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IDENTIFICATION OF STRESSORS OF CONCERN
IN THE MAMALA BAY ECOSYSTEM
1.0 Introduction
Mamala Bay is a bight in the southern shoreline ofthe Island of Oahu delimited on the
east by Diamond Head, and on the west by Barber’s Point (Figure 1). The shoreline of
Mamala Bay is cut by three sub-embayments; Pearl Harbor, Kewalo Basin, and Keehi
Lagoon! Honolulu Harbor (Figure 1). Development along the shoreline of Mamala Bay
includes metropolitan Honolulu (The City and County of Honolulu) with its attendant
manufacturing and service industries, the Pearl Harbor Naval Base, HickamAir Force Base,
Honolulu Harbor, numerous parks and recreation facilities, and the touriSt center ofWaikiki.
Mamala Bay and its sub-embaynients receive the treated wastes from a population of
about one million people. The same waters receive the treated wastes generated by the
industry and commerce in the City and County of Honolulu, as well as some eight-to-ten
million tourists and visitors each year (Hawaii Visitors Bureau Reports, 1988 to 1992).
Mamala Bay and its sub-embayments also receive fresh water runoff and storm drain
effluent from within the Mamala Bay watershed (Stevenson et aL, 1995; O’Connor and
Courtney, 1995), and support human activities known to distribute wastes in the marine
environment (in-water and shoreline-based construction, dredging and dredged material
disposal. naval operations, marine transportation, and marine recreation; OTA, 1987; White,
1984; El-Swaifv, 1991; Freeman et al., 1994). A summary of known discharges to Mamala
Bay is found in Stevenson et al. (1995; discharge locations given in Figures 1 and 2).
The combined effect ofthe human activities listed above may place a burden on the
ability of the environment of Mamala Bay to maintain stable populations ofmarine biota. It
is the purpose of this report to evaluate waste discharges in Mamala Bay and its major subembayments, and to define those components that may pose a threat to the ecology of the
Mamala Bay ecosystem. The report is organized to provide first, an overview ofthe scope
ofwork, and in subsequent sections, to evaluate the available data on various stressors in the
Mamala Bay ecosystem as they relate to potential effects on the Mamala Bay ecosystem.
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For the purposes of this report the terms “stressor” and “receptor” will be used to
define waste components and environmental components of Mamala Bay, respectively. A
“receptor” is a habitat, population, orindividual within the environment that requires specific
conditions to allow that population to be maintained within sustainable limits. An exception
will-be made to include individual members of rare and endangered species, since individual
members of such populations (as well as theirpopulations) are subject to full and complete
protection under state and federal law.
A “stressor” is any material or condition which, when present in sufficient quantities,
concentrations, or intensities, acts to impair the ability of a habitat to support populations of
endemic species, or acts to impair the ability of an organism or a population of organisms to
survive, grow, and reproduce successfully in a given habitat.
While numerous stressors and receptors might be identified in the Mamala Bay
system, the discussion in this report is limited to specific categories ofstressors and receptors.
The categories of stressors discussed here will be physical, chemical and biological stressors
associated with point source and nonpoint source waste discharge. The receptors will be the
populations comprising reef flat and coral reef communities, and rare and endangered species.
Table 1 provides a brief summary of stressors, their possible sources, and the general effects
that stressors may have on some receptors in Mamala Bay.

2.0 Scope of Work
The Scope of Work for Project MB-10 was as follows:
1.

To develop a conceptual model representative of the interactions among and
between ecosystem compartments and discharged wastes;

2.

To identif~’physical, chemical and biological stressors of concern; and

3.

To evaluate stressors of concern for their potential to cause environmental
harm in the Mamala Bay ecosystem.

A simple conceptual model of the Mamala Bay ecosystem was developed in order to
identif the interrelationships between waste discharges, the pathways of stressor movement
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among compartments in the ecosystem, and the potential for stressors to accumulate in, and
impose effects upon, the biota of Mamala Bay. The conceptual model for Mamala Bay is
described and discussed in Section 3, below.
Potential stressors of concern included the pollutants and stressors discharged into
Mamala Bay. Stressors discharged into Mamala Bay were identified from Project MB-3
(Pollutant Source Jdent~JIcation;Stevenson et al., 1995). Other stressors for consideration
were identified from monitoring studies conducted in Mamala Bay. Yet other stressors not
measured in dischargers or in other monitoring efforts were to be evaluated for their
likelihood of occurrence in Mamala Bay based upon their common presence in discharges in
other major urban/industrial areas.
Stressors in Mamala Bay were evaluated for their potential to cause environmental
harm in a two-phase process. The first phase was to evaluate stressor concentrations at the
margin of the zone of initial dilution (ZID) for the outfalls from the Sand Island and
Honouliuli Waste Water Treatment Plants (WWTPs) and chemical stressors present in other
discharges to the bay and its contiguous estuaries. The second Phase was to evaluate the
distribution and concentrations of stressors after mixing in Mamala Bay. In Phase I
evaluations,
stressors were evaluated to determine if concentrations in the zone of initial
dilution ofthe discharge were within two orders of magnitude (factor of 100) of an existing
criterion for potential effect (e.g., a water quality standard, or a “Lowest Observed Effect
Level” (LOEL) determinable from the literature. If concentrations were predicted to have the
potential for an effect, or if there were special circumstances involved, such as discharge to
or near bathing beaches or coral reefs, the stressor would be evaluated further in Phase H.
Evaluations in Phase II were carried out using the fate and transport model for
Mamala Bay developed by Blumberg and Connolly (1995) as part of the Mamala Bay Study.
The fate and transport model incorporates Mamala Bay oceanographic data (SAIC, 1995) and
generates a suite of time-varying dilution isopleths for conservative and non-conservative
substances discharged into in the Bay. The Phase II analysis considered the concentrations
of each ofthe stressors predicted to occur in the Bay or in outflow from the sub-embayments,
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included in Phase II, and used toxicological exposure/response information available in the
literature to detennine the extent to which the stressor might pose a threat to the Mamala Bay
ecosystem.

3.0 Candidate Stressors and Receptors of Concern in Mamala Bay
The direct charge for evaluating impacts on Mamala Bay was specific in identifjing
stressors for consideration as 1) chemicals discharged to the Bay, and 2) those physical and
biological conditions that could be altered by waste discharges into Mamala Bay.

3.1 Candidate Stressors of Concern
Stressors included physical effects of discharges (freshwater discharge, suspended
sediments, altered temperatures, altered current flows and solids wastes). Candidate chemical
stressors included chemicals and chemically definable pollution parameters with the potential
to have adverse impacts in Mamala Bay including nutrients, trace metal toxicants, and trace
organic toxicants. Candidate biological stressors included bacteria, viruses and parasites in
waste discharged to Mamala Bay, as well as some human activities such as the introduction
of exotic species and over fishing of finfish and shellfish stocks.

3.2 Candidate Receptors of Concern
The receptors for evaluation in Mamala Bay were defined as coral reefs, coral reef
communities. and populations of endangered species as defined by State and federal law. An
additional receptor population for consideration was the human population deriving beneficial
use from the waters ofMamala Bay. Receptor populations and communities are described in
detail in Brock and Am(1995), Grigg (1995), and Laws and Ziemann (1995).

3.2.1 Reefs. Corals, and Coral Reef Communities
The Mamala Bay ecosystem contains numerous reefs and reef flats in the shoal waters
immediately offshore from beaches, extending in depth to >20 meters (m). Brief descriptions
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ofthe reef communities are presented in (lrigg (1995). The reefflats in Mamala Bay comprise
coralline limestone and are populated with algae or corals. Pockets of sand and silt are
interspersed throughout the reef and reef flat areas. The reefs contain sediment transported
to the Bay from land and coralline sand from natural processes of erosion, weathering, and
biological activity. Hard coral cover in Mamala Bay is quite restricted; in some areas living
hard coral cover on reefs and reef flats is virtually nonexistent, or is restricted to deeper
waters (>1 Om depth).
The fishes and invertebrates that comprise coral reefcommunities are dependent upon
reef structure. In areas that have been strongly affected by shoreline-based and in-water
construction, reefs and reef communities no longer exist. Historical activities such as
dredging, island construction,

fluuiig wetlands, and channelization have done much to alter the

habitat and eliminate some communities from some areas. The seaward slopes of existing
reefs support reef-building corals and a diverse community of fishes and invertebrates.

3.2.2 Rare, Endangered, and Threatened Species
With the exception of whales that may migrate through Mamala Bay, and an
occasional sighting of a Hawaiian monk seal, there is only one rare and endangered aquatic
species known to occur in Mamala Bay; the Hawaiian green turtle, Chelonia mydas. The
green turtle is endangered throughout its range, at least partly due to the disease green turtle
fibropapillomatosis (GTFP), A viral agent is suspected to be the cause of GTFP. Aguirre et
at (1994) have been studying the relationship between chemical pollution and activation of
latent viruses responsible for the disease. Other major threats to the green sea turtle are the
destruction of suitable nesting habitats throughout its range, the ingestion of debris, as well
as poaching of turtles for meat and shell products.

3.2.3 Human Populations Deriving Benefit From Mamala Bay
The human population is a receptor population for stressors in Mamala Bay for
several reasons; I) the aesthetic appeal of the beaches of Mamala Bay is a major attraction
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for Hawaiians as well as for millions of tourists, 2) the human population makes use of the
waters of Maniala Bay for fishing. surfing, diving, and other recreational pursuits, and 3) the
human population may be exposed to various pathogens in Mamala Bay waters (Fujioka and
Loh, 1995; Hill et aL, 1995; Landry et al., 1995). This report addresses humans as receptors
only insofar as discharges to Mamala Bay affect aesthetic appeal and potential exposure to
chemical toxicants accumulated in fish and shellfish resources, The human health risk
associated with pathogens in Mamala Bay waters is addressed by Cooper and Olivieri (1995).

4.0 Ecosystem Assessment Conceptual Model
Wastewater discharges, storm drains, illicit discharges, sediment dredging and
dumping, and many other activities are sources of stressors to Mamala Bay (Fujioka and Loh,
1995; Stevenson et at, 1995). The conceptual model for Mamala Bay provides an overview
of discharges and potential transport pathways to receptors in the Mamala Bay ecosystem.

4.1 Conceptual Model Sources of Pollutants to Mamala Bay and Sub-embaments
-

The generalized conceptual model for the Mamala Bay ecosystem shows three major
categories ofdischarge contributing waste materials to either the open waters of Mamala Bay,
or to its tributaries and sub-embayments (Figure 3). The major contributors of stressors to
the open waters of Mamala Bay are three ocean outfalls from WWTPs. Wastewater
discharges contribute only small loads to sub-embayments. Urban runoff stormwater rnnoff~
industrial discharges and flow from the drainage basin contribute most oftheir flows to subembayments (Figure 3; Table 2). Only a fraction of the pollutant load entering the subembayments actually reaches Mamala Bay (Stevenson et a!., 1995; see Table 3). This is
because the sub-embayments acts as settling basins for the suspended solids in urban runoff
water and storm water, and many pollutants in urban runoff and storm water are either in
particulate form, or adsorbed to particulate matter (Figure 4).

-

Only small quantities of .stressors from urban runoff, drainage, industrial discharges
and illicit discharges enter Mamala Bay directly (Stevenson et al., 1995). The full load of
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stressors from the three WWTPs enters directly into Mamala Bay, as well as the dissolved
stressors from the sub-embayments and whatever fraction of the particle-associated stressors
enters the Bay after particles have settled out in the sub-embayments (Figure 3; Table 3). It
is important to note that the Sand Island and Honouliuli WWTP discharges to Mamala Bay
are not located in direct proximity to the discharge points of the sub-embayments. The Fort
KamehamehaWWTP discharge is located adjacent to the mouth ofPearl Harbor (Figure 1).

4.2 Conceptual Model Ecosystem Stressor Distribution
-

Wastes entering Mamala Bay are either in particulate or dissolved form, and distribute
exclusively to the water column (Figure 3). Chemical stressors in the dissolved, particulate
and deposited phases can change association; dissolved stressors can become adsorbed to
particulate matter; or stressors adsorbed to particulate matter in the water column can desorb
to the dissolved state. Stressors associated with particulate matter can deposit to the
sediments, and stressors in the sedimentary compartment can move to the water column either
by desorptionldissolution, or by resuspension of deposited sediments (Figures 3 and 4).
Stressors in the dissolved or particulate phase in the water column can be assimilated
by the biota either by direct accumulation from the water (bioconcentration), or by ingestion
of stressor-contaminated particles. In either case, stressors that are not eliminated or
metabolized by the biota are subject to transport in food webs (O’Connor and Pizza, 1987;
Thomann et al., 1989). Stressor accumulation occurs in proportion to the ability of the
organism to accumulate the stressor in question and the concentration of the stressor in the
“exposure zone” of the organism, i.e., those surfaces of the receptor organism that are
exposed to the stressor in a biologically active form. In general, such surfaces are vascularized
epithelia at the gill surface and in the digestive tract.
Benthic invertebrates, for example, can assimilate stressors from the water by
absorption across respiratory epithelia (gills and equivalent organs) as well as by ingestion of
particulate matter with sorbed stressors or ingestion of contaminated phytoplankton and
zooplankton (Figure 3). The nektonic community can assimilate stressors in the same way;
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stressors dissolved in the water column can enter the bodies of fishes directly across the gills,
or can be assimilated into the body with stressor-contaminated food. Some stressors in
deposited sediments can be assimilated by benthic-feeding fishes when contaminated
sediments are eaten coincidentally with food organisms. Needless to say, edible fishes and
edible invertebrates (crustaceans, molluscs) serve as the vector for transport of stressors from
the marine food web into humans; humans complete the cycle, moving stressors back to the
marine ecosystem by elimination of stressors into the wastewater stream (Figure 3).

