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Abstract

The purpose of this research was to study the disinfection by-product formation 

potential (DBPFP) in small drinking water systems in Alaska. As per the US.E.P.A’s 

disinfectants/disinfection by-products (D/DBP) rule, the maximum contaminant limit 

(MCL) for the two major DBPs namely, total trihalomethanes (TTHMs) is 80 

micrograms (pg) per liter (L) and 60 pg/L for the five 5 haloacetic acids (HAA5). It was 

decided to conduct research on the total trihalomethane formation potential (TTHMFP) 

and the 5- haloacetic acid formation potential (HAA5FP) of the 17 Alaskan village 

drinking water systems with reportedly high TTHM and HAA5 values. It was found that 

specific UV absorbance (SUVA) had excellent correlations with TTHM/DOC and HAA

S/DOC. These correlations were used to aid in drinking water source selection in 

a sub-arctic watershed named the Caribou-Poker Creek Research Watershed (CPCRW).
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Chapter 1: Introduction

Public health services have found that disinfection of water prior to drinking 

greatly reduces the risk of diseases caused due to pathogens and microbes found in 

untreated raw waters. There are numerous chemicals, which could be used to disinfect 

water, however, none has gained as much popularity as chlorine. Chlorine is the most 

widely used disinfectant in almost all parts of the world and there is yet a chemical to be 

discovered to match its disinfection ability and cost effectiveness.

However, the discovery that chlorine reacts with natural organic matter (NOM) to 

form chloroform raised questions about its possible health risks (Symons, 1999). Other 

studies revealed that apart from chloroform, other chemicals that posed carcinogenic risk 

to human population were being formed as a result of disinfection. These chemicals 

formed after disinfection were collectively called disinfection by-products (DBPs).

Further analysis and regulation of DBPs required detailed studies about the 

magnitude of the competing risks from acute microbial and long-term chemical exposure. 

In developing countries with inadequate water supplies, poor sanitation, insufficient 

economic resources, and low life expectancy, the high risk of enteric disease from 

inadequately treated water would be much greater concern than the relatively low 

carcinogenic health risks from the long-term consumption of disinfected water. But for 

developed countries like the United States, which have high economic and sanitation 

standards, smaller risks from DBPs assume greater importance (Symons, 1999).
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Research indicates that trihalomethanes (THMs) and haloacetic acids (HAAs) 

form a major fraction of the DBPs (Symons, 1999). The National Organics 

Reconnaissance Survey (NORS), conducted by the United States Environmental 

Protection Agency (USEPA) in 1975 showed a direct correlation between the 

concentration of THMs in finished water and the concentration of the total organic 

carbon (TOC) in raw water (Symons, 1999). It was also demonstrated that humic and 

non-humic substances contribute to the DBP precursor levels in drinking water (Krasner, 

1999).

The absorbance of ultraviolet (UV) light by NOM is primarily due to the presence 

of aromatic structures incorporated into the molecules of humic substances (Edzwald 

al., 1985). UV absorbance at 254 nanometers (UV 254) is often a good surrogate 

parameter both for the dissolved organic carbon (DOC) and for the total trihalomethane 

formation potential (TTHMFP) (Edzwald et a1985).

The purpose of my research was to study TTHMFP and HAA5FP in the drinking 

waters of Alaskan villages by studying and analyzing the various precursors. Drinking 

water for rural Alaskans comes from groundwater and surface water, just as it does in all 

parts of United States. In Alaska, however, the ground water may be supra-permafrost, 

inter-permafrost, or sub-permafrost water, and the surface water may be pumped from a 

river or a lake or cut and hauled as snow. Many wells for the native communities are 

located near rivers where the permafrost has thawed. These wells are commonly adjacent . 

to rivers and are considered groundwater under the influence of surface water. Surface 

water and groundwater under the influence of surface water typically has a high
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concentration of organic matter in the form of DOC. Depending on the characteristics of 

the DOC, it may be susceptible to formation of DBPs. Raw water samples from 16 

different villages in Alaska were tested to study their DBPFP. The sample waters were 

subjected to membrane ultrafiltration in a pressurized cell in order to achieve discrete 

molecular size fractioning of the DOC. SUVA of each size fraction showed the apparent 

size of the DOC, which contained the most UV absorbing material and hence the 

maximum DBPFP.

The DOC and UV 254 of 33 ground water and surface water samples from the 

CPCRW were also measured. The objective for this analysis was to use DOC, UV 254 

and SUVA to assess the potential for DBPFP of these waters. Furthermore, 8 of the 

samples waters were subjected to discrete molecular size fractioning using an array of 

ultrafiltration membranes in pressurized stirred cells. The purpose of this was to obtain 

fingerprints for each of the 8 samples in form of apparent molecular size distribution 

(AMSD) and study any similarities or discrepancies in them.

The results obtained from these samples were compared to the results obtained for 

16 village waters from Alaska in order to observe any interesting correlations.
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Chapter 2: Literature Review

Although a major portion of this document discusses the current research 

practices devoted towards DBP formation, it would be worthwhile to explore all the 

important developments, which took place since the early 20th century and have helped 

shape the ongoing research in this field. This chapter has been included to give the reader 

a better understanding of the historical development of the regulations and research 

conducted pertaining to DBP formation. It also discusses the chemistry involved in DBP 

formation and the structural properties of the surrogates to the precursors of DBP.

Section 2.1: Historical Perspective of Disinfection Byproducts

It had been known for long that chlorine and phenol produce chlorophenol taste in 

water (Symons, 1999). However, scientists always found the identification of “volatile” 

halogen-substituted organics elusive until a scientist named Rook considered being the 

pioneer in THM analysis, started working at the Rotterdam Waterworks in 1963. Rook 

used the carbon adsorption, gas chromatography technique and found that the chloroform 

peak appeared the largest after chlorination of water (Symons, 1999).
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2.1.1: Early Studies and Results

The National Reconnaissance Survey (NORS) was started by the EPA. The 

objective of this survey was to analyze source and finished water for the four THMs and 

other two volatile organic carbons (VOCs) that were suspected to form during 

disinfection (Symons, 1999). The four THMs were chloroform, bromodichloromethane, 

dibromochloromethane and bromoform. They were collectively referred to as TTHMs. 

The two VOCs were carbon tetrachloride and 1,2-dichloroethane. Various samples 

representing a wide variety of source qualities and treatment practices were analyzed 

(Symons, 1999). The studies showed that the THM concentration varied with the type of 

disinfectant used and each of the TTHMs had varying concentrations. The NORS data 

showed that there existed a good correlation between non-purgeable organic carbon 

(NPOC) and the TTHM concentration. Further studies on the topic resulted in the 

following conceptional model of THM formation called the Love Model developed by 

Tom Love (Symons, 1999):

Chlorine +Precursors -> THMs. (2-1)

Source: (Symons, 1999).

The simple methods for controlling THM concentrations were found to be (1) 

remove the THMs, (2) remove the precursors, or (3) change disinfectants (Symons, 

1999). Following the Love model (Eq 2-1), one method to control THM concentration
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was to remove the precursors. This required a method to identify and measure precursors 

in raw and treated water. As precursors could not be measured directly, surrogates such 

as NPOC, UV 254, fluorescence, and chlorine demand were investigated (Symons,

1999). THM precursors could be measured by determining the potential for THM 

formation in any given sample by chlorinating it, allowing the precursors to be converted 

to THMs, and then measuring the TTHMFP (Symons, 1999). This led to the development 

of the TTHMFP test in which a small percentage of organic matter participated in the 

THM reaction. This percentage was strongly influenced by the pH, temperature, and 

reaction time of the test. The influence of residual chlorine at the end of the test and the 

bromide ion concentration were added to the above results and the Stevens and Symons 

(1977) paper was the basis for the Standard Method B (APHA, AWWA, and WEF 1995) 

(Symons, 1999).

2.1.2: The THM Rule1

In March 1976, a National Cancer Institute (NCI) report on the carcinogenisis 

bioassay of chloroform was released (NCI, 1976) (Symons, 1999). In this report, 

chloroform was suspected to be a human carcinogen. Two years later, the proposed THM 

regulation was published in the Federal Register (1978). The proposed THM regulation

This paragraph is a modified version from the chapter Disinfection By-Products: A Historical Perspective 
by James M. Symons. Formation and Control of Disinfection By-Products in Drinking Water: AWWA 
1999.
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on organic contaminant control was to establish a MCL for TTHMs. As per the rule, the 

MCL for the sum of the four THMs was 0.80 mg/L for utilities serving 75,000 people or 

more. Utilities serving 10,000 to 75,000 people would have to monitor for one year. 

Utilities serving a population of less than 10,000 would be exempt from this regulation 

and would be regulated under the discretion of the primacy agency. This rule was later 

modified in order to include the best available technology (BAT) for the control of THMs 

(Symons, 1999).

2.1.3: The DBP Rule

Deeper studies of DBPs suggested that apart from the four THMs and two VOCs 

there were other DBPs such as haloacetonitriles (HANs), HAAs, haloaldehydes, 

haloketones (HKs) and chlorophenols (Symons, 1999). As the number of DBPs grew, the 

necessity for developing a group parameter that would measure as many of the halogen- 

substituted DBPs as possible in a single measurement was needed. However, many of the 

by-products that result from the chlorination reaction are still unknown. The reason is 

probably that they are too polar or too high in molecular weight to be detected by gas 

chromatography techniques (Symons, 1999). In the Disinfectants and Disinfection By- 

Products Rule (D/DBP) rule (Federal Register 1998), USEPA regulates the concentration 

of all halogen substituted DBPs by regulating the concentration of TTHM, HAA5, and 

controlling the concentration of the precursors as measured by the TOC (Symons, 1999).
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Section 2.2: Chemistry of DBP Formation

Disinfection By-Product formation can be represented by the following equation: 

Precursors+Disinfectant-> DBPs. (2-2)

Source: (Symons, 1999)

Depending on the type of the disinfectant, different DBPs are formed. NOM and 

bromides are the chief surrogates to the precursors of the DBPs. DBPs are formed either 

due to halogen substitution reactions or due to oxidation reactions.

2.2.1: Haloform Reaction

In 1885, two scientists named Reckhow and Singer developed a generalized 

conceptual model for the formation of the major organic halides products from fulvic 

acids (Figure 2.1), in which fulvic acids can be considered as polyfunctional, unsaturated 

organic molecules with both aliphatic and aromatic components (Krasner, 1999). 

