
REPORT DOCUMENTATION FORM
WATER RESOURCES RESEARCH CENTER

University of Hawaii at Manoa

1 SERIES
NUMBER Technical Report No. 177

3 TITLE

Drinking water quality determination:
An evaluation of new methods of analysis

2
COWRR
FIELD-GROUP

4REPORT
DATE

5NO. OF
PAGES

6NO. OF
TABLES

05

September 1987

viii + 57

1
7NO. OF

34 AGURES 1
8AUTIIORS

Roger S. Fujioka
Nipapun Kungskulniti
Samuel S. Nakasone

9GRANf AGENCY

Board of Water Supply
City and County of Honolulu

10
CONTRACT
NUMBER T-380

11DESCRIPTORS: *drinking water, *water quality, bacterial analysis, coliforms, heterotrophic bacteria

IDENTIFIERS: *coliform tests, *presence-absence test, membrane flltration method, standard plate count,
m-HPC, R2A media

12ABSTRACT (PURPOSE. MEfHOD. RESULTS. CONCLUSIONS)

The most recent edition ofStandardMethods proposes the use ofthe presence-absence (P-A) testto assay
drinking waters for coliform bacteria and the membrane filtration (MF) method using two new media
(m-HPC, R2A) to determine the concentrations oftotal heterotrophic bacteria in drinking water samples.
These two methods were used to analyze selected samples of Honolulu's drinking water which were
being routinely analyzed for coliform bacteria and total heterotrophic bacteria tested by traditional

methods from the Honolulu Board of Water Supply (BWS) and the Hawaii State Department of Health
(DOH). Over a thirteen-month period, 200 water samples obtained by the BWS and 18 samples obtained
by DOH were also analyzed for coliform bacteria using the P-A test and for total heterotrophic bacteria
using the MF method by the laboratory at the University of Hawaii. The comparative results show that
the peA test is more sensitive than the most probable number (MPN) (P <0.01) and the MF methods
(P <0.05) in recovering coliform bacteria. Moreover, the MF method using either the m-HPC or R2A
media is more efficient in recovering total heterotrophic bacteria than the pour plate method (P <0.01).
The P-A test for coliform bacteria and the MF method for total heterotrophic bacteria were determined
to be feasible and reliable methods when applied to drinking water samples from Honolulu. These two
new methods were recommended for use by the BWS and DOH.

2540 Dole Street • Honolulu, Hawaii %822, U.S.A.• (808) 948 -7847



AUTHORS:

Dr. Roger S. Fujioka
Professor
The School of Public Health
and
Researcher
Water Resources Research Center
University of Hawaii at Manoa
2540 Dole Street
Honolulu, HI 96822
808/948-8021

Miss Nipapun Kungskulniti
Graduate Student
The School of Public Health
University of Hawaii at Manoa
Honolulu, HI 96822

Mr. Samuel S. Nakasone
Chief Water Microbiologist
Board of Water Supply
City and County of Honolulu
630 So. Beretania Street
Honolulu, HI 96843
808/527-5240



DRINKING WATER QUALITY DETERMINATION:
An Evaluation of New Methods of Analysis

Roger S. Fujioka

Nipapun Kungskulniti

Samuel S. Nakasone

Technical Report No. 177

September 1987

Project Completion Report

for

Evaluation of the New Recommended Methods
to Determine the Sanitary Quality of Drinking Water

Funding Agency: Board of Water Supply,
City and County of Honolulu

Project Period: 1 July 1985-31 December 1986

Principal Investigator: Roger S. Fujioka

WATER RESOURCES RESEARCH CENTER
UNIVERSITY OF HAWAII AT MANOA

Honolulu, Hawaii 96822





v

ABSTRACT

The most recent edition of Standard Methods proposes the use of the presence-absence (P-A)

test to assay drinking waters for coliform bacteria and the membrane filtration (MF) method

using two new media (m-HPC, R2A) to determine the concentrations of total heterotrophic

bacteria in drinking water samples. These two methods were used to analyze selected samples

of Honolulu's drinking water which were being routinely analyzed for coliform bacteria and

total heterotrophic bacteria tested by traditional methods from the Honolulu Board of Water

Supply (BWS) and the Hawaii State Department of Health (DOH). Over a thirteen-month period,

200 water samples obtained by the BWS and 18 samples obtained by DOH were also analyzed

for coliform bacteria using the P-A test and for total heterotrophic bacteria using the MF method

by the laboratory at the University of Hawaii. The comparative results show that the P-A test is

more sensitive than the most probable number (MPN) (P <0.01) and the MF methods (P <0.05)

in recovering coliform bacteria. Moreover, the MF method using either the m-HPC or R2A

media is more efficient in recovering total heterotrophic bacteria than the pour plate method

(P <0.01). The P-A test for coliform bacteria and the MF method for total heterotrophic bacteria

were determined to be feasible and reliable methods when applied to drinking water samples

from Honolulu. These two new methods were recommended for use by the BWS and DOH.
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INTRODUCTION

Establishment of Drinking Water Standards

Potable water provided to the community by water industries must be aesthetically pleasing,

palatable, and-above all-safe. These piped waters are often minimally treated or untreated;

therefore, the public is especially vulnerable to pathogenic microorganisms that might

contaminate the potable water source. Outbreaks of waterborne diseases have occurred

throughout the history of mankind. In 1854 John Snow recognized that potable water could be

the vector of waterborne diseases even before documentation that microorganisms cause

diseases in man.

Recognizing the need for safe drinking water, standards for drinking water quality in the

U.S. were started as early as 1914 and revised in 1925, 1942, 1946, and 1962. However,

these early drinking water standards were not uniformly enforceable throughout the nation. In

1970 the U.S. Environmental Protection Agency (EPA) was established and given the

responsibility for promulgating enforceable drinking water standards for the nation. By 1974,

the U.S. Congress approved and passed the first EPA national Safe Drinking Water Act of

1974 (P.L. 93-523) which mandated the establishment of primary drinking water regulations

designed to ensure safe drinking water for consumers.

Maximum contaminant levels (MCLs) of five general types of contaminants of public health

importance were established as interim regulations by the EPA in 1977. These five types of

contaminants include 10 inorganic compounds, 6 pesticides, turbidity, coliforms, and

radionuclides. Of the contaminants for which MCLs have been established, coliforms and

turbidity are considered of prime importance because they address drinking water sanitation

until today the most significant drinking water quality problem in the world, including the

United States. In this regard, the MCL established for coliform bacteria was set at an average

monthly density of less than or equal to 1 colony forming unit (CFU)/100 mI, based on the

membrane filtration (MF) method. For turbidity, the MCL established was set at a monthly

average of 1 nephelometric turbidity unit (NTU).

In a recent review of the quality of drinking water in the United States, Geldreich (1986)

reported that, despite the fact that many more public utilities are meeting the traditional

standards for drinking water quality, there continues to be increased incidences of

waterborne-disease outbreaks in the U.S. (Lippy and Waltrip 1984). Table 1 summarizes the

outbreaks of waterborne diseases in the U.S. between 1961 and 1983. As pointed out by

Geldreich (1986), these waterborne outbreaks may be caused by pathogenic bacteria, viruses,

protozoans, as well as chemicals. The results clearly indicate that either the sanitary quality of

the drinking water sources in the U.S. needs to be upgraded or that the standards or the
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TABLE 1. OUTBREAKS OF WATERBORNE DISEASES IN THE UNITED STATES,
1961-1983

TYPE OF ETIOLOGIC NUMBER

AGENT Outbreaks Cases Deaths

Bacterium
Shigella spp. 52 7,462 6
Salmonella spp. 37 19,286 3
Camplyobacter spp. 5 4,773 0
Toxigenic E. coli 5 1,188 4
Vibrio spp. 1 17 0
Yersinia spp. 1 16 0

Virus
Hepatitis A 51 1,626 1
Norwalk 16 3,973 0
Rotavirus 1 1,761 0

Protozoan
Giardia spp. 84 22,897 0
Entamoeba spp. 3 39 2

Chemical
Inorganic (metals, nitrate) 29 891 0
Organic (pesticides, herbicides) 21 2,725 7

Unidentified agents 266 86,740 0

TOTAL 572 153,394 23

SOURCE: Data adapted from Craun (1985), and Lippy and Waltrip (1984).
SOURCE: Geldreich (1986).

methods for analyzing drinking water are not totally reliable.

Safe Drinking Water Amendments of 1986

U.S. EPA (1976) regulations as set forth in the Safe Drinking Water Act of 1974 were

considered interim and have been undergoing periodic review. Numerous studies have

addressed the two parameters (coliforms and turbidity) used to determine the sanitary quality of

drinking water. Results of some of these studies support the adequacy of the two parameters;

other studies indicate that these parameters are inadequate and should be replaced or

supplemented with additional tests.

In 1981 the Office of Drinking Water (ODW) and the Environmental Protection Agency, in

conjunction with the American Society for Microbiology (ASM), sponsored the fIrst major

workshop to evaluate all the existing data and to make recommendations to ODW concerning the

revision of current drinking water standards for microbiology and turbidity. Experts from

throughout the country formed six specialty panels to address the following areas of concern:

(1) Microbial Agents of Waterborne Disease; (2) Measurement of Microbial Quality;

(3) Monitoring of Microbial Water Quality; (4) Analytical Methods for Microbial Water
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Quality; (5) Source, Treatment, and Distribution; and (6) Compliance and Policy Issues.

Reports on the six topics were published in the EPA Office of Drinking Water (1983)

document, "Assessment of Microbiology and Turbidity Standards for Drinking Water." The

value of this workshop report was the identification and recommendations to ODW of

guidelines and research needs to implement changes in the interim primary drinking water

regulations. Between 1981 and 1984, additional studies addressed these identified needs. Data

accumulated as of 1984 have compelled EPA to recommend some changes in the methods used

to assess the sanitary quality of drinking water.

In addition to the increased documentation of drinking water contamination by

microorganisms, recent studies have also shown an alarming frequency of contamination by

toxic chemicals. As a result of these findings, Congress passed the Safe Drinking Water Act

Amendments of 1986 (P.L. 99-339) which stipulate that standards for 83 contaminants in

drinking water be established within three years, in comparison with the 23 contaminants listed

in the 1984 Safe Drinking Water Act. With the passage of the Safe Drinking Water

Amendments of 1986, sweeping changes are expected in the methods of assessing the quality

of drinking water.

New Methods to Assess Microbiological Quality of Drinking Water

All of the approved methods for the analysis of drinking water are published in Standard

Methodsfor the Examination ofWater and Wastewater (APHA, AWWA, and WPCF 1985). This

publication is revised every 5 years and is considered the reference source for all the approved

methods for the analysis of drinking water. The standard and the method to assay for coliform

bacteria in drinking water remained essentially unchanged in the 14th (1975) and the 15th

(1980) editions of Standard Methods. However, as a result of the Safe Drinking Water

Amendments of 1986, major changes in the methods to assess the microbiological quality of

drinking water are incorporated in the 16th (1985) edition of Standard Methods. The

explanation and expected impact of these new microbiological methods can be summarized as

follows.

MPN METHOD. The current 5 tube MPN method also known as the multiple-tube

fermentation test, has two serious shortcomings. First, only 50.0 ml of water sample are

actually analyzed, although drinking water standards are expressed as concentrations of

coliform bacteria per 100 ml of water sample. Thus, the current MPN method analyzes

insufficient volumes of water. Second, the concentrations of coliforms as determined by the

MPN method are statistically determined and subject to so much potential variation that the data

obtained may be insufficiently credible in courts of law. To overcome these problems, EPA is
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recommending that the 10 tube MPN method be used (APHA, AWWA, and WPCF 1985, Part

908, p. 871). This modification will result in the analysis of at least 100 ml of water samples

and the results obtained will be subject to less variation and, therefore, will be more credible.

To further enhance credibility, EPA is also recommending that all MPN index numbers

obtained be calculated only after the test has been subject to confirmation. Finally, in the

completion phase of this method, LES Endo agar should replace EMB agar, which has been

determined as unsatisfactory. The major disadvantage of switching to this 10 tube MPN method

will be the substantial increase in time, labor, supplies, and total cost that will have to be borne

by water microbiology laboratories.

PRESENCE-ABSENCE TEST. Recommended by the EPA, the presence-absence (P-A)

coliform test is a new and tentative method included in the 1985, 16th edition of Standard

Methods (Part 908 E, p. 882). The P-A test is especially suited to the analysis of drinking

water because no coliforms should be present in a 100 ml water sample contained in a single

culture bottle. The test is a simple modification and streamlined version of the standard MPN

method and is considered as the method to replace the multiple-tube procedure. The advantages

of this method are (1) only one bottle is required to analyze a loo-ml sample as compared with

the 30 tubes recommended for the 10 tube MPN method; (2) the false-positive and

false-negative results observed occasionally in the standard MPN method are minimized; (3) all

the advantages of the MPN method are included, such as analysis of turbidity samples and use

of the same MPN index tables for multiple-tube sample analysis; (4) the same test can be easily

modified to detect the presence of fecal coliform, fecal streptococcus, Aeromonas,

Staphylococcus, Pseudomonas, and Clostridium; and (5) preliminary results of the

EPA-sponsored study by Seidler and Caldwell (1985) indicate that this method is very useful

and will be upgraded from a tentative to an accepted status.

HETEROTROPHIC BACTERIAL COUNT. The 16th edition of Standard Methods for the first

time recommends procedural changes in determining total heterotrophic bacteria of plate

counts. For the past 25 years the recommended method for determining the density of aerobic

and facultative anaerobic heterotrophic bacteria in water was the standard plate count which

uses a high nutrient medium and the pour plate technique. However, recent evidence has

shown that this technique has the following shortcomings: (1) the hot (44-46°C), pour plate

agar will actually kill some of the bacteria in the sample; (2) anaerobic conditions within the

agar will prevent some aerobic bacteria from growing; (3) the enriched medium used selections

for the growth of bacteria which utilize high concentrations of nutrients, and will not support

the growth of many types of bacteria (found in drinking water sources) accustomed to low

nutrients in their environment; and (4) only a limited volume of water can be assayed.
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To overcome these problems, EPA is recommending that, depending on the nutrients in the

water source, two different bacteriological media should be used and that the membrane

filtration method be used when feasible (e.g., for clear water). In groundwater sources where

nutrient concentrations are expected to be low, or in chlorinated waters, the R2A medium

should be used, whereas when analyzing high nutrient sources of waters, such as surface

waters, the m-HPC medium should be used. These two media are new but are now being

commercially prepared by Difco Laboratories.

It should be noted that EPA has finally recognized the usefulness of monitoring drinking

water sources for total heterotrophic bacteria and has recommended the use of this test on a

routine basis. Three lines of evidence support this recommendation. First, as established by

Geldreich, Allen, and Taylor (1978), high concentrations of total bacteria in drinking water

sources may interfere with the method used to enumerate coliform bacteria in drinking waters.

Second, a number of recent studies (Olsen and Hanami 1980; LeChevallier, Seidler, and Evans

1980; Lamka, LeChevallier, and Seidler 1980) have documented that opportunistic pathogens

such as Pseudomonas, Aeromonas hydrophilia, Edwardsiella tarda, Flavobacterium,

Klebsiela, Enterobacter, Serratia, Proteus, Providencia, Citrobacter, and Acinetobacter can

grow in and be recovered from finished drinking water supplies and distribution systems.

Newborn babies, the elderly, post-operative patients, the chronically ill, and those undergoing

immunosuppressive therapy are the most vulnerable to infections from these opportunistic

bacteria. Third, the concentrations of heterotrophic bacteria in finished waters have recently

been determined to correlate with a breakdown in the efficiency of the water plant operation or

in the excessive growth of bacteria in the distribution system (Olsen and Nagy 1984; MaId et

al. 1986).

As stated in the 16th edition of Standard Methods (APHA, AWWA, and WPCF 1985,

p. 860) and endorsed by EPA,

... the heterotrophic plate count is the best available measure of water treatment plant
efficiency, aftergrowth in transmission lines, and general bacterial composition of
source water.

