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PHURAICL L LON

Thoe Trust Territary wf the Pacitic lslands CUUPD) was roreea in
[947 and conuisted of the Jorihern Hariana lalandls aod che djsreivis
al i Marshall Tslands, falou, Yap, Iruk and Panape,  Io rhe wid-
sewenbies, Kosras, which was pard ot the Pfonape District, boecane o
senarale discrict, and, the Xorthern Marianas hecane o corvserneeal Lh
ol Loe Uniited States; the TTHD was rhereby eatablished qas Lhe ro=
maining 2ix districcs,  Clhe UTPT, which is scliedules Lo cease s W
oolilival entity in 1981, has st present Drawsmentad (nta fhe Fealer-
ated Htatcs ov Microocsia (Yap, Teak, Ponape and Fosraced, Lhe
Constitntional Uoweroment ol Che Marshall Tslands and ohe Sowveronent
ot the Repellic ol Palaw (Figure 1. AL chwe present Lime, Microenvsia
in in a transition pevicd and Che duthoers realize that aoy baseline
levels of envirvennental wator yuality paranctors eatablished io this
study {with reference te the profransition TTPT) will have fo be cval-
uated separately by the three new political entities In Micronesia.

She UTPL encompasses approxinately a three sillion squarc mile
2T¢h in fthe western Pacific Occan {(Micrancsia)., Thoeee are more than
SOHL dm oz in e Lerritory; thesve islands represcont only 9260
saquare niles of landed arca (GLU01BF af the tatal arveg ol the TTREY,
Toe remnie nature ol these Iislands and the lack o7 analvtical ex-
pertise v the local level sceount for the sparse data basc quanti-
Twiow the water gqualicty in tiw marioe environments surrounding these

Esbaruls .

Woler qual ity standards have been wstabdished by the Tovicon-
mental Protecticn Board (EPBEY of the TTPD based upon cerritorial
Fublic waw 4C-78 (1972) and the Federal Wacer PMPollution Sootrol Act
Pub. 92500 (19723, These standards bave been established for various
praposacd beneficial uses of Ehe water resources in Ehe TTPT. 0 These:
standards will remain arbitrary to Micronoesia until Ehey are wvati-
datved bv the velleciion of water qualicy data in cthe rterritars.

Islands from Lhe ais TTPI districts (Marshalls, Palaw, Yap, Truk,
Ponape and Easrace) bave been seloeceed Tor stody i order oo guantily
the existing background water quality “or the discrict centers.  Es-
tal:lishrent of dcelected chysical, chemical amd bacteriolapical daca
hases in the territory willl serve many functions.  The hasceline dara
will prowide a hasls Jor compari=son against whicle Totore eoviironment al
impacts can he assessed,.  Cemprehensive cvaluation of modernizatbion in
licrowesia can ouly be accomplisicd on 4 local lewel., Monitoring
prcerams nust e odewe lapod [o the of Fices of Lhe disirict sanicarians.
A sovowdary Lunckion ol the bhaselioe morioe woter guality dats is tliat
it would socve as g ratlonale ror weelbicatlon of Lhe cxistiog TTPL
narine wster qualiety standards. Leviations af obscrved water qualily
Fram ghe established scandards mipht mativate changes {either in-
croasas or decreases) in marine water qualicy standards,
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OBJECTIVES

The basellne marine waler quality study herein described con-
gizted af the collection of data on threc cansccutive days in the
following locations: Majurge Atell; Ebeve and Gupecpue (KEwajalein
Atoll};: Korar (Palau); Yap Islands: Moen and Duhlon (Truk Atoll):
Fonape; Kosrge. Background water quality paramebers quantified
wara: water temperabture; salinlily: turbidicy; pH; dissolwved oxvpen;
nitroren and phosphorous nutrienks; takal and fecal califerm hacteria.
These parameters were guantified on an 1slandwide basis as well as
in the context of beneficial wsare of the maripne environments sur—
rounding these lslands.

Specific objectives warea:

1, Camprehensive vreview of the literature summarizinpg existing
water gquality data in the TTTL,

2. Egtablishment of baseline water guality.

3. Validation of existing water guality standards wtiliziog
territarlal baseline water gqualicy data.

4, Identification of specific arcas which are in wiolation of
water gqualicy standards.

LITERATURE REVIEW

The data base gquantifying the water guality in the marine cn-
vironments surrounding the islands of the TIPT is zparze. Studies
to date have Included only marine bilelogical surveys amd research
associated with the development of waste treatment facilities in the
territory. Engineering consulting {irms have been contractad through
the EFE and the U, 5, Department of the Havy, Officer in Charge of
Construction (0ICC, Mariamas) to develop these waste treatment
facilitics plams. EResearchers from Hawaii and the Cniversity of
Guam Marine Laboratory have evaluated options for marine discharges
of treated domestic sewage effluents. The water guality data from
guch studies are summarized in Table 1.

Fhysical, chemical and bacteriological parameters gquantified
included water temperature, turbidity, saliniey, pH, dissolwved
oxyuen (Ir.0.), total phosphorus {Tocal F), orthephosphate-pheospharus
(POr,=F}, total Eleldahl nitrogen {(TEN), nitrate plus nicrite nitrao-
gen ([NO3+H0, |-N} and coliform bacteria {retal and fecal)., In order
to evaluyate existing water guality data, the sites were grouped by
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islands and TTPI coastal water classiflcations were assipned to each
grouping, The desipnation of each TTPT class is presented in lable 2.
TTPI water quality standards are listed In Table 3. The slite deserip—
tions, TTPI classifications, and the violations of water quality
standards of the literature data base are discussed below.

Tho waste treatwent facilities planm for Majuro (M & E Pacific
and J. O. Tenoric and Associates) was completed in 1978. Studies by
Mabbett (1972}, Amesbury ct al. (1973), Damcs and Moore (1977} as
well as those conducted by M & E Paeific account for the water
quallty data for Majurc Atell. (lass B waters [rom Majure Atoll are
the lagoon sites of the old and new Majuro dock areas; class A
waters incilude ocean sites off Dalap and Laura isiands as well as
lapopn zires not classified as B waters.,

M & E Pacific and J. €, Tenorio and Asseoviates completed fackli-
ties plans for Eheye and Gugeeguc jslands in Kwajalein Atell in 1978,
Class B waters from these studles wore lagoon waters in the viclinity
of the Cugeepue and Ebeye docks as well as the praoposed sewer outtall
at the northern end of Eheye Islapnd, Class AR watcr incluoded ocean
sites al Gugeepue and Ebeye as well as lagoen and ocean sites for
Bijinkur island {(an island between Ebeye and Gupgeegue}. Lxcessive
concentrations of fecal coliform bacteria were noted fer Ebeye
{Amesbury et al,, 1975}; Tive of the tem stations were 1n yiolation
of the TTFT fecal coliform standacds thipgh and low measuremenls wore
G40,000/100 mf and 0U/100 mf respectively). The samples gathersd in
1978 (M & E Pacific and J. C, Tenorio & Asseciates) confirmed high
levels of coliform bacteria in lapnan walers at the old sewer outfall
(400 total coliform/100 mf and 50 lecal coliiorm/100 mE) and at the
new zewer outfall at the nerthern end of Ebeye island {(Tao Numerous
ta Count, TN1C, total coliferm and 600 fecal coliform/100 mE). The
old vutfall was net In vielatlon of class B waters {Fecal cotif{orm
<400/100 mf), The new outfall, however, did exceed the maximum
allowable fecal coliform concentratlent indicating the presence of
health hazards around the mnew cutfall site. Tt ks noted that the
hacteriolegical data for Gugeegue class b waters {idock, lagoon) con-
sisted of only a single 1978 sample: <2 total coliform/100 mf and
<2 [ecal coliform/10 mé,

Data on the Palauw islands include a stwly by Birkeland et al.
{197h) of the proposed sewer autfall otf the Malakal island sewape
treacment plant (class B waters). Hawall Archirects and Fngineers
completed a facilities plan for Palau which included water quality
sampling stations on the ocean side of Korer and Arakabesan iclands
sufficiently out [rom shore to be considered A4 wakers.  koror harbor
data was gathered by Randall et al, (1878} on the north side aof RKaror
island cast of Arakabesan island in B walers.

A wastewater facilitles plan for the contral Yap islands was
developed by Lynn Asscciates (L278); the bacteriolegical data sun-
marized in their report, altheogh vio iable, indicated high telal and
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| Class AA Waters

—

Table 2. Trust Territory of the Pacific Islands (TTPI)} classification of
coastal waters.

]
if
I
I

|

The uses to be protected in this class of waters are oceanographic 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 c¢lass of waters that they remain in as nearly
their natural, pristine state as possible with an absolute 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 ol such waters compatible with these objectives and in conformance with the
standards applicable to them.

Class A Walers

The uses to be protected in this rclass 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 hest degree of
treatment or control practicable under existing techrelogy 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 recreation, the
support and propagation of aquatic life, and aesthetic enjoyment.

