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,ABSTRACT

The quaZity of stream water in Hawai'iwas determined by oarefuUy

analyzing samples of unpolluted streams, stream polluted with sewage efflu

ent, sewage effluent, oesspool wastes, and storm drain runoff for oonoentra

tions of feoal ooliform (FC), feoal streptooooous (FS), and seleoted physi

oal and ohemioal tests. High oonoentrations (10 3 -10 4 /100 m£)of FC and FS

oould be reoovered from samples of stream waters obtained from unpolluted

and polluted sites. Most of the stream~water samples oolleoted in urban

ized areas, but upstream from the sewage effluent disohargesite (unpol

luted stream), oontained higher oonoentrations of FC than the 200 to 400 FC/

100 m£ oonsidered by state and federal laws as being polluted with feoal

matter and as a possible souroe of enterio pathogens. Only after analyzing

stream samples for oonoentrations and the ratio of FC and FS - as we l l as

oonoentrations of phosphates-was it possible to determine whioh stream

samples did or did not oontain sewage effluent.

The results show that the impaot of sewage effluent disoharge into

streams on O'ahu, Hawai'i, oannot be properly evaluated by analyzing the

stream samples for only FC as mandated by law. Moreover, it should no lon

ger be assumed that stream-,water quaZity upstream of the sewage effluent

disoharge point is superior to that of the effluent entering the stream.

Conclusions should not be made based soleZy on measurements of stream sam

ples taken downstream of the sewage effZuent disohargesite. To properly

assess the impact of sewage effluent disoharge into streams, swnpZes of the

sewage effluent-asweU as stream sampZes taken upstream and downstream of

the effluent disoharge site - shouZd be anaZyzed for FC,' FS, phosphorus, and

turbidity.
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I NTRODUCTI ON

Rainwater, which is generally uncontaminated, is the origin of streams

and reservoirs on O'ahu. However, as streams flow toward the sea, they

transport surface rUnoff and discharges from a variety of sources which

alter the quality of the stream water and, consequently, the suitability of

its use. Some uses of streams and reservoirs are wading, swimming, agricul

tural irrigation, aquaculture, fishing, and boating. If these waters be

come contaminated with fecal wastes, they may then serve as vectors for the

transmission of diseases to man. Thus, these waters must be monitored for

fecal pollution to determine whether they are safe for use by the general

population.

Water Quality Assessment Based on Fecal Coliform Concentration

To determine the hygienic quality of streams, beaches, and other natu

ral waters, samples of these waters are analyzed for concentrations of fecal

coliform bacteria. Fecal coliform bacteria are nonpathogenic to man and are

normally present in high concentrations in the intestinal t~act of man and

warm-blooded animals. Thus, the concentrations of these bacteria in natural

waters are used as indicators of fecal pollution and as a p~obability factor

that pathogenic microorganisms may be present in that polluted water. With

regard to inland recreational waters and marine recreational waters within

1000 ft (304.8'm) of the shoreline, the Hawaii State Department of Health

Public Health Regulations (1982, §11-54-08[aJ) states:

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

Three significant points should be noted with regard to this regula

tion. First, the hygienic quality of recreational waters is based on the

concentrations of a single group of indicator bacteria, fecal coliform (FC).

Second, streams with less than 200 FC/lOO m~ of stream water are considered

unpolluted and safe for primary contact sport. However, the establishment

of 200 to 400 FC/IOO m~ was arbitrarily determined and is based on the

recognition that some FC can be expected even when natural bodies of water

are not contaminated with fecal matter from human or domestic animals.

"If;
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Moreover, there is no direct correlation between the numbers of fecal coli

forms enumerated and the concentrations of pathogens in that water sample.

Third, recent studies by Dean and Lund (1981) have shown that pathogens

have been recovered from natural waters determined to contain "safe levels"

of fecal coliforms. These results have led a prominent scientist, such as

Dutka (1973), to conclude that colifoTms are inadequate indicators of water

quality. There has also been an active movement to find an alternative and

superior indicator of water quality than fecal coliforms. A conference

sponsored by the American Society for Testing and Materials addresSed this

subject and the proceedings were published in BacteriaZ Indicators/HeaZth

Hazards Associated with Water (Hoadly and Dutka 1977). This publication

concluded that the following indicators should be seriously considered as

alternatives to fecal coliforms: fecal streptococcus, CZostridiwn perfrin

gens, StaphyZococcus aureus, Pseudomonas aeruginosa,Candida aZbicans, bac

teriophage, and bifidobacteria.

Fecal Streptococcus: The Most Widely Used Alternative Indicator

Of the many proposed alternative indicators of water quality, more

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

microorganism. Like fecal coliforms, fecal streptococcus is not pathogenic

to man and is normally found in the intestinal tract of man at relatively

high concentrations; also, techniques for their recovery and enumeration are

reliable and feasible. However, the impetus for the numerous studies on FS

involves its usefulness in determining the source of the fecal pollution.

In this regard, the source of most enteric pathogens that affect man (e.g.,

SaZmoneZZa typhoBa, ShigeZZa sp., Vibrio choZera, all human enteric viruses)

is man and, therefore, these pathogens are not found in fecal discharges of

animals. Consequently, streams containing high concentrations of FC of

human origin are of greater public health significance to man than streams

with high concentrations of FC of animal origin.

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

centrations of FC than FS, whereas animal waste is characterized by higher

concentrations of FS than FC .. Based on these results, Geldreich proposed

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

human fecal waste, whereas streams with FC:FS ratios of less than 0.7 indi

cate contamination with animal fecal waste. Although this FC:FS ratio has
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been extensively applied to determine the origin of fecal pollution in

natural bodies of water, its application often suffers because of certain

limitations in the use of this ratio. Geldreich himself pointed out that

the FC:FS ratio is dependent on the surv~val characteristics of FC and FS

bacteria which are not the same. He therefore stressed that the FC:FS ratio

should not be used if the fecal waste has been in the water environment for

over 24 hr. In this regard, when samples of most natural bodies of water

are taken, the source of the fecal pollution is not known and it is not pos

sible to determine with certainty whether the fecal contaminant in the water

sample was in the water environment for only a few hours or in excess of

24 hr.

The 24-hr limitation as imposed by Geldreich was based on the assump

tion that the fecal matter was directly discharged into a nontoxic, neutral

water environment. Any environmental factor which actively and rapidly in

activates FC andFS at different rates can invalidate the usefulness of the

FC:FS ratio within a short period of time. Some of these environmental fac

tors include chlorination of sewage or the discharge of toxic substances

(e.g., heavy metals, acid mine washes, pesticides, chemical toxins) into

natural bodies of water. In addition to these factors, Fujioka et al. (1979)

have determined that sunlight is a natural bactericidal agent which can

drastically reduce the concentrations of FC and FS in marine and estuary

water within a few hours. In fresh stream water, the bactericidal effect of

sunlight is less effective but still significant. Under both conditions, FS

is much more resistant to the bactericidal effect of sunlight, indicating

that sunlight can be expected to result in the inversion of the ratio of FC:

FS normally present in human fecal waste.

Two other complicating factors should be recognized in interpreting the

FC:FS ratio. First, under high nutrient load, environmental waters can sup

port the multiplication of FC but not of FS. Under these conditions, the

FC:FS ratio in the water smaple may not reflect the true level of fecal con

tamination of that stream. Second, FS encompasses a heterogenous group of

bacteria and some members of FS, especially those of nonhuman origin, are

less stable than FC. On the other hand, the major population of human fecal

streptococcus represented by streptococcus faecalis belongs to a subgroup

called enterococcus, which is considerably more stable than FC. Of signi

ficance is the recent EPA (Cabelli 1980) study which concluded that con-
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centrations of enterococcus in marine recreational waters correlated to a

better degree than concentrations of FC with regard to the incidence of diar

rhea among active users of these waters. These recent findings indicate

that FS or enterococcus may be accepted as viable indicators of water qual

ity by the EPA in the near future. However, at the present time, interpre

tations of water quality based on concentrations of FS are not covered by

any enforcing regulation. In this regard, Geldreich (1976) has cautioned

that some FS recovered from stream waters have limited sanitary significance

since they may be derived from plants and insects. Thus, some level of FS

can be expected in any natural body of water. Geldreich concluded that con

centrations of FS in natural waters should not be considered significant un

til it exceeds 100 FS/lOO m~ of water.

GOALS AND OBJECTIVES

The goals of this study are two-fold. First, to establish the (back

ground) concentrations and ratio of FC and FS in expected sources of fecal

wastes, such as sewage effluent and cesspool waste, and at various sites in

streams which originate in uninhabited mountainous areas and flow toward

the sea transporting runoff from forest and urban areas as well as discharges

from sewage effluent. Second,.to interpret these findings so that the im

pact of surface runoff and discharge of sewage effluent into streams can be

correlated with the concentrations of the two most acceptable indicators of

water quality, fecal coliform and fecal streptococcus.

The goals of this study can be achieved by completing the following

objectives:

1. Establish the expected concentrations and ratios of FC and FS in

the influent and effluent from a typical wastewater treatment plant

and from cesspool wastes

2. Establish the concentrations and ratios of FC and FS from storm

drains collecting runoff from distinctly different land uses, such

as agricultural, forest, residential/industrial/commercial, and

rural

3. Establish the concentrations and ratios of FC and FS at various

selected sites in two stream systems ('Ahuimanu and Kipapa) which

originate in the mountains and collect land runoff and sewage ef-
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fluent as they flow out to sea

4. Determine the impact of sampling time (morning, noon, afternoon~

evening; winter; summer), local weather conditions (sunny, cloudy,

rainy) and water quality parameters (flow rate, turbidity, organic

content) on the expected concentrations and ratios of FC and FS at

these selected sites.

