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MARINE STUDIES OF SAN PEDRO BAY, CALIFORNIA. PART VII

SEDIMENT COMPOSITIONS IN LOS ANGELES-LONG BEACH
HARBORS AND SAN PEDRO BASIN

by

Kenneth Y. Chen and James C.S. Lu

Environmental Engineering Programs
University of Southern California

Los Angeles, CA 90007

ABSTRACT. Most surface sediments in the Los Angeles-Long Beach Harbors