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Aerial photpgraph of the dredge site in Ngurusar Bay (Refer to Figures 2 and 3
in text}.
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EXECUTIVE SUMMARY

The Palau Airport located at Babelthuap Island, Palau District, Trust

Territory of the Pacific Islands (TTPI), is being improved and developed.

The project will require the dredging of coral fill material from a 30-acre

site located at Ngurusar Bay, Airai Village, on Babelthuap Island. Approximately
300,000 cubie vards of coral fill will be dredged using dragiine methods.

It is required that the dredging activity be controlled and that protection
be provided so that waters cutside of the Water Cuality Boundary, defined as
200 feet outside of the dragline limits, are not degraded below the water
quality standards of the TTPT.

To satisfy this reguirement (in accordance with T17.5. Navy Contract No,
N62742-80-C-0002) eight water quality monitoring stations were established
along the outside perimeter of the Water Quality Boundary. A sampling program
was sel up to determine baseline water quality prior to the start of dredging
operations. For this objective, water samples were collected daily from
December 20, 1979 - January 11, 1980 (December 24 and 25 excepted) and analyzed
for turbidity (NTU), suspended solids, dissolved oxygen, temperature, salinity,
and pH. One time measurements were made for total nitrogen, total phospherus
and the follewing metals: arsenic, cadmium, chromium, copper, lead, mercury,
nickel, and zirnc.

During the sampling period turbidity ranged from 1.1 to 3.9 (NTU) at the
water quality monitoring stations. Statistical analyses of the data showed
that turbidity levels at stationsg 1 through 7 were essentially the same.
Station 8 had higher turbidities, most likely due to its shallow location on
the reef flat. Based on the turbidity data collected, a turbidity standard of
5 NTU is recommended for the waters outside the Water Quality Boundary.

Water temperatures at the stations ranged from 26.6 to 31.9°C. pH values
ranged from 7.45 to 8.01 with a study area mean of 7.85. Salinity ranged from
28.8 to 35.5 parts per thousand (/) with a mean of 31.4 %/00.

Total phosphorus ranged from 0.003 to 0.011 mg/2. Total nitrogen ranged
from 0.011 to 0.257 mg/%, Both total phosphorus and total nitrogen concentrations
fall within the TTPI Water Quality Standards for these waters.

Dissolved oxygen concentrations ranged from 3.82 to 10,73 mg/? with a
mean of 5.91 mg/R.

Suspended solids ranged from below 0.1 mg/¢ to 12.6 mg/2 with an overall
mean of 2.4 mg/%. The ratio of turbidity (NTU) to suspended sclids was {rom
41 to .62,

Concentrations of arsenic, cadmium, copper, and zinc were cither below
detectable limits and/or below the TTPI Water Quality Standards. HNickel
concentrations ranged from 0.2 to 5.8 ug/f%. Mercury concentrations ranged
from below 0.1 ug/2 to 1.7 ug/L, A few of the higher mercury and nickel
concentrations measured were in excess the TTPI Water Quality Standards for
these metals. Chromium concentrations ranged from 46 to 67 ug/f with an average
(56 ug/L) above the 50 pg/f water quality standard for chromium. Lead
concentrations ranged from 160 to 375 ug/f well exceeding the 10 pg/f water
quality standard for lead. An earlier sampling and analysis (by a different
laboratory) for these metals also reported lead concentrations in excess of
200 pg/2.
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INTRODUCTION

The Palau Airport located at Babelthuap Island, Palau District,
Trust Territory of the Pacific Islands (TTPIL), will be improved
and developed to enhance safety and reduce maintenance costs. The
project includes the construction of a 7,200 by 150-foot paved runway
with associated taxiway, markings, and lighting.

The project will require the dredging of coral material from a
30-acre site located at Ngurusar Bay near Airai Village on Babelthuap
Island (Figure 1). Approximately 300,000 cubic yards of coral fill will
be dredged using dragline methods.

It is required that the dredging activity be controlled and that
protection be provided so that waters outside of the Water Quality
Boundary (Figure 2}, defined as 200 feet outside of the dragline
limits, are not degraded bhelow the water quality standards of the
TTPI.

