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PROJECT EXECUTIVE SUMMARY 

The goal of Phase I of this study was to detennine the quality of water at the 
recreational beaches of Guam based on USEPA's most recent marine recreational water 
quality standard of a geometric of 35 enterococci/IOO mI. This phase of the study was 
directed by Cannen Sian-Denton and Melvin Borja at the Guam EPA A total of 31 beach 
sites were monitored for enterococcus bacteria during ten months in 1994 at a frequency 
approaching once a week .. Taking a conservative approach, the yearly geometric mean 
concentrations of enterococci at all of the 38 beach sites were initially evaluated. Only two 
beach sites (Santos Memorial Park, Toguan Bay) had yearly geometric mean concentration 
of enterococci which exceeded 35 enterococci/IOO mi. These results show that these two 
sites are being contaminated by a continuous and significant source of enterococci. 
Moreover, since there is evidence that sewage effiluent may be the source of elevated 
enterococci at these sites, these two beaches must be considered highly polluted and not 
suitable for swimming. Top priority should be given to begin a study as soon as possible to 
address the fonowing three objectives: (I) to clearly determine the sources of the 
enterococci bacteria at these beach sites, (2) to determine the public health risks associated 
with swimming at these beaches, and (3) to provide recommendations to reduce the 
concentrations of enterococci at these two beaches. The concentrations of enterococci in 
the water at the other 29 beach sites were much better and generally met the USEP A 
standard of a geometric of 35 enterococci/IOO mi. However, the monthly geometric mean 
of 35 enterococci was exceeded during one month at four beaches (Dungca, Agana 
Bayside, Inarajan Pools, lnarajan BB;Y), during. two months at one beach (Agat Bay), and 
during three months at two beaches (Merizo Pier, Talofofo). These results show that these 
seven beaches are susceptible to contamination with significant levels of enterococci during 
some periods of the year. Thus, a study should be conducted at these seven beaches to 
determine the source( s) of the enterococci contaminating these beaches by analyzing the the 
physical conditions (rain, industrial or agricultural activity) associated with the elevated 
concentrations of enterococci. In summary, monitoring recreational beaches of Guam for 
concentrations of enterococci has clearly identified some problem sites. These resuhs 
indicate that it is feasible for Guam to accept the new USEP A marine recreational water
quality standard of a geometric mean of 35 enterococci/IOO mi. Moreover, this new 
standard can be used to improve the quality of water at all recreational b-...aches in Guam. 

The goals of Phase 2 of this study were to detennine whether shallow groundwater
flowing into coastal waters of Guam is a significant source of fecal indicator bacteria and to 
determine the most practical method to monitor coastal waters for fecal indicator bacteria. 
This phase of the study was directed by Dr. Ernest Matson at the University of Guam. The 
first significant finding of this study was the confirmation that high concentrations of fecal 
bacteria are present in non-point sources of pollution in Guam. In this regard E. coli and 
enterococci were recovered at concentrations of approximately I rr CFU/loo mI in 
rainwater run-otf samples. Moreover, the feces of the brown snake in Guam was shown to 
contain high concentrations of fecal indicators (10'-10' Enterococcus jaecaJis and E. coli 
per g wet feces). Snakes are not warm blooded animals and prefer to live in the pristine 
areas of Guam. These results support the previous conclusion that environmental sources of 
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fecal indicator are naturally present in tropical islands. The second significant finding of this 
study was the documentation of low to moderate levels of fecal indicator bacteria in fresh 
shallow' groundwater just before this source of water flows into coastal waters such as 
Tumon Bay in Guam. These shallow groundwaters were shown to contain reduced levels of 
bacteria and nutrients as compared to surface run-off water such as storm drains indicating 
that practices such as using ponding basins to prevent the direct flow of surface water 
directly into coastal waters do result in reducing the pollution load entering coastal waters. 
However, these shallow groundwaters may still contain moderate levels of fecal indicator 
bacteria and nutrients. Since the volume of these shallow groundwater entering coastal 
waters may be very large, the contribution of shallow groundwater as a source of fecal 
bacteria contaminating coastal waters may be substantial. Moreover, groundwater is not 
usually. considered a source of fecal indicators contaminating coastal waters. The third 
significant finding of this study was the conclusion that for practical reasons (cost, 
reliability, labor), the use of the mEnterococcus medium with incubation at 45°C was the 
method of choice to monitor coastal water for fecal bacteria. It should be noted that this 
method is not approved for use by USEP A to meet recreational water quality standards. 
The USEP A approved methods such as for E. coli on mTEC agar and enterococcus on mE 
agar were also evaluated and found to be satisfactory although they were more costly and 
required more labor. In this regard, use of E. coli was favored when results were needed 
quicldy. The use of mCP medium to recover C. perfringens was found to be reliable but 
was the costliest and was most demanding in terms of labor. 
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L INTRODUcnON 

A. Water-borne Diseases and Recreational Water Quality Standards 

Water-borne diseases are defined as diseases caused by the ingestion of water 
contaminated with fecal borne pathogens. These fecal borne pathogens represent a large 
and diverse group of microorganisms (virus, bacteria, protozoa) which usua1ly cause 
diseases resulting in diarrheal symptoms but can result in other symptoms such as 
hepatitis, poliomyelitis, meningitis and myocarditis. Recreational use (wading, swimming, 
snorkeling, surfing) can result in water-borne diseases because these waters are susceptlble 
to contamination by feces of humans or animals ( sewage) and because these recreational 
uses often result in the ingestion of some of the environmental waters. Since a public 
health risk is associated with recreational use of waters, hygienic water quality standards 
have been developed to ensure that the waters are safe for recreational uses. In 1972 The 
United States Environmental Protection Agency (USEP A), initially established a hygienic 
recreational water quality standard of a geometric mean of 200 fecal coliformllOO mI for 
both fresh and marine recreational waters in (USEP A, 1976). Concentrations of fecal 
coliform bacteria was selected in establishing the recreational water quality standard 
because at that time this group of bacteria was the best indicator of fecal contamination 
and the assay method for this group of bacteria was reliable as weD as feasible. This 
standard served its purpose of demonstrating the effectiveness of treating sewage and was 
a feasible way of monitoring waters for evidence of fecal contamination. However, this 
standard was scientifically inadequate because there were no supporting evidence to show 
that concentrations of fecal coliforms in water were directly related to concentrations of 
pathogens in the water and moreover, good epidemiological evidence to show that 
concentrations of fecal coliform in recreational waters could be used to predict incidences 
of water-borne diseases was lacking (Cabelli et al, 1982). 

Recognizing the limitation in the fecal coliform standard for recreational waters, 
the USEP A in 1972 initiated a series of weD-designed epidemiological studies integrated 
with an intensive water monitoring study to correlate the concentrations of approximately 
ten different bacterial indicators to establish a more reliable recreational water quality 
standard. The resuits of that study succeeded in showing that concentrations of fecal 
coliform bacteria in marine recreational waters were not related to incidences of water
borne diseases. Of the approximately 10 different bacterial indicators tested, only 
concentrations of enterococci bacteria in marine waters could be used as reliable 
predictors of incidences of diarrheal diseases among swimmers using that body of 
recreational water (Cabelli, 1983). As a result of that study and based primarily on 
scientific merit, USEP A (1984) initially proposed a new marine recreational water quality 
standard of a geometric mean of only 3 enterococcilloo mi. However, following a public 
comment period and taking into consideration other factors such as stringency of the 
standard, efficiency' of the assay method, and acceptable risk levels, USEP A (1986) 
established a revised marine recreational standard of 3 S enterococcill00 ml for mariDe 
recreational waters. Since the scientific basis for this standard was superior to the old fecal 
coliform standard, USEP A recommended that all US states and territories abandon the 
existing 200 fecal coliform/l00 ml and adopt the new 3S enterococcill00 ml marine 
recreational water quality standard. 
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B. Recreational Water Quality Standards in Hawaii and Other TropicallJlands 

The Department of Health (DOH) is the government agency within the state of 
Hawaii which is responsible for establishing water quality standards for the state of 
Hawaii. Initially, the DOH formed a State Water Quality Advisory Committee to review 
all the available data and to make recommendations on water quality standards to the 
Director of Department of Health. This committee recommended that the state of Hawaii 
accept the USEPA marine recreational water quality standard of 35 enterococci/l00 mI 
which, based on USEPA's epidemiological studies, correlated to a risk level of 19 
diarrheal diseases per 1000 swimmers. Toe Director of DOH initially accepted this .. 
standard but in 1990 concluded that the risk level correlated with 35 enterococci/l00 mI 
was too high and set a state of Hawaii marine recreational water quality standard of 7 
enterococci/IOO mI (DOH, 1990) because this level of enterococci was reported by 
USEP A to correlate with a lower and more acceptable risk level of 10 diarrheal diseases 
per 1000 swimmers. The state of Hawaii marine recreational water quality standard of 7 
enterococcill00 m! is the most su;.ngent in all the states which have accepted this new 
standard. 

In establishing a new recreational water quality standard for Hawaii, the Director 
of Health assumed that the USEP A data could be directly applied to the state of Hawaii. 
However, based on a series of studies conducted in Hawaii (Fujioka, 1983, Fujioka and 
Shizumura, 1985, Fujioka, Tenno and Kansako, 1988, Hardina and Fujioka, 1991), 
Fujioka and his associates obtained data to conclude that the recreational water quality 
standards as developed by USEP A are not directly applicable to Hawaii and other tropical 
islands because the environmental conditions in tropical island differ significantly from 
those in the continental USA In this regard, USEP A recreational water quality standards 
are based on the assumption that environmental sources of fecal indicator bacteria are not 
significant and recovery of indicator bacteria from environmental waters indicate that the 
waters are contaminated with feces ofhuman or warm blooded animals. The data obtained 
in studies conducted in the temperate regions of the world such as USA, Canada and . 
northern Europe support this assumption. However, this same assumption cinnot be made 
for tropical islands because results from Hawaii, Puerto Rico and Guam have shown that 
high concentrations of many of the fecal indicators (fecal coliform, E coli, enterO'"..occi) 
used by USEP A to establish water quality standards are naturaUy present in soil, epiphytic 
plants, and pristine fresh waters which represent non-fecal, environmental sources of these 
indicator bacteria (Hazen, 1988, Fujioka, Tenno and Kansako, 1988, Fujioka, 1989, 
Hardina and Fujioka, 1991, Fujioka, 1993). A more recent study provide evidence that the 
fecal indicator bacteria (fecal coliform, E coli, enterococci) are able to multiply in the soil 
environment of Hawaii (Fujioka and Byappanaham, 1996). This major difference between 
temperate countries and tropical islands indicate that the USEP A developed water quality 
standards may not be applicable to tropical islands. . 

