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Changes in the condition of the
coastal water off Southern California
resulting from the disposal of large
quantities of municipal wastes have
long been a controversial subject. A
decade ago pelicans were unable to
breed on the nearby islands, the beds
of giant kelp off Palos Verdes had
disappeared, and the animal popula-
tions in large areas of the ocean bottom
were substantially altered. These
problems were attributed to the dis-
charge of large quantities of organic
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solids with contaminants such as DDT
attached. The extent of these and
possibly other detrimental effects was
not known, and there was great public
concern.

Ten years of study by the Southern
California Coastal Water Research
Project (SCCWRP) has provided
much information about the effects of
wastes discharged from deep marine
outfalls. In that same decade the dis-
charge of specific pollutants has been
significantly reduced. Now pelicans
and kelp are back; changes in the bot-
tom and its life have been mapped and
are reasonably well understood; in
most areas marine life seems to be in
good condition.

The findings described here apply to

the open coastal water off Southern
California, especially the area ex-
tending 135 km out from the shoreline
between Point Conception and the
Mexican border (Figure 1). This is the
region most likély to be influenced by
the wastes and activities of the 12
million pecple who live nearby.
These coastal waters are part of the
Southern California Bighi, a body of
water 200 km wide in some places,
which covers a unique basin-and-range
submarine topography and includes
seven islands. The main stream of the
California Current sweeps southward
along the outer coast beyond Point
Conception and passes outside the
islands partly over the western part of
this bight. Sometimes a relatively



Karlenem
Text Box
SCCWRP #0162



FRGURE

2The Southern California coast faces a wide basin-and-range region that
separates the coastal shelf from the deep ocean énd influences waves and
current. The large outfalls are numbered: 1. Los Angeles City, 2. Los Angeles
County, 3. Orange County, 4. San Diege City, 5. Ventura County. The areds

The coastal area studied in the SCCWRP. project®

outlined in blue show the. extent of SCCWRP's detailed ecological survey of the
coastal shelf and slope. Grabs from 408 stafions were taken and (mostly) analyzed
for benthic infauna and chesistry. )

warm current flows northward inside
the istands bringing tropical life forms
that influence the local ecology. Near
the outfalls the subsurface currents are
influenced by alternating tidal mo-
tions, but generally there is a net drift

_to the north and west that transports
discharged waste constifuents sea-
ward. The surface currents are of less
interest because wastes from deep
outfalls rarely surface.

In this paper the fol’lowmg defini-
tions apply: Contamination is an in-
crease in some substance above its
natural range. Contamination does not
necessarily result in advesse effects and
$0 is not Synonymous with pollution,
which means there is damaging excess
of one or more contaminants. A foxi-

cant is a substance that has the po-

tential for causing harmful effects in
an organism.

Man-made additions

All important sourees of contami-
nants in the coastal waters of this re-
gion have been investigated. In ap-
proxindate order of importance, the
sources include municipal wastes,
stream runoff, aerial fallout, harbor
discharges, thermal discharges, and
material from ships. The effects of the

first are significart; the others are
niinor to negligible. Industrial wastes
are stibject to rigorous source-control
beéfore they go into the municipal
sewage.sysiems and are processed and
discharged with the residential wastes
as municipal waste.

Five ertities contribute the major
part of the wastewaters: Los Angeles
County, Los Angeles City, Orange
County, San Diego City, and Ventura
County. Each of these treats sewage in
different ways, mostly to a primary

level but with varying percentages of .

secondary treatinent. The treated ef-
fluents flow seaward through pipes
3-4 m in diameter and are released
into the sea at a depth of about 60 m
through diffusers with dozens of
openings (1). The city of Los Angeles
also discharges sludge through a
75-cm diameter pipe that opens at a
depth of 100 m-on the rim of a sub-
marine canyon 10 km offshore. TFhis
last effluent contains a combination of
digested primary sludge, secondary

sludge, and secondary effluent; sewage

solids account for less than 1% of
the discharge.