EXPERIMENTAL DESIGN AND METHODOLOGY
Sampl ing Sites

Sampling sites were selected after consultation with S. Kansako and K.

Tenno, members of the laboratory staff of the Division of Wastewater Manage

ment, City and County of Honolulu. These locations were selected on the

basis of the best available site to accomplish the objective of that par,tic

ular phase of the study. The following sites were selected.

1. REPRESENTATIVE WASTEWATER TREATMENT PLANT (WWTP) EFFLUENT. The

Maunawili Park WWTP which utilizes primary settling, followed by

activated sludge treatment and chlorination before the final efflu

ent is discharged.into Maunawili Stream was selected as a represen

tative City and County of Honolulu operated wastewater treatment

plant that discharges its treated effluent into a stream. This

WWTP is located on the windward side of O'ahu approximately 2 miles

(3 218 m) mauka of Kailua town and processes approximately 0.1 mgd

(445 m3/day) of domestic sewage.

2. REPRESENTATIVE CESSPOOL WASTES. Cesspool wastes in the Kane 1ohe

Kahulu'u area are regularly pumped out by the City and County of

Honolulu and transported to the Kailua WWTP to be properly treated

and disposed. Samples of cesspool wastes from 10 different truck

loads were obtained as the trucks were discharging these wastes at

the Kailua WWTP.

3. REPRESENTATIVE STORM DRAIN RUNOFF. A total of 11 different storm

drain sites within the Kane'ohe-Kahulu'u area were selected based

on the various surrounding environment, which were categorized as

suburb, highway, commercial, construction, rural, farm, and moun

tain.

4. REPRESENTATIVE STREAMS. Two streams which receive sewage effluent
!

I
.\
I,
1
l
~,
~
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discharge from a City and County of Honolulu WWTP were selected as

our model stream systems. The first stream (South 'Ahuimanu) is

located in windward O'ahu and represents a stream which collects

rainfall from a high rainfall, mountainous area and flows out to

sea in a relatively short period of time. The South 'Ahuimanu

Stream originates at the 2200-ft (671-m) elevation on the windward

slopes of the Ko'olau Range and is fed by rain and spring waters

from the closed watershed of the Waiahole Forest Reserve. From the

approximate 400-ft (122-m) elevation boundary of the forest reserve,

this stream flows through a small urban community, a small pasture,

and then passes the Ahuimanu WWTP. This WWTP uses primary settling,

activated-sludge, chlorination and oxidation in a pond to treat

1740 m3/day (0.5 mgd) of sewage effluent which is then discharged

into South 'Ahuimanu Stream. This stream then merges with the major

tributary of 'Ahuimanu Stream and flows through populated and more

complex, mixed land-use areas before it discharges into Kane'ohe Bay

near the Kahalu'u Pond (Fig. 1). Locations and descriptions of the

selected sampling sites on this stream are shown on a USGS topo

graphic map (Fig. 2).

The second stream (Kipapa) is located in central O'ahu and repre

sents a long stream flowing through an area drier than the above.;

Kipapa Stream originates in one of the valleys of the leeward slopes

of the Ko'olau Range and traverses the populated central plains of·

O'ahu where it recieves the Mililani WTTP effluent before it flows

through the town of Waipahu and into West Loch of Pearl Harbor.

The Mililani WWTP utilizes primary settling, activated-sludge treat

ment, and chlorination before 7685 m3/day (2 mgd) of treated efflu

ent is discharged into Kipapa Stream. The locations of the selected

sampling sites in this stream are shown in Figure 3.

Sample Collection and Assay

All samples were collected in sterile nalgene bottles and immediately

placed in a styrofoam box or ice-chest to protect the samples from sunlight

and excessive heat. The samples were transported to the laboratory and pro

cossed immediately. The time between sampling and processing never exceeded

4 hr. All samples were analyzed for concentrations of fecal coliform and
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eTl2e21 - Statian IAcrnl

& Samplino Sites

u . Rnidlnlial

e . eom",,,d"
I • Industrial

AI • Aoric.fcraptl

AI - Acyic. <0...."_

~ . Park'_ RIC-, Cem.

... • Public Facility

v • Vacant

R • Rural or Open

MILE'
" I' , " I' ,o

t

FI gure 1. Classification of land use surrounding sampling sites
on So. '.!:huimanu Stream, Kane'ohe, O'ahu, Hawai'j
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157·51'

'Atluimonu

o I Mile

I~--------T"i--------'
o I KilOlll~.r

A-I One-ei ghth mile upstream of
site A-) and within uninhabited
area where stream widens Into a
pool

A-lOne-fourth mi Ie upstream of
site A-3 and just below forest
reserve area where subterranean
source of water observed flow
Ing from soil embankment into
stream

21"
27' A-I Point where stream flows out of

uninhabited area and enters
Byodo-In Temple grounds

~.. ,.- .....,. . - .... -_. . -_._ •.._--_.
A-4 Approx. 0.7 mi Ie downstream of

site A-3 where the stream flows
through first small urban com
munity

A-a, Approx. 0.5 mile downstream of
site A-4 (past Kaheklll Highway
and a small pasture}

A-I 'Ahuimanu WWTP chlorine contact
chamber

A-7 ~pprox. 100 ft downstream from
'Ahulmanu WWTP sewage diScharge
outlet

Figure 2. Loc.tlon and description of sampling sites
on So. ~Ahu imanu Stream. Olahu
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21·30'

21°IS'

158·

o Z Mil,.

Ol-I--...---L-"'i .-Ki-I.-.........t~,.

LAKE
...-:::a--WILSON

Figure 3. Location of sampl ing sites on
Kipapa-Wa ikel e St ream, Olahu

21°30'

fecal streptococcus following the procedures for the standard membrane fil

tration methods as described in Standard Methods for the Examination of Water

and Wastewater (APHA, AWWA., and WPCF 1980). Samples were tested undiluted

or diluted with sterile phosphate water. Twenty-five to 100 m~ of the sam

ple was filtered through 47 nun sterile membranes with 0.45-)Jm porosity (GN-6,

Gelman Company), and the membranes placed directly on prepared media for

growth and enumeration of FC and FS. For recovery of FC, the membranes were
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placed on M-FC medium and incubated at 44.S o C for 24 hr after which all the

blue colonies indicative of fecal coliforms were counted. For recovery of

FS, the membranes were placed on KF agar and incubated at 36°C for 48 hr

after which time the red colonies, indicative of fecal streptococci, were·

counted. When chlorinated sewage effluents were analyzed, the membranes

were initially placed onto phenol red lactose agar for 1 to 2 hr at room

temperature or 36°C to resuscitate the injured bacteria before the membranes

were tranferred onto either M-FC or KF agar for the respective selective

growth of FC and FS. The ratio of FC to FS was calculated by dividing the

FC concentrations by the FS concentrations recovered in the sample.

Experimental Approach

Fo~ this study, interpretation of the hygienic quality of streams will

be based on EPA and state regulations and guidelines as established by

Geldreich (1976). The assessment of the hygienic quality of streams is

based on the reasonable assumption that the risk for waterborne diseases to

man increases in direct proportion to the extent of fecal material in that

stream. Since the concentrations of fecal coliform bacteria increase in

direct proportion to the amount of fecal material in the stream, the concen

trations of these bacteria are used to assess the hygienic quality of streams.

Although there is no established ratio of pathogens to fecal coliform bac

teria, reasonable assumptions were made to predict safe and acceptable lev

els of fecal coliforms in waters used for recreational purposes. Current

regulations accept the concept that unpolluted recreational waters should

contain less than 200 FC/100 mt. Thus. streams containing less than 200 FC/

100 mt are considered unpolluted and safe for recreational uses, whereas

streams containing more than 200 FC/IOO mt are suspect of fecal contamina

tion.

Recognizing that environmental factors, sampling technique, and bacte

rial assay can result in some variations in the recovered concentrations of

FC, we acknowledge that under many conditions the recovered concentrations

of 199 FC/lOO mt may not differ significantly from recovered concentrations

of 200 to 400 FC/lOO mt. However, sampling techniques and methodology

should not result in ten-fold differences in recovered concentrations of FC.

Based on these judgements, two guidelines for this study were used to inter

pret stream-water quality. First, 200 FC/lOO mi was considered the minimal
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cautionary level for recreational use of streams; that is, stream water with

concentrations of 200 to 400 FC/lOO m~should be viewed with concern but

without the need for mandatory action, .other than to immediately analyze

more samples to verify these findings. Second, 2000 FC/lOO m~ will be con

sidered the minimal action level or the minimal level of FC which should de

termine that additional steps whould be taken to verify the results, and to

take appropriate actions to prevent the continued pollution of these streams

or to prevent recreational use of the streams.

The same logic can be applied to concentrations of FS in stream water.

Since the presence of FS is not addressed in any water quality regulations,

the Geldreich (1976) proposal that "concentrations of FS in streams should

not be considered significant until [they] exceed 100 FC/lOO'm~ll will be

accepted. Thus, 100 FS/100 m~ of stream water will be considered the mini

mal cautionary level and 1000 FS/100 m~ the minimal action level.

In addition to utilizing the concentrations of FC and FS to assess

stream water quality, the ratio of FC to FS is currently used to determine

whether the source of fecal material in the stream is human or animal. The

use of FC:FS ratios as proposed by Ge1dreich will be adopted for this study.

It should be noted that the ratio of FC:FS will be determined to be valid

only when both the levels of FC and FS exceed their minimal cautionary lev

els. Finally, strict adherence to the FC:FS ratio should not be applied to

sewage effluents disinfected with chlorine.

