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for the expressed purpose of: A)
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[N

ABSTRACT

The near shore marine environment surrounding the district centers of
Koror (Palau) and Kolonia (Ponape) was evaluated with respect to selected
physical and bactericlogical parameters. The baseline data measured in this
study will serve to quantify ambient (natural background level) conditions
acting as a basis of comparison against
which future data may be judged; B) Identifying areas of poor water gquality,
areas which could improve in quality given complete Iimplementation of a fully
operational wastewater collection/treatment/disposal system. In Koror, those
areas Iimmediately east and west of T-Dock and the small bay adjoining the
Community Club should experience such improvements. In Kolenia, all near
shore marine areas should be positively impacted. The waters surrcunding
Ponape, a high island, will continue to suffer from high turbidities during

sustained rainfall events; areas of concern are those impacted by freshwater
(stream) inputs.

Since the highest priority water quality monitoring program in the
micronesian trust territories is the continuous evaluation of the public water
system (PWS), a concurrent study was performed on the distributicn systems in
these two district centers (limited data from the Colonia [Yap] system were
included in the PWS evaluation}.' Numerous drinking water standard violations
were measured in each system: Colonia - excessive turbidities and coliform

‘densities accompanied by negligible free residual c¢hlorine (FRC) levels at

distribution points; Koror - turbidity and coliform viclations; Kolonia -
coliform violations. The systems in Colonia and Koror are operated on an
intermittent basis and, as such, patrons should boil PWS water prior to
culinary uses. The service in Kelonia is continuous; however, until improved
chlorination practices at the water treatment plant (WTP} are effected, the
boiling precaution should be mandatory until district center PWS coliform
densities are consistently negligible.
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INTRODUCTION

The Trust Territory of the Pacific Islands {TTPI) consists of more than
2000 islands (landed mass: 1362 square kilometers) and encompasses roughly
7.8 x 10° square kilometers in the western Pacific¢ Ocean (Figure 1).
Approximately forty per cent of the population of the TTPI is concentrated
in seven district centers where the various govermments and concomitant jobs
and social services are located. A major destructive force upon the integrity
of the marine environments surrounding these areas of high population density
is and has been the failure to collect, treat and dispose of human wastes. To
combat this deficiency, capital improvement projects (CIP} are instigated in
the various district centers in o¢rder to establish and integrate water

collection/treatment /distribution systems with wastewater collection/treatment/
disposal systems.

The quality of the marine waters surrounding the district centers is
suspected to be very poor. Diseases, partially attributed to this substandard
water quality, are common., Implimentation of water and wastewater systems
focuses upon the overall improvement in water quality such that the incidence
of waterborne diseases will decrease and eventually become non-existent.
Improvements in marine water quality will substantiate recommendations for
establishment of similar facilities in other areas of Micronesia. Identifi-
cation of those areas where improvements in water quality have not been
quantified will serve as a basis for recommendations to public works and
sanitation officials to take action to improve environmental conditions.

Due to the existence of numercus constraints which inhibit the completion
of environmental research efforts in Micronesia (currently and in the fore-
seeable future), the only possible (realistic) monitoring strategy is one which
is established on the local level in each district center Environmental Health
Laboratory. Since local technicians and specialists will be directly involved
in every aspect of the execution of such a strategy, it is of primary
importance that any environmental water quality sampling and analysis program
should always be performed in liason with local sanitation officials. Develop-
ment of expertise in water quality monitoring and reporting'skills is the
responsibility of the Trust Territory Environmental Protection Board (TTEPB);
therefore, any training efforts should be coordinated with the TTEPB.

In any analysis of envircnmental impact, it is essential that the existing
conditions of the impacted system be known. The need to establish the back-
ground levels of various water quality parameters in the marine environments
surrounding the district centers in Micronesia exists due to an almost total
lack of data, Baseline data will serve as a basis of comparison against which
subsequent data (gathered by local technicians) may be evaluated to ascertain
the environmental impacts of the establishment of a functioning community
wastewater collection/treatment/disposal system.



OBJECTIVES

The marire environment immediately surrounding the district centers of
Palau (Koror) and Ponape (XKolonia) were each evaluated for a period of
approximately one month. Specific water quality parameters quantified
included; bacteriological (total and fecal coliform}; physical (water
temperature, salinity, pH, turbidity and dissolved oxygen). Since the

monitoring program was maintained to study the bacteriological (total coliform)

and physical (water temperature, specific conductance, PH, and turbidity)
integrity of the drinking water distribution system,

Summary of specific project objectives in Palau and Ponape;:

1.

Establishment of marine baseline water quality in those areas

immediately adjacent to and adversely impacted by the district
center populace, : -



LITERATURE REVIEW

A comprehensive review of the literature for the islands and atolls of
the seven district. centers of the TTPI (Constitutional Government of the
Marshall Islands: DUD Area of Majurc Atoll and Ebeye of Kwajalein Atoll;
Government of the Republic of Belau: Koror; Federated States of Micronesia:
Ponape-Kolonia, Kosrae-Lele, Truk-Moen, Yap-Colonia) appears in Cowan and
Clayshulte (1980)}. This previous baseline study quantified marine water
quality on an island-wide basis; therefore, only a portion of that data (data
pertaining to the marine environments surrounding the district centers of
Koroer and Kolonia) will be summarized.

Marine water surrounding the district center of Koror was concluded to be
of very high quality with no violations of TTPI marine water quality standards
existing for the study period: 19-21 December 1379 (Cowan and Clayshulte,
1980). The data for six sites (Class AA: Iwayama Bay southeast of the weather
station; Class A: Iwayama Bay south of Continental Hotel and waters west of
the Renrak Bridge area; Class B: T-Dock southeast of PMCA, Komebail Lagoon
waters north of Sechemus [between T-Dock and MOC], and Malakal Harbor east of
Van Camp) are summarized in Table 1., The descriptions of the TTPI marine
water classifications are listed in Table 2 and the TTPI proposed marine water
quality standards (Cowan and Clayshulte, 1980) are represented in Table 3.

A recent task force report on point and nonpoint sources of pollution in
the Territories (TTPI, 1979) highlights specific areas on Koror where existing
and potential negative impacts are prevalent. These areas should experience
improvements in water quality upon implimentation of functional wastewater
collection/treatment/disposal systems. The benjos (over the water outdeor
privies) and pig pens in the vicinity of T-Dock as well as sewage discharges
via septic tank leach fields at the Micronesian Occupational Center (MOC) and
Palau High School represent the primary threats to the integrity of the marine
environments in their respective areas. In the M-Dock area of Koror, the
storage and handling of light fuel, the presence of an open refuse dump,
dredging and earthmoving activities represent potential pollutional sources.
Properly managed, however, these sources can be controlled. The remaining
areas of concern identified by the task force exist on Malakal Island: the
sewage treatment plant (STP) outfall into Malakal Harbor; bilge and toilet
discharges from ships at the Port of Palau; Van Camp processing plant {NPDES
[National Pollutant Discharge Elimination System] Permit); fisherman's co-op
discharges; coconut oil processing plant discharges; oil discharges from the
operation of the power plant. The marine environments in these areas should
be continuously monitored in order to evaluate and identify any negative water
quality impacts.

The marine water quality data gathered by the local Environmental Health
Laboratory staff from 1978 to the present time are presented in Table 4. Prior
to July 1980, the only documented region of contaminated marine water was in
the T-Dock area (sites 1, 4 and 5: Table 4). As a result of the current
marine evaluation study herein reported, the small bay adjoining the old
Community Club was discovered to have, at times, excessively high Fecal Celiform
densities. The extent of the danger to human health of the residents of this
aTea is quantified in this study and is confirmed in the October/November 1980
samples (site 8: Table 4).



The poor quality of the marine waters surrounding Kolonia {Ponape: 8-1p
January 1980) was exemplified by numerous water quality standards violations
(Cowan and Clayshulte, 1980). The data for sites 6 (Mwalok Channel near the
STP outfall) and 7 (marine waters east of Kolonia}, sites which are adjacent
to Kolonia and therefore relevant to the present study, are listed in Table 5.
These areas were negatively impacted by fresh water inputs from rivers in
their respective areas. The excessive increases in turbidities and coliform
densities and the lower salinities measured at these sites were but several
manifestations of the adverse impacts of the heavy rains which occurred on
Ponape {Jaunary 8 and 9, 1980) during the study period. The high Fecal and
Total Coliform levels indicated the presence of a public health hazard in the
marine waters east of Kolonia {site 7). All Fecal Coliform: Total Coliform
ratios exceeded 0.20; this is indicative of recent contamination of the water
resource by raw wastewater (Orsance, 1971). _The bacteriological and physical
water quality data gathered from the other sites (Cowan and Clayshulte, 1980)
are also summarized for purposes of comparison., '

The task force report on polluticnal sources (TTPI, 1979} lists the
Tawenmokol and Mwakol Channels areas next to Kolonia, as regions of pooTr water
quality. Human and animal wastes are targeted as the prime causes of surface
water pollution, - Benjos and Pig-pens are polluting streams, rivers and near
shore marine environments. Sewage discharges from hotels (Ekilis Hotel
specified) prompted inclusion of marine areas near the Ekilis, Kohler's,
Nanmadel, Pohnpei and South Park Hotels as sites in the current investigation.

