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OBJECTIVES: 

1. The Division of Wastewater Management, City and County of Honolulu will 

assist in the selection and characterization of stream(s) which will serve 

as the model sites, and will rrovide the m~~power to obtain the water sam-

pIes and to carry out the microbial assays. In addition, other alternative 

sites will be selected. 

2. After the model streams have been selected and characterized, several sta~ 

tions along these streams will be selected. Fecal" coliform (FC) and fecal 

streptococcus (FS) will be assayed from these stations under normal condi-

tions to obtain baseline data. 

3. The effects of the following parameters on the base-line level of FC and 

FS in the model streams will be determined. 

a. Sampling time (morning, noon, afternoon, evening; winter,summer) 

b. Local weather conditions (sunny, cloudy, windy or rainy) 

c. Change in water parameters (salinity, turbidity, depth, flow rate, or-

ganic content). 

4. Since storm drains or other surface runoff waters substantially change the 
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quantity and quality of the stream water and will be adding material from 

the land, the FC andFS content of these waters before they enter the 

stream will be determined. Furthermore, the storm drain or surface runoff 

waters from distinctly different land-use sites, as farm, forest, urban 

and city environments, will be compared. 

5. Of special significance will be the determination of whether the FC and FS 

recovered from.the natural waters are of human or animal origin, since 

human fecal discharge poses a more serious threat to human health than ani-

mal fecal waste. This can be accomplished by characterizing and identify-

ing the FC and FS which have been recovered from the natural waters. 

6. The FC:FS ratio from a local wastewater treatment plant as well as selected 

cesspool wastes and the incidence of human versus animal sources of fecal 

streptococci in these samples will be determined. 

PROJECT RATIONAL AND EXPERIMENTAL DESIGN 

Natural streams collect runoff and discharges from many sources which al-

ter the quality of stream water. To determine the hygienic quality of stream~, 

water samples from streams are collected and assayed for two human enteric 

bacteria, fecal coliform (FC) and fecal streptococcus (FS). These bacteria are 

non-pathogenic to man and are normal inhabitants of the intestinal tract of man 

and warm blooded animals. The concentrations of these bacteria in natural wa-

ters are used as indicators of fecal pollution and as a probability factor that 

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

to recreational waters, the Hawaii State "Water Quality Standards" 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. 
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Based on this regulation, streams with less than 200 FC per 100 mt of stream 

-water are considered unpolluted and safe for primary contact sport. The set

ting of 200 FC/IOO mt of sample is arbitrary and is based on t~e recognition 

that some FC can b~ expected even when stream waters are not contaminated with 

fecal matter from human or domestic animals. Fecal matter from wild animals 

(birds, rats), domesticated/farm animals (cattle, dogs), aquatic animals (fish), 

as well as soil and vegetation also serve as sources for FC and FS in natural 

waters. HO\,lever, the reservoir of most human enteric pathogens (e.g., Salmo

nelLa typhosa~ Shigella sp., Vibrio cholera, all human enteric viruses) are of 

human origin and these human 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. In this regard, the methods for the 

r~covery of FC and FS cannot differentiate between human and animal sources of 

these bacteria. Moreover, there are no standards with regard to concentrations 

of fecal streptococci in natural waters. 

However, Geldreich (1976) has determined that human fecal waste contains 

higher concentrations of FC than FS, whereas animal fecal waste is character

ized by higher concentrations of FS than FC. Based on these results, Geldreich 

proposed that streams with an FC:FS ratio of 4 or greater is indicative of hu

man fecal waste, whereas streams with an FC:FS ,ratio of less than 0.7 is indi

cative of animal fecal waste. It should be noted that Geldreich cautions that 

care should be exercised in the use of the FC:FS ratio, especially when the 

source and histor)' of these bacteria in the natural stream water are not known. 

