
VULNERABILITY TO PATHOGENS:
WATER QUALITY MONITORING AND

ASSESSMENT STUDY

WRRC-98-01



VULNERABILITY TO PATHOGENS:
WATER QUALITY MONITORING AND ASSESSMENT STUDY

Roger S. Fujioka
and

Bunnie S. Yoneyama

WRRC Project Completion Report: WRRC 98-01

October 1997

Prepared for:

Honolulu Board of Water Supply
City and County of Honolulu
630 South Beretania Street

Honolulu, Hawaii 96843

Agreement Number: Contract No. C33814
Project Period: August 15, 1994 to August 31, 1997

Principal Investigator: Roger S. Fujioka

Water Resources Research Center
University of Hawaii at Manoa

2540 Dole Street
Honolulu, Hawaii 96822



CHAPTER ONE
INTRODUCTION TO STUDY

I. Groundwater Disinfection Rule (GWDR)

The Groundwater Disinfection Rule (GWDR) is one of the few regulations mandated
by the amended Safe Drinking Water Act (SDWA) of 1986 which is still being formulated.
The basis of the GWDR is to implement a general goal of USEPA to eliminate water borne
diseases by requiring all potable water supplies to be disinfected. The need to disinfect
groundwater sources was fueled by nation wide statistics cited by USEPA which indicated
that groundwater systems a) have been implicated in nearly half of all water borne disease
outbreaks, b) are responsible for 85% of coliform MCL violations, c) provide water for
approximately 50% of nation's population and d) are often untreated and only 55% of these
systems undergo some sort of disinfection (Mader and Pontius, 1997). The 1986 SOWA
also set an MCLG of zero for pathogens such as human enteric viruses, giardia and even
Legionella bacteria but did not require monitoring for these pathogens. Instead, reliance was
placed on good management practices and disinfection to meet this goal. To implement this
goal, the fIrst proposed draft groundwater disinfection rule was circulated as a "strawman"
document by USEPA in 1992 (Grubbs and Pontius, 1992). This proposed rule was highly
criticized by some members of the utilities, state and county regulators, as well as those
representing the private and academic sectors. A major criticism was the top-down approach
and the assumptions that were used to implement a restrictive plan which essentially
indicated that routine disinfection of all groundwater sources would be the effective
solution. As a result of these criticisms, this initial USEPA plan for the GWDR was
withdrawn by USEPA.

To develop a satisfactory GWDR, USEPA appointed Dr. Bruce Mader of USEPA
Region IX to be the manager for the formation of the new GWDR. Dr. Mader's approach
has been to provide as much information as possible on the needs for a GWDR and to use a
bottom-up approach to reach a consensus for a GWDR plan. As a result, he has worked
diligently and tirelessly to obtain input from stakeholders and all sectors of the community
through numerous teleconferences, seminars, workshops, and conferences in order to reach a
consensus for an implementable GWDR. In 1996 the SOWA was reauthorized and a
timetable of August 1999 was established to implement the new GWDR (Mader and
Pontius, 1997). Dr. Paul Berger, USEPA microbiologist, has been given the authority to
assist Dr. Mader in establishing the microbiological monitoring requirements for the
GWDR.

As summarized by Mader (1997), the philosophical approach of the current GWDR
is now focused on best management practices and a variety of barriers rather than only
treatment barriers. The barriers identifIed are: a) protection from groundwater
contamination, b) well and system integrity, c) distribution system protection and d)
monitoring.
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II. Impact of GWDR on Honolulu Board of Water Supply

The Honolulu Board of Water Supply (HBWS) is the public water supplier for the
island of Oahu where nearly 80% of the population in the state of Hawaii resides. Currently,
nearly 100% of the approximately 150 mgd of water provided by the HBWS is categorized
as groundwater. Historically, and up to 1990, the HBWS distributed this source of
groundwater to the public without routine disinfection and was still able to meet the
coliform drinking water standard. Public confidence in the overall quality of drinking water
provided by HBWS has historically been excellent and the most numerous complaints by
the public occur when chlorine is added to the drinking water following spot chlorination
due to pipe repairs or when the reservoir tanks occasionally become positive for coliform.
These reservoir tanks are strategically placed throughout the island as a means to store water
and to supply neighborhoods with water using gravity flow. However, each reservoir tank
must have vents to enable water levels in these tanks to rise and fall. These same vents are
potential sources of contamination with coliform bacteria because they may allow dust and
insects to enter the tank.

New regulations under the 1986 amendments to the Safe Drinking Water Act have
altered the management of water by the HBWS. One of these new regulations is the Surface
Water Treatment Rule (Pontius, 1990a) which states that groundwater sources which are
under the influence of surface waters must be categorized and treated as surface waters.
Although most of the groundwater sources used by the HBWS are deep aquifers, a small
percentage «1%) are shallow groundwater sources called tunnels or springs. Recently, these
waters were evaluated and the few sources which were determined to be under the influence
of surface waters were deleted as drinking water sources. Two other new rules have had a
significant impact. The new total coliform rule (Pontius, 1990b) records a violation when
any coliform is present in 100 ml of water sample and requires an additional test to confirm
whether that coliform is a member of total coliform, or fecal coliform or E. coli. Another
rule called the public notification rule (Pontius, 1990b) requires the water utility to go to
immediate public notification of possible health hazard if the coliform bacteria initially
detected is confirmed as a fecal coliform or E. coli. Public notification results in public
distrust of the water utility which is a serious management problem. Together, these two
rules place great pressure on water utilities to provide coliform free water. To address these
new regulations, the HBWS has begun a program of selectively chlorinating those reservoir
tanks and wells which have had a history of coliform contamination. However, since the
coliform contamination from the wells and tanks is minimal and sporadic, the dosage of
cWorine used is low (0.1 mgll residual) and at this low level of cWorination? the water which
reaches the distribution system contains only trace levels of cWorine which are generally
undetectable by taste. Under these conditions, public complaint of bad tasting (cWorinated)
water has not increased and HBWS is meeting the more recent and more stringent coliform
rule.

The impending Groundwater Disinfection Rule (GWDR) may greatly impact the
operation of the HBWS because the basic intent of this rule is to protect the public from
groundwater sources which may become contaminated with water-borne pathogens by
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routinely disinfecting all groundwater used for potable purposes. This new rule was initially
described in the fIrst Draft Groundwater Disinfection Rule (Grubbs and Pontius, 1992)
which essentially indicated that the best national policy was to routinely disinfect all
groundwater sources used for drinking and to maintain a disinfectant residual of 0.2 mg/l at
the start of the distribution system. A variance to this rule could be obtained if the water
utility was able to show that its groundwater sources were not vulnerable to contamination
with feces or sewage. It was the publication of the fIrst draft of the GWDR which prompted
the HBWS to initiate the present study to obtain information to demonstrate that its
groundwater sources are not vulnerable to contamination with sewage.

Although the fIrst draft of the GWDR has been withdrawn by USEPA and a new
GWDR is currently being formulated, the water utility which chooses to apply for a variance
will still be required to demonstrate that its groundwater aquifers are not vulnerable to
contamination with sewage. In this regard, 'the HBWS has traditionally not disinfected its
groundwater on a routine basis and has publicly stated its position that since its groundwater
sources are not vulnerable to contamination with sewage, it will seek a variance to the
planned GWDR (Honolulu Advertiser, 1993).