Future water 0
coordinated through the TTEPB (Saipan) and any interested local agencies on
the island (s} under investigation. TIf the research team includes water quality
technicians and/or specialists, time should he alloted to assist loeal
environmentalists in their monitoring programs (freshwater distribution system
and marine waters). The TTEPB directs monitoring programs in the TTPI; uniform
field/laboratory equipment, supplies and sampling/analytical techniques are
absolutely necessary for rational Operation of such pregrams. Nothing could be
more damaging to future monitoring efforts than to have "outsiders" come into
any of the district centers laboratories with non-authorized and improperly
referenced and documented field/laboratory Procedures (F. Yamada, Environmental
Specialist, Koror, Palau; personal communication, 1980}. Standard laboratory

equipment /supplies and analytical techniques are listed in a4 recent report to
the TTEPB (Cowan, 19803},

In order to augment and promete continued monitoring of the Public Water
Systems (PWS) in the‘Territories, sampling programs were expanded for the study
periods in Colonia (Yap), Koror and Kolonia. The pPws data gathered by local
officials prior to and following the respective study periods are summarized in

Tables 7 and 8 (Koror) and ¢ (Kolonia). It is noted that no data were avazilable
for Colonia, :
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In the district center of Koror, water distribution is severely limited
due to a high demand which far exceeds the ability of Public Works to supply
water to Koror. It is doubtful that consumption accounts for this demand;
instead, it is water wasteage through leaky fixtures and "leaving taps on
when not in use'" as well as water losses through suspected yet not confirmed
leaks in the distribution which limit Koror to water hours: 0600-0800,

"1800-2000. As a direct result of this continuous interruption of service,

the quality of the drinking water is consistently below standards necessary

for maintenance of public health. Turbidity levels exceed the safe drinking
water standard (1.0 NTU) in three of the four months recorded between

QOctober 1978 and November 1980 (Table 7). Twenty four of the bacterioclogical
standard violations (26 in all) were accompanied by zero Free Residual Chlorine
(FRC: Table 8) levels at the distribution system sampling peints. Violations
of Total Coliform presence (>1 TC/100 m2: monthly arithmetic mean; >4 TC/100
mf in more than one sample) were quantified in: 1978 - October; 1879 - January,
February, August; 1980 - January, December; 1981 - January, May. It is the
recommendation of sanitation officials that residents boil any water used for

. direct consumption and food preparation (L. Abraham, Safe Drinking Water

Specialist, Koror; personal communication, 1980).

The only PWS in the TTPI to consistently supply drinking water to its
district center population is located in Kolonia. Due to lack of equipment,
only relatively few turbidity readings were taken by local sanitarians (Table
8) and these data are suspect {(equipment malfunction): the nine water treat-
ment plant (WTP) influent (surface water source} samples analyzed had turbidity
levels <0.2 NTU. Twelve of the 16 measured bacteriological standard violations
were due to lack of FRC at their respective points of distribution; it is
noted that no FRC data were available for three of the remaining four
violations. The presence of turbidity in the drinking water is a probable
cause of these depressed FRC values since Chlerine was added (except for a
period around January, 1980) at the WIP. The presence of Fecal Coliform
(Table 9), a sign of serious potential health hazard, was quantified in: 1977 -
November; 1978 - December, 1979 - November and December; 1980 - January,
February and May. This contamination resulted from surface pollution at the
source (and entered the distribution system because of inadequate filtration
and/or chlorine contact times necessary to kill these indicator organisms) or
possibly from infiltration into the distribution system during periods when
service was interrupted. The violation of Total Coliform standards occurred
in the aforementioned months as well as in: 1980 - September. The serious-
ness of the presence of Fecal Coliform can not be overstressed; local officials
advised residents to boil culinary water during these months (W. Likaksa, Safe
Drinking Water Specialist, Ponape; personal communication, 1980).

Contamination of community (Table 10) and private (Table 11) water systems
from human/animal wastes is prevalent on Ponape. Massive education programs
must be instigated such that protection of these water sources for human
consumption in those areas outside Kolonia becomes a reality. No more shocking
example of this excessive risk to public health exists than has been quantified
at the Village Hotel (Table 10). Pretection of water resources, specifically
those resources utilized for human consumption, should have the top priority
of the State of Ponape.



MATERTALS AND METHODS

Marine water quality samples (surface grab) were taken from a boat in
each district center studied (Korer and Kolonia). Dissolved oxygen samples
were fixed immediately by adding the first two reagents, vigorously shaking
and storing the sample bottle out of direct sunlight. Water temperature,
salinity and free residual chlorine (FRC) levels were assessed on site,

After the first several sample periods, FRC measurements were only made at
the sewage treatment plant (STP) outfall sites, Bacteriological samples
{Fecal Coliform, FC; Total Coliform, TC) were taken in sterile Whirl-Pak bags;
sampling procedures included avoidance of hand contamination of the sampled

Freshwater distribution System water quality samples were obtained from
designated water taps after the water had been allowed to flow for two minutes
{at maximum flow) to flush the lines. The samples were taken with the taps
nearly closed to avoid sample seration. Waterp temperature, specific
conductance and FRC levels were quantified on site, Bacteriological samples
(Total Coliform, TC) were Placed in special sterile bags (containing 10

The analytical schedule was set so that coliform analyses were performed
immediately Upon return to the laboratory. Bacteriological analyses were
performed within six hours (freshwater) and four hours (marine) for TC and
within four hours {freshwater) and two hours (marine) for FC. Laboratory
procedures utilized are outlined in detail in Cowan (1980} and are summarized
in Table 12. Marine Systems immediately surrounding landed masses are subject
to adverse impacts from rainfall; therefore, precipitation data were obtained
(Table 13) from the National Weather Service,



" RESULTS AND DISCUSSION
Marine Water Quality

Near shore marine water quality was examined in two of the seven disctrict
centers of the TTPI {Koror, Palau and Kolonia, Ponape). The purpose of this
investigation was to establish baseline data for the following pertinent
parameters: bacteriological (fecal and total coliform); physical (turbidity,
pH, water temperature, sdlinity and dissolved oxygen)}. A sampling regime such
as the one undertaken in this research could only be accomplished with the
close cooperation of the local environmental specialists., Logistic support,
both on land and water, as well as availability of laboratory space and
technical assistance from the Environmental Health Laboratory staff, represent
the deciding factors for successful research/moniteoring projects in these
remote sections of the western Pacific Ocean.

Koror

During the period from 7 July to 30 July 1980, a total of 13 sampling trips
was made to the marine waters surrounding Koror (Palau). The sample sites for
both the marine and freshwater distribution systems are represented in Figure
2. The consistent problem areas in the marine system, areas which pose
significant threats to public health, were concluded to be in the vicinity of
T-Dock (sites 1, 4 and 5) and a small bay immediately adjoining the old
Community Club and the 0ICC (Officer in Charge of Comstruction) Qffice (site 8).
During each sampling period, children were observed swimming and playing in the
waters east of T-Dock between sites 1 and 4. There were six actual and one
possible Fecal Coliform (FC) violations (Table 14) quantified at these two
sites in this study. This area should be posted as a "no swimming area" until
such time that these waters are made safe for human contact type activities.

A total of 12 FC violations was measured at sites 1, 4, 5 and 8 (Figures
3, 4, 5 and 6 respectively) with an additional five possible violations (Table
14) out of 51 samples analyzed. Violations of the FC standard for marine TTPI
Class B waters are counts »400/100 mf (Table 3). If a site has FC demnsities
equal to or exceeding 400/100 me, there exists a danger to the health of people
who come in contact with the water at that particular site. The highest
geometric mean FC counts were at site 8 (153/160 mi); this numerical value
represents a low estimate since means were calculated utilizing minimum figures
when data were in doubt {ie, readings of >111 and >120 on 8 and 12 December at

site 8 were valued at 111 and 120 for purposes of geometric mean determination).

The high FC counts at site 8 were due to release(s) of raw sewage into the
bay from the pump station overflow pipe near the OICC Office. When a pump
failure occurred between that station and the sewage treatment plant (STP), the
station was shut down and the raw sewage was allowed to overflow into the bay.
These sorts of occurrances are symptomatic of poor operation and maintenance
by Public Works. Since the Area Sanitarian was not aware of this overflow, "it
is imperative that better lines of communication be developed between the two
departments so that the public can be notified when such obvious health risks
occur.



Interpretation of ‘the potential health hazards which exist in a water
resource should be made on a sample by sample basis. If an individual value
exceeds the water quality standard for coliform, the area from which that
sample was taken is in violation. As violations are quantified, the public
should be notified. If a number of analyses are performed at the same site
during any one month, the geometric mean and geometric standard deviation can
be utilized as secondary measures of pollutional potential of the resource
for the sampling period. The geometric mean is the antilogarithm of the
arithmetic mean of the logarithms of the data and the geometric standard
deviation is the antilogarithm of the corresponding arithmetic standard

Fecal Coliform densities for the remaining 11 sites (2, 3, 6, 7 and 8-15)
were similar with FC geometric mean values $7/100 mg and individuai sample
values <121/100 mg (Table 14). Only one possible violation existed (site 9:
22 July). Geometric mean FC densities for the Malakal sites (9, 10, 11 and

13) are displayed in Figure 7. These values are typical of waters surrounding
Koror.