For example. streams which yield FC:FS ratios between 0.7 and 4.0 may reflect 

a mixture of animal and human fecal matter or that the FC and FS populations 

had undergone extensive changes. Consequently. FC:FS ratios of 0.7 to 4.0 can

not be interpreted with confidence. Since the FC:FS ratio is an expression 

of the survival characteristics of the populations of FC and FS bacteria in 
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that aquatic environment and since the survival characteristics of FC and FS bac

teria differ from each other and vary with the environment, conditions which 

greatly affect the FC and FS survival characteristics may invalidate the util

ity of the FC:FS ratio. Some of these conditions are known and listed as fol

lows: 

1. Greater than 24 hr in any Natural Aquatic Environment. After fecal 

matter has entered any natural aquatic environment, the FC and FS populations 

in the fecal matter will begin to die off at different rates and, in some con

ditions, FC but not FS has been reported to multiply. Geldreich (1976) con

cludes that even in unpolluted freshwater streams, sufficient die-off of the 

FC and FS populations can be expected within a 24-hr period and, therefore, 

strict interpretation of the FC:FS ratio should not be made if the fecal mate

rial has been in the aquatic environment for a period exceeding 24 hrs. 

2. Aquatic Environments with High Concentrations of Chemicals, Nutrients 

or other Toxins. Aquatic environments may be fresh, brackish, or marine and 

may receive discharges or' runoffs from domestic, industriaJ or agricultural 

activities. Many of these aquatic environments have been reported to dramati

cally affect the survival characteristics of FC and FS bacteria. Consequently, 

interpretation of the ratio of FC and FS obtained from these environments must 

be made after the expected survival characteristics of FC and FS in these en

vironments are known. For example, high nutrient load from agricultural wastes 

may provide an environment for the multiplication of FC bacteria. On the other 

hand, it has been reported that FS bacteria will not multiply under environmen

tal aquatic conditions even in the presence of excess nutrients. In other con

ditions, such as acid mine runoff, the FC and FS in the receiving stream may be 

rapidly destroyed. 

3. Low Levels of FC and FS in the Aquatic Environments. Both FC and es-
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pecially FS have environmental sources, such as vegetation and insects, which 

are not related to fecal pollution. Consequently, some FC and FS can be ex

pected in all environmental waters and the sanitary significance of FC and FS 

as indicators of fecal pollution generally increases proportionately with the 

concentrations of FC and FS recovered from aquatic environments and decreases 

with diminishing concentrations in these same environments. In recognition of 

these consequences, regulations (Department of Health 1978) indicate that con

cern regarding the hygienic condition of streams should be initiated after the 

concentrations in the suspected streams exceeds 200 FC per 100/mt sample. 

Moreover, Geldreich (1976).points out that since some FS can have limited sani

tary significance and can be readily recovered from natural sources, such as 

plants, insects, and soils, the strict interpretation of the FC to FS ratio 

should not be applied when the·concentration of FS is less than 100 FS·per 

100 mt of the sample. 

The primary objective of this study is to determine the expected concen

trations as well as the ratio of FC and FS bacteria in various defined sources 

of fecal material and from natural streams on O'ahu. These results will es

tablish the basis for interpreting stream data analyzed for FC and FS. 

Sampling sites were selected after consultation with Sidney Kansako and 

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

Management, City and County of Honolulu. Personnel from the laboratory staff 

of the Division of Wastewater Management were initially trained and were res

ponsible for obtaining and analyzing the water samples. For the first year of 

this study, selection of environmental sites were confined to the windward area 

of O'ahu since personnel at the Kailua Wastewater Treatment Plant (WWTP) Laboratory 

were available for tllis project. The fOllowing· types of samples were selected to 

be analyzed for concentrations and FC and FS ratios: (1) raw domestic sewage; 
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(2) domestic sewage after activated sludge treatment and chlorination; (3) cess

pool wastes; and (4) streams which could be reasonably characterized as receiv

ing runoff primarily from mountain areas free of human and domestic habitation, 

one small urban community, an urban community plus pastureland, metropolitan 

area, and sewage effluent. It was recognized that conclusions based on a few 

(1-5) samples per site cannot be made with confidence since variable results 

can be expected whenever environmental samples are assayed for concentrations of 

'indicator bacteria. However, confidence in results will increase in proportion 

to the number of samples. As a practical goal, it was decided that 10 samples 

from a given source be analyzed and the conclusions based on these cumulative 

results. 