This study recognizes that environmental factors vary from day to day

and that these factors can be expected to affect the concentrations of in

dieator ,bacteria in the stream. Thus, a problem always exists of properly

interpretating the results from few environmental samples. Three approaches

will be instituted to enable interpreting the results of this study. First,

concentrations of indicator bacteria obtained from various sites in a stream

were primarily compared to results obtained on the same day to ensure that

the environmental factors were similar to that set of samples. Second, the

meteorological conditions of the day as well as the turbidity, flow, and

other water quality parameters were recorded for each sampling day. This

information can be helpful in the interpretation of results obtained for a

given day. Third, at least 10 samples from a given source were analyzed and

conclusions based on the cumulative results. The analysis of 10-samples

should provide an adequate basis on which to confidently determine the range
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of expected concentrations of indicator bacteria at a given site.

RESULTS AND DISCUSSION
Effect of Sewage Treatment Processes on

Indicator Bacteria Concentrations

Sewage effluent is often discharged into streams and thus, is a poten

tial source for pathogens. However, sewage is treated and chlorinated prior

to discharge into streams. To determine the expected concentrations and

ratios of FC and FS in sewage effluent, the Maunawili Park WWTP was selected

as the study site. Utilizing the activated sludge treatment followed by

chlorination before the final effluent is discharged into Maunawili Stream,

this WW1'P processes approximately 0.1 mgd (445 m3/day) of domestic sewage.

On 10 separate days, samples were collected of untreated sewage entering the

plant, of the clarified,.activated-sludge treated effluent, and of the final

chlorinated effluent; and analyzed for concentrations of FC and FS.

The results of the analyses (Table 1) show that the untreated sewage

entering this plant was typical of most domestic sewage in that the concen

trations of FC ranged from 10 6 to 10 8/100 m~, whereas the concentrations of

FS ranged from 10 5 to 107/100 m~, and the FC:FS ratio was 4 or greater in

seven of the 10 samples. After undergoing primary treatment, activated

sludge treatment, and clarification, the FC concentration was observed to

have dropped to 10 4 to 10 5/100 m~, while the FS concentrations also dropped

to 10 3 to 10 4/100 m~. Despite the drop in the FC and FS concentrations in

this treated effluent, the ratio of FC and FS in eight of the 10 samples was

still determined to be greater than 4 or indicative of human domestic waste.

Analysis of the chlorinated effluent indicated that the residual chlorine

in nine of the 10 samples collected ranged from 1.0 to 8.5 mg/t. These re

sults were reflected by the extremely low concentration of FC and FS recov

ered, indicating that when the residual chlorine can be maintained at greater

than 1.0 mg/~, effective disinfection of the FC and FS in the treated sewage

effluent can be maintained and the effluent being discharge into the re

ceiving stream will not be adding more than the allowable limits of 200/100

mt of FC. Since the effluent was chlorinated and since the concentrations

of indicator. bacteria were very low, the significance of the FC:FS ratio in

these samples could not be determined. It should be noted that in one of



TABLE 1. FECAL COLIFORM AND FECAL STREPTOCOCCUS ANALYSIS
OF' SEWAGE EFFLUENT FROM MAUNAWI LI PARK WWTP,! 0 I AHU, HAWA I II

I::IlII::

TIME UNTREATED SEWAGE INFLUENT ACTIVATED SLUDGE CHLORINATED SEWAGE EFFLUENT
1980 TREATED EFFLUENT C12 FC/ FS/(A. M.) FC/l00 mR- FS/l00 mR- FC:FS FC:FSFC!100 mR- FS/l00rilR- FC:FS (mg/R-) 100 mR- 100 mR-

3/18 8:20 8.5 x 10 6 6.0 X 105 14.t 1.0 x 10 4 1.0 X 10 3 10.0 2.0 2.0 4.0 0.5

3/19 8:00 1.7 x l0 8 6.4 X 107 2.6 3.1 x 105 1.5 X 105 2.1 3.5 2.0 0.0

3/24 6:00 3.9 x 10 6 8.0 X 105 4.9 1.0 x 105 <10 3 --- 7.5 0.0 0.0 0.0

3/25 6:00 1.4 x 107 3.0 x 10 6 4.6 5.4 x 104 1.0 X 10 4 5.4 8.5 0.0 0.0 . 0.0

3/26 7:00 1.6 x 107 5.3 X 106 2.9 3.7 x 10 4 3.0 X 10 3 12.3 <0.25 3.1 x 10 4 5.7 x 10 3 5.4'

3/31 8:00 4.5 x 107 1.4 x 105 321- 3.4 x 105 5.0 xl0 3 68 2.5 6 0'.0

4/08 10:00 2.0 x 107 5.2 X 10 6 3.7 6.3 x 10 4 1.4 x 10 4 4.5 1.75 2 0.0

4/21 9:00 9.4 x 106 4.1 xl0 s 18.4 5.6 x 10 4 6.0 X 10 3 9.3 1.25 0.0 0.0 0.0

4/28 11 :00 1.3 x 107 6.2 x 105 22.9 6.0 x 10 4 7.0 X 10 3 8.5 ,2.0 28 0.0

4/30 7:30 1.4 x 107 2 X 105 67.5 5.0 x 10 4 8 X 10 3 6.25 1.0 11 1 11

NOTE: FC = fecal coliform; FS = fecal streptococcus.

~~...~U_ ";'::'~~~IJes,...~::::Z:;::;:::: :S£S:S.•D3~_.~ ,~--_ .•.
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the 10 samples, the residual chlorine in the final effluent was less than

0.25 mg/t. Significantly, high concentrations of FC (3.1 x 10 3 /100 mt),

FS (5.7 x 16 3 /100 mt) and a high ratio of FC:FS (5.4) were determined in

this sample. Thus, inadequate chlorination of sewage effluent will result

in the discharge of FC and FS far in excess of the allowable limits and the

FC:FS ratio entering the stream can be expected to exceed 4.0.

Indicator Bacteria Concentrations in Cesspool Wastes

Leaky houseijold cesspools are another potential pollution source of

streams and the groundwater. However, the survival of FC and FS in these

sewage pits is not known. To assess the possible contribution of cesspool

wastes as a source of pollution, the concentrations of these organisms as

well as their ratios were determined in 10 different cesspool wastes. These

10 waste samples were obtained from City and County of Honolulu trucks which

had just pumped out the liquid portion of wastes from cesspools in the

Kane'ohe-Kahuluu area. The results of these analyses (Table 2) show that

the FG concentrations ranged from 105 to 106 /100 mt, while the FS concen

trations ranged from 10 1f to 105/100 mt. Five of these 10 samples yielded

and FC:FS ratio of greater than 4 while the ratio of three other samples was

4.0. Based on these results, it can be concluded that the expected concen

trations of FC and FS in cesspool wastes are lower than in untreated sewage

but similar to activated-sludge treated effluent. Moreover, like untreated

sewage, the FC:FS ratio remains 4 or greater, indicative of human wastes.

Indicator Bacteria in Storm Drain Runoff

Storm drains serve as a catchment for rain and surface runoff, and of

FC and FS discharged onto the soil and/or pavements by wild and domesticated

animals, as well as by humans. Thus, the first day of heavy rainfall is be

lieved to result in the transport of most of the FC and FS into storm drains.

Runoff from storm drains are known to pollute streams, bays, and the ocean

which receive these discharges. To assess the expected concentrations and

ratio of FC and FS in storm drain runoff, water samples from different storm

drain sites were collected and analyzed for FC and FS (Table 3). Water from

storm drains 1, 2, and 3 were collected on 16 May 1980 during the first day

of rain. Water samples from storm drain sites 4 through 11 were collected

on 7 July 1980 during the second day of rain. The characterization of the
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TABLE 2. FECAL COLIFORM AND FECAL STREPTOCOCCUS
ANALYSIS OF CESSPOOL WASTES

1980 Sample Average Average FC: FSNo. FC/l00 mR. FS/l00 mR.
6/24 CPl 7.5 x 10 5 2.0 X 10 5 3.75
6/24 CP2 2.3 x 10 5 1.0 x 101+ 23

6/24 CP3 6.6 x 10 5 1.8 X 10 5 3.67
6/24 cp4 2.3 )( 10 5 1.2 x 105 1.92
6/24 CP5 1.2 x 10 6 3.0 x 101+ 40

6/30 CP6 1 .2 x 10 6 3.1 x 10 5 3.87

6/30 CP7 1.0 x 10 6 2.0 x 10 5 5
6/30 CP8 1.] x 10 6 9.0 X 10 5 1.88

6/30 CP9 1.3 x 106 1.4 x 10 5 9.29

6/30 CP10· 1.3 x 106 1.7 x 10 5 7.65

NOTE: All Kane'ohe-Kahulu'u area samples were collected
prior to being discharged into Kailua WWTP sewer
1ine.

NOTE: FC = fecal coliform; FS = fecal streptococcus.