Total Coliform (TC) data are presented in Table 15. The marine waters
off T-Dock and in the bay by the old Community Club contained the highest TC
counts, All FC:TC ratios for data collected at sites 1, 4, 5 and 8 on days
when FC violations were recorded exceeded 0.20. This indicates that recent
human and/or animal fecal pollution occurred on those dates and highlights the
public health hazards, The figures depicting coliform densities have been
superimposed over the precipitation bar graph for the study period. At sites
1, 4, 5 and 8, locations where significant coliform densities were quantified,

no consistent relationship could be deduced between pPrecipitation and
densities,

Turbidity and salinity data for near shore marine waters surrounding
Koror are presented in Tables 16 and 17. The numerous apparent turbidity
standard violations (underscored data - Table 16) indicate that the ambient
conditions quantified in the previous baseline study (Cowan and Clayshulte,
1980) were inadequately assessed for the following marine waters: east of
T-Dock (sites 1 and 4); Komehail Lagoon (sites 2, 3 and 8);: adjacent to the
causeway to Malakal (sites & and 8); Iwayama Bay (sites 14 and 15). Each of
these areas are shallow waters which can only be reached by boat at high tide
(Table 18). Water depths at these sites were <1.5 meters (m) with waters
receding to <1.0 m at low tide. Geometric Mean turbidity values were 3.1 NTU
for these sites (Table 16) and theip waters were clear and had no observable
color. The "high tide sites" are depicted in Figures 8 and 9 {superimposed
Over rainfall data). Except for the depression of salinity concentrations
and elevation in turbidity values on 22 July (site 5, KA Dock: Figure 8)
there was no consistent relationship between these data., The salinity values



_ The remaining marine water quality data (pH, temperature, dissolved
oxygen [(DO)] and sampling schedules) are listed in Tables 19 - 22. Measure-
ments of pH, water temperature and DO were similar to those values quantified
in the previous study (Cowan and Clayshulte, 1980). Occasional DO standard
violations were recorded (Table 21) in the shallow depth stations, yet, as in
the previous study, only minimum impertance was attached to these apparent
violations because of the clarity of the water and the fact that the geometric
mean percent saturation data equalled or exceeded 85%.

Xolonia

As was the case in the Palau phase of this study (inoperative Environmen-
tal Health Laboratory boat]), boat scheduling problems limited the number of
marine sampling trips during the one month study period. Thirteen trips were
made to the waters surrounding the district center of Kolonia (15 December 1980
to 9 January 1981). The sampling stations for both the marine and freshwater
distribution systems are presented in Figure 10. Sites 6 (Mwalok channel
northwest of Kolonia in the vicinity of the STP outfall) and 7 (east of Kolonia)
from the previous baseline study (Cowan and Clayshulte, 1980), areas where high
coliform densities have been recently documented, are also represented in
Figure 10. The relevant data from this previous study (summarized in Table 5}
as well as local data (summarized in Table 6) indicated a definite health hazard
existed in the waters east and north of Kolonia with all other near shore marine
areas (west and northwest of Kolonia) exhibiting potentially hazardous water
quality conditions. 1In order to validate the suspected direct adverse impact
of rainfall events upon water quality, field data are superimposed over the
rainfall bar graph (data listed in Table 13). Peak rainfall events for the
study period were 17 December (4,1 cm) and 30 December (4.0 c¢m).

" Fecal and Total Coliform densites are listed in Tables 23 and 24
respectively. Since the waters sampled are all marine coastal Class B (Table
2}, the Fecal Coliform standard (Table 3: <400 FC/100 mg) will be used as the
absolute limit at or above which violations are quantified. It is noted that
a power outage of sufficient duration to invalidate coliform data occurred on
31 December. Fifty-two of the 132 samples analyzed for FC were found to be in
violation of the FC standard. Fourteen stations were analyzed: one had a single
value above, five had geometric means above and two had geometric means just
under the water quality standard (Table 23).

The near shore marine waters in front of the Ekilis Hotel and Kohler's
Hotel were of poor quality bacteriologically with each station yielding 5
violations from 12 samples (Figure 11). Peak coliform densities coincided with
peak rainfall events at the Ekilis site; this cause and effect relationship will
be utilized to conclude that contamination is washed from the land to the
surrounding waters and results in excessive public health hazard on or
immediately following days experiencing rainfall events of similar magnitudes.
At the Kohler site, a similar increase in FC density occurred only on 30
December. The increased coliform densities at these two sites were maintained
for a longer interval fcllowing the second peak rainfall event ({30 December) due
to higher levels of sustained precipitation; note that no rainfall datum was
available for 1 January 1981.
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Marine waters opposite the Pohnpei Hotel showed similar yet delayed
increases in coliform levels with peak rainfall events, and viclations were
quantified in the January samples (Figure 12), The FC datum for this site

both TC datum (6 January} and surrounding FC/TC data (Figure 12). Proceeding
from this assumption, all samples taken past 30 December (5, 6, 8 9 January)
were in violation of water quality FC standard. Following periods of sus-
tained rainfall, these waters constitute a health hazard.

The remaining two sites depicted in Figure 12 (waters off the Nanmadoil
Hotel and the South Park Hotel) exhibited variable coliform densities with
ne FC violations. These low densities increased as a result of the major
rainfall events but presented no hazard. Given higher precipitation levels,
potential violations are possible. These two sites border on either side of
the Pohnpei Hotel site (Figure 10); therefore, a problem area does exist below
the Pohnpei Hotel on the land (i.e. septic tank leach field), and contamination
is leached to the near shore marine environment under sustained high levels of
rainfall. The FC:TC ratios exceeded 0.20 in all water samples off the Ekilis,
Kohier's and Pohnpei hotels which exceeded the FC standard., These high ratios
indicate recent contamination of the water resource by raw wastewater and/or
animal fecal material.

The coliform densities at the Dekehtik site (Figure 13) were similar in
magnitude and variability to those qQuantified in the waters off the South Park
Hotel (Figure 12): no FC viclations. The increase in coliform densities
following the 17 December rainstorm was not reproduced on 30 December; no
definite relationship between brecipitation and water quality could be found

Five of 12 samples at the STP outfall site (Figure 13) were in viclation
of the FC water quality standard. In addition, it is possible that another
violation occurred on 18 December (Table 23: >80 FC/100 me). Given this
number of violations (50% of samples tested) and the high densities encountered
(18, 24, 30 December; 5, 9 January: Table 23), the waters in the vicinity of
the STP outfall represented a public health hazard, The 'large increase in
coliform levels measured at the outfall on 24 December (STP effluent discharge
point) could be utilized to explain the increases in FC and TC densities at
adjoining sites on the same date (ie. Dekehtik: Figure 13).

(Figure 10), there were increased coliform levels on 24 December, The waters
off Komwonlaid (site 13) were adversely impacted by both STP discharges and
contamination washed from the land (i.e. surface runcff and streams), Geometric
mean FC density for this northern station was 4072 FC/100 m2; the greatest
density was measured on 18 December {Table 23: 12900 FC/100 mg).

Coliform levels east of the Fish Market (site 8: Figure 10; Figure 14)
were directl i

y i
(Figure 14). The air field causeway protected this site as well as the other
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quality at these sites (i.e. no increase of coliform densities on 24 December).
At the Fish Market site, the geometric mean FC density was 457 FC/100 m2 for
the 12 samples analyzed; the greatest density was measured on 19 December
(12800 FC/100m1).

Moving south along the eastern edge of Kolonia, the coliform levels
increased. In the marine waters off the commercial establishment operated by
Carlos Etscheit (site 9: Figure 10), 80% of the samples taken were in violation
of the Class B FC standard (Figure 15). The coliform densities were directly
related to rainfall; the geometric mean density was 1035 FC/100 mg. As with
the other stations in the area (Figure 10: sites 13, 8, 9, DS}, it is not only
the number of violations quantified but also the large demsities measured which
constitute grounds for serious envirommental concern,

The highest coliform densities measured in this study were in the marine
area immediately opposite the mouth of the Dewenne Stream (Figure 10: site DS).
Nine of the 12 samples analyzed were in violation of the standard (Figure 15);
the geometric mean of these data was 1344 FC/100 mg. Given sustained rainfall
(i.e. 17-21 December; 30 December - 4 January: Figure-15), peak FC levels
lagged behind the onset of the sustained rainfall (i.e. 17, 30 December).
Under rainfall conditions, contamination is washed directly from the land into
the near shore marine areas as well as inte the stream itself. Given
sustained rainfall patterns similar to those experienced in this study, coli-
form bacteria levels will increase at site DS {(Figure 10) as contamination
from a larger area (i.e. upstream) reaches the mouth of the stream. Given
shorter duration storms, no lag period exists because peak coliform levels are
a result of contamination input from the immediate vicinity.