Activated ionic substitution reaction plays an important role in the formation of 

chloroform and HAAs from humic substances.
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Fulvic acid -» R'-CO-CH2-CO-R^ R'-CO-CCt-CO-R 

-> CH2C12-C0-R R = OH ch ci2c o o h

Figure 2.1: Halo form reaction

Note: OFCHoxidizable functional group 

Source: (Krasner, 1999).

Typically, these highly activated compounds contain fl-diketone moieties or 

structures that can be readily oxidized by chlorine to give B-diketone moieties (Ri-CO- 

CH2-CO-R). Because most of the reactions between chlorine and humic materials results 

in oxidation rather than chlorine incorporation, oxygenated functional groups [(e.g., B- 

diketone groups) should be formed (Krasner, 1999).

With the formation of a B-diketone moiety, the activated carbon will quickly 

become substituted with chlorine. Hydrolysis then occurs rapidly, yielding a monoketone 

group, the reaction will stop, yielding dichloroacetic acid (DCAA). Otherwise, the 

structures will be further chlorinated to a trichloromethyl species. This intermediate
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species is base hydrolyzable to chloroform. At neutral pH, if the R group is an oxidizable 

functional group capable of readily donating an electron pair to the rest of the molecule, 

trichloroacetic acid (TCAA) is expected to form. In absence of such an oxidative 

cleavage, hydrolysis will prevail, yielding chloroform (Krasner, 1999).

2.2.2: Oxidation Reaction

Oxidation reactions can occur when any strong oxidant disinfectant (e.g., ozone or 

chlorine) is used. For example, chlorine can oxidize amino acids to aldehydes,

Figure 2.2, (Krasner, 1999).

In Figure 2.2, N-chloramine is formed due to the substitution of chlorine atom. N- 

chloramine leads to the formation of the corresponding unstable imine, which reacts with 

the additional HOC1 to yields aldehydes (Krasner, 1999).

Chlorine dioxide reacts with phenols (or phenolic groups attached to humic acids) 

to form dicarboxylic acids, including maleic acid. (Krasner, 1999). The organic products 

identified from the reaction between chlorine dioxide and phenols include chlorophenols, 

p-benzoquinone, maleic acid, and oxalic acid.
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n h 2

CH3-CH + HOCL CH3CH=NH + C02 + HC1 + H20  

'  COOH

&-Aniline Imine

o
/ /

CH3-CH = NH + HOC1 CH3-C + NH2C1
\

H

Imine Acetaldehyde

Figure 2.2: Oxidation reaction

Source: (Krasner, 1999).

2.2.3: NOM and DBP Formation

NOM consists of both humic and non-humic fractions, which contribute to the 

DBP formation (Krasner, 1999). The nature and extent of interaction between NOM 

components and aqueous chlorine depends on various factors such as pH, chlorine dose, 

contact time and temperature (Krasner, 1999).

The aqueous chlorine species are electrophiles and tend to react with electron rich 

species in organic structures (Krasner, 1999). Activated aromatic rings, aliphatic P- 

dicarbonyls, and amino nitrogens are examples of electron rich organic structures that 

react strongly with chlorine. As the aromatic humic content of the humic substances 

increases, the reactivity of chlorine increases too (Krasner, 1999).
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The DOC concentration and UV 254 are good indicators of TTHMFP. The SUVA 

of organic matter, which is defined as the ratio of the UV absorbance measured in cm 1 

and TOC multiplied by 100, was found to be a good surrogate of the humic content in 

water (Krasner, 1999). Humic substances have higher DBPFPs than nonhumic fractions 

(Krasner, 1999). Krasner et al., (1996) found that the higher the SUVA, the higher the 

TTHMFP. Thus, SUVA is a reflection of the aromatic content of the NOM and provides 

an indication of the possible reactivity of the organic matter to form DBPs. Greater the 

UV absorbance for humic acids, higher the aromatic content and greater the molecular 

size (Krasner, 1999).

2.2.4:Effects of Algae on DBP Formation

Algal extra-cellular products and the biomass react with chlorine to form DBPs. 

Studies have revealed that extra-cellular products yield greater quantities of chloroform 

from the available DOC than the biomass. As algae are a source of amino acids, some of 

these amino acids react with chlorine to form HANs as depicted in the equation below 

(Krasner, 1999).

R-CH-COOH + C12->C12CHC = N 
I

n h 2

Source: (Krasner, 1999).

(2-3)
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2.2.5:Effects of Bromide on DBP Formation

Bromide is found in salt-water intrusions, connate water, oilfield brines, and 

industrial and agricultural chemicals (Krasner, 1999). Bromide is oxidized to 

hypobromous acid by hypochlorous acid (HOC1). HOBr along with HOC1 reacts with the 

NOM to form DBPs. It was found that waters containing bromine had higher 

concentrations of TTHMs and the rate of THMF also increased (Krasner, 1999).

HOCl+Br ^  HOBr + Cl' (2-4)

HOC1 + HOBr+ NOM DBPs. (2-5)

Source: (Krasner, 1999).

In the above reaction HOC1 acts as an oxidizing agent whereas HOBr acts as a 

substituting agent. The ratio of bromide to the average free chlorine controls the bromide 

substitution. As this ratio decreases due to the increase in the chlorine, the brominated 

THMs tend to decrease and chloroform increases (Krasner, 1999).
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2.2.6:Miscellaneous Factors Affecting DBP Formation

Apart from the above mentioned major factors that affect DBP formation there are 

other factors such as pH, seasonal and temporal variability, chlorine dose and residual 

chlorine that affect DBPF. A brief discussion about each of the factors is given below.

Studies by various scientists revealed that increased concentration of DOC and 

UV 254 values resulted in an increase in the DBPFP.

Variations in pH show varying results in the concentration of the DBPs. Acidic 

pH slowers the THM formation rate however, 1,1,1- TCA (trichloroacetone) has higher 

formation rate. There is no change in the formation rate of TCAA, DCAA and chloral 

hydrate. Alkaline pH results in higher formation rate of THMs but lowers the formation 

of TCAA and dichloroacetonitrile DCAN.l, 1,1-TCA is not detected under alkaline pH 

(Krasner, 1999).

Chlorine dose and residual chlorine have an effect on the DBPFP. Higher doses of 

disinfectant and residuals result in increased formation of HAAs over THMs. Increase in 

chlorine doses caused an increase in the concentration of TCAA as compared to DCAA 

and there is a reduction in the formation of 1,1,1-TCA and DC AN (dichloroacetonitrile) 

(Krasner, 1999).
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Chapter 3: Site Selection and Sampling

This chapter deals with the two sites selected for sampling, namely the Caribou 

Poker Creek Research Watershed (CPCRW) and the sixteen villages in Alaska. It 

describes the location, climate, vegetation, soil type and subsurface profiles of each of the 

CPCRW sites. There is also a brief description of the village data, which includes the 

type of climate, vegetation, drinking water source and the location of the villages.

Section 3.1: CPCRW

The CPCRW is a subarctic watershed with discontinuous permafrost (McLean 

al., 1998). The CPCRW occupies an area of 10,620 hectares and is situated 50 kms 

northeast of Fairbanks. Fairbanks has an average minimum temperature o f-24 ° Celsius 

and an average maximum temperature of 17 ° Celsius (www.lter.uaf.edu. 2001). Average 

annual precipitation in the CPCRW is 285 mm but the average annual precipitation is 

about 500 mm in the upland parts of the watershed (www. Iter.uaf. edu. 2001). Half of the 

precipitation falls as snow and covers the ground for average 214 days. Streams are ice 

covered from late October to early May (www. Iter.uaf. edu. 2001). The northern aspect 

(referred to as north-facing slopes) of the watershed receives much less solar radiation 

and is underlain by permafrost whereas the southern aspect (south-facing slopes) are 

mostly underlain by discontinuous permafrost. (McLean al., 1998). Depending on the

http://www.lter.uaf.edu
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percentage area covered by permafrost, the watershed is divided into subwaterhseds, 

including C2, C3 and C4. The subwatershed C3 is high in permafrost (HiP), C2 that is 

low in permafrost (LoP) and C4 that is covered with burned forests (Petrone ,2000). 

The HiP watershed is underlain by 53% permafrost, LoP is underlain by 3% permafrost 

and C4 by 18% permafrost (Petrone et al.2000).

Both C2 and C3 are underlain by mica schist of the Birch Creek formation 

covered by a thin loess mantel of the same formation. South-facing slopes in both the 

watersheds are dominated by deciduous forests including paper birch ( papyrifera) 

and quaking aspen (Populus tremuloides). Birch and Aspen occupy 43 % of the 

vegetation population (McLean et al 1998). The remaining 37% is covered by white 

spruce ( Picea glauca) and black spruce (Picea mariana). North-facing slopes have 61%

of their area covered by white spruce (Picea glauca) and black spruce (Picea )

(McLean et al 1998). The high ridge tops and the valley bottoms of these watersheds are 

covered with shrublands (McLean et al., 1998).

3.1.2: Sampling

Sampling in the CPCRW was conducted from March to September 2000. A total 

of 33 spring and stream water samples were collected. Samples were collected using a 

500 mL glass syringe in, 1 L amber colored glass bottles. These bottles were then brought 

to the laboratory. The water was filtered through a 0.45-micron glass fiber filter. A
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subsample of 20 ml was stored in scintillation vials to measure the color and 

conductivity. All the vials and the remaining samples were stored in a refrigerator at a 

temperature of less than 4°C. A subsample of 40 ml was acidified using 2 normal HCL to 

bring the pH less than 2. Acidification was necessary to prevent any change in the DOC 

concentration. All the measurements were taken in less than 48 hours of sample arrival.

Section 3.2: ATTAC Villages

Sixteen villages having varying geographic locations and, climatic conditions 

were selected for our study. Refer to Figure 3.1.



Figure 3.1: Sampling locations in Alaska
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Table 3.1

Description of sampling sites

# Region Water source Season Pop. served
1 Southeastern Surface River all year summer 1500, 

winter 150

2 Southeastern* Surface River all year 50
3 Southeastern Surface River all year 150
4 Southeastern Surface Lake all year 600
5 Southcentral Groundwater 280 ft. all year 5000-7000
6 Southcentral* Surface Lake all year 250
7 Western* Surface River July—Oct. 150
8 Western Surface Lake June—Sept. 300
9 Western* Surface River all year 1000
10 Western Surface River July-Oct. 150
11 Western Surface River all year 500
12 Interior Groundwater 262 ft. all year 580
13 Interior* Surface River all year 90
14 Northern Surface Lake June-Sept. 750
15 Northern Surface Lake all year 3500
16 Northern Surface Lake July—Sept 500-600
17 Northern Surface River all year 1000

* Not included in AMSD analysis 
pop: population.

