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Fecal streptococcus (FS) is the rrost often used alternative to fecal
coliforms to assess the quality of recreational water. Because the re­
liability of KF agar to recover FS bacteria has been reported to approach
100%, this medium was used to test the water quality of Hanauma Bay which
was suspected as the source of disease transmission to a group of swimmers
using this beach park.

Marine water samples from Hanauma Bay, O'ahu, were characterized by
low concentrations of fecal coliforms and Clostridium perfringens but un­
usually high concentrations of presumptive FS when KF agar was used.
Most of the presumptive FS colonies on KF agar could not be verified and
was therefore concluded to be "false positive". At least two types of
catalase-positive bacteria were determined to be responsible for the
formation of false-positive colonies on KF agar: one, a gram-positive
coccus; the other, a gram-negative, NaCl-requiring bacillus. These false­
positive, FS-like bacteria were present in marine recreational waters
obtained from 15 other sites, although at lower concentrations than in
Hanauma Bay. The presumptive FS counts on KF agar ranged from 53 to 12051
100 rnl for the 15 marine sites. In contrast, less than 20 presumptive
enterococcus colonies were recovered and readily confirmed as true entero­
cocci when rnEnterococcus agar was used to assay these samples.

Thus in tropical climates such as Hawai' i, KF agar and its reccmnended
technique should not be used to assay marine waters for FS. Three rrodifi­
cations in the KF agar technique could however prevent the bacteria present
in marine waters from producing false-positive FS colonies on KF agar: de­
lete NaCl fran KF agar, increase sodium azide concentrations in KF agar, or
incubate KF agar anaerobically rather than aerobically.
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INTR:DUC1'ION

water Quality standards for Recreational Waters

The prevention, control, and abatement of water pollution in the state

of Hawai I i are regulated by water quality standards specified in the Hawaii

Reyised statutes (State of Hawaii 1968, §§342-31, 342-32) and in the Hawaii

State Department of Health Public Health Regulations (rev. 1982, chap. 54),

as well as statutes of the Federal Water Pollution Control Act, as amended.

Water quality standards are established for specific uses. Thus, the moni­

toriBJ of the quality of marine waters used for recreation (swinming, surf­

ing, skin diviBJ) is for the protection of users who could contract diseas­

es after ingestiBJ microbial pathogens that might be present in the water.

Microbial pathogens originate in the feces of man and warm-blooded ani.Jnals

and can be transmitted in water. Thus, these bacteria are called fecal­

borne pathogens and the illness they cause are called waterborne diseases.

Table 1 lists these microbial pathogens and the disease synptoms observed

in man.· 'lWo things should be noted in this table: (1) the pathogens in­

clude three major groups of microorganisms (bacteria, viruses, protozoans) 7

and (2) the diseases observed in man are not restricted to the intestinal

tract but may also affect the heart muscle, liver, nervous system, eyes,

and respiratory tract.

The logical approach in determining whether recreational waters are

suitable (hygienically safe) for aquatic activities is to detect whether

pathogens are present in the water. This approach was quickly determined

to be unfeasible with the discovery of many different types of pathogens

that required specific methods suited for their detection. Many of the

techniques were too time consuming, too complicated, and inadequately

sensitive. Also, for some pathogens, such as hepatitis A virus, no

laboratory methodology is as yet available for their detection.

A practical approach was taken to determine whether the water was con- .

taminated with feces, rather than any of the specific pathogens, based on

the principle that any water contaminated with feces may contain p:lthogens.

Also, the greater the fecal contamination, the greater the potential for

the presence of fecal-borne pathogens. The detection of fecal bacteria was
subsequently determined to be much more sensitive than any chemical means

for detecting feces diluted in water. Thus, fecal bacteria served as

indicators for the presence of feces in water and were used to assess·· the
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TABLE 1. EN1'ERIC PA'!licx;ENS IMPLICATED IN '.lW\NSMI'I'I'IR; WATERBORNE DISFMES

Pathogen

BAC1'ERIAL

sa1lOOnella t,yphi

salnpnella sw.
Shigella qysenteriae

Shigella spp.

Vibrio cholera

Yersinia enterocolitica

<:auwlobacter fetus

VIRAL

Hepatitis A

Poliovirus

Rotavirus

Adenovirus

Coxsackie, Echo- and
Reoviruses

mJIOZOAN

Entanv;>eba histoJ,ytica

Giardia lanblia

BalaotidilUD .c.Qli

Disease or Synptom

Typhoid fever

Gastroenteritis, enteric fever

Bacterial dysentery

Gastroenteritis

Cholera

Gastroenteritis

Enteritis

Infectious hepatitis

Polianyelitis, meningitis; paralysis

Infantile gastroenteritis

Respiratory disease, eye infection

Aseptic meningitis, ~ocarditis, respira­
tory disease; fever, rash, paralysis

Amoebic dysentery

Giardiasis

Dysentery, intestinal ulcers

h¥gienic qUality of recreational marine waters. Four criteria established

to select the fecal microorganism to be used as an indicator of water qual­

ity included the following characteristics:

~. Smuld be present and occur in ll1Jch greater numbers than the

pathogens concerned

2. Should not proliferate to any greater extent than enteric

pathogens in the cquatic enviromnent

3. Should be more resistant to disinfectants and to the cquatic

environment than pathogens

4. Should yield characteristic and simple reactions enabling, as

much as IX>ssible, an unambiguous identification of the micro­

organism group.

Based on these criteria and on the literature available since 1880,
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the colifonn group of bacteria was selected as the indicator of feces in

water and was used to assess the hygienic qUality of water for drinking

and, consequently, for ma.rine (and inland) recreational waters. In the

early 1900s water quality standards for recreation were under the jurisdic­

tion of the individual states and therefore varied from state to state. In

1944 u.s. bathing water quality standards were based on total colifoIIl1

counts ranging from 50 to 2400/100 ml. In subsequent years it was a~rent

that ma.ny of the total coliforms recovered in enviromnental waters were not

of fecal origin, but from soils and plants (Geldreich 1976; Hoadly and

Dutka 1977). In 1968 the Federal Water Pollution Control Administration

(FWPCA) recommended that fecal coliforms, which are more specifically

related to feces from waIIn-blooded animals, should be used instead of total

coliforms to assess recreational water quality (National Technical Advisory

Conmittee 1968). Based on the total colifoIIl1 to fecal colifoIIl1 ratio of

5:1, the FWPCA recomnendation for recreational waters stated:

The fecal colifoIIl1 content of primary contact recreational waters
shall not exceed a log mean of 200/100 ml nor shall more than
10 percent of total samples during any 3Q-day period exceed 4001
100 ml.

Since that time, this reconmendation has been adopted by federal and state

regUlations. Thus, the recreational water quality standards for the state

of Hawaii (Department of Health 1982) are as follows:

§11-54-08 Specific criteria for recreational areaS. In inland
recreational waters and ma.rine recreational waters within
1,000 feet of the shoreline, including natural public bathing
areas:

(a) Fecal colifonn content shall not exceed a geometric mean of
200 per 100 ml in 10 or more samples collected during any
30-day period and not more than 10% of the samples shall
exceed 400 per ml in the same period.

(b) Raw or inadequately treated sewage or other p:>llutants of
public health significance, as deteIIl1ined by the director of
health, shall not be present in natural public bathing or
wading area. [Eff. Nov. 12, 1982] (Auth: HRS S§342-3,
342-32) (Imp: HRS §§342-3, 342-32)

Acknowledged Problems with Coliform Standards

Despite years of using coliforms to assess the quality of recreational

waters, evidence has not been obtained demonstrating that high concentra­

tions of coliforms in recreational waters will result in increased inci-
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dences of diseases to. 5Wimners, whereas low concentrations of colifonns

will result in lower incidences of diseases. Also, epidemics of waterborne

diseases have been reported in which the susPeCt water contained acceptably

low concentrations of colifonns (Craun 1978). In other studies conducted

in Hawaili (Loh, Fujioka, and Lau 1979), and elsewhere (Goyal, Gerba, and

Melnick 1978), pathogens such as human enteric viruses have been recovered

from marine recreational waters deemed safe based on low fecal coliform

recoveries. These results have led many prominent scientists to question

the reliability of using colifonns as indicators of water quality and to

reassess recent data on coliforrns based on the four criteria by which fecal

coliforrns were initially selected as water quality indicators. Of the four

criteria, listed earlier, fecal coliform fulfills criteria one and four,

but fails to fulfill criteria two and three under all conditions.Specifi­

cally, fecal coliforrns are knqwn to multiply under sane nutrient-rich envi­

ronmental conditions and, as a result, may indicate more fecal contamina­

tion than is actually present. A more serious limitation of coliform bac­

teria is their relative instability to disinfectants, such as chlorine, or

to natural environmental conditions, such as marine waters, as compared

with pathogens such as viruses and protozoans. FUjioka and Loh (1978)

verified this limitation of coliform bacteria by recovering infectious

human enteric viruses from sewage effluent which had been chlorinated to

reduce the levels of coliforms well below 100/100 rol. In another study

Fuj ioka et al. <1981> showed that high concentrations of coliforrns sus­

Pended in marine waters and exposed to sunlight are reduced to negiigible

levels in less than 1 hr, whereas pathogenic viruses will -persist under

these same conditions. Based on these results, we concluded that coliforrns

are unreliable indicators of water quality, esPeCially for marine recrea­

tional waters.

Alternative Indicators of Water Quality

The accumulated evidence that coliforrns may not be reliable indica­

tors of water quality has initiated an active search to find a more re­

liable, alternative indicator. A conference to address this problem was

sponsored by the American Society for Testing and Materials and the pro-·

ceedings published in Bacterial Indicators/Health Hazard Associated with

Water (Hoadley and Dutka 1977). Another workshop addressing this problem
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was sponsored by the National Academy of SCiences and the proceedings
published in Bacterial Indicators of Pollution (Pipes 1982). Based on the

studies reported in these two books, the list of viable alternative indi­

cators of fecal pollution include Escherichia Wi, fecal streptococcus,

enterococcus, Clostridium perfringens, bifidobacteria, bacteriophage,

stapl'uTlococcus aureus, Pseudoopnas aeruginosa, and Candida a1bicans. Of

these microorganisms, .5.. aureus, ~. aeruginosa, and $;.. albicans are not

true enteric microorganisms since they do not normally multiply in the

intestinal tract of nan. Thus, these microorganisms fail in the JOOst basic

criteria for indicator bacteria: their presence does not necessarily indi­

cate the presence of fecal matter. Bacteriophages or viruses of ~. ~

bacteria are direct indicators of fecal pollution. However, these viruses

can multiply in ~. ~ cells under environmental conditions. Thus, their

concentrations may not be .related to the concentrations of fecal matter in

the water environment.

