 0.12 0.00 0.48 0.00 0.224
22 0.00 6.62 0.00 0.00 0.00 0.00 0.45 0.00 1.480
23 0.00 0.00 0.00 0.00 0.18 0.00 0.086
24 0.00 14.38 14.38 0.66 15.84 12.57 4.753
25 0.00 0.00 0.00 13.57 19.96 0.00 0.041
26 6.55 5.50 8.33 3.09 5.84 1.20 4.305
27 0.00 0.00 0.11 0.00 0.868
28 0.00 o.oo 0.00 0.00 0.00 0.00 0.000
29 0.00 0.00 0.00 0.00 0.064
30 0.00 00 0 0.56 0.00 0.39 1.044
31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.016



Collected 26-Apr 3-May 10-May 17-May 24-May 31-May 7-Jun 14-Jun 21-Jun 28-Jun

Table 12: List of systems included in statistical discussion, zinc
Zinc (ppm) TRACE = less than 0.100 = 0

System # #1 #2 #3 #4 #5 #6 #7 #8 #9 #10

1 0.849 0.855 0.844 1.004 1.238 1.308 1.348 1.526 1.472

2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

3 0.147 0.000 0.000 0.106 0.279 0.392 0.357 0.176

4 0.000 0.000 0.000 a  ooo 0.100 0.124 0.000 0.574

5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

6 0.000 0.000 0.157 0.000 0.000 0.000 0.000 0.000 0.000

7 0.832 0.178 0.638 0.673 0.425 0.521 0.297 0.753

8 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

9 2.322 2.274 2.346 2.466 2.841 2.400 2.8

10 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

11 3.312 4.086 1.812 3.021 1.857 1.689 2.430 3.435

12 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

13 0.000 0.000 0.000 0.000 0.000
14 0.140 0.321 0.15 0.213 0.179
15 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

16 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

17 0.279 0.239 0.27 0.103 0.186 0.140 0.116 0.258
18 0.000 0.000 0.000 0.000 0.000 0.000 0.000

19 0.140 0.143 0.143 0.000 0.000 0.235 0.198
20 0.000 0.000 0.000 0.000 0.000 0.000 0.378 0.000

21 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
22 0.824 0.245 0.000 0.355 0.212 0.000 0.264
23 0.000 0.000 0.104 0.146 0.000 0.137 0.133 0.135 0.147
24 0.665 0.569 0.572 0.835 0.832 0.593 0.679 0.632
25 0.789 0.994 0.938 0.853 0.731 0.792 0.839 0.909 0.941
26 1.884 1.491 1.905 2.085 1.926 1.725 2.043 2.043 2.388
27 0.218 0.286 0.243 0.199 0.215 0.246 0.252 0.278
28 0.000 0.000 0.000 0.000 0.195 0.000 0.000 0.000

29 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

30 0.000 0.000 0.000 Q.000 0.000 0.000 0.000 0.000
31 0.000 0.175 0.126



Collecte c 5-Jul 19-Jul 26-Jul 2-Aug 9-Aug 16-Aug 23-Aug 30-Aug 6-Sep

Table 12: List of systems included in statistical discussion, zinc, cont.
Zinc (ppm) TRACE = less than 0.100 = 0 Bold text = first draw (not included in average)

System i #11 #13 #14 #15 #16 #17 #18 #19 #20 Ave
1 1.621 1.745 1.255
2 0.457 0.000 0.000 0.000 0.000 0.000
3 0.413 0.195 0.199 0.185
4 0.124 0.354 0.000 0.145 0.502 0.123 0.000 0.000 0.113
5 0.000 0.000 0.168 0.000
6 0.000 0.724 0.000 0.014
7 0.753 0.384 0.724 0.128 0.526
8 1.405 0.000 0.000 0.000 0.000 0.000 0.000
9 2.904 2.865 3.075 2.355 2.560

10 0.000 0.000 0.000 0.000 0.198 0.000
11 3.513 2.247 2.325 2.124 1.791 2.900 2.361 2.627
12 0.000 0.000 0.000 0.000 0.000
13 0.000 0.000 0.000 0.000 0.000 0.000
14 0.102 0.762 0.125 0.214 0.245
15 0.000 0.000 0.000 0.000 0.000
16 0.000 0.000 0.000 0.000
17 0.158 0.183 0.140 0.131 0.188
18 0.000 0.000 0.000 0.016 0.001
19 0.000 0.000 0.000 0.000 0.145 0.084
20 0.142 0.208 0.225 0.100 0.218 0.189 0.000 0.091
21 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
22 1.048 0.221 0.193 0.232 0.269 0.313 0.252 0.260
23 0.101 0.144 0.132 0.166 0.110 0.104
24 1.377 1.238 0.659 1.370 1.165 0.835
25 0.939 0.927 0.797 0.544 0.811 0.817 0.844
26 3.054 2.502 2.499 2.781 2.940 2.613 2.202
27 0.292 0.273 0.248 0.250
28 0.186 0.000 0.000 0.000 0.000 0.035
29 0.000 0.000 0.000 0.000
30 0.000 0.000 0,000 0.000 0.000
31 0.000 0.000 0.000 0.000 0.000 0.115 0.000 0.046



Table 20: All systems materials and other variables

System
I.D.