Table 1 summarizes the concen--

trations of various materials contained
in the approximately 4 billion liters of

wastewatet a day discharged by these
five outfalls during 1979. Reports of -
the discharges to the the state, based
on 24-hour composites of final effluent
{measured daily for suspended solids,
monthly for metals and chlorma_ted
hydrocarbons) have been summarized
annually by SCCWRP for the last
decade. The discharge of large but
unknown amounts of total DDT by a-
chemical comipany into the Los An-.
geles County sewer system stopped by
June 1970. This was clearly the largest
singie canse of environmental damagc
In spite of a steady increase in waste-
water volume, the successful control of
this source and others has resulted in
a continuing decline in the amounts of
all contaminants discharged except
silver (2). The greatest decreases were -
achieved with PDT (now 3.5% of the.
1971 value) and PCBs (now 13.6% of
the 1971 value). Of the materials dis-
charged, these two chlorinated hy-
drocarbons, which are most trouble-
‘some t0 marine organisms, are now
discharged at levels from a few parts
per billion to fractions thereof (3).
Upon discharge the wastewater
immediately begins to entrain the
surrounding seawater and to rise until
the density of the mixture is equal to
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that of the surrounding water. In a
matter 6f minutes, a dilution of 100 to
200 has been achieved. This dilute so-
lution, which includés the bulk of the
original particles, drifts off with the
surrounding water and is very widely
dispersed.

When the coastal water is stratified,
which is the usual condition, this
wasteplume is at a depth of 20 to 40
meters, and waste materials rarely
reach the surface. However, during a
few weeks in the winter when recrea-
tional use is minimal, wave action
breaks up the thermocline/pycnocline
stratification, and the coastal waters
are mixed. Under these conditions the
dilution is about twice as great as
normal (4),

California state regulations con-
tained in the most recent Ocean Plan,
establish acceptable concentration
standards for various possible pollu-
tants that must be met by the dis-
chargers (5). These levels are set so
that when the effluent is diluted at
least 100:1, the threshold of presumed
toxicity to any sea animal, plus a rea-
sonable safety margin, is not exceeded
- (6).

"Because the dischargers comply
with state regulations and the actual
dilution is greater than required, the
problem of protecting marine life is
theoretically solved. However, the
particles released agglomerate with
each other and with those naturally
present in the ocean. About 10% of the
particles thus created are heavy
enough to fall to the boitom near the
point of release (7). Since most of the
possible pollutants including about
90% of the metals, are attached to
particles, there is a steady buildup of
contaminants on the bottom near the
discharge point (8). These are re-
sponsible for most of the biological
elfects observed. The sediments form
patterns on the ocean bottom in ac-
cordance with the currents that de-
termine their trajectory of fall. Usually
the contaminants do not maintain their
original level of potential toxicity be-
cause they are steadily altered by
chemical-bacterial activity, mixed
downward by bioturbation, buried by
subsequent sedimentation, or stirred
and dispersed by occasional violent
storms. These factors, plus the reduc-
tions in discharge of contaminants that
have occurred over the past decade,
cause the toxicity threat to lessen with
time.

Sampling metheds

The following is a brief summary of
the equipment used in the ecological
surveys. Ships about 20 m long were
employed; the positions of the survey
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FIGURE 2

Sea surface temperatures in the Southern California Bight®

#Thermal scan of sea surface temperatures made on Sept. 17, 1979 from NOAA-6 showing complex surface
water motion in the Sauthern Califarnia Bight. The light-colared cold water of the main California curfent
flows southward on the left side of the picture; dark relatively warm water intrudes from the south, setting
up huge eddies. (Processed by the Remote Sensing Facility, Scripps Institution of Oceanography)

stations were determined within about
30 m using LORAN C; depths were
obtained with a high-quality 50-kh
echo sounder. For chemical determi-
nations samples of the bottom were
taken with a 0.1 m? Van Veen chain-
rigged grab whose top can be opened
s0 that smell, texture, and color can be
recorded (¥). For chemical analysis,
five small cores of the undisturbed
sediment surface were taken to a depth
of 2 em and composited in a glass jar.
A second grab from the same location
was screened for benthic infauna.
Animals remaining on a 1.0-mm
screen were preserved for later iden-
tification, counting, and weighing.
Bottom trawls were made with a
standard net (otter boards with a 10-m
headrope) and dragged along the bot-
tom for 10 min at 1.1 m/sec. All fish
were immediately identified, counted,
and measured. For rocky bottoms that
could not be trawled, an automatic
35-mm strobe camera was used. Al-
ternatively, a television camera
mounted on a sledlike frame was towed
along the bottom to examine hard

strata, sediments, and animals (10)..