It is the cobjective for this class of waters that discharges of any
pellutant be controlled te 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 bavs and harbors. The rest of the water area im such bay
or harbor shall be Class A.

- . - e



Table 3. Trust Territory of the Pacific lslands (TTPL) maripe witer
quallly srandards
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fecal coliform concentrations in the Chamorro Bay and Tomil Harbor areas
around the district center of Colonia. These data are not included in
Table 1. Amesbury et al. (1976) evaluated proposed outfall sites off
the Donitsch sewage treatment plant in Tomil Harbor (class B water).
Tsuda et al. (1978) studied proposed sewage outfall sites off Balabat
(class B water) and off Pelak (class AA water).

Sewage outfall sites on Moen Tsland (Truk Atoll) were studied at the
Point Gabert wastewater outfall site (Tsuda et al., 1975). Amesbury et
al. (1977) surveyed the area of a proposed tuna fishing complex at the
old Japanese fuel dock on Dublon. Clayshulte et al. (1978) evaluated the
site of a proposed fishery complex on Tol Island. The studies completed
by Brewer (1978) consisted of sampling sites at Point Gabert and Sapuk
peninsula (Moen) and the Tonof and fuel pier sites (Dublon). Environ-
mental Consultants, Inc. (1978) studied the Moen site of Sapuk and the
Dublon sites of Tonef and Sapun. The waters evaluated in the Truk Atoll
were all TTPI class B.

Sewer outfall studies (Tsuda et al., 1974) were completed in the
Tuanmokot Channel in Ponape in class B waters. Surface samples exceeded
TTPI bacteriological standards in two of the ten sites analyzed (fecal
coliform >400/100m¢). Tenorio and Davis (1978) evaluated Ponape Harbor
(class B waters) and the ocean area north of the harbor {class AA waters)
in development of a facilities plan for Ponape.

The wastewater facilities plan for Kosrae (PAE International, 1979)
included temperature, salinity and dissolved oxygen data for Lele Harbor
(class B waters) and Malem (class AA waters).

The data presented in Table 1 and summarized in Tables 4 and 5 repre-
sent marine water quality parameters measured at different sites in the
TTPI (six districts) for the pericd from April 1972 to October 1978. Due
to the variables of site locations and time, no reliable statistilc can be
utilized to describe these data with any acceptable level of significance.
The authors realize that geometric means and standard deviations are
sometimes used to analyze water quality data (particularly bacteriological
data). The arithmetic means listed in Tables 1, 4 and 5 are only utilized
to indicate estimates of water quality conditioms in the TTPI prior to the
current marine baseline study.

Arithmetic means of the literature data for the physical and chemical
parameters are presented in Table 4. These mean values are listed for
each island group and for the territory as a whole using the data from
Table 1. Total nitrogen concentrations (Total N} were calculated as the
sum of total Kjeldahl nitrogen (TKN) and nitrate-nitrite nitrogen
([NO3+NO,]1-N) . Total nitrogen to total phosphorus ratios (TN/TP) were
calculated as mass ratios.

Arithmetic means of the literature data for the bacteriological
parameters are listed in Table 5. The mean values for total and
fecal coliform concentrations are presented by island groups according
to TTPI coastal water classifications because of the excessive dif-
ferences between class AA and class B waters. The mean fecal coliform
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Table 5. Arithmetic means of Trust Territory of the Pacific Islands

(TTP1}) literature data for bactericlogical parameters.

Fecal Ceoliform
#/7100me

AA B

v oo Y (M)

164 (27) 322 (9)
16 (1) 88355(12)
1 (3) 1 (1)
1 (12) 14 (8)
= 40 (14)
-— 2 (18)
6 (4) 341 (18)

Location Total Coliform
#/100m4
AA B

Y () Y (W)
MAJURQ 2 (27) 629 (8}
EBEYE 40 (1) 400 (1)
GUGEEGUE/BTJTNKUR 2 (3 1 (1)
PALAU 1 {12) 18 (8)
YAP —— —= 170 (14)
TRUK _— - 6 (18)
PONAFPE 28 (4) 268 (18)
TTPT 5 47 190 68

95 47 13375 80
143% 68

ATTPI mean B water omitting Ebeye

Underscored data represent TTPI violations

Y
N

Mean
Number of samples
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values {class B waters) For Ebeve and the TTPI were BA,335/100 mé
and 13,375/100 mf respectively; these values fur exceed the TTRL
class B atandards [or fecal eoliform (<400/100 mfY, 1t is nored
that tevriterial class B waters have a mean fecal coliform value of
1434100 mE if the Ebeve dato were omitted,

The Water Resources Research Center (WERG) of the Universlicy
of Guam is currently monitoring the propress of the airport expan-
slon projeck on Moen [sland, Trok Atoll (Clayshulte et al., 197%;
WERC repart pendingl).  Ion order to evaluate the epvirconental impact
of the expansion of the airporct, water gquality sampling stalions
have heen continucusly monitered on a menlhly basis since June 2,
1973, & sunmary of cthe daca for rthe control statlon {(class AAY is
presented in Tahle 6. Both surface and bottom water qual ity data
are summafized to emphaslze the fact that no difference exists in
the waler gquality column at this station. The water guality data
summarized ln Tables 4, 5 and B will be ulilized in conjunctiom
with the data gathered inm this rescarch in order t£g cstablish the
TTPI natural condicions {baseline) of water guality In the wmarine
environments surrounding Lhe district centers of Micronesia.

Futrophication in marine environments is a provess whereby tlhe
waters In bays and lo areas loside feloging reels ape Rhrough ac-
curulalion of nutrients in these walers. ManTs usape of these marine
euvironments as well as Incrceased human activity on the islands
themselves will accelerate this process through further addiciom af
nuctlents, Futrephication wanifests itself throupgh increased phyto-
plankeen populations with eventual dominance of these populations by
the nuisance klue-areen algae.

The maripe environment surrgunding the izslands of Micronesia
represencs a complex physical, chemical and hielogical system, The
cancencrations of nutrients in these envirenments will repulatre the
levelz of primary productivicy {phyteplankron, macrophytic alpae
and corals). In order to guantily the excent of pollutiom in the
waters af the TTPL, a portion ol this primary productivity will he
analyzed (phyteplankton preductivity)}, Marine algal bicassay tech-
nigues (U.5.L.P. 4., 1974} are utilized to assess the nutrient(s)
limiting phytoplankton growth. Algal assuays are based upon Llebip's
law of cthe pinimmm {Browne, 19242): biomass production bs related to
the available concentration of the limiting nutrient. Typical marine
phycoplankzon have been characterized steichiometrically as 106C:
16M: 1P (Redfield et al., 1963). Classically, nitrogen (N} and
phosphorus {F) are considered to be the primary limiting nutriemts.

flgal growth responses between 00,0025 and 0.050 mgPfE and Q.0L0
and L.00D0 meN/E have bheen extensively examined (U,3.E.P.A., 1974}
utllizing the green alga Dunaliella terizolecia., PBiomass yields in
terms of milligrams dry weight per microgram nuetrient have been
establlished: L.08 mg dry wt./ig POL-F; 0.03 mg dry wc./fug KOa-N;
0.08 mg dry wt./fug NH4-M, This yeld data can be utilized together
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with TTPI baseline concentrations of orthophosphace phosphorus
{POy=F}, nitrate nitropen (NO3-N) and ammonia nitropen (NH;-N} te
estimate the yield of phytoplankton biomass and to idencify che
Yimiting nutrient in TTPI waters,

Specht (19753) studied the wariation of algal biomass production
and outrient limitatlon din marine water sawples under laboratory
condlilong outlined in the Marine Algal Assay Frocedure, MAAT
(U.5.E.P.&., 1974). Nitrogen and phosphorus algal growth rate
limitat ion was evaluated in this scudy ubkilirzing rotal soluble
inorganic nitropen (TSIN} and arthophosphace phasphorus (I'0y-F);
tke results of this study are presented ip Tigure 2. These data
are representative of marine environments in peneral and che pre-
dominant limiting nutrient was nitrogen. If 1s noted thac TSIN
represents the sum of the inovganic constituents of NO4-N, nicrice
nitrogen (MO;=-MN} and Kil;=N. The maximum (TSIN}/(FPO,-F) mass ratio
where nitrogen was the limitivg nutrlent was 15/1; therefore, for
the purpose of this TTFI baseline water guality study, any marine
waters with inorganic nitrogen to phosphorus nass ratios greater
than 15/1 will be assumed to be phosphorws limited waters and those
marine warers with ratios of less than 15/1 will be assumed to be
nitropen limited, Algal bicassay literature offers two distinct
estimates of limicing nutrient: one based upon yields and the second
based upon (TSIN}/{PO,-P) ratios.