The group of bacteria which are the true normal inhabitants of the

intestinal tract of man and animals include: total colifoIIDSl fecal coli­

forms, of which ~. ~ is the primary J1B1i>erl fecal streptococcus or

enterococcus, of which streptococcus faecalis is' the primary rnent>eq

bifidobacteria; and Clostridium perfringens. 'ltle density, source, and

relative stability of these fecal bacteria are smunarized in Table 2. As

shown in this table, bifidobacteria are found in the highest concentration

and do not appear to have an extrafecal source. However, these bacteria

are strict anaerobes and are unstable in environmental waters. Also, no

reliable method exists to recover and identifybifidobaeteria from sewage

and natural waters containing many tyPes of bacteria. The usefulness of

bifidobacteria appears to be its unanbiguous relationship to fecal matter.

However, because it is very unstable, the concentrations of bifidobacteria

cannot be related to the presence of enteric pathogens which are IIllch JOOre

stable in environmental waters.

Of the many proposed alternative indicators of water quality, JOOre

studies have been conducted using fecal streptococcus (FS) than any other

microorganism. Fecal streptococcus is broadly used to include all SPeCies

of the genus streptococcus which is normally present in animal feces.

Similar to coliforms, the concentrations of fecal streptococcus in feces

are consistently high and methods for their recovery and enlllleration have
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been reported to be reliable and feasible. Thus, water contaminated with

FS would also indicate that the water was contaminated with fecal natter.

Geldreich (1976) determined that human fecal waste contains higher concen­

trations of FC than FS, whereas animal fecal waste is characterized by

higher concentrations of FS and FC. Based on these results, Geldreich

proposed that streams with FC:FS ratios of 4 or greater indicate the pres­

ence of human fecal waste, whereas streams with FC:FS ratios of less than

0.7 indicate contamination with animal fecal waste. The determination that

a body of water was contaminated with human or animal wastes is critical

for two reasons. First, it nay be used to identify the source of contami­

nation, such as an improperly operating sewage treatment plant, a leaking

septic tank, or runoff fran danestic animal operations, such as cattle,

dairy or piggery. second, natural waters contaminated with human feces

are potentially more dangerous to humans than waters contaminated with

animal feces because many human diseases, such as all enteric virus infec­

tions and most parasitic infections as well as nany bacterial infections

(shigellosis, cholera), are diseases transmitted only from nan to nan.

The term FS was originally established to identify those species of

the genus streptococcus which normally multiply in the intestinal tract

of nan and warm-blooded animals. The streptococci which typically fulfill

this definition are Streptococcus faecalis, s. faecalis subsp. lique­

faciens, S. faecalis subsp. :zwrpgenes, s. faeciwn, s. hovis, s. eguinus,

and S. ayiwn (see Fig. 1). It is significant that all the fecal strepto­

cocci contain a specific group D antigen which can be easily detected by an

immunological precipitation test. This is currently one of the basic tests

for the identification of a fecal streptococcus bacteriwn. S. ayiwn should

be noted as also containing the group D antigen; however, because it also

contains another group Q antigen, S. ayiwn is also classified as a group Q

streptococcus. The biochemical definition of fecal streptococci are "gram

positive cocci", usually in chains or in pairs that are catalase negative,

facultative anaerobes which can grow at 37° and up to 45°C.

Enterococcus is a subgroup of fecal streptococci and includes only

those fecal streptococci that are more commonly found in human feces (e.g.,

S. faecal is , .s.. faecium> and that are much more stable in natural water

envirorunents than are the other fecal streptococci. Enterococci, which

also contain group D antigens, are defined as those fecal streptococci
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str@Ptococcus faecalis

.5.. faeca1is subsp. li.gyefaciens

.5.. faecalis subsp. 1$OO9enes

.5.. facilml

.5.. bovis

.5.. egyinus

.5.. ayilml J~o
C)

SOURCE: APHA, ~A, WPCF (1980).

Figure 1. Diagram of subgroups within
fecal streptococcus group

which can grow at 10°C in 6.5% NaCl and at ~ 9.5. Because of their

greater specificity to hmnan feces, their greater stability in environ­

mental waters and better correlation to disease incidences among users of

recreational waters, cabelli (1983) and Dufour (1982) have recently pro­

posed the use of enterococci as indicators of recreational water quality.

Clostridilml perfringeos is an anaerobic spore-formiB3 bacterilml which

normally inhabits the intestinal tract of warm-blooded animals and man.

Thus, the recovery of ~. perfringens from natural waters, indicates that

the environment has been contaminated with fecal matter. In Europe ~. ~­

fringens is used as an indicator of water quality. However, in the u.S. ,

~. perfringens has not been accepted as an indicator of water quality for

two major reasons. First, the spores of ~. perfringens are known to be

very stable, and, thus, the recwery of this organism does not differen­

tiate between a p:iSt or recent source of fecal pollution. Second, the

methods used to recover this anaerobic bacteria have been neither reliable

. enough nor s~le enough for the capabilities of mst laboratories. How­

ever, a relatively simple ment>rane filtration method for the recovery of

~. perfringens from wastewaters was recently reported by Bisson and Cabelli

(1979). In an independent WRRC study, Fujioka and Shizlmlura (1983) deter­

mined that the reported methodology for the recovery of ~. perfringens is
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not only reliable and practical, but that concentrations of ~. perfringens

in stream water can be better correlated with the presence of sewage efflu­

ent than PC or FS. On a theoretical basis, the use of ~. perfringens can
be especially helpful in situations where the suspected water envirornnent

is not nonnally polluted but becomes contaminated only sporadically with

fecal naterial.

Closing of Hanauma Bay Beach Park

On 16 May 1982 a group of ten people picnicked at Hanauna Bay Beach

Park. One menber of this group developed diarrhea and was diagnosed by a

Honolulu physician who suspected that the patient contracted the disease

when swinming at Hanaurna Bay. It was subsequently reported but not con­

firmed that six of the ten members in the group suffered diarrheal synp­

tans. The physician informed the Hawaii State Department of Health that

Hanaurna Bay waters may have been contaminated with sewage-borne pathogens.

The Hawaii State Department of Health and the City and County of Honolulu,

Division of Wastewater Management responded by iIrmediately conducting a

sanitary survey of the area and analyzing sanples of beach water for the

presence of fecal coliforms as prescribed by current public health regula­

tions. The initial water samples contained very low levels of fecal coli­

forms, indicating that the beach water was not contaminated with sewage.

However, the sanitary survey revealed that one of the cesspools in the p:lrk

had overflowed and may have contaminated the &limning area. Mayor Anderson

closed the beach park to the public on 1 June 1982. During the t~e the

park was closed, rore beach water samples were tested and the suspected

cesspx>l was pumped out and disconnected for further use. All beach water

samples tested contained consistently low concentrations of fecal coli­

forms, indicating that the beach water was not contaminated with sewage.

Hanaurna Bay was reopened to the public on 10 June 1982. The contaminant

source which apparently affected 6 of 10 members who picnicked at Hanauna

Bay was never determined. It should be noted that the possibility that

contamination of the food the picnickers brought was never ruled out and

may have been a rore likely source since there were no other reports of

illnesses arong other &li.mners who used the beach on the same day.
I
I
I
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Identification of a Problem· in Assessing
Hygienic Quality of Hanauma Bay Beach Water

Based on current federal and state regulatlcms, the hygienic quality

of recreational waters is determined by the concentrations of fecal coli­

form in that water. Using this criteria, the Hawaii State Department of

Health (roI) and the City and County of Honolulu Division of Wastewater

Management (IMM) concluded that the beach water at Hanauma Bay was not

contaminated with fecal matter. However, based on earlier reconmendations

by the Water Resources Research Center (WRRC), the aiM also analyzed beach

water samples for fecal streptococcus, an alternative and more stable indi­

cator of fecal contamination. The results of these analyses demonstrated

that although the concentrations of PC in these water samples were consis­

tently low ({)-3 CFU/IOO ml), the concentrations of FS in these same water

samples were SIX>radic {{)-30,OOO CFU/IOO mD and often exceeded 1000 CFU/

100 ml. Thus, the low PC concentrations indicated that the beach water was

not contaminated with sewage, whereas the high concentrations of FS indi­

cated that the beach water was contaminated with sewage. WRRC was consult­

ed to resolve this dilemna.

carefully following the procedures outlined in Standard Methods (APHA,

NNWA, and WPCF 1980), the WRRC laboratory obtained split samples of Hanauma

Bay beach water fran the City and County of Honolulu and analyzed these

samples for PC and FS. The results confirmed that Hanauma Bay beach water

samples contained low concentrations of PC but relatively high concentra­

tions of FS. Standard Methods (APHA, WMA, and WPCF 1980, sec. 9l{)-B)

prescribes the use and reliability of KF agar to recover FS from water

samples:

In examining samples from sources other than swinming pools, re­

sults reported to date indieate that practically 100% of the red

and pink colonies growing on filters placed on KF agar are fecal

streptococci.

However, the characteristic red colonies observed on KF agar must be con­

sidered presumptively positive and additional tests prescribed in Standard

Methods must be conpleted to confirm that the growth on the KF agar is true

fecal streptococcus bacteria. In confirmation tests run by the University

of Hawaii at Manoa, Water Resources· Research center, JOOst of the character­

istic red colonies observed on KF agar could not be confirmed as true fecal

streptococcus bacteria. A literature review revealed no other reports of
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recovering high concentrations of false-positive FS when marine waters are
analyzed using KF agar. These results indicated that the method recarmend­
ed in standard Methods was not reliable in recovering FS from Hanauma Bay
water samples.