For this study, interpretation of the hygienic quality of streams will be 

based on EPA and state regulations and guidelines as established by Geldreich. 

That is, streams will be considered unpolluted if the concentrations of FC is 

less than 200 per 100 m! of sample. The concentration of 200 FC/lOO m! of stream 

water,.;ill be considered the minimal cautionary level for ·streams polluted with 

fecal material of either human or animal sources. The use of the FC:FS ratio 

to determine whether the source of fecal material is human or animal as pro

posed by Geldreich and discussed above will be adopted. Since there is no 

standard for FS concentration levels in streams, Geldreich's proposal that the 

concentration of FS should not be considered significant until it exceeds 100 FS 

per 100 m! of stream water will also be adopted. 

METHODOLOGY 

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. These samples were transported back to the laboratory and im-
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mediately processed. The time between sampling and processing never exceeded 

4 hrs. All samples were analyzed for concentrations of fecal coliform and 

fecal streptococcus following the procedures for the standard membrane filtra-

tion methods as described in Standard Methods for the EXamination of Water and 

Wastewaters (APHA, AWWA, and WPCF 1975). Briefly, samples were tested undiluted 

or diluted with sterile phosphate water. Twenty five to 100 m~ of the sample was 

filtered through 47 rom sterile membranes with 0.45 ~m porosity (GN-6, Gelman Com

pany), and these membranes placed directly on prepared media for growth and enumera

tion of FC and FS. For recovery of FC, the membranes were placed on M-FC medium 

and incubated at 44.5°C for 24 hr after which time all the blue colonies indi

cative 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 co

lonies, 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 tne in-

jured bacteria before the membranes were transferred 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 re

covered in the same sample. 

RESULTS AND DISCUSSION 

Identification of the Bactericidal Effect of Sunlight. In a corrolary 

study (Fujioka 1981) conducted in the University of Hawaii at Manoa Sanitary 

Engineering Laboratory under contract with Sea Grant, we determined that sun

light was the primary environmental factor controlling the die-off of FC and 

FS bacteria in natural aquatic environments, especially sea water. Results 

obtained from that study (Fujioka 1981) show that when sewage was diluted 1:100 
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or 1:1000 in sea water, the T90 for sewage-borne FC and FS bacteria was deter

mined to range from 1 to3 days when the temperature was maintained at 24°C and 

sunlight was not present. However, when the same sample was incubated at 24°C 

in the presence of sunlight, the T90 for FC and FS was reduced to 1 to 3 hr. 

The bactericidal efficiency of sunlight was shown to be affected by conditions 

(turbidity of water, time of day, cloudiness) which interfered with the quality 

or quantity of sunlight available to react with the bacteria suspended in the 

water medium. Data were obtained to show that the bactericidal effect of sun

light was able to penetrate glass, 10 to 20 feet of clear sea water, and se

lective filters. Based on these results, it was concluded that wavelengths of 

sunlight responsible for the bactericidal effect included the long UV (350-400 nm) 

as well as some visible light (400~450, nm). Significantly, the bactericidal 

effect of sunlight was considerably less effective when sewage was diluted to 

the same extent into fresh stream water rather than sea water and exposed to 

the same sunlight conditions. The relative ineffectiveness of sunlight to in

activate FC and FS suspended in fresh stream water was determined not to be re

lated to the lower salt concentrations or greater turbidity expected in most , 

fresh water. Instead, evidence obtained indicated that it was the degradation 

products of plants in stream water which interfered with the bactericidal ef

ficiency of sunlight and that these interfering products are either not present 

or are unstable in seawater conditions. It is our hypothesis that the degraded 

plant by-products include the photosynthetic pigments of plants which are still 

capable of absorbing the wavelengths of sunlight and thereby interfere with the 

ability of sunlight to inactivate the bacteria. The results of this study in

dicate that the usefulness of the FC:FS ratio in interpreting the source of fe

cal material in streams, as proposed 'by Geldreich, should not be equally appli

cable under seawater conditions in the presence of sunl~ght. 
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Characterization of Sewage Effluent from a Typical Wastewater Treatment 