TABLE 3. FECAL COLIFORM AND FECAL STREPTOCOCCUS ANALYSIS OF STORM
DRAIN RUNOFF, KANE'OHE-KAHULU'U AREA, O'AHU, HAWAIII

1980 Sampl e Storm Ora i n FC/l00 mR. FS/l00 mR. FC: FSNo. Environment

5/16 SOl Suburb 2.0 x 101+ 1.2 x 101+ 1.67

5/16 S02 Suburb 1.8 x 10 5 3.5 X 104 5.14

5/16 S03 Highway 5.0 x 10 4 9.7 x 10 3 0.52

7/07 s04 Commercial 3.6 x 10 4 9.0 x 10 4 0.40

7/07 SOS Commercial 4.4 x 10 4 2.6 x 10 4 1.69

7/07 s06 Suburb 3.3 x 10 4 2.4 x 10 4 1.38

7/07 SO] Construction 3.0 x 10 4 7.6 x 10 4 0.39

7/07 s08 Ru ra 1, Farm 3.9 x 10 4 1.1 x 10 5 0.35

7/07 SD9 Mountain 5.1 x 10 3 1.1 x 10 4 0.46

7/07 SOlO Commercial 4.7 x 10 3 2.5 x 10 3 1.88

7/07 SOl1 Urban 4.5 x 10 4 5.4 x 10 4 0.83

7/17 S02 Suburb 8.5 x 10 4 7.0 x 10 4 1.21
I

7/17 s04 Commercial 2.6 x 10 4 1.22 x 10 4 2.13 I
7/17 505 Commercial 1.35 x 101+ 1.20 x 10 3 11 .25 INOTE: Fe - fecal co1iform; FS - fecal streptococcus.

i

it;,
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11 storm-drain sites, as well as the results of the analyses (Table 3) show

that significant concentrations of FC (10 3 -10 5 /100 mt) and of FS (10 3 _104
/

100 mt) were recovered from storm drains. However, of the 11 storm drain

samples analyzed, only one sample was determined to have a FC:FS ratio of

greater than 4, indicative of human fecal origin. Significantly, water from

this site (SO-2) was taken on the first day of rain and the area surrounding

this storm drain was characterized as primarily suburban. Of the 10 remain

ing samples, five were determined to have an FC:FS ratio of less than 0.7 or

indicative of fecal contamination from animal sources, while five samples

were determined to have an FC:FS ratio of between 0.7 and 4.0, indicative of

either a mixture of human and animal fecal matter or conditions which inval

idate confident interpretations of the results.

Since the storm drain site 2 was the only site yielding an FC:FS ratio

of greater than 4, water samples from this site as well as from SO-4 and

SO-5 were collected during the first day of rain on 17 July 1980 and ana

lyzed for concentrations of FC and FS. The results of these analyses (Table

3) reveal that the concentrations of FC and FS in the three samples ranged

from 10 3 to 10 4/100 mt and only the water sample from SO-5 yielded an FC:FS

ratio of greater than 4. The water sample from SO-2, which was previously

determined to have an FC:FS ratio of greater than 4, was now determined to

have an intermediate ratio of 1.2. The sample from SO-4, which previously

yielded a low FC:FS ratio, was now determined to have an intermediate FC:FS

ratio of 2.13. On the other hand, the sample from SO-5 which previously

yielded an intermediate FC:FS ratio, was now determined to have a high FC:FS

ratio of 11.

Based on the results obtained one can expect storm drains to yield FC

and FS concentrations of 10 3 to 10 5/100 mt and an FC:FS ratio predominantly

of low or intermdeiate values, although ratios exceeding 4 can be occasion

ally expected. Moreover, analysis of storm-drain water can be expected to

yield variable results even when taken from the same site. These results

are not unexpected since storm-drain runoff is known to represent the col

lection of runoff from different environments under changing conditions.

Water Quality Assessment of IAhuimanu Stream

UPPER ~HUIMANU STREAM. The South fAhuimanu Stream (Fig. 1) located in

windward O'ahu was selected as our first model stream system. The upper
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South 'Ahuimanu Stream. which included Sites A-I to A-5 • was selected as our

study area for an unpolluted stream (Fig. 2). Sites A-I, A~2. and A-3 are

stream sites within an uninhabited area. Site A-4 was located downstream

of the first urban community and Site A-5 was located downstream of a high

way and a small pasture. The primary unpolluted stream site was Site A-3.

which was located upstream of the Byodo-In Temple grounds and. thus. repre

sents the flow of ~huimanu Stream as it leaves the pristine forest reserve

area and enters the first area used for minimal human (tour groups to temple)

and domestic animal (peacocks roaming on temple grounds) activities.

Eleven stream samples taken on 11 different days from Site A-3 were ana

lyzed for FC and FS. Results of the analysis (Table 4) show that the con

centrations of FC ranged from 34 to 236/100 mi. whereas the concentrations

ofFS ranged from 0 to 183/100 mi. Only two of the 11 samples barely ex

ceeded the minimal cautionary level of 200 FC/100mi and although three of

11 samples yielded FC:FS ratios of greater than 4. none of the three samples

met the minimal conditions of 200 FC/100 mi and 100 FS/100 mi to confidently

predict that human fecal material was the source of these indicator bacteria..

To determine the source of FC and FS bacteria recovered at Site A-3. samples

from Sites A-I and A-2. which were located upstream of Site A-3 and well

within the uninhabited area were also analyzed for FC and FS. Based on the

locations of Sites A-land A~2. it was concluded that rain water as surface

runoff from the forest reserve area or from springs is the only source of

water for this stream site. and that FC and FS recovered from these sites

would not be from humans or domestic animals.

Site A-I was farthest upstream (1/4 mile [402.25 m] above A-3) and

represented a source of underground spring water which flowed out of the

stream embankment. During non-rainy periods. 'Ahuimanu Stream visibly ended

at this point. Six samples were taken from Site A-I as the underground water

flowed from the embankment but before .it entered the stream. The concentra

tions of FC from these samples ranged from 1 to 4/100 mi, whereas the con

centrations of FS ranged from 0 to 16/100 mi. Calculations of the FC:FS

ratio for these six samples were well below 0.7 or indicative of non-human

origin. However, at these low levels of FC and FS. interpretations of FC:FS

should not be made. A more reasonable conclusion is that these low levels

of FC andFS represent the expected background level for shallow underground

water obtained from a forest reserve area.



TABLE 4. FECAL COLIFORM AND FECAL STREPTOCOCCUS ANALYSIS OF UNPOLLUTED ~HUIMANU STREAM, O'AHU

ConditIon Site A-l Site A-2 Site A-3 Site A-4 Site A-5
1980 Time of Day FC FS FC:FS FC FS FC:FS FC FS FC:FS FC FS FC:FS FC FS

/100 m~ /100 ml /100 mR. /100 mR. /100 m~
FC:FS

4/21 9:30 AM Light Rain ---- --- ---- ---- ---- ---- 236 25 9.4 400 200 2.0 620 72 8.6

4/22 9:45 AM Sunny ---- --- ---- ---- ---- ---- 43 62 0.69 69 40 1.7 174 72 2.4

4/29 10 :00 AM Cloudy ---- --- ---- ---- ---- ---- 47 102 0.4 47 64 0.7 60 54 1.1

5/12 10:00 AM Light Rain. ---- --- ---- ---- ---- ---- 217 0 >217 4400 43 ]02 620 39 15.9

5/13 9:00 AM Sunny ---- --- ---- ---- ---- ---- 88 37 2.4 170 33 5.2 ]30 63 2.1

5/14 12:00 M Sunny ---. --- ---- ---- ---- ---- 34 12 2.8 40 11 3.6 370 68 5.4

5/16 12: 10 PH Heavy RaIn ---- --- ---- .--- ---- ---- 114 183 0.62 800 440 1.8 32000 7300 4.4

5/19 12:10 PM Sunny ---- --- ---- ---- ---- ---- 56 34 1.64 468 86 5.4 217 70 3.1

5/21 9:30 AM Cloudy 1.05 7.6 .0.23 29.8 47.5 0.63 47 7 6.7 207 60 3.5 306 112 2.7

S/22 9:30 AM LIght Rain 1 16 0.06 11.0 217 0.05 70 90 0.77 460 158 2.9 270 206 1.3

5/23 8:45 AM LIght Rain_ 2.5 15 0.16 94.5 116 0.81 135 111 1.2 170 93 1.8 190 98 1.9

6/03 10:00 AM Sunny 4.3 7.7 0.56

6/18 6:00 AM .Cloudy 2.2 0.0

6/19 12:00 M Cloudy 1.09 0.5 2.45

NOTE: Fe = fecal col iform; FS = fecal streptococcus.

f-'
00
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Site A-2 was located 1/8 mile (201.1 m) upstream of Site A-I and 1/8

mile upstream of Site A-3. This site was selected because the stream widens

to form a shallow pool which increased the probability that this site re

tained water even during drier periods. Moreover, frogs were observed to

inhabit this pool and can be expected to contribute fecal material to the

.. site. Analyses of three samples from A-2 yielded concentrations of FC which

ranged from 11 to 95/100 m~ while the concentrations of FS ranged from 48 to

217/100 m£. These results indicate that the FC and FS concentrations are

much higher than at Site A-I but similar to results obtained at Site A-3.

However, the concentrations of FC were below the minimal cautionary level

of 200/100 m~ in all three of the samples, whereas the minimal cautionary

level of 100 FS/100 m£ was exceeded in two of the three samples. Thus, the

concentrations of FC and FS in these samples were too low to utilize the

FC:FS ratio and probably reflect the background level for a small forest

reserve area.

Since the results obtained from Site A-2 were similar to those observed

at Site A-3, Site A-3 was concluded,to be an adequate site for unpolluted

stream samples. The sources of FC and FS in the unpolluted South 'Ahuimanu

Stream are probably feral animals and may include frogs. From Site A-3, the

South 'Ahuimanu Stream flows through a small urban community and into a

drainage canal that carries runoff from that community. Site A-4 is located

0.7 mile (1 126.3 m) downstream of Site A-3 and is in the drainage canal at

the end of the urban community. Eleven stream samples were taken from this

site and analyzed for FC and FS. The results (Table 4) show that concentra

tions of FC ranged from 40 to 4400/100m£, while that of FS ranged from 33

to 440/100 m£. Six of 11 samples yielded FC counts exceeding the minimum

cautionary level of 200 FC/IOO m£ and 3 samples yielded an FC:FS ratio of

greater than 4.0. However, none of the 3 samples with an FC:FS ratio of

greater than 4 actually had FC counts exceeding 200/m£ and FS counts exceed

ing 100/m£. Therefore~ the source of these bacteria could not be confidently

assessed as being of human origin. It was clear that FC and FS concentra

tions at Site A-4 greatly increased over the concentrations of these same

types of indicator bacteria at Site A-3; therefore, it was reasonable to

conclude that runoff or discharge from this urban community was responsible

for the higher counts of FC and FS added to South 'Ahuimanu Stream.

