What pollutants enter
the sea from municipal
wastewaters?

ECOLOGICAL QUESTIONS
AND FINDINGS

The objective of this Project isabroad overal
understanding of the ecology of southern Cdifornia coasta
waters. We are trying to find out how the thousands of
gpecies of marine organisms live together in this special
environment thet is influenced by man's ectivities. The
problems are very complex, and it would be virtudly
impossible to discover dl possble reactions of dl
animasto dl possble pollutants. So we look for clues-
hints of changein the animas hedlth or digtribution—

and we try to quantify these with satisticaly rdiable

data. If changes are taking place, we try to determine the
cause by generating hypotheses and testing them a seaand
in laboratory experiments.

We recognize that scientists are often so close to their
work thet it is difficult for them to explain in a concise
manner how thelr current research into some specific part of
aproblem helpsto answer afundamenta question. Laymen
often want short, smplistic answers to questions that may
have far broader implications than they imagine.

Therefore, as ameans of bringing these points of view
together and summarizing the Project's work for the year
ending 30 June 1975, we have asked a number of fundamental
questions relating to ocean ecology and partialy answered
them with brief statements of this year'sfindings. Asour
recent work has built upon the studies and findings of pre-
vious years, we have then added a brief summary of some of
our past findings, which are described in the publications
listed in Appendix C.

Potentid pollutants in municipa wastewaters include
suspended solids, organic matter, oil and grease, cyanide,
nutrients, trace metas, and chlorinated hydrocarbons. We
have compared the effluents from southern Cdifornias
dischargersfor the years 1971 through 1974. With the
exception of DDT, which dropped dramatically because of
source control, there have been smal but steady improvements
from year to year.

In severa previous reports, we noted this continuing
decrease in the amounts of metals and chemicds reaching the
sea from the Whites Point outfal system. 1n 1974, inputs



What possible
pollutants enter the

ocean from the air?

What possible
pollutants enter the
ocean from harbors

of 9 of 12 metals decreased on the average by 26 percent.
Levelsof 10 of 13 other congtituents messured (including

total suspended solids, oil and grease, biologica oxygen
demand, and nutrients) are down an average of 26 percent.
Other substantial decreases were observed at the Los Angeles
City outfdlsin Santa Monica Bay and at the San Diego City
outfdls off Point Loma

Our past year'swork showed that aerid falout isan
important route of entry of DDT and PCB into coastal weters
of the entire Bight, especidly because the annud input of
DDT by municipal wastewaters has decreased until it is

about equd to the aerid source (each about 1.5 metric

tons per year).
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In 1975, we measured the levels of copper, chromium,
and nickd, as well as chlorinated hydrocarbons, in the
outflow of three harbors and found that the input into
coastal waters from this sourceis low by comparison with
other sources. However, average leves of dissolved

(biologicdly available) copper were gpproximately four
times those found in the wastewater plume off White Point.
Thus, harbor discharges may have asignificant effect on
the copper uptake of nearshore organisms.

In the past, we showed that PCB leves are higher
ingde the harbors than in open coastd waters. Although
the PCB input to the sea from harborsis low, highest
concentrations of PCB in mussels are found near regions
of greatest vesd activity.



What motions of the Our 1975 work on currents showed that, in inshore

water influence the waters at subthermocline depths comparable to those of

movement of pollutants? most discharges, the water motions closdly follow the
depth contours, with little onshore or offshore motion.
These currents flow at speeds of 7 to 10 cm/sec and often
persst for more than aweek in each direction. Therefore,
measurements of currents must extend over severa weeks
if they are to characterize even the short-term nearshore
water movements.

A revison of our conceptua mode of the transport and
dispersion of wastewater particulates now takes into
account our new findings on water motions. Thus our pre-
dictions of sediment quality aterations by wastewater
particles now agree well with actual measurementsin waste-
fidds.

Our previous reports gave evidence that the typical
veocity of currents with tidal period fluctuationsin
the Whites Point and Point Lomaoutfal areas is about
910 15 cm/sec; this disperses the effluent over an area
from 1.2 to 4.0 km from the ouitfall.

Flushing of the outfall areais primarily dueto
long-period oscillating currents with speeds on the
order of 6 to 7 cm/sec.

What animals live in The number of animas known to inhabit locd waters

our coastal water? continues to grow until now the number of kinds of fishis
around 500 and the number of invertebrate species exceeds
4,000. Our otaff is preparing aset of "taxonomic keys'
that will ad in identifying animals taken in monitoring
surveys and ensure that biologists at various laboratories
use the same names for the same animds.