Plant. Sewage effluents are often discharged into streams and are potential 

sources for pathogens which may enter the stream. However; sewage is treated 

and chlorinated prior to discharge into streams. To determine the expected 

concentration and ratio of FC and FS in treated sewage effluent, the Maunawili 

Park WWTP was selected as our study site. Utilizing the activated sludge treat

ment followed by chlorination before the final effluent is discharged into 

Maunawili Stream, this WWTP processes approximately 445 m3/day of domestic sew

age. Samples were collected of untreated sewage entering this plant; of the 

clarified, activated-sludge treated effluent, and of the final chlorinated ef

fluent on 10 separate days and analyzed for concentrations of FC and FS. 

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

tering this plant was typical of most domestic sewage in that the concentrations 

of FC ranged from 106 to 108/100 mt, whereas the concentrations of FS ranged 

from 105 to 107/100 mt, and the FC:FS ratio was 4 or greater in 7 of the' 10 

samples. After undergoing primary treatment, activated sludge treatment and 

clarification, the FC concentration was observed to have dropped to 104 to 

105/100 mt, while the FS concentrations also dropped to 10 3 to 104 /100 mt. 

Despite the drop in the FC and FS concentrations in this treated effluent, the 

ratio of FC and FS in 8 of the 10 samples was still determined to be greater 

than 4 or indicative of human domestic waste. Analysis of the chlorinated ef

fluent indicated that the residual chlorine in 9 of the 10 samples collected 

ranged from 1.0 to 8.5 mg/t. These results were reflected by the extremely 

low concentration of FC and FS recovered, indicating that when the residual 

chlorine can be maintained at greater than 1.0 mg/t, effective disinfection of 

the FC and FS in the treated sewage effluent can be maintained and the effluent 

being discharged into the receiving stream will not be adding more than the al-



TABLE 1. FECAL COLIFORM (FC) AND FECAL STREPTOCOCCUS (FS) ANALYSES 
OF SEWAGE EFFLUENT FROM MAUNAWILI PARK WWTP, OAHU, HAWAI I 

TIME UNTREATED SEWAGE INFLUENT ACTIVATED SLUDGE CHLORINATED SEWAGE EFFLUENT 
1980 TREATED EFFLUENT Cl FC/ FS/ FC (AM) FC/100 mQ. FS/100 mQ. FC: FS FC/100 mQ. FS/l00 mQ. FC: FS (mg/ Q.) 100 mQ. 100 mQ. FS 

3/18 8:20 8.5 x 106 6.0 X 105 14.2 1.0 x 10 4 1.0 X 10 3 10.0 2.0 2.0 4.0 0.5 

3/19 8:00 1.67 x lOB 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 106 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 10 7 3.0 X 106 4.6 5.4 x 10 4 1.0 x 104 5.4 8.5 0.0 0.0 0.0 

3/26 7:00 1.56 x 10 7 5.3 X 10 6 2.9 3.7 x 10 4 3.0 X 10 3 12.3 <0.25 3.1 x 10 4 5.7 X 103 5.4 

3/31 8:00 4.5 x 10 7 1.4x105 321 3.4x 105 5.0 X 10 3 68 2.5 6 0.0 I 
...... 
0 

4/08 10:00 1 .97 x 107 5.2 X 10 6 3.7 6.3 x 104 1.4 X 104 4.5 1. 75 2 0.0 I 

4/21 9:00 9.4 x 106 4.1 X 105 18.4 5.6 x 104 6.0 X 103 9.3 1.25 0.0 0.0 0.0 

4/28 11: 00 1 .29 x 107 6.2 X 10 5 22.9 6.0 x 104 7.0 x.l03 8.5 2.0 28 0.0 

4/30 7:30 1.35 x 107 2 X 10 5 67.5 5.0 x 104 8 X 10 3 6.25 1.0 11 1 11 

• 
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lowable limits of 200/100 mt of FC. Since the concentrations of indicator bac-

·teria in these chlorinated effluents were very low, the FC:FS ratio in these 

samples was not siginficant. It should be noted that in one o£ the 10 samples, 

the residual chlorine in the final effluent was less than 0.25 mg/i, which was 

reflected in the recovered concentrations of 3~1 x 104 FC/IOO mi and 5.7 x 103 

FS/IOO mt and which resulted in a FC:FS ratio of 5.4. Thus, inadequate chlori

nation of sewage effluent will result in the discharge of FC and FS far in ex

cess of the allowable limits and the FC:FS ratio entering the stream can be ex

pected to exceed 4.0. 