4.3 Conceptual Model Ecosystem Stressor Effects
-

With the exception of chemical stressors that occur in very high concentrations and
may physically damage respiratory surfaces in marine biota, stressors impose their effects
based upon dose-response relationships. That is, in order for a stressor to elicit an effect it
must be present in target tissues long enough, and at concentrations high enough, to cause
an impact. Higher concentrations of stressors in water or food will cause more rapid
accumulation and will result in high concentrations in tissues in a short period of time, thereby
eliciting a rapid, often lethal, (acutely toxic) effect. Lower concentrations of stressors in water
or food will accumulate more slowly and may result in a lower stressor concentration in target
tissues due to the kinetics of tissue accumulation and elimination. The lower stressor
concentrations in tissues arising from slower accumulation may elicit less rapid (chronically
toxic) effects. Acute toxicity and chronic toxicity caused by a single chemical stressor may
be due to different modes of action in the organism that is affected; nonetheless, the outcome
is the same in that the survival, growth, and reproduction of the population may be impaired.
The critical aspects ofthe flow of chemical stressors in the ecosystem (Figure 3) are
that stressors can be accumulated from all compartments (from water, from particulates, and
from deposited sediments), and that stressors can be transported throughout the food web,
often in increasing concentrations (biomagnifcation).
The ecosystem conceptual model documents the complexity of the network of
relationships in the Mamala Bay ecosystem, and it identifies the fact that once stressors enter
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the s(stem, each compartment and each receptor, will, eventually, be exposed to that stressor.
Further analyses of the dynamics of stressor transport in Mamala Bay are beyond the scope
of this report; however, the quantitative distribution of chemical stressors in the ecosystem
and rates oftransport of stressors among and between compartments can be estimated using
various models (Thoniann, 1989; EPA, 1989; Blumberg and Connolly, 1995).

4.4 Conceptual Model Human Population Interactions
-

The human population is listed as a receptor population for stressors in the Mamala
Bay conceptual model for three reasons; I) the aesthetic appeal ofthe beaches of Mamala Bay
is a major attraction for Hawaiians as well as tourists, 2) the human population makes use of
the waters ofMarnala Bay for fishing, surfing, diving, and other recreational pursuits, and 3)
the human population may be exposed to various pathogens in Mamala Bay waters. The
conceptual model also shows that the human population is a contributor to sources of
stressors as well (Figure 3; see State ofHawaii, 1990). The human health risk associated with
pathogens in Maniala Bay waters is addressed in the water quality Management Plan for the
City and County of Honolulu (State of Hawaii, 1990; see also Cooper and Olivieri, 1995;
Fujioka and Loh, 1995; Hill et at, 1995; Landry et a!., 1995)

5.0 Identification of Stressors Discharged to Mamala Bay
5. 1 Physical Stressors
Physical stressors in the Mamala Bay ecosystem are those factors with the potential
to physically change the ecosystem to a point at which the physical limits of indigenous
organisms are exceeded. Potential physical stressors are all phenomena which, by virtue of
human activity, might come to exceed the limits normally experienced by the Mamala Bay
community; these physical stressors are:
•

fresh water discharge;

•

suspended and deposited sediment discharge;

•

altered temperature regimes;
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•

altered current flows; and

•

solid waste disposal (flotsam and jetsam).

Suspended solids present a special case in that they are, in one sense, a physical
stressor. In another sense, suspended solids are a vector for chemical stressors because many
potential toxicants adsorb to and desorb from suspended solids in aquatic environments. The
complex pathways and interactions between suspended solids and receptors of concern via
numerous pathways in the Mamala Bay ecosystem are depicted in Figure 3.

5.1.1

Freshwater Discharges Into Mamala Bay
Stevenson et a!. (1995) estimated that about 443.9 million cubic meters (m3 x 106;

360,000 acre-feet) offreshwater enter Mamala Bay and its sub-embayments each year (Table
2). The majority of freshwater flow to Mamala Bay enters the estuaries first, where natural
mixing processes take place (Blumberg and Connolly, 1995). A fraction of the total
freshwater flow, (about 148 x 106 m3 120,000 acre-feet) enters Mamala Bay directly, through
the discharge pipes ofthe Honouliuli, Sand Island, and Fort Kamehameha WWTPs.
SAIC (1995) measured salinity and density of Mamala Bay waters. Detailed analyses
of salinity and density effects due to freshwater discharge were provided by several projects
in the Mamala Bay Study (SAIC, 1995; Roberts et a!., 1995). Kimmerer and O’Connor
(1995) evaluated historical data to evaluate impacts ofWWTP effluent discharge as related
to Mamala Bay as a habitat for tropical marine organisms with a low tolerance for exposure
to decreased salinities. The effect of the freshwater discharges on salinity profiles in Mamala
Bay was easily detected, but freshwater flow from the effluents reduced salinity by no more
than a fraction of a part-per-thousand. Such small changes would not have any impact on the
receptor organisms (see Grigg, 1995; Brock and Am, 1995).

5.1.2

Deposited and Suspended Sediment
We were unable to locate data on sediment bed-load transport from major sub-

embayments ofMamala Bay. The remainder of this discussion is limited to suspended solids.
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Stevenson et al. (1995) estimated the annual load of suspended solids loads to Mamala
Bay at about 108 x 106 kg (120,000 tons) per year, About 102 x 10 6 kg (111,000 tons) were
discharged to the sub-embayments of Mamala Bay, while the remainder (7.6 x 106 kg; 8,400
tons) was discharged to Mamala Bay through WWTP effluents. Ofthe 102 million kilograms
discharged to Mamala Bay’s sub-embayments, Stevenson et a!. (1995) estimated that 95%
ofthe particle load to Pearl Harbor, Keehi Lagoon and Kewalo Basin settled out; 50% of the
suspended sediment load to the Ala Wai Canal settled (see Table 3).
Sediment discharge has always been a potential problem for Hawaii’s coastal waters
(El SwaiFy, 1991). Suspended sediment acts as a vector for nutrients, many potentially toxic
metals, and organic compounds (O’Connor et aL, 1982; Stevenson et al., 1995). Recent
studies have shown that suspended sediment in natural watersheds may also act as a vector
for soil bacteria (Fujioka and Loh, 1995; Kinnetic Laboratories, l994a). Suspended solids
may pose a problem in tropical marine waters by increasing turbidity, depositing on and
impacting reef-building corals (Table 4; see, e.g Pastorok and Bilyard, 1985), and altering
habitats in areas ofhigh sediment deposition (Figure 5).
Concentrations of suspended sediments in the main discharges to Mamala Bay (Sand
Island and Honouliuli WWTP effluents) ranged between 20 and 75 mg/L (see below; Section
5.2.1). Assuming that initial dilution and mixing decrease the concentration of the suspended
solids in the WWTP effluent by a factor of 400 (Roberts et a!., 1995), suspended solids
discharged to Mamala Bay with waste water effluents would decline rapidly to concentrations
of from 0.05 to 0. 19 mg/L. Potential increases in suspended solids concentrations from
WWFP discharges should be no more than 0.2 mgfL. Such very low increases in suspended
solids concentrations will have no impact on fishes and invertebrates in the study area
(O’Connor, 1992), and will not impact light penetration in the Mamala Bay system to any
measurable extent (Kimmerer and O’Connor, 1995).
The suspended sediments from the Sand Island and Honouliuli WWTP discharges
could, however, be ingested by filter-feeding organisms and thereby serve as a vector for
sediment-sorbed contaminants in the food chain (Figure 3). Kimmerer and O’Connor (1995)
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evaluated the extent to which suspended sediments from the Sand island and Honouliuli
WWTP discharges would impact benthic communities in Mamala Bay. They estimated
deposition of carbon and sediments from the discharges to the floor of Mamala Bay as about
0.3 g n12 d’ (3 mg cm2 dy), a value estimated by Pastorok and Bilyard (1985) to pose no
threat to coral reef communities (Table 4; Pastorok and Bilyard, 1985; Grigg, 1995).

5.1.3 Solid Waste Disposal hi Mamala Bay
Solid wastes disposed in Mamala Bay include flotsam (materials floating in the water)
and jetsam (materials discarded in water that may be floating or may settle to the bottom).
Flotsam may include materials discarded into the water, materials present in waterways
adjacent to the Bay that are canied into the Bay with currents, and materials from the beaches
bordering the Bay that may be picked up by advancing tides and transported into the open
Bay. Jetsam includes materials lost or thrown overboard from recreational and commercial
vessels, materials discarded overboard in sub-embayments and transported on currents out
into the Bay, and materials purposefully dumped into the Bay.
The primary problemwith solid wastes in Mamala Bay is aesthetic; however, certain
items of flotsam and jetsam may have impacts on the ecosystem. For example, plastic bags
and containers lost in Mamala Bay may pose a threat to green sea turtles because green sea
turtles can mistake billowing, semi-submerged plastic bags and other materials as prey items
such as coelenterate medusae (jellyfish). ingest them, and die as a result of an intestinal
blockage. In like fashion flashing, silvery pop-tops from cans, or bottle caps can be mistaken
by turtles or fishes as potential prey items, ingested. and lead to digestive stress.

5.2 Chemical Stressors
Chemical stressors are those elements and chemical compounds discharged into
Mamala Bay by point source and nonpoint source discharges. The State of Hawaii,
Department ofHealth, includes 82 elements, compounds, and chemical classes in their list of
chemicals that may pose a hazard to aquatic life and, therefore, are limited to certain
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concentrationsby standards for water quality (Table 5). Other “chemicals” for which the State
ofHawaii maintains standards are the more conventional water quality measurements of total
suspended solids (TSS; see above, section 5.1.2) nutrients, biochemical oxygen demand
(BOD), chemical oxygen demand (COD), and oil and grease (State ofHawaii, Department
of Health, 1990).
Data on the water column concentrations of most chemical stressors in Mamala Bay
are not available. The identity ofpotential stressors of concern came from four sources:
1.

Discharge Data: Self.monitoring reports from WWTPs and other dischar.gers
were examined to determine concentrations of chemical stressors in effluents
for the five-year interval from 1989 through the end of 1993.

2.

Nonpoint Source Discharge Data: Estimated nonpoint source loads (from
Stevenson et a!., 1995) were used to predict concentrations of chemical
stressors in sub-embayments, and to calculate stressor concentrations in
outflows from sub-embayments into Mamala Bay.

3.

Environmental Monitoring Data: Environmental monitoring data were
evaluated to determine the identity of chemical stressors known, or suspected
to be present, in the waters ofMamala Bay. The primary monitoring data used
in this evaluation were from the National Status and Trends Program,
National Mussel Watch (NOAA, 1989; l995a, l995b), which maintained two
stations in Mamala Bay (Barber’s Point and Honolulu Harbor).

4.

Discharge Data from Other Sources: Historical discharge data from two
other urbanlindustrial centers (New York and San Francisco) were examined
to determine the roster of common chemical stressors detected in monitoring
programs. The chemical lists were evaluated in order to determine whether
contaminants common in other discharges might be present in discharges to
Mamala Bay, and whether those chemical stressors could threaten the Mamala
Bay ecosystem.
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5.2.1 Mamala Bay Discharge Data

5.2.1.1 WWTP Discharges to the Open Waters ofMamala Bay
Chemical data from WWTP effluents are limited by the sensitivity of the analytical
methods used to satisfy federal and state NPDES monitoring requirements. Concentration
data from effluent waters are restricted to “conventional” pollutants (TSS, BOD, COD, Oil
and Grease), and a small number of chemical stressors that are predominantly metals
(Stevenson et at, 1995). Effluent data from WWTPs contain primarily “ND” (not detected)
qualifiers for most measurements of metals and virtually all of the organic compounds. “ND”
values are problematic for calculation of loading values and for making assessments of
potential acute or chronic toxicity (see, e.g. D’Elia et a!., 1989; Davis et al., 1992).
Stevenson et aL (1995) compensated for “ND” pollutant concentrations in NPDES
self-monitoring reports by assigning a value equal to one-half the detection limit to ND
values; all loading data published by Stevenson et a!. (1995), and the concentration data
herein were derived from databases that included such corrections. While such data
manipulation may pose a problem as to the accuracy of the concentrations reported (our
calculated concentrations are probably overestimated), it compensates well for the use of
insensitive analytical methods, and assures that the concentration estimates reported are
conservative.
Calculated mean pollutant concentrations in the effluents from the Sand Island,
Honouliuli, and Fort Kamehameha WWTPs for the period 1989 through 1993 are presented
in Table 6, along with existing Hawaii Water Quality Standard values for those pollutants
having water quality standards. Effluent values in Table 6 are for all pollutants that had at
least one measurement above the detection limit. With the exception of measurements for
BOD, Oil and Grease, TSS, and free chloride ion (Fort Kamehameha only), there were
nondetect values in each data set.
Stressors for Phase I evaluations were identified from Table 6 by comparing measured
effluent concentrations with existing Hawaii saltwater standards. Ammonia, cadmium,
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chloride ion, chromium, copper, and zinc were identified as present in effluent water at
concentrationsthat were within a factor of 10 of existing standards or, in the case of copper,
were within a factor of 10 ofeffluent limitations assigned to copper at other WWTPs. These
chemicals were assigned to Phase I evaluations as potential stressors ofconcern.