These villages were participants in Alaska technical/training Assistance Center 

(ATTAC) research. The ATTAC is a training and research center funded by the USEPA. 

Three major academic units, namely the University of Alaska campuses in Fairbanks, 

Anchorage, and Southeast (at Sitka) comprise the ATTAC. ATTAC’s mission is to 

conduct training and provide technical assistance to small public water systems in 

Alaska, thereby enabling small rural communities and the State of Alaska to provide 

access for all residents to safe drinking water essential to public health 

(http: //www. geocities.com/water-alaska/ermineering html ). Each of the 16 participating
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villages have are shown in Figure 3.1. Each of these villages has different climate and 

vegetation and some are underlain by continuous or discontinuous permafrost. The raw 

water in these villages is either ground water or surface water. Table 3.1 shows the 

location and characteristic feature of each of the villages.

Section 3.2.1 :Sampling

Water samples were collected by the water treatment plant operators and shipped 

by plane to the University laboratory in ice packed coolers. The water was then filtered 

through a 0.45 micron glass fiber filter. A subsample of 20 ml was stored separately in 

scintillation vials to measure the color and conductivity. A subsample of 40 ml was 

acidified by using 2 normal HCL to bring the pH less than 2. This was necessary to 

measure the DOC content and the UV 254. All the measurements were taken in less than 

48 hours of the sample arrival. All the vials and the remaining samples were stored in a 

refrigerator at a temperature of less than 4 ° Celsius.
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Chapter 4: DBP Experiences in Small Water 

Systems in Alaska

The following chapter is the modified version of a paper, which was published as 

“ Nano filtration removal of DBP precursors”, 6th Annual AWWMA conference 

proceedings as Narr, McDonald, Garland, White and Woolard.

Section 4.1: Abstract

Analyses of TTHMs and HAA5s in drinking water have shown that these 

contaminants are formed during the course of disinfection in water treatment due to the 

reaction between the DOC and chlorine. Raw water samples from 16 different villages in 

Alaska were tested to study their DBPFP and to suggest a treatment, which would result 

in the reduction of the DBP precursors in order to have the DBP formation within 

acceptable limits (< 80 micrograms/liter) as per the D/DBP rule, stage 1. DOC was used 

as a surrogate to measure TTHM and HAA5 formation. It was found experimentally that 

UV 254 acted as an excellent indicator of both TTHMFP and HAA5FP.

The sample waters were subjected to membrane ultrafiltration in a pressurized 

cell in order to achieve discrete molecular size fractioning of the DOC. SUVA of each 

size fraction showed the apparent size of the DOC, which contained the most UV 254 

absorbing material and hence the DBPFP.
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Section 4.2introduction

DOC in drinking water is a health concern because it is a precursor that 

contributes to the formation of disinfection by-products such as THMs and HAAs. Both 

THMs and HAAs are a matter of health concern as they have been classified as a 

suspected human carcinogen by the national Cancer Society (NCI) report in 1976 

(Symons, 1999). Because the concentration of DOC in raw waters of these villages is 

largely unknown and because the potential for THM formation has not been 

systematically investigated, the major goal of this study was determine the potential for 

DBP formation in village waters. As these villages are located in regions with varying 

climatic conditions, vegetation, soil type and geological formations, the results obtained 

from the study could be used for providing guidelines for an approximate estimate of the 

DBPFP for any site with similar climatic and geographic conditions. AMSD was 

conducted to see if any particular size of the organic matter had greater affinity for 

DBPFP.

It was found experimentally UV 254 acted as an excellent surrogate to DOC 

concentration and as an indicator to the DBP formation. The village waters were 

subjected to ultrafiltration through pressurized, stirred cells to get the AMSD of the DOC, 

UV 254 and SUVA.

SUVA is an indication of the humic content of the water, as well as an indication 

of the possible reactivity of the DOC in waters to form DBPs (Krasner, 1999). Thus,
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SUVA was calculated to show the size fraction of the DOC, which had maximum UV 

absorbing material and hence DBPFP.

For chlorination, TTHMs and HAA5s represent the 2 largest classes of DBPs 

detected on weight basis (Krasner, 1999). Hence, the uniform formation conditions 

(UFC) specified in the Information Collection Rule (USEPA 1996) was used to 

determine formation potentials for TTHM and HAA5.

Section 4.3:Materials and Methods

4.3.1; Water Sampling

Village water samples were collected from 16 different villages in Alaska. They 

were collected in 11 amber glass bottles by the water treatment plant operators, packed in 

coolers with icepacks and shipped by air to the laboratory. They were filtered through 

0.5-micron glass fiber filters and were stored in amber colored glass bottles at a temp of 

4°C. Samples for TOC and UV measurements were stored in 40 mL amber colored vials 

at a temperature of 4°C and we acidified to a pH of < 2.

4.3.2: Measurement of DOC

DOC was determined using a Shimadzu 5000 TOC auto sampler. The 

combustion-infrared method described in the Standard Methods (3510 B) was used to
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determine the same. Samples were acidified to pH < 2 and purged with oxygen to remove 

the carbon dioxide. The non-purgeable organic carbon so measured was designated as 

DOC.

DOC concentration was determined for all the 16 raw water samples in duplicate 

and the average was taken as the DOC of the sample. Carbon free water from the 

Bamstead nanopure water systems was used as blank. Stock solution was prepared by 

dissolving potassium hydrogen phthalate in the carbon free water. Standards were 

prepared by diluting the stock solution with appropriate quantity of carbon free water.

4.3.3: UV 254

The UV 254 was measured using a high precision Beckman spectrophotometer. Quartz 

cell with a cell path length of 1 cm were used to hold the sample. Standards used for TOC 

measurements were also used to calibrate the spectrophotometer. The absorbance was 

measured in duplicate with a coefficient of variation of less than 2%.

4.3.4: AMSD

Discrete molecular size distribution referred to as ASMD was determined using 

an array of ultrafiltration membranes in a stirred cell. The objective of this analysis was
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to determine the concentration of material in the water sample with an apparent 

molecular weight smaller than the nominal membrane molecular weight cutoff. The size 

distribution was calculated as a difference in the mass concentration between the 

permeate from the cells containing membranes with different nominal molecular weight 

cutoffs. However, in order to counteract the underestimation of the DOC due to 

membrane rejection, a model developed by Logan and Jiang, (1990) was used.

A 200 mL stirred cell (Model 8200,Amicon Corp., Danver’s Massachusetts) was 

used to carry out pressurized ultrafiltration. High purity nitrogen gas was used to 

maintain the pressure in the cell at 55 psi (380 kPa). The type and nominal molecular 

weight cutoffs of the membranes, as specified by the manufacturer were; 500 daltons; 

1000 daltons; 3000 daltons; 10,000 daltons and 30,000 daltons. Each membrane was 

discarded after 5 batch cycles. All samples were prefiltered through a 0.5-micrometer 

glass fiber filter to remove the colloidal matter.

The permeate through each membrane was collected in nine fractions of 10 mL 

each. The following table represents the fractions distributed over the entire volume of 

the sample water. The maximum volume of sample used was 180 ml.
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Table 4.1 Volume fractions.

Fraction # Volume fraction (ml)
1 180-170
2 170-160
3 160-150
4 140-130
5 120-110
6 100-90
7 80-70
8 50-40
9 20-10

Using the coefficient permeation model as described by Logan and Jiang (1990), 

the average DOC concentration and the UV absorbance of nine different permeate 

fractions was determined and used in our calculations and results. Thus, each sample had 

she different size ranges with each size range having an average DOC and UV 254 value.

Ten samples were concentrated using a Bu'chi/Brinkman RE-111 Rotavapor with 

water bath at 40°C, condenser at 2°C, under a vacuum of approximately 27.5 inches Hg. 

This was done to raise the DOC concentration in each sample thereby increasing the 

sensitivity of the analysis. In order to determine if the rotovapor concentrating procedure 

caused any changes in samples, the SUVA was measured both prior to and after 

concentrating. This method, however, altered the SUVA by nearly 45% for 4 out of the 

10 samples. The results from these four samples were discarded and not used in our data 

analysis.
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4.3.5: TTHM/HAA5 FP Methods

The uniform formation conditions (UFC) specified in the Information Collection 

Rule (USEPA 1996) were used to determine formation potentials for TTHM and HAA5. 

The UFC are pH 8.0±0.2, temperature 20±1°C, incubation time 24±1 hours, and final 

chlorine residual of 1.0±0.4 mg CI2/L. Reagents were prepared according to Standard 

Method 5710B.3 (Clesceri et al. 1998), except where noted otherwise. A Millipore Milli

es® water purification system supplied water for mixing all reagents. The organic-free, 

chlorine demand-free character of the water was verified in three ways: 1) DOC of the 

reagent water was frequently monitored; 2) the water was incubated with chlorine for 24 

hours and no detectable decrease in CI2 was found; and 3) reagent blanks were dosed, 

incubated, and tested according to the protocol and levels of TTHM and HAA5 were both 

below detection limits.

Chlorine incubations were done in 250-ml amber glass bottles with TFE-lined 

screw caps. Chlorine demand was estimated from the color of the sample. Multiple 

bottles, containing a range of chlorine doses, were used for each sample. Five ml of 

mixed phosphate/borate buffer was added to each bottle, the bottle was nearly filled with 

filtered sample, dosed with chlorine, and then filled completely and capped, headspace- 

free. Bottles were shaken vigorously to mix and placed in a temperature-controlled 

incubator in the dark. At the end of the incubation period, the chlorine residuals were 

tested using a DPD colorimetric method for free chlorine on the Orbeco-Hellige 975MP 

Water Analysis System (Orbeco, undated), and the sample with residual within the target
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range and closest to 1.0 mg CI2 /L was selected. The pH was tested to verily that it fell 

within the target range.