Characterization of Cesspool Wastes. Leaky household cesspools are another 

potential pollution source of streams and the groun4water. However, the survi

val of FC and FS in these sewage pits is not known. To assess the expected 

contribution of cesspool wastes as a source of pollution, the concentrations 

Qf these organisms as well as their ratios were determined in 10 different 

cesspool wastes. These 10 waste samples were obtained from City and County 

o'f Honolulu trucks which had just pumped out the liquid portion of wastes from 

cesspools in the Kaneohe-Kahaluu area. The results of these analyses (Table 2) 

show that the FC concentrations range from 105 to 106/100 mi, while the FS 

concentrations range from 104 to 105/100 mi. Five of these 10 samples yielded 

'FC:FS ratio of greater than 4 while the ratio 'of 3 other samples were essen

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

concentrations of FC and FS in cesspool wastes are lower than in untreated 

sewage but similar to activated-sludge treated effluent. However, like un

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

wastes. 

Characterization of 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 
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TABLE 2. FECAL COLIFORM (FC) AND FECAL STREPTOCOCCUS 
ANALYSES OF CESSPOOL* WASTES 

19BO Sample Average Average FC 
No. FC/lOO mQ, FS/l00 mQ, FS 

6/24 CPl 7.5 x 10 5 2.0 X 10 5 3.75 

6/24 CP2 2.3 x 105 LOx 10'+ 23 

6/24 CP3 6.6 x 10 5 loB X 10 5 3.67 

6/24 Cp4 2.3 x 10 5 1.2 x 10 5 1.92 

6/24 CP5 1.2 x 106 3.0 x 10'+ 40 

6130 cp6· 1.2 x 106 3. 1 X 10 5 3.B7 
6130 CP7 LOx 106 2.0 X 105 5 

6/30 cpB 1.'7 x 106 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 
"' .. 7 X 105 7.65 

*Al1 samples from Kaneohe-Kahuluu area were collected 
as wastes were being discharged into Ka i lua WWTP sewer 
1 ine. 
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pavements by wild and domesticated animals, as well as by humans. Thus, the 

first day of heavy rainfall is believed to result in the transport of most of -

the FC and FS into storm drains. Runoff from storm drains are kno\VTI 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 (see 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 11 storm-drain sites, as well as the results of the 

analyses (Table 3) show that significant concentrations of FC (10 3 to 10 5/100 mt) 

and of FS (10 3 to 104/100 mt) were recovered from storm drains. However of the 

11 storm drain samples analyzed, only 1 sample was determined to have a FC:FS 

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

from this site (SD-2) was taken on the first day of rain and the area surround

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

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

indicative of fecal contamination from animal sources, while 5 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 invalidate con

fident interpretations of the results. Since storm drain site 2 was the only 

site yielding a FC:FS ratio of greater than 4, water samples from this site as 

well as from SD-4 and SD-5 were collected during the first day of rain on 17 

July 1980 and analyzed 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 104/100 mt and only the water sample from SD-5 yield

ed a FC:FS ratio of greater than 4. The water sample from SD-2, which was pre-
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TABLE 3. FECAL COLIFORM (FC) ANO FECAL STREPTOCOCCUS (FS) ANALYSES 
OF STORM ORAIN RUNOFF, KANEOHE-KAHULUU AREA, OAHU, HAWAII 