MATERIALS AND METHODII

Water gquality parameters were measured ab preselected sites in
geach of the six districts. The sites were based on the TTFI classi-
flcation of coastal water uses [Table 2). The water gqualicy param—
geters measured were: physleal (temperature, salinity, turbidiey, pH),
chemical (dizsolwved omygen, orthophosphate phosphorus, total
phosphorus and total nicrogen} and bactericlegical (total and fecal
coliforms}. Total nitrogen was assessed by measuring the nicrogen
components of total Kjeldahl nitropen (TEN = organic nitrogen +
ammontfa nitrogen), nitrate-nitrite and ammenia nitrogen, Table 7
prezents the merhods of analysis used for each parameter.

Water samples were collected cither by boat or walk-in collec-
tion. Special care was taken during walk-in sampling to awveid
contamination of the water mass from disrupted bottom sediments
and sampling persoonel, Samples were taken toward the oncoming
water mass. The dircction of water movement was determined with
fluorescein dye tracks.

Secchi dise measurements were taken at those sites where visi-
bllity through the water column was less than the station depth.
Secchi disc determinations gquantify the depth of visibility. Tlight
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Figure 2. Nitrogen limited (0) and phosphorus limited (A) marine
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from the surface (sunlight) penetrates the water and is reflected
back up to the surface off a white circular plate (Secchi disc).
Secchi disc depth was determined as the average point of disappear-
ance for the descending and ascending disc.

Water samples were field collected with a Van Dorn sampler,
Samples were taken from a depth of one meter (m) when possible with
the sampler in a vertical position. The sites that were less than
1 m deep were sampled with the Van Dorn sampler in a horizontal
position in the midwater column. Salinity and temperature were
measured at the site from the Van Dorn sampler. Salinity was meas-
ured with a calibrated refractometer and temperature by mercury
rhermometer (20-50°C). Dissolved oxygen samples were collected in
special 300 mf bottles, fixed at the site and kept in a covered
transfer box. Coliform bacteria samples were collected in either
presterilized plastic twirl bags or autoclaved wide mouth bottles.
Water samples for dissolved oxygen, coliform bacteria, turbidity
and pH were taken to laboratories at the district centers for
analyses. Samples for the determination of the phospherus and
nitregen components were collected in precleaned bottles for ship-
ment to the Water Resources laboratory for analyses. The ortho-
phosphate phosphorus, nitrate-nitrite and ammonia nitrogen samples
were filtered through a .45p millipore filter prior to freezing.
The total phosphorus/TKN samples and filtered samples were frozen
at the district centers as a means of preservation.

Total and fecal coliform were measured with the membrane filter
technique. Bacteria samples were kept on ice in the field and
analyzed within eight hours of collection. Bacteria samples were
taken from surface waters at the Marshall, Yap and Palau sites and
subsurface at the Truk, Ponape and Kosrae gites. Nephelometry was
used to obtain turbidity data. A Hach portable turbidimeter was
used to measure turbidity levels. Dissolved oxygen was determined
with the azide modification of the Winkler titration method. pH
samples were measured with a portable specific ion meter and com-
bination pH electrode.

The chemical parameters were analyzed in accordance with
Standard methods for the examination of water and wastewater (1975).
Techniques presented in A practical handbook for seawater analysie
{(Strickland and Parsons, 1971) were used to determine orthophosphate
phosphorus and nitrate-nitrite nitrogen. The indophenol technique
(Solorzano, 1969) was used to determine ammonia nitrogen.

Meteorclogical Data

Weather data including wind speed and direction, air temperature,
water temperature, 24-hour sunshine, barometric pressure, and 24-
hour precipitation were obtained from the U. S. Department of Com-
merce National Weather Stations at the district centers. The 24~
hour average for the meteorological parameters is presented in Table 8.
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RESULTS

Trust Territory of the Pacific Islands (TTPI) water quality
standards are listed in Table 3. Standards for water temperature,
turbidity, salinity, and total nitrogen/total phosphorus ratios
(TN/TP) are dependent upon the establishment of the natural
(baseline) water quality conditions for these parameters.
Violations of standards for these parameters can only be identified
when these normal conditions have been quantified; the primary
objective of this research is to establish such natural conditions.
The data are therefore presented separately for each island group
in the territory. These data are summarized according to islands
and TTPI classifications. The summarized data from this research
are evaluated on the basis of arithmetic means and ranges ot values
for each parameter studied. The data were plotted on probability
paper and median values were determined for each parameter. Base-
line water quality for the territory was determined from these mean
and median values for each TTPI class (AA, A, and BR). Phytoplankton
growth rate limiting nutrient was jdentified and inorganic N/P
mass ratios (total soluble inorganic nitrogen/orthophosphate
phosphorus) were determined. Standards have been established for
TN, TP, total and fecal coliform bacteria. Minimum levels of
dissolved oxygen (D.0.) and ranges for pH are also identified in
the TTPI water quality standards. Violations for these parameters
are discussed for each island group.

Majuro Atoll

Water quality samples were gathered from the lagoon and ocean
waters surrounding the Darrit-Uliga-Dalap and Laura areas of Maijuro
Atoll (Figure 3) on November 21-23, 1979. The ten sites sampled
are represented in Figures 4 and 5. Four sites were sampled by boat
(2, 3, 6 and 7) and the remaining six were sampled by wading out from
shore. The sampling sites werc:

1. DARRIT OCEAN: 50 m offshore between house and radio tower.

2. DARRIT LAGOON; 50 m out from two radio towers, approximately
one quarter mile north of high school.

3. ULIGA LAGOON; north of 0ld Majurc Dock; 50 m offshore;
5 houses, 4 benjos on shoreline; children observed swimming near
shore.

4. ULIGA OCEAN; 50 m offshore at hospital: algal mat on rocks;
clumps of floating debris (algae).
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10

Q MAJURO ISLEY
LAaklka WILLAGE
Figqure 6. Sampling sites &, 9 and 10 at Laura Village, Masuro [slet

The circles are A8 waters.
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5. DALAP OCEAN; 30 m offshore at Dalap Elementary School.

6. DALAP LAGOON; 50 m offshore at Eastern Gateway Hotel
Restauraunt.

7. DALAP LAGOON; 50 m off the middle of the New Majuro Dock,

8. LAURA LAGOON; 20 m offshore; fleating debris {coconuts,
white filamentous masses); several pigs observed in area. Site was
out from highway approximately 100 m toward Laura from 'miles 28
Rita 28' road sign.

9. LAURA OCEAN; 30 m offshore at road to westernmost tip of
Laura.

10. LAURA OCEAN:; 20 m offsheore at northernmest house on Laura.

Sampling time, tide, depth of sampling site, Secchi depth and
water current data are presented in Table 9. Changes in station
depth of site 7 beyond those quantified by changing tides were at-
tributed to boat drift. On November 23, a Secchi depth determination
for site 7 was taken (10 m}). The watcrs in this area were observed
to have a green color, indicating the prescence of marine phyto-
plankton (not quantified).

Physical, chemical (D.0.) and bacteriological data are presented
in Table 10. Problems with dissclved oxygen (D.0.) reagents ac-
counted for loss of D.0O. data on November 2lst. Violations of pl
standard ranges were observed at site 9 (Laura, ocean) for the
November 22 and 23 samples. However, the average pH value for the
station was 8.47, which is within the permissible limit for pH.
Class AA bacteriological violations (total coliform »230/100 mf)
were quantified at sites 1 and 4. At site 1 (Darrit, ocean), and
te a lesser extent at site 4 (Uliga, ocean off hospital}), the high
coliform counts were concluded to occur because the local people
utilized the rocky area aleng the shore line as toilet facilities.

Nitrogen and phosphorus data for Majuro are listed in Table 11.
Total P concentrations were <0.011 mgP/f at all stations; this in-
dicates the marine waters surrounding Majuro Atoll are of good
quality. Total N concentrations were in viclation of TTPT class AA
standards for sites 4 (Uliga, ocean, hospital) and 5 (Dalap, eocean,
clementary school) on November 22nd. These total N valucs were
concluded to be due to laboratory experimental error inherent in
the TKN analysis. The average total N values for sites 4 and 5
excluding the November 22nd samples were 0.08 and 0.16 mgN/E respec-
tively, values which are less than TTPL standard of 0.40 mgN/L.
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Kwajalein Atell

Cugeegue and Ebeye were sampled in Kwajalein Atoll (Figure 6).
Four sites from Gugeegue and five sites from Ebeye were sampled on
November 27-29, 1979 (Figures 7 and 8). All lagoon samples (sites 1,
3, 5, 7, and 9) were taken by beat, whereas the ocean samples
(sites 2, 4, 6, and 8) were obtained by wading out from shore. In
order to check the quality of the lageon water at the sewage outfall,
a single sample was taken on November 29th (site 5b). The sampling
sites were:

Gugeegue

1. LAGOON; 75 m offshore; sandy bottom with isolated patches
of coral.

2. OCEAN; 30 m from shore between helicopter control tower
and house; algae on rocks, slippery.

3. LAGOON; 50 m south of dock; 75 m offshare; sandy/coral
rubble bottom.

4, OCEAN; 50 m from shore; algae on rocks, slippery; distinct
current (SSW) toward cut between islands.