Both invertebrates and fish could

usually be identified at distances of ~

3-5 m. Trawls, cameras, hook and line,
and other fishing methods each gave

somewhat different but mutually
supporting data.

Water samples to determine chem-
ical concentration, plankton content,
amount of solids, or toxicity were col-
lected by means of pumps and hoses to
depthsof 120 m (11, /2). Appropriate
anticontamination procedures were
used, depending on the purpose for
which the samples were being taken.

All samples were brought to the
laboratory for analysis, identification,
dissection, and description. Of the
nearly 3000 invertebrate species in
these coastal waters, less than half
have been adequately described in the
taxonomic literature. Some animals
have appeared in various reports under
a dozen or more synonyms so that
some of those originally thought to be
missing from areas near outfalls were
found to be present under another
name. A iaxonomic standardization
program that involved over 200 local
systematists led to uniformly correct
identifications and resulted in two
volumes of taxonomic keys describing
many Southern California species
(13).

Identifying affected areas
L]

Environmental assessment requires
that a comparison be made between an



area thought to be contaminated and
a similar region that has not been in-
fluenced by humans. Therefore, a
control survey was made along the
entire Southern California coast, a
distange of some 400 km, at a depth of
60 m, the same as that of the large
outfalls (/4). At 71 stations spaced no
farther apart than 10 km, samples of
bottorn mids and animals were taken.
All locations where there was any in-
dication that people (or natural oil
seeps) had caused a disturbance were
set aside. Twenty-eight control stations
remained, the characteristics of which
are summarized in Table 2, They show
that under natural conditions there is
considerable variation in the biota and
chemistry. We sabmit that othier sta-
tions in the arca that fall within this
range of conditions have the equivalent
of control conditions.

In 1978 a new survey was begun to
measure present environmental con-
ditions on the coastal shelf off South-

ern California. The region covered
included the area likely to have been
affected by the outfalls and extended
outward to control conditions. A series
of transect lines were laid out perpen-
dicular to the shoreline at intervals of
about 4 km and sampling stations were
located at 20-, 30-, 60-, 100-, 200-,
300-, and 500-m depths. A grid with
points spaced 1 km apart was added to

cover the area close to the two Los

Angeles City outfalls in more detail.
Now from Dana Point to Port Huen-
eme, a distance of about 100 km, over
350 stations blanket the shelf and
slope. Figure 3 shows station locations
and infaunal characteristics in the
central part of the area that includes
the outfalls in Santa Monica Bay and
off Palos Verdes Peninsula.

Having mapped the biological sit-
uation on the bottom, the problem was
to interpret its meaning in ecological
terms. Three principal parameters of
benthic infauna {number of species,
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number of individuals/m?, and bio-
mass/m?) were used as the basis of”
Table 3 {{5). These were arranged into
groups according to Infaunal Index
levels (see box). Control conditions had
been identified previously.

The logic of the descriptive words in
the left-hand column of that table is as
follows: If all three of the principal
parameters at any location are equal to
or greater than control conditions, an
area is “normal.” This situation turned
out to correspond to an Infaunal Index
of 60 or above. If one of the parameters
is lower than the control value, but the
other two are equal or greater than
controls, the situation is “changed.”
This applies to index values ranging
from 30 to 60. Below an index of 30,
the number of species is less than half
of that of the average control station
value, the number of individuals varies
considerably, and the biomass is en-
hanced many times. We call a region
with these conditions “degraded” be-
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FIGURE 3
Areas of change in the Santa Monica Bay and off the Palos Verdes peninsula®

A section of the ecelogical survey shown in Figure 1 that includes Santa Monica These are not “monitoring” stations in the sense that word is used in California.