This study of water quality prior to construction was requested
by the U. 5, Navy in accordance with Contract No. N62742-80-C-0002,
Part A, It is the first part of a two part water quality monitoring
program which consists of:

1. Part A. Pre-Construction Monitoring Program

2, Part B. Construction Monitoring Program

OBJECTIVES
The objectives of this study are to:

1. Obtain, prior to construction, water quality information
for the dredge site.

2. Develop a turbidity standard to be used for controlling
water quality changes caused by construction activity.

SCOPE

In order to accomplish the objectives of this study, the Water
Resources Research Center was directed to:

1. Tn coordination with the Trust Territory Environmental
Protection Board (TTEPB), establish a minimum of eight water
sampling stations at the dredge site. Locate the sampling
stations outside the Water Quality Boundary such that they are
accessible and usable during the duration of dredging activity.



2. Conduct on-site surveys and adequate field and laboratory
studies to establish a water quality baseline for the
following parameters at the sampling stations cited in the
preceding paragraph: turbidity, suspended solids, dissolved
oxygea, temperature, salinity, pH, total nitrogen, total
phospaorus, lead, mercury, zinc, copper, arsenic, nickel,
cadmium, and chromium.

3. Compile and summarize the water quality data using statistical
methods to establish a baseline for each and all staticns.
Indicate the effect of tidal change, time of day, and water
depth on the water quality of the study area. Incorporate
the water quality data from previcus studies where appropriate.

4. Develop a standard for turbidity that is consistent with the
TTEPB Standards of Water Quality for the Waters of the TTPIL.
Provide the basis and rationale for the standard recommended.

METHODS
Sampling Station Descriptiocns

Eight water sampling stations were established such that monitering
of water quality in predominant currents away from the dredge site
would be poscible. In addition, a control station was established in
an area that is expected to be unaffected by dredging activity. All
stations were selected in coordination with the TTEPE.

Environmental Consultants, Inc. (1978) indicate that the predominant
current away from the dredge site is through the narrow channel between
Garayamu and Garreru Islands (Figure 2}. Wind and tides are the two
main forces governing this current with a net flow out of Ngurusar Bay
driven by the predominantly east and northeast winds. Little flushing
occurs in the shallow area over Ngurusar Reaf flat (Figure 2} east of
the dredge site. Portions of this reef flat become expesed during low
tides. Observations during the present study indicate that some
flushing may also occur through Garusaru Channel (Figure 2) south of
the dredge site.

The eight sampling stations (1-8) in the vicinity of the dredge site
were located on an east-west line with station i, the western-most,
being adjaceat to the mouth of the channel between Garayamu and Garreru
Islands; station 8, the eastern-most, is on Ngurusar Reef flat east of
the main chaannel (Figure 3). These stations were positioned approximately
100 meters south of the southern-most limit of the dredge site. The
distance between stations land 7 ls approximately 400 meters and station
8 is an additional 400 meters onto the Ngurusar Reef flat east of station 7.



A control station (9) was located approximately 2 kilometers east
of the dredge site (Figure 4). This station is in approximately the
same location as station 14 used by Environmental Consul tants, lnc.

(1978).

All stations except 1, 3, and 6 were buoyed to insure relocatability.
Stations 1, 3, and 6 were in the middle of existing channels and were
located by aligning landmarks with one's position along the east-west
station line. Following are the locations of the nine water sampling
stations (Figures 3 and 4):

Station 1

is located in the channel between Garayamu and
Garreru Islands,

Station 2 - is off the margin of the fringing reef of Garreru
Island at an average depth of 2.9 meters.

Starion 3 - is in the middle of Garusaru Channel between the
Garreru Reef and the southern end of Middle Reef at
an average depth of 6.9 meters.

Station 4 - is off the western margin of Middle Reef at an average
depth of 6.9 meters.

Station 5 - is off the eastern margin of Middle Reef at an average
depth 3.0 meters.

Station 6 - is in the middle of East Channel between station 5
and station 7 at an average depth of 7.2 meters.