The werall goal was to evaluate the reliability of the KF method pre­
scribed in standard Methods to recover fecal streptococci from Hawai I i
marine waters as a means of assessing its water quality for recreation.

sane of the SPeCific objectives are as follows:
1. Confirm our original observation that roost of the presumptive FS

colonies recovered on KF agar from beach waters taken from Hanauma
Bay are not trueFS bacteria but, instead, false presumptive FS,
"false FS"

2. Determine the expected levels of these false-FS bacteria in other
recreational beaches, open ocean, harbor waters, estuarine waters,
and fresh stream waters

3. Correlate the concentrations of false-FS bacteria in marine waters
with that of other water quality indicators, such as fecal coli­
forms, true fecal streptococcus, enterococcus, and Clostridium
perfringens

4. Determine the physical, chemical, and biological properties of
false-FS bacteria so they can be identified and their role in
water evaluated

5. Assess the public health significance of false-FS bacteria and
their role in evaluating the quality of recreational marine waters

6. Determine the best method to differentiate true-FS from false-FS
bacteria in marine waters.

MATERIALS AND ME'lBDS

Methodology

The nanbrane filtration technique as described in standard Methods
(APHA, NNWA, and WP(F 1980) for the recovery of FC with MFC agar, FS with ,.

i

,
iJi
I.
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KF streptococcus agar, and EC bacteria with M-Ent agar was used to enumer­

ate the presumptive concentrations of fecal bacteria in selected marine

water samples. The focus of this study was to explain the high presumptive

counts obtained on KF agar as compared with M-Ent agar and to determine the

basis for this observed difference. The chemical composition of the two

media is significantly different as shown in Table 3. other IOOre recently

devised media to recover enterococcus bacteria, such as pfizer selective

enterococcus (PSE) agar (Daoust and Litsky 1975) and GentaJ'£!Ycin-Thallous

carbonate agar (Donnelly and Hartman 1978), were also used. The presump­

tive ~sitive colonies observed on KF and M-Ent agar were confirmed using

the procedures described in standard Methods. In addition, the group D

antigen associated with all true FS and enterococcus bacteria were analyzed

using the Phadebact (Pharmacia Diagnostics, Piscataway, New Jersey) stretr

tococcus coa99ulutination test. Water samples were also analyzed using the

MCP medium of Bisson and cabelli (1979) for concentrations of Clostridium

perfringens, a fecal-borne bacterium that was selected because of its un­

usual stability in environmental waters. Thus, sarrples of beach water or

sediments which are negative for this bacterium are· strongly indicative

TABLE 3. KF STREPro<DCCUS AND M-ENI'EROCXXXlJS
N;AR ffiMroSITION PER LITER CF WATER

MEDIA <DMroSITION* KF M-Ent
---(g)---

Proteose Peptone No. 3

Yeast Extract

Sodium Chloride

Sodium Glycerophosphate

Maltose

Lactose

Sodium Azide

Tetrazolium Chloride

Agar

Tryptose

Dextrose

Dipotassium Phosphate

*Per liter of water.

10.0

10.0

5.0

10.0

20.0

1.0

0.4

0.1

20.0

5.0

0.4

0.1

10.0

20.0

2.0

4.0
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that this beach is not and has not been 1,X>11uted with fecal natter. The
API 20E or 20S identification kits (Analylab Products, Plainview, New York)
were used to identify isolates of bacteria.

sampling Sites

Most of the study was conducted in Hanauma Bay Beach Park since the
problem of high presumptive FS was first detected in this area and the
water quality of this beach has a great impact on public health. For
this study, Hanal.mla Bay was divided into east, middle, and west sectors
(Fig. 2). The seawater circulation pattern at Hanauma Bay is generally
from east to west; that is, most of the OPen seawater entering the bay is
through the eastern sector and most of the water leaving the bay is through
the western sector. water circulation in the middle sector, inside the
reef where most of the public swimning takes place, is I,X>Orest and this
water tends to move toward the western sector. Enphasis was placed on
analyzing waters from the middle sector since most of the a.linming as well
as land runoff was greatest in this sector. Figure 2 shows the location of
the concession stand, the restrooms, cessl,X>Ols, ditch leading to the beach,
and the three sites where sand samples were taken for analysis. Analysis
of water samples from east and west sectors were compared with that taken
from the middle sector to enable conclusions regarding the entire bay. For
comparative purl,X>ses, water samples were also taken from all najor coastal
areas (beaches, harbors, bays) of 0' abu, Hawai' i, inclUding OPen ocean
sites (see Fig. 3).

RESULTS AND DISOJSSION
Analysis of HanalBlla Bay Waters

BeCause of a local physician's allegations that Hanal.mla Bay Beach
Park may have been contaminated, the entire p:lrk was closed to the public
on 1 June 1982 (Fig. 4). On 3 June, the Water Resources Research center
obtained and analyzed its first sample of Hanauma Bay beach water for
microbial indicators of fecal pollution. This sampling program was con­
tinued through 31 January 1984. For this study, Hanauma Bay was divided
into three sectors (Fig. 2). The middle sector was considered the most
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significant since it was in this area where JOOst of the public swims, where
overflow fran the park IS cessp:>ol .had entered the beach, and where water
circulation is minimal. The two adjacent sectors (east and west) are char­
acterized by better water circulation patterns and are less likely to be
i.Ir(:acted by picnickers and rlmoff water from showers or from the cessp:>ol.

Water samples from all sectors, but especially the middle sector, were
analyzed for PC, FS, OC, and CP. The results of each individual assay and
the mean for each sector are sunmarized in Table 4. Two significant fac­
tors should be considered before drawing conclusions based on the analysis
of water samples taken fran the three sectors in Hanauma Bay. First, many
JOOre samples were taken fran the middle sector. second, one sampling day
<13 Decerrt>er 1983) was highly unusual because it had rained heavily just
prior to sampling and water samples from only the middle sector were col­
lected on this day. In addition, a netl parking lot above the beach park
was being constructed during this period and the recently excavated, loose
soil was carried in surface runoff onto the beach during the rain. This
was the only day in which the beach water was visibly turbid (brown) and
the only sample in which the concentrations of PC (2600/100 mD and CP
<1701100 mD were lmusually high, indicating that land runoff is a major
source of PC and CP. As a result the mean for all waters analyzed and the
mean excluding the 13 Decent>er sample were calculated for the middle sec­
tor. The mean, excluding the 13 Decent>er value, was used to canpare
against the means for the other sectors and for making general conclusions
about the water quality for the middle sector. The results (Table 4) show
that the mean PC concentrations in the 'east (5 PC/IOO mlJ, middle (71 PCI
100 811J, and west (14 PCIIOO mD sectors were well below the current
recreational water quality standard of 200 PCIIOO ml. It should be noted
that the Hawaii State Department of Health analyzed 25 water samples taken
from the middle sector of Hanauma Bay during the 1982 calendar year and
obtained a mean of 109 PCIIOO 811. Thus, based on the analysis of beach·
water samples for PC the hygienic quality of Hanauma Bay can be considered
excellent and the beach safe for swinming. This conclusion was substan­
tiated by the low mean recoveries of 0 to 1 CP/IOO ml from water sarrples
obtained from the three sectors in the bay.

The same water sanples analyzed for FS yielded consistently higher
concentrations of presumptive FS in all sanples but was especially higher
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TABLE 4. CDNCENTRATIONS OF FECAL CDLlFORM (FC), FECAL mREPI'OCDCOJS (FS),

ENTE:RO<DCaJS (EC), AND CWSTRIPIUM PERFRIOOENS (CP) RE<XJVERED

FROM HANAUMA BAY SAMPLES, 0 I ABU, HllWAI I I

Date FC FS EX: CP
--------(CFU/100 ml)------

12/16/82 13 300 32

01/27/83 29 910 60
02/10/83 44 15,000 18
08/08/83 0 305 100
09/14/83 0 495 38 0

09/21 83 0 1084 64 0

Mean 14 3,016 52 0

3
o

2
2
o
o

o
3
o
o

o
1

1
16

0.5

o
170

1
3
o

34
o
o

62
69
34
11

570

-195

37
25

5
287
179

1,020

Mean 5 1,349

06/03/82 0 141 0

06/04/82 0 1,000 0

06/08/82 0 2,770 0

06/09/82 0 700 0

06/22/82 1 200 4

06/29/82 1 124 0
06/30/82 45
12/16/82 2 460
01/27/83 14 610
02/10/83 2 100
08/08/83 34 1,493
09/14/83 0 7,000
09/21/83 0 2,890

Meant 71 3,363 2,723
Mean (Total) 186 3,456 2,655

06/03/82 2 2,630
06/04/82 0 740
06/08/82 0 3,622
06/09/82 0 1,400
06/22/82 1 470
06/29/82 4 85
06/30/82 660
12/16/82 53 800
01/05/83 90 3,100
01/27/83 6 580
02/10/83 10 250
04104/83 1,300

1,300 43
07/13/83 770 1,700 1,900

07/20/83 134 7,200 7,000
07/27/83 145 13,000 3,100
08/08/83 77 10,000 9,100

08/29/83 59 5,000 4,000

09/14/83 19 18,200 24,250
09/21/83 1 1,160 590

09/27/83 4,600 1,200

10/24/83 80 680 220
12/13/83* 2,600 5,800 1,300

01/04/84 12 3,100 1,100
01/17/84 11 540 88
01/31/84 10 1,950 1,093

Hanauma
Bay

East
sector

Middle
Sector

06/08/83

West
Sector
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in the middle and west sectors as compared to the east sector of the bay.
The mean concentration was 1349 FS/IOO rnl in the east sector, 3016 FS/
100 rnl in the west sector, and 3363 FS/IOO rnl in the middle sector. Two
conditional interpretations can be drawn from the data obtained. First,
assume that the method of recovering FS from these waters is reliable. If
this assumption is correct, the recovery of high concentrations of FS from
all water samples indicate that the entire bay is significantly contami­
nated with fecal natter and is therefore unsuitable for swinming. second,
assume that the method of recovering FS from these waters is unreliable
and the presunptive FS colonies are not due to true fecal streptococcus
bacteria. If this assurnption is correct, the presumptive concentrations of
FS nay be meaningless in assessing the hygienic quality of the water at
HanaLmla Bay. The question is then raised as to the source and significance
of the bacteria producing false-positive colonies on KF agar, and to the
reliability of using KF agar for assessing the quality of any narine water
in Hawai' i.

