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ABSTRACT 

The impact of the discharge of primary treated effluent 

of a high suspended solids concentration on the sedimentary 

environment of the Palos Verdes Shelf was investigated. 

Analyses of the carbon content and the isotopic composition 

of sedimentary organic material with depth in the sediments 

and the areal distribution of these properties relative to 

the location of the Los Angeles County Sanitation Districts' 

ocean outfalls indicate that the outfalls are extremely 

important in determining the chemical and physical properties 

of sediments on the Palos Verdes Shelf. The analyses of 

various sedimentary cores specifically indicate that sludge

like matter has accumulated to depths of as great as twenty 

centimeters during the past 38 years. 

Calculation of the accumulation rates of organic carbon 

suggests that the present outfall-induced sedimentation rate 

for organic carbon in the immediate vicinity of the discharge 

is as much as about 260 times that of the natural sedimenta-

tion of organic carbon for the Palos Verdes Shelf. One result 

of this rapid input of organic carbon is the occurrence of a 

relatively large area of surface anaerobic sediments. The 

relationship between the mass accumulation rates of organic 

carbon and the areal extent of surface anaerobic conditions is 

further discussed as related to the suspended solids concentra

tion of discharged effluent~ 

The uppermost outfall-influenced sediments are shown to 

be of high water content and to have a total organic carbon 
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13 concentration as high as 12 percent which has a oC valu e 

of about -24.50/00. Particulate organic carbon discharge d 

13 
from the outfall has narrow-ranged oC values of about 

-23.5 0/00, thus indicating that the sedimentary carbon has 

incurred a diagenetic change resulting in the preferential 

decay of a higher oc 13 fraction, or that there has been a 

preferential deposition near the outfall of particulates with 

13 
a more negative oC value. Other possibilities are also 

discussed. 

The lower pre~outfall natural sediments on the Palos 

Verdes Shelf have organic carbon concentrations of about 

one percent. 
13 

The oC values for these natural sediments 

are about -22.5 to -23.0o/oo which is typical of other data 

reported in the literature for sediments of marine b as in s 

offshore of southern California. 
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I-1 Introduction 

I. INTRODUCTORY MATERIAL AND 

PERTINENT LITERATURE REVIEW 

The relationship between man and the oceans and fresh waters 

of the world has been accentuated by the threatening exponential rise in 

human population. Ketchum ( 1972) notes that more than fifty per cent 

of the United States' population lives in the counties bordering the 

Great Lakes and the oceans, and that the percentage is increasing. 

By the year 2000, an estimated 200 million people may live in the 

coastal zones of the United States. The increase in human density, 

with the corresponding increased demand upon resources as soc'iated 

with such areas, pose a threat to both the recreational and living re

sources provided by the nearby waters. A proper and rational concern 

is needed for taking the correct measures to preserve these resources 

for present and future generations of the world. 

One such action is the "Water Quality Control Plan for Ocean 

Waters of California" ( California, State of; 1972 ), which was adopted 

and became effective July 6, 1972. This plan has the objective of en

hancing and preserving the quality of its coastal waters by setting 

limits on various pertinent water quality parameters relating to both 

discharged wastewaters and receiving waters. These include limits 

on bacteriological, physical, chemical, biological, toxicological, and 

radioactive characteristics. 

This action was prompted by concern over the large flow of 

municipal and industrial wastes discharged to the marine waters of 

Southern California. The Southern California Coastal Water Research 
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Project (SCCWRP, 1973) reports the following such dischar g es to 

these waters: 

Source 

treated municipal wastewaters 

discrete industrial wastes 

returned cooling waters 

Approximate Flow ( 1972) 

1, 000 MGD (million gallons/ day) 

180 MGD 

5, 600 MGD 

Four discrete treatment plants are responsible for about 93 per cent 

of the above noted municipal wastewater flow. These are 

(1) The Joint Water Pollution Control Plant (JWPCP) of the 

Los Angeles County Sanitation Districts (LACSD) which 

discharges approximately 371 MGD of primary treated 

wastewater to the waters offshore of Palos Verdes; 

(2) The Hyperion Sewage Treatment Plant operated by the 

Cityof Los Angeles, which discharges approximately 

235 MGD of primary treated and 100 MGD of secondary 

treated wastewater through a 5-mile outfall in Santa Monica 

Bay, and approximately 5 MGD of sewage sludge through a 

separate ?-mile sludge outfall in Santa Monica Bay; 

(3) The Orange County Sanitation Districts treatment plant 

which discharges approximately 120 MGD of primary 

treated and 10 MGD of secondary treated wastewater from 

a location offshore of the Santa Ana River; 

(4) and the Point Loma Sewage Treatment Plant, which dis

charges about 90 MGD of primary treated wastewaters to 

the waters offshore of Point Loma in San Diego. 

The location of points of discharge for these four plants is shown in 



Figure I-1. 

The research described in this thesis deals with the discharge 

of municipal wastes to the waters offshore of the Palos Verdes coastal 

area. It is therefore relevant to elaborate on the general character

istics of this particular waste. The characteristics of the other 

wastewaters are discussed by both SCCWRP (1973) and CDM, Inc. 

(1972). 

The chemical and physical characteristics of the LACSD dis -

charge from Whites Point are shown in Table I-1. Due to the high in

dustrial contribution to this waste and the return of digested sludge 

centrate to its final effluent (Figure III-1 ), the JWPCP final effluent 

has the highest concentration of almost all commonly monitored con

taminants when compared to the other major discharges (SCCWRP, 

1973 ). Of particular interest to this thesis is the concentration of 

total suspended solids in the final effluent, which is about 300 milli

grams per liter. For a flow of about 360 MGD ( Table I-1 ), this con

centration therefore represents a yearly flux of suspended solids to 

the marine environment of approximately 1. 5 ( 10 8 ) kilo gr ams. The 

settling velocities of these particulates (Figure III-4) are such that a 

certain fraction of these particles is estimated to settle in the local 

area (Hendricks, 1973) and form accumulations which cause im

portant ecological disturbances. 

In 1969, Grigg and Kiwala (1970) reported such ecologic;:al 

changes in the benthos offshore of Whites Point to cover about six 

miles of the local coastline. Their study indicated a decrease in the 

number of benthic species to occur in a high sludge environment 
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when compared to a low sludge environment. Similar ecological 

changes had been reported by Limbaugh (1954) to cover a distance 

of only two miles, indicating an increase in the extent of ecological 

disturbances with time. 

North ( 1964) has been studying factors causing the disappear -

ance of the giant kelp Macrocystis pyrifera from the local Palos 

Verdes coastline. He strongly suspects the intermittent accumula

tion of outfall solids on rocky substrates in shallow waters to be one 

of the factors that interfere with the healthful propagation of this 

kelp species. 

Due to the high industrial input to the JWPCP waste, the dis

charged effluent ( Table I-1) is seen to have high concentrations of 

trace metals. Galloway (1972) investigated the accumulati~n of cer

tain traGe metals in the sediments surrounding the four major out

falls. The sediments surrounding the LACS D's discharge at Whites 

Point were shown to contain the highest concentration of these con

taminants. Trace metal concentrations many times those of back

ground for zinc, copper, lead, cadmium, and chromium gave ellip

tical contours which centered on an area slightly northwest of the 

Whites Point discharge. Based on trace metal concentrations in 

sedimentary cores, Galloway .estimated a sedimentation rate near 

the point of discharge of approximate! y 0. 22 gr/ cm 
2 

/ yr ( 0. 72 cm/ yr) 

as compared to a "natural" sedimentation rate reported by Emery 

( 1960) of approximately 0. 009 gr/ cm
2 

/ yr. In addition, Galloway 

reported that most of these trace metals are in the particulate state 

and not in solution. 
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A much more lengthy and detailed summary of investigations 

into the biological, chemical, and physical properties of these sedi

ments is given in reports by SCCWRP {1973) and the LACSD {1973 ). 

From these reports it can be concluded quite confidently that the .near

outfall benthos is markedly disturbed with respect to these properties. 

This thesis will present the data, analysis, and conclusions on 

the fate of particulate matter discharged from the Whites Point out

fall system, based on its carbon content. This approach is based 

upon an intensive investigation of organic and inorganic carbon asso

ciated with particulate sedimentary matter, and includes measure -

ments of the percentage of total organic carbon and its respective 

carbon isotopic content (C
13 /c 12 

ratio) in the local sediments. 

The investigation of a new independent variable related to such 

a complex problem as the effect of effluent on the ocean sediments is 

. 13 12 . . 
desirable. However, the C / C ratio and carbon concentration of the 

sediments (both organic and inorganic) and of particulate matter in the 

ocean waters is also of particular relevance to the very important 

carbon cycle in the oceans. 

I-2 Terminology 

This thesis will present a large number of carbon isotopic data 

on sedimentary organic and carbonate carbon associated with the San 

Pedro Shelf sediments in the vicinity of Whites Point. The carbon iso

topic measurements were determined on a double-collecting sixty

degree deflection mass spectrometer of the Nier ( 1947) type with the 

modifications of McKinney, et al. ( 1950 ). Basically, this instrument 



-9-

measures the ratio of c 13 
/ c 12 

in a sample (R ), which is introduced 
s 

to the mass spectrometer in the form of gaseous carbon dioxide, to 

13 12 . 
the C / C ratio of a standard CO2 (R

0
). The desired R is there -

fore the ratio of the abundance of ions _of mass 45 (c 13o 16o 16
) to the 

. 12 16 16 
abundance of ions of mass 44 (C O O ) . However, R, as meas-

ured on the mass spectrometer, is actually the ratio of (c 13o 16o 16 + 

c 12o 16o 17
) to c 12o 16o 16

. Therefore, a correction factor must be 

applied to account for the abundance of o 17
. This correction factor, 

and a correction factor which accounts for machine background and 

mixing of sample and standard gases,· was applied to all isotopic data 

to be presented. A detailed account of these correction factors and 

their application to measured isotopic data is provided by Craig ( 1957) 

and Deines (1970 ). 

where 

Isotopic data of this type are typically reported as 6-values, 

6(0/00) = 
(R -R ) 1000 

S 0 

R 
0 

R 
= (Rs -1)1000 (1. 1) 

· o 

Therefore, carbon samples depleted in carbon of mass 13 relative to 

the standard will have negative 6-values, and samples enriched in 

carbon-13 will have positive 6-values. As an example, a sample with 

13 12 
a 6 (C /C ) = -20. 0 o/oo indicates that the sample is depleted in 

c 13 
relative to the standard, such that the c 13 /c 12 

ratio differs by 

20 o/ oo, or 2 per cent. Such mass spectrometric measurements are 

reproducible to ± 0. I o/ oo ( ± 0.01 per cent). All isotopic data in this 

thesis are · reported relative to the standard (R
0

) of CO
2 

prepared 

from a Cretaceous belemnite, Belemnitella americana, from the Pee -



dee formation of South Carolina. This is the common reference used 

in most isotopic work of this kind. 

1-3 Theoretical Considerations in Isotope Effects 

Differences exhibited by isotopic molecules between coexisting 

phases are primarily due to either: 

(1) kinetic differences between isotopic molecules resulting in 

differences in such properties as diffusional rates, or 

(2) purely chemical differences due primarily to differences in 

the vibrational frequencies of isotopic molecules. 

Urey ( 1947) points out that the isotopic species of hydrogen differ in 

many ways, including heats of fusion, vaporization, molar volumes, 

and heats of solution. 

Differences in the kinetic energy of isotopic molecules result 

in different diffusional velocities and rates of vaporization. Graham's 

law predicts the ratio of the diffusional £luxes of two molecular s pe

cies to be inversely proportional to the square root of the ratios of 

12 13 
the masses. For example, for C o

2 
and C o

2
, the ratio of diffu-

sional fluxes would be predicted by 

Wahl and Urey (1935) showed that the vapor pressures of the isotopic 

0 
species of water varied such that at a temperature of 23 C the vapor 

h . H 0 16 D 0 16 HDO 16 d H 0
18 

pressures oft e species 
2 

, 
2 

, , an 2 were 

21. 0, 18. 25, 19. 51, and 20. 82 mm Hg, respectively. 

It is not in the domain of this thesis to delve deeply into the 

rigorous theoretical considerations, which are based upon statisti-
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cal mechanics, relating to the chemical equilibrium properties of 

isotopic exchange reactions. A comprehensive account of the formu

lations is given by Urey ( 1947 ). It is pertinent, however, to briefly 

mention some of the basic considerations. 

A typical exchange reaction expressing the distribution of two 

isotopic species between two coexisting phases is represented by the 

isotopic exchange of gaseous carbon dioxide with aqueous bicarbonate: 

13 12 -
C 0 

2 
(gas ) + H C 0 

3 
( aq. ) 

12 13 -
C o

2 
(gas) + HC o

3 
(aq. ) 

( 1. 2) 

Such a reaction can be generalized as 

aA l + bB2 :;::::: aA2 + b _B l , ( 1.3) 

where A and B are different molecules, both of which contain a com

mon element exist:i.ng in the light isotopic form (denoted by subscript 

1) and the heavy isotopic form (subscript 2). 

A fractionation factor, 0., between two molecular species A 

and B is defined for the case of carbon as: 

ex. = (1. 4) 
/ 

The fractionation factor is directly related to the thermodynamic 

equilibrium constant K which, for reaction (1. 2 ), is given by 

[ C 
12 

0 
2 

( g)] [H C 
13

0; ( aq) J 

[c 13o
2 

(g)] [He 12o 3(aq)] 
K = (1. 5) 

where the brackets denote molar concentrations. For this reaction 

it is seen that a. = K. In general, for ·an isotopic equilibrium reac -

tion such as ( 1.3), the fractionation factor is related to the equilibri

um corlstant by the following expression: 



a. = 

-12 -

1 
K ab ( 1. 6) 

The equilibrium constant K for an isotopic exchange reaction 

can furthermore be calculated from the ratios of the statistical me

chanic partition functions which, for the representative reaction (1. 3) 

is shown (Urey, 1947) to be equal to 

K = ( 1. 7) 

where Q .. = statistical mechanical partition function for species ij. 
lJ 

At ordinary temperatures .and above, it is further shown that 

Qi2 CJl u2 
-u2/2 

1-e 
- ul 

e 
for a diatomic molecule 

Qil 
= -- -u

1
Jz CJ2 ul 

1-e 
-U2 

e 

(1. 8a) 

Qi2 crln u2i 
-u2 ./ 2 -Ul. 

e J 1-e J 
for polyatomic mole-

Qil 
= -- -u

1
./2 0'2 j ulj -U2. cules 1-e J e J 

( 1. 8b) 

The parameters O' 
1 

and 0 2 are the symmetry numbers of the two 

molecules, which are identical for this type of isotopic exchange, and 

h\J. 

U = --1.. 
j kT ' 

(1. 9) 

where \J. denote the various vibrational frequencies of a polyatomic 
J 

molecule, h equals Planck's constant, and k equals Boltzmann's 

constant. Therefore, it is seen that the equilibrium constants for 

isotopic exchange reactions are dependent ·upon the vibrational fre -

quency shifts produced upon isotopic substitution and can be calcu

lated solely from a know ledge of the fundamental freq uenc ie s of the 

isotopic species (Urey, 1947 ). It is further shown by Urey that for 
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small u's (i.e., either low frequencies or high temperature), the ra

tio of the Q's approaches unity, and therefore differences in chemical 

properties will cease. 

An example of the effect of isotopic ma$S differences on the 

vibrational frequency and partition functions of molecular species is 

provided by data from Urey ( 1947) on the diatomic molecules, H
2

, D
2 

12 16 13 16 . 
and C O , C O which are as follows. 

Table I-2. Vibrational Frequencies and Partition Functions for the 
12 16 13 16 

Molecules H2 , D2 and C O , C O (from Urey, 1947 ). 

Molecule Vibrational Frequency 

Hz 4405. 3 

D2 3118.8 

Cl2016 2167.4 

-1 
sec 

Ratio of Partition Function at a Temperature of 

Molecular Pair 273. 1 °K 298. 1 °K 400°K 500°K 600°K 
1 

(D2/H2)2 

(Cl30/Cl20) 

4. 2803 

1. 1086 

3.7346 

1. 0970 

2.5570 

1.0659 

2.0462 

1. 0479 

1. 7650 

1. 0360 

These data also show the increase in isotopic effects for elements of 

smaller mass as well as the decrease in isotopic differences with in

creasing temperature. 

The effects of isotopic substitution on chemical reaction rates 

is discussed by Bigeleisen ( 1949) and a comprehensive review is given 

by Melander (1960 ). In general, molecular species containing the 

lighter isotope will react slightly more quickly as compared to the 
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heavier molecular species. This is primarily due to the fact that the 

zero point energy of the lighter species is greater (due to a greater 

vibration frequency for the smaller mass) than that for the heavier 

species, and therefore, there is a smaller free energy barrier to 

overcome for the reacting light species. 

I-4. Carbon Isotopic Variations in Nature - - a Review of the Perti
nent Literature 

To provide a better understanding of the work to be presented 

in this thesis, it is important to discuss the carbon isotopic variations 

found in nature and some of the processes involved. 

Utilizing a mass spectrometer of relatively high sensitivity, 

Nier and Gulbransen ( 1939) made the first measurements of the rela

tive abundances of the two stable isotopes of carbon in various natural 

carbon reservoirs. Their basic findings showed the heavy isotope to 

be generally more abundant in limestones . and the lighter isotope more 

abundant in plant forms. Wickman (1952) extended this work by de

termining the c 13 ;c12 
ratios of 105 plants, representing all the major 

systematic groups. Although Wickman found no major systematic dif

ferences between the various plant forms, his work did show differ

ences to occur between some of the major biotypes. Of particular 

interest to this thesis, Wickman' s dat,i revealed a distinct difference 

between marine plants and terrestrial plants, with marine plants being 

. h d. c 13 
more enr1c e 1n . 

Craig ( 1953) performed a most extensive investigation into the 

isotopic variation of a wide variety of both inorganic and organic car -

bon forms using the mass spectrometer of the Chicago group (McKin-
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ney, et al., 1950). Craig's data showed that, in general, oxidized 

carbon compounds tend to be more enriched in C 
13 

and reduced car

bon compounds more depleted in C 
13

. An enrichment of C 
13 

in 

marine plants and invertebrates of some 5 to 18 o/ oo relative to 

terrestrial organic material was also quite evident. Craig ( 1954) 

was of the opinion that this consistent difference between marine and 

terrestrial organic carbon was primarily due to the partial or total 

utilization of dissolved CO2 derived from adjusting bicarbonate equi

libria when local dis solved CO
2 

is diminished. 

Park and Epstein ( 1960) experimentally determined what is 

undoubtedly the most important fractionation associated with biologi

cal systems and which results in the major difference between the 

isotopic composition of organic and inorganic forms of carbon. This 

is the photosynthetic fixation of carbon (in the form of dissolved CO2 

within the plant) via the carboxylation of ribulose-1, 5 diphosphate to 

yield two 3-phosphoglyceric acid molecules, the reaction being en

zyme catalyzed. The fractionation factor associated with this step 

was experimentally determined to be about 1. 017, i.e., an approxi

mate 17 o/ oo depletion of C 
13 

fixed within the plant. 

De gens ( 1969) presents a comprehensive review, based on 

more than 5000 isotopic data primarily from the existing literature, 

of the carbon isotopic variations in nature. Based on these data, he 

constructs a schematic of the natural carbon cycle with included iso

topic ranges (Figure I-2). The following reservoirs and their re

spective average isotopic compositions are worthy of special notice. 
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Table I-3. Typical oc 13 
Values of Some Major Carbon Reservoirs. 

Carbon Reservoir 

Marine Limestones 

Bicarbonate in Sea Water 

Atmospheric CO2 

Marine Organic Carbon 

Recent Marine Sediments 

Land Organic Carbon 

Recent Fresh Water Deposits 

. 13 12 
Approximate o( C IC ) 

0 o/oo 

0 

-7 

-20 

-20 

-25 

-25 

In regard to these data, it is quite evident that the organic carbon of 

recent fresh water and marine sediments have an isotopic composi

tion which reflects their source material. 

Since this thesis is involved with the marine system, it is 

especially important to discuss the variations in the isotopic compo

sition of marine carbon sources. However, since such sources are 

intimately linked with the detailed carbon cycle of nature, it is also 

important to briefly discuss some of the other major reservoirs of 

Figure II-2 in order to impart an overall understanding. 

I-4a. Atmospheric Carbon Dioxide. Based on a number of 

analyses of Chicago air, Craig (1953) accepted a tentative value of 

- 7 o/ oo for the carbon isotopic composition of uncontamin'ated at

mospheric CO
2

. More recently, Friedman and Irsa ( 1967) showed 

, that an even greater depletion of C 
13 

can result from the combustion 

13 
of C -depleted petroleum products (Silverman and Epstein, 1958). 

Friedman and Irsa showed such a shift to occur in New York City, 



-18-

and this is undoubtedly a possibility in other highly industrialized 

metropolitan areas. 