GOALS AND OBJECTIVES

The project goal was to set up a joint research project with the microbiology laboratories of the

Honolulu Board of Water Supply (BWS) and the Hawaii State Department of Health (DOH) to

evaluate three new methods for assessing the sanitary quality of Honolulu's drinking water.

Another goal was to train DOH and BWS laboratory personnel in the performance and
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interpretation of data resulting from these new methods so that the two agencies could set up

and run these tests if deemed desirable or necessary.

Specific objectives were as follows.

1. To establish a working relationship with the microbiology laboratories of the DOH and

BWS to train their personnel in performing and fully understanding the advantages and

disadvantages of the new methods. Moreover, since the water samples to be analyzed

would be provided by the DOH and BWS as part of their routine sampling schedule, the

data obtained would be useful and directly applicable to the two agencies.

2. To evaluate the reliability and feasibility of the P-A test in determining the

concentrations of coliform bacteria in drinking water samples, and to compare the

results of this test with DOH and BWS data for coliform bacteria by using the MPN or MF

methods.

3. To evaluate the reliability and feasibility of the R2A medium and the m-HPC medium in

determining the total heterotrophic bacteria count in drinking water samples and to

compare the results of these tests with DOH and BWS data for total heterotrophic bacteria

by using the standard plate count.

The sanitary quality of drinking water provided by the BWS has been traditionally assessed

by analyzing drinking water samples for coliform bacteria by using the 5 tube MPN method.

Most water samples were also analyzed for total bacteria by the standard plate count method.

As mentioned earlier, Standard Methods (1985) recommends that both of these methods be

modified or upgraded. In the summer of 1985, the BWS initiated a study to analyze selected

water samples for coliform bacteria by using the MPN and the membrane fIltration (MF) method

to obtain laboratory data to support their administrative decision to change to the MF method as

a more quantitative assay as well as a means of saving time and labor.

During this same evaluation period, some of the same water samples collected by the BWS

were analyzed at the University of Hawaii laboratory for coliform bacteria and for total

heterotrophic bacteria by using the new methods described in Standard Methods (1985).

Based on this experimental design, the results of the different methods used could be reliably

compared And since the water samples are part of BWS routine, the comparison and evaluation

of the various methods were directly applicable and useful to the BWS. A limited number of

drinking water samples were also obtained from the DOH and the results were similarly directly

applicable and useful to the DOH.
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MATERIALS AND METHODS
Source and Collection of Water Samples

All water samples were collected in sterile plastic bottles using standard procedures by

personnel from the Honolulu BWS or the DOH. All water samples were from drinking water

systems analyzed routinely by the BWS or the DOH. Most of the water samples were from

groundwater sources. Water samples from eight (8) BWS systems were coded by the following

prefixes: System I-HC, HP, HMO, HW (Honolulu-Windward-Pearl Harbor); System 2-WM

(Waipahu-Makaha); System 3-MI (Mililani); System 4-WH (Wahiawa); System 5-WA

(Waialua); System 6-WE (Waiale'e; System 7-KH (Kahuku); and System 8-wp (Waipio

Heights). A few BWS water samples were from deep wells (HS 4, 5); some samples were from

tunnels (HWS; HS 8, 9). Water samples collected by the DOH were primarily from private

systems and their sources were labeled by site without codes.

Experimental Design

Water samples collected by the BWS and DOH were routinely analyzed for coliform bacteria by

the most probable number (MPN) method and by the membrane fIltration (MF) method; and for

total heterotrophic bacteria by the standard plate count (SPC), pour plate method described in

Standard Methods (1980). Portions of these same water samples were obtained by personnel

of the University of Hawaii, transported to The School of Public Health laboratory, and

analyzed within 6 hr. Results of all water sample data were forwarded to the University of

Hawaii Water Resources Research Center and transmitted to the Manager of the City and

County of Honolulu Board of Water Supply. A schematic outline of this experimental plan is

diagrammed in Figure 1. Water samples from the DOH were selected on the basis of the number

of samples collected during the scheduled period. Numerous water samples are collected daily

by the BWS; thus, only some of the samples were selected for joint analysis by BWS and UH.

Since the UH laboratory was limited to sampling between 5 to 25 samples per month over a

I-yr period, water samples that had a known higher incidence of coliform bacteria were often

preselected to obtain enough data for evaluating the efficiency of the various methods used in

this study. The DOH routinely analyzes fewer samples a month and only representation samples

were jointly analyzed by DOH and UH.

Assay Methods for Coliform Bacteria

MPN AND MF METHODS. The MPN and MF methods described in Standard Methods (1980)

were used to analyze water samples for coliform bacteria by the BWS and DOH laboratories. For
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DOH

Std. Plate Count
by Pour Plate

Coliform Test
byMPN& MF

P-A Coliform
Test

Heterotrophic
Bacteria Count
by MF Using
m-HPCand
R2AMedia

Water Samples - - - - - .. .-.--Water Samples
I '-----r"-....
I
I
I

~ - - ColiformTest
: byMPN& MF
I
I
I
I
I

~ - - Std. Plate Count
by Pour Plate

I

Results - - - - - - - - -.. Results ......1------ Results

Figure 1. Schematic outline of experimental design

the MPN method, five tubes of double strength, !auryl tryptose broth (LTB) were inoculated

with 10 ml each of a water sample, resulting in the analysis of a 50 ml water sample. These

tubes were incubated for 48 hr at 35°C. The formation of turbidity and gas were interpreted as

presumptively positive for coliform. All presumptively positive tubes were then confirmed for

the presence of coliform by inoculation and incubation for 48 hr in brilliant-green lactose bile

broth (BGLBB). Fonnation of gas was interpreted as confinned presence of colifonn bacteria.

To definitively demonstrate the presence of coliform bacteria, the confrrmed BGLBB-positive

samples were streaked onto EMB agar. After a 24-hr incubation at 35°C, the fonnation of

nucleated pink-purple colonies with or without a green-metallic sheen were picked and

.transferred to single strength LTB. Gas formation in LTB after a 24-hr incubation at 35°C was

interpreted as a positive, completed test for the presence of coliform bacteria. Results were

reported as an MPN index/loo ml of water sample by using Table 908:1 in Standard Methods

(1980).
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MF METHOD. For the MF method, 100 ml of water sample were filtered through a 0.45 Jlm

pore size membrane (GN-6, Gelman Co.) and the membrane placed onto mEndo agar. After a

24-hr incubation period at 35°C, all pink to dark-red colonies with or without a metallic-green

sheen were counted and considered presumptively positive coliform bacteria. The

presumptively positive coliform colonies were then subjected to confirmed and completed tests

for coliform bacteria as described for the MPN method. Concentrations of coliform bacteria by

using the membrane filtration method were reported as colony forming units (CFU) per 100 ml

of water.

TABLE 2. P-A BROTH FORMULATION

NOTE: Use triple strength broth formulation
when examining lOO-ml samples.

13.0 g

17.5 g

0.0085 g

1.0 liter

Lactose broth

Lauryl tryptose broth

Bromcresol purple

Distilled water

PRESENCE-ABSENCE (P-A) TEST. The UH laboratory analyzed water samples for coliform

bacteria using this new method described in Standard Methods (1985). When the project

started, commercially prepared P-A dehydrated

medium was not yet available. Therefore, the UH

laboratory prepared the P-A broth from component

ingredients outlined in Table 2. A total of 50 ml of

the prepared P-A broth was added to a 250 ml milk

dilution bottle containing a fermentation tube and the

bottle autoclaved for 12 min at 121°C. After auto

claving, the color of the P-A broth was red-purple

which confirmed pH 6.6 to 7.0. For the assay, 100 ml of water sample were added to each

bottle of triple-strength P-A broth, mixed well, and incubated for 48 hr at 35°C. A change in the

color of the P-A broth to yellow (acid reaction) and the formation of gas were interpreted as

presumptively positive for the presence of coliform bacteria. All cultures of P-A broth, whether

presumptively positive or negative, were streaked onto mEndo agar and incubated for 48 hr at

35°C. The formation of gas was interpreted as a positive, completed test for the presence of

coliform bacteria. Results of the P-A test were recorded for the presence (+) or absence (-) of

coliform bacteria in the water sample tested

Assay Methods for Total Heterotrophic Bacteria

STANDARD PLATE COUNT (SPC) OR POUR PLATE METHOD. The BWS and DOH both used

the traditional SPC method described in Standard Methods (1980) to determine the

concentrations of total bacteria in the water sample. Briefly, 1 ml of water sample was pipetted

into a petri plate followed by the addition and mixing of 10 to 12 m1 of sterile plate count agar

maintained in a liquified state by holding at 44 to 46°C. The sample was then mixed in the dish

and allowed to cool whereupon the agar solidified. The plates were then incubated for 48 hr at
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35°C and the bacterial colonies at all depths within the agar counted. Bacterial counts were

reported as CFU/mI.

MEMBRANE FILTRATION (MF) METHOD. The UH laboratory analyzed water samples for total

heterotrophic bacteria by using the new recommended membrane filtration method described in

the 16th (1985) edition of Standard Methods. Briefly, undiluted and diluted water samples

(10-25 ml) were filtered through sterile 0.45 Jlm pore size membranes (GN-6, Gelman

Sciences). These membranes were then placed onto a high nutrient agar (m-HPC) and a low

nutrient agar (R2A) prepoured into sterile dishes and incubated for 5 days at 35°C. All colonies

formed on the membrane were counted after 3 and 5 days. The averages of two replicates per

sample were used to calculate the concentrations of total heterotrophic bacteria as CFU/mI. For

the first month of this study, the m-HPC medium was not available and therefore the standard

plate count agar was used. The m-HPC and R2A media have only recently been produced

commercially. The m-HPC medium was designed to recover bacteria from water containing

high levels of nutrients while the R2A medium was designed to recover bacteria from low

nutrient waters. The formulations of these two media are outlined in Tables 3 and 4.

TABLE 3. FORMULATION OF m-HPC MEDIUM

Ingredient

Peptone

Gelatin

Agar

Glycerol

Amount/Liter of
Distilled Water

20 g

25 g

15 g

10 ml

NOTE: Glycerol added after medium completely
dissolved by heat.

TABLE 4. FORMULATION OF R2A MEDIUM

Ingredients

Yeast Extract

Proteose Peptone No.3

Casamino Acids

Dextrose

Soluble Starch

Sodium Pyruvate

Potassium Phosphate, Diabasic

Magnesium Sulfate· 7 H20

Agar

Gram/Liter of
Distilled Water

0.5

0.5

0.5

0.5

0.5

0.3

0.3

0.05

15.0
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Statistical Analysis

The three methods to recover coliform bacteria from water use three different means of

determining the concentrations of coliform present. The P-A test simply determines whether

coliform bacteria are present or absent in 100 ml of water sample. The membrane filtration

method results in a direct quantitative count of coliform bacteria as colony forming units/IOO ml

of water. On the other hand, the MPN method results in a statistically derived concentration

resulting in the most probable number of coliform bacteria per 100 ml per water. To compare

the efficiency of recovering coliform bacteria by these three methods, the results of these three

methods were converted to positive and negative values and the data evaluated using the

McNemar chi square test (U.S. DHHS 1981).

All methods used to recover total heterotrophic bacteria resulted in quantitative numbers.

Logarithmic transformation of data was made to normalize the distribution of results. The F test

(Remington and Schork 1985) was used to assess the within-sample variation for each of the

methods while the Student's t test (u.S. DHHS 1981) was used to compare the mean counts of

total heterotrophic bacteria recovered by the three methods.

MONTHLY PROGRESS REPORTS. The data collected were summarized in monthly reports

submitted to the BWS in fulfillment of the contract for this study. Summaries of the monthly

reports submitted to the BWS are included in Appendices A to D.

RESULTS OF DATA ANALYSIS
Evaluation of BWS Assay Methods for Coliform Bacteria

Over a 13-mo period, 200 potable water samples were analyzed and summarized for coliform

bacteria by the P-A, MPN, and MF methods (Table 5). The P-A test, which is qualitative and

determines whether coliform bacteria are present or absent, recovered coliform bacteria in

15.5% (31/200) of the sample. The MPN method, which statistically determines the most

probable number of coliform present, recovered coliform in 8% (16/200) of the samples

assayed. The MF method, which quantitatively recovers bacteria in water samples, recovered

coliform in 11% (22/200) of the samples assayed.

One way of evaluating the efficiency of the three methods is to compare the incidences of

positive and negative recoveries of coliform between each of the three methods. The data

comparing the efficiency of recovering coliform bacteria by the P-A test versus the MPN method

are summarized in Table 6. Both methods recovered coliform bacteria in 6.5% (13/200) ofthe

samples and both were negative for coliform bacteria in 83% (166/200) of the samples. In

9.0% (18/200) of the samples, the P-A test was positive whereas the MPN method was



TABLE 5. COMPARATIVE DETECTION OF COLIFORMS BY P-A, MPN, AND MF METHODS FOR POTABLE WATERS

NUMBER NUMBER OF POSmVE (+)ANDNEGATIVE(-) ASSAYS

SAMPLE OF P-A Test MPN Method MF Method

DATI: SAMPLES Range Range

+ - + - (MPN/I00 ml) + - (CFU/1 00 ml)

June 1985 20 0 20 0 20 0 20

July 1985 25 7 18 5 20 5.1->16 6 19 1-38

Aug. 1985 20 0 20 0 20 0 20

Sept. 1985 20 6 14 2 18 9.2->16 4 16 1->100

Oct. 1985 10 0 10 0 10 0 10

Nov. 1985 15 4 11 3 12 2.2 2 13 1

Dec. 1985 10 2 8 0 10 0 10

Jan. 1986 10 3 7 2 8 >16 2 8 5-34

Feb. 1986 15 1 14 1 14 2.2 2 13 1

Mar. 1986 15 2 13 0 15 1 14 1

Apr. 1986 25 1 24 1 24 5.1 3 22 1

May 1986 5 0 5 0 5 0 5

June 1986 10 5 5 2 8 >16 2 8 22-29

Cumulative 200 31 169 16 184 22 178

....
N
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TABLE 6. FREQUENCY OF POSITIVE (+) AND NEGATIVE (-)
ASSAYS FOR COLIFORM IN 200 WATER SAMPLES
BY P-A VS. MPN METHODS

P-A Test MPN Method Frequency

+ + 13/200 (6.5%)

166/200 (83.0%)

+ 18/200 (9.0%)

+ 3/200 (1.5%)

negative. In contrast, only 1.5% (3/200) of the samples was positive by the MPN method and

negative by the P-A test. The McNemar chi square analysis of the data indicates that under the

conditions of this study, the P-A test is significantly (P <0.01) more efficient in recovering

colifonn bacteria than the MPN method.

The data comparing the efficiency of recovering colifonn bacteria by the P-A test versus the

MF method are summarized in Table 7. Both methods recovered colifonn bacteria in 7.1 %

(14/200) of the samples and both were negative for colifonn in 80.5% (161/200) of the

samples. In 8.5% (17/200) of the samples, the P-A test was positive whereas the MF method

was negative. In contrast, only 4.0% (8/200) of the samples was positive by the MF method

and negative by the P-A test. Although the frequency of recovering colifonn by the P-A test is

greater than twice the frequency of the MF method, the McNemar chi square analysis of the

data indicates that the P-A test is not significantly (P >0.05) more efficient in recovering

colifonn bacteria than the MF method.

The data comparing the efficiency of recovering colifonn bacteria by the MF method versus

the MPN method are summarized in Table 8. Both methods recovered colifonn bacteria in 7.0%

(14/200) of the samples and both were negative for colifonn bacteria in 88% (176/200) of the

samples. In 4.0% (8/200) of the samples, the MF method was positive whereas the MPN

method was negative. Only 1.0% (2/200) of the samples was positive for colifonn bacteria by

the MPN method and negative by the MF method. McNemar chi square analysis of the data

indicate that MF method is not significantly (P >0.05) more efficient in recovering colifonn

bacteria than the MPN method.