Location # of People
in home

Type of Materials
Roof Tank Lined?

Size of Tank 
(in gallons)

1 Ketchikan 1 asphalt shingles metal 9000
2 Ketchikan 2 asphalt shingles concrete plastic liner 8000
3 Fairbanks 1 metal concrete sealed 4800
4 Ketchikan 4 asphalt shingles plastic 13000
5 Ketchikan 3 asphalt shingles metal plastic liner 10000
6 Ketchikan 4 asphalt shingles metal 5000
7 Juneau 2 metal concrete plastic liner 6000
8 Ketchikan 3 cedar shake shingles redwood plastic liner 5000
9 Thome Bay 2 metal metal 10000
10 Klawock 3 metal metal plastic liner 1300
11 Valdez 2 metal plastic 80
12 Ward Cove 2 cedar shake shingles concrete 14000
13 Ketchikan 1 asphalt shingles concrete 28000
14 Ketchikan 1 metal plastic 1400
15 Ketchikan unknown metal concrete 14000
16 Juneau 2 metal concrete 15000
17 Fairbanks 4 metal plastic 1000
18 Tanana 5 rolled roofing plastic 32
19 Fairbanks 2 metal plastic 50
20 Ketchikan 1 asphalt shingles concrete plastic liner 11000
21 Ketchikan 1 asphalt shingles concrete 6000
22 Fairbanks 5 metal plastic 4500
23 Ketchikan 3 metal concrete 7500
24 Gustavus 1 metal metal plastic liner 4000
25 Ketchikan 2 metal metal 8000
26 Juneau 2 metal metal 8000
27 Ketchikan 3 metal metal sealed 7000
28 Sitka 3 Fiberglass panels plastic 400
29 Ketchikan 2 asphalt shingles metal 10000
30 Juneau 5 metal metal 8000
31 Juneau 3 metal concrete 6000
32 Fairbanks 5 metal plastic 300
33 Ketchikan 7 rolled roofing concrete 17000
34 Klawock 2 metal plastic 2500
35 Sitka 2 asphalt shingles metal plastic liner 3000
36 Juneau 2 metal plastic 1650
37 Ketchikan 5 asphalt shingles metal 10000
38 Ketchikan 2 asphalt shingles metal 10000
39 Seward 2 metal metal 10000
40 Ketchikan 2 asphalt shingles metal 8000
41 Seward unknown metal plastic 240
42 Bethel 1 metal plastic 500
43 Ketchikan 3 asphalt shingles metal 9000
44 Juneau 4 metal redwood plastic liner 9500
45 Fairbanks 2 metal plastic 1000
46 Ketchikan unknown unknown unknown unknown
47 Goodnews 3 metal plastic 30
48 Goodnews 6 metal plastic 30
49 Goodnews 4 metal plastic 60
50 Goodnews unknown metal plastic 45
51 Goodnews 1 metal plastic 30
52 Goodnews 2 metal plastic 33
53 Goodnews 3 metal plastic 14
54 Goodnews 2 metal plastic 30
55 Goodnews 6 metal plastic 20



Table 20: All systems materials and other variables, cont

System Surrounding Vegetation Square Footage
I.D. Type Distance of Roof Age of Roof Zinc Cap

