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MARINE STUDIES OF SAN PEDRO BAY, CALIFORNIA. PART ll.
June, 1976

POTENTIAL EFFECTS OF DREDGING ON THE
BIOTA OF OUTER LOS ANGELES HARBOR

Toxicity, Bioassay, and Recolonization Studies

FOREWORD

Responsibility for the environmental quality of inshore
marine waters is divided among numerous public agencies at
federal, state and local levels. In the Port of Los Angeles,
the Harbor Department and Board of Harbor Commissioners of
the City of Los Angeles are responsible for maintaining exist-
ing water quality through supervision and/or management of
Port activities, and for planning of Port development to meet
projected long range shipping needs. This requires obtaining
environmental information on existing local physical, chemical
and biological conditions, as well as implementing field and
laboratory investigations on the potential environmental
effects of development.

To assist in meeting these requirements, the Chief Harbor
Engineer, L.L. Whiteneck and Calvin W. Hurst, Environmental
scientist, requested that Harbor Environmental Projects  HEP!
of the Allan Hancock Foundation and the Environmental Engin-
eering Program of the University of Southern California under-
take certain studies of the effects of dredging on indigenous
harbor organisms. Contract number 976, issued in December,
1973 was multi-tasked and the final report is presented here-
with to the Board of Harbor Commissioners as Part 11 of Marine
Studies of San Pedro Ba , California, by Harbor Environmental
projects pubic.shed jointly by the Allan Hancock Foundation and
the USC-Sea Grant Program through the Institute of Marine and
Coastal Studies.

The Marine Studies of San Pedro Ba series represents an
unusual cooperative effort of federal and local public agencies
as well as private industries, in helping to develop and pub-
lish the necessary base of environmental information for
planning and management of natural resources and socio-economic
concerns. Funding for Parts 1-9 has come, in part, from the
Los Angeles Harbor Department Board of Harbor Commissioners,
from the USC-Sea Grant Program  NOAA, Department of Commerce!,
the U.S. Army Corps of Engineers, the Pacific Lighting Service
Corporation and other industrial users in the harbor, and the
Tuna Research Foundation. Part 10 was funded by the Port of
Long Beach, for reference in their General Plan Environmental
Impact Report.



The USC tasks in Los Angeles Harbor Department Co~tract
No. 976 were specified as follows:

l. To provide an estimate of the total biomass to be lost
as a consequence of dredging and dredge material disposal
at seven specified stations and supplemental locations;

2. to determine the potential for recolonization of bottom
sediments based on exposure of test samples of similar
sediments at five locations;

3. to test the effects of short-term  96 hours! and long-
term  life cycle of 28 days! exposure to "elutriates"
seawater contaminated by resuspension of bottom surface
sediments � by utilizing toxicity and bioassay experi-
ments, on benthic, planktonic and pelagic species; and

4. to obtain sediment samples from ll stations for perform-
ance of biological and chemical analyses.

The station locations are shown in Figure 1, and the proposed
dredge and fill areas are shown in Figure 2.

The contract specified that the Harbor Department would
obtain certain sediment core samples and would provide lighted
buoys for attachment of racks of jars for recolonization studies
by HEP. These buoys, deployed in the outer harbor, were soon
run down by large vessels, or destroyed by vandals. To avoid
this, a program was instituted by HEP wherein no surface markers
were used, and electronic pingers were attached to racks placed
on the bottom. Divers set out jars and retrieved samples using
a Burnett pinger locator  kindly loaned by Meredith Sessions
of the University of California, San Diego! to find the racks
in the very turbid water. Even with the pinger system, locat-
ing the racks was very difficult because of the suspended sedi-
ment and turbidity present in the shallower water. An unex-
pected problem occurred when the pinger locator apparently
received a signal from a torpedo ray  fish!, which shocked
the diver into unconsciousness when he touched it. Fortun-

ately the diver was wearing full face diving gear and the water
was shallow, so no injury occurred.

It must be recognized that the IPA provisional require-
ments for dredging studies changed several times during the
inception and completion of this project  Chen and Wang, 1976!.
Rather than pursue a standard set of procedures when the merits
of these were not known, several variations in methods were
undertaken in order to approximate field conditions as closely
as possible.

This volume contains a discussion of potential dredging
effects, and sections on the major topics outlined above.



Preliminary data reports have been provided to the Port as
follows:

Biological Impact Investigations, Preliminary Report.
April 1, 1974 by D.F. Soule and M. Oguri.

1. Sediment Toxicity Investigations, by R. Emerson,
N. Shields, E. Norse, G. Brewer, and D. Chamberlain.

2. Species Occurrence in Outer Los Angeles Harbor, by
D.F. Soule, J.D. Soule, D.J. Reish, J. Dawson, and
N. Condap.

3. Species-Temperature Associations, by R.W. Smith
 for Pacific Lighting Corp.!.

4. Literature Survey of Thermal Distribution Patterns,
by D. Soule, M. Yeaman, and N. Condap.

5. Biomass Investigations, by T. Kauwling and
R. Osborn.

6. Physico-chemical Results of Elutriate Tests of Sedi-
ments from the Proposed LNG Route, by K. Chen and
C. Wang.

Biological Impact Investigations, Six Month Progress
Report. July 1, 1974, by D.F. Soule and M. Oguri.

1. Sediment Toxicity Investigations, by R. Emerson,
E. Norse, J McConaugha, and D. Chamberlain.

2. Biomass Investigations, by T. Kauwling.

3. Physico-chemical Results of Elutriate Tests of Sedi-
ments from the proposed LNG route, by K. Chen and
C. Wang.

Biological Impact Investigations, Interim Report.
June 30, 1975, by D.F. Soule and M. Oguri.

III.

l. Effects of Resuspended Sediment from Los Angeles
Harbor on Two Species of Polychaetous Annelids,
by R. Emerson.

3. Recolonization Studies, by T. Kauwling.

2. Effects of Resuspended Sediment on Three Species
of Crustaceans in Los Angeles Harbor, by J. McConaugha.
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POTENTIAL BIOLOGICAL EFFECTS
OF HYDRAULIC DREDGING IN LOS ANGELES HARBOR:

An Overview

by
Dorothy F. Soule and. Mikihiko Oguri

Harbor Environmental Projects
University of Southern California

Los Angeles, California 90007

INTRODUCTION

Dredging for the maintenance of navigable channels, for
the deepening of waterways and for development of new channels
and lands has been reduced or virtually halted in the United
States due to multiple concerns over the impact of these acti-
vities. One of the major issues has been concern for the
possible release of contaminants into the water column from
resuspension and elution of sediments during dredging'

Little has been said about effects similar to dredging,
however, which are due to the resuspension of contaminated
sediments, by natural wind and water movements and by mechan-
ical stirring from ship traffic, in shallow streams, harbors
and estuaries. These effects are perhaps equal to dredging
effects in some cases, and create long term, chronic exposures
if pollutants are in a form available for uptake as they are
complexed to sediment particles.

In Los Angeles Harbor, the main channel borders the Palos
Verdes Hills at the western edge of the estuarine Los Angeles
River depOsitional area, which is part of San Pedro Bay. Areas
of the bay sheltered behind the federal breakwater are divided
politically into the Port of Los Angeles on the west, the Port
of Long Beach in the center along with the U.S.Navy facility,
and a City of Long Beach Harbor area lying to the east  Figure
1!. Harbor channels were dredged to 35 feet a number Of years
ago, but subsidence due to pumping of the underlying oil fields
caused parts of the Long Beach main channel and Cerritos Channel
to sink about 60 foot depths  Allen, 1973!. Both ports now re-
quire increased channel depths, as well as additional areas
capable of handling containerized cargo, and gas and oil tank-
age or pumping facilities, but the Port of Los Angeles is espe-
cially handicapped by its shallow channels. The original estu-
arine channels and the flood plains draining the Los Angeles
basin have long since been channelized, filled or blocked by
development, so that recreating a natural estuary would be vir-
tually impossible in the heavily urbanized area,



The history of the harbor water quality  Los Angels Re-
gional Water Quality Control Board, 1969! indicates that, poll-
ution, with sulfide problems, was a problem from the 1920's
on. Enormous quantities of high organic content wastes were
discharged from oil refineries; indistrial wastes and human
wastes were freely discharged as well. Efforts to regulate
and clean up the harbor were implemented by the National En-
vironmental Policy Act  NEPA, 1969! and the California Envi-
ronmental Quality Act  CEQA, 1970!-

During the 1950's, much of the inner harbor was considered
to be devoid of macrofauna � virtually biologically dead � with
frequent anoxic conditions  Reish, 1959; Los Angeles RWQCB,
1969!. Within a year or two after enforcement began, the
effects of reduction in tosic wastes effluents could be seen
 Reish, 1971!. The studies by Harbor Environmental Projects
in 1973 and 1974  AHF, 1975! showed that inner harbor condi-
tions had improved so that they were similar to earlier outer
harbor conditions, while the outer harbor had improved to re-
semble the diversity arrd richness of fauna found previously
outside the breakwater.

While reduced levels of pollutants continue to reach har-
bor waters, the residual toxic pollutants remain in quantity
in the inner harbor channels, adsorbed mainly from past years
on the finer sediments, to be resuspended with each distur-
bance.

On the shallow main Los Angeles Harbor channel, when
cargo container vessels maneuver in the turning basin to dock,
clouds of sediment fill the water column. Since most harbor
sediments are considered to be contaminated  Chen and tu, 1974!
resuspension occurs on virtually a daily basis. The larger
boats of the tuna fleet come close to the bottom when entering
Fish Harbor from the outer Los Angeles Harbor to unload at the
canneries, and some larger boats must unload frozen catch on the
main channel to lighten the cargo. For years, until the 1970's,
fish wastes and effluent from the canneries and wastes from
boat holds were dumped into Fish Harbor. The bottom "sediment"
still consists mainly of blackened fish scales which decay very
slowly. These are stirred to some extent each time a larger
vessel docks. In other areas of the harbor, oil brine wastes,
industrial wastes, and storm drain wastes have accumulated in
the sediments. even though enforcement practices have signifi-
cantly reduced such inputs.



Natura

Natural circulation in the outer harbor is strongly in-
fluenced by prevailing southwest winds, due to the shallow-
ness of the harbor, the low current rate outside the harbor,
and to tidal exchange levels  Robinson and Porath, 1974;
Soule and Oguri, 1972!. Occasionally, high velocity wind
storms, called Santa Anas, from the east or north reverse the
normal wind-driven circulation patterns and cause stirring or
turnover in the outer harbor, Sediments and organics that are
normally anaerobic may be resuspended and may exert a strong
oxygen demand before settling out of the water column. Bio-
logical sediment stirring by macrofauna can also be extensive
in some areas; some fish species ingest sediments to get
worms and other microfauna and spit out the debris, processing
large quantities during feeding.

There is also a natural turnover of outer harbor waters
in the fall, similar to that which occurs in small freshwater
lakes, due to the chilling of surface waters after the warm
summer months have created a thermocline, In winter months,
during the rainy season, runoff from the Los Angels River
and other drainage channels causes stirring and resuspension,
as well as delivering new loads of pollutants from the drain-
age basin,

All of these factors cause a resuspension of sediments
containing toxic pollutants such ss trace and heavy metals and
pesticides, and may also create dissolved oxygen demands which
may lower the water quality of the harbors In addition, aero-
bic microbial activity and the release of chemical or organic
wastes or detritus can cause large increased in immediate oxy-
gen demand  IOD!, chemical oxvgen demand  COD!, or biological
 = biochemical! oxygen demand  BOD! .

Ecolo ical Richness

The harbor waters, especially in the outer harbor between
Terminal Island and the breakwaters, are richer in fish species
diversity and in total production than adjacent waters outside
the breakwater  Stephens, Terry, Subber, and Allen, 1974!.
Benthic  bottom dwelling! animals and planktonic water column
fauna are also diverse in species and rich in biomass. This
serves to indicate that the outer harbor waters are rela-
tively healthy in spite of the many stresses from pollutants



and wastes which have been discharged into them  Allan Hancock
Foundation, 1975!. However, the total biomass had declined in
the outer harbor over the past four years for unknown reasons.

It is important to note that, the present faunas of benthic
and planktonic invertebrates and fish have been recruited and
developed utilizing the nutrient resources provided in large
extent by the Terminal Island Treatment Plant primary sewage
wastes and the cannery effluents. Better management and
processing of cannery wastes in 1974-75 have largely controlled
periodic anoxic episodes which resulted in fish kills and
die-off of other faunas in previous years, although the nutri-
ent levels have perhaps also been reduced in so doing.

The Effects of Wastes

There are apparently great differences between the release
and build-up of toxic wastes, composed of non-natural mole-
cules, and natural wastes which are biodegradable and can be
recycled for food and energy in the food web  chain!. Although
excess levels of natural wastes can impose an enormous oxygen
demand on receiving waters, causing temporarily anoxic con-
ditions, high levels of non-natural wastes may be immediately
toxic, or they may be sublethal but damaging to the growth
and reproduction of the populations.

TOXICITY STUDIES

Some organisms are apparently able to reject toxic sub-
stances, either by barriers to uptake, or by actively excreting
or eliminating toxicants. Other organisms exist in an equilib-
rium with the ambient levels of toxicants in the environment.
Organisms may require certain heavy metals for metabolism, but
these would normally occur in the environment in very small
trace quantities. It is possible that they have no mechan-
ism to limit this uptake, and will continue to accumulate such
metals, which may be deposited at various sites such as
muscle, liver, gonads, or shell in the organisms. Other sub-
stances, entirely foreign to the natural environment, such .as
polychlorinated biphenyls, may be similarly accumulated. The
substances may not be toxic to the organism, and may pass
through the food chain to be found in increasing levels as
larger animals ingest greater quantities of the smaller
organisms. Man may be the ultimate consumer affected; or
birds, large fish, or marine mammals may be threatened by the
concentrations.



There are three important levels of lesser damage to
organisms other than immediate death from lethal toxicity:

1. The sustenance of life of the existing individual
but without growth or reproduction,

2. the sustenance of life with growth, or

3. the sustenance of life with growth and reproduction.

The inhibition of growth and development, while regarded
as sublethal, actually becomes lethal over a larger period of
time if the organisms cannot reproduce. In some cases, weaken-
ing of the organism causes the behavior patterns essential to
feeding, protection, shelter, or reproduction to be abandoned.
The impact of toxic substances, temperature stress, or anoxia
may not result in death during 96-hour mortality tests, which
are commonly used to evaluate toxicity, but if behavioral
patterns for habitat, feeding and reproduction are impaired,
death will be the end result of the environmental stress.
 Brewer, 1974; Norse, 1974; Dshida and Reish, 1974; Hadley
and Straughan, 1974!.

As reported by NcConaugha �976! in this volume, in the
96-hour toxicity tests with copepod crustaceans, the calanoid
species acareia tonsa showed significant reductions in sur-
vival in elutriates from stations along the shore of the outer
harbor and near the waste outfalls. Stations  Figure 2! in the
harbor ship channel area and also Station 26 did not show
significant differences in survival from controls. Control
mortality rates suggested that all animals involved were
stressed by collection, sorting and testing.

In tests of the epibenthic harpacticoid ri sbe, sp.,
only elutriates from near the sewage outfall showed greater
mortality than the controls. Survivals in elutriates from
LNG-4, 25 and 24 were significantly higher than in the controls,
but these showed unusually low survivals of only 56.4% due to
undetermined causes. ri sbe is normally present in many pol-
luted areas of the harbor, and is continuously cultured in
the laboratory, so would not be expected to show such control
mortality.

In toxicity/bioassay studies of the two benthic poly-
chaete species, ophri otrocha and ca pi tel 1 a ca pi ta ta, reported
in this volume by Emerson �976!, no significant mortality
occurred in the 96-hour tests. In the long term �8 day!
tests, the numbers of offspring of ophriotrocha were signifi-
cantly lowered for all stations except for station LNG-l,
which had results similar to the controls. Elutriate from



stations on the proposed channel produced offspring numbering
from about 15-30% of those from the controls, while the near-
shore stations produced offspring in the 2-10% range.

In Ca@i tella 28 day sublethal effects were evaluated by
successful growth and by development of fertile females. The
percent of control organisms that completed development was
exceeded by those tested in LNG-2 elutriate. Mean growth of
controls was exceeded by those exposed to elutriates from
all stations, except 17 and 25. All specimens brooded or
showed eggs in the coelomic cavity except those in elutriates
from stations LNG-7 and 27, which are polluted areas.

Brewer <1976! in the present study tested the effects of
seawater-sediment. mixtures from three stations representing
different sediment types on juvenile and adult anchovies,
Fngrauli s mazda'. The percent survival varied according to
the sediment type; the 4:1 mixture was 100% lethal in tests
of two of the three sediments, and a 10:1 mixture was 100%
lethal in one of those. Oxygen depletion may have been a
factor. Tissue analysis of test fish showed concentration
of cadmium and zinc in particular.

Chamberlain �976! had tested earlier the California
killifishz Fundulus parvi pinnus and the white croaker,
Gengonemus lineatus from three stations. Mortalities did not
appear to be due to toxicity, and starvation probably accounted
for the 22-28 day test mortalities.

The effects of dredging on at least some fish would be
due more to BOD and COD than to toxicity of the sediments, as
shown in 96-hour tests. However, it is clear that various
fish species do accumulate excessive concentrations of heavy
metals and pesticides, in part through the resuspension of
sediments. Thus, it would seem that dredging which removes
some of the accumulated pollutants would help to decrease the
long term exposure to excessive levels of potentially harm-
ful substances. Harbor pollutants are mapped in Appendix I.

A survey of the literature on accumulation by fishes is
presented by K.Y. Chen and Bert Eichenberger, as Appendix II
to the present volume. A survey of the literature on accumula-
tion by invertebrates and vertebrates, by D.J. Reish and
K.H. King is given as Appendix III.

RECOLONIZATION

Previous investigations of dredging recolonization and.
succession have indicated variability in both community struc-
tures and in time. These are probably associated with several



factors: the quality of the new substrates exposed, the per-
centage of the immediate areas disturbed, and the circula-
tion or flushing available to carry in eggs, larvae and
juveniles for recolonization and survival.  Reish, 1964 a,b;
Allan Hancock Foundatio~, 1975!.

The studies reported in the present volume  Soule, 1976!
indicate that establishment of a benthic fauna in the harbor
occurs rapidly in newly exposed substrates. After about 12
weeks of successional populations and predation, a juvenile
population similar in species composition, but not necessarily
in proportion numerically, is established.

Benthic polychaete worms are very important to the food
web of the harbor. They are quite small and are numerous in
soft bottoms, feeding and recycling organic debris and detritus.
They in turn are fed upon extensively by the large populations
of benthic fish in the harbors

Polychaetes need only a thin layer of sediment on the sur-
face to colonize newly exposed substrates. Some species are
able to colonize on the thin layer of sediments trapped on
glass slides in settling racks, which are suspended at 3 meter
depths monthly in the water column  Allan Hancock Foundation,
1975!. The precipitating fines from hydraulic dredging would
probably be sufficient to furnish the thin layer of sediment
necessary for colonization.

DISCUSSION

Dredging may be essential to future energy and commodity
needs of the Los Angeles and Orange Counties metropolis. There
are few commercial harbors in the United States with sufficient
depths to handle large vessels of economically feasible size,
disregarding entirely the so-called super-tanker category of
200,000 DWT and above. Furthermore, large areas of some urban
harbors have numerous obsolete channels and wharves which con-
stitute a poor usage of valuable and limited coastal zone
resources.

The present studies  Brewer, 1976; Chamberlain, 1976;
Chen and Wang, l976; Emerson, 1976; McConaugha, 1976; and
Soule and Oguri, 1976! were undertaken in an effort to deter-
mine the potential effects of resuspended sediments due to
dredging, and to consider the alternative of open water dis-
posal. The studies also suggest the effects of the present
shallow water conditions and the bottom stirring due to them.

When considering the alternatives for managing harbor
marine environmental quality, some attention must be given to



the possible continuing effects of not dredging, as opposed
to the effects of dredging which would temporarily stress the
harbor, but which would also clean up much of the historic
accumulation of contaminants. It seems possible that if
dredging were undertaken during the late fall-early winter
months, when benthic animal populations are at lowest seasonal
levels, and if the areas of dredging were limited at any
given period so that recolonization could occur, dredging
might well have positive long term benefits. Fish spawning
does occur in January-March, and might be seriously affected
for one season by disturbances in the areas frequented by
larvae and juveniles.

The current California Coastal Plan by the State Coastal
Commission under consideration by the legislature has indicated
that dredging should not be permitted in harbors, even for
maintenance of existing facilities. However, the estuary can-
not be returned to its pristine stage because the Los Angeles
Basin watershed has long since been altered by urbanization.
Many areas would soon be obsolete if no dredging is permitted.
On the other hand, the massive fills of the entire outer har-
bor, shown on planning maps, would be an environmental disaster,
in the opinion of our investigators. Water quality in the
inner channels would be degraded, and the rich outer harbor
fish and benthic fauna would be lost. Birds that feed on the
fish would be seriously affected. The outer harbor presently
acts as a nursery for large numbers of juvenile fish in the
O-l year class, which may subsequently migrate to deeper waters.
Should the nursery be destroyed, populations outside the harbor
would also be seriously affected. A more moderate course of
dredging and improving channels in increments would remove
pollutants while helping to modernize the port facilities.

RECOMMEN DAT I ON S

1. The results of tests over the past several years indi-
cate that most 96-hour toxicity experiments with harbor fauna
generally showed lethality on only the most severe conditions.
The longer term tests, which can include reproductive cycles
and larval and juvenile development, are more indicative of
possible effects in the environment. No one test organism
should be proposed for all areas, but rather a selection of
benthic, planktonic and pelagic organisms should be made,
which are normal inhabitants of the proposed dredge site or
of adjacent waters. The 28 day tests, or a suitable period
adjusted to consider size of organisms and life cycles, should
be carried out whenever possible. Chemical analyses of sedi-
ment, seawater, elutriate and tissue should also accompany any
such tests.



2. Biomass and baseline faunal sampling should be per-
formed in the area under consideration for dredging, and
monitoring should be mandated both during and after the
operations for at least two years.

3. Recolonization studies could be accomplished by
settling rack, .perhaps more easily than bottom installations
tended by divers. Racks suspended below low tide but above
sediments evaluate the fauna potentially available to re-
plenish the bottom and water column following disturbances
such as dredging.
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RESUSPENDED SEDIMENT ELUTRIATE

STUDIES ON THE NORTHERN ANCHOVY
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Gary D. Brewer
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ABSTRACT. Samples of sediment from three locations in the
Los Angeles-Long Beach Harbors and elutriates resulting from
resuspension were assayed for heavy metals, pesticides, and
other pollutants. Juvenile and adult northern anchovy
 Zngrau7is moz'dax! were exposed to sediment elutriates pre-
pared from seawater-sediment ratios between 4:l and 100:1
for periods up to fourteen days. Toxicity varied between
the three sediment samples; acute oxygen depletion was
suspected as the cause of mortality. Analyses of muscle,
gonad, gill, and liver tissues for silver, cadmium, chromium,
copper, iron, manganese, nickel, lead and zinc from control
and elutriate-exposed fish showed high levels of cadmium and
zinc in fish exposed to the resuspended sediments. However,
the small sample size precludes any conclusions regarding
the rapid uptake of heavy metals. Sediment elutriate which
had been stored for two weeks was not toxic to anchovy
embryos and larvae.
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RESUSPENDED SEDIMENT ELUTRIATE
STUDIES ON THE NORTHERN ANCHOVY

INTRODUCTION

The dredging and redeposition of harbor sediments during
the creation and maintenance of navigable waterways and berth-
ing facilities promotes the release and diffusion of fine
particulates, trace metals, organic complexes, and nutrients.
The migration and fate of various resuspended sediment con-
stituents involve diverse pathways including adsorption,
oxidation, reduction, precipitation, and complex compound
formation depending on sediment characteristics and redox
conditions  Chen and Lu, 1974!. Some trace substances may be
incorporated and concentrated in living tissues  Goldberg,
1957; Bryan, 1971!. The potential uptake of heavy metals and
pesticides by marine organisms and their transfer and amplifi-
cation through food webs is of special concern  Risenbrough,
Menzel, Martin and Olcott, 1967!. In addition, marine
organisms are potentially susceptible to acute oxygen depletion
from sediments with high sulfide and organic loads and to suf-
focation from suspended particulates.