Since the MF method is the only quantitative method of recovering colifonn bacteria, the

sensitivity of the P-A and MPN methods can also be evaluated by comparing the recovery

efficiency of these latter two methods in water samples quantitatively analyzed for colifonn

bacteria by the MF method. The results summarized in Table 9 show that the MF method failed

to recover colifonn (0 CFU/100 ml) in 178 water samples. Of the 178 MF negative samples,
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TABLE 7. FREQUENCY OF POSITIVE (+) AND NEGATIVE (-)
ASSAYS FOR COLIFORM IN 200 WATER SAMPLES
BY P-A VS. MF METHODS

P-A Test MF Method Frequency

+ + 14/200 (7.1%)

161/200 (80.5%)

+ 17/200 (8.5%)

+ 8/200 (4.0%)

TABLE 8. FREQUENCY OF POSITIVE (+) AND NEGATIVE (-)
ASSAYS FOR COLIFORM IN 200 WATER SAMPLES
BY MF VS. MPN METHODS

MF Method MPN Method Frequency

+ + 14/200 (7.0%)

176/200 (88.0%)

+ 8/200 (4.0%)

+ 2/200 (1.0%)

TABLE 9. DETECTION OF COLIFORM BY P-A AND MPN METHODS
AS A FUNCTION OF MF COLIFORM COLONY COUNT

MF COLONY COUNT
No. Samples CFU/loo ml

NO. OF POSITIVE SAMPLES
P-A Test MPN Method

178

11

2

9

o
1

2-9

>10

17

3

2

9

2

3

2

9

17 were positive when assayed by the P-A test and 2 were positive when assayed by the MPN

method. The MF method recovered coliform in a total of 22 water samples. However, in 50%

(11/22) of these samples, coliform was detected at the minimal level of 1 CFU/l00 ml. Of these

11 water samples containing only 1 CFU of coliform per 100 ml of water, only 3 were

determined to be positive by the P-A and MPN methods. However, the P-A and the MPN

methods were positive for coliform bacteria in the remaining 11 water samples which were

determined to contain 2 or more CFU/lOO ml of coliform by the MF method. These results

indicate that under conditions where coliforms are consistently present in moderate levels in the

water, all three methods can be relied on to recover these bacteria. However, at very low levels

of coliform, the efficiency of recovering coliform by the three methods will be variable for at
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least two reasons. First, the actual distribution of coliform in the 50- to 100-ml subsample will

vary. Second, it has been documented that stressed coliform may not be recovered when

subjected to direct filtration through a membrane (Lin 1976) and is more likely to be

resuscitated in a liquid medium, such as that provided by the P-A or MPN methods.

In this study, all 31 samples that yielded a presumptively positive reaction in the P-A broth

resulted in acid and gas reactions. All of these presumptively positive P-A broths yielded

positive reactions when subjected to the confmnative and completed test for coliform. The

results indicate that false-positive reactions were not a problem in the P-A test. All of the 169

presumptively negative P-A broth were also subjected to conftrmation testing by streaking onto

mEndo agar. Only one of these 169 presumptively negative P-A broth resulted in a positive

confirmation test (presence of green-sheen colonies). These green-sheen colonies could be

propagated on several passages onto mEndo agar. However, this gram negative rod isolate

could not grow in either lactose broth or in brilliant-green bile broth; instead, it grew as a

colorless colony on EMB and mFC agar. On mFC agar, it was unable to grow at 44.5°C. When

subjected to identification on API-20 E, the isolate most closely resembled a Pseudomonas sp.

or possibly Achromobacter xylosoxidans. The results indicate that a false-negative reaction

was not a problem in the P-A test, although an unknown isolate did result in a positive

conftrmation test.

Evaluation of BWS Assay Methods for Heterotrophic Bacteria

The same 200 water samples analyzed for coliform over the 13-mo period were also analyzed

for total bacteria. The BWS used the traditional standard plate count (SPC) method to analyze

these samples, while the UH used the new membrane filtration method and the high nutrient

m-HPC and low nutrient R2A media (APHA, AWWA, and WPCF 1985) to analyze these samples.

The results of the analyses (Table 10) reveal that bacteria was recovered in all of the water

samples assayed by the membrane filtration method using either the m-HPC (range, 1-3970

CFU/ml) or the R2A (range, 1-3510 CFU/ml) media. The enumeration of bacteria on the two

media were consistently similar, although slightly higher on the m-HPC medium and exceeded

500/ml in only two water samples. In contrast, bacteria was recovered in only 80.5% of these

same water samples and at consistently lower concentrations by the SPC method. This method

also resulted in greater variability (range, 0-6550 CFU/mI) in bacterial counts although only

three water samples exceeded 500/mI. Only one water sample contained extremely high

concentrations of total heterotrophic bacteria and resulted in the unusually high maximum

counts detected by all three methods. The high concentrations of coliform (TNTC by MF

method) also recovered in this water sample indicated gross contamination of the water source.



TABLE 10. COMPARATIVE ENUMERATION OF TOTAL HETEROTROPHIC BACTERIA BY MEMBRANE FILTRATION
VS. STANDARD PLATE COUNT METHODS USING m-HPC, R2A, AND SPC MEDIA

NUMBER BACTERIA ENUMERATED (CFU/ml)
SAMPLE OF Membrane Filtration Method Std. Plate Count Method

DATI: SAMPLES m-HPC Medium R2AMedium SPC Medium
Range x Log x Range x Log x Range x Log x:

June 1985 20 1-371 35.2 0.8853 1415 39.5 1.0040 0-520 32.8 0.5753

July 1985 25 2-130 47.6 1.4789 3-214 52.9 1.4886 0-1000 64.1 1.0547

Aug. 1985 20 2-558 56.7 1.2933 2-518 50.3 1.2567 0-250 17.9 0.5217

Sept 1985 20 2-3970 232.9 1.3730 1-3510 196.4 1.3158 0-6500 342.9 0.7584

Oct 1985 10 3-60 32.6 1.4129 3-75 28.9 1.3236 1-16 7.2 0.7404

Nov. 1985 15 4-181 54.8 1.5446 2-118 35.1 1.3451 0-80 10.9 0.5768

Dec. 1985 10 3-97 22.5 1.0718 1-56 17.2 0.9770 Q-46 10.9 0.6201

Jan. 1986 10 6-89 35.4 1.4541 9-101 32.4 1.3925 0-71 9.7 0.4231

Feb. 1986 15 2-304 68.5 1.5489 3-164 35.6 1.3630 0-15 3.3 0.3688

Mar. 1986 15 2-88 36.5 1.3888 2-96 30.4 1.3326 0-7 1.4 0.1567

Apr. 1986 25 1453 55.4 1.3720 1-442 48.6 1.2804 0-40 6.9 0.5150

May 1986 5 22-117 56.1 1.6639 * * * 0-2 0.8 0.0602

June 1986 10 6-245 68.1 1.5898 * * * 0-220 40.1 0.7471

Cumulative 200 1-3970 66.7 1.366 1-3510 57.1 1.288 0-6500 528.0 0.5920
Std. Dev. 283.0 0.579 245.0 0.556 466.0 0.6880

*Not assayed.

....
0\
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A recheck of this water source a week later showed that coliform and total bacteria levels had

returned to background levels.

The total heterotrophic bacterial concentrations in most of the water samples were generally

low (avg., 67/ml), although a few samples yielded very high levels of total bacteria. It was

clear that an analysis of the arithmetic mean counts would not be very useful. To normalize the

variation of distributions, all the data were transformed to logarithms and the logarithmic mean

determined as 1.366 for m-HPC medium, 1.288 for R2A medium, and 0.592 for the SPC

method. Statistical analysis of the log mean by the Student's t test indicated that the MF method

using either the m-HPC or R2A media recovered significantly (P <0.01) more heterotrophic

bacteria than did the SPC method. Although the m-HPC medium recovered consistently more

bacteria than did the R2A medium, there was no significant (P >0.05) difference between the

recoveries of total bacteria by the two media. Moreover, the F test analysis of the data indicated

that the within-sample variation of the SPC method was significantly (P <0.01) greater than that

of the MF method, using either the m-HPC or the R2A medium. The within-sample variation

observed on the m-HPC and R2A media was not significantly (P >0.05) different.

Colonies developing on the m-HPC and R2A media were of various pigmentations. To

determine whether the m-HPC and R2A media were recovering different kinds of bacteria, the

distribution of the various colored colonies recovered on the m-HPC and R2A media from 20

water samples were compared. The results (Table 11) show some differences in the

distribution of the colored colonies; however, these differences were not definitive in this small

sample size. The results suggest that many of the same kinds of bacteria are being recovered by

the m-HPC and the R2A media.

Evaluation of Department of Health (DOH) Water Sample Analysis

Only eighteen (18) water samples provided by the DOH were analyzed for total coliform by the

P-A test and for total heterotrophic bacteria on m-HPC and R2A media by the UH laboratory (see

App. Tables B.3, C.2, C.5, D.2). These 18 water samples were obtained during four of the

thirteen months of sampling. The UH laboratory determined that only one of the eighteen water

samples was positive for coliform bacteria by the P-A test. This was also the only sample

determined to be positive by the DOH laboratory using the MPN test, whereas all 18 samples

were determined to be negative for coliform by the MF test. Since coliform bacteria were

determined to be positive in only 1 of 18 samples, the application of statistics to determine

which methods were superior was not warranted. However, the P-A method did detect

coliform bacteria in that one positive sample, thus supporting the more extensive data of

analyzing BWS samples which indicated that the P-A method was statistically more sensitive
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TABLE 11. COMPARATIVE PROPORTIONS OF COLORED BACTERIAL
COLONIES RECOVERED ON m-HPC VS. R2A MEDIA

COLOR OF
COLONY

NO. (%) COLONIES DETECTED ON MEDIA
m-HPC R2A

Yellow

Orange

Pink

Red

Cream

Colorless

55 (53)

7 (7)

24 (23)

3 (3)

12 (12)

3 (3)

52 (57)

2 (2)

16 (17)

o
15 (16)

7 (8)

Total Samples 104 92
NOTE: Data based on 20 samples containing ~1O colonies/medium.

than the MPN and MF methods in recovering colifonn bacteria.

Heterotrophic bacteria were recovered in all of the eighteen water samples analyzed by the

UH laboratory at concentrations ranging from 1 to 115 CFU/loo ml on the m-HPC medium and

from 1 to 102 CFU/loo ml on the R2A medium. The DOH laboratory assayed only 11 of these

18 water samples for heterotrophic bacteria at concentrations ranging from 0 to

110 CFU/lOO ml. The concentrations of heterotrophic bacteria recovered from these water

samples by the three methods were very similar. Results of all three methods agreed as to

which of the samples contained higher concentrations of heterotrophic bacteria and which

samples contained lower levels of these bacteria. Overall, the MF method recovered more

bacteria than the standard plate count method (pour plate method), thus supporting the more

extensive data of analyzing BWS samples which indicated that the MF method was statistically

superior to the standard plate count method in recovering heterotrophic bacteria.

PROJECT DATA DISCUSSION

The MPN and MF methods have, for many years, been the two approved methods to analyze

potable waters for coliform bacteria. Numerous studies have already been completed

demonstrating the reliability and approximate equivalence of these two methods. In contrast,

the P-A method to recover coliform bacteria from potable waters appeared for the fIrst time in

the most recent edition of Standard Methods (1985) as a tentative method of analysis.

The P-A test is acknowledged to be simpler and more economical. It is especially suited to

analyzing potable waters since the great majority of drinking water samples can be expected to

be negative for coliform bacteria and because the principle of the potable drinking water

standard is that no coliform should be present in a loo-ml sample of water. Clark (1968) is
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credited with developing the P-A test for colifonn. He reported on the higher sensitivity of the

P-A test over the MF method in recovering colifonn from potable waters. Jacobs et al. (1986)

supported Clark's findings and reported that the P-A test was much more sensitive than the MF

method and slightly more sensitive than the MPN method. However, Pipes et al. (1986)

reported no significant difference in the sensitivity of recovering colifonn by either the P-A or

the MF methods.

A major objective of this study was the evaluation of the efficiency of the P-A test compared

to the MPN and MF methods as conducted by the BWS to recover colifonn bacteria. For this

study, 200 water samples from the BWS and only 18 samples from the DOH were analyzed.

Although the results and trends of analyzing both sources of water samples were similar, data

from DOH water samples were incomplete and were too few in numbers to undergo statistical

analysis. On the other hand, data obtained from analyzing water samples provided by the BWS

were complete and sufficient in number to be statistically evaluated. Thus, the following

discussion and summary of this study are based on data obtained from analyzing the water

samples provided by the BWS.

Our results show that the P-A test is significantly more sensitive than the five-tube MPN

method and equivalent to or better than the MF method for recovering colifonn bacteria from

potable waters. However, under the conditions of our study, 100 m1 of water were assayed by

the P-A and MF methods, while only 50 ml were analyzed by the MPN method. The 1985

edition of Standard Methods recommends that a ten-tube (100 ml) MPN method be used

instead of the five-tube MPN. The ten-tube MPN will increase the efficiency of recovering

colifonn bacteria and, as reported by Jacobs et al. (1986), is as sensitive as the P-A test.

The incidence of false-positive and false-negative reactions is another parameter used to

assess the feasibility of a test. All 31 water samples which were presumptively positive by the

P-A test were subsequently confinned for the presence of colifonn bacteria. Thus, the incidence

of false-positive reactions in the P-A test was not a complicating factor. Of the 169

presumptively negative P-A tests, only one sample gave a positive continned test demonstrated

by the growth of green-sheened colonies on mEndo agar. However, this green-sheened colony

did not grow in either brilliant-green lactose bile broth, or in lactose broth, or at 44.5°C, and

was therefore concluded not to be a colifonn bacteria. Since this false-positive reaction was

observed in only 1 of 169 presumptively negative P-A test samples, the incidence of a

false-negative reaction was not considered to be a limitation of the P-A test. The results indicate

that the P-A test can be confidently used as a reliable alternative method to that of the MPN and

MF methods to monitor for colifonn bacteria in potable water.

Another objective of our study was to evaluate the efficiency and feasibility of the MF

method by using the high-nutrient m-HPC medium and the low-nutrient R2A medium to recover



20

total heterotrophic bacteria from potable waters as compared with the traditional SPC method.

The results of our study clearly show that the MF method, using either the m-HPC or R2A

medium, was much more efficient and reliable than the SPC method in recovering total

heterotrophic bacteria. The higher recovery of total bacteria using the MF as compared to the

pour-plate technique used in the SPC method was first reported by Stapert, Sokolski, and

Northam (1962) and has since been substantiated by more recent studies (LeChevallier,

Seidler, and Evans 1980; Fiksdal et al. 1982). The heat shock associated with the pour plate

technique, the small sample volume used, the high nutrient content of the media, the difficulty

in detecting some colonies within the agar, and anaerobic conditions are some of the factors

responsible for the lower recovery of total bacteria by the SPC method. The 1985 edition of

Standard Methods recommends that the MF method be used with a choice of a high nutrient

(m-HPC) or a low nutrient (R2A) media to monitor potable waters for total heterotrophic

bacteria. The larger volume of water analyzed and the longer incubation period of up to five

days at 35°C are major factors for the higher recovery of total bacteria using the MF method.

The results of our study show a slightly higher recovery of bacteria using the m-HPC medium

as compared to counts observed on the R2A medium. After the five-day incubation period, the

bacterial colonies on m-HPC medium were larger, more deeply pigmented and, consequently,

easier to count than the smaller colonies observed on the R2A medium. It is clear that the

bacteria is growing more slowly on the low nutrient R2A medium than on the high nutrient

m-HPC medium and that with longer incubation the number of colonies observed on the R2A

medium will most likely be equal to that of the colonies observed on the m-HPC medium. The

distribution of pigmented colonies on these two media were similar indicating that the same

kinds of bacteria are being recovered by these two media. When incubation is limited to 5 days

or less, the m-HPC medium is recommended over the R2A medium. However, the main

conclusion of this study is that the MF method will recover much higher levels of total

heterotrophic bacteria in potable water samples than the SPC method.