1 Spruce, hemlock over house 600 20 years no
2 Hemlock, spruce, yellow cedar 20 to 30 feet 13 years no
3 40 year old birch on 2 sides 10-50 feet from roof 1104 20 years no
4 landscaping unknown 1800 9 years no
5 ceder, hemlock, spruce 12-15 ft on one side 1288 18 years (w/tar patches) maybe
6 evergreen trees 15 feet 1200 8 years no
7 spruce forest overhanging roof 308 20 years no
8 spruce, bullpine, cedar overhanging roof 1220 24 years no
9 red cedar, spruce, hemlock 10-30 feet 2380 5 years no
10 southeast AK forest 20 feet 1344 5 years no
11 Spruce trees 6 feet 450 unknown no
12 cedar, hemlock, spruce pine 30 feet 1500 23 years no
13 S.E. Alaska Rain Forest 20 to 50 ft 3500 25 years (poor condition) no
14 coniferous forest less than 25 ft 400 15 years no
15 hemlock, spruce, alder, cedar 5-20 ft 3500 15 years no
16 spruce, hemlock, overhang roof 1900 8 years no
17 aspen, birch, willow 5-15 ft 1900 12 no
18 white spruce, cotton wood, birch 30 feet 240 some moss no
19 Birch and spruce 30 feet 576 3 years no
20 Cedar, Spruce, hemlock 12 to 15 feet 1944 4 years no
21 cedar, hemlock, spruce, alder 5 feet 1500 14 years yes
22 north black spruce, birch 15-30 feet 2000 19 years no
23 trees across road 2352 5 years no
24 open medows, birch 20 feet 980 7 years no
25 spruce, hemlock, pine, cedar 12 feet 765 3 years no
26 Hemlock spruce trees 1-20 feet 2000 20 years no
27 evergreen 5 feet 12 years no
28 sitka spruce and hemlock overhanging 288 10 years no
29 alder, crabapple, salmonberry overhanging 1300?? 15 years yes
30 evergreen forest 20-80 feet 1200 16 years no
31 hemlock, spruce, alder 50 feet 1800 17 years no
32 Spruce, Aspen, Alder, birch 2 feet 864 sq ft. 6 years no
33 Alder unknown 1800 30 years (poor) no
34 unknown unknown unknown unknown unknown
35 sitka spruce, hemlock 25 feet 1200 10 years no
36 Hemlock, spruce overhangs roof 1592 20 years no
37 bull pine, hemlock cedar, willow 10 feet or less 1500 10 years no
38 pine 10ft 1500 unknown no
39 spruce and hemlock 20 ft 1500 15 years no
40 Spruce, hemlock, alder, cedar "Close" 200 2 years yes
41 Hemlock overhangs roof 864 11 years no
42 Tundra 2 feet 1000 5 years no
43 spruce, cedar, hemlock, alder 10-20 feet 2000 19 years no
44 unknown unknown unknown unknown unknown
45 unknown unknown unknown unknown unknown
46 unknown unknown unknown unknown unknown
47 Tundra 15 feet 1400 3 years no
48 Tundra 15 feet 1500 20 years unknown
49 Tundra 5 + feet 600 20 years unknown
50 Tundra 30 feet unknown 5 years unknown
51 Tundra unknown unknown 21 years no
52 Grass 6-10 feet 380 6 months yes
53 unknown unknown unknown 30 years no
54 Grass 10ft 720 20 years no
55 grass 5 feet 480 unknown no



Table 20: All systems materials and other variables, cont

System
I.D. gutters age of tank lined cover

1 plastic 15 years no wood
2 metal 13 years plastic liner under the house
3 plastic/metal 20 years sealed under the house
4 metal 9 years no under the house
5 plastic 18 years plastic liner no
6 plastic unknown no wood
7 plastic 18 years plastic liner under the house
8 plastic 29 years no wood
9 plastic 15 years no wood
10 metal unknown plastic liner wood
11 plastic unknown no plastic
12 metal unknown no under the house
13 plastic 25 years no under the house
14 plastic 15 years no plastic
15 plastic/metal 15 years sealed under the house
16 plastic 14 years sealed under the house
17 metal 10 years plastic liner no
18 metal 4 years no no
19 plastic 2 years no no
20 metal 4 years plastic liner under the house
21 metal 14 years sealed under the house
22 metal 9 years no plastic
23 metal 5 years plastic liner under the house
24 plastic/metal 2 years plastic liner wood
25 metal 20 years no none
26 plastic 20 years no wood
27 plastic 30 years sealed under the house
28 plastic 10 years no plastic
29 plastic/metal 15 years no wood
30 plastic 16 years no wood
31 metal unknown sealed under the house
32 plastic 6 years no plastic
33 metal 35 years (poor) no unknown
34 unknown unknown unknown unknown
35 plastic good, 1 year plastic liner no
36 plastic 20 years no plastic
37 metal new this year no yes
38 plastic unknown no no
39 plastic 15 years plastic liner styrofoam
40 plastic/metal 20 years plastic liner no
41 plastic 6 years no plastic
42 plastic 10 years no plastic
43 metal 19 years no wood
44 unknown unknown unknown unknown
45 unknown unknown unknown unknown
46 unknown unknown unknown unknown
47 metal old unknown plastic
48 plastic unknown unknown plastic
49 plastic unknown unknown unknown
50 unknown good unknown no
51 metal unknown no plastic
52 unknown unknown no no
53 plastic unknown no unknown
54 unknown unknown no none
55 unknown unknown no plastic