5.2. 1.2 Discharge of Chemical Stressors to Mamala Bay Waters from Sub-Embayments
Evaluation ofpoint source discharges of chemical stressors to the sub-embayments
revealed that the vast majority ofmeasurements were “nondetects.” Measured concentrations
of chemical stressors in discharges to sub-embayments were primarily for Cu (Hawaiian
Electric

-

Honolulu and Waiau Stations; Honolulu Shipyard) and Pb (Shell Oil Honolulu,

Pacific Resources, Chevron USA). Water samples from the Pacific Resources effluent were
also contained toluene and xylene at low concentrations. The discharge from the Aiaea
Hawaiian Sugar Refinery contained ammonium. In all cases the measured concentrations of
chemical stressors were low, and, with the exception of ammonium at Hawaiian Sugar,
positive measurements were infrequent (Kinnetic Laboratories MB-3 Data Base, Kinnetic
Laboratories, Santa Cniz, CA, 1995).
Nonpoint source discharges were shown by Stevenson et at (1995) to contribute large
loads ofchemical stressors to the waters of the Ala Wai Canal, Keehi Lagoon, Kewalo Basin,
and Pearl Harbor. We calculated the concentrations ofstressors entering the sub-embayments
ofMamala Bay with runoffwater, as well as the annual average concentrations of chemical
stressors in water flowing Out from the sub-embayments to the near shore waters of Mamala
Bay under runoff conditions (Table 7). These estimates are based upon numerous
assumptions, and the potential margin of error was large; therefore, we cross-checked and
validated the calculated metals concentrations (Table 7) against raw stormwater metals data
and primary-treated (settling only) stormwater metals data available to us from studies carried
out in other US Cities. The comparison (Table 8) shows that the metals concentrations
estimated in sub-embayment outflows were well within the range of metals concentrations
measured in raw runoffwater in Sacramento, CA, but lower than metals concentrations in

Project MB- 10: Identification of Stressors of Concern
Page 15

stormwater discharged from the North Point Treatment Plant in the City of San Francisco;
the North Point Plant is a primary treatment plant that receives only stormwater runoff(City
and County ofSan Francisco Planning Department, 1994). We concluded that the estimates
of metals concentrations in the outflow from sub-embayments to Mamala Bay were a fair
description, within the same order of magnitude of what the actual stormwater metals
concentrations might be.
Metals concentrations in the outflow from sub-embayments that were in the same
order of magnitude as existing Hawaii Water Quality Standards were identified as potential
stressors of concern and included in further Phase I evaluations. As can be seen from the
comparison of sub-embayment outflow concentrations with Hawaii water quality standards
(Table 9), the calculated concentrations of copper in the sub-embayment outflow were in the
same order of magnitude as copper standards for San Francisco Bay, and the concentration
of zinc in the runoff outflow from Kewalo Basin exceeded the Hawaii acute standard. Zinc
concentrations in runoff outflows from all four sub-embayments are within a factor of three
ofthe Hawaii acute standard and the Hawaii chronic standard (Table 9). The results of these
analyses do not justify the inclusion of lead in the list of chemical stressors of concern in
Mamala Bay.

5.2.2 Environmental Monitoring Data
There is a dearth of environmental monitoring data for toxic and potentially toxic
chemicals in the water column ofthe Mamala Bay ecosystem. Sediment monitoring programs
have been directed primarily toward characterizingthe concentrations of toxic and potentially
toxic chemicals in the sub-embayments ofMamala Bay (Pearl Harbor, Keehi Lagoon, Kewalo
Basin, and Ala Wai Canal). The NOAA National Status and Trends Program (NOAA, 1995b)
has sediment chemistry data from two sites adjacent to Mamala Bay (the Barber’s Point Boat
Basin and Keehi LagoonfHonolulu Harbor).
Harding Lawson reported on a study of some chemical stressors (selenium, cyanide
and PCBs) in marine biota sampled in Mamala Bay on the reef flat offKakaako (immediately
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west ofKewalo Basin)(AECOS, 1990). Two samples of achilles tang (Acanthurus achilles)
from Kakaako contained selenium (0.03 and 0.02 mg/kg from the east and middle portions
of the reef flat, respectively). A single sample of aholehole (Kuhlia sandvicensis)contained
PCBs (Aroclor 1260) at a concentration of 260 ng/g (wet weight).
Most of the monitoring data of use in an evaluation of chemical stressors in the
Mamala Bay ecosystem come from the US Department of Commerce, National Oceanic and
AtmosphericAdministration National Status and Trends Program and National Mussel Watch
Program (NOAA, 1989; 1995a). Important cognate data come from stormwater monitoring
efforts and monitoring carried out in sub-embayments (State of Hawaii, Department of
Health, 1978, 1980)
National Mussel Watch is based on the concept that bivalve molluscs integrate longterm exposures to bioavailable chemical stressors in their environment by accumulating
residues ofthe stressor and storing it in tissue (Phillips, 1980; O’Connor, 1992; SFEI, 1995).
Bivalves accumulate contaminants from both ingested food and from the water passing over
the gills. Bivalve molluscs also have slow rates ofturnover for chemical stressors; metals are
distributed and removed from body compartments slowly, and the rate of metabolism of
organic compounds, such as DDTs and PAHs, is slow, by comparison to other aquatic biota
such as fishes (Phillips, 1980; SFEI, 1995). The use ofbivalve molluscs as time-integrating
biological sentinel organisms for pollution studies has been successfully applied in many
environments, worldwide (Phillips, 1980; Claisse, 1989; SFEI, 1995). By sampling
appropriate bivalve molluscs, NMW has built a consistent data base documenting trends in
contamination (NOAA, 1989, 1995a; O’Connor, 1992; see also Claisse, 1989).
The National Mussel Watch Program maintained two stations in waters adjacent to
Maniala Bay. One station was located in the boat harbor at Barber’s Point, at the western end
ofMamala Bay. The other was located in Honolulu Harbor (Keehi Lagoon). Neither NMW
station can be considered representative of the open waters of Mamala Bay; however, the
sites represent fairly the water bodies that receive chemical stressor input from the drainage
basin as well as from a variety of marine activities.
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Native oysters (Ostrea sancivicensis) were sampled from these sites from 1986
through 1988, and from 1990 through 1992. Tissue samples from the oysters were analyzed
for a suite of metals, pesticides, polychlorinated biphenyls (PCBs), polycycic aromatic
hydrocarbons (PAHs), and organotins. The analytes measured in 1986 and 1987 (Table 10)
comprise the baseline data; analytes measured in succeeding years included additional
stressors. Two “classes” of PAHs were represented in summary documents; low molecular
weight PAHs (LMWPAH; all 2- and 3-ring PAHs) and high molecular weight PAHs
(HIMWPAH; all 4- and 5-ring PAHs). All data discussed in this report were prepared from
the NOAA NMW database made available through Dr. Tom O’Connor of NOAA, ORCA.
Analyses oftissue composites from about 30 oysters sampled at each site in each year
showed that they contained measurable concentrations of metals and toxic organic
contaminants (Tables 11 and 12). Accumulation of silver, chromium, cadmium, selenium and
elemental tin apparently declined in oysters from Honolulu Harbor/Keehi Lagoon between
1986 and 1992 (Figure 6). Trends in lead, nickel, copper and zinc apparently increased at the
same time (Figure 6B and C). Similar trends were apparent in oyster tissue data from samples
taken at Barber’s Point (Table 11; Figure 7). Organotins were measured only in 1990, 1991,
and 1992. Monobutyltin apparently declined in concentration over that time period, whereas
dibutyl and tributyl tins were accumulated at much higher concentrations in 1992 than in 1990
or 1991 (Figure 8). Organotin accumulation in oysters was due to residues from anti-fouling
paints (Salazar, 1986; Henderson, 1986; Huggett et al., 1992).
The accumulation of pesticides, PCBs and PAHs in oyster samples from Barber’s
Point and Honolulu Harbor (Table 12) was due to the transport of these compounds from
agricultural, industrial, and urban sources, as well as direct input by commercial and
recreational vessels to the basins where the samples were taken (especially for the PAHs).
PCB accumulation in oyster tissues declined at both sites between 1986 and 1992 (Figure 9).
The decline in PCB accumulation in oysters from Honolulu Harbor was especially dramatic,
falling from almost 600 to about 80 ng/g (dry weight). Accumulation of HMWPAH and
LMWPAH apparently declined in oysters from the Barber’s Point site (Table 12; Figure 10).
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HMWPAH accumulation by oysters in Honolulu Harbor appeared to increase between 1987
and 1992, while LMWPAH remained about the same (Figure 10).
Pesticide accumulation in oysters from Barber’s Point declined (Table 12), and trends
for chiordane accumulation reflected the banning of the use of chlordane (Figure 11), Trends
in pesticide accumulation in oysters sampled from Honolulu Harbor were erratic (Table 12),
showing apparent increases for total DDTs, chiordane, and dieldrin.
The Mussel Watch data (NOAA, 1995 a) are corroborated by bioaccumulation
measurements made during surveys carried out by the Hawaii Department of Health in the
Ala Wai Canal and other water bodies adjacent to Mamala Bay (1978; and other years). In
those surveys, samples oftissue from two crab species (the Hawaiian crab Thalamita crenata,
and the blue claw crab, Podophthalrnus vigil) contained substantial concentrations of copper,
lead, nickel and zinc, as well as a-chlordane and trans-nonachlor (a contaminant in, and a
component of~chiordane). Interestingly, the Hawaii Department of Health (1978) measured
sediments from the same stations in the Ala Wai Canal, and were able to measure not only achiordane and trans-nonachior, but also y-chlordane, dieldrin, and PCBs. None ofthe latter
three compoundswere measured in Hawaiian crabs and blue claw crabs from the Ala Wai
Canal samples.
Bioaccumulation ofchemical stressors in the tissues of oysters in Mamala Bay is not
evidence for an effect due to the chemicals in question. Rather, bioaccumulation demonstrates
the availability to the biota of chemical stressors that are neither detected nor detectable in
WWTP effluents or in the water column of Mamala Bay and its sub-embayments. What is
more important, the bioaccumulation data show that the chemical stressors present in the
waters adjacent to Mamala Bay are, in large part, decreasing. However, it must be pointed
out that many chemical stressors are present at concentrations sufficient for residues to
accumulate in oyster tissues. The substantial declines in organic chemical stressors in oysters
at Barber’s Point (Table 12) suggest that nonpoint source control of land-based and waterbased sources of agricultural and industrial chemicals is successful (O’Connor and Courtney,
1995).
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The following chemical stressors from biomonnoring studies in Mamala Bay were
added to the list of chemical stressors of concern that were judged to be worthy of further
evaluation: arsenic, mercury, selenium, silver, PCBs, DDTs, Chiordane, dieldrin, LMWPAH
and HMWPAH, and organotins.

5.2.3 Discharge Data From Other Sources
We examined two cases in which estuarine or coastal environments were studied in
great detail as a means to determine the presence and concentration of chemical stressors
deriving from the discharge of wastewater and storm runoff. These were 1) New York
Harbor and the New York Bight (Squibb et al., 1990; EPA, 1990) and 2) the San Francisco
Bay Estuary (Phillips, 1988; Gunther et al., 1988; Davis et al., 1991). Each of these water
bodies receives wastewater and runoff from nearby urban-industrial areas as well as
agricultural runoff from upstream sources. The chemical stressors for the New York
Harbor/New York Bight are listed in Table 13.
Phillips (1988) generated a list oftoxic substances (=chemical stressors) of concern
in San Francisco Bay based upon the probable use of the chemical stressor in the watershed.
That list has been incorporated into the framework of the San Francisco Estuary Project
(Davis et al., 1991; Monroe and Kelly, 1992) as the list of contaminants of concern in San
Francisco Bay (Table 14).
Both lists from the New York-New Jersey estuary and in San Francisco Bay identify
several metals as stressors of concern that were either not detected in WWTP discharges to
Mamala Bay, were present in very low concentrations in WWTP discharges and outflows
from sub-embayments, or not often detected in oyster samples from Barber’s Point and Keehi
Lagoon / Honolulu Harbor. These are lead, nickeL and silver. The fact that these stressors
were measured in low concentrations (Pb), or were not identified in Mamala Bay analyses,
leads us to the conclusion that they should not be included in further Phase I evaluations.
The lists oforganic chemical stressors of concern in New York and in San Francisco
include the organic chemical stressors identified in bioaccumulation studies in Mamala Bay
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(Tables 12 to 14), as well as several other organic chemicals known to have impacts on
aquatic biota, malathion and parathion., the phthalate esters, and the dioxins (TCDDs).
Malathion (O-O-dimethyl dithiophosphate) and parathion (O-O-diethyl-O-p
nitrophenyl thiophosphate) were listed by Philhips(1988; Davis et al., 1991) primarily because
they are widely used for pest control in rice-growing areas in the Sacramento-San Joaquin
drainage basin. We have no data on the volume of use of either pesticide in the Mamala Bay
drainage basin; however, malathion has tolerances listed for pre-harvest pineapples and
mangoes, (40 CFR 180.111) and parathion has tolerances listed for pineapples, mangoes, and
sugarcane (40 CFR 180.12 1).

Malathion and Parathion
Both malathion and parathion are thiophosphate pesticides acting as cholinesterase
inhibitors. They are moderately persistent, and are subject to breakdown in soil and water.
Whatever residues occur in surface runoff and in sub-embayments would be likely to be
metabolized by the high level of bacterial activity present in the sstem, resulting in stressor
concentrations that poseno potential harm to marine biota. Malathion and parathion will not
be included in any further Phase I evaluations.

Phthalate Esters
The phthalates are ubiquitous in the global environment, widely used in the plastics
and synthetics industries, and enter the aquatic environment with industrial waste, WWTP
discharge, and atmospheric deposition (Thuren, 1988). Phthalate esters are common
components ofurban mnofi and stormwater runoff from suburban and rural areas (Kinnetic
Laboratories, I994b). Theirpotential to cause chronic effects at relatively low concentration
(below 500 j.tg/L) is well known (e.g., Thuren, 1988). The phthalate esters were not detected
in wastewater effluents in Mamala Bay because detection limits were too high. They were not
detected in NMW bioaccumulation studies because they were not analyzed (NOAA, 1989,
I 995a). Based upon the available data, we concluded that phthalate esters should not be
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considered as chemical stressors at this time; however, future monitoring should include
efforts to measure phthalate esters in the Mamala Bay system so a complete evaluation can
be made when an adequate data base is available.