Keeling (1961) investigated a variety of rural air samples in 

different locations and observed a range in isotopic composition of 

approximate! y - 7 o / oo to - 11 o / oo, and a corresponding concentration 

of CO2 of 0. 031 to 0. 040 volume per cent. Keeling explained the vari

ation and correlation by assuming an initial concentration for atmos -

pheric CO2 of 0. 031 volume per cent with an isotopic composition of 

- 7 o/ oo to which is added carbon dioxide due to plant respiration with 

an isotopic composition of about -23 o/ oo. 

Since coals and limestones of all geologic ages show a rela

tively constant isotopic composition, Park and Epstein ( 1960) _reason 

that the oC 
13 

ratio of atmospheric CO2 has probably remained con

stant over geologic time. 

I-4b. The Dissolved CO2 and Bicarbonate-Carbonate System. 

In a series of controlled laboratory experiments, Degens, et al. (1968a) 

studied the fractionation of carbon associated with atmospheric CO2 in 

isotopic, and therefore chemical, equilibrium with aqueous bicarbonate. 

The fractionation was shown to be temperature dependent with an en

~ichment of c 13 
in bicarbonate of 9.2 ± 0.4 o/oo at 0°C to 6.8 :i:: 

0. 4 o/ oo at 25°C. Thode, et al. (1965) further demonstrated that 

this fractionation is dependent upon added metal ions and the pH of the 

equilibrium mixture. The above fractionation between gaseous CO2 

and aqueous HCO3 was seen to increase upon the addition of magnesium 

ions, whereas increasing the pH in the range of 7 - 11 resulted in a 

13 
further depletion of C in the gas phase. 
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Epstein (1968) reports that there is little fractionation be

tween bicarbonate and carbonate, perhaps 1 or 2 o/ oo. 

Based on a study of the carbon isotopic composition of dis -

solved inorganic carbon at six stations in the North and South Atlantic 

oceans, Deuser and Hunt ( 1969) concluded that a value of about 

+ 0. 5 o/oo is probably characteristic of inorganic carbon of the deep 

sea. 

I-4c. Precipitated Carbonates. In general, isotopic data on 

precipitated carbonates reflect the isotopic composition of the bicar

bonate ions in the waters from which they were precipitated. Keith 

and Parker (1965) investigated the carbon and oxygen isotopic compo

sition of mollusk shells in a marginal marine environment. Samples 

were taken to reflect the changing environmental conditions as pro -

gression is made from terrestrial-influenced waters (Mobile Bay, 

Alabama) to open marine waters (Gulf of Mexico). A summary of 

their carbon isotopic data is shown in Table I-4 and clearly reflects 

s:. C 1 3 al . . d d th an increase in u v ues as progression 1s ma e towar e open 

marine environment, thus indicating a decreasing accessibility of 

continental carbon. 

Epstein and Lowenstam (1953) give a variety of carbon and 

oxygen isotope data for the carbonate shell material of Recent and 

Interglacial Pleistocene shoal-water biota (primarily mollusks) in 

Bermuda. The carbon isotopic data show a very narrow range of 

-0. 7 o/oo to -2. 7 o/oo for seventy-seven samples. 

Carbonates precipitated and/ or altered during diagenetic 

(i. e., post-depositional) conditions have been shown to deviate widely 
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13 
from the oC range reported for carbonates precipitated in open 

waters [ Clayton and De gens (195 9 ), Hathaway and De gens (1968 ), 

Hodgson ( 1966), Murata, et al. ( 1967 ), Nissenbaum, et al. ( 1972 ), 

Presley and Kaplan (1968), Thode, et al. (1954)]. Thode, et al. 

( 195 4) utilized sulfur and carbon isotopic data to investigate the origin 

of sulfur in sulfur well cores and adjacent formations in the Texas 

and Louisiana salt domes. Both the free sulfur and the carbon of co

existing caicite were found to be depleted in their respective heavier 

isotope (i.e., s 34 
and c 13

), supporting their conclusion that the large 

sulfur deposits of the southwestern United States were formed by sul

fate-reducing bacteria. The calcite in these sulfur well cores was 

shown to be depleted in C 
13 

by some 33 to 55 o/ oo when compared to 

standard limestone. The authors concluded that this calcite was 

Table I-4. Summary of Carbon Isotopic Data for Mollusk Shells Col
lected from a Marginal Marine Environment (from Keith 
and Parker, 1965 ). 

Environment 

Estuary 

Delta 

Sound (Mississippi) 

Marginal Bays 

Aransas 

Laguna Madre 

Capano and St. Charles 

Littoral Zone (open gulf) 

Shelf Area ( open gulf) 

13 
Mean oC 

-6. 51 

-3. 62 

-3. 19 

-1. 03 

-1. 26 

-1. 14 

-0. 70 

-0. 53 

+o. 53 

Approximate Mean 
Salinity (o/ oo) 

8 

14 

18 

34 

47 

34 

36 

36 
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formed by the precipitation of CO2 derived from the oxidation of 

organic material during the reduction of sulfate to free sulfur. It was 

felt that the lack of uniformity of the carbon isotopic composition of 

calcite from different cores further indicated a localized production 

of calcite. 

Presley and Kaplan (1968) report such processes to be taking 

place in Recent sediments in basins offshore of southern California. 

Their data on a core from the San Pedro Basin and one from the 

Santa Catalina Basin showed that as the sulfate concentration became 

depleted with core depth there was a corresponding increase in the 

concentration of total dissolved CO2 carbon with a corresponding de

crease in its oc 13 
value, thus indicating a microbiological production 

of this carbon from the oxidation of organic material. Their work 

and data are further discussed in Chapter IV. 

The effect of the anaerobic microbiological oxidation of 

organic material on the oc 13 
value of newly-formed dissolved inor

ganic carbon is, however, not a simple matter. This is indicated by 

the data of Nis senbaum, et al. ( 1972 ). They reported data ( Table 

I-5) for both the sediment and the interstitial water from four cores 

taken from a reducing fjord (Saanich Inlet, British Columbia). Chem

ical data reported on these cores (Brown, et al, 1972) showed core 1 

to represent the most oxidizing situation and core 4 the most re

ducing. Furthermore, a decrease of sulfate with core depth for all 

of these cores and a corresponding increase of dissolved organic 

matter and ~otal dissolved CO2 carbon within the interstitial water 

indicated all cores to be undergoing diagenesis. However, in this 
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13 
study, the oC value of total dis solved CO2 carbon became more 

positive with depth and is thus in contrast to the data of Presley and 

Kaplan (1968) and suggests that the oc
13 

value of microbiologically

formed dissolved CO2 cannot be assumed~ priori or that the oc 13 is 

diagnostic of bacterial alteration. This particular increase of oC 13 

for total dissolved inorganic carbon with core depth was assumed to 

be due to methane production by hydrogenation of carbon dioxide re

sulting in a c
13 

-depleted methane and therefore a c
13 

-enriched re

sidual CO
2

. 

Using anaerobic bacteria cultured from a Pacific Ocean mud, 

Rosenfeld and Silverman ( 1959) showed that the anaerobic bacterial 

fermentation of methanol can result in a large isotopic fractionation 

b 1 d th d b d . . d . C 13 . h d etween evo ve me ane an car on 1ox1 e, causing a -enr1c e 

CO2 . Such C 
13 

fractionation was also observed by Nakai (1960 ), who 

investigated the carbon isotopic composition of coexisting methane and 

dis solved carbonate and organic material in connate waters of natural 

gas fields in Japan. Methane was found to be depleted in C 
13

, where as 

dissolved CO2 carbon was enriched in c
13 

relative to the source or

ganic material. Values reported for methane were approximately 

- 70 o/ oo, whereas total dis solved carbon varied. from + 2. 6 o/ oo to 

- 8.1 o/ oo. 

The complexity of the isotopic record in sediments is further 

indicated by data of Hathaway and Degens ( 1968) who reported a number 

of extremely light Pleistocene carbonates (-30 to -60 0/00) associated 

with sandstones dredged from five localities on the continental margin 

of the northeastern United States. They attributed this large depletion 
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of C 
13 

as due to a source of carbon derived from either the chemical or 

microbiological oxidation of isotopically light methane. 

I-4d. Biogenic Organic Matter. The isotopic composition of 

biogenic organic matter is primarily due to the fractionation associated 

with the photosynthetic fixation of carbon into plant matter. This frac

tionation was mentioned earlier and was shown by Park and Epstein 

(1960) to be comprised of two steps. The first step involves the pref

erential uptake of C 
12 

from the atmosphere; the second step involves 
12 

the preferential conversion of C -enriched dis solved CO2 to phos pho-

glyceric acid, which is known to be the first product of photosynthesis. 

Park and Epstein ( 1961) also showed that the subsequent metabolism of 

photosynthetic products may also be accompanied by isotopic fractiona

tion, but that these fractionations are relatively small. Based on the 

analyses of chemical fractions from different plant phyla, they also 

showed that the 6C
13 

of carbon in the lipid fraction is consistently de.::' 

pleted in c 13 
relative to the isotopic composition of the whole plant. 

Abelson and Hoering ( 1961) performed isotopic analyses of ami

no acids in both photosynthetic and nonphotosynthetic organisms. Al

though isotopic differences were found at the amino acid level, the data 

generally supported the above model, i.e. , that the major fractionation 

in photosynthesis does occur in the carbohydrate-forming process and 

specifically at the ribulose diphosphate step. Data on both types of 

organisms showed a depletion of c 13 
of approximately 7 o/oo in the 

lipid fraction. This was in agreement with the lipid data of Park and 

Epstein ( 1961) and gave further support to the fact that a carbon iso

topic fractionation is involved in the biosynthesis of lipids. Since 
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lipids are generally less degradable during diagenesis than some of 

the other biogenic fractions (Bordovsky, 1965 ), the isotopic composi

, tion of lipids is particularly relevant to the carbon isotopic record of 

sedimentary material. 

Carbon isotopic data on marine plankton have been summarized 

by De gens (1969) and show a range of -16 to -25 o/ oo with a mean of 

about -20 o/ oo for plankton from waters with a temperature of about 

22°C. Plankton from colder waters are shown to be more depleted in 

Cl 3. 

Sackett, et al. ( 1965) also found the carbon isotopic composi

tion of marine plankton to reflect a temperature dependence. The 

average isotopic composition of nine plankton samples taken from 25 °c 

water was -21. 7 o/ oo, whereas twelve samples from o0 c waters gave 

-27. 9 o/ oo. It was felt that the observed trend was due to an increased 

photosynthetic fractionation occurring at the lower temperature or to 

some other unknown factor. Such a temperature-dependent trend is 

also supported by the data of Eadie and Jeffrey (197 3) who performed 

carbon isotopic analyses on particulate organic matter from both cold 

13 . 
polar waters and from semi-tropical waters. The 6C for particulate 

organic matter from cold polar waters was found to be lighter (-24. 7 

to -26. 0 0/00) than that for such matte·r in the semi-tropical waters 

( - 1 9 . 8 to - 2 2 . 3 o / o o ) . 

Experimental culture work by Degens, et al. ( 1968a) on the 

diatoms Skelotonema costatum and Cyclotella ~ for varying condi 

tions of temperature and CO2 supply led these authors to a different 

interpretation of such apparently temperature-dependent data. They 
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observed a relatively constant fractionation between the dissolved 

CO
2 

species and cell carbon with varying temperature and with other -

wise the same envirorrrrtental conditions. However, the depletion of 

C 
13 

in the cell relative to the bicarbonate system was seen to vary 

with temperature under conditions of reduced CO2 availability. The 

variation, which amounted to a reduced fractionation with increasing 

temperature, was related to the changing isotopic equilibria between 

bicarbonate ionic species and dis solved CO2 . The fractionation be

tween cell carbon and dissolved CO2 and/ or HCO3 was further seen to 

be quite dependent on the CO2 supply, with the highest fractionation 

observed when CO2 was most abundant, and vice versa. These 

authors concluded that carbon isotopic differences for marine plankton 

are due to environmental differences in temperature, pH, and carbon 

availability. 

Some isotopic data have been taken to investigate the possibili

ty of successive fractionations associated with succeeding levels of a 

food chain. The small amount of work which has been done indicates 

that the isotopic composition of consumers varies little, if at all, 

from that of their average diet. Carbon isotopic data on a nlllllber of 

plankton samples reported by Sackett, et al. (1965) showed that the 

isotopic composition was not significantly dependent on the relative 

amounts of phytoplankton and zooplankton, indicating that zooplankton 

do not perform any significant overall carbon fractionations on their 

ingested diet. This observation was also confirmed by the data of 

Degens, et al. {1968b). Isotopic data determined by Smith and Ep

stein ( 1970) on animals and plants in an open coastal environment 
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and in a salt marsh generally indicated that carbon fractionations are 

not involved in food chain steps. Parker ( 1964) performed an inten

sive investigation of the carbon isotopic compositions of various 

plants and animal species within Redfish Bay, a shallow marine 

estuary near Port Aransas, Texas. The data on plants and animals 

showed about the same range for each, indicating that there was no 

evidence of successive fractionations associated with the food chain. 

I-4e. Sedimentary Organic Carbon. The 6C 
13 

of sedimen

tary organic matter is generally a reflect.ion of the organic matter 

supplied by the local biomass. However, secondary sources car

ried by turbidity currents (Sackett, 1964) and transport by currents 

and turbulent diffusion may also affect a sedimentary situation. 

Coupled with this, consideration must also be given to any possible 

diagenetic changes. 

Eckelmann, et al. ( 196 2) report carbon isotopic data for a 

number of marine sedimentary core samples taken from the South

eastern Pacific, South Atlantic, Equatorial Atlantic, Caribbean Sea, 

and the Mediterranean Sea. These data are summarized in Table I-6. 

The one Equatorial Atlantic sample was taken from the Mid-Atlantic 

Ridge and was given an approximate age of 80, 000 years. Based on 

its large distance from any given land mass, the 6C 
13 

value of 

-19. 3 o/ oo reflected a source consisting only of marine plant and 

animal remains. With reference to the Caribbean core (V 12-97 ), it 

was taken at a location where present anaerobic conditions prevail. 

This anaerobic condition extends into the core to a depth of 470 cm 

beneath the sediment-water interface. It is likely -that the change in 
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the oC 13 
of this core at this level reflects a change in sedimentary 

conditions in the past. 
13 

Eckelmann, · et al. also report 6C data for 

a core taken from the Pedernales area northeast of Venezuela, an 

area of rapid sedimentation of primarily terrestrial organic material. 

These data are presented in Table I-7 and isotopically reflect a ter

restrial low 6C 
13 

carbon. 

Table I-7. oc 13 
Data from Pedernales Core (from Eckelmann, et al., 

1967). 

Core Deeth, cm oC l3 

0-31. 8 -26.7 

31. 8 - 67. 3 -26. 9 

67.3 - 92. 7 -26. 1 

Parker's (1964) carbon isotope investigation of the various 

carbonaceous reservoirs of organic carbon in a marine bay near Port 

Aransas, Texas, showed that the isotopic composition of the sedi

ments fell within a range which reflected a composition dependent 

upon the relative contributions of the various species of biomass. 

Oana and Deevey (1960) describe the interactions of the car-

bonaceous reservoirs in some dimictic lak es in Connecticut. The 

carbon isotopic data from one s~ch lake (Linsley Pond) showed that 

the isotopic composition of bottom mud (-30 0/00) reflected the de

termined 6C 
13 

for net plankton (-30 o/ oo ). The already mentioned 

c 12 
depletion for a terrestrial system is also quite evident. 

De gens ( 1969) summarized the majority of the then-existing 

carbon isotope data for recent sediments. These data are summar

ized in Figure I-3. 
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Isotopic composition of organic carbon in 
recent sediments (from Degens (1969) and ba~ed 
on unpublished data of J. M. Hunt and 
K. O. Emery). 



13 . Sackett and Thompson (1963) report oC values for organic 

carbon of sediments which represent a gradient in sediment types 

from the terrestrial-influenced Eastern Gulf Coast to the open ocean 

waters of the Upper Gulf of Mexico. These isotopic data are sum

marized in Figure I-4 and reflect the expected 6C 
13 

gradient from 

a terrestrial-derived organic carbon of -26 to -28 o/oo to a marine

derived organic carbon 6C 
13 

of -20 o/ oo . 

13 Sackett and Thompson (1963) also report 6C data for a 

number of plankton trawls collected from the Mississippi Sound area 

and the Gulf of Mexico. In addition, they obtained 6C 
13 

data for the 

sediments in this area, thus allowing a comparison between the 6C 
13 

of the sediments and the oc 13 
of the source organic matter. These 

data are given in Table I-8. Although the data generally indicate 

that the sedimentary organic matter is ·principally derived from the 

local biomass, there is an indication that the sediments reflect a 

slight depletion of C 
13 

relative to the source organic matter. A de

pletion of c 13 
in organic matter of modern marine sediments repre

senting progressive stages of diagenesis is also indicated in carbon 

isotopic data reported by Emery ( 1960) for various southern Cali

fornia basin sediments (Table IV -4). 

The decrease in the oc 13 
of sedimentary organic matter in 

sediments may be due in part to the preferential retention of C 
13 

-

depleted lipid-type compounds in the sediments (Degens, 1969; Ep

stein, 19 68; Epstein and Silverman, 1958; and Sackett and Thompson, 

1963). Another possibility is suggested by the results of Abelson 

and Hoe ring (1961) in which they showed the carboxyl groups of amino 
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acids to be more enriched in C 
13 

than the rest of the amino acid. 

Decarboxylation of proteins is a common enzymatic reaction catalyzed 

by bacteria which may result in a depletion of C 
13 

in organic material 

undergoing bacterial decomposition (Sackett and Thompson, 1963 ). 

On the other hand, Sackett ( 1964) points out that there is con

siderable evidence to contradict the hypothesis that diagenesis results 

in a c 12 
- depleted organic matter. He cites the uniformity of oc 13 

with core depth for two marine cores as such evidence and also notes 

that the data of Eckelmann, et al. ( 1962) do not indicate any system

atic change with the depth. 

A very comprehensive study of the chemical and isotopic 

changes accompanying early diagenesis in a sediment under reducing 

conditions in a fjord (Saanich Inlet, British Columbia) is reported by 

Nis senbaum, et al. (1972 ), and Brown, et al. (1972 ). These data 

were mentioned earlier in this section (precipitated carbonates) and are 

further discussed in Chapter IV, and also presented in Table I-5. The 

chemical data reported on these cores (Brown, et al., 1972) indicated 

that all cores were undergoing diagenesis. Although a diagenetic iso

topic effect is seen in the oc 13 
for total dissolved inorganic carbon, 

no significant effect is noticed with depth, and therefore time, for 

total organic carbon. However, it may well be that such an effect 

has taken place quite early in the core. This is suggested by the iso

topic value reported by the authors for plankton which is 1 to 2 o/ oo 

heavier than oC 
13 

values reported within the cores. 

In summary, it appears that the effect of diagenesis on the iso

topic composition of total organic carbon within sediments is not only 
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a complex process but most likely depends greatly on the specific . 

diagenetic environment and on the source material. This thesis will 

present some additional da::a relating to such processes in Chapter III. 
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II. SAMPLE COLLECTION AND ANALYTICAL TECHNIQUES 

II-1. Sample Collection 

Several sampling devices were utilized for obtaining samples 

of sediment. The majority of the core samples were provided by the 

Southern California Coastal Water Research Project (SCCWRP) and 

were obtained with either a Phleger gravity piston corer or a box 

coring device. It was felt that the box coring device had the least 

potential for disturbing the core and also penetrated deeper to pro

vide a longer core (SCCWRP, 1973). The available samples of the 

Phleger cores were provided in the frozen state and kept that way 

until time of analysis. The box cores were frozen in glass or poly

ethylene containers on board ship upon collection and were dried at 

110°C and water contents determined at a later date. Subsamples 

of these cores were therefore provided in the dry state. The most 

extensively studied core was the Phleger core P6C which was pro

vided by the Los Angeles County Sanitation Districts (LACS D ). The 

history of this core was such that it was maintained frozen until time 

of analysis, at which time it was semi-thawed and extruded. The 

extruded sediment was divided into segments and the outer surface of 

these segments was removed in order to minimize any homogeniza

tion and contam.ination due to the interaction of the core liner with 

the sediment. 

A majority of the surface samples were also supplied by the 

Los Angeles County Sanitation Districts and were obtained by means 

of a Shipek sam.pler. Some of the nearshore surface samples were 

taken by the author by means of a small piston coring device for 
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which just the top centimeter of sediment was removed. All surface 

cores were frozen at the time of collection and kept frozen until time 

of analysis. 

Water samples were obtained by using a 2-liter Van Dorn 

water sampler. The water samples were stored in clean brown

glass bottles to which several milligrams of HgC 12 had been added to 

inhibit bacterial activity. Upon return to the laboratory these sam

ples were either filtered immediately or refrigerated over night and 

filtered the following day. 