III. Overall Goal and Experimental Design of Study

The overall goal of this study was to establish a microbial water quality monitoring
program to determine whether HBWS deep groundwater sources and water in the potable
distribution system may be vulnerable to contamination by fecal matter. The objective of
this study was to obtain monitoring data to assess the microbial quality of groundwater as a
prerequisite for HBWS to seek a variance to the upcoming GWDR.

It should be noted that at the start of this study, the guiding document was the fIrst
draft of the GWDR proposed by USEPA (Grubbs and Pontius, 1992). The initial design of
this study was made after consultation with the USEPA officials who authored the fIrst draft
of the GWDR. After this initial GWDR plan was withdrawn by USEPA, and Dr. Bruce
Macler of USEPA was appointed as manager to formulate a new GWDR, the intent of this
study was to be an active contributor in the process of formulating the specifIcs for the new
GWDR. Despite a change in the implementation of the GWDR, the basic criteria to
determine whether a groundwater should or should not be routinely disinfected will still
depend on establishing whether the groundwater sources are or are not vulnerable to
contamination by feces or sewage. Monitoring the groundwater for fecal microbial
indicators will be a requirement to determine whether the groundwater is vulnerable to
contamination with sewage.

The experimental design of this study followed three approaches. The fIrst approach
was to obtain as many water samples as could be handled from groundwater well sites and
from distribution sites which are being used by HBWS. This approach would ensure that
samples representing all sources of drinking water would be analyzed. The second approach
was to analyze larger volumes of sample than the minimal 100 ml which is the current
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monitoring protocol. This approach would increase the sensitivity of each assay. The third
approach was to monitor water samples for several potential microbial fecal indicators. This
approach would better characterize the quality of the water with respect to vulnerability to
contamination. Since selection of the fecal indicator to be monitored under the GWDR has
yet to be determined, this study had to anticipate which fecal indicators would be used in the
final GWDR. Since additional information is often required to better interpret the quality of
groundwater; the proposed monitoring program also included determination of other water
quality parameters such as total heterotrophic bacteria, turbidity, total organic carbon and
residual chlorine.

IV. Sampling Sites

A. Identification of Sample Sites. The HBWS has divided the island of Oahu into the
following seven water districts: 1) Honolulu. 2) Pearl Harbor. 3) Windward. 4)
WaialualKahuku. 5) Wahiawa. 6) Waianae. 7) Ewa (see Figure 1). The identification and
description of each well from which water samples were obtained are sUI11ITIarized in Table 1
whereas Table 2 identifies the limited number of tunnel and spring sites. Table 3 identifies
the sites where water samples were obtained from the distribution system. The source of all
groundwater is rainfall and like most islands, the windward is the wet side of the island
while the leeward is the dry side of the island. This is accentuated on the island of Oahu due
to the predominant northeastern tradewinds which transport warm, moisture laden air to the
steep, lofty Koolau Mountains which string across the northeastern end of the island. The
ocean air is cooled by the high rising mountains resulting in daily rainfall on the Koolau
Mountains which then act as a natural means to collect and to allow water to seep into its
groundwater basin. As a result, the largest groundwater aquifers and those containing the
highest number of wells are in the Pearl Harbor, Windward and Honolulu water districts.

B. Collection of Water Samples. Wells and distribution systems where water
samples were collected are under the security of the HBWS. All water samples were
collected by HBWS personnel using their standardized and approved method of collecting
water. The University of Hawaii team provided the HBWS with the sterile sample
containers, retrieved the water samples from the HBWS and analyzed these samples for
indicator bacteria within eight hours of collection.
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CHAPTER TWO
PHASE 1: MONITORING FOR FECAL INDICATOR BACTERIA

I. Identification of a Need

The coliform group of bacteria is commonly referred to as fecal indicator bacteria
because historically the presence of this group of bacteria in water was used to indicate that
the water was contaminated with fecal matter or sewage. Although coliform bacteria have
been very useful for monitoring the pollution of surface water sources, they have been less
useful in the monitoring of groundwater sources because of reported incidences of
transmission of water borne diseases by groundwater even when these waters met coliform
standards. These results are consistent with the known characteristics of fecal bacteria and
sewage borne pathogens such as human enteric viruses. For example, it has been well
established that fecal bacteria are effectively filtered out by soil and die off within a few
weeks. On the other hand, human enteric viruses are much smaller, much more stable than
bacteria and therefore can more easily be transported for long distances through the soil
profile to contaminate groundwaters. Moreover, because the infectious dose of these viruses
is much lower than pathogenic fecal bacteria, groundwater contamination by human enteric
viruses present an increased risk of water borne diseases. Recently Craun et al (1997)
reviewed the groundwater monitoring data and concluded that coliform bacteria are not
reliable indicators of groundwater quality because many groundwater samples which wer_
negative for coliform bacteria were positive for human enteric viruses. However, it should
be noted that the volume of sample used to assay for fecal bacteria is usually 100 ml while
the volume of sample assayed for human enteric viruses is in the order of 200 to 400 liters.
Bas~d on volume of sampled assayed, the monitoring data for fecal indicator bacteria and
for human enteric viruses are not be comparable. These results indicate that larger volumes
of water should be analyzed for coliform bacteria.

In summary, the available evidence indicate that the traditional method of analyzing
100 ml of water for coliform bacteria is not a reliable means to determine whether
groundwater may be contaminated with sewage borne pathogens such as human enteric
viruses. Despite this recognition, there is still a desire by many in the water industry
(regulators, educators, managers, laboratory analysts) to maintain the system of monitoring
groundwater for bacteria of fecal origin because the methodology, the theory and the
interpretation of recovering fecal bacteria in water samples are familiar to the water industry.

II. Objective and Experimental Design

The objective of Phase 1 of this study was to develop a reliable fecal bacteria
monitoring program to determine the hygienic quality of potable sources of water from well
sites and from distribution sites used by the HBWS and to determine whether these sources
ofwater are vulnerable to contamination with sewage.
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Three experimental approaches were taken in establishing the experimental design
for this phase of the study. First, water samples were analyzed for all of the fecal bacteria
(total coliform/fecal colifonn/E. coli, fecal streptococci, C. perfringens) which are currently
being discussed as probable candidates to monitor groundwater under the upcoming GWDR.
Second, the minimum 100 ml and a larger but still reasonable 1000 ml volume of sample
water was analyzed for the most commonly used fecal indicator bacteria (total coliform,
fecal coliform, E. coli, fecal streptococci) as a means to increase the sensitivity of the test
method. Third, other relevant water quality parameters (total heterotrophic bacteria,
hydrogen sulfide bacteria, turbidity, total organic carbon, chlorine residual) were determined
to better characterize the quality of the water.

In the selection of fecal indicator bacteria, a conscious effort was made to include
bacteria representing different sizes, different shapes, as well as different physiological and
genetic groups. Since these different classes of bacteria have differing survival and
movement characteristics within a soil profile, data obtained from several classes of bacteria
will be superior to data collected from one bacteria alone. The different classes of bacteria
and the representative groups selected are as follows:

a) Gram negative, fecal bacteria: total coliform, fecal coliform, E. coli.
b) Gram positive, fecal bacteria: fecal streptococci.
c) Gram positive, spore-forming, anaerobic fecal bacteria: Clostridium pefringens.
d) Hydrogen sulfide producing bacteria: an experimental group of water quality

bacteria.
e) Total heterotrophic bacteria: total viable count ofall aerobic bacteria.

