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INTRODUCTION 13

On the basis of Dr. Pearson’s recommendations, the State WPC
Board decided in 1956 to concentrate its major research efforts on
specific aspects of waste disposal in the marine environment. As the
first step in this direction, the State Board in September 1956 author-
ized a contract with the University of Southern California, utilizing
the facilities of the Allan Hancock Foundation for Scientifie Research,
to conduet an oceanographic survey to determine the natural environ-
mental characteristies of the continental shelf area of southern Cali-
fornia and to gather data to reveal changes in the marine environ-
ment in vieinities of existing outfalls. (See Chapter II1.)

APPOINTMENT OF RESEARCH CONSULTING BOARD

Owing to the scientifie and technical nature of submarine outfall
research, and the desirability of following in detail the progress of such
research, the State Board adopted a resolution on 7 November 1956
authorizing the employment of a board of consultants to aid in the
planning and execution of the research program. This board, compris-
ing Erman A. Pearson, Se. D., as chairman, Richard D. Pomeroy, Ph. D.,
and Jack E. McKee, Sc. D., was officially activated on 11 January
1957. At that time, the only sponsored research project relating to the
marine environment was the one started a few months previously by
the Hancock Foundation. Subsequently, however, the research program
was expanded to embrace all of the projects deseribed in this progress
report.

I'}I‘he consulting board’s contract with the State WPC Board states
that they shall “‘advise and make recommendations to the State Water
Pollution Control Board in the planning and execution of the Board's
research program for the purpose of assuring, to the maximum extent
possible, that :

1. The scientific and technical data obtained from the submarine
outfall research investigations can be interpreted and evaluated by
water pollution control authorities;

2. The results of said research will be readily applicable to the praec-
tice of ocean outfall disposal of wastes; and

3. All phases of the submarine outfall research program be properly
coordinated.’’
PURPOSE OF THIS PROGRESS REPORT

While the submarine outfall research program and investigations
of numerous facets of waste disposal in the marine environment have
been under the control of the State Water Pollution Control Board,
and its Exeeutive Officer, Paul K. Bonderson, the research consulting
board has maintained close contact with the technical and seientifie
details of the several research projects so as to be able to submit advice
and recommendations to the State Board. This close liaison has been
effected by frequent visits to the laboratories of the contracting agencies
and by conferences with the scientifie and administrative personnel.
An important function, however, has been review of the progress re-
ports to assure that the results of the research are expressed in a form
that can be utilized by water pollution control authorities. Finally, a
series of research conferences or symposia have been held to enable



























22 MARINE WASTE Di1sPosAL RESEARCH PROGRAM

The following sections deseribed significant findings in the several
phases of the project.

1. The Marine Climate of Southern California

The elimate of southern California is charaeterized by moderation
resulting from the effect of cool adjacent ocean waters. During day-
light, the land warms to a temperature higher than the air over the
ocean and tends to ereate a breeze toward the land, preventing extreme
temperatures in the coastal eommunities. Figure 2 shows two typical
wind roses, compositing data for March 1956 and March 1957, but seg-
regated as to morning and afternoon winds. In the morning, no wind
is strongly dominant, and for 37% of the time it is essentially calm.
The most prominent wind is from the southeast, since at that time of
the day the land is mostly cooler than the ocean. In the afternoon the
wind from the west is strongly dominant, and there is rarely any wind
from land to sea during normal weather,

The pattern of morning winds shown for March is fairly typieal
of the whole year except for a greater component of northeasterly
winds from November to February. In the afternoon, the northwest
winds are somewhat stronger in later months, becoming dominant in
September and October and frequently exceeding 15 knots. Winds of
cale foree are rare even during winter storms.

In view of the northwest-southeast trend of the coast, the force
exerted by the temperature difference is toward the northeast in the
day and southwest at night. The wind directions are somewhat to the
right of these forees. A general eastern Pacifie high-pressure area tends
to inerease the westerly winds, and contributes to a net landward move-
ment of air. The mountain ranges generally paralleling the coast im-
pede this air flow, and sometimes result in the same air mass being
held along the coast, oseillating back and forth between night and day
for several days at a time, with consequent accumulation of atmos-
pherie pollutants over the metropolitan areas.