II-2. The Determination of Total Organic Carbon 

Sample preparation for total organic carbon determinations 

consisted of the following. 

( 1) Samples, usually in the wet state, were washed with triple -

distilled water over Whatman GF-C (4. 5 cm) glass fiber 

filters. Washed samples and glass fiber filters were ~hen 

dried at 50°C for periods of at least fifteen hours. Prior to 

filtration, the glass fiber filters had been washed with triple

distilled water, dried, and pre-combusted at 400°C for sev

eral hours. Williams (1968) used these same filters to dis

criminate between dissolved organic matter and particulate 

organic matter. He reported a pore size of 1 to 2 microns. 

(2) The dried glass fiber filters with included samples were cut 

into strips and placed in pre-combusted (900°C) quartz boats. 

Approximately I -milliliter (or more, if needed) of one normal 

hydrochloric acid was then added to the boats to acidify and 

remove any solid carbonates. The H amples were then re-
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dried at 50°C. Several tests were conducted to insure that 

there were no adverse fractionations associated with acidifi-

cation followed by drying and combustion (Table II-1 ). The 

three tests are sel~-explanatory and indicate no significant 

detectable fractionation effects associated with this pro

cedure. 

The conversion of a sample to gaseous carbon dioxide em

ployed the same basic technique as presented by Craig (1953 ). Sam

ples were combusted in the presence of copper oxide and within an 

0 
oxygen atmosphere at temperatures of about 950 C. The details of 

the combustion line are schematicized in Figure II-1. Periodic 

blanks were combusted and indicated no detectable CO2 associated 

with the pre-combusted glass fiber filters. 

The sample was loaded by removing end-cap (1) and placing 

the sample as shown with clean metal tweezers. The end-cap was 

then replaced with fresh high-vacuum grease and the total system 

pumped down to a high vacuum. Furnace B was heated to an approxi

mate 950°C, whereas furnace A was heated only slightly (about 300°C). 

Pure oxygen was liquified at liquid nitrogen temperature in trap (2 ). 

When the line had attained a high vacuum, as detected by the thermo

couple vacuum gauge, then oxygen was bled into the system such that 

the total pressure was about 1 cm Hg as measured by manometer (3 ). 

A Dewar containing liquid nitrogen was placed over trap (4) to sublime 

any passing carbon dioxide, and a Dewar containing an organic 

solvent - dry ice mixture was placed over trap (5) to sublime any 

passing water vapor. The mercury Toepler pump (6) was then 
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Table II-1. Percentage Organic Carbon and Correspond
ing Carbon Isotopic Data for Acidification 
Tests. 

TEST 

Percent 
Organic 
Carbon 

I) Wood Sample: 
a) Sample only 
b) Sample acidified with IN HCl 

and dried at so 0 c 
c) Sample only (Previously run 

by J. Young on a different 
line) 

II) 24-Hour Composite Effluent 
Sample 

53.0 
49.4 

49.5 

a) Sample filtered onto Whatman Not 
GF-C glass fiber filters and determined 
washed with triple distilled 
water 

b) Same as (a), but acidified 
with IN HCl 

c) Same as (a), but effluent 
solution was brought to a 35°/oo 
NaCl concentration and let 
stand for one-half hour before 
filtering (to check for any 
possible flocculation effect at 
high ionic strength) 

III) Raw Sludge Solids 
a) Raw sludge solids alone 
b) Same as (a), but acidified 

with IN HCl and dried at so 0 c 
c) 3 gr. Caco 3 added to raw sludge 

sample and then acidified and 
dried at so 0 c 

II 

II 

37.3 
36.9 

36.4 

oC13 

-19.8 
-19.7 

-19.8 

-23.0 

-23.1 

-23.0 

-23.4 
-23.4 

-23.6 
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switched on to cycle oxygen through the combustion furnace. The 

sample was then slid, by using a glass push-rod with an enclosed 

end-magnet (7 ), into furnace A and the temperature of A was then 

. 0 
allowed to increase to 950 C. The oxidation of the sample was moni-

tored by watching the loss of oxygen as detected by the manometer, 

and additional oxygen added as needed. The total combustion process 

took about forty-five minutes. When combustion was complete, the 

system was again pumped down to a high vacuum and the collected 

carbon dioxide sample sublimed to sample tube (8) for subsequent 

purification (Section II-5 ), manometric measurement of yield, and 

mass spectrometric measurement of the carbon isotopic ratio. 

Yields of carbon were reported as percentages based on dry-weight. 

II-3. Analysis for Carbonate Carbon 

Sediments and other particulate material for which carbonate

carbon data are reported were washed with triple-distilled water and 

centrifiged a~ 2000 rpm followed by withdrawal of the supernatant. 

This process was repeated four times, and then the samples were 

dried at 50°C for several days and homogenized with pestle and 

mortar. · An appropriate aliquot was then taken and acidified with I -

normal hydrochloric acid utilizing the conventional extraction tech

nique (McCrea, 1950 ). The evolved carbon dioxide was collected in 

a liquid nitrogen trap and then purified (Section II-5 ), followed by the 

measurement of yield. Measurements of carbonate carbon are also 

reported as dry-·weight percentages. 

II-4. Lipid Extractions 

The term lipid, also referred to as bitumen, typically refers 
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to fats and oils. Bordovsky (1965) points out that the term is some

what indefinite due to the varying nature of the molecular units which 

fall within this classification. Bordovs ky notes that both the yield of 

lipid matter and its composition are affected by the use of solvents of 

different types and of different extraction techniques. Carbon isotopic 

data for lipids usually refer to the chloroform-soluble substances. 

Reference to lipids within this thesis will therefore pertain to fatty 

substances extracted with and soluble in chloroform. 

The method of extraction followed that set forth by Bligh and 

Dyer (1959) in which the extraction is carried out with a miscible so

lution of methanol:chloroform:water in the volumetric proportions of 

2: 1 :0. 8 . After extraction, methanol and water are added to the ex

tracted solution to bring the volumetric proportions to 2 :2: 1. 8 which 

results in an immiscible biphasic solution. A period of time is then 

allowed for complete separation of the phases and the overlying 

methanol-water layer is then removed by aspiration leaving behind a 

chloroform layer containing purified lipid. The exact steps followed 

consisted of the following. 

( 1) A sample which had been previously washed and dried according 

to Section IL-3 was homogenized with pestle and mortar and 

placed within a 40-ml conical centrifuge tube. 

(2) Approximately 20 ml of the methanol-chloroform-water 

(2: 1:0.8) solution was added and allowed to sit for approximately 

one hour. 

(3) The tube with included sample and solvent was centrifuged at 

2000 rpm, followed by decanting of the solvent with extracted 
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lipids to a graduated cylinder. 

(4) The extraction was repeated 'an additional three to four times 

until the supernatant appeared quite clear. 

(5) The collected supernatant solution was brought to a 2 :2: 1. 8 so

lution and allowed to separate and clarify overnight. 

(6) The volume of the chloroform layer was noted and then the 

methanol-water layer was aspirated off along with a thin layer 

of the lower chloroform portion. The remaining volume was 

noted and then filtered through Whatman GF-C glass fiber 

filters to insure removal of any fine particulates which may 

have been transferred in steps (3) and (4). The solution was 

0 
then evaporated to dryness at 50 C over night, followed by 

quantitative weighing of the lipid yield. 

(7) The residue was resolubilized in a small amount of chloroform 

and pipetted to a precombusted and weighed quartz combustion 

boat. This solution was then evaporated at 50°C (over night) 

followed by weighing and combustion as outlined in Section II-2. 

The methanol and chloroform were of reagent grade purity 

and were redistilled prior to use. The water was of triple-distilled 

quality. Non-detectable yields were obtained on blank samples which 

followed steps ( 1) - (7), with the exception of no sample. 

II-5. Purification of Carbon Dioxide Samples and Measurement of 

Yield. 

Since contaminants consisting of oxides of sulfur and nitrogen 

can interfere with mass spectrometric determinations, it is de sir able 
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to purify CO2 samples obtained from the combustion of complex 

organics, as found in sediments, from such impurities (Sackett and 

Thompson, 1963; Degens, 1969). Sackett and Thompson suggested 

. 0 
passing such samples over hot (about 450 C) copper metal and man-

ganese dioxide which reduced oxides of nitrogen to nitrogen gas and 

combined with oxides of sulfur, respectively. The purification high

vacuum line used in the present work is shown in Figure II-2. This 

line also includes a facility for measuring yields as well as for 

handling the carbonate extractions. In summary, samples of CO
2 

were therefore sublimed from the sample tube 1 to 2 , to 3 , to 2 , 

to 4 , and back to 2. The yield was then determined manometrically 

and the sample sublimed back to tube 1. This procedure resulted in 

repeated passes through the dry ice - organic solvent trap which in

sured maximum removal of any water vapor. 

The U -tubes containing the MnO2 and Cu were both heated at 

470°C. Several tests were made to insure the removal efficiency for 

oxides of nitrogen and sulfur and to check for any possible associated 

fractionation. One test consisted of the addition of a known amount of 

so2 to a known CO
2 

sample, and the other consisted of the addition of 

a quantity of NO2 to a known CO2 sample. Both tests showed total re

moval of the added impurities with no consequent detectable change in 

the 6C 13 of the CO
2

. In another test designed to check whether any 

fractionation is associated with the pas sage of CO2 over either or both 

furnaces, CO
2 

obtained from the acidification of Baker reagent-grade 

CaCO
3 

was passed over the MnO
2 

and Cu furnaces. The results of 

this test are reported in Table II-2 and indicate no consequent frac-
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Table II-2. Test of CO2 Purification Technique 

before passing 

-13.21 

-13. 16 

over 

Mn02 

Cu 

oc 13 (after) 

-13.23 

-13. 17 
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III. THE CHARACTER OF DISCHARGED WAS TES AND 

THE RECEIVING OCEAN WATERS 

III-1. The Character of Discharged Wastewaters 

In order to study the effect of discharged wastes on the ocean 

sediments, it is first necessary to understand the nature of the dis -

charged wastes and the receiving waters. 

III-la. Treatment of the Wastes and the Discharge System. 

The Joint Outfall System operated by the County Sanitation Districts of 

Los Angeles County (LACSD) presently disposes of approximately 

370 MGD of primary treated wastewater, which is generated by a 

population of 3. 7 million and the industry contained within an area of 

about 750 square miles (LACSD, 1973). The treatment flow steps are 

outlined in Figure III-1 (LACSD, 1973 ). Essentially, this treatment 

results in the removal and anaerobic digestion for 13 days of the set

tleable and floatable solids to produce what is referred to as di-

gested sludge. The digested sludge is centrifuged, after which the 

supernatant (centrate) is reunited with the primary effluent, whereas 

the more solid residue (cake) is transferred to drying beds. A portion 

of the dried cake is sold to a fertilizer company and a portion is used 

as landfill material. The combined primary effluent and sludge cen

trate will hereafter be referred to as the effluent. This effluent re

ceives intermittent chlorination for disinfection and then is discharged 

to the ocean about two miles offshore of Whites Point at a depth of 

2 00 feet. 

The outfall system operated by the LACSD presently consists 

of two simultaneously operating multiport diffuser ocean outfalls 
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{Figure III-2 ); a 90-inch diameter outfall completed in 1956, and a 

120-inch diameter outfall completed in 1965. The history of the 

LACSD's discharge to the ocean via ocean outfalls actually dates 

back to 1937 (CDM, Inc., 1973), when wastewater was discharged 

through a 60-inch diameter outfall, terminating in an open pipe about 

one mile offshore in 110 feet of water. This outfall was modified in 

1954, resulting in a multiport diffuser end section. A 72 -inch di

ameter outfall was constructed in 1947 and extended in 1953 to 6800 

feet offshore. The 1953 extension resulted in a ' 1Y"-multiport dif

fuser section with ports on all three legs. This outfall is presently 

maintained for emergency purposes. The rate of flow history for 

total discharge to the ocean is presented in Figure III-3, which is 

based upon flow data provided by D. Hotchkiss ( 197 3) of the LACSD. 

The flow history reveals two different linear periods of growth with a 

transition at about 1945. The suspended solids concentration over 

this time period has not been accurately recorded. However, data 

collected during the past few years indicate that the suspended solids 

concentration has remained relatively constant at a value of about 

300 mg/1 . 

III-lb. Settling Velocities of Discharged Particulates. The 

fate of effluent particulates discharged to the ocean is intimately re

lated to the settling velocities of these particulates. Settling velocity 

analyses were therefore performed on several 24-hour composite ef

fluent samples obtained from the LACSD. A 2-liter graduated cylin

der was used as a settling column, and samples of specified volume 

were pipetted from a defined depth for various time periods after 
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initial mixing. The samples were filtered over Whatman GF-C glass 

fiber filters and therefore account only for those particulates larger 

than about 1 micron. The method of analysis essentially follows that 

referred to as the pipette method in Krumbein and Pettijohn (1938). 

In such an experiment, there are present certain inherent problems 

such as the adherence of particulates to the walls of the graduated 

cylinder. Nevertheless, the data as presented in Figure III-4 indicate 

that the majority of effluent particulates have a settling velocity be

tween 10-
2 

and 10-
3 

cm/sec and that these settling velocities are 

slower in the more dense media of a saline environment. 

III-1 c. The Relative Amounts and the Isotopic Composition of 

Total Organic Carbon, Lipid Carbon, and Carbonate Carbon in the 

Effluent. Total organic carbon, lipid carbon, and carbonate carbon, 

and their respective stable carbon isotopic compositions have been de

termined for the particulates in a number of effluent samples and are 

listed in Table III-1. Since the centrate represents a concentrated so

lution of ~he particulates found in the effluent (Figure III-1 ), it was 

therefore used as material for analysis of lipid and carbonate fractions. 

A wiique carbon content of the waste is difficult to obtain be

cause of its heterogeneous nature. Nevertheless, the data for the per

centage of total organic carbon for effluent particulates give a mean 

of 34 per cent with a rather small variance of 3 per cent. The corre

sponding isotopic composition is seen to fall within a quite narrow 

range of -22. 7 o/ oo to -24. 5 o/ oo with a mean of -23. 5 o/ oo and a 

variance of only 0. 5 o/ oo. 
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Table III-lb. 

Sample 

Composite 
7/18/73 

Composite 
7/25/73 

Comp osite 
8/29/73 ( a ) 

(b)-Jd: 
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The Organic Carbon Concentration and 
oc 13 Value of Effluent Dissolved 
Organic Matter;•~ 

ppm Dissolved 
oC13 Organic Carbon 

36 - 31. 9 o I oo 

41 -32.0 

32 -25.l 

41 -28.1 

* As used here, dissolved organic matter refers to that 
organic carbon which passed through a Whatman GF-C 
glass fiber filter and was left as a residue when the 
filtered solution was evaporated at 50°C. 

**After filtering through a glass fiber filter, this sample 
was further passed through an 0.05-micron Millipore filter. 
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Table III-1 also indicates that effluent solids have a mean of 

about 14 per cent for chloroform-extractable lipid matter, 65 per cent 

of which is carbon. This suggests that about one -fourth of the dis -

charged carbon is in lipid form which is of greater biochemical sta

bility than most other biogenic matter (Bordovsky, 1965 ). This is 

consistent with data reported by Maier ( 1973) on the carbon compo

sition of a primary effluent from the Minneapolis - St. Paul Sewage 

Treatment Plant. For this particular waste, Maier found that lipid

related compounds accounted for more than 45 per cent of the total 

organic carbon, with the remainder being principally in the form of 

bound amino acids and carbohydrates. The above data are also con

sistent with the data of Bordovsky ( 1965 ), who indicated that lipids of 

planktonic diatoms contain about 66 per cent carbon and the lipids of 

sediments contain about 73 per cent carbon. 

Table III-1 also shows that the isotopic composition of the ef

fluent lipid carbon is depleted in C 
13 

relative to the composition of 

total organic carbon. Four different samples of the centrate gave a 

mean composition of -2 5. 6 o/ oo. This depletion of C 
13 

in the lipid 

carbon as compared to total organic carbon is of the s arne trend as for 

lipid data reported in the literature. 

Several analyses were also made on organic matter which 

passed through a Whatman GF-C glass fiber filter. This organic 

.. matter, which will be referred to as dis solved, is a mixture of par

ticulates smaller than about a micron as well as truly dis solved 

organ1c matter. A 10 cc aliquot of this solution was evaporated in a 

quartz combustion boat. The residue was acidified to eliminate car-
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bonates, re-evaporated, and then combusted in the same manner as 

total organic carbon. The results reported in Table III-lb give a val

ueof about 40 mg carbon/liter of this "solution," but this concentra

tion does not include any material which may have been volatilized 

during the evaporation procedL1;re and the high-vacuUin pUinping prior 

to combustion. 

13 
The 6C values of the "dis solved" matter combusted in the 

quartz boats is variable and indicates a large depletion of C 
13

. Two 

13 
samples ( 7-18-73 and 7-25-73) have a 6C value of about -32 0/00. 

Although not as light, the sample of 8-29-73 is also depleted in c 13 

( -25. 1 0/00) relative to the mean oc 13 
value of the particulate 

fraction, and indicates a greater depletion with smaller particle 

sizes. This particular sample ( 8-29-73) was further passed through 

a millipore 0. OS-micron filter, and the residue from the evaporated 

eluant gave an isotopic value of -28. 1 0/00. 

This relatively large depletion of c 13 
in the "dissolved" frac

tion is probably due to the high input of industrial wastes to the 

LACSD' s effluent. Calder ·and Parker ( 1968) have discussed the util-

ization of carbon isotopic compositions as indices of petrochemical 

pollution in the Houston ship channel. They reported a range of about 

-24 to -32 o/oo for the isotopic composition of various products pro

duced within a petrochemical plant, whereas the raw waste discharged 

to a stabilization pond gave a very negative value of about -40 o/oo for 

dissolved organic material and -32 o/oo for particulate organic carbon. 

A variable settling velocity distribution for wa.stewater particu

late (Figure III-4) implies a variable fate for such matter in the ocean. 
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For example, it would be expected that sediments down- current from 

the discharge source would contain more of the slower settling par

ticulates as compared to those near the source. Also, if the very 

small particles which pass through the filter have low oC 13 
values, 

then it is interesting to check for any consistent trends in oc 13 
values 

13 . 
of different settling fractions of effluent particulates. oC and car-

bon content analyses were performed on three different settling frac

tions of several 24-hour composite effluent samples: (1) total; 

(2) quick settleables, which settled in 2 to 3 minutes; and (3) non

settleables, which were particulates which would not settle out when 

centrifuged at 2000 rpm for 5 minutes. There was no definite obvi

ous trend observed for this qualitative experiment (Figure III-5 ). It 

is possible that trends of a statistical significance would become evi

dent in a longer term study than represented here. 

III-2. Discharge of Effluent to the Ocean 

It is of interest to determine the oC 13 
values of particulate 

matter suspended in the water column above the effluent discharge lo

cation in order to determine whether the distribution of the oC 13 
data 

for particulate matter conforms with the expected distribution of ef

fluent. 

The theory and design criteria pertaining to ocean outfalls has 

been discussed in detail by Brooks (1960, 1972). The utilization of a 

large number of relatively small discharge ports is incorporated to 

maximize dilution and to also take maximum advantage of any vertical 

density stratification in the ocean. The principle behind this is that if 

a rising buoyant turbulent plume (consisting of sewage was tew ate rs of 
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70 
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-2S 

Figure III-5. Carbon isotope analyses on particulates 
with different settling velocities for 
five different 24-hour composite e f fluent 
_samples. 
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a lower density than the surrounding sea water) becomes sufficiently 

diluted before reaching the ocean surface, due to the ensuing entrain

ment of ambient ocean water, then the waste plume will stratify into a 

waste field beneath the surface. The further combined effect of advec

tive transport and eddy dispersion will enhance the dilution and trans -

port of the waste field from the point of discharge. The fact that, in 

practice, the waste field is generally held beneath the surface, except

ing some days during the winter when thermal stratification is non

existent, provides both aesthetic and public health advantages. 

The vertical distribution of waste material is evident in Figures 

III-6 and III- 7 which present related data taken from a station over the 

90-inch "Y'' diffuser and also from a station about 3 miles south of the 

Y diffuser. As the data in Figures III-6 and III-7 indicate, the sewage 

field, as defined both by the percentage of light transmission (broad 

band visible spectral sensitivity) over a 1-meter path length and by the 

concentration (mg/1) of filtered particulates, is held beneath the thermo

cline. The oc 13 
data for total organic carbon also follow these trends. 

Both stations reflect a shift towards a higher oC13 composition in the 

surface waters. The higher oC
13 

values are undoubtedly due to the pre

ponderant presence of marine planktonic material. The percentage or -

ganic carbon and its oC
13 

values within the waste field are somewhat un

usual for this particular day. The heavier value of -22.0 o/oo and the 

low percentage organic carbon, as compared to the data in Table III-1, 

indicate that either the waste differed from what was usually present 

or that some complex processes were taking place within the plume. 