Highly polluted bottom sediments in Los Angeles-Long Beach
Harbor have been characterized by Chen and Lu  l974!. In light
of proposed harbor dredging activities, laboratory experiments
were conducted to determine the effects of exposure to resus-
pended harbor sediments on the northern anchovy  Zngraulia
mordant!. The ecological and economic importance of the northern
anchovy in the Los Angeles-Long Beach Harbor and throughout
southern California was reviewed by Brewer �974!. Caught as
live bait for sport fisheries, the anchovies constitute an
important economic resource in the harbor.

METHODS

Juvenile and Adult Fish

Anchovies were obtained from a Long Beach, California live-
bait dealer and acclimated for at least two weeks in 950-liter
�50 gallon! round, fiberglass aquaria with filtered, running
seawater. Photoperiod was maintained at 12 hours light �5 foot-
candles! and 12 hours dark �.5 foot-candles! throughout the
acclimation and test periods. The fish were fed four percent
of their body weight per day of a dry commercial preparation
called Trout Chow. The fish ranged in size from 90 to 130 rnrn,
standard length, and weighed between 10 and 20 grams. Acclimation



temperatures ranged from 12.5 to 14.0 C. Tests were conducted
during December and January 1975-76.

Sediment samples from three sites in the Los Angeles Harbor
 Figure 1 ! were obtained by divers, sealed in polyethylene
containers and refrigerated until used. Sediment chemistry
analysis followed methods described by Chen and Lu �974!. The
composition of the sediment elutriate was determined following
KPA �973! guidelines which call for a 4:l seawater-sediment
ratio, mixed vigorously for 30 minutes and then allowed to
settle for 60 minutes. The supernatant was carefully poured
off and filtered through a 0.45 p membrane filter to obtain
the clear "standard elutriate" which was then analyzed  Allan
Hancock Foundation, 1975!.

Unfiltered and uncentrifuged elutriate was used for the
anchovy bioassay because the large volumes of seawater required
for tests on pelagic fish make these techniques impractical.
Furthermore, filtration and centrifugation remove the finer
sediment particles, to which pollutants may adsorb, and which
are likely to remain suspended in the water column during and
after actual dredging.

96-Hour Tests. The elutriates were prepared from seawater-
sediment ratios of 4.1, 10:1, 40;1, and 100:1, mixed thoroughly
for 30 minutes and allowed. to settle for 60 minutes. Anchovies
were transferred from acclimation tanks to 950 liter test tanks
containing 285 liters �5 gallons! of unfiltered elutriate.
Air was bubbled through three air stones in each test tank.
Test water temperatures ranged from 12.0 to 14.0 C. Mortality,
as evidenced by the absence of swimming movements, was strictly
monitored during the 96-hour test period.

Seven-da tests. Anchovies were transferred from an acclima-
tion tank to a 950-liter test tank containing 285 liters of
seawater. Each day, 2.85 liters �.75 gallons! of sediment
from station 7 were mixed thoroughly with the aquarium sea-
water containing the sample of anchovies. The direct addition
of the sediment sample was continued for seven days. All
other test parameters were maintained as above.

Hea Metal Anal sis. After exposure to various elutriate con-
centrations, live anchovies were sacrificed and stored frozen
at -20 C until preparation for chemical analysis, when the
material was thawed and tissues dissected. The liver, left
gonad, left  second! gill arch, and a section of white dorsal
musculature from each fish were halved and weighed to 0.1 mg
on an electronic balance after being lightly blotted. The
tissues were then dried to a constant weight in an oven at 100 C.
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Contamination of teflon, quartz, and polyethylene labware
was minimized by scrupulous cleaning with National Bureau of
Standards double distilled quality acids and deionized quartz-
distilled water. A 2:1:1 solution of water, H2SO4, and HNO3
was used to digest the tissue in teflon or quartz beakers
heated to 150oC. The clear digestate was collected in poly-
ethylene vials and concentrations of silver, cadrniurn, copper,
nickel, lead, zinc, iron, manganese and chromium were analyzed
by atomic absorption spectrophotometry as detailed by Chen and
Lu �974!.

Embryos and Larvae

Elutriate tests on anchovy embryos and larvae used sedi-
ment samples from stations 2, 3 and 4  Figure 1 !. A 4:1 sea
water-sediment ratio was mixed vigorously for 30 minutes, and
allowed to settle 60 minutes. The elutriate was stored for
two weeks at 4 C until anchovy eggs became available in plank-
ton collections.

Eggs were collected with a standard plankton net �33 p
mesh! during March 1974 at a depth of approximately 4 meters
within the Los Angeles-Long Beach Harbor. Plankton samples
were decanted into glass vessels and transported to the labor-
atory in styrofoam insulated containers. The anchovy eggs
were sorted by pipette, using a dissection microscope.
Anchovy eggs from several plankton samples were pooled into
a single glass vessel for subsequent distribution to samples
of resuspended sediment elutriate.

Fifteen anchovy eggs, approximately 32-36 hours old and
at the same stage of development  blastopore closure stage!
were placed directly into 1 liter glass jars containing
400 ml of elutriate from stations 2, 3 and 4, respectively.
Anchovy eggs were similarly placed into a 1 liter jar of
standard  control! seawater. Replicate samples for each sta-
tion and for the seawater standard were prepared; hence, 30
anchovy eggs were incubated in each elutriate sample as well
as the sea water standard.

Eggs were collected at water temperatures of 16 C; sort-
ing and incubation temperatures were maintained at 16.5 C
 plus or minus 0.5 C!. Photoperiod was maintained as above.

RESULTS

96-Hour Tests. The results of 96-hour bioassays of resuspended
sediment elutriates for stations 1, 4 and 7 are given in Table
1 . Acute sediment toxicity apparently varied considerably
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among the sediment samples tested. While a 4:1 seawater-
sediment ratio for station 1 was tolerated by the fish,
similar elutriate concentration for station 7 was lethal to
all the test fish within one hour. Sediment elutriate from
station 7 required dilution with more than 40 parts of seawater
before survival of the anchovies would equal survival of the
control sample.

The mortality rates in Table 1 indicate a sudden initial
stress occurred as the fish were placed in the elutriate. Low
levels of oxygen may be responsible for the observed mortality.
The Allan Hancock Foundation �975! has shown that oxygen is
rapidly depleted as sulfide and organic rich sediments are
added to seawater. Dissolved oxygen measurements taken
immediately before anchovies were introduced into the 40:1
elutriate from station 7 showed the oxygen level to be 2.1 ppm.

One might anticipate that mortality would gradually increase
with exposure time if toxin accumulation was responsible for
the lethal effect. Such a condition was not apparent. After
the initial 96-hour test on station 7 sediment, using a 40:1
ratio, the fish were maintained an additional 10 days in the
elutriate; no additional mortality occurred.

Seven-da Tests. Sediment samples from station 7 were tested
by direct addition to seawater containing anchovies. Repeated
exposure to low concentrations �00:1 ratio! of resuspended
sediments over a seven-day period was not lethal to the test
fish  Table 2 !. Mortality among the fish exposed to the
elutriate differed little from the control sample. Mechanical
damage to the fish from the daily routine of mixing the sea-
water and sediment would account for the slightly higher death
rate among the test fish.

Occurrence of Heav Metals. The chemical composition of the
sediments and the concentrations of metals in the standard
elutriate  filtered! preparations are given in Tables 3, 4,
and 6 . Increasing levels of sediment contaminants are
evident between the outermost  station 1! and innermost  sta-
tion 7! locations tested. Metals, pesticides, nitrogen,
phosphorous, sulfide, oil and grease, total volatile solids,
and oxygen demands are highest at station 7 and decrease
through stations 4 and 1. However, there appears to be an
inverse relationship between the concentration of the sand
fraction and increasing concentrations of pollutants  Allan
Hancock Foundation, 1975! rather than a direct relationship
to the distance from the harbor entrance. Sediments from
stations 1 and 4 are characterized as sandy, while station 7
is predominantly sandy silt.



20

Conversely, the concentrations of metals in the standard
elutriate preparations show a reverse trend when compared to
the concentration of metals in the sediments. The station 7
elutriate contained lower concentrations of heavy metals than
did elutriate samples from stations 1 and 4. Apparently the
fine sediment fraction at station 7 effectively "scavenges"
the metals by adsorption, thereby removing them from solution
 AHF, 1975!. Filtration of the elutriate removes these fine
particles, as well as the adsorbed metal complexes and their
potential toxic effects. Unfiltered elutriate, as used here,
would be expected to contain concentrations of metal residues
in proportion to concentrations found in the sediments them-
selves, although this needs to be substantiated. Furthermore,
exposure of animals to unfiltered elutriate in the laboratory
would better simulate conditions that these organisms might
encounter during dredging operations.

Since the sediments at station 7 were the most highly
polluted, anchovies exposed to station 7 sediment elutriate
were analyzed for metals and compared to control fish. Samples
of anchovy tissues from fish exposed to sediment concentra-
tions of 40:1  96-hour test! and 100:1  seven-day test; sedi-
ment added daily! were analyzed. Results are summarized below.
Metal concentrations in tissues and sediments are expressed
as mg/kg dry weight; metal concentrations in the filtered
elutriates are in mg/1.

Silver. Silver levels were variable but showed no consistently
high concentration in any tissue. Values for test and control
fish were similar.

GillGonad

0.21 � 1.39

0.96

Liver

0.19-2 26

1. 18

Muscle

0.15-1.61

1.78

Concentration

range in tissue 0.47-2.13

0.96Mean

Elutriate concentration: undetectable

Cadmium. High concentrations of cadmium were found in livers of
fish exposed to the sediment elutriate when compared to cadmium
concentrations in liver controls and other tissues.



Gill MuscleLiver Gonad

2.42-38.3 0.14-1.26 0.03-0.38 0.01-0.62
0. 69-1. 15

17. 0
0.92

0.88 0.230.21Mean: test

control

Elutriate concentration: undetectable
Sediment concentration: 2.87

Chromium. Highest mean concentrations of chromium were found in
livers and gills. Concentrations in test and control samples
were comparable.

Liver Gonad Gill, Muscle
Concentration

range in tissue 0.69-9.61 0.82-8.29 2.62-10.7 0.61-3.36

l. 935. 124. 575.41Mean

Elutriate concentration: 0 ' 5
Sediment concentration: 61.8

C~o er. The highest copper concentrations were found in liver
tissue. Concentrations in control and test fish were similar.

Liver Gonad Gill Muscle

6.45-61.0 3.82-8.37 3.10-24.2 1.07-11.5

3.6717. 3 6. 67 8. 56Mean

Elutriate concentration: undetectable
Sediment concentration: 69.7

Iron. Iron was concentrated in liver and gill tissues of both
control and test fish.

Liver GillGonad

908-2130 97.5-1250 378-3680

80.314401695 641Mean

Elutriate concentration: 6.0
Sediment concentration: 38,200.0

Concentration

range in tissue:
test

control

Concentration

range in tissue

Concentration
range in tissue

Muscle

26.9-215
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M High levels of manganese were found in the gills of
control and test fish.

Liver Gonad Gill Muscle

0.23-5.88 0.39-6.19 17.2-40.5 0.01-1.53

2.13 1.58 26.6 0.72Mean

Elutriate concentration: 17.5
Sediment concentration: 410.0

Nickel. Although variability in the concentrations of nickel was
great, no accumulation in any one tissue was apparent.

Liver GillGonad Muscle

0.28-29.6 0.0-50.9 0.46-21.7 0.0-87.5

12.3 8.4 12.68.4Mean

Elutriate concentration: 1.0
Sediment concentration: 47,2

Lead. Lead was distributed uniformly in the tissues analyzed.

Liver Gonad Gill Muscle

5. 33-22. 7 9. 59-21. 7 9. 53-19. 2 10. 7-23. 7

15. 1 16.9 17.9Mean

Elutriate concentration: 0.2
Sediment concentration: 74.1

Zinc. Excessively high zinc concentrations were recorded from
the gonads of three of the four fish exposed to the sediment
elutriate and assayed.

Liver Gonad

128216Mean

Elutriate concentration: 0.0
Sediment concentration: 242.0

Concentration
range in tissue

Concentration

range in tissue

Concentration

range in tissue

Concentration

range in tissue 111-348 test: 107-1100
control:168-187

209 test.: 690
control: 177

Gill Muscle

143-342 44.4-586



The analyses of heavy metals were based on halved samples
of tissue from only one or two fish for each control and
elutriate test. In some cases the reported values of halved
samples varied considerably. A few extreme values are suspect;
yet general trends, as indicated by mean values, should be con-
sidered with confidence.

The data reflect a high degree of variability in the heavy
metal content of different tissues, which is consistent with
the literature  Vinogradov, 1953!. High levels of manganese
in gill tissue, cadmium in liver, iron in liver and gills, and
excessive levels of zinc in some gonad tissue are noteworthy.
In general silver, chromium, nickel and lead were uniformly
distributed in the tissues analyzed. Copper was concentrated
in the liver. With the possible exception of cadmium and zinc,
short term exposure to resuspended sediments, highly polluted
with heavy metals, does not result in a direct rapid uptake
of metals. However, the small sample size and large variabil-
ity in the data obviate statistical analysis for possible
significance.

The values reported here for silver, copper, iron, and
manganese are comparable to concentrations found in other
fishes  Halcrow, Mackay and Thornton, 1973; Leatherland and
Burton, 1974; Hardisty, 1974; Brooks and Rumsey, 1975; and
Stenner and Nickless, 1975!. Mean values for cadmium, chrom-
ium, nickel, lead and zinc, as reported here, equal or exceed
the highest values reported by the above authors.

DISCUSSION

A significant disturbance of polluted sediment from the
Los Angeles-Long Beach Harbors during proposed dredging and
landfill projects may be detrimental to existing fish popula-
tions unless precautions are taken to minimize sediment dis-
turbance. Acute mortality of juvenile and adult fish occurred
in laboratory experiments when exposure was of short duration.
Whether lethal concentrations of sediments would be resus-
pended during dredging operations must await future analyses.
Mixing and flushing in the natural system might disperse
sediment resuspension sufficiently to preclude any fish
mortality.

Anchovies exposed to clouds of resuspended sediment in
laboratory aquaria are repelled by the turbid waters. As the
sediment diffuses through the aquaria, the fish actively avoid
the material until it completely encompasses them. A similar
situation will occur during harbor dredging operations if
turbidity is excessive and is not controlled. Anchovies and



24

other fishes would presumably flee temporarily from disturbed
areas.

The direct uptake of heavy metals by anchovies during
short exposure to polluted, resuspended sediments seem of
little concern, with the possible exception of cadmium.
Although extreme levels of zinc were reported in the gonads
of some test fish, the uptake and transport of high zinc con-
centrations to the gonads in four days seems unlikely. Long-
term exposure may show quite different results. The uptake
and concentration of metals by green plants  Bryan and Hummer-
stone, l973! and organisms on lower levels of the food web
 Alexander and Young, l976! may result in the amplification
of toxic materials in anchovies, other fishes, and their
predators.

Experiments on embryos and larvae utilized elutriates
which had been stored for two weeks before use. This proced-
ure apparently eliminated a large part of the BOD fraction;
the embryos and larvae were, therefore, not susceptible to
the elutriate's potentially toxic effects. Additional experi-
ments on these early developmental stages, including heavy
metal uptake analyses, are warranted.

This study must be considered preliminary; a much larger
sample size is necessary to insure statistical reliability.
The excessive levels of some metals in anchovy tissues require
substantiation. Control samples of anchovy should be compared
from relatively unpolluted areas to the north and south. The
relationship of fish size, sex, and season  i.e., spawning
cycle! should be tested for correlation with metal concentra-
tions. Finally, sediment elutriate bioassays should be stan-
dardized to reflect the actual sediment disturbance expected
from dredging operations, not only in sediment and pollutant
characteristics and quantities, but also duration of exposure.
Long-term, continuous-flow bioassays  i e., one month or
longer! combined with histological and histo-chemical studies
would provide insights into subtle, yet potentially damaging
effects of the exposure of fishes to heavy metals and pesti-
cides. Heavy metals in moderate concentrations inhibit
enzyme systems  Bryan, l97l!. Hence, normal development,
growth, behavior, and reproductive functions may be upset.
Damage to gill, liver, and kidney tissues may not be appar-
ent during short term tests.

Only the gross effects of acute exposure to polluted
sediments have been examined here. It is clear that this
study is not sufficient.
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Table 1. Results of Resuspended Sediment Elutriate Tests
on Anchovy Mortality -- 96-hour.

Cumulative

Mortality After
24 48 72 96

 HOURS!

Percent

Survival

Seawater

Sediment

Ratio

Station

No.

N

100.018 0 0

0.0

1210'1

1640.1

16 16 0.016* 16

26 26

164:1

0.026 2610:1 26

0 0 1 3** 85. 0

0 0 1 1 93.3

2040. 1

15100:1

94.5Control 36no

sediment

Mortality within one hour.
** No additional mortality after 14 days.

Table 2. Results of Resuspended Sediment Elutriate
Tests on Anchovy Mortality -- Seven Day Test.

Cumulative Mortality After Percent
N 24 48 72 96 120 144 168 Survival

 HOURS!

Station

No.

7 100:1* 38 0 0 2 4 5 5 5

Control 30 0 0 1 2 2 2No

sediment

* Direct addition of sediment daily.

Seawater

Sediment
Ratio

10 10 10

3 3 3

0 0 1

75.0

93.8

86.8

93.3
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Trace Metals Concentration in Elutriates
 from Standard Elutriate Test!. *

Table 6.

 Sediment t e!

Elements

0.60 0. 500.50Cr

6.08.5 1.9Fe

19. 5 30.0 17. 5

1.0Ni 2.2 2.0

0.20.8 0.0Pb

0. 26 0.00. 13Zn

* The concentrations of Cd, Hg, Ag and Cu in the
elutriates were undetectable.
All concentrations in ug/1.
All samples vere filtered through 0.45 um membrane
filters.

LNG 1

Sand

LNG 4

Sand

LNG 7

Sand silt
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EFFECTS OF LOS ANGELES HARBOR SEDIMENT ELUTRIATE
ON THE CALIFORNIA KILLIFISH, PUNDULUS PARVIP2NN2S AND

WHITE CROAKER, GENYONZMUS 52NZA2'US

Dilworth W. Chamberlain
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ABSTRACT. California killifish, Fundulus pazvipinnia, were
held in 5-gallon aquaria for a period of 96 hours to test
toxic effects of elutriate from sediments from three stations.
One fish died during the 96 bourse' Ten fish died in the sub-
sequent 22 days of observation. Dissolved oxygen, pH, speci-
fic gravity, temperature and nitrite-nitrogen parameters in
the water were monitored periodically. Fish were not fed
during the experiment. Deaths were probably related to lack
of food rather than to the presence of any toxic substances
in the elutriate.

The white croaker, Genponemu8 Lineatue, showed no toxic
effects in 96-hour elutriate tests from one station. Deaths
in the 28-day tests seemed attributable to primary or second-
ary effects of starvation. Tissue analysis after the 14-day
exposure to elutriate indicated increases of 1.5-2 times over
control fish levels of eight trace metals.
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tract No 976 between the Los Angeles Harbor Department Board
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California Harbors Environmental Projects.



EFFECTS OF LOS ANGELES HARBOR SEDIMENT ELUTRIATE
ON THE CALIFORNIA KILLIFISH, Funau7us parvipinnus AND

WHITE CROAKER, Gengonemus lineatus

INTRODUCTION

This study is one of a series of toxicity experiments
bearing on the possible effects of a proposed dredge and fill
operation to deepen channels and basins creating additional
docking facilities within Los Angeles Harbor. In the first
set of experiments the killifish, FunauLus parvipinn~s, was
used because of its small size, abundance, hardiness, ease
of laboratory maintenance and its occurrence in the harbor.

The California killifish ranges from Almejas Bay, Baja
California to Morro Bay, California and is common in bays
of southern California. It is a common resident of Los
Angeles-Long Beach Harbor and they are equally at home in
fresh, brackish or marine waters. Because of their abundance,
low cost, small size  to 4.25 inches! and wide tolerance to
various water conditions they have been used extensively in
laboratory experimentation.

For the second experiments, a less hardy fish, the white
croaker, Genyonernus Kineatus, was chosen in an attempt to
elicit acute effects of exposure to sediment elutriate which
probably would not be apparent. in more resistant species such
as the killifish.

The white croaker is one of the most abundant fish in
Los Angeles-Long Beach Harbor  Stephens, Terry, Subber and
Allan, 1974! and is readily obtained. There is considerable
evidence that this species is more responsive to environ-
mental stress factors than many of its contemporary species
in ways that can be easily assessed as illustrated by the
incidence of caudal fin rot and liver disease  Phillips, MS,
1973!; lip papilloma  Russell and Kotin, 1956! and vertebral
anomalies  author's unpublished data! that have been observed.

METHODS

California killifish. Forty-four killifish, Funaulus parvi-
pinnus, were divided evenly among four 5-gallon glass and
stainless steel aquaria. Initially all aquaria contained
regular filtered seawater obtained from an experimental
facility located on pier "J" in Long Beach Harbor. Fish were
observed in these tanks for nine days prior to the start of
the experimental procedure. Three of the 44 fish died during



35

this time and a fourth was sacrified on the first day to
provide control tissue for later histological examination.
Three different foods were offered during the holding period,
Tetra Conditioning Food for marine fish, Purina Trout Chow,
and live tubifex worms. The prepared foods were rejected and
the worms were eaten more or less readily. Individuals pur-
chased from a local supplier for this experiment were cap-
tured in the Grand Canal, Venice, California on February l3,
1974.

Elutriate used with the killifish was obtained following
EPA preliminary dredge spoil disposal criteria procedures,
from sediments at LNG Stations 2, 3 and 4. It was necessary
to prepare the elutriate from each sediment station in three
to four batches because of the volume of mixture needed to
obtain enough elutriate test water to fill each 5-gallon
aquarium. After 30 minutes of shaking and two hours of set-
tling for the large volumes a. great deal of water remained
mixed with the sediment. Two liters �.52 gal.! of sediment
were mixed with 8 liters �.l gal.! of seawater in each batch.
The 3-4 batches for each sediment station were then combined
and allowed to settle for two hours. Approximately 9.5 to
10.4 liters �.5 � 3.0 gal.! of elutriate were obtained from
each batch total of 25 liters �.6 gal.!. It was necessary
to leave the last batch, from station LNG 4, settling over
night to obtain sufficient elutria.te. About 17.0 liters
�.5 gal.! from 25.0 liters of sediment-seawater mixture
was obtained.  See Table 1 for sediment analyses!.

All stages of elutriate preparation  hand mixing of sedi-
ment and site water, shaking, settling and centrifuging! were
done at remperatures below 10o C.

The holding tanks were housed in a refrigerated walk-in
room held at a temperature of 14.5 C with constant �4 hour!
fluorescent illumination at a distance of 6 to 8 feet
furnished by three General Electric F40CW, Mainlighter, Cool
White Lights, 46 ". The elutriate was allowed to reach the
ambient temperature of 14.5 C. �8.1 F.! . Water for the
control aquarium was obtained from the same source as that
used for elutriation. Ten killifish were placed in each of
the four aquaria  LNG Stations 2, 3 and 4 and Control! with
aeration supplied, and covered with a glass plate. No water
filtration system was used and food was withheld during the
experiment. A constant temperature of 14.5 C. �8.1 F.!
was maintained.

Dissolved oxygen, specific gravity  expressed as sal-
inity in Figure 3 !, nitrite-nitrogen, pH and water temper-
ature in each aquarium were monitored initially and every
24 hours for the 96-hour period. After 96 hours water chem-
istry was tested at about 48-hour intervals.