A general movement of water from the north, known as the Cali-
fornia eurrent, together with little-explored deep currents and up-
welling, keep the ocean at a temperature lower than along the east
coast at the same latitude. Although the ocean becomes progressively
warmer going down the west side of the continent, land temperatures
inerease more, and rainfall declines from very heavy along the coast
of British Columbia to moderate along central California, light along
southern California and very slight several hundred miles farther
south in Baja California. Cyelonie storms from the northwest reach
southern California from time to time in the winter, but never in the
summer. Rainfall is practically limited to the months from October to
April. Storms of tropical origin water the southern tip of Baja Cali-
fornia, and in rare cases reach as far north as Los Angeles.

Because of the low average annual rainfall of southern California,
ranging from 10 to 20 inches on the coastal plains and valleys, large
perennial rivers do not exist. A number of rivers of small size,
i.e. the Ventura, Santa Clara, Los Angeles, San Gabriel, Santa Ana,
Santa Margarita, San Diegnito, San Diego, and other smaller streams,
formerly discharged continuously into the ocean. Diversion and pump-
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ing from the porous alluvium over which they flow have reduced the
summer flow of most of them to zero.

After severe winter storms, the rivers in their natural state were
raging torrents. In extreme cases, flows exceeded 100,000 efs as on the
Santa Ana River in 1938. With relatively steep gradients, they flushed
huge amounts of sediment into the ocean. For purposes of flood control
and water conservation, most of these flows have been controlled by
dams, so that even in winter the runoff from the land is now much
less than what it once was.

No ecareful study has been made of the total natural flow from the
land into the sea before construction of dams, but it is roughly esti-
mated that for all streams between Point Arguello and the Mexican
border, the mean annual discharge was 1,000,000 acre feet. In many
years the total was small, in others it was several times the average.
Dams and diversions have probably eut in half the mean annual dis-
charge to the ocean.

Off the southern California coast the ocean now receives about 700
mgd of sewage and industrial wastes, or about 800,000 acre feet per
year. The principal change in the nature of the total land discharge to
the ocean has been a deerease in the amount of sediment reaching the
ocean, an increase in the dissolved nutrient elements, a leveling out of
the rate of discharge, and a small increase in the total discharge.

2. Some Characteristics of Sediments on the Mainland Shelf of Southern
California

Among the many factors that affeet the kinds and quantities of living
organisms on the bottom of the sea, there is probably none more deter-
minative than the nature of the bottom. Under natural conditions a
wide range of plant and animal communities is found on the bottom.
The qguestion of effects on bottom life of eomposition of the overlying
water, or of substances added to the water by waste discharges, is of
central interest in the research sponsored by the State Water Pollution
Control Board. In the interpretation of any observations of plant and
animal life on the bottom near a waste discharge, the nature of the
bottom and its effect on natural biota must be taken into account.

The nature of the bottom on the eontinental shelf of southern Cali-
fornia has been a subject of intensive study in the Hanecock Foundation
project. More than 700 bottom samples were collected and examined
for the benthic data in Publication No. 20. To those may be added
others taken by the Hancock Foundation during other projects, as well
as notations by the U. S. Coast and Geodetie Survey. All such informa-
tion has made it possible for the Hancock Foundation to draw a fairly
detailed ‘‘soil’’ map of the shelf, and to develop deseriptive correlation
of bottom conditions with biota.

The position of the southern California shoreline in recent geologic
times has been influenced predominantly by the ice ages, although varia-
tions have also oecurred because of erustal movements. In parts of the
Pleistocene era, the sea was about 100 feet higher than now, extending
inland for many miles across what are now the coastal plains, and ecut-
ting terraces that ecan be seen along the hills from Palo Verdes to
La Jolla. At lowest ebb, about 20,000 years ago, the level was about
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Figure 5

TUBES OF THREE CLOSELY RELATED POLYCHAETES, CONSTRUCTING TUBES
OF CONTRASTING DESIGN: DIOPATRA OBLIQUA; D. ORNATA SHOWING
PARTS OF THREE TUBES, ONE WITH SPECIMEN PARTLY EVERTED;
AND D, TRIDENTATA, PARTS OF OMNE TUBE WITH SPECIMEN

Figure &

LISTRIOLOBUS PELODES, A TONGUE-WORM,
SHOWING THREE INDIVIDUALS
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change in the environment is a change in the diversity of the biota. A
toxie environment generally results in a reduction of the number of
species down to a few which can resist the toxie effect. An enrichment
of the environment also generally results in a reduction of the diversity,
because a few s[}ﬁu&% outgrow all of the others.