From Site A-4, South ~huimanu Stream crosses under Kahekili Highway,
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then flows through a small pasture before flowing past the Ahuimanu WWTP.

SiteA-5 was located 0.5 mile (804.5 rn) downstream of Site A-4 in the vicin

ity of a small pasture and 0.1 mile (160.9 m) upstream of the Ahuimanu '~TP.

The results of 11 stream samples (Table 4) show that concentrations of FC

ranged from 60 to 32,000/100 mt while FS concentrations ranged from· 39 to

7,300/100 mt. Seven of the 11 samples yielded FC counts exceeding the mini

mum cautionary level of 200 FC/100 mt and four of the 11 samples yielded an

FC:FS ratio of greater than 4.0. However, only one of the four samples with

an FC:FS ratio of greater than 4 actually had FC counts exceeding 200/100 mt

and FS counts exceeding 100/100 mt and, therefore, could not be confidently

assessed as being of human origin. The results indicate that 'Ahuimanu

Stream between Sites A-4 and A-5 is significantly polluted with fecal matter.

However, based on the FC:FS ratio, most of the fecal pollution is of animal

rather than human origin.

SEWAGE-POLLUTED, LOWER ~HUIMANU STREAM. To assess the hygienic quality

of South 'Ahuimanu Stream into which sewage is discharged, stream samples

receiving runoff from the forest reserve (Site A-3), an urban community

(Site A-5), and discharge from the Ahuimanu M~P (Site A-7) were collected.

Eleven samples were obtained from these sites and analyzed for FC and FS.

The results of the 11 samples from Site A-3 (Table 5) show that concentra

tions of FC ranged from 22 to 208/100 mt while FS ranged from 39 to 175/100

mt. The low FC and FS concentrations recovered in these samples indicate

that this stream site was not polluted and substantiated the earlier results

when this same stream was analyzed (Table 4).

The analysis of 11 samples taken from Site A-5 yielded FC concentrations

ranging from 220 to 21,600/100 mt and FS at concentrations ranging from 128

to 54,500/100 mt. Thus, in this series of analysis, all of the 11 samples

yielded FC counts exceeding 100/100 mt and FS counts exceeding 100/100 mt.

However, only two of the 11 samples yielded an FC:FS ratio indicative of

human fecal pollution. The analysis of 11 samples taken from Site A-7 re

vealed that concentrations of FC ranged from 300 to 17,700, whereas the FS

concentrations ranged from 95 to 39,500/100 mt. As with samples taken from

Site A-5, all of the 11 samples contained significantly high concentrations

of FC and FS. However, only three of the 11 samples yielded an FC:FS ratio

exceeding 4.0 or indicative of human fecal matter.

The results obtained show that the indicator bacteria concentrations



TAB~E 5. FECAL COL IFORM AND FECAL STREPTOCOCCUS ANALYS IS OF SEWAGE-POLLUTED 'AHU IMANU STREAM, O'AHU

Condition Site A-3 SiteA-5 Site A-6 Site A-7
1980 of Day Time FC/100 FC/100 FC:FS FC/l00 FC/1OO FC:FS FC/l00 FC/l00 FC/l00 FC:FSmQ, mQ, mQ, mQ, mt mt mQ,

5/28 Lt. Ra in 9:15 AM 70 70.5 0.99 4500 2582 1. 74 <1 2060 1523 1.35
6/03 Lt. Rain 10:00 AM 208 48.7 4.27 533 233 2.29 - 467 150 3.11
6/04 Sunny 10:00 AM 41. 7 98.3 0.42 21600 54500 0.40 <1 17700 39500 0.45
6/16 Sunny 9:30 AM 37 54.2 0.68 1150 150 7.67 - 300 150 2.00
6/17 Overcast 8:00 AM 36.7 40.7 0.90 775 250 3.10 1 400 125 3.20
6/17 Overcast 11 :00 AM 37.2 19.6 1. 90 650 450 1.44 <1 400 200 2.00
6/18 Overcast 6:00 AM 75.5 174.5 0.43 243'0 668 3.64 - 2030 187 10.87
6/18 Overcast 12:00 M 43.5 61 0.71 750 820 0.91 - 423 203 2.09

6/19 Lt. Ra in 9:00 AM 45.8 78 0.59 2536 128 19.8 - 2210 300 7.37
6/20 Overcast 12:30 PM 28 48.7 0.58 525 185 2.84 - 395 95 4.15
8/05·· Lt. Ra in 10: 00 AM 22 39 0.56 220 610 0.36 - 1400 2000 0.7

NOTE: FC = fecal col iform~ FS = fec~l streptOcoccus.

r.,.§::-.r-~~:o;;o...:~-""--:c'-'.;~;=<.;~.:'"...."",,,·-'<.,....._.......... ,.~ ,"_, - -- - ~
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of South 'Ahuimanu Stream were not affected as a result of the discharge of

sewage effluent into the stream. One obvious explanation for this observa

tion is that the sewage from the Ahuimanu MVTP is initially chlorinated to

disinfect the effluent of microbial pathogens and indicator bacteria before

the effluent is discharged into the stream. As a check on the disinfection

efficiency of chlorination at the AhuimanuWWTP, four samples were collected

from theMVTP chlorine contact chamber and analyzed for FC and FS concentra

tions. All four samples were determined to have FC concentrations of less

than 2/100 m~, indicating that the sewage treatment processes including

chlorination were effective in reducing the FC and FS concentrations in sew

age to negligible concentrations. It should be noted that the chlorinated

effluent from the Ahuimanu WWTP is first discharged into a lagoon to further

reduce the nutrient load of the effluent before final discharge into the

stream. The retention of effluent in the lagoon results in the dissipation

and neutralization of chlorine. Thus, chlorine is generally not detected

in the effluent discharged into the stream. One consequence of this process,

which should be recognized, is the possibility that regrowth of indicator

bacteria may take place either in the sewage lagoon or in the stream as a

result of the nutrient load of the sewage effluent.

Water Quality Assessment of Kipapa-Waikele Stream

To determine whether the results obtained from the 'Ahuimanu Stream are

applicable to other streams on O'ahu, the KIpapa-Waikele Stream system was

selected as the second model stream to be studied. This stream differs from

'Ahuimanu Stream in that it is relatively long and occurs in the drier cen

tral area of O'ahu. Kipapa Stream begins on the leeward slopes of the Ko'olau

Range, flows through centra.l O'ahu where it receives sewage effluent from

Mililani WTTP and continues for another 1.2 miles (1 930.8 m) before it

merges with Waikele Stream and finally discharges into West Loch of Pearl

Harbor. As with the 'Ahuimanu Stream, the impact of sewage effluent on the

stream will be primarily determined by comparing the concentrations and ra

tios of FC and FS in the sewage effluent and in stream samples upstream and

downstream of the sewage effluent discharge point. However, in addition to

indicator bacteria concentrations, the sewage and stream samples in this

phase of the study will be analyzed for selected physiochemical parameters

in an attempt to independently measure the presence or absence of sewage
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material in stream-water samples.

CORRELATION OF TURBIDITY AND INDICATOR BACTERIA CONCENTRATION. Turbi

dity is an independent, physical measurement of the quantity of particulate

matter in a water sample. In the treatment of sewage, turbidity is used as

one of the criteria to evaluate the efficiency of the treatment process~s.

Raw sewage generally has turbidity measurements ranging from 25 to 50 NTU.

Hawaii State Department of Health (1982) regulations mandate that the final

effluent to be discharged into the stream should not contain turbidity ex

ceeding 10 to 25 NTU. Turbidity is also an important measurement in asses

sing the quality of streams. The source of high turbidity in streams has

been previously shown to be due to the discharges of municipal, industrial

or agricultural wastes. However, rainfall and the subsequent surface runoff

into streams have also been identified as sources of high turbidity and indi

catorbacteria concentrations. The correlation of high turbidity with in

creased bacterial counts can be best explained by the fact that clumps of

. indicator bacteria become adsorbed onto or become emneshed within particu

late matter. These bacteria associated on or within particulate matter are

highly resistant to the inactivating effects of environmental factors and

can be released into the water column at any time.

In this first series of tests, sewage effluent and stream samples (Site

2, 3, 4, 4W, 5, 6) were collected on seven different days (5 sunny, 1 cloudy,

1 rainy) and analyzed for FC, FS, and turbidity. The results (Table 6) show

first of all that the turbidity in the six sewage effluent ranged from 6.5

to 8.4 NTU. The concentrations of FC in the seven sewage effluent samples

ranged from 10 to 4 300/100 mi, whereas the concentrations of FS in six of

the samples ranged from 5 to 1 085/100 mi. Significantly, the concentrations

of FC exceeded 200/100 mi in four of seven samples, whereas the concentra

tions of FS exceeded 100/100 mi in two of six samples. Based on the results

during this period of testing, the Mililani WWTP was concluded to be oper

ating effectively but could not be relied upon to consistently produce ef

fluent with less than the minimal cautionary levels of FC and FS.