In a subsequent study to find a reliable indicator of fecal contamination of streams 
in Hawaii, Fujioka and Shizumura (1985) reported that streams which did not receive 
sewage discharge and streams which received sewage discharge contained high 
concentrations of fecal indicator bacteria such as feal coliform and fecal streptococci. 
Howevert streams which did not receive eftluent contained low concentrations of C. 
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perfringens bacteria while streams which received sewage eft1uent contained high 
concentrations of C. perfringens. These results indicated that in tropical islands, C. 
perfringens is a reliable indicator of fecal contamination of environmental waters whereas 
the USEP A recommended fecal indicators (fecal colifonn, fecal streptococci) are not. 

c. Recreational Water Quality Standards for Guam 

Guam is a tropical island and is environmentally similar to Hawaii. Moreover, high 
concentrations of fecal indicator bacteria such as fecal coliform, E coli and enterococci 
were recovered from the soil and natural streams in Guam. These results indicate that the 
Guam will have similar problems in interpreting recreational water quality standards as 
Hawaii (Fujioka, 1989, Fujioka, 1993). Asa territory of the US, Guam must abide by all 
US regulations which includes accepting USEPA's new marine recreational water quality 
standards based on concentrations of enterococci. Guam has yet to officially accept this 
new USEP A recreational water quality standard and currently still uses the old 
recreational water quality standards based on 200 fecal coliformlloo mi. A study to 
monitor the water from the recreational beaches of Guam should be conducted before 
Guam makes a decision to accept or modify the marine recreational water quality standard 
as recommended by USEP A which states that " enterococci bacteria should not exceed a 
geometric mean of 35/100 ml based on analyzing five water samples collected equally 
spaced over a thirty day period". 

II. GOALS AND IMPLEMENTATION OF STUDY 

A. Study Goals, ExperimeDtai Design aDd WritiDg of Report 

This study was a cooperative project between Roger Fujioka of the University of 
Hawaii, Carmen Sian-Denton and Melvin Borja of Guam Environmental Protection 
Agency and Ernest Matson of the University of Guam. The study site was Guam and the 
study was conducted in two separate phases. As principal investigator for this project, 
Roger Fujioka was responsible to ensure that this project was completed and a final 
project report submitted. 

Phase 1 of this study was conducted at Guam EPA under the direction of Carmen 
Sian-Denton and Melvin Borja. The goal of this phase of the study was to determine the 
quality of water at the recreational beaches of Guam based on the USEP A's new marine 
recreational water quality standard ofa geometric mean of35 enterococci/l00 mi. 

The experimental design for Phase 1 was to monitor the major recreational beaches 
of Guam for concentrations of enterococci during ten moirths of 1994 at a frequency 
approaching once a week. Using USEP A approved guidelines, beach water samples were 
collected by the grab method into glass bottles which were immediately placed into closed 
iced chest for transportation to the laboratory. All samples were processed within six 
hours of collection. The quality of water at all the beaches were evaluated based on 
geometric mean concentrations of enterococci on monthly and yearly basis. A sanitary . 
survey was conducted at each site to determine the most likely sources of the 
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· contaminating enterococci. The report for Phase I of this study was written by Roger 
Fujioka, Carmen Sian-Denton, and Melvin Bolja. 

Phase 2 of this study was conducted at the University of Guam under the direction 
of Ernest Matson. The first goal of this phase of the study was to determine the 
concentrations of surface and sballow groundwater as sources of fecal indicator bacteria 
which may be contaminating the coastal waters of Guam. This goal was initiated because 
streams and storm drains have previously been determined as a major source of pollution 
for coastal waters. To address this problem, the government of Guam has built ponding 
basins and percolating fields at the discharge points of some stonn d..-ahiS to pnwent the 
direct flow of this run-off water from the land into the ocean. These ponding basins allow 
the water to percolate through soil and in the process the soil will retain most of the 
pollutants. However. these ponding basins are so close to shore that the shallow 
groundwater will flow into the ocean as groundwater seepage. The primary objective of 
this study was to determine whether these sballow groundwaters are significant sources of 
fecal indicators which may contaminate coastal waters. 

The second goal of Phase 2 of this study was to evaluate the practical usefulness of 
several different methods to monitor coastal waters for different kinds of fecal indicator 
bacteria. The experimental design for Phase 2 of this study was to compare the 
concentrations of several types of indicator bacteria (fecal coliform, E coli, fecal 
streptococci, enterococci, C. perjringens, human related yeasts) in groundwater seepage 
samples near coastal beaches and in surface water samples obtained from coastal beaches. 
Groundwater seepage samples were obtained by digging holes 1-2 feet deep in the sandy 
beach area upgradient from the ocean tidal zone and' downgradient from the ponding 
basins. Water samples from these holes were characterized as fresh water or brackish 
water based on their salinity. Samples of water from these holes and from nearby beaches 
were obtained using USEP A approved guidelines by the grab method using sterile plastic 
bottles. The report for Phase 2 of this study was written by Ernest Matson. 

B. Circumstances Resulting in Delays and Changes in Study 

The original project period for this study was September 1 j 1992 through 
December 31, 1993. However, this study took longer than expected to complete due to 
unforeseen complicating circumstances as listed below. 

1. Full funding for this project was not available to us until we received the EPA 
amendment dated August 11, 1993. Without this amendment, sufficient funds to hire 
someone to conduct the study in Guam was not available. 

2. The USEP A contract was m8de with the University of Hawaii since the principal 
investigator of this project is an employee of this university and because Guam EPA is an 
agency which could not receive contractual funds. 

3. To hire the analyst in Guam to conduct this study, an agency in Guam able to 
receive this sub-contract from the University of Hawaii, was required. An agreement was 
made for the Water, Energy Research Institute at the University of Guam to receive the 
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sub-contract in Guam and to work with Guam EPA to complete the project. There was 
another delay in sub-contracting the work from the University of Hawaii to the University 
of Guam primarily because the language in the subcontract document as written by the 
University of Hawaii was too restrictive to the University of Guam. This was not resolved 
until Mr. Mark Heath from the University of Guam came to Hawaii and was able to 
discuss the details of this subcontract with representatives of the Office of Contracts and 
Grants of the University of Hawaii. Mr. Heath, representing the University of Guam finally 
signed the sub-contract on February 12, 1994. 

4. Due to contractuai requirements and availability of trained students, the original 
plan was to hire students from the University of Guam to work with the laboratory at 
Guam EPA However, due to distances between these two agencies and the need for 
students to take classes it became unfeasible for a student to work effectively at Guam 
EPA As a result, the project investigators at Guam EPA took additional time to work out 
an agreement to sub-contract a phase of this study to Dr. Ernest Matson of the Marine 
Laboratory at the University of Guam. A.J3 the resident expert in water quality at the 
University of Guam, Dr. Matson hired and supervised the students to determine sources of 
land based fecal indicator bacteria. This phase of the study did not begin until June of 
1994. 

m. RESULTS OF PHASE ONE: 
HYGIENIC QUALITY OF WATER AT RECREATIONAL BEACHES IN GUAM 

Carmen Sian-Denton and Melvin BOIja, Guam EPA 
Roger Fujioka, University of Hawaii 

A. Sampling and ADay Methods 

All water samples obtained from recreational beaches were sampled by walking 
from the sandy beach area directly into the beach and collecting water into a sterile glass 
bottle at water depth of 2-4 feet. Sampling of water by this method best simulates the 
exposure of children who wade and swim at beaches because children are the most 
susceptible to water-borne diseases. The bottles containing the water samples were 
immediately capped and placed into a covered, iced-chest to keep the samples cool and 
away from the exposure of sunlight on transit back to the laboratory. All water samples 
were enumerated for concentrations of enterococci bacteria using the membrane filtration 
method as descnoed in Section 9230 C of the 18th edition of Standard Methods for the 
Examination of Water and Wastewater (APHA, AWWA, WPCF, 1992). 

B. OassificatiOD .of Water Quality at Beach Sites 

To compare the quality of water at all beach sites against the new USEPA water 
quality standards, the intent was to sample water samples from all beach sites on a weekly 
basis for the entire 12 months of 1994. However, in 1994, samples were not collected 
during the months of January and July. Moreover, since limited samples were collected 
during October and November the data from these two months were combined in the data 
analysis. Geometric mean concentrations of enterococci were calculated for each site on a 
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weekly, monthly and yearly basis and the quality of water at each site compared to the 
new USEP A water quality standard of a geometric mean of 35 enterococcillOO mI bued 
on five samples collected over a thirty day period (per month). To use a single system to 
determine the relative quality of water at each beach site, the following classification as 
outlined below was used: 

1. Class 1: Excellent Quality. Well within standard. Enterococci concentrations 
less than 10010 of standard (0-4 enterococci/ 1 00 ml). 

2. Class 2: Good Quality. Within rL8Ildard. Enterococci ccn~-ntrations between 0-
50010 of standard (5-18 enterococci/loo ml). 

3. Class 3: Fair Quality. Meets standard. Enterococci concentrations between 50-
99% of standard (19-34 enterococci/loo ml). 

4. Class 4: Compromised Quality. Does not meet standard. Enterococci 
concentrations equal to but not exceeding standard by more than 10% of standard (35-39 
enterococci/loo ml). 

5. Class 5: Poor Quality. Exceeds standard. Enterococci concentrations exceeds 
standard between 10 and 50% of standard (40-52 enterococci/loo ml). 

6. Class 6: Very Poor Quality. Seriously exceeds standard. Enterococci 
concentrations exceeds standard by over 50% of the standard (>52 enterococci/IOO ml). 

c. Recreational Beach Sites 

The map of Guam with the name and location of the 32 recreational beach sites are 
shown in Figure 1. For tabulating and discussion purposes, each of the beach site was also 
identified with a beach number (Site 1-32) and location within a coastal zone (bay) since 
physical and biological properties at different coastal locations vary. Moreover, since land
use activities often differ in different geographical locations of Guam, the 32 beach sites 
were subdivided into geographical sectors such as Northwestern Sector A (NW-A), 
Northwestern Sector B (NW-B), Southwestern Sector (SW) and Southeastern Sector 
(SE). The name of each beach, the designated site number, the coastal location of each 
beach as well as the geographical sectors of the 32 beaches on the island of Guam are 
summarized in Table 1. 

D. Raults and Discuuion 

In this study, 31132 beach sites as shown in Figure 1 were sampled and analyzed 
for concentrations of enterococci bacteria on an approximate weekly basis from FebfUll)' 
through December of 1994. Beach Site 18 (port Authority/ Family) was not sampled in 
1994 and therefore water quality analysis of this beach site was excluded from this study. 
The results of aU water analysis from each of the 31 beach sites are summarized in Tables 
2-5 which represent beaches located in the four geographical sectors (Northwestern 
Sector A, Northwestern Sector B, Southwestern Sector, Southeastern Sector). The data 
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are presented as geometric mean concentrations of enterococci from daily (weekly) 
samples from which average monthly and yearly geometric mean concentrations were 
calculated. The presentation of data in this form is to address the primary objective of this 
part of this study which is to detennine whether the quality of water at the 31 recreational 
beaches on Guam can meet the new USEPA marine recreational water quality standard of 
a geometric mean of 35 enterococci/loo ml based on five weekly samples per month. To 
address this objective and to determine the relative quality of water at each of the beach 
sites, beach water quality was categorized into six classes (excellent, good, fair, 
compromised, poor, very poor) based on the geometric mean concentrations of 
enter~ relative to the USEPA marine recreational standard oflS enterococci/tOO ml 
as detailed earlier (See Section B). 

The results from Tables 2-5 are further summarized into Table 6 which lists the 
name of all beach sites, their coastal location, their geographical sector on the island of 
Guam and the relative beach water quality based on the yearly geometric mean 
concentrations of enterococci/IOO mI. As an additional means to assess the quality of 
water at each beach site, Table 6 also includes the number of times water s8mples from 
each beach site exceeded the 35 enterococci/loo ml level based on daily and monthly 
averages. 