Dioxins
The polychlorinated dibenzodioxins (PCDDs) are potential stressors of concern for
Mamala Bay. The PCDDs comprise a group of congeners with varying chlorine substitutions
at various positions on the dioxin molecule. The most hazardous are those containing four
chlorine molecules: the tetrachlorodibenzo-p-dioxins (TCDDs). One TCDD (2,3,7,8tetrachlorodibenzo-p-dioxin) has been identified as one of the most toxic organic chemicals
ever produced and released by humans (Safe, 1982; EPA Science Advisory Board, 1994).
Dioxins have been listed as chemical stressors of concern for many water bodies.
Dioxins were not analyzed for in the NOAA NMW program (1989, 1995a, 1995b), or in any
monitoring program in the Hawaiian Islands. Dioxins typically have their origin as byproducts and contaminants of chemical manufacturing processes, as contaminants in certain
herbicides (e.g., 2,4,5-trichiorophenoxyacetic acid), and as pyrogenic by-products of
incomplete incineration of wastes containing organic matter and chlorine, or other
organochlorine compounds (EPA, 1987; Rappe et al., 1986). Stack gases of municipal
incinerators and pulp mills may be assumed to contain some dioxins.
The environmental effects of dioxins are: bioaccumulation and transport to other
portions ofthe food web (Rubinstein et al., 1989; Opperhuizen and Sijm, 1990); depression
ofthe immune system; interference with reproduction; and action as a mimic of natural sex
steroids (Lindstrom-Seppa and Oikari, 1989). Long-term impacts of dioxins in natural
ecosystems range from elimination of certain fisheries products from consumption due to
contamination to elimination of entire populations from water bodies due to dioxin-induced
reproductive failure (EPA Science Advisory Board, 1994).
There is no evidence to suggest that dioxins are a stressor of concern in the Mamala
Bay ecosystem. First, there is a minimum of chemical manufacturing in the City and County
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ofHonolulu and no plants in the drainage basin manufacture the herbicides likely to contain
dioxins as a contaminant. Second, there are no paper mills operating in the Mamala Bay
watershed, and paper mill stack gases have been identified as a significant source of dioxins
(in

stack gases) in previous studies. Third, municipal solid wastes are not incinerated in the

Mamala Bay watershed, so there is a low probability that waste incineration would add
dioxins to the air. However, these reasons, by themselves, do not eliminate consideration of
dioxins as potential chemical stressors of concern in Mamala Bay. While it would be
premature to include dioxins on the list of chemical stressors for Mamala Bay, it would be
prudent to include the dioxins in future analyses of sediments and biota, especially in the
contaminated waters of Pearl Harbor.

Diainon
One common chemical stressor that has not, until recently, appeared on lists of
potential hazards is the pesticide diazinon (O-O-diethyl O-[6-methyl-2-( l-methylethyl)-4pyrimidinyl] phosphorothioate). Diazinon is listed with tolerances relative to use in culture
ofboth pineapples and sugarcane (40 CFR 180.153). Diazinon is one of the most widely used
pesticides on the market; it is sold commercially for the control of lawn and garden pests, and
is marketed for domestic use. Toxicity Identification Evaluations (TIEs; EPA 1988a, l988b)
conducted on toxic storm water samples in California and in other locations across the US
have identified diazinon as a primary toxicant of concern (Amato et al., 1992; V. Connor,
personal communication).
Analysis for diazinon and the other thiophosphate pesticides has not been included in
studies aimed at characterizing the chemical content of urban and suburban runoff water.
Since diazinon may be used in pineapple and sugar cane culture, and since it is marketed in
Hawaii for the control of lawn and garden pests, and since pest control is a matter of
significance in tropical environments like Hawaii it is likely that diazinon use in the Mamala
Bay watershed is quite high. Based upon data available from studies of stormwater runoff in
other urban!suburban centers we include diazinon in the list of chemical stressors to be
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evaluated in Phase I and we recommend that analysis for diazinon be included in any future
monitoring programs undertaken.

5.3 Biological Stressors
Biological stressors in Mamala Bay may be divided into two areas for consideration;
1) bacterial viral, and protozoan pathogens in the Bay, and 2) the introduction of exotic
species to the Mamala Bay ecosystem.

5.3.1 Pathogenic Bacteria, Viruses and Protozoans
Pathogens may enter the Bay via any of the following routes:
•

discharge to the Bay from WWTP discharges;

•

discharge to the Bay with storm water runoff

•

discharge to the Bay from illegal discharges from vessels; and

•

discharge to the Bay by “shedding” from human populations in the water.

Pathogenic bacteria, viruses and protozoans pose a potential problem to biological
resources in Mamala Bay only under circumstances where the pathogens are infectious to
fishes, invertebrates, or plants. To the best of our knowledge there are no data showing that
pathogens discharged to Mamala Bay infect fishes, invertebrates, or plants residing in the Bay.
Some ofthe pathogens discharged to the Bay pose a threat to the human population.
These considerations are not treated in this report; rather they are the topic of other reports
from the Mamala Bay Project, some dealing with the identification of pathogens in Mamala
Bay waters (Dobbs et al., 1995; Gerba et al., 1995; Fujioka and Loh, 1995; Paul and Rose,
1995), and others providing a human health risk assessment for Mamala Bay based upon
mathematical models of disease transmission (Cooper and Olivieri, 1995).

5.3.2 Exotic Species
Numerous exotic species have undoubtedly been introduced to Mamala Bay by natural
processes and by accident (see Carlton’s 1979 discussion of vectors for exotic species
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transport). The invasion of Hawaiian waters by exotic species that follow natural routes of
dispersal is limited because of the extreme isolation of the Hawaiian Islands from any
mainland, and the lack of “stepping-stone” land forms affording invading species suitable
locations for dispersal to the Hawaiian Islands (Hobson, 1984). Relatively few accidental
introductions have resulted in large populations of exotics, presumably due to the rather
inhospitable environment afforded by the oligotrophic waters ofthe Hawaiian archipelago.
Another factor may be that major shipping to the Hawaiian Islands originates in temperate
estuarine climates, and marine and estuarine species invading Hawaii from temperate estuaries
are ill-adapted to the tropical climate,
Several purposeful introductions ofcommercially important food fish to the Hawaiian
Islands have taken place since the l950s (Oda and Parrish, 1981) when 11 species of snappers
and groupers were introduced. Only the blueline snapper (taape; Luijanus kasmira) has
become abundant, spreading to many of the Hawaiian Islands, including Oahu. Fishermen
complain that blueline snapper are so abundant as to displace native fishes. Ecologists suggest

j

that the reason that more blue snapper are caught is related to their more aggressive behavior
and reaction to bait rather than their displacement of native species (Oda and Parrish, 1981).
Studies investigating competition between the taape and native fishes show minimum overlap
in diet (Oda and Parrish, 1981). It is probably true that blueline snapper have not caused any
change in the abundance or distribution of native species.

6.0 Phase I Evaluation of Stressors
The following chemicals will be included in Phase I analysis; i.e., the concentrations
ofeach ofthese chemicals should be evaluated to determine ifthey pose a potential threat to
the ecological health of the Mamala Bay ecosystem after discharge and initial mixing:
•

ammonia

•

dieldrin

•

arsenic

•

mercury

•

cadmium

•

PAHs (LMWPAHs and FIMWPAHs)

•

chloride ion

•

organotins
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•

chiordane

•

PCBs

•

chromium

•

selenium

•

copper

•

silver

•

diazinon

•

zinc

•

DDTs

6.1 Phase I Evaluation of Chemical Stressors in WWTP Effluents
Phase I evaluation of potential chemical stressors was carried out by comparing
Hawaii water quality standard values with concentrations ofpollutants in effluent water after
initial dilution in Mamala Bay. A conservative initial dilution value of400 was estimated by
Roberts (1995). and was applied to the concentrations of chemical stressors in effluent water.
Ifstressor concentrations were within two orders ofmagnitude of an applicable Hawaii Water
quality standard after initial dilution, the stressors would be included in Phase II of the
stressor evaluation. Although several chemical stressors measured in the WWTP effluents
were at concentrations similar to Hawaii Water quality standards (Cd, Cr, Pb, Zn), stressor
concentrations alter initial dilution were all below the criterion (one one-hundredth ofHawaii
water quality standards). The stressors that approached closest to Hawaii Water quality
standards concentrations were Cr (0.1% of the water quality standards after dilution) and Zn
(up to 0.3% ofthe Water quality standards after dilution)(Table 15).

6.2 Phase I Evaluation of Chemical Stressors in Outflows From Sub-embayments
A hydrodynamic model predictive of mixing processes at the point of outflow from
sub-embayments was not available at the time of this writing. We have performed Phase I
evaluations, therefore, using a factor of 50 as representative of dilution between sites of
outflow and receptor populations (i.e.. areas that may be routinely exposed to outflow
waters).
Applying the criterion, we determined that concentrations of cadmium, copper, and
zinc in outflow waters from the sub-embayments of Mamala Bay (Table 16) could pose a
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problem for receptor populations in the Bay, and should be moved forward for evaluation in
Phase II.

6.3

Phase I Evaluation of Chemical Stressors in Biomonitoring Studies
Bioaccuinulation of chemical stressors demonstrates sufficient concentrations of

chemical stressors to result in increased body burdens. The metals in Table 11 that showed
no apparent decreasing trends were moved forward to evaluation in Phase H (nickel, mercury,
and tin). The organic chemical stressors chiordane, dieldrin, and HMWPAH were moved
Phase H. The decision to move chiordane to Phase II was due to the lack of a downward
trend in chiordane bioaccumulation in Honolulu Harbor (Figure 11). The decision to move
dieldrin to Phase II was due to a possible increasing trend in accumulation in Honolulu
Harbor. The decision to move HMWPAH to Phase II was due to high concentrations of
HMWPAH accumulated in Honolulu Harbor (>5,000 ng/g; 1990, 1991, and 1992; Table 12).

6.4

Phase I Evaluation of Chemical Stressors Identified From Other Studies
The toxicological importance of diazinon in Mamala Bay has not been addressed in

any studies in Manmia Bay. Because ofthe high probability of occurrence in the Mamala Bay
watershed, diazinon will be included in Phase II evaluations.

7.0 Phase II Evaluations of Candidate Chemical Stressors
Phase II evaluation of chemical stressors was carried out by examining each stressor
relative to its concentration in Mamala Bay waters after dilution, and the potential impact of
the stressor using LOEL concentrations as determined from the available literature. Chemical
stressors for evaluation in Phase H are those listed in Table 17.

7.1 Phase H Metals Evaluations
-

Phase H evaluation for metals was limited to a description of the element and
documented effects on aquatic biota at concentrations reflecting those calculated to occur in
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Mamala Bay waters. A description of the effects of chemical stressors on species of
importance to the Mamala Bay ecosystem is available in O’Connor and Dorsey, 1995.

7.1.1 Cadmium

Cadmium can be acutely toxic to marine biota, but only at very high concentrations.
Cadmium accumulated in tissues, especially in kidneys and hepatopancreas, can cause chronic
effects. Cadmium concentrations in oysters from Barber’s Point and Honolulu harbor (Table
11)were measurable, but were in the range ofconcentrations reported from areas considered
to be “uncontaminated” (Friberg et al., 1979). Cadmium bioaccumulation in saline marine
waters is generally much lower than in estuarine waters (O’Connor et al., 1982).
Bioaccurnulation of cadmium is greatest in the hepatopancreas tissue of crustaceans and
bivalves (Friberg et al., 1979). Although cadmium is not an essential element, it is regulated
efficiently by most biota, usually by the same mechanisms involved in zinc regulation.
Ringwood (1993) demonstrated age-specific sensitivity of the Hawaiian bivalve
Isognornon californicurn exposed to cadmium. The 48-h Cd LC50s were as follows: 520 jiig/L
for embryos, 530 ~tg/Lfor 3-day veligers, 580 gg/L for 10-day veligers, 3,800 ~.tg/Lfor 24day veligers, 3,320 gg/L for pediveligers, 16,520 ~ig/L for spat, and 27,500 ~ig/Lfor adults.
When the life stages were exposed to 2,000 ~ig/L u5Cd for 24 hours, the relative rate of
cadmium accumulation followed the order embryos> pediveligers>veligers>adults. The lowest
effective concentrations ofCd that we found in the literature (LOEL; Table 18) showed that
Cd concentrations as low as 0.1 ~tgfLcould have a negative impact on crab zoea development
and survival. Cd concentrations of 0.5 ~ig/L caused toxicity to purple sea urchin
(Strongylocentrotus purpuratus) larvae. A depression of respiration was seen by Dawson et
al. (1977 in EPA., 1994) wherein a 30-day exposure of striped bass (Iviorone saxatilis) to
cadmium concentrations as low as 0.5 to 5.0 ~g/L reduced oxygen consumption.
The greatest calculated Cd concentrations in sub-embayment outflow water were 0.01
~.tg/L.The very low cadmium concentrations in diluted WWTP effluent water and subembayment outflow water (from 0.003 to 0.01 ~.tg/L;Table 16) was judged not to pose a
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hazard to the biota of Mamala Bay; we conclude from these data that the cadmium
bioaccumulation recordedby NOAA (1989, 1995a) in Mamala Bay are in no way suggestive
of a cadmium contamination problem, and that cadmium should not be included among the
chemical stressors of concern in Mamala Bay

7.1.2 Copper
The calculated concentrations ofcopper in outflows from sub-embayments to Mamala
Bay were within two orders ofmagnitude of water quality objectives established for water
bodies other than Mamala Bay (4.9 ~.tg/L;San Francisco Bay). Copper concentrations in
sediments at Mussel Watch sites were between 25 and 36 ~.tg/g(dryweight) in 1986 and 1987
(NOAA 1995b).
Copper can have negative impacts on reef organisms at very low concentrations.
Howard et al. (1986) investigated the effects of total copper, as Cu (II) on respiration,
nutrient uptake and release, pigments, and zooxanthellae expulsion rate in coral branches of
Montipora verrucosa from Kaneohe Bay. The 96-hour LC50 was determined to be 48 j.ig/L
Cu (H), well above the estimated concentrations in the open waters of Mamala Bay (0.045
to 0.082 p.g/L), and above the estimated concentrations of copper discharged with outflows
from the sub-embayments ofMamala Bay prior to dilution (5,4 to 14.2 ~.tg/L;see Table 9).
Exposure ofMontipora branch tips to concentrations of Cu (H) ranging from 10