The FC:TC ratics (geometric mean coliform values) for the north and east
shore stations (Figure 10: sites 13, 8, 9, DS) were 0.79, 0.59, 0.80 and 0.54
respectively. These sites, and most probably the entire shoreline marine

.areas bounded by these sites, were contaminated by human and/or animal fecal

matter. Based upon the indicator organism (FC and TC) data gathered in this
study, only limited areas around sites 4 (off the Nammadol Hotel), 5 (off the
South Park Hotel) and 12 (off Dekehtik) were found to be free from high levels
of bacteriological contamination.

Since it is hypothesized that material was washed from the land into the
marine environment around Kolonia, turbidity data (Table 25) should substan-
tiate this fact. The high turbidities recorded in this study exceed the
recommended TTPI Class B standard (Table 3: <2.0 NTU). Utilizing geometric
mean values, only sites S, 12 and 14 met this standard (Table 253. The
Pohnpei Hotel site (2.1 NTU) and the Nanmadol Hotel site (2.6 NTU) were the
only other sites routinely measured whose geometric mean turbidity values
approached the standard. This standard was developed utilizing a paucity of
data, data which quantified the TTPI on an islandwide basis (Cowan and
Clayshulte, 1980). It was noted in this previous study that the listed
turbidity standards were: (a) subject to validation on a case by case basis
as more data became available; {(b) to be relaxed in certain areas during
periods of heavy rainfall. In other words, as more data becomes available to
more adequately quantify ambient conditions throughout the TTPI, that subse-
quent data would be utilized to establish a more relevant standard. These
two conditions clearly refer to the marine waters around Kolonia. Sites 2,
3, 7, 8, 9 and DS had a geometric mean turbidity value of 6.9 NTU
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anda geometric standard deviation of 2.0 for 67 turbidity measurements.
Omittingdata taken at these sites on or immediately following veak rainfall
events (18, 30 December data: Table 25}, geometric mean turbidity was 6.0
NTU (n ='56; geometric standard deviation = 1,7).

The highest turbidity values were measured off the north shore of Kolonia
at the Komwonlaid site (geometric mean 14.6 NTU: Table 25). Omitting 18, 30
December data (n = 11; geometric standard deviation = 1.9), the geometric mean
turbidity was 12,0 NTU,

Turbidity (Table 25) and salinity (Table 26) data are presented super-
imposed over rainfall data in order to graphically demonstrate any relationship
between these water quality parameters and precipitation. Distinct decreases

relationship between turbidity and rainfall is most clearly illustrated in
Figure 16 (sites 8 and 9: east of Kolonia}., The remaining east coast site
(Dewenne Stream) as well as the high turbidity station off Komwonlaid are shown
in Figure 17. The lag in the return to ambient salinity levels at site DS
(Figure 17} as compared to sites 8 and 9 {Figure 16) indicated a larger input
of freshwater at the stream site. The loss of coliform data (electrical power
outage) on 31 December was unfortunate since the steep drop in salinity values
on that date (Figure 16; Figure 17: Dewenne Stream site) indicate the potential
for even higher levels of bacterial contamination than were quantified in this
study (Figure 14: Fish Market site; Figure 15).

Salinity and turbidity data for the remaining sites are presented in
Figures 18, 19 and 20. Geometric mean turbidity levels were 1.6 and 1,9 NTU
respectively and salinity values remained relatively invariant at sites 12 and
14 (Figure 18). The South Park Hotel site had the lowest turbidity (highest
¢larity) water (Figure 19; geometric mean = 1.3 NTU). Salinity values varied
between 19 and 34 /o0 for the hotel sites (Figures 19 and 20). In the waters
west of Kolonia, generally higher turbidity values were measured off the Ekilis
Hotel and Kohler's Hotel (Figure 20},

The other marine water quality data (pH, temperature, DO and sampling
schedules are listed in Tables 27 - 30). Marine PH values (Table 27) were
similar in magnitude and variability to those values Quantified in the previous
baseline study {8 - 10 January 1980; data summarized in Table 5). All stations

arithmetic mean of a1l data (145 samples) equalling 26.4°C. Dissolved oxygen
levels equalled or exceeded Class B standard (z4.5 mg/2) in all but two of the
145 measurements (Table 29). Geometric mean values at all stations were at or
above 5.6 mg/% with corresponding percent saturation values exceeding 81%,
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" Public Water System

The freshwater distribution systems in three of the district centers
were evaluated. Due to funding, personnel and time constraints, it was
necessary to limit the monitoring in Colonia (Yap) to a one week period. It
is noted that only PWS samples were taken in this district center. The other
two district center systems (Koror and Kolonia} were sampled in conjunction
with the near shore marine water quality monitoring program herein reported.
The systems in Colonia and Koror were operated intermittently with very
limited morning and evening water hours; water hours were necessitated be-
cause public works could not meet demand requirements. The public water
system (PWS) in Kolonia (Ponape)was the only continuously operational water
purveyance system in the trust territories. :

Minimum water quality monitoring requirements for the TTPI district center
PWSs are given in Cowan (1980); for more detail, refer to this report or to
TTPI (1978). Pertinent standards are summarized as follows:

i. < 1 Total Coliform/100 m¢ as the arithmetic mean of all samples
examined per month;

ii. < 1 Turbidity Unit. (TU) as determined by monthly averages;

iii, 2 0.2 mg/% Free Residual Chlorine (FRC) at all times.

When less than 20 samples are analyzed per month, the coliform density should
not exceed 4 TC/100 m& in more than one sample. Turbidity violations can also
occur if two consecutive samples exceed 5 TU.

Colonia

The 10 sampling stations described in Cowan (1980 were utilized to
define the distribution system in Yap; these sites are represented in Figure
21. The water treatment plant (WIP: site 2, Figure 21) experienced numerous
operational difficulties during the summer of 1980 (study period 1-4 July}
and was, therefore, doing a.very poor job treating the raw water (surface
water source - Gitam Reservoir): a) insufficient sand in filters (sand on
order); b) inadequate residence times in coagulation/ sedimentation chambers;
¢) booster pump operating at approximately 20% capacity (C. Dano, Water
Division, Public Works [PW] Department, Colonia; personal communication, 1980).
The pumping problems (new pump on order) resulted in a time reduction of the
water hours {(ncrmally 0600 - 1200 and 1600 - 2300) to but 8 hours per day
(0600 - 0900 and 1600 - 2100). The lack of treatment {conditions a and b) was
reflected in the water quality data quantified in this study (Table 31). The
low quality surface water {site 1: Figure 21) was not improved to meet
drinking water quality standards on any of the four sampling days.

Water at delivery points in the distribution system (sites 3 - 10) had
zero FRC in 27 of the 29 samples analyzed; all samples had excessively high
turbidities (Table 31). Low solids removal at the WTP {PW had stopped using
alum because it was not inducing solids removal) was measured with no removal
quantified on 4 July (sites 1 and 2: Table 31; 200 NTU). Chlorination, a unit
process practiced at the WIP, was verified by the presence of FRC in the WIP
effluent (site 2). The effectiveness of chlorination is dependent upon the
retention of a FRC level (30.2 mg/4) once adequate contact time has killed
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pathogenic organisms. The high levels of silt and sediment (turbidity)
consumed the FRC present in the WTP effluent such that FRC was essentially
zero by the time the water reached the district center (sites 3-10).

The average coliform density for the distribution system {sites 2 - 10)
exceeded the standard, Tt is noted that a power outage invalidated the 4 July
TC samples. Th& TC densities measured in this study were conservative
estimates of actual densities due to probable interference by high levels of
silt and sediment. These high turbidities resulted in clogging of the membrane
filter (MF) used in the coliform analysis such that: a) it was difficult to
count the bacteria; b) the layer of dirt prevented the coliform bacteria from
obtaining nutrients thus inhibiting colony development. This inhibition is
demonstrated by the inverse results of getting higher growth given less sample
(i.e. site 1 - wIP influent):

date aliquot, mg count (TG)
i 7/2/80 10 55
30 0
ii 7/3/80 10 TNTC (Too numerous
to count)
30 52

Turbidity interference can be minimized through utilization of the Multiple

‘Tube Fermentation Analysis for MPN (most probable number). Regardless of the

lower accuracy of the M technique, the Colonia pws was in violation of
drinking water standards for coliform, turbidity and residual chlorine.

The PWS in the district center of Palau was sampled on 12 separate dates
during the period from 8 July to 1 August 1989. Sample locations, presented
in Figure 2, included three Airai locations (site 1: WTP influent - surface
water source; site: WTP effluent; site 3: watermaster's house adjacent to the
WTP)}. Water is diverted from the distribution System and directed through an
independent treatment scheme at the Continental Hotel; therefore, this station
(site 4) will be discussed separately from the Koror PWS distribution network.
For purposes of data analysis, PWS distribution sites are numbers 2, 3, 5-13.
Excessive demands (water wasteage included) and/or the existence of major leaks
in the distribution system [water losses) resulted in restrictive water hours
(0600 ~ 0800 and 1300 - 2000). As was the case in Colonia {Yap), sampling
schedules did not coincide with regular work hours at the District Sanitation

Laboratory; therefore, work periods were adjusted so as to make PWS sampling
possible.