The analysis of the seven stream samples obtained from 0.2 miles (321.8

m) above the sewage effluent discharge point (Site 2) showed a turbidity

ranging from 2.2 to 18 NTU during sunny, dry days and 24 to 25 NTU during the

two rainy/cloudy days. An examination of the data reveals a general corre

lation between higher turbidity and higher recoveries of FC and FS. Thus,



FECAL COLIFORM AND FECAL STREPTOCOCCUS ANALYSIS OF KIPAPA-WAIKELE STREAM
N

TABLE 6. ..,.
UPSTREAM AND DOWNSTREAM OF MILILANI WASTEWATER TREATMENT PLANT DISCHARGE

1980; Qual I ty SITE 2 SITE 3 SITE 4 SITE 4-w SITE 5 SITE 6
Condi- Mid-Kipapa Mililani WWTP Lower Kipapa Upper Lower Waikele Lwr. Waikele
tion Measurements 0.2 mi les* Discharge 1.1 mi lest Waikele 2.2 mi lest 3.0 miles t

10/23; FC/l00 mR. 1670 3100 530 1810 455 14000
Sunny FS/l00 mR. 1590 NO· 550 1390 820 1635

FC:FS Ratio 1.1 NO 1.0 1.3 0.6 8.6

Turbidi ty (NTU) 18.0 NO 9.5 8.2 8.6 13.0

10/28; FC/l00 mR. 2500 <10 200 100 400 5.2 x 106

Cloudy FS/l00 mR. 2900 <10 1600 230 1600 4400
FC:FS Ratio 0.9 .. 0.1 0.4 0.25 1182

Turbidi ty (NTll) 24.0 6.5 25.0 14.0 19.0 49

11/10; FC/l00 mR. 8500 212 3000 2200 5400 7500
Sunny FS/l00 mR. 3600 17 560 1420 890 4400

FC:FS Ratio 2.4 12.5 5.4 1.6 6.1 1.7

Turbidity (NTU) 6.5 10.0 7.0 8.0 7.0 15.0

11/12; FC/l00mR. 2500 10 350 280 20 60000
Sunny FS/l00 mR. 6600 <5 1600 2000 133 1900

FC:FS Ratio 0.4 .. 0.22 0.1 0.2 31.6

Turbidi ty (NTU) 14.0 6.5 9.5 8.0 10.0 14.0

11/17 ; FC/l00 mR. 3100 1120 3700 3100 3800 32000
Rainy FS/l00 mR. 6200 102 1125 855 2300 5500

FC:FS Ratio 0.5 10.9 3.3 3.6 1.6 5.8

Turbidity (NTU) 25.0 5.8 20.0 10.0 22.0 37.0

11/19; FC/l00 mR. 520 4300 1800 1200 1900 104000
Sunny FS/l00 mR. 34100 1085 808 1620 1245 1900

FC: FS Ratio 0.02 4.0 2.2 0.74 1.5 54.7

Turbidity 14.0 5.0 10.0 8.5 9.0 26.0

11/24; FC/l00 mR. 2200 150 1300 No Flow 2300 210000
Sunny FS/l00 ml 4450 10 1500 No Flow 900 1900

FC:FS Ratio 0.5 15 0.9 No Flow 2.6 110.5 .

Turb id i ty (NTU) 2.2 8.4 5.2 No Flow 4.4 19.0
NOTE: Fe = fecal coliform; FS = fecal streptococcus. '':Ups t ream of Wlo/TP. fOownstream ofWWTP.
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stream samples collected on rainy/cloudy days resulted in higher turbidities

and higher concentrations of FC (2500-3100/100 m~) and FS (2900-6200/100 m~)

than in samples collected during sunny, drier days. However, the highest

concentrations of FC (8500/100 m~) and FS (34,100/100 m~) were observed in

samples collected during sunny days when the turbidity of the water measured

only 6.5 and 14 NTU, indicating that high concentrations of FC and FS can be

observed even in the absence of high turbidity.

It is significant to note that in all seven samples taken from Site 2,

the concentrations of FC and FS far exceeded the minimal cautionary levels

of FC and FS, as well as the concentrations of these indicator bacteria in

the sewage effluent entering the stream. However, the FC: FS ratio in all

seven of the stream samples taken from Site 2 were considerably less than

4.0, suggesting that the source of the fecal material in the stream was not

human fecal waste.

The analysis of 19 stream samples obtained from Sites 4, 4W, and 5

which are located downstream the sewage effluent discharge point revealed

similar concentrations of turbidity, FC, and FS as was observed in stream

samples from site 2. Based on these results and the observation that the

turbidity and concentrations of FC and FS are lower in the sewage efflu~nt

entering the stream, measurements of FC, FS, and turbidity are not reliable

indicators for the disch~rge of sewage effluent into Kipapa Stream.

The results 'of stream samples taken from Site 6 which is farthest down

stream (3.0 miles [4 827 m] below the sewage effluent discharge point) re

vealed unusually high concentrations of turbidity (13-49 NTU) as well as FS

(7.5-5200 x 103/100 m~) and FS (1635-4400/100 m~). Moreover, the FC:FS

ratio exceeded 4.0 in six of the seven samples analyzed. These results sug

gest that another source of discharge may be entering the stream between

Sites 5 and 6. The stream in this area was observed to have a sluggish flow

rate and often contained visible scum on the water surface. The surrounding

land area is just outside the military base, in a bushy, hilly area with

only narrow dirt roads. A few houses, one with a row of chicken coops were

observed in this area which is probably not serviced by a sewage line. One

possibility for the poor quality of the stream in this area may be the run

off of cesspool wastes from these houses into the stream. Another possibil

ity is that the stream at this site may be receiving runoff from the chicken

farm, resulting in high nutrient load into the stream. The sluggish flow of
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the stream in this area may create conditions favorable for the multiplica

tion of FC but not FSbacteria.

CORRELATION OF TKN AND COD MEASUREMENTS WITH SEWAGE EFFLUENT DISCHARGE.

Determining whether or not stream samples contain sewage effluerit is impor

tant. The results of our studies show that the analysis of stream waters

for FC, FS, and turbidity did not correlate with the known discharge of sew

age effluent into two different streams. Sewage effluents contain high con

centrations of organic matter even after proper treatment and disinfection.

Two measurements of organic matter in sewage and streams are chemical oxida

tion demand (COD) and total kjeldahl nitrogen (TKN). To determine whether

these two measurements could be used to detect the presence of sewage efflu

ent in stream samples, the same experiment as just completed was repeated

with the additional measurements of TKN and COD. In this series of tests,

samples from Sites 2, 3, 4, 4W, 5, and 6 were collected on five different

days (2 sunny, 1 cloudy, 2 rainy) and the samples assayed for FC, FS, tur

bidity, TKN, and COD.

Samples of sewage effluent entering the stream (Site 2) were first

characterized. The results (Table 7) show that the concentrations of FC

(260-18,600/100 m£') exceeded the minimal cautionary level of 200 FC/IOO m£

in all five samples, whereas the concentrations of FS (10-1500/100 m£) ex

ceeded the minimal cautionary level of 100 FS/lOO m£ in two of five samples.

These results indicate that during this series of testing, the Mililani WWTP

could not be relied upon to effectively disinfect the indicator bacteria

normally present in sewage. However, based on the satisfactory concentra~

tions of turbidity (4.6-10 NTU), TKN (1-13.2 mg/£), and COD (14-59 mg/£) in

these five sewage effluent samples, the treatment processes at the Mililani

WWTP were concluded as operating at an acceptable level.

A comparison was then made of the sewage effluent and the stream sample

(Site 2) obtained upstream of the effluent discharge point. As was observed

previously, the turbidity (4.5-80 NTU) as well as concentrations of FC

(3300-50,000/100 m£) and FS (2600-98,000/100 m£) in these stream samples

were higher than in the sewage effluent. However, the concentrations of

COD (10-29 mg/£) and TKN (1-1.5 mg/£) in stream samples from Site 2 were

lower than that measured in the sewage effluent, thus indicating the poten

tial usefulness of these two measurements.
When stream samples (Sites 4, 4W, 5, 6) downstream of the sewage efflu-



TABLE 7. WATER QUAL ITV ANALYS IS OF KIPAPA-WA IKELE STREAM UPSTREAM AND DOWNSTREAM OF THE MIL1LAN I
WASTEWATER TREATMENT PLANT DISCHARGE SITE BASED ON INDICATOR BACTERIA AND CHEMICAL TESTS

Llate! Qual i ty Site 2 Site 3 Site 4 Si te 4-W Site 5 Site 6
Condition Mid-Klpapa Mi I i lani WWTP Lower Kipapa Upper Lower Waikele Lower Walkele

of Day Measurements 0.2 mi les + Discharge 1.1 mi les + Waikele 2.2 miles + 3.0 miles +

01/20/81 FC/l00 mR. 19200 18600 1400 2000 17000 30000
(Sunny) FS/l00 mR. 2600 820 1200 3900 3600 6600

FC:FS Ratio 7.4 22.7 1.1 0.5 4.7 4.6

Turbidity (NTU) 3.6 6.4 5.0 6.2 5.7 5.4
TKN (mgIR.) 1.0 1.0 7.8 3.4 2.8 2.0
COD (mglR.) 21.0 14.0 35.0 14.0 7.0 14.0

01/21/81 FC/l00 mR. 6900 14000 900 290 1900 4000

(Cloudy)
FS/l00 mR. 16400 1500 950 6000 5700 5000
FC:FS Ratio 0.4 6.7 0.9 0.1 0.3 0.8

Turbidity (NTU) 8.4 4.6 4.2 5.4 5.8 4.8
TKN (mg/R.) 1.0 1.0 4.8 2.2 2.5 1.1
COD (mg/R.) 22.0 18.0 33.0 26.9 26.0 33.0

01/27/81 FC/l00 mR. 50000 1900 59000 49000 50000 48000

(Rainy)
FS/l00 mR. 98000 30 3200 5700 8400 38000
FC:FS Ratio 0.5 633.0 18.4 5.9 5.9 1.3

Turbidity (NTU) 4.5 8.0 8.0 7.0 9.0 9.0
TKH (mg/R.) 1.0 13.2 4.5 2.1 2.8 2~4

COD (mg/R.) 10.0 41.0 35.0 27.0 53.0 14.0

01/28/81 FC/l00 mR. 34000 820 5000 4000 8000 4000

(Rainy) FS/l00 mR. 61000 15 8000 31000 14000 4000
FC:FS Ratio 0.6 54.3 0.6 0.1 0.6 1.0

Turbidity (NTU) 80.0 10.0 74.0 86.0 78.0 97.0
TKH (mg/R.) 1.5 10.8 1.5 2.0 1.7 2.0
COD (mg/R.) 29.0 49.0 25.0 25.0 37.0 16.0

02/02/81 FC/l00 mR. 3300 260 300 200 730 2000

(Sunny)
FS/l00 mR. 58000 10 1200 2100 2100 1900
FC:FS Ratio 0.1 26.0 0.1 0.1 0.4 1.1

Turbidity (NTU) 12.0 10.0 9.0 9.0 11.0 10.0
TKH( mg/R.) 1.0 11.5 5.0 1.7 3.1 2.0
COO (mg/R.) 10.0 59.0 31.0 25.0 37.0 33.0

NOTE: FC = fecal colifonm; FS = fecal streptococcus; TKN =total Kjeldahl nitrogen; COD - chemical oxidation demand.
*Upstream of WWTP. tOownstream of WWTP •.