Anticipating high presumptive concentrations of FS on KF agar, the
same water samples were also assayed for OC, a subgroup of fecal strepto­
coccus on a more restrictive grOwth medium, M-Ent agar. The results
(Table 4) show that the concentrations of OC recovered on M-Ent agar were
consistently lower than FS in nearly all saq>les. The mean concentrations
of EC was significantly low in the east <195 OC/IOO rnl) and the west
(52 EC/IOO rnl) sectors, but co~ratively high (2655 OC/IOO rnl) in the

middle sector of the bay. These results indicate that the concentrations
of EC bacteria are much higher in the middle sector of the bay as co~red
with adjacent sectors. Although there are no established concentrations of
FS or EC related to the quality of recreational waters, it is safe to
assume that high quality recreational waters should not contain more FS or
EC than the standard set for FC. Thus, it was assumed that recreational
waters should not exceed 200 FS or EC per 100 rnl of water. Based on this
guideline and assuming that the M-Ent agar is reliable, the results indi­
cate that the quality of water in the east and west sectors of HanaLmla Bay
is suitable for swiIrming but that the middle sector of the bay nay be
unsuitable for swimming.
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Analysis of Hanauma Bay sand

The results obtained showed that the waters of HanaLUna Bay contain low

levels of PC and CP. Yet after a heavy rain, the concentrations of these

bacteria were dramatically elevated, indicating that runoff from soil is a

major source of FC and CP entering marine waters. But the concentrations

of FS and EC in the same beach water samples taken after the rain storm

were not elevated, indicating that soil was not the source of these bac­

teria. The concentrations of FS throughout the bay and EC only in the

middle sector were relatively high, suggesting that shoreline activities,

such as picnicking and showering, may be the ongm for these bacteria.

If this is true, FS and EC may be mUltiplying in the sand and then being

washed into the water during high tide.

To address this FOssibility, 10-g sarnples of surface sand obtained

from the water's edge were assayed for FC, FS, and CP. The results

(Table 5) show that from a single sand sarnple d:>tained from the east sec­

tor, 0 FC, 8 FS, and 5 CP per 100 g were recovered. From three separate

sand samples obtained from the middle sector, 0 to 2 FC, 11 to 79 FS, and

8 to 33 CP per 100 g were recovered. The concentrations of FS recovered

from the sand were too low to indicate that sand was the origin of this

bacterilml. However, since these sarnples were surface sand samples taken

from the water's edge, extensive dilution could have greatly reduced the

bacterial concentrations in these sand samples.

To determine whether the source of bacteria could be deeper in the

sand, 6 in. (1.8 m) subsurface samples from the middle sector (see Fig. 2)

were d:>tained from the water's edge (site 1), from 30 ft (9.14 m) inshore

where picnickers sit (site 2), and farther inshore near the public restroom

TABLE 5. CDNCENTRATIONS OF FECAL CDLIFORM, FECAL smEProCDCQJS, AND

CIQS'IJUDIUM PERFRlKiENS RE<DVERED FROM SURFACE SAND SAMPLES

TAKEN FlOt WATER'S EIX;E AT HANAUMA BAY BEACH PARK, 8 JUNE 1982

Hanalmla Bay

East Sector

sample sampling FC FS CP

Description Sites (MPN/IOO g of sand)

Water's edge; 1 0 8 5

clean, wet,
surface sand

Middle Sector Water's edge;
clean, wet,
surface sand

la
2b
30

2
o
o

79
11
17

11
33

8
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TABLE 6. Q)NCENTRATIONS OF FECAL Q)LIFORM, FECAL S'I'REPIOQ)CCUS,
ENl'EOOCOCOJS, AND OOffi'RIDTUM PERFRlNiENS REQJVERED
FROO SUBSJRFACE SAND SAMPLES TAKEN FROM MIDDLE SECIOR
OF HANAUMA BAY BEAQI PARK, OClOBER 1983

sampling sampling Site Description PC FS EC CP
Date Site --(CFU/100 ml)--

o 9050

o 1000

10/14/83

10/21/83

10/14/83

10/21/83

1

2

Water's edge; 6-in. depth;
wet, clean sand

Inshore; 10 yd from water's
edge; 6-in. depth; moist,
clean sand

o
o

837 11 0

150 1 0

1 250

o 32

10/14/83

10/21/83

3 Inshore; end of asphalt
where shower water drains
onto sand; 6-in. depth;
moist sand mixed with dirt

800 8550

160 3500

600 1250

73 1900

where waters,fram the showers and restroams drain into the sand (site 3).

From each of these sites 10-g samples were mixed with 990 ml of sterile

artificial seawater, mixed well, and 100 ml of the eluate assayed for PC,

FS, EC, and CP by using the standard ment>rane filtration method. The

results of two experiments (Table 6) show that FS was the only bacterium

which was elevated in all three sites, although much higher in sites 2 and

3 than at site 1. On the other hand, the concentrations of PC, EC, and CP

were recovered at significant levels fram site 3, but not from sites 1

and 2.

A reasonable interpretation of these results are as follows:

1. Land activities, such as picnicking but especially showering

and washing the restroom floors, are sources of fecal bacte­

ria and nutrients discharged into the sand; thus high concen­

trations of fecal bacteria are concentrated in certain areas

such as site 3

2. These fecal bacteria are transported to the ocean by surface

or subsurface water IOOvement, but are also undergoing inacti­

vation

3. FC and EC are rapidly inactivated and therefore cannot be

readily recovered from sites 1 and 2; CP is much IOOre stable

and was therefore recovered at significant levels from site 2

but not from site 1 I
I
I



22

4. The recovery of presunptive FS bacteria is probably not fecal

bacteria but marine bacteria that can multiply in the sand,

especially at site 3 where the nutrients are concentrated.

Analysis of other Recreational Water Sites on 0' ahu

The recovery of low concentrations of Fe and CP, but high concentra­

tions of FS, from all water saq;>les was most unusual and raised the ques­

tion as to the };X>ssible uniqueness of the water at Hanauma Bay. To address

this question, near-shore water saq;>les from all the major recreational

sites on the island of O'ahu were similarly assessed for the various micro­

bial indicators. The results of these analyses (Table 7) show that Fe, EC,

and CP were recovered at low concentrations from most recreational beaches.

The high concentration of Fe recovered from sandy Beach is probably from

the nearby sewage outfall. Streams draining into Ala Wai Canal are known

sources of Fe, FS, and EC bacteria entering this canal. The results show

that presunptive FS bacteria can be recovered from all the coastal waters

of 0' ahu and the concentrations of FS does not correlate with that of other

fecal indicator bacteria. Concentrations of FS also seem to increase in

waters with higher nutrient load, suggesting that nutrient content controls

the concentrations of the bacteria responsible for forming FS colonies on

KF agar. To test this hypothesis it was reasoned that enclosed coastal

waters, such as bays and harbors, contain relatively high nutrient levels

associated with land runoff and that the nutrient load in seawater will

decrease pro};X>rtionately to increases in distance from the shore.

Water saq;>les were obtained from the vicinity of a harbor dock,

from 0.5 to 1.0 mile (804.5-1 609 m) offshore, and 2 miles (3 218 rn) off­

shore from four coastal sites in the vicinity of ocean outfalls (Fig. 3,

Table 8). These saq;>les were assayed for Fe, FS, and EC. The concentra­

tions of FC and EC in these saq;>les were generally low when compared to FS

and the concentration of FS was highest in the harbor waters. The results

sup};X>rt our preliminary conclusion that the presumptive FS colonies are due

to natural marine bacteria and that the concentration of these bacteria in

seawater is probably controlled by the nutrients present at a partiCUlar

time in the water.
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TABLE 7. CDNCENTRATIONS CF FECAL CDLIFORM, FECAL SI'REPIOCDCClJS,
ENTEROaXXlJS, AND OosmmIUM PERFRnQ;NSREaNERED
FRJM VARIOUS CDASTAL WATERS OF 0'AHU, IrnWAI' I

Location Date Fe FS EX:: CP
<CFU/I00 roD

sandy Beach 06/29/82 655 370 38
01/05/83 960 570 38
01/05/83 240 740 11

Koko Head 01/05/83 0 140 5
09/27/83 120 2

Kailua Beach 07/13/83 1 480 7 3
07/20/83 1 1205 16 3
07/27/83 7 550 6 9

WaikikI Beach 05/18/83 0 130 2
07/13/83 8 60 0 2
07/20/83 2 80 10 4
07/27/83 5 94 2 1

Ala Wai canal 10/19/82 1100 8300
10/26/82 190 1000
05/18/83 3500 2400 1400

Magic Island 05/18/83 3 290 4Ala Moana Beach 05/18183 390 290 110
07/13/83 0 130 0 0
07/20/83 26 290 12 6
07/27/83 0 200 41 1

Kahe Point 07/22/83 1 210 1 2
Nanakuli Beach 07/22/83 0 250 0 0
Ma' il i Beach 07/22/83 0 113 1 0
POka'I Bay 07/22/83 4 900 20 4
Wai 'anae Boat Harbor 07/22/83 4 3000 8 4
Makaha Beach 07/22/83 1 200 1 1
Yokohama Beach 07/22/83 1 150 2 0
Mokule'ia Beach 07/29/83 0 690 14 0
Hale'iwa Beach 07/29/83 0 950 3 0
waimea Beach 07/29/83 7 61 0 1
'Ehukai Beach 07/29/83 2 57 1 0
Slmset Beach 07/29/83 0 93 0 2

IDl'E: See Figure 3 for sampling locations.
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TABLE 8. <:no:N'mATIONS CF FOCAL OOLIFOBM, FOCAL S'mEPIOOXXDS, AND

ENI'EROOJCCUS REXDIlERED FIOI OPEN OCEAN WATER SAMPLES

Site Description
Coastal Fe FS OC
Location (CFU/IOO ml)