Subsamples taken from the chosen bottle were quenched and preserved in 40-ml 

amber glass vials as follows, then sent to a certified commercial lab for analysis of THMs 

and HAAs by EPA methods 524 and 522, respectively. Two vials each were prepared for 

THM and HAA testing. For the HAA samples, 0.05 ml of 0.05 mg/ml NH4CI solution 

was placed in each vial, sample was added gently by pipette, and the vial was capped 

headspace free and shaken vigorously. HAA samples were not acidified before shipping 

to the lab. Quenching of the THM samples varied slightly from Standard Method 5710B, 

which calls for 0.1 ml of 100 mg/ml sodium sulfite solution to be used to quench 25 ml of 

sample. This amount of sodium sulfite was found to cause high levels of sulfur dioxide 

in the quenched sample, which interfered with analysis for THMs. Testing showed that 

0.1 ml of a 2 mg/ml sodium sulfite solution was sufficient to quench 40 ml of sample 

containing 1.5 mg CI2/L. This dilute sodium sulfite solution was mixed fresh before each 

use, placed in the vials, and sample was added by pipette as for the HAA samples. After 

shaking to mix, the vial was opened and 0.2 ml 1:1 HC1 was added to reduce the pH to 

below 2. The vial was resealed and shaken again to mix. All sample vials were 

immediately chilled and were analyzed within a 14-day holding time.
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Section 4.4: Results and Discussion

DOC was plotted against TTHMFP and HAA5FP to study the correlations. As 

shown in Figures 4.1 and 4.2, DOC was not very well correlated to TTHM and HAA5. 

DOC consists of simple aliphatic acids, alcohols, sugars and aromatic compounds 

(Edwaldz et al., 1985). A poor correlation suggests that not all of the above organic 

constituents are equally responsible for TTHM and HAA5 formation. Other studies using 

raw and treated waters have shown stronger correlation between UV 254 than with DOC 

(Reckhow et al.,1990). Hence both TTHM and HAA5 were plotted against UV 254. 

Excellent correlations with both TTHM and HAA5 (Figure 4.3 and 4.4), indicating that 

aromatic compounds might be responsible to produce DBPs. In all the following figures 

ground waters behaved differently than surface waters and were not used in obtaining the 

correlation coefficients.

Figure 4.1: TTHMFP vs DOC
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HAA5 Formation Potential v. UV-254
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Figure 4.4: HAA5FP vs. UV 254

Inorder to know the UV 254 absorbed per mg of organic carbon, it was divided by 

the DOC thus normalizing the UV 254.This ratio was multiplied by 100 to account for 

the units. The expression (UV254/DOC)*100 is referred to as specific UV absorbance or 

SUVA. Figures 4.5 and 4.6 show the correlation between SUVA and TTHM/DOC and 

SUVA and HAA5/DOC. The two were well correlated with a R2 of 0.80 and 0.76 

respectively.
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TTHMFP/DOC vs. SUVA
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Figure 4.6: HAA5/DOC vs. SUVA

As the ATTAC villages were diverse in their geographical locations and climatic 

conditions and vegetation, the graph in Figure 4.5 and 4.6 could prove to be useful in 

providing guidelines regarding the DBPFP of raw water sources having climatic 

conditions similar to those of the ATTAC sites selected. For examples these results were
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used to provide a rough estimate of the DBPFP of the CPCRW raw waters that will be 

discussed in detail in chapter 5.

It is seen from all the graphs from Figure 4.1 to Figure 4.6, that similar 

correlations existed for HAA5 and TTHM indicating that both aromatic compounds are 

responsible for their formation. Figure 4.7 shows that the two have an excellent 

correlation of 0.98 between them.
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Figure 4.7: HAA5 vs. TTHMFP

The good correlation between the two indicates that both the DBPs are formed 

due to similar precursors and the removal of precursors would result in significant 

reduction of both the DBPs proportionally.

As a part of the ATT AC study one of the village waters was subjected to 

nanofiltration in order to remove the DBP precursors (Nyree 2000). The PCI Membrane 

Systems Inc. Fyne process (Model ROP 1434) equipped with a module containing
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tubular membranes was tested in a village. The system was equipped with a module that 

contained tubular polyamide nano filtration membranes connected in series. The 

membranes have a pore size o f400 daltons. Each tube was 14 inch in diameter. The basic 

concept of this system was to pass raw water through these membranes at high pressure 

(175psig) to get rid of the organic matter. This treatment removed 95% of the DOC, 97% 

of the UV 254 and 94% of the TTHM. As AMSD was carried on the same water in our 

laboratory, the DOC, UV 254 and SUVA distribution for each size fraction from 500 

daltons to 30,000 daltons was obtained. Using a 500 dalton pore size cellulose acetate 

membrane we obtained 81% DOC removal, 91 % UV 254 removal and 93% SUVA 

removal. This indicates a substantial SUVA removal results in a substantial lowering of 

the DBPFP. Thus, the AMSD results for all the ATTAC sites would be helpful in 

deciding the amount of precursor to be removed to obtain satisfactory levels of DBPs.

% Precursors removed with different membrane cutofls

100.00 I  % Avg DOC removed

□ % Avg UV254 removed

H % Avd SUVA removed

o.oo V

-7?
Membrane pore size in daltons

Figure 4.8: Precursor removal for different membrane sizes.
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Figure 4.8 shows that on an average 90% of the SUVA is removed by the 500 

dalton membrane resulting in lower DBPFP. To gain more information about SUVA we 

plotted a graph showing the average SUVA variation within each size fraction. Our main 

goal was to see which size fraction was enriched in UV absorbing material and which 

fraction was depleted. This was done by dividing the SUVA values by the bulk SUVA 

values thus normalizing it.
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3.50 
3.00 
250 

< 200
S f  150
I I  1-00-
I I  0.50 

w 0.00
I  ■
1  1  ■

1 2 3 4 5
Size fraction (daltons)

Figure 4.9: Average normalized SUVA distribution with respect to size fraction

1: < 500 daltons 4: 3000 -  10,000 daltons
2: 500 -1000 daltons 5: 10,000 -  30,000 daltons
3: 1000- 3000 daltons 6: > 30,000 daltons.

Figure 4.9 shows that organic matter between 1000 to 10,000 daltons is highly 

enriched in UV absorbing materials as compared to other size fractions. This could mean 

that smaller molecules (less than 10,000 daltons) would have more affinity towards 

DBPFP. In order to support this hypothesis we decided to find the correlations between 

CSUVA of each size fraction and TTHMFP. Graphs of CSUVA (L/m-mg) for various
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size fractions were plotted against TTHM (pg/L)/DOC (mg/L). A trend was observed in 

figures 4.10, 4.11, 4.12 and 4.13. It was found that the TTHM formation potential had 

good correlations with CSUVA for molecules with size 10,000 daltons and less.

Note that in all the following graphs, TTHM/DOC has units of (pg/mg). 

CSUVA has units of (L /mg-m).

Figure 4.10: Correlation between CSUVA and TTHM/DOC for molecules < 1000 
daltons in size
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Figure 4.11: Correlation between CSUVA and TTHM/DOC for molecules < 3000 
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Figure 4.12: Correlation between CSUVA and TTHM/DOC for molecules < 
10,000 daltons in size
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Figure 4.13: Correlation between CSUVA and TTHM/DOC for molecules < 
30,000 daltons in size

Krasner et al., (1990), found that NOM less than 10,000 daltons in size have 

higher DBPFP. The same trend was seen in our sample waters. Further, from Figure 4.12, 

it can be seen that there exist good correlation between the TTHM/DOC and CSUVA for 

molecules less than 10,000 daltons in size. Our studies were well in agreement with the 

results attained by Krasner et al., (1990). Thus, our studies reveal than the DOC with a 

size fraction of < 10,000 daltons are enriched in UV absorbing, aromatic materials which 

have high DBPFP. Studies by Collins et al., (1985), also obtained similar results. From 

Figure 4.9, it is clear that the maximum UV absorbing material is concentrated in the 

smaller molecular sizes (<10,000 daltons). This result is well in agreement with that 

depicted in the Figures 4.10 and 4.11 and 4.12, which shows a very good correlation 

between TTHMFP and SUVA for size fraction less than 10,000 daltons.



39

It must be noted that the ground waters behaved differently from the surface waters for 

higher molecular weight organics. This could be attributed different sources of the DOC 

for surface and ground waters.

Section 4.5: Conclusions

Due to diverse origins of the ATTAC waters, Figures 4.5 and 4.6, could prove to 

be useful in characterizing the DBPFP of waters having similar climatic conditions as the 

ATTAC waters. However, these waters were monitored only for a period of one year. It 

would be worthwhile to collect samples over a wider time period, which would give a 

stronger set of data points. These figures show the relation between TTHM/DOC, 

HAA5/DOC and SUVA for surface waters only. There were only two ground water 

samples, hence more data point from ground water sources would extend the use of the 

graph to deep ground waters as well.

It was clear from the results obtained that molecules less than 10,000 daltons in 

size were enriched in UV absorbing material and our study supported the hypothesis that 

molecules less than 10,000 daltons in size have more affinity for DBPFP. Hence even 

though two water samples had the same SUVA and DOC, the one having more UV 254 

absorbing molecules in the 10,000 dalton size fraction would have greater DBPFP.

Membrane treatment was used successfully in one of the ATTAC sites to remove 

94% the UV absorbing material and consequently reducing the TTHMFP by 97% (Nyree,

2000). Hence, using AMSD in our laboratory we found that 90% of the UV absorbing
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matter was removed by a 500 dalton pore size membrane. This would result in substantial 

DBPFP reduction. It would be interesting to measure the TTHMFP and HAA5FP of 

waters after filtering them through the 500 dalton size membrane in order to get a 

stronger correlation between the UV removal and DBPFP reduction.
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Chapter 5: STUDY OF DISINFECTION BY
PRODUCT FORMATION POTENTIAL IN A 

SUBARCTIC WATERSHED

This chapter is a modified version of a manuscript to be submitted for publication. The 

paper will be submitted to Water Research by White, Narr and Garland.

Section 5.1: Abstract

The goal of this study was to evaluate the DBPFP and characteristics of DBP 

precursors in a subarctic watershed based on the results obtained from the ATTAC study. 