N
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ent discharge point were analyzed, it was again determined that measurements

of turbidity, FC, and FS could not be used to predict the absence or presence

of sewage effluent entering the stream. For example, the concentrations of

FC (200-5900/100 mt) and FS (950-31,000/100 mt) in the downstream samples

were higher than that observed in the sewage effluent and more closely ap

proximated the concentrations found in the stream sample from· Site 2. Com

parisons of the levels of TKN and COD in the downstream samples with measure

ments in the sewage effluent and in stream samples from Site 2 showed incon

sistent patternsi probably reflecting the effect of the dilution of sewage

effluent with stream water and the ability of microorganisms in the stream

to rapidly utilize nitrogen and oxygen present in the sewage effluent. It

was therefore concluded that TKN and probably COD could not be used as a

reliable independent measurement for the presence of sewage effluent in

stream samples.

CORRELATION OF REACTIVE ORTHOPHOSPHATE AND PRESENCE OF SEWAGE IN

STREAMS. The resolution of the two problems recognized from the data ob

tained thus far was the focus of the next series of tests. The first prob

lem involved the identification of the source of the high concentrations of

FC and FS obtained from upstream samples (Site 2). Since the chicken farm

is located only 0.5 miles (804.5 m) upstream of Site 2 and since the FC:FS

ratio indicated that the source of fecal matter was animal in origin, runoff

from the chicken farm was speculated as being the probable source of high

indicator bacterial concentrations in the stream. To resolve this possi

bility, another stream site (Site 1) located 1.2 miles (1930.8 m) upstream

of the effluent discharge point and 0.5 miles upstream of the chicken farm

was selected as a sampling site. The second problem related to a reliable

measurement of sewage contamination of stream water other than indicator

bacteria. Turbidity and TKN were determined to be unreliable indicators for

the absence or presence of sewage effluent in stream-water samples, whereas

COD measurements were suggestive but not consistent. Since phosphate is

another indicator of organic load--especially of sewage effluent--in streams,

this mea.surement was evaluated in this series of tests and the results of

this series of tests tabulated in Table 8.

Analysis of the five sewage effluents obtained in this series of tests

showed that only one of five samples contained FC and FS in excess of the

minimal cautionary levels, indicating that Mililani WWTP was operating effi-



TABLE 8. CORRELATION OF REACTIVE PHOSPHORUS CONCENTRATIONS IN KIPAPA-WAIKELE STREAM
SAMPLING SITES WITH PRESENCE OF MILILANI SEWAGE EFFLUENT

NOTE: FC = fecal col iform; FS = fecal streptococcus; too = chemical ,oxidation demand;R-P =

*Upstream of WWTP. ',' .
tOownstream of WWTP.

FC/l00 m 1,900 1,200 420 1,100
FS/l00 m 6,500 9,450 220 5,700
FC:FS Ratio 0.3 0.1 1.9 0.2
Turbidity (NTU) 58.0 65.0 6.0 78.0
COD (mg/R.) 15.3 8.1 37.8 18.0
R-P (mg/t) <0.01 <0.01 6.5 0.6
FC/l00 mt 2,600 5,200 10 4,700
FS/l00 mR. 1,020 1,980 10 300
FC:FS Ratio 2.5 2.6 -- 15.6
Turbidity 14.0 15.0 8.0 7.0
COO (mg/t) 3.6 8.1 48.6 11.7
R-P (mg/t) 0.005 0.006 7.0 3.5

FC/l00 mt 490 860 6 140
FS/l00 mt 46,500 1,050 10 1,300
FC : FS Rat 10 0.00 1 0.8 0.6 0.1
Turbidity (NTU) 16.0 10.0 5.5 9.0
COD (mg/t) 3.7 3.7 37.0 9.3
R-P (mg/t) 0.007 0.006 10.0 3.0

26,000
1,000

2.6
110.0
31.4
3.4

12,000
11,300

1.1
130.0
25.2
0.68

14,000
850

16.5
14.0

" 29.7
3.5

7,000
46,000

0.2
92.0
23.8
0.47

19,000
2,300

0.3
10.0
8.5
3.2

Site6
Lower

Walkele
3.0 ml1est

Site 5
Lower

Walkele
2.2 mlles t

6.700 4,300
420 310

15.9 13,9
19.0 11.0
11.7 18.0
0.20 3.4

2,400 1,750
7,000 6,900

0.3 0.3
98.0 92.0
, 6.3 6.3
0.18 0.54

280 150
6,200 1,700

0.5 0.1
7.5 10.0
1.9 3.7
1.5 2.9

220 1,000
1,280 2,650

0.2 0.4

8.0 9.0
1.9 2.8
1,9 2.7

Site 4w
Upper

Walkele

4,400 3,400
15,000 8,700

0.3 9.4
41.0 44.0
18.4 16.5
0.44 0.47

reactive phosphorus.

Site 4
Lower

Klpapa
1. 1 miles

Site 3
Mililani

WWTP
Discharge

Site 1 Site 2
Upper Upper

Klpapa Kipapa
1.2 miles* 0.2 miles*

Qual ity
Measurements

FC/l00 m.t 3,600 2,200 8 360
FS/l00 mt 1,150 2,200 1 640
FC:FS Ratio 3.1 1.0 8.0 0.6
Turbidity (NTU) 9.0 10.0 4.5 9.0
COD (mg/t) 1.9 1.9 35.12.8
R-P (mg/t) 0.002 0.003 7.8 3.2

FC/l00 mt 3,500 3,000 <1 1,400
FS/l00 mt, 4,500 5,800 2 2,800
FC:FS Ratio 0.8 0.5 - 0.5
Turbidity (NTU) 44.0 46.0 5.0 40.0
COD (mg/t) 18.3 9.2 42.2 22.0
R-P (mg/t) 0.005 0.005 5.1 0.62

FCIlOO m.t 200, 14,800
FS/l00 mt 650 11 ,700
FC:FS Ratio 0.3 1.3
Turbidity (NTU) 4.8 3.2
COD (mg/t) 3.7 9.2
R-P (mg/t) <0.01 <0.01

04/20/81

(Cloudy)

04/15/81

(Rainy)

04/07/81

(Sunny)

04/06/81

(Sunny)

03/31/81

(Rainy)

03/25/81

(Sunny)

Date/
Condition

of Day

tv
\0
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ciently during these five sampling days. In support of this conclusion, the

turbidity (2-8 NTU) as well as the concentrations of COD (35-49 mg/~) and

reactive phosphorus (5-10 mg/t) in the effluent were at levels acceptable

for well·-treated sewage effluent.

Analysis of the concentrations of FC (200-14,800/100 m~) and FS (650

46,500/100 m~) in samples taken from Sites 1 and 2 located from streams up

stream of the effluent discharge point shows that the minimal cautionary

levels of 200 FC/100 mt and 100 FS/100 m~ were exceeded in all of the 12

samples tested. Moreover, the FC:FS ratio in the 12 samples were consider

ably lower than 4.0. Based on these results, it was concluded that the ori

gin of the high concentrations of FC and FS consistently observed in samples

from Site 2 was not from the rUnoff of waste from the chicken farm located

upstream of Site 2. It is moreover.significant to note that the concentra

tions of turbidity (3.2-65 NTU) and especially COD (1.9-18.3 mg/t) and re

active phosphorus (0.002-0.007 mg/t) were substantially lower in the two

upstream samples than was observed in the sewage effluent.

A similar analysis of the stream samples obtained from Sites 4, 4W, 5,

6 located downstream of the effluent discharge point revealed again that the

concentrations of FC (140-26,000/100 m~) and FS (310-46,000/100 mt) were

much higher than the concentrations observed in the sewage effluent, but

closely approximated the concentrations observed in the two upstream site

samples. As observed previously the measurement of turbidity and COD in the

downstream samples could not be consistently related to the discharge of

sewage effluent into the stream. However, the reactive phosphorus concen

trations which are negligible in the upstream sites (0.002-0.007 mg/t) and

considerable in the sewage effluent (5.1-10 mg/~) could be consistently de

tected at moderate levels in the downstream samples. Moreover, the concen

trations of reactive phosphorus in the downstream samples (0.18-3.5 mg/~)

correlated well with the expected dilution of sewage effluent with the stream

is probably due to the sensitivity of the reactive phosphorus assay proce

dure and the fact that phosphates are more stable in the stream environment

and not subject to rapid utilization by microbial growth in the stream.

Based on these results it was concluded that measurements of reactive

orthophosphorus in stream-water samples can be used as an independent chem

ical test for the absence and presence of sewage effluent in streams.

ANALYSIS OF MULTIPLE SAMPLES TAKEN FROM UPPER KIPAPA STREAM. Two more
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questions remained unresolved and were the focus of the last series of tests.

First, the source of the FC and FS in the stream water remains unresolved.