1980 Sample Storm Orain FC/l00 m~ FS/l00 m~ FC:FS No. Environment 

5/16 501 Suburb 2.0 x 104 1.2 X 104 1.67 

5/16 502 Suburb 1.8 x 10 5 3.5 X 104 5.14 

5/16 503 Highway 5.0 x 104 9.7 X 10 3 0.52 

7/07 504 Commercial 3.6 x 104 9.0 x 104 0.40 

7/07 505 Commercial 4.4 x 104 2.6 X 104 1.69 

7/07 506 Suburb 3.3 x 104 2.4 X 104 1.38 

7/07 507 Construction 3.0 x 104 7.6 X 104 0.39 

7/07 SOB Rura 1, Farm 3.9 x 104 1.1 x 105 0.35 

7/07 509 Mountain 5.1 x 10 3 1.1 X 104 0.46 

]/07 5010 Commercial 4.7 x 10 3 2.5 X 10 3 1.88 

7/07 5011 Urban 4.5 x 104 5.4 X 104 0.83 

7/17 502 Suburb 8.5 x 104 7.0 X 104 1.21 

7/17 504 Commercial 2.6 x 104 1.22 X 104 2.13 

7/17 505 Commercial 1.35 x 104 1.20 X 10 3 '11 .25 
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viously determined to have an FC:FS ratio of greater than 4, was now determined 

to have an intermediate ratio of 1.2. The sampl~ from SD-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 SD-S which previously yielded 

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

11. Based on these results, one can expect storm drains to yield FC and FS 

concentrations of 10 3 to 105 /100 m~ and an FC:FS ratio predominantly of low or 

intermediate values, although ratios exceeding 4 can be occasionally expected. 

Moreover, analysis of storm drain water can be expected to yield variable re-

suIts even when taken from the same site. These results are not unexpected 

since storm drain runoff is known to represent the collection of runoff from 

different environments under changing conditions. 

Characterization of an Unpolluted Stream. Our model stream selection was 

the South Ahuimanu Stream because its streamflow originates at the 2200-ft ele-

vat ion of the Koolau Range and is fed by rain and spring waters from the closed 
. . 

watershed of the Waiahole Forest Reserve. From the approximate 400 ft elevation 

boundary of the forest reserve, this stream flows sequentially through a small 

urban community, a small pasture, and past the Ahuimanu WWTP from which it receives 

sewage effluent. This stream then merges with other streams and flows through 

populated and more complex, mixed land-use areas before it discharges into 

Kaneohe Bay near the Kahaluu Pond (Fig. 1). A USGS topographic map of the sur-

rounding area and of the stream with the locations and descriptions of the se-

lected sites is sholVll in Figure 2. The upper South Ahuimanu Stream, which in-

cluded sites A-I to A-S, was selected as our study area for an unpolluted stream. 

Sites A-I, A-2, and A-3 are stream sites within the uninhabited area. Site A-4 

was located after Ahuimanu Stream passed through the first urban community and 

site A-S was located after this stream flowed past a highway and a small pasture. 

The primary unpolluted-stream site was site A-3, which was located behind the 
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Figure 1. CTassifi~ation of land use surrounding sampling sites 
on So. Ahuimanu Stream, Kaneohe, Oahu, Hawai i 
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A-3 Point where stream flows out 
uninhabitated area and enters 
Byodo-In Temple grounds 
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A-2 One-eighth mile upstream of 
~ite A-3 and within uninhabited 
area where stream widens into a 
pool 

A-l. One-fourth mile upstream of 
site A-3 and just below forest 
reserve area where subterranean 
source of water observed flow
ing from soi I embankment into 
stream 

A-4 Approx. 0,7 mile downstream of 
site A-3 where the stream flows 
through first small urban com
munity 

A-5 Approx. 0.5 mile downstream of 
site A-4 (past Kahekili Highway 
and a small pasture) 

A-6 Ahuimanu WWTP 'chlorine contact 
chamber 

A-7 Approx. 100 ft downstream.from 
,Ahuimanu WWTP sewage discharge 
outlet 

\ , 
'\ , 

--',--, , , . , 
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Figure 2. Location and Description of Sampl ing Sites on So. Ahuimanu Str., Oahu 
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Byodo-In Temple grounds and represents the flow of Ahuimanu 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 these analyses (Table 4) show that the concen

trations of FC ranged from 34 to 236/100 mt, whereas the concentrations of FS 

ranged from 0 to 183/100 mt. Only 2 of the 11 samples barely exceeded the 

minimal cautionary level of 200 FC/lOO mt and although 3 of 11 samples yielded 

anFC:FS ratio of greater than 4, none of the three samples met the minimal con

ditions of 200 FC/lOO mt and 100 FS/lOO mt 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-I and 