Indicator organism (Total Coliform) data are presented along with FRC and
turbidity data in Tables 32 a, b and ¢. 0On days when logistics could prevent
PWS sampling, it was suggested that various members of the hospital staff
{Macdonald Memorial Hospital houses the District Sanitation Laboratory/Offices)
could bring in culinary water samples (utilizing PTOPer procedures so as not to
contaminate samples) for drinking water quality analysis, During the study
period, six such samples were analyzed (data not listed in Table 32 a) and all
measured zero TC/100 mz. Including these data, 114 samples were analyzed for
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TC and the arithmetic mean density was 1.3 TC/100 ms (standard <1 TC/100 mi).
Nine samples had counts exceeding 4 TC/100 m& (standard: given 20 or more
samples per month - coliform density should not exceed 4 TC/100 m¢ in more than
5% of the samples); the standard allows 6 samples to exceed this level,

Fifteen of the 114 samples had FRC<D.2 mg/% (includes three violations from
hospital staff home culinary water samples). Heavy chlorination was practiced
at the WIP (Table 32 b: site 2 - FRC) and, of the 15 samples in violation of
the FRC standard, only four had coliform counts >4 TC/100 m2 (8 July: sites

10 and 12; 9 July: site 12; 28 July: site 13). The Meyuns site, located at the
end of a branch line of Arakabesan (Figure 2: site 12), had the poorest quality
water {(four violations of bacteriological drinking water standard: 8, 9, 10, 14
July - Table 32 a) as well as the most erratic water service. Although the
station was on the sampling schedule (Table 33 a), it did not receive water
service on three of the days when the PWS was sampled (16, 21, 25 July).

The Koror PWS was in viclation of drinking water coliform standards; this
violation, although serious, was not as much of a consistant problem to culinary
water supplies as was turbidity. The arithmetic mean (geometric mean) turbidity
level for the PWS distribution network was 7.4 NTU (6.7 NTU) with a standard
deviation (geometric standard deviation) of * 3.5 NTU (1.53) for a total of 115
samples. Only 30 samples had turbidities ¢5 NTU with the lowest recorded
turbidity being 3 NTU. It is reiterated that the turbidity drinking water
standard is <1 NTU. It is noted that for the same period that the geometric
mean turbidity for the near shore marine waters surrounding.Koror was 1.5 NTU
(Table 16).

The remaining water quality data (specific conductance, pll) and the

sampling schedules are listed in Tables 33a,b and c. Specific conductance, a

measure of the ability of the sample to conduct electric current, is present in
water due to the presence of dissoived ionic species. Levels of total dissolved
solids, as indicated by conductance, are safely within accepted drinking water
standards. The hydrogen ion concentration, as quantified by pH, was relatively
invariant; arithmetic mean station values ranged from 7.6 to 8.1 pH units.

Four coliform standard violations were measured at the Continental Hotel
during the study. A break in the line between the main distribution system and
the hotel occurred on or shortly prior to 23 July 1980. This contamination was
indicated (Table 32 a: site 4, 23 July, >145 TC/100 m2} yet not confirmed in the
follow-up samples taken on 25 July (0/0 FC/100 m2). The slash notation for this
site represents the fact that two samples were taken: washroom sink/kitchen
sink (25, 29, 30, 31 July; 1 August). Contamination was confirmed on 28, 29
July and the hotel management was instructed by the District Sanitation Safe
Drinking Water Specialist (L. Abraham) to take health safety precautions with
regards to all culinary water. The management posted warnings that during the
hazardous period, all drinking water should be boiled prior to consumption.
Chlorination levels at the hotel treatment plant were increased in order to
insure removal of any hazard (FRC values exceeded 1.8 mg/t in six samples taken
on the last three sampling dates - 30, 31 July; 1 August : Table 32b). During
the emergency period, the only time that FRC levels were less than 0.2 mg/ % was
on 29 July (washroom sink). The hotel management and staff responded rapidly
and efficiently to remove this health hazard. Tt is noted that a single
violation occurred on 9 July when the accompaning FRC level was less than 0.1
mg/¢ (Table 32b).
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Kolonia

The WIP influent (site 1A) and nine distribution network stations (sites
1B, 2, 3, 6 - 10, PH) in the district center of Koloniza were sampled on a
regular basis during the study period (13 December 1980 - 10 January 1981) on
Ponape. The site locations are given in Figure 10. A single trip (10 January)
was made to the branch line termini on Sokehs {Ngatik and Danpei); these data
will be included in the Kolonia PWS evaluation, The Village Hotel water was
examined on two consecutive dates (2, 3 January) and will be discussed as a
separate entity as it is an independent water systen,

Numerous coliform violations were quantified in the Kolonia PWS during the
study period; these data (TC, FC and FRC values) are presented in Tables 34a, b
and ¢, The dashed lines indicate that no datum was measured. Fecal Coliform
(FC) analyses were performed initially at all sites sampled (13 December) and
subsequently on samples at those stations where contamination was suspected to
be present (i.e. when a TC growth was observed in the preceding sampling). Of
the 108 TC analytical measurements quantified, nearly half of the samples (50}
were in violation of the TC standard (i.e. > 1 TC/100 mg). Negative results

100 m2) with a standard deviation (geometric standard deviation) of * 2274 TC/
100 m# (3.78). The number of TC violations and the magnitude of these mean
values indicate the presence of a health hazard to the public consuming fresh-
water from the Kolonia PWS.

Residual chlorine (FRC) levels equalled or exceeded 0.2 mg/% in 92 of the
108 analyses performed; twelve of the 16 FRC violations were accompanied by TC
violations. High levels of chlorine were added at the WTP (site 1B, FRC levels:
Table 34¢) and all measurements of WIP effluent equalled or exceeded 1.8 mg/ L
except the 18 December datum: the FRC level decreased to a minimum measured
value (since continuous monitoring was not practiced, the minimum value could
have gone unrecorded) of 1,0 mg/%. It is hypothesized that FRC levels did go
below this level at the WIP since six of the eight readings taken in town were
<0.1 mg/2 (Table 34c: 18 December FRC). It is noted that this date was one
day after the onset of the first of two peak rainfall events experienced in the
study period. :

The excessive public health danger could not possibly be overstressed given
' FC bacteria presence in a PWS. Four positive FC assays were quantified in the
Kolonia system. Three of these four were measured on 18 December, a date on
which only three pws network FC analyses were performed. This insufficiency of
water quality data as well as an absence of WTP operational data precludes any
Statement other than the System failed on this date and an excessive heglth
hazard did exist in Kolonia.

Turbidity and pH data are presented in Tables 35a and b; pH values were
invariant and mean station levels (except Ngatik and Danpei) ranged from 7.6 to
8.3 pH units. More data must be collected in order to validate pH values at
the two Sokehs sites. Turbidity levels in the raw water (site 1A) and in the
processed water (except sites 6 and 7} followed peak rainfall events; maximum
levels were reached on 17, 18, 31 December and 2 January. Sixteen of the 29
turbidity violations (> 1.0 NTU) occurred on these four days; zll nine network
samples taken on 18 Decemher exceeded the water quality standard. Whereas the
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arithmetic mean * standard deviation turbidity value for all PWS network data
(n = 108) was slightly above the standard (1.1 NTU # 0.55 NTU), the geometric
mean value met the standard (0.96 NTU; geometric stamndard deviation = 1.5).

Specific conductance and sampling schedule data are listed in Tables 36a.
and b. Conductance values indicate lower total dissolved solids than were
present in the Colonia and Koror systems. As was the case in these two PWS's,
dissolved solids values were well within drinking water standard levels,

Previously recorded data collected by the District Sanitation Laboratory
staff (Table 10) indicated very serious coliform bacterial contamination in
the community water system supplying the Village Hotel. The Kolonia water
quality monitoring program (PWS/marine system) precluded regular sampling at
this hotel; however, two sampling trips were included on 2, 3 January. High
TC levels on 2 January were increased by an order of magnitude in the 3 January
sample; on this second date both Total (360 TC/100 m&) and Fecal (1600 FC/100
m{) Coliform analyses were performed. These high levels were accompanied by
zero FRC levels on both dates. Turbidity values were roughly four times those
quantified in the Kolonia PWS (Table 35a: 4.2 NTU, average turbidity; n = 2).
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CONCLUSIONS AND" RECOMMENDATIONS FOR FUTURE RESEARCH

District Environmental Health Laboratory water quality data from Koror
(Palau) and Kolonia (Ponape} were collected and collated, This material has
been presented in the Literature Review Section: near shore marine areas
surrounding the district centers - Koror {Table 4) and Kolonia (Table 6} ;
public water systems - Koror {Tables 7 and 8) and Kolonia {Table 9).-In addition
to the data gathered by the local technicians, the review section contains
summaries of relevant data from the previous baseline study (Cowan and

~Clayshulte, 1980) of the marine enviromments surrounding Koror (Table 1) and
Kolonia (Table 5).