Bay and the Palos Verdes peninsuia. Locations of 150 banthic sampling stations Monitor refers to measurements or samples taken by the dischargers at specific
are indicated by dots. The dashed lines are drawn through Infaunal Index values locations and intervals around the cutfalis as required by state and locsl

of 60 and 30 to show the area of change. The shading within the changed area governments. Each discharger makes his own measurements and reports directly.
shows where the biomass is greater than at controls by factors of 3, 6, and 2. The values so ohtained are in good agreement with those given here.
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cause we think it may reflect toxic ef-
fects as well as feeding characteris-
tics.

Figure 3 shows the areas around two
outfalls enclosed by dashed index iso-
lines of 60 and 30; on the same chart
the regions of very high biomass are
also plotted. It can be seen that sub-
stantial increases in biomass exist in
the region that is “changed.” The ap-
parent causes of this increased biomass
are an enhancement in the number of
animials that are able to capitalize on
the new food supply and the larger

than average size of individual ani--

mals. Mearns and Word estimated
that the increase in benthic biomass
due to the four large discharges is
20 000 metric tons. The increase in
each area was found to be proportional
to the amount of solids released by the
nearby outfall (/6}.

The only two “degraded™ areas in
Southern California are those shown
in Figure 3 (3 km? at Los Angeles City
and 9 km? at Los Angeles County).
For the same two outfalls the
“changed” areas, within the index
isoline of 60, are 48 km? and 85 km?,
respectively, The-size of “changed”
areas around other outfalls are: San
Diego, 4 km?; Orange County, 10 km?;
Ventura is normal (153).

Fish and their diseases

Fisheries in Southern Californiza are
generally in good condition. Excluding
the sardine, commercial landings from
1930 to 1975 increased at a rate of
about 1200 m tons/year. Sport fish
landings nearly doubled in the last 25
years. However, it is not known
whether the increased catch is dué to
a change in abundance or in fishing
effort. Because both the cutfalls and
the fishermen’s aperating ports are in
urban areas, approximately one-third
of the party-boat catches and com-
mercial fish landings occur within 10
to 20 miles of the large waste dis-
charges (17). The area most in-
fluenced by the “seven-mile sludge
line™ is a favorite fishing site for party
boats.

Studies of demersal fish and epi-
benthic invertebrates were conducted
using standard trawls. At the 60 m
control stations on soft bottom, the
average number of fish species caught
in a standard trawl is 14.5, with a bio-
mass of 4.7 kg. At the most contami-
nated location il Santa Monica Can-
yon below the sludge outfall, the
number of fish species increased to
17.4 £ 5 and the biomass to 40.7 £ 30
kg. These levels are about the same as
those at Redondo Canyon, which re-
ceives some of the Los Angeles County
waste particulates. Both canyons have

higher values than those in three

‘rotighly comparable areas where nat-

ural conditions prevail.

In the last decade aver 300 000 fish
representing 151 species taken in the
coastal waters and near some of the

offshore islands have been examined.
One objective of this work was to
identify the types and frequency of fish
disease and te détermune whether
human wastes are a likely cause of
disease. About 5% of these fish showed
some external abnormality (/8). The
two types of disease that were most
prevalent and received particular at-
tention were external tumors and fin
erosion.

In Southern California, skin tumors
accur commeonly in young Dover sole,

but the prevalence of tumors in these

fish is low in comparison with the
number found in other species of cod
and flatfish living far away Tronf major
sources of contamination in Alaska
dnd British Columbia (I 8) The wide
distribution of fish tumors in time and
space suggests that they are not related
1o the discharge of mumCLpdl waste-

water.

During the last decade, fin erosion
has been found in 33 species of fish in
the region of the Palos Verdes shelf,
but it is rare in all species except Dover
sole, Rex sole, calico rockfish, and
green striped rockfish. These are small
fish, rarely taken except in scientific
trawls.

In 1977 samples taken with trawls
on the Palos Verdes shelf at depths
between 23 and 137 m showed that 39%
of the Dover sole and 28%-of the calico
rockfish had fin erosion. A few kilo-
meters to the tiorth or south the fre-
quency was down to one-tenth those
values, and at control stations the in-
cidence is less than 1% for Daover
sole.