1. Beach Water Quality in Northwestern Sector A 

Four beaches in this sector are located in Tumon Bay. where hotels and other 
facilities are built to serve the tourist trade. It is significant to note that the yearly 
geometric mean concentrations of enterococci at the four beaches (San VItores, Dai Ichi 
Hotel, Pacific Star HoteL Ypao) were very low (range: 2.2 to 5.5 enterococci/IOO ml) and 
no single water sample exceeded the USEPA standard level of 35 enterococci/IOO mi. 
Similar results were obtained from Tanguisson Beach located just north of Tumon Bay. 
These results (Table 6) show that the beaches where most of people use the water for 
swimming were rated as excellent to good and the data indicate that the risk of water
borne diseases to people using waters from Tumon Bay for recreational purposes is very 
low. 

Six beaches in this sector were from Agana Bay which receives the discharge of 8 
MGD of primary treated sewage. The quality of waters from these six beaches (Sleepy 
Lagoon, Dungca's. East Agana Bay. Padre Palomo Park, Agana Boat Basin, Agana 
Bayside) were rated as good to fair with yearly geometric mean ranging from 7.7-:J9.8 
enterococci/IOO ml (Table 6). Although the yearly geometric mean concentrations of 
enterococci at all these beaches were well below 35 enterococcillOO ml level, there were 
instances when water samples at some of these beaches exceeded the 35 enterococci/I 00 
mlleve1 and therefore suggested a source of contamination in this bay. The results in Table 
6 show that water samples at East Agana Bay Beach exceeded the 35 enterococci/IOO mI 
level during two daily samples but met all of the monthly geometric mean standard. In 
contrast, water samples at Dungca's Beach exceeded this level during two daily samples 
and did not meet the monthly standard during one month while water samples at Agana 
Bayside Beach exceeded the 35 enterococci level on five daily samples and exceeded the 
monthly geometric mean during two months in 1994. In summary, the water quality of 
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beaches in Tumon Bay is better than at Agana Bay and most likely reflect the more 
urbanized and industrial land use area in the Agana Bay area, including the discharge of 
primary treated sewage into Agana Bay. These results indicate that the source of 
enterococci at Dungca' s and Agana Bayside beaches should be determined to determine 
the health risks related to the elevated concentrations of enterococci bacteria at these 
beaches. 

2. Beach Water Quality in Northwestern Sector B 

Of the six (6) beaches in the Northwestern Sector B, the quality of water at four 
beaches (Piti Park, USS Beach, Seaplane Ramp, Aqua World Marine) was excellent to 
good with low yearly geometric mean concentrations of enterococci (Range: 3.2-8.91100 
ml) and no daily samples exceeding 35 enterococci/IOO ml (Table 6). The quality of 
water at the fifth beach (Asan Bay) was also good with yearly geometric mean 
concentration of only 7.6 enterococci/IOO ml and only one daLly water sample which 
exceeded the 35 enterococci/IOO mllevel. 

In contrast, the quality of water at Santos Memorial Park Beach failed to meet the 
conservative yearly geometric level of 35 enterococci/IOO ml and was classified as 
compromised with a yearly geometric mean concentration of 37.1 enterococci/IOO ml. 
This beach failed to meet the geometric mean concentration of 35 enterococci/IOO ml 
during 5 months in 1994 and during 16 daily samples indicating a continuous and serious 
source of pollution at Santos Memorial Park. Since there are no ocean sewage outfalls 
near this beach, the source of contamination may be the Masso River which discharges 
near this beach site. A study should be conducted to document the source of enterococci 
contaminating Santos Memorial Park so a betta' health risk assessment can be made. 

3. Beach Water Quality in Southwestern Sector 

Four beaches in this sector are located in Asat Bay which receives secondary 
treated sewage from an ocean outfall. Of these four beaches, Rizal Beach was rated 
excellent with a yearly geometric mean of only 2.2 enterococci/IOO ml and NlII1itz Beach 
was rated as good with a yearly geometric mean of 8.5 enterococci/IOO ml (Table 6). 
Both of these beaches met the critical monthly geometric mean of less than 35 
enterococcillOO mI throughout 1994. The two other beaches were rated as good based 
on a yearly enterococci/l 00 ml geometric mean of 10.1 at Apaca Point Beach and 17.1 at 
Agat Bay Beach. The Apaca Point Beach failed to meet the critical monthly geometric of 
35 enterococci/IOO during one month in 1994 while Agat Bay Beach failed to meet this 
standard during two months. Since these two beaches are located within Agat Bay and 
sewage is discharged into this bay, studies should be conducted to determine whether the 
sewage outfall is the source of the enterococci recovered from these beach water 
samples. Recreational waters contaminated with enterococci bacteria from a sewage 
discharge source is related to higher health risks as compared to recreational waters 
contaminated with enterococci from non-point sources such as streams or storm drains. 

Three other beaches are located in this sector. The quality of water at Umatac 
Bay Beach is good with a yearly geometric mean of 6.4 enterococci/l00 ml and no 
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elevated concentrations of enterococci in any single water sample (Table 6). Thus, there 
does not appear to be serious source of pollution at this beach. The quality of water at 
Merizo Pier Beach located in the Cocos Lagoon area was rated as fair with a yearly 
geometric mean of 18.7 enterococci/loo mi. This beach failed to meet the aitical 
geometric mean standard during two months in 1994 indicating that this beach is 
susceptible to pollution. The most likely source of pollution at Merizo Pier Beach may be 
the poor circulation of water in the shoreline areas of Cocos Lagoon and the discharges 
from streams and boats into this lagoon. 

The quality of water at Toguan Bay Beach was rated as poor because the water at 
this beach had a yearly geometric mean of 44 enterococci/l00 ml (Table 6). Significantly, 
water samples from this beach exceeded the geometric mean level of 35 enterococci/l 00 
ml level in 12 daily samples and failed to meet the aitical monthly geometric mean 
standard during 5 months in 1994. These results indicate a serious and continuous source 
of contamination at this beach site. The most likely source of enterococci is the treated 
sewage from the Umatac-Merizo Sewage Treatment Plant which discharges into the 
Toguan River and eventually empties into Toguan Bay. This treatment plant is curremly 
under evaluation and review by the Guam EPA and the United States EPA for the 
issuance of a National Pollutant Discharge Elimination Permit (NPDES). Since Toguan 
Bay Beach is close to Merizo Pier Beach, and since there was evidence of elevated 
concentrations of enterococci at Merizo Pier Beach, it is important to conduct studies to 
determine the effects of the sewage discharge into Toguan River on the water quality of 
Merizo Pier Beach. It should be noted that Merizo Pier Beach is located in Cocos 
Lagoon which has poor water circulation problem. However, this beach is currently 
classified by Guam EPA as "M-l" or "Excellent". 

4. Beach Water Ouality in Southeastern Sector 

The quality of water at all seven beaches in this sector was classified as excellent 
to good with yearly geometric mean ranging from 3.2 to 16.5 enterococci/1oo ml (Table 
6). These results may reflect the smaller population growth in this area as well as the lack 
of ocean sewage outfalls in this area. However, evidence of contamination was observed 
at lnarajan Pool Beach and lnarajan Bay Beach as both of these beaches failed to meet 
the monthly geometric mean standard for enterococci during one month in 1994. At 
Talofofo Bay Beach, the monthly geometric mean standard for enterococci was not met 
during two months in 1994. Likely sources of enterococci bacteria contaminating these 
three beaches appear to be run-off from streams, rivers and other terrestrial discharges 
near these beach areas. A study to document the source(s) of enterococci contaminating 
these three beaches should be conducted to assess the public health risk of the elevated 
concentrations of enterococci recovered from water samples at these beaches. 
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E. CoadulioDS 

The goal of this phase of the study was to monitor the major beaches of Guam 
and to determine whether the quality of water at these beaches can meet the new USEP A 
marine recreational standard based on a monthly geometric mean of 35 enterococci/IOO 
mi. USEP A has concluded that the new recreational water quality standard based on 
enterococci bacteria is superior to the old recreational standard based on fecal coliform 
bacteria because only concentrations of enterococci were able to predict rates of water 
borne diseases among swimmers using that recreational beach. Thus, in the application of 
the new enterococci standard, the concentrations of enterococci bacteria from beach 
water samples can be used to predict a health risk as to the expected numbers of 
swimmers who may become ill from water-borne diseases. However, as recently 
summarized by Fujioka and ByappanahaJJi (1996), the interpretation of the USEP A 
recreational water quality standards may not be valid in tropical islands because soil, 
plants, pristine stream waters of tropical islands have been documented to be 
environmental and non-fecal sources of fecal indicator bacteria such as fecal coliform, E. 
coli and enterococci. These findings relate directly to interpreting the USEP A 
recreational water quality standards beca'lse direct input of a sewage discharge was 
always documented in the epidemiological studies conducted by USEP A to show a 
correlation between concentrations of enterococci and water-borne diseases. However, 
when USEPA conducted a subsequent study (Calderon et al, 1991) at a recreational 
beach in which the source of enterococci was not sewage but due to non-point sources, 
there was no correlation between the number of enterococci in recreational waters and 
incidences of water-borne diseases in people using that beach. 

In summary, the predicted incidences of water-borne diseases due to recreational 
use of waters is directly related to· concentrations of enterococci from sewage but not if 
the source of enterococci is from non-point sources such as streams or storm drains. 
Unfortunately, in many environmental samples, one cannot be sure of the source of 
enterococci bacteria. Moreover, in tropical islands such as Hawaii and Guam, non-point 
sources (streams, rivers, storm drains) always contain very high concentrations of 
enterococci and a major source of this enterococci is not related to feces or sewage. 
Thus, special care should be taken in predicting incidences of water-borne diseases 
related to concentrations of enterococci recovered from recreational waters in tropical 
islands. 

To determine whether a recreational body of water can meet the new USEPA 
marine recreational water quality standard, USEP A recommends that a geometric mean 
concentration of 35 enterococci/IOO based on five consecutive samples over a 30 day 
period (month) be used. When this level of enterococci is reached, there is an 
unacceptable health risk and action should be taken to close the beach. As a result, the 
geometric mean concentration for the month is most often used. However, for many 
beach sites, the geometric mean concentrations of enterococci varies from month to 
month. One way to assess the quality of water at the beaches is to determine the 
frequency of monthly violations. A' conservative approach to determine the quality of 
water at a beach is to determine the yearly geometric mean concentrations of enterococa. 
If the yearly geometric mean concentrations of enterococci exceeds 35 enterococcillOO 
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mI, one can safely conclude that the beach is consistently contaminated. Another 
alternative is to determine the number of times single water samples exceed 35 
enterococcilloo mI as an indication of sporadic sources of contamination. Conversely, 
beaches in which water samples always contain very low levels of enterococci can be 
used as evidence that the beach is not susceptible to contamination and is safe for 
recreational use. 

In the present study completed in Guam, two of the 31 beach sites (Santos 
Memorial Park, Toguan Bay) failed to meet the new USEPA marine recreational water 
quality standard based on the conservative, yearly geometric mean of35 enterococci/loo 
mI. Thus, these two beaches are being contaminated by a continuous and significant 
source of enterococci bacteria. These two beaches must be considered highly polluted 
and steps should be taken to determine the sources of pollution for these two beaches to 
determine the relative public health risks associated with the elevated concentrations of 
enterococci. Moreover, steps should be taken to reduce this source of contamination. 

Although the yearly geometric mean concentrations of enterococci were well 
below 35 enterococcilloo ml, the monthly geometric mean of35 enterococci/loo mI was 
exceeded at least once in seven other beaches in Guam. This occurred during only one 
month in four beaches (Dungca, Agana Bayside, lnarajan Pools, lnarajan Bay), during 
two months in one beach (Agat Bay) and during three months at two beaches (Merizo 
Pier, Talofofo). These results show that these beaches are being contaminated with 
significant levels of enterococci and therefore the source of the enterococci 
contaminating these beaches should also be determined. These results can lead to making 
some judgment on associated health risks and the extent to which actions should be taken 
to reduce the concentrations of enterococci at these beaches. 