36

White Croaker. Fish for this experiment were collected by a
local bait dealer incidentally along with northern anchovy,
E'ngrauli8 mar aalu, on 11 May 1974. They were acclimated for
72 hours in 50-gallon �89.5 liter! aquaria at a temperature
of 14.5 C �8.1 F!, then transferred to 5-gallon �8.9
liter! aquaria for the test. Replicate aquaria were used,
two containing seawater only. Water to prepare the elutriate
and that used in the control aquaria, plus sediments, were
all from the same station, at LNG 5. Each aquarium was pro-
vided with weak aeration by a small air stone. Five fish
were placed in each aquarium. Food was withheld during the
period of acclimation and during the 96-hour experimental
period. Fish in each aquarium were checked at 3, 6, 12, 24,
36, 48, 72 and 96 hours. After 96 hours fish were checked at
24-hour intervals. Dissolved oxygen, pH, nitrite-nitrogen
and temperature were monitored initially and periodically
thereafter. Criteria for acute toxicity effects were loss of
equilibrium  LeGore and DesVoigne, 1973!, mucous on gills
 Hourston and Herlineaux, 1957!, and rate of opercular
movement  Belding, 1929!. Sediment for the preparation of
the elutriate was collected with a box corer and placed in
6-gallon �2.7 liter! plastic buckets, then sealed and trans-
ported to the laboratory without refrigeration, where it was
held at 4 C. �9.2 F.! until used. The location of station
LNG 5, where water and sediment were collected is near the
Fish Harbor breakwater, outer Los Angeles Harbor, at a depth
of 20 feet �.1 m!.  See Figure 5 for station locations!.

Elutriate was prepared in the following manner: A 1-gallon
�.79 liter! aliquot of sediment was added to 4 gallons �5.2
liter! of seawater in a 6 � gallon �2.7 liter! plastic pail.
The mixture was stirred by hand until all large lumps were
broken up, a process usually taking 4 to 1 minute. The bucket
was then sealed and placed on a shaker table and shaken for
30 minutes at a rate of 120 shakes per minute. This mixture
was then allowed to settle for 1 hour. The resulting cloudy
supernatant was passed through a continuous flow refrigerated
centrifuge cooled to 0 C and spun at 10,000 rpm. The clear
supernatant was collected over ice and stored in clean,
sealed white plastic buckets until used. Elutriate yield by
this method was approximately 10 gallon �7.9 liter! from
30 gallons �13.7 liter! of sediment/seawater mixture. Fish
were exposed to the elutriate for 14 days.

Tissue samples from test and control fish were analyzed
for heavy metals and pesticides. These were carefully
removed from the fish so as to keep contamination as low as
possible. Fish were removed from the aquaria, the side from
which the tissue was to be removed was dried with clean paper
toweling and the overlying scales removed by rubbing with
additional clean toweling. When a sufficient area was cleansed
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of scales and mucous the tissue samples were removed by excis-
ing with the aid of cleaned glass microtome knives, used
instead of a metal knife to lessen metal contamination.
Tissues were then blotted on clean toweling to remove excess
moisture and then weighed to the nearest 0.01 mg. The tissue
for analysis consisted of dermis and muscle; the epidermis
is removed with the scales in the cleaning process.

Tissues were then digested according to the method of
Emerson  MS, 1974! in a 1:1 solution of H2S04 and HNO~ over
steam until a clear, yellow liquid was obtained on which the
analysis was performed.

To assure minimum contamination, preparation of the tissue
was done with glassware and instruments cleaned by the method
of McConaugha and Norse  MS, 1974!. Super-clean water
 "Q" water! for washing and rinsing and tissue digestion was
obtained from the laboratory of Dr. Patterson, California
Institute of Technology, Pasadena, California. To provide
for future "Q" water needs, an arrangement of glass stills
and a demineralizer were set up in our laboratory. Commercially
available demineralized water from a 5-gallon glass carboy
was passed through a Corning model LD-3 cation-anion deminer-
alizer fitted with an ultra high purity mixed resin cartridge.
Water flow into the demineralizer was regulated by an adjust-
able flowmeter. From the demineralizer the water dripped into
the first of two Corning Mega-pure 1-liter Pyrex glass stills.
The condensate from this still flowed by gravity through a
Tygon plastic tube to the second Mega-pure still. Condensate
from the second still then flowed again by gravity to an
Amersil bi-distillation apparatus model Bi4 of clear fused
quartz.

RESULTS

Killifish. In the killifish experiments one fish  Aquarium 3!
was dead at the end of 96 hours, leaving a total of 39 living,
as shown in Figures 1 through 4. The 96-hour percent mortal-
ity and toxicity concentration are shown in text table
1 on page 6. Fish behavior was essentially the
same during the entire 96 hours, i.e., a loose schooling
aggregation, with the fish facing into the water current set
up by the air stone. Occasionally one or two individual fish
were seen swimming at the surface.

Brownish flocculent material slowly became evident sus-
pended in the water of all tanks and by 72 hours all tanks
were clouded with this material, probably consisting of feces
and coagulated mucus.
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able 1. 96 Hour oxicitv, percent mortality
and toxicity concentration units for California killi-
fish held in Los Angeles Harbor sediment elutriate.

A uarium Control LNG-2 LNG-3 LNG-4

96-hr

Mortality 2.5

Toxicity
concentration. 0 40

Data presented in Figures 1 thr ough 4 summarize those
variables monitored during the 96-hour test. and subsequent
time period. In the lower graph of each figure each symbol
in the curve represents the death of one fish. A total of
12 fish died in the 26 days of observation. One died in
aquarium LNG-3 within the first 96 hours. Eleven died
between 96 hours and. 26 days, three in ING-3, three in LNG-2,
one in LNG-4, and one fish died in the control aquarium.
Temperature remained constant during the entire test period
at 14.5 C. �8.1 F.! in all aquaria. Nitrite nitrogen
increased slowly in all aquaria from less than 1.0 ppm to
15.0 ppm  BIF 6! introduced by the fish as waste products.
Dissolved oxygen fluctuated somewhat in all aquaria in the
first seven days and then rose slowly but never went below
7.0 ppm  BIF 7!. Salinity  S /oo! was stable after an
initial rise of 1 part per thousand between the 4th and 8th
days  BIF 8!. The change in hydrogen ion concentration
 pH! of the water fluctuated between pH 7.9 and pH 8.4
 BIF 9!. Normal seawater range is pH 8.0 to 8.4

Isopod parasites were found on one or two killifish
during the holding period and others were seen swimming in
the aquaria after the test began. All were removed and any
influence from these was discounted.

White Croaker. In white croaker experiments, no fish showed
evidence of acute toxic effects during the 96 hours. One
contr~1 fish died of fin rot, a rather common occurrence in
laboratory maintained white croaker. One fish in the second
control aquarium developed buoyancy problems 3 hours after
the test began but by 24 hours this condition had passed.
The next death occurred at 192 hours with one fish in a
control aquarium. Gross examination revealed no cause of
death. Water in all four aquaria developed a slight hazy
appearance at the end of 192 hours. The first fish in a test
aquarium died between 192 hours and 216 hours. Following
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this, two test fish died at 288 hours and one control at
336 hours. One fish from each aquarium was sacrificed at
336 hours for tissue analysis. At 384 hours one test fish
was dead; at 504 hours another; at 528 hours one test and
one control fish were dead; at 620 hours another test fish
died and at 668 hours the experiment was terminated with one
test fish and three control fish remaining alive. These were
frozen for future tissue analysis. The pH values in test and
control aquaria rose from 7.6 and 7.4 respectively, at the
beginning to a high of 9.1 at 552 hours. Dissolved oxygen
values dropped after the first day from 6.0 and 6.7 parts
per million ppm! in test aquaria and 6.4 and 5.6 in the
control aquaria to below 4.5 ppm and then rose slowly to
values of 5.8-6.9 at 552 hours. Nitrites were below 10 ppm
at all times in all aquaria. Water temperatures fluctuated
very little, 14.5 C � 0.5 C, in all aquaria.

Tissue analyses for trace metals showed small differences
in levels between control fish from the harbor and elutriate-
treated fish from the harbor. Increases were from about 1.2
times for silver to 2X for zinc, lead, chromium and cadmium.
This may have been due to the fact that the elutriate was
centrifuged but was not filtered, leaving the smallest par-
ticulates in the water.

DISCUSSION

Killifish. Killifish mortalities encountered during 96-hour
toxicity tests and during the subsequent observation period
were probably the result of starvation and not due to any
toxicity of substances eluted from the sediments.

The pH of the test waters fluctuated but remained very
near or within the range for normal seawater; and fish rnor-
tality did not increase sharply after the lower levels were
reached. Fish generally can tolerate pH in the range of 5
to about 9. Fish may be less tolerant to changes in pH if they
are subjected to other environmental stress. Dissolved
oxygen concentrations ranged between 7.2 and 9.2 ppm, well
within the acceptable limits. Salinity values in this test
were between 32.8 and 33.8 parts per thousand which are also
near normal values.

Nitrites from the fish waste products rose slowly, which
is expected in small enclosed aquarium systems, especially
where there is no filtration and no biological populations
present to utilize nitrites. Most fish tolerate a nitrite
level of 1 to 10 ppm and, as all but two deaths occurred at
levels below 10 ppm, this factor would not be significant
to mortalities.



The elutriate, as prepared for this test, probably had
little, if any, gross physical or behavioral effects on the
test fish. Sediment particles suspended in the water by
dredging activities could conceivably cause damage by mechan-
ical action to certain delicate exposed tissues such as gill
membrances. Mucous secretions would also increase within the
gill cavity due to irritation by sediment particles. Both
situations wculd reduce the efficiency of gas exchange across
the gill membranes. The magnitude of these effects would
generally be related to particle size, particle configuration,
settling rates, water temperature and fish behavior.

The fish did not show signs of distress or toxic reaction,
except for one in aquarium LNG-3 which was removed for histo-
logical studies on the 10th day. Increase in the rate of
opercular  gill cover! movement, usually a sign of distress,
was not observed. There is no indication that this elutriate
might not have some adverse effect on more delicate fish
species, embryos or larvae, which have not been tested.

According to acute toxicity criteria set for the white
croaker experiments, the sediment, elutriate from collection
site LNG-5 was non-toxic. Fish mortalities during the course
of the experiment are deemed the result of other causes; one
from fin rot. and the others probably from the primary or
secondary effects  lowered resistance! of starvation.

There was no gross evidence as to the cause of death in
these other fish. In addition to starvation, death could
have occurred from chronic effects of pollutants in the
elutriate water, since 30 per cent of the control fish sur-
vived and only 10 per cent of the test fish. Generally pH
values of 5 to 9 are not. directly lethal to fish but syner-
gistic effects with other substances and/or chemical or phy-
ical conditions might, working together, cause mortalities.
The pH range 5 to 6.5 is harmful if free carbon dioxide or
iron salts precipitated as ferric hydroxide are present in
sufficient amounts. Such conditions, however, were absent
during this experiment.
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Table 1 . Sediment Constituents, Outer Los Angeles Harbor, 1974.

Sta. Pl Sta. r~5Par a~tees

1.09 1.90 0. 892.0 2.12

52,590 21,450 22,87429,210 ll6,800

350.3538.7IOD 383.2 1567.0181.0

1. 972. 804.59 10. 132. 10

258 102163

588689357 459 2822

Total N 357 493 2923

Total P 679 787

4. 48 3.57.1 10-216.9 5.4

2.282.42 0.66 0-66 2.051.90

178175 77

51 35 56895.2 47. 5119

31,610Fe 45,18033,62028,98040,830 28,560

l.430.27 0. 330.685 0.28

493502 487381422429

21. 6 18. 235 ~ 3 23- 0

39.2 3267

115 205

not determined

Organic
N

Sdnuy sl.lt
Sta. 82

Silty sand
Sta. t3

Silty sand
Sta. g9

Silty clay
Sta. >6



43

10

'IO

r of

3

0
0 28

.Figure 1. Percent nfortality of. I". P~zv~irinnis held in harbor sediment
elutriate, nitrate nitrogen level in parts per fnillion and. temperature
during the 96-hour toxicity test and at the end of 26 days.

15

'l0
z

5

4

z<1

6

0

5

12 16 20

Elop>ed Time- Days



90

C

~ 8.0
X

0
20

a
0

10
o 70

10

6

0

3

0
0 12 16 20

Elapse d Time - Days

pigure 2, Percent mortality of I.' . parvipinni s held in harbor sediment
elutriate, dis olved oxygen in pari;. per million and temperature duririg
the 96-hour toxicity test and at the end of 26 days.



45

34
20

0
E5 a

0
E0 n

30
0

EO

0

50

0

20E2 E6

Ejopsed Time - Days

Figure 3. Percent mortality of F. par~vi innis held in harbor sediment
elutriate from three different si' e-, salinity in parts per thou. and
and tenperature Qurin|j the 96-hour toxicity test arid at the end o 26
days ~



25

8.3

8.! 30

7.9
0

10

0
0 28

Figure 4. Percent triariality of T.'. p >rvipinni ' !>eld in harbor sedi]beni
elutriate, hydrogen ion concentration  pl! ! an6 tc-rocra tu -e duri-.ig the
96-hour toxicity tc::t a»Q at the end of. 26 days.

6

0 0

>2 16 20

EIopged Tin>g- Dgyz



47

~Oc I.9'
R

e All

~ tox

fWo
I

LHG 7 9<a~
[

A19837

'4

/

, 'LHG ~

I
I
I
I
I
I
I

'I 9818

NLHG 5

I I I I I
r

r
kl%G d

4 19838

LHG 3
R

M ~ =LHG 2

A 1983'9

*19840

19820
aA2

Surface sediments ond carrs

Contract stations

Yelrro stations

e LHG Statian sampled Sept 27, 1972  Smith. 1973!

9t G9,0

Regular Attf harbor surrey
stations

A

Rocoieni ection e9oti one

tf ALIT ICAL MILK

Figure 5. Outer Los Angeles Harbor Dredging Effects Study

 Harbor Environmental projects, l976!.

I I I
I I I

I I I I I I I
r

LHG '3

H

'4





MARINE STUDIES OF SAN PFDRO BAY, CALIFORNIA. PART 11

June, 1976

TOXICITY AND HEAVY METALS UPTAKE IN THREE SPECIES OF CRUSTACEA
FROM LOS ANGELES HARBOR SEDIMENTS

John R. NcConaugha
Allan Hancock Foundation
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ABSTRACT. Two species of crustaceans, Aeartia tonsa and
Ti8be sp., were subjected to the filtrate fraction    0.45p!
of resuspended sediments from 12 stations in the Los Angeles
Harbor. The 96 hour bioassays for A. tonsa produced signifi-
cant reductions in the survival rates of test groups at
stat ions LNG 6, LNG 7, 16, 17, 18, 24 and 27. In the T~ehe
bioassays only station LNG-7 had significantly lower survival
in the test group than in controls, while test group survival
at stations LNG-4,-25 and -27 were significantly higher than
control survival. This data suggests that dredging operations
could have an adverse effect on the A. tom8a population and
consequently an effect on the plankton composition and food
chain in the Los Angeles Harbor. However, the stations with
poorest quality are in the area to be filled.

Additional experiments were conducted to determine if the
lined shore crab, Pachygrapove crasaipe8, was capable of accumu-
lating heavy metals from resuspended sediments. Following a
7 day exposure to the sediment elutriate the gill tissue was
examined for 9 heavy metals. Because of extreme variations
in the data no discernible trends were observed.

ACKNOWLEDGMENTS. I would like to thank the Harbors Environ-
mental Projects technicians for supplying both organisms and
sediment samples used in these studies. This research was
supported in part by Contract No. 976 between the Los Angeles
Harbor Department Board of Harbor Commissioners, and the
University of Southern California Harbors Environmental Projects.
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TOXICITY AND HEAVY METALS UPTAKE IN THREE SPECIES OF CRUSTACEA
FROM LOS ANGELES HARBOR SEDIMENTS

INTRODUCTION

Nearshore waters, especially those in heavily populated
or industrialized areas, receive considerable quantities of
pollutants through run-off, industrial outfalls and other
human activities. These pollutants, especially heavy metals
and pesticides, can accumulate to toxic levels in the sedi-
ment. Once in the environment these compounds often undergo
complex chemical transitions, due to both abiotic and biotic
conditions, which can alter their toxicity  Steeman-Neilsen
and Wium-Andersen, 1970; Lewis, Whitfield and Ramnarine, 1972!.

It has been postulated that these compounds represent a
potential danger to the local flora and fauna in the event
that the sediment becomes resuspended in the water column
fOllowing dredging operations  Gibbs, 1973; Allan Hancock
Foundation, 1975!. Should sediments become resuspended it is
possible that the concentrations of heavy metals could reach
toxic levels, at least temporarily. However, heavy metals
released from resuspended sediments may undergo a multitude
of complex interactions which can alter their toxicity  Lewis,
Whitfield and Ramnarine, 1972!. These interactions include
readsorption to organic matter, adsorption to other metallic
oxides, precipitation and co-precipitation, formation of
complex compounds, or be incorporated into living organisms
 Harbor Environmental Projects, 1975; Gibbs, 1973!.

Most studies that have investigated the biological impact
of dredging have been concerned with the effects on benthic
organisms  Kaplan, Welker, Karus and McCourt, 1975; O' Connor,
1972; Taylor and Saloman, 1968; Harrison, Lynch and
Altschaeffl, 1964; and Emerson, 1974!.. There is a paucity
of data concerning the effects of dredging on epibenthic
and planktonic organisms Kaplan, Welker, Kraus and McCourt
�975! state that one of the initial effects of dredging
is the removal of plankton. The removal of plankton can
presumably be related to an increase in turbidity, changes
in water chemistry, or reduced dissolved oxygen concentra-
tion  Allan Hancock Foundat.ion, 1975; N. Shields, personal
communication; Kaplan, et al. �975!.

Furthermore, on one hand metals are an integral part of
vital organic molecules such as enzymes and respiratory pig-
ments  Williams, 1952! and often play leading roles in



osmotic regulation  Lockwood, 1962! . On. the other hand,
heavy metals in large amounts can quickly become toxic.
lt has been shown that crustaceans can concentrate heavy
metals from water and food sources  Renfro, Fowler, Heyraud,
and La Rosa, 1975; Martin, 1973, 1974; Vernberg and Vernberg,
1972; Benayoun, Fowler and Oregioni, 1974!. Although the per-
cent body burden accumulated through these sources varies
among crustaceans, uptake from water represents a significant
contribution to the total body burden in all cases studied
 Renfro, Fowler, Heyraud and La Rosa, 1975; Benayoun, Fowler
and Oregioni, 1974!. The accumulation of heavy metals from
the surrounding water is presumably accomplished by the gills
since gill tissue contains the highest concentrations of
metals in the organism  Vernberg and Vernberg, 1972; Martin,
1973! and is involved in osmo-regulation. Thus the gill
tissue should be representative of changes occurring in heavy
metal uptake from water sources.

The purposes of this study were to examine for toxic
effects and heavy metal uptake from the filtrate fraction
 p.45@m! of resuspended sediments from proposed dredge sites
in the Los Angeles Harbor. By using only the filtrate portion
of the resuspended material it was hoped that the laboratory
conditions would simulate field conditions following settlement
of resuspended sediments. In the first set of experiments,
96 hour toxicity tests were performed on the crustaceans,
Acar tea tonsa and Tis&e sp. Aeaz tie tonsa is a holoplanktonic
 calanoid! copepod, which constitutes 50% of the plankton
in the harbor and Tisbe sp. is an epibenthic harpacticoid
copepod which can be found in the water column.

In a second set of experiments, the decapod crustacean
 rock crab! Paehygrapsus craesipes was utilized to determine
whether heavy metal uptake occurs from resuspended sediment
 elutriate!. Because of the very small size of Avaritia   2 mm!
and T7.she   1 mm!, the larger organism was required for tissue
analysis.

96 Hour Tests. For the first series of tests, on Acar tea and
Tisbe, sediment was collected from 13 stations in the Los
Angeles Harbor  Fig. 1!- Collected with a O.lm surface
modified Campbell grab, sediments were placed in 5 gallon
polyethylene containers, sealed and returned to the labora-
tory where they were stored at 4 C to inhibit bacterial action.
Standard elutriate was prepared by mixing unfiltered seawater
and sediment in a ratio of 4:1 in a 2 liter glass erlenmeyer
flask to give a final volume of 1 liter. This mixture was
then shaken at maximum speed on a variable speed shaker table
for 30 minutes, followed by a one-hour settling period. After
settling the supernatant was decanted, with care being taken
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not to disturb the underlying sediment, and filtered under pres-
sure to 0.45pm with a standard millipore filter apparatus.
Control experiments utilized seawater only, filtered to 0.45 pm.

Tisbe sp. were obtained from stock cultures maintained
in the laboratory at room temperature and fed the unicellular
alga DunaZieZZa ter ti oZecta 2'i sbe stock cultures were initiated
with organisms collected from pilings in the Los Angeles Harbor.
Both adults and copepodite stages were utilized in the toxicity
studies.

Acar tia tonea were obtained from plankton tows taken in
the Los Angeles Harbor. The crude plankton was returned to the
laboratory and sorted. Acar tia were placed in 2 liters of
0.45@ filtered seawater in 1 gallon jars. Only organisms that
survived and appeared in good condition on the following day
were utilized in the toxicity studies.

All experiments were based on the mortality of organisms
during a 96-hour exposure to the elutriate. All experiments
utilized a static volume of fluid containing the test organism
and an appropriate food supply. Aeration was not utilized.

All Tisbe experiments were conducted in covered Stendor
dishes containing 10 ml of either elutriate or control seawater.
Station LNG-2 utilized 32 organisms per dish. All other exper-
iments utilized approximately 10 organisms per dish. The
exact number varied due to the addition of small nauplii
which molted to copepodites during the test period and were
counted in the final analysis. Each dish received 1 ml of
DunaZieZZa tertiolecta suspension  approx. 100,000 cells/ml!
as food. Cultures were checked daily for mortality, molts
and freshly hatched nauplii. The data represent the combined
results of five replicates per station.

Acartia tonea adults and copepodites were placed in 1 liter
of elutriate in 8" stacking dishes at a density of 1 per 30 ml
of elutriate. In the initial experiments DunaZieZZa ter'tio-
Zecta was supplied as food. Later experiments utilized
Ieochrpsi s gaZbonia and Phodomonas sp. as a food source
Algal densities were approximately 40,000 cells/ml. All
experiments utilized a minimum of 3 replicates per station.
Data were combined prior to analysis.

Sediments were analyzed for total organic carbon  TOC!,
total volatile solids  TVS!, immediate oxygen demand  IOD!,
chemical oxygen demand  COD!, heavy metals, chlorinated hydro-
carbons, and sediment grain size  g! . Elutriates were analyzed
for heavy metals and chlorinated hydrocarbon content. All
analyses were conducted by Dr. K. Y. Chen, Environmental Engi-
neering, University of Southern California.



Heavy Metal Uptake Tests. In the experiments using Pachygvapsus
craeaipes, sediments from Harbor Environmental Projects stations
LNG 1, LNG 4, LNG7, 17 and 27 were resuspended by mixing sedi-
ments and unfiltered seawater in a ratio of 1:4 to give a final
volume of 1 liter. The flask containing the water-sediment
mixture was shaken vigorously on a variable speed shaker table
for 30 minutes. After a 1-hour settling period the supernatant
was decanted with care being taken not to disturb the under-
lying sediment. Controls consisted of unfiltered seawater.

Male specimens of the decapod crustacean Pachygrapaua
cz'assipes were collected at a rocky groin l mile north of
Manhattan Beach, California. Individual animals were placed
in 1 gallon glass jars containing 2 liters of either elutriate
or seawater and aerated. Although heavy metal uptake and
metabolism varies with the stage of the molting cycle  Martin,
1973! this was not a factor in the present study, since
P. cz assipes was in a period of molt inhibition  C4! during
the time the study was conducted  Hiatt, 1948!.

Following a seven day exposure the animals were sacrificed
and the gill tissue removed, briefly rinsed in distilled water
and placed in tarred plastic petri dishes. The gills from each
side of the organism were treated as separate samples. Follow-
ing determination of wet weights the tissue was dried at 40oC
for 72 hours and stored in a dessicator. Tissues were digested
according to the procedure of Emerson �976! and analyzed by
Dr. K.Y. Chen and C.C. Wong of the Environmental Engineering
Program, University of Southern California, using an atomic
absorption spectrophotometer.