III. Materials and Methods

A. Samplin~ Desi~ and Methods Used. The University of Hawaii team devised the
sampling plan and analyzed all the samples. To increase the sensitivity of this study, a total
of 1,100 ml of water (one 100 ml sample, two 500 ml samples) from each of the sites were
added to presence/absence broth and incubated at 37°C for 48 hours (Standard Methods
APHA, 1995) as a screening test for the presence of coliform group of bacteria as well as
fecal streptococci group of bacteria. No change in turbidity, color or gas production in the
presence/absence broth sample indicated a negative test for total coliform and fecal
streptococci bacteria. A change to yellow color and/or gas production were considered
presumptively positive for total coliform and the broth was subcultured to brilliant green
lactose bile broth (BGLBB) and incubated for 48 hours at 37°C to confirm for the presence
of total coliform. Only confirmed total coliform results were reported as positive for total
coliform. ConfIrmed total coliform positive samples were further subcultured into EC plus
MUG broth and incubated at 45°C for 24 hours. Growth in EC plus MUG media and
presence of gram negative rod-shaped cells were considered positive confirmation for fecal
coliform. An additional MUG positive reaction, fluorescence, in this same medium was
confmnation for the presence of E. coli. Some cultures were also streaked onto EMB agar to
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look for typical green sheened colonies. Standard Methods (APHA, 1989) indicated that the
presence/absence broth can be used to screen for the growth of fecal streptococci as well as
total coliform. In preliminary studies, we determined that water samples added to
presence/absence broth and directly to azide dextrose broth gave similar results indicating
that fecal streptococci will grow in presence/absence broth. Thus, after 48 hours of
incubation, all presence/absence broth samples which showed evidence of bacterial growth
(turbidity) were subcultured into azide dextrose broth and incubated at 37°C for 48 hours.
Any growth (turbidity) in azide dextrose broth was considered presumptively positive for
fecal streptococci bacteria and positive samples were then subcultured on bile esculin azide
agar or m-enterococcus agar. Growth of typical target colonies such as brownish-black
colonies on bile esculin agar and presence of gram positive cocci cells were taken as
confmnation of fecal streptococci. Separate 100 ml samples were analyzed for C.
perjringens on mCP medium utilizing the method as described by Bisson and Cabelli
(1979), for total heterotrophic bacteria on mHPC medium as described in Standard Methods
(APHA, 1989) and for hydrogen sulfide producing bacteria utilizing the method as described
by Kromoredjo and Fujioka (1991). This microbial sampling design is summarized in Figure
2. Water samples were also analyzed for turbidity using a turbidimeter (Hach Model 2100A)
and for total organic carbon using a TOC analyzer (Shimadzu Model 5000).

IV. Results and Discussion

A. Well Water. Under current regulations, water samples which do not contain total
coliform bacteria in 100 ml samples are considered uncontaminated. For this study, 1,100 ml
of untreated groundwater obtained directly from 39 wells located in the seven water districts
were assayed for total coliform and fecal streptococci. In addition, 100 ml water samples
were assayed for hydrogen sulfide bacteria, C. perjringens and total heterotrophic bacteria
while smaller volumes of samples were needed to test for turbidity, and total organic carbon.
The results of each of these assays are listed in Appendix A and show that multiple samples
(2-4) were obtained from the majority of the monitoring wells with the exception of seven
wells where single samples were obtained.

Of a total of 80 well water samples assayed for the various fecal bacteria. one well
water sample (HS4-LS) collected during the early phase of this study was considered
unsatisfactory because this well was not operating for some time and was not sufficiently
flushed before a sample was obtained. This was the only water sample which was positive
for total coliform, fecal coliform, E. coli and C. perjringens. The sample was also
characterized by elevated total heterotrophic bacteria. This sample was not included in the
final assessment and therefore the well water analysis was based on the 79 well water
samples which were properly collected.

All well water samples which were negative for total coliform (72/79) are
summarized in Table 4 and show that the percentages of these samples from the different
water use districts ranged from 71 to 100%. Since the number of samples analyzed from
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some districts were few, the percentages obtained could not be used to compare the quality
of well water from one district to another. It was more reliable to assess the quality of
groundwater by using all the data. Thus, 72/79 or 91.1% of the groundwater samples were
negative for coliform bacteria and collectively these waters had an average turbidity of 0.65
NTU and an average total organic carbon of3.4 mg/l. The average turbidity (1.27 NTU) and
average TOC (3.87 mg/l) of the water samples which were positive for total coliform were
similar suggesting that these water quality parameters did not drastically change in water
samples from which coliform bacteria were recovered. Table 5 summarizes the percentage
of the 79 well water samples which were positive for the various fecal bacteria and show
that 7/79 or 8.9% were positive for total coliform, 2/79 or 2.5% were positive for fecal
coliform and fecal streptococci, 1/79 or 1.3% was positive for E. coli, 4/79 or 5.1 % were
positive for hydrogen sulfide bacteria and 0/79 or 0% was positive for C. perfringens.

The correlation between the recovery of the various fecal indicators in the seven
positive well water samples is summarized in Table 6 and shows that total coliform was the
most frequently isolated of the fecal indicator bacteria. C. perfringens was never recovered
from any of the well water samples whereas fecal streptococci was recovered from only two
samples and hydrogen sulfide bacteria from four samples. It should be noted that water
samples which were negative for total coliform were generally also negative for other fecal
indicator bacteria, although there was one coliform negative sample which was positive for
hydrogen sulfide bacteria. The total heterotrophic bacterial count of all the well water
samples which were positive for coliform bacteria ranged from 19->400 CFU/lOO ml (Table
6) with an average count of 87 CFU/IOO ml and this was similar to well water samples
which were negative for coliform bacteria which had an average heterotrophic bacteria count
of 47 CFU/IOO ml. These results again indicate that the other water quality parameters did
not drastically change in water samples from which coliform bacteria were recovered.

Another objective of this study was to determine the effect of sample volume on the
efficiency of recovering coliform bacteria. Table 7A shows that only 3/7 coliform positive
were detected when the minimum volume of 100 ml was assayed. Thus, if only 100 ml of
water sample were tested the percentage of coliform positive samples would have been 3/79
or 3.8%. By increasing the sample volume to 1,000 ml 4 additional water samples were
determined to be positive for total coliform which increased the percent of positive coliform
to 7/79 or 8.9%. These results show that by increasing the volume of sample to be tested, the
sensitivity for recovery of total coliform and fecal coliform bacteria more than doubled.