In summary, it appears feasible for Guam to accept the new USEP A marine 
recreational water quality standard of · a geometric mean of 35 enterococcillOO mi. 
However, before accepting this new standard, the following three recommendations are 
made to the Guam Government: . 

1. Studies should be completed to document to the satisfaction of the 
Government of Guam and USEP A that environmental sources of enterococci unrelated 
to direct fecal or sewage contamination are present in Guam. AU of these environmental 
sources of fecal indicators should be determined and conditions which favor the discharge 
of these environmental sources of fecal indicators into coastal waters should be 
determined. 

2. An understanding should be reached with USEP A and agencies in Guam which 
are involved in water quality assessments that dOcumenting the sources of enterococci in 
recreational waters should be used in rnaJcing health risks aMessment. Sewage as source 
of enterococci is related to high health risk whereas non-point sources of enterococci 
may not be · directly related to fecal contAmination and is associated with less of a health 
risk. 
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3. The reliability of the USEP A recommended water quality standards has been 
previously questioned by studies conducted primarily in Hawaii. In this regard, the 
Department of Health, State of Hawaii is considering adopting a recreational water 
quality standard other than that recommended by USEP A The Government of Guam or 
Guam EPA should consult with the Department of Health, State of Hawaii on this 
matter. 
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Table 1: Name, site number,location and general geographical site of 32 major recreational beaches 
in Guam 

Site. Name fA Beach Beacb Loeatioa !:~ .. _hie Sector rA IIe.Id Site 
I Tanguisson Beach Gun Beach Nonhwestern Sector-A (NW-A) 

2 San Vitores Beach TumonBay 

3 Dai Icbi Hotd Beach TumonBay 

" PacificSw TumonBay • 
S YpaoBeach TumonBay 

6 Sleepy Lagoon AganaBay 

7 Dungca's Beach AganaBay 

8 East Agana Bay AganaBay 

9 Padre Palomo PaIk AganaBay 

10 Agana Boat Basin AganaBay 

11 Agana Bayside AganaBay 

12 AsanBay AsanBay Northwestern Sector-B (NW-B) 

13 PitiPalt PitiPaIk 

14 Santos Memorial PaIt Piti Bay 

IS USOBeach PitiBay 

16 Seaplane Ramp ApraHalbor 

17 Aqua World Marine ApraHalbor 

18 Port Authority Beich ApraHalbor 

19 RizalI Atlleje Beach AgatBay Southwestern Sector (SW) 

20 Apaal Point PaIt AgatBay 

21 AgatBay AgatBay 

22 Nimitz Beach AgatBay 

23 UmatacBay UmatacBay 

24 ToguanBay ToguanBay 

2S McrizoPier Cocos Lagoon 

26 Inarajan Pools Inarajan Bay Southeastern Sector (SE) 

27 Inarajan Bay Inarajan Bay 

28 Talofofo Bay Talofofo Bay 

29 Ipan Public Beach Talofofo Bay 

30 TogchaBay Talofofo Bay 

31 TapchaDg Beach PagoBay 

32 PagoBay PagoBay 
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Table 2. 
Daily, monthly, and yearly mean concentration (CFU/IOO ml) of enterococci recovered from 

Northwestern Beaches (Seeton A) of Guam. 

DATE Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8 Site 9 Site 10 
212/94 I \,2 0.9 2 0.7 11 .6 \.9 4.4 8.4 1.S 5.6 
2/9/94 I \,2 0.9 4.5 0.7 19.3 0.7 4.4 10.9 4.6 8.7 

2116/94 5.9 3 3.6 0.7 13.1 2.1 16.8 43.2 13.8 20.9 
2123/94 5.9 8.7 9.7 0.7 16.8 0.9 5.5 45.2 12 23.6 

monthly mean: 8.6 3.4 5 0.7 15 1.4 7.8 27 8 15 

3/9/94 3.9 2.6 7.4 0.5 4.9 0.9 5.5 15.7 12 27.7 
3/16/94 2.9 2.3 4.9 1.1 3.9 OJ 1.7 8.5 9.3 32.2 
3123/94 6.5 5.2 2.1 2.6 2.7 0.5 1.9 5 7.2 20.8 
3129/94 5.1 4.5 2.8 2.6 3.3 0.5 \,4 4.3 8.8 29.7 

monthly mean: 4.6 3.7 4.3 1.7 3.7 0.6 2.6 8.4 9.3 28 

4/13/94 8.1 5.2 2.4 5.4 3.2 \,7 5.2 9.5 17.5 24.3 
4/20/94 8.1 10.8 2.1 5.4 3.2 3.5 5.9 9.5 17.5 13.6 

monthly mean: 8.1 8 2.3 5.4 3.2 2.6 5.6 9.5 18 19 

5/5/94 3.6 4.5 1.I 2.4 1.4 9.1 12.4 7.2 10 10.4 
5/11/94 4.5 5.3 3 2.5 1.5 12.5 10.8 10.9 17.9 13 
5/18/94 4.2 3.9 2.2 1.9 1.8 11.3 13.7 6.6 4.9 13.6 
5125/94 3.3 2.8 2.2 2.2 1.5 9.8 8.8 2.9 2.2 12.8 

monthly mean: 3.9 4.1 2.1 2.3 1.6 11 11 6.9 8.8 12 

611/94 \.6 1.3 1.2 1.1 1.5 4.7 3.7 2.9 4.7 22.3 
618/94 3.3 2.5 3.9 2.8 3.7 3.8 1.8 1.6 7.1 17.5 

6115/94 2.7 2.2 2.7 1.2 3.9 4.1 2.8 0.6 3 20.5 
6122/94 1.1 3.3 1.3 1.2 4.1 4.1 5 0.7 10.7 15.7 
6/29/94 0.9 2.9 1.6 I 4.1 3.1 5 0.5 6.8 16.6 

monthly meaa: 1.9 2.4 2.1 1.5 3.5 4 3.7 1.3 6.5 19 

8/3/94 0.9 8 1.6 2.5 8.6 8.2 12.1 0.5 6.8 12.6 
8/10/94 1.3 • \,7 3.8 13.6 17 5\,4 2.4 8.1 12.6 
8/17/94 1.7 • 2.4 3.8 5.7 22.9 68.1 7 9.4 12.4 
8/24/94 6.5 • 7 5.1 4.2 25.4 31.2 2.9 2.6 9.4 
8/31/94 7.5 • 2.5 2.4 4.2 12.1 13 3.5 3 10.8 

moathly meaa: 3.6 8 3 3.5 7.3 17 35 3.3 6 12 

9n194 20.6 • 6.1 2.6 5.5 4.7 14.9 10.2 3.5 10.2 
9/14/94 6.9 2.8 3.8 1.1 2.9 I.l 7J 4.2 2.2 13 
9121/94 4.5 3 6.1 4 8 1.1 6 4J 3.2 15.4 
9128/94 1.2 1.1 2.1 3.5 3.3 0.4 8.1 13.4 12.8 7.4 

moathly mean: 8.3 2.3 4.5 2.8 4.9 1.8 9.1 8 5.4 12 

10/12194 1.4 I 3 4.4 3.5 I 4 1.3 22.4 I 12.6 15.9 6.2 

11123/94 1.3 2.2 3.8 1.3 3.9 1.3 17 4.4 6.6 6.9 
11130/94 3.8 6.5 1.8 1.9 5.4 3.9 22.4 6.8 6.6 8.2 

moathly meaa: 2.6 4.4 2.8 1.6 4.7 2.6 20 5.6 6.6 7.6 

1217/94 4.7 3.6 0.4 1 1.9 2.4 16.2 7 5.2 6 
12114/94 4.7 3.6 l.l 0.5 5.1 5.9 8.7 5.5 2.7 12.6 
12121194 5.2 2.9 1.6 I 6.4 4.1 8.2 6.5 2.7 12.6 
12128/94 4.9 2.5 1.4 I 5.7 8.6 8.2 19.3 5.7 13.9 

monthly meaa: 4.9 3.2 1.1 0.9 4.8 5.3 JO 9.6 4.J 11 
YEARLY MEAN: 4.89 3.73 3.10 2.16 5.54 5.60 11.3 8.70 7.67 14.8 
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Table 3. 
Daily, monthly, and yearly mean concentration (CFUlloo ml) of enterococci recovered 

from Northwestern Beaches (Section B). 

DATE Site 12 Site 13 Site 14 Site 15 Site 16 Site 17 

2/2/94 7 12.4 37.9 0.2 0.3 0.7 
2/9/94 4.1 14.3 56.2 0.2 0.2 0.4 

2/16/94 6.5 13 42.4 0.7 0.2 1.3 
2/23/94 14.7 13 75.6 0.7 0.3 1.3 

monthly mean: 8.1 13.1 53 OA5 0.25 0.92 

3/9/94 5.3 11.3 59.7 1.4 0.3 2.7 
3/16/94 3.3 7.9 49.7 2.3 0.6 4.1 
3/23/94 1.6 6.9 34.6 4.1 1.1 4.1 
3/29/94 1.7 5 63.5 1.3 2.6 3.3 

monthly mean: 3 7.77 51.8 2.27 /.15 3.55 

4/13/94 2.7 8.6 62.8 3.1 3.2 7.5 
4/20/94 2.7 3.8 19.8 1.5 8.1 8.1 

monthly mean: 2.7 6.2 41.3 2.3 5.65 7.8 

5/5/94 3.4 3.8 13.1 0.8 7 6.2 
5/11194 8.4 4.9 11.7 1.9 8.1 7.7 
5/18/94 4.8 2.3 1.9 4.5 10.3 3.2 
5/25/94 3.6 1.6 1.4 5.4 10.9 3 

monthly mean: 5.1 3.15 7.02 3.15 9.07 5.02 

6/1/94 3.6 4.5 5.3 18.7 4.3 2.4 
6/8/94 4.8 6 11.3 21.5 3.6 2.1 

6115/94 5.7 5.4 14.5 14.9 3.6 1.7 
6122194 8.3 15.9 49.7 6.2 3 4.5 
6/29/94 7.6 13.8 43.3 5.2 1.3 6.8 

monthly mean: 6 9.12 24.8 13.3 3.16 3.5 

8/3/94 18.3 4.8 40.3 2.7 2.6 6.8 
8/10/94 13.2 9.3 57 3.1 303 9.4 
8/17/94 27.8 10.7 77.7 1.1 5 13.6 
8/24/94 35.6 13.7 86.1 2.4 3.8 12.7 
8/31194 14.8 13.7 35.8 1 3.8 4 

monthly mean: 22 10.4 59.3 2.06 3.7 9.3 

917194 19.6 35.7 40.2 1.4 5.2 5.7 
9/14/94 7.8 5.7 28.6 0.6 1.7 4.2 
9/21/94 3.9 6.5 22.9 0.6 1.4 3.9 
9/28/94 I 1.7 20.3 OJ 0.8 6.5 

monthly mean: 8.1 12.4 28 0.72 2.27 5.075 

10/12/94 3.8 3.4 128.3 0.7 1.7 6.5 

11123194 3 2.7 32.2 0.3 0.6 2.5 
11130194 3 6.9 17.3 0.3 1.4 3 

monthly mean: 3 4.8 24.7 0.3 1 2.75 

1217/94 2.3 6.3 12.3 0.3 1.7 I 
12114/94 5.5 16.3 12.7 0.3 3.8 0.3 
12121194 3.8 12.2 9.2 0.3 1.8 0.6 
12128/94 3.1 5.8 24 0.5 3.3 1 

monthly mean: 3.7 10.1 14.5 0.35 2.65 0.72 

YEARLY MEAN: 7.61 8.85 37.1 3.16 3.17 4.37 
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Table 4. 
Daily, monthly, and yearly mean concentration (CFUlIOO ml) of enterococci recovered from 

Southwestern Beaches of Guam. 