RESULTS

96 Hour Toxicity Tests on Tisbe and Acarkia konaa.. The results
of the Tiabe bioassays are summarized in Table l. Only sta-
tion LNG 7 showed a significantly lower survival rate when
compared to controls  P  .01!. Assays for stations LNG 4, 25
and 27 resulted in a significantly higher survival rate  P < .05!
for the test organisms. This was undoubtedly due to the low
survival levels of the control series for these tests. The
unusually low percent survival can not be adequately explained.
In all assays except for station LNG 2, for which data are not
available, freshly hatched nauplii were present and appeared
to be in relatively good condition. Since these nauplii
hatched from eggs carried by females that were ovigerous prior
to their introduction to the test solutions, this data indi-
cated only that. hatching and survival of the early naupliar
stages could be achieved in the elutriates tested, but did
not provide sufficient information to determine whether or not
this organism can successfully complete a full reproductive
cycle under the test conditions.
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Comparison of the mean percent survival between the con-
trols and experimental groups in the Acartia ian8a bioassays
 Table 2 ! showed significant reductions  P c .05! in the sur-

vival of test groups LNG 6, LNG 7, 16, 17, 18, 24 and 27.
All of these stations are characterized by either silty sand
�7, 18, 24!, sandy silt �, 7,16! or clay silt �7! sediments.

Assays for stations LNG 1, LNG 2, LNG 3, LNG 4 and 26 did not
result in any significant difference when compared with the
controls. Sediment composition of LNG 1, LNG 4 and 26 is
classified as sand. The relatively low survival rate for the
controls indicates that all organisms used in the study were
probably stressed. This stress may be related to the condi-
tions of their collection and subsequent handling prior to
the initiation of the experiments.

Because of the extremely small size �-2 mm! of the
copepod individuals, analysis of tissues to measure possible
uptake, or concentration, of trace metals was not undertaken
for Acaz'tea and 2'i8be. In order to obtain such information
the large crustacean Pachygr apses cra88ipes was used as the
experimental animal.  Table 3 !.

Heavy Metals uptake. Station LNG 7 sediments proved to be
toxic to P. czassipes, killing all animals within 48 hours.
Mortality also claimed two organisms from station LNG 4 and
one each from LNG 1, 27 and the control. Table 3 shows the
mean and standard deviation for the concentrations of nine

metals in the remaining organisms. Due to large variations
in metal concentrations between individuals of the same test
series and within tissue samples from the same organism no
discernible trends in heavy metal uptake can be seen. How-
ever, gill tissue in some individuals exposed to the test
solutions showed an obvious greenish color. Thurberg, Dawson
and Collier �973! reported similar observations in crabs
exposed to cupric chloride and suggested a possible correla-
tion with tissue damage. Copper-induced damage to gill tissue
of marine organisms has been previously reported  Baker, 1969!.

DISCUSSION

One of the major problems with conducting toxicity studies
of the type employed in this report is that it is nearly impos-
sible to determine the exact cause of mortality. It was
initially felt that the heavy metals and chlorinated hydro-
carbon concentrations of the sediments would be a major con-
tributing factor to the toxicity of the substrate. Although
there were substantial amounts of heavy metals and chlorinated
hydrocarbons. in the sediments  Tables 4, 5, and 6!, analysis of
the standard elutriates indicated that only small amounts of
heavy metals could be detected and no chlorinated hydrocarbons
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were detectable  Table 7!. Although the concentration for any
given heavy metal in the elutriate was below the levels known
to be toxic to crustaceans, it is possible that synergistic
effects may have contributed to the observed mortalities
 Vernberg and Vernberg, 1972; Vernberg, DeCoursey and Padgett,
1973; Roesijiadi, Petrocelli, Anderson, Presley and Sims, 1974;
Thurberg, Dawson and Collier, 1973; and DeCoursey and Vernberg,
1972! .

In some instances the concentrations of Fe, Cu, Ni, Pb
and Zn were below the background levels found in seawater, thus
indicating that scavenging of these metals by the sediments
has occurred  K.Y. Chen, pers. comm.!. The reduction of trace
metals by filtration of the elutriate might actually have con-
tributed to the observed mortalities since metals may limit
survival of an organism when they occur in concentrations
insufficient for the needs of the organism  Lewis, Whitfield
and Ramnarine, 1972!. Martin �973! investigated iron metabol-
ism in the crab Cancer ivwovatus and. found that all tissues
studied were capable of a constitutive element or an internal
metabolite. Copper is also essential in crustaceans since it
is an integral part of the oxygen bearing respiratory pigment,
haemocyanin. Therefore, it seems probable that the alteration
of the heavy metal concentrations in the elutriate may have
contributed to the observed mortalities.

Other factors that may have contributed to the toxicity
of the elutriate are the release of organic compounds, the
reduction of dissolved oxygen and sediment type. Dissolved
organics have been shown to be inhibitive to organisms in
closed systems  King, 1975!. The resuspension of Los Angeles
Harbor sediments caused a drastic reduction in dissolved
oxygen  Allan Hancock Foundation, 1975!. However, due to the
method of filtration  i.e., under compressed air! this was
probably not a factor. Sediment type seems to have influenced
the resultant mortalities in the Acartia toxsa assays. All
stations that showed significant reductions in survival are
composed of either silty sand, sandy silt or clay silt Sta-
tions 1, 4 and 26, which are composed of sandy sediments, were
non-toxic even though station 26 has a relatively high con-
centration of heavy metals and chlorinated hydrocarbons. The
exact relationship between grain size and toxicity is not
known but might be related to the increased surface to volume
ratio of the finer grain sizes which might allow for greater
release or adsorption of toxic molecules.

CONCLUSIONS

The proposed dredging operations will probably have little
long-term effect on the epibenthic harpacticoid copepod
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population. These organisms are relatively tolerant to adverse
environmental conditions and have a high reproductive rate
 Battaglia, l970!. As indicated in this study only the area
around station LNG 7 might be expected to have a reduced popu-
lation due to the release of toxic substances .

In contrast to the harpacticoid copepods, dredging could
have adverse effects on the planktonic calanoid copepod popu-
lation and consequently an effect on the plankton composition
and food chain. Results of this study indicate that a sub-
stantial reduction in the Acartia population might be expected
for the outfall area and those stations to the north, follow-
ing sediment resuspension. The period in which this area
might remain toxic cannot be determined from the available
data, but might be lengthy since circulation is reduced in
the area. Since Acartia is planktonic, rapid recolonization
would probably occur following the loss of toxicity in the
water column.

In the second set of tests there did not appear to be any
clear trend toward concentration of heavy metals by P, craaaipes
above ambient levels when exposed to resuspended sediment from
the Los Angeles Harbor. However, due to the wide variations
in the data, a greater number of organisms would be needed to
validate this conclusion statistically.
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Table 1. Percent Survival of Tisbe ~s . in 96-hour Toxicity
Tests.

** Test conducted by Elliot Norse

NS - Not significant for P < . 05
NA � Data not available
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Table 2. Percent Survival of Acartia tonsa in 96-hour Toxicity
Tests

*Tests conducted by Norman Shields
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Outer I os Angeles Harbor l3redging Effects Study
 Harbor Environmental Projects, 1976! .
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MARINE STUDIES OF SAN PEDRO BAY, CALIFORNIA. PART 11 .

June, 1976

BIOASSAY AND HEAVY METAL UPTAKE INVESTIGATIONS
OF RESUSPENDED SEDIMENT

ON TWO SPECIES OF POLYCHAETOUS ANNELIDS

Ray R. Emerson
Allan Hancock Foundation

University of Southern California
Los Angeles, California 90007

ABSTRACT. Two species of polychaetous annelids  Capite22a
capi tata and Ophryot~ocha sp! were used in a series of bio-
assays to determine the toxicity of resuspended sediments
from fourteen stations in Los Angeles Harbor. Significant
mortality did not occur in either short-term  96-hour! or
long-term �8-day! bioassays using Oph~ot~oaha sp. Numbers
of offspring were significantly reduced in all sediments
except the outermost harbor station  LNG-1!, indicating sub-
lethal effects. Development success of Capite22a aapitata
larvae ranged from 40% to 95%. The more grossly contaminated
sediments yielded lower numbers of successfully developing
larvae but higher growth rates in the surviving larvae. Con-
tamination levels of the sediments correlated more closely
with sediment particle size than with distance from the outside
harbor.

Heavy metal concentrations in the tissues of Capi te22a
aapitata did not correspond with sediment contamination levels.
Resuspended sediment may result in "scavenging" which lowers
the concentration of some heavy metals in the seawater.
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BIOASSAY AND HEAVY METAL UPTAKE INVESTIGATIONS
OF RESUSPENDED SEDIMENT

ON TWO SPECIES OF POLYCHAETOUS ANNELIDS

INTRODUCTION

The ecological effects of resuspended sediments can be
separated generally into those effects that are caused by
physical factors and those caused by chemical changes. The
potential adverse physical effects of resuspended sediment
may result in smothering of the bottom communities. The
amount of damage is usually related to the quantity of silt
redeposited and filter feeding organisms are usually the most
sensitive to this  Hoss, Coston and Schaaf, 1974!. Silt
deposits create a "fluff zone" at the sediment-water interface
which has been shown to have a smothering effect  Wakernan,
Peddicord, and Sustar, 1975!. The chemical effects of resus-
pended sediments include the impacts of constituents such as
heavy metals and pesticides. Heavy metals and pesticides
adsorb onto the sediments and complex with organic components,
forming a sink for the contaminants. This can provide a long
standing source of contamination to estuarine or harbor sedi-
ment ecosystems  Groot and Allersma, l973!.

Differences in the levels of contaminants such as heavy
metals taken up from the environment by marine organisms may
be due to a variety of biotic factors such as feeding strategies,
age, habitat, and environmental conditioning or tolerance
 Bryan and Hurrunerstone, 1973; Leatherland and Burton, 1974;
Phelps, Santiago, Luciano, and Irizarry, 1969!. The concentra-
tions of contarninants are also dependent upon the concentration
levels and dynamics of the physical environment  Goldberg, 1957!.

Concentration of heavy metals is more readily evidenced
by populations exposed to low levels of environmental contamina-
tion  Brooks and Rumsby, 1965!. Regulation of heavy metals
is more likely to be found in those organisms that live in
highly contaminated environments such as part of Los Angeles
Harbor. The ability to regulate may in fact be a controlling
factor, determining to some extent the species composition of
the community.

Because dredging is an activity that may take place in
contaminated areas, questions have been raised as the possibility
of increased toxicity or of food chain arnplification due to
dredging. In the United States, most dredging has been halted
in recent years, pending the outcome of studies on the environ-
rnental effects of dredging.
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Previous studies to predict the effect of dredging in
Los Angeles Harbor have been conducted, in which baseline biotic
surveys were made. One approach has been to place test organ-
isms in and around the dredge site for a field bioassay  Reish
and Barnard, 1960!. This method produced significant findings;
however, comparative results can be obtained only after dredging
operations have been completed.

In the present studies, the first set of' experiments were
designed, to test. 96 hour toxicity effects and 28 day long-term
effects of simulated dredging activities on two species of ben-
thic polychaetes.

The Environmental Protection Agency  EPA, 1973! formulated
bioassay techniques to provide an indication of the potential
chemical toxicity of the resuspended sediment before the dred-
ging operation takes place. These techniques were utilized in
the present study in an attempt to determine the potential
toxicity of sediments collected from a series of stations along
the proposed LNG construction site. Some modifications of
techniques were also tested, and EPA procedures were also mod-
ified during the project period.

In the second portion of the study, investigations were
designed to determine whether benthic polychaete species,
Capite/7a c.ap~.tata, which occurs naturally in polluted sedi-
ments, would be affected by dredging operations in the outer
Los Angeles Harbor. These studies were part of a larger study
dealing with the effects of dredging on planktonic, pelagic,
and benthic organisms, and the potential of areas to recolonize
following dredging.

MATERIALS AND METHODS

Toxicit -Bioassay Tests.

Sediment was collected with a +0.10 m modified Campbell
grap along the proposed dredge site  ~ig-1!. Sediment samples were
placed in one gallon jars and returned to the laboratory and
stored at 4 C. Seawater for these tests was collected in 5
gallon polyethylene carboys from near the sea buoy at station
Al, located outside the Los Angeles Harbor Angels Gate, and
stored at 12 C. The "standard elutriate" was prepared by
mixing a volumetric 1:4 ratio of sediment and seawater. The
container of sediment and seawater was capped tightly and
shaken vigorously on a mechanical shaker for 30 minutes. After
shaking, the suspension was allowed to settle for one hour and
the supernatant was carefully decanted. Both the supernatant
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and control seawater were filtered through a .45' Millipore
filter in a filtration device mounted between two 50 cc syringes.
Filtration through the syringes minimizes oxidation of the
supernatant. The filtrate of "standard elutriate" was appor-
tioned equally to the test containers. Control chambers were
filled with an equal volume of seawater.

Female polychaete worms bearing fertile eggs were isolated
from Capitalla capitata stock cultures. The eggs were removed
and allowed to develop into active swimming metatroch larvae.
Only the metatroch larval stages were used, as previous studies
have shown that, in the trochophore state, controls undergo
an excessively high mortality  Emerson, 1974!, Replicate tests
were conducted, in which ten metatrochs were placed in each of
a series of 16 ounce jars. Minimal aeration and a small quan-
tity of Zntezomorpha was provided as food in each jar. Sur-
vival after 28 days of exposure was determined. Sublethal
effects on Capitella cap~0ata were also determined in respect
to growth, presence of eggs and brooding activity. Mortality
was expressed in toxicity units as suggested by the California
State Water Resources Control Board as follows:

Tc  tel = l~o�00 � Sl
1.7

S = percentage survival in 100% waste.

Ophryotro ha sp. stock cultures are maintained in one
gallon jars at room temperature. Experimental procedures
consisted of placing the stock culture in a "cold room" at
12oC. for four days, which synchronized reproductive devel-
opment  Akesson, 1970!, so that numerous offspring of uni-
form size and age are available. One specimen was placed in
each of a series of small stendor dishes filled with 16 ml
of solution. Each chamber was provided with a trace amount
of "Tetra," a tropical fish food. Four replicates were
prepared for each station. Tests were conducted for 96 hours
and for 28 days, at which time mortality and survival num-
bers of individuals was recorded. Aeration is not required,
for this species under these conditions.

Heav metal u take

The methods were designed to test for transfer of pollu-
tants from the sediments to either the suspensate  elutriate!
or to the tissues of the animals themselves.

Six females of the benthic polychaete worm C'apit .KZa
  apitata that were brooding larvae within their membranous
tubes were selected from stock cultures. Cultures, originally
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obtained from Dr. D. J. Reish, have been maintained for approx-
irnately 28 months in our laboratory. Individuals were placed
in test and. control 1-gallon jars for a 28 day exposure period.
Dried 8'gteromowpha was provided for food and minimal aeration
was supplied.

Sediment was collected from station LNG-1, LNG-4, LNG-7,
17 and 27 with a .10m2 modified Campbell grab  Figure 1 !.
These sites were selected as representative of a range of sedi-
ment grades which include sand  LNG-l, LNG-4!, silty sand
 LNG-17!, sandy silt  LNG-7! and silty clay  LNG-27!. Sedi-

rnent samples were placed in 1-gallong jars and returned to the
laboratory and stored at 12oC. Seawater for these tests was
collected in 5-gallon polyethylene carboys from near Sea Buoy
Station A-l, located outside the Los Angeles Harbor Angel' s
Gate, and stores at 12 C.

The "standard elutriate" was prepared by mixing in a volu-
metric 1:4 ratio of sediment and seawater. The container of
sediment and seawater was capped tightly and shaken vigorously
on a mechanical shaker for 30 minutes. After shaking, the sus-
pension was allowed to settle for one hour and carefully decanted
 EPA, 1973!. Approximately 1,000 ml of elutriate were prepared
from the sediment of each station and added to 1-gallon jars.

Clean Laboratory Technique: In preparation for the analysis
of sediments and tissues it is essential that all labware undergo
established cleaning procedures to control background contarnin-
ation levels  Patterson, 1974!. The labware was cleaned in one
of three 1000-ml teflon beakers which had been previously
cleaned with two changes of concentrated analytical reagent-
grade HN03 for two periods of three days each at a temperature
of about 80oC. Following the acid wash the beakers were thor-
oughly rinsed in deionized, quartz-distilled water.

All teflon and quartz glass labware was cleaned in the
manner outlined for the 1000-ml beakers. All subsequent clean-
ings consisted of subjecting the labware to two changes of
concentrated HNO3 and a single cha~ge of 1% NBS-double distilled
HNO3  National Bureau of Standards double distilled quality!.
After cleaning, the labware was rinsed in deionized quartz-
distilled water and wrapped wet in Saran Wrap. All clean
labware was handled only with clean non-talced polyethylene
gloves. Polyethylene vials were cleaned with 6N HCl instead
of concentrated HN03 which degrades polyethylene. All procedures
were performed in a standard laboratory fume hood.

Heavy Metals Analysis: Tissue sample size ranged from
25-50 mg wet weight and consisted of 8-12 specimens. Replicate
samples were prepared from each test and control jar. Tissue
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samples were dried at 103 C for 24 hours and allowed to cool
in a dessicator. Each sample was weighed and transferred to a
20 ml teflon beaker into which was pipetted 2 ml of a 2:1:1
solution of deionized quartz-distilled water, H2S04 and HN03
 NBS quality! and heated at about 150oC. The digestion was
monitored for a clear solution, which indicates t otal digestion.
The sample was collected in a tared 20 ml polyethylene vial and
diluted to 10 ml for each 0.5 gms. of tissue. Samples were
analyzed by atomic absorption spectroscopy  Perkin-Elmer Model
305B and HGA 2100!. Working conditions for atomic absorption
are shown in Table 9. Reagent blanks were run with each group
of samples. Elutriate was prepared and analyzed for heavy
metal as detailed. by Chen and Lu �974!.

RESULTS

Toxicit -Bioassa Studies.

The short term  96-hour! toxicity bioassays conducted with
Ophryotrocka sp. did not produce significant mortality in
any of the "standard elutriates" from the fourteen stations.
The long term �8-day! exposure period produced minor mortal-
ity in tests from several stations, although none of these
tests differed significantly from the control groups. Sub-
lethal effects in terms of the number of offspring produced
in each station elutriate after a 28-day exposure period
were significantly lowered in each station elutriate with
the exception of LNG-1, which was similar to the control groups
 Table 1 !.

Three general areas of response in number of Ophryotz'o..hv
offspring produced were noted in the elutriate* from fourteen
stations included in this study. The outermost station
 LNG-1! was similar to the control groups and may be consi-
dered as having the least toxic sediment. The second group,
showing intermediate toxicity included stations LNG-2, LNG-3,
LNG-4, LNG-5. The third group included the innermost stations
within the study area. Elutriates from these stations  LNG-6,
LNG-7, 16, 17, 18, 24, 25, 26 and 27! yielded the fewest off-
spring and. could be considered as potentially the most toxic
sites in respect to reproduction.

Sublethal effects on C'apite2la oapitata were determined
according to the growth of successfully developing specimens
and to the presence of fertile females. The mean growth of
the control groups was exceeded by specimens exposed to some
of the station elutriates which had the lowest percentage of
successfully developing specimens.
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Development success of the C'@pi tel Ka oap~0ata larvae
exposed to station elutriates for a 28-day period ranged from
40% in LNG-7 elutriate to 95% in stations LNG-2, LNG-4 and
25 elutriates  Table 2 !. Larval settlement was most suc-
cessful in elutriates from stations LNG-1, LNG-2, LNG-4 and
25, all of which exceeded two of the control groups, and
least successful in elutriates from stations LNG-7, LNG-6,
24 and 27, with only 40-60% of the larvae undergoing success-
ful development.

The mean growth of the control groups was exceeded by
specimens exposed to elutriates from stations LNG-3, LNG-6,
LNG-7, 16 and 27. Specimens brooding eggs or evidencing the
presence of eggs in the coelomic cavity occurred in all
elutriates with the exception of LNG-7 and 27.

The heavy metal and pesticide content of the sediments
did not show a direct trend of increasing contamination levels
with increasing distance from the outer harbor but were related
more closely with similarities in sediment particle size
 Tables 3, 4 and 5 !. Sandy sediments at stations LNG-1,
LNG-4 and 26 were the least contaminated. Sediments charac-
terized as mostly silty sand were generally most, contaminated
and included stations 17, 18, 24 and 25. The stations char-
acterized as sandy -"ilt were the most highly contaminated and
consisted of stations LNG-6, LNG-7 and 16. The most contamin-
ated stations consisted primarily of silty clay. Increasing
levels of sulfide content. were also evident.

The release of most heavy metals in the elutriate prep-
aration did not correspond with the contamination levels of the
sediment  Chen and 'Hang, 1976!. The significance of lack of
correlation suggests a more complex interaction of the consti-
tuents than can be demonstrated with present EPA prescribed
procedures. The more contaminated. stations in terms of the
elutriate test are listed according to the concentration of
each consituent in Table 6. The difficulty in predicting
potentially toxic sediments based on concentrations of indi-
vidual constituents in the elutriates is very complex due to
synergistic and antagonistic interactions of these constitu-
ents, which may not presently be known.

Hea Metals U take.

Heavy metal concentrations in the elutriate did not
correlate well with sediment grain size. It is of interest
that the heavy metal content of the elutriates from the sandy
sediments  LNG-1 and 4! were higher in Mn, Ni, and Zn than
those from the finer sediments � and 27!.
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The concentration of heavy metals found in the seawater
used in the elutriate preparation was higher than those in the
elutriate in some cases  Table 3 and 4 !. When the heavy
metals in the elutriates are less than that of the seawater
used in the preparation of the elutriate, the phenomenon of
"scavenging" is said to occur  Chen 5 Wong, l976!.

The trace metal concentrations in the tissues of Capite Kia
capita5a specimens  Table 10 ! did not correspond significantly
with the concentration of trace metals in the elutriate pre-
parations  Table 6!. The control group was higher in at least
one of the test groups with the exception of manganese. Tissue
concentrations were lowest from in silver, copper, iron, nickel
and lead from station 7 elutriate. Tissue concentrations of
chromium and zinc were lowest in station 17 elutriate. Tissue
concentrations of cadmium were lowest in elutriate from station 1.

Tissue concentrations of heavy metals were highest in
elutriates from stations LNG-l, LNG-4 and 27. Silver, chrom-
ium and nickel were highest in specimens exposed to LNG-1
elutriate. Tissue concentrations of copper, iron, manganese,
lead and zinc were highest in LNG-4 elutriates, while cadmium
was highest in those organisms exposed to station 27 elutriate.

CONCLUSIONS

The soluble constituents in the sediments collected along
the proposed dredge and fill site within the outer Los Angeles
Harbor area are potentially toxic as determined within the
limits of this study. The results give a conservative es-
timate of the "potential toxicity" and must be interpreted
with caution. Such critical factors as the effect of the re-
suspended sediment on the dissolved oxygen content of the water
and the physical effect of turbidity to filter feeding or-
ganisms were not considered. Dredging activities during the
summer months of increased water temperature have been shown
to produce a more toxic effect because of decreased dissolved
oxygen levels  Wakeman, et al., 1975!.

The effect of resuspended sediments on the biota within
the harbor depends in part on the location of the organisms
within the study area. The polychaete OphryotrocRa sp. is a
member of the harbor fouling community and has been collected
successfully in the upper levels of the water column from the
pilings and docking facilities. The species may also occur
at deeper levels. The abundance of Ophrpotrooha and other
species in the upper reaches of the water column lessens the
effect of depressed dissolved oxygen levels that result from
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the resuspension of sediment.

The benthic polychaete Capite ZZa capi tata, which occurs
in abundance throughout the harbor area has been considered an
indicator of environmental disturbance by some investigators
 Grassle and Grassle, l974!. The existence of a pelagic lar-
val stage and the ability of this species to withstand mini-
mal dissolved oxygen levels insure recruitment and recoloni-
zation of the area following the dredging activity.