In the previous se~ies of tests, high concentrations of FC and FS were re

covered from stream samples from Sites 1 and 2. Therefore, the conclusion

was that the source of the FC and FS in the stream was not runoff· from the

chicken farm located between Sites 1 and 2. Although Site lis in a rela

tively undeveloped area, a small military camp is in the near vicinity ,and

a small ranch beyond it~ To determine whether the source of indicator bac

teria is related to human activities, another upstream site uninfluenced by

human habitation was selected. This site is USGS gaging station 2128 which

is located 6.2 miles (9 975.8 m) upstream of the sewage effluent discharge

point and designated Site o. It is'in a remote forested area, upstream of

the last ranch house in that area and located in one of the valleys on the

leeward slopes of the Ko'olau Range. Second, the reliability of drawing

conclu~ions based on a single grab sample was assessed. 'To test this hypo

thesis, three grab samples were collected from each of the selected sites at

5-min intervals. It was assumed that because of the flowing nature of

streams, large volumes of water would have ,flowed past the sampling site

during the 5-min interval. Thus, the three samples can be considered as

three separate samples from the same site.

In this series of tests, stream samples were obtained from Sites 0, 1,

and 2 on four separate days (2 sunny, 2 rainy) and the samples analyzed for

FC, FS, turbidity, COD, and reactive'phosphorus (R-P). It should first be

noted that the concentrations of FC, FS, turbidity, COD, and R-P in each of

the set of three multiple samples were similar (Table 9). The results indi

cate that rapid and large fluctuations in the concentrations of the measured

components of stream water were not occurring. Thus, conclusions based on

careful analysis of single grab samples can be made.

Comparisons of the results obtained at the three sites revealed a gen

eral trend that water quality deteriorates as stream samples become more ex

posed to the activities of human habitation. Thus, the range of FC at Site 0

(130-1020/100 m£) is lowest, followed by Site 1 (110-1890/100 m£), and great

est at Site 2 (960-15,500/100 m£). Similarly, the concentrations of FS at

Site 0 (70-840/100 m£) is the lowest, followed by Site 1 (310-2500/100 m£),

and greatest at Site 1 (2500-10,000/100 m£). Despite the face that the

quality of water at Site 0 was highest as compared to Sites 1 and 2, the
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concentrations of FC and FS in seven of the 10 samples from Site 0 exceeded

the minimal cautionary levels of 200 FC/lOO m~ and 100 FS/lOO m~. Moreover,

since Site 0 is in a remote area uninfluenced by human activites, it is safe

to conclude that the concentrations of FC and FS in these stream samples

primarily reflect the discharge of waste from wild animals. This conclusion

is supported by the observation that the ratio of FC:FS was less than 4.0 in
r.

all 30 of these upstream samples tested. Since large feral animals are not

abundant in this area, the most likely sources of fecal waste are birds,

mongooses, and other rodents. Allowing for these sources of fecal wastes

it is still surprising that the concentrations of FC and FS in these remote

stream sites are as high as they are. A clue to the source of FC and FS may

be the low concentrations of reactive phosphorus in the upstream samples

even in the presence of high concentrations of FC and FS.These observa~

tions suggest that the source of FCand FS are not associated with a large

influx of organic matter, such as feces, into the stream. The obvious ex

planation is that animal fecal wastes are washed intb streams by rain. The

volume of rain: is enough to dilute the concentrations of organic matter but

not the concentration of FC and FS. A second possibility is that the origin

of FC and FS is fecal discharges of animals but that the bacteria become

established and multiply in the soil environment. Rainfall then acts as

the mechanism that washes the soil and the bacteria into the stream, result

ing in high concentrations of FC and FS in the absence of high concentra

tions of organic matter. The third possibility is that the source of FC and

FSmay not be primarily from animals but from insects and plants: Reports

that FS may have insect and plant origins have been reported by Mundt (1982).

Insects are especially plentiful; therefore, the possibility that insects

and plants may serve as sources of FC andFS should be determined.

SUMMARY AND CONCLUSIONS

The goal was to determine whether the established guidelines of using

the concentrations and ratio of FC and FS to correctly assess the quality

of streams and the origin of fecal contamination of streams could be con

fidently applied to streams of O'ahu. To accomplish this goal, the concen

trations and ratio of FC and FS were determined in the following samples
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under identified conditions: (1) untreated sewage, (2) settled and activated

sludge sewage, (3) chlorinated sewage effluent to be discharged into streams,

(4) cesspool wastes, (5) storm drain runoff, (6) streams in mountainous and

forest reserve areas not inhabited by man, (7) streams in areas inhabited by

man man but not impacted by sewage effluent discharge, and (8) streams in

areas inhabited by man and impacted by sewage effluent discharge.

The results of this study show that the expected concentrations and

ratios of FC and FS in untreated, treated, and chlorinated sewage effluent

as well as cesspool wastes and storm dr~in runoff closely approximate pub

lished information involving the analyses of similar samples throughout the

U.S. However, high concentrations (10 3 -10 5 /100 mi) of FC and FS far exceed

ing the minimal cautionary levels of 200 FC/100 mi and 100 FS/lOO mi were

consistently recovered from stream samples not receiving sewage effluent but

located in urbanized areas. In upstream samples taken from remote areas

where no human habitation was present, the concentrations were substantially

lower. Nevertheless, in some of these stream samples, concentrations of FC

and FS exceeding the minimal cautionary levels were also recovered. It is

significant that our results contra~ict those of Geldreich (1976) who re~

ported that streams in remote areas of the continental U.S. contain negli

gible concentrations of FC and FS. This study by Geldreich has been the

basis for using FC and FS to assess the quality of stream waters. The most

obvious explanation for the discrepancy between our results and the Geldreich

study is the difference in the study site. Unlike the temperate zones of

the continental U.S., the state of Hawai'i is in a semitropical zone, within

warm, humid temperatures throughout the year. Under these conditions, sur

vival of bacteria in the soil environments of the grassy and forest areas of

Hawai Ii can be expected to be greater than in the continental U. S.

One significant observation from this study was the relatively low con

centrations of FC and FS in the sewage effluent entering the stream compared

to that in the stream samples just upstream of the effluent discharge site.

Moreover, the concentrations and ratios of FC and FS in the stream samples

downstream of the effluent discharge site were similar to the stream samples

upstream of the effluent discharge site and dissimilar to that of the sewage

effluent entering the stream. Thus, based on concentrations of FC and FS in

stream samples upstream and downstream of the sewage effluent discharge site,

the impact of the discharge of the sewage effluent into streams was negli-
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gible.

In an attempt to find an independent measurement for the discharge of

sewage into streams, the effluent and stream samples upstream and downstream

of the effluent discharge sites were analyzed for turbidity, TKN, COD, and

phosphorus. The results of these analyses revealed that concentrations of

turbidity, TKN, and COD measurements could not be used as dependable indi

catprs for the input of sewage e~fluent into streams .. However, concentra

tions of phosphorus were very low in stream samples upstream of the effluent

discharge site, very high at the effluent discharge site, and moderate doWn

stream of the effluent discharge site. Thus, the phosphorus concentration

was determined to be a reliable indicator for the absence or presence of

sewage effluent in stream samples.

In assessing the value of usipg FC and FS measurements to determine the

water quality of streams, it is essential to determine the source of these

indicator bacteria. Several factors must be considered in evaluating the

source of FC and FS in stream waters not receiving sewage effluent. First,

the FC:FS ratio in these stream samples were considerably less than 4.0 and

closer to 0.7, indicating that the sourceo£ fecal contamination was due to

animal rather than human fecal wastes. Second, there was a direct correla

tion between the concentrations of FC and FS in stream water and urbaniza

tion of the surrounding land, indicating that human activities contribute

to the concentrations of indicator bacteria in the streams. Third, these

stream waters consistently contain low concentrations of phosphorus even

when the concentrations of indicator bacteria were high, indicating low con

centrations of organic matter in the streams, Thus, if the source of these

bacteria was animal fecal waste, the expected organic content associated

with fecal matter was not present in the stream.

Three possibilities are compatible with the high concentrations of FC

and FS and low concentrat1ons of phosphorus found in the stream waters. The

most obvious conclusion is that animal fecal wastes are deposited on the

soil and washed into the stream by rainfall. The volume of rain was enough

to dilute the concentrations of organic matter but not that of the concen

trations of FC and FS. Another possibility is that the FC and FS from ani

mal feces on soils are able to multiply. Rainfall then washes off high con

centrations of· FC and FS on the soil into the streams. The third possibility

takes into consideration the· unlikelihood of sufficient numbers of animals
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to serve as sources for the high concentrations of FC and FS observed in

streams and the report that insects may serve as sources of FS. Insects are

plentiful and widespread over much of the area bordering stre~ns. If in

sects are sources of FC and FS, they may well serve as constant sources of

FC and FS in the absence of a high content of organic matter. It should be

noted that these three possible situations are speculations and no attempt

was made to provide any evidence to assess any of these possibilities. Ex

periments designed to address these possible situations can and should be

completed in future studies since the source of FC and FS in the natural

environment of O'ahu is still not known and is essential in evaluating the

water quality of streams in the state of Hawai'i.

In conclusion, the results of this study show that the impact of sewage

effluent discharge into streams cannot be properly evaluated by analyzing

the stream samples for only FC as. mandated by law. Furthermore, it can no

longer be assumed that stream-water quality upstream of the sewage effluent

discharge point is superior to that of the effluent entering the stream.

Conclusions should not be made based solely on measurements on stream sam

ples taken downstream of the sewage effluent discharge site. To properly

assess the impact of sewage effluent discharge into streams, samples of the

sewage effluent as well as stream samples taken upstream and downstream of

the effluent discharge site must be analyzed. With regard to assessing the

hygienic quality of water, these samples should be analyzed for concentra

tions of FC, FS, phosphorus, and turbidity. Using this experimental design,

the impact of sewage effluent discharge on the quality of streams can be

properly assessed.
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