One way to indieate diversity is by use of a bioindex which repre-
sents the ratio of number of individuals to number of speeies, or, in
other words, the average number of individuals of each species. A
high bioindex means less diversity. Obviously this index is dependent
upon the size of sample and other elements of the technique. Bioin-
dices have been reported for the 119 stations completely analyzed.
These values eannot be compared with bioindices obtained by any tech-
nique other than one identical in all respects with the technique used
in this research, but they are comparable among themselves.

It is clear from the data that there are no effects discernible for any
great distance from the outfalls. This is not to say that there may not
be some effects, but such effects appear to be so slight compared to
the effects of even very minor natural factors that it is impossible to
distinguish them.

It is reported that there were 10 samples near enough to ocean out-
falls, and otherwise normal, to study possible effects. Three of these
had higher than average biomasses and appeared to be abmormal in a
degree that suggests a possible effect of the outfalls; one near the
Whites Point ontfalls of Los Angeles County Sanitation Districts, one
near Marineland, about 4} miles north of Whites Point, and one 5800
feet west of the Hyperion outfall of the City of Los Angeles. In all three
cases, the reduction of diversity is attributable to a larger number of
individuals of less than the normal number of species, and not to a lack
of total erop. For all three, the number of individuals per square meter
was well above the average of all stations, and the biomass was high.
The other 7 of the 10 stations that might be within the range of influ-
ence of outfalls showed normal bioindices. A more conclusive evaluation
of relationship of waste discharges to the findings at these stations
and at other stations in the vieinity of ocean ountfalls awaits completion
of eertain phases of the study.

é. Studies of Foraminifera

Foraminifera are minute single-celled animals possessing shells ealled
tests. They achieve locomotion by means of protoplasmic pseudopodia
and may be biologically eclassed under Phylum Protozoa, Class Rhizo-
poda, Order Foraminifera. Forms living off the southern California
coast average less than 1 mm in size and encompass a great variety of
shapes, as more than 45 genera are represented.

Members of the Order Foraminifera, known commonly as “‘forams’’
live both on the sea floor as benthos and in the overlying water as
plankton. Tests of both types oceurs in the bottom sediments, planktonie
tests being contributed when the animals die. Attention in this investi-
epation was directed to the bottom-dwelling types, since they can be
expected to show a closer correlation with environmental conditions
than can the tests that are dropped from the variant ocean currents.
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chain which ultimately supports fish growth. In high numbers they
sometimes produce a beautiful luminescence of the waves at night,
since some species are photogenie. In other respects they may be very
troublesome. They inerease turbidity, causing the water to appear
brownish-red when the numbers are high. These extreme blooms are
called ‘‘red tide.”” When a bloom starts to die out, it may result in
depletion of oxygen, with possible suffocation of fish, and it may pro-
duce an offensive odor. Some species produce toxins, which may kill
fish or may be absorbed by mussels, leading to fatal poisoning of people
eating the mussels. At eoneentrations up to 1,000,000 cells per liter,
the greatest objection to high plankton eoncentrations is the esthetic
one of reducing the pleasing blue color of clear ocean water.

The plankton that cause the conspieuous red tides are of the Order
Dinoflagellita or dinoflagellates. These are motile, one-celled photo-
synthetic organisms.

The causes of plankton blooms are mysterious, with little other than
hypotheses as attempted explanations at the present time. The explana-
tion that first comes to mind is a variation of the concentration of
nutrients in the water. There is reason to believe that the low concen-
trations of nitrate and phosphate commonly found would not support
the very high blooms. In fact, in the heavy red tides the dry weight of
cells sometimes exceeds 50 mg/1. It would not be possible to produce this
weight of cells with a few hundredths of a milligram of nitrogen per
liter as found in many of the coastal seawater samples, unless there is
significant tropistiec coneentrating of the organisms, On the other hand,
there does not appear to be any correlation between nutrients and
plankton numbers up to many thousands per liter, and ample nutrient
concentrations do not necessarily result in plankton blooms,