-

50

~tg/L produced a visible gradation of bleaching and counted numbers of expelled
zooxanthellae proportional to the concentration of copper. Such concentrations have been
calculated to exist in the outflow waters of Mamala Bay’s sub-embayments (Table 9). A 96hour bioassay (natural seawater, 27°C) for copper was conducted on coral planula larvae
(planulae) ofthe coral Pocillopora darnicornis by Esquivel (1986). Probit analysis yielded a
24-hour LC50 of 114 ~.tg/Ladded Cu, a 48-hour LC50 of 87 ~.tg/Ladded Cu, and a 96-hour
LC50 of 57 ~WLadded Cu.
No sublethal effects of 48 hours exposure to 10, 18, and 32 ~tg/L added Cu were
observed for the Pociiopora planulae, in contrast to the effects seen in adult Montipora after
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only one hour of exposure. It is generally suggested that the planula may be the more resistant
life stage ofthe coraL
Heyward (1988) studied the inhibitory effects of copper and zinc sulphates on the
fertilization success of two massive species of corals, Favites chinensis, and Plalygyra
ryukyuensis, from Okinawa. Copper totally inhibited fertilization In all species at
concentrations equal to, or greater than, 500 ~ig/L.A 50% reduction in fertilization was
observed for F. chinensis between 10 and 100 ~tg/Lcopper. This same concentration range
reduced fertilization by 80-90% in P. iyukyuensis.
As little as 1.9 ~.tg/Lcopper caused sperm immobilization in red sea urchins (S.
franciscanus) and 6.3 ~ig/L copper disrupted embryo development in purple sea urchins
(Strongylocentrotus purpuratus)(Table 18). Both LOEL concentrations are only slightly
above the calculated concentrations ofcopper that might occur in diluted outflows from subembayments to Mamala Bay.
The LOEL value for copper in aquatic biota appears to be 1.4 j.tg/L, a concentration
that Moore and Stebbing (1976 in EPA 1994) determined inhibited enzyme activity in the
hydroid, Campanularia. Erickson (1972 in EPA 1994) and Salfullah (1978 in EPA 1994)
determined reduced growth in algae exposed to 5 ~.tg/Lcopper. Hollibaugh et al. (1980 in
EPA 1994) concluded that natural phytoplankton populations exposed to as little as 6.4 ~ig/L
copper had a reduced growth rate. A similar value (5.8 ~tg/L)was determined by Pesch et al.
(1979 in EPA 1994) to cause reduced growth in bay scallops (Argopecten irradians).
The lowest LOEL determined for copper (1.4 j.ig/L) is a factor of five greater than the
greatest estimated copper concentration in diluted embayment discharge water (0.28 ~igfL).
A factor of ~ is not considered a large margin of safety by environmental toxicologists; since
these concentrations of copper might be expected to occur in nearshore waters of Mamala
Bay under the influence ofoutflows from sub-embayments, it is conceivable that such effects
could occur. It is our conclusion that copper should be listed as a chemical stressor of concern
for the waters of Mamala Bay.
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7.1.3 Lead
Lead in sea water is generally in the form of sparingly soluble lead carbonates; lead
in aquatic systems tends to remain in the sediments. Bioaccumulation in filter feeders (such
as oysters) and deposit feeders may occur due to suspension of sedimentary material
containing lead. Bioconcentration factors for lead in aquatic biota range from 20 to more than
2000 (O’Connor and Kneip, 1986). Lead is not biomagnifled in marine environments, and
lead is well-regulated by sheilfishes and finfishes (O’Connor and Rachlin, 1982).
Lead concentrationsin WWTP discharges and outflow waters from sub-embayments
to Mamala Bay were more than two orders of magnitude below Hawaii Water Quality
Standards. Lead concentrations in sediments at Mussel Watch sites in Mamala Bay ranged
from about 16 to 20 ~ig/g(dry weight)(NOAA 1995b). The inclusion of lead in Phase II
evaluations was due to accumulation in Ostrea sandvicensis (Table 11; NOAA, 1989, 1995a).
LOELs for lead (Table 18) were 600 ~.tg/L(larval development of Dungeness crab
[Cancer rnagister]), and between 700 and 1,200 jig/L (embryo development in the sand dollar
[Dendraster excentricus]).
The low concentrations oflead in WWTP effluents and the low concentrations of lead
calculated in outflows to Mamala Bay are far below the lowest concentrations of lead
reported to have any impact on marine organisms. It is our conclusion that lead should not
be included as a chemical stressor of concern in Mamala Bay.

7.1.4 Mercury
Mercury in aquatic systems is readily metabolized by bacteria to organomercurial
compounds, primarily methyl mercury and dimethyl mercury. Organo-mercurials are far more
toxic to aquatic biota than mercury in its elemental form. Mono- and dimethyl mercury are
accumulated rapidly by aquatic biota. Bioconcentration factors offrom l0~to 106 have been
measured (Callahan et aL, 1979; O’Connor and Kneip, 1986).
A lack of data prevented us from calculating expected concentrations of mercury in
outflows from the sub.-embayments ofMamala Bay. However, mercury concentrations in the
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sediments ofthe National Mussel Watch sites at Barber’s Point and Keehi Lagoon/Honolulu
Harbor were very low, less than 0.2 ~.tgIg(dryweight)(NOAA, 1995b). We have no data on
the form ofthe mercury in the sediment analyses.

LOEL values for elemental mercury in water may be lower than 1.0 jtg!L. The marine
trochid snail Monodonta articulata reacted to 0.8 ~ig!Land 1.0 ~tg/L mercury by retracting
into its shell (Saliba and Vella, 1977). Given the opportunity to crawl out of the water, M.
articulata spent more time out of test tanks at concentrations of 0.5 to 1.0 ~.tg/Lmercury.
Thomas et al. (1977 in EPA 1994) showed that 1.0 j.tg/L mercury inhibited growth of
pbytoplankton assemblages. DeCoursey and Vernberg (1972 in EPA 1994) determined that
1.8 ~tg/Lmercury caused an increase in the swimming behavior of fiddler crab larvae.
Methyl mercury LOEL values were as low as 0.4 ~tg/L, a concentration shown by
Harriss et al. (1970 in EPA l994)to reduce photosynthesis in the diatom Nitschia. LOEL for
methyl mercury effects on fish were as low as 10 igIL, a concentration that Weis and Weis
(1978 in EPA 1994) showed inhibited fin regeneration in striped mullet (Mugil cephahis).
Although the data on mercury and organomercury concentrations in Mamala Bay are
sparse, the very low concentration of mercury in Keehi Lagoon sediments (NOAA, 1995b)
and the very low concentration accumulated in oyster tissues (Table 11; Figures 6A and 7A)
argue against mercury as a chemical stressor of concern in the Mamala Bay ecosystem.

7.1.5

Nickel
Nickel concentration in seawater usually ranges from 0.1 to 0.5 p.g/L. Nickel

concentration in the sediments from the Mussel Watch site at Barber’s Point was about 58
~tg/g(dry weight), while that in sediments from the Keehi Lagoon/Honolulu Harbor site was
about 18 ~.tg/g(dry weight)(NOAA, 1995b). Insufficient data were available to calculate the
concentration of nickel in outflows from sub-embayments into Mamala Bay. Nickel was
included in Phase II analyses because accumulation in oysters from the vicinity of Mamala
Bay showed an erratic and apparently increasing accumulation of nickel over time (Table 11;
Figures 6B and 7B).
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Even low concentrations ofnickel can be toxic to coral reef receptor organisms. Goh
(1991) reported that nickel concentration of 9 ~tg/Lcaused 50% mortality in planula larvae
ofthe coral Pocillopora da,nicornis from Kaneohe Bay. The same study showed impairment
ofsettling success after exposure to only 1 ~irg/Lnickel. These latter data constitute what is
the LOEL for nickel effects on aquatic biota. Zaroogian et al. (1982 in EPA 1984) showed
that 10 ~tg/L nickel caused a reduction of adenosine triphosphate levels in blue mussels
(Mytilus edulis). Most LC50 concentrations for nickel effects on marine organisms were
between 100 ~.LgIL
and 2,000 ~.tg/L.
Despite bioaccuinulation of nickel in oysters from Honolulu Harbor and Barber’s
Point, it would appear that nickel is not a chemical stressor of concern to coral reef
community receptor organisms in the Mamala Bay ecosystem.

7.1.6 Tin
The primary source of tin to Mamala Bay and its contiguous waters is the use of
organotin-based anti-fouling paints. The use of tributyltin (TBT) anti-foulants on vessels
under 25m in length was prohibited, and the maximum average daily release rate for TBT on
larger vesselswas set at 4 ~ig/cm2day by the 1988 Organotm Paint Control Act. The US EPA
has concluded that very low concentrations (20 ngfL) of TBT in water could cause
irreversible chronic effects to a broad spectrum of aquatic animals. A full review of organotin
effects on aquatic biota is included in O’Connor and Dorsey (1995).
The available data are insufficient to allow us to calculate organotin concentrations
in the waters of Mamala Bay and its sub-embayments; however, organotin accumulation in
oysters from the two mussel watch sites in Honolulu Harbor and Barber’s Point was quite
high (Figure 8).
Based upon the review of Widdows and Page (1993), the apparent LOEL for tin in
water is 4 ng(L (0.004 ~ig/L),a concentration that was shown by Gibbs et a!. (1987) to cause
imposex in the mollusc Nucella lapillis. The summary of Widdows and Page (1993) showed
that molluscs with tissue concentrations as low as 0.52 ~ig/g (520 nglg) showed chronic
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effects due to TBT. Interestingly, tissues of oysters sampled from Barber’s Point and
Honolulu Harbor had TBT concentrations above 500 ng/g in 1990 and in 1992 (Figure 8).
Tissues ofoysters sampled from Barber’s Point in 1992 had TBT concentrations in excess of
1,000 ng/g (Figure 8).
The very high concentration of organotins in oyster tissues from the Mussel Watch
sites in Mamala Bay, and the likelihood that organotin concentrations in the sub-embayments
ofManiala Bay are also high suggeststo us that organotins are a chemical stressor of concern
in at least the sub-embayments of Mamala Bay. We include organotins in the list of chemical
stressors of concern primarily because there are so few data available, and because the
organotins have the potential to have a devastating effect on the reef flat and reef
communities of Mamala Bay.

7.1.7 Zinc
Zinc concentrations in seawater are about 10 ~.&g/L
(Friberg et al., 1979). Zinc is an
essential element acting as a coenzyme in physiological processes common to most eukaryotic
species; not unexpectedly, zinc is well regulated by most aquatic biota (O’Connor and
Rachlin, 1982).
Stevenson et al. (1995) determined zinc to be a major contaminant in both WWTP
effluents and in nonpoint source runoff to Mamala Bay (Tables 6 and 8). We calculated that
the zinc concentration in outflow from sub-embayments to Mamala Bay after mixing (Table
16) ranged from 0.77 ~rg/Lto as high as 3.22 ~.tg/L.The Hawaii water quality standards for
zinc in seawater are 95 jtrg/L (acute) and 86 ~.tg/L(chronic).
The apparent LOEL for zinc is 20 ~ig/L, a concentration known to cause abnormal
development ofpurple sea urchin embryos (Table 19; see Dinnel et a!., 1989). Most other
LC50 and EC50 data for zinc show sublethal effects to be caused by concentrations above 200
~g/L (NRC, 1979; Rand and Petrocelli. 1985; Dinnel et a!., 1989). A concentration of 500
j.tg/L reduced fertilization in the coral Platygyra rvukyuensis by 45% (Heyward, 1988).
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Since zinc LOEL concentrations (about 20 ~.tg/L)were measured for echinoderms and
corals (Table 19), and since zinc concentrations in the outflow from sub-embayments could
be as high as 3.2 ~.tg/L,we conclude that zinc is a chemical stressor of concern for the Mamala
Bay ecosystem.

7.2 Phase H Organics Evaluations
Phase H evaluations of organic chemical stressors in Mamala Bay are not
straightforward; there exist no water column dissolved or particle-associated concentrations
in either Mamala Bay or its sub-embayments, and the presence of diazinon has not been
documented for Mamala Bay, its sub-embayments, or the watershed. Diazinon is listed as
having use in pineapple and sugar cane culture and, due to its widespread use, would be
expected to be present in stormwater runofffrom agricultural, urban, suburban, and industrial
sources.
Phase II evaluations of organic chemical stressors will be based upon use in the
Mamala Bay watershed, the potential for continued discharge ofthe compounds with wastes,
known concentrations ofthe compounds in the sediments of sub-~embaymentsof Mamala Bay,
and the potential for the observed concentrations to cause effects in aquatic species.

7.2.1 Chlordane
Chiordane is presently banned from open use as a pesticide. Historical use of
chiordane in the Mamala Bay watershed was for pest control on crops and fields, and as a
household pesticide often used for termite control. Despite the fact that chiordane was
accumulated by bivalves at Mamala Bay sites (combined totals of a-chlordane, transnonachior, heptachior and heptachlor epoxide; Figure Il), analysis for chiordane in the
sediments of the boat harbor at Barber’s Point and Honolulu Harbor showed only minor
concentrations less than (0.5 nglg; NOAA, 1995b).
The potential for such low concentrations ofchiordane to cause effects in Mamala Bay
is very low. Long and Morgan (1990) accumulated information on sediment stressor
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concentrations as related to effects, and reported that a concentration of 17.4 ng/g was the
lethal threshold for chiordane in sediments, and that sediment concentrations of 0.6 and 0.3
ng/g chiordane represented the 95% and 99% chronic permissible levels, respectively, based
upon the equilibrium partitioning approach to establishing sediment quality criteria (EPA,
1992). The Apparent Effects Threshold concentration for chiordane in sediments of San
Francisco Bay was 2.0 ng/g (Long and Morgan, 1990). Long and Morgan (1990) determined
that the “Effects Response Lower” (ER-L) for chlordane in sediments should be set at 0.5
-

ng/g.
Pavlou and Weston (1983) calculated the chronic threshold tissue concentration for
chiordane at 799 nglg, a concentration far greater than the concentrations of chlordane
measured in oysters from either Barber’s Point of Honolulu Harbor (Table 12).
It is possible that chlordane discharge to the sub-embayments of Mamala Bay may
continue, as residues in soils gradually move from land into surface waters; however, the ban
on use of chlordane suggests a high probability that chlordane concentrations in surface
sediments of sub-embayments of Mamala Bay will decline over time. It is our conclusion,
based upon the available data, that chiordane should not be considered a chemical stressor of
concern in Mamala Bay. However, since chlordane is readily accumulated by shellfish (Figure
11), clilordane concentrations should be monitored in the future as a means of confirming the
fact that concentrations are gradually declining.