DATE Site 19 Site 20 Site 21 Site 22 Site 23 Site 24 Site 15 

212/94 0.8 0.6 1.2 1.2 0.2 14.4 5.6 
219/94 0.8 1.1 0.5 2.7 0.2 14.8 6.4 

2/16/94 0.8 I 0.5 2.4 0.2 17 2.8 
2123/94 0.8 I 0.6 4.3 0.5 47 3.2 

monthly mean: 0.8 0.92 0.7 2.65 0.27 23.3 4.5 

3/9/94 /\0 2.1 0.6 9.4 0.3 63.5 2.5 V.O 

3/16/94 0.8 2.8 2.8 9.4 0.8 31.9 8 
3/23/94 1.4 3.7 8.1 11.4 1.9 28.5 9.6 
3129/94 1.3 4 51.4 8.7 5.3 30.9 13.5 

monthly mean: 1.07 3.15 15.72 9.72 2.07 38.7 8.4 

4/13/94 2.7 8.4 35.3 4.8 2.1 29.2 18.6 
4120/94 2.7 4 35.3 1.4 4.4 20.4 18.6 

monthly mean: 2.7 6.2 35.3 3.1 3.25 24.8 18.6 

5/5/94 2.4 3.6 18.1 25 2.7 14.6 16.2 
5111/94 3 3.9 6.3 2.2 2.4 16.8 16.8 
5/18194 2.8 1.4 2.4 2.3 1.8 15.8 12 
5125194 3.2 1.6 3.1 5.5 3.3 16.8 9.4 

monthly mean: 2.85 2.62 7.47 3.12 2.55 16 /3.6 

611/94 3.2 1.6 1.5 6.3 4.2 13.5 8.9 
618194 1.4 0.7 1.7 6.3 7.9 14.3 10.4 

6115194 • 0.7 4.1 6.6 7.3 18.3 12.2 
6122194 • 2.7 6.7 7.8 9.9 5.6 19.3 
6129/94 • 2.8 6.7 7.8 5.4 6.3 20.5 

monthly mean: 2.3 1.7 4.14 6.96 6.94 1/.6 14.2 

813/94 • 8.3 19.3 10.7 7.7 19 32 
8110/94 • 52.5 46.8 37.1 8.9 50 42.7 
8117/94 • 79.6 73.5 46.8 14.3 48.9 38.7 
8124/94 • 46.7 56.6 36.1 5.1 141.1 30.4 
8131194 • 17.9 42.9 15 13.2 157.1 47.8 

monthly mean: • 41 47.8 29.1 9.84 83.2 38.3 

917/94 • 24 62.2 19.4 10 91.8 37.2 
9/14/94 • 8.6 9.9 6.4 6.4 53 31.8 
9121/94 • 7.5 165 6.3 5.7 84 38.2 
9128/94 7.4 3.1 5.5 2.4 19.4 92.2 52.8 

monthly mean: 7.4 10.8 23.5 8.62 10.3 80.2 40 

10/12/94 11.1 11.4 8.4 2.4 19.4 102 36.5 

11123/94 3.6 5.9 4.5 0.6 14.1 174 13.2 
11130/94 2 8.1 13.6 0.8' 5.6 48 7.5 

monthly mean: 2.8 7 9.05 0.7 9.85 III 10.3 

12/7/94 2 4.9 5.6 0.7 7.8 23.5 6.2 
12114/94 2.1 15.4 15.5 0.7 8.6 17.8 4.5 
12121/94 1.4 8.8 14.1 2.1 6 16.1 5.3 
12128194 2.5 4.2 17.5 7.9 9.6 2.5 13.7 

monthly mean: 2 8.32 J3.1 2.85 8 14.9 7.42 

YEARLY MEAN: 2.54 10.1 17.1 8.S3 6.36 44 18.7 
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Table 5. 
Daily, monthly, and yearly mean concenration (Crull 00 ml) of enterococci recovered from 

Southeastern Beaches of Guam. 

DATE Site 16 Site 17 Site 18 Site 19 Site JO Site 31 Site 31 
2/2194 I.l 0.4 2.5 2.2 4.5 • 0.7 
219/94 I.l 0.4 2 2.2 2.5 • 0.4 

2116/94 3.7 0.9 1.7 1.7 1.6 1 0.2 
2/23/94 1.8 0.9 1.7 1.7 1.6 I 0.2 

monthly mean: /.92 0.65 1.97 /.95 2.55 I 0.37 

3/9/94 2.5 1.5 3.9 1.5 1.4 0.5 0.5 
3/16194 15.7 9.4 9.5 3.1 3 1.1 1.5 
3/23/94 19.5 19.7 6.6 2.8 3.4 0.6 0.6 
3129194 34.7 59.3 7.2 4.8 11 .8 0.6 1.5 

monthly mean: 18.1 22.4 6.8 3.05 4.9 0.7 1.02 

4/13194 107.1 68.1 7.2 15.2 44 3.9 9.5 
4120/94 27.9 20 2.4 4.3 11.8 3.9 4.2 

monthly mean: 67.5 44 4.8 9.75 27.9 3.9 6.85 

5/5/94 4.4 6.6 2.6 5.6 5.6 3.7 3.2 
5/11194 7.3 10.7 9 7 6.5 10.3 8.3 
5118194 1.2 3.1 • 2.3 I 3.9 II 
5125194 0.4 2.3 • 0.7 0.6 0.6 4.2 

monthly mean: 3.32 5.67 5.8 3.9 3.42 4.62 6.67 

611/94 0.9 5.9 • 2.2 1.8 1.5 8.8 
618194 1.6 5.9 • 1.6 6.6 0.7 4.2 

6115194 0.4 1.7 • 1.6 2.4 0.4 4.2 
6122194 0.4 2.2 5.1 1.6 2.4 1.2 2.7 
6129194 1.1 3.3 3.8 4.9 1.2 4.2 1.1 

monthly mean: 0.88 3.8 4.45 2.38 2.88 1.6 4.2 

813194 1.8 3.9 6.9 3.9 1.3 3.2 2 
8110194 3.3 5.7 9.2 5.9 1.3 8.3 6.1 
8/17194 12.6 21.3 27.4 6.6 4.7 11.9 8.1 
8124194 30.4 22.6 19.5 20.6 13.4 4.3 8.1 
8131194 33.6 17.1 40.1 17.9 13.4 2.6 8.1 

monthly mean: 16.3 14.1 20.6 10.9 6.82 6.06 6.48 

9n194 18.3 14.9 35.3 28.1 12.2 3.9 2.2 
9/14194 5.5 4.9 38.9 18.5 10.6 5.3 1.5 
9121194 6 8.3 40.1 6.4 2.9 4.3 t.I 
9128194 2.5 13.6 55.3 2.1 3.1 4.3 0.5 

monthly mean: 8 10.4 42.4 13.7 7.2 4.45 1.32 

10/12/94 2.2 18.7 58.1 0.8 19.6 • 2.2 

11123194 2.6 7.2 36.7 0.2 19.3 • 2.2 
11130194 2.6 I~I 33.3 0.1 14.6 • 2.8 

monthly mean: 2.6 10./ 35 0./5 16.9 • 2.5 

12nl94 1.8 5.7 10.8 0.3 35.2 • 4.6 
12114194 1.8 1.4 7.2 0.3 25.8 • 14.7 
12121/94 2.7 1.4 5.5 0.8 13 1.6 7 
12128194 1.9 2.5 6.8 1.9 10.4 1.3 7 

monthly mean: 2.05 2.75 7.57 0.82 2/.1 1.45 8.32 
YEARLY MEAN: 10.4 11.8 16.5 5.18 L99 3.11 4.15 
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Table 6. Summarized quality of water at 31 beaches on Guam based on geometric mean 
concentrations of enterococci per 100 ml 

Identification of Beach Site Enteroc:o<:cillOO m1 
Yearly Weekly Monthly 

No. Sector Name Location Quality Mean Mean- Mean-

--1._. __ .... ~-A ... _ ... _~~n ~.~ .. __ .... _ .... _~.~h .................... 9ood ...... ____ ...... ~.:!. __ .... _....Q ..... _. 0 
... ...L-..... ~-A ....... _~ Vitores ~~ .. __ .. __ .. -I.~!.~ .... _ ....... _ .. ~xce11~ ___ .... l.:!.._ ... _ .. _ . .Q.... 0 

3 .. _~:-A .. _ .. _.!?!! lew HoteJ .. ~~_ ... _.-I.~nJ~~I .................... ~~!!_ .. _ ...... }:! .......... _ ... _Q....... _ 0 
.. _ .... ~-A._ .. _ ~c Star . ._._ ............ _~~~!.~ ......... _ ... _ .... ~xceUe!l.!:.. __ ._ ....... !:~ ... _. __ .Q...... 0 

_...L_ .. ~-A _.. YP!IO Beach .... _ ..... _ ....... _ ... _ T~~ . .!!:.Y .................. _.9ood _ ... ____ ........ ~~ .. _._ .... _Q .. ______ O _ _f 

~L .. ~-A ..... _ .. ~1~ Lag~~_ .... _ ... ___ . __ ~p.!!!J!!L .. _ ...... _ ... 9ood ..... ______ ..... ~L .... __ .... ~___ 0 
~ ... !.-.... ~-A_ .... -~'s ~~ ..... _ ....... _ .. _~.~ ..... _._ ...... _ .. Good .... _____ ... ..!~.~ ... __ . __ ... _!.__ 1 
__ 8 __ .~-A _._ East Agana ~ ... __ ... _._ .... _~p.!!!.~ .............. _._9ood ....... __ .. __ ..... ~:!.. ......... __ ._~ .. _. 0 
~ ... L ....... ~-~ ...... PadrePalo~!_~_._._ .. ~_~ .................. _ .. 9ood ..... _ .... _ .. .7.:7_ ....... _.Q........ 0 
.... ~_ ........ ~-A .. _ .. _~2!! Boat ~~::.._ ..... __ ._A~.~ ..................... 9ood ...... __ ........ _J.~.:.~._ ... _ .... Q_... 0 
.. !L ... _.~-~_ .. _~ ~d!?_ .... _ .... _ ... _ .. ~!!!.~ ..................... Fair ..... __ ._ ..... 19!. .. _ ............ ~....... 2 
~._._.~-B ...... _~~~ID~ ............. _ ... __ ... _~.~ ............ _ ... 9ood ....... _ .. _.1.6 ____ L...... 0 + .... -::~....... :: MemOri~i""Park-·-·--~~·~·-.. ···· .. ·· .... · .... ··=iomise ·3;J·"-··-"1·~-"· ~ 

IS :.~_ .. ~~~-::::::::::::--= Pi~::Ba£=~::::~:::::~::=:::Exte~~=--==~~l .. =.~::· 0 
_!L...._~-B ..... _~ne Ra!!!P ...... ____ . __ ~~.HaIbo!_ ..... _ .. pxcell~ __ 3~_. 0 0 