The carbon content and oC
13 

values for suspended particulates at 
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the station south of the diffuser reflect a contribution of particu

lates of outfall source at the lower depths despite the low concentra

tion of particulates. Based upon the particle size distribution of these 

same samples, Peterson (1974) reached the sa:me conclusion regarding 

the source of the particulates in the lower portion of the water colll!Tin 

at the southern offshore station. 

III-3. Biochemical Stability of Effluent Particulates 

The fate of the effluent particulates in the ocean waters and 

sediments is affected by the presence of bacteria. Indeed, the ulti

mate fate of all organic matter in the ocean is dependent upon its re

sistance to the decay action of aerobic and anaerobic bacteria. 

Deuser ( 1971) defined an organic carbon budget for the Black Sea and 

estimated that between 85 per cent and 95 per cent of the organic car

bon input is recycled aerobically in the top 200 meters of the sea. 

Vertical profile data for both particulate and dis solved organic carbon 

in the tropical Pacific and Atlantic Oceans have been shown by Menzel 

(1967) to possess a uniformity in their concentrations below a depth of 

about 100 - 300 meters. Menzel concluded that surface organic mat

ter must either enter solution or be remineralized within a short 

distance of the surface. Based upon decomposition experiments, 

Menzel and Goering ( 1966) farther postulated that these deep-water 

particulates are uniformly resistant to degradation and therefore 

represent refractory detritus. Skopintsev ( 1950) estimates the de

composition of unstable planktonic organic material to take place be

tween 5 to 9 and 112 days (Bordovsky, 1965). The presence of suit

able bacterial populations within the marine enviromnent is therefore 
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seen to result in an efficient decomposition of labile organic ma-

terial. 

In considering the fate of waste discharged particulate organic 

material associated with the discharged effluent, it is a necessity to 

account for the degradability of this material within the oceanic en

vironment . Several decomposition experirnents were therefore per

formed in an attempt to characterize the potential for decay of these 

particulates. The first experiment was based upon the decomposition 

technique used by Menzel and Goering ( 1966 ), and consisted of filter

ing the particulates from 25-ml subsamples of a 24-hour composit~ 

non-chlorinated effluent sample over Whatman GF-C precombusted 

glass fiber filters. The filters were then placed in sterile plasti c 

petri dishes along with an approximate 10 ml of 0. 2-micron filtered 

sea water and allowed to sit in darkness to decompose for various 

periods of time at three different constant temperatures (2°c, 17°C, 

0 
and 35 C). These three different temperatures were utilized to de-

termine the effect of temperature on the rate of decomposition. The 

experiment was carried out for 78 days. The results are presented in 

Table III-2 and Figure III-8. 

Although there is considerable scatter in the data, a tempera

ture dependent decay is indicated. The data for these two effluent 

samples indicate that about 35 per cent of the initial organic carbon is 

easily decomposed. There is a small trend towards C 
13 

depletion as 

decay progresses, indicating that carbon-13 enriched compounds may 

be preferentially degraded. 

The second decomposition experiment consisted of using aero-
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Table III-2 . Decay of Particulate Organic Carbon from 
24.,.,hour Composite Effluent Sample. Samples 
were Filtered onto Whatman GF/C Glass Fiber 
Filters and Allowed to Decay Utilizing the 
Technique of Menzel and Goering (1966). 

Percent Organic 
<5Cl3 Tem.Eerature Time Carbon f(t)'t~ 

35°c 0 days 35.7 1.00 -22.7 
7 23 . 3 . 6 5 -23.3 

16 22.9 .64 -23.4 
42 23.3 . 6 5 -23.6 
78 25.l .70 -24 . 1 

17°C 0 35.7 1.00 ... 22. 7 
7 27 . 9 . 7 8 -22.9 

16 25.8 . 72 -23 . 2 
42 22.6 .63 -23.4 
78 2 3. 7 . 66 -23.9 

4°C 0 35.7 1.00 - 2 2. 7 
7 31. 9 0.89 -22.9 

16 32.2 0.90 -23.1 
42 29.6 0.84 -23.3 
78 27 . 3 0.77 -23.3 

=%organic ca r bon at time t 
% organic ca r bon at time 0 
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Figure III-8. Decay of particulate organic carbon from a 24-
hour composite effluent sample. Samples were 
filtered onto Whatman GF/C glass fiber filters 
and allowed to decay utilizing the technique of 
Menzel and Goering (1966). 
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bic and anaerobic digestion bottles (4 liter capacity), both of which 

were thoroughly taped with black electrical tape and kept in a darkened 

0 
constant-temperature room at 17 C. The usual procedures of passing 

cleansed water-saturated air through a solution were used with the 

aerobic digestion bottle. The anaerobic digester bottle was simply 

sealed off to prevent the entrance of oxygen and allowed to proceed to 

anaerobic conditions by using up what little oxygen was present. Both 

bottles had sample draw-off tubes at their base. To each digester was 

added 2000 ml of a 24-hour composite effluent sample and 2000 ml of 

unfiltered sea water obtained from the shoreline of Whites Point. Due 

to the availability of a limited amount of effluent, two different 24-

hour composite non-chlorinated effluent samples were used in the two 

digesters. The data for the starting materials of sea water and ef

fluent are as follows. 

Sample 

sea water 

effluent (for aerobic experiment) 

mg/ 1 

4.5 

328 

effluent (for anaerobic experiment) 324 

% Organic oC 13 

Carbon 

9.4 -20.6 

36, 36 -23.0, -22.9 

33, 28 -23. 7, -23. 5 

The decay data and corresponding isotopic compositions are 

presented in Table III-3 and Figure III-9. The data indicate that decay 

of the residual effluent for the anaerobic case is negligible for a 14-

day time period. The aerobic decay data are similar to those of the 

first decomposition experiment and indicate a relatively quick loss of 

labile organic material with time. It appears that approximately 30 to 

40 per cent of the particulate organic carbon in this effluent sample is 
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Decay of Particulate Organic Carbon from a 
24-hour Composite Effluent Sample. Two 
Different Effluent Samples were Used, as 
Noted by the ac 13 at Time Zero, and were 
Diluted 1:1 with Unfiltered Sea Water and 
Placed in an Aerobic Digester and in an 0 
Anaerobic Digester at a Temperature of 17 

AEROBIC CONDITIONS 

Percent Organic 
c5Cl3 Time Carbon f(t)-l: __ ..._......., ----

C. 

0 days 35.8,36.0 1.00 ... 2 2 . 9r 2 3 . o 
2 32.2 0.90 -23.4 
4 30.3 0.83 ~23.0 
6 26.3 0. 7 3 -23.7 
9 24.2 0.67 - 2 3. 7 

11 27.l 0.75 -23.3 
14 26.7 0.74 -23.2 
20 2 5. 8 0.72 -23.5 

ANAEROBIC CONDITIONS 

0 32.8 1.00 -23.7 , -23.5 
1 27.7 0.84 -23.5 
3 34.2 1.04 -23.9 
5 34.4 1.04 -23.1 
8 34.4 1.04 -23.4 

14 34.8 1.05 -24.2 

f(t) =%organic carbon at time t 
% organic carbon at time 0 
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anaerobic digester at a temperature of 17°c. 
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readily decomposed. Although there appears to be a lowering in the 

oC 
13 

with loss of organic material, the isotopic data are too few and 

scattered to be certain of any definite trends. 

The third decomposition experiment was similar to the pre

vious one and consisted of mixing 2 liters of effluent with 2 liters of 

rough-filtered (sintered glass) sea water. This time, seventy grams 

of NaCl were added to bring the salinity of the total solution to ap

proximately 30 o/ oo. Initial carbon concentrations and oC 
13 

analyses 

were not performed on the sea water due to the obviously dominant 

presence of the effluent solids. Carbon yields and the corresponding 

isotopic data are given in Table III-4 and Figure III-IO. The particu

late organic carbon data for the aerobic case indicate an approximate 

loss of 22 per cent of the initial carbon within 74 days. The decay of 

effluent particulate organic carbon for the anaerobic case shows only 

a slight decay over the total period of 74 days. The isotopic data show 

a shift towards a carbon-13 depletion at about five days in both cases. 

The fact that anaerobic conditions result in a very slow decay further 

suggests that the c 13 
depletion within several days is not due solely to 

a decay effect. Since the dissolved organic carbon is more depleted 

in C 
13 

than the particulate material ( Table III- I), it is suggested that 

such a C 
13 

depletion as indicated in the decay data may be due to an 

interaction between particulate and dis solved organic matter such as 

surface adsorption or the flocculation of very fine particulates at a 

higher ionic strength (represented by a saline environment) than ex

ists in the discharged effluent. A discussion of such processes can 

be found in the works of Postma (1967a, 1967b). However, the pos-
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Decay of Particulate Organic Carbon from a 
24-hour Composite Effluent Sample. Effluent 
was Diluted 1:1 with Sinter-glass Filtered 
Sea Water and the Salinity Adjusted to 35% 
by the Addition of NaCl. Portions of this 
Solution were then Placed in an Aerobic and 
an Anaerobic Digester at a Temperature of 
17°C. 

AEROBIC CONDITIONS 

Temperature Time 
Percent Organic 

Carbon oC13 

0 days 32,5, 32.5 
3 3 0. 9, 32.2 
7 30. 2, 30.7 

17 2 7 • 7 :i 27.l 
34 16 .1, 27.2 
74 2 6 . 2, 25.0 

ANAEROBIC CONDITIONS 

17°c 0 30. 9, 2 7. 5 
3 3 5. 3, 32.1 
7 32.9, 32.0 

17 23.6, 28.7 
34 3 2. 9, 32.9 
74 30.4, 28.4 

=%organic carbon at time t 
~~anic carbon at time 0 

1.0 -24.0,-23.4 
-23.6,-23.8 
-24.2,-24.1 
-23.9,-24.0 
-24.5,-24.2 
-24.8,-24.4 

-23.9,-23.6 
-23.9,-24.5 
-24.5,-24.5 
-24.1,-24.5 
-24.4,-24.6 
-24.5,-24.5 
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Figure III-lo.Decay of particulate organic carbon from a 24-
hour composite effluent sample. Effluent was 
diluted 1:1 with sinter-glass-filtered sea 
water and the salinity was adjusted to 35% by 
addition of NaCl. Portions of this solution 
were then placed in an aerobic and in an 
anaerobic digester at a temperature of 11°c. 
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sible role of such processes in lowering the oc 13 
of particulate or

ganic carbon does not rule out a fractionation due to the decay proc

ess itself as suggested by the first decay experiment. 

In an attempt to simulate natural oceanic conditions as near as 

possible, a. fourth decomposition experiment was performed within 

the marine environment. Subsamples of a 24-hour non-chlorinated 

effluent sample were pipetted to Pyrex containers of a special design 

shown in Figure III-11. These thick-walled containers had both an 

open and a closed end. Two precombusted and washed Whatman GF-C 

glass fiber filters were placed over the open end and held in place by 

an open end-piece which was secured snugly with monofilament nylon 

line. The outer surface of these containers was then covered with 

black vinyl plastic electrical tape to prevent the possibility of photo

synthesis within the vials. The vials, along with blanks containing 

triple-distilled water, were placed within a nylon mesh bag and sus

pended approximately five feet above the ocean bottom at a water 

depth of 30 feet offshore of Corona del Mar, California. The water 

temperature was approximately l 7°C. The containers were then re

trieved at various time periods. The rationale behind this design 

was that the glass fiber filters would contain the particulates while 

a.Hewing the diffusive transport of dissolved constituents. The data 

for this experiment are given in Table III-5 and shown in Figure III-

12. As the data show, initial samples which were quite enriched in 

particulate organic carbon (41. 2 per cent organic carbon) show a 

relatively rapid decay of this carbon within the marine environment. 

The blanks were analyzed to check if there was any fine marine par-
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40-ml capacity----.-+---~ 

I 
'- I .... _____ , 

Figure III-11. Illustration of Pyrex decay vials used in a 
42-day ocean decay experiment of effluent 
particulate organic carbon. 
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Temperature 
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Decay of Particulate Organic Carbon from a 
24-hour Composite Effluent Sample in an Ocean 
Environment at a Temperature of 17°c. 

Percent Organic 
oC13 Time Carbon f(t),~ .. ~-

0 days 41. 2 1.00 -24.3 

14 36.0 ,88 -24.7 

28 34.1 .83 -24.8 

42 30.9 .75 -25.7 

*f(t) =%organic ca~bon ~t time t 
% organic carbon at time 'o 
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Figure III-12 . Decay of particulate organic carbon in an 
ocean environment at a temperature of 11°c. 
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ticulate carbon managing to pass through the containing filters which 

could later be filtered by a fresh filter of the same type. All blan ks 

indicated non-detectable yields. In regard to this ocean experiment, 

the shift in the isotopic composition with time is in the same direc

tion (depletion of C 
13

) as noted in the previous experiments. 

Effluent sample solutions, such as the ones used in the pre

vious experiments, are typically turbid even after sitting for a long 

period of time. It was therefore interesting to observe that all of the 

retrieved containers of the latter experiment contained a fl.ace ulent 

mass at the bottom of the container with a clear supernatant. It ap

peared that the diffusion of ocean salts into the containers resulted in 

the flocculation of effluent particulates. Since such a process can re

sult in the further inclusion of dissolved organic matter (of a more 

negative oC 13
) with the particulate state, it is difficult to separate 

the relative role of such processes in producing a more negative 

13 oC from those due to decay effects alone. 

To summarize the decay experiments, these data indicate 

that effluent particulates are undoubtedly subject to further decay 

within aerobic marine waters. The bacterial decay processes in the 

foregoing experiments indicated a reduction in the initial percentage 

of organic carbon content from a typical value of 30 to 35 per cent to 

a value of about 20 to 25 per cent. An accompanying C 
13 

depletion of 

the residual carbon is also indicated and can be explained in at least 

two ways: (1) flocculation and adsorption of dissolved organic mat

ter more depleted in c 12
, and (2) preferential decay of c 13 

-enriched 

fractions. A depletion in the C 
13 

content of waste particulates dis -
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charged to the ocean is also observed in the sedimentary data to be 

presented in Chapter IV. It is for this reason that the above decay 

experiments are particularly relevant. 

It is desirable to quantify the effluent particulate organic car

bon decay rates which have been presented in order to account for the 

fate of such material upon discharge to the ocean. Olsen ( 1963) has 

treated a similar system by describing the balance between the 

amount of organic material entering an ecological system and the 

amount retained as governed by a first-order decay rate for losses 

from the system. Skopintsev (1966) has used the same approach to 

determine the age of deep-water organic material. 'rhrough labora

tory experiments designed to simulate natural conditions, Foree and 

McCarty ( 1970) investigated the rates and mechanisms for the anaero

bic decomposition of algae. The degree of degradation was evaluated 

on the basis of chemical oxygen demand. The majority of cultures 

used in this latter experiment showed the rate of decay of particulate 

algal matter could be accurately represented in terms of first-order 

decay kinetics, as follows: 

-kt 
M = (M -fM ) e + fM 

0 0 0 
( 3 • 1) 

where M = particulate chemical oxygen demand concentration, 

M = M at time t = 0 , 
0 

f = refractory organic fraction, 

t = time (days), 

-1) k = first-order decay constant (day . 

The experimental decay data for 16 cultu:res showed a mean k of 

. 022/day and a range of . 011 - . 032/day at 25°C. Jewell and 
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McCarty (1968) found a similar range of 0. 01 - 0. 06/day for the 

aerobic decomposition of algae. 

If the decay of sewage particulate carbon can be described by 

first-order kinetics, then we can represent the decay as 

f(t) = fR + O-fR) e -kt 

where f(t) = fraction of organic carbon remaining at time t , 

fR = refractory fraction of organic carbon, 

k = first-order decay constant 

or 

df(t) -(l-f )ke-kt cft = R 

and 

df(t) \ = -O-f )k . 
dt t=O R 

( 3 • 2) 

( 3 • 3) 

( 3 • 4) 

Despite the scatter, the aerobic decay data presented in Fig

ure III-10 appear to follow an approximate first-order decay rate 

when plotted as shown in Figure III-13. This is a plot of 

(f(t)-fR)/(1-fR) versus time which was computed for these data assum

ing £R to be 0. 7 7 . 

The aerobic decay data (at 17°C) shown in Figures III-8, 9, 10, 

and 12 have been summarized in Figure III-14 in order to _i:ndicate a 

probable range of decay rates for effluent particulate organic carbo:q. 

These data reveal a variable susceptibility towards decay from sample 

to sample. Those samples which indicated a faster decay rate also 

tended to be of a lower refractory fraction, fR. Based on these ex

periments, upper and lower limits of decay have been indicated and 

the derivative of these two limits at time zero has also been approxi-
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f ( t) = % orsanic carbon at time t 
%" organic carbon at time 0 

refractory fraction of organic 
carbon (assumed 0.77 for this 
decay) 

0 
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+ first-order decay rate 
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Figure III- 13. First order decay rate approximation to 
the data of Table III- 4 and Figure 
III-10. Temperature= 17°c . 
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mated to indicate a probable range for the term ( 1-fR) k . By further 

assuming refractory carbon values, an estimated decay rate (k) 

range can be calculated (Equation 3. 4). For the two limits indicated 

in Figure III-14, the results of these calculations are as follows. 

Decay 
Limit 

upper 

lower 

Approximate 
df(t) 

(t=O) dt 

-0.088/day 

-0. 013/day 

Approximate Estimated 
fR k 

0.60 0.22/day 

0. 75 0.05/day 

The data therefore suggest an approximate decay constant of 0. 0 5 to 

0. 22 per day. 

Water Resources Engineers (1965) also used such a first

order decay rate to predict the fate of sludge discharge offshore of 

Point Loma in San Diego. Although they gave no justification for the 

selection of a k value of about 0.01 per day, they did feel that a 

probable range was 0. 005 to 0. 05 per day. The lower limit k value 

(estimated above) is seen to be consistent with this; however, the 

upper limit value suggests that some particulate organic carbon may 

be more quickly decayed. 

It is of interest to compute an upper limit for the time needed 

to stabilize 95 per cent of the particulate carbon discharged to the 

ocean. Assuming a k = 0. 05 per day, such a calculation (Equation 

3. 2) gives t
95 

= 60 days. Therefore, a relatively short time period 

is suggested for the stabilization of particulate organic carbon dis -

charged to the marine environment. 
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III-4. Marine Sources of Organic Matter 

Since the purpose of this thesis is to understand the extent of 

the input of effluent particulate matter to the ocean sediments off

shore of Whites Point, as determined by carbon isotopic and total 

concentration measurements, it is then also important to describe 

the carbon content of inputs due to various marine sources. 

A number of plankton trawls were made over a period of time 

at several different locations in order to define the range in isotopic 

composition of the most productive source of organic material 

(Emery, 1960) in shallow oceanic waters. These data are presented 

13 
in Table III-6. Based on the samples analyzed, the oC of plankton 

is represented by a narrow range of -19. 9 o/ oo to -22. 6 o/ oo. 

Isotopic data were also determined on the particulates within 

a number of ocean water samples, in addition to those presented in 

Figure III- 7. These data are presented in Table III- 7 and are some -

what variable. The low oC 
13 

values of the particulates collected off

shore of Dana Point (see Figure 1-1) most likely reflect a source of 

organic material entrained by nearshore turbulence from the sedi

ments. Sediments along a transect extending offshore from Dana 

Point were also sampled and gave the results also tabulated in Table 

III-7. For these Dana Point samples, it is evident that particulates in 

the lower part of the water column reflect an isotopic composition 

similar to th,e bottom sediments. The depletion of c 13 
in these sedi

ments reflects a terrestrial source of organic material which is un

doubtedly due to the presence of the nearby San Juan Creek, which 

handles the drainage from a large watershed. It should also be noted 
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Table III-6. Carbon Isotopic Data for Various Plankton 
Trawls Made in Southern California Ocean Waters 

Location~Plankton Percent 
Trawl Made Off- 0rganic 
shore of: Date Carbon ocl3 

Point Vicente 12/19/72 Not ..-21.9 
determined 

Point Fermin 12/19/72 Not -20.0 
determined (-24 .6 lipid) 

Point Fermin 2/20/73 (a) 45 -19.9 
( b) 41 -20.l 
( d) 40 -20.l 

Whites Point 3/11/73 (a) 49 -20.4 
(far offshore) ( b) 49 -20.6 

Whites Point 3/29/73 (a) 55 -21.2 
(far offshore) ( b) 54 -20.7 

Dana Point 5/15/73 43 -21. 6 

Santa Barbara Isl. 7/5/73 30 -22.6 
(over bank 
north of) 

Corona Del Mar 8/4/73 34 -21.4,-21.6 
(filter divided) 

Summary Mean 44 - 20. 9 

Variance 8 0. 8 
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Table III-7. oc
13 

Values for Particulate Organic Carbon 
in Various Ocean Water Samples. 

Sample location 

Shoreline of Whites Point 
.,. 