Station 7 - is off the western margin of the Ngurusar Reef flat
at an average depth of 3.2 meters,

Station 8 - is approximately 400 meters east of station 7 on the
Ngurusar Reef flat in an eel grass bed at an average
of 0.9 meters.

Station 9 - is approximately 2 kilometers east of the dredge site
in an area of deeper water beyond the Ngurusar Reef
flat at an average depth of 6.4 meters.

Chemical and Physical Analyses

Water quality parameters were measured daily from December 20, 1979
to January 11, 1980, except December 24 and 25, for the following:
turbidity, suspended solids, dissolved oxygen, temperature, salinity,
and pH. This was a total of twenty-one days. One time measurements



were mace for total nitrogen, total phosphorus, and the following heavy
metals: lead,mercury, zinc, copper, arsenic, nickel, cadimum, and
chromiuni.

Water samples were collected by Van Dorn water sampler (3.2 liter
capacity) and taken to the Environmental Health Laboratory in Koror
for analysis that same day. All surface samples were taken at a depth
of 1 meter except at station 8 where the average depth was 0.9 m, in
which case one-half the depth was used. At stations 3, 6, and 9, where
the deprh was greater than 4 meters, a bottom sample was also taken at
one meter above the bottom. Samples for turbidity, suspended solids,
and pH were stored in an insulated container until returned to the
lab. The nutrient samples, total nitorgen and total phosphorus, were
collected and frozen for shipment to the Water Resources Research Center
Laboratory on Guam. The heavy metal samples were collected in specially
cleaned 1 liter plastic bottles and fixed with 5 mf of nitric acid for
shipment to the Water Resources Research Center Laboratory on Guam.

At each station, depth was measured with a lead~line marked in 0.05
meter increments and the time of day recorded. The first sample
removed was always for dissolved oxygen followed by 500 mis for suspended
solids and 250 mis for pH and turbidity measurements. The dissolved
oxygen sample was fixed immediately while temperature and salinity were
measured directly in the Van Dorn sampler with the remaining water.
Temperature was measured by mercury thermometer and salinity was
measured by a YSI model 33 S-C-T meter and probe.

Nepaelometry was used to obtain turbidity data at the eight water
quality stations and control station. A Hach Chemical Company model
16800 tirbidimeter was used for the analysis and results were expressed
in nepholometric turbidity units {NTU).

The following modified technique for suspended solids determination
of seawater samples was used in order to eliminate interference from
dissolved salts. A previously washed, dried, and weighed 5.5 cm
Reeve Angel 934 AH glass fiber filter was pre-wet with distilled water
and then a 500 mf seawater sample was filtered. The filter was then
washed with 2 x 50 mt of distilled water. At this point a significant
amount of salt was still remaining in the edges of the filter covered
by the Millipore filtering apparatus. To remove this salt the top of
the filtering apparatus was removed and the edges of the filter rinsed
under vaccum with about 10 mfs of distilled water applied with a squeeze
bottle. Under vacuum, only the edge of the filter was washed and none of
the material on the filter disturbed. The filters were dried at 105°C
overnight, dessicated, and weighed on an analytical balance accurate to
tenths of milligrams. This provided satisfactory results. Initially,
erronecusly high suspended solids concentrations were obtained due to
salt retention on the filters. These initial four days of data for
suspenced solids are not included in this report.



Dissolved oxygen was measured by the azide modification of the
Winkler titration as outlined in Standard Methods (1975). An Orien
Research Lonalyzer Model 407A with a combination electrode was used
to measure pH.

Total kjeldahl nitrogen (TKN) was determined by macrodigestion-
distillation and nesslerization. The nitrite plus nitrate-nitrogen
(NO» + NO3~N) concentration was determined by cadmium reduction. The
values for TKN and NO, + NO3-N were added to obtain total nitrogen {(TIN).
Total phosphorus (TP) was determined by persulfate digestion and ascorbic
acid reduction, These procedures were performed as ocutlined in Standard
Metchods (1975).