It is of interest that results were somewhat contradic-
tory in evaluating toxicity of the sediments  elutriates!
with successful development and growth rates Low development
success did not coincide with reduced growth rates in the
surviving specimens. Those tests with the greatest amount of
larval mortality also showed the greatest amount of growth
for the developing specimens. It is suggested that the larval
stage of CapiteZZa capitata is the most sensitive stage in the
life cycle, but those larvae which survive the elutriate tests
undergo biostimulation, as evidenced by increased growth  Emer-
son, l974!.

The effects of the dissolved fraction in the elutriate
were most distinctly evidenced. by sublethal effects upon-the
reproductive potential of Ophryotrocha. Sublethal effects
on the growth of the developing CapiteZZa capitata specimens
were not as well defined due to the effect of "biostimulation."
In general, the results of the bioassays and sediment contam-
ination levels suggest a gradient of increasing contamination
from the outermost harbor station with increasing levels of
potential toxicity within the more inner reaches of the study
area, but the sediment grain size also shows a general trend
toward decreasing in the inner harbor or in areas of reduced
flushing. The trend of increasing contamination levels with
decreasing grain size related to the increased surface area
of the smaller particles for the adsorption of both heavy
metal and pesticide contaminants. The decrease in particle
size is also correlated with an increase in the organic car-
bon content which also provides adsorption sites for the va-
riety of contaminants.

The poor relationship of the release of contaminants in
the elutriate preparation with the levels of sediment contam-
ination and the bioassay results suggests that this method
may require some revisions if meaningful applications are to
be made. The present procedure requires that the organic
fraction be removed from the elutriate by "appropriate" fil-
tration. The suspended fraction has been shown to concentrate
80 to 90 percent of the trace metals in the sediment fraction
 Chen and Lu, l974!. This suggests that the present bioassay
results represent a conservative measure of the potential
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toxicity of the resuspended sediment fraction within the study
area.

The uptake levels of heavy metals in CapiteZZa capitata
specimens exposed to a range of sediment contamination levels
did not yield agreement with the sediment contamination levels
  Table 10 and Table 4 !. The lack of correlation may be
attributed to the purification effect of the suspended organic
fraction on the elutriated preparation and the biological process
of regulation by the organisms.

Resettlement of the suspended fraction may have a "puri-
fication effect" on the test solution or elutriate. It has
been shown that 80 to 90 percent of the pesticide and heavy
metal constituents are removed by filtration of the particular
suspended fraction  Chen and Lu, 1974!. The silt fraction was
highest in the more contaminated sediments, which may provide
a greater number of adsorption sites for soluble contaminants
in the medium in the preparation of the elutriate. The elu-
triates prepared from sandy sediments in some cases were higher
than in the elutriates prepared from silty sediments, which
may indicate that the greater amount of resuspended particula-
tion in the silty sediments is serving to remove soluble
contaminants.

The concentrations of heavy metals in 0he tissues of the
organisms could also be modified through the process of internal
regulation. Regulation of the uptake levels in the tissues is
a phenomenon that would contribute to the success of an organism
in contaminated environments.

An additional aspect to consider is the process of "bio-
stimulation" which has been demonstrated in respect to increased
growth rates of specimens in more contaminated sediment elutriates
 Emerson, 1974!. When considering that similar sized tissue
samples were used in these analyses, tho e organisms growing at
an increased rate may represent a lower unit mass of heavy metal
concentration than those organisms which did not undergo an in-
creased rate of growth.

Additional factors may be involved which have obscured a
clearer interpretation of the data. In any case it is concluded
from this limited approach that the uptake of heavy metals by
Capitel7a eapi tata is not a major problem in assessing a pro-
jected dredging impact. The transfer of high heavy metal con-
centrations to subsequent generations would be considered to be
even less of a concern. The concentration of heavy metals in
subsequent generations is herein suggested as similar to those
concentrations found in the parental organisms initially exposed
to the dredging activity.
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Oph~yotr ocha sp. Produced within a 28-day Period.
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Survival and growth of Capite L La capi.tata within
a 28-day Period.

Table 2.

* Sediments collected in l974; all others collected l975.



83

O

'U 0
�

CO

O O

D O COO O

C3
IA

m

C3
C3
CO CtI

O C3
C3

O

CV

O

C3
Ch
C3

C3
C3 C3

C3

C3 C3
C3

m CA
m

Ch
O

O O 'LO
LCI

C3

C3

C3
CO

O
O O ct'CO

CO

O

Cl0 'U qj
A

0 II
0

C3

'LO

O

O C3 C3

C3

O O r I

R Itj
6

A 6
A 0

Ql

A A
0 U

Ch O

M

O M
M

CO CO
LD

f O
LCI

O 0

CV
CO O

4
O

Ch
4

0 O

A 8

Z U IIj
0

O ct'

LCI O

CO GO

Ql A
Itj ~

5 8

3

I4-I

Ctj 0

0 II

0 U
0

0 5 0 II
V K

6 ILI
a 5

0 rtj
U

D II

0'

0 ILI
8 II
a
0 M



CD ~ l

CD
CD

O O

O

CD
O CD

Crl

Ch

CD

O

r
CO 0

I

~ ~

O Ch
~ ~

~ ~ Crl Crl

~ O
CO ~ ~

~ ~
'LO

 X! P f CB

~ l
Fl Crl

CD

~ ~
O

LA CD Ch
~ ~

~ r Churl O
O

C I
O LA

~ ~

Ql

o

Ch P!
r I ~ ~ ~

~ LD CO

Cfl
LD ~ r ~

~ ~
O I-I F!

CO W CD
~ ~

~ ~
O

O CD
'LD
Ch

CD

CO

O O Pl
O Crl

O O CD

O O f4
CD

O Ch

Ch
cF

O

CD
CO
LCl

O 'LO
P4

Ch

O

I
LA

O

CO

LCl

O

C7I

O

~ O
Lr I LA

LA

Lfl
O

LCl
LCl W nl

CB CD

Q
'cV 'LD

Ch
92

CO Ch
h4 & Ch

Pl F! r

CPl P4

LCl

CQ Lg

Ch

t W CO
Crl



CP

4
a

ct'

CIa

CIl
CO

a

CG
CO
a

CO

a

CO
Ql

a

cP
CA
C4

C!

CI

a

a a
a

Ch

a a
«CI

CI«G

0
a

CI
a a 'CP

a

a
f

a

CV

'LO

LO
CII

a

iD

C4

a

a
cf'

I
a

a CI
aa

Ol
aaa aCO

CI
CO

a

P1
cp

e
a

a aa

CI

aCI
4

a

Ch

a a
COOh

Fl

aC?

CO

a

CO
CI

C!
e

a

CO
a

a

C>

CI

«li

CI

CO

C7
t

C> CI

CO

a

P4

a CICO
4

a
' ~

CO
e-I

a

Ch
C0

o

Ch
CI

a a
CI

a

CD

a aC>

CI

Ql

am C!
CO
CJl

a a
00
a aCO

a a
CI
C>

a

Lfl
«0

a

CI

CIa

a
a a CIa CIiO

a aa aCI

a

CI
Ol

«3

LI!

a CI
Ch

a

a a a CI
CO

a aa aiD

a C3
ul

a a
a

«4

a

'LD

a a

«4

i
A

0 0
0R 4 0

~ N
I

«ii

K «ii

IO

I«i

a a I
C4
C4

D O i

0

Q a A 0

85

Q a A 04 i«i
0
E-

C!

CQ
C'

IQ

D ««i
0



86

0 I-I
4-I

0

0

0 6

Q

G
6
0
V

G

0

b

0 W
0

QJ

0 4
5
v

0 r5
III

0 0
D

5

0 4 III
0 0 0



87



88

E 0 L,e~ r«J

IJJ
rL

0
0

««J

0 0
3
0 0

Q1
'p 0
Z

3
0 0

3
0

3
LI 4jg

j«ip�
Jil

E I
p LJ
d
Cv

r- r-

D D
O

D
J

I
D
hr

L
«!O D

I««t
I'I

«l< Ql j�
6 ES f-H�
f-+ jp In

«I

fn

in
0
0 0

0 r-I

V n~

D O a
'T O I IO

j � nr-

Ej
I
I If

0

Q LI
0 R

O O D

D D D
O

Ill

0

I
fg

O O
Fl

O O
o o

a
a L1 Cl ff

j

Cl

o o
rrf
in
hr

O

If 'I0
D
I

0
o a a

Lrf D ul
hr

o o

LA In

DM
fh

0

O
'0 D
0 hl
GJ
PI V
r X

4 u
P,f

rh < I

01O r
Xl «Il

l
«0

«0 hl
rh r'I

«C«J -j
v'

JLI
If i
Pg
r.iI'I
'71

I I
rf LI
JJJ -I «LI

r-J 0
4 'JJ

I <LI!
B 0

LI
.Y, 'l3
0

f3
Z

A3 I I
D D D

Ih

r m «L'
O a a D D'
O O O O O O

fn In D D

O D O O
hl

n in D
hl J hl r'J

rrl rrl

«J
p n~

fil "J

Ll .r: 3

0 0
ZJ s:
0
X 0

L'0
8

0
0 J-I

rrJ M IJJ
101 + a

0
rrl lJ

r-1 Gl
0
a

0 0+L'J IJ-'

rfl
C 3

0 0
0

'0 'p

0 0 J 'J
fri

I' ll' 3
r- l '0

rrf
V

LJ
0 0 c



+I
CD

+I
0

+I+I
p

lV

+I+I
Al

O +I8 4
CO

<4
+I
COl

+I
CO

+I
CD
Ch

C!

+I

PJ

+I
'0 4 fg
'5
0 CD
V l/i

CO
+I
CD

+I
CD
+ICD+IAl

CD
+I

+I +I
lO
+I +I

Al+I
CO'0 0

C>

+I
CD
CA

P1
CD
'lO
+
CD

'lO

CO
+I

IA
+I
CD
CO

LA

+I
CD

Ch

+I

lA

0 0 E+I
CD
+I
CO
'lO

CD
+I +I

CD
pl

C
+I
CD

+I

+I
c4
+I

ph

+I
+I
CA

CO
+I

lA

CA
+I 5

V nj

0 0
+I

C7
+I

CD
+I+I +!

l0 W 0

CD
+I+I+I +I

CO
+I
LO

+I

I
U
z

0
U

I
U H

I
U
z

I
Q1

c, 6

V C4
w E

0
0J Q

E
W '0
0 0

E
0 0
V W

ai0 '4
ill C
0
0 ~

0
8 0
E/0
Q~ V
bl

CO

89



1 l l I
I
l

/

aA7
LNG 7

I

I
I
I r 1
rr

' ~ L+G 4

19820
o12

Sarfac ~ sediments and cores

Contract stations

Vei ~ ro stations

Station sampLed Sept. 27, 1972  Smith, 19a LNG

Regular Attf harbor survey
I to lian s

e<G>G O
s>+

itecetonixation sfalians

NLU T ICAL nl ILE

Outer Los Arlqeles Harbor Dredging Ef fects Study
 Harbor Fnvironrnental pro j cc ts, 197 6 ! .

Figure l.



MARINE STUDI ES OF SAN PEDRO BAY, CALIFORNIA. PART 1 1

June, 1976

BIOMASS AND RECOLONIZATION STUDIES
IN THE OUTER LOS ANGELES HARBOR

Dorothy F. Soule

Allan Hancock Foundation
University of Southern California

Los Angeles, California 90007

ABSTRACT. Benthic biomass sampling in areas of proposed
dredging of a new ship channel and adjacent underwater land-
fill showed a zone near the shoreline and waste outfalls of
low biomass and outer areas of higher standing stock. These
data were compared with five years of monthly water column
biomass sampling with settling racks. Recolonization studies
were carried out using jars supplied with newly exposed sedi-
ments or existing site sediments. Few significant differ-
ences were found. between the two types of sediments, but
spatial and seasonal differences in species and biomass were
observed. The dominant species in recolonizing were less
prominent in mature communities at the sites. However, most
species that dominate mature communities were present as early
as within the six week exposure periods.
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BIOMASS AND RECOLONIZATION STUDIES
IN THE OUTER LOS ANGELES HARBOR

BENTHIC BIOMASS INVESTIGATIONS

One method of quantifying the ecological richness of a
given area is to measure the wet weights of organisms sampled
throughout that area. Certain biases are inherent in limit-
ing the importance of the biomass technique alone: 1! the
implication is that any weight of living tissue is as repre-
sentative of ecological quality as any other; 2! the weight
of certain animals such as molluscs, with relatively heavy
shells, can dominate the numbers when compared to the very
small, soft-bodied invertebrates such as polychaetes or
hydroids; 3! species diversity is not reflected by weights
and should be considered; 4! the degree to which the organ-
isms are necessary to the food web may be ignored.

These biases can be alleviated in part by various addi-
tional studies such as identifying at least to higher cate-
gory, and to species level where feasible, so that diversity
is apparent, or adjusted biomass weights can be presented;
that is, when a single larger animal dominates a sample,
weights with and without that organism can be determined.
Differing sampling techniques can also be tested and the
results compared. Biomass can then become a more useful
indicator of the biological richness of a given area. In
areas of proposed dredging or other significant alteration
to the environment, estimates can be made of the potential
loss of living organisms.

Several approaches were used in estimating the potential
loss in biomass from dredging the proposed LNG channel in
the outer Los Angeles Harbor and. in filling the seaplane
base and adjacent area. A field sampling program was begun
on the R.V. Velcro IV in December 1973, taking duplicate
boxcorer samples in the channel locality. Continuing through
April 1974, Campbell grab samples were taken by the R.V.
Golden West at a total of 20 stations  Figure 1!, includ-
ing stations too shallow to be reached by the Velcro IV.

The Reinecke boxcorer samples a .06m2 surface and has
a capacity of .028m3. The Campbell grab samples a surface
area of O.lm2 and has a capacity of .02m3. Differences in
substrate composition may prevent the sampling device from
filling completely, however Samples taken were immediately
sieved by washing through a 0.25mm mesh screen; the material
retained was preserved in 10% formalin in seawater and later
transferred to 70% isopropyl alcohol.
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Animals were picked from debris under at least 10X magni-
fication, sorted, and drained on absorbent towels for 10
minutes before weighing by taxonomic group on a Mettler
analytical balance to the nearest 0.01 gm Weights were
measured as "preserved wet weights" because drying would
prevent further identification of species. Biomass per
square meter was determined by multiplying boxcorer samples
by 16 and Campbell grab samples by 10.

As indicated in Figure 2, the biomass patterns indi-
cated two rather distinct benthic areas' Within about 500m
of the existing shore, the biomass ranged from 0.3gm/m 2

inside the seaplane base, to 27.3gm/m2 near the Fish Harbor
entrance , with an average of 11.5gm/m . These patterns may2.
reflect differences in sediment types, water circulation, dis-
solved oxygen levels, and pollutants, or they may be influ-
enced by the sampling device, since the inshore samples were
collected by Campbell grab and the others by boxcorer. The
boxcorer closes with a spade mechanism that retains mast
organisms undisturbed in situ, while some organisms capable
of moving fairly rapidly can escape the Campbell grab, at
times leaving only their burrow in the sample.

In the outer harbor area farther from the shoreline and
waste discharges and toward the breakwater, biomasses are
generally greater. Tidal flushing in the main ship channel
would be better in that area, and the major circulation gyre
 Soule and Oguri, 1972; Robinson and Porath, 1974! occurs in
roughly the same area as the higher biomass.

Benthic species diversity seems to increase from station
LNG 1 to LNG 4, and then decreases at LNG 5, 6 and 7. Although
the biomass is lower in the area of station 16, the diversity
is higher, although the station is very close to the Terminal
island treatment plant sewer outfall. Diversity seems to
drop again at 17 and 18.

The biomass is quite small at station 24, but diversity
is very much increased, particularly in the non-polychaetes.
The bottom is somewhat scoured in this area, and fine sedi-
ments are not. accumulated to any extent. The low biomass
but higher diversity is consistent in the seaplane base area.

The duplicate samples appear to be reasonably consistent,
but, no statistical conclusions were made due to the variabil-
ities in sampling technique dictated by the shallowness of the
inshore waters.
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BIOMASS OF MIDWATER  FOUIING! FAUNA

Benthic faunal patterns are influenced by factors such
as sediment grain size, organics, and pollutant content. In
order to eliminate some of these variables, settling racks
have been used to evaluate the water quality and colonization
potential of the water column. The organisms that are only
temporarily in the plankton as eggs, larvae or juveniles
 meroplankton! must find suitable substrate to settle on,
or attach, within a few hours or days, or they will perish.

Settling racks composed of wooden boxes containing glass
microscope slides, and covered with Saran plastic screening
have been suspended throughout the harbor at the 3 meter dept'.i
and changed monthly. At the A stations, the records extend
from March, 1971 to the present for biomass  wet weight! and
species numbers. These data offer longer term comparisons
of biomass than the biomass and recolonization studies
reported herein. The monthly records reflect seasonal trends
more closely than the quarterly benthic sampling by HEP at the
A stations.

Biomass in the A. station area has shown a gradual drop
since 1971, for unknown reasons. This may relate to changing
salinities in the harbor, which have decreased due to rein-
jection of oil brines, or to decreasing nutrients, or to
general changes in the southern California coastal waters.
Pollution control enforcement has apparently improved the
average dissolved oxygen conditions and decreased levels of
toxic effluents during that time.

As shown in Figure 3, the biomass average for the A sta-
tions for the year was 101.28 grams in 1971  April to December!,
48.37 gram 1972, 47.46 gram in 1973, 37.12 gram in 1974 and
32.99 gram in 1975.

Seasonality

In most years, the typical outer harbor seasonal pattern
appeared to consist of a small spring peak in April, and a
very strong late summer-early fall peak between September and
November. This varied from year to year, and some years there
was a midsummer peak as well, or instead of, the spring peak.

These variations are perhaps keyed to the coastal area
temperatures which vary considerably from year to year. Low
faunal periods appeared in each year in December, February
and Nay, keeping in mind that the month, as graphed in Figure

represents the previous four week exposure period.
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In comparing the biomass settling rack data in Tables 21
and 22, the richness indicated at Station A3 is in keeping
with that found in the benthic study reported above  Figure
2!. Average monthly biomass was plotted against temperature
 Figures 4, 5 and 6!.

In computer plots of the monthly temperature  Soule and
Oguri, 1974! the curves for the Sea Buoy, Station Al, and
A3 in the outer harbor show differences from 1971 through
1974. The curves are similar to some extent to the biomass
data. The inner stations in the harbor show less tempera-
ture variation, with more of a smoothed curve for the summer.
Biomasses and species diversity are more strongly influenced
there by effluents, reduced water circulation and other
shore-related impacts.

Im acts of Dred e and Fill

The process of dredging, by whatever means, will remove alJ
benthic organisms from the surface of the channel site. The
degree to which siltation during dredging affects adjacent
benthic organisms depends upon the kind of dredge used and the
pace at which the area is dredged. If the rain of fines is
rninirnl, as in hydraulic dredging, adjacent organisms may work.
their way up through the sediment.

As much as an estimated 3 hundred million grams  damp weigh.tl
of animal tissue may be lost by dredge.ng and filling for the
proposed LNG terminal, as it was designed and shown in Figure
7 . About 10% of that. biomass would be irretrievably lost
due to the fill, but in all, some 35 tons of animals would
probably be eliminated at least temporarily. Since individua
weights are often in the ranged of 0. 01-0. 5grn, some 60-300
million individual organisms could be eliminated. More recent
planning configurations, showing a large landmass in the outer
harbor connected to the Navy mole, would have more serious im-
pact because it is in a more productive area and has a much
larger fill. It also would seriously affect water quality and
circulation, upon which recovery is dependent.

The standing stock of worms has not been considered in the
past to be extensively seasonal, but peak reproductive period.'.
seem typi cally to occur in the spring and in late summer or early
fall  Figure 3!. These peaks are typical also of many other
faunal patterns, except possibly certain fishes. Thus, the
season selected for dredging will probably affect the quantities
of organisms lost or temporarily impaired.
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RECOLONIZATION INVESTIGATIONS

The rate at which faunas will become reestablished in newly
dredged areas is dependent upon a number of factors; sediment
grain size of the exposed substrate, pollutants entering the
area, water circulation, dissolved oxygen content, tempera-
ture, and adjacent. reproductive populations, for example.

Reish �957! studied effects of dredging on benthic species
in East Basin and Consolidated Slip. Five species existed
there prior to dredging; 10 species were present 2.5 years
after dredging, but only 2 species were there 4 years after
dredging. However, these areas were still subjected to heavy
inputs of pollutants at that time, so that the temporary im-
provement was soon nullified.

In Alamitos Bay, Reish �961! found maximum recruitment
within one year, followed by a steady decline in the next two
years as sulfide muds accumulated Reish �956! observed a
similar sequence in an area of the lower San Gabriel River.

Because all of these studies were carried out in areas with
limited circulation and pollutant accumulation, the results
cannot necessarily be extrapolated to the harbor, with wider
circulation. However, the trends are in keeping with known
ecological principles wherein a newly available niche may exhi.zit
increased numbers of species and populations, but. diversity
tends to decrease as niches are filled and competition in-
creased with time.

Field biomass investigations can provide information on
existing species, abundance and distribution and can indi-
cate the extent of loss in the area to be dredged or filled.
However, few if any, field tests have been carried on sequen-
tially before, during and after dredging operations in an
extensive area.

Methods.

In order to simulate recolonization of newly exposed sur-
faces in outer Los Angeles Harbor, five sites were selected
 Figure 1 ! that represented 1! different sediment types,
2! different exposures to pollutants, and 3! varied circula-
tion or flushing.

Samples of sediment were taken from each location, homo-
genized, and frozen to render them azoic  free of macrofauna;
sterilization wou ' ~lte'- ."'-e o".~-:-!iic.".}, . hese served as
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"control" sediments. The "experimental" sediment samples were
taken at Berth 235 after maintenance dredging had been carried
out, which exposed cleaner, sandier soils similar to those
that might be found after dredging of the proposed channel.
These were also homogenized and frozen.

Lighted marker buoys were built by the Harbor Department
Testing Laboratory, and were deployed by the USC RV Golden
West, at the request of Harbor Department personnel. Lengthy
delay in initiating this portion of the program was encountered
due to problems in constructing the buoys and in obtaining
permission from the U.S. Army Corps of Engineers to deploy.
The buoys were soon run down by vessels or vandalized, causing
loss of a number of experiments.

Racks, constructed by the USC Marine Facility, were placed
on the bottom at the five sites, anchored by 75 lb concrete
weights and marked first by the buoys and next by floats at
the water surface. Each rack supported two plastic crates,
each in turn containing 12 wide mouth quart jars. One crate
of bottles served as the "experimental" set, and the other,
the "control". Each jar had 150 cc of sediment from the pre-
treated experimental sediments at Berth 235, or a similar
amount of pre-treated sediment from each recolonization site.
Jars had surface water added at each site and were capped for
transport to the bottom by divers. When jars were deployed,
and. sediments settled, caps were removed to begin exposure.
Vandalism of surface floats then forced the use of electronic
pingers for divers to locate the bottom sampling racks in the
turbid waters. The large number of bottles deployed at a few
sites permitted retrieval of jars exposed for different time
periods, rather than exposing jars at many sites for a single
time period.

Retrieval. Six weeks after the initial exposures, three jars
from each rack were capped by divers and brought to the sur-
face, where the contents were mixed with formalin. In the
laboratory, the material was transferred to 70% isopropyl
alchohol and washed through a 0.25mm mesh screen. Sorting
and identification were carried out using at. least 10X mag-
nificat.ion.

New jars of sediment replaced those removed, for a dif-
ferent six-week period, while the others were in place for 12,
18 or 24 week periods. The purposes were to observe differ-
ences in reproductive periods, if any, to observe changes in
species composition of the community" over a longer period
of time, and to compare the "experimental" and "control" sedi-
ments, if possible.
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RESULTS

During the recolonization study, more than 100 polychaete
taxa and over 40 other invertebrate taxa were identified;
62,075 individual animals were identified and counted. Due
to the limited periods of exposure, large numbers of juveniles
were prese~t, which were retained on the fine mesh �.25mm!
screen. Nany of these cannot be identified to species level
as juveniles, and had to be placed in higher categories, tending
to bias the faunal lists.