Offshore of Dana Pointn 
at a water depth 

= 5 feet 
= 2 5 II 

= 5 0 II 

= 75 
= 100 
= 125 
= 140 

II 

II 

" 
" 

Date 

Percent 
Organic 

mg/ 1 · ca·rbon ,_.., __ 
5/11/73 4.5 

5/15/73 

9 

1. 9 
2 .1 
1. 7 
1.5 
l. 7 
0.8 
2. 0 

8 
7 

13 

6 
9 
5 

Shoreline of Cypress Point 6/11/73 1.5 8 

2 

8 

8 

Shoreline of Whalers Cove 7.4 

Shoreline at San Simeon 15.7 

Over bank north of Santa 
Barbara Island 

7/5/73 l. 0 

oC13 

... 20. 6 

-21.9 
-23.3 
-22.7 

-25.5 
-23.l 
-24.0 

-19.8 

-19.7 

-19.6 

-23.l 

* Organic carbon concentrations and oc
13 

values for sediments 
offshore of Dana Point are as follows: 

Percent 
Organic 

oC13 Water Depth, ft. Carbon 

75 0. 3 -23.2 
100 0.5 -24.4 
150 0. 7 -24.3 
200 1.1 - 2 4. 5 
250 1.1 -25.l 
300 0. 9 -25.4 
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that an observed extreme clarity of the water column offshore of Dana 

Point on this particular day and the low percentage of particulate or -

ganic carbon indicated very little biological activity. 

The particulates from the surface water sample taken over the 

bank just north of Santa Barbara Island were somewhat lighter 

(-23. l 0/00) than one might expect. However, the plankton sample 

collected at this station (Table III-6) was also somewhat lighter than 

was usually encountered. In connection with this, it should also be 

mentioned that concentrations of DDT in the soft tissue of the mussel 

Mytilus californianus (SCCWRP, 1973) indicate that long-term trans -

port of the waste field may be in the direction of Santa Barbara Island. 

If such is the case, this could have an effect on the isotopic composition 

of particles in these waters. 

The data reported for particulates in the upper part of the water 

column at Whites Point, the data from the Whites Point shoreline, and 

those data from shorelines north of Los Angeles (Cypress Point, Whal

ers Cove, and San Simeon) tend to indicate that a typical marine value 

for filtered particulates from nearshore oceanic waters would be about 

-19 o/ oo to -20 o/ oo. This is quite consistent with the data reported 

for plankton. 

Since attached benthic plants probably account for the second 

largest source of marine organic material in nearshore areas (Emery, 

1960), a number of samples of benthic algae from several locations 

were analyzed for their isotopic composition (Table III-8). Several 

points of interest are noteworthy regarding these data. First of all, it 

is seen that the range in isotopic compositions of benthic algae is quite 
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Table III-8. oc
13 

for Benthic Algae Collected from 
Shallow Southern California Ocean Waters. 

Percent 
,•: Organic 

oc13 Species Location Carbon 

Cystoseira osmundacea ( p) Abalone Cove 30 -17.4 
(Palos Verdes) 

Dictyota flabellata (P) II " 28 -20.9 

Macrocystis pzrifera ( p) " " 24 -14.2 

Dictyota flabellata ( p) Corona Del Mar 30 -20.8 

Eisenia arborea ( p) II " " 30 -19.4 

Egregia laevigata (P) II " " 28 -18.9 

Hes:12erophycus harveyanus(P) II " " 35 -22.8 

Macro cyst is pyrifera ( p) II " " 30 -15.0 

Rhod ymenia californica ( R) ,, 
" " 25 -22.0 

Colpornenia ( C) Catalina Is. 26 -12.6 

Cystoseira osrnundacea ( p) II -16.3 

Gelidium 1· (R) II 37 -17.6 

Plocarnium pacificurn ( R) -a II 29 -32.4 

Plocarnium pacificu'.rn (R)-b II 31 -32.4 

Sargassum ~- ( C ) II 27 -16.4 

,•: 
Parentheses denote phylum; C = Chlorophyta, P = Phaeophyta, 
R = Rhodophyta 



variable. Secondly, &c
13 

values for the sa111.e species from different 

localities are approximately the sa111.e; and thirdly, the isotopic com

position for the major species found along the local coast has a sig

nificantly higher 6C 
13 

value than the 6C 
13 

value of sewage effluent 

particulate organic carbon. A low oc 13 
value of particulates in the 

vicinity of Whites Point should therefore characterize them as having 

been discharged from the sewage outfall. 
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IV. SEDIMENT ARY CHARACTERISTICS OF THE 

PALOS VERDES SHELF AS ALTERED BY THE 

WHITES POINT SEWAGE DISCHARGE 

In order to discuss the effects of waste discharge on the sedi

mentary characteristics of the Palos Verdes Shelf, it is relevant to 

briefly mention the physiographic and hydrodynamic characteristics 

of this area. It is reasonable to assume that these characteristics, 

an10ng others, will affect the sedimentary distribution of particulate 

organic matter dis charg e d from the outfall. 

IV -1 The Palos Verdes Shelf 

The Palos Verdes coastline and sample locations for which 

data are reported are shown in Figure IV -1. Also shown in this fig

ure is the present-day spatial occurrence of anaerobic sediments as 

estimated by the Sout.½.ern California Coastal Water Research Project 

(SCCWRP, 1972). The Palos Verdes Shelf is an eroded rock platform 

lying about 220 to 290 feet below sea level which is unconformably 

overlain by about 50 feet of layered sediments, which in turn are cov 

ered by about 40 feet of unbedded homogeneous deposits (Uchupi and 

Gaal, 1963 ). The shelf is of a variable width ranging from one mile 

in width offshore of Pt. Vicente to five miles offshore of Palos Verdes 

Point. In general, the shelf has a slope of about 1 ° 42 •· . The break in 

the shelf occurs at a water depth of 350 to 300 feet, where the slope 

0 
steepens to about 14 . The presence of raised, marine terraces on 

the Palos Verdes peninsula provides evidence to the fact that this 

area is an emerging one, i.e., has emerged from the ocean over 

geologic time. 
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The shelf is bounded to the north by Redondo Canyon and to the 

south by the San Pedro Sea Valley. This topographical arrangement 

is an important factor which affects the erosional-depositional proc

esses of thi s area. Eme r y (1960) and Inman and Frautschy (1966) de

scribe sedimentation patterns along the s outhern California coastline 

to take place in several well-defined cells which are confined by topo

graphic boundaries (Figure IV -2 ). Each cell contains a complete cycle 

· of littoral transportation and sedimentation. After introduction of s us -

pended matter to the coast via rivers, the littoral transport is ener

gized by wave action, which in turn transports the material down

coast until the transport is intercepted by a submarine canyon which 

acts as a sink for the suspended matter. The eventual destination of 

this matter 1s the deeper basins and depressions (Inman and Brush, 

197 3 ). 

The relationship of the Palos Verdes Shelf to this overall proc -

css is somewhat unique. Since the movement of littoral drift is gener -

ally downcoast (Emery, 1960 ), the presence of Redondo Canyon acts 

as a trap for sediment transport from the Santa Monica Bay area. The 

Palos Verdes coastline is consequently an erosional area which is 

evidenced by the absence of any sandy beaches. 

The magnitudes and directions of currents offshore of Palos 

Verdes have been described by SCCWRP (1973). The existing data in

dicate that the speed and direction of the currents is quite complex and 

varies both with season and with depth. SCCWRP's summary of cur

rent data taken over a four year period by the Los Angeles County 

Sanitation Districts showed the general characteristics outlined in 
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Table IV -1. Since the sewage field can be found at a variable depth 

(S<~ction HI-2), the :interaction of both the field and the included par

ticulates with the current system is going to be complex. However, 

as Galloway's ( 1972) trace metai data showed, and as the data to be 

presented in this thesis will also show, the bottom currents play a 

major role in regard to the fate of sewage particulates in the local 

sediments. 

Table IV -1. Characteristic Directions Towards Which 
Winds and Currents are Flowing Offshore of Palos Verdes 

(from SCCWRP, 1973) 

Season 

Winter 

Spring 

Summer 

Autumn 

Prevailing 
Wind 

SW 

E-SE 

E-SE 

E-SE 

Current Direction at a Depth of: 
1 Meter 30 Meters 60 Meters 

Bimodal 
NW, SE 

Bimodal 
SE (domi
nant), NW 

E-SE 

Bimodal 
NW (domi
nant) 

Bimodal 
SE (domi
(nant), NW 

Primarily 
W-NW 

Bimodal Primarily 
E-SE (dom- NW 
inant), 
W-NW 

NW to SW 

Bimodal 
E-SE (domi
mant), W-NW 

Primarily 
NW 

Primarily 
W-NW 

Note: mean current speeds range from 0. 10 to 0. 25 meters/ second 
with the higher speeds occurring more frequently in the surface wa

ters ( 15 meters or less). 

The physiographic situation of the Palos Verdes Shelf and the 

fact that it represents an erosional area to which a new source of 

organic material has been introduced provide a convenient system for 

the application of carbon isotope analysis. Since there are no natural 

streams discharging a suspended load of organic and inorganic ma-
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tcrial to this area, the ocean-outfall .input of terrestrial wast(~ organ

ic matter and any ensuing deposition of particulate matter would be 

expected to be evident in the carbon isotopic record of the local sedi

ments. 

IV ►2 Sedimentary Core Data 

The locations of the various cores for which data are reported 

are shown in Figure IV -1. This particular selection of cores ade

quately represents the sedimentation record as affected by the Whites 

Point sewage dis charge and provides for an examination of predis

char g e sedimentary conditions. The principal consideration in choos -

ing these particular cores (with the exception of l?6C) was the exist-

<~n ce of chemical data on these cores. The intact core P6C was pro

vided by the Los Angeles County Sanitation Districts. 

Relatively large aliquots were sampled from P6C, whereas 

the other core material was available in smaller amounts. The ini

tial letter (B or P) of each core number designates whether the core 

was a box core (B) or a Phleger core (P), and the additional notation 

defines the core location as given on Figure IV -1. 

IV -2a. Core P6C. Core P6C was studied in the greatest deta il 

because of the greater availability of core material. The various data 

obtained for this core are presented in Table IV -2 and summarized in 

Figures IV -3 and IV -4. These data include water content, wet densi

ty (defined as the mass of dry solids per unit wet volume), percentage 

organic carbon, percentage carbonate carbon, precentage lipid mat

ter, and the corresponding carbon isotopic compositions of these vari

ous forms of carbon. With the exception of water content, all per-
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centages are relative to dry weight. The water content is reported 

as a percentage of the initial total wet weight. The importance of the 

wet density (d ) will become evident later. The wet density was 
w 

measured by filling brass rings (1 cm length, 11. 81 mm inner diame-

ter) with samples of the wet sediment. The samples of specified wet 

volume were then washed into 40-ml conical centrifuge tubes and 

wa8hed with distilled water, centrifuged and decanted three separate 

times, after which the solids were allowed to dry and were then 

weighed. 

All of the measured data for this particular core provide evi

dence for a change in the physical and chemical properties of the 

sedimentary material at a core depth of about 16 - 18 centimeters. 

In contrast to the sediment below this depth, the surface material is 

high in_ total organic and lipid carbon as well as of high water content 

wjth a corresponding low wet density. The carbon isotopic data re

veal a definite change in the nature of the source of organic material 

from a non-sewage sediment enriched in carbon-13 to the present-day 

sewage influenced sediment more depleted in carbon-13. This is evi

dent in the oC 
13 

data for both the total organic and the lipid fr actions~ 

The data for this core indicate that a sludge blanket of outfall origin 

has covered the immediate area adjacent to the sewage discharge. 

, 13 
The pre-outfall background oC value of about -23. 0 o/oo for 

total organic carbon within this core is slightly lighter than 8C 
13 

data 

reported by others for basin sediments farther offshore of southern 

California. Niss enbaum and Kaplan ( 1972) reported 6C 
13 

data for 

humic and fulvic substances in the various basins offshore of southern 
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California. Their data are presented in Table IV -3. 

Table IV-3. The Isotopic Composition of Humic and 
Fulvic Acids in the Sediments of Marine Basins 

Offshore of Southern California (Nissenbaum and Kaplan, 1972) 

Basin Cl3 
' 

Humic Cl3 
' 

Fulvic 

San Pedro Basin -22.7 o/oo -21. 7 o/oo 

Santa Cruz Basin -21. 8 -20.7 

Santa Barbara Basin -22.5 -19. 1 

Tanner Basin -22. 0 -20.3 

Long Basin -22. 3 -20. 3 

Since marine sediments may contain as much as 70 per cent of 

their total organic carbon in the humic and fulvic acid fraction (Niss en 

baum and Kaplan, 1972), the isotopic composition of these substances 

should be quite similar to that of total organic carbon. Accordingly, 

Emery ( 1960) has reported a similar range of isotopic data for total 

organic carbon in the sediments of these offshore marine basins (Table 

IV -4 ). 

13 
Although the carbon oC data for pre-outfall sediments of cor e 

P6C (about -23. 0 o/ oo) are in general agreement with the above data 

reported by Nissenbaum and Kaplan (1972) and Emery (1960 ), oC 
13 

data for pre - outfall sediments further upcoas t and offshore of Palos 

Verdes Point are about -22. 0 to -22. 5 o/ oo (Table IV -6). These latte r 

data are more consistent with the offshore marine basin data of Emery 

and suggest that the local Los Angeles and San Gabriel Rivers (located 

to the east of Palos Verdes) may provide a low oC 
13 

terrestrial con

tribution which diminishes in the upcoast direction (northwest). 

13 
The difference in oC of the deeper pre-outfall sediments and 
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the upper outfall-influenced organic-rich sediments is consistent with 

th s:c 13 . . f h . . · e u compos1hon o t e1r respective source materials, i.e. , the 

recent addition of sewage particulate carbon of a lower oC 13 . In addi

tion, the upper sediments of core P6C reflect a 6C 
13 

value of -24. 5 °/oo 

which is about 1 o/ oo depleted in C 
13 

relative to the outfall source 

organic matter (-23. 5 0/00). This isotopic shift may reflect a dia

genetic change due to both the aerobic and anaerobic decomposition of 

sedimentary carbon which can result in a lower oc 13 
refractory or

ganic carbon. The effect of the decay of organic carbon on its oC 
13 

is 

discussed in detail in Section III-3. 

The difference in oc 13 
between predischarged effluent particu

late carbon and that found in the sediments may also be due to the 

preferential loss of c 13 
-rich and perhaps finer materials to the _deep-

. 13 
er parts of the ocean. Although the oC analyses on different set-

tling fractions of effluent particulates (Figure III-5) indicated no sta

tistically significant trend, such considerations should not be disre

garded until more detailed work is done. 

Data reported by Presley and Kaplan ( 1968) for dis solved bi

carbonate in the interstitial waters of sediments of marine basins 

offshore of southern California bear particular relevance to the car

bonate data of core P6C. These data are presented in Table IV-5. 

They discussed the origin of bicarbonate due to anaerobic metabolic 

activity involved in the oxidation of organic matter according to the 

reaction: 

- - + 
2HC0

3 
+HS + H ( 4. 1) 
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Evidence that such a process takes place in marine sediments is pro

vided by the data of Table IV -5 on dissolved sulfate, calcium, and 

carbonate in the interstitial water of such sediments. Eh measure

ments on the San Pedro core of Table IV -5 indicate an oxidizing en

vironment throughout the core, whereas the Catalina core was shown 

to be in an anaerobic environment below a core depth of 2 meters. 

13 
The low oC values for total dissolved CO2 (HCO3) indicate that the 

increase in dissolved bicarbonate with depth is due to an addition of 

metabolic CO
2 

arid is nqt derived from the solution of sedimentary 

. 13 
carbonate (Presley and Kaplan, 1968). The decrease of 6C values 

of solid carbonate with core depth also suggests a metabolic contribu

tion of carbon to the solid carbonate. According to Presley and Kap

lan ( 1968 ), this latter trend is due to either the exchange of metabol 

ically derived bicarbonate with solid carbonate matter and/ or the po s -

sible deposition of authigenic calcium carbonate due to supersatura

tioh at depth. 

The carbonate data of core P6C (summarized in Figure IV -5) 

behave similar to the carbonate data of Presley and Kaplan. The 

greater depletion of C 
13 

with depth down to 15 cm suggests that activ e 

diagenesis is taking place within this anaerobic core, resulting in a 

6C 
13 

depleted bicarbonate which is either exchanging with existing 

solid carbonates or precipitating as fresh carbonate. According to 

Presley and Kaplan ( 1968 ), the isotopic composition of metabolic bi

carbonate should be similar to that of the source organic material 

which is being degraded. If it is assumed that the isotopic compos i 

tion of metabolically-derived bicarbonate due to the bacterial break-
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down of effluent particulate material has a similar composition to 

that of its source material (i.e., about -24. 5 o/ oo), then only a small 

13 quantity of this bicarbonate would be needed to change the oC . of the 

total carbonate carbon from -11 to - 12 o/ oo at the 15 cm depth of 

core P6C. The complexity of the carbonate oC 
13 

profile is undoubt -

edly due to a combination of several processes, including the sedi

mentation of carbonate matter from both the outfall and natural 

sources, the entrainment (mixing) of pre-discharge sedimentary 

carbonates into the upper part of the core, and the precipitation and/ 

or exchange of metabolically-derived carbonate. The potential role 

of the entrainment of background sediments into the upper part of a 

core such as P6C is further discussed in Chapter V. 

13 
The oC value of carbonate carbon in the lower pre-discharge 

sediments of core P6C (-11 o/ oo) is very light when compared to the 

normal range for marine carbonates of about -1 to + 1 o/ oo. The low 

oc
13 

carbonates of the pre-discharge sediments may be due to the ad

dition of fossil carbonate from the Palos Verdes Hills. Murata, et al. 

( 1967) showed that carbonate material from the Miocene strata of the 

· . 13 · 
Palos Verdes Hills were lighter than the normal range of oC for 

marine carbonates (Section I-4c ). Samples taken from two different 

bed types of the Palos Verdes Hills gave oC 
13 

values of -5. 6 and 

- 12. 1 o/ oo, respectively. Since the Palos Verdes coastal area rep-

13 · 
resents an erosional area, the oC values of background sedimen-

tary carbonates may reflect the contribution of erosional material 

from the cliffs and shoreline of Palos Verdes. 
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IV-2b. Other Sedimentary Core Data. The information ob

tained from core P6C specifically showed that the sewage discharge 

from Whites Point has affected the benthic sedimentary environment 

at one location. On the basis of these results it was obviously worth

while extending this investigation to a wider geographic area. A num

ber of additional sedimentary cores were analyzed in order to ac

curately describe the sedimentary record near Whites Point and the 

variation with distance from the outfall source of particulates. The 

concentration and 6C 
13 

of organic carbon in Phleger cores P 1 D, PlC, 

Pl8B, Pl9B, P20B, and P21B are presented in Table IV-6 and sum

marized in Figure IV-6. Data for the box cores BIBB, B20B, and 

B21B are presented in Table IV - 7 and summarized in Figure IV - 7. 

The concentration of total organic carbon data in the above 

cores reveals that the depth of accumulation of an organic-rich sludge 

deposit generally varies inversely with distance from the outfall 

source, a relationship which is not unexpected. Furthermore, there 

is a similarity in the various profiles of all the cores (i.e. , per cent 

organic carbon and water, and the 6C 
13 

values for total organic • car

bon), although the extent of the total accumulation varies. This • simi

larity can best be observed by plotting the data for the various cores 

relative to the depth of accumulation above pre-discharge sediments. 

Such a plot is presented in Figure IV -B, which was plotted on the 

basis that pre-discharge conditions are defined by a sedimentary or

ganic carbon composition of 1 per cent or less. This figure sum

marizes all of the data from both the Phleger and the box cores. 

When plotted in this manner, the organic carbon concentration and 
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Table IV-6 . Water content and the concentration and 
isotopic composition of total organic carbon 
in various Phleger cores obtained offshore 
of Palos Verdes 

Core Percent Percent organic 
oC13 Core Depth,cm water car·bon 

PlC 0 5. 8 -23.2 
2 3.4 -22.9 
4 2 . 8 -22.6 
6 1. 2 -22.5 
'8 1.0 -22.6 

10 0. 7 -22.5 
12 1.0 -22.0 

PlD 0 1.0 -22.3 
2 0. 6 -22.4 
4 1. 2 -22.7 
6 0.7 -22.1 

Pl8B 0 2. 9 -23.3 
4 37 1. 8 -23.5 
8 31 0. 9 -23.6 

12 32 0. 8 -23.0 
16 29 0. 7 -22.5 

Pl9B 0 9. 6 -24.0 
2 82 10.8 -24.2 
6 47 8.1 -23.7 

10 53 3.4 -23.8 
14 34 1.1 -23.2 
18 1. 2 -23.6 
22 33 0. 8 -22.6 
26 0. 8 -23.0 

P20B 0 9.4 -24.0 
2 72 8.4 -24.5 
4 63 6 . 0 -24.1 
6 55 3. 5 -24.2 
8 45 2.4 -23.4 

10 38 1. 6 -23.3 
12 43 1. 2 -23.7 

I 14 0 . 9 - 2 3. ~) 
16 0 . 7 -23 . .1 
18 29 0. 7 - 2 3.0 

P 21B 6 11. 7 - 24.7 
10 9. 7 -24. f 
14 8 • 2 -· 2 1+. b 
1 6 7 • fj - ? 4 • ~) 
18 3 •. 'J - 'l lj . • /. 