In summary, potable water sources from the Honolulu Board of Water Supply were

assayed for coliform bacteria by the P-A, MPN, and MF methods, as well as for total bacteria by

the traditional SPC method and the newly recommended MF method. The results indicate that

the quality of Honolulu's potable water is excellent. Moreover, the data obtained supports the

recommendations as published in the 1985 edition of Standard Methods that the P-A test for

coliform and the MF method for total heterotrophic bacteria are reliable and feasible for

monitoring the sanitary quality of potable waters.
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RECOMMENDATIONS
Methods to Analyze Water for Coliform Bacteria

RECOMMENDATION ONE. The BWS and the DOH should seriously consider using the

presence-absence (P-A) test for routine analysis of potable water for coliform bacteria

The results of this study have shown that the P-A method recovers coliform bacteria more

often than the membrane filtration (MF) or the most-probable-number (MPN) methods currently

practiced by the BWS. The P-A test is also especially suited for analyzing large numbers of

water samples. Based on past data, most of the water samples analyzed by the BWS are

negative for coliform bacteria which was also confIrmed in our P-A tests. Comparisons of the

overall advantages and disadvantages of the P-A test with the MF and MPN methods are

summarized in Table 12. As shown in this table, the P-A test is simpler; requires less time, less

materials, and less skill in laboratory personnel; can analyze 100 ml of water sample; and in

general, is more economical.

RECOMMENDATION TWO. The P-A test should be adapted for direct field inoculation of

water into P-A test bottles.

The P-A test was conducted in the traditional manner of collecting water samples at the

field site and then transporting the samples back to the laboratory where the water was

analyzed. However, the P-A test can be easily adapted so that the P-A test bottle, containing

50 ml of broth medium, can be taken to the field site and 100 ml of the water sample

inoculated into the P-A test bottle marked with a premeasured 100 ml water sample line on the

outside of the bottle. This adaption will result in the saving of time, material, and labor to the

BWS. Only minor changes need to be instituted to adapt the P-A test to fIeld inoculation. First,

TABLE 12. COMPARATIVE ADVANTAGES AND DISADVANTAGES OF P-A, MF, AND
MPN METHODS FOR RECOVERY OF COLIFORM BACTERIA FROM
DRINKING WATER

Comparison Presence- Membrane Most Probable
Absence Filtration Number

Processing of water Easiest; Simple; Easy;
one step few steps few steps

Skill Needed Minimum Moderate Minimum

Glassware Required One bottle Filter set Many test tubes

Material Cost Low High Low

Volume Analyzed 100 ml 100 ml 50 ml

Results Qualitative Quantitative Statistical estimate

Labor Input 3 hr 5hr 8hr

Sensitivity Better Good Good
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screw-cap bottles containing 50 ml of media broth should be marked with a 100 ml

water-sample line by laboratory personnel. The same precautions must be taken by the

water-sampler at the field site whether the water sample is collected for transport back to the

laboratory for analysis or for direct inoculation into P-A test bottles. The one difference is that

the sampler must inoculate water into the bottle to a premeasured line. Sampler can be

instructed to collect water samples slightly in excess of the line resulting in inoculating 100 to

105 ml of water sample. By allowing the sampler to just exceed the premeasured line, there

will not be any delay in collecting the water sample. The error in adding slightly more water

sample (e.g., 2-5 ml) will be error on the side of safety and results can be reported in minimum

of 100 ml of water sample tested. The time interval after the water sample had been collected in

the field and before the water sample is brought back to the laboratory for incubation at 35°C

will not affect the results of the test since total coliform bacteria can multiply at room

temperature. The major advantage of adapting the P-A test to field inoculation is that it

eliminates any additional processing of the water sample after it is transported back to the

laboratory except incubating the bottles at 35°C.

Pipes et al. (1986) recently reported on their preliminary study to adapt the P-A test method

to field inoculation. They reported equivalent results regardless of whether the P-A test bottles

were inoculated with water at the field site or after the samples were transported back to the

laboratory. Adaptation of the P-A test to field inoculation can be easily tested by the BWS once

they establish the P-A test procedure. Laboratory personnel at the BWS microbiology laboratory

were kept informed on the use of the P-A test in our present study. The Water Resources

Research Center's Water Quality Laboratory at the University of Hawaii offers to complete the

second phase of this study to implement and evaluate the applicability of the P-A test for field

inoculation of BWS water samples.

Water Analysis Methods for Total Heterotrophic Bacteria

RECOMMENDATION ONE. We recommend that the newly described membrane filtration

(lvtF), rather than the traditional standard plate count (SPC), method be used by the BWS and the

DOH to analyze potable water for total heterotrophic bacteria.

The results of this study have clearly shown that the lvtF method, using either the m-HPC or

the R2A medium, recovered more heterotrophic bacteria from drinking water samples than the

SPC method. The MF method was also very reliable in obtaining reproducible results. A

comparison of the efficiency and accuracy of the lvtF with the SPC method indicates that the SPC

method undercounts the concentrations of heterotrophic bacteria actually present in the water

sample. In the selection of the method to be used for water analysis, the advantages and
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disadvantages of the MF and SPC methods summarized in Table 13 should be considered.

Examination of this table indicates that the SPC method is faster, requires less material, is

simpler, and is more economical but less sensitive (accurate) than the MF method. However,

accuracy of results takes precedence over simplicity of methodology when the more accurate

method is not considerably more difficult to perform. In this regard, the 16th edition of

Standard Methods (1985) concludes that "the heterotrophic plate count is the best available

measure of water treatment plant efficiency, after growth in transmission lines and general

bacterial composition of source water." The growing importance of determining the actual

heterotrophic bacteria concentrations in water systems argues that the more accurate MF method

should be selected over the simpler but less accurate SPC method

RECOMMENDATION TWO. We recommend that the m-HPC, and not the R2A, medium be

used in the MF method for recovering total heterotrophic bacteria from Hawai'i's potable water

samples.

In our study, both the high-nutrient m-HPC medium and the low-nutrient R2A medium were

used to recover total heterotrophic bacteria from Hawai'i's drinking water sources. After the

five-day incubation period, the colonies observed on the m-HPC medium were larger and their

pigment more distinct. Actual numbers of bacteria that could be counted on the R2A medium

were very close to that determined on the m-HPC medium; however, the colonies were smaller

and the pigmentation less distinct. It was obvious that with longer incubation, colonies on the

TABLE 13. COMPARATIVE ADVANTAGES AND DISADVANTAGES OF MF METHOD
USING m-HPC AND R2A MEDIA VS. SPC METHOD OF RECOVERING
HETEROTROPHIC BACTERIA FROM DRINKING WATER

MEMBRANE FlL1RATlONCOMPARISONS

Procedure

Time Consumed

Materials Needed

Material Cost

Volume Analyzed

Dilutions

Heat Shock

Obligate Aerobes

Reproducible Results

Sensitivity

Colony Development

Extended Incubation

m-HPC Agar

Simple

Short

Moderate

Moderate

Large

OK
No

OK
High

High

Rapid

Yes

R2A Agar

Simple

Short

Moderate

Moderate

Large

OK
No

OK
High

High

Slow

Yes

SPC
(Pour Plate)

Simple

Short

Minimal

Minimal

Small (1 ml)

No

Yes

Limited

Low

Low

Rapid

No
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R2A medium would also develop more distinct pigmentation and increase. However, a five-day

incubation period is probably the maximum time that can be considered feasible in most

working laboratories. After a five-day incubation period, the results obtained in m-HPC

medium are satisfactory.
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APPENDIX A. FIRST INTERIM MONTHLY REPORT

I. Project Contract Period and Project Starting Date

The contract for this project was finalized with an official starting date of7 October 1985.

However, the project was initiated in May 1985 with the training of the research

microbiologist and the collection of samples from the Board of Water Supply beginning in

June 1985. The early initiation of this study was justified based on the early informal

approval of this proposed study and the timeliness of beginning this study during the

summer of 1985.

II. Selection of Research Microbiologist and Verification of Methodology

Nipapun Kungskulniti, a graduate student in The School of Public Health, was selected as

the research microbiologist for the project. She was trained to perform the following tests

required as described in the new, 16th edition of Standard Methods (APHA, AWWA, and

WPCF 1985): (1) presence-absence (P-A) test for total coliform, and (2) heterotrophic plate

count by membrane filtration (MF) technique using two new media, the low-nutrient R2A

medium and the high-nutrient m-HPC medium. At the start of this project, the R2A medium

was purchased from a commercial supplier (Difco Company). However, since the m-HPC

medium was still not available commercially, the standard plate count agar was used. The

m-HPC medium became available in August and was immediately used at that time.

To verify the reliability of Kungskulniti's technique, as well as to demonstrate the

reliability of all of the reagents used, five samples of drinking water obtained from

standard tap water sources were sampled and assayed for coliform bacteria by using the P

A test and for heterotrophic bacteria by using the R2A and PeA media. The results of the P

A test (App. Table A.l) show that coliform was absent in all five water samples. These

were the expected results since the Board of Water Supply (BWS) is the supplier of these

waters and the BWS has had a long history of providing coliform-free water to the

residents of Honolulu. To verify that the P-A test can detect coliform bacteria, water

samples were purposely contaminated with coliform bacteria (E. coli) and also assayed.

The results (App. Table A.l) show that all three of these "positive control" samples were

positive for coliform when assayed on the three days the experiments were carried out.

Moreover, the presumptive coliform recovered in the initial P-A test were subsequently

confirmed and completed to verify that coliform bacteria were actually present in the

positive control samples. The results of the initial test demonstrate the reliability of the P-A
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APPENDIX TABLE A.I. EVALUATING RELIABILITY OF PRESENCE-ABSENCE (P-A) TEST
TO RECOVER COLIFORM BACTERIA FROM WATER SAMPLES

PRESENCE (+) OR ABSENCE (-)
1985 SAMPLE WATER TEST FOR COliFORM BACTERIA

SOURCE Pre- Con- Com-
swned fumed pleted

5/23 Tap water Kaimuki

5/23 Tap water Biomed.-UH

6/03 Tap water Kaimuki

6/03 Tap water (hot) Kaimuki

6/03 Fountain water Biomed.-UH

5/23 Positive control* + + +

6/03 Positive control* + + +
6/18 Positive control* + + +

*Coliforrn (E. co/i) added to water sample.

APPENDIX TABLE A.2. EVALUATING RELIABILITY OF MEMBRANE FILTRATION
METHOD USING R2A AND PCA MEDIA TO RECOVER
HETEROTROPHIC BACTERIA FROM WATER SAMPLES

WATER
RECOVERY OF HETERarROPHIC BACTERIA

1985 SAMPLE
SOURCE

(DUPliCATE COUNTS IN CFU/l00 ml)
PCAMedium R2AMedium

5/23 Tap water Kaimuki 312 282 41 46
5/23 Tap water Biomed.-UH 390 375 55 60

6/03 Tap water Kaimuki 680 1,240 720 1,040

6/03 Tap water (hot) Kaimuki 280 400 360 640

6/03 Fountain water Biomed.-UH 4,800 4,360 1,480 1,720

5/30 Diluent (PSB)* 0 0 0 0

*Reagent used to dilute water sample; served as negative control.

test to recover colifonn bacteria and also demonstrate Kungskulniti's mastery of the P-A

test.

The same water samples were also assayed for total heterotrophic bacteria by filtering

water through 0.45 Jlm pore size membranes and by placing these membranes on PCA and

R2A media. Duplicate assays for each sample was done. The results (App. Table A.2)

show that (l) the distribution of counts between the duplicate samples were close in most

samples; (2) the total heterotrophic bacteria count in these water samples were in the range

expected for drinking water sources; and (3) there was a trend of recovering more bacteria

by using the PCA medium as compared with the R2A medium.
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In summary, the results of the initial series of tests demonstrate the reliability of

Kungskulniti's technique and of the test procedures. It was therefore concluded that

Kungskulniti was ready to begin to analyze water samples obtained from the BWS.

III. Experimental Design

The experimental design and responsibilities for implementing this study were discussed

with the BWS at a meeting with S.S. Nakasone (Head, Microbiology Laboratory, BWS).

The following agreement and arrangements were made.

1. Water samples to be analyzed will be determined after discussions with BWS (S.S.

Nakasone) and UH (R.S. Fujioka, N. Kungskulniti).

2. All water samples will be collected by BWS personnel.

3. The WRRC will provide sterile containers to BWS to collect extra water samples for the

project.

4. Personnel from UH (N. Kungskulniti) will arrange and be responsible for picking up

the water samples from the BWS on the same day of their collection for immediately

analyzing the samples at the UH laboratory.

5. The results of the water analyses will be transmitted to BWS (S.S. Nakasone).

6. BWS will provide UH with their data for coliform and total plate counts after analyzing

these same water samples in their laboratory.

7. All the data (WRRC and BWS) will be summarized by WRRC and sent to BWS as part of

the monthly report.

IV. Results of First Monthly Report

Twenty (20) water samples obtained from the BWS were analyzed during the fIrst month

(June 1985) of this study. IdentifIcation of the 20 samples, as well as the results of their

analysis by the WRRC and BWS are summarized in Appendix Table A.3. The results show

that all of the 20 samples were negative for coliform bacteria whether assayed by the P-A

test by WRRC or by the most probable number (MPN) or the membrane fIltration (MF)

technique conducted by the BWS.

The heterotrophic bacteria counts of these same water samples were similar when

assayed on PCA or R2A media by UH. The range of counts between duplicate counts was

satisfactory. Recovery of heterotrophic bacteria by UH was generally a little higher than

that recovered by the standard plate count as determined by BWS. SignifIcantly, all samples

with high concentrations of heterotrophic bacteria were determined to be high in the UH

and BWS analyses.
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APPENDIX TABLE A.3. MICROBIOLOGICAL ANALYSES OF DRINKING WATER SAMPLES, JUNE 1985

UNIVERSITY OF HAWAII BOARD OF WATER SUPPLY
SAMPLE JUNE SAMPLE SOURCE/ID P-A Colifonn Test (+/-) PeA R2A MPN (Index/lOO rnl) MF (CFU/lOO rnl) SPC

NO. 1985 Pre- Con- Corn- (CFU/ml) (CFU/ml) Pre- Con- Com- Pre- Con- Corn- (CFU/rnl)
sumed firmed pleted sumed fInned pleted sumed fIrmed pleted

1 6 HC I-Nimitz Fire Sta. - - NAt 2, 2 7, 6 <2.2 * * <1 * * 1

2 6 HC 2-Pier 31 - - NA 9,4 5, 10 <2.2 * * <1 * * 2

3 6 HC 4-520 Kalihi St. - - NA 7,5 13, 7 <2.2 * * <1 * * 1

4 6 HC 7-1602 Nuuanu Ave. - - NA 3,4 5,6 <2.2 * * <1 * * 1

5 6 HC 8-1129 Kam IV Rd. - - NA 15, 11 29, 25 <2.2 * * <1 * * 0

6 12 WM 9-Waipahu Fire Sta. - - NA 3,4 7,3 <2.2 * * <1 * * 4

7 12 WM 100Waipahu Elem. - - NA 12, 10 6, 15 <2.2 * * <1 * * 3

8 12 WM II-Waipahu Inter. - - NA 3, 5 4, 5 <2.2 * * <1 * * 3

9 12 WM 12-Waipahu High - - NA 2,2 2, 3 <2.2 * * <1 * * 9

10 12 WM 13-St. Joseph's - - NA 15, 13 23,23 <2.2 * * <1 * * 1

11 18 WA 2-WaiaJua Fire Sta. - - NA 78, 78 63, 77 <2.2 * * <1 * * 45

12 18 WA 3-HaJeiwa Alii Beach Pk. - - NA 5, 3 8, 14 <2.2 * * <1 * * 8

13 18 WA 4-WaiaJua Rec. Ctr. - - NA 13, 17 15, 14 <2.2 * * <1 * * 4

14 18 WA 5-Pupukea Fire Sta. - - NA 8, 10 9,9 <2.2 * * <1 * * 5

15 18 WA 6-Waimea Bay Beach Pic. - - NA 5.4 7, 5 <2.2 * * <1 * * 3

16 25 WE I-Sunset Bch. - - NA 353,371 401,415 <2.2 * * <1 * * 520±
Church of Chirst

17 25 WE.2-Sunset Bch. Chev. Sta. - - NA 1, 1 1, 1 <2.2 * * <1 * * 1

18 25 WE 3-Ehukai Beach Park - - NA 171,152 174, 157 <2.2 * * <1 * * 44

19 25 WE 4-UH WaiaJee Exp. Sta. - - NA 2, 1 2,2 <2.2 * * <1 * • 0

20 25 WE 5-Hilton Turtle Bay - - NA 3, 1 2, 1 <2.2 * * <1 • * 1
Pro Shop

'Not assayed.
tNA = Not applicable; test was not done since confmned test was negative.
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V. Summary

This project was initiated in the summer of 1985, earlier than the official contract period.