The DOC and UV 254 of 33 ground water and surface water samples from the Caribou 

Poker Creek Research Watershed were measured. The average winter DOC was 1.49 

mg/L and the average summer DOC was 7.83 mg/L. The objective for this analysis was 

to use DOC, UV 254 and SUVA as predictors for DBPFP of these waters. Furthermore, 8 

of the sample waters were subjected to discrete molecular size if actioning using an array 

of ultrafiltration membranes in pressurized stirred cells. The results obtained from these 

samples were compared to the results obtained for 16 drinking waters from throughout 

Alaska with known DBPFP.
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Section 5.2: Introduction

5.2.1: Site Selection

The Caribou Poker Creeks Research Watershed (CPCRW) is an important 

component of the Bonanza Creek Long Term Ecological Research (LTER) Program. A 

primary task of the LTER is to maintain reliable meteorological and hydrogeological 

measurements for use by scientists worldwide. The CPCRW lies 48 km northeast of 

Fairbanks, Alaska. Water samples were selected from stream and spring samples from 

two different sub-watersheds (C3 and C4) as shown in Figure 5.1. The CPCRW lies at 

latitude 65° 10’N, longitude 147° 30’W and is in an area of discontinuous permafrost. 

Shaded slopes and valleys are underlain by permafrost to depths ranging from 10 to 50 m. 

South-facing slopes and sites of historical forest fires may be entirely free of permafrost.

In areas where permafrost has been degraded, thermokarst is a dominant surface feature. 

Due to the presence of the permafrost and highly fractured schist bedrock, springs flow 

year round on North and South-facing slopes. The confining layer on North-facing slopes 

is thought to be the permafrost itself whereas the springs flowing off South-facing slopes 

emerge from cracks in bedrock (Collins, 1986). The origin of groundwater emerging 

from the springs on North-facing slopes is thought to be derived from water infiltrating 

higher in elevation on the South-facing, permafrost free slopes outside the watershed 

boundary (White et al., 2000). The water emerges through the permafrost springs in the 

winter creating aufeis formations up to one meter in depth and covering more than 80,000
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m2 (Slaughter, 1982). There are several faults that pass through the CPCRW complicating 

groundwater hydrology. One fault passes generally east west through the C3 watershed 

(Forbes et al.,1982).

Drinking water for rural villages is drawn from surface water in continuous 

permafrost regions and surface or groundwater in discontinuous permafrost or permafrost 

free regions. Compliance with Federal drinking water regulations for small remote 

drinking water systems is difficult since many communities have a subsistence economy 

with little cash basis. During sanitation master planning it is critical to select a source of 

water that will result in minimal treatment requirements and will practically meet EPA 

rules such as the Stage 1 and 2 D/DBPRule. Since permafrost hydrology is complicated 

by subsurface frozen soil or clear ice features that may serve as confining layers or flow 

conduits, selecting a productive and high quality water source is complex. The permafrost 

also has preserved massive peat deposits that can leach organic matter into water 

resulting in groundwaters with very high DOC (e.g., 10-20 mg/1).

As the vegetation, climatic conditions, and subsurface characteristics of the 

CPCRW are similar to many villages, the AMSD results of the village waters were 

compared to that of the CPCRW waters with the goal of better understanding how 

permafrost hydrology impacts water quality. The comparison of the SUVA of each size 

fraction in the CPCRW waters served to compare DBP formation potential for waters of 

different origin.
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Section 5.3: Materials and Methods 

5.3.1: Site Selection and Sample Collection

Water samples were collected from the sites labeled in Figure 5.1.Twelve samples from 

springs and streams were collected in March 2000.The remaining 21 samples were 

collected in the months of June to September 2000. Spring samples were collected using 

a 500 ml glass syringe to draw 4 liters of water from the point of emergence.



45

Figure 5.1: Infrared image of the CPCRW showing the sampling sites and the watersheds

Stream samples were collected as grab samples from below the water surface. For 

all samples, 4 liters of water were collected, returned to the laboratory and refrigerated at 

4 °C. The samples were filtered through a 0.45 micron glass fiber filter to remove all 

suspended organic matter. The conductivity, pH and color of the samples were measured 

simultaneously. Subsamples were stored separately in 40 ml amber colored vials and 

acidified to bring the pH lower than 2.These samples were used to measure the DOC and
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the UV 254. The collection and processessing of village samples were reported in Narr 

al., (2001).

5.3.2: DOC

The DOC was determined using a Shimadzu 5000 TOC auto sampler according to 

the combustion-infrared method as described in the Standard Methods (3510 Samples 

were acidified to pH < 2 and purged with C02-free air to remove the CO2 prior to 

analysis.

DOC concentration was determined for all 33 water samples in duplicate. Carbon 

free water from a Bamstead Nanopure Water Systems was used as blank. Stock solution 

was prepared by dissolving potassium hydrogen phthalate in the carbon free water. 

Standards were prepared by diluting the stock solution with appropriate quantity of 

carbon free water.

5.3.3: UV 254

The UV 254 was measured using a high precision Beckman spectrophotometer. A 

quartz cell with a cell path length of 1 cm was used to hold the sample. Standards used



47

for TOC measurements were also used to calibrate the spectrophotometer. The 

absorbance was measured in duplicate with a coefficient of variation of less than 2%.

5.3.4: AMSD

AMSD was determined using an array of filtration membranes in a stirred cell. 

The objective of this analysis was to determine the concentration of organic material in 

the water sample with an apparent molecular size smaller than the nominal membrane 

molecular size cutoff. The size distribution was calculated as a difference in the mass 

concentration between the permeate from the cells containing membranes with different 

nominal molecular size cutoffs (Logan and Jiang, 1990).

AMSD was conducted on the following samples: C2 stream June, C2 stream July, 

C3 spring June, C3 spring July, C4 spring July, C4 spring September, TR-4 spring 

September and TR-5 spring September. All 8 samples subjected to AMSD analysis were 

concentrated using Bu' chi/Brinkman RE- 111 Rotavapor with water bath at 40 C, 

condenser at 2°C, under a vacuum of approximately 27.5 inches Hg. This was done to 

raise the DOC concentration in each sample thereby increasing the sensitivity of the 

analysis. In order to determine if the rotovapor concentrating procedure caused any 

changes in samples, the SUVA was measured both prior to and after concentrating. No 

significant difference was observed in the two SUVA values.
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A 200 mL stirred cell (Model 8200, Amicon Corp., Danver’s Massachusetts) was 

used to carry out pressurized ultrafiltration. High purity nitrogen gas was used to 

maintain the pressure in the cell at 55 psi (380 kPa). The type and nominal molecular size 

cutoffs of the membranes, as specified by the manufacturer were; 500 daltons; 1000 

daltons; 3000 daltons; 10,000 daltons and 30,000 daltons. Each membrane was discarded 

after 5 batch cycles. The permeate through each membrane was collected in nine 

fractions of 10 mL each. The DOC concentration and the UV absorbance of each 

permeate fraction were quantified. Each sample had six different size ranges with each 

size range having a unique DOC and UV 254 value.
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Section 5.4: Results and Discussion

5.4.1; Seasonal DOC Variation

Figure 5.2 shows the temporal variation in the DOC concentration for all 

sampling events. The seasonal variation shows that in general, the DOC was higher in the 

summer (May-September) than in winter (March-May).

Seasonal DOC Variation
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Figure 5.2: Seasonal variations in DOC results

There is generally no rainfall or surface runoff in the watershed from the end of 

October to the end of April. However, during winter, the surface frost penetrated to 

depths of 1-2 meters or to the depth of permafrost. The streams were ice covered from 

roughly the end of October to the end of April limiting photosynthetic productivity in the
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streams and hence resulting in lower DOC. Most of the springs and streams remained 

frozen in the winter months. Runoff in the summer generally charges surface waters with 

terrestrially derived organic matter. Our result is supported by Petrone et al., (2000) who 

showed a positive correlation between the discharge and the DOC concentration. As the 

discharge increased in summer, so did the DOC concentration. As most of the surface 

water sources were frozen during the winter fewer samples were collected in the winter 

as compared to the summer months.

5.4.2: SEASONAL UV 254 and SUVA Variation

It seen from Figure 5.3 that the UV variation was very much similar to the DOC 

variation. As the DOC contains all the UV absorbing material, more of the UV material is 

seen in the summers to due an increase in the flow of the summer melt waters. In the 

ATTAC study we found a good correlation between UV 254 and DBPFP. However, 

waters with high UV 254 may not necessarily have high DBPFP. As a result we 

normalized the UV 254 by dividing it with DOC and plotting the results against 

TTHM/DOC. The two still had a good correlation of 0.80 and will be utilized to estimate 

the projected DBPFP values for the CPCRW waters. The SUVA variation with season is 

depicted in Figure 5.4. As the DOC and UV 254 variation was very similar the SUVA 

variation with the season was almost the same with a minimum SUVA of 1 and a 

maximum of 6. Based on these SUVA values and relation between SUVA and
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TTHM/DOC and SUVA vs HAA5/DOC was obtained. This relationship will provide 

rough guidelines to the DBPFP of the CPCRW waters. This has been discussed in detail 

in section 5.4.3.
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Figure 5.3: Seasonal UV 254 variation
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5.4.3: DBPFP of CPCRW Waters

In order to evaluate the DBP formation potential of the CPCRW waters, all waters 

were compared with a recent study of Alaskan village waters (see CHAPTER 4). In this 

study, the SUVA of each size fraction was calculated. The study of the village water 

samples showed that SUVA provided insight into the reactivity of the DOC to form 

DBPs. The TTHMFP and HAA5FP was well correlated to the UV absorbance. Since this 

correlation was enriched by the fact that waters high in DOC naturally have higher UV 

254 and TTHMFP. In order to eliminate the enrichment factor, the TTHMFP and UV 254 

were each divided by the DOC of the water sample. As shown in Figure 5.5, there was 

still very good correlation between the TTHMFP/DOC and SUVA. Although this was not 

a new finding, the feet that the waters were derived from throughout the state of Alaska 

makes the finding both new and important. In the graph, the best-fit line characterizes 

only the surface waters. The groundwater samples, indicated by squares did not exhibit 

the same behavior as the surface waters. This was not surprising since groundwater 

generally exhibits different organic character (White et al., 2000).
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Figure 5.5: TTHMFP/DOC vs SUVA for surface waters

Figure 5.6: HAA5/DOC vs SUVA for surface waters

Based on these correlations we decided to find the DBPFP of the CPCRW waters. 

These projected DBPFP values would provide an approximate guideline as to which 

waters have a very high DBPFP and could be discarded as potential drinking water. 

Waters with significantly low DBPFPs could be sent to a certified laboratory for more



appropriate and sophisticated DBP analysis thus reducing the costs of analyzing 

unnecessary samples.