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 due to humans or domestic 

animals. Site A-I was farthest upstream (1/4 mile 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 source of 

water. Six samples were taken from site A-I as the underground water flowed 

from the embankment but before it entered the stream. The concentrations of 

FC from these samples ranged from 1 to 4/100 mt, whereas the concentrations of 

FS ranged from 0 to 16/100 mt. Calculations of the FC:FS ratio for these 6 

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. 



TABLE 4 •. FECAL· COLIFORM. (FC) AND FECAL:STREPTOCOCCUS'-ANALYSES OF UNPOLLUTED'AHU1MANUSTREAM, OAHU 

CondItIon Site A-l Site A-2 Site A-3 SIte A-~ Site A-5 
1980 TIme of Day FC FS FC:FS Fe FS FC:FS FC FS FC: FS Fe FS FC:FS Fe FS FC:FS /100 mR. /100 mR. /100 mR. /100 mR. /100 mR. 

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 54 101 I 

I-' 

5/12 10:ob At1 LIght RaIn 217 o >217 Z,400 43 102 620 39 15.9 \D 
I 

5/13 9:00 AM Sunny ---- 88 37 2.Z, 170 33 5.2 130 63 2.1 
5/14 12:00 N Sunny ---- 34 12 2.8 40 11 3.6 370 68 5.Z, 

5/16 12:10 PM Heavy RaIn .114 183 0.62 800 440 1 .8 32000 7300 4.4 
5/19 12: 10 PM Sunny 56 34 1.64 Z,68 86 5.4 217 70 3.1 
5/21 9:30 AM Cloudy 1.05 7.6 0.23 29.8 47.S 0.63 .47 7 6.7 207 60 3.5 306 112 . 2.7 
5/22 9:30 AM Light RaIn 1 16 0.06 11.0 217 0.05 70 90 0.77 460 158 2.9 270 206 3.3 
5/23 8:45 AM LIght RaIn 2.S 15 0.16 94.5 116 0.81 135 t 11 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 N Cloudy 1.09 0.5 2.45 ---- ---
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It is more reasonable to conclude that these low levels of FC and FS represent 

the expected background level for shallow underground water obtained from a 

forest reserve area. Site A-2 was located 1/8 mile downstream of site A-I and 

1/8 mile upstream of site A-3. This site was selected because the stream wi-

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

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

habit this pool and can be expected to contribute fecal material to the site. 

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

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

217/100 mi. 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 counts of FC were still below the minimal cautionary level of 200 FC/lOO m~ 

and the calculated FC:FS ratio·in these three samples were well below 4.0, and 

therefore suggestive of non-human sources of FC and FS. Since the results ob

tained from site A-2 were similar to those observed at site A-3, site A-3 was 

concluded to be an adequate site for unp~ll~ted stream samples. The sources of FC 

and FS in the unpo~luted 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 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 concentrations of FC ranged from 40 to 4400/100 m~, while that of FS 

ranged from 33 to 440/100 mi. Six of eleven samples yielded FC counts exceed-

ing the minimum cautionary level of 200 FC/lOO 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/nl~ and FS 



counts exceeding 100/mi and, therefore, could be. confidently assessed as being 

of human origin. It was clear that FC and FS concentrations at site A-4 great

ly 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 Ahuimanu Stream crosses 

under Kahekili Highway, then flows through a small pasture before flowing past 

the Ahuimanu WWTP. Site A-Swas located 0.5 mile downstream of site A-4 in 

the vicinity of a small pasture and 0.1 mile upstream of the Ahuimanu \~~P. 

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

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

7,300/100 mi. Seven of the 11 samples yielded FC counts exceeding the minimum 

cautionary level of 200 FC/lOO mi and 4 of 11 samples yielded an FC:FS ratio of 

greater than 4.0. However, only one of the 4 samples with an FC:FS ratio of 

greater than 4 actually had FC counts exceeding 200/100 mi and FS counts ex

ceeding 100/100 mi and therefore could. be confidently assessed as being of hu

man origin. These results indicate that Ahuimanu Stream between sites A-4 and 

A-S 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. 