Nipapun Kungskulniti was selected as the research microbiologist to conduct the

experiments for this project. The initial phase of this study was conducted to verify

Kungskulniti's capability in mastering the laboratory techniques and to demonstrate the

feasibility and reliability of the experimental methods. Arrangements and agreements were

subsequently made with BWS in the design and execution of this project. During the first

month (June) of this study, 20 water samples obtained from BWS were assayed. The

WRRC data confmned the BWS data. The preliminary results suggest that the P-A test will

work and that the new heterotrophic plate count method is reliable and accurate. The

project has gotten off to a good start.

APPENDIX B. SECOND, THIRD, AND FOURTH MONTHLY REPORTS

I. Experimental Design

The experimental design for the three month (July-September 1985) study phase was

similar to that described in the first interim monthly report. Briefly, the drinking water

samples collected by the BWS were analyzed for total coliform bacteria and total

heterotrophic bacteria by the BWS and WRRC laboratories by using different methods. The

BWS utilized the MPN and the standard MF method to assay for coliform bacteria; the UR

used the presence-absence test (P-A test). To assay for total heterotrophic bacteria, the BWS

used the standard plate count method (pour plate method) while the UR utilized the

membrane filtration method by using the low-nutrient R2A medium and the high-nutrient

plate count agar or the m-HPC agar. The m-HPC agar is the new medium recommended in

the 16th edition of Standard Methods. Since this medium was not commercially available

at the start of this project, the plate count agar was used to analyze samples 1 through 30.

In mid-July, the m-HPC medium finally available from Difco Laboratories was used,

beginning with sample 31, in place of the plate count agar.

II. Results

A. SECOND (JULY 1985) MONTHLY REPORT. The twenty five (25) water samples obtained

from the BWS during the second month of the study were analyzed for total coliform

and total heterotrophic bacteria. The identification of these 25 samples (Nos. 21-45)

are summarized in Appendix Tables B.1.1.-B.1.2.



APPENDIX TABLE Rl.l. MICROBIOLOGICAL ANALYSES OF DRINKING WATER SAMPLES, JULY 1985

UNIVERSITY OF HAWAII BOARD OF WATER SUPPLY

SAMPLE JULY SAMPLE SOURCE/ID P-A Coliform Test (+/-) PeA R2A MPN (Index/loo ml) MF (CFU/loo ml) SPC
NO. 1985 Pre- Con- Com- (CFU/ml) (CFU/ml) Pre- Con- Com- Pre- Con- Com- (CFU/ml)

sumed firmed pleted swned firmed pleted swned fIrmed pieted

21 2 KH I-Kahuku P.O. - - * 96, 130 117,112 <2.2 * * <1 * * 88

22 2 KH 2-Kahuku Fire Sta. - - * 98, 116 154, 158 <2.2 * * <1 * * 67

23 2 KH 3-Kahuku Elderly - - * 10,9 7,8 <2.2 * * <1 * * 12

24 2 KH 4-Kahuku Golf Course - - * 20,25 21, 19 <2.2 * * <1 * * 1

25 2 KH 5-St Roch Church - - * 35,51 48,80 <2.2 * * <1 * * 4

26 10 HP 2-Aiea Fire Station - - * 4, 7 11,13 <2.2 * * <1 * * 2

27 10 HP 3-BlaisdeU Park - - * 10, 18 11,8 <2.2 * * <1 * * 3

28 10 HP 4-Pearl City Fire Sta. - - * 15, 13 16, 16 <2.2 * * <1 * * 10

29 10 HP 5-869 Hoomalu St. - - * 8, 7 17, 16 <2.2 * * 1 1 * 2

30 10 HP 6-Pearl City 640 Res. - - * 2, 4 4, 3 <2.2 * * <1 * * 0

·Not assayed.

w
~



APPENDIX TABLE B.l.2. MICROBIOLOGICAL ANALYSES OF DRINKING WATER SAMPLES, JULY 1985

UNIVERSITY OF HAWAll BOARD OF WATER SUPPLY

SAMPLE ruLY SAMPLE SOURCE/ID P-A Colifonn Test (+/-) m-HPC R2A MPN (Index/l00 ml) MF (CFU/lOO ml) SPC
NO. 1985 Pre- Con- Com- (CFU/ml) (CFU/ml) Pre- Con- Com- Pre- Con- Com- (CFU/ml)

sumed firmed pleted sumed finned pleted swned firmed pIeted

31 17 HWS 2-Waimanalu Tunnels + + + 44,48 58,47 >16.0 5.1 5.1 9 9 '" 21

32 17 HWS 6-Kahuluu Tunnels + + + 88, 89 97, 105 >16.0 >16.0 16.0 26 26 '" 48

33 17 WMS 5-Waianae Plantation + + + 75,60 45,59 16.0 16.0 16.0 15 15 '" 9

34 17 HS 8-Nuuanu Upper Aerator + + + 87, 79 105, 110 >16.0 16.0 16.0 29 29 '" 65

35 17 HS 9-Nuuanu Lower Aerator + + + 91, 120 212,214 >16.0 >16.0 >16.0 38 38 '" l000t

36 26 HC I-Nimitz Fire Sta. - - '" 8, 9 10, 15 <2.2 '" '" <1 '" '" 1

37 26 HC 2-Pier 31 + + + 33,23 22,25 <2.2 '" '" <1 '" '" 3

38 26 HC 4-520 KaJihi St. - - '" 9, 7 6,4 <2.2 '" '" <1 '" '" 2

39 26 HC 7-1602 Nuuanu Ave. + + + 77,80 63, 77 <2.2 '" '" <1 '" '" 28

40 26 WM 6-Pillilaau Park - - '" 27, 16 15. 18 <2.2 '" '" <1 '" '" 14

41 30 WA 2-Waialua Fire Sta. - - '" 80,69 39,52 <2.2 '" '" <1 '" '" 42

42 30 WA 3-Haleiwa Alii Bch. Pk. - - '" 88, 108 85,85 <2.2 '" '" <1 '" '" 140

43 30 WA 4-Waialua Rec. Center - - '" 81,92 90,81 <2.2 '" '" <1 '" '" 28

44 30 WA 5-Pupukea Fire Sta. - - '" 15,24 13, 12 <2.2 '" '" <1 '" '" 3

45 30 WA 6-Waimea Bay Bch. Pk. - - '" 37,36 21,20 <2.2 '" '" <I '" '" 10

·Not assayed.
tError of ±10-15%.

w
U1
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1. Total Coliform Bacteria. Of the 25 samples analyzed for coliform bacteria (see App.

Tables B. 1. 1.-B. 1.2.), 7 samples (28%) were positive in the P-A test, 6 samples

(24%) were positive in the MF test, and 5 samples (20%) were positive in the MF

method. Five of these samples (Nos. 31-35) were determined to be positive for

coliform by the three methods used at concentrations ranging from 5.1 to

>16/100 ml by the MPN method and 9 to 38 CFU/100 ml by the MF method. One

sample (No. 29) was positive for coliform bacteria at the minimum level of

1 CFU/IOO ml by the MF method but was negative when assayed by the P-A test

and the MPN method. Two samples (Nos. 37, 39) were positive for coliform

bacteria in the P-A test but were negative when assayed by the MPN and the

membrane filtration tests. All samples determined to be presumptively negative for

coliform bacteria by the P-A test were also streaked onto mEndo agar and examined

for coliform bacterial colonies (green sheen) to confirm that the presumptively

negative samples did not contain coliform bacteria. All of the presumptively

negative P-A test samples were determined to be negative for coliform bacteria by

this confirmation test.

2. Total Bacteria. The results summarized in Appendix Tables B.1.1.-B.1.2. show

that in 22 of 25 samples, the MF method recovered more total heterotrophic

bacteria than the standard plate count (SPC) method which is a pour plate method.

Recovery of total heterotrophic bacteria by the MF method (2-214 CFU/ml) were

similar, regardless of whether the low nutrient medium (R2A) or the high nutrient

medium (m-HPC) was used. None of the 25 samples assayed by the MF method

contained more than 500 CFU/ml, the minimum concentration of heterotrophic

bacteria in water samples reported to interfere with the efficient recovery of

coliform bacteria. Only one of the 25 samples (No. 35) assayed by the standard

plate count method by the BWS laboratory contained more than 500/ml of total

heterotrophic bacteria.

B. THIRD (AUGUST 1985) MONTHLY REPORT. Twenty-three (23) water samples were

analyzed for total coliform and total heterotrophic bacteria during the third month

(August) of the study. Twenty samples (Nos. 46-65) were obtained from the BWS and

the results summarized in Appendix Table B.2.1. Three samples (Nos. 1-3) were

obtained from the Department of Health (DOH) and the results summarized in

Appendix Table B.2.2.

1. Total Coliform Bacteria. All 23 samples (20 BWS; 3 DOH) were determined to be

negative for total coliform bacteria when assayed by the P-A test, the MPN method,

and the membrane filtration test. All 23 samples determined to be presumptively



APPENDIX TABLE B.2.1. MICROBIOLOOICAL ANALYSES OF DRINKING WATER SAMPLES, AUGUST 1985

UNIVERSITY OF HAWAll BOARD OF WATER SUPPLY
SAMPLE AUG. SAMPLE SOURCE/ID P-A Colifonn Test (+/-) m-HPC R2A MPN (Index/l00 ml) MF (CFU/l00 ml) SPC

NO. 1985 Pre- Con- Com- (CFU/ml) (CFU/ml) Pre- Con- Com- Pre- Con- Com- (CFU/ml)
sumed fIrmed pleted sumed fInned pleted sumed fIrmed pIeted

46 6 WE l-Sunset Beach Church - - • 558,552 518,507 <2.2 • • <1 • * 250
of Christ

47 6 WE 2-Sunset Beach - + - 3, 2 3, 5 <2.2 * * <1 * * 0
Chevron Sta.

48 6 WE 3-Ehukai Beach Park - - * 11, 6 3,4 <2.2 * * <1 * * 0

49 6 WE 4-00 Waialee Exp. Sta. - - * 3, 3 4, 3 <2.2 * * <1 * * 1

50 6 WE 5-Hilton Turtle Bay - - • 4,2 10,7 <2.2 • * <1 * * 1
Pro Shop

51 13 KH I-Kahuku P.O. - - * 21,28 17,20 <2.2 * * <1 * * 12

52 13 KH 2-Kahuku Fire Sta. - - • 80, 73 70, 57 <2.2 * * <1 * * 16

53 13 KH 3-Kahuku Elderly - - * 14, 5 6, 11 <2.2 * • <1 * * 0

54 13 KH 4-Kahuku Golf - - * 12, 12 11, 9 <2.2 * * <1 * * 1

55 13 KH 5-SL Roch Church - - * 90, 111 84,85 <2.2 * * <1 * * 12

56 21 HP 2-Aiea Fire Sta. - - * 2,4 2, 6 <2.2 * • <1 * * 0

57 21 HP 3-Blaisdell Park - - * 45,31 18, 33 <2.2 * * <1 * * 34

58 21 HP 4-Pearl City Fire Sta. - - * 7,9 8, 10 <2.2 * * <1 * * 1

59 21 HP 5-869 Hoomalu St. - - * 64,49 49,52 <2.2 * * <1 * * 0

60 21 HP 6-Pearl City 640 Res. - - * 5, 12 9,7 <2.2 * * <1 * * 0

61 28 WM 9-Waipahu Fire Sta. - - * 13,13 9, 10 <2.2 * * <1 * * 0

62 28 WM 100Waipahu Elem. - - • 65,58 51, 33 <2.2 * * <1 * * 9

63 28 WM II-Waipahu Inter. - - * 29,38 27, 18 <2.2 * * <1 * * 7

64 28 WM 12-Waipahu High - - * 28,37 39, 35 <2.2 * * <1 * * 11

65 28 WM 13-St. Joseph's - - * 77,92 73,91 <2.2 * * <I * * 2

*Not assayed.
w
-...l



APPENDIX TABLE B.2.2. MICROBIOLOGICAL ANALYSES OF DRINKING WATER SAMPLES, AUGUST 1985

UNNERSITY OF HAWAll DEPARTMENT OF HEALTII

SAMPLE AUG. SAMPLE SOURCE/ID P-A Coliform Test (+/-) m-HPC R2A MPN (Index/1oo ml) MF (CFU/1oo ml) SPC
NO. 1985 Pre- Con- Com- (CFU/ml) (CFU/ml) Pre- Con- Com- Pre- Con- Com- (CFU/ml)

sumed firmed pleted sumed firmed pleted sumed fumed pIeted

1 19 #32504-BYU - - * 9, 19 10, 10 <2.2 * * <1 * * 8

2 19 #32506-Laie Elem. School - - * 36,33 9,9 <2.2 * * <1 * * 5

3 19 #32510-Polynesian Cultural - - * 2, 7 2, 1 <2.2 * * <1 * * 5

Center

·Not assayed.

w
00
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APPENDIX TABLE B.3. CHARACTERIZATION OF BACTERIA RECOVERED FROM
POSITIVE-REACTION SAMPLE 47 IN CONFIRMATION TEST

TESf APPllED GROWTH CHARACTERISTICS
Coliform Bacteria Bacteria from Sample 47

mEndoagar

BGLBB (brilliant green
lactose bile broth)

Lactose broth

EMBagar

Plate count agar

mFC agar at 44.s°C

mFC agar at 35°C

Gram stain

API-20 E J.D. results

Growth with green sheen

Growth

Growth with gas

Growth with green sheen

Growth with colorless
colonies

Growth with blue colonies

Growth with blue colonies

Gram-negative rod

Escherichia sp.
Citrobacter sp.
Klebsiella sp.
Enterobacter sp.

Growth with green sheen

No growth

No growth

Growth with colorless
colonies

Growth with colorless
colonies

No growth

Growth with colorless
colonies

Gram-negative rod

Pseudomonas sp.
Achromobacter sp.

NOTE: Positive reaction (green-sheen colonies on mEndo agar).

negative for coliform bacteria by the P-A test were subjected to the

coliform confIrmation test by streaking onto mEndo agar and observing for green

sheened colonies, indicative of coliform bacteria. Green-sheened colonies were

recovered from only one (No. 47) of the 23 presumptively negative samples.

However, when the green-sheened colonies were further characterized, they could

not be confIrmed as coliform bacteria (see App. Table B.3). For example, the

green-sheened colonies could neither grow in the two selective coliform broth

(BGLBB and lactose broth) nor form typical coliform colonies on EMB agar and

mFC agar. Although gram staining indicated it was a gram-negative rod, further

testing using the API 20 E. enterobacteria identifIcation test system indicated that the

isolate more closely resembled a Pseudomonas sp. or probably Achromobacter

xylosoxidans. Thus, the completed test for coliform bacteria (Sample 47, App.