Projected TTHMFP for CPCRW  waters

a<tt,
52
P

1200.0

1000.0

800.0

600.0

400.0

200.0 

0.0
0.000 5.000 10.000 15.000

SUVA (m-L/mg)

♦ W inter Stream Samples 
▲ Winter Spring Samples
♦ Winter Well samples
■ Summer Stream samples
♦ Summer Spring Samples 

MCL=80 ug/L

— Linear (MCL=80 ug/L)
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Figures 5.7 and 5.8 show the projected TTHMFP and HAA5FP. It must be noted 

that these values were obtained by using the correlation in Figure 5.5 and Figure 5.6 and 

are not measured values of the TTHMFP and HAA5FP. It is clear from the figures above 

that spring samples in winter and well samples have a DBPFP lower than the respective 

MCLs. Appendix A contains the projected individual TTHMFP and HAA5FP for all the 

CPCRW waters. The CPCRW well waters have least DBPFP, followed by SF, CB, MD 

and C4 spring. Spring waters have lower DBPFP, as they do not gather as much organic 

matter as the surface waters. Lower SUVA in the winter explains the lower DBPFP in 

winters. The above mentioned spring water sources could be chlorinated without 

significant formation of DBPs. However in the summer, these waters have DBP levels 

slightly higher than the MCLs and would require pre-treatment like membrane 

ultrafiltration for the precursor removal. Other pretreatments include ozone treatment and 

UV treatment. It was found from the ATTAC study that the DBPFP had good 

correlations with cumulative SUVA (CSUVA) for size fractions less than 10,000 daltons 

(see Figure 5.9). Figure 5.9 shows the correlation coefficient between the normalized 

TTHM of the bulk water and the SUVA for all size fractions smaller than that indicated. 

This would suggest that the TTHM precursors were most strongly correlated to the 

organic material with less than 10,000 daltons. Studies by Collins et (1985), also 

found that the organic matter having most of the UV absorbing material in the less than

10,000 dalton size range had maximum TTHMFP.
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Figure 5.9: SUVA correlations with different NOM size fractions

This result was used to study the SUVA distribution of 8 CPCRW waters namely 

C2 stream June and July, C3 spring June and July, C4 spring June and September, TR-4 

and TR-5 streams. Studying this kind of distribution would be helpful in establishing the 

molecular size of the organic matter less than 10,000 daltons, which has more DBPFP.

5.4.4: Seasonal Variations in SUVA vs. AMSD

The fingerprints of SUVA distribution with respect to the molecular size was 

utilized to find any interesting hydrological correlations. As shown in Figures 5.10 for C2 

stream, the June sample had the greatest SUVA in the 1000 -3000 dalton and 10,000 -30, 

000 dalton size ranges where as the July sample had the maximum UV absorbing 

material in the >30,000 dalton size range.
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Figure 5.10: Seasonal SUVA distribution for C2 stream.

As seen in Figure 5.11, C3 spring follows a similar pattern as C2 stream. One of 

the reasons for this similarity could be that the North-facing springs infiltrating into the 

C2 stream may have their origin in the South-facing slopes of the C3 watershed. This 

supports the hypothesis by White et al., (2000), that water emerging from springs on 

permafrost dominated North-facing slopes was derived from water infiltration at higher 

elevations of the South-facing slopes outside the topographic watershed boundary.
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Figure 5.11: Seasonal SUVA distribution for C3 spring

Petrone et al., (2000) observed that storm events occurred in the month of July 

and September. This resulted in an increase in the discharge in the watersheds and 

consequent reduction in the DOC. Moreover, as the summer advances, the microbial 

activity increases, depleting the soil of water soluble DOC. This could explain the 

reduction in the DOC in the months of July for both C2 stream and C3 spring. However 

an increase in the UV absorbing material was observed in July when the DOC decreased. 

It was hypothesized that the active layer depth advanced from July to September (Petrone 

et al., 2000) and as the water flowed through newer layers it collects materials richer in 

UV absorbing material but low in DOC.
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Figure 5.12. Seasonal SUVA distribution for C4 spring

C4 spring samples showed that waters collected in June contained more UV 

absorbing materials in the 10,000 - 30,000 dalton size range whereas the September 

sample contained a major part in the 1,000 - 3,000 dalton indicating a higher THMFP in 

September. The C4 spring sample SUVA distribution behaved differently from C2 stream 

and C3 spring samples. One of reasons could be that the C4 watershed is hydrologicaly 

detached from the C2 and C3 watersheds. A more detailed research on the soil type, 

permafrost depth and active layer depth etc would be necessary to account for a different 

SUVA distribution.
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5.4.5: Location Variations with SUVA vs. AMSD

Figure 5.13 shows the SUVA variation between 2 stream samples TR-4 and TR-5. 

Though these samples lie very close to each other as shown in Figure 5.1, they show 

completely opposite SUVA distribution. TR-4 and TR-5 are stream waters whose source 

originates from the ground waters in the South-facing slope. The differences the SUVA 

fingerprint could be due to a different soil type for the streams or addition of water from 

another older source having different characteristics than the original water. It would be 

worthwhile to conduct AMSD on other TR streams to study the similarities or differences 

in the SUVA distribution.

TR stream SUVA distribution

I* 8.000 

£ 6.000 

<  4.000 

w 2.000

10.000

0.000

outlier

E TR-4 

□ TR-5

<500 500-lk lk-3k 3k-10k 10k- >30k
30k

Size fraction in daltons

Figure 5.13: SUVA distribution for TR-4 and TR-5 stream
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5.4.6; Similarities and Differences in SUVA vs. AMSD with Location

TR-5 was highly correlated with the C2 July sample (R2 = 0.96). Both C2 and TR- 

5 are stream water samples. TR-5 was collected in September whereas C2 stream was 

collected in July. There has been no evidence about the two water sources being 

hydrologicaly related. From Figure 5.14, showing the SUVA distribution of the 2 

samples, it is clear that the maximum UV absorbing material lies in the > 30,000 dalton 

size range for both the samples.
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Figure 5.14: SUVA distribution for C2 and TR-5 stream

It was hypothesized that the organic matter in C2 stream and TR-5 was derived 

from the same type of source material. Moreover, Petrone et al., (2000) found that July 

and September were the months when the storm events occurred in the watersheds. 

Storms cause an increase in the discharge and increase in the biological activity due to
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temperature increase, which depletes the soil of its DOC. All these factors contribute to 

the reduction in the DOC but as the depth of the active layer increases the flowing water 

collects newer organic material having different characteristics than the waters during the 

non-storm events. This may be the reason for strong correlation between the two waters.

C4 September and C2 June also were very highly correlated (R2= 0.94). However, 

both these samples had a large amount of the UV absorbing material in the < 10,000 

dalton size range indicating a greater TTHMFP as compared to TR-5 and C2 July sample.
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Figure 5.15: SUVA distribution for C4 spring and C2 stream

The hypotheses presented earlier that waters collected during storm events could 

have similar fingerprints does not hold true in this case as C2 June was collected prior to 

the storm event where as C4 was collected during the storm event. It would be
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worthwhile to collect more water samples during different storm events and compare the 

SUVA distribution fingerprints in order to support or prove the above hypothesis wrong.

Section 5.5: Conclusions

If CPCRW waters were to be used for drinking purposes with minimal treatment 

and DBPFP then we need to choose a source, which has least precursors all year round 

and hence least TTHMFP. Our studies revealed that SF, CB, MD and C4 spring waters 

are the sources having the least DBPFP. From the above studies it was clear that the well 

waters, SF, CB, MD and C4 spring, have a lower DBPFP and could be used as a potential 

drinking water source after conducting more sophisticated tests measuring TTHM and 

HAA5 formation potential.

Figures 5.8 and 5.9 serve as rough guidelines to screen samples that need to be more 

closely monitored for DBPFP by helping eliminate samples that could have high DBPFP. 

CPCRW waters have a varying AMSD fingerprints depending upon the season, location 

and temperature. Each of the above water sources need to be sampled and studies more 

closely in order to gain a better understanding about the SUVA distribution pattern 

variations with temperature, location and season so as to correlate the fingerprints 

hydrologicaly.
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Chapter 6: Unpublished Results

A number of experimental results were obtained during the course of this 

research. However, due to the limited scope of the papers, which will be published, these 

results were not considered appropriate to be included in them. Such results have been 

presented below.

Section 6.1: Relation between Color, TTHMFP and SUVA

6.1.1; Introduction

Color of the DOC is imparted due to the humic fractions present in the water. 

(Edwaldz et al., 1985). Though the color test is considered a traditional aesthetic 

parameter with no standard instrument to measure (Edwaldz et al., 1985), we decided to 

observe deeper and find out if in our case we obtained any interesting correlations 

between color and TTHMFP. Our previous research results have shown positive 

correlations between SUVA and TTHM/DOC. We obtained very good correlations 

between TTHM, UV 254, SUVA and color.

As removal of the precursors is the approach we adopted to reduce the DPB 

formation, it was hypothesized that a reduction in the color would indicate reduction in
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the DOC and DBPFP. The subsequent pages will discuss the methods used to measure 

color and the results obtained for both the CPCRW and the village waters.

6.1.2: Materials and Methods

Village water samples, which were shipped to the laboratory in coolers, were first 

filtered through a 0.45-micron glass fiber filter to get rid of any suspended impurities.

The sphectrophotometric method was adopted to measure the color in platinum (pt) units.

Color was measured using an Orbeco field kit. 10 ml of the sample was allowed to 

come to room temperature and placed in the scintillating vial specially provided with the 

field kit to measure the color. Color was measured at 470 nm. Carbon free water from the 

Bamstead nanopure water systems was used as blank. The calibration of the instrument 

was conducted using standards prepared from platinum color. DOC and UV 254 were 

measured using the method given in sections 5.3.2 and 5.3.3 respectively.

Section: 6.2:Results and Discussion

Table 6.1 below shows the various parameters, which were measured when the 

sample waters reached the laboratory. It was found that there existed very good 

correlations R2 =0.91 between color and TTHM and UV 254 and color. (R2=0.99). The 

correlation between SUVA and color was 0.79. The correlation between color and DOC
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was found to be 0.80.Though color is highly correlated to UV 254 its low correlation to 

DOC results in a lower correlation with SUVA. This indicates that most of the UV 

absorbing material (humic substances) imparts the color to these waters.
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Figure 6.1: Correlation between DOC, UV254, TTHM, SUVA with color.
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Table: 6.1 ATTAC samples.