Ebeye

5. LAGOON; south of sewage outfall pipe; 75 m out from yellow
house with concrete wall; children swimming near shore.

5b. LAGOON; at sewage outfall.

&. OCEAN; 30 m from shore at King Kabua-Kabua offical resi-
dence.

7. LAGOON; north of dock; 75 m from shore at power plant.
8. OCEAN; 50 m offshore at hospital.

9., LAGOON; 50 m from shore at old Coast Guard Station; south
of 6 concrete poles protruding from the water,

Sampling time, tide, depth of site and current direction data
are presented in Table 12. Differences in depth for site 1 were
attributed to boat drift. Water quality data are presented in
Tables 13 and 14. Total P concentrations were <0.014 mgP/f for all
samples. Violations of TTPI standards for total N of Gugeegue were
attributed to analytical error in the TKN procedure; average values
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for total N concentrations omitting questiovnable data were 0.27, 0.19
and 0.25 wglR/E for sites 1, 2 and 4 (class AA), 0.10 wgl/f for site 3
{class B},

Bacteriolopical data pathered In thils study Indicacte decreases
in total and fecal coliform concentrations in Ebeye class B waters
when comparisons are made using similar sample sites from previous
studies (Table 1). It 1s noted that such Improvements are ouly
estimates because of lack of an adequate nunber of samples to ac-
curately descrilbe conditions. Data in Table 15 represent single
gsamples for the Amesbury et al. (1975) and M & E Pacific and J. €.
Tenoric (1978} studies; daka from the curremt siudy represent che
meagn values of three samples at each szite.

Falau

Thirteen sites surroundlng Foror Island were sampled on December
19-21, 1979 {Firwre 9). All samples were collected by boat. Delays
io transportation of laboratory and ficld equipment (Continental Air
Microngsia) cansed scheduling problems in the sampling program.

Sites 1, 2, 3, &, &, 10, 11, 12 and 13 were shallow stations with
sparse scagrassfsandy bottoms. The sampling sites were:

1. IWAYAMA BAY; southeast of weather station; 50 w from shore.

2. IWAYAMA BAY; in the center of a small bay surrounded by
rock islands.

3. IWAYAMA BAY; southeast from Continental Hotel Dock; 30 m
east of a small island.

4. IWATAMA BAY; south of Continental Hetel; 30 m west of rock
izland.

5. PORT OF PALAU, MATAKAL TSLAND; 30 m off east side of
Van Camp.

6. MEYINS; 50 m from shore, lined with mangroves (houses
located behind mangroves).

7. NGAROL ISLAND: in chammel 25 m from island.
&, HMNOARDIS; 50 m from shore,

5. OLD AIRPORT; 50 m from stome wall.
10. ¥OMEBATL TACOON; 30 m east from shore.

11. SECHEMUS, S50 m frowm shove, lined with mangroves {houzes
located behind manprowves).
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Table 15. Total and fecal coliform concentrations (#/100m )
for Ebeye class B waters.

REFERENCE DATE SEWER CUTFALL DOCK
T.C. F.C. T.C. F.C.
Amesbury et al. Aug. 1975 ——— 278 -—= 1720
(1975)
M&E Pacific and Aug. 1978 400 50 TNTC#* 600
J.C, Tenorio
(1978)
Cowan, Clayshulte Nov. 1979 15 6 55 5
(1880)

*TNTC = too numerous Lo count.
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12. T-DOCK area; southeast from fish market; 30 m from shore.
13. RENRAK BRIDGE area; 100 m west from shore.

Sampling time, tide, depth of site, Secchi depth and water
current data are listed in Table 16. Late arrival of sampling
equipment necessitated the December 19 samples being gathered in
the late afterncon. The remaining two sample periods were taken
in the morning. Differences in station depths for site 7 were due
to boat drift. The waters of the deep stations (sites 5 and 7)
were observed to have a green color. Secchi depth mean values were
8 m and 12 m respectively. Average dissolved oxygen concentrations
for TTPI class AA sites 1, 2, 4 and 7 were 6.23, 5.75, 6.10 and
6.17 mg/l respectively. It was concluded that only site 2 was in
violation of the class AA TTPI D.0. level (<6.0 mgf/f). 5ite 2 was
located in Iwayama Bay in shallow water of high clarity (turbidity
average: 0.4 NTU) and low total and fecal coliform concentrations
(< 1/100 mf); therefore, it is anticipated that minimum importance
should be placed upon the violation of DO standards.

Physical, chemical and bacteriological data are presented in
Tables 17 and 18. Total and fecal coliform concentrations for the
December 19th samples were determined utilizing 1 mf aliquots for
all sites. Only site 8 showed any colonies (4 total coliform/m{}.
The low sample volumes were used because of suspected high coliform
concentrations (R. Barker, personal communication). Consequently,
all microbiological data for this sampling period were omitted from
subsequent analyses. Calculations for mean coliform concentrations
for the waters surrounding Koror will include only data from the
December 20-21, 1979 data sets.

Total P concentrations were < 0.013 mgP/{ for all waters except
site 1 (December 19, 0.023 mgP/#) and those off the Van Camp cannery
(site 5, December 19, 0.079 mgP/f). Although site 5 was not in
violation of the class B water quality standard for total P (0.100
mgP/L), this area warrants concern because the orthophosphate
phosphorus (POy-P) concentration on December 19 was 0.036 mg PO,-P/L.
Total N concentration for site 5 was highest on December 19 (0.42
mgN/L); however, the mean Total N value for the study was only
0.21 mgN/L. A total N concentration in excess of the class AA
standards (0.40 mgN/ ) was observed on December 20 at site 1 (0.54
mgN/£). Since the average total N concentration for this site was
0.36 mgN/L, site 1 was not in violation of the TTPI standard.

Yap

Thirteen sites were sampled around the central islands of Yap
on December 24, 26 and 27, 1979 (Figure 10). All samples were ob-
tained by boat. It was impossible to sample all stations prior to
low tide: therefore, site 4 was omitted. Site descriptions (1-11)
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{3, 11 and 12). Average D.0. comcentrations for these three sites
were 8.38, 6,11 and 6.18 ng/f respectively. 1t was concluded that
sites 3, 11 and 12 wete net in wvioelation of TTPL standard,

Fhysical, chemical and bacterinlogical data are listed in
Tables 20 and 21. Consistently lower water temperatures and salini-
ties and correspondingly higher turbidities and coliform concentra-
tions {Table 20) existed on Decenber 24. These phenomena were
attributed to the rainfall on December 23 and 24 (Table 8}, The
rains washed s5ile, sediment and bacteria from the islands into the
surtounding marine waters. High total celiform concentrations
(listed in Table 20 as TNTC) were not anticlpated for sites 1, 2, B,
9 and 12; therefore, only 50 and 1040 wl aliquots were analyzed on
Docember 24. Since ideal quantities of coliform bacteria result
in growth of about "20 to 80 coliform colonies and less than 200
total bhacterial colonies" {A.P.H.A,, 1975; p. B34}, the total coli-
form comcentrations at these mzites were estimated to be =>100/100 mi.
Site 14 was assayed at 1, 10 and 100 mf aliquots for total coliform
{listed in Table 20 as INTC). Total coliform concentration of the
Chamorro Bay site was estimated to be »10,000/100 mf (Decenber 243.

High fecal coliform concentratioms {listed inm Tahle 20 as TNTS)
were not anticipated for site 1) ovoly a 100 mi aliquot was analyzed
on December 24. Tdeal fecal coliform concentrations result in a
growth of between “20 to 60 fecal" colonies (ALP.H.A., 1975; p. 939);
therefore, fecal coliform concentration on this date for site 1 was
estimatad to be 60100 wf. Vielations of clasz A and class B fecal
coliform stamdards were Quantified on December 24 (site 6; claus A},
December 26 {gite 1; class B). The Chamorro Bay site {l4; eclass B)
was in wiolation of the standard {(fecal coliform =400/100 mf) on all
sampling dates.

Dissolved oxygen {(D.0.} concentration for bottom waters at
gite 14 was quantified on December 26 as 5.34 mg/R. It was con-
cluded from this sinsgie observation that anaercbic conditions did
not exist in the bottom waters of Chamorve Bay. Lack of anzercbic
vonditions in these bottom wacters was attributed to phytoplankeon
growth and mixing regimes. Light penectration, indicated by Secchi
depth measurement of 1.7 w (bottow, December 26) was sufficient to
promote phytoplankton growth in the bottom waters. The mixing of
Chamorro Bay waters was sufficlent to prevent D.0. stratiflfcation.