B. Sprin~s and Tunnels. These sources of water are considered shallow groundwater
as compared to the typical groundwater wells. They comprise only a small fraction of the
potable water supply. Water samples from only one spring and one tunnel site were obtained
for analysis (see Appendix B). The results summarized in Table 5 show that the single
spring and single tunnel water sample were both, positive for presence of total coliform,
fecal coliform, E. coli, fecal streptococci, hydrogen sulfide bacteria but not for C.
perfringens. Although limited in number, these results suggest that spring and tunnel
sources of water are vulnerable to contamination most likely from soil, since these indicators
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are present in Hawaii's soil environment. However, the actual source for these fecal bacteria
were not determined.

e. Distribution Water. Although distribution sites located in the seven water use
districts predominantly obtain water from wells and reservoir in that district, it should be
noted that the entire distribution system to all water districts is inter-connected. Moreover,
HBWS has been selectively chlorinating those wells and reservoir tanks from which
coliform bacteria have previously been detected. As a result, approximately 50% of the
reservoir tanks are chlorinated but this chlorinated water is mixed in the distribution system
with water from non-chlorinated reservoir tanks. The same sampling design used t~ assay
groundwater samples was used to analyze distribution water samples. In addition, since
selective low level chlorination was now a routine practice, residual chlorine measurements
were made for water samples obtained from distribution sites. The measurable levels of
chlorine were divided into three categories (O-weak, trace, >0.05 mg/l). Most of the water
samples obtained from distribution sites (142/168) contained either O-weak or trace levels of
chlorine while 26/168 water samples contained at least 0.05 mg/l of chlorine (Table 8). The
concentrations of turbidity and total organic carbon in these three categories of water were
very similar indicating a similarity in the overall quality of all water in the distribution
system. However, water samples with the highest measurable level of chlorine did result in
the lowest average concentration of total heterotrophic bacteria. This observation most likely
reflects the disinfecting effect of the added chlorine.

The results of the analyses of the water samples from each of the 85 distribution sites
are summarized in Appendix e and show that each of the sites was analyzed 1-4 times
resulting in a total of 152 water analyses. The results in Table 9 show that 149/152 or
98.02% of distribution water samples were negative for any of the fecal indicator bacteria
and collectively these waters had an average turbidity of 0.75 NTU and an average TOe of
4.15 mg/I. Table 5 summarizes the percentages of the 152 distribution water samples which
were positive for the various fecal indicator bacteria and show that 3/152 or 1.97% of the
samples were positive for total coliform. None of the 152 samples was positive for fecal
coliform, E. coli, fecal streptococci, C. perjringens or hydrogen sulfide bacteria.

The three water samples which were positive for coliform bacteria are listed in Table
7B. Of these three positive samples, only one was positive when 100 ml of water was
analyzed. Using standard procedures, 151 of 152 or 99.3% of the samples would have been
negative for coliform bacteria. By increasing the assay volume from 100 ml to 1,000 mI, two
more positive samples were obtained increasing the percentage of coliform positive samples
from 0.7% to 2%. All three coliform positive samples from the distribution system could not
be confirmed for fecal coliform and did not contain any other fecal bacteria. Thus, although
these three water samples were positive for total coliform, they do not appear to be
contaminated with sewage. The source of this total coliform contamination was not
determined.
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Figure 1. Map of Oahu showing the seven water districts (Honolulu, Pearl Harbor,
Windward, Waialua/Kahuku, Wahiawa, Waianae, Ewa) used by the Honolulu Board of
Water Supply. Numbers in parenthesis indicate the number of wells sampled from each
of the water districts.
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Figure 2. Water sampling and microbial analyses plan used by the University of Hawaii

















Table 5. Percent recovery of various fecal indicators from all water samples
obtained from well, spring or tunnel, and distribution sources.

Bacterial No. PositivelNo. Samples
Indicators Wells Springsffunnels Distribution

TotalColifonn 7/79 (8.9%) 2/2 (100%) 3/152 (1.97%)

Fecal Colifonn 2/79 (2.5%) 2/2 (100%) 0/152 (0%)

E. coli 1/79 (1.3%) 2/2 (100%) 0/152 (0%)

Fecal Streptococci 2/79 (2.5%) 2/2 (100%) 0/152 (0%)

H2S Bacteria 4/79 (5.1 %) 2/2 (100%) 0/152 (0%)

Clostridium perfringens 0/79 (0%) 0/2 (0%) 0/152/ (0%)
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Table 6. Correlation of recovering coliform bacteria with other indicator bacteria
from well (A) and distribution (B) water samples.

Sample
Colifonn FS H2S

TB
ill (CPU/loo ml)

A. WELL WATER

HS-15 + + 10

HS-30 + 35

HWS-15 + + 45

HWS-16 + 76

KHS-l + 37

KHS-I + + + 6

WNS-I + + + >400

B. DISTRIBUTION WATER

WU-8 + ND

HW-2 + ND ND

WE-4 + 58

FS =fecal streptococci
H2S =hydrogen sulfide producing bacteria
TB =total heterotrophic bacteria
ND =not done
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AplPendix A: Results of Analyzing All Water Samples from HBWS Well Sites

1117/94 HPS02 100 +/- - - 12 0

1117/94 HPS02 1000 +/- -
2/16/95 HPS02 100 -/- + 10 0
2/16/95 HPS02 1000 +/- -
2/16/95 HPS02 1000 NO
10/6/94 HS01 100 -/- - 55 0
10/6/94 HS01 1000 +/- + -
1/26/95 HS01 100 -/- - 18 0
1/26/95 HS01 1000 -/-
2/28/95 HS01 100 -/- - 13 0
2/28/95 HS01 1000 +/- + (G+c) -
2/28/95 HS01 1000 NO
10/6/94 HS02 100 +/- - - 26 0
10/6/94 HS02 1000 +/- -
1/26/95 HS02 100 -/- - 21 0
1/26/95 HS02 1000 +/- + -
2/28/95 HS02 100 +/- - - 8 0
2/28/95 HS02 1000 +/- -
2/28/95 HS02 1000 NO
2/15/96 HS02 1000 -
10/6/94 HS03(LS) 100 +/- + - - 32 0
10/6/94 HS03(LS) 1000 +/- + -
1/26/95 HS03(LS) 100 -/- - 19 0
1/26/95 HS03(LS) 1000 -/-
2/28/95 HS03(LS) 100 +/- - - 3 0
2/28/95 HS03(LS) 1000 +/- -
2/28/95 HS03(LS) 1000 NO
2/15/96 HS03(LS) 1000 -

* 11/28/94 HS04(LS) 100 -/+ + + - TNTC 2
* 11/28/94 HS04(LS) 1000 -/+ + +

2/15/96 HS04(LS) 1000 -
10/6/94 HS05(HS) 100 +/- - - TNTC 0
10/6/94 HS05(HS) 1000 +/- -
1/26/95 HS05(HS) 100 -/- - 27 0

A - 1



Appendix A: Results of Analyzing All Water Samples from HBWS Well Sites

HS05(HS) 1000 +1·- .- -- --_._- --- - -

1/26/95 -
2/28/95 HS05(HS) 100 +/- + (G+c) - - 12 0
2/28/95 HS05(HS) 1000 +/- + (G+c) -
2/28/95 HS05(HS) 1000 NO
2/15/96 HS05(HS) 1000 -
10/6/94 HS14 100 -/- - TNTC 0
10/6/94 HS14 1000 +/- -
1/26/95 HS14 100 -/- 15
1/26/95 HS14 1000 +/- + -
3/16/95 HS14 100 -/- - 9 0
3/16/95 HS14 1000 +/- -
3/16/95 HS14 1000 NO
2/15/96 HS14 1000 -
10/6/94 HS15 100 +/- - - 0 0
10/6/94 HS15 1000 +/- -
3/16/95 HS15 100 +/+ + -45 - 3 10 0
3/16/95 HS15 1000 +/+ + - 45 -
3/16/95 HS15 1000 NO
10/20/94 HS16 100 +/- - - 35 0
10/20/94 HS16 1000 +/- -
3/30/95 HS16 100 +/- + (G+c) - - 3 0
3/30/95 HS16 1000 +/- -
3/30/95 HS16 1000 NO
3/23/95 HS17 100 +/- - - 29 0
3/23/95 HS17 1000 +/- -
3/23/95 HS17 1000 NO
2/15/96 HS17 1000 -
10/6/94 HS18 100 -/- - 14 0
10/6/94 HS18 1000 -/-
3/16/95 HS18 100 -/- - 3 0
3/16/95 HS18 1000 -/-
3/16/95 HS18 1000 NO
10/10/94 HS19 100 -/- - 6 0
10/10/94 HS19 1000 -/-