7.2.2 Diazinon
We have no information on the distribution of the pesticide diazinon in the Mamala
Bay watershed, the biota, or the sediments. Due to the apparent toxicity of diazinon to
freshwater planktonic invertebrates (Ceriodaphnia dubia) and ichthyoplankton (striped bass
larvae) reported in stormwater in California (Kinnetic Laboratories, 1994b; Foe, personal
communication; Connor. personal communication), we conclude that diazinon is likely to
occur in Mamala Bay waters, and, therefore, should be considered a chemical stressor of
concern.
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7.2.3

Dieldrin

Data from NOAA (l995b) on dieldrin concentrations in the sub-embayments of
Maniala Bay are sparse. Measurable concentrations of dieldrin occurred in only one replicate
from Honolulu Harbor in 1986 (0.7 ng/g). No dieldrin was measured in sediment samples
from Barber’s Point Dield.rin accumulation in oyster tissues was erratic (Table 12).
Dieldrin can be highly toxic, but toxicity varies widely with the sediment in which the
dieldrin is sequestered. Assays with sediment from San Francisco Bay showed that dieldrin
at 10.3 ng/g was highly toxic to the amphipod Rhepoxinius abronius (Long and Morgan,
1990); however, in bioassays with the polychaete worm Nereis virens, Van Dolah et a!.
(1984) determined an LC5O of 13,000 nglg for dieldrin.
Reflecting the very high apparent toxicity of dieldrin, ER-L concentrations were set
at 0.02 nglg by Long and Morgan (1990). The 99 percentile chronic marine value (by
equilibrium partitioning; EPA, 1992) was set at 0.01 nglg. The EPA interim marine sediment
quality criterion for dieldrin has been established at 57.7 nglg dry weight (EPA, 1988c).
Pavlou and Weston (1983) calculated a chronic dieldrin threshold concentration in
tissues at 451 ~tg/g,a factor of 50 greater than the concentrations of dieldrin measured in
oyster tissues from the sub-embayments of Mamala Bay.
Lacking information on dieldrin concentrations in Mamala Bay, and the low
probability that dieldrin would be mobilized from sediments to the water column in the subembayments, we consider the potential for dieldrin effects in the Mamala Bay watershed to
be very low. We conclude that dieldrin should be not considered a chemical stressor of
concern in Mamala Bay.

7.2.4 FIMWPAH
High molecular weight polycycic aromatic hydrocarbons are abundant in stormwater
runofffrom urban locations, including the City and County of Honolulu. Their abundance in
the waters of the sub-emba ments of Mamala Bay is shown by the high accumulation of

HMWPAH in oyster tissues (Table 12; Figure 10), and their abundance in sediments from
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Mussel Watch sampling sites at Barber’s Point and Honolulu Harbor in 1986 and 1987
(Figure 12).
The polycydic aromatic hydrocarbons have numerous effects in the environment,
including chronic and acute toxicity, induction of various enzyme systems in fishes and
invertebrates, and the potential to act as carcinogenic compounds (Mix, 1985). Long et al.
(1994) established an ER-L for HMWPAH of 1,700 ng/g in sediments. As shown in Figure
12, ER-L concentrations for HMWPAH were exceeded at both the Barber’s Point and the
Honolulu Harbor Mussel Watch stations in 1986 or 1987. We assume that the very high
accumulation ofHMWPAH among oysters sampled from Honolulu Harbor in 1986 through
1992 to be attributable to high concentrations of HIMWPAH in the water column and the
sediments.
Although efforts are underway in the state ofHawaii to control organic chemical spills
and organic chemical discharge in stormwater runoff~it is likely that HMWPAH compounds
will continue to be discharged to suthce waters ofthe Mamala Bay watershed for a long time
to come. We conclude from this that HMWPAH compounds should be considered a chemical
stressor of concern for Mamala Bay.

8.0 Conclusions and Recommendations
8.1 Conclusions
The Mamala Bay ecosystem receives large loads of chemical stressors from WWTP
effluents, runoff from the watershed, and a variety of industrial, agricultural, and other
sources. While the pollutant loads are large, the concentrations of pollutants in Mamala Bay
are small, in all cases below Hawaii Water Quality Standards and the lowest concentrations
of chemical stressors likely to cause acute or chronic toxicity (LOELs).
We evaluated a series of known and likely chemical stressors to determine which
stressors, ifany, should be considered to be of concern to the Mamala Bay ecosystem. These
were the metals cadmium, copper, lead, mercury, nickeL tin, zinc; and the organic compounds
chiordane, diazinon, dieldrin, and high molecular weight polycyclic aromatic hydrocarbons

Project MB-JO: Identification of Stressors of Concern
Page 38

(HIMWPAHs). Careful comparison of the likely concentration of each of these chemical
stressors in Mamala Bay with water quality standards and LOEL data showed that copper,
tin (especially organotins); zinc, diazinon, and HMWPAHs should be considered as chemical
stressors of concern in the Mamala Bay ecosystem. The reason that these stressors were
designated as “ofconcern” had to do, in all cases, with their apparent high concentrations in
the sub-embayments that discharge to Mamala Bay.
Zinc and copper are considered to be stressors of concern primarily because the
concentrations of these two metals in water flowing out from sub-embayments to the
shoreline areas of Mamala Bay are such that sensitive life stages of corals could be affected
(rates of fertilization, larval development). The potential for either of these metals to affect
the open waters of Mamala Bay, away from the shore zone, is very small.
Organotins (mono-, di- and tributyl tin) were accumulated to very high concentrations
by oysters in sub-embayments ofMamala Bay at Barber’s Point and Honolulu Harbor. Their
presence is due to the use of alkyl tins in the formulation of anti-fouling paint formerly used
on all vessels, but currently restricted to vessels over 25 m in length. Organotin accumulation
by oysters in the sub-embayments was well in excess ofthe threshold for induction of chronic
effects, While organotm impacts are usually limited to anchorage areas, the possibility exists
for organotins to be mobilized and discharged into the shore zone adjacent to outflows from
sub-embavments. The highly toxic nature of the organotins and their apparent abundance in
the Mamala Bay system requires that they be listed as a chemical stressor of concern.
Diazinon is an unknown quantity in the Mamala Bay system. We included diazinon
as a chemical stressor of concern because diazinon is a widely usedpesticide, it is known to
cause toxicity among planktonic invertebrates and fish larvae, and it is coming to be known,
nationwide, as a common, toxic component of stormwater runoff
HMWPAHs are a common problemin ports and harbors around the country. In most
instances HMWPAHs remain sequestered in port sediments. Their origin in and around port
facilities is from petroleum fuels and lubricants, and from stormwater runoff draining to semienclosed water bodies. HMV~’PAHswere accumulated by oysters in sub-embayments of
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enclosed water bodies. HMWPAHs were accumulated by oysters in sub-embayments of
Mamala Bay to concentrations well in excess of sediment toxicity limits. The potential for
mobilization of HMWPAHs out of the sub-embayments into the shore zone adjacent to
outflow areas is high.

8.2 Recommendations
We recommend that stormwater monitoring for chemical stressors be expanded to
include diazinon (and other organic chemical stressors) so that an objective assessment of
diazinon (and other organic chemical stressors) in stormwater runoff can be made.
We recommend that stormwater management measures and management practices be
implemented in order to minimize the loads of chemical stressors entering the subembayments that flow into Mamala Bay.
We recommend that construction and dredging activities in the sub-embayments that
flow into Mamala Bay be managed carefully to minimize the loss of fine material to
suspension and subsequent transport out into Mamala Bay. Such transport would, in all
likelihood, result in the mobilization of potentially harmful concentrations of copper,
organotins, zinc, and HMWPAHs into Mamala Bay.
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Table 1.

Sources of stressors to the Mamala Bay ecosystem, the potential stressors
released by each source, the potential effects ofeach stressor, and potential
receptor populations of concern.

Sources of
Stressors to
Mamala Bay
Treated Wastes

Critical Potential
Stressors in
Mamala Bay

Potential Effects of
Critical Stressors in
Mamala Bay

Potential Receptors
in Mamala bay

Nutrients

Eutrophication, increased
algal growth

Phytoplankton, coral
zooxanthellae. benthic
algae

Bacterial loading

Increased oxygen demand

Non-photosynthetic
biota

Agricultural
Wastes

Toxic metals

Acute/chronic toxicity

All biota exposed to
high concentrations

Soil erosion at
construction sites

Toxic organics

Acute/chronic toxicity

All biota exposed to
high concentrations

Natural erosion of
Weathered Soil

Suspended solids

Increased turbidity

Phytoplankton and
coral reef algae

Toxic metallorganic
transport

Suspension and filterfeeding organisms

Increased siltation

All benthos, coal reef
community. all critical
hard substrate habitats

Non-point Source
Waste
Industrial Wastes

Catastrophic Spills
Flotsam/Jetsam

Organic Wastes
(BOD)

Increased oxygen demand

Non-photosynthetic
biota

Table 2.

Annual volume of discharge water (millions of cubic meters) entering the
tributaries of Mamala Bay, coastal waters, and open bay waters from
combined point source and nonpoint source discharges. Annual Average
for 1989 through 1994. Data modified from Stevenson et al. (1995)
Receiving
Water Body

Annual Volume
(Millions of cubic
meters per year)
1
2
3

Tributaries and
SubEmbayments1

Mamala Bay
Coastline2

Open
Ba?

297.7

5.57

142.12

Tributaries and sub-embayments are Ala Wai Canal, Kewalo Basin, Keehi LagoonlHonolulu
Harbor, and Pearl Harbor
“Coastline” means point source discharges directly at the coastline and non-point source discharges
to the Bay from the Ewa Plain district
Combined annual discharge from the Sand Island, Honouliuli, and Fort Kamehameha WWTPs

Table 3.

Percentage ofvarious pollutants entering Mamala Bay from four subembayments (retention basins) based upon proportion ofthe pollutant in
the suspended fraction and percent solids retained in each basin. From
Stevenson et al. (1995)

Pollutant

%
Suspended

Ala Wai
Canal
(50%
Retained)

Pearl Harbor
(95%
Retention)

Kewalo Basin
(95%
Retention)

Keehi Lagoon
(95%
Retention

BOD

0

100

100

100

100

COD

0

100

100

100

100

TSS

100

50

5

5

5

TDS

0

100

100

100

100

1’P

40

80

62

62

62

DP

0

100

100

100

100

TKN

20

90

81

81

81

N02/NO3

50

75

52

52

52

Lead

90

15

10

10

10

Copper

60

70

43

43

43

Zinc

40

80

62

62

62

Cadmium

70

65

34

34

34

BOD = Biochemical Oxygen Demand, COD = Chemical Oxygen Demand: TSS = Total Suspended Solids:
TDS = Total Dissolved Solids: TP = Total Phosphorus: DP = Dissolved Phosphorus: TKN = Total Kjeldahl
Nitrogen.

Table 4.

Estimates ofthe degree ofimpact on coral communities due to varying
degrees of sedimentation. From Pastorok and Bilyard (1985).

Sedimentation Rate
g rn2 day’

1 to 10

10 to 50

>50

Degree of Impact Expected
__________________________________________

Slight-to-Moderate Impact
Decreased abundance of corals
Altered growth forms
Decreased coral growth rates
Possible reduction in recruitment from larvae
Possible reduction in numbers of species
Moderate-to-Severe Impact
Greatly decreased abundance of individuals
Greatly decreased growth rates
Predominance of altered growth forms
Reduced recruitment from larval stock
Decreased numbers of species
Possible invasions of opportunistic species
Severe-to-Catastrophic Impacts
Severely decreased abundance
Severe physical degradation of communities
Most species excluded from community
Many colonies will die
Recruitment from larval stock severely reduced
Regeneration slowed or stopped
Invasion by opportunistic species

Table 5.

List of pollutant chemicals for which the State of Hawaii., Department of
Health, maintains freshwater or saltwater acute or chronic standards, or
human health Standards. From Hawaii Department of Health, 1990.

Acenaphthene
Acrolein
Aldrin
Aluminum
Antimony
Arsenic
Ben.zene
Benzidine
Beryllium
Cadmium
Carbon
tetrachloride
Chiordane
Chlorine
Chloroethers
Chloroform
Chlorophenol
Chlorpyrofos
Chromium
Copper
Cyanide

DDT and metabolites
Dichlorobenzene
Dichlorobenzidine
l)ichloroethane
Dichioroethylene
Dichiorophenol
Dichioropropane
Dichioroprop ene
Dieldrin
Dinitro-o-cresol
Dinitrotoluene
Dioxins
Diphenylhydrazine
Endosulfan
Endrin
Ethylbenzene
Fluoranthene
Guthion
Heptachlor
Hexachlorobenzene
Hexachiorobutadiene

Hexachiorocyclohexane
Hexachiorocyclopentadiene
Hexachioroethane
Isophorone
Lead
Lindane
Malathion
Mercury
Methoxychior
Naphtalene
Nickel
Nitrobenzene
Nitrophenols
Nitrosamines
Nitrosodibutylamine
Nitrosodiethylamine
Nitrosodimethylamine
Parathion
Pentachioroethanes
Pentachlorobenzene

Pentachlorophenol
2,4 dimethylphenol
Phthalate esters
PCBs
PAHs
Selenium
Silver
Tetrachloroethanes
Tetrachiorobenzene
Tetrachloroethane
Tetrachioroethylene
Tetrachlorophenol
Thallium
Toluene
Toxaphene
Tributyltin
Trichloroethanes
Trichloroethylene
Trickloro phenol
Vinyl chloride
Zinc

Table 6.