Harbor area near Hooouliuli 31 34,000 45

boat ramp: Kane'ohe 10 65 4

10-50 ft from sand Island 2 3,500 6

shore Wai'anae 3 230 1

Open waters: Honouliuli 100 42 20

0.5-1.0 mile Kane'ohe 1 37 2

offshore sand Island 56 32 3
Wai'anae 0 17 0

Open waters: Honouliuli 1 610 540

2 miles offshore lO!ne'ohe 0 20 0
sand Island 1 39 0

Wai'anae 1 0 0

Open waters: Hooouliuli 1 220 7

2 miles offshore, Kane'ohe 0 91 0

50-ft depth Sand Island 2 9,900 0
Wai'anae 0 1 0

Confirmation of Presumptive Colonies

As stated earlier, analysis of marine water samples for Fe, FS, OC,

and CP by using the merrbrane filtration method results in presurrptive iden­

tification and enumeration of these various bacteria. Although all of

these methods have been previously determined to be reliable, the high con­

centrations of FS and occasionally of OC from all marine water sanples, in­

cluding OPen ocean water, suggest that all marine waters surrounding Q'ahu

are contaminated with fecal matter. This conclusion is highly unlikely and

suggest that the methods used to recover FS and OC may be detecting false

p:>sitives. To determine the reliability of the methods, presunptive FS

colonies on KF agar and presunq;>tive OC colonies on M-Ent agar were randanly

picked and subjected to select confirmation tests as described in Standard

Methods. The confirmation tests include purification of the isolates on

BHI agar, testing these isolates for catalase reaction, growth in BIll broth

at 45°C, as well as in BIll broth containing 4% bile at 37°C. sane of these

isolates were also tested for the presence of the specific group D antigen

which is present in FS and in OC bacteria. The results (Table 9) show that
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JOOst of the presumptive FS colonies recovered on KF agar were catalase
positive, did not grow in BHI broth at 45°C or in bile broth at 37°C, and
JOOst did not contain the group D antigen. These results indicate that the
high presumptive concentrations of FS recovered on KF agar were not due to
true fecal streptococcus bacteria but instead to the growth of some other
bacteria present in the water. These unidentified bacteria were given the
name of false fecal streptococci (FFS). <A1 the other hand, JOOst of the
presumptive EC colonies on M-Ent agar were catalase negative, grew in BaI
broth at 45°C as well as in bile broth at 37°C, and contained the group D
antigen. The excellent correlation of the group D antigenicity test with
standard tests to confirm or disprove the presence of true FS or EC bacte­
ria is significant because this test is rapid, specific, and has a distinct
end point.

As a test on the specificity of the KF agar and the M-Ent agar to sup­
port the growth of true fecal streptococcus (FS) as opposed to false fecal
streptococcus (FFS), randanly selected red and pink colonies recovered on
KF agar were streaked onto M-Ent agar, incubated at 37°C, and observed for
regrowth capability. Similarly, red and pink colonies originally recovered
on M-Ent agar were streaked onto KF agar to observe their regrowth capabil-

TABLE 9. <DNFIRMATION OF PRESUMPI'IVELY R>SITIVE OOILfiIES
REOJIJERED ON KF~ M-ENl'~

catalase Growth at Group Dsampling Recovery 45°C and inSite Medium Reaction Bile Broth . Reaction
-(No. PositivelNo. Tested)-

Hanauma Bay KF agar 55/55 0/10 0/10(East Sector) M-Ent agar 0/3 2/3 1/2

Hanauma Bay KF agar 44/55 2/20 0/10(Middle Sector) M-Ent agar 0/31 1/1 4/4

sandy Beach KF agar 48/55 5/7 1/10
M-Ent agar 26/26 24/25 1/1

Sewage KF agar 0/27 14/25 10/10(Ala Moana) M-Ent agar 30/30 3/3
.5.. faecalis KF agar 0/1 1/1 1/1(Control> M-Ent agar 0/1 1/1 1/1 .
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ity. The results (Table 10) show that roost red and pink colonies recovered

from beach water samples on KF agar were incapable of growing on M-Ent

agar. In contrast, most of the pink and red colonies recovered on M-Ent

agar from beach water or sewage samples were capable of growing on KF agar.

For control, sewage samples known to contain high concentrations of true FS

were assayed using KF agar and the red and pink colonies recovered were

shown to be capable of growing on M-Ent agar. Based on these results it

was concluded that false-positive levels of presumptive FS will be enumer­

ated when KF agar, as prescr ibed in standard Methods, is used to recover FS

from the marine waters of Hawai I i. On the other hand, M-Ent agar ~rs

to be selective enough to prevent the growth of roost of these false­

positive bacteria.

Q1aracterization of 'In>ical vs. Atypical
Presl1lll'tively Positive Colonies on KF Agar

According to Standard Methods (APHA, NNWA, and WFCF 1980>, all red to

pink colonies observed on KF agar after a 48-hr incubation at 35°C should

be counted as presumptive fecal streptococci. The same guideline is ap­

plicable when M-Ent agar is used and the size of the presumptiVely positive

colonies ranges from 0.5 to 2 nm in diameter. At least two distinct roor­

phological types of presumptively positive colonies were d::>served when

marine waters were analyzed using KF agar. The first colony roorphology

which we called "typical" was a red to pink, slightly raised colony with

well-defined borders. The second type of colonial roorphology which we

TABLE 10. GIOV'IH OF PRESUMPl'IVE FS ON M-ENl' JIGAR

AND PRESUMPl'IVE EX: ON KF AGAR

sampling Site
Isolation Regrowth

Medium Medium
No. Positive Growth
No. Isolate Tested

Hanauma Bay
(East Sector)

Hanauma Bay
(Middle Sector)

Sandy Beach

Sewage
(Ala Moana)

KF agar M-Ent agar 0/64

M-Ent agar KF agar 3/3

KF agar M-Ent agar 10/54

M-Ent agar KF agar 31/31

KF agar M-Ent agar 6/61
M-Ent agar KF agar 26/26

KF agar M-Ent agar 21/24

M-Ent agar KF agar 30/30
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called "atypicaln was similar in color but more flattened and characterized

by a distinct red halo surrounding the colony. 'JYpical and atypical pre­

slmlptively positive colonies were <bserved on KF agar, whereas only typical

colonies were observed on M-Ent agar. In using typical and atypical

colonies for confirmation tests during the initial study phase (Tables 9,

10), it was obvious-although not quantitated-that roost of the atypical

colonies could not be confirmed as true fecal streptococci, whereas only

some of the typical colonies could not be confirmed. To quantitate this

difference, typical colonies recovered from KF and M-Ent agar were randanly

picked and purified. Atypical colonies on KF agar were similarly pro­

cessed. These isolates were then gram stained and tested for group D

antigen. The results (Table 11) shC7tl that 100% (14/14) of the typical

colonies recovered on KF agar were gram-positive cocci but only 50% (7/14)

possessed the group D antigen. In contrast none (0/11) of the atypical

colonies recovered on KF agar were gram positive or possessed the group D

antigen. These isolates were gram negative, very short rods. By contrast,

TABLE 11. <X>NFIRMATION CF Tn>ICAL AND ATYPICAL <DIQUES
RE<DVERED ON KF VS. M-ENI' AGAR

KF PGAR M-ENI' AGAR
TYPical Colonies Atypical Colonies 'IYPical Colonies

Iso!. Gram + Group D Iso!. Gram + Group D Iso!. Gram + Group D
No. Stain Antigen No. Stain Antigen No. Stain Antigen

1 + + 1 1 + +
2~ + 2 2 + +
3 + 3 3 + +
4 + + 4 4 + +
5 + + 5 5 + +
6 + 6 6 + +
7 + 7 7 + +
8 + + 8 8 + +
9 + 9 9 + +

10 + 10 10 + +
11 + 11 11 + +
12 + + 12 + +
13 + +
14 + +

14/14 7114 0/11 0/11 12112 12/12
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100% (12112) of the typical colonies recovered on M-Ent agar were grarn­

p:>sitive cocci and possessed the group D antigen.

Isolates must be purified before they can be properly characterized.

Typical colonies recovered on KF agar were readily subcultured on nutrient

agar (NA) and on trypticase soy agar (TSA), whereas atypical colonies could

be subcultured on TSA but not on NA. Examination of the ingredients of NA

and TSA revealed that NA contains no added NaCl while TSA contains 0.5%

NaCl. To determine the effect of NaCl on the growth of bacteria recovered

on KF agar, NA and TSA were prepared with and without NaCl. 'J.Ypical and

atypical colonies recovered on KF agar were then subcultured on these

media. The results (Table 12) show that typical colonies readily grow on

NA with or without 2% NaCl and on TSA with or without 0.5% NaCl. On the

other hand, the atypical colonies could not be cultured in NA and in TSA in

the absence of NaCl but did grow when NaCl was added to these media. It

should be noted that sodiLm'l ion (Na) is a SPecific growth requirement for

marine bacteria. These results indicate that atypical bacteria are marine

bacteria.