An integral portion of the project involved working directly with local
laboratory staff personnel. This afforded an excellent opportunity to supple-
ment water quality sampling, laboratory analytical and datsa handling skills.
Training programs are administered by the Trust Territory Environmental
Protection Board (TTEPB) in Saipan; it is imperative that this authority be
consulted whenever independent agencies offer training programs to district
technicians. The best form of training is on site, in the local labs,
utilizing equipment and supplies available and in daily use at the local
laboratory. 1local technicians were gradually integrated into the sampling
and laboratory programs. Initially, the local specialists would observe;
gradually, the work lead and responsibilities were shifted such that at the
end of each phase, the local technicians had experienced all aspects of the
program.

Marine System

The primary objective of this study was to establish marine baseline
water quality data for the district centers of Koror and Kolonia; this infor-
mation is presented in the Results and Discussion Section. It has been re-
commended (Cowan, 1980) that a minimum of two sampling trips per month be
made to a selected mumber of sites, sites which will adequately cover the
district center area as well as evaluate known hazard areas.

areas bordering the aqueous environment (stream banks and island shores), high
FC densities could be ¢ither human and/or animal in origin. In order to dis-
cern the source of fecal pollution, a different bacterial ratio can be used -
Fecal Coliform:Fecal Streptococei (FS). The FC:F$ ratios are different for
human and animal feces. The water resource is sampled and analyzed for the
biclogical parameters FC and FS. Given ratios (FC:F8) > 2, the source of
contamination is human; given ratios < 1, the source is animal; ratios in the
range of 1 to 2 are unknown as to the source of contamination,

Future water quality research prejects should include the FS analysis in
addition to the standard C and TC tests in order to identify sources of fecal
pollution. Such data will enhance the validity of predictions as to potential

treatment systems, If contamination is concluded to be animal in crigin
appropriate animal management practices should be invoked.
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Koror

Marine waters of poor water quality (and therefore representative of
areas where improvement in water quality should be manifested upon comple-
tion of an operational wastewater collection system) existed in the area
of T-Dock: sites 1, 4 and 5. This area should be posted as a 'mo swimming
area; water contact activities in and around the T-Dock section should be
limited to the high tide pool at the north end of the dock.

The high coliform densities measured at site 8 (small bay adjoining the
Community Club) demonstrated that a public health hazard did exist during the
study period, Assuming that these poor conditions were due to the sporatic
dumping of raw sewage into the bay through an overflow pipe at the pump
station adjacent to QICC, marine water quality can be improved by better
system operation and maintenance at Public Works {PW}. It is recommended
that future failures in the sewage pumping system should be reported by PW
directly to the District Sanitarian such that: A) area can be posted as
hazardous - "direct sewage spill area; swimming/water contact prohibited";

B) area can be sampled regularly until the Fecal Coliform densities return to
ambient (safe) conditions. These spills represent direct injections of raw
(untreated) sewage which must be prevented or at least managed so that human
health is preserved. '

Kolonia

The near shore marine water quality in the areas surrounding the district
center of Kolonia was extremely poor; numerous marine coastal Class B standard
violations were measured for coliform bacteria and turbidity. Reglonms of -
greatest contamination were those waters lying off the north and east shores
of Kolomia. The entire near shore marine environment bordering this district
center should benefit from complete implementation of a functional wastewater
collection/treatment /disposal system. In marine regions directly impacted by
freshwater inputs (i.e. streams), contamination from a wide area is washed
into the stream and eventually into the marine environment. Until all up-
stream inhabited areas are sewered, the "estuarian" zones will remain a water
quality problem. ' '

Given a functional wastewater treatment system, the waters in and around
Kolonia will still suffer from heavy silt/sediment loadings during and after
neriods of significant rainfall. In other words, turbidity and all its
directly adverse impacts will remain water quality problems in and around
this high island regardless of the status of the wastewater treatment system.

Due to the total absence of free residual chlorine {FRC) and the
existence of numerous FC.violations at site 14 (Sewage Treatment Plant [STP]
Outfall), it is recommended that the operation of the STP be studied so as to
improve overall plant performance. Chlorination should be instigated or
current application practices improved such that sufficient contact time is
utilized to kill bacterial populatioms. ' Coliform levels should then meet
discharge standards and the subsequent mixing of STP effluent with receiving
waters {Mwalok channel} should offer dilution factors necessary to decrease
FC densities in the area of site 14 below water quality standard levels (<400
FC/100 m2}.
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. Public Water System

The highest priority water quality monitoring program in Micronesia is
the thorough and continuing evaluation of the public water system (PWS).
When freshwater is supplied to the general public, those providing this
service must insure that safe, high quality drinking water is delivered to
all points in the service area. In the micronesian trust territories, this
valuable function.is performed by Public Works (PW). The surveillance
function is directed by an environmental protection board (TTEPB, Saipan)
and the monitoring is performed locally in the district centers by the
District Envirommental Health Laboratory. These two agencies {PW and
Environmental Health) are independent of each other and communication between
them is slight. The first recommendation with respect to the PWS is the
immediate development of a strong working relationship between PW and
Environmental Health; the establishment of a partnership rather than an
adversarial posture., If there is a breakdown in the PWS, then PW informs
Environmental Health which advises the public and monitors the troubled area.

Water treatment plants (WTPs) and water distribution systems have been
developed and designed on the basis of continuous, 24 hour service, The
Colonia (Yap) and Koror (Palau) PWSs are not functioning on this basis. Since

these locations. Water quality data, collected at various representative’
points in these two distribution systems, should be utilized to validate this
recommendation in Colonia and Koror,

In districts where water hours are in effect and do not coincide with
Environmental Health Laboratory work schedules, the appropriate Area/District
Sanitarian should adjust selected personnel work hours such that complete
distribution System sampling goals can be accomplished,

Conversion of the Yap and Palau district center PWSs from interrupted to
continuous service should be the primary objective for system management.
The possibility of leaky mains and laterals is & reality; however, since the
replacement of all o1d mains and laterals is economically difficult if not
impossible, alternative solutions must be found. As a first step towards a
possible solution, education/conservation programs should be initiated in
these (and all other partial service) district centers. People should be in-

specifically due to: A) outside taps left running during water availability
periods; B) leaky fixtures., The education process should be directed by local
sanitation officials; high school and college students would be ideal program
assistants. Since the micronesian trust territories are currently moving to-
ward more democratic forms of government, conservation would make zn excellent
political issue. Successful solution to this problem with the eventual goal
of continuous water service would benefit all in the service area.

The PWS in Kolonia (Ponape) is, for the most part, a continuous system.
During periods of such service, PWS water quality data should be utilized to
justify confidence, or lack there of, in the systen,.
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Colonia

Only a very limited amount of data were collected during the brief study
period on Yap. Consultations with the Chief District Sanitarian and the
Director of PW confirmed to the author that the Colonia system was operating
as well as could be expected given all existing constraints. These two de-
partment heads are well aware of the near catastrophic conditions which exist
in their PWS: A) restrictive water hours; B) excessive turbidities in process

water; C) negligible FRC levels and high TC densities in distribution system.
- The small amount of information (Table 31) collected on this system verified
the recommended public health precaution of boiling all culinary water '
supplies in Colonia.

A water conservation program has been initiated in the Colonia area (C.
D. Jordan, District Planning Officer, Yap District; personal communication,
1980). High school students were enlisted to perform a house to house survey
to quantify amounts of water wasted because of leaky fixtures.

The excessive turbidity levels present in the Colonia PWS inhibited the
growth of coliform bacteria on the membrane filter (MF). Given high levels
of silt and sediment in the sample to be tested, it is recommended that the
Multiple Tube Fermentation technique bse utilized to quantify coliform
bacteria. : '

X¥oror

The evaluation of water quality data yielded confirmation that this PWS
was in violation of the coliform and turbidity drinking water standards.
Culinary water should, therefore, be boiled prior to use. The future expan-
sion plans at the Airai WIP include obtaining increased raw water sources as
well as the addition of coagulation/flocculation/sedimentation unit precesses
to the treatment train. These improvements, coupled with implementation of
water conservation policies, should result in the continuous supply of high
quality potable water to the Koror populace. The new solids removal processes
will eradicate the turbidity problem thus making existing chlorination prac-
tices sufficiently efficient to guarantee complete absence of pathogenic
organisms in the distribution system.

During those periods when system sampling is not possible, arrangements
should be made for selected members of the hospital staff to bring culinary
water samples from their respective homes teo the laboratory for analysis.
Selection of participating personnel should depend upon their home locations
so that the system is representatively sampled. The Safe Drinking Water
Specialist should train these personnel in the correct sampling procedures.