A-2



Appendix A: Results of Analyzing All Water Samples from HBWS Well Sites

1/9/95 HS19- ... 100 .. -

+/-
-----

~5 0-
1/9/95 HS19 1000 +/- -

2/16/95 HS19 100 -/- - 160 0
2/16/95 HS19 1000 -/-
2/16/95 HS19 1000 NO
10/6/94 HS20 100 +/- - - 46 0
10/6/94 HS20 1000 +/- -
1/26/95 HS20 100 -/- . 171 0
1/26/95 HS20 1000 +/- -
3/16/95 HS20 100 +/- - - 60 0
3/16/95 HS20 1000 +/- + (G+c) -
3/16/95 HS20 1000 NO
7/2/95 HS20 1000 NO

10/20/94 HS22 100 -/- - 35 0
10/20/94 HS22 1000 -/-
3/23/95 HS22 100 +/- + (G+c) - - 7 0
3/23/95 HS22 1000 +/- -
3/23/95 HS22 1000 NO
10/20/94 HS23 100 -/- - 27 0
10/20/94 HS23 1000 -/-
3/23/95 HS23 100 -/- - 18 0
3/23/95 HS23 1000 +/- + (G+c) -
3/23/95 HS23 1000 NO
10/20/94 HS28 100 +/- - - 47 0
10/20/94 HS28 1000 +/- -
3/30/95 HS28 100 -/- - 11 0
3/30/95 HS28 1000 +/- + (G+c) -
3/30/95 HS28 1000 NO
2/15/96 HS28 1000 -
10/20/94 HS29 100 +/- - - 17 0
10/20/94 HS29 1000 +/- .
3/30/95 HS29 100 +/- + (G+c) - - 148 0
3/30/95 HS29 1000 +/- .
3/30/95 HS29 1000 NO
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Appendix A: Results of Analyzing All Water Samples from HBWS Well Sites

1()/20194 HS30 100 +/+ + +(GS) - - 35 0

10/20/94 HS30 1000 +/+ + +(GS) -
5/18/95 HS36 100 -/- - 12 0
5/18/95 HS36 1000 -/- NO
2/15/96 HS36 1000 -
12/19/94 HWS03 100 +/- + - - 3 0
12/19/94 HWS03 1000 +/- + -
1/10/95 HWS03 100 +/- + - - 153 0
1/10/95 HWS03 1000 +/- + -
12/19/94 HWS10 100 -/- - 4 0
12/19/94 HWS10 1000 -/-
1/10/95 HWS10 100 -/- - 3 0
1/10/95 HWS10 1000 -/-
2/1/96 HWS10 1000 -

12/19/94 HWS13 100 +/- - - 1 0
12/19/94 HWS13 1000 +/- -
1/10/95 HWS13 100 +/- - - 2 0
1/10/95 HWS13 1000 +/- -
2/1/96 HWS13 1000 -
2/28/95 HWS15 100 +/- - 3 45 0
2/28/95 HWS15 1000 +/- + +37(GS) -
2/28/95 HWS15 -45
2/28/95 HWS15 1000 NO
11/28/94 HWS16 100 +/- - - 12 0
11/28/94 HWS16 1000 +/- -
4/24/95 HWS16 100 +/- - - 76 0
4/24/95 HWS16 1000 +/- + + -
4/24/95 HWS16 1000 NO
2/1/96 HWS16 1000 -

11/21/94 HWS20 100 +/- + - - 9 0
11/21/94 HWS20 1000 +/- + -
4/24/95 HWS20 100 -/- - 73 0
4/24/95 HWS20 1000 +/- -
4/24/95 HWS20 1000 NO
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Appendix A: Results of Analyzing All Water Samples from HBWS Well Sites

11/28/94 HWS22 100 +/- + - - 4 0

11/28/94 HWS22 1000 +/- + -
11/1/94 KHS01 100 +/- + - (pink) - - 37 0

11/1/94 KHS01 1000 +/- + - (pink) -
5/18/95 KHS01 100 +/- + - - 2 6 0

5/18/95 KHS01 1000 +/- + - + (G+c) +/+
5/18/95 KHS01 1000 NO
2/5/96 KHS01 1000 -
10/6/94 MIS01 100 -/- - 137 0
10/6/94 MIS01 1000 -/-
3/16/95 MIS01 100 +/- - - 107 0
3/16/95 MIS01 1000 +/- -
3/16/95 MIS01 1000 NO
2/5/96 MIS01 1000 -
2/6/95 WAS01 100 -/- - 50 0
2/6/95 WAS01 1000 -/-
2/6/95 WAS01 1000 NO
3/1/96 WAS01 1000 -
2/6/95 WAS02 100 -/- - 25 0
2/6/95 WAS02 1000 +/- + -
2/6/95 WAS02 1000 NO
3/1/96 WAS02 1000 -
2/6/95 WES01 100 -/- - 10 0
2/6/95 WES01 1000 -/-
11/1/94 WES02 100 +/- + - - 3 0
11/1/94 WES02 1000 +/- + -
5/1/95 WES02 100 -/- - 1 0
5/1/95 WES02 1000 -/-
5/1/95 WES02 1000 NO
2/5/96 WES02 1000 -

12/19/94 WHS01 100 -/- - 74 0
12/19/94 WHS01 1000 -/-
4/17/95 WHS01 100 +/- - - 59 0
4/17/95 WHS01 1000 +/- -
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Appendix A: Results of Analyzing All Water Samples from HBWS Well Sites

4/17/95 WHS01 1000
----_ .. - -

NO
215/96 WHS01 1000 -
12/6/94 WNS01 100 +/- + - - 0 0
12/6/94 WNS01 1000 +/- + -
4/17/95 WNS01 100 +/+ - - 2 400+ 0
4/17/95 WNS01 1000 +/+ + - + (G+c) +/+
4/17/95 WNS01 1000 NO
2/29/96 WNS01 1000 -
12/6/94 WNS02 100 +/- - - 4 0
12/6/94 WNS02 1000 +/- -
4/17/95 WNS02 100 -/- - 47 0
4/17/95 WNS02 1000 +/- -
4/17/95 WNS02 1000 NO
11/17/95 WNS05 1000 -
10/20/94 WPS02 100 +/- - - 89 0
10/20/94 WPS02 1000 +/- -