A wionlation of the TTPI class AA total P standard was obserwved
at gite 11 {(December 27). The mean total P concentration For site 11
for the three days studied was 0,016 mgP/f, which is less than the
TTPT standard for AA waters (0.025 mgP/E£). It is noted that there
were no  total N violatlons and that the PO,-P levels for =21l sites
were 50.006 mg POL-F/EL (with all but 4 sites [8, 10, Il and 14:
December 24] being 20.003 mg PO,-P/E).
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Truk

Ten sites were sampled in the Truk lagoon on January 2-4, 1980
(Figure 11). Seven sites from the marine waters arcund Moen
(Figure 12) and three from the waters around Dublon {Figure 13) were
sampled. All sampling was done by boat. The sample locations were:

1. MOEN, CONTINENTAL HOTEL; west side of point, 45 m from small
rocky shoreline with large sand spit 50 m east; site over small coral/
gand patch reef, bottom sediments were & fine anaerobic sandy-mud;
low to heavy surface debris with a large eddy current in area; area
used for recreation.

2. DUBLON, NUKAM; 50 m south of high school, near a barge on
the edge of a steep deep dropoff; water was generally clean in area
with low surface debris.

3. DUBLON, ETEN (STONE PIER); 35 m west of pier and 70 m from
shore; shallow Porites coral and cobble pavement, mangreve develop-
ment along shoreline; trade winds pile water into area; water clean
with low surface debris.

4. DUBLON, PENIOR; west side of bay 50 m from mangrove shore-
line:; reefflat with large Porites coral heads and sand patches with
heavy seagrass growth; benjo and houses along shore; water in area
pale yellow-green, low surface debris.

5. MOEN, EPINUP; shoreward end of large reefflat (400-500 m
across) 30 m from mangroves and 20 m from channel (heavily lined
with coral); bottom is sand with Halimeda clumps and seagrasses;
aumerous small fish in area, throw net fishing is done in area.

6. MOEN, WINIPIS (XAVIER); 45 m from stone breakwater below
Xavier High School; mangrove clumps near shore; reefflat with ex-
tensive coral growth; water clean.

7. MOEN, SAPUK (STONE PIER); 10 m off end of stone pier inside
reef margin, tied to west side of pler; heavy seagrass and surface
debris; water murky during sampling with yellow-green tint; fre-
quently used for recreation.

8. MOEN, PENIESENE (BAY); 40 m from shore in inner portion of
bay between church and pink house; the bay is shallow, highly turbid
with anaerobic sediments; fresh water input from small river; numer-
ous benjos in area; heavy surface debris with water basically a
muddy brown; area used for recreation and outer portions of bay
are fished.
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HARBOR

Figure 12. Sampling sites at Moen Island, Truk. The circles are AA waters,
the triangle is A water and the squares are B waters.
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Figure 13,

Sampling <ites at Dublon Island, Truk. The circle is AR

water, the triangle is A warer and the square is B water,
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9, MOEN, PENIESENE (POINT); west side of point 45 m from shore;
extensive coral growth with large population of soft corals; no sur-
face debris, pristine area.

10. MOEN HARBOR; west side near entrance, along dropoff with few
scattered corals; oil slicks during sampling and 4-5 ships pumping
bilges; heavy small boat traffic.

Sampling time, tide, depth of site, Secchi depth, water current
and wind direction data are listed in Table 22, All stations were
shallow except sites 1, 2, 7 and 10; differences in site depths at
these stations were due to boat drift. Secchi depth measurements
were taken at sites 2 (Dublon) and 8 (Moen). The site 2 waters were
clear and Secchi disc measurements were attained solely due to the
depth of the station. Site 8, however, was extremely turbid (brown,
silt~laden waters); average site depth was 0.9 m with an average
Secchi depth of 0.7 m.

Physical, chemical and bacteriological data are presented in
Tables 23 and 24. High turbidity values were quantified (average
turbidity: 6.7 NTU) for site 8. Violations of TTPI {(class B) fecal
coliform concentrations were measured on January 2 and 3 at site 8.
Since this area is utilized for recreatiomn, it is noted that a
definite health hazard exists in the immer portion of this bay.

The irregularities in the (NO3+NO,)-N data for all sites except
site 7 may be attributed to analytical error. The data for sites 1-6
and 10 (January 4) and for sites 8-10 {(January 3) were omitted from
subsequent calculations; therefore, (NO3+NO,)-N, total N and TSIN
mean concentrations were determined as arithmetic averages of two
samples for all sites (except sites 7 and 10)., Total N and total P
values were highest at class B site 8; average values were 0.76 mgN/L
and 0.046 mgP/{ respectively. These concentrations were concluded
to be inorganic N and P associated with suspended solids (silt and
sediment). Apparent violations of the class AA total nitrogen
standard (>0.40 mgN/L) were invalid because of the (NO3+NO,)-N data;
average total N concentrations were 0.12 and 0.05 mgN/L respectively
for sites 5 and 6,

Ponape

Fourteen sites were sampled in the waters surrounding Ponape on
January 8-10, 1980 (Figure 14). All sampling was done by boat. Site
descriptions are:

1. DAWAHK; 40 m from a wide mangrove belt on a shallow reef
flat platform; extensive coral growth; numerous birds in area; sur-
rounding water deep murky green (Pristine area).
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LAGOON
AA

3
8
3 LIKIE

LAGCON

Figure 14. Sampling sites at Ponape. The circles are AA waters, the
triangles are A waters and the squares are B waters.




2. MWANG; 50 to 75 m from mangrove on edpge of a large shallow
reef flat; extensive coral growth (Pristlne areal.

3. LIKIE; inside of complex patch reef system at old dredge
and dock site, sampled off dock 10 to 15 m with drop of £ at 20 mg
few inshore mangroves; heavy bird gathering atf end of dock; low
amount ¢f suvrface debris with murky surreunding waters.

4. DEOLEITIK; along edge of narrew fringing reef at poiot, 40 m
From mangroves; shallow-rocky platform with good coral development;
water penerally clean wicth low te ne debris.

3. DEKETICE; 20 m from end of airport runway on small natceh
reef surrounded by deep water; slighe rotrten odor in area; few io-
shore mangraves; construction activities near end of runway.

. MWALDK: aleng edpe of patch reef in center of harbor near
sewer outfall; deep preen to wvery murky around area; rlver in{lucnce
with low to heawvy debris.

7. KOLONIA; 75 m From shore near old wrecked barge out from
the Mobil fueling stacilon; shallew, silc to fine sand bottem; river
influence with water murky to cxtremely murky; moderate to heavy
debris: traces af oll on surface: near cdpe of small boat Ilane.

E. TUMENBEL: 10 m aff end of {ron piling dock with building
deap water drop off 15 m from dock; next to swall boat lane; water
penerally clecan with law debris,

9. MANDILMAL; below Villape Hotel, 530 m from shore oo large
shallow {ringing reef platform; water clean with low to no debris.

13, WANUH: 10 m off end of long {ca. 100 m) stone dock; deep
drop off; roeck bottom; water clean with low debris.

11, ‘IAKAIU; shallow reef flatb between small 1sland and Ponape,
in gmall boat channel; heavy manprove influence; scattered corals
witn scagrasses predomlnant; small kids fishing inm area; wator moddy
with law debris.

12, AROU; edpe of 73 w wide reef flat platform at mangrove
lined point: rocky bottom with few scatter larpe caorals, slight
grocn tint to water wich low dehris,

13. BANNTAINUE; north =ide of Metalanim Harbor 75 m Lrom small
mangrove izlands on wide shallow frinping reef flat, 1530 @ [from
mangrove lined shore; arca recclves swell from pass; sandy bottom
wlth seapgrass; water clean wich low to no debris,

14, TEMWEN: south side of Metalanim Harbor, 30 m from ¢ond ol dock
in seagrass beds; water murky green with moderate to heavy debris.
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Sample time, tide, depth of site, Secchi depth, water current
and wind direction data are presented in Table 25. All sites except
two (sites 8 and 10) were shallow. Differences in station depths
for sites 3, 8, 10 and 14 were due to boat drift. Waters were
generally clear except for sites 6, 12 and 14 (appearance of green
color indicative of phytoplankton) and for sites 7 and 11 {murky
brown color indicative of suspended silt and sediments). Secchi
depths equal to bettom depths were observed for class B sites 6
(near sewer outfall) and 7 (Kolomia Harbor).

Physical, chemical and bacteriological data are listed in
Tables 26 and 27. Higher turbidities {January 10}, generally higher
coliform concentrations (January 9 and 10), and lower salinities and
water temperatures (January 10) were attributed to heavy rains on
Januvary 8 and 9 (1.47 and 1.72 inches respectively, Table 8). Rain-
fall conditions in the mountains (although not quantified) were
estimated to be extremely heavy on January 9. Freshwater inputs
from rivers in the area of sites 6 and 7 account for the excessive
increases in turbidity and the lower salinities measured at these
sites. Dissolved oxygen (D.0.) concentration was less than the
class AA standard for site 1 (Janruary 9); however, this station was
concluded to not be in violation of minimum D.0. levels (<6.0 mg/k)
because the average D.0. concentration of site 1 was 6.57 mg/{.