Sample Colorfpt units) DOC (me/I) UV 254 (l\cm Conductivity! ms/sec SUVA TTHMtusj/l
Kasaan 14 6.1 0.086 31 1.4 136
Buckland 49.4 6.7 0.226 127 3.4 246
Nuiqsut 36.8 7.1 0.147 74 2.1 146
Kuparuk 18.8 11.6 0.21; 71 1.8 256
Mekoryuk 38.2 5.2 0.115 65 2.2 71
Thome Bay 96.3 9.3 0.403 21 4.3 oo

Barrow 65.6 8.8 0.274 219 3.1 328
Naukati 32.5 6.9 0.212 272 3.1 198
Deering 47.5 11.2 0.308 Notmeasurec 2.7 324
Newt ok 257 18.C 0.826 64 4.6 1056
Point Hope 62.8 9.4 0.266 101 2.8 359
Kenai (GW) 69.4 3.7 0.158 201 4.2 87
Galena (GW 184 11.S 0.638 343 5.3 302

It has been discussed in earlier sections that the TTHMFP also depends on the 

size of the organic matter. UV absorbing organic matter having molecular size < 10,000 

daltons is found to have more TTHMFP as compared to that having molecular size >

10,000 daltons (Narr et al., 2001). As UV 254 is strongly correlated to color and 

TTHMFP, it is necessary to know which size fraction contributes to the color to the 

maximum extent. For example, in Table 6.1 it is seen that Buckland has a color of 49.4 

and Kuparuk has a color of 18.8. However, they both have nearly the same TTHMFP. 

This is because in case of Buckland most of the colored organic mater lies in the > 10,000 

daltons size range which contribute little to the TTHMFP whereas in case of Kuparuk 

most of the color absorbing organic matter is concentrated in the < 10,000 daltons size 

range which has higher TTHMFP. The point to be stressed here is that color is not the
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surest precursor to DBPFP. It is always advisable to look at the SUVA distribution in 

order to infer if the water has higher or lower DBPFP.

6.2.1; Correlations between the CPCRW and ATTAC Village Waters

Table 6.2 below shows the correlations between the various CPCRW samples and 

the ATTAC village samples for SUVA distribution with respect to the size fractions.

It is apparent that there does not exist any definite pattern for the variation of the 

correlations. Though certain village waters show good correlations up to 0.99, the 

average correlations for all the village waters wrt the CPCRW waters was very poor. 

More data needs to be collected on the seasonal SUVA distribution of the CPCRW 

waters in order to find useful correlations with the village waters.

Galena, which has a groundwater source, showed excellent correlations with TR-5 

(0.99) and C2 stream July (0.95), both of which are surface water sources. However its 

overall correlation with the CPCRW waters was 0.22. White et al., (2000) found that 

Galena was correlated to the CPCRW water with a value of 0.11 .They also found that 

Galena had high correlation (0.89) with Pingo, a spring water in the same location as

TR-4 and TR-5.Thus our results support the results found by the previous 

researchers. On the other hand other ground water sources like Barrow show good 

correlation with surface water sources like C2 stream July (0.86) and TR-4 (0.85), but 

show very poor correlations with other surface water sources. One of the hypothesis
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explaining this interesting behavior is that the most of the village waters which are 

considered to be surface waters may be obtaining most of their water from a ground 

water spring, which derives most of its water from a nearby river. Difference in the 

vegetation, soil type, geology and climate could alter the hydrology thus imparting 

different characteristics to the waters from different regions. More sampling needs to be 

conducted at the CPCRW, collecting waters over a wider range of time in order to get a 

better understanding of the SUVA variation. TTHM tests need to be conducted on the 

CPCRW waters as well to obtain more precise and tight data in order to obtain more 

concrete results.
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Section 6.3: Conclusions

Though color cannot completely predict the TTHMFP it could prove to be a 

useful tool in roughly estimating the DBPFP. Color coupled with other strong precursors 

such as SUVA and UV 254 could prove to be a good precursor in DBP formation.

In our case it was observed that DOC was not strongly correlated to color as compared to 

UV 254. DOC comprises of both humic and non-humic fractions. Humic fractions are 

mostly aromatic compounds, which have UV absorbing properties. In our case color was 

highly correlated to UV 254 indicating that humic substances contributed most to the 

color. It would be worthwhile to measure the color of every size fraction to further 

strengthen the hypothesis stated above.
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Table 6.2.SUVA correlations between the CPCRW and the ATTAC village waters.

Barrow Buckland Deering Galena Kuparuk Kenai Mekoryuk Nuiksut Naukati Newtok Point Hope Thornebay
C2 str June -0.34 0.70 0.32 -0.54 0.38 -0.27 -0.53 0.07 0.26 -0.36 0.62 0.22
C2 str July 0.86 -0.70 -0.70 0.96 -0.73 0.19 0.87 -0.87 0.72 0.64 0.01 -0.36
C3 spr June -0.13 0.08 0.13 -0.15 0.75 -0.25 0.11 0.52 -0.53 0.51 -0.19 0.98
C3 spr July -0.41 0.73 0.52 -0.57 0.30 -0.08 -0.62 0.28 0.21 -0.62 0.13 -0.20
C4 June -0.20 0.38 0.11 -0.21 0.18 -0.36 -0.20 0.00 0.41 -0.16 -0.10 -0.08
C4 Sept -0.43 0.77 0.46 -0.66 0.65 -0.26 -0.58 0.33 -0.01 -0.29 0.54 0.50
TR-4 -0.19 0.77 0.72 -0.59 0.66 0.33 -0.55 0.50 -0.24 -0.33 0.71 0.50
TR-5 0.88 -0.76 -0.67 1.00 -0.67 0.22 0.95 -0.75 0.60 0.73 -0.20 -0.31
Max 0.88 0.77 0.72 1.00 0.75 0.33 0.95 0.52 0.72 0.73 0.71 0.98
Min -0.43 -0.76 -0.70 -0.66 -0.67 -0.36 -0.62 -0.87 -0.53 -0.62 -0.20 -0.36
Avg 0.22 0.00 0.01 0.17 0.04 -0.01 0.16 -0.17 0.09 0.05 0.26 0.31
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Chapter 7: Conclusions

Numerous approaches may be adopted for controlling or minimizing DBP 

formation during the reaction between chlorine and NOM. Lowering the concentration of 

either of the two reactants (chlorine and NOM) results in less DBP formation. Though 

factors such as pH and contact time can be controlled to reduce DBP formation, the 

D/DBP rule recognizes that removal of NOM prior to the application of chlorine as a 

viable option for many water utilities to control DBP formation. (TTHMs and HAA5s 

below the MCLs of 80 and 60 pg/L respectively.). In Alaska small water systems the 

utilities are continuing to investigate ways to optimize precursor removal.

DBP precursors consist primarily of NOM that consists of humic substances, 

dissolved and particulate organic substances. The organic carbon content of natural 

waters is comprised of humic and non-humic substances. Humic substances include 

humic and folvic acids, while non-humic substances include hydrophilic acids, proteins, 

carbohydrates, carboxylic acids, amino acids, and hydrocarbons (Shomey et 1999).

Our studies have shown that humic aromatic compounds and molecules with 

conjugated double bonds that absorb UV light, highly correlated to TTHMFP and 

HAA5FP. SUVA provided an insight to the DBPFP of the waters as was depicted in 

figures 4.5 and 4.6. Depending on the DOC, 2 waters could have the same SUVA but 

different DBPFP. Thus knowing the SUVA would help us provide rough guidelines 

about the possible DBPFP of raw waters.
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Appendix A

CPCRW data

Sample Type Date of sampling TOC UV254 Color Conductivity PH SUVA TTHMFP HAA5 FP

mg/L 1/cm CU ms/sec L/m-mg ug/L ug/L

C3 spring (NF) Sp 13-Mar-00 0.38 0.013 4.73 201.00 7.62 3.430 15.3 15.5

Haystack (SF) Well 29-Mar-00 1.11 0 . 0 1 1 0 . 0 0 121.40 7.16 0.993 9.9 9.8

SSB(SF) Sp 3-Apr-00 0.48 0.003 0 . 0 0 196.41 7.00 0.625 2.0 1.9

Caribou creek St 17-Mar-00 1.53 0.033 3.80 123.00 7.04 2.155 36.6 37.0

MD spring (NF) Sp 17-Mar-00 1.62 0.029 0.65 89.45 7.00 1.789 31.1 31.3

D gulch Str St 17-Mar-00 1.64 0.027 3.14 118.20 7.00 1.645 28.4 28.6

Pingo(NF) Sp 3-Apr-00 1.67 0.024 7.98 380.00 6.80 1.437 24.5 24.5

Cabin Well Well 17-Mar-OO 1.69 0.016 3.47 364.32 7.00 0.947 14.1 13.9

D gulch Spr(NF) Sp 17-Mar-OO 1.89 0.305 4.42 97.44 7.00 16.163 385.6 394.5
p  I  \  /

MDC4(NF) Sp 17-Mar-OO 2.85 0.164 9.10 140.57 7.00 5.764 200.3 204.2

C2 St 8-Jun-OO 10.48 0.120 2.80 Not measured 7.68 1.145 114.1 113.3

C3(NF) Sp 8-Jun-00 24.86 0.332 59.60 Not measured 7.40 1.335 331.7 331.3

C4(NF)
.i..........

Sp 8-Jun-00 8.08 0.083 4.57 Not measured 7.91 1.027 75.7 74.8

C2 St 10-Jul-00 7.31 0.257 55.00 49.97 7.00 3.516 302.8 307.8

Note: CU: Color units, D: Dry, MD: Middle Dry, ms/sec: microseimens/second, NF: North Facing. SF: South Facing.. Sp: Spring. St: Stream, SFR: South I ransect. IR 

Transect.