20 2. 3 -24.1 
22 1.0 -24.0 
24 0. 9 -23.3 
28 0 . 8 -23.5 
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Table IV-7 . Water content and the concentration and 
isotopic composition of total organic carbon 
in various box cores obtained offshore of 
Palos Verdes 

Core Percent Percent organic 
oC13 Core Depth,cm water carbon 

Bl8B 0 51 2.0 -23.4 
2 47 l. 8 -23.3 
4 41 l. 2 -23.3 
6 41 1.0 -23.0 
8 40 0. 7 -23.1 

10 39 0. 9 -23.2 
12 39 0.7 -22.8 
14 36 0. 8 .... 22.7 

B20B 0 83 12.2 -24.6 
2 76 10.0 -24.5 
4 77 11. 5 -2 1L 7 
6 70 9 . 0 -24.G 
8 69 8.5 -24.5 

10 64 5.4 -24.5 
12 53 -24.0 
14 46 1. 7 -23.8 
16 43 1. 7 -23.7 
18 36 1.0 -23.4 
20 37 0. 9 -23.0 

B21B 0 76 9. 9 -24.3 
4 78 11. 0 .,.. 24. 3 
8 73 7 . 5 -23.8 

12 71 7. 5 -24.0 
16 51 2 . 3 -24.3 
20 37 1.1 -2L~.3 
28 37 1.0 -23.5 
32 35 0. 9 -23.7 
36 36 0. 8 -23.2 
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water content data essentially describe remarkably similar relation

ships with depth. These curves will be referred to as "characteris _ 

tic 11 profiles and will be used in Chapter V concerning the total ac

cumulation of outfall carbon on the San Pedro Shelf. 

Although there is also a general characteristic trend with 

depth of the 6C 
13 

data determined on the Phleger and box cores, the 

curves are slightly different for each core. This difference is par -

ticularly evident in the data of cores PlC and PlD, where the curves 

are displaced toward a heavier isotopic composition for a specific 

carbon concentration. These particular cores happen to be located 

farthest from the outfall. There is also an indication of a distance-

13 
dependent trend in the other core 6C data. For any given organic 

carbon concentration, those cores nearest the outfall tend to have a 

13 
lower 6C value. Such a trend is probably due to the relative im -

portance of the contribution of natural marine organic matter to the 

sediment. Further discussion of the relative contribution of carbon 

from different sources to the sediments will be discussed in Section 

V -2. 

There is one other important relationship indicated by the 

data plotted in Figure IV -8. A comparison between the water con

tents of the Phleger cores with that of the box cores reveals that a 

compaction of the lower portion of the Phle ger cores has occur red 

during sampling. However, such compaction is absent in the organjc_ 

rich upper portions of these cores. 

The Phleger and box core data indicate a oC 
13 

value of about 

-23. 0 o/oo for pre-discharge sediments near the outfall. However, 
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the Phleger cores obtained farther west of the outfall, and offshore of 

13 
Palos Verdes Point, reveal a more positive 6C value of about -22.0 

to -22. 5 o/oo for pre-discharge sediments. The cause of the lower 

oC 
13 

values for pre-discharge sediments offshore of Whites Point 

may be due to a greater contribution of terrestrial carbon from the 

Los Angeles and San Gabriel Rivers to the east of Whites Point. The 

data would then indicate such a contribution to diminish with distance 

in the upcoast direction. 

Two additional box cores (BWP7 and BSP ) were analyzed in 

order to obtain a better i dea of the distribution of the 6C 
13 

for total 

organic carbon which was deposited prior to effluent discharge. One 

core (BWP7) was taken in 270 fathoms of water several miles off

shore of Whites Point (see Figure IV -1) in 1972 by SCCWRP. The 

other core (BSP) was obtained from the San Pedro Basin by the 

,'< 
Scripps Institute of Oceanography'. Lead data for the latter core 

were reported by Chow, et al. (197 3 ). The carbon and isotopic data 

for these cores are given in Table IV -8. 

, 13 
The oC data for core BWP7 suggest an input of effluent or-

ganic carbon to a core depth of about 18 cm. Such a suggestion is 

supported by unpublished mercury analyses performed on this same 

core by SCCWRP, which indicated higher concentrations of mercury 

in the upper 18 cm of sediments as compared to values below this 

level. Th~ fact that the organic carbon concentrations are lower in 

the upper part of this core, as compared to the upper sediments from 

.,. 
'•'subsa1nplcs of core I3SP were kindly provided by Ken Bruland of the 
Scripps Institute of Oceanography. 
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cores on the shelf and nearer the outfall, suggests that there is a 

greater input of inorganic matter to the location where this core was 

sampled. The pre-outfall carbon in core BWP7 has a lower oc
13 

value than such carbon in cores PlC and PlD, which also implies a 

greater transport of non-outfall terrestrial carbon to location WP7 

as compared to IC and ID. 

Table IV -8. Carbon Isotopic Data for Total Organic Carbon 
in Two Cores Located in Deeper Waters Offshore of Palos Verdes. 

Core 

BWP 7 

BSP 
(San Pedro Basin) 

Core Depth 
cm 

0 

6 

10 

18 

36 

80 

1-2 

2-3 

4-5 

8-9 

14-15 

20-22 

28-30 

Percent Organic 
Carbon 

3.6 

2.7 

2. 1 

1. 7 

1. 7 

1.5 

4.2 

4. 1 

3.4 

4. 1 

3.8 

3.9 

3.5 

-25. I 

-24.6 

-24.4 

-24.3 

-23. 3 

-23. 1 

-22. 8 

-23. 1 

-23.8 

-22.6 

-22. 5 

-2 3. 1 

-23.0 

13 
The lower oC value for pre -outfall carbon is also evident 

in the San Pedro Basin core, which has a oC 
13 

value of about 

-23. O 0/00. Chow, et al. (1973) have reported increased concentra-
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tions of lead in the upper 4 cm of this core which they attribute to any 

of four sources: (a) river transport, (b) storm runoff, (c) sewage 

discharge, and (d) atmospheric fallout. If this increased concentra

tion is associated with a relatively new source of terrestrial material 

such as a sewage input, then it appears that such a contribution is di

luted enough with marine organic material such that carbon 8C 13 data 

are insensitive to it. It may also be that this lead is associated with 

particulate terrestrial matter which has constituted a continuous in

put during the recent history of the basin and merely reflects the in

crease in the industrial usage of lead. 

Cores BWP7 and BSP also reveal that the concentration of or-

ganic carbon in natural sediments offshore of the southern California 

coast tends to increase with distance from shore. This merely in

dicates that the relative rate of input of organic carbon to that of in

organic matter tends to increase farther from shore. 

IV -3 Surface Core Data 

The analysis of organic carbon and its oC 
13 

values in the sur

face sediments of the Palos Verdes Shelf was undertaken in order to 

provide a rather complete surface mapping of these two variables. 

Organic carbon concentrations and oC 
13 

values for surface sediments 

sampled along the transects noted in Figure IV-1 are presented in 

Table IV -9. Those samples taken at 100, 200, 500 and 1000 foot 

depths were provided by the Los Angeles County Sanitation Districts 

and were taken with a Shipek sampler in August, 1972. Those samples 

taken from depths other than those noted above were taken by the 

author with a small piston coring device for which only the top centi-
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Table IV-9 Water content and the concentration and 
isotopic composition of total organic carbon 
in the surface sediments offshore of Palos 
Verdes 

Water Percent Percent organic 
oC13 Transect Depth, ft. water carbon __ ___.....,._.. 

1 100 34 0. 6 -22.8 
128 46 l. 7 -22.9 
170 50 2. 7 -23.0 
200 66 5 . 7 -23.1 
500 45 1. 9 .,.. 2 3. 5 

1000 51 2. 2 -23.0 
2 45 51 l. 3 -23.4 

100 33 1.4 -21.9 
200 66 6 . 2 -23.9 
500 45 2 . 3 -24.l 

1000 51 2 . 2 -24.8 
3 70 45 1. 6 -22.2 

100 44 2. 3 -23.0 
115 46 2.0 , -2 2. 9 
155 63 4. 5 -22.9 
200 69 8. 2 -23.8 
500 53 3. 8 -23.9 

1000 49 2. 4 -23.1 
4 200 9. 0 - 2 4. l} 

5 70 42 1.1 -23.6 
100 48 2. 7 -23.9 
115 52 2 . 6 -23.7 
155 76 8. 4 -24.8 
200 70 9 . 8 -24.0 
500 61 5 . 7 -23.8 

1000 52 2.9 -23.6 
6 200 9. 9 - 2 4. 5 
7 200 10.7 
8 70 35 1. 2 -23.8 

100 46 2 . 2 -23.9 
115 59 3.7 -24.3 
155 70 8 . 9 -24.5 
200 73 12.8 -24.5 
500 59 9. 9 -· 24. 3 

1000 48 3. 3 -24.1 
9 200 8. 7 - 2 lj • 5 
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Table IV-9 . (Cont'd.) Water content and the concentration 
and isotopic composition of total organic 
carbon in the surface sediments offshore of 
Palos Verdes 

Water Percent Percent organic 
oC13 Transect Depth, ft. water carbon 

10 25 31 0.6 T" 2 2 . 8 
50 40 2.4 T" 2 2 . 6 
70 35 0. 6 -22,5 

100 53 3. 3 -23.0 
115 40 0. 9 
155 52 2.4 -23.6 
200 53 3.9 -23.7 
500 47 2. 7 .,. 2 3. 8 

1000 48 2. 8 ... 2 3 . 4 
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meter was removed. These latter samples were taken in March, 

1973. 

The data presented in Table IV -9 have been summarized in 

Figures IV -9, 10, and 11. Figure IV -9 presents the spatial distribu

tion of organic carbon on the shelf and clea.rly indicates the dominant 

input from the ocean outfall offshore of Whites Point. Although there 

is some transport of settleable particulates in the downcoast direc

tion, the main transport is seen to be in the upcoast direction. Such 

a distribution is consistent with the earlier mentioned current dis-

tributions in this area and indicates that the bottom currents play a 

major role in the transport of this material. 

Figure IV-10 summarizes the distribution of organic carbon 

and the respective oc 13 
values along the 200-foot depth contour, 

which is the approximate depth at which peak concentrations occur. 

Also shown on this figure is the background (pre-discharge) distribu

tion of oc 13 
as measured on cores lC, lD, 18B, 19B, 20B, and 21B. 

The earlier noted trend in background 6C 
13 

values is more evident in 

this representation of the data. A more quantitative interpretation of 

these surface data, as related to relative mass flux rates of organic 

carbon of different sources, is saved for Chapter V. 

Figure IV-11 presents surface oC 
13 

values from transect 8 

(located through the discharge area) and from the boundary transects: 

transect 1 to the northwest, and transect 10 to the southeast. The 

other data of Table IV-9 would plot somewhere in between these data. 

These data show a distinctive trend. Of particular interest :is the ob

servation that the oC 
13 

value beconws rnorc positive in lhc sha.l.l ow 
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----·----~~---------0---------------------------------

-a 

Figure IV-10. 

p,o 

The distribution of organic carbon and its 
isotopic composition in surface sediments 
on the 200-foot depth contour of the Palos 
Verdes Shelf. 
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waters near Palos Verdes Point to the northwest and near Point 

Fermin to the southeast. These data most likely indicate that the 

relative mass flux rate for natural particulate organic carbon is 

higher for both locations as compared to locations nearer the dis_ 

charge. This could be effected by either, or a combination, of two 

processes: 

(1) the sewage field, as reflected by settled particulates, is 

diverted from the shoreline in the vicinity of these two 

points, and/ or 

(2) a relatively larger input of organic carbon of a more 

po~itive oc 13 
value (such as marine planktonic matter) 1s 

indicated in the vicinity of these two points. 

That it is most likely a combination of these two processes is sug

gested by the below-noted coliform work of Rittenberg, ct al. (1958) 

and by considerations to be presented in Chapter V. 

Figure IV -11 indicates that the shallow water sediments be -

tween Point Fermin and Point Vicente reflect a residual component 

of outfall carbon although the total percentage of organic carbon is 

relatively low. Support for such a conclusion is provided by an in

vestigation of the density of coliform bacteria in surface sediments 

of the San Pedro Shelf in 1958 (Rittenber g, ct al. , 1958 ). Thi::; latter 

investigation showed the concentration of coliform bacteria tu be less 

than one in the vicinity of both Point Fermin and Point Vicente. Near

shore sediments between these two points and sediments farther off

shore had coliform concentrations which were orders of magnitude 

greater. Values greater than 10,000 per cubic centimeter were re-
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ported near the point of discharge. The authors concluded that the 

coliform bacteria were associated with s ettleable particulate matter 

from the Whites Point outfall, and that the distribution indicated the 

general movement of the sewage field. 

It was mentioned in the Introduction that North ( 1964) strongly 

suspects that the possible intermittent accumulation of outfall solids 

on rocky substrates in shallow waters may be one of the factors which 

has interfered with the healthful propagation of the giant kelp Macro

cystis pyrifera. In regard to this, the nearshore data from transect 

2 do suggest such an intermittent ace umulation. The sample from the 

45-foot depth was taken by the author on a different date (noted earli

er) than the other samples provided by the LACSD. The 45-foot 

sample was both of a different nature (very black) and of a lighter 

isotopic composition (-23. 4 0/00) than that from the 100-foot depth. 

This was in contrast to the trends in oc 13 
data from other transects 

and suggests that such matter at such a shallow depth is probably of a 

transient nature and is scoured away with time and the periodic occur -

rence of larger swells. 

North (personal communication) and Hotchkiss ( 1973) have 

noticed the occurrence of flocculent accumulations in relatively shallow 

Palos Verdes waters. North collected two samples of such material 

from the shallow waters of Abalone Cove (Figure IV -1) and provided 

them for carbon isotopic analysis to determine whether this material 

was of sewage origin or of marine origin. The isotopic results on the 

organic carbon of these samples are indicated in Table IV-10. The 

13 oC values of these samples are compatible with a non-outfall source 
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of this matter, and a source which is likely to be dead planktonic 

matter (See Chapter II). The intermittent accumulation of such ma

terial may be a common phenomenon or it may also be due to an in

creased productivity in these waters due to an increase in nutrients 

supplied by the outfall. 

Table IV-10. oc 13 
Values for Flocculent Matter Collected 

from the Sediments of Abalone Cove 

Sample % Organic C 6C 13 

Abalone Cove - 20 ft ( a) 3.2 -20 . 6 

(b) 2.6 -20. 9 

Abalone Cove - 40 ft (a) 1.9 -21. 7 

(b) 1.8 -21. 8 
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V. MATERIAL BALANCE CONSIDERATIONS 

The data presented in the previous chapter indicated that the 

sewer outfall discharge of particulates to the marine waters offshore 

of Palos Verdes has significantly affected the chemical and physical 

characteristics of the Palos Verdes Shelf sediments. In particular, 

the carbon isotopic data on sedimentary particulate carbon identify 

the large accumulations of organic-rich m.atter to be of sewage out

fall origin. In order to gain further insight into the accumulation 

process, a more quantitative treatment of the data is attempted in 

this chapter. Specifically, an attempt will be made to account for 

the relative rates of input of organic matter due to the sewage source 

and to the natural input of the local marine biomass. 

V -1. Total Mass Accumulations 

In order to estimate the rate of sedimentation of outfall par -

ticulate matter to the Palos Verdes Shelf, it is desirable to consider 

the accumulation of the mass of organic carbon within sedimentary 

cores from this area. To calculate the mass accumulation of organ

ic carbon within a secUmentary core, a knowledge of the depth dis -

tribution of both the wet density (d ) and the percentage of organic 
w 

carbon (£ ) is needed. Since core P6C was the only core for which 
C 

wet density was measured, the calculation of the accumulation of the 

total mass of organic carbon can be performed on this core alone. A 

generalization of the c ale ulation on core P6C will then be extended to 

the other cores. 
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V -1 a. The accumulation of organic carbon in core P6C. 

The wet densities of core P6C were specifically determined for the 

purpose of calculating total mass ace umulations of total organic car_ 

hon. From some reference point (x ) in a sedimentary core, the total 
0 

accumulation of mass of a substance, p, per unit area is given by: 

where 

M 
p 

= 
X 

J 
X 

0 

f {x)d {x)dx 
p w 

{ 5. l ) 

M = the total mass of substance p per unit area ace umulated be -
p 

f (x) = 
p 

tween some reference point x and some upper point x , 
0 

the fractional abundance on a dry weight basis of substance 
c11_ -2 

p at x {i. e. , JO p X l O ) , 

d {x) = the wet density {grams of dry solids per cubic centimeter of 
w 

wet sediment) at x . , 

Based on the percentage organic carbon distribution of core 

P6C {Figure IV-4) and the wet density distribution (Figure IV-3) 1 the 

accumulation of organic carbon has been calculated and is presented 

in Figure V -1, which shows that the ace umulation of total organic car -

hon varies linearly with depth in the lower portion of the core followed 

by a change in the rate of accumulation at about a 16 - 18 cm ·depth. 

Thereafter, organic carbon accumulated at a greater rate. This shift 

in the rate of ace umulation of organic carbon is cons is tent with the 

oC 13 
shifts in total organic, lipid, and carbonate matter at this same 

core depth (Figures IV -4 and IV -5 ). 

The mass accumulation of organic carbon data shown in Figure 

V-1 allows for a comparison between the input of organic carbon due 

to outfall particulate matter and that due to a natural 8 c dimenlation for 
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Fig ure V-1. The mass accumulation of total organic carbon 
per ·· unit '- area (Mcp ) · in core P6C - as a · function 
of the depth of accumulation above the 30-crn 
depth. 
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core P6C. 
2 

A natural sedimentation rate of about 9 mg/ cm / yr for 

total solids was reported by Emery ( 1960) for the Palos Verdes Shelf 

area. Emery also reported the sedimentation rate of organic carbon 

to this location to be about 0. 1 mg/ cm
2 

/yr. The carbon data of Fig

ure V -1 indicate a total accumulation for organic carbon (from the 18-

2 
cm depth to the surface) of about 500 mg/cm. The time span of dis-

charge from the Whites Point outfall can be ascertained from Figure 

III-3 and suggests that this accumulation has taken place during a time 

span of about 38 years (i.e., 1934 to 1972). The total accumulation of 

effluent organic carbon (500 mg/ cm
2

) in core P6C would therefore im

ply a mean sedimentation rate for organic carbon of about 13 mg/cm
2 

/ 

yr. If it is further assumed that the outfall-induced rate of accumula

tion of total solids varies, and that this variation can be approximated 

by a linear dependence with respect to time, such as 

dMi 
~ = O,lt 

where 

( 5. 2) 

dMi /dt = the mass flux of outfall solids into the sediments at 
sp 

some location i, 

1 
a, -· a constant, characteristic of location i , and 

t = time, relative to the initiation of the outfall source, 

then the present organic carbon mass flux rate for this particular 

. 2 
core would attam a value of about 26 mg/ cm / yr. A linear time de-

pendence is suggested if it is assumed that the mass flux rate at any 

particular station is proportional to the flux of particulate matter 

from the out£ all and that this flow rate can be approximated by a line -

ar time dependence as the discharge flow data suggest (Figure III-3). 
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Also, if it is ass urned that the s ettleable outfall particulate matter 

contains about 20 per cent refractory organic carbon fraction, as 

suggested by the effluent decay data of Section III-3, a flux of 130 mg/ 

2 
cm / yr for total solids due to the outfall is implied. This is about 14 

times that noted by Emery for pre-outfall sedimentation of total solids, 

and the estimated present input of total organic carbon (26 mg/ cm
2 

/yr) 

is about 260 times the reported natural sedimentation of organic car

bon. 

In order to convert the above mass flux rates to actual depth 

accumulation rates, it is necessary to know the wet density of the de

posited material to account for the presence of water in the sediments. 

Three wet density analyses were performed on centrate solids in 

order to estimate the wet density of "deposited" effluent particulate 

material (d ). These analyses consisted of washing and centrifuging 
wp 

centrate solids at 2000 rpm. Densities were then determined on the 

"centrifuged" solids as outlined in Section IV-2a. The re$ults are 

given in Table V -1. 