The presence of NaCl in bacteriological media is significant because

most bacteria which grow in warm-blooded hlD'DanS and animals require low

levels of NaCl <0.8%), but cannot multiply in high concentrations of NaCl

approaching that of seawater (3.5%). In this regard M-Ent agar is not

supplemented with NaCl whereas KF agar contains 0.5% NaCl. To determine

the significance of NaCl in recovering true- and false-p:>sitive FS on KF

agar, KF agar was prepared with and without the oonnal concentration of

0.5% NaCl. samples of seawater were then obtained from Hanauma. Bay and

from Sand Island and analyzed for concentrations of Fe on mFC agar, FS

on KF agar with and without NaCl, as well as M-Ent agar. '!'be results

(Table 13) show that the seven seawater samples contain low levels of Fe

TABLE 12. EFFECr OF NaCl 00 PASSl(;E (F 'lYPICAL AND

ATYPICAL roLONIES OOTAINED FROM KF K;AR

PRESUMPrIVELY POSITIVE
CDLOOIES ON KF K;AR

GRCWIH UPON PASSllGE 0N'10
Nutrient Agar Trypticase Soy Agar

0% NaCl 2% NaCl 0% NaCl 0.5% NaCl

Typical colonies

Atypical colonies

+ +

+

+ +

+
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REXD\1ERY OF PRESUMPl'IVELY roSITIVE <XlUlUES CN STANDARD
KF AGAR, KF AGAR WI'IHCXJT SDIUM QILORIDE, M-ENT 1GAR,
AND M-FC AGAR FR)M cx::EAN SAMPLES, 0 I AHU, HIlWA! I I

SAMPLItl;
AREA

SAMPLIN;
SEcroRi

SITE

FECAL FECAL mm:Pro<DCOJS/ENTERXDCQJS
CDLIFORM KF KF Agar M-Ent
rn-FC Agar Agar NaCl Agar

(CFU/IOO ml.> (CFU/IOO ml.>----

Hanauma Bay
(27 Jan. 83)

sand Island
(31 Jan. 83)

Middle 6 580 30 34

East 14 610 30 25

west 29 910 120 60

1 2 3500 4 6

2 56 32 3 3

3 1 39 0 0

4 2 9900 0 0

and EC. On the other hand, the concentration of presumptive FS recovered

on standard KF agar (with 0.5% NaCl) was very high as compared to the FS

recovered on KF agar without NaCl.. 'Itle concentration of FS recovered on

KF agar without NaCl was similar to that recovered on M-Ent agar.

In conclusion, we have determined that in 0 I ahu I s marine water at

least two kinds of nonfecal streptococcus bacteria produce presumptively

positive colonies on KF agar. One bacterilml that produces atypical colo­

nies on KF agar is a gram negative, NaCl requiriBJ bacterilml that is

probably a marine bacterilml. Its inability to grow on M-Ent agar is prob­

ably because NaCl is absent in this mediLml. Another catalase positive,

gram positive coccus bacteriLml forms colonies indistinguishable from true

fecal streptococcus bacteria.

Effect of Media CcJDposition on Recovery
of FS and EC from seawater

The chemical cOII1p)sition of KF and M-Ent agar is different (Table 3)

and therefore selects for the growth of different groups of fecal strepto­

cocci. One of the differences in these two media is NaCl which is present

in KF but not in M-Ent agar. This difference was shown to determine

whether a gram negative marine bacteria did or did not grow on these media.

However, the major selective ingredient in KF and in M-Ent agar is 0.04%



30

sodium azide which, among other thi.r¥1s, is known to inhibit catalase reac­

tion in bacteria. The recovery of a catalase positive bacteria which forms

presumptively positive colonies on KF agar suggests that the concentrations

of sodium az ide in KF agar may be too low.

To detennine the role of sodium azide concentration in KF agar as well

as the selectivity of other media used to recover EC, a beach-water sample

obtained from the middle sector of Hanauma Bay was assayed usi.r¥1 KF agar,

KF agar containing twice the normal concentration of sodium azide, M-Ent,

G'K: (gentamycine-thallous-carbonate), and PSE (Pfizer selective entero­

coccus) media. The results (Table 14) show that 1300 presumptive FS/IOO ml

were recovered on standard KF agar and that this number was reduced to

720 FS/IOO ml when the azide concentration in KF agar was doubled. Lc7tler

but still relatively high concentrations of 570 EC/IOO ml were recovered on

M-Ent agar, whereas 190 EC/IOO ml were recovered on GOC and only 7 EC/IOO

ml on PSE agar. These results show that nonfecal streptococcus bacteria

present in seawater have growth properties similar to fecal streptococcus

and are therefore fonning colonies similar to FS on media developed to

selectively recover FS or EC. '!he large variation in the number of

colonies resent>ling FS or EC when different selective media were used

suggests that seawater contains many different kinds of bacteria and that

the canposition of the isolati.r¥1 media, especially inhibitors, detennines

which bacteria wil+ be recovered. In this regard, the concentration of

sodium azide may be too low in KF agar and even in M-Ent agar. PSE agar

contains only 0.025% sodium azide but contains other inhibitors such as

bile and esculin. G'K: contains no sodium azide but uses selective anti­

biotics and esculin as inhibitors.

TABLE 14. SELECTIVE MEDIA FOR CDMPARATIVE REXDVERY OF PRESUMPl'IVE
FS AND EC FROM HANAUMA BAY SAMPLES

Sample Origin

Hanauma Bay
(Middle Sector)

Selective
Media Used

KF agar

KF agar + 2X azide

M-Ent

G'K:

PSE

Presumptive FS/EC
(CFU/IOO mD

1300

720

570

190

7
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stability and Growth of False-Positive Bacteria in seawater

The evidence indicated that marine bacteria are fOI11ling false-positive
colonies on KF and M-Ent agar. ,Marine bacteria are noI11lal Components of
seawater and most are not pathogenic to man; thus, it is of public health
significance to show that marine bacteria are growing 01) media developed to
recover human enteric bacteria. One established difference between marine
and human fecal bacteria is the ability of marine but not fecal bacteria to
multiply in seawater. This difference can be theoretically used to
determine whether the bacteria which forms false-positive colonies on KF
agar are marine bacteria.

To test this hypothesis seawater from Hanauma Bay and Koko Head were
analyzed for presumptive concentrations ()f FS/EC on KF agar, KF agar con­
taining twice the concentrations of azide, and on M-Ent" inrnediately after
collection and after holding the water for 3 days at 25°C to allow marine
bacteria to multiply. The results (Table 15) shCM that the concentrations
of presumptive FS (4600 FS/IOO mD recovered on KF agar from Hanauma Bay
water had not significantly changed (3200 FS/IOO mD after the 3-aay
incubation, which indicated that seawater was neither detrimental nor con­
ducive to the grCMth of this population of bacteria. On the other hand,
much lCMer concentrations of bacteria were recovered from this same pre­
incubated water sample when KF agar containing twice the azide (66 FS/
100 roD or when M-Ent agar (1200 EC/IOO mD was used. After the seawater
was incubated for 3 days at 25°C, these bacterial populations were sig-

TABLE 15. SELECl'IVE MEDIA FOR CDMPARATIVE RF.XDIJERY OF PRESUMPl'IVE FECALSTREPIOCDCCUS (FS) AND EN1'EROCOCOJS (EC) FROM SEAWATER SAMPLES
BEFORE AND AFTER 3-DAY INCUBATION AT 25°C

PRESUMPl'IVE FS/ECSAMPLE
ORIGIN

Hanauma Bay
(Middle Sector)

SELECl'IVE
MEDIA USED

KF agar

KF agar + 2X azide
M-Ent agar

Pre- Post-
Incubation Incubation
---(CFU/IOO roD--

4600 3200
66 17

1200 270
Koko Head KF agar

KF agar + 2X az ide
M-Ent agar

120

o
2

4

o
o

{,

"
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nificant1y reduced indicating that seawater is detrimental to these bacte­

ria. The results of the Koko Head water sattple show a similar response

(Table 15) although the concentrations of bacteria recovered from this

sample were much lower. '!he drop in the' population of bacteria in seawater

after 3 days suggests that the bacterial populations recovered by KF agar

containing twice the concentrations of azide and by M-Ent agar are not

marine bacteria. On the other hand, no definite conclusion could be drawn

based on the insignificant change in the population of bacteria in seawater

incubated for three days and recovered by KF agar. This observation indi­

cates that this population of bacteria is simply very stable in seawater or

can multiply in seawater but is inhibited by a limiting factor such as

nutrients.

As a further test of the hypothesis that seawater will SUWOrt the

growth of marine bacteria but not· FS or EX::, the same seawater samples from

Hanauma Bay and Koko Head as well as from Kailua Beach were obtained and

i.IIJnediately analyzed using the KF and M-Ent agar. Portions of these Waters

were then supplemented with nutrients (0.01% and 0.1% peptone), inhibitors

(azide), peptone plus azide, and incubated for 3 days at 25°C before the

waters were again assayed using KF and M-Ent agar. '!he results (Table 16)

show that after 3 days the population of prestmlptive FS colonies on KF

agar which initially numbered 4600/100 ml was reduced to 3200/100 ml in

unaltered seawater and to 190/100 ml in the presence of 0.04% azide. Yet

when 0.01% peptone was added to seawater, 8.7 x 107/100 ml of prestmlptive

FS were recovered on KF agar after 3 days of incubation at 25°C. '!he

results clearly demonstrated that the bacteria in seawater which form

colonies resent:>ling FS on KF agar are capable of nultiplying in seawater

and were limited by the available nutrients in natural seawater. When

nutrients and the inhibitor were added to the seawater, the concentration

of recovered bacteria after 3 days was 1 x 107/100 ml, an indication that

the inhibitor was overwhelmed by the growing population of bacteria. Simi­

lar results were obtained when M-Ent agar was used to analyze the same

Hanauma Bay waters. Analysis of Kailua Beach and Koko Head waters showed

similar results (Table 16).

In conclusion, bacteria which form false-positive colonies on KF agar

and occasionally on M-Ent agar were shown to be capable of nultiplying in
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TABLE 16. GlOmI OF PRESUMPrIVE FS AND EC IN SEAWATER
IN ABSENCE AND PRESENCE OF PEPIONE AND AZIDE

SEAWATER
&>uRCE

KF 1\GAR M-Em' 1\GAR
SUPPLEMENT 'IO Pre- Post- Pre- Post-
WATER SAMPLE. Incubation Incubation* Incubation Incubation*

--- ---(CPU/IOO rnlJ----

Kailua
Beach

None

0.01% peptone

0.1% peptone

2600 298 38

7 x 107

2 X 108

o
o
o

Hanaurna None 4600 3200
Bay 0.01% peptone 8.7 x 107....

0.01% peptone
1.0 x 107plus IX azide ....

IX azide 190

Koko Head None 120 4

o.01% peptone 1.9 x 108

0.01% peptone
6.0 x 107plus IX azide

IX azide ... 0

*3 days at 25°C.

1200 270

6600

780

24

2 0

1800

300

o

seawater, especially when supp1anented with nutrients. These results

strongly indicate that marine bacteria are responsible for producing false­

positive colonies on KF agar.