CPCRW Data (continued)

Sample I m . Date of sampling TOC UV254 Color Conductivity £H SUVA TTHMFP

mg/L 1/cm CU ms/sec L/m-mg ug/L ug/L

10-Jul-00 14.99 0.575 115.00 27.71 7.00
7.00

3.836 682.7 694.5
129.2

C4(NF) se_ 10-Jul-00 3.71 0.110 19.00 73.68
15.96

2.963
3.816

127.3
707.4

TR-4 St
St

5-Sep-00 15.62 0.596 113.00 6.4

5-Sep-00 21.84 0.915 174.00 14.82
55.86

5.6 4.190 1094.2 1113.9
15.6

south Facing SiL 5-Sep-00 1.597 0.017 4.02 7.2
7.7

1.064
0.695

15.7
8.1

SSB spring(SF) §E_ 5-Sep-00 1.582 0.011 1.65 119.70
87.78CB spring(SF) Sfi_ 5-Sep-00 1.76 0.014 5.95 7.1

7.5
0.795
1.675

11.2
37.0

10.9
37.2

St 5-Sep-00 2.09 0.035 7.13 62.70
83.22TR-6 St 5-Sep-OO 1.692 0.010 34.50 8.3

7
0.591
3.756

6.3
79.4

St 5-Sep-00 1.784 0.067 10.50 33.06
55.86

80.8 
100.1

DO spr (NF) S£_ 5-Sep-00 4.96 0.092 20.20 6.8
6.9

1.855
0.769

99,
11.0

MD spring(NF) S£_ 5-Sep-00 1.82 0.014 8.81 71.82
54.72

STR-1 St 5-Sepi-00 2.73 0.063 24.86 6.9
6.6

2.308
3.680

70.6
402.3

71.4
409.1

St 5-Sep-00 9.24 0.340 82.00 15.96
21.66TR-7 St 5-Sep-00 17.64 0.699 165.00 6.7

7.7
3.963
2.180

832.2
70.0

846.8
70.7

C4 Spr (NF) Sp 5-Sep-OO 2.89 0.063 25.10 69.54

Note: CU: Color units, D O: Dry Gulch, MD: Middle Dry, ms/sec: microseimens/second. NF: North Facing. SF: South l a c in g .. Sp: Spring. St: Stream. S IR : South 

Transect, TR: Transect.



Appendix B
CPCRW AMSD Data

Sample
C2 St (June)

C2 St (July)

C3 Sp (June)

Molecular 
size cutoff  
ofthe  
membrane 
in daltons
<500
<1000
<3000

<30,000
>30,000
<500
<1000
<3000

10,000
<30,000
>30,000
<500
<1000

<3000
< 10,000
<30,000
>30,000

<1000
<3000
<10,000
<30,000
>30,000

DOC in 
mg/L of  
the NOM 
smaller 
than the 
cutoff o f  
the
membrane

2.253
4.415
5.015
7.409
8.290
1.054
2.158
5.387
8.115
9.412

16.629
0.331
4.760
4.901

10.358
22.165
24.870

1.300
1.512
2.462
3.846

11.662
14.847
0.000

Size Range in 
daltons
<500
500-lk
lk-3k
3k-10k
!0k-30k
>30k
<500
500-Ik
lk-3k
3k-10k
10k-30k
>30k
<500
500-lk
lk-3k
3k-10k
10k-30k
>30k
<500
500-lk
lk-3k
3k-10k
10k-30k
>30k

DOC in 
mg/L for 
each size 
range

2.253
2.162
0.600
2.394
0.881
1.054
2 158
3.229
2.728
1.297
7.217
0.331
4 760
0.141
5.457

11.807
2.705
1.430
1.512
0.950
1.384
7.815
3.186
0.000

% DOC o f  
ulk

24.112
23.138

6.421
25.621

9.429
11.280
12.724
19.039
16.085
7.647

42.553
1.952

18.189
0.539

20.852
45.117
10.336
5.464

10.216
6.418
9.354

52.806
21.526
0.000

Bulk DOC 
in mg/L

9.344

16.960

26.170

14.800

UV 254 in 
1/cm o f  the 
NOM
smaller than 
the cu to ff o f  
the
membrane

0.030
0.100
0.142
0.177
0.242

0.049
0.079
0.268
0.280
0.559

0.048
0.097
0.292
0628
0.744

0028
0.037
0.073
0.338
0.528

UV 254 in 
1/cm for 
each size 
range

0.030
0.070
0.042
0.035

0.000
0.049
0.030
0.189
0.012
0.279
0.080
0.048
0.049
0.195
0.336
0.116
0.045
0.028

0.035
0.266
0.190
0.000

% U V 254 
o fth e  bulk

12.397
28.926
17.355
14.463

0.000
7.685
4.630

29.626
1.878

43.733
12.449
6.084
6.210

24.715
42.586
14.702
5.703
5.303

6.710
50.315
36.018
0.000

bulk UV 254 
in I/cm

0.242

0.639

0.789

0.528

S U V A  in 
L/mg-in o f  
each size 
range

1.332
3.238

.000

.462
f.378
0.000
2.276
0.916
6.939
0.925
3.872

24.032
1.008

34.752
3.573
2.846
4.288 
3 147

0.964
2.559
3.399
5.970
0.000

Note: lk=1000; 3k=3000; I0k=10,000; 30k=30,000



CPCRW AMSD Data (continued)

Sample

Molecular 
size cutoff  
o f  the 
membrane 
in daltons

C4 Sp (June)

DOC in 
mg/L o f  
the NOM 
smaller 
than the 
cutoff  o f  
the
membrane

<500
<1000
<3000
<10,000

Size Range in 
daltons

2.002
3.283
5.137
9.015

<500
500-lk
lk-3k
3k-10k

DOC in 
mg/L for 
each size 
range

2.002

1.281
1.854
3.878
0.072

% DOC o f  
bulk

20.643
13.209
19.117
39.988

0.742

Bulk DOC 
in mg/L

9.698

UV 254 in 
1/cm o f  the 
NOM
smaller than 
the cutoff  o f  
the
membrane

0.034
0.063
0.122
0.316
0.374

UV 254 in 
1/cm for 
each size 
range

0.034
0.029
0.059
0.194
0.058

% UV 254 
o f  the bulk

9.091
7.754

15.775
51.872
15.508

bulk UV 254 
in 1/cm

0.374

SUVA in 
L/mg-m o f  
each size 
range

1.698
2.264
3.182
5.003

80.556

>30,000
C4 Sp (Sept) <500

<1000
<3000
< 10,000
<30,000
>30,000

TR-4 St (Sept) <500

0.000
2.043

>30k
<500

3.095 500-1K
4.816 1K-3K
5.881 3k-10k
6.304 10k-30k
0.000 >30k
3.273 <500

500-lk

0.611 6.300
2.043
1.052

32.408 6.304 0.016 0.016 13.445

16.688 0.042 0.026 21.849

1.721 27.300 0.094 0.052 43.697

1.065 16.894 0.106 0.012 10.084

0.423 6.710 0.119 0.013 10.924

0.000 0.000 0.000 0.000
3.273 19.264 16.990 0.017 0.017 3.269

3.392 19.965 0.150 0.133
0.139

25.577

0.119

0.520

0.783
2471
3.021
1.127
3.073
0.000
0.519
3.921

<3000
<10,000
<30,000
>30,000

TR-5 St (Sept) <500
<1000
<3000
<10,000

<30,000

9.268 lk-3k
15.230 3k-10k
16.990 I0k-30k
0.000 >30k
7.140 <500

11.378 500-1 k
18.834 lk-3k
22.203 3k-10k
25.341 10k-30k

>30k

2.603 15.321 0.289

5.962 35.091 0.492 0.203 39.038

1.760 10.359 0.520 0.028 5.385

0.000 0.000 0.000 0.000 0.000
7.060 27.856 25.345 0.178 0.178 22.057

4.238 16.721 0.317 0.139 17.224

7.456 29.418 0.582 0.265 32.838

3.369 13.293 0.694 0.112 13.879

3.138 12.381 0.805 0.111 13.755

0.004 0.016 0.002 0.248

0.807

3.405
1.591
0000
2.521
3.280
3.554 
3 324 
3.537

50.000

Note: lk=1000; 3k=3000; I0k=10,000; 30k=30,000
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C2 stream (July)
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C3 Spring (June)
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C4 Spring (June)
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C4 Spring (September)
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TR-4 Stream

DOC distribution
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TR-5 Stream

DOC distribution
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Appendix C 

ATT AC Data

Note: CU: Color units, G W: ground water, ms/cm: microseimens/centimeter



Appendix D

ATTAC AMSD Data

M olecular  
size cutoff  
o f  the 
m embrane  
in daltons

DOC in 
m g/L of  the 
NOM
smaller than 
the cutoff  of  
the 
m em brane

DOC

Size Range in 
dal ton s

% DOC of  
bulk

UV 2 54 in 
I /cm of  the 
NOM
s m a l l e r  t ha n  
the cutoff  of  
the
m em brane

U V 2 54 in 
I/cm for 
each size % UV 2 54 of  

the bulk
bulk UV 254
in l/cm_______

.259

SUVA in 
L / m g - m  o f  
each size 
range

Jote: lk=1000; 3k=3000; 10k=10,000; 30k=30,000



ATT AC AMSD Data (continued)
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M olecular  
size cuto ff  
o f  the 
m em brane

DOC in 
m g/L  o f  the 
N O M
sm aller  than 
the c u to ff  o f  
the

ibrane
S ize  Range in 
daltons

D O C
in
m g/L
for
each
size % DOC o f  

bulk
Bulk DOC  
in mg/L

UV 2 54  in 
1 /cm o f  the 
NO M
sm aller  than 
the cu to ff  o f  
the 
m em brane

IJV 254  in 
1/cm for 
each size  
range

% UV 254 o f  
the bulk

bulk UV 254  
in 1/cm

n o a n

SU V A  in 
L/m g-m  o f  
each size  
range

Note: 1 k = l000; 3k=3000; I0k=10.000; 30k=30,000
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ATT AC AMSD Data (continued)

M olecular  
size cutoff  
o f  the 
m em brane 
in daltons

DOC in 
m g/L o f  the 
NO M
sm aller than 
the cu to ff  o f  
the

DOC

Size Range in % DOC of Bulk DOC 
in m g/L

UV 2 54 in 
1 /cm o f  the 
NOM
s m a l l e r  than 

th e c u  toff  o f  
the 
m em brane

UV 254 in 
1/cm for 
each size  
range

% UV 254 o f  
the bulk

bulk UV 254  
in 1/cm

S U V A  in 
L/mg-m of  
each size  
range

Note: 1 k= 1000; 3k=3000; 10k=10,000; 30k=30,000
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Buckland

DOC distribution
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Kenai
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Naukati
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Newtok

DOC distribution
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Nuiksut
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Point Hope

DOC distribution
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Thomebay

DOC distribution
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