Samples for heavy metals (arsenic, cadmium, chromium, copper, lead,
mercury, nickel, and zinc) were collected from 1 meter helow the surface
with the Van Dorn water sampler. One liter samples were passed into
1 liter linear polyethylene bottles which had been precleaned by socaking
them in "Nochromix" acid overnight then rinsed with distilled-deionized
water. Five milliliters of "ultrex" grade nitric acid were added to
each sample as a preservative. The samples were stored at 4°C until
the analvses could be completed at the Water Resources Research Center,
The initial set of metal samples collected Ttecember 21, 1979 were
disregarded due to suspected errors in sampling or analyses and a
second set was collected April 1, 198(C.

The netal samples were analyzed on a recently installed and calibrated
Perkin-E mer model 560 atomic absorption spectrophotometer equipped with
a Perkin-Elmer HGA2200 graphite furnace and a Perkin-Elmer MHS-10 mercury/
hydride generation system. Methods of analyses were selected from
Methods for Chemical Analysis of Water and Wastes (EPA, 1979). These
metheds were modified if necessary by procedures outlined in the Perkin-
Elmer analytical technique manuals that accompany the instruments. The
method of standard additions was routinely employed in these analyses
vhere seawater samples were injected directly into the furnace without
matrix modification. Also, for direct injection analyses, background
correction was utilized throughout.

Arsenic analysis was performed on predigested sample aliquots (200
mi each) digested according to EPA method 206.5 (EPA, 1979). The
digested samples were then analyzed using the hydride generation system
(Sodium Borohydride method) as presented in the Perkin-Elmer analytical
manual for the MHS-10 system (Perkin-Elmer, 1978).

Mercury analysis was by the cold vapor technique as presented in
the Perkin-Elmer analytical manual (Perkin-Elmer, 1978). Aliquots of
sample (100 mg each) were first predigested according to EPA method
245.2 using additional amounts of potassium permanganate and hydroxylamine
hydrochloride solutions (25 mf each).



Copper and zinc were analyzed directly in the HGA2200 graphite
furnace without prior sample pretreatment. Chromium was also analyzed by
injection into the graphite furnace after the addition of calcium
nitrate and hydrogen peroxide according to EPA method 218.2 (EPA, 1979).
Sample spurting {duringthedrying state) was initially a problem. This
was alleviated by reducing the drying temperature from 125°C to as low
as necessary (110-90°C) and increasing the drying time to 60 seconds.

Lead, cadmium, and nickel were analyzed with the use of the graphite
furnace after sample-metal extraction techniques. Aliquots (200 mi)
of samples for lead and cadmium analyses were extracted using ammonium
l-pyrroliidinecarbedithiocate (APDC) chelate and a double extraction into
chloroform. This was followed by a back extraction into 6 normal ultrex
nitric acid. This system is similar to the APDC-DDDC system described
by ~inrade and Van Loon (1974) except the back extraction into 6N HNOg
which was added here to increase the stability of the extracted metals
gsince diethylammonium diethyldithiocarbamate (DDDC) was unavailable
for the analyses. The back extraction step and the use of chloroform for
the extraction solvent is described by Bruland et al.{1978). Another
200 mf volume of sample was extracted using a APDC-MIBK (methyl iso-
butyl ketone) system (APHA, 1975). The organic extracts were then
directly injected into the graphite furnace for determination of nickel
concentrations. Detection limits in all cases were adequate to detect
metals in excess of TTPI water quality standards.

Meteorological Data

Weather data including air temperature, wind speed and direction,
precipation, and total sunshine were cbtained from the U. S. Department
of Commerce, National Weather Station, Koror, Palau {Table 1),

RESULTS AND DISCUSSION
Turbidity

Turbidity values (Table 2) ranged from 0.49 to 3.9 NIU with a
grand mean of 1.3 NTU and standard deviation of 0.54 for the eight
water quality stations. The control (station 9) values ranged from
0.30 to 1.0 NTU with a mean value for surface and bottom samples of
0.55 NTU and standard deviation of 0.18. When the turbidity data for
the eight water quality stations are plotted on probability paper
(Figure 5) or illustrated as a bar graph (Figure 6}, there appears a
cluster of values in the higher range of turbidity. The higher values
are primarily from station 8. A priori, omne might expect station 8 to



be different because of its location on the shallow reef flat in an

eel grass bed. For statistical purposes station 8 as well as the
control (station 9) can be regarded as separate cases for water quality
menitoring. Excluding these two stations, the data illustrated appear
to be normally distributed. The medium turbidity from the probability
distribution is 1.1 NTU for the eight stations.