17 NW-B._... Aqua World ~ __ .. __ ~ra HaIbo! ... _ ... " ...... Good ____ .... ~.:!...._. __ Q. 0 
19 SW . RizalIAftleje~h __ .. _~t~ ... _ ............ __ ... Exte~!?!!!_..... 2.5 0 0 
20 ..... SW_ .... _ ... _ApacaPoint .. ~ .. _ .... _ .. __ .. ~_~_ .... _ ............... Good ..... ___ ... IO:!._ ... _2..... 1 

_~I SW.. ~~ _ .......... _ ... __ ~P.!_~I. ........................ 9ood_ .. _ .. __ .. J..7.:.L_ .. __ .!._ 2 
22 SW Nimitz Beach_ ..... ____ .~p.t ~ ................ _ ...... .Goo~L ... ~.:~_.. 3 0 
23 SW Umatac ~ . ___ ... _ . .!!.~~ ~._ ........... Good .. .. .. ~._.Q. 0 

2i... ...... _~W_ .. _.Toguan ~ .......... ___ ... ---I.~~ ~ ........... _ ... foor .. __ .. _ .. ~.'! ....... _ ... ..ll. 4 
25 ... ..!"!I Merizo Pier __ ...... _ .... _ .. ___ ~ .. ~~.! ..... _ ..... Fair ..... ___ . 18.7 .. _ .... _._.7 __ . 2 

~... SE ___ ~ Poo!! ....... ____ .. ~~.~ .... _ ...... _ .. Good .... ____ !QL ...... _..!_ 1 
27 SE Inara~B!I. ........... _ ............ _~~.~.~ ....... _ ... Good .... ____ ._!.!!._ .. _ .. _!... 1 
t-~ ....... ~ ..... _..!.alofofo ~ ..... ___ .. __ .!!!~~f.~ .. ~ ......... _ ..... Good .. ____ .. J§J .. __ ... _!...._.. 2 

29 n _ SE Ipan Public ~!l_ ... ____ Talofo~~ .... _ .. _. Good ...... ~!_ .. __ Q 0 
t-.~ .. - SE _._ Topa ~ ..... __ ._ .. _ T~!Jfo~.!!!r .. ___ .. Good... .~_ .. _._! .. _ 0 

31 .... ~ .. __ .. T~ 13e!£~_._ ... _. __ ~~.~_ .. _ ............... Extel!~ . ....... 2.~. __ ... ~. 0 
32 SE Pago Bay Pago Bay Good 4.2 0 0 

*Times >3S enterococcillOO ml 
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EXECUTIVE SUMMARY 

Between June 1994 and July 1995, six recreational nearshore and six beach 
hole waters (brackish influent groundwaters) were sampled (n= - 3S0) every other 
week in Tumon Bay, Guam and analyzed for salinity, nitrate, silica, phosphate, nitrite 
and densities of Oostridium peifringens (mCP), Escherichia coli (mTEC), group 0 
enterococci (mEIA+), fecal coli forms (mFC), "fecal streptococci" (mEnterococcus), 
and human-associated yeasts (Candida albicans-like colonies on mBiGGY). A seventh 
site (LP) was added IT'.id~ ... \'ay t..'1rough the study. ",AJI samples \~'ere taken between 
0530 and 0800 local time to minimize the effects of UV light on viability and/or 
recoverability. At each site, samples were taken ca. 5 m from shore (bay waters) and 
from holes dug down to the brackish groundwaters (hole waters) at the most recent 
MHW mark on the beach. The beach hole waters are a Significant non-point source 
of fecal pollution due to contamination of groundwaters with street runoff and leaky 
sewer pipes (Matson 1993, Collins 1995). 

When all data were analyzed (i.e., even plates with no colonies), densities on 
mEnterococcus were significantly correlated with the greatest number (4) of other 
indicator groups. Densities on mCP were Significantly (P<O.OS) correlated with the 
greatest number (3) of chemical indicators of enrichment. However, the correlations 
made no geochemical sense and may simply reflect the long survival time of C. 
peifringens. In the bay waters, Significant relationships were found between densities 
on mCP and mTEC (r=0.39), and between mEnterococcus and mEIA+ (r=0.33), 
mTEC (r=0.43), and mFC (r=0.21). In the hole waters, only the mEIA+ and mTEC 
were significantly correlated and only mFC were correlated with arty chemical variable 
(salinity, r= -O.IS). 

The data were again analyzed using the same series of linear correlation 
matrices for each indicator, but only when the indicator produced at least 1 CFUIl 00 
mL (i.e., no 0 data were used). When this was done for the hole water data, positive 
and Significant (P<O.OS) correlations were not found for mFC or for mCP, but counts 
on mENT were correlated with those on S other media, and 9 times for counts on 
mEIA. For the bay waters, mFC were correlated with counts on the other media 16 
times, 21 times for mENT, 6 times for mEIA, and 9 times for mCP. 

If frequency of correlation with other indicators is a valuable criterion for 
evaluating anyone indicator for routine use, then the mEnterococcus ·medium (but 
incubated at 4S °C ) appears superior. Their ease of enumeration (on one relatively 
inexpensive prepared medium that does not require autoclaving) together with the 
low frequency of false positives when incubated at 45°C (Matson, in preparation) are 
advantageous qualities. However, the relatively long survival time of enterococci in 
seawaters and sediments (2-3 weeks) implies that their occurrence may not be 
attributable to recent pollution events (Collins 1995). as is the case for clostridia 
(Fujioka et al. 1992, Hill et al. 1996). Worse, the frequency at which pollution events 
occur on Guam during the rainy season (several times per week) is much greater than 



the survival time of E. coli and enterococci. 
Despite decades of research, a technically simple and unequivocal method to 

evaluate the potential for exposure to health hazards in recreational waters still does 
not exist (Mates and Scheinberg 1991). Unequivocal methods (e.g. 3 to 4 day 
virology procedures, gas chromato-graphy/mass spectrometry of uniquely fecal 
metabolites of humans) are neither simple nor immediate (recent pollution?). Assays 
for fecal bacteria (e.g. enterococci and Eschericia coli) as recommended by the USEPA 
are simple and relatively fast, but, in the tropics, some "fecal" bacteria appear to occur 
regardless of the presence of fecal pollution . . 

• 



INTRODUCTION 

Several groups of bacteria have been used for decades as indicators of the 
potential presence of potential health hazards in recreational waters. The total and 
fecal coli forms and "fecal streps" have historically provided this information, although 
lately subgroups of those operationally-defined indicators are widely being used (e.g., 
Escherichia coli on mTEC and the group D enterococci on mE and mEIA) . Cabelli et al. 
( 1 983) summarized instances of attributable health effects and concluded that, 
among the bacteria, only Escheri.chia w/i !:lnd the Group D enterococci were useful as 
predictors of the likelihood of becoming ill. Regardless, the most common cause of 
illness is enteric viruses (Kay et al. 1994, Aeisher et al. 1993) .. 

Indicator bacteria have almost universally been tested and evaluated in 
temperate biomes in relatively nutrient-rich waters nearshore. Tropical systems are 
much different, however, especially in terms of their nutrient content and thermal 
regime. Higher temperatures might favor growth a.Y)d survival, while low nutrient 
content might not (Lopez et al. 1987). The lack of organiC-rich clastic sediments that 
effectively bind and store nutrients (Milne et al. 1991) may also be a factor in some 
tropical areas since carbonate sediments are generally low in ion exchange capacity 
and in organic matter. As a result of differing physical and chemical factors, the 
reported swvival of so-called indicator bacteria and pathogens (Shiaris et al. 1987) 
varies widely in the literature and often depends upon the habitat type (Burton et al. 
1987, Carillo et al. 1987, Rhodes and Kator 1988, Sorensen 1991) and even the 
genotype (Pettibone et al. 1987). 

In addition, ultra violet light has a strong impact on bacteria and viruses in 
surface waters (Fujioka et al. 1981, Fujioka and Narikawa 1982, Soli and Krstulovi 
1992, Davies and Evison 1994, Wommack et al. 1996). Therefore, it is reasonable to 
expect that fecal organisms in warm, clear tropical waters might not survive as long as 
those in cold, turbid, nutrient-rich, temperate waters (Collins 1995). 

Nevertheless, the public should be informed, in a timely fashion, if evidence of 
fecal matter occurs in recreational waters. Regardless of the microbial indicator used, 
however, the public does not become informed of any potential health hazard until at 
least 36 to 48 hours after the fact. Worse, some indicators, such as enterococci 
(Collins 1995), spore formers (e.g., the clostridia) and human enteric viruses (Loh et 
al. 1979, Wommack 1996) may survive for extended periods, thus creating the 
untenable situation of not knowing (1) how long the waters have been polluted and 
(2) for how long will they be polluted (Mates and Scheinberg 1991, Sinton et al. 
1993). When, in the absence of an obvious effluent boil, IS it hazardous? 

In an effort to identify an indicator organism useful in tropical recreational . 
seawaters of Oceania, we enumerated, using accepted procedures (APHA et al. 1993), 
several different indicators over one year in a warm (28-32 °C), shallow « 1.5 m), 
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tropical coral reef moat of Guam. We compared the indicator densities with known 
chemical indicators of nutrient enrichment (i.e., 5i, reactive P, and nitrite). It should 
here be noted that Tumon Bay's waters are not often polluted:in this study, mEIA+ 
limits (35/100 mL) were exceeded on only 14 of 181 observations at 6 sites between 
June 1994 and July 1995. 

MATERIALS AND METHODS 

Sampling 
Between June 1994 and July 1995, on every other Tuesday, generally between 

0530 and 0900, water samples were taken from 6 bay sites and from holes dug in the 
beach adjacent to these sites in Tumon Bay, Guam (Fig. 1). A seventh, preswnably 
control site (LP) was added in January 1995. The holes were dug with a shovel to a 
depth of ca. 1-2 feet at the mark left on the beach by the previous high tide so that ca. 
10 em of brackish groundwater filled the bottom of the hole. Simultaneously, bay 
water samples were taken directly out in the bay about 5 m from shore (at a depth of 
60-90 an). All samples were obtained in Nalgene PP bottles, stored in the shade to 
maintain ambient temperature and returned to the University of Guam Marine 
Laboratory within 2 hr for immediate analysis. 

MicrobiOlogy 
Appropriate subsamples (either duplicates of 100 mL or 10 or 50 and 100 mL) 

were filtered through sterile, gridded, white, 0.45 p,m pore size 47 mm diameter 
bacteriological filters (Gelman GN-6 Metricel, Lot # 3111712) and rinsed with 
autodaved seawater. mFC (BBL) plates were incubated in a water bath at 44.5 °C, 
mEnterococcus (BBL) and mE (Bacto-Difco) plates were incubated for 40-48 hr at 
44-45°C (to eliminate Lactococcus spp.) and mTEC (Bacto-Difco) plates were pre
incubated at 37 for 2 hr then at 44-45 °C for 18-24 hr. mCP plates (Bisson and 
Cabelli 1979) were pre-reduced in a Gas-Pak jar and incubated for 18-24 hr at 44-45 
°C in an anaerobic CO:IH2 chamber. mBiGGY (BBL) plates were incubated at 37°C 
and chocolate brown, smooth colonies (Candida spp.) were counted. 