Table B.2.2.) was negative. The results indicate that some non-coliform bacteria

may have growth characteristics similar to coliform bacteria under specifIed

conditions.

2. Total Bacteria. The results summarized in Appendix Table B.2.1. show that in 19

of 20 samples, the MF method recovered more heterotrophic bacteria than the

standard plate count (SPC). In one of the 20 samples (No. 57), the recovered

concentrations of heterotrophic bacteria were approximately the same whether
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assayed by the membrane filtration or by the SPC method. The results summarized

in Appendix Table B.2.2. show that in 2 of the 3 DOH samples, the MF method

recovered more heterotrophic bacteria than the SPC method. Recovery of total

heterotrophic bacteria by the MF method (1-558/ml) was similar, regardless of

whether the low-nutrient (R2A) or the high-nutrient (m-HPC) medium was used.

Only one (No. 46; avg. 534/ml) of the 23 samples slightly exceeded

500 bacteria/mI, the minimum concentration of total bacteria that has been reported

to interfere with the efficiency of recovering total coliform bacteria from water

samples.

C. FOURTH (SEPTEMBER 1985) MONTHLY REPORT. Twenty (20) water samples obtained

from the BWS were analyzed for total coliform and total heterotrophic bacteria during

the fourth month (September) of this study. The results of analyzing the 20 samples

(Nos. 66-85) are summarized in Appendix Table BA.

1. Total Coliform Bacteria. Of the 20 samples analyzed for coliform bacteria, 6 samples

were positive using the P-A test (30%), 4 samples were positive in the MF test

(20%), and 2 samples were positive in the MPN method (10%). Two of these

samples (Nos. 68, 85) were determined to be positive for coliform by the three

methods used at concentrations that ranged from 9.2 to >16/100 rnl by the MPN

method and TNTC (> 100 CFU/IOO mI) by the membrane filtration method. Two

samples (Nos. 83, 84) were positive for coliform at the minimum level of

1 CFU/loo ml by the membrane filtration test, but were negative when assayed by

the P-A test and the MPN method. Four samples (Nos. 67, 72, 76, 77) were

positive for coliform bacteria by the P-A test, but were negative when assayed by

the MPN method and the membrane filtration test. All 14 samples determined to be

presumptively negative for coliform bacteria by the P-A test were also negative for

coliform bacteria when subjected to the confmnation test.

2. Total Bacteria. The results summarized in Appendix Table BA show that in 17 of

20 samples analyzed, the membrane filtration method recovered more total

heterotrophic bacteria than the SPC method. Recovery of total heterotrophic

bacteria by the membrane filtration method (1 to 3, 970 CFU/ml) was similar

regardless of whether the low-nutrient medium (R2A) or the high-nutrient medium

(m-HPC) was used. Only one of the 20 samples contained more than 500 CFU/rnl

of total bacteria. This sample (Sample 85, HC Kahala Beach Park) yielded an

average of 3,590 CFU/ml of total heterotrophic bacteria by the membrane filtration

method and approximately 6,500 CFU/mI when assayed by the SPC method. These

extremely high heterotrophic bacterial counts indicate that the overall quality of the



APPENDIX TABLE BA. MICROBIOLOGICAL ANALYSES OF DRINKING WATER SAMPLES, SEPTEMBER 1985

UNIVERSITY OF HAWAII BOARD OF WATER SUPPLY

SAMPLE SEPT. SAMPLE SOURCE/ID P-A Coliform Test (+/-) m-HPC R2A MPN (Index/l00 ml) MF (CFU/lOO ml) SPC
NO. 1985 Pre- Con- Com- (CFU/ml) (CFU/ml) Pre- Con- Com- Pre- Con- Com- (CFU/ml)

sumed firmed pleted sumed fIrmed pIeted sumed firmed pleted

66 6 HC 7-1602 Nuuanu Ave. - - * 11,8 8, 12 <2.2 * * <1 * * 2

67 6 HS 8-Nuuanu Upper Aerator + + + 2, 8 11, 11 <2.2 * * <1 * * 1

68 6 HS 9-Nuuanu Lower Aerator + + + 134,171 156, 150 >16.0 >16.0 >16.0 ** ** * 250

69 6 HMD 2-4010 Poli Hiwa - - * 30, 19 13, 11 <2.2 * * <1 * * 0

70 6 HMD 3-3615 Nuuanu Pali Dr. - - * 11,11 4, 8 <2.2 * * <1 * * 5

71 13 HWS 5-Haiku Tunnel - - * 7, 5 1,4 <2.2 * * <1 * * 2

72 13 HWS 6-Kahuluu Tunnel + + + 10, 10 8,4 <2.2 * * <1 * * 1

73 13 HW 12-46-405 Kahuhipa St - - * 196,239 205, 184 <2.2 * * <1 * * 1

74 13 HW 13-47-572 Ahuimanu Rd. - - * 10, 8 7,7 <2.2 * * <1 * * 2

75 13 HW 14-Waihee Line Booster - - * 5,8 5,8 <2.2 * * <1 * * 12

76 20 HC I-Nimitz Fire Sta. + + + 12,13 21, 8 <2.2 * * <1 * * 3

77 20 HC 2-Pier 31 + + + 31,27 20, 19 <2.2 * * <1 * * 10

78 20 HC 5-1955 Young St. - - * 4,4 2,5 <2.2 * * <1 * * 1

79 20 HC ll-Temp. Abandoned - - * 81,65 62,60 <2.2 * * <1 * * 35

80 20 HC 13-Kahala Beach Park: - - * 39,40 41,32 <2.2 * * <1 * * 3

81 27 HC I-Nimitz Fire Sta. - - * 26, 25 44,41 <2.2 * * <1 * * 4

82 27 HC 2-Pier 31 - - * 19, 18 14,6 <2.2 * * <1 * * 10

83 27 HC 5-1955 Young St. - - * 2,5 5, 6 <2.2 * * 1 1 * 1

84 27 HC II-Temp. Abandoned - - * 81,62 81, 73 <2.2 * * 1 1 * 15

85 27 HC 13-Kahala Beach Park + + + 3890,3970 2990,3510 9.2 9.2 9.2 ** ** * 6500t

*Not assayed.
**Too numerous to count (>100 CFU/lOO ml).

tError of ±1O-15%.

~-
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water obtained from Kahala Beach Park was poor. Moreover, this same sample

yielded coliform bacteria by all three methods used with a MPN Index of 9.2/100

ml and TNTC (>100 CFu/lOO ml) when assayed by the membrane filtration

method. Thus, strong evidence was obtained that this water sample was

contaminated with fecal matter.

III. Summary and Conclusions

During the three-month period (July-September 1985) a total of 68 (65 BWS, 3 DOH)

samples were analyzed for total coliform bacteria and total heterotrophic bacteria. Of the 68

samples analyzed for total coliform bacteria, 13 samples (19%) were positive in the P-A

test, 7 samples (10%) were positive in the MPN method, and 10 samples (15%) were

positive in the membrane filtration test. These preliminary results indicate the higher

sensitivity of the P-A test in recovering coliform bacteria from water samples in

comparison with the MPN and membrane filtration methods. The reliability of the P-A test

method was further evaluated by subjecting all the presumptively negative P-A test samples

to the coliform confirmation test. Only one of the 55 samples determined to be

presumptively negative by the P-A test (No. 47) yielded a positive response for coliform

bacteria in the confirmation test. However, during the third phase of identifying this

coliform bacteria (completed test), it was determined that the bacteria which gave a positive

coliform response on the completed test was not a coliform bacteria. Thus, 100% of the

presumptively negative P-A samples did not contain coliform bacteria, thus indicating the

reliability of the P-A test for false negative. These results also indicate that some

non-coliform bacteria may have growth characteristics similar to coliform bacteria under

some conditions.

A total of 68 samples was analyzed for total heterotrophic bacteria. Higher

concentrations of total bacteria were recovered in 60 of the 68 samples (88%) by using the

membrane filtration method as compared with the standard plate count method (pour plate

method). The results indicate the higher sensitivity of the newly recommended membrane

filtration method to recover total heterotrophic bacteria in comparison with the currently

accepted standard plate count method. In the membrane filtration method, both a low

nutrient medium (R2A) and a high-nutrient medium (m-HPC) were used to recover total

heterotrophic bacteria. The results obtained thus far indicate that the efficiency of

recovering total bacteria was similar, regardless of whether the low-nutrient medium or the

high-nutrient medium was used. Since the heterotrophic bacteria recovered have not been

identified, it is not clear whether the low-nutrient medium and the high-nutrient medium
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are recovering the same kinds of bacteria, only that both media are recovering the same

numbers of bacteria

APPENDIX C. FIFTH, SIXTH, SEVENTH, AND EIGHTH MONTHLY REPORTS

I. Experimental Design

The experimental design of this study has been adequately described in the previous

monthly report submitted to the BWS.

II. Results

A. FIFTH (OCTOBER 1985) MONTHLY REPORT. During the fifth month of this study, ten

(10) water samples were obtained from the BWS and seven (7) samples were obtained

from the DOH. The samples were analyzed for total coliform and total heterotrophic

bacteria and the results summarized in Appendix Tables C.1.1. and C.I.2.

1. Total Coliform Bacteria. All 17 samples (10 BWS, 7 DOH) were determined to be

negative for total coliform bacteria when assayed by the P-A test, the MPN

method, and the membrane filtration test. All 17 samples determined to be

presumptively negative for coliform bacteria by the P-A test were also confmned

to be negative by streaking these samples onto mEndo agar and observing for

green-sheened colonies, indicative of coliform bacteria.

2. Total Bacteria. In all 10 of the BWS samples, the MF method recovered more

heterotrophic bacteria than the SPC method. Although all 7 of the DOH samples

were assayed for total bacteria by the MF method, only 4 of these samples were

also analyzed by the SPC method. Of the 4 samples, the MF method recovered

more bacteria than the SPC method in 2 samples, whereas approximately equal

concentrations of total bacteria were recovered from the other 2 samples by the

two methods. The concentrations of total bacteria recovered by the membrane

filtration method ranged from 1 to 1I5/ml, whereas the concentrations of total

bacteria recovered by the SPC method ranged from 0 to 110/ml. Thus, the

concentration of total heterotrophic bacteria was low «500/ml). Moreover, the

recovery efficiency of total bacteria by the membrane flltration method was similar

whether the R2A or the m-HPC medium was used.

B. SIXTH (NOVEMBER 1985) MONTHLY REPORT. During the sixth month of this study 21

samples (15 BWS, 6 DOH) were assayed for total coliform bacteria and
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APPENDIX TABLE C.l.l. MICROBIOLOOICAL ANALYSES OF DRINKING WATER SAMPLES, OCTOBER 1985 ~

UNIVERSITY OF HAWAII BOARD OF WATER SUPPLY

SAMPLE OCT. SAMPLE SOURCE/ID P-A Coliform Test (+/-) m-HPC R2A MPN (Index/l00 ml) MF (CFU/l00 ml) SPC
NO. 1985 Pre- Con- Com- (CFU/ml) (CFU/ml) Pre- Con- Com- Pre- Con- Com- (CFU/ml)

sumed fmned pleted sumed fmned pleted sumed fmned pleted

86 4 HC 14-UH Snack Bar - - * 47,60 42,46 <2.2 * * <1 * * 6

87 4 HC 16-Kaimuki Fire Sta. - - * 14, 13 12,7 <2.2 * * <1 * * 5

88 4 HC17-942 Spencer St. - - * 17, 19 6, 9 <2.2 * * <1 * * 4

89 4 HC 18-Hono. Int. Airport - - * 30,33 29, 32 <2.2 * * <1 * * 16

90 4 HC 19-Wailupe Beach Park - - * 36,57 38, 30 <2.2 * * <1 * * 2

91 25 HC I-Nimitz Fire Sta. - - * 32,35 27,30 <2.2 * * <1 * * 10

92 25 HC 2-Pier 31 - - * 29,33 12,22 <2.2 * * <1 * * 5

93 25 HC 5-1955 Young St. - - * 3, 3 3,4 <2.2 * * <1 * * 1

94 25 HC ll-Temp. Abandoned - - * 44,44 47,43 <2.2 * * <1 * * 11

95 25 HC 13-Kahala Beach Park - - * 52,51 67, 75 <2.2 * * <1 * * 12

·Not assayed.

APPENDIX TABLE C.l.2. MICROBIOLOOICAL ANALYSES OF DRINKING WATER SAMPLES, OCTOBER 1985

UNIVERSITY OF HAWAII DEPARTMENT OF HEALTH

SAMPLE OCT. SAMPLE SOURCE/ID P-A Coliform Test (+/-) m-HPC R2A MPN (Index/IOO ml) MF (CFU/l00 ml) SPC
NO. 1985 Pre- Con- Com- (CFU/ml) (CFU/ml) Pre- Con- Com- Pre- Con- Com- (CFU/ml)

sumed fmned pleted sumed firmed pleted sumed fmned pleted

4 8 Ewa Fernandez Village - - * 112, 115 109, 102 <2.2 * * <1 * * 110

5 8 Ewa Hongwanji Temple - - * 58,64 48,51 <2.2 * * <1 * * 51

6 8 Ewa Tenney Village - - * II, 19 10, 9 <2.2 * * <1 * * 5

7 15 Kahuku Air Base - - * 2, 2 2, 2 * * * <1 * * *
8 15 Malaekahana - - * 45,49 46,55 * * * <1 * * *
9 15 Polynesian Cultural Center - - * 2, 1 I, 1 <2.2 * * <1 * * 0

10 15 Pacific Club Dining Room - - * 98, 83 71,80 * * * <1 * * *
·Not assayed.



APPENDIX TABLE C.2.I. MICROBIOLOGICAL ANALYSES OF DRINKING WATER SAMPLES, NOVEMBER 1985

UNIVERSITY OF HAWAII BOARD OF WATER SUPPLY
SAMPLE NOV. SAMPLE SOURCE/ID P-A Coliform Test (+/-) m-HPC R2A MPN (Index/lOO ml) MF (CFU/IOO ml) SPC

NO. 1985 Pre- Con- Com- (CFU/ml) (CFU/ml) Pre- Con- Com- Pre- Con- Com- (CFU/ml)
sumed firmed pleted sumed firmed pleted sumed flfffied pieted

96 8 HC I-Nimitz Fire Sta. - - * 28,24 16, 33 2.2 2.2 2.2 <1 * * 10

97 8 HC 2-Pier 31 - - * 24,27 29, 37 <2.2 * * <1 * * 10

98 8 HC II-Temp. Abandoned + + + 146, 169 76, 82 2.2 2.2 2.2 1 1 * 80

99 8 HC IS-Hono. Int. Airport - - * 41,51 43,45 <2.2 * * <1 * * 28

100 8 HC 2O-Diamond Head + + + 4, 10 6,6 <2.2 * * 1 1 * 5
Line Booster

101 22 HC 11-2025 Kalakaua Ave. + + + 178, 181 89, 118 2.2 2.2 2.2 1 <1 * 20

102 22 HC 13-Kahala Beach Park - - * 61,55 44,62 <2.2 * * <1 * * 5

103 22 HC 19-Wailupe Beach Park - - * 24, 18 5, 2 <2.2 * * <1 * * 2

104 22 HC 2O-Diamond Head - - * 12, 16 11, 6 <2.2 * * <1 * * 2
Line Booster

105 22 HC 24-Kuliouou Line Bstr. + + + 7,4 4, 5 <2.2 * * 1 <1 * I

106 26 KH I-Kahuku P.O. - - * 58,62 31,23 <2.2 * * <1 * * 0

107 26 KH 2-Kahuku Fire Sta. - - * 54,49 25,25 <2.2 * * <1 * * 0

108 26 KH 3-Kahuku Elderly - - * 63, 73 32,48 <2.2 * * <1 * * 0

109 26 KH 4-Kahuku Golf - - * 13, 15 9, 4 <2.2 * * <I * * 0

110 26 KH 5-St. Roch Church - - * 79,98 60,78 <2.2 * * <1 * *
*Not assayed.