Table V-1. Water Contents and Wet Densities of 
Centrifuged Effluent Particulate Matter 

% Water Sample d 
wp 

24-hr composite effluent (6/29/73) 

centrate (7/18/73) 

centrate (7/18/73) 

0. 12 

0. 11 

o. 11 

gr/cm 
3 

88 

89 

84 

If a wet density of 0. 11 gr/ cm 
3 

is assumed for "deposited" 

particulate material from the outfall, then the above estimated present 
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mass flux rate of total dry solids due to the outfall (130 mg/ cm2 /yr 

for core P6C) implies a sedimentation rate of about 1. 2 cm/yr. As 

in the derivation of the present mass flux rate, if it is ass urned that 

the sedimentation rate has increased linearly with time, then a total 

depth of accumulation over a 38-year time period of about 22 cm is 

inferred. Such a calculation is in general agreement with the meas -

ured accumulation for core P6C of about 18 cm. 

The estimated present sedimentation rate of about 1. 2 cm/yr 

can further be compared with an expected natural sedimentation rate 

by using a wet density for natural deposited matter of about 0. 98 gr/ 

3 
cm . This wet density is estimated from the water content of pre-

outfall sediments in the box cores and from a relationship between 

water content and wet density shown in Figure V -2. Using this wet 

density, Emery's mass flux rate of 9 mg/ cm
2 

/yr implies a natural 

sedimentation rate of about 9(10-
3

) cm/yr. The present sedimenta

tion rate is therefore estimated to be totally dominated by the sewage 

input of particulate matter. 

V -1 b. The Estimated Total Accumulation of Effluent Organic 

Carbon on the Palos Verdes Shelf. It is highly desirable to extend the 

above type of calculation performed on core P6C to the rest of the 

Palos Verdes Shelf. The fact that a "characteristic" profile was s ug

gested for organic carbon concentrations and water contents in the 

various cores analyzed (Figure IV-8) would allow for a reasonable ex

tension of the above calculations to the sediments of the whole shelf if 

a characteristic wet-density profile could also be shown. It seemed 

quite reasonable to expect the wet density of sediments to be highly 
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dependent on the water content for those sediments of high water 

content (i. e., conditions for which individual grain sizes and shapes 

would not be a limiting factor). The wet densities of a number of 

different sediment samples were therefore determined and the re

sults have been expressed as a function of water content in Figure 

V -2. For the type of sediments under consideration, the data reveal 

that there is a strong relationship between the two variables, water 

content and wet density. The characteristic water content profile of 

Figure IV -8 therefore suggests a characteristic wet density profile. 

Since the wet densities and organic carbon concentrations of 

the shelf sediments are re~atively well defined by characteristic depth 

profiles, then it is implied that the integration of these two variables 

with depth (equation 5. 1) essentially defines a characteristic trend for 

the total accumulation of organic carbon, where only the extent of ac

cumulation may vary from one core to another. In other words, the 

total mass accumulation of organic carbon for various cores on the 

shelf would follow a similar trend as shown in Figure V -1 for core 

P6C. To make further use of such a generalization of the organic 

carbon data, the mass accumulation of organic carbon at some depth 

x (as shown in Figure V -1) has been plotted as a function of the per

centage organic carbon (at that same ·depth) in Figure V -3. This 

representation is for those sediments affected by an outfall input of 

organic matter and assumes that pre-outfall sediments are charac

terized by an organic carbon concentration of 1 per cent or less. 

In an attempt to estimate the total accumulation of outfall car

bon on the Palos Verdes Shelf, the relationship which was derived 
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Figure V-3. The outfall-induced total mass accumulation 
of organic carbon per unit area (Mcp) within 
a sedimentary core as a function of the 
organic carbon concentration at the surface 
of that core (based on data from core P6C). 
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from the Phleger core P6C and which is shown in Figure V -3 

and the distribution of outfall organic carbon in the shelf 1 s surface 

sediments (Figure IV-9) have been used. The estimated geographical 

distribution of the total accumulation of outfall particulate organic 

carbon is shown in Figure V -4. This distribution is based upon the 

assumption that the organic carbon and water content, and therefore 

the wet density distributions, are similar over the shelf. 

An estimate of the total contribution of organic carbon from 

the outfall to the local shelf sediments was made by integrating the 

spatial distribution of the estimated accumulations of organic carbon 

shown in Figure V -4. The integration was performed in an approxi

mate manner by determining the area under the individual transect 

distributions and then ass urning a stepped distribution between tran

sects. This approximate calculation indicated that the total mass of 

outfall organic carbon which has accumulated within the area of the 

10 
shelf under consideration was about 1.4(10 ) grams. In order to com-

pare this value with the total discharge of organic carbon from the 

outfall, the effluent flow distribution shown in Figure III-3 was also 

integrated and expressed in terms of total discharge of particulate 

organic carbon by assuming an effluent suspended solids concentra

tion of 300 mg/1 and a particulate organic carbon concentration of 

34 per cent (Table III-la). Based on these assumptions, the value for 

total particulate organic carbon discharged from the outfall was esti-

11 
mated to be 9(10 ) grams. A comparison between the estimated to-

tal accumulation and the total discharge of this carbon thus indicated 

that about one per cent of the total discharged particulate organic 
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organic carbon has been retained on the shelf. However, although the 

total accumulation of mass is relatively small, the depth of the accµ

mulation is relatively large due to the high water content (low wet 

density) of this matter. 

V -2. Isotopic Considerations 

The source of total organic carbon in the sediments offshore 

of Whites Point has been shown to be primarily due to a sewage input 

via a submerged sewer outfall system and a natural marine input due 

to the local biomass. The fractional abundance of organic carbon 

within a particular sedimentary sample may accordingly be defined as 

f cs = 
M + M cp en ( 5. 3) 

M 
s 

where M and M are the mass of organic carbon per unit area 
cp en 

due to the pollutant (subscript p) and natural (subscript n) sources, 

respectively, and M is the mass of total solids (both organic and in
s 

organic) per unit at ea. Defining r (r ) as the ratio of total solids 
sp sn 

of the pollutant (natural) source to the total solids due to all sources 

( p and n) within a sample of sediment, and f (f ) as the refractory 
cp en 

fractional abundance of organic carbon :in the source material p (n), 

then 

f = r f +r f 
cs sp cp sn en 

where r +r = 1. 0. Therefore, 
sp sn 

r 
sp 

= 
f -f 
cs en 

f -f 
cp en 

and r = 
sn 

f -f cp cs 
f -f 
cp en 

( 5. 4) 

( 5. 5) 

and the ratio of the two mass sources (R ) is defined and express e d 
8 

as: 



r 
R = 2.E. = s r 

sn 
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f -f 
cs en 

f -f 
cp cs 

( 5. 6) 

13 
Similarly, if the 6C values of the two sources within the sed-

iments can be taken as constants, then the ratios of the mass input of 

carbon (R ) can be expressed as: 
C 

r 
R =~= 

C r 
en 

o -0 
n s 

o -6 
s p 

(5. 7) 

where r (r ) is defined as the ratio of the mass of organic carbon 
cp en 

of source p (n) to the total mass of organic carbon within a sediment 

' sample, and 6 (o ) is the oC 
13 

value of refractory organic carbon 
p n 

from source p (n). R can also be expressed as 
C 

f 
R = ~ R = F R 

C f s C s 
( 5. 8) 

en 

where F = f /f Combining equations (5. 5) and (5 . 6) then gives 
c cp en 

the following relation for the oC 
13 

within such a sedimentary sample 

( 6 ) : 
s 

0 = 
s 

FR o + o 
C S p n 
FR + 1 

(5. 9) 
C S 

Equation (5. 9) is the result of a mass balance on the organic 

carbon and describes the 6C
13 

shift within such a sedimentary core 

(i.e., two sources of organic matter with oc 13 
values o and o ) to 

p n 

be solety governed by F cRs • In other words, the distribution of f 
cs 

within a particular core is assumed to result from the contribution of 

two sources: (a) f , which is in the range of 0. 20 to 0. 25 (Section 
cp 

III-3 ); and (b) f , which is about 0. 01; and that the relative contri
cn 

butions of the two sources of carbon describe the oc 13 
variation. 

Figure V -5 presents the results of computations based on 
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· 13 
equation (5. 9) for two different background oC values (o ) . The 

n 

£cs data (for differing core depths) which were used in equation (5. 9) 

were taken from core P6C and are therefore also shown. The meas_ 

ured isotopic data for core P6C are presented for comparison. Al-

13 
though oC as given by equation (5. 9) is insensitive to a varying 

value of f , the observed trend in oC 
13 

values is geherally consist-
cp 

ent with that predicted by a mixing of two different sources of organic 

matter where the relative contributions are defined by the organic 

carbon concentration (f ) variation with depth. 
cs 

Data are also presented in Figure V -5 for the corresponding 

ratio of pollutional solids per unit area to total solids per unit area 

(r ) as given by equation (5. 5). This parameter is dependent upon 
sp 

the value of f cp 
The data on the rate of decay of effluent particulate organic 

carbon of Section III-3 indicated that such matter discharged from 

the Whites Point outfall possessed a potential for decay which could 

result in a refractory percentage organic carbon of only 20 to 25 per 

cent (i.e., f = 0. 20 to 0. 25 ). The change with depth of the frac-
cp . 

tional mass abundance of total pollutant solids ( r ) predicted by 
sp 

equation (5. 5) and shown in Figure V -5 is based on these two refrac -

tory carbon (f ) values. As Figure V-5 indicates, there is no im
cp 

portant difference in the predicted r values for the indicated range 
sp 

of f The calculation for r suggests that about 50 per cent of 
cp sp 

the total mass of surface material of core P6C is due to the outfall 

source; i. e. , the ratio of the mass of outfall solids to the mass of 

natural solids (R ) in the surface sediments of core P6C is about 1. 
s 
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Based on the estimated high refractory organic carbon content (20 

to 25 per cent) for sediments of outfall origin, the ratio of outfall 

carbon to natural carbon (R ) is estimated to be in the range of 20 to 
C 

25. These estimated values of R and R are of an order of magni-
. S C 

tude less than the approximations based strictly on the comparison 

of total carbon mass accumulations in core P6C in the last 38 years 

as compared to the value given by Emery for a pre-outfall sedimen

tation rate (Section V- la). The latter estimates suggested values for 

R and R of 14 and 260, respectively. 
S C 

The discrepancy in these two different estimates of R and 
C 

R would indicate that a dilution of deposited outfall matter with 
s 

natural marine material of a more inorganic nature has occurred. A 

similar dilution was also noticed in trace metal determinations on 

these same sediments by Galloway (1972 ), and could be due to sev

eral fa c tors. It could be caused by a much greater natural 8edi

mentation rate than that of 9 mg/ cm
2 

/ yr reported by Emery ( 1 (){JO). 

A second possibility is that the organic-rich deposits derived from 

the outfall may act somewhat as a "sink" for fine-grained natural sed

iments which are normally transient on the shelf and for particulates 

associated -with a suspended load of the overlying bottom waters. In 

other words, the presence of effluent sludge deposits may have in

duced an increased sedimentation rate of non-outfall matter. It 

would be important to determine if there exist such effects on the 

sedimentation of non-outfall matter in the sediments n e ar the effluent 

discharge. 

The third possible process which n1ay affect the compoB:i.tion 
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of the sediment is the possible role of biophysical mixing processes 

acting at the changing sedimentary interface. Such a process could 

result in an upwards entrainment of some pre-outfall sediments and 

thereby produce a lower relative abundance of pollutant solids (r ) 
sp 

in the surface sedinlents than that predicted on the basis of total 

carbon accumulations. The potential role of such a process and al

so the possibility of a greater sedimentation rate for non-outfall 

matter will be further discussed in Section V-3. 

It is of interest to examine the oC 
13 

data determined for sedi

mentary total organic carbon on the San Pedro Shelf to determine if 

the data could assist in a further evaluation of the relative contribu-

tion of different sources of carbon. 
13 

The 6C data on cores P6C, 

13 
PlC, and PlD and the 6C data from transects 1, 8, and 10 (see 

Tables IV -2, 6, and 9) have been plotted in Figure V -6 as a function 

of the corresponding percentage organic carbon. The mixing rela

tionship, equation (5. 9), expressing cSC
13 

as a function of the per

centage organic carbon in a sediment core, for given 6C 
13 

and or

ganic carbon concentration properties of two source materials, is 

also shown in Figure V -6 for comparison. The data for core P6C and 

transect 8 follow the predicted "mixing" relationship reasonably well; 

however, it is seen that the carbon data taken offshore of Rocky Point 

(cores IC and lD, and transect 1 ) and some of the nearshore data 

from transect 10 deviate from the predicted relationship. This de

viation is the opposite of that which would be suggested by decay 

processes (the loss of carbon and a corresponding lowering of the 

oc 13 
value), and in a direction which could be caused by a relatively 
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greater fractional contribution of marine organic carbon. Such a 

trend in the data could be caused by a greater primary productivity of 

these local waters due to nutrients from the sewage discharge. 

The possibility of an increased productivity being reflected in 

the oc
13 

values of sedimentary organic carbon is generally supported 

by the work of Reid ( 1972) and SCCWRP ( 1973 ). Reid ( 1972) reports 

an increase in phytoplankton near southern California coastal sewage 

outfalls, including a station near the Whites Point discharge. This 

increase in productivity was reported to be similar to those found in 

areas of upwelling. Studies by SCCWRP ( 1973) also indicate a modest 

enhancement of productivity within a few kilometers of an outfall. 

Comparison of chlorophyll levels in various marine waters offshore 

of southern California indicated a general enhancement in the area 

offshore of Whites Point. 

13 
The near shore oC data for transect l O indicate that the shal-

low waters offshore of Point Fermin tend to be productive in plankton. 

This is in agreement with observations of Hotchkiss ( 1973 ). 

The fact that a higher productivity appears to be indicated in 

the sediments along transects l and 10 does not negate the possibility 

that such an input of marine organic carbon is present :i.n ihe othc:r 

sediments of the area under study. In faci, such an input wa::i sug

gested by the oc
13 

data shown in Figure IV-8 and discussed in Section 

IV -2 b. 
13 However, in this latter case the oC data for the surface 

sediments indicated that the input of particulate organic carbon from 

the outfall was the dominant source of carbon near the location of ef-

fluent discharge. 
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V -3. Quantitative Considerations of Mass Flux Rates as Related to 

the Distribution of Organic Carbon in the Palos Verdes Shelf 

Sediments 

It is of interest to consider the acc!J.mulation of organic carbon 

on the Palos Verdes Shelf in terms of mathematical modeling in order 

to gain a further under standing of the sedimentary distribution pat

terns for carbon. Such considerations will also allow for a further 

examination of the possible roles of either a biophysical mixing proc

ess or an increased natural sedimentation rate in affecting the depth 

distribution of organic carbon in the sedim.ents. 

V-3a. The Mass Accumulation of Organic Carbon. For some 

station j , the rate of accumulation of substance i per unit area may 

be described as 

-J dM. (x, t) 
1 

dt = 

-j -j 
c3Mi (x, t) I dx + c3Mi I 

ax t dt at X 

-j -j 
oM. (x, t) I . BM· 1 

= 'ax t WJ ( t) + ¥ X ( 5. 1 0 ) 

where 

M~(x, t) -- mass per unit area of substance i at station J (a func-
1 

ti on of x and t ) , 

x = vertical distance in sediment (taken as positive in the 

upwards direction from some reference level) , 

t = time , and 

wJ(t) = the rate of sediment depth accumulation at station j . 

Berner ( 1971) refers to eq. (5. 10) as the general diagenetic equation. 

With x taken as positive in the upwards direction, c3M~ / ot I accounts 
1 X 

for all diagenetic (post-depositional) changes in M1, and 8M~ I ox\ t 1u(t) 
1 1 

accounts for changes in M~ due to the deposition of substance i. 
1 
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The rate of decay data on effluent organic carbon discussed in 

Section III-3 indicated that the decay of labile particulate organic car

bon should be relatively rapid in an aerobic marine environment and 

extremely slow in an anaerobic environment. Based on the decay 

data, an upper time limit for the time needed to aerobically stabilize 

90 per cent of the labile particulate carbon was estimated to be 60 

days. Such a stabilization rate suggests that the major decay of de

posited effluent particulate carbon would probably occur at the sedi

ment - water interface . When considering the accumulation of efflu

ent particulate organic carbon on the Palos Verdes Shelf, it is there

fore reasonable to assume the diagenetic term in eq. (5. 10) to be of 

minor importance compared with the accumulatory term. For the 

case of the accumulation of effluent particulate organic carbon on the 

Palos Verdes Shelf, equation (5. 10) may then be approximated as: 

or 

8Mj j __ c_p_ = 
ax 

t 

dMj 
cp 

dx 

(5. 11) 

where Mj is the mass of organic carbon per unit area at station j. 
cp 

If we now consider a layer of sediment (6x) which has accumu-

lated in a time interval 6t , 

-+--t+~ 
AX in At 

_t ___ t-A} 

Accumulated Layer of Sediment 
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then it can be shown (Berner, 1971) that the rate of sediment depth 

accumulation at station J is given by 

d.Mj I dt 
s 

= d (t)( 1- cp(t) 
s 

(5. 12) 

where 

dMJ 
s 
~ = the rate of accumulation of total solids at station j , 

d (t) = average density of dry sediment particles at time t , 
s 

and cp(t) = the porosity of this layer at time t. 

The average density of the sedimentary particulates is defined as 

M (t) 
s 

d (t) = 
s V (t) 

s 
(5. 13) 

where M = the dry mass of sedimentary particles, and V = the dry 
s s 

volume of the mass M . 
s 

The sedimentary property previously described (Section IV -2) 

as the wet density (d ) is defined as: 
w 

M (t) 
d (t) 

w 
s = V (t)+V (t) = the mass of dry solids per unit total wet (5. 14) 

s w 
volume, 

where V = the volume of water associated with the mass of sedi
w 

ment M . Combining (5. 12) and (5. 14) gives 
s 

d ( t) = (1 - cp( t)) d ( t) . 
w s 

Equation (5. 12) can now be expressed as 

1 dMS 
w(t) = dW "cit 

w 

and (5. 11) can be expressed as 

BMj 
cp 

ax 
t 

= 
[dMj / dt] (t) 

s 

(5. 15) 

(5. 16) 

(5. 17) 

The total mass accumulation considerations of Section V -1 
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indicated that, on the Palos Verdes Shelf, the rate of sediment depth 

accumulation is totally dominated by the input of particulate matter 

from the outfall. For this situation, the rate of depth accumulation 

may be expressed as 

(5. 18) 

Where M
j 

= the mass of total dry effluent s'olids per unit area at 
sp 

station j, and d = the wet density of these deposited solids. Let-
wp 

ting dMJ / dt = f (dM / dt) , where f is the fractional mass 
cp cp sp cp 

abundance of organi c carbon in the deposited effluent particulates, 

allows (5. 17) to be described by: 

t 
= f d 

cp wp 
( 5. 1 9) 

We can estirnate what f d · should be if we assume an av-
cp wp 

er age wet density of 0.11 gr/ cm
3 

(Table V-1) for deposited effluent 

particulates which have a refractory organic carbon concentration of 

about 20 to 25 per cent (f d = 0.llX(0.20 to 0.25)). · This results 
cp wp 

in a range for the term f d of 0. 022 to 0. 028 gr carbon/ cm
3

. 
. cp wp . 

This range is in general agreement with t he slope (oM I ox) of the 
C 

organic carbon accumulation curve shown in Figure V-1 for c ore 

P6C. The slope in the upper portion (outfall-influenced) of this core 

i s somewhat variable but is approaching a value of about 0. 025 gr-

3 
carbon/ cm . The agreement of this value with that suggested by 

(5. 19) indicates that the rate of accumulation of organic c arbon on the 

shelf, expressed as oM I ox, is primarily defined by th e term 
C 

f d 
cp wp 
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The result of the above formulations may appear somewhat 

obvious. However, the formulations are needed in order to discuss 

the possible role of a biophysical mixing process in these sediments. 

V -3b. The Biophysical Mixing of Sediments. A comparison 

of the rates of accumulation of total mass in core P6C with a natural 

rate of sedimentation reported by Emery (1960) for the Palos Verdes 

Shelf area indicates that the Whites Point outfall has been the domi

nant source of sedimentary matter to the local shelf sediments during 

the operational history of the outfall (see Section V-1 ). However, the 

mass balance considerations of Section V -2 indicate that there is a 

greater amount of matter of a more inorganic nature in the surface 

sediments than is expected from the dominant contribution of the out

fall carbon-rich material. Such a dilution of outfall sedimentary mat

ter with a more inorganic-like natural sediment has resulted in a less 

marked depth transition from pre-outfall sedimentary conditions for 

such properties as water content, wet density, and the percentage 

organic carbon. 