In previous years, we reported that some fauna differ-
ences thought to exist between adjacent coastal areas
were caused by misidentification of specimens and non
standardized recording of data rather than by pollution.
When the species names were reconciled, the variaion
between areas was less than previoudy thought. Certain
animas that seemed to be missing from some coastd areas
were smply misdentified: In other cases, up to 15
different names were being used to refer to asingle
Species.

What levels of possib|e Tm ConcmtranonSOf DDT in ha‘bOI‘ md md waters

pollutants are present are generdly severd parts per trillion. In the Whites

In the water column, Point effluent plume (identified by anmonia.and turbidity

and where do they go measurements), the level is an order of magnitude higher.
Far offshore, the background leve of DDT islessthan

1 part per trillion.
In 1975, levels of cadmium, copper, chromium, and nickel



What happens to
pollutants on the

bottom

What effects of various
levels of chromium on
marine organisms can be
seen in the laboratory?

were measured in the Whites Point plume within 1 km of the
outfalls. Concentrations of the metalsin the particulate

form were 10 to 100 times greater in the plume than a the
nearby control sation. However, there were much smaller
differences between dissolved concentrations in the two
regions. Soluble cadmium and chromium levelsin the

plume were about the same as background; copper and nickel
were three to four times higher.

Previoudy we have reported on the five possible places
for waste materiasto go after they enter the ocean. They
can remain in the water column in solution and be carried
away, they can sttle to the bottom or float to the surface,
they can be taken up by marine animals, or they can decay
and change chemicdly.

We have shown that large amounts of many "pollutants’
are naturally present in seawater and that they are needed
by many animds. It isussful to digtinguish between these
and the smilar materids added by man.

Wastewater particulates that settle to the ocean bottom

carry down many pollutants, including organic matter, trace
metas, and chlorinated hydrocarbons. 1n 1975 studies, we
measured dterations in the sediment chemica qudity
resulting from wastewater and dudge dischargesin Santa
MonicaBay. The data show that, though the organic matter
decays dowly on the bottom, the trace metals associated with
particulates mobilize even more dowly. The amount of

fdling particulates caught in sediment tragps is much

greater than the amount that becomes part of the bottom
sediment, leading us to conclude that resuspension isan
important mechanism of particulate trangport and sedi-

ment formation. The evidence indicates that any motion

of these dudge-like materids is offshore and down the
submarine canyon.

DDT degradesto p,p'-DDE at arate of about 10 percent
per year, but there are about 200 metric tons of this
substance in the upper 20 cm of an area of 60 sg km off
Palos Verdes.

Past work has shown that metal's in an oxygenated bottom
dowly mohilize and drift awvay with the currents a very
low concentrations. In reducing bottoms where sulfides
are present, there islittle change. Measurements of the
annud layersin the sediments of Santa Barbara Basin
reveded the history of the entrance of pollutantsinto
our coastal waters and their steady increase over the
last 100 years.

A summary of our 1975 findings relating to the effects
of chromium on marine life must be consdered in light



How do outfall
sediments high in both
metals and chlorinated
hydrocarbons affect

bottom fish?

of the fact that, dthough hexavaent chromiumisa

serious toxicant, mogt of it is reduced to the trivaent

date as it passes through a sewage treatment system.
Trivadent chromium has avery low toxicity. Approximately
90 percent of the total chromium discharged to the sealis
on particulate materia and probably is not biologicaly
available; only asmall percentage of the dissolved
chromium isin the hexavaent form. Upon introduction to
Sseawater, trivaent chromium forms a hydroxide precipitate
that settles with the other particulates. Thus, it is

important to distinguish between totd and hexavdent
chromium in wastewaters and between chromium's particulate
and dissolved phases.

In the past year's experiments, we found that the levels
of hexavdent chromium required to affect feeding behavior
of one marine fish in laboratory experiments are substan+
tidly above leves of tota dissolved chromium in waste-
water. We have sought to determine the lowest concentrations
of ether form a which any effects can be observed.

The ability of one polychaete worm to reproduce is
affected by 13 ppb of hexavdent chromium. This
level isat least 100 times grester than the level of
hexavdent chromium likely to be encountered in the
ocean. The precipitated trivaent chromium that pre-
dominates in the sea does not seem to affect this animal's
reproduction.

Last year we reported that the threshold for direct
toxicity of hexavadent chromium, as potassum dichromate,
to the same worm is about 0.8 ppm. However, concentrations
aslow as 80 ppb sgnificantly affect the ability of these
animasto build, maintain, and inhabit the mucous tubes
they need for reproduction and protection from predators.

In the past year, wild Dover sole from "cleani" bottom

areas were brought into the [aboratory and placed on highly
contaminated bottom sediments to see if they would develop
the fin eroson disease. Thetest is4till in progress,

however, after 3 months of exposure, the fish appear
hedlthy, and there is no sign of the disease or other
problems.

In past years, we have reported that severa species of
fish have afin eroson disease thet is rdated in some way
to the pollution of outfal sediments. The Dover soleis
most susceptible: In some seasons, prevalence of thefin
eroson disease in this speciesis as high as 80 percent.
Other than that, the evidence of effects on fish conssts
mainly of adjusments in community structure.



How are changes in
fish communities

determined?

What is known
about the uptake of
pollutants into
marine animals?

We have developed amodel that can be used to predict the
species and sizes of benthic fishesthat occur at each water
depth and bottom condition. Six mgjor feeding roles have
been defined; these account for the digtribution patterns
of about 120 species of fish. There are abnormd distri-
bution patterns of fishes around outfall areas that may be
caused by dteration and contamination of bottom sediments
or by unusualy abundant food organisms.

In previous reports, we have described methods of sam-
pling fish populations and estimating the numbers and depth
ranges of various species.

In our 1975 studies of the biologica effects of pol-

|utants, we concentrated on diseasesin fish. Our mgor

findings

» Dover soleliving on contaminated Palos Verdes sedi-
ments have gpproximately twice as much copper in their
kidneys and twice as much chromium in their gonads and
skin as do specimens from control areas. Copper con
centrations in gonads of Dover sole with fin erosion
were only about two-thirds those of gpparently healthy
gpecimens. Harbor mussels contained up to ten times
as much copper as did specimens living in nearby open
coastal aress.

» Specimens of Dover sole from Palos Verdestypicaly
have muscle tissue concentrations of DDT of 10 to
15 ppm. However, PCB concentrations in the tissues of
fish taken around severd large outfals were only
1to 2 ppm.

» DDT levesin musdletissue of Dover sole with fin
erosion taken off Palos Verdes and Orange County were
datistically the same, at around 10 ppm (possibly
because they came from the same population). Diseased
Dover sole off Palos Verdes had 1.5 times as much DDT
in their muscle tissue as did hedthy specimens. PCB
was about twice as high in diseased fish. Since 1971,
DDT and PCB concentrationsin intertidal mussdls of
the Bight have fallen by factors of Sx and three,
repectively.

In 1975, we dso experimented with a system for monitoring

biologica uptake of pollutants with caged animds. Mussls

suspended off the Whites Point outfalls proved to be ussful
bioindicators of DDT and PCB contamination of the water
column. Specimens kept on the bottom survived well but took

up 10 times as much of these chlorinated hydrocarbons as did

surface specimens.

In past reports, we have summarized the amounts of pol-
lutant materids in various organs of the Dover sole as well
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aslevesin mussds and other invertebrates. Generdly,
there has been little change in the amount of DDT and PCB
infish muscletissue. Metd concentrations found in the
livers of fish living on the most contaminated sediments

are actudly lower than those in the livers of fish taken
elsawhere.

Seven leading diversity indices have been compared in the
past year. Basicaly these are measures of the number of
species present, the evenness of digtribution of numbers of
individuas for each species, or a combination of the two.
The Shannon or Brillouin indices (which mathematicaly
express the combination of the two main criteria) seem to
be the most useful for ocean pollution studies or monitoring
purposes.

In the past, we found that modern Stetistica tools are
useful in the sudy of marine community sructure. Data
from trawls and grabs are punched onto cards and fed to a
computer. Cluster analysis of data on the benthic commu-
nities off Palos Verdesindicated that Sites associated with
the highest concentration of pollutants could be readily
distinguished from adjacent sites by their species com:
position. The magor seasond changes in the communities
of organisms living on or in the benthic sediments,
especidly those near the outfdls, are due to fluctuations
in the distribution of afew species.

The number and biomass of benthic and demersal marine
animds off Pdos Verdesis high reaive to average southern
Cdiforniacoasta conditions for aslt bottom. However,
the discharge of wastewater does lower the diversity and
dter the pecies compostion.

Cluger analys's, ordination, and regression techniques
have been applied to routindy collected data to disinguish
patternsin the distribution of benthic life around the Pdos
Verdes outfdls. Five abiotic factors representing potentia
causes of community disturbance were found to be signifi-
cantly correlated with the observed faund patterns. In
addition to depth, which is the mgor natural factor, free
aulfide, total DDT, and organic matter were most important.

Our 1975 trawlsin an unaffected area off Laguna Beach and
Dana Point revedled that fish were less abundant in thisarea
than in the bays and near outfals but that they were

dightly more diverse. About one-quarter of one percent of
the fish were diseased or deformed:  Although thisis low
compared to some outfal Stes, these levels indicate that
diseased fishes will be found in coasta areas unaffected

by wastewater discharge.



Tumor-bearing Dover sole were identified in museum col-
lections of fish taken off Bga Cdifornia, indicating the
disease is not peculiar to southern Cdifornia outfal arees.

Dover sole appear to be growing a dower ratesin
southern Cdifornia than on the northern coast, but faster
at Palos Verdes than off Santa Catalinaldand, a"control”
area. Liver weights, sometimes used as an inverse indicator
of generd hedth, arelarger in Pdos Verdesfish thanin
fish of amilar body weight from other locdlities. In fish
with fin erosion, livers were some 40 percent heavier than
liversin goparently hedthy fish. Fish with fin eroson dso
produce less mucus than unaffected fish.

In past reports, we noted that there is evidence of fin
eroson in at least 30 species of bottom fish from the
coastd waters off Orange and Los Angeles Counties. Dover
sole isthe species most frequently and severely affected.

The prevaence of the disease is highest off the Palos Verdes
Peninsula, with a definite decrease to the north and to the
South. The seaward limit of the disease is unknown, dthough

Jack Ward

Photograph taken from a submersible shows the sealife congregated near Hyperion's
7-mile sludge pipe (0.6-m die.) at 60-m. Large s2a anenomes and several Dover sole are
on the pipe; sand stars move about on the silt near the pipe.



What are the best ways of
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At 60 m near the base of Hyperion's 5-mile effluent pipe, the ballast provides
a rocky habitat for several species of rockfish {cow and varmilion rock-
fish and bocaccio can be seen hare) and the sea anenomae

specimens with eroded fins have been collected at depths
beyond 200 m, the maximum depth sampled in routine
monitoring
surveys.

The only species from southern Cdifornia coastd waters
consgtently affected with skin tumorsis the Dover sole.

In the past year, we used trawls, hook and line fishing
(severd methods), towed teevison, and diver/submersible
photography to "sampl€e’ fish populationsin Santa Monica
Bay.

Each method is sengitive to somewhat different segments of
the populations. Trawls give the most information because
they catch more fish of more species, but the trawl nets are
avoided by the larger fish that can be caught on hook and
line.

Photographic methods are most useful where fish are con
centrated by rocks or structures that make trawling impos-
gble. The combined evidence of al methods seemsto give
agood overdl picture.

In previous years, we reported that variaionsin sampling
gear and procedures—and thus in sampling efficency—had
led
earlier workers to erroneous conclusions about regiona
differencesin fish divergty and biomass. We found that,
when uniform trawling procedures are used, little difference
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can be seen in biomass and diversity of demersa organisms
in the regions sampled adong the coasts of Orange and Los
Angeles counties.

Baited cameras reveded a previoudy unmeasured
abundance
of sablefish and dogfish off the Palos Verdes Peninsula and
important day/night differences in the activity and species
composition of nearshore marine life.

Human intestinal and pathogenic bacteria are discharged
through sewage and runoff water into seawater dready con
taining numerous natural marine microorganisms. Raw or
primary trested sawage contains large numbers of the norn-
pathogenic bacteria that can be used to indicate contami-
nation of marine water. But the pathogenic bacteria, such
as Sdmondla and Staphyloooccus, in the samples are four
to five orders of magnitude lower in abundance.

Our 1975 studies showed that secondary treatment results
in athousand-fold decrease of dl bacterid output, and
chlorination reduces this amount even further. However, at
short distances from outfalls discharging untrested primary
effluent, the bacterid count is already down 1,000 times
because the die-off rate is very rapid. Bacteria probably
survive longer in laboratory tests than they do in nature
because such tests cannot take into account the effects of

the complex microbiology and chemistry of the ocean and
the consumption of microorganisms by plankton.

After a careful search, we found some pathogenic bacteria
in outfal sediments and in some ocean water samples, but
the levels of these pathogens were lower than often exist
on city streets or in naturd stream runoff. Shellfish that
exceed the health standards for bacteria have been found,
but the source of these bacteria may not have been the large
outfdls.

In the past, we found abundant populations of fecd coli-
forms and streptococci in water and sediment samples taken
near the outfalsin Santa MonicaBay. The highest con
centrations of bacteriaand fungi were in sediments; floating
particulates and surface waters had intermediate concentra-
tions, and middepth seawater samples had the lowest.

Because of their more prolonged surviva in seawater,
feca streptococci may be better indicators of bacteria
contamination of coastal waters than either totd or fecdl
coliform.

Marine microbes seem to be more abundant near waste dis-
charge Sites than away from them and are more abundant than
microorganisms of sewage origin. In the direct influence of
chlorinated waste discharges, marine microbid populations
appear to be depressed, but when the discharge of chlorine



is discontinued, they recover quickly to densties higher
then normal.