~
V\
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total heterotrophic bacteria. The results of these analysis are summarized in Appendix

Tables C.2.1. and C.2.2.

1. Total Coliform Bacteria. Of the 15 BWS samples analyzed for coliform bacteria (App.

Table C.2.!.), 4 samples (27%) were positive using the P-A test while 3 samples

(20%) were positive at the minimum detectable level of 2.2 MPN/loo ml using the

MPN method. Although 4 samples were presumptively positive for coliform at the

minimum detectable level of 1 CFU/ml by the membrane filtration method, only 2

of these 4 presumptively positive samples could be confirmed. Thus, the

confirmed recovery of coliform bacteria by the membrane filtration method was 2

of 15 samples (13%). One sample (No. 98) was positive for coliform by all three

methods. One sample (No. 96) was positive for coliform only by the MPN method

while one sample (No. 105) was positive for coliform only by the P-A test.

Of the 6 DOH water samples analyzed, 1 was positive (17%) by using either the

P-A test or the MPN test. The confirmed MPN Index was at the minimum level of

2.2/100 ml. All six samples were determined to be negative for coliform bacteria

by the membrane filtration test.

2. Total Heterotrophic Bacteria. In all 15 BWS samples, higher recoveries of total

bacteria were recovered using the membrane filtration as compared to the SPC

method. The concentrations of total bacteria recovered by the membrane filtration

test ranged from 2 to 169/ml, whereas the concentrations of total bacteria recovered

by the SPC method ranged from 0 to 80 ml.

The concentrations of total bacteria in the 6 OOH water samples ranged from 1 to

73/ml in the membrane filtration method. Only 2 of the 6 samples were assayed by

the SPC method at a concentration of 13/ml. As observed previously, the recovery

efficiency of total bacteria in the membrane filtration method was similar when

either the R2A medium or the m-HPC medium was used

C. SEVENTH (DECEMBER 1985) MONTHLY REPORT. During the seventh month of this

study, 10 water samples from the BWS were analyzed for total coliform and total

heterotrophic bacteria. The results of these analysis are summarized in Appendix

Table C.3.

1. Total Coliform Bacteria. Of the 10 samples analyzed for total coliform bacteria, 2

were positive (20%) using the P-A test while these same 10 samples were negative

for coliform bacteria when assayed by either the MPN method or the membrane

filtration method. As observed previously, all samples determined to be

presumptively negative were confmned as negative. These results lend further



APPENDIX TABLE C.2.2. MICROBIOLOGICAL ANALYSES OF DRINKING WATER SAMPLES, NOVEMBER 1985

UNNERSITY OF HAWAII DEPARlMENT OF HFALTII
SAMPLE NOV. SAMPLE SOURCE/ID P-A Coliform Test (+/-) m-HPC R2A MPN (lndex/loo ml) MF (CFU/loo ml) SPC

NO. 1985 Pre- Con- Com- (CFU/ml) (CFU/ml) Pre- Con- Com- Pre- Con- Com- (CFU/ml)
sumed fmned pleted sumed fmned pleted sumed fmned pieted

11 12 Wailua Sugar Pump 17 - - ... 23, 16 8, 19 ... ... ... <1 ... ... ...

12 12 LaieElem. - - ... 15, 16 17, 6 <2.2 ... ... <1 ... ... 13

13 12 Dillingham Air Field - - ... 12, 9 9, 11 ... ... ... <1 ... ... ...

14 12 Kahuku Air Base - - ... 1, 1 1, 1 ... ... ... <1 ... ... ...

15 12 Malaekahana - - ... 65, 73 70,60 ... ... ... <1 ... ... ...

16 12 Brigham Young Univ. + + + 23, 19 9, 14 16.0 2.2 2.2 <1 ... ... 13

·Not assayed.

APPENDIX TABLE C.3. MICROBIOLOGICAL ANALYSES OF DRINKlNG WATER SAMPLES, DECEMBER 1985

UNIVERSITY OF HAWAII BOARD OF WATER SUPPLY
SAMPLE DEC. SAMPLE SOURCE/ID P-A Coliform Test (+/-) m-HPC R2A MPN (Index/loo ml) MF (CFU/loo ml) SPC

NO. 1985 Pre- Con- Com- (CFU/ml) (CFU/ml) Pre- Con- Com- Pre- Con- Com- (CFU/ml)
sumed fmned pleted sumed fIrmed pleted sumed fmned pieted

III 5 HC I-Nimitz Fire Sta. + + + 11, 17 9,6 <2.2 ... ... <1 ... ... 12

ll2 5 HC 2-Pier 31 - - ... 60,57 42,56 <2.2 ... ... <1 ... ... 36

113 5 HC 4-520 KaIihi St - - ... 7,5 4, 3 <2.2 ... ... <1 ... ... 8

ll4 5 HC 7-1602 Nuuanu Ave. - - ... 16, 19 16, 10 <2.2 ... ... <1 ... ... 2

ll5 5 HC 8-1129 Karn IV Rd. + + + 28,20 22, 23 <2.2 ... ... <1 ... ... 5

ll6 10 WE I-Sunset Beach Church - - ... 76,97 56,60 <2.2 ... ... <1 ... ... 46
of Christ

ll7 10 WE 2--sunset Beach - - ... 2, 3 2, 1 <2.2 ... ... <1 * * 0
Chevron Sta.

ll8 10 WE 3-Ehukai Beach Park - - * 7, 5 5, 7 <2.2 * * <1 * * 0

ll9 10 WE 4-UH Waialee Exp. Sta. - - * 10, 3 4, 8 <2.2 * * <1 * * 0

120 10 WE 5-Hilton Turtle Bay - - * 3. 3 4, 6 <2.2 * * <1 * * 0
Pro Shop

·Not assayed. +:>.
-....l



48

support to the SenSItIVIty and reliability of the P-A test to recover low

concentrations of colifonn bacteria in drinking water samples.

2. Total Heterotrophic Bacteria. In 8 of the 10 BWS water samples, the MF method

recovered more heterotrophic bacteria than the SPC method. Approximately equal

concentrations of total bacteria were recovered from the other 2 water samples

assayed either by the MF or the SPC method. The concentrations of total bacteria

recovered by the membrane filtration method ranged from 1 to 97/ml while the

concentrations of total bacteria recovered by the SPC method ranged from 0 to

46/ml. The recovery efficiency of the m-HPC medium and the R2A medium was

similar. Moreover, all water samples contained low levels of total bacteria

«500/ml).

D. EIGHTH (JANUARY 1986) MONTHLY REPORT. During the eighth month of this study ten

(10) water samples obtained from the BWS were analyzed for total coliform bacteria

and for total heterotrophic bacteria. The results of these analysis are summarized in

Appendix Table CA.

1. Total Coliform Bacteria. Of the 10 BWS samples analyzed for total coliforms, 3

(30%) were positive in the P-A test, 2 (20%) were positive in the MPN method and

2 (20%) were positive in the membrane filtration method. One sample, (No. 121)

was positive for coliform only by the P-A test. Two samples (No. 124, 125) were

positive for coliform by all three methods. The MPN index for these 2 samples was

>16/100 ml while 5 and 34 CFu/lOO ml of coliform were recovered by the

membrane filtration method.

2. Total Heterotrophic Bacteria. The membrane fIltration method recovered substantially

more total bacteria than the SPC method in 9 of 10 water samples. In 1 of the 10

samples, recovery of total bacteria was approximately the same whether the MF or

the SPC method was used. The concentrations of total bacteria recovered by the MF

method ranged from 6 to lOl/ml while the concentrations of total bacteria

recovered by the SPC method ranged from 0 to 71. The recovery efficiency of the

m-HPC medium and the R2A medium was similar. Moreover, all water samples

contained low levels of total bacteria «500/ml).

III. Summary and Conclusions

During the four-month period (October-January), 58 (43 BWS, 13 DOH) samples were

analyzed for total coliform bacteria and total heterotrophic bacteria. Of the 58 samples

analyzed for total colifonn bacteria, 10 (17%) samples were positive using the P-A test, 6



APPENDIX TABLE CA. MICROBIOLOGICAL ANALYSES OF DRINKING WATER SAMPLES, JANUARY 1986

UNIVERSITY OF HAWAlI BOARD OF WATER SUPPLY
SAMPLE JAN. SAMPLE SOURCE/ID P-A Coliform Test (+/-) m-HPC R2A MPN (Index/lOO ml) MF (CFU/lOO ml) SPC

NO. 1986 Pre- Con- Com- (CFU/ml) (CFU/ml) Pre- Con- Com- Pre- Con- Com- (CFU/ml)
sumed frrmed pleted sumed finned pleted sumed frrmed pIeted

121 22 HMD 1-3067 Kalihi St. + + + 38,22 18, 13 <2.2 * * <I * * 0

122 22 HMD 2-4010 Poli Hiwa PI. - - * 6, 21 14, 18 <2.2 * * <1 * * 0

123 22 HMD 3-3615 Nuuanu Ave. - - * 25,30 23,22 <2.2 * * <1 * * 12

124 22 HS 8-Nuuanu Upper Aerator + + + 39, 36 64,61 >16.0 >16.0 >16.0 5 5 * 10

125 22 HS 9-Nuuanu Lower Aerator + + + 79,67 93, 101 >16.0 >16.0 >16.0 34 34 * 71

126 29 HC I-Nimitz Fire Sta. - * * 34,20 30,17 <2.2 * * <1 * * 2

127 29 HC 2-Pier 31 - * * 85,89 32,51 <2.2 * * <1 * * 1

128 29 HC 18-Hono. Int. Airport - * * 11, 9 9, 11 <2.2 * * <1 * * 0

129 29 HP 3-Blaisdell PIc. - * * 37,30 26,25 <2.2 * * <1 * * 0

130 29 HP 4-Pearl City Fire Sta. - * * 13, 16 11, 9 <2.2 * * <1 * * 1

-Not assayed.

~
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(10%) samples were positive using the MPN method and 4 samples (7%) were positive

using the membrane filtration method. These results support our earlier preliminary

conclusion that the P-A test has a higher sensitivity of recovering coliform bacteria from

water samples than the MPN and membrane filtration methods. The reliability of the P-A test

was demonstrated by the results of the confirmatory test. All presumptively negative P-A

test samples were confirmed to be negative for coliform bacteria while all presumptively

positive coliform samples were confirmed for the presence of coliform bacteria.

Although 58 samples were analyzed for total heterotrophic bacteria by the membrane

filtration method, only 51 samples (45 BWS, 6 DOH) were analyzed by the MF and the SPC

methods. Of the 45 BWS samples, substantially higher concentrations of total bacteria were

recovered in 42 of the 45 samples (93%) by the MF method as compared to the SPC

method. Of the 6 DOH samples, higher concentrations of total bacteria were recovered in 2

of the 6 samples (33%) by the MF method as compared to the SPC method. These results

indicate a higher sensitivity of the newly recommended MF method to recover total

heterotrophic bacteria over the currently accepted standard plate count (SPC) method. The

efficiency of using the R2A (low-nutrient medium) and the m-HPC (high-nutrient medium)

to recover total heterotrophic bacteria was similar. All water samples contained total

heterotrophic bacteria concentrations well below the 500/mllevel reported to interfere with

the recovery of coliform bacteria. The low concentrations of total bacteria in these waters

indicate that the water source is of high quality.

APPENDIX D. NINTH, TENTH, ELEVENTH, TWELFTH, AND THIRTEENTH
MONTHLY REPORTS

I. Experimental Design

The experimental design of this study has been adequately described in the previous

monthly reports submitted to BWS.

II. Results

A. NINTH (FEBRUARY 1986) MONTHLY REPORT. During the ninth month of this study,

fifteen (15) water samples were obtained from BWS and two (2) samples were obtained

from the DOH. These samples were analyzed for total coliform and total heterotrophic

bacteria and the results summarized in Appendix Tables D.1.l. and D.1.2.



APPENDIX TABLE D.1.1. MICROBIOLOGICAL ANALYSES OF DRINKING WATER SAMPLES, FEBRUARY 1986

UNIVERSITY OF HAWAll BOARD OF WATER SUPPLY

SAMPLE FEB. SAMPLE SOURCE/ID P-A Coliform Test (+/-) m-HPC R2A MPN (Index/l00 ml) MF (CFU/lOO ml) SPC
NO. 1986 Pre- Con- Com- (CFU/ml) (CFU/ml) Pre- Con- Com- Pre- Con- Com- (CFU/ml)

sumed fIrmed pleted sumed fIrmed pleted sumed fumed pieted

131 7 HC I-Nimitz Fire Sta. - - * 19, 17 17, 11 <2.2 * * <1 * * 3

132 7 HC 2-Pier 31 - - * 45, 39 17,21 >16.0 <2.2 * <1 * * 15

133 7 HC 5-1955 Young St - - * 2, 4 3, 5 <2.2 * * <1 * * 1

134 7 HC 6-Waikiki Fire Sta. - - * 271,304 72,73 <2.2 * * <1 * * 1

135 7 HC l1-Waikiki Gateway Pk. - - * 22, 22 16, 18 <2.2 * * 1 1 * 3

136 10 HC I-Nimitz Fire Sta. - - * 18,25 21, 18 <2.2 * * <1 * * 0

137 10 HC 2-Pier 31 - - * 14,26 15, 14 9.2 <2.2 * <1 * * 3

138 10 HC 3-160 Ahui St. - - * 39, 33 33,35 <2.2 * * <1 * * 3

139 10 HC 6-Waikiki Fire Sta. + + + 118, 117 77,75 <2.2 * * <1 * * 8

140 10 HC ll-Waikiki Gateway Pk. - - * 28,31 13,23 2.2 2.2 2.2 1 1 * 1

141 28 HC I-Nimitz Fire Sta. - - * 116, 76 33, 35 5.1 <2.2 * <1 * * 5

142 28 HC 2-Pier 31 - - * 25,34 31,31 <2.2 * * <1 * * 0

143 28 HC 5-1955 Young St. - - * 4, 3 8, 11 <2.2 * * <1 * * 0

144 28 HC ll-Waikiki Gateway Pk. - - * 167,161 9, 11 <2.2 * * <1 * * 0

145 28 HC 13-Kahala Beach Pk. - - * 125, 149 159, 164 <2.2 * * <1 * * 7

*Not assayed.

VI....
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1. Total Coliform Bacteria. Of the 15 BWS samples analyzed for coliform bacteria (App.

Table D.l.l.), only 1 sample (7%), was positive in the P-A and the MPN tests,

whereas 2 samples (13%) were positive at the minimum level of 1 CFU/lOO ml in

the membrane filtration method. The two (2) DOH water samples were negative for

coliform bacteria when assayed by all three methods (App. Table D.l.2.).

2. Total Heterotrophic Bacteria. In all 15 BWS samples, higher recoveries of total

bacteria were recovered using the MF method as compared to the SPC method. The

concentrations of total bacteria recovered by the MF method ranged from 2 to

304 CFU/ml on the m-HPC medium and 3 to 164 CFU/ml on the R2A medium.

Recovery of total bacteria by the SPC method ranged from 0 to 15 CFU/ml. Total

bacteria recovered from the 2 DOH water samples ranged from 6 to 29 CFU/ml in

the MF method and 1 to 18 CFU/ml for the SPC method.

B. TENTH (MARCH 1986) MONTHLY REPORT. During the tenth month of this study, 15

water samples from the BWS were analyzed for total coliform and total heterotrophic

bacteria (App. Table D.2).