Comparison of chemical stressor concentrations in WWTP effluents
discharging to Mamala Bay with Hawaii Water Quality Standards. BOD,
Oil and Grease, and TSS data are in mg/L. All other data are in ~.tg/L.
Numbers in parentheses are the number of analyses for which the stressor
concentration was above the detection limit. Analytes in bold type have
effluent concentrations in the same order ofmagnitude as the Hawaii WQS.

Honouliuli
Effluent

Fort Kam.
Effluent

nsi

Sand
Island
Effluent
nm2

nm

1.9 (31)

1,700

ns

9.9(7)

nd

nd

BOD (mg/L)

ns

ns

112.5 (96)

112.2 (60)

7.8 (48)

Cadmium

43

9.3

nd

nd

Chloride ion

13

7.5

2.6 (1)
na3

na

2.6 (48)

1,100

50

22.0(1)

ad

ad

ns

ns

32.6 (4)

18.5 (4)

Dietbylphthalate

ns

ns

17.9 (5)
nd5

21.2 (1)

nd

Lead

140

as

39.7(2)

ad

24.5(1)

Methylchloride

us

ns

6.8(4)

nd

nd

Oil & Grease (mg!L)

us

ns

26.2 (44)

31.6 (21)

3.5 (32)

Phenol

170

ns

15.3(1)

ad

nd

Tetrachloroethylene

3,400

145

4.8(1)

ad

nd

Toluene

2,100
ns6

as
us6

6.0(3)

nd

nd

36.9 (96)

54.6 (60)

20.5 (48)

95

86

61.0 (8)

79.5 (5)

104.8 (8)

Pollutant
Ammonia
Benzene

Chromium
Copper4

TSS (mg/L)
Zinc
I.
2.

3.
4.

5.
6.

Hawaii Acute
Saltwater
Standard

Hawaii Chronic
Saltwater
Standard

3.5

“ns” indicates no standard has been established.
“nm” indicates not measured at the WWTP for which data are available, or that measurements were
so few in number (one or two) that a long-term average was not considered practical.
“na” indicates not applicable: chlorination was performed only at Fort Kamehameha WW’FP.
While no Hawaii water quality standards exist for copper, and while effluent concentrations are not
limited for the plants. the high toxicity ofcopper and the effluent limits applied in other locations
(e.g., San Francisco, effluent limitation of 79 ug/L UJS EPA Region IX, 1990}), we include copper
as a chemical stressor of concern in this document.
“nd” indicates not detected: the pollutant was not measured in any samples
Standards exist for light extinction and turbidity, but not TSS.

Table 7.

Calculated concentrations of chemical stressors entering sub-embayments of Mamala Bay compared to estimated
concentrations in outflow from sub-embayments to Mamala Bay. Based on data from Stevenson et at. (1995).
BOD
mg/L

COD
mg/L

TSS
mg/L

Cd
j.tg/L

Cu
j.tgIL

Pb
~g/L

Zn
j.tgIL

Percentage of Stressor in Suspension

0

0

100

70

60

90

40

Ala Wai Canal (50% retention)
Mean Concentration in Inflow

7.9

49.5

324.0

0.75

20.33

7.51

84.46

7,9

49.5

162.0

0.49

14.23

1.13

67.57

8.8

51.1

127.8

1.61

29.98

15.79

259.78

8.8

51.1

6.4

0.55

12.89

1.58

161.06

8.3

51.2

317.1

0.90

21.81

9.11

125.07

8.3

51.2

15.8

0.31

9.38

0.91

77.54

7.6

44.5

387.2

0.40

12.67

4.11

62.35

7.6

44.5

19.4

0.13

5.45

2.11

38.66

Mean Concentration in Outflow
Kewalo Basin (95% retention)
Mean Concentration in Inflow
Mean Concentration in Outflow
Keehi Lagoon (95% retention)
Mean Concentration in Inflow
Mean Concentration in Outflow
Pearl Harbor (95% retention)~
Mean Concentration in Inflow
Mean Concentration in Outflow
I.

Mean values calculated from data generated for the three lochs of Pearl Harbor separately.

Table 8.

1.
2.
3.
4.

Comparison of metals concentrations estimated in sub-embayment outflow to
Mam~a1aBay with measured metals concentration in raw stormwater runoff
(Sacramento) and primaiy treated stormwater runoff (North Point WWTP, San
Francisco, CA). All data in ~.ig/L.Data from Kinnetic Laboratories, 1994b
(Sacramento) and the City and County of San Francisco, Department of Planning,
1994.

Metal

Mean Concentration in
Outflow to Mamala Bay’

Cd

0.37

Concentration Range in
Sacramento Storm Runoff2
ND4- 1.1

Mean Discharge in North
Point WWTP Effluent3

Cu

10.49

1.8-28

101.5

Pb

1.43

7.9-36

57.5

Zn

86.21

30- 170

256.6

3.9

Mean of estimated outflow concentrations from Pearl Harbor, Kewalo Basin, Keehi Lagoon, and the Ala Wai
Canal. Estimated from data given in Stevenson et al., 1995.
Range from eight stations in both rural and urban areas ofthe City of Sacramento, the County of Sacramento.
the City of Folsom, and the City of Gait Storm monitoring occurred in January, 1994.
Mean concentration in discharge from a WWTP in the City of San Francisco designated exclusively for
primary treatment of storm water runoff from an urban/light industrial area.
ND indicates not detected.

1

Table 9.

Comparison of calculated chemical stressor concentration in outflows from subembavments. Values in bold italics are in excess of or close to, Hawaii water
quality standards. All values are given as ~tg/L.Based on data provided in
Stevenson et al. (1995).
Cadmium

Copper

Lead

Zinc

Hawaii Saltwater Acute Standard

43

ns’

140

95

Hawaii Saltwater Chronic Standard

9.3

ns

ns

86

Ala Wai Canal Outflow

0.49

14.22

1.1

67.6

Kewalo Basin Outflow

0.55

12.9

1.6

161.1

Keehi Lagoon Outflow

0.31

9.4

0.91

77.54

Pearl Harbor Outflow

0.13

5.4

2.1

38.66

1.
2.

“ns” indicates no standard.
Concentration deemed high in relaton to effluent limits for

2

WWTPs in CA.

Table 10.

Chemicals measured in the National Status and Trends Program in 1986.

DDT and Metabolites
o,p’-DDD
p,p’-DDD
o,p’-DDE
p,p’-DDE
o,p’-DDT
p,p ‘-DDT
Chlorinated Pesticides
Other Than DDT
Aldrin
c~-ch1ordane
Trans-nonachlor
Dieldrin
Heptachlor
Heptachior epoxide
Hexachlorobenzene
Lindane
Mirex
Polychiorinated
Biphenyls’
Dichlorobiphenyls
Trichlorobiphenyls
Tetrachiorobiphenyls
Pentachiorobiphenyls
Hexachiorobiphenyls
Heptachiorobiphenyls
Octachiorobiphenyls
Nonachlorobipheayls
1.

2.

Polycyclic Aromatic
Hydrocarbons2
2-ring
Biphenyl
Naphthalene
I -Methylnaphthalene
2-Methylnaphthalene
2,6-Dimethylnaphthalene
Acenaphthene
3-ring
Fluorene
Phenanthrene
I-Methyiphenanthrene
Anthracene
4-ring
Fluorene
Pyrene
Benz(a)anthracene
5-ring
Chrysene
Ben.zo(a)pyrene
Benzo(e)pyrene
Perylene
Dibenz(a,h)anthracene

Major Elements
Al
Aluminum
Fe
hon
Mn
Manganese
Si
Silicone
Trace
Sb
As
Cd
Cr
Cu
Pb
Hg
Ni
Se
Ag
Sn
Zn

Elements
Antimony
Arsenic
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Selenium
Silver
Tin
Zinc

Organotins
Monobutyltin
Dibutyltin
Tributyltin

__________________________ ________________________

As of 1995 there were 20 PCB congeners being measured in the NS&T program. These were PCB
congener numbers 8, 18,28,44,52,66,101,105,1107,118,126.128,138,153,170,180,187,
195, 206, and 209. Congener 1107 is a mix of 107 and 110, congeners that cannot be separated by
gas chromatographic analysis.
Six PAH compounds were added to the analytes list in 1988. These were acenaphthylene, 2,3,5trimethylnaphthalene, benzo(b)fluorene, benzo(k)fluorene, indeno( 1 ,2,3-cd)pyrene, and

benzo(g,h,i)perylene.

Table 11.

Metals concentrations in tissues of Ostrea sandvicensis sampled in 19861988, and 1990-1992 at the National Mussel Watch Stations at Barber’s
Pt. and Honolulu Harbor (Keehi Lagoon), Mamala Bay, Oahu, Hawaii.
Data from NOAA (1989, 1995)
Tissue Concentration (p.glg dry weight)

Stressor

Location

1986

1987

1988

1990

1991

1992

Arsenic

Barber’s Pt.
Honolulu Hbr.

16
22

20
20

14
11

22
1.3

23
14.3

17
21

Cadmium

Barber’s Pt.
Honolulu Hbr.

0.95
1.6

1.9
0.51

0.68
0.36

0.5
0.33

0.75
0.34

0.49
0.41

Chromium

Barber’s Pt.
Honolulu Hbr.

2.2
1.3

2.2
2.5

1.4
3.1

0.59
0.73

Copper

Barber’s Pt.
Honolulu Hbr.

1,600
250

1,200
2,100

810
1,900

1,467
2,400

1,567
1,700

1,900
2,500

Lead

Barber’s Pt.
Honolulu Hbr.

5.2
0.59

0.97
7.7

0.64
6.3

0.81
4.7

0.67
7.7

0.6
34

Mercury

Barber’sPt.
Honolulu Hbr.

0.41
0.28

0.21
0.43

0.1
0.26

0.05
0.24

0.08
0.28

0.08
0.3

Nickel

Barber’s Pt.
Honolulu Hbr.

2.7
1.2

2.2
2.1

2.7
2.2

3.7
2.7

1.83
2.4

4.1
5.2

Selenium

Barber’sPt.
Honolulu Hbr.

7.1
8.2

5
5.6

4.7
4.4

2.2
3.3

2.6
3.0

1.5
3.3

Silver

Barber’s Pt.
Honolulu Hbr.

1.7
7.0

3.3
3.9

5.0
5.1

1.5
1.3

-

-

-

-

Tin

Barber’sPt.
Honolulu Hbr.

nd’
nd

ad
8.4

2.1
5.4

1.4
3.4

1.6
3.3

3.3
2.9

Zinc

Barber’s Pt.
Honolulu Hbr.

710

860
980

790
1,100

707
1,067

783
833

990
1,400

450

1. nd indicates element present at concentrations below the LLD of the method used.
2. Hyphen indicates the element was not analyzed for the year indicated.

2
-

-

Table 12.

Organic contaminants measured in tissues of Ostrea sandvicensis sampled
in 1986-1988, and 1990-1992 at the National Mussel Watch Stations at
Barber’s Pt. and Honolulu Harbor (Keehi Lagoon), Mamala Bay, Oahu,
Hawaii. Data from NOAA (1989, 1995).
Tissue Concentration (ng/g dry weight)

Stressor

Location

1986

1987

1988

1990

1991

1992

Total PCBs’

Barber’s Pt
Honolulu Hbr.

596
126

43
276

22
135

14
126

24
168

7.2
81

Total DDT2

Barber’s Pt
Honolulu Hbr.

53
7.5

4.7
32

1.3
28

1.7
39

2.6
41

nd
9.2

Chlordane3

Barber’s Pt
Honolulu Hbr.

47
4.6

7.7
32

1.9
41

5.3
36

0.2
100

nd
8.4

Dieldrin

Barber’s Pt
Honolulu Hbr.

14
0.13

3.7
4.3

1.1
13

nd
17

nd
72

nd
3.5

Lindane

Barber’sPt
Honolulu Hbr.

1.1
ad6

nd
0.33

0.88
0.35

nd
2.7

0.02
nd

nd
ad

Hexachiorobeuzene
LMWPAHs4

Barber’s Pt
Honolulu Hbr.

29
nd

0.33
ad

ad
0.14

nd
0.37

nd
nd

nd
nd

Barber’s Pt
Honolulu Hbr.

1,523
ad

256
1,277

23
269

61
1,011

472
2,350

96
889

ffMWPAHs~ Barber’s Pt
Honolulu Hbr.

6,050
am7

nd
2,477

11
3,343

133
5,774

56
15,722

79
5,877

~

1.
2.
3.
4.
5.
6,
7.

PCBs were the total of eight “chlorination classes” in 1986 and 1987. Beginning in 1988 between
18 and 20 congeners of varying chlorine substitution were summed for total PCB concentration.
Total DDTs comprise o,p’-DDT, p,p’-DDT and the p,p~and o,p’-DDD and DDE metabolites.
“Total chiordane” is the sum of cz-chlordane, trans-nonachior, heptachlor, and heptachlor epoxide.
Low Molecular weight polycyclic aromatic hydrocarbons (2-, and 3-rings).

High Molecular weight polycyclic aromatic hydrocarbons (>4 rings).
nd indicates compound below the detection limit for the method used.
nm idicates the compound was not included in analyses from the site in question.

Table 13.