Identification of False-Positive Bacteria

Although evidence was obtained that marine bacteria are responsible

for producing false-positive colonies on KF agar, these bacteria have not

been identified. It should be anphasized that the identification of

bacteria in marine waters has not been well characterized and as a result

the normal flora of rrarine waters has not been established. However,

studies already completed have shown that most marine bacteria are gram

negative rods belonging to the following genera: Pseudoxoonas, Aerour;mas,

Vibrio, Flayobacter, Cyto.phaga, Achroupbacter, and Alcaligenes. Reports of

gram-positive coccus bacteria in marine waters have been reported, but

these bacteria have not been well characterized. In contrast to marine

bacteria, hLmlal1 bacteria have been well characterized and commercial iden-
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tification kits are available to reliably identify these bacteria. The

API 20E kit designed to identify gram-negative human enteric bacteria was

used to identify the gram-negative, NaCl requiring bacteria which produced

atypical colonies on KF agar. Most of these isolates were determined to

belong to the genus Pseudoupnas or AerolOOnas. The API 20S kit designed

to identify gram-positive oocci of the genus Str~ococcus was used to

identify the preslmlptively positive typical colonies on KF agar or M-Ent

agar. The typical colonies, which were subsequently confinued as true

fecal streptococci, were readily identified as belonging to the genus

streptococcus and were further identified as B. faecalis, B. taecium, or

.8.. durans. The typical colonies which oould not be confinued as true

fecal streptococci yielded uncharacteristic biochemical profiles when the

API 20S kit was used and thus could not be identified.

In conclusion, evidence was obtained to show that the bacteria respon­

sible for the presmnptively positive, atypical colonies on KF agar belong

to the genus PseudoIOODas and Aeronpnas. Two types ofbacteria produced

presmnptively positive, typical colonies on KF agar. Those which were sub­

sequently confinued as true fecal streptococci were readily identified as
belonging to the genus streptococcus <B. faecal is , B. taecium, B. durans).

However, the gram positive coccus bacterium which could not be confinued as

a true fecal streptococcus could not be identified using the API 20S kit.

As stated earlier, the API 20 kits were designed to identify human bacte­

ria, thus, their inability to identify envirornnental bacteria is not unex­

pected.

ESTABLISHMENT OF ME'!H(D) '10 REXDVER 'lKJE FS
FROM MARINE WATER SAMPLES

The cumulative data from this study clearly show that bacteria natu­

rally present in the marine waters of O'ahu will form colonies similar to

FS on KF agar and thus invalidate the reliability of this technique. It is

clear that a method to reliably measure the concentrations of true FS in

the marine waters of Hawai' i is required. To address this problem, it was

reasoned that marine bacteria naturally present in the coastal waters of

Hawai'i are probably aerobic as compared to FS bacteria which are known to

be facultative anaerobes. Thus, incubation under anaerobic conditions may
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be a technique to selectively culture true FS bacteria and to suppress the
growth of marine bacteria.

To test this hypothesis, samples of seawater were ootained from the
three sectors of Hanaurna Bay and assayed on KF agar and M-Ent agar under
aerobic and anaerobic incubation at 37°C. In this experiment, two
different lot I1UIIt>ers of KF agar manufactured by Difco, one from BBL, and
one prep:lred in our laboratory from individual components called scratch KF
were used. The results (Table 17) show that the recovery of presumptively
positive colonies was consistently lower in all samples incubated under
anaerobic conditions as co~red to aerobic conditions. Presun¢ively
positive, typical colonies were then picked from plates incubated under
aerobic and anaerobic conditions and these isolates examined for gram
reaction and catalase reaction. The results (Table 18) show that all 55
isolates recovered after aerobic incubation were gram-positive cocci but
only 35% <l9/55} were catalase negative, indicatiIXJ again the growth of
false-positive bacteria primarily on KF agar but to some degree on M-Ent
agar. The corranercially prepared KF agar recovered more false-positive
bacteria than the scratch KF agar prepared in our laboratory, probably r~

flecting the active concentration of sodium azide in these media. When
these same samples were incubated under anaerobic conditions, 100% <l6/16}
of the selected colonies recovered on aI¥ of the medium were gram-positive
cocci and catalase negative, indicatiIXJ that anaerobic conditions selec­
tively inhibited the growth of the false-positive bacteria while allowing
the growth of true FS. To confirm that false-positive bacteria .will grow
under aerobic but not under anaerobic conditions, while ~rue FS will grow
under aerobic and anaerobic conditions, five isolates of false-positive
bacteria (gram-positive cocci, catalase positive) and true FS (gram­
positive cocci, catalase negative) were grown in tryptic soy broth under
aerobic conditions for three days at 25°C. '!hese cultures were then
assayed on KF agar under aerobic and anaerobic conditions. The results
(Table 19) show that S. faecalis used as a control, as well as the true FS
bacteria, were detected at concentrations of 108 to 109 /ml under aerobic
and anaerobic conditions, whereas the false-positive bacteria were detected
at concentrations of 109 /ml under aerobic conditions but could not be ~
tected on KF agar when assayed under anaerobic conditions.

In conclusion, incubation of media developed to selectively recover
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TABLE 17. RECXJVERY OF 'lYPICAL <DLOOIES 00 KF AND M-ENT 1lGAR MEDIA
UNDER AEROBIC VB. ANAEroBIC IlQ.1BATION AT 35°C

HANAUMA BAY
SAMPLE
SECroR

East

ISOLATIOO
MEDIA

KF Difco 701241

KF scratch

KF Difco 672017

KF BBL K5IM\1O

M-Ent Difco 640936

INCUBATION
Aerobic Anaerobic
-(CFU/100 mlJ-

100 10

37 5

59 6

30 3

5 1

Middle

West

KF Difco 701241 250 10

KF scratch 12 11

KF Difco 672017 120 29

DF BBL K5DKVO 36 17

M-Ent·Difco 640936 11 4

KF Difco 701241 1500 10

KF scratch 61 19

KF Difco 672017 1200 31

KF BBL K5I)t.N)· 480 20

M-Ent Difco 640936 18 12

FS and EC bacteria under anaerobic rather than aerobic conditions will

inhibit the growth of bacteria in marine waters from forming false-positive

colonies on KF or M-Ent agar. This technique is therefore reconmended when

marine waters from Hawai I i are to be analyzed for fecal streptococcus or

enterococcus bacteria by using KF agar or M-Ent agar.

Based on a physician's report that the beach water may have been con­

taminated with fecal-borne p:ithogens, Hanauma Bay was closed to the public

in June 1982. The Hawaii State Dep:irbnent of Health and the City and

County of Honolulu Division of Wastewater Management analyzed nl.nnerous

samples of beach water for fecal co1iforms (PC) to determine the hygienic.

qual i ty of the water. However, all beach water sanq;>les contained low

levels of Fe, indicating that the beach water was not contaminated with
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TABLE 19. GOCWm OF COOFIRMED AND FALSE-roSITIVE FECAL srREP.roCDCaJS
ISOLATES 00 KF 1GAR UNDER AEImIC VS. ANAERCBIC INCUBATION

IOOLATES TESTED ISOLATE
mMBER

INCUBATION
Aerobic Anaerobic

---(CFU/50 mlJ---

Confirmed Fecal
streptococcus

False Positive
Fecal Streptococcus

StreptQCcus faecalis
(ATCC 19433)

1 3.7 X 109 3.6 X 109

2 6.0 X 108 5.2 X 109

3 1.6 X 109 2.2 X 109

4 2.0 X 109 3.5 X 109

5 2.3 X 109 4.2 X 109

1 6.0 X 109 <1.0

2 3.7 x 109 <1.0

3 3.3 x 109 <1.0

4 4.4 x 109 <1.0

5 4.7 x 109 <1.0

1 3.6 x 109 2.6 X 109

W1'E: Incubation 35°C, 3 days.

fecal matter. FC is currently the only indicator bacteria stipulated by

laws to assess the quality of recreational waters. However, due primarily

to the instability of FC, the reliability of FC as an indicator for the

presence of fecal pathogens has been questioned and the use of other indi­

cator microorganisms has been proposed. Of these alternative indicators,

fecal streptococcus (FS) bacteria have been most often used.· standard

Methods (APRA, NilWA, and WPCF 1980> prescribes the use of KF agar to selec­

tiVely recover FS from all natural waters and states that the reliability

of KF agar is such that nearly 100% of the presumptive colonies on KF agar

can be exPected to be confirmed as true fecal streptococcus bacteria. The

Water Resources Research Center (WRRC) showed that FS was much more stable

than Fe in marine waters and has recomnended its use to assess the quality

of marine recreational waters. Based on this recorrmendation, the Division

of Wastewater Management also analyzed Hanauma Bay beach water samples for

FS. The high concentrations of FS recovered from many of these samples

were the only evidence suggesting. that the beach water was contaminated

with fecal matter. These findings were confirmed but showed that many of
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the p:>sitive colonies observed on KF agar were not due to the growth of FS

bacteria and therefore appeared to be false p:>sitives. This study was

initiated to evaluate the reliability of KF agar to recover FS bacteria

fran the marine waters of O'ahu as a means of assessing its recreational

quality. The design of this study was to obtain water samples from many

coastal sites, primarily fran Hanaurna Bay but also fran open ocean waters

and to analyze these samples for four fecal bacterial indicators (FC, FS,

Ee, and~. perfringens).

Most marine water samples were shown to contain concentrations of

FC well below the 200 Fe/IOO ~ standard for recreational water qUality.

These same water samples were shown to contain low concentrations of

,C. perfringens, a very stable and conservative indicator of water p:>llu­

tiona Increased levels of Fe and ,C. perfringens were occasionally recov­

ered from marine water samples but these samples were associated with

sewage outfalls, stream discharge, or land runoff. Based on the results of

these two indicators, we conclude that O'ahu's coastal water is hygieni­

cally safe for recreational uses.