Characterization of a Stream Receiving Sewage Effluent. The Ahuimanu WWTP 

discharges 1740 m3/day of treated sewage into the South Ahuimanu Stream. Since 

sewage effluent contains high concentrations of nutrients and is a potential 

source for pathogens, the discharge of sewage effluent into this stream can be 

expected to greatly alter the stream characteristics. 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-S), and discharge from the Ahuimanu WWTP (site A-7) were collected. Eleven 

samples were obtained from these sites and analyzed for FC and FS. The results 
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of the 11 samples from site A-3 (Table 5) show that the .concentrations of FS 

ranged from 39 to 175/100 mi. The low FC and FS' concentrations recovered.in 

these samples indicated that this stream, site was not polluted and substantiated 

the earlier results when this same stream site was analyzed (Table 4). The 

analysis of 11 samples taken from site A-5 yielded FC concentrations ranging 

from 220 to 21,600/100 mi and FS at concentrations ranging from 128 to 54,500/ 

100 mi. Thus, in this series of analysis, 11 of 11 samples yielded FC counts 

exceeding 200/100 mi and FS counts exceeding 100/100 mi. However, only 2 of 

these 11 samples yielded an FC:FS ratio indicative of human fecal pollution. 

The analysis of 11 samples taken from site A-7 revealed that concentrations of 

FC ranged from 300 to 17,700, whereas the FS concentrations ranged from 95 to 

39,500/100 mi. As with samples taken from site A-5, 11 of 11 samples contained 

significantly high concentrations of both FC and FS. However, only 3 of 11 

samples yielded an FC:FS ratio exceeding 4.0 or indicative of human fecal mat

ter. These results indicate that the hygienic quality of South Ahuimanu Stream 

was not affected as a result of the discharge of sewage effluent into the stream. 

One obvious explanation for this observation is that the sewage from the Ahui

manu h1rTP is initially chlorinated to disinfect the treated effluent of micro

bial pathogens and indicator bacteria before the effluent is discharged into 

the stream. As a check on the disinfection efficiency of chlorination at the 

Ahuimanu WlrTP, four samples were collected from the WlrTP chlorine contact cham

ber and analyzed for FC and FS concentrations. All four samples were deter

mined to have FC concentrations of less than 2/100 m.Q, indicating that the sewage 

treatment processes including chlorination were effective in reducing the FC 

and FS concentrations in sewage to negligible concentrations. It should be 

noted that the chlorinated effluent from the Ahuimanu mrTP is first discharged 

into a lagoon to further reduce the nutrient load of the effluent before final 



TABLE 5. FECAL COLIFORM (FC) AND FECAL STREPTOCOCCUS (FS) ANALYSES OF SEWAGE-POLLUTED AHUIMANU STREAM, OAHU 

Condition Site A-3 Site A-5 Site A-6 Site A-7 
1980 of Day Time FC/l00 FS~i 00 FC: FS FC/l00 FS/l00 FC: FS FC/l00 FCI1 00 FS/l00 FC:FS m£ m£ m£ m£ m£ m£ 

5/28 Li ght Ra i n 9:15 AM 70 70.5 0.99 4500 2582 1. 74 <1 2060 1523 1.35 

6/03 Light 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 3.10 400 125 3.20 

6/17 Overcast 11:00 AM 37.2 19.6 1.90 650 450 1.44 <1 400 200 2.00 I 
N 

6/.18' Overcast 6:00 AM 75.5 174.5 0.43 2430 
(;l 

668 3.64 2030 187 10.87 I 

6/18 Overcast 12:00 N 43.5 61 0.71 750 820 0.91 423 203 2.09 

6/19 Light Rain 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 Li ght Ra I n 10:00 AM 22 39 0.56 220 610 0.36 1400 2000 0.7 
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discharge into the stream. The retention of effluent in the lagoon results in 

the dissipation and neutralization of chlorine, which is consequently no longer 

present when the effluent is 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. 
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