Total red colonies on mEnterococcus and dark brownlblack colonies mE were 
counted and the filters were transferred to mEIA (Bacto-Difco) plates for 5-20 min or 
until the black precipitate began to fonn under 52-+ colonies. Yellow/yellow brown 
colonies on mTEC were counted and the filter was then placed on a pad soaked with 
urea broth (BBL). Routine procedures published by the U.S.E.P A (1985) and 
AP.H.A et al. (1992) were used throughout. except for the elevated temperature for 
mEnterococcus. Data are expressed as the average of duplicates in 100 mL of sample. 

Identification of Enterococcus sp. was perfonned on isolates from 45°C mE and 
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subsequently positive mEIA plates that were also catalase negative, gram positive 
cocci that grew in 6.5% NaG, and which were bile esculin positive, using standard 
biochemical procedures (Facklam and Sahm 1991) 

Water Chemistry 
Samples were analyzed for CI- (Haake-Buchler G- titrator, ±O.9% relative 

precision), nitrite (sulfanilamide and N-1-naphthylenediamine-HCI [Sigma], added in 
the field), nitrite + nitrate (Cd reduction, Jones 1984), Si and reactive P (Parsons et 
al. 1983), and conductivity (Orion model 140). Nitrite and RP samples were 
analyzed on sampling day, while nitrates were often allowed to shake overnight, and 
Si and G- were analyzed generally the next day after refrigeration. 
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Figure l. The Tum(;m Bay, Guam study area, with locations of the Ypao (Y), Seaside 
(S), Tahiti RaIna (T) and Leo Palace (L) sites for bay (B) and hole (H) waters. E and 
W are east and west. 
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RESULTS AND DISCUSSION 

Average Chemical and Microbiological Data 
The average chemical contents and 10g1O transformed bacterial densities are 

give in Table 1. Average salinity of the bay waters ranged from 32.9 (TEB) to 34.3 
%0 (YEB) in comparison to Philippine Sea water that averages 34.5 to 35.5 %0 
depending upon season (Matson 1991). The low bay value corresponds to an average 
of ~6% fresh water in the bay at all times. In the beach holes, average salinity ranged 
from 7.1 (SvVH) to 17.1 %0 (LPH), although this value cha..T1ges diu..rnally with the 
tides. This fresh water source to the bay is often contaminated with indicator 
bacteria that are presumably derived from street runoff, much of which is diverted in 
ponding basins, and leaching fields located within 200 m of the beach (Collins, 
1995). 

Except for average E. coli densities at TEB and LPB, the indicator densities are 
all higher in the beach holes than in the bay water less than 10m away (Table I). 
Therefore, we consider the contaminated groundwater to be the major source of 
indicator bacteria to Tumon Bay. Later it is shown that, when they are present, 
bathers are also a Significant source of E. coli. However, our samples were always 
taken during the week and early in the morning when bathers are not present. 

In order to identify contaminated groundwaters as the source, we compared 
indicator densities with chemical data collected simultaneously (Tables 2-4). For all 
data (both bay and hole waters, Table 2) all indicatorS are weakly, negatively, but 
significantly correlated with salinity. Further, counts on mEnterococcus, mEIA, and 
mCP are correlated with nutrients associated with low salinity (i.e., NOx, Si, and 
especially RP). Only mEIA and mTEC counts were Significantly correlated in all 
waters (Table 2). 

When the bay waters are inspected separately, the correlations with nutrients 
are not maintained, except for RP (Table 3). This is presumably due to the rapid 
mixing of solutes in contrast to the retention of bacteria in the sediments on particles. 
Specifically, the hole waters and their bacterial flora are delivered to the bay in seeps 
and sub-bottom springs, such that solutes are rapidly mixed while bacteria on 
particles remain near the bottom. For bay waters only, counts on mTEC were 
positively correlated with those on mENT and mep, and mTEC and mBGY counts 
were significantly related as well. 

When hole waters are inspected separately, again only counts on mEIA and 
mTEC are related. Further, few significant correlations with nutrients were found for 
~e hole waters (Table 4). Presumably, this is because we sampled between 0530 and 
0800 and therefore at different tidal stages. On Guam, low and high tides each occur 
for about half the year at sunrise, and this causes large changes in hole water 
chemistry (and indicator densities, see below). Large changes also occur over a diel 
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as well as the annual CYcle. 

Co"eiations on countable plates onlY 
The data were regressed again with missing data and CFU < 1 removed from 

the data set (Table 5). Also, the regressions were run separately for instances when 
counts were >0, > 10, and >35 CPU/1 00 mi. For the hole water data, mFC and 
mCP densities were not correlated with counts on any other medium, regardless of 
the number of CFU. Counts on mENT and mEIA, however, were significantly and 
positively correlated with counts on the other media in 5 and 9 other situations, 
respectively. 

Table I. Average chemical content ().t.M) and 10gIO transfonned bacterial densities for 
hole (H) and bay (B) sites. 

Site %0 NOx Si RP NO 2 mFC mENT mEIA mCP mTEe 

LPB 33.5 1.6 2.5 0.18 0.47 0.34 0.43 0.25 0.12 0.35 

TEB 32.9 4 .2 3.1 0.28 0.54 0.69 0.66 0.52 0.13 0.80 

1WB 32.4 8.5 3.0 0.17 0 .54 0.39 0.39 0.53 0.15 0.48 

SEB 33.4 4 .0 2.6 0.14 0 .36 0.67 0.67 0.52 0.19 0.70 

SWB 33.5 3.8 2.3 O.ll 0.42 0.51 0.55 0.38 0.15 0.49 

YEB 34.3 1.4 2.1 0.18 0.26 0.53 · 0.55 0.38 0.13 0.42 

YWB 33.1 7.2 3.4 0.12 0.34 0.59 0.59 0.47 0.09 0.23 

LPH 17.1 251 94 1.4 2.6 0.52 1.2 0.95 0.60 0.25 

TEH 13.2 180 51 1.5 1.0 0.83 1.3 0.82 0.62 0.59 

TW 14.3 244 57 1.5 1.7 1.1 1.1 0.95 0.54 0.76 
H 

SEH 14.1 296 54 1.8 1.5 0.91 1.1 0.69 0.76 0.87 

SWH 7.1 154 70 1.2 1.3 1.1 0.88 0.90 0.34 0.76 

YEH 9.6 53 47 1.2 2.9 0.39 0.67 0.76 0.25 0.46 

YWH 15.2 100 38 1.2 1.4 0.59 1.1 0.94 0.88 0.44 
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For the bay water data, all indicators were correlated with at least 6 other instances: 
16 for mFC, 21 for mENT, 6 for mEIA, and 9 for mCP. 

Indicator Densities in Known Source Waters Elsewhere on Guam 
Guam's largest wastewater treatment plant (the Agana WWTP) is a primary 

aerobic system with a frequently-chlorinated influent. Further, its 12 MGD capacity 
(-8 MGD average flow) is often exceeded during heavy rainfall, as local street runoff 
is diverted through the plant. The effluent normally meets all NPDES limits, but its 
quality is variable due to operational problems caused by a lack of funds for mainte
nance. Nevertheless, in comparison with the three other larger treatment plants on 
Guam (1.5 and 3 MGD), its effluent is of good quality and representative of similar 
type plants elsewhere. 

We sampled this and two other WWT plants, and routinely found densities of 
E. coli, enterococci, and Oosmdium peifringens similar to those in Fig. 2. Counts on 
mCP (ca. 104/100 mL) show that a 1/l000 dilution of effluent in coastal water (i.e., 
undetectable with an ordinary salinity meter) would provide fewer than 10 
CFU/plate, while mTEC enumerations would need dilution another 100-fold to 
provide a countable plate. Fujioka et al. (1992) encountered similar levels and ratios 
in Hawaiian wastewater effluents. Thus, in terms of detection limit, counts on mTEC 
or on the enterococcal media are 10-100 times more sensitive. 

The treatment plants, however, are not an important source of coastal 

...J 1E7 
E 
o 
o 
~ iE6 -::::> 
u. 
() 1E5 

1E4 

- pollution on Guam 

Agana WWTP Effluent (Borja and Wood 
1986), and the most 
important and 
ubiquitous sources by 
far are non-point on 
Guam (Matson 1993) 
and throughout 
Micronesia (DeTayet 
al. 1992). Worse, 
ratios of indicator 
densities in samples of 
non-point sources are 
usually quite variable 

mTEC mEntero mE (Collins 1992), mCP 
presumably due to 

I~AverageBCV different rates of die-L-______ ~==========~ __ ~ 
off. Figure 2. Average densities of indicators (n=3, ± 1 SD, as 

coefficient of variation, CV) in the Agana WWTP. 

7 



Table 2. Simple linear correlation coefficient matrix for all water data. Bold italicized numbers are significant at 
p=O.OS or better. Data are in inches of total rain(previous week), CFU/IOO mL, %0 Salinity and ,uM. 

7d rain mFC mENT mEIA mCP mTEC mBGY Salinity NOx Si RP 

mFC -0.03 

mENT -0.04 0.03 

mEIA -0.11 0 0.05 

mCP -0.09 -0.02 0.07 0.04 

mTEe -0.06 0.02 0.02 0.37 -0.04 

mBGY -0.05 -0.02 -0.03 -0.02 0.01 -0.01 

Salinity 0.02 -0.15 -0.116 -0.16 -0.15 -0.15 0.01 

NOx -0.06 0.09 0.22 ·0.02 0.19 0.03 0 -0.61 

Si -0.08 0.06 0.1~~ -0.01 0.10 -0.01 0.01 -0.65 0.51 

RP -0.01 0.10 0.16 0.15 0.23 0.07 0.04 -0 .. 60 0.62 0.44 

N02 -0.07 -0.07 0.011 0.18 0.11 -0.06 0.02 -0.48 0.22 0.49 0.34 

n= 175 321 277 350 232 350 88 350 350 350 168 

critical r 0.15 0.14 0.12 0.11 0.13 0.11 0.16 0.11 0.11 0.11 0.15 
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Table 3. Simple linear correlation coefficient matrix for bay Welter data only. as in Table 2. 

7d rain mFC mENT mEIA mCP mTEC mBGY Salinit NOx Si RP N02 

Y 

mFC -0.06 

mENT -0.11 0.21 

mEIA -0.09 -0.02 0.33 

mCP -0.18 0.01 0.15 -0.04 

mTEC -0.05 0.15 0.43 0.06 0.39 

mBGY -0.42 0.04 -0.36 0.65 0.13 0.62 

Salinity -0.15 0.07 -0.14 -0.11 0.14 0.04 0.41 

NOx -0.14 -0.05 0.07 0.06 -0.13 -0.05 -0.49 -0.86 

Si -0.03 -0.07 0.10 0.05 -0.20 -0.03 -0.13 -0.51 0.49 

RP -0.15 0.23 0.39 0.25 0.40 0.14 0.17 0.06 -0.06 -0.05 

N02 -0.09 -0.17 -0.05 0.02 -0.33 -0.23 -0.20 -0.17 0.01 0.39 -0.04 

n= 182 167 145 182 116 175 12 182 182 182 91 104 

critical r 0.14 0.15 0.16 0.142 0.18 0.15 0.53 0.142 0.142 0.142 0.20 0.19 
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Table 4. Simple linear correlation coefficient matrix for hole water data only, as in Table 2. 