1. Total Coliform Bacteria. Of the 15 samples analyzed for total coliform bacteria, 2

(13%) were positive using the P-A test, none was positive by the MPN method, and

1 (7%) was positive by the MF test

2. Total Heterotrophic Bacteria. In all 15 BWS samples, higher recoveries of total

bacteria were recovered using the MF method as compared with the SPC method.

The concentrations of total bacteria recovered by the MF method ranged from 2 to

113 CFU/ml on m-HPC medium and 2 to 96 CFU/ml on R2A medium while the

concentrations of total bacteria recovered by the SPC method ranged from 0 to

7 CFU/ml.

C. ELEVENTH (APRIL 1986) MONTHLY REPORT. During the eleventh month of this study,

25 samples from the BWS were analyzed for total coliform and for total heterotrophic

bacteria (App. Table D.3).

1. Total Coliform Bacteria. Of the 25 samples analyzed for total coliform bacteria, 1 was

positive (4%) using the P-A and the MPN methods, whereas 3 were positive (12%)

at the minimal level of 1 CFU/loo ml using the MF method.

2. Total Heterotrophic Bacteria. In 24 of the 25 BWS water samples, the MF method

recovered more heterotrophic bacteria than the SPC method. In 1 of the 25 water

samples, the recovered concentrations of heterotrophic bacteria were approximately

the same by all three methods. The concentrations of total bacteria recovered by

the MF ranged from 1 to 453 CFU/ml on m-HPC medium and 1 to 442 CFU/ml on



APPENDIX TABLE 0.1.2. MICROBIOLOGICAL ANALYSES OF DRINKlNG WATER SAMPLES, FEBRUARY 1986

UNIVERSITY OF HAWAlI DEPARlMENTOF HFALTH

SAMPLE FEB. SAMPLE SOURCFJID P-A Coliform Test (+/-) m-HPC R2A MPN (Index/IOO ml) MF (CFU/loo ml) SPC
NO. 1986 Pre- Con- Com- (CFU/ml) (CFU/ml) Pre- Con- Com- Pre- Con- Com- (CFU/ml)

sumed flrmed pleted sumed firmed pleted sumed flrmed pIeted

17 18 C & H Sugar - - * 23,29 22, 22 <2.2 * * <1 * * 18

18 18 Oahu Sugar Co. - - * 10,6 11,9 <2.2 * * <1 * * 1

*Not assayed.

APPENDIX TABLE 0.2. MICROBIOLOGICAL ANALYSES OF DRINKING WATER SAMPLES, MARCH 1986

UNIVERSITY OF HAWAlI BOARD OF WATER SUPPLY

SAMPLE MAR. SAMPLE SOURCE/ID P-A Coliform Test (+/-) m-HPC R2A MPN (Index/IOO ml) MF (CFU/loo ml) SPC
NO. 1986 Pre- Con- Com- (CFU/ml) (CFU/ml) Pre- Con- Com- Pre- Con- Com- (CFU/ml)

sumed firmed pleted sumed firmed pIeted sumed flTl1\ed pleted

146 4 HC I-Nimitz Fire Sta. - - * 9, 10 12, 7 <2.2 * * <1 * * 0

147 4 HC 2-Pier 31 - - * 67,46 35,47 5.1 <2.2 * <1 * * 2

148 4 HC 6-Waikiki Fire Sta. - - * 62, 54 52,49 <2.2 * * <1 * * 2

149 4 HC ll-Waikiki Gateway Pk. - - * 42, 37 11, 9 <2.2 * * <1 * * 0

150 4 HC 13-Kahala Beach Pk. - - * 93, 113 95,96 <2.2 * * <1 * * 1

151 14 HC 4-520 Kalihi St. - - * 8, 13 11, 18 <2.2 * * <l * * 2

152 14 HC 9-1070 N. King S1. - - * 3, 2 3, 2 <2.2 * * <1 * * 0

153 14 HC 12-Central Fire Sta. - - * 9,8 13, 5 <2.2 * * <1 * * 1

154 14 HMO 2-4010 Pali Hwy. - - * 33,40 35,28 <2.2 * * <1 * * 1

155 14 HMO 3-3615 Nuuanu Pali Dr. - - * 42,40 33,32 <.2.2 * * <1 * * 1

156 18 HC 13-Kahala Beach Pk. - - * 40,44 55,47 <2.2 * * <1 * * 2

157 18 HC 16--Kaimuki Fire Sta. - - * 88,65 48,60 <2.2 * * <1 * * 7

158 18 HC IS-Hono. In1. Airport - - * 9, 10 13, 18 <2.2 * * <1 * * 0

159 18 HC 19-Wailupe Beach Pk. + + + 34,47 26, 21 <2.2 * * <1 * * 2

160 18 HC 20-Diamond Head + + + 12, 14 IS, 16 <2.2 * * 1 1 * 0
Line Bstr.

*Not assayed. VI
w
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APPENDIX TABLE D.3. MICROBIOLOGICAL ANALYSES OF DRINKING WATER SAMPLES, APRIL 1986 +:>.

UNIVERSITY OF HAWAII BOARD OF WA1ER SUPPLY
SAMPLE APR. SAMPLE SOURCFjID P-A Coliform Test (+/-) m-HPC R2A MPN (Index/l00 ml) MF (CFU/lOO ml) SPC

NO. 1986 Pre- Con- Com- (CFU/ml) (CFU/ml) Pre- Con- Com- Pre- Con- Com- (CFU/ml)
suIred firmed pleted suIred firmed pleted suIred firmed pleted

161 1 HS 4(LS}-Beretania Sta. - - * 1, 1 1, 1 <2.2 * * <1 * * 0

162 1 HS 5 (LS)-Kaimuki Sta. - - * 4, 4 4, 4 <2.2 * * <1 * * 1

163 1 HS 5 (HS)-Kaimuki Sta. - - * 15, 13 6, 5 <2.2 * * <1 * * 1

164 1 HS 17-Aina Koa Well - - * 1, 1 1, 1 <2.2 * * <1 * * 0

165 1 HS 22-Palolo Well - - * 2, 1 2, 2 <2.2 * * <1 * * 0

166 8 HC I-Nimitz Fire Sta. - - * 11,20 12, 16 <2.2 * * <1 * * 1

167 8 HC 23-Palolo Fire Sta. - - * 101,93 49,46 <2.2 * * <1 * * 2

168 8 HC 24-Kuliouou Line Bstr. - - * 14,20 22, 16 <2.2 * * 1 1 * 7

169 8 HC 25-Hawaii Kai Fire Sta. - - * 91, 85 83, 86 <2.2 * * <1 * * 21

170 8 HMD 7-4620 Sierra Dr. - - * 445,453 442,405 <2.2 * * <1 * * 40

171 21 WH I-Wahiawa 1361 Res. - - * 36, 39 26,21 <2.2 * * <1 * * 39

172 21 WH 2-1718 Wilikina Dr. - - * 27,25 28, 30 <2.2 * * <1 * * 5

173 21 WH 3-Diahi Sch. Playground - - * 73,86 79, 76 <2.2 * * <1 * * 3

174 21 WH 4-Wahiawa BWS Yard - - * 31,32 28,48 <2.2 * * <1 * * 9

175 21 WH 5-Wahiawa Fire Sta. - - * 20, 13 12, 10 <2.2 * * <1 * * 6

176 22 HC 6-Waikiki Fire Sta. - - * 58,61 47,50 <2.2 * * <1 * * 7

177 22 HC ll-Waikiki Gateway Pk. - - * 50,55 32,29 <2.2 * * <1 * * 3

178 22 HC 13-Kahala Beach Pk. - - * 138,160 197, 179 <2.2 * * <1 * * 2

179 22 HC 16-Kaimuki Fire Sta. - - * 30,25 20, 15 <2.2 * * <1 * * 5

180 22 HC 2~Diamond Hd. Line Bstr. - - * 20,13 12, 18 <2.2 * * <1 * * 2

181 29 HC I-Nimitz Fire Sta. - - * 12, 12 11, 13 <2.2 * * <1 * * 1

182 29 HC 2-Pier 31 + + + 73,59 20, 32 <2.2 * * <1 * * 1

183 29 HC 3-160 Ahui St - - * 57,65 52,68 <2.2 * * <1 * * 4

184 29 HC 18-Hono. Int. Airport - - * 13, 9 7,4 2.2 <2.2 * 1 1 * 1

185 29 HC 23-Palolo Fire Sta. - - * 55,49 35,27 9.2 5.1 5.1 1 1 * 12

*Not assayed.



55

R2A medium, whereas the concentrations of total bacteria recovered by the SPC

method ranged from 0 to 40 CFU/ml.

D. TWELFTH (MAY 1986) MONTHLY REPORT. During the twelfth month of this study, 5

samples from the BWS were analyzed for total coliform and for total heterotrophic

bacteria (App. Table DA).

1. Total Coliform Bacteria. All 5 water samples were negative for coliform bacteria

when assayed by the three methods.

2. Total Heterotrophic Bacteria. The MF method recovered substantially more total

bacteria than the SPC method in all 5 of the samples. The concentrations of total

bacteria recovered by the MF method on m-HPC medium ranged from 22 to

117 CFU/ml, whereas the concentrations of total bacteria recovered by the SPC

method ranged from 0 to 2 CFU/ml.

E. THIRTEENTH (JUNE 1986) MONTHLY REPORT. During the thirteenth month of this study,

10 water samples were analyzed for total coliform and for total heterotrophic bacteria

(App. Table D.5).

1. Total Coliform Bacteria. Of the 10 samples analyzed for total coliform bacteria, 5

were positive (50%) using the P-A test, while 2 were positive (20%) using either

the MPN or the MF methods.

2. Total Heterotrophic Bacteria. In 9 of the 10 BWS samples, the MF method recovered

more total bacteria than the SPC method. The concentrations of total bacteria

recovered by the MF method using the m-HPC medium ranged from 6 to

245 CFU/ml while the concentrations of total bacteria recovered by the SPC method

ranged from 0 to 220 CFU/ml.

F. ABILITY OF P-A BROTH TO RECOVER NON-COLIFORM BACTERIA. The P-A broth has

been reported to be capable of recovering several other non-coliform bacteria. During

the last two months of this study, the P-A broths used to recover total coliform bacteria

were also analyzed to determine the presence of important, non-coliform bacteria such

as fecal streptococcus, Clostridium perfringens, Pseudomonas aeruginosa, and total

bacteria. A total of 15 water samples was initially assayed for total coliform bacteria in

P-A broth. After 2 to 4 days of incubation, the 15 P-A broth samples were subcultured

in various other selective media to detect the presence of various kinds of bacteria

which could be growing in the P-A broth. Pseudomonas spp., including P.

aeruginosa, were the predominating bacteria recovered from the P-A broth. Also

recovered were Escherichia coli, Streptococcus faecalis, and Citrobacter sp. All

attempts to recover C. perfringens from P-A broth were negative.



VI

APPENDIX TABLE DA. MICROBIOLOGICAL ANALYSES OF DRINKING WATER SAMPLES, MAY 1986 0\

UNIVERSITY OF HAWAll BOARD OF WATER SUPPLY

SAMPLE MAY SAMPLE SOURCE/ID P-A Coliform Test (+/-) m-HPC R2A MPN (Index/loo ml) MF (CFU/100 ml) SPC
NO. 1986 Pre- Con- Com- (CFU/ml) (CFU/ml) Pre- Con- Com- Pre- Con- Com- (CFU/ml)

sumed fIrmed pleted sumed fIrmed pleted sumed fumed pleted

186 6 HC fr-Waikiki Fire Sta. - - * 117, 110 * <2.2 * * <1 * * 1

187 6 HC ll-Waikild Gateway Pk. - - * 39,27 * <2.2 * * <1 * * 2

188 6 HC 13-Kahala Beach Pk. - - * 73,90 * <2.2 * * <1 * * 1

189 6 HC Ifr-Kaimuki Fire Sta. - - * 27,30 * <2.2 * * <1 * * 0

190 6 HC 19-Wailupe Beach Pk. - - * 26,22 * <2.2 * * <1 * * 0

*Not assayed.

APPENDIX TABLE D.5. MICROBIOLOGICAL ANALYSES OF DRINKING WATER SAMPLES, JUNE 1986

UNIVERSITY OF HAWAll BOARD OF WATER SUPPLY

SAMPLE JUNE SAMPLE SOURCE/ID P-A Coliform Test (+/-) m-HPC R2A MPN (Index/iOO ml) MF (CFU/100 ml) SPC
NO. 1986 Pre- Con- Com- (CFU/ml) (CFU/ml) Pre- Con- Com- Pre- Con- Com- (CFU/ml)

sumed fumed pleted sumed fumed pleted sumed firmed pleted

191 4 WH I-Wahiawa 1361 Res. - - * 245,223 * <2.2 * * <1 * * 150

192 4 WH 2-1718 Wilildna Dr. - - * 18, 8 * <2.2 * * <1 * * 2

193 4 WH 3-Iliahi Sch. Playground - - * 18,23 * <2.2 * * <1 * * 4

194 4 HS 8-Nuuanu Upper Aerator + + + 28,26 * >16.0 >16 >16 29 29 * 16

195 4 HS 9-Nuuanu Lower Aerator + + + 56,60 * >16.0 >16 >16 22 22 * 7

196 18 WH I-Wahiawa 1361 Res. - - * 38,35 * <2.2 * * <1 * * 1

197 18 WA 4-Waialua Rec. Center + + + 212, 198 * <2.2 * * <1 * * 0

198 18 MI 4-Mililani Dist. Pk. #1 + + + 65, 54 * <2.2 * * <1 * * 220

199 18 HWS 5-Haiku Tunnel - - * 10,18 * <2.2 * * <1 * * 0

200 18 HWS fr-Kahaluu Tunnel + + + 6, 20 * <2.2 * * 1 <1 * 1

*Not assayed.
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III. Summary and Conclusions

During the five-month period (February-June), 72 (70 BWS, 2 DOH) samples were

analyzed for total coliform and total heterotrophic bacteria. Of the 72 samples analyzed for

total coliform bacteria, 9 samples were positive using the P-A test (12.5%), 8 samples

were positive using the MF test (11.1 %), and 4 samples were positive using the MPN

method (5.5%). The results indicate that the P-A test was slightly more sensitive in

recovering total coliform bacteria than the MF test and clearly superior to the MPN method.

The reliability of the P-A test was demonstrated by the results of the confirmatory tests. All

presumptively negative P-A test samples were confirmed to be negative and all

presumptively positive samples were confirmed for the presence of coliform bacteria. On

the other hand, one (1) presumptively positive MF test sample and 5 presumptively

positive MPN samples could not be confirmed.

A total of 72 samples was analyzed for total heterotrophic bacteria by the MF and the

SPC methods. Substantially higher concentrations of total bacteria were recovered in 70

(97%) of the 72 samples by the MF method compared with the SPC method. The average

recovery of total bacteria from the 70 BWS samples was 10.5 CFU/ml using the SPC

method as compared with 56.9 CPU/ml using the MF method and the m-HPC medium. The

average recovery of total bacteria from 57 BWS samples by using the MF method and the

R2A medium was 38.2 CPU/ml. The recovery of total bacteria by the MF method using the

high-nutrient m-HPC medium was generally better than using the low-nutrient R2A

medium. All water samples contained total heterotrophic bacteria concentrations well

below the 500/ml level reported to interfere with the recovery of coliform bacteria. The

low concentrations of total bacteria in these waters indicate that the water sources are of

high quality.

The P-A broth developed to recover coliform bacteria is a non-selective medium;

therefore, many non-coliform bacteria can be expected to multiply in this medium. During

the last 2 months of this study, the 15 P-A broth samples assayed for coliform bacteria

were subsequently analyzed for the presence of non-coliform bacteria of significance in

drinking water. Pseudomonas spp., including P. aeruginosa, were most frequently

recovered. Streptococcus jaecalis but not Clostridium peifringens was also detected in the

P-A broth. These preliminary results indicate the potential usefulness of the P-A broth for

the detection presence of other types of bacteria in drinking water samples.