1/9/95 WPS02 100 +/- - - 13 0
1/9/95 WPS02 1000 +/- -

5/18/95 WPS02 100 -/- - 5 0
5/18/95 WPS02 1000 +/- -
5/18/95 WPS02 1000 NO
2/5/96 WPS02 1000 -• ~._._~_. ·4'_·.~,_~

-'---'-~-~.'~ .. -"--'---.~.~-.-
-~.-.._--_ . ......._--...-.. ............. ._- ,_........... ,...._..-... ~-_...,

10/6/94 WUS01 100 +/- - - 27 0
10/6/94 WUS01 1000 +/- -
3/23/95 WUS01 100 -/- - 6 0
3/23/95 WUS01 1000 +/- -
3/23/95 WUS01 1000 NO
2129/96 WUS01 1000 -
10/6/94 WUS03 100 +/- - - 2 0
10/6/94 WUS03 1000 +/- -
3/30/95 WUS03 100 +/- - - 3 0
3/30/95 WUS03 1000 +/- + (G+c) -
3/30/95 WUS03 1000 NO
4/17/95 WUS03 100 +/- + (G+c) - - 19 0
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Appendix A: Results of Analyzing All Water Samples from HBWS Well Sites

---------

4/17/95 WUS03 1000 +/- + (G+c) -
4/17/95 WUS03 1000 NO
2/29/96 WUS03 1000 -
2/14/95 WUS04 100 -/- - 36 0
2/14/95 WUS04 1000 +/- -
2/14/95 WUS04 1000 NO
4/17/95 WUS04 100 -/- - - 25 0
4/17/95 WUS04 1000 +/- -
4/17/95 WUS04 1000 NO
2/29/96 WUS04 1000 -
2/29/96 WUS06 1000 -
10/6/94 WUS07 100 +/- + - - 2 0
10/6/94 WUS07 1000 +/- + -
2/14/95 WUS07 100 -/- - 77 0
2/14/95 WUS07 1000 +/- + -

PIA = Presence-Absence Test (growth/gas)
BGLBB = Brilliant Green Lactose Bile Broth
EC(EMB) = EC Agar(EMB Agar)
AZD = Azide Dextrose Broth
ENT/PSE = Enterococcus Agar/Pfizer Selective Enterocccus Agar
H2S = Hydrogen Sulfide Broth
mHPC = membrane Heterotrophic Plate Count Agar
CP = Clostridium perfringens Agar
Phage = Assay for phage by Adsorption/Elution or Enrichment (+ or-)

+ = positive for growth
- = negative for growth
G+c = gram positive cocci cells
GS = green sheen
NO = not detectable
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1 Appendix C: Results of Analyzing All Water Samples from HBWS Distribution Sites

4/11/95 HC03 100 +1- - - 86 0

4/11/95 HC03 1000 +1- -
4/11/95 HC03 1000 NO

11/29/95 HC03 1000 -
9/20194 HC06 100 -1- - TNTC 0
9/20/94 HC06 1000 -1-
11n/94 HC06 100 +1- + - - 4 0
11n/94 HC06 1000 +1- + -
5/31/95 HC06 1000 NO
11/29/95 HC06 1000 -
7/27194 HC09 100 -1- -
7/27/94 HC09 1000 -1- -
11n/94 HC09 100 -1- - 11 0
11n/94 HC09 1000 -1-
5/31/95 HC09 1000 NO
9/20/94 HC13 100 +1- - 200 0
9/20/94 HC13 1000 +1- -
11n/94 HC13 100 +1- + - - 1 0
11n/94 HC13 1000 +1- + -
5/31/95 HC13 1000 NO
5/31/95 HC14 1000 NO
9/20/94 HC19 100 -1- 55 0
9/20/94 HC19 1000 +1- -
11n/94 HC19 100 +1- + - - 2 0
11n/94 HC19 1000 +1- + -

11/29/95 HC19 1000 -
9/20194 HC22 100 -1- 57 0
9/20/94 HC22 1000 -1-
11n/94 HC22 100 +1-:- + - - 1 0
11n/94 HC22 1000 +1- + -
11/29/95 HC22 1000 -
9/20194 HC26 100 -1- 11 0
9/20/94 HC26 1000 +1- -
11n/94 HC26 100 +1- + - - 3 0
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Appendix C: Results of Analyzing All Water Samples from HBWS Distribution Sitles

--

11n/94 HC26 1000 +/- + -
9/20/94 HC27 100 -/- 9 0
9/20/94 HC27 1000 -/-
11n/94 HC27 100 +/- - - 1 0
11n/94 HC27 1000 +/- -
9/20/94 HC31 100 -/- 65 0
9/20/94 HC31 1000 -/-
12/6/94 HC31 100 +/- + - - 109 0
12/6/94 HC31 1000 +/- + -
11/29/95 HC31 1000 -
9/20/94 HC33 100 +/- - 4 0
9/20/94 HC33 1000 +/- -
12/6/94 HC33 100 +/- + - - 14 0
12/6/94 HC33 1000 +/- + -
1/4/95 HC35 100 -/- - TNTC 0
1/4/95 HC35 1000 -/-

11/29/95 HC38 1000 -
9/20/94 HP04 100 -/- - 4 0
9/20/94 HP04 1000 -/-
1/9/95 HP04 100 -/- - 11 0
1/9/95 HP04 1000 -/-

5/31/95 HP04 1000 NO
9/20/94 HP14 100 +/- - 2 0
9/20/94 HP14 1000 +/- -
1/9/95 HP14 100 +/- - - 603 0
1/9/95 HP14 1000 +/- -

11/6/95 HP14 500 -
4/11/95 HW01 1000 NO
7/20/94 HW02 100 -/- + -
7/20/94 HW02 1000 +/+ + - -
12/19/94 HW02 100 +/- - - 1 0
12/19/94 HW02 1000 +/- -
1/10/95 HW02 100 +/- - - 3 0
1/10/95 HW02 1000 +/- -
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Appendix C: Results of Analyzing All Water Samples from HBWS Distribution Sites

-- --

11/29/95 HW02 1000 -
7/20/94 HW04 100 +/- -
7/20/94 HW04 1000 +/- + -
12/19/94 HW04 100 +/- + - - 1 0
12/19/94 HW04 1000 +/- + -
1/10/95 HW04 100 +/- + - - 5 0
1/10/95 HW04 1000 +/- + -
7/20/94 HW08 100 +/- -
7/20/94 HW08 1000 -/- + -
12/19/94 HW08 100 +/- + - - 2 0
12/19/94 HW08 1000 +/- + -
1/10/95 HW08 100 +/- + - - 1 0
1/10/95 HW08 1000 +/- + -
7/20/94 HW10 100 -/- + -
7/20/94 HW10 1000 +/- + -
12/19/94 HW10 100 +/- - - 3 0
12/19/94 HW10 1000 +/- -
1/10/95 HW10 100 +/- - - 2 0
1/10/95 HW10 1000 +/- -
11/29/95 HW10 1000 -
7/20/94 HW13 100 -/- + -
7/20/94 HW13 1000 +/- -
12/19/94 HW13 100 +/- + - - 3 0
12/19/94 HW13 1000 +/- + -
1/10/95 HW13 100 +/- + - - 2 0
1/10/95 HW13 1000 +/- + -
7/20/94 HW14 100 +/- -
7/20/94 HW14 1000 +/- + -
12/19/94 HW14 100 +/- - - 7 0
12/19/94 HW14 1000 +/- -
1/10/95 HW14 100 +/- - - 3 0
1/10/95 HW14 1000 +/- -
11/29/95 HW14 1000 -
4/11/95 HW15 1000 NO
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I Appendix C: Results of Analyzing All Water Samples from HBWS Distribution Sites