Kolonia

, The PWS in this district center was operating on a continuous (24 hour)
schedule. The bacteriological examination of the distribution system produced
numerous TC standard violations. The magnitude of the mean TC density as well
as the presence of four positive FC analyses provided the basis for the re-
commendation of precautionary boiling of all culinary water in Kolonia. Only
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consistently negative indicator organism assays can provide evidence for
removal of this restriction. Turbidity levels were at the standard thres-
hold (1.0 NTU) and FRC values were sufficiently adequate to indicate only
occasional system failure. Elimination of ‘chlorination process failure
should provide the solution to the problem of sub-standard drinking water
quality. . '

The final process at a wrp is disinfection, At Kolonia, the chlorina-
tion system, as observed in this study, was inadequate and was therefore
susceptible to operational failures and incomplete treatment. This process
should be studied and evaluated with the Primary objectives being: A} im-
provement of the chemical mixing; B) increased residence time in the contact
chamber. Once the mechanics of the chlorination operation are functioning,
correct chlorine dosages can be determined through experimentation at the WTP,

the onset of the first major rainfall event of the study period). Particular
attention should be directed toward diversion of excess quantities of raw
water (flow equalization} prior to its entering the WTP. 1If the increased
influent water volumes are not diverted, those unit processes which rely upon
maintenance of designated flow through velocities (presedimentation), design
hydraulic loading rates (filtration) and adequate residence times (presedimen-
tation; chlorination) will not perform their respective functions.
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Table 1. Marine water quality data for the district center of Koror
(Palau); data summarized from Cowan and Clayshulte (1580).

Parameter Units Geometric Number  Arithmetic Range
Mean Standard of  Mean _ Standard of

Deviation Datum T Deviation Values

Fecal Coliform #/100 m2 1.5 2.86 12 3.4 £ 10.3 g - 36

Total Coliform #/100 m2 4.5 4.15 12 12 + 20.1 g - 72
" Turbidity NTU .73 1.51 18 0.81 ¢ 0.44 0.4-2.4
Temperature °C 29.6 1.02 17 29.6 % 0.61 29.0-31.5

Salinity LYY 32.5 1.02 18 32.5 x  0.71 31-34
Dissolved Oxygen mg/2 6.0 1.15 18 6.1 * 0.8p 4.8- 8,1
% Saturation 96.4 1.15 18 97.3 * 14.2 76-133

pH 8.0 1.02 18 8.0 = 0.13 7.8-8.2
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Table 2. Trust Territory of the Pacific Islands (TTPI) classificatrion of
coastal waters,

Class AA Waters

The uses to be protected in this class of waters are oceancgraphic. research,
the support and propagation of shellfish and other marine life, conservation of
coral reefs and wilderness areas, compatible recreation, and aesthetic enjoyment.

It is the objective of this class of waters that they remain in as nearly
their natural, pristine state as possible with an absoclute minimum of pollution
from any source., To the extent possible, the wilderness character of such areas

shall be protected. No zones of mixing will be permitted in these waters.

The classification of any water area as Class AA shall not preclude other

uses of such waters compatible with these objectives and in conformance with the
standards applicable to them.

Class A Waters

The uses to be protected in this class of waters are recreational (including
fishing, swimming, bathing, and other water-contact sports), aesthetic enjoyment,
and the support and propagation of aquatic life.

It is the objective for this class of waters that their use for recreational
purposes and aesthetic enjoyment not be limited in any way. Such waters shall
be kept clean of any trash, solid materials or oils, and shall not act as
receiving waters for any effluent which has not received the best degree of
treatment or control practicable under existing technology and compatible with
the standards established for this class,

*

Class B Waters

The uses to be protected in this class of waters are small boat harbors,
commerical and industrial shipping, bait fishing, compatible recreatiocn, the
support and propagation of aquatic life, and aesthetic enjoyment.

It is the objective for this class of waters that discharges of any
pollutant be controlled to the maximum degree possible and that sewage and
industrial effluents receive the best degree of treatment control practicable

under existing technology and compatible with the standards established for
this class.

The Class B designation shall apply only to a limited area next to boat
docking facilities in bays and harbors. The rest of the water area in such bay
or harbor shall be Class A.




Table 3. Trust Territory of the Pacific Islands (TTPI) marine

quality standards.

Parameter
Total Coliform
Fecal Coliform

pH

Total Nitrogen (TN)

Total Phosphorus (TP) mg/?

T™N/TP (mass ratio)

Dissolved Oxygen (DO)

Salinity
Temperature

Turbidity

41

water
‘Units Class AA Class A Class B
#7100 mg <230
#/100 mt <400 <400
* | 8.10 + 0.40 >
mg/4 * <0.40 <0.40 <0.80
* <0.025 .50.025 <0.050
- *  9<18<27 9<18<27 6<12<18
mg/L >6.0 or 752  >5.0 >4.5
of saturation,
whichever 1s greater
.0/00 * | 3243 |
°C £ |« 20%1.5 |
NTU *  <1.0 <1.0 <20

* Proposed marine water quality standards from Cowan and Clayshulte (1980},
These proposed amendments apply to TTPI marine waters in general. If
isclated areas in the Territory have water quality parameter values in
violation of these proposed standards, sufficient data should then be
gathered in order tc establish the normal conditions for those specital

cases,
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Table 5. Marine water quality data for Ponape; data summarized from
Cowan and Clayshulte {(1980).

Site 6 Mwalok; Site 7 Kolonia (Class B);
Site 3, 5 and 10: Likie, Dekehtik and Nanuh (Ciass B);
Sites 1-5 and 8-14 (Classes AA, A, B}; see Cowan and Clayshulte (1980),

SITE(s) PARAMETER UNITS GEOMETRIC NUMBER ARTITHMETIC RANGE
Mean Standard of Mean Standard of
Deviation Datum “Deviation Values
6 Fecal Coliform #/100 m2 244 1.86 3 - 120-380
7 2137 2,81 3 - " 760-6000
3,5,10 6.6 5.60 S - $-130
1-5,8-314 3.7 5.10 36 — P-156
i) Total Ceoliform #/100 mi 208 5,36 3. — 30-580
7 2479 4,16 3 - 780-12200
3,5,10 15 4,72 9 - @-135
1-5,8-14 8.1 4,72 36 — $-135
& Turbidity . WIU 2.1 2.03 3 2.5+ 1.78 1.1-4.5
7 4.6 2.49 3 6.1 ¢+ 5.95 2.5-13
3,5,10 1.1 2.07 9 1.4 £ 1,10 0.4-3.5
1-5,8-1¢ 1.0 1.87 26 1.2 ¢+ 0.87 . 0.4-3.6
b Temperature °C 28.7 1.01 3 28.7 £ 0.4 28,2-28.9
7 27.1 1.04 3 27.1 + 1.1 25.,9-28.0
3,5,10 29.2 1.04 9 28,2 £ 1.1 27.8-31.2
1-5,8-14 29.3 1.03 36 29.3 + 0.8 27.8-31.,2
[} Salinity /00 19,1 2.12 3 22,3 £12.4 8-30
7 : 7.5 3.14 3 0.3+ 7,2 2-15
3,5,10 29.5 1.11 a 29,7 ¢ 2.9 24=32
1-5,8-14 29.6 1.09 36 20,7 + 2.6 2434
k] Dissolved Oxygen mg/? 6.0 1.06 3 6.0 £ 0.36 5.7=6.4
7 : 7.0 1.04 3 7.0 £ 0,25 6.8-7.3
3,5,10 7.1 1.12 9 7.2 £ 0,86 6.3-8.2
1-5,8-14 : _ 7.9 1.21 36 8.0 * 1,59 4.8-12.,7
6 % Saturation 89,2 1.13 3 89.7 +11.1 78-100
7 95.3 1.01 3 95.3 0.6 9524
3,5,10 111 1.15 9 112 +16.0 96-143
1-5,8-14 123. 1.22 36 125 £26,2 75-205
1 pH 8.0 1,01 3 8.0 * 0.06 8.0-8.1
7 g§.2 1,01 3 8.2 £ 0.10 8.1-8.3
3,5,10 8.1 1.02 9 8.1 £ 0.14 7.8-8.2
1-5,8-14 8.1 1.02 36 2.1 = 0,16 7.8-8.5
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52 .
Table 10. Community Water Systems: Ponape.

SITE DATE COMMENTS Total Coliform Fecal Coliform FC/TC
mo/day/vr #7100 m #/100 mt Ratio?
Saladak 10/10/79 TNTC? NTCC 0.8 w*
Village Hotel 10/10/79 TNTC 5357 ~7., %%
(Uh) 10/30/79 TNTC TNTC ~0.8 &%
5/23/80 Tank Confluent 138 — k%
Kitchen Confluent 187 — &%
Room TNTC 370 -5, %%
8/20/80 TNTC TNTC ~0.8 #*
Awak Elem School 10/30/79 80 4 0.05
Kinakap 10/30/79 Source 16 7 0.4 #*
5/26/80 Source 131 8 0.06
Ipwitek 10/30/80 Dispensary 0 0 -
5726/80 Dispensary 23 14 : 0.6 %%
Rafaela Phillip 2/14/80 44 36 0.8 #%
(Nett) 6/30/80 584 522 0.9 %%
Ioanis Rosario 2/14/80 9 4 0.4 #%
(Nett) 6/27/80 32 21 0.7 %%
Sapwalap 5/26/80 28 7 0. 25%%
Lewis Amor (Uh) 6/30/80 16 2 0.12
Erpehr Redes (Nett) 8/14/80 57 22 _ 0.5 %*
Pehleng Elem.
School (Kitti) 8/27/80 - G 0 =

Sekere Elem.
School (Sokehs) 8/27/80 0 0 -




Table 10. Continued.