Chemical Stressors of Concern in the New York/New Jersey Estuary
and New York Bight. Elements and compounds highlighted in bold are
compounds that were detected in effluent discharges to Mamala Bay, or
were detected in Ostrea sandvicensis tissues by the National Mussel Watch
in samples from stations in Mamala Bay. From Squibb et al. (1990).

Metals/Inorganics
~

arsenic, beryllium, cadmium, chromium, copper, iron,
lead, mercury, nickel, silver, zinc

Pesticides

aldrin, a-BHC, chlordane, DDTs’, dieldrin, endosulfan,
heptachior, heptachlor epoxide, hexachlorobenzene,
y-BHC

Petroleum
Derivatives
Industrial Chemicals

1.
2.
3.
4.

LMWPAHs, HMWPAHs2
PCBs ‘, TCDDs4, benzene, phthalates, carbon
tetrachloride, dichloroethanes. ethylbenzene,
hexachiorobutadiene, chlroethanes

DDTs include DDT and its associated metabolites DDD and DDE.
LMWPAH and HMWPAFI are here being applied to numerous individual low- and high-molecular
weight PAH compounds selected as chemical stressors of concern by Squibb et al. (1990).
PCBs include multiple congeners of varying bioaccumulation potential and toxicity
TCDDs include multiple congeners of varying bioaccumulation potential and toxicity.

Table 14.

Chemical Stressors of Concern for the San Francisco Bay-Delta Estuary.
Final list as presented in Davis et al. (1991), developed from Phillips
(1988). Stressors in bold type are those identified in WWTP discharges or
in monitoring studies from Mamala Bay.

Trace Metals

Antimony, arsenic, cadmium, chromium, cobalt, copper,
lead, mercury, nickel, selenium, silver, tin, zinc

Organochiorines and
Other pesticides

Aidrin, chiordane, chiorobenside, DDTs ~, dieldrin, dacthal,
endosulfa.n, heptachlors 2 hexachlorobenzene,
hexachiorobutadiene, hexachiorocyclohexane, malathion,
methoxychlor, parathion, PCBs ~, PCTs”, TCDDs

PAHs

LMWPAHs, IIMWPAHs6

Hydrocarbons

Benzene, ethylbenzene, toluene, xylenes, cycloalkanes

~.

I.

DDTs inciudeDDT and its metabolites.

2.
3.
4.

Heptachlor and heptachlor epoxide
PCBs include multiple congeners of varying bioaccumulation potential and toxicity.
Polychlorinated terphenyls

5.
6.

TCDDs include multiple congeners of varying bioaccumulation potential and toxicity.
LMViTPAHs and HMWPAHs include numerous individual PAH compounds of varying

bioaccumulation potential and toxicity.

Table 15.

Comparison ofesti.mated effluent concentrations ofpollutants after initial
dilution (factor of 400) with Hawaii Water Quality Standards. Stressors
which, after dilution, are within a factor of 100 ofthe existing WQS would
be considered candidates for evaluation in Phase II. BOD, Oil and Grease
and TSS concentrations are in mg/L. All other concentrations are in ug/L.
Hawaii Acute
Saltwater
Standard

Hawaii Chronic
Saltwater
Standard

Sand
Island
Effluent

Ammonia

3.5

as’

-

-

0.0047

Benzene

1,700

as

0.025

-

-

BOD(mg/L)

as

as

-

-

-

Cadmium

43

9.3

Chloride ion

13

Pollutant

Honouliuli
Effluent

Fort Kam.
Effluent

-

-

7.5

0.0065
na2

na2

0.0065

1,100

50

0.05

-

-

Copper

ns

ns

0.045

0.082

0.045

Diethylphthalate

as

as

-

0.053

-

Lead

140

ns

0.100

-

0.06

Methylchloride

as

as

0.017

-

-

Oil & Grease (mg/L)

as

as

Phenol

170

ns

0.04

-

-

Tetrachloroethylene

3,400

145

0.012

-

-

Toluene

2,100

as

0.015

-

-

TSS (mg/L)

as

as

Zinc

95

86

0.15

0.198

0.262

Chromium

1.

“ns” indicates no standard has been established.

2.

“na” indicates not applicable; chlorination was performed only at Fort Kameharneha WWTP.

Table 16.

Comparison of calculated chemical stressor concentration in outflows from subembayments after initial dilution (facor of 50) with Hawaii water quality
standards.. Values in bold italics are within a factor of 100 of Hawaii water quality
standards. All values are given as ~.ig/L Based on data provided in Stevenson et al.
(1995).
Cadmium

Copper

Lead

Zinc

Hawaii Saltwater Acute Standard

43

as’

140

95

Hawaii Saltwater Chronic Standard

9.3

ns

ns

86

Ala Wai Canal Outflow

0.010

0.282

0.022

1.35

Kewalo Basin Outflow

0.011

0.262

0.032

3.22

Keehi Lagoon Outflow

0.006

0.19

2

0.0 18

1.55

Pearl Harbor Outflow

0.003

0.112

0.042

0,77

1.
2.

“ns” indicates no standard.
Concentration deemed high in relaton to effluent limits for WWTPs in CA.

Table 17. Chemical stressors considered for evaluation in Phase H.
Metals
Pesticides
Petroleum Hydrocarbons

Cadmium, Copper, Lead, Mercury, Nickel, Tin, Zinc
Chlordane, Diazinon, Dieldrin
HMWPAH

Table 18.

Calculated EC50 values (and 95% fiducial limits) for bioassays of selected metals
and pesticides with sperm and embryos of echinoderms in seawater. Less than (<)
or greater than (>) values are given for cases where EC50s could not be calculated.
N.T.=not tested, N.C.not calculated. (Data from Table 4., p.752 of Dinnel et al.,
1989).
Pestiades
Endrin

N~1a

Dicidrin

~g/1

Endosulfan
~g/1

8.2

103

81

>13.3<24.9

>0.5,’zl.O

(6.5-10.5)

(65-173)

(50-138)

19
(18-19)
1.3
(1.0-1.7)
13
(10-76)

342
(253-470)
NT.

502
(460-549)
N.T.

39
(29-54)
NT.

30
(2.7.3.2)

441

352

(281-438)

88
(72-108)

NT.

(349.556)

23
(NC)

<9.7
<9.7

227
(138-394)
>549

143
(131-157)
>111

>8.2

>27,’z51

221
(167-298)
>359

>580,
<820

>0.7,<1.5

>362

822
(777-870)

>68

>17.2

0.2
(0.1-0.4)
>10.2

586
(443-786)
>1920

0.6
(0.4-1.0)
>2.1

2.0

15

(1.5-3.5)

(NC.)

NT.

NT.

24
(8-112)
N.T.

1.1
(0.6-1.8)
N.T.

>0.2.<0.5

191
(93-440)

1.5

NT.

N.T.

NT.

N.T.

1.5
(1.2-2,4)

NT.

NT.

1.2
(1.0-3.0)

>1.7,’Z2.5

N.T.

NT.

2.3
(1.7-5.1)
11

N.T.

>2.1

>2.3. (4.1

N.’I’.

NT.

NT.

N.T.

0.4
(0.1-0.8)
0.5
(0.4-0.7)

1.1
1.0-1.3)

N.T.

N.T.

.

Bioassay

Sperm
Purplesea
urchin
Green sea
urchin
Redsea
urchin
Sand
dollar
Embryos
Pusplesca
urchin
Greensca
urchin
Sand
dollar
Larvae
Dungaicas
erabzoca
Squid
Cabese*s

Adult
Ctho
salmai
(smolLs)
Sand
shrimp
Shiner
perth

Cu
~g/l

Ag
~.~g/I

25
(12.60)
59
(51-68)
1.9
(1.6-2.5)
26
(18-37)

115
(102.131)
86
(71-105)
112
(NC.)
5,4
(42-70)

6.3

0.5

21
(7-145)
33
(NC.)

15
(12-19)
24
(21-28)
33
(31-36)

96

33

(45-233)

(16-87)

309
(154.684)
95
(63-151)

>100,
<200
>800

601
(329-792)

488
(405-590)

898
(817-930)
418
(267-677)

>838

(5.5-7.2)

356
(282-452)

Cd
mg/i

Zn

18

262
(221.312)
383
(302-491)
313
(261-378)
28
(10-76)

(15-23)

26
(21-32)
12
(8-20)
8.0
(4-15)

(0.4-0.6)
1.8
(1.5-2.2)
7.4
(5.2-10.8)

(5-20)

Green Sea Urchin = Sirongylocentrotus droebachiensis
Pusple Sea Urchin = ~trongylocentrotuspurpura.tus
Red Sea Urchin = Szrongylocentrotusfranciscanus
Sand dollar = Dendrasterexceniricu.c

Pb
mg/i

DDT

~g/1

>82

(1.3-1.8)

Dungeness crab = Cancer magister
Squid = Loligo opalescens
Cabezai = Scopraenichth,vs marmorasus
Ctho sa1mc~s= Onchorynchus kisutch
Sand shrimp = Crangon ~p.
Shiner perch = Cymazogaster aggregasa

Table 19.

Comparison ofbutyltin toxicity data for molluscs. From Widdows and
Page (1993).

TBT(tissue)
(jig g” dry
weight)

TBT
(water)
(jig titer)

0.52
3.5

0.004

5

0.P

9
10
0.05
0.1
0.15
2.5
0.2-1.1

Reference

EC50 imposex
Shell thickening
EC growth rate
50
EC50 clearance rate/lethal effects
Growth rateinhibition
EC50 larval shell growth!
inhibition of metamorphosis
15 day LCc0 larvae!
EC50 larval shell growth
Shell thickening
EC50 shell growth
BCF5000
BCF”16,000 to 4400
BCF=30,000 to 5000

Nucella lapillus

Gibbs, et a!. (1987)
Davies, et al. (1988)
Widdows & Page(1993)
Widdows & Page (1993)
Salazar & Salazar (1991)
Laughlin eta!. (1988)

Crassosirea gigas

Mvti/us edulis
Myillus edulis
Mvtilus edulis
Mercenaria
mercenaria

Beaumont & Budd (1984)
Mv/i/us edulis

My/i/us edu/is

Response

Species

Reference

100

EC50clearance rate

Mvtilu.s edulis

Widdows & Page (1993)

100
0.4

49 day LC~0spat
BCF’150

Crassostreagigas

Thain eta!. (1987)
Widdows et a!. (1990)

0.5
0.002-0.05

DBT
(water)
(jig liter)
b

0.3

Species

Waldock & Thain (1983)
Strømgren & Bongard
(1987)
Laughlin eta!. (1988)
Widdows eta!. (1990)
Salazar & Salazar (1991)

0.005-0.3

DBT(tissue)
(jig g” dry
weight)

Response

Cra.ssostrea gigas
Mv/i/us edu/is

My/i/us edu/is
Area zebra

Arca zebra

Environmental range: Water concentrations--0.01 to >1~.igTBT 1iter’~(Waldock et a!., I 987)~tissue concentrations-0.20 to l0~igTBT g” dry weight (Page & Widdows, 1991).
3Estimated water concentration based on tissue concentration data and bioconcentration factor of 10,000.
“Estimated water concentration based on tissue concentration data and bioconcentration factor of 100.
BCF, Bioconcentration Factor
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Figure 2.

Detailed map of Keehi Lagoon/Honolulu Harbor depicting NPDES
permitted (lischarge locations. Numbers in parentheses show the NPDES
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Figure 3.

Schematic conceptual model of the Mamala Bay Ecosystem.
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Figure 4.

Illustration of the fate ofwater-borne and particle-borne pollutants in a
“typical” bi-layered estuary receiving wastes from point sources and
tributary streams.
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Relationship of suspended solids in the water column and benthic
environment to various effects in the Mamala Bay ecosystem.
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Figure 6.

ZN

Plots of metals concentrations in oyster tissues (~ig/gdry weight) sampled
in Honolulu Harbor, 1986-1992 by the National Mussel Watch. Metals
grouped by concentrations. A: Silver, chromium, cadmium and mercuiy. B:
Lead, nickel, selenium., and tin. C: Copper and zinc.
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Figure 7.

ZN

Plots of metals concentrations in oyster tissues (~.xg/gdry weight) sampled
in the boat basin at Barber’s Point, 1986-1992 by the National Mussel
Watch. Metals grouped by concentrations. A: Silver, chromium, cadmium
and mercury. B: Lead, nickel, seleniuim and tin. C: Copper and zinc.

Organotins in Oyster Tissue
Barber’s Point and Honolulu Harbor
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Figure 8.

Organotin concentrations in oyster tissues (ng/g dry weight) sampled from
Barber’s Point and Honolulu Harbor in the National Mussel Watch
Program, 1990-1992.

PCBs in Oyster Tissues
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Figure 9.

Total polychiormated biphenyls (~PCBs)in oyster tissues (ng/g dry
weight) sampled from Barber’s Point and Honolulu Harbor in the National
Mussel Watch Program, 1986 1992.
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PAH in Oyster Tissues
Honolulu Harbor and Barber~sPoint
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Figure 10.

Honolulu HMWPAH

Barber’s Pt, HMWPAH

Honolulu LMWPAH

Barber s Pt. LMWPAH

Total low-molecular weight polycyclic aromatic hydrocarbons (LMWPAH)
and high molecular weight polycycic aromatic hydrocarbons (HMWPAH)
in oyster tissues (nglg dry weight) sampled from Barber’s Point and
Honolulu Harbor in the National Mussel Watch Program, 1986 1992.
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Pesticides in Oyster Tissue
Honolulu Harbor and Barber’s Point
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Figure 11.

Total chiordane and total DDTs in oyster tissues (ng/g dry weight) sampled
from Barber’s Point and Honolulu Harbor in the National Mussel Watch
Program, 1986 1992.
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IIMWPAH in Sediment
Barber’s Point and Honolulu Harbor
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Concentration of HMWPAH (~tg/gdry weight) in sediment samples from
Barber’s Point and Honolulu Harbor as part of the National Mussel Watch
Program, 1986, and 1987.