In respect to ocean outfalls, there is an opinion among oceanog-
raphers in southern California that when a plankton bloom does start
along the eoast, it is likely to be intensified where the water earries
nutrients from an ocean ountfall. One bit of evidence for this is that high
plankton counts are charaeteristic of San Diego Bay, and heavy blooms
occasionally appear there. This bay receives much sewage effluent and
is only slowly flushed by the tides. Elsewhere along the coast, there is
as yet too little quantitative information to establish the extent and
amount of effect of outfalls on these blooms. It is noteworthy that the
heaviest bloom observed in this general area in recent years was a red
tide in 1958 starting along 300 miles of the eoast of Lower California
which for most of the distance is practically unpopulated. The water
near Ensenada was deseribed as looking, when viewed in the mass, like
tomato soup. A conecentration of 15,000,000 cells per liter was found
in a sample from Ensenada Bay. The bloom was a nearly pure culture
of Gonyaulax polyedra. It spread along the coast of California and near
La Jolla a count of 20,000,000 per liter was found. The bloom continued
as far north as Santa Monica Bay, where counts of a few million were
found. The bloom generally did not extend very far from shore—
usually less than a mile. Observations on this bloom, including effects
on fish and kelp, and observations on conditions in San Diego Bay, are
presented in reports of the Institute of Marine Resources at La Jolla.
The foregoing discussion draws on information from those reports.
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CONDUCT OF RESEARCH AND METHODOLOGY

This projeet has been integrated and co-ordinated with the overall
Kelp Investigation Program of IMR, of which Dr. Wheeler J. North is
also Projeet Officer. Both programs are under the general guidance of
the Kelp Advisory Panel of IMR.

Field investigations to date have comprised (a) eompilation of his-
torical records of the extent of kelp beds at many loeations, ineluding
studies of aerial photographs, (b) diving to observe the condition of
kelp in many localities and to assess the effeets of siltation, parasites,
and grazers, (e) transplanting of kelp in specific areas to determine
survival or degradation in relation to several ecological factors, (d)
measurement of the light penetration of water under various conditions
of turbidity and solar radiation, (e) the relation of harvesting to tur-
bidity insofar as the condition of kelp is involved and (f) the effects
of “‘red tide’’ and abnormally high temperatures during the summer of
1958 on existing kelp beds.

Laboratory investigations during the first year of the project have
consisted largely of tests to determine the toxieity to young kelp plants
of specific substances that might oceur in sewage or industrial wastes.
Conditions that are harminl to algae soon impair their photosynthetic
mechanism and consequently this charaeteristic has been used as a
basis for measuring toxic and other damaging effects. Young kelp
fronds of about one meter length were colleeted by divers at a depth
of 60 to 90 feet, brought to the laboratory in buckets of sea water, and
held in flowing refrigerated sea water (14-15°C). Individual blades
were removed with their bulbs and separated into two size groups, one
from each group being exposed to the various test media. Under these
conditions, the photosynthetic capacity of the blades in the sea-water
control subsegquently rises with time. If young bottom kelp blades in
refrigerated sea water show equivalent gains in photosynthetic capaeity
when exposed to suspected toxic agents, the substance in this concentra-
tion is deemed harmless.

During the first year of the project, toxieity tests were conducted
with San Diego Bay water, distilled water (to assess the effect of
salinity ), ehlorinated and unchlorinated sewage, free chlorine, various
metallic ions, synthetic detergents, chlorinated hydrocarbons, phenol,
chlorinated phenols, diesel oil, and hoiler fuel oil. Experiments were
also conducted with the predominant ‘‘red tide'’ organism (Gonyaulaz
polyedra) and with marine leptotel, the suspended and colloidally dis-
persed non-living organic matter that accounts for most of the light
absorption in coastal waters when the standing crop of phytoplankton
is low.

SIGNIFICANT FINDINGS
1. Field investigations

a. A great many organisms have been observed grazing on Macro-
cystis pyrifera and fragments of this plant have been found in the
stomachs of fish. Presumably, therefore, a part of the organic matters
synthesized by kelp finds its way direetly into the animal food chain.

b. The kelp beds at the southern tip of Point Loma, which suffered
serious degradation the past decade, have exhibited a renewed growth
of young kelp plants.









CHAPTER V

NORTH COASTAL INVESTIGATIONS—AN OCEANO-
GRAPHIC STUDY BETWEEN THE POINTS OF
TRINIDAD HEAD AND THE EEL RIVER

One of the specific objectives of the submarine outfall research pro-
gram is the quantitative biological, chemical, and physical deseription
of representative areas unaffected by waste discharges. Several repre-
sentative areas on the continental shelf of southern California are
being investigated by the Hancock Foundation, as deseribed in Chapter
III. All of them, however, involve warm semitropical waters with very
little fresh-water discharge from the adjaeent land mass. As such, they
are not representative of the coastline north of Point Arguello and
certainly not typical of the cold nearshore waters of northern California
which receive tremendous flows from inland surface runoff.