Newl dred ed soils. The fauna from the "experimental" sedi-
ments taken from the newly dredged Berth 235 area was compared
with that from the "control" sediments at the LNG sites.
Statistical analyses were performed using 62 taxa, from which
questionable identifications were eliminated or raised. to
higher categories'

In the non-prarmetric "U" Test, values were arranged in
station and time matrices in which significant differences
were identified. The number of significant differenced was
surprisingly low, well below the 20% value expected due to
random change using the "U" test. This indicates that there
was little difference overall between the newly exposed
sediment and older sediment from the LNG sites. It is pos-
sible that sufficient finer sediment and organic debris entered
the test jars from turbidity stirred up either during the diver
placement operations in situ or thereafter, to minimize initial
grain size differences. According to Reish  pers. comm.! only
after a very thin layer of fine material is needed for coloni-
zation

Few significant differences were discernible between the
sediments in the occurrences of benthic species, as shown in
Table 23 . So few instances out. of the total numbers of samples,
coupled with the difficulties in experimental procedures, probably
lends weight to the conclusion that there was little difference
between the newly dredged sediment and that occurring at the
other sites

The newly exposed sediment was a coarser grain size but
several postulations may be made, that l! sediment deposition
of fines soon covered over the coarser material, or 2! other
abiotic parameters were more important in limiting species and
populations than grain size, or 3! grain size differences are
important but the more tolerant species are not as limited by
that factor, or 4! predation of the captive populations had
a more decisive effect than sediment size.
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"Communities". The recolonization procedures using jars that
stood above the normal substrate affected the species/populaticn
compositio~. Some species normally associated with hard
substrates  fouling organisms! colonized on the interior glass
whereas they would not have survived on open, soft bottoms.
Thus the species present can be grouped into two categories;

Group I � animals associated with hard and soft substrates

Group II � animals exclusive to soft substrates

The graphs  Figures 8 to 13 ! show seasonal data on those
taxa prominent at each station and exposure period, in Groups

and XI. Group I fauna dominated the colonizers by far; those
species are graphed at one-half the scale used for Group II
fauna. For comparison of the recolonization fauna with the
usual "mature" community or population at each site, a list of
species found in box corer or Campbell grab samples is presented
with each station figure. As might be expected, the mature"
species sampled are more similar to the soft bottom Group II
colonizers. The numbers of the individuals, however, indicate
that the proportions of the species occurrences in the mature
populations differ  Table 24} from those of the colonizing
populations. The actual numbers also differed, of course,
because the Campbell grab samples O.lm2 surface, the box corer
samples 0.06m and the jars have only about 0.006 m of surfaces

The colonizing communities were dominated by four Group I
taxa; cyclopoid and harpacticoid copepods, the polychaete
Armandia bioculata and nematodes. These data are more com-
parable to settling rack data-

In Group II  soft substrate! tasa, the polychaete ~Ca itita
ambiseta was consistently most abundant. Tharyx was well
represented at outer harbor sites but was virtually absent at
stations 18 and 24. Conversely, pr~ionos io cirriyera was
present at all stations but was more abundant at stations 18
and 24.

Because of the differing sampling periods and gaps due
to loss of field samples and buoys, seasonal trends are not
definitively indicated. However, Table 25 shows clearly that
the May-June period was less productive than February-March.
Those sampling periods that ended in August had the largest
biomasses, regardless of the length of exposure time. Biomasses
in some cases decreased over the longer exposure period; this
may be due to the space limitations imposed by growth and
reproduction in the jars, or to predation. Large epibenthic
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was abundant. Cancer crabs also were frequent, esther as
ovigerous females or small juveniles, suggesting that the jars
furnished convenient shelter. The guts of two individuals
examined were empty.

Tables 26 and 27 summarize the biotic measurements of
total taxa, individuals and biomass for each station and
period. Table 28 lists the species identified by numbers,
stations and recolonization times.

CONCLUSIONS

In general, the following observations can be made:

l! The animals most dominant, in recolonizing were less impor-
tant in numbers in mature communities, and were sometimes ab-
sent.

2! Most animals that dominate mature communites were present
in the recolonizing populations as early as the six weeks
samples, but not necessarily in dominating proportions.

3! Many animals that are abundant in mature communities were
absent in the colonizing populations.

4! Colonizing populations were less diverse than mature
populations, with more individuals and fewer taxa.

This suggests that considerable change, over time, would
occur before the colonizing population would resemble the
present mature population; perhaps in 2-3 years. However
if abiotic conditions are changed appreciably the mature
colonizing population would probably not be like the present
mature community.
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Settling Rack Biomass Annual Averages, by
station.
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Species Abundant in "Nature Communities."Table 24.

LNG 3LNG 1 No. No.

.41

.68

.1397

.1003

Total Polychaete species: 41
Total taxa: . . . . . . . 63
Total No. Individuals .. 802
Total No. Polychaetes .. 586

Note: Campbell. grab: Surface area sampled = 0.100 m
2

Boxcorer= Surface area sampled = 0.0625 m
2

!
I

W W
Ch -6 QJ

c 0
i !!r U

W'd
4-H 0

 t!
h 4

Capitita ar7!biseta
2harpx sp.
2eZZina sp.  juv.!
rwvbrineris spp.
Prionospio pygmaeus
Ostracoda

Nematoda

Par vitucina sp.
Pamonis g. ocu2ata
Chaetosone corona

Fuchone inco2or
iVer eis p~ocera

248

122

80

40

25

22

18

18

14

14

14

12

Tharqx sp.
Capiti ta ambiseta
Par aoni s g . os Zata
Chaetozone coz'ona

turr!br ineris spp.
8ap2osco2op2os e2ongatvs
Nereis procera
Te22ina sp.  juv.!
Protothaca sp.  juv.!
Sigambra tentacu2ata
Cossvra candiaa
Evchone incolor
Notomastvs tenv2s

497

151

45
39

34

30

29

29

29

28

27

17

li
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 cont'd!Table 24.

g r
tn C
ld A
4 u!

B

Al Ql

9

8 g

4 Pl
G4
Q7 W
K Q

Amphieteis scaphobr aneh l5
Nephtys c. f'r nciacana 15
5iopatza sp.  juv.! 13
Spiophanes miesionensis j 3
Ha KosaokopLoa e7cnpatua 13

otal Polychaete species: 36
verage No. Polychaetes:2104

2
Note: Campbell grab: Surface area sampled: 0.100 m

2
Boxcorer: Surface area sampled: 0.0625 m
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MARINE STUDIES OF SAN PEDRO BAY, CALIFORNIA. PART ll

June, l976

WATER QUALITY EVALUATION
OF DREDGED MATERIAL DISPOSAL FROM

LOS ANGELES HARBOR

Kenneth Y. Chen and Chun-Ching Wang

Environmental Engineering Programs
University of Southern California

Los Angeles, California 90007

ABSTRACT. An intensive physico-chemical characterization of
seawater and sediments from the Los Angeles Harbor was con-
ducted for the evaluation of potential water quality impact
of future dredging activities.

The EPA Standard Elutriate Test as well as short-term
and long-term experiments were performed to simulate hydraulic
dredging operations For both open water and dike disposal of
polluted sediments. The results show that redissolution of
trace metals and the release of chlorinated hydrocarbons were
insignificant in comparison with established ocean water
criteria. Trace contaminants associated with suspended par-
ticulates may present a potential water quality problem. One
possible solution to this problem is the treatment of sediment-
seawater mixtures by the addition of selected flocculants to
improve the settling characteristics of those particles.

The disposal of fill material in a confined area with
proper treatment, for example, flocculation, can effectively
reduce the transport of suspended contaminants to the receiv-
ing water course. With a detention time of l-2 hours, the
concentration of trace metals, suspended solids, and turbidity
can easily meet both CSWRCB and EPA water quality standards.

In open water disposal, very low levels of contaminants
are released. The dilution that would normally occur would
be expected to rapidly reduce any released contaminants to
essentially ambient water column levels. As a result, no
long-term water quality problems are expected from the release
of contaminants to the water column at the disposal site.
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WATER QUALITY EVALUATIOI'J

OF DREDGED MATERIAL DISPOSAL PRON

LOS ANGELES HARBOR

INTRODUCTION

The continuing rapid population and industrial growth of
the southern California area plus the planned import of
large quantities of oil and natural gas in deep draft super-
tankers and LNG carriers have dictated the need for exparrded
port facilities in San Pedro Bay harbors. The Port of
Los Angeles is scheduled to undertake many major dredging
and marine construction projects within the next decade.

Due to the scarcity of reliable data, many concerns have
been expressed over the possible degradation of water quality
resulting from these activities.

Sediments are known to contain the major fraction of trace
metals, chlorinated hydrocarbons, and nutrients in aquatic
environments. The question of whether sediments are a source
or a sink for trace metals has been a subject of controversy.
During dredging operations, migration of chemical species
may take place depending on the existing environmental con-
ditions. After resettlement of dredged material, new sedi-
ment-water interfaces are formed. Changes in the environ-
mental condition of the overlying water will influence the
migration of chemical constituents between the sediment and
surrounding waters.

Due to a scarcity of definitive information on the bio-
availability of contaminants and nutrients, national and
regional EPA guidelines for the discharge of dredged mater-
ial havebeen very conservative. Many investigators have
questioned the rationale and relevancy of these guidelines
as an adequate indicator of the pollution potential of
dredged or fill material.

This study was initiated in December l973 with special
emphasis on the physico-chemical characterization of sedi-
ments from the Los Angeles Harbor area, and the evaluation
of potential water quality degradation resulting from the
disposal of dredged and fill material. The short-term and
long-term effects on water quality were investigated in
conjunction with several treatment procedures.
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CRITERIA AND GUIDELINES FOR EVALUATING THE DISCHARGE

GUIDELINES FOR FEDERAL PERMITS

Guidelines published by the Environmental Protection
Agency, in conjunction with the U.S. Army Corps of Engineers,
are utilized by Corps District Engineers in the review of
permit applications for the discharge of dredged or fill
material in navigable waters  Corps of Engineers, 1975!.
These guidelines are applicable to any project or activity
involving a discharge of dredged or fill material  EPA, 1975!.
Navigable waters are defined in Section 404 of the Federal
Water Pollution Control Act Amendments of 1972, Public Law
92-500, to mean "the waters of the United States, including
the territorial seas"  EPA, 1975!.

A brief history and analysis of national and regional
EPA guidelines is presented to illustrate some of the prob-
lems and uncertainties confronting proposed dredging opera-
tions.

History and Anal sis

ability of Dredged Spoil Disposal to the Nation's Waters"
were based entirely upon gross concentrations  EPA, 1971!.
These criteria were developed as guidelines for the evalua-
tion of proposals and applications for permits to dredge
sediments from fresh and marine waters. When one or more

of the following pollution parameters exceeded the numerical
limits expressed below, the sediment would be considered
polluted in all cases and, therefore, would be unacceptable
for open water disposal.

Concentration,
dr wei ht basis

Chemical

Constituent

OF DREDGED MATERIAL IN NAVIGABLE WATERS

Volatile solids*

Chemical oxygen demand  COD!
Total Kjeldahl nitrogen
Oil and grease
Mercury
Lead

Zinc

* TVS 0  dry! = 1.32 + 0 98  COD%!

6.0

5.0

0. 10

0.15

0.0001

0.005

0.005
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The term "open waters" was not specifically defined an<i
is subject to interpretation; however, it. is generally ac-
cepted that it applied to:

�! all open ocean areas, bays, estuaries, lakes, and
rivers

�! all landfill projects in which the dredge spoil
return waters are permitted to drain directly in
such areas  Macfarlane, 1974!.

Sanctuaries Act of 1972, Pub. L 92-532, the following "Stan-
dard Elutriate Test" was developed by the EPA in conjunction
with the Corps of Engineers to determine the pollution poten-
tial of dredged materials prior to ocean disposal  EPA, 1973!.

Dredged material will be considered un-
polluted if it produces a standard elutriate in
which the concentration of no major constituent
is more than 1.5 times the concentration of the
same constituent in the water from the proposed
disposal site used for the testing. The "stan-
dard elutriate" is the supernatant resulting
from the vigorous 30-minute shaking of 1 part
bottom sediment with 4 parts water from the
proposed disposal site followed by 1 hour of
letting the mixture settle and appropriate
filtration or centrifugation. "Major consti-
tuents" are those water quality parameters
deemed critical for the proposed dredging and
disposal sites taking into account known point
or area source discharges in the area, and the
possible presence in their waste of the materi-
als.

These criteria apply to "waters of the territorial sea,
the contiguous zone, and the oceans"  EPA, 1973!, and have
been used to determine whether or not a particular sediment
may be discharged in open waters or must be disposed of in
diked areas or on land  Lee and Plumb, 1974!.

October, 1973. The Region IX Office of the EPA, in considera.�
tion of the need for criteria applicable to the discharge of'
dredge spoil into navigable and ocean waters and based upon
data representative of local environmental conditions, deve.'.�
oped Regional Interim Dredge Spoil Disposal Criteria  DSDC!.
The Regional Office began application of the DSDC for review
of dredge spoil disposal projects in October of 1973  EPA,
Region IX, 1973!.
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The resulting criteria represent the interpretation and
implementation of the 1973 national guidelines for dredging
projects in California by the Regional EPA office. The DSDC
specified the "Standard Elutriate Test" plus the following
additional analyses and numerical limits:

�! Elutriate anal sis. The following tests were
required on the elutriate and water from the
disposal site for all projects:

 a! Immediate oxygen demand  prior to settling,
on elutriate only!

 b! Biochemical oxygen demand �-day, 20 C!
 c! Suspended solids
 d! Organohalogens

On disposal proposed for inland navigable waters,
the following tests were required for projects
greater than 50,000 cu yds:

 a! Phosphorus  total!
 b! Total Kjeldahl nitrogen
 c! Nitrate

�! Bottom sediment anal sis. The following bottom
sediment analyses  dry weight basis! were required
for aLL projects:

Limit  ppm!

October, 1974. The DSDC of October 1973 were revised in con-
sideration of �! guidance from Headquarters on national
policy for discharge of dredge spoil into navigable waters,
�! review comments on the DSDC submitted by local, State,
and Federal agencies and industries, and �! additional informa-
tion. Regional Interim Dredge Spoil Disposal Criteria were re-
vised, based on these inputs  DSDC-Rl; EPA, Region IX, 1974!.

DSDC-Rl did not include the "Standard Elutriate Test" and
established new limits for bottom sediment concentrations for
shallow marine and estuarine waters. Development of the
DSDC-Rl for toxic substances was limited to mercury, cadmium,
lead, zinc, and oil and grease. The DSDC-Rl could be amended
or revised to reflect new information or to include additional
toxic pollutants where the findings of investigations or
research so warrant. Development of numerical criteria

Parameter

Mercury
Cadmium

Lead

Zinc

Oil and grease

1

2

50

130

1500



applicable to organic matter, nutrients, and suspended
matter. contained in dredge spoil is not anticipated at this
time.

DSDC-Rl requirements are as follows:

Marine  Shallow! and Estuarine Water

Maximum Spoil
Concentration, ppm
 dr weight basis!Pollutant

1,5
3.0

180

300

4000

Mercury
Cadmium

Lead

ZJ nc

Oil and grease

In DSDC-Rl, Region IX of the EPA proposed restrictions
for the discharge of fill material as follows:

�! No permit shall be issued for the discharge of
fill material without evaluation of  a! the need
for the preparation of an environmental impact
statement, and  b! the probable environmental
impact of the fill discharge, of the activities
on the fill site, and of further development on
the fill site.

�! No permit shall be issued for the discharge of fi Ll
material when the Regional Administrator deter-
mines that the material contains unacceptable quan-
tities, concentrations, or forms of heavy metals,
nutrients, pesticides, polychlorinated biphenyls,
petroleum and non-petroleum oil and grease, oxygen-
demanding substances, or materials designated as
toxic pollutants, in accord with Section 307 of the
FWPC Act, unless such material is effectively con-
fined so as to prevent leaching, discharge, or ero"
sion of the material outside of the confinement.

lines to be used in controlling the discharge of dredged or
fill material into navigable waters  EPA, 1975, "Navigable
Waters--Discharge of Dredged or Fill Material" !. Dredged
material and fill material are defined as follows..

It is concluded from the foregoing statements that fill.
material may be confined in a diked area provided the efflu-
ent outflow meets applicable water quality standards.
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Dredged material--Any material in excess of one cubic
meter when used in a single or incidental operation,
excavated or dredged from navigable waters, including
without limitation, runoff or overflow which occurs
during a dredging operation or from a contained land
or water disposal area.

Pill material--Any material discharged into navigable
waters for a purpose other than disposal, including
without limitation, the creation of fast land, or the
production of intended elevation of land beneath the
water.

Three interim test procedures were stipulated in the
proposed guidelines- �! elutriate test, �! sediment analy-
sis, and �! total suspended solids. A brief description of
the requirements follows.

Elutriate test The elutriate test was initially speci-
fied by the EPA in May 1973. The following changes were
incorporated into the proposed guidelines of Nay 1975.

�! The test is required for both dredged and fill
material.

�! In cases where confined disposal is proposed, the
elutriate test is used to determine if return flow
will require restricted discharge conditions. The
discharge site will be that area receiving return
flows from the confined disposal area.

�! The standard elutriate is prepared with water from
the dredging site instead of using water from the
proposed disposal site as previously required
 EPA, 1973!.

�! A dilution factor of 10 is permitted to determine
compliance with the 1.5 concentration requirement,
based on the proposed disposal site.

�! A final 0.45 pm filtration is required.

�! Major constituents are those parameters deemed cri--
ical by the District Engineer and the Regional Ad-
ministrator.

Sediment anal sis. Extraction of total concentrations ot
parameters from a weighed portion of dredged or fill material
will be accomplished by concentrated strong acid action for
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inorganic parameters and solvent extraction for organic
parameters. The resultant extracts will be individual ly an. :�
lyzed by standard EPA procedures for major constituents.

Sus ended solids- In the event that suspended solids  mggl!
are identified as a major constituent, one part of the l:4
sediment-seawater slurry shall be withdrawn immediately upon
completion of the 30-minute shaking period and dispersed with--
in 10 parts  v/v! of water from the proposed discharge site�
allowed to settle for l hour, and the uppermost layer ana-
lyzed gravimetrically for suspended solids This result will
then be compared to 1.5 times the ambient suspended solids
concentration at the proposed discharge site.

Dredged or fill
posal conditions, if
specified are deemed
tor and the District

material will r'equire restricted dis-
upon evaluation the results of the tests
unacceptable by the Regional Administr-.�
Eng ineer.

Considerations for restricted disposal conditions include;e
the following:

�! Appropriate scientific literature, such as the
National Water Quality Criteria developed by the
Administrator, EPA, pursuant to Section 304 a! of
the FWPC Act.

�! Alternatives to open water disposal such as uplanc
or confined disposal.

�! Disposal sites where physical environmental charac.�
teristics are most amenable to the type of disper-
sion desired.

�! Disposal seaward of the baseline.

�! Covering contaminated dredged material with cleans-r
material.

�! Conditions to minimize the effect of runoff from
confined areas on the aquatic environment.

Se tember, 1975. On September 5, l975, the EPA issued interim
final guidelines in order to provide immediate guidance in
the implementation of the permit program under Section 404 c.f
the Water Pollution Control Act Amendments of l972  EPA, l9 I5,
"Navigable Waters--Discharge of Dredged or Fill Material" ! .
Interim guidance to applicants concerning the applicability
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of specific approaches or procedures will be furnished by the
District Engineer.

These interim final guidelines are essentially a clari-
fication of the May 6, 1975, proposed guidelines. Some of
the changes made were based on comments received on various
sections of the proposed guidelines of May 1975. The elutri-
ate test, sediment analysis, and bioevaluation will be used,
where appropriate, to determine the suitability of proposed
disposal sites. One important change was the removal of 1.5
factor in the elutriate test in determining the potential
effect of disposal of dredged materials' The EPA also
acknowledges that no single test can be applied in all cases
to evaluate the effects of proposed discharges of dredged or
fill material. Technical evaluations will be required only
when a case-by-case review indicates that the results will
provide information necessary to reach a final decision. The
results of an appropriate technical evaluation will serve as
one of many factors involved in the decision-making process.

The national EPA guidelines of May 6 and September 5,
1975, indicate the elutriate test, and sediment analysis may
be required for both open water and confined disposal of
dredged and fill material. The interpretation and implemen-
tation of the national guidelines by the Region IX office of
the EPA is not available at the time of this publication.

There are strong reservations within the scientific com-
munity over the rationale and relevancy of the elutriate test
and bulk sediment analysis as indicators of the pollution
status of dredged or fill material. Critical comments by
various investigators are presented in the following paragraph..

Sediment anal sis. Rationale.. Suitability of the pro-
posed disposal sites may be evaluated by the use of sediment.
analysis. Markedly different concentrations of critical con-
stituents between the excavation and disposal sites may aid
in making an environmental assessment of the proposed disposal
operation  EPA, 1975!.

Comments:

�! Little is known about the relationship between the
concentrations of various chemical constituents within sedi-
ments subject to dredging and disposal operations, and the
consequent effects on water quality  Boyd, 1972!.

�! The presence of a constituent  toxin, biostimulant,
etc.! in the sediment does not, indicate or predict the nature
and significance of adverse effects following disposal. This
is because many chemical constituents found in sediments are



not bioavailable and do not react as pollutants  Keeley and
Engler, 1974!.

�! A review of the literature on the release of chem-
ical contaminants from dredge material and natural water.
sediments has shown that the bulk chemical composition is
not a useful index of potential environmental quality prob-
lems for waters coming in contact with these sediments  Lee
and Plumb, 1974!.

�! Gross sediment concentrations may not bear direct
or linear relationship to biological potentials  Chen and
Lu, 1974!

Obviously, most studies show that no direct correlation
exists between the amounts of release/removal of metals and
the gross metal content in the bulk sediment; therefore, the
bulk chemical composition of the dredged sediment is not a
proper index for indicating the potential polluting status
of the sediments.

Elutriate test. Rationale: The elutriate test is used
to predict the effect on water quality due to the release of
contaminants from the sediment to the water column  EPA, 1975'.

Comments:

�! The elutriate test is a poor simulation of the
environment affecting the availability of heavy metals in
fresh and estuarine waters, or in marine waters, where the
benthic community is a major concern  EPA, Region IX, 1974!.

�! The elutriate analysis points to a short-term water
quality effect. However, such a procedure presents tremendou.
difficulties in practice. At present, the most serious prob-
lem in establishing such criteria is the extreme difficulty
in evaluating the validity of data from seawater studies.
The analysis of trace metals in seawater generally requires
a highly sophisticated and elaborate laboratory setup with
meticulous cleaning procedures. Even so, the variation of
data from one laboratory to another is tremendous  Patterson,
1974!. To create a new test such as the "Standard Elutriate
Test" without thoroughly testing it prior to adoption cer-
tainly creates serious problems for the enforcement of regula=
tions. The cost of setting up the necessary equipment to
perform a meaningful study is generally beyond the reach of
most laboratories. Additionally, the standard elutriate
test as outlined in the EPA guidelines does not take into
consideration the possible changes of environmental variables
which may alter the availability of toxicants and nutrients
for biota  Chen and Lu, 1974!.
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�! It has been questioned whether water from the pro-
posed project site  dredging site! should be mixed with the
sediments or whether water from the proposed disposal site
should be used. It can be argued that dredging site water
should be used, since the test is designed to simulate the
hydraulic dredging process. The ratio of sediment to water
approximates the normal hydraulic pumping ratio; the vigorous
shaking simulates the actual hydraulic dredging process; and
during this process, net changes in dissolved concentrations
may occur. On the other hand, this does not necessarily take
into account changes that may occur at the disposal site
due to environmental conditions different from those at the
dredging site  Keeley and Engler, 1974!.

It should be noted that national EPA guidelines have
vacillated on this point. On May 16, 1973, the EPA specified
water from the disposal site for preparation of the standard
elutriate; on Nay 6, 197S, the requirement was changed to
the use of water from the dredging site.