HW16 100 +/-
------ ,----------- - --

7/20/94 -
7/20/94 HW16 1000 +/- -
12/19/94 HW16 100 +/- + - - 2 0
12/19/94 HW16 1000 +/- + -
1/10/95 HW16 - 100 +/- + - - 3 0
1/10/95 HW16 1000 +/- + -
4/11/95 HW16 1000 NO
11/29/95 HW16 1000 -
7/20/94 HW17 100 -/- -
7/20/94 HW17 1000 +/- + -
12/19/94 HW17 100 +/- - - 2 0
12/19/94 HW17 1000 +/- -
1/10/95 HW17 100 +/- - - 25 0
1/10/95 HW17 1000 +/- -

11/29/95 HW17 1000 -
7/27/94 HW18 100 -/- -
7/27/94 HW18 1000 -/- -
12/19/94 HW18 100 +/- - - 5 0
12/19/94 HW18 1000 +/- -
1/10/95 HW18 100 +/- - - 5 0
1110/95 HW18 1000 +/- -
7/27/94 HWlO 100 -/- -
7/27/94 HWlO 1000 -/- -
12/19/94 HWlO 100 +/- + - - 7 0
12/19/94 HWlO - 1000 +/- + -
1/10/95 HWlO 100 +/- + - - 3 0
1/10/95 HWlO 1000 +/- + -
11/29/95 HWlO 1000 -
9/6/94 KH01 100 -/- - 0 0
9/6/94 KH01 1000 -/-
11/1/94 KH01 100 -/- - 3 0
11/1/94 KH01 1000 -/-
12/4/95 KH01 1000 -
9/6/94 KH02 100 -/- - 0 0
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I Appendix C: Results of Analyzing All Water Samples from HBWS Distribution Sites

-- -

9/6/94 KH02 1000 -/-
11/1/94 KH02 100 +/- - - TNTC 0
11/1/94 KH02 1000 +/- -
12/4/95 KH02 1000 -
9/6/94 KH03 100 -/- - 0 0
9/6/94 KH03 1000 -/-
11/1/94 KH03 100 -/- - 3 0
11/1/94 KH03 1000 -/-
12/4/95 KH03 1000
11/21/94 MI01 100 +/- + - - 5a 0
11/21/94 MI01 1000 +/- + -
11/17/95 MI01 1000 -
11/21/94 MI02 100 +/- - - 2 0
11/21/94 MI02 1000 +/- -
11/21/94 MI03 100 +/- + - - 3 0
11/21/94 MI03 1000 +/- + -
9/26/94 MI04 100 +/- - - 19 0
9/26/94 MI04 1000 -/- -

11/21/94 MI04 100 -/- - 21 0
11/21/94 MI04 1000 -/-
11/17/95 MI04 1000 -
1/17/95 MI05 100 -/- - 21 0
1/17/95 MI05 1000 +/- + -
9/26/94 MI06 100 +/- + - - 4 0
9/26/94 MI06 1000 +/- + -
1/17/95 MI06 100 -/- 4 0
1/17/95 MI06 1000 +/- + -
9/26/94 MI07 100 -/- - 4 0
9/26/94 MI07 1000 -/-
1/17/95 MI07 100 -/- 7 0
1/17/95 MI07 1000 +/- -
9/26/94 MIOa 100 -/- - 66 0
9/26/94 Mioa 1000 -/-
1/17/95 MIOa 100 -/- 9 0
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-I-Appendix C: Results of Analyzing An Water Samples from HBWS Distribution Sites

1/17/95 Mloa 1000 +/- -
11/17/95 Mloa 1000 -
1/17/95 MI09 100 -/- 9 0
1/17/95 MI09 1000 +/- -
1/17/95 MI10 100 -/- 15 0
1/17/95 MI10 1000 +/- + -
1/17/95 MI11 100 -/- 10 0
1/17/95 MI11 1000 +/- + -

11/17/95 MI11 1000 -
10/10/94 WA01 100 -/- - 5 0
10/10/94 WA01 1000 -/-
11/1/94 WA01 100 -/- - 1 0
11/1/94 WA01 1000 -/-
12/4/95 WA01 1000 -
10/10/94 WA02 100 -/- - 3 0
10/10/94 WA02 1000 -/-
11/1/94 WA02 100 +/- + - - 6 0
11/1/94 WA02 1000 +/- + -
12/4/95 WA02 1000 -
9/12/94 WA03 100 -/- - 0 0
9/12/94 WA03 1000 +/- + -
11/1/94 WA03 100 -/- - 3 0
11/1/94 WA03 1000 -/-
11/6/95 WA03 500 -
12/4/95 WA03 1000 -
9/12/94 WA05 100 -/- - 0 0
9/12/94 WA05 1000 -/-
11/1/94 WA05 100 +/- - - 1 0
11/1/94 WA05 1000 +/- -
12/4/95 WA05 1000 +
3/1/96 WA05 1000 -
9/12/94 WA06 100 -/- - 0 0
9/12/94 WA06 1000 -/-
11/1/94 WA06 100 -/- - 2 0
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I Appendix C: Results of Analyzing All Water Samples from HBWS Distribution Sites

1111j94 WA06 1000 +/-
- -

-
12/4/95 WA06 1000 -
10/10/94 WAO? 100 -/- - 4 0
10/10/94 WAO? 1000 -/-
11/1/94 WAO? 100 +/- - - 1 0
11/1/94 WAO? 1000 +/- -
9/6/94 WE01 100 -/- - 0 0
9/6/94 WE01 1000 -/-
11/1/94 WE01 100 +/- + - - 3 0
11/1/94 WE01 1000 +/- + -
12/4/95 WE01 1000 -
9/6/94 WE02 100 -/- - 0 0
9/6/94 WE02 1000 -/-
9/6/94 WE03 100 -/- - 0 0
9/6/94 WE03 1000 -/-
11/1/94 WE03 100 +/- - - 1 0
11/1/94 WE03 1000 +/- -
12/4/95 WE03 1000 -
9/6/94 WE04 100 -/- - 5 0
9/6/94 WE04 1000 +/- + -
11/1/94 WE04 100 +/- + - + - - 58 0
11/1/94 WE04 1000 +/- + . + -
12/4/95 WE04 1000 -
9/6/94 WE05 100 -/- - 0 0
9/6/94 WE05 1000 -/-
11/1/94 WE05 100 +/- - - 2 0
11/1/94 WE05 1000 +/- -
12/4/95 WE05 1000 -
9/12/94 WH02 100 -/- - 1 0
9/12/94 WH02 1000 +/- -
10/10/94 WH02 100 -/- - 59 0
10/10/94 WH02 1000 -/-
1/29/96 WH02 1000 -
9/26/94 WH03 100 -/- - 6 0
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I Appendix c: Results of Analyzing All Water Samples from HaWS Distribution Sites