The use of KF agar to recover FS bacteria from O'ahu' s marine water

was determined to be lmreliable because of the formation of false-p:>sitive

colonies. '!Wo canponents of KF agar were shown to readily allow the growth

of false-positive bacteria. First, KF agar contains 0.5% NaCl and provides

the Na required for the growth of marine bacteria. second, this medium is

highly enriched and therefore the concentration of sodium azide is insuffi­

cient to inhibit some of the false-p:>sitive bacteria. Thus, by doubling

the concentrations of sodium azide or removing the NaCI, much lower concen­

trations of false-positive bacteria were recovered from the roodified KF

agar. At least two major groups of bacteria were shown capable of forming

red to pink presumptively p:>sitive FS colonies on KF agar. One group of

false-positive bacteria was a gram-negative rod, required NaCI for growth,

and formed atypical colonies characterized by a red halo surrolmding each

colony. This group of bacteria was shown to be capable of growing in sea­

water, was identified as Psuedoroonas Spa and AerOIOODaS sp., and was con­

cluded to be marine bacteria. Because of the formation of the atypical

colonial roorphology, this group of false-p:>sitive bacteria could be dis­

tinguished from the colonies of the true fecal streptococcus bacteria on

KF agar. The second group of false-p:>sitive bacteria was similar to true
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fecal streptococcus bacteria in that they were gram-positive cocci and

formed typical colonies on KF agar. However, this group of bacteria was

catalase positive, did not contain the group D antigen, did not grow in the

presence of bile or at 45°C, and therefore could be distinguished from true

fecal streptococci by using simple biochemical tests. Isolates of these

bacteria were not identified, were shown to multiply in seawater, and were

thus considered marine bacteria.

M-Ent agar selectively recovers a subgroup of fecal streptococcus

bacteria called enterococcus (EC). In most marine water samples, the

recovery of EC using M-Ent agar was much less than the concentration of FS

recovered on KF agar. Also, atypical colonies were not observed on M-Ent

agar and most of the presumptively positive colonies could be confirmed as

true fecal streptococci. However, false-positive bacteria were recovered

on M-Ent agar when marine waters containing high concentrations of false­

positive bacteria were processed. The presence of high concentrations of

false-positive bacteria in marine water samples apPeared to be related to

the availability of nutrients in the water to support the mUltiplication of

these bacteria. Most of the coastal waters surrounding O'ahu are nutrient

poor and therefore the concentrations of false-positive bacteria in these·

waters are low. However, some coastal waters (e.g., harbors, middle sector

of Hana\.Il"l\2l Bay) have FOOr circulation, receive land runoff which increases

their nutrient content and allows false-positive bacteria to multiply to

higher concentrations.

It was clear that a reliable method which eliminated the growth of

false-positive bacteria was r~uired to recover FS and EC from 0' ahu' s

marine waters. Such a method was devised by IOOdifying the technique

using KF agar to recover FS and M-Ent agar to recover EC. This modifica­

tion was based on the knowledge that FS and EC are enteric bacteria able

to grow under aerobic and anaerobic conditions (facultative anaerobe).

On the other hand, marine bacteria growing in the shallow coastal waters

of Hawai' i were presumed to be aerobic. When water samples placed onto

KF agar and M-Ent agar were incubated under anaerobic conditions instead of

the standard aerobic conditions, the false-positive bacteria did not grow

while allowing Fe or EC bacteria to grow and to be reliably enumerated. It

is therefore reconmended that Hawai' i 's marine waters should be analyzed

forFS on KF agar and EC on M-Ent agar and incubated under anaerobic rather
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than aerobic conditions. This procedure should eliminate the formation of

false-positive colonies on these media which otheIWise can be expected.

The recovery of marine bacteria which readily forms false-positive

colonies on KF agar and occasionally on M-Ent agar has not been reported

by scientists using these media to analyze the coastal waters of the con­

tinental U.S.A. Thus, the population of marine bacteria in Olabuls sub­

tropical coastal waters must differ fram the marine bacterial population in

the temperate coastal waters of the continental U.S. Significant environ­

mental differences between the continental U.S. and Hawai I i should be ex­

pected and have been verified from time to time. These findings emphasize

that standards and methods developed lD'lder continental U.S. conditions may

not be applicable to Hawai I i IS conditions. Understanding these differences

and modifying standards and methods to apply to Hawai I i are the responsi­

bilities of scientists, engineers, and planners in Hawai'i.

<DMMENTS AND REX:XM1EH)ATIQNS ON REX::REATIONAL WATER QUALITY
STANDARDS FOR HlWAI I I

Existing Water Quality standards: Inpact on Hawai I i

The existing recreational water qUality standard of 200 fecal coli­

forms (PC> per 100 ml applies to marine and fresh waters. The use of Fe in

establishing water qUality standards for recreational waters was based on

the best available technology at the time it was promulgated in 1968 and on

the principle that Fe was the best indicator to measure the degree of fecal

contamination in any water. Yet the concentrations of Fe in the water had

not been correlated to the rates of gastroenteritis associated with sw~

mingo

In Hawai'i, marine recreational waters usually contain low levels of

PC. Based on these results, the marine recreational waters in Hawai I i are

considered to be unpolluted and safe for use. In contrast the freshwater

streams of Hawai I i generally contain concentrations of PC exceeding 200 PC/

lOO ml. These streams, JOOst of which do rot receive known discharges of

fecal wastes, are classified for recreational use. Based on these results,

the freshwater streams in Hawai I i do rot generally meet current recrea­

tional water qUality standards. The source and significance of these high

concentrations of PC and even higher concentrations of fecal streptococcus
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(FS) are rot known and should be addressed.

Although FC continues to be the indicator used to assess recreational

water quality standards, overwhelming evidence fran independent laborato­

ries throughout the world has shown that FC is too unstable in recreational

waters to be a reliable indicator for the absence of enteric pathogens

which may be present in the same water. cabelli (1983) and Dufour (1982)

recently reported that concentrations of FC in marine and fresh recrea­

tional waters oould not be correlated with rates of fMimning associated

gastroenteritis among users of these waters.

Fecal streptococcus· and Clostridium perfringeos are two other fecal

bacteria which are known to be more stable than FC in enviromnental waters

and thus have been considered as alternative indicators of fecal contami­

nation. Yet the use of these indicators suffer from the same inherent

weakness as the use of FC; that is, the concentrations of these bacteria

have not been shown to correlate with rates of fMimning associated gastro­

enteritis.

EPA Proposed New Indicators and standards: Impact on Hawai' i

Recognizing the problem of using FC to assess the quality of recrea­

tional waters, the EPA initiated a series of studies from 1972 through 1982

to establish a correlation between rates of fMimning associated gastro­

enteritis and concentrations of several indicator bacteria in these waters.

Based on the results of this well-designed, epidemiological and ·micro­

biological monitoring study, clear evidence was cbtained to show that fMim­

ming in sewage-contaminated waters increases the risk to gastroenteritis.

Also, the concentrations of some of the currently used indicators (FC, FS,

Clostridium perfringens) did not correlate with risks to gastroenteritis.

However, the concentrations of two new indicators (E.• .QQ1i, enterococci) in

recreational waters did correlate with rates of gastroenteritis among users

of these waters. The results of these studies clearly showed that E..~

and enterococci could be used to assess the quality of fresh recreational

waters, but that only enterococci could be used for marine waters. The

basis for this difference was best explained on the differential stabili­

ties of .E. ~ and enterococci in natural waters. .E. ~ is stable in

fresh waters but rot in marine waters. On the other hand, enterococci are

highly salt-tolerant bacteria and are stable in fresh and marine waters.
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Having successfully completed this study, EPA now insists that indicators

of recreational water quality should be based on risks to fMimning asso­

ciated gastroenteritis and no longer be based on indicators which simply

suggest the presence or absence of fecal contamination.

In the May 1984 issue of the Federal Register, EPA published their

proposed new water quality criteria which are sUIlltlarized as follows:

Fresh recreational waters should not exceed a log mean of 77 j£.
~100 rnl or 20 enterococci/IOO rnl
Marine recreational waters should not exceed a log mean of
3 enterococci/IOO rnl.

It should be noted that the data base for the EPA studies was obtained from

study sites in New York, Massachusetts, New Orleans, Pennsylvania, and

Oklahoma. Also, new bacterial nedia not conmercially available are re­

quired to assay for ~• .QQ1i and enterococci. Thus, the data base using

these bacteria is only now beginning to be obtained throughout the rest of

the u.s. The new proposed criteria, especially for marine waters, is very

restrictive. If implemented as water quality standards applicable to

Hawai I i, there is a strong possibility that many of the popular recrea­

tional beaches in Hawai'i will have to be closed to the public. If this

were to occur, the result would have a severe ~chological and economic

impact on the state of Hawai I i. As a result of this };X>ssibility and evi­

dence accumulated by the WRRC laboratory that the waters in Hawai I i are

very different from waters in the continental U.S., we have already ini­

tiated a limited study to analyze the recreational waters in Hawai I i for

~• .QQli. and enterococci. The results of our preliminary study indicate

that all freshwater streams and some of the };X>pular beaches on 0 I ahu would

not meet the new EPA-proposed criteria.

At the present time, the EPA is still considering the implementation

of the new proposed criteria and is considering the res};X>nse from through­

out the nation. Depending on the comnents received by the EPA, the pro­

posed criteria may remain lIDChanged or may be made less restrictive. It

should be noted, however, that once the EPA establishes the criteria, each

state will be asked to establish a standard based on these criteria. Each

state will have the op};X>rtunity to modify the pro};X>sed criteria if it is

believed to be too restrictive. To obtain this variance, however, the

applying state must provide justifiable reasons and documented evidence

that the FOPulation at risk is not being exposed to higher risks as a
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result of changing the water quality standards. Thus, it is ~rative

that the state of Hawai' i obtain as much data as it can on the concentra­

tions of ~• .QQli and enterococci in recreational waters of the state.

These results, if transmitted to EPA during this interim period can influ­

ence the final water quality criteria to be recormnended by the EPA.

In conclusion a study to survey the recreational waters of Hawai' i for

enterococci and .E. .QQl.i by using the new EPA-developed media and technique

should be conducted as soon as ~ssible. This study should determine

whether false-~sitive enterococci will be a problem when using the new

EPA mE medium, especially since the results of this present study have

shown that many false-~sitive fecal streptococci will grCM on KF agar.

A second part of this study should address the source and public health

significance of the high concentrations of fecal coliform, .E• .QQli, fecal

streptococci, and enterococci which appear to be present in freshwater

streams in Hawai'i.
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