The possibility of a marked increase in waste discharge in the Hum-
boldt Bay area stimulated loeal interest in the present condition of the
bay and nearshore waters. Attempts at State funding of a general in-
vestigation to be conducted by the staff of Humboldt State College were
being made by local interests early in 1957. At this time the Research
Consulting Board was brought in to consider the problem. The RCB
mmn-mzed the desirability of obtaining quantitative data relatn*e to
the bml{-glmﬂ chemical and physical characteristics of a marine area
in northern California concurrently with the oceanographic survey
along the southern coastline. With two such widely separated areas,
differing in temperature, topography, geology, hydrology, and other
controlling factors, a comparison of many backgzround characteristies
would be possible.

Upon recommendation of the research consulting board and with the
strong support of the North Coastal Regional WPC Board, the State
Board in 1957 authorized the investigation deseribed below.

OBJECTIVES

To develop quantitative biological, ehemical, and physical descrip-
tions of two types of marine coastal areas in northern California:

1. Those unaffected by waste discharges and likely to remain so.

2. Those unaffected by waste discharges at present but subject to
possible future modification.

CONTRACTING, FUNDING, AND PERSONNEL

By virtue of its location on the northern (alifornia coastline and
its strong Division of Natural Resources embraecing a fisheries staff and
the elements of oceanographic research, Humboldt State College was
the contractor for this phase of the submarine outfall research program.
An agreement was prepared by 1 December 1957, but owing to admin-
istrative delays, final ratification did not oceur until 7 March 1958.

(50)
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appearance, Bottom samples in the surf zone showed no significant
amounts of tar.

1f the rate of deposition is of the order of magnitude indicated by
the experiments, this would mean that the amount of tar coming ashore
on 10 miles of Santa Monica Bay beaches probably averages somewhere
between 300 and 3,000 1bs. per day.

It is a temptation to draw further conelusions, which, however, would
not be supportable on statistical prineiples. The Contractor refrained
from doing so. It is clear that many unanswered questions, such as
occurrences of extremes, variations in time and space, and long-time
averages, must await a sustained testing program.

A careful literature search, together with world-wide correspondence,
revealed no previous work comparable to this project, although it was
reported that the American Petrolenm Institute has a similar project
under way in Florida. Abstracts on pertinent related work are included
in the report.

FUTURE PLANS

On the foundation of the work done, the Western Oil and Gas
Association is having continuation studies made by a private consulting
firm,

COROLLARY INVESTIGATION BY THE USPHS

Contacts were made with the Robert A. Taft Sanitary Engineering
Center of the USPHS at Cineinnati, Ohio, with respeet to possible
research on identification of tar from beaches, Dr. A. A. Rosen made a
trip to California to confer with the Executive Officer of the State
WPC Board, with the research team at USC and with the Research
Consulting Board. The result of the conferences was the undertaking
of some identification studies by the Robert A. Taft Sanitary Engineer-
ing Center, with the objective of distinguishing the tar that arrives
naturally out of the submarine seeps from that which might reach the
beaches from refineries, sewage plants, and other artificial sourees. In
view of previous work by the Sanitary Engineering Center along this
line (Anal. Chem. 27, 790 (1955) et al.), there appeared to be no other
place where studies of equal competence could be made. The results are
a most welcome contribution to the technology of control of pollution of
California beaches.

In the techniques that were developed, a sample of the tarry material
(after being freed, if necessary, of sand or other insoluble material by
chloroform extraction) is extracted with ether, leaving an ether-insolu-
ble or asphaltene fraction; aecids and bases are extracted; and the
neutral fraection is then subjected to chromatographic separation on a
silica eolumn into aliphaties, aromaties, and two oxy fraetions. Infrared
absorption spectra were run on various fractions.

Oily or tarry substances not of petroleum origin are quite easily
distinguished, both by group separation and infrared spectra. The
infrared spectra do not appear to be useful in distinguishing various
petroleum substances, but the group separations can be very useful.

It was found that tar collected on a beach was not materially altered
in character from oil collected at a seep from which that on the beach
evidently had come. In comparing seep oil with erude oil from seven

























