One-way and two-way analyses of variance (anova) (Sokal and Rohlf,
1969) were employed to statistically analyze differences between
stations and between surface and bottom samples. One-way anova allows
multiple comparisons of mean value between stations; however, day to
day variation in turbidity was often great enough to obscure differences
between means. Therefore, two-way anova was employed teo separate vari-
ation between days from variation among stations.

There was no significant difference between stations 1 through 7,
including surface and bottom samples, by one-way anova. However,
station 8 was found to be significantly different from stations 1
through 7. To test for significant differences between surface and
bottom samples, a two-way anova (paired comparison test) was used. A
significant difference was found between surface and bottom turbidity
at station 3, but not at stations 6 and 9. Station 3 was in the main
channel and may be influenced by current or terrestrial inputs from the
river at the mouth of the bay. The effect, though, is slight.

In order to test the influence of tide on turbidity at station 1,
which is located in the Garayamu-Garreru Channel, turbidity values
were separated into samples taken during current flow into and out of
Ngurusar Bay (Table 3). Turbidity values for water flowing out of
Ngurusar Bay are significantly higher than for water flowing into the
bay. Therefore, turbidity is usually higher on falling tides than
rising tides. However, some outflow of water occurs during flecod tides
as well, whereas inflow appears to be restricted to flood tides and
slack tide around high tide. Seascnal changes in wind direction may
alter this pattern. These data imply that waters and reef areas on the
east side of the Toagel Channel may be adversely affected by turbidity
if the recommended turbidity standard is not adhered to.

When other stations were tested for a pattern similar to station 1
on corresponding days, no significant differences in turbidity were
observed. This implies little effect from water flowing into Ngurusar
Bay from Toagel Channel on water quality at the other stations.



Suspended Solids

Suspended solids values ranged from no detectable difference to
12.6 mg/t with a grand mean of 2.4 mg/% and standard deviation of
1.8 at the eight water quality statioms (Table 4y, No significant
differences were observed between the eight water quality stations.
The results were highly variable as indicated by a relatively high
standard deviation as a per cent of the mean. This is in part
inheren* in the technique when working with samples that are rela-
tively low in suspended solids. An increase in sample size to at
least one liter is recommended and will be used in future sampling.

Usiig mean values at each station for suspended sclids and
turbidity, the ratio of turbidity to suspended solids was calculated
(Table 5). The control (station 9) has the lowest ratio and station 8
has the highest ratio with all other stations having intermediate
values. This tends to indicate the influence of a relatively smaller
sized particle {clay and silt) in the study area as compared to the
control area. This result, based on more extensive sampling, tends
to reinforce that obtained by Environmental Consultants, Inc. {(1978).

Suspended solids and turbidity give independent measures of
particulate matter in water, which should correlate well in the water
quality area given the similar influences. Therefore, changes in water
quality would not only be indicated by changes in the absolute measure
of turbidity and suspended solids, but also by their ratic. An
increase in the ratio of turbidity to suspended solids would imply an
increase in smaller size particles and a decrease in the ratio would
imply an increase in large size particles.

Suspended solids values should be expected to remain under 20 mg/ %
with a turbidity to suspended solids ratio of about 0.50.

Dissolved Oxygen

Dissclved oxygen values ranged from 3.52 to 10.73 mg/i with a
grand mean of 5.91 mg/% and a standard deviation of 0.72 for the eight
water cuality stations (Table 6). The extreme values were from station
8 which showed undersaturation in the early morning and supersaturation
in the middle of the day. The effect of time of day was reflected in
the digsolved oxygen concentration in the surface samples of all other
stations as well. The high variability at station 8 was accentuated
by the presence of a shallow eel grass bed.



Using two-way anova a significant difference was found between
surface and bottom samples at station & but not at station 3 or the
control (station 9).