Viclations of class B fecal coliform cemcentrations were quan-
tified at site 7 (Kolonia Harbor) for January 8-10. The high total
and fecal coliform levels indicate the existence of a health hazard
in this area (average values were 4860 total coliform/100 mf and
2967 fecal coliform/100 mf). Average total and fecal coliform con-
centrations were <61/100 mf for all other sites except site 6 where
averages were measured as 377 total coliform/100 m{ and 273 fecal
coliform/100 mf.

Total P concentrations were <0.013 mgP/f for all sites except
site 7 (average total P of 0.019 mgP/f). Total N concentrations
were low for all Ponape stations (Table 27).

Kosrae

Seven sites were sampled in the marine waters surrounding
Kosrae (Figure 15) on January 23-25, 1980. Sites 1 and 2 were
sampled by boat; the remaining five sites were shallow and sampled
by wading out from shore. The sampling sites were:

1. OKAT:; north side of channel, 50 m from mangroves; receives
outflow from mangroves with heavy debris; silty dark sand bottom
with scattered seapgrasses; inshore area appears to be a rookery fer
seabirds; numerous small fish in area.
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Figure 15, Sampling sites at Kosrae. The circles are AA waters, the triangles are
A waters and the squares are B waters.
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2. TAFONSAK; 30 m from shere on modevatcly shallow reef Elat
which is ca. 175 m wide; seagrass beds with clean biopenic sands;
heawvy debris line near shore: heavilly uscd by people.

3, LELK {reef flat)}; 30 m onto reel flat at vock break warer:
feavy seagrass/pavement area; area exooses at low tides; low debrisg
moderataely used hy pecple.

4. LELE fharbur); 30 m onto (rineging reef flat ncar entrance
to harbor at edpe of deep channel; near rod buay sampled over lapd
pavement with [ew scaltered corals; low te no debris; beavy naeflow
cureent with strong surge.

5. MALIM; 40 m from shore and ca. 20 m from recf marelo near
center of villape; hard pavement that exposcs completely at low tide;
little algal growth and fow scattered corals: no debris.,

6, UTWA (village); 150 n from shore and 250-300 n from river
mouth en sand spit; mangrove development at river arca; scdiments
arc primarlly terrigencus; low dehbris at sampling arca and heavy
near shore; waters uvsed [or recreatian,

7. UTWA (harbor entrance}; 2% m from reef margin on wost side
of channel gnd 75 m from shore; inner resl {lat exposes and outer
perbion receives surf splash; heavy surf zome; large boulders
throughout ares with numerowus corals in area; water clean with no
debris.

Sample time, tide, depth of site, water corrvent and wind divee-
Cion data are presented In Table 2B, Tt is noted that all sice
tlepthys were <1 m.  Physical, chendcal (D.0.) and bacteriolopical
data are listed in Table 29, Class AA minimun dissolved axypen (10D
concentrat tons were violated at sices 1 apd 2; average D.0O. levels
were 3.19 and 5.55 mg/f respectively. (lass AA Lotal colifomn
standard {(«230/100 nf) was exceeded for all three days at site 2;
averape califarm concentrations for this site were 828 total coli-
form/100 mé and 548 Fecal coliform/100 mE, Since this ares is uscd
for recreation, potential health hazard is estimared ko he high.
Site & (class BY feeal colifurm concentration exceeded rhe srandard
(=400/)100 ne} onn Jamuary 23; the wiolation was not substantiated in
the other samples for site 4. Average fecal coliform concentration
{site &) was 200,100 mf.

Hitrogen ard phosphorus data are presented in Table 30. Total ¥
concentrations were =0,017 mngEfDr all sites except sice 6 where the
average tatal P level was measured as 0.033 mgl/f. Corresponding
orthophosphate phosphorus (POL,-P) concontrations for site & were
0.010, 0.038 and 0.013 mg POL-P/E, The average inorganic I concen-
tration (excluding January 24 datum) was 0.012 mg POL-BAE. It way
assumed that the 0.038 mg POL-P/E was not valid (possible contamina-
tiovn in sample botcle}; therefore, this value will be excluded from
subsequent data analysis.
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DISCUSSION

TTPL Bazeline Marine Water Quality

Due to the lack of a representative number of samples collected
at each site, no reliable statistical analysis can be performad on
the individual values measured in thils study. ¥For this reason,
arithmetic means (averages of three samples) were calculated for
gach gite, Arithmetic means and ranges of values for the marine
water quality parameters measured are presented in tabular form
according to island groups and TTPL marine water classificatioms.
Median values for most parameters were estimated utiliging proba-
bility distributien plots. A straight Line om the probability plots
Indicate=s a nermal distribution of meapured (observed) values,

A two-way analysis of variance was performed on the mean values
listed in Tables 31-41, Since only three measurements were taken at
each =site {a statistically insignificant number of samples), mean
parameter values were analyzed for each island/class data ser. It
1s noted thar the class A waters of Majure and Ebeye/Gugeegue are
each represented by only ene site. Tabulated rows of arithmetic
means represent Islavds; whereas, columms represent TTPI marine
water classifications. Variances of mean values for islands and
for classificarions were compared to the variance of nean values
for all the data and astatistically significant differences were
analyzed at the five percent level (p < 0.03).

Water Temperature

Mean waber temperactures are presented in Table 31, Variation
of arithmetic mean temperaturses was greater betweer islands than
between classes, but the difference was not statistically slgnifi-
cant, Mean water temperature for all data was 29.1°C. The data
were plotted on probability paper (Figure 16) and the resnltant
rmedian temperature (50% probability value) was 29.0°C. These values
are In apreement wich che mean literacture value of 28.9°C (Tables &
and &). Background water temperature was concluded to be 29.0°C
for TTFI marine waters.

p

Analysis of variance for territorial pH walues {Table 32) quan-
tified minimum variability between classes and statistically sdigni-
ficant differences between i{slands. Mean and median pH values were
8.12 and 8.09 respectively. Since the probability plot (Figure 17)
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of the territorial data was a straight line (indicative of a normal
distribution of observed pH values), baseline pH was concluded to
be 8.10., The range of mean pH values for all waters tested was
7.94 — 8.33 pH units. Average pH values taken from the literature
were 8.00 (Table 4) and 8.24 (Table 6); these values are within the
range of pH values measured in this research. It is recommended
that the TTPI marine water quality pH standards be amended to:

8.10 * 0.4 for all marine water classifications.

Salinity

Arithmetic means and ranges for the salinity data are presented
in Table 33. Distribution of the data for all classes was skewed to
the left (160 out of the total 223 samples had salinities of
32 - 34 %o00). It was assumed that salinity concentrations in the
marine enviromments surrounding the islands of Micronesia would not
exhibit a normal distribution. Decreases in salinity measurements
are attributed to rainfall and inputs of freshwater from the islands
(both p01nt and nonpoint sources}. The range of mean values was
29 - 34 /00 and the overall TTPI mean value was 32 /00 (Table 33).
The TTPI standard (Table 3) forosallnlty is the natural conditon =*10%.
Utilizing the mean value of 32 /oo as the baseline salinity, the
means quantlfled in this study fall within the standard range:

29 < 32 < 35 Yoo . It is noted that the baseline salinity is only
applicable to sites without freshwater inputs and that the standard
is not valid at any site on days of heavy ralnfall The mean values
from the literature were 33 /oo {(Table 4) and 34 /00 (Table 6).

It is anticipated that violations of salinity standards would
be rare in Micronesia. It %s estimated that the natgral condition
for site 7 on Ponape is 15 /oo (range: 13.5 - 16.5 "/oo) . Salinity
on January 10 at this site was 2 %o0o0; this was attributed to heavy
rainfall and therefore is not in violation of salinity standards.

Turbidity

Arithmetic mean turbidity values (Table 34) varied significantly
between TTPI classes. This variation was attributed to the higher
mean values in class B waters. The range of means for class AA and
class A waters was 0.3 - 1.3 NTU; corresponding range of means for
class B waters was 0.3 - 2.9 NTU, The arithmetic means for these
two groups were 0.8 NTU {(class AA, A) and 1.6 NTU (class B)}. Proba-
bility plots (Figures 18 and 19) represent distribution of data
skewed to the right (108 of 148 samples [class AA, A] and 45 out of
78 samples [class B} had turbidity values between 0.2 and 0.9 NTU).
Median turbidity values were 0.6 and 0.8 NTU (Figures 18 and 19,
respectively). The probability plots for AA, A waters (Figure 18)
and B waters (Figure 19) indicate that 20 percent of the time turbid-
ity levels would equal or exceed 1.0 NTU for class AA, A and 2.0 NTU
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for class B waters. Since the distributions of observed data were
skewed, lezs importance was attributed to the arithmecle mean values;
therefore, median values were wtilized as estimates of baseline
turbidity, Literature walues for class AA waters were 0,5 NTU

{Table 1) and 0.4 NTU (Table 6); the literature value for class B
waters was 0.4 NTU (Table 1). These mean values were lower than the
mean turbidity wvalues observed in this study and substantiated the
use of median values for estimates of natural conditions of turbidity
In the TTPI.