�! The L.S factor has no toxicological or any other
ecological basis. It is meant instead to serve as a guide
to the amount of increase in dissolved chemical concentrations
that should be allowed before taking into account dilution at
the disposal site. However, if dissolved concentrations using
project site water do not. exceed the 1.5 factor, it is thought
that dilution at the disposal site will reduce dissolved con-
centrations below any harmful levels  Keeley and Engler, 1974!.

�! It is possible that a disposal site might be
selected, based on the 1.5 factor, which would allow a greater
deterioration of water quality than would occur if this fac-
tor was not utilized. A. key part in the 1.S factor is the
ambient concentration of selected chemical species in the dis-
posal site water. It is possible that, by selecting a water
with a high ambient background of a particular chemical species
released in the elutriate test, disposal of dredge material
would cause the waters in the disposal region to exceed the
critical concentration for certain forms of aquatic life but
not 1.5 times the ambient concentration. It is clear that
the 1.5 factor should not be used as a rigid standard, but
to detect potential problems. The proper interpretation of
the amount of release that occurs requires consideration of
the contaminant assimilative capacity in the disposal site
water column relative to the critical concentration for this
contaminant. to selected organisms in the water column  Lee
and Plumb, 1974!.

�! The arbitrary application of the 1.5 factor to
determine whether a particular sediment is "polluted" is no



more technically sound than using bulk analysis. The proper
interpretation of the elutriate test results requires consid-
eration of the existing concentrations of each of the water
quality parameters of concern in relationship to the amount
of increase in concentrations that would occur in the dis-
posal area. The sum of these two must be examined in light
of the critical concentrations of the parameter for aquatic
life of the receiving water  Lee and Plumb, 1974!.

�! It should be emphasized that the elutriate test
is designed primarily to detect potential problems that could
occur in the water columns of the respective areas during
dredging and disposal. This test should also detect any
potential problems occurring due to resuspension of the dredqe
material at the disposal site. It will not readily detect
problems associated with dredging which are related to the
physical effects of solids deposition on aquatic organisms,
nor will it detect, to any significant extent, problems
associated with dredging that may arise from the presence
of chemical contaminants to benthic organisms. The environ-
ment that exists in the dredged sediments of the disposal
site will probably be markedly different from the environ-
ment existing in the water columns at the dredging and dis-
posal sites.

A review of the literature on the leaching of contam-
inants from dredge material and sediments shows that a wide
variety of factors could affect the results of the elutriate
test, including solid-liquid ratio, time of contact, pH,
dissolved oxygen concentrat,ion, agitation, particle size,
handling of solids, characteristics of water and sediments,
and solid-liquid separation. It is apparent that a consid-
erable amount of research is needed to establish the signifi-
cance of these factors to the elutriate test. results, for
the many types of sediments that are likely to be dredged
 Lee and Plumb, 1974!.

The EPA acknowledges that many questions remain to be
answered regarding means of evaluating the effects of dredgec
or fill material discharged in navigable waters  EPA, 1975!.

Functional'.y, the elutriate test will measure the amount
of trace contaminants and nutrients in the interstitial water.
and exchangeable phases of the sediments. However, any
release factor should only be considered as an indicator as
to whether the sediment involved will release chemical con-
stituents from the solid phase into the solution phase. It
may carry no ecological implication that any biota will be
significantly affected or that water quality is impaired.
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It is concluded, based on the foregoing comments, that
the elutriate test and sediment analysis are not adequate
for determining the potential water quality impact resulting
from the disposal of dredged or fill materials' Sediment
analyses and elutriate tests for Los Angeles Harbor sediments
are presented for comparison with the current guidelines.

This study was conducted under the assumption that the
proposed dredging project will utilize either one of two
methods of disposal: �! confined disposal in a diked area,
or �! open water disposal. In the case of confined disposal,
any degradation of water quality would be that caused by the
effluent return from the diked area. Since this represents
a source of discharge into ocean waters, the effluent quality
requirements established by the California State Water
Resources Control Board  CSWRCB! should be the applicable
criteria in the absence of other relevant regulations. The
requirements are given in Table 11  CSWRCB, 1972!. The same
rationale for applicable criteria for open water disposal is
applied.

Since each discharge of dredged or fill material into a
navigable water i*, in effect, the discharge of a pollutant
into the water, a State water quality certification is
required under Section 401 of the FWPC Act of 1972. Thus,
any state may cause the denial of a Section 404 permit if it
chooses to deny a water quality certification. Where a state
denies a permit, the Corps of Engineers will not issue a
Section 404 permit. On the other hand, if a state issues a
permit, the Corps would not deny its permit unless there are
overriding environmental factors, as reflected in the EPA
guidelines  EPA, 1975!.

In California, dredging of marine or freshwater sedi-
ments and subsequent disposal of the spoils are subject to
a variety of existing, proposed, or inferred criteria,
standards, and policies. These have been formulated by the
EPA  national and. Region IX!, the California Coastal Zone
Commission, the Regional California. Coastal Zone Commissions,
the Bureau of Fisheries and Wildlife, the California State
Water Resources Control Board, the California Regional Water
Quality Control Boards, and the California Department of
Fish and Game  Macfarlane, 1974!.

Nine California Regional Water Quality Control Boards
are responsible for maintaining water quality in the State' s
inland and coastal waters. Any project which might affect
water quality must comply with discharge requirements set
by the governing regional board following a formal public
hearing. The regional boards have at times required several



additional tests or procedures not required by other agencies,
including:

analysis of composite samples from entire cores
fish bioassays
limited monitoring procedures for approved
dredging operations
chemical analysis of interstitial waters extracted
from sediment samples.

 a!
 b!
 c!

 d!

The Bureau of Sport Fisheries and Wildlife has, in the
past, specified that additional coring and analysis, beyond
that required by the EPA and the California Regional Water
Quality Control Boards, must be carried out for harbor
dredging projects involving the disposal of polluted spoils.
The California Department of Fish and Game also has an inter-
est in the ecological impacts of spoils in areas where sub-
stantial habitat damage is possible. But the department has
not specified any requirements for analyzing dredge spoils
 Nacfarlane, 1974!.

Additional marine water quality criteria have been pro-
posed during the past two years  EPA, 1973 and 1975!. The
applicability of these criteria for open water and confined
disposal has not been established. The proposed criteria are
given in Table ll.

CONPARI SON OF SEDIMENT K lALYS IS AND STANDARD ELUTRIATE TEST
WITH NATIONAL AND REGIONAL EPA REQUIREMENTS

In this study physical-chemical properties of sediment
samples from the Los Angeles Harbor area have been character-
ized with respect to trace metals, nutrients, and other chem-
ical constituents. Sediment samples from the Los Angeles
Harbor were collected by stainless steel Reinecke or Campbell
grab sampler from the Velcro IV and Golden Nest, ocean-going
research vessels operated by the Hancock Foundation of the
University of Southern California. The location of sampling
stations is shown in Figure l. Efforts were made to elimin-
ate all possible contamination during the sampling process.
Cores or grabs were sliced open with Teflon knives and samples
were taken from the interior to avoid surficial contamination.
Sediment samples were sealed in plastic bags and stored in ic=-
at 4oC for transport to the laboratory, where the well-mixed
subsamples were transferred into an airtight plastic container
in a glove bag under nitrogen atmosphere. The samples were
stored in a refrigeration unit at approximately 4 C until
used. At no time were the sediment samples frozen. Analyti-
cal methods are detailed in other publications  Chen and Lu,
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1974; Chen et al., 1976! .

For each constituent, the reported number is the average
of three separate analyses determined on three sediment
samples from the same location. Sediment compositions are
given in Tables l and 2. Complete particle size distribu-
tion analyses by pipette methods were carried out for the
textural composition of IZING sediment samples. The data are
listed in Table 3  Chen and Wang, 1974!; classification and
size distribution in Figures 2-7a.. The sediments can be
classified into the following comparative groups according
to particle size distribution: sandy, sandy silt, silty
sand, silty clay, and clay silt  Tables 3 and 4!.

Bulk Sediment Anal sis. Summarized results of the sediment
analyses for trace elements and oil and grease are given in
Table 5. The natural background level of trace elements in
the San Pedro Basin are given in Table 6  Chen and Lu, l974!.
A comparison of the referenced data indicates that most sur-
face sediments in the Los Angeles Harbor are grossly contam-
inated with respect to the natural background levels. It
should be realized that many sediments may have substantially
higher values than those presented in the table. In addition,
the so-called natural background Levels are not uniform
throughout the area. It simply represents the lowest concen-
tration that can be found.

Sediment concentrations of cadmium, lead, mercury, zinc,
and oil and grease are compared with the current EPA Region
IX Interim Dredge Spoil Disposal Criteria, Revision 1  DSDC-Rl;
of October l974  Table 5!. The data indicate that many sta-
tions exceed the maximum allowable concentrations. Cadmium
presents the greatest difficulty; approximately 44% of the
Los Angeles Harbor stations exceed the allowable Limit.

As stated previously, it has been concluded from a
comprehensive literature review and analysis of available
data, that the sediment analysis and elutriate test criteria
are not relevant or adequate for predicting the water qual-
ity impact resulting from the disposal of dredged or fill
material.

Standard Elutriate Test. The latest procedure for the Stan-
dard Elutriate Test is presented in the EPA interim Final
Guidelines of September 5, 1975, as follows.

Elutriate Test. The elutriate is the supernatant result.�
ing from the vigorous 30-minute shaking of one part bottom
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sediment from the dredging site with four parts water [v/v!
collected from the dredging site  representing the dredge
slurry! followed by a one-hour settling period and appro-
priate centrifugation and 0.45 pm filtration. A schematic
diagram for the Standard Elutriate Test is shown in Figure 8.
Major constituents are those parameters deemed critical by
the District Engineer and the Regional Administrator for the
proposed dredging and disposal site, taking into account
known sources of discharge in the area and known character-
istics of the dredging and disposal sites.

Sediments normally contain constituents that exist in
different chemical forms and are found in various concentra-
t.ions in several locations within the sediment. The poten-
tially bioavailable fraction of a sediment is dissolved in
the sediment interstitial water or in a loosely-bound form
that is present. in the sediment. The short-term bioavailable
fraction of a sediment is determined by the elutriate test.

A comprehensive analysis of sediment elutriate tests for
the Los Angeles Harbor area was conducted. Seawater from the
reference station  .5 miles outside the breakwater of the har-
bor, 33 41.5'N, 118 14.5'W! was used in all of the elutriate
tests. Each five-gallon polyethylene container was thor-
oughly cleaned with acid and rinsed with demineralized redis-
tilled water. Water samples were used within 24 hours of
collection. Concentrations of trace metals in the referenced
station are given in Table 7.

The elutriate test procedure in the referenced studies
was established by the University of Southern California
investigators and the environmental management group of the
Los Angeles Harbor Department. prior to December 1973. It
should be pointed out. that at the time these experiments
were conducted, there was no knowledge of whether disposal
would be permitted inside the harbor or at EPA-designated
dump sites. Therefore, seawater from a standard reference
station was selected and used throughout the investigations.

Summarized results from the sediment elutriate tests are
given in Tables 8 - 10. The data indicate different release
factors for different metal species.

Release of soluble trace metals can be divided into three
broad categories based. on the number of stations which meet
the 1.5 concentration factor  May 6, 1975 EPA guideline!.

�! 0% compliance: manganese

�! 50-75% compliance. chromium, iron, lead, nickel
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�! 90-100% compliance: cadmium, copper, mercury,
silver, zinc.

The elutriate test was designed to represent. the pipe-
line effluent  dredge slurry! from hydraulic dredging  Keeley
and Engler, 1974; EPA, May 6, 1975!. The relevancy of the
elutriate test for predicting the water quality impact of
dredge or fill material disposal has not been established.
In fact, the 1-5 factor was not included in the most recent
EPA criteria  Sept. 5, 1975! dealing with discharge of
dredged or fill material in navigable waters.

In the present study the data indicate that there is no
directly correlated relationship existing between the amounts
of release/removal of metals and the gross metal content in
the bulk sediment  Figures 10-12!. For all the elutriates
in which release of metals occurred, only the readily availabl~
fraction, either the metals in the interstitial water or in
ion-exchangeable form, can be expected to be released from
sediment to the elutriates. The scavenging effect and the
complexity of the sediment itself make it impossib1e to derive
a simple relationship between the metals release and the gross
metals concentration in the sediment. It is concluded, there-
fore, that the bulk chemical composition of the dredged
sediment is not a proper index for indicating the potential
polluting status of the sediments.

CONFINED DISPOSAL OR FILL MATERIAL

The effluent return from a diked disposal area repre-
sents a potential source of contaminants transported into
ocean waters. In the absence of other relevant regulations,
the effluent requirements established by the California State
Water Resources Control Board  CSWRCB! are used in this study
for evaluating effective disposal procedures. The CSWRCB
requirements are given in Table 11.

A summary of experimental data relative to the release
of soluble and suspended trace metals and nutrients is pre-
sented in the followinq section.

Release of Soluble Trace Metals and Nutrients. If the release
of soluble constituents is significant compared to the total
transport  soluble and suspended! to the water column, then
a treatment scheme in addition to coagulation and sedimenta-
tion may be required. Several studies on the release of sol-
uble trace contaminants and nutrients indicate that. in most
cases the release is insignificant  Windom, 1972; May, 1973;
Chen, et al., 1976! . Recent studies by Chen and Wang  Jan. 1974;
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Jan. 1975; Feb. 1975! confirm the negligible release of
soluble trace metals, chlorinated hydrocarbons, and nutrient-
under simulated conditions for the disposal of fill material
in a confined area.

A grossly polluted station  ING 6! in the Los Angeles
Harbor area was selected for the referenced investigations.
The concentrations of trace metals and nutrients in the LNG 6
station are given in Tables 12 and 13. If water quality degrada-
tion resulting from the disposal of LNG 6 sediment is insig-
nificant, then negligible impact should result from the dis-
posal of less contaminated sediments.

The column design and flow chart for the simulated
release of soluble contaminants and nutrients are shown in
Figure 9. The basic procedures -are as follows:

�! Mix sediment and seawater at a 1:4 ratio in a 2-liter
polyethylene container.

�! Shake vigorously for 5 minutes and pour immediately
into the water column, to a final sediment-seawater
ratio of approximately 1:100.

�! Withdraw the samples from the sampling post. with 53
ml plastic syringes at regular intervals.

�! Pass through 0.45 pm Millipore membrane filter to
remove colloidal and suspended particles.

�! Collect samples in pre-cleaned bottles.

Samples were taken at intervals of 5 minutes and at
1, 2, 4, 8, 12, 24, and 48 hours, and collected in clean
plastic bottles, after which the necessary reagents were
added immediately to preserve the samples. Analytical pro-
cedures are detailed by Chen, et al., �976!.

A summary of the experimental data as given in Table 14
indicates that the release of soluble constituents is insig-
nificant in comparison with the CSWRCB ocean water effluent
requirements. Chlorinated hydrocarbons were not detected in
the soluble phase. The analytical sensitivity can detect
constituents on an order of magnitude below the CSWRCB require-
ment of total identifiable chlorinated hydrocarbon concentra-
tion of 2 ppb for 50% of the time.

Total Concentration of Trace Metals in the Water Column. The
total trace metal concentration  soluble and particulates! is
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the water column is an important parameter because treatment
of the dredge material or returned effluent may be required
if the discharge causes significant degradation of water
quality in the receiving water.

The resuspension and redissolution of trace metals in a
water column under simulated disposal conditions was conducted.
The previously described procedures for the release of sol-
uble constituents were used in this study. Samples taken at
intervals of 5 minutes and Q, 1, 2, 8, 24, 48, and 72 hours
were analyzed for total trace metal concentrations, suspended
solids, turbidity, and dissolved sulfide.

A summary of the experimental data in Table 14 is corn-
pared with the CSWRCB ocean water discharge standards of 1972
and criteria recently proposed by the National Academy of
Science and the EPA �975!. The data indicate that all of
the criteria with the exception of CSWRCB limits for chromium
and suspended solids to an acceptable level could be obtained
with a detention time of 2 to 8 hours. Total sulfide concen-
trations were below the detection limit.

The CSWRCB, NAS, and EPA water quality criteria given in
Table 14 do not differentiate between soluble and particu-
late concentrations' It is apparent. that confined disposal
will require either a long detention time or treatment in
order to meet the effluent water quality requirements. It is
concluded that treatment would seem inevitable for the effec-
tive reduction of contaminants, suspended solids, and turbidity
in the effluent.

Treatment Studies. The disposal of fill material in a con-
fined area with proper treatment can effectively reduce the
transport of soluble and suspended contaminants to the receiv-
ing watercourse. The effectiveness and economics of two
treatment procedures were investigated: �! direct treatment
of dredged spoil, and �! treatment of returned effluent from
confined disposal areas. The general procedures for the two
treatment processes are shown in Figure 9.

A summary of the experimental data for the two treatment
procedures  Tables 15 to ]7! is compared with the CSWRCB
ocean water discharge requirements. Conclusions based on the
results of this study are presented:

�! Coagulation and sedimentation of the dredge spoil
prior to its disposal into the receiving water will result in
substantial improvement in water quality compared with the
disposal of dredged spoil without treatment.
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�! Treatment of the effluent from the confined area
results in slightly better improvement in water quality than
that obtained by direct treatment of dredged spoils.

�! No significant difference in water quality resulted
from the use of either selected coagulant, cationic polymer
CAT-FLOC T or anionic polymer WT-3000.

�! The direct treatment of dredged spoils requires on.y
two-thirds the amount of polymer required for effluent
treatment.

�! The direct treatment of dredge spoils with a deten- ~
tion time of one hour results in concentrations of trace
metals, suspended solids, and turbidity limits well below th~
CSWRCB ocean water discharge requirements.

�! Total sulfide and chlorinated hydrocarbons are
below the detection limits for both types of treatment.

�! No significant problem regarding water quality in
the receiving watercourse will result if proper attention is
given to the design and use of dredging equipment and con-
struction of a confined disposal area to provide sufficient
settling time.

0 en Water Dis osal of Dred e Materials

An extensive laboratory study and analytical character-
ization of the water quality effects from large-scale open
water disposal of contaminated dredged sediments have been
carried out  Chen, et al., 1975!.

Water and sediment samples for simulated studies from
marine environments were obtained from the Los Angeles Harbor
area  Figure 1!. Sediment samples of silty sand, sandy silt.
and silty clay types were characterized with respect to
physicochemical properties, including particle size distri-
bution. The sediments were also analyzed for concentrations
of metal species in total sediments and in the interstitial
water  Tables 18,19!.

The main approach of this study involved the use of
simulated laboratory experiments to evaluate the impact on
water quality of the open water disposal of dredged sedi-
ments. Special efforts were devoted to quantifying the
migration of trace contaminants and nutrients under various
conditions.
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Specific areas of investigation encompassed by the
referenced study are as follows:

�! Sediments subject to dredging were evaluated as to
the short-term and long-term effects on water quality due to
aquatic disposal of dredged materials The migration to or
from the water column of trace contaminants and nutrients
was thoroughly characterized by the use of settling column
studies. The settling, column studies were used to evaluate
the amounts of contaminants and nutrients that leach from a
disturbed sediment as it disperses and settles through the
water column in both freshwater and marine systems. The
capability of a dredged sediment to scavenge or deplete a
water column enriched in contaminants or nutrients was also
completely evaluated. These studies are of particular
importance in impounded areas where the effect of water
currents would be minimal. The sediments under investigation
were thoroughly characterized as to ion exchange capacity,
form and location of ions, grain size distribution, and
predominant clay types. This laboratory evaluation also
thoroughly characterized sorption-desorption reactions and
kinetics of reaction of various contaminants and chemical
constituents of the resuspended dredged material.

�! After a dredged sediment is disposed of in open
water, it eventually settles and forms a new sediment-water
interfacial zone, where a series of migrations and trans-
formations takes place. Several factors will influence the
occurrence of the reactions. Among the more important are
the total organic carbon content of the sediment, the amount
and type of sediment, and the concentration and fractiona-
tion of chemical constituents. A laboratory evaluation was
conducted where simulated sediment-water columns are created
by aquatic disposal of dredged material with a resultant
newly-formed sediment-water interfacial zone. A thorough
evaluation of the migration of chemical constituents from
the sediment of the simulated dredged material disposal site
into the overlying water column was also conducted.

�! All of the sediment samples used in this study were
characterized for the following indigenous properties: pH,
percent solids by weight and volume, grain size distribution,
total organic carbon, total organic nitrogen, nitrate,
ammonium nitrogen, total phosphorus, type of sediment, cation
exchange capacity, sulfide content, and salinity. This data
is required for predicting the water quality impact from
physicochemical characteristics of the sediments.

Experimental procedures, summary of pertinent experi-
mental data, and conclusions for the short-term and long-term
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column studies are presented.

Short-Term Column Settlin Stud.ies. In order to evaluate the.
release of chemical species upon disposal of dredged materials,
sediment-water mixtures were resuspended in the water column
under different redox and agitation conditions, and observed
for the migration of chemical species over a period of 48 hours
 Table 21!. The short-term column test is essentially an
extension of the EPA Standard Elutriate Test  EPA, 1975! and
simulates more closely the release of soluble constituents
under different environmental conditions during open water
disposal of dredge materials.

Ex erimental rocedure. The two columns used in the
experiments were specially designed in two sections: an upper
section fabricated from a 5' length of 94" I.D. plexiglass
cylinder, >" thick; and a lower section, a regular commercial.
5-gallon plastic pail provided with a hermetically sealed lid
so that the sediment and seawater contained in it could be
saved for continued long-term. studies. A plastic collar
bolts onto the column flange to connect the two sections.
Gas bubbling units were located near the base of the column.

Basically, the column test consisted of the dispersion
of the sediment in seawater at a ratio of 1:20. Using a glo~ e
bag purged with nitrogen gas, 4 liters of sediment were rneas-
ured and thoroughly mixed with 16 liters of seawater. The
well stirred mixture was then poured into the column holding
the remainder of the seawater to make a total volume of 34
liters.

To simulate dredging conditions as closely as possible,
the column studies were performed under various conditions.
Some of the parameters varied during the test were:  a! typ~
of sediment,  b! type of water,  c! dissolved oxygen content
of water, and  d! degree of agitation. Samples were with-
drawn from the rnid-column with 50 ml plastic syringes and
filtered through 0.2 pm Millipore membrane filter. 250 ml
of filtrate were collected each time in pre-cleaned plastic
bottles and 200 pl ultrapurified HN03 was added to prevent
precipitation and adsorption on the container wall. Samples
were taken at 0, 4, 1, 2, 4, 8, 12, 24, and 48-hour interval',.

The samples were analyzed for pH, temperature, DO, total
sulfide, nitrogen  Kjeldahl, ammonia, and organic!, phosphate
 total and orthophosphate!, silica, and heavy metals  Cd,
Cr, Cu, Fe, Hg, Mn, Ni, Pb, and Zn!. All of the ana1ytical
procedures adopted, except those for heavy metals which are
found in the Appendix, are described in the Standard Methods
for the Examination of Water and Wastewater, 13th ed. �971!.
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The untreated seawater was used in several tests. To
vary the dissolved oxygen content, nitrogen was pre-bubbled
into the seawater to simulate a slightly oxidizing condi-
tion, while the compressed air or oxygen was pre-bubbled into
the seawater for aerobic conditions. All column tests were
performed under ambient conditions.

Summarized test results for a grossly contaminated
organic-sulfide-rich sediment  ING 6! and a relatively unpol-
luted silty sand sediment  LNG 3! are presented for comparison
and for demonstration of the potential release of soluble con-
stituents under various environmental conditions  Tables 21-30;
Figures 13-17!.

Summar and Conclusions

�! From the data presented, it is obvious that the
release of trace metals from dispersion, settling, and resed-
imentation of sediment are generally in the ppb or sub-ppb
range. These concentrations are well below the proposed numer-
ical criteria for ocean water established by Federal and State
regulatory agencies  Table 11!.

�! Nost of the trace metals displayed a release pattern
immediately after the addition of the sediment mixture to the
seawater. A sudden release of metal to the seawater during
the first hour was followed by subsequent removal from solu-
tion; either gradually, as often found in slightly reducing
environments, or immediately, under slightly oxidizing to
oxidizing environments. The initial release is most likely
due to the dilution of interstitial waters, dissolution of
the solid phase through complex formation, and release from
the exchangeable phase.