Salinity

Salinity values ranged from 28.8 te 35.5 parts per thousand (ppt)
with a grand mean of 31.4 ppt and standard deviation of 2.1 for the
eight water quality stations {(Table 7). An obviocus trend of decreasing
salinity over the sampling perilod is evident from the data in Table 7
for all the stations, including the control, This probably represents
a technical problem with the instrument calibration or preobe and
salinity values may be underestimated.

A statistically significant difference was found between surface
and bottom samples at stations 3 and 6 by two-way anova. No signifi-
cant difference was found at staticen 9. However, the difference was
slight and the effect, if a result of terrestrial run-off, was very
small during the sampling period. During heavy rains and tropical
storms, when peak flow rates in the nearby river occur, a more prominent
effect may be observed,.

Temperature

Temperature ranged from 26.6 te 31.9°C with a grand mean of 28.8°C
and a standard deviation of 0.8 for the eight water quality statiomns
(Table #). Station 8 was the most variable with lower temperatures in
the early morming and higher temperatures at midday from solar insolatien.

While bottom temperatures were often lower than surface temperatures, no
significant differences were detected.

pH

Values for pH ranged from 7.45 to 8.01 with a grand mean of 7.85
and standard deviation of 0.10 for the eight water quality stations
(Table 9). There werenc significant differences among the eight water
quality stations by cone-way anova; however, the value of pH at station
9 was sipgnificantly higher than all cther stations.

Total Phosphorus
Total phosphorus concentrations ranged from 0.003 to 0.187 mg/%

for all the water quality stations (Table 10). The value of 0.187
mg/% for a bottom sample at station 3 was high and may be contaminated
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by sediments. Excluding sample 3b (bottom), the range is 0.003 to
0.011 mg/% for total phosphorus. These values are well within the
1imits designated for class AA waters in the TTPI (1978). Mean
values of 0.006 to 0.008 mg/% total phosphorus (0.21 to 0.26 pg-at
PO,-P/L) were reported by Enviromnmental Comsultants, lLnc. (1978) for
areas gimilar to the water quality monitoring area.

If water quality for phospheorus is expected to remain in the
class AA designation in the water quality monitoring area, values for
total phosphorus should not exceed 0.025 mg/ L,

Total Nitrogen

Total nitrogen values ranged from less than 0.011 mg/¢ to 0.257
mg/% (Table 10). The limit of detection for total kjeldahl nitrogen
is 0.0l mg/¢. Several samples were below the limits of detection.
In all cases, water quality was within the limits designated for
class AA waters in the TTPI {(1978). Mean values of 0.127 to 0.160
mg/% nitrogen (9.1 to 11.4 pg-at N/L) were reported by Envirconmental
Consultants Inc. (1978) for areas similar to the water quality
monitoring area.

If water quality for nitrogen is expected to remain in the class
AA designation in the water quality monitoring area, values for total
nitrogen should not exceed 0.400 mg/%.

Heavy Metals

Concentrations of heavy metals at the water quality monitoring
stations and the control station are presented in Table 11 along with
the marine water gquality standards for the metals tested. Concentra-
tions of arsenic were below the detectable limit of 2 peg/t. Cadmium
concentrations ranged from 0.6 to 1.2 ng/%, well below the water quality
standard of 5 ug/L. Chromium levels were high at all stations with
seven of the nine stations having values up to 34% in excess of the
water quality standard (50 ug/L). inicial metal analyses of Ngurusar
Bay waters carried out a few months earlier alsc reported high chromium
concentrations (100 to 130% in excess of the water quality standard) .
Copper concentrations ranged from below 0.7 ug/¢ to 3.1 ug/t, well
below the 10 ug/% marine water quality standard. Lead concentrations
were extremely high ranging from 160 to 375 wg/h, well exceeding the
marine water quality standard of 10 ug/f. The initial watex sampling
in December 1979 also reported high lead concentrations {240 to 250
ug/2). The Ngurusar Bay study site is partially enclosed by land
(Fig. 1) ard receives runoff from the land thru mangrove swamps and the
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Gihmel River. Concentrations of metals in excess of concentrations
notmally observed in open ocean seawater would be expected. However,
the magnitude of the lead excess suggests that lead leaching or
contamination of the samples while in the sample bottle may have
occurred. The sample containers are now being tested to see if they can
contribute lead to stored water samples. Mercury concentrations ranged
from below the detectable limit (0.1 ug/%) to 1.7 pg/f. The marine
water quality standard for mercury is 0.1 ug/%, The one sample (station 1)
which had 1.7 pg/l was an exception, Five of the remaining stations had
values below 0.1 pg/¢% and the other four stations had concentraticns
ranging from 0.4 to 0.8 yug/4. Nickel concentrations ranged from 0.2