Turbidity values of the marine waters surrounding the fslands in
Micronesia are affected by inputs of silt and sediments from the
land masses. It is imperative that z minimum of five samples be
gathered at any one site in order to identify a wiolation of tur-
bidity =standards. These data should net include measurements which
are affected by heavy rainfall, Turbidity standards established 1in
this study will apply to TTPI marine waters generally, and-it is
realized that isclated areas im the terrvitory will have turbidities 1in
cxcegss of these limits, Special cases will have to be examined
separately, on an individual basis, in order to evaluate actual base-
line twurbidity walues.

Violations of turbidity standards are relevant cnly when associ-
ated with specifie human activities (construction, land clearing),
Environmental impact assessments are required for these man-made
perturbations; point sources of silt and sediment pollution should
be identified and related to specific activities.

Diszolved Oxygen

Arithmetic means and ranges of dissclved oxygen (D.0.) concen—
trationz are prescnted in Table 35, Ho statistically significant
differences were quantified for these mezn values when assessed by
islands or classes. The mean value and range of D.0. values were
7.20 mg/f and 4.86 - 2,21 mgff, respectively, The probability dis-
tribution plot for all data {normal distribution) is represented in
Figure 20. Medlan D.0. value wag 6.70 mg/f, which is in agresment
with the Iiteracure data (6,3 mg/f: Table 4; 6.78 mp/F: Table 6).
Utilizing mean and median concentrations gquantified in this gtudy,
territorial baseline D.0. levels were estimated to be 6.95 mp/f for
all classes.

Viclations of the minimum [D.0. standards (Table 3} were cbaserved

at: Eoror class AA site 2 f(average: 5.75 mgfR): Kograe class Ad sites
1, 2 (averages: 5.1% and 5.55 mg/i).

Total and Fecal Celiform

Total and fecal celiform bacteria are arsanisms which indicate
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the existence of potential health hazards in aqueous systems. Abso-
lute standards have been established by the EPB (Table 3) for single
samples. Arithmetic means and ranges for total and fecal coliform
bacteria are presented in Tables 36 and 37. Violations of total
coliform standard for class AA waters were quantified for: Majuro
sites 1 and 4; Kosrae site 2. Fecal coliform standard violations
for class A and B waters were identified at: Yap sites 1, 6 and 14;
Moen site 8; Ponape site 7; Kosrae site 4.

Phosphorus

Arithmetic means and ranges are presented for the orthophosphate
phosphorus (POy-P) and the total phosphorus (total P) data in Tables
38 and 39. Statistically significant differences were measured be-
tween islands (but not between classes) for the PC,-P data. However,
since all the PO,-P means were <0.008 mgP/{, a single baseline level
of PQ,~-P was estimated for all waters {(0.005 mgP/¢, the mean for all
data). The baseline level is less than PO,-P literature data (9.008
mgP/2: Table 4). It is noted that in subsequent limiting nutrient
analyses, PO,-P concentrations will be evaluated for each island.

Total P data were statistically different between classes. This
difference was assumed to be due to the higher total P concentrations
quantified in class B waters. Mean values were 0.008 mgP/R (class AA
and class A) and 0.013 mgP/f (class B). Probability distribution
plots for these two sets of classes are presented in Figures 21
(class AA, A) and 2Z (class B). Median total P concentrations were
estimated to be 0.007 mgP/f (class AA and class A) and 0.012 mgP /L
(class B). Utilizing mean and median values established in this
study, baseline total P concentrations were quantified as 0.008 mgP/f
(class AA and class A) and 0.012 mgP/L (class B). These values are
considerably less than the total P standards (Table 3). Literature
data values were 0.018 and 0.007 mgP/f (class AA: Tables 1 and 6)
and 0.018 mgP/f (class B: Table 1).

A single class AA sample (Yap, site 1l; December 27) exceeded
the TTPI standard (<0.025 mgP/£). Site 11 on Yap was not in viola-
tion of the total P standard because the three day average total P
concentration was 0.016 mgP/L.

Nitrogen

Total nitrogen (total N) and total soluble inorganic nitrogen
(TSIN) means and ranges are listed in Tables 40 and 41, Total N
data did not differ significantly between islands or classes. The
range of mean values for total N was 0.08 - 0.31 mgN/€. The mean
value for all data was 0.17 mgN/£. Median total N concentration
was estimated from the probability distribution plot (Figure 23) to
be 0.12 mgN/E. Utilizing these mean and median values, baseline
total N concentration was estimated to be 0.14 mgN/f for all waters.
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Background levels of total N, which are In agreement with literature
data (0.16 mgN/£, Table 4), are considerably less than the TTPI
standards for total N (Table 3). Class AA sites 4 (Ebeye/Gugeegue,
November 29) and 1 (Koror, December 20) had total N concentratiouns
>0.40 mgN/L. However, these sites were not in violation of the
total N standard because average total N concentrations were 0.24
and 0.36 mgN/£, respectively.

The mean concentrations of TSIN (Table 41) differed signifdi-
cantly between islands; the range of mean values was 0.019 - 0.086
mgN/L. Baseline TSIN concentrations were: 0.025 mgN/{ (Majuro,
Ebeye, Gugeegue); 0.038 mgN/{ (Koror, Yap); 0.64 mgN/Z (Moen, Dublon,
Ponape, Kosrae)., The mean TSIN concentration for all waters was
estimated at 0.045 mgN/E.

Total Nitrogen/Total Phosphorus

Two-way analysis of variance of the mean total nitrogen data
showed no statistically significant differences between islands or
between classes. The variance for all data was not different from
the variances of the data grouped by islands or classes. Territorial
total N concentration was estimated to be 0.14 mgN/f. Statistically
significant differences between the variance of all data and the
variance of the data grouped by classes was identified for total
phosphorus. Class AA and class A total P concentrations were esti-
mated to be 0.008 mgP/£; class B total P concentration was 0.012
mgP/L. Total N/Total P mass ratios based upon these estimates are:

18/1
12/1

Class AA, Class A (0.14 mgN/£)/(0.008 mgP/L)
Class B (0.14 mgR/2)/(0.012 mgP/R)

Utilizing the mean total N (Table 40) and total P (Table 39)
data, the range of mass ratios for class AA and A waters was 10/1
to 27/1. The range of class B waters was 11/1 to 18/1. These mass
ratios for total N and total P are not the same as the mass ratios
of inorganic nitrogen and phosphorus.

Proposed Marine Water Quality Amendments

Results from the baseline study gquantify water quality conditions
for near shore marine waters in the TTPI. Proposed amendments to the
marine water quality standards relevant to the assessed territorial
waters are summarized in Table 42. Existing pH values for surface
waters are in the upper portion of the range established in the
existing marine water quality standard (Table 3). Since 98% of all
observed pH values were between 7.70 and 8.50, the standard should
be established as 8.10 * 0.4 pH units. Utilizing mean values measured
at each site studied, there were no violations of the amended standard,
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Table 42, Proposed amendments to Trust Territory of the Pacific Islands
(TTPI) marime water quality standards.*

|

FARAMETER UNITS CLASS AA CLASS A CLASS B

pH e | 6L DHE B S | e e
———————————={8 140, 40 ] =

Total WitTogen mg L <0.40 =0.40 <0.80

Total Phosphorus mgz f. <0.025 <0.025 <0.050

TH/TP {mass racic) QE;Bi;? O« JH<27 1218

Salinity ofon | meemmmmmm—e— [3243]

Temperature T | mmmmmmmmmee [29.041.5]

Turbhidity NTU <1.0 1.0 =2.0

*These proposed amendments apply to TTPI marine waters in general. If isolated
areas im the Terricory have water guallty parameter values in viclatlen of
these proposed standards, sufficlent data should then bhe gathered in order
to establish the normal conditions for these speclal cases,



Total nitrogen and total phosphorus standards (Table 3) were
concluded to be too high for class A and class B waters. Amended
values for these classes should be 0.40 mgN/{ (class A) and 0.80
mgN/f (class B) for total nitrogen and 0.025 mgP/L (class A) and
0.050 mgP/f (class B) for total phosphorus. Utilizing mean values
measured at each site studied, there were no violations of these
amended standards.

Total nitrogen/total phosphorus (TN/TP) mass ratios were estab-
lished as 18/1 and 12/1 for class AA, A and class B waters, respec-
tively. Lower mass ratios in class B waters were attributed to the
higher total P concentrations in these waters as compared to class AA
and A waters. The TN/TP mass ratio at the amended nitrogen and
phosphorus standard levels (Table 42) for all waters was 16/1. The
ranges of ratios were 18 + 9 and 12 % 6 for class AA, A and class B
waters. In terms of percent change, it is noted that the range for
all classes was the estimated baseline ratio =+ 50%.