Table 20: All systems materials and other variables, cont.
101

System
I.D. treatment heating source

Pipe
material

1 5 micron filter mostly wood, burns garbage Copper
2 filter base board copper
3 none, some chlorox (twice in 12 years) wood stove, toyostove in basement alvanized steel/cpvc plast
4 none oil/water pipes Copper
5 house filter baseboard hot water (oil) Copper
6 sediment filter boiler Copper
7 clorox monitor stove/wood stove/ electric directly from tank
8 none/filter in basement oil/forced air heat copper/plastic
9 1/2 gallon of purex once a year wood w/calalitic plastic
10 bleach every 2 weeks dieselfired hot water infloor Copper
11 none wood stove plastic
12 sediment filtration at pump wood/oil fired furnace copper
13 none oil fired hot water base board copper
14 none wood burning stove plastic
15 none oil fired water baseboard coppper/plastic
16 none electric copper
17 coffe-type filter for particulates toyo stove and wood stove directly from tank
18 none wood directly from tank
19 none baseboard hot water/boiler directly from tank
20 5 micron string cartridge, AC oil-fired hot water basedboard copper
21 none oil furance plastic
22 in-line filter only hot water baseboard copper/plastic
23 filter and chlorinate as needed monitor stoves Copper
24 none boiler run with # 2 diesel Plastic
25 sediment filter/ charcoal at kitchen oil forced air directly from tank
26 none electric mostly/some wood Copper
27 yarn filter water heat Copper
28 none oil Plastic
29 chlorine once a month oil Plastic
30 filtration and ocasional clorox diesel copper/plastic
31 sediment bafflte filer, 20 microns oil Copper
32 Pura Triple Filter unknown plastic
33 standard filter system oil furnace/forced air Copper
34 unknown unknown dirctly from tank
35 sediment filter 20 + 5 microns for drinking oil stove year round, wood for winter unknown
36 none wood/electric copper
37 60 micron at sample location forced air/oil plastic
38 none, 1 pt clorox before boiler unknown
39 15 micron and 1 micron carbon filter on faucet propane furance/wood stove unknown
40 none propane furance and electric copper/plastic
41 settling and paper filter under the sink wood plastic
42 none wood/oil/solar dirctly from tank
43 none oil furance copper
44 unknown unknown unknown
45 unknown unknown unknown
46 unknown unknown unknown
47 unknown baseboard heat directly from tank
48 none stove oil directly from tank
49 none stove oil directly from tank
50 none toyo stove directly from tank
51 oil stove/ wood directly from tank
52 none toyo stove directly from tank
53 none s/o (stove oil?) directly from tank
54 none monitor stove directly from tank
55 none wood and toyo directly from tank



Table 20: All systems materials and other variables, cont
102

System
I.D.

Number of fixtures
Sinks

bathroom kitchen utility dishwasher washer toilets
baths/
showers garden hose

1 2 2 1 1 1 2 2 1
2 3 1 0 2 1 1 3 1
3 1 1 1 0 1 1 1 1
4 3 1 1 1 2 3 4
5 2 1 1 1 1 3 2 1
6 1 1 0 0 1 2 1 1
7 1 0 0 1 1 1 0
8 1 1 0 0 1 1 1 2
9 2 1 0 1 1 2 2 1
10 2 1 1 1 1 2 2 1
11 0 1 0 0 0 1 0
12 2 1 1 2 1 1 3 2
13 7 1 0 1 1 7 6 1
14 0 1 0 0 1 0 1 1
15 4 2 1 1 2 3 3 2
16 2 1 0 1 1 2 2 1
17 0 0 0 0 0 0 1 0
18 0 0 0 0 0 0 0 0
19 0 0 0 0 0 0 0 1
20 5 1 1 1 1 5 3 4
21 2 1 0 1 1 2 2 1
22 2 1 1 1 1 2 2 1
23 4 1 0 0 1 3 4
24 1 1 1 1 1 0 1 1
25 1 1 0 1 1 2 1 2
26 4 2 2 0 0 2 2 0
27 3 2 1 2 2 3 2 1
28 0 1 0 0 0 0 0 1
29 3 2 3 0 1 3 2 1
30 3 1 0 1 1 2 2 1
31 3 1 2 1 1 2 2 2
32 unknown
33 3 2 0 2 1 2 3 1
34 dirctly from tank
35 2 1 0 1 1 2 1 1
36 1 1 1 1 1 1 1 2
37 3 1 0 1 1 1 1 1
38 3 1 0 0 1 3 1 1
39 2 1 1 1 1 2 2 1
40 1 1 0 1 0 0 1 0
41 1 1 0 0 0 0 1 0
42 checked all but did not say how many of each
43 3 2 0 0 1 2 2 1
4 4_____________ unknown
4 5_____________ unknown
4 6_____________ unknown
4 7__________ directly from tank
4 8__________ directly from tank
4 9__________ directly from tank
5 0__________ directly from tank
5 1__________ directly from tank
5 2__________ directly from tank
5 3__________ directly from tank
5 4 directly from tank
55__________ directly from tank