to 5.8 pg/l. Two stations had values in excess of the 2 ng/% standard.
Zinc concentrations ranged from less than 10 pg/? to 16 ug/{ and wvere
all below the marine water quality standard of 20 ug/%.

A set of water samples from Truk Lagoon were analyzed along with
the Palau samples. Those Truk metal concentrations which were above
the de:ectable limits were below those reported from Palau {one
sample excepted). The Truk samples were from waters outside the reef
margin of Moen Island where effects from land runoff would be expected
toc be less than in the Palau site. Future metal testing in beoth sites
will test this observaticn.

It appears that concentrations of lead and chromium in waters of
northwest Ngurusar Bay usually exceed the water quality standards
for these metals. Levels of mercury and nickel may appreoach or exceed
the standards. Further metal analyses will determine if these results
are unusual or typical of conditions to be expected.

Comparison of Water Quality with the TTPI
Water Quality Standards feor Class AA VWaters

Table 12 compares the water quality data obtained at the water
gquality monitoring stations with the TTPI water quality standards
(TTEPB, 1978) for class AA waters. All waters outside the immediate
vicinity of docks and landings on Babelthuap Island are classified
AA (TTEPB, 1979). Since only one set of samples were analyzed for
nutrients and metals {the initial metal set being disregarded) the
representativeness of the observed concentrations te the ambient range
of concentraticons cannot be determined.
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Previocus Studies

In Januvary 1978, Environmental Consultants, Inc. (1978) conducted
an environmental survey for the proposed Palau Airport Project. During
their field studies, water quality data were collected in the Ngurusar
Bay-Airai Pay area. A summary table of their results is reproduced
herein (Tatle 13). For most stations in the areas described, one-time-
only measurements (with replication) were taken.

In general, turbidity, suspended solids, and their ratio (turbidity/
suspended colids) decrease with distance from the point source influents.
This is consistent with the data of the present study with station 9
{(the contral) corresponding te area 2 {outer Ngurusar Bay) and the water
quality moritoring stations occupying an intermediate position between
area 1 and area 2.

The Envirommental Consultants, Inc. (1978) report concludes that
the water cuality in the Ngurusar Bay-Airai Bay area is presently a
function of terrestrially derived sediment inputs and the poor water
circulation characteristics of the bay.

RECOMMENDED TURBIDITY STANDARD

The following methods were used te arrive at a recommended turbidity
standard. The subsequent monthly monitoring at stations 1-8 during the
construction phase (part B) will generate a total of 300 samples for a
thirty month duration. Therefore, for a significance level greater than
once in every 300 samples, P <.001 was chosen to calculate a critical
value for turbidity using either the t-distribution or normal distribution.