Jackson (1973) suggested that this relatively slow change with 

depth in these properties could be due to a biophysical mixing of the 

uppermost sediments to a depth of some centimeters. Such processes 

of mixing near the sediment - water interface are due to the burrowing 

activities of certain biota as well as to physical forces caused by 

swells and turbulence in shallow marine waters. In their discussion 

of the sediment textural patterns on the San Pedro Shelf, Gorsline and 

Grant ( 1972) report that the infauna undoubtedly work over the upper 

few tens of centimeters of sediments over the entire shelf area. It is 
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possible by simple mass balance considerations to derive an expres _ 

sion relating the extent of biophysical mixing with the nature of the 

transition of the various properties of the sediments from pre-outfall 

time to the present. 

Defining a biophysical mixing depth D as a vertical interval of 

sediment at the sediment - water interface within which the sediments 

are well mixed by biophysical processes, the time rate of change of 

the mass of organic carbon per unit area within this interval may be 

described as 

d 
dt 

(£ d D) = 
cs ws 

dM dM cp + ___ c_n_ 
dt dt 

- t.u(t )f d 
cs ws 

(5.20) 

where 

-v M = mass of organic carbon per unit area (A) within an 
C 

element of sedimentary volume V (V AX D), 

f = fractional abundance of organic carbon in the sediment 
cs 

within V , 

d = wet density of sediment within V , 
ws 

D = vertical interval of complete mixing, 

M = mass of outfall carbon pe:r. unit area within V , 
cp 

M = mass of natural carbon per unit area within V , 
en 

w = sedimentation rate, and 

t = time. 

The last term in iliis equation :represents the flux of organ.ic carlrnn 

through the base of the element of volume due to the fact that the in -

terval progresses upwards with time (i.e., sedimentation). Since 

dM / dt has been shown to be much greater than dM / dt , we can 
cp en 

approximate (5. 20) by: 
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~ (f d D) = 
dt cs ws 

dM 
cp 

dt 
w(t)f d 

cs ws 

or (see eq. (5. 11 )J 

:- (f d D) = 
ux cs ws 

1 
w(t) 

dM 
__ c __ p -f d = 

dt cs ws f d -f d 
cp wp cs ws 

(5. 21) 

Although Dis unknown, ifwe assume it to be a constant, then an es

timate of the possible contribution of a mixing process can be made. 

Imposing the following boundary conditions, 

f d = f d at x = oo 
cs ws cp wp 

f d = f d at x = -D 
cs ws en wn 

results in the following solution, 

(f d 
cs ws 

- f d ) = (£ d -f d ) e 
cp wp en wn cp wp 

-{l + X 
D (5. 22) 

Similarly, repeating such a balance on the accumulation of total solids 

within this sedimentary interval leads to: 

(d -d ) = 
ws wp 

-(1 + ~ 
(d -d ) e 

wn wp 
(5.23) 

Using different assumed values of D, eqs. (5. 22) and (5. 23) 

were used to calculate profiles of the variation of the percentage 

organic carbon with depth for different intervals of mixing and for the 

following boundary conditions. 

boundary conditions for equation (5. 22 ): 

f d = f d = (0. 20)(. 11) = 0. 022 gr-carbon/cm
3 

at x = oo 
cs ws cp wp 

f d =f .d =(.Ol)(.97)=0.097gr-carbon/cm
3

atx=-D 
cs ws c .n wn 

boundary conditions for equation (5.23): 

d = d = 0. 11 gr-solids/cm
3 

at x = oo 
ws wp 



-154-

d = d = 0.97 gr-solids/cm
3 

at x= -D 
ws \V.t1 

The first boundary conditions (at x = co) assume that the input matter 

from the outfall is defined by a refractory organic carbon concentra

tion of 20 per cent and a wet density of 0. 11 gr/ cm 
3

. The other 

boundary conditions (at x = -D) are based on data from the lower por

tions of the box cores and thus represent pre-outfall sediment values. 

The results of the calculations using equations (5. 22) and 

(5. 23) are presented in Figure V-6. Also shown in Figure V-6 for 

the purpose of comparison is the "characteristic" profile of the per

centage organic carbon (see Section IV-2b) for the sediment cores 

from the Palos Verdes Shelf. The relationship between the calculated 

and measured variation of organic carbon concentrations with depth 

suggests that a mixing of surface sediments takes place, resulting in 

a gradual transition from the initial sediments to those more charac -

teristic of the outfall source in spite of a relatively sudden change in 

the type of input material. However, a difference in the shape of the 

calculated and observed curves exists. It is particularly significant 

that the distribution of the organic carbon appears to be such that an 

asymptotic value of about 12 per cent is approached rather than the 

expected 20 to 25 per cent. Such a discrepancy could be due to the 

assumptions upon which the mixing model was bas ed. 

Thus, the discrepancy between the observed and calculated 

profiles of the variation of the percentage organic carbon with depth 

is most likely related to either a lower value for the refractory frac -

tion of effluent organic carbon (f ) and/ or the possibility of a rela-
cp 

tively greater contribution of natural sedimentation. A convenient 
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method of estimating the effect of a change in either of these variables 

on the calculated curves is to merely change the boundary conditions 

imposed on equations (5. 22) and (5. 23) to be compatible with values 

of percentage organic carbon and wet density measured in surface 

sediments of the Palos Verdes Shelf. Figure IV -8 showed that the 

percentage organic carbon and the percentage water of surface sedi-• 

ments near the outfall approach values of about 12 per cent and 80 per 

cent, respectively. The 80 per cent water content is analogous with · 

a wet density of 0. 20 gr/cm
3 

( Figure V-2). 

Using the 12 per cent organic carbon value and a wet density 

of 0. 20 gr/ cm 
3

, the following upper boundary conditions for eq ua-

tions (5. 22) and (5. 23) are respectively suggested: 

f d = (0. 12)(0. 20) = 0. 024 gr-carbon/cm
3 

at x = 
cs ws 00 ' 

d = 0. 20 gr-solids/cm
3 

at x = oo 
ws 

With these new boundary conditions, equations (5. 22) and (5. 23) give 

results for the variation of percentage organic carbon with depth for 

different assumed intervals of mixing, as shown in Figure V - 7. 

Again, the characteristic profile of the variation of percentage or

ganic carbon with depth (Figure IV -8) is shown for comparison. It 

appears that the above changed boundary conditions res ult in a better 

fit between the observed data and calculated curves, indicating that 

either the refractory organic carbon value for effluent matter is less 

than the 20 per cent previously estimated and/ or that the natural 

2 
sedimentation rate is greater than Emery 1 s value of 9 mg/ cm /yr. 

It is possible that a better fit could be obtained between the 

calculated and observed distributions of the carbon content in th e 
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sediments as related to the degree of biophysical mixing. However, 

at the present time an additional effort is not warranted without first 

obtaining more information on sedimentation rates and processes 

such as mixing in the sediments. This might be done at a later time. 
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VI. THE EFFECT OF THE PROPOSED CHANGES IN 

THE CONCENTRATION OF SUSPENDED SOLIDS IN 

THE DISCHARGED EFFLUENT ON THE 

PALOS VERDES SHELF SEDIMENTS 

The accumulations of organic -rich material in the sediments 

of the Palos Verdes Shelf have been shown to be directly attributable 

to the discha~ge of sewage effluent to the marine waters offshore of 

Whites Point. This primary treated effluent has a present suspended 

solids concentration of about 300 milligrams per liter and is current

ly discharged at a rate of about 3. 8(10
8

) gallons per day. The Water 

Quality Control Plan for Ocean Waters of California (California, 

State of, 1972) calls for a decrease in the allowable concentration of 

particulate matter in discharge effluent to a value of 50 mg/liter. 

Since the organic-rich sediment accumulations are due to the fact that a 

certain fraction of these particulates settle to the bottom of the shelf, 

it might be useful to comment on the effect of these changes in the 

suspended solids concentration on the sedimentary environment. The 

results in this thesis may provide some insight into the degree of im

provement in the environment for benthic biota which may be achieved 

by more stringent water quality standards. 

VI-1. The Total Accumulation of Organic Carbon as Related to the 

Occurrence of Anaerobic Sediments on the Palos Verdes Shelf 

It is difficult to show the importance of merely the physical 

addition of effluent particulate matter to the sediments on the changes 

in the distribution of the benthic biota. The difficulty is due to the as -

sociation with the particulates of trace concentrations of toxic organic 
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compounds and metals which may have important inhibitor y e ffects on 

the biological regime. Benthic biological changes due to the mere 

physical presence of these particles may furthermore be due to sev

eral factors such as the sedimentation rate, the particle s ize dis tri 

bution, or the presence of anaerobic versus aerobic conditions due t o 

the oxidation of such matter. 

The deterioration of an aerobic sedimentary environment to an 

anaerobic environment can be directly attributable to t he rap i d sedi 

mentation of oxidizable organic matter. After the ox ygen conc entra 

tion is m arke dly r e duced, di s solved sulfate is utilized as a n ele ctron 

acceptor in the oxidation of organic matter resulting in a buildup of 

dissolved sulfides. The Los Angeles County Sanitation Districts 

(LACSD, 1973) estimate the area near Whites Point which i s influ 

enced by dissolved sulfides to be about five square miles. Hydrogen 

sulfide is toxic and may have a direct inhibitory effect on sensitive 

benthic biota. It is therefore relevant to compare the extent of the 

anaerobic region with the total accumulation of organic carbon in the 

same area. 

The spatial extent of anaerobic surface sedimen t s e stimated by 

SCCWRP ( 1973) was presented in Figure IV -1, and the es timat e d mass 

accumulation of effluent organic carbon on the Palos Ve r des Shelf w as 

shown in Figure V-4. A comparison of the extent of ana_erobic sedi 

ments along the 2 00-foot depth contour with the accumulation of or -

ganic carbon for the same 200-foot depth contour is presented in Fig

ure VI-1. This figure shows that the occurrence of surface anaero bic 

conditions is only present if an accumulation of organic carbon fr om 
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Figure VI ;...1. A comparison o f the accumulation o f mass 
of organic carbon due to the Whites Pt. 
outfall with the occurrence of anaerobic 
sediments on the 200-foot depth contour 
of the Palos Verdes Shelf. 
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this particular outfall is more than about 0. 15 gr/cm2 . Thus, to 

maintain an aerobic environment, it would have been necessary fo r an 

area to have received less than 0. 15 gr/ cm
2 

in the past 38 years. 

However, it should be noted that the validity of this statement rests 

upon the assumption that the balance between the input of organic car

bon and its oxidation is presently at a steady state. In other words, 

it is assumed that if the present rate of discharge of effluent particu 

late matter continued, the transition zone between aerobic surface 

sediments and anaerobic sediments would remain in the approximate 

same location. This may or may not be the case. 

VI-2. Sedimentary Conditions of the Future 

Assuming that the accumulation of effluent organic carbon at 

any particular station is proportional to the emission of total solids 

and its associated organic carbon from the sewage outfall to the ocean, 

an estimate of the relationship between suspended solids concentration 

in the effluent and the ace umulation of such matter in the local ~ edi

ments may be made if. an extrapolation of the presented accumulation 

data is made. The accumulation of organic carbon at a 200-foot d e pth 

along transect 8 is about 0. 68 gr/ cm
2

. Therefore, if the sediments at 

this particular station were to be aerobic, the above reasoning indi

cates that the flow of organic carbon would have to be about one-fourth 

(0. 15/0. 68) that of the present flow. For the same flow of total efflu 

ent (380 MGD), this would require that the concentration of suspended 

solids be about one-fourth of the present value (300 mg/1) or about 

75 mg/1 . 

Such an extrapolation assumes that there will exist a similarity 
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in the areal distribution pattern of settled effluent particulates in the 

future (reflected in total accumulation patterns), i.e., that the set 

tling velocity distribution would remain the same. Also, any rela

tionship between the rate of scour of this material from the shelf to 

the rate of sedimentation has not been taken into account. Although 

the method of estimating the 75 mg/ 1 concentration is a highly sim

plified one, it does allow for some rough guidelines in considering 

future changes in the suspended solids concentration. 

VI-3. Future Changes in Effluent Characteristics 

In order to meet water quality requirements of both the En 

vironmental Protection Agency and the State Water Resources Con

trol Board (SWRCB), the board of directors of the Sanitation Districts 

has passed a resolution calling for compliance and a plan of imple

mentation for improvements in the quality of discharged effluent. In 

addition to the implementation of a strict source control program on 

the quality of wastes which will be accepted from industrial plants, 

the time schedule for compliance calls for the completion of a new 

sludge dewatering facility by March, 197 5 and the completion of a 

secondary treatment facility by July, 1977. The degree of water 

quality improvement which is expected to be achieved by these steps 

is indicated in Table VI-1. 

Based ori considerations of the rates of accumulation of effluent 

particulate organic carbon in Section VI-2, the anticipated lowering of 

the suspended solids concentration should res ult in more aerobic s e d

imentary conditions as well as meet the requirements of the SWRC B 

( California, State of, 197 3) which c all8 for a reduction in the s ua -
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pended solids concentration to 50 mg/ 1. 

The effluent suspended solids concentration of 75 mg/ 1 re

ferred to above was obtained using a number of assumptions, and 

thus should be viewed with caution. In particular, a similarity be

tween settling velocity distributions of the present effluent and that of 

the future was assumed. The proposed changes in waste treatment 

will undoubtedly alter the settling velocity distribution,and the ef

fect of this change requires some consideration. For instance, the 

sludge processing treatment step planned for 1975 is expec t ed to re

move the larger and more quickly settling particulates (Hotchki ss, 

1973 ). Thus, it may be that a larger suspended solids concentration 

than the suggested 7 5 mg/ 1 could be allowed for maintaining aerobic 

sediments. On the other hand, a subtle change in the settling char

acteristics might merely result in an extension of the anaerobic area, 

although total rates of sedimentation near the outfall might be some

what less. In other words, the outfall particulates which settle to the 

sediments might just be spread over a much wider area at such a 

rate to still cause anaerobic conditions. 

. 13 d . b h. h The sedimentary oC ata for total organic car on w 1c were 

presented in Chapter IV and further discussed in Chapter V indicate 

that there may also presently be a greater sedimentation of planktonic 

matter due to the input to the ocean of various nutrients from the out

fall. Since the decomposition of planktonic organic matter could also 

result in a high demand on the available oxygen to bottom sediments, 

it would be important to assess the effect of future proposed changes 

in waste treatment on planktonic productivity and any resultant sedi-
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mentation of this matter. 

It is therefore suggested that a continuous monitoring of in

puts to the sediments be made. Such a program would allow for an 

overall evaluation of how the sedimentary environment will react t o 

improved methods of waste treatment in the future and also give a 

better idea of the tolerance of the sedimentary environment to addi

tional effluent. 
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VII. SUMMARY AND CONCLUSIONS 

Marine waters of the world are presently being used as dump

ing grounds for the various waste materials created by a large human 

population. It has been a misconception that the oceans could provide 

an infinite sink for such disposal, and it has been only recently re

alized that the environment of the ocean can be significantly altered by 

man's wastes. A more extensive knowledge of the chemical and phys -

ical interaction of receiving waters with waste material discharge to 

the ocean is needed such that guidelines for man's ability to deal with 

such problems are available for the future. 

The impact of the discharge of about 3. 8(10
8

) gallons per day 

of primary treated wastewaters to the marine waters offshore of 

Palos Verdes was evaluated on the basis of the accumulation of organ

ic carbon on the Palos Verdes Shelf. The method of analysis em

ployed the use of stable carbon isotopic techniques to relate sedimen

tary organic carbon to its source of origin. 

The findings of this investigation are not only of interest to the 

environmental engineer but also of interest to the sedimentary geo

chemist since the response of a sedimentary environment to a rela

tively well-defined input of matter was possible. 

VII-1. Principal Findings 

1) oC 13 
values of potential sources of sedimentary organic 

carbon on the Palos Verdes Shelf indicated that there exists a differ

ence in oc 13 
values of the primary potential sources. Planktonic 

matter, which is the greatest contributor of organic carbon to most 

ocean sediments, had a small range of oC 13 
values with a mean of 
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about -20 0/00. Particulate organic carbon discharged from the 

sewage outfall offshore of Whites Point also had a narrow oc 13 range 

with a mean of about -23. 5 o/ oo and an organic carbon concentration 

of about 34 per cent. 

2) Investigations of the biochemical stability of effluent par -

ticulate matter suggested that the labile organic carbon in this mat

ter is readily decomposed in aerobic conditions and very slowly de -

composed in anaerobic conditions. Decay experiments indicated ap

proximate first order decay rates of about 0. 05 to 0. 22 per day. An 

upper limit for the time needed to stabilize 95 per. cent of the labile 

organic carbon was estimated at 60 days. The decay experiments 

also indicated that refractory matter would have an organic carbon 

concentration of about 20 to 25 per cent. In all decay experiments, 

there was evidence for a preferential decay of a C 
13 

-enriched frac

tion of the particulate organic carbon. 

3) Measured oC 13 
data of total and lipid sedimentary organic 

carbon show that the large accumulations of organic-rich matter on 

the Palos Verdes Shelf are due to the outfall. 
13 oC values for or -

ganic carbon in the uppermost sediments near the outfall are about 

13 
-24. 5 o/ oo, and thus of about a 1 o/ oo lower 6C value than meas -

ured on the source effluent particulate matter. The lower oC 13 
of 

the sedimentary matter suggest either a preferential deposition of a 

particulate fraction of a lower oc 13 
value or, most likely, the pref

erential decay of a c 13 
-enriched organic carbon fraction. The decay 

experiments supported this latter possibility. 

4) oc 13 values of carbonate carbon in cores on the Palos 
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Verdes Shelf suggest that diagenesis of the organic-rich sediments is 

occurring and that a small fraction of the resultant metabolic CO
2 

is 

either exchanging with or precipitating as solid carbonate matter. 

5) oc 13 
data on total organic, lipid, and carbonate carbon in

dicate that, during the operating history of the outfall, sediment ac

cumulations as great as 20 cm have occurred. The organic carbon 

data on one of the cores· near the outfall suggested that the present 

rate of deposition of organic carbon may be as much as 26 m g /cm
2 

/ 

yr. If it is assumed that the total particulate matter associated with 

this carbon has a refractory organic carbon composition of about 20 

2 
per cent {as suggested by the decay data), then the 26 mg/ cm /yr for 

effluent organic carbon sedimentation suggests that the accumulation 

of total outfall solids for core P6C may be about 130 mg/ cm
2 

/yr. 

The total accumulation of effluent particulate total organic carbon on 

the Palos Verdes Shelf between transects 1 and 10 (see Figure IV -1) 

was estimated to be about 1.4(10
10

) grams. The area of the shelf be

tween these transects is about 4(10
11

) square centimeters and the time 

period for operation of the outfall is about 38 years. Therefore, the 

time-averaged accumulation rate of effluent particulate organic carbon 

on the total shelf area being considered is about 0. 9 mg/cm
2 

/yr. 

This accumulation rate of total organic carbon would suggest an aver

age accumulation rate for total effluent solids of about 4. 5 mg/cm
2

/yr 

if a refractory organic carbon content of 20 per cent is assumed. 

These sedimentation rates for organic carbon and total solids compare 

with reported natural sedimentation rates for these materials of 

0. 1 mg/cm
2

/yr and 9 mg/cm
2

/yr, respectively (Emery, 1960). Due 
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to the high water content of the effluent particulate matter, the actual 

depth accumulation of this matter is quite large. 

6) The actual distribution of effluent organic carbon within 

cores indicates that a greater sedimentary dilution of this matter has 

occurred than is expected from a comparison of the relative inputs 

from the different sources. It is shown that this may be due to sedi

mentary mixing pro_cesses acting in the upper several centimeters of 

surface sediments which can cause an upwards entrainment of lower 

pre-outfall sediments of a more inorganic nature. This may also be 

combined with the effect of a greater sedimentation of natural matter 

than that reported by Emery ( 1960 ). The apparent dilution of surface 

sediments near the outfall with material of a more inorganic compo-

sition may also be due to the actual refractory fraction of this matter 

being less than estimated by the decay experiments. 

7) A comparison of the areal extent of anaerobic surface sedi

ment with the accumulation of effluent particulate organic carbon was 

made in an attempt to extrapolate the findings of this thesis to provide 

some rough guidelines on water quality standards as related to the 

content of suspended solids in discharged effluent. For the present 

rate of discharge of effluent from the Whites Point outfall, and as

suming a similarity in the physical properties of the suspended solids, 

a suspended solids concentration of 75 mg/ 1 was arrived at as a value 

which might result in a notable reduction in the areal distribution of 

anaerobic surface sediments. This value was further discussed in 

Chapter VI as to how it related to future proposed changes in the sus -

pended solids c oncentration. 
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VII-2. Conclusions 

The discharge of primary treated wastewaters to the marine 

waters offshore of Whites Point on the Palos Verdes Shelf has signifi

cantly altered the physical and chemical properties of surface sedi

ments. It is suggested that further and more extensive monitoring of 

the outfall area be maintained so that the response of the altered 

sedimentary environment to future improvements in the quality of the 

wastewaters may be observed. Such monitoring of the reaction of a 

sedimentary environment would allow for future guidelines in decid

ing the quality of discharges to be allowed into the oceans. 
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