Dover sole with fin erosion are oc-
casionally trawled in Santa Monica
Bay and San Pedro Bay, but these fish
may have migrated from the Palos
Verdes shelf. Various hypotheses
about the origin of this disease (bac-
teria, abrasion, macroparasites, fin
nipping, H>S in interstitial water, and
high metal levels in the sediment) have
been tested and rejected (19). In this
region fin erosion is related to the Los
Angeles outfall. The Dever sole in
Southern California is far from its
main range and was rarely caught there
before the outfalls existed. It may be

‘that the outfalls both attract the fish

and induce the disease. Fin erosion has
also been found near industrial areas
of Seattle, Boston, and various foreign
cities. Although a cause and effect
relationship has not been established,
data from various studies suggest that
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petroleum products and/or synthetic
organic compounds such as PCBs
contribute to the development of this
disease (I8, 19, 20).

Safdines, a very important com-
mercial fish in California before 1950,
are mow relatively rare. Their popula-
tion fluctuates for reasons not related
to pollution. Studies of fish scales in
varves in the Santa Barbara basin
sedimenifs have shown that sardines
have been present in large numbers 12
times during the last 1800 years for
periods of 20 to 100 years (21). The
rest of the time there have been few in
the region, as there are few at present.

Algae

The Palos Verdes peninsula has
been a favorite collecting ground for
phycologists for the past 100 years. As
a result there are reasonably good
records of the intertidal algae there in
1895-1896, 1908-1912, 1957,
1973-1976, and 1978-1980 (22). This
relatively long fime-seri¢s shows that
the originallv high species diversity
went through a low point in the 1950s
but now is higher than ever recorded.
To some extent these data may reflect
the level of scientific knowledge and
effort that went into each of the sur-
veys, but there is little doubt that a
temporary decline was somehow con-
nected with the Los Angeles County
outfall. At White’s Point, for example,
the number of species recordéd went
from 64 in 1910, to 30 in 1957, to 53 in
1975, to 107 in 1979. Although the
reasons for the changes are not known
with certainty, it is probable that one
or more pollutants (DDT and sus-
pended solids), as well as oceano-
graphic factors (warm water, storms),
local construction, and trampling
contributed substantlally to the de-
eline,

The subtidal giant kelp Macrocystis
pyriferag at Palos Verdes has fared
much the same. In water depths to
20 m, 1t forms underwater forests whose
canopies are harvested for food and
chemicals, and whose stipes and fronds
serve as a refuge for fish. In the first
quarter of this century, the canopies of

-the Pdlos Verdes kelp beds covered 600

to 800 hectares. Apparently the decline
began in 1937 with the first waste
discharge and continued until about
1958 when giant kelp virtually disap-
peared. In 1967 a restoration program
was initiated, and by 1974 new beds
began to form. In December 1980 the
beds covered 280 hectares, about the
same area as in 1948 (23} (Figure
43.

All kelp beds off Southern Califor-
nia decreased in size during the warm
water years of 1957-1959, but most
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began to increase again in the 1960s,
while the Palos Verdes beds continued
to decline. The special factors detri-
mental to the Palos Verdes beds were
smothering of rock in shallow water by
floc from wastewater that prevented
the attachment of young plants, re-
duction of light by suspendcd particles
in the water, overgrazing by sea ur-
chins, high concentrations of poten-
tially toxic compounds, intensive use
of the area by sport fishermen and di-
vers, and burial of the deeper rocky
substrates by sediments (24). Al-
though preat improvement is evident
and kelp now growsto depths 6f 13 m,
recoveéry is not yet complete.

Contaminants in the food web

Most animals in the sea live by eat-
ing smaller animals, the larger ones
taking into their guts whatever toxic
materials the smaller ones possess.
Thus the concentration of toxicants
may increase in the muscle tissue or
vital organs of animals at higher tro-
phic levels. A much debated question
is whether there is biomagnification of
pollutants in the marine food web. The
answer is mixed. Metals in their usual
inorganic forms do not increase in
muscle tissue with trophic level; or-
ganic materials do, including synthetic
chemicals such as PCBs and pesticides
as well as organic forms of metals, such
as methyl mercury. These statements
are useful generalities to which there
may be exceptions caused by differ-
“ences in the age or size of the animal,
unusual availability of certain foods,
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or lipid content of the organs mea-
sured.