Using the data from Table 3 for outflow at station 1 with a sample
size of N = 12, a significance level of P <,001 (two tailed test) is
obtained for values greater than 4.3 standard deviation units from the
mean., This gives a critical value of 4.1 NTU (1.5 NTU + 4.3 x 0.6 NTU =
4.08 NTU). 1If station 8 is taken as the worst case, then, for a sample
size of N = 21, a significance level of P <.001 (two-tailed test) is
obtained for values greater than 3.8 standard deviations from the mean.
This gives a critical value of 5.0 NIU (2.1 NTU + 3.8 x 0,75 NTU = 4.95
NTU). Finally, using all the data from stations 1-8 and assuming a
normal discribution, a critical value is cobtained 3.3 standard deviations
from the mean at a significance level of P <.001 (two-tailed test). This
gives a critical value of 3.1 NTU (1.3 NTU + 3.3 x 0.54 = 3.08 NTU).
However, the data was not normally distributed, because of station 8, and
turbidity values greater than 3.0 NIU were obtained.
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Based on the above calculations, a turbidity standard of 5 NTU is
justified and recommended if waters beyond the water quality boundary
are to be kept free of substantial dredge-produced turbidity. A
turbidity standard of 5 NTU also will be close to the turbidity standard
for the TTPL (1978). The turbidity standard requires that natural tur-
bidities are not affected by more than 5% in class AA waters (protected
for oceanographic research, propagation of marine life, and compatable
recreation), not more than 10% in class A waters {(recreational, aesthetic
enjoyment, support, and propagation of marine life)}, and no more than
20% in class B waters (areas immediately adjacent to boat docking
facilities}. If natural turbidity reaches 3.9 NTU (the highest turbidity
measured in the study) 20% or 10% of this value added to 3,9 NTU will
give a figure close to but below 5 NTU.

Furthermore, it is recommended that sampling be conducted during
talling tides or current outflow from Ngurusar Bay through the
Garayamu-Garreru Channel. Significantly different turbidities as a
function of current flow at station 1 (Table 3) warrant this sampling
procedure,

I7 a turbidity reading in excess of 5 NTU is found, subscquent
(hourly, or more frequent) readings are recommended for two additional
hours to insure that the excess reading is a result of construction
operalzions and not sampling error or unnatural events. Additional
turbidity readings should be undertaken in areas outside the monitoring
area that are likely to be affected by excess turbidity so that the
extent: of the effect can be determined.

SUMMARY

Eight water quality monitoring stations and one control station were
selected for twenty-one days of sampling from December 20, 1979 to
January 11, 1980 for the purposes of (1) obtaining, prior to construction,
water quality information for the Palau Airport Project dredge site and
(2) developing a turbidity standard to be used during construction
activity at the dredge site.

Daily measurements were made for the following parameters: turbidity,
suspended solids, dissolved oxygen, temperature, salinity, and pld. One
time measurements were made for total nitrogen, total phosphorus, and the
following heavy metals: lead, mercury, zinc, copper, arsenic, nickel,
cadmiuvm, and chromium.

A turbidity standard of 5 NTU is recommended in order to maintain
water quality beyond the Water Quality Boundary during construction
activity at the dredge site.
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Table 5. Ratio of mean turbidity {(NTU) to mean suspended solids (mg/t)
values at the water quality monitoring stations.

STATION MEAN MEAN MEAN TURBIDITY/MEAN
TURBIDITY SUSPENDED SOLIDS SUSPENDED SOLIDS
(NTU) (mg/2) (NTU/mg/2)
1 1.2 2.9 0.41
2 1.4 3.4 0.41
3g* 1.2 2.4 0.50
3b* 1.4 2.9 0.41
4 1.2 2.9 0.41
5 1.1 2.6 0.42
6s* 1.1 2.6 0.42
6bh* 1.4 2.7 0.52
7 1.2 2.9 0.41
8 2.1 3.4 0.62
95k 0.56 1.8 0.31
9b* 0.54 1.8 0.30

*g = surface sample
b = bottom sample
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TABLE 11. Heavy metal concentrations of samples collected April 1, 1980
at the water quality momitering stations. All concentrations
are in micrograms per liter (ug/%}.

Statior As Cd Cu Pb Hg Ni n Cr
1 <2.0 c.8 3.1 160 1.7 0.6 iz 57

2 <2.0 0.9 <0.7 338 0.8 0.5 13 36

3 <2.0 0.6 <0.7 300 <0.1 5.8 14 46

4 <2.0 0.9 1.0 206 <0.1 2.5 13 62

5 <2.0 1.2 1.5 362 <0.1 1.0 11 55

6 <2.0 0.9 <0.7 369 0.8 0.5 11 63

7 2.0 0.8 0.8 375 0.4 0.2 16 56

8 <2.0 0.9 <0.7 369 <0.1 0.2 11 67

9 <2.0 0.7 <0,7 250 <0.1 0.2 <10 47
TTPI Standard 10 5 10 10 0.1 2 20 50
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