�! It is apparent from the data presented in Tables
21 � 33 that the release from interstitial waters alone is not
enough to account for most of the release. Complex forma-
tion and ion exchange seem to explain the bulk of the release.

�! In the short-term study �8-hr period!, the con-
centration factor for each metal species calculated from the
areas on the time-concentration graphs enables the comparison
of the relative degree of release for each metal. Table 31
tabulates the metal release factor for each metal and test
type relative to the seawater background. The release
phenomena may be classified as:

 a! metals most significantly released  factor range
10-160!: Fe, Mn, and Ni
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 b! metals moderately released  factor 3.4-17.5!:
Cr, Cu, Pb, and Zn

 c! metals showing negligible release: Ag, Cd, Hg

�! Most soluble nutrients were found to be more readiJy
released under reducing conditions than under oxidizing
conditions.

�! The three metals showing the most significant chancre
in concentration with change in redox condition are Fe, Mn,
and Ni. Their transport phenomena behaved similarly, and
the order of metal release followed:

reducing

Concentrations of soluble iron and manganese, which are non-
toxic, may range up to several hundred ppb under anaerobic
conditions; however, in an oxidizing environment, these con-
centrations are greatly reduced.

�! Cr, Cu, Pb, and Zn exhibited moderate release
  C 20 times seawater concentration! .

 8! Cr and Cu, although moderately released �.5 to
10.9 factor!, demonstrated very little variation with change
in redox condition.

 9! The concentration of Cr remained steady under both
oxidizing and reducing condition.

�0! Ag, Cd, and Hg showed very little change under all
test conditions.

 ll! Changes in Cd concentrations were very slight under
the various types of test conditions. The concentrations
showed lower values with agitation, and were very near the
concentrations of the original seawater.

�2! Since the concentrations of these metal species in
the water column are mostly in the sub-ppb to ppb ranges  with
the exception of iron! after the disposal of dredged materials,
the short-term release of metal species is considered to be
ecologically insignificant.

�3! A major deficiency of this type of laboratory study
is that dilution which could occur at an open-water site can-
not be properly reflected in the laboratory setup. It should
be realized that such a dilution is extremely difficult and
perhaps impossible to model under laboratory conditions. The
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measured concentrations therefore represent the maximum con-
ditions, and actual concentrations should be substantially
lower than those from laboratory measurements.

�4! The concentration of nutrients after the initial
release remains more or less constant  Table 32!.

�5! Most of the nutrients are released in the sub-ppm
to ppm range, which would create little problem in open-water
disposal.

�6! The DO content and redox condition determine, to
a large extent, the amount and species of soluble metal ions
and nutrients.

�7! Upon the addition of the seawater-sediment mixture
�:4 ratio! to the seawater column, the DO immediately drops
to a much lower level with organic and sulfide-rich sediment
 Table 33!.

�8! Aside. from turbidity, the depletion of oxygen can
also pose serious problems for organisms in both fresh and
marine waters. The magnitude and duration of the short-term
effects depend very much on the characteristics of the sedi-
ment. and the existing water quality of the receiving waters.
An increase in the sediment:seawater ratio  open-water dis-
posal! should prevent the abrupt initial DO drop to a sub-
stantial degree.

�9! Column tests using silty clay sediment  Stn. 6!
gave the highest release of sulfide, with the quiescent. tests
releasing more than the agitated tests, possibly due to the
loss of hydrogen sulfide to the atmosphere under agitated
conditions. The presence of sulfide would create a reducing
environment; open oxidation, the conversion to sulfate, results
in lowering the pH of the solution.

�0! Test results relative to standards. The results
of the column test simulating dredging conditions show with
certainty that certain trace metals and nutrients are
released. However, comparison of the numerical values of
the test data with those of the different governmental stand-
ards as tabulated in Table 34 show that most of the magnitudes
are insignificant. The trace metal contents meet the Ocean
Discharge Standards of California  CSWRCB, 1972! and the
more recent guidelines suggested by the National Academy of
Science and the United States Environmental protection
Agency �975!.
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Lon -Term Sediment-Water Interfacial Studies. After a dredged
sediment is disposed of in open water, it eventually settles
and forms a new sediment-water interfacial zone, where a series
of migrations and transformations takes place. A thorough
evaluation of the migration of chemical constituents from the
sediment of the simulated dredged material disposal site intc:
the overlying water column was also conducted.

Two different types of long-term experimental tests wer~
set up in a dark temperature chamber �0-14 C!: first, dis-
turbed sediment without resettling; and second, disturbed
sediment with resettling in a water column.

Disturbed, non-resettled test with redox control. Before
contacting with sediment, the seawater was passed through
0.05 pm membrane filter and bubbled with different ultra-
purified gases  air, nitrogen, and hydrogen sulfide! to render
the seawater in oxidizing, slightly oxidizing, or reducing
conditions. After contacting, the ultrapurified gases were
still connected with the experimental systems under the appro-
priate partial pressure. Dissolved oxygen  DO! and total dis-
solved sulfide  LSD! were checked every two days to maintain
the systems in the desired condition:

 a! Oxidizing condition: DO = 5 � 8 mg/1; ZSD = 0 mg/l

 b! Slightly oxidizing condition: DO = 0 � 1 mg/1;
ZSD   0.05 mg/1

 c! Reducing condition: DO = 0 mg/1; ZSD � � 15 � 30 mgf 1

The pH values were found to stabilize gradually to an
equilibrium condition under different redox conditions. For
oxidizing and slightly oxidizing conditions, pH decreased
from approximately 8.3 to 7 after about 15 days of contact
time, and remained at pH 7 thereafter. Under reducing con-
ditions, pH remained steady at about 7 during the experimen-
tal period.

Disturbed, resettled test without redox control. The
sediments were mixed with unfiltered seawater at a 1:4 volume
in a glove bag and shaken vigorously for about 10 minutes,
then dumped into a 6-ft tall plexiglass cylinder containing
60 liters of original seawater. After two days of resettling,
the lowest part of the column was removed with its contents,
the sediment and seawater with an approximate ratio of 1:4.
This reactor was sealed and placed in a constant-temperature,
constant � humidity room at 10-14o C for a lang-term experiment
as a closed system.
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After resettling, the interfacial water associated with
silty clay sediment was in:

 a! Oxidizing condition from 0 to > day:
DO > 0.5 mg/1; ZSD = 0

 b! Slightly oxidizing condition from > to 3 days:
0   DO ~ 0. 5 mg/1; ZSD   0. 05 mg/1

 c! Reducing condition after 3 days:
DO = 0 mg/1; ZSD ! 0.05 mg/1

No external control was attempted.

All the interfacial water samples were taken from 1 inch
above the surface of the sediment. In order to keep air from
contaminating the sample, a syringe pressurized filtration
technique and glove bag setup were used. Samples for trace
metals analysis were passed through 0.05 pm membrane filter.
In the column study tests, 0.2 pm membrane filters were used
due to high loading of suspended solids. For nutrient analysis
0 ' 45 um membrane filter was used. For chlorinated hydrocarbons
glass filter paper was used.

Test results for the long-term sediment-water interfacial
study on the migration of chemical species in the sediment�
water interface under different environmental conditions are
shown in Figures 13-16  Chen, et al., 1976! . Major findings
are summarized as follows:

�! In the long-term study, the organic-rich, sulfide-
rich type of sediment with a high clay and silt content
showed a comparatively low soluble trace metal concentration
and a higher nutrient release.

�! After sediments are resettled, the direction of
transport of trace metals between the sediment-seawater inter-
face is controlled mainly by the environmental conditions of
the overlying seawater.

�! Under oxidizing conditions, with the exception of
Ag, Cr, and Hg, all other observed trace metals were found
to be released into the sediment-water interfaces. In com-
parison with background seawater, Cd, Mn, Ni, and Zn were
significantly released, with Cu, Fe, Mn, and Pb only moderately
released. It is suggested that the release effect is mainly
the result of carbonate, chloride, and organo-complexes
formation.

�! Under reducing conditions, Fe and Mn were released
to a very high level, up to the ppm range. The concentration
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of other trace metals were decreased to extremely low values
in the initial contact period. As time passed, the concen-
trations of Cd, Cu, Hg, Ni, Pb, and Zn were again increased.
The deposition effect is a result of metallic sulfide forrna-
tion. The subsequent increase in metal concentrations after
the initial release is probably due to complex formation.

�! Under slightly oxidizing conditions, the concentra-
tions of trace metals were between those of the oxidizing
and reducing environments.

�! The flux of metal transport across a sediment-
water interface is primarily governed by the type of sediment.
and the overlying seawater conditions and the chemistry of
the individual elements.

�! No significant difference was found between the
resettled and non-resettled tests. The releasing pattern
of trace metals in the resettled tests was close to that
obtained under similar redox conditions in the non-resettled
tests.

 8! The flux of metals transport in the sediment-
water interfaces is independent of the gross concentration
of sediments.

 9! Due to the extremely low levels of metal concentra-
tions in most seawaters, the relative factors of release in
comparison with seawater backgrounds are very misleading.
For example, a ten-fold increase in the soluble fraction of
lead in most seawater will result in a concentration ra~ging
from 0.3 to 1.0 ppb, which is insignificant even from the
standpoint of most restrictive water quality standards. The
release of other metal species can be described in the same
manner.

�0! During the entire study, no soluble form of chlor-
inated hydrocarbons was ever observed. Most of the chlor-
inated hydrocarbons are found to be associated with fine
particles and macromolecular organic compounds'

 ll! Nitrogen and phosphorus compounds were found to
release in the sub-ppm range in the water column, while the
concentration of soluble silicate increases to the level of
10-20 ppm. The silty clay-type sediment was found to
release higher concentrations of nutrients and lower concen-
trations of trace metals. It is obvious that at such levels
of release, autotrophic activity can be greatly increased.
This should benefit increasing productivity in open waters,
but might be harmful in semi-enclosed waters for a short time.
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�2! The only potential problem is the release of
ammonia under anaerobic conditions in a confined area with
very little dilution from overlying water. Under these con-
ditions, ammonia concentration may increase to over 10 ppm,
which would create some physiological problems for more
delicate organisms. However, with some circulation, this
type of problem should disappear.

CONCLUSION

�! From the data presented, it is obvious that the
release of trace metals from dispersion, settling, and resed-
imentation of sediments is generally in the ppb or sub-ppb
range, both short and long term. These concentrations are
well below proposed numerical criteria for ocean water estab-
lished by Federal and State regulatory agencies  CStlRCB, 1972;
EPA, 1975!.

�! The results show that concerns regarding the release
of a significant quantity of toxic materials into solution
phase during dredging operations and disposal are unfounded.
No soluble chlorinated hydrocarbons were detected in the solu-
tion phase from either short term or long term study.

�! Even though a certain fraction of sediment samples
from Los Angeles Harbor may exceed EPA criteria on the basis
of gross concentrations, there is no evidence from extensive
laboratory studies that any significant degradation of water
quality will ensue upon disposal of such sediments in open
waters.

�! One potential problem regarding the water quality
impact of the open water disposal of dredged sediment is the
association of trace contaminants with suspended particulates.
Even though there is no direct evidence of adverse ecological
impact from such operations, the potential of increasing
uptake o f contaminants by f ilter- f ceding organisms and certain
species of algae cannot be minimized. One possible solution
to minimize this problem is the direct treatment of sediment-
water mixtures by the addition of flocculants to improve the
sett, ling characteristics of suspended particulates, as
described in the section on treatment studies.

�! Disposal of dredged material behind dikes or in
other confined areas will require addition of flocculants to
improve the quality of returned effluent for discharge to
ocean waters.
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�! There will be a complete compliance of water quality
standards of both CSWRCB and EPA. fqr dike disposal of dredged
material with proper addition of flocculant either directly to
dredged slurry or returned effluent with one hour retention
time for sedimentation.
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Table 3. Sediment Composition of LNG Stations: Physical
Descriptions.

Samples � February, 1974.
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Table 4. Composition* of LNG Sediment Samples.

*Size limits:

Sand � >0. 05mm

Silt � 0. 05 to 0. 005mm

Clay � Less than 0. 0 05mm

Samples collected Sept., 1975
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Table g . Trace Meta 1 Concentrations in Los Angeles Harbor Sediments
Compared wl th Region 1X Dredge Spoi 1 Disposal Cri teria
Revision 1  DSDC-Rl!, October, 1974.

"-11 stations

Samples col 1 ected 1974-1975
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Table 6 . Natural Background Levels of Trace Metals in
San Pedro Channel"

*Data from Chen and Lu, l974
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Table 10. Standard Elutriate Test--Los Angeles Harbor Sediments

" 0.45pm filtration

1.5 factor is not included in Sept. 5, 1975 EPA national Guideline

--not required
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Table 11 ~ Comparison of Marine Water Quality Criteria  mg/1!

Source: CSWRCB, 1972.
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Table 12 . Characteristics of Sediments from Sampling Stations~
in Los Angeles Harbor

 units in m unless s ecified!

.6Parameters

0. 842.0l. 90l. 09

22,87021,45052,590 29, 210COD

181383 350538IOD

2.1l.. 972. 804.59

269102163258

organic
Nitrogen 459588689357

Tot.al

Nitrogen 493636706357

Total

Phosphorus 787644679886

5.7.116. 94. 48Ag

02.0,660. 662. 42 l. 90Cd

77679417589Cr

56847. 535. 051. 045. 2 119Cu

33,52028,56028,9800,8301,610

0. 330. 270. 280. 685Hg

493
I

487381422429502

47.221.918. 223. 035. 321.6

33235.632476739. 2Pb

61211294106205115Zn

--not determined

*Stations shown in Figure 1
**In percent

Samples collected February, 1974

Silty
Sand

Sta ¹1

Silty
Silt

Sta ¹2

Silty
Sand

Sta.¹3

Silty
Sand

Sta.¹4

Silty
Sand

Sta.¹

45, 180

1. 43I
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Table 16. Total Trace Metals concentration in water column after
Treatment of 1:4 Sediment-Water Mixture with Polymer
 Direct Treatment!, Sta. 6 Sediment

Units in b unless s ecified

CSWRCB

Limit

5 min 0.5 hr 1 hr 2 hr 24 hr 48 hr 50% time

1.5 202.6 2.0 2.0Cadmium 4.2 3.7

2001219 16 124090Copper

0.7 0.73.5 1.6Chromium 5.25. 7

180530 480 410630 630Iron

9.014 1063 25Manganese

1. 0 10021Lead

4. 2 30014Zinc

0.0 200.00.0 0. 0Silver 0.0 0.0

l. 0 0 5 trace 1001.53.0Nickel 10

29284462280

25 123580

Cationic polymer:
Polymer dosage.

Suspended
solids,

ppm

Turbidity,
JTU

CAT-Floe T

10 ppm

1.9 1.3 1.0

12 7.6 4. 6
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Table 18. Interstitial water Analysis for Trace Metals* of Sediments
from Sampling Stations*" in Los Angeles Harbor

Silty
Sand

Sta. ¹5

Silty
Sand

Sta. ¹4

Silty
Sand

Sta. ¹3Element

0.50. 250.2 0.10. 3Cd

0.70.40.80.90.9Cr

0.91.30.4 0.41.3Cu

1202,000360985980Fe

100 6.07574 92

1.81.32.51.3Ni 0.6

0. 450. 30.4 4.50.4Pb

102121Zn

* ln pg/1
*" Stations shown in Figure 1
Samples collected February, 1974

Table J9. Moisture Content and Particle Size Distribution of Sediments
from Sampling Stations» in Los Angeles Harbor

Silty

Sand
Sta «4

Silty

Sand
Sta ¹3Parameter

29.2 43.043. 530. 5 26. 031. 0

12.071. 071. 048. 577. 0 80. 0

56. 017,5 18. 031. 5 8.012. 3

32.011.012. 0ll. 520. 010. 7

*Stations shown in Figure 1

Samples collected February, 1974

Moisture

Content,

Sand,


0 um

Silt,
50-5 um

Clay,

� um

Sandy
Silt

Sta. ¹2

Silty
Sand
Sta ¹1

Sandy
Silt

Sta ¹2

Silty

Sand
Sta ¹5

Silty
Clay
Sta. ¹6

Silty
Clay
Sta ¹6
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Table 20. Column Test Runs

Col.

Test

Series

Initial

D.O.
Sta.

Date No.

Seawater

Preloadin

6.2 quiescentnone

5. 75 quiescentnone

2. 757/8 3 nitrogen 7. 66

nitrogen 0.4 8. 61

nitrogen 0.6

7.1VE oxygen

nitrogen quiescent0,4 7. 78VII

7 0VIIE none

IX

quiescent6.6 7.71none

XI

quiescentXII 8.0none

XIII

quiescent6. 54 8.2none

8/31 2

9/4 2

nitrogen 0. 56

quiescentnitrogen Q. 35 8. 33XVI

comp. air 6. 89/4 2
Morris

9/23 Dam

8. 25XVII

6 6XVI II none

9/23

10/29 6

10/29 3

11/4 2

nitrogen

nitrogen

0. 2XIX

Q. 2XXII

comp, air 7.8XXIIl

comp. air 7.2XXIV

10/1 Morris
Dam

XX

XXI

I 6/17/74 6

II 6/27 3

IV 7/16 3

7/16 3

7/23 6

7/23 6

7/30 6

7/30 6

8/6 3

8/6 3

8/21 1

8/21 1

XIV 8/31 2

comp. air 6.7

comp. air 7.3

nitrogen 0.5

Freshwater

Preloadin
none 2.3

nitrogen 0. 2

Condition after

addition of

~H mixture

cont. bubbling
 canc.!

quiescent

8. 82 cont. agitation

8.02 quiescent

7.59 quiescent

7.78 cont. agitation

7. 88 cont. agitation

8. 35 cont. agitation

8.34 cont. agitation

cont. agi tation

8. 32 quiescent

8.43 quiescent

8.52 cont. agitation

8.66 quiescent

8.6 quiescent

8.6 quiescent

7.59 quiescent
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Table 32. General Characteristics of Nutrient Release
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Table 34. Metal Release Compared with Standards
All values in ppb

CSWRCB Stds. Drj.nking
Ocean water

Discharge Standards
�972! �962!

Proposed
EPA criteria
�975!Marine

A uatic life

Avg. Column test
value �8hr! at
1:20 dilutionlement

0%

of timeHigh Max Recv.Low

505000Ag

10100Cd

50100Cr

* 1000

300447. 9 30042. 8

0. 045 0. 1311

0. 830 1. 298

0. 774 1. 772

0.272 0.994

1- 586 3. 490

100Hg

100

100

100 200

300 500

50

5000 '1-200Zn

*same as recommended

0. 007

0. 105

0. 325

0. 15

0. 022

0. 155

0. 441

0. 746

20 40

20 30

5 10

200 300
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Figure 3. Particle size Distribution Curves for the Sediments, LNG l and 4.
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Figure 4. Particle Size Distribution Curves for the Sediments, LNG 6 and 7.
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Figure 11. Hn and Ni Release Ratio in Elutriate Tests
as a Function of Total .""n and I<i Sediment
Content.
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Figure 12. Pb and Zn Release Ratio in Elutriate Tests
as a Function of Total Pb and Zn Sediment
Content.
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MARINE STUDIES OF SAN PEDRO BAY, CALIFORNIA. PART ll. June, L976

Appendix I

COMPUTER MAPPING OF POLLUTANTS IN LOS ANGELES HARBOR

by
John W. McDonald

Geography Department
University of Southern California

Los Angeles, California 90007

Minimum oxygen � 1973

Azimuth = 309 Altitude = 65
*Width = 10.00 *Height = 1.00

*Before foreshortening

Range 0.42 � 7.00 ppm

The Pollutant graphics and accompanying legends are from field
data prepared for the Port of Los Angeles and the U.S. Army
Corps of Engineers in 1973-1974 by Harbor Environmental Pro.jccts.
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Appendix II

CONCENTRATIONS OF TRACE ELEMENTS AND

CHLORINATED HYDROCARBONS IN MARINE FISH

A Bibliography

Kenneth Y. Chen

and

Bert A. Eichenberger
Environmental Engineering Program
University of Southern California

Los Angeles, California 90007

Approximately 250 references were surveyed for this study,
with the subsequent inclusion of 52 references in this report,
The primary sources of information were: �! Environment Index,
�! Pollution Abstracts, �! A plied Science and Technolo
Index, and �! Chemical Abstracts.

The reliability of the data is not known and techniques
have advanced rapidly in a relatively short time. Both dry
ashing and wet acid digestion techniques were used by the refer-
enced investigators in conjunction with various analytical pro-
cedures. The available data indicate that most analyses have
been conducted for DDT, PCB, and mercury.

All concentrations in Table 1 are in ppm, wet fish weight,
except as noted. Limited data was obtained for fish oils and
fish meals.

The concentration factor is obtained by dividing the weic;ht
of the constituent in the fish species by the seawater concen-
tration. Seawater concentrations were obtained from the most

recent sources and are referenced in this report. Concentrations
of methyl mercury, polychlorinated biphenyls, and hexachlorobenzene
in seawater could not be obtained. The concentration factor
shown in Table 1 are the minimum and maximum values from the
referenced data. Single values indicate that only one reference
was obtained.
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Appendix III

CONCENTRATIONS OF TRACE MFTALS IN MARINE ORGANISMS

A Bibliography

Donald J. Reish
and

Kathleen Eulett King
California State University, Long Beach

Long Beach, California

A literature survey of citations on data of trace metal
incidence in marine plankton, plants, invertebrates, and some
fish, birds, seals and other mammals selected 99 references.
No information can be given on the reliability of the data
because techniques and instrumental working conditions vary
so widely. Of particular utility in data search is the
Annual Literature Review by the Journal of the Water Pollu-
tion Control Federation.
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Appendix IV

PRIMARY PRODUCTIVITY, CHLOROPHYLL A, AND ASSIMILATION RATIOS
IN LOS ANGELES-LONG BEACH HARBOR, 1973 AND 1974

by
Nikihiko Oguri

Allan Hancock Foundation

University of Southern California
Los Angeles, California 90007

DATA REPORT AND CORRECTION

Data on phytoplankton productivity and pigments of the
Los Angeles-Long Beach Harbor were routinely sampled on a
monthly basis at a series of stations shown in Figure 1 during
the years 1973 and 1974. These data are presented in Table l.

The stations were divided into four groups designated as
A, B, C and D. The A group was occupied during the first week
of each month, and the other groups were occupied in order on
consecutive weeks.

At each station a sample of surface water was obtained
using a plastic bucket. A known amount of carbon fourteen �4C!
was added to replicate subsamples in light and dark bottles.
The light bottles were placed in an incubator box lighted by
two fluorescent cool white 40w tubes held at sea surface temper-
atures~ The dark bottles were stored in the dark. After an
incubation period of about three hours the samples were
filtered through millipore AA filters. The filters were
returned to the laboratory for counting in a Geiger counter
and determination of carbon fixed by the phytoplankton retained
on the filter. The data are reported as milligrams of carbon
fixed per hour per cubic meter of water.

Separate subsamples were filtered with HA millipore filters
on board for subsequent determination of the photosynthetic
pigment chlorophyll a. The dried filters were returned to the
laboratory for spectrophotometric measurement of chlorophyll
absorbance values. The calculation of chlorophyll content
was done using the Parsons and Strickland �963! equations.

Due to a computer program error, data on chlorophyll values
found in the harbor and reported earlier are low by a systematic
factor of 2.5. These data have been corrected and are reported
as milligrams of chlorophyll a per liter of water sampled.



316

Assimilation ratio, as reported here, is an index number
determined by dividing the productivity value by the chloro-
phyll a value. These data should be viewed as minimal esti-
mates, since the pigment values reported do not separate the
phaeo-pigments from the chlorophyll values.

LITERATURE CLTED

Parsons, T.R. and J.D.H. Strickland. 1943. Discussion of
spectrophotometric determination of marine-plant pigments
with revised equations for ascertaining chlorophylls and
carotenoids. J. Mar. Res. 21�!:155-163.
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