The baseline condition for salinity was estimated as 32 %oo.
Existing salinity standard {(Table 3) is baseline salinity * 10%;
this range adequately quantifies this water quality parameter. The
standard listed in Table 42 is 32 + 3 foo for all water classifica-
tions, where 3 /oo represents 10 percent of 32 Woo rounded to the
nearest part per thousand f?oo).

Water temperature, which is a function of ambient air tempera-
ture, rainfall, depth of site and mixing regimes, was concluded to
be invariant between islands and water classes. Since 90% of all
observed water temperatures (Figure 16) and 100% of all arithmetic
mean water temperatures (Table 31) quantified in this study were
within the range of 27.5 - 30.5°C, the water quality standard for all
classes was established as 29.0 + 1.5°C. Majuro class AA site 9
(Table 10) and Kosrae class AA site 2 (Table 29) had water tempera-
tures above (site 9) and below (site 2) the standard temperature
range. The measured temperatures were 29.0, 33.6 and 33.6°C for
Majuro site 9 with corresponding site depths of 1.7, 0.7 and 0.5 m.
The high water temperatures on November 22 and 23 were due to de-
creased site depth on those days. The cause of the low water
temperatures for Kosrae site 2 (average: 26.7°C) was not ascertained.

Estimates of baseline turbidity for class AA, A and class B
waters were 0.6 and 0.8 NTU, respectively., Since the observed tur-
bidities from both sets of classes were skewed to the right, upper
limits were established based upon the distributions of the data.
The probability distribution plots (Figures 18 and 19) show that 80%
of all measured turbidities were <1.0 NTU (class AA, A) and <2.0 NTU
(class B). The proposed water quality standards for turbidity were
set at these limits.

Since only three measurements were made at each site in this
study, indicated violations of turbidity standards are only estimates:
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Koror class A =s=ite B {average: 1.4 NTU; Table 17); Yap clasz AA
sites 11, 12 and class B siee 14 (December 27 data: 2.1, 1.2 and 4.7
NTU; Table 20); Mocn class A4 slte 5 and class B siee 8 {January 4
data: 1.6 and 4.5 ¥TU'; Table 23); Ponape class A zite 9 and class B
site 7 {Jannary 8, 9 data averages: 1.2 and 2.7 NTU; Tabkle 26). In
order to coniirm these catimated vielations of turbldity standards,
mare data must be ahtained at these sites.  Establishment of an
adequate data base could confirm the existence of higher baseline
turbldity walues at these sites.

Limiting ¥ufrienks

Marine waters surrounding the islands of Majurec, Fbeaye, LGupeegue,
Koror, Yap, Moen, Dublon, Ponape and Kesrac are of high claricy and
have low Inorganic ¥ amd P nuericok concentrations. Inorganic nitro-
gen and phospharus raties are uscd to analyze the extent of water
pellution in tcrms of phytoplankton primary productivity. Specilic
sites al hipgh primary productivity are estimated to he: Chanorro Day
in the Uoleonia area of Yap; bharboer area off Mwalok near Lhe séwer
ouklall, Ponapo; Temwen side of Metalanim Harbor, Tonape. Txeluding
these throe arcas, the torritorial waters have low potentials [or
phytoplankton blooms 1f existing haseline conditons ¢ water quality
arc maintalned. In ordoer to quantifly these low potentials, phyto-
plankton prowth rate limiting nutrient(s) werc estimaced.

The concentrations of total seluble inorganic witrogon UH1ND
and orthephosphate phosphorus {(0,-T) for the islands studied are
listrdd in Table 43, Mass ratios wore calceulated and it was assumed
thal watcrs having {TSLK}/ (PO, -F) ratios <15/1 were nitrogen limited;
ratios in excess of 19/1 were assumed tw be phosphorus limitcd.  All
waters studied except those surrounding Yap were concluded te be
nitregen limited {Figure 24). Phosphorus limitation of the Yap
waters was concluded to be due to extremely low {28 of 35 samples
20,001 meP/R) PO,-F concentrations.

Biomass yields were calculated according to literature yicld
tlata using the green test alga, aiialla tertioleata {5 L. F.AL,
1974): 1.08 mg dry welght/ug POy-P; 0.03 mp dry welghtfirp NOz-K;
0.08 mg dry weightf/pg Mlis=M; where microgram (ug) = 0.001 mg. YIeld
data for territeorlal waters are listed In Table 44, The underscured
values in Takle 44 reprosent the smallest yigld possible between
Py, -P and TSIN nucriencs. Based on yield data, all samples except
Yap woters were nitrogen lhmited. Lt 15 noted that yields from
inorganic nitvegen are assessed In terms of NO3-W and NHg=N; whereas
T5IN reprosents these parvameters plus nitrlece nicropen (KOp-K)}. It
1z assumed that ¥O,-WN concentrations were <0.001 mgR/E; therefore,
yield data from inorganic nitrogen [(NO;+Miiz}-N] cervespend to yield
data guantified as TSIK: A0

[(KDy + WO» + HHA)-M].
!



Table 43. Trust Territory of the Pacific Island limiting nutrient data.

ISLAND TSIN* PO, —Px* [TSIN/ (PO, -P] LIMITING
mg N/% mg P/g mass ratio NUTRIENT
MAJURO .027 .005 5.4/1 N
EBEYE/GUGEEGUE | .022 .007 3.1/1 N
KOROR .037 .006 6.2/1 N
YAP .038 .001 38/1 P
MOEN/DUBLON .066 .005 13/1 N
PONAPE 066 .006 11/1 N
KOSRAE .057 .006 9.5/1 N
TTPI .045 . 005 9.0/1 N

* Total Soluble Inorganic Nitrogen
** Qrthophosphate Phosphorus
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Table 44. Trust Territory of the Pacific Islands biomass yield

data.
) T

BIOMASS YIELDS (mg dry weight) LIMITTNG

TSLAND {POa—P] [(N03+N02)-N] + [NH3~N] = [TSIN} NUTRIENT
MAJURO 5.40 0.386 1.20 1.56 N
EBEYE/GUGEEGUE | 7.56 0.27 0.96 1.23 N
KOROR 6.48 0.42 1.84 2.26 N
YAP 1.08 0.33 2.16 2.49 P
MOEN/DUBLON 5.40 0.57 3.76 4.33 N
PONAPE 6.48 0.36 4,32 4.68 N
KOSRAE 6.48 0.27 3.84 5.11 N
TTPI 5.40 0.33 2.72 3.05 N

Underscored values represent limited nutrient yields.
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Recommendatione for Future Research

High clarity and low concentrations of inorganic nitrogen and
phesphorus nutrients characterlze the waters of the TTFI. However,
isplated areas around the district centers of Micronesis warrant
further secudy. [t is recommenderd that district sanltariangs ghould
evaluate the marine waters in the following aress;

1. Majurc sites 1 (Darrit) and & (Uliga), ocean areas of high
caliform concantrations.

2. Yap zite 14 (Chamorro Bay), area of extremely high coliform
concentrations, phytoplankton populations and curbidities; sites 1
{Worwore} and 6(Gllflz), areas of high coliform concentrations.

3. Moen site 8 {Penlesene, bay), a recreation area, high coli-
form concentrations and turbidicies; site 5 (Epinup}, turbidity
wlolations.

4. Poanape site 7 (Kolonia), coliform and turbldity viclations;
site 9 (Mandelmal), high curbidicy.

3. FKosrae slte 2 (Tafonsak), a recreation area, low dissolved
oxygen concentrations and high coliform concentrations and turbid-
ities; site 4 (Lele Harbor),. coliform violations: site 1 (Okat), low
diggolved oxygen concentrationa.

Monltoring programs must he estabhliszshed on the local level in
order te evaluate these 1solated areas and to adequately assess en-
vironmental impacts of future development on the marine waters
surrounding the district centers in Hicromesla. Monitoring programs,
in additicn to developing a more complete data base, would allow
evaluation of water polluticon control problems. For example, diurnal
studies could be performed on Kesrae sites 1 and 2 to determine if
D.0. levels are in viclation of standards or 1f the low values measured
in this study were solely due to the early morning sampling times
{classically periods of low D.0.). E=xpanded monicoring programs would
allow evaluation of benthic as well as plapktonic communities in order
to more compresensively analyzed nutrient limitation concepts.

Standardized laboratory equipment and analytical precedures
ghould be desigoated for all district sanitation offices. Local
laboratory technicians should be trained in sampling methodologles
{site location, sampling frequency, sampling techniques}, and
laboratory procedures (analytical techniques, data handling, data
reperting}. It 1s therefore recommended that training programs he
established and/or expanded by the EPBE such that district sanitarians
and technlcians acquire expertise in environmental water quality.
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