--9726794 WH03
-- -

1000 +/- -
10/10/94 WH03 100 +/- - - 90 0
10/10/94 WH03 1000 +/- -
9/12/94 WH04 100 +/- + - - 2 0
9/12/94 WH04 1000 +/- + -
10/10/94 WH04 100 +/- - - 53 0
10/10/94 WH04 1000 +/- -
1/29/96 WH04 1000 -
9/12/94 WH05 100 -/- - 2 0
9/12/94 WH05 1000 -/-
10/10/94 WH05 100 +/- - - TNTC 0
10/10/94 WH05 1000 +/- -
9/12/94 WH06 100 -/- - 0 0
9/12/94 WH06 1000 -/-
10/10/94 WH06 100 +/- + - - 257 0
10/10/94 WH06 1000 +/- + -
1/29/96 WH06 1000 -
9/12/94 WHOa 100 -/- - 4 0
9/12/94 WHoa 1000 +/- -
11/21/94 WHoa 100 +/- - - 16 0
11/21/94 WHoa 1000 +/- -
9/12/94 WH09 100 -/- - 1 0
9/12/94 WH09 1000 -/-
11/21/94 WH09 100 -/- - 6 0
11/21/94 WH09 1000 -/-
1/29/96 WH09 1000 -
9/26/94 WH10 100 -/- - 30 0
9/26/94 WH10 1000 -/-
11/21/94 WH10 100 -/- - 6 0
11/21/94 WH10 1000 -/-

1/4/95 WN01 100 +/- + - - 52 0
1/4/95 WN01 1000 +/- + -
6n/95 WN01 1000 NO
1/4/95 WN02 100 -/- - TNTC 0
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I Appendix C: Results of Analyzing All Water Samples from HBWS Distribution Sites

1000 -/~ ....

-_._--- -

1/4/95 WN02
3/12/96 WN02 1000 -
1/4195 WN03 100 -1- - TNTC 0
1/4/95 WN03 1000 -1-
1/4/95 WN04 100 -1- - 2 0
1/4/95 WN04 1000 -1-

11/17/95 WN04 1000 -
1/4/95 WN05 100 -1- - 145 0
1/4/95 WN05 1000 -1-

11/17/95 WN05 1000 -
1/4195 WN06 100 -1- - 9 0
1/4/95 WN06 1000 -1-

3/12/96 WN06 1000 -
1/4/95 WN07 100 -1- - 59 0
1/4/95 WN07 1000 -1-

3/12/96 WN07 1000 -
1/4195 WN08 100 +1- + - - TNTC 0
1/4/95 WN08 1000 +1- + -

3/12/96 WN08 1000 -
1/4195 WN09 100 -1- - TNTC 0
1/4/95 WN09 1000 -1-

3/12/95 WN09 1000 -
1/4195 WN10 100 -1- - 15 0
1/4/95 WN10 1000 -1-

3/12/96 WN10 1000 -
1/4195 WN11 100 +/- + - - 4 0
1/4/95 WN11 1000 +1- + -

10/10/94 WP01 100 -1- - 73 0
10/10/94 WP01 1000 +1- -
3/1/96 WP01 1000 -

10/10/94 WP02 100 +1- . - - 4 0
10/10/94 WP02 1000 +1- -
10/10/94 WP04 100 +1- - - 370 0
10/10/94 WP04 1000 +1- -
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I Appendix C: Results of Analyzing All Water Samples from HBWS Distribution Sites

3/1/96 WP04 1000 -
10/10/94 WP05 100 +/- - - 5 0

10/10/94 WP05 1000 +/- -
3/1/96 WP05 1000 -

9/28/94 WU01 100 +/- - - 60 0

9/28/94 WU01 1000 +/- + -
12/6/94 WU01 100 +/- - - 0 0
12/6/94 WU01 1000 +/- -
6fl/95 WU01 1000 NO

11/17/95 WU01 1000 +
9/28/94 WU02 100 -/- - 1 0
9/28/94 WU02 1000 -/-
12/6/94 WU02 100 +/- + - - 0 0
12/6/94 WU02 1000 +/- + -
3/12/96 WU02 1000 -
9/28/94 WU03 100 -/- - 4 0
9/28/94 WU03 1000 +/- -
12/6/94 WU03 100 -/- - 1 0
12/6/94 WU03 1000 -/-
8/3/94 WU04 100 -/- -
8/3/94 WU04 1000 -/- -
12/6/94 WU04 100 -/- - 0 0
12/6/94 WU04 1000 -/-
8/3/94 WU05 100 -/- -
8/3/94 WU05 1000 -/- -
12/6/94 WU05 100 +/- + - - 148 0
12/6/94 WU05 1000 +/- + -
8/3/94 WU06 100 -/- -
8/3/94 WUOO 1000 -/- -
12/6/94 WU06 100 +/- + - - 23 0
12/6/94 WU06 1000 +/- + -

11/17/95 WUOO 1000 +
3/12/96 WU06 1000 -
8/3/94 WU07 100 -/- -
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I Appendix C: Results of Analyzing All Water Samples·from HBWS Distribution Sites

8/3/94 WU07 1000 +/- + -
12/6/94 WU07 100 +/- + - - 0 0
12/6/94 WU07 1000 +/- + -
8/3/94 WU08 100 -/- -
8/3/94 WU08 1000 +/+ + - -
12/6/94 WU08 100 +/- - - 0 0
12/6/94 WU08 1000 +/- -
8/3/94 WU09 100 -/- -
8/3/94 WU09 1000 -/- + -

3/12/96 WU09 1000 -
8/3/94 WU10 100 -/- -
8/3/94 WU10 1000 -/- -
6/7/95 WU10 1000 NO
8/3/94 WU11 100 -/- -
8/3/94 WU11 1000 -/- -
8/3/94 WU12 100 -/- -
8/3/94 WU12 1000 -/- -
1/4/95 WU12 100 +/- - - 6 0
1/4/95 WU12 1000 +/- -
8/3/94 WU13 100 -/- -
8/3/94 WU13 1000 -/- -
1/4/95 WU13 100 +/- - 136 0
1/4/95 WU13 1000 +/-

3/12/96 WU13 1000 -
9/28/94 WU14 100 -/- - 2 0
9/28/94 WU14 . 1000 -/-
1/4/95 WU14 100 +/- + - - 102 0
1/4/95 WU14 1000 +/- + - NO

PIA =Presence-Absence Test (growth/gas)
BGLBB =Brilliant Green Lactose Bile Broth
EC(EMB) - EC broth (EMB Agar)
AZD - Azide Dextroas Broth
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!Appendix C: Results of Analyzing All Water Samples from HBWS Distribution Sites

ENT/PSE= Enterococcus Agar/Pfizer Enterococcus Agar
H2S = Hydrogen Sulfide Broth
mHPC = membrane Heterotrophic Plate Count
CP = Clostridium perfringens Agar
Phage = Assay for phage by Adsorption/Elution or Enrichment (+ or -)

+ = positive for growth
- = negative for growth
G+c = gram positive cocci cells
GS = green sheen
NO = not detectable
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