53

DATE COMMENTS

SITE ' TotalColiform Fecal Coliform FC/TC
mo/day/vyr #/100 m #7100 m Ratio®
Mand Village 9/24/80 Open Dam 12,5 10,8 1.2 **
(Mandolenim) Tank 55,29 46,15 0,7 **
School 56 41 Q.7 **
Homes 29,73 15,36 0.5 *=*
Mwand Island 9/26/80 Source TNTC 196 ~2, %
{Uh) Home TNTC 158 ~2, *%
Parem lsland 9/26/80  Tank _ TNTC TNIC 0.3 **
(Nett) Home TNTC TNTC ~0.8 #*
Takaieu Island 9/26/80 Source 168 78 0.5 #*
{Uh) Home TNTC TNTC ~(,8 *%
Depehk Island 9/26/80 Source TNTC 304 ~f, Kk
(Uh) Tank Confluent TNTC — ki
Home TNTC TRTC ~(),8 *%
Kepiroi G/24/80 Tank 0 0 — '
{Madolenim) :
a Tecal Coliform/Total Coliferm Ratio. If 0.20 or higher,

recent fecal contamination has occurred (%%},

TC values of TNTC (100 m¢ aliquot) are >8C/100 nf ;
c FC values of TNTC (100 m aliquot) are >60/100 nf;
where TNTC = too numercus to count,
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Table 11. Private Water Systems: Ponape

SITE DATE COMMENTS Total Coliform Fecal Coliform FC/TCa
mo/day/yr #/100 m #/100 m Ratio
Eden Skilling 1/31/80 Rain Catchment 338 201 0.6 %%
Tridel Elidok 3/ 6/80 Spring water 18 14 0.8 #*
Peter Iriarte 4/16/80 Well TNTC” 96 ~1,  wk
Spring TNTC 450 ~6, %%
Winter Sahle 3/13/80 Raln Catchment 0 8] -—
Toses Gallen 5/26/80 Spring TNTC Nrc® ~0,8 #*
A. Paiden (Scokehs) 6/25/80C Spring 45 9 0.20%%
B. Minkel (Kolonia) 6725730 Spring 169 I55 N
P KinhTeng (UR) &7 30780 Spring 4b6 504 I T &%
5. Kihleng (Uh) 6/30/80 Spring 468 158 0.3 **
Nett: B. Elwihse 8/14/80 Spring 198 160 0.8 **
Rain Catchment 8 0 0
8. Loyola Spring 213 121 0.5 **
L. Salons Spring 84 70 0.8 %
E. Felix Spring 163 46 0.3 *%
N. Kostika 8/20/80 Rain Catchment 8 0 i}
K. Iriarte Small Stream TNTC TNTC ~0.8 k%
G, Lighor 8/25/80 Spring 64 29 0,5 #*=*
Small Stream INTC TNTC ~0,.8 %%
H. Gallen Spring TNTC TNTC ~0.8 *%
S, Olter Spring 142 23 0.16
Rain Catchment 1 0 0
a Fecal Coliform/Total Coliform Ratio. If 0.20 or
higher, recent fecal contamination has occurred (*%)
b TC values of TNTC (100 mt aliquot) are >80/100 o}
c FC values of TINTC (100 mt aliquot) are »60/100 m 3

where TNTC = too numerous to count.
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Table 13. Precipitation data for Koror (Palau) znd Kolonia (Ponape)

for study periods.

Korer, Palau Kolonia, Ponape

1980 Date om

1980 Date cm m 1980 Date cm 1980 Date em

July 1 0.08 July 16 - Dec. 9 2.8 Dec. 26 1.0
2 10.2 17 0.6 10 0.4 27 0.7
3 2.9 18 1.3 11 0.6 28 0.1
4 0.3 14 1.5 12 0.5 29 0.02
5 - 20 Gg.3 13 Trace 30 4.0
6 1.2 2l Trace 14 1.3 31 2.6
7 0.9 22 2.2_ i5 0 1981 Date
8 - 23 0.2 16 0.2 Jan ! -
9 - 24 - 17 4,1 2 2.0
10 0.01 25 G. 18 2.5 3 2.4
11 4.5 26 . 19 1.3 4 1.4
12 0.5 27 0.9 20 0.1 5 0.1
13 - 28 - 21 1.1 6 0.2
14 0.2 29 22 0.05 7  Trace
15 30 0.7 23 Trace 8 0.3

Study Period Total Precipitation ;: 0.08 ? 0.6

0.3

Marine: 7-30 July "17.01 em
Study Period
15 Dec~9 Jan

Total Precipitation

Marine: 25,15 em
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Table 34b. Kolonia (Ponape) Public Water System: 13 December 1980 - 10 January 1987, !

FECAL COLIFORM, #/100 ml

SITE DECEMBER, 1980 JANUARY, 1981

NO. DESCRIPTION 13 16 17- 18 20 24 25 26 27 3 2 3 10
1A WTP Filter Influent 52 16 760 120 230 35 g0 67 3 30 -- 90 -
1B zew,wmmpcmnn g @ @ 14 @ ¢ ¢ @ ¢ g - @ —
2 Namiki 9 - -~ -- - -~ - -- - -— - -~ -
3  Sokehs @ e S @ - - -~ -
6  Dekehtik ¢ ¢ 8 - ¢ g ¢ - = - - = -
7 Federation Store @ 8 - 1 ¢ @ o ¢ - - - - ==
8 Envircamental Lab 8 - - - - - - - - - - ¢ -
9 Komwonlaid @ ~— @ 9 @ ¢ @ ¢ _ _ _ _ -
10 South Park Hotel @ ] @ —_ ] — @ — - - ) -
PH Pohnpei Hotel @ # @ - - - - — _ — - 1 -
VH Village Hotel - - - ~— - = -= - ~— - — 1600 -—-
4 Ngatik | — -~ - — — - 5

3> Danpeil - —- - -= -- - - ~- - - - — ¢

Z8
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Table 35a. Kolonia (Ponape) Public Water System: 13 December 1980 ~ 10 January 1981.

TURBIDITY, NTU*

STTE DECEMBE R, 1980 ~ JANUARY, 1981
NO. DESCRIPTION 13 1617 18 20 24 25 26 37 3 2 3 10

1A WTP Filter Influent 1.3 1.3 11, 3.8 3.5 1.0 1.0 1.2 1.2 1.9 3.5 1.3 —

1B WTP Effluent 0.8 0.8 3.3 2.4 1.8 0.6 0.6 o0.6 0.7. 0.9 2.8 0.8 -
2 Namiki .09 0.7 0.9 1.9 1.3 1.2 0.6 o.6 0.7 0.9 1.8 0.9 -~
3  Sokehs 0.7 0.8 0.6 1.9 1.4 0.6 0.7 0.7 0.6 1.0 0.8 0.8 --
6 Dekehtik .0 1.0 0.7 1.9 1.2 0.7 2.7 1.4 0.7 0.6 1.0 0.8 -
7 Federation Store 0.9 0.9 0.7 2.6 0.8 0.8 1.2 2.7 1.4 1.4 0.8 1.5 -
8 Enviroamental Lab 1.0 1.0 0.6 2.9 1.0 0.6 0.7 0.7 0.8 1.3 0.8 1.0 —
9 Komwonlaid . 0.8 1.0 0.8 1.6 0.9 1.0 0.9 1.0 1.6 1.9 1.0 0.9 -
10 South Park Hotel 0.8 0.8 0.7 1.6 0.8 0.7 0.6 0.6 0.8 1.1 1.0 0.9 -
PH Pohnpei Hotel 0.7 0.7 "0.6 1.6 1.0 1.1 0.6 0.7 0.7 - - 0.8 -
VH Village Hotel ~— - - — = - — e 4.1 4.3 -
4 Ngatik e A
5 Danpei T T T = L L e

#NTU = Nephelometric Turbidity Units

¥8
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Table 36a. Kolonia (Ponape) Public Water System. 13 December 1980 - 10 January 1981.

SPECIFIC CONDUCTANCE, pymhos/cm at 25°C

STTE DECEMBER, 1980 JANUARY, 1981
NO. DESCRIPTION 13 16 17 18 20 24 25 924 27 31 2 3 10
1A WIP Filter Influent  —- 35 2225 23 25 25 25 25 995 24 23 -
1B WIP Effluent -— 16 40 34 34 45 25 25 40 35 41 40—
2 Namiki e 21 4235 35 44 39 40 40 36 39 35 .
3  Sokehs - 38 4240 41 44 40 41 40 38 42 38 -
6  Dekehtik — 43 45 52 50 50 45 55 55 49 60 60
7 Federation Store -— 45 48 52 42 50 50 44 50 44 44 49 -
8 Environmental Labp — 39 40 43 44 39 44 58 45 42 48 45 —
9 Komwonlaid — 35 S0 4545 4h 48 50 48 43 44 43
10 South Park Hotel -— 39 4243 42 37 44 40 40 39 45 40 -
PH Pohnpei Hotel - 28 a0 42 45 44 40 40 40 —— -— 40 -
VH Village Hotel = - - - - - - ~— — ~— 100 110 -
4 Ngatik - - - - -- - - - - - - - 110

5 Danpei -

98
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