7d rain mFe mENT mEIA mep mTEe mBGY Salinity NOy Si RP N02 

mFe -0.03 

mENT -0.05 0.01 

mEIA -0.13 -0.02 0.03 

mep -0.12 -0.04 0.04 -0.01 

mTEe -0.08 0.01 0 0.39 -0.09 

mBGY -0.07 -0.03 -0.07 -0.03 -0.02 -0.02 

Salinity 0.06 -0.15 -0.10 -0.06 0.08 -0.08 0.14 

NOx -0.10 0.06 0.19 -0.12 0.08 -0.03 -0.07 -0.42 

Si -0.12 0.02 0.08 -0.11 -0.03 -0.09 -0.10 00048 0.36 

RP 0.02 0.01 0.09 0 0.01 0.04 -0.08 -0.01 0040 -0.05 

N02 -0.10 -0.14 -0.08 0.09 -0.04 -0.12 -0.08 -0.06 -0.11 0.24 -0.03 

n= 182 168 146 182 116 175 76 182 182 182 91 103 

critical r 0.14 0.15 0.16 0.142 0.18 0.15 0.22 0.142 0.142 0.142 0.20 0.19 
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Table 5. Matrix of the number of times indicators with countable plates correlated 
significantly and positively with counts on the other media. 

HOLE mFC mENf mEIA mCP mTEC 
DATA 

mFC X 

mENf 0 X 

mEIA 0 3 X 

mCP 0 2 0 X 

mTEC 0 0 9 0 X 

TOTAL 0 5 9 0 

BAY DATA mFC mENf mEIA mCP mTEC 

mFC X 

mENf 4 X 

mEIA 0 8 X 

mCP 7 3 0 X 

mTEC 5 10 6 9 X 

TOTAL 16 21 6 9 

In comparison with the bacterial levels for the sewage effluents, Guam's street 
runoff in the Tumon Bay area is often contaminated with up 10% raw sewage. We 
commonly find enterococci at densities of 103 to 106 in runoff that collects in 
roadside gutters before it enters a storm sewer. Recently, we sampled during a heavy 
storm that flooded the main roadway and found 7xloJ E. coli and 1400 Group 0 
enterococci/IOO mL of storm water before it entered the stonn sewers. These 
contaminated waters drain into Tumon Bay within days to weeks. 
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On other occasions, however, bathers may directly pollute the nearshore 
waters. We examined this in 2 preliminary studies in the dry season. Samples were 
taken on consecutive days at 3-5 PM on a flooding tide in ca. 0.5 m of water from 10 
popular beach sites when bathers were and were not present. Although the co
occurrence could be coincidental, or, for example, due to bathers resuspending 
contaminated sediments, a linear regression of the data in Table 6 is Significant at 
0.05 (r=0.91). 

During the 4 day study in April, the relationship between bathers and E. coli 
densities wCiS strong (Fig. 3). The heavily populated TIB site and its downstream 
waters at LPB average higher densities of E. coli than their adjacent holes waters 
(Table 1). This is the only situation in which bay waters contain higher densities of 
indicators than adjacent beach hole waters. 

Although we did not enumerate enterococci during this weekend beach study, 
based on the levels of E. coli, and ratios from raw sewage, we probably would not have 
detected any in these samples. In fact, in 100 mL of samples in this prelimi.na...ry 
study of bay waters, only E. coli would have been detected. 

Table 6. Total population of bathers and of E. coli summed for 10 sites in Tumon 
Bay. 

Day Total People Total E.colill 00 mL 

Friday (8 March) 157 12 

Saturday (9 March) 632 105 

Friday (12 April) 114 21 

Saturday (13 April) 402 135 

Sunday (14 April) 990 642 

Monday · ( IS April) 123 6 
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Figure 3. Tumon Bay water E. coli densities (CFU/lOO ml) and bather population on 
4 successive days in April (dry season). Each point is a single enumeration from each 
of 10 sites. 

Comparison with GEPA's Monitoring at TEB and YEB 
We compare the mEIA+ data from our biweekly (Tuesday) monitoring with 

GEPA's weekly (Wednesday) sampling for our common sites TEB and YEB. For the 
TEB site (referred to as San Vitores in their records) the relationship is strong and 
direct (r=0.63, n= 16, P<O.Ol, Fig. 4). For the YEB site (Ypao Beach), there is no 
significant relationship between our data sets (r=-0.03). 

These two sites are morphologically and hydrologically quite different. The 
Ypao si~e contains a large (ca. 1 hal, dredged swimming hole and is within 200 m of 
one of the largest channels through the reef to the ocean. Currents there at 
maximum flood and ebb are strong and water turnover time is on the order of tidal 
cycles. Pollution events there, regardless of their source, are affected quickly by tidal 
waters and mitigated thoroughly, although on a flood tide, this may mean transport 
of fecal material into the bay towards other recreational beaches. 

In contrast, the TEB site is at the northeast (lee) end of Tumon Bay, and water 
turnover time there is on the order of weeks (Matson 1991b). Three beach bar
restaurants are close to shore; and at least one of them is not hooked up to local 
s~rage (we suspect that the others are not hooked up either). This site is also more 
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finer grained sediments 
than the Ypao site. 
Pollution events ocrurring 
here would not be 
transported and/or diluted 
as efficiently as at Ypao. 
Also, fecal bacteria may be 
curiedinonedrrectionon 
a flood tide and back again 
to approximately the same 
location on the ebb tide. 

While neither of these 2 
data sets provides clues to 
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L...., -----------------------1, pollutIon, It IS obVIOUS that 
Figure 4. Routine monitoring data from GEPA (weekly hvdrological properties of 
on Wednesdays) and fro~ this study (biweekly on p~ of Tumon Bay play 
Tuesdays) from the TEB SIte between June 1994 and an important role in the 
March 1995. longevity of pollution 

events. 

Do Beach Hole Waters Affect Bay Water QualiO' ? 

Apparently not directly (Table 7). Only the hole and bay water mTEe and 
mBGY densities correlated positively with each other, while mENT correlated 
positively with bay water mFe. Densities on mTEe also correlated positively with 
bay water mENT. As for the so-called chemical indices of pollution (e.g., phosphate 
from street runoff and nitrite from beach hole anoxia), only phosphate correlated . 
positively with any indicator microbe. Nitrate occurs naturally at levels of up to 400 
#LM in Guam's uncontaminated aquifer and groundwaters, and is not considered a 
anthropogenic pollutant. Thus, the correlation between beach hole nitrate (an 
indicator of clean groundwater, since street runoff contains low nitrate and high Si 
and RP) and mCP densities is certainly intriguing. Quarterly monitoring of Guam's 
drinking waters rarely reveals any bacterial contamination, although clostridia are not 
monitored. We plan to look for clostridia in well waters in the future. 
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. Table 7. Beach hole waters as a predictor of bay water quality: correlation of hole 
water microorganisms and hole chemistry with bay water quality (significant at 
P<0.05). 

Hole Water mFC mENT mEIA mCP mTEC mBGY 
> 

Correlates mENT 
Positively 

nothing 
utFC 

nothing nothing 
(0.38) rnBGY 

with Bay (0.28) mTEC (0.36) 
Water: (0.29) 

Hole Water Salinity Nitrate Silica Phosphate Nitrite 
> 

Correlates 
Positively 

nothing 
mCP 

nothing 
mCP 

nothing 
with Bay (0.45) (0.37) 
Water: 

Sources of Group 0 Enterococci 
To poSSibly identify the source of fecal material, we identified to species over 

126 isolates of Group D enterococci from mEIA+ positive plates (Table 8). We 
also processed several dozen E. coli isolates from urea-negative mTEC plates using the 
API20E procedure, but all isolates were, in fact E. coli. We obtained samples of 
sewage effluent (n=49), 7 fecal samples of our famous, allegedly ubiquitous local 
brown tree snake (n= 16), Twnon Bay waters (n=29), neighborhood areas (standing 
water, yard dirt, etc.,) from students in Microbiology class (n=22), feces from one 
Gecko (n=4), and water from one local stream adjacent to a subdivision full of 
sewage leaching fields (n=6). E. faecalis (the dominant Enterococcus in human feces) 
accOlmted for 63% of the isolates, while E. hirae and E. avium accounted for 12 and 
8%, respectively. All 3, however, are "commonly" found in humans, fowl, swine,other 
warm and cold blooded animals, as well as the "environment" (Facklam et aI. 1991). 
It might be worthwhile to investigate the species composition of enterococci in 
Guam's domestic and feral wastes. 

The snakes were obtained from "pristine" nature preserves in northwest Guam 
well away from human influence. Feces of snakes contain high concentrations of E. 
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coli (ca. 106/g wet feces) and Enterococcus jaecalis (ca. 105/g wet feces). While they are 
not common in Tumon Bay, they are alleged to reach densities as high as 10,OOO/ha 
elsewhere on Guam. That snakes (poikilothenns) or "the environment" are a source 
of so-called fecal indicators supports the findings of others in allegedly "pristine" 
tropical areas (e.g., Rivera et al. 1988, Hardina and Fujioka 1991). 

Table 8. Species of Enk7ococcus identified from sources on Guam. One isolate of E. 
durans was also found but is not listed. 

Source jaecalis avium hirae casseli- cecorum gallinarum dispar 
jlavius 

WWTP (49) 45 0 1 0 '1 0 0 oJ 

Tumon Bay (29) 10 3 8 1 0 7 0 

snakes (16) 16 0 0 0 0 0 0 

class (22) 6 6 6 2 0 0 2 

Gecko (4) 0 1 0 0 3 0 0 

stream (6) 3 0 0 0 1 1 1 

TOTAL 80 10 15 3 7 8 3 
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CONCLUSIONS 

The occurrence of fecal bacteria in the bay appears to be caused by runoff of 
contaminated groundwater and/or direct input by bathers, since offshore seawaters 
(the only other water source) is free of sewage (Matson 1993) and birds are not 
common on Guam nor are snakes, or animals other than humans common in the 
hotel district of Tumon Bay area. The timing and rate of the groundwater input and 
the processes that restrict it are still not well understood. It is significant that within 
the past 3 years, active hotel construction has caused substantial changes in the flow 
of water beneath Tumon Bav. 

The densities in the influent groundwaters do not respond immediately to 
runoff events: there were no significant correlations with previous rainfall. We 
therefore believe that the residence time of indicators in the contaminated 
groundwaters (which supply the holes with water) is quite long, on the order of 
weeks. Their survival could be supported by chronic input of low levels of domestic 
waste from known leaky sewerage. They are presumably protected from predators by 
the exclusion of micro-infauna from the euryhaline groundwaters. We find few, if 
any, microflagellates or other protozoa, and have not isolated an indicator-specific 
phage (Matson in preparation). 

With respect to recommendations for an indicator useful in Guam, 
enumeration on mEnterococcus is suggested with inrubation at 44-45 0c. The 
frequent correlation with counts on countable plates of other indicator media, plus 
the ease of enumeration on one relatively inexpensive prepared mediwn (that requires 
neither autoclaving nor separate additions of extra ingredients) are advantageous 
qualities. Further, false positives are rarely encountered when the plates are 
incubated at 45°C (Matson, in preparation). However, if timeliness is a more 
important issue, then use of the mTEC medium is suggested. While the clostridia are 
less equivocal indicators of human pollution than are other genera, the cost and 
technical manipulations required might not be appropriate for some munidpalities. 

Monitoring of substantial sewage pollution in any waters is easy if there is 
enough of it: ask your mother whether she'd swim in it. When low levels are 
encountered, as here in Guam, the process is very difficult and several relevant issues 
need to be considered: 

( 1 ) is there really a health hazard when (these) low levels of indicators 
occur? 

(2) is it useful to notify the public days after a pollution "event" occurs 
when "events" occur on the scale of hours to days? 

And, in a larger frame, in areas where technical expertise arid/or facilities are lacking, 
which indicator do you use? I'd pick the technically simplest one. 
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