Table 4a presents the tissue con-
centrations of erganic compounds and
metallic trace elements in Southern
California’s coastal pelagic foodweb.
The fish were selected to cover the
widest possible range of trophic levels
as determined by stomach content and
cesium-—potassium ratios, the latter
being a chemical indicator of trophic
level (25, 26). Contaminants in these

fish are presumed to represent back-
-ground conditions.

Table 4b gives data on contaminants
int the food web on the Palos Verdes
shelf, a region influenced by the Los
Angeles County outfall. With the
possible exception of zinc (which ar-
guably decreases with i increasing tro-
phic Ievel) the concentrations of in-
organic metals do not change much
throughout the food web. Man-made
organic compounds and organic mer-
cury (the latter probably not a result of
the outfall discharges) increase with
trophic level (27). A comparison of
Tables 4a and 4b shows that although
metals are similar in both food webs,
there is a great deal more total PCB
and total DDT in the animals near the
outfall.

The best known example of toxicant
accumulation at a high trophic level is
that of the brown pelican, whose
nambers on the Anacapa Island rook-
ery dwindled toa few hundred in the
late 1960s as a result of DDT issuing
from an outfall (28). The route by
which the DDT reached the pelicans is

not clear; possibly it was via anchovies

-that had eaten contaminated particles.

A few years later the deaths at the Los
Angeles Zoo of captive sea birds that
had been fed on queenfish from the
outfall area (also high in DDT) gave
additional confirmation (29). The
DDT discharge was stopped in 1970 as
soon as it was detected, and in recent
years the level of DDT in the marine
environment has been relatively low.
The pehcans have returned and are
present in what are believed to be
normal numbers; 2150 nests were re-
ported on Anacapa Island at the end of
1980 (30).

Metals in the sea and from effluents
are nearly all attached to particulates
{31); only rarely do they exist in the
sca in the free ionic form usually used
in toxicity tests. Therefore, it does not
seem reasonable to base opinions about
metal toxicity in particulate-laden
coastal waters on data taken under
radically different conditions in clean
glass tanks (32). Realistic toxicity
values can be obtained only from tests
that use or simulate the real world.

Brown has demonstrated that ani-
mals have a substantial capability for
effectively detoxifying some inorganic
metals (Cd, Cu, Zn, Hg, Sn, Ag, Be)
with the sequestering protein metal-
lothionein (33). Later work showed
that Au, Bi, and Ni are also detoxified.
When metals are bound to.metalloth-
ionein in a cell, they are, in effect,
partitioned away from enzymes, nu-
cleic acids, and other sites of toxic ac-
tion. Thus it appears probable that



most metals, at levels and in forms re-
sulting from marine outfals, aren’t
a serious threat to marine animals (34).

‘Metals are often found in high
concentrations in surface sediments
near outfalls. Figure 5 shows the dis-
tribution of chromium in the surface

sediments of Santa Monica Bay (35)..
The patterns of other metals on the bay

floor are similar. However, cven when
there are high metal kevels in the sedi-
ment, the level in interstitial water
rarely exceeds 10 times the back-
ground level of that metal in seawater
(which ranges from 0.01-1.0 ug/L)
{36). Moreover, the highest levels of
metals measured in invertebrates

taken from very contaminated bottoms
are rarely over 10 times the levels in
animals from control sites (a few parts
per million} (37).

Bacteria and viruses

Human coliform bacteria, some-
times accompanied by pathogenic
bacteria, are discharged in large
numbers by all outfalls. These join the
numerous marine bacteria and other
microorganisms that are naturally
present in seawater. These harmless
coliform bacteria, which are also pro-
duced by whales and sea lions, are used
as a convenient indicator of the possi-
ble presence of pathogens. If the inci-

dence of disease is small in the popu-
lation on shore, as it is in most U.S.
cities; pathogenic bacteria are not
likely to be present in significant levels
in'the sea. As far as can be determined,
there has never been a case of human
sickness caused by bacteria or viruses
from outfalls in the open coastal waters
of Soithern California. Samples of
water at many beach and near-shore
stations are monitored daily for coli-
form. With rare exceptions they meet

the California State Ocean Plan

standard, which requires {in water
used for body centact sports) that a
level of 1000 coliform per 100 mL be
exceeded no more than 20% of the time

Environ. Sci. Technot,, Vol. 18, No. 4, 1982
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FIGURE 4
Area of the canopy of
giant kelp at Palos Verdes®
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2The arez of the canopy of giant kelp
(Macrocystis pyrifara) was measured at Palos
Verdes from 1974 to 1980 (from Witson et al.
(23)).

FIGURE 5

Distribution of chromium in the upper 2 cm
of Santa Monica Bay sediments®

20ther metals make similar pattems. Numbers are chremium values in mg/dry kg (34).
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in any month, and for shellfish har-
vesting, coliform in the adjacent water
may not exceed 330/mL. In recent
years no swimming beaches or shelifish
harvesting areas have been closed be-
cause of bacteria originating from deep
outfalls. In the winter months the
shellfishing standard is maintained in
the waters of Palos Verdes (the large
discharge closest to shore) by occa-
sional chlorination.

Overview

Careful measurements of the results
of discharging municipal wastewaters
into the marine enviroriment off
Southern California show that the
following situation existed at the be-
ginning of 1982.

The effects on the animals that live
in the bottom are localized in clearly
identified areas where detrimental
factors, such as a reduction in the

number of species, are somewhat
compensated for by an increase in the
number of individuals and total bio-
mass. About 3 km?-around one outfall
and 9 km? around another are the only
areas on the coast that can be de-
scribed as “degraded.” Even in these
regions there are an average of 26
benthic species with an average bio-
mass five times greater than control
values.

Fish and epibenthic invertebrates
have increased in biomass, number of
individuals, and (in some places)
number of species as a result of the
waste discharges. The total increase in
the mass of animals caused by the
outfalls has been estimated at 20 000

‘tons (38). Sport fishing appears to

have improved and party boats often
fish around the outfalls, but there is no
hard data to support this opinion.

Near one outfall, fin erosion affects
several species of fish that are rarely
taken except in scientific trawls. No
human sickness has ever been attrib-
uted to the discharges.

In areas where serious damage to
the environtent has been observed in
the past, therc has been notable re-
covery of the marine life. The once-
threatened pelicans are back in force,
and in a region where marine algae
were in very poor condition only six
years ago, there are now more species
of intértidal algae than ever before
noted, as well as large béds of giant
kelp. This derhonstrates that sea life is
resilient .and that environmental
problems caused by waste discharge
can be reversed in a few years. fm-
provements in treatment and source

controi-have helped nature rectify

many of the environmental wrongs of

-the past.’

In summary, environmental condi-
tions are not as good in all respects as
one would wish, but there are no very
serious problems either. In some

coastal regions, the ocean is probably

the most ecologically satisfactory place
to dispose of mumclpal wastes. Be-
cause any action taken is relative to

whatever might be done instead, the,

environmental costs of ocean disposal
should be compared with those of other

options that may create worse prob-

lems. Although there is ample data on
the ecological costs of sea disposal in
Southern California, there are no
comparable data for other proposed
waste disposal methods. For example,
equivalent scientific attention has not
been given to the air pollution,
groundwater contamination, and det-
rimental effects on land plants and
animals caused by onshore disposal.
Extensive ecological studies such as
this one are undertaken to help society
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solve its problems by making facts
available so that rational decisions can
be reached. We hope these data will be
so used.

Much other good scientific work,
100 extensive to mention here, has been
done on waste effects in Southern
California waters by scientists from
the University of California (Scripps
Institution of Oceanography, Los
Angeles, Santa Barbara), University
of Southern California, California
Institute of Technology (Environ-
mental Quality Laboratory), and other
universities, as well as by California
Fish and Game, National Marine
Fisheries, and the Bureau of Land
Management. Subject material in-
cluded stable isotopes of C and N, Pb
210 in basin sediments, effects of
wastes on plankton, algae, and kelp,
fish abundance, and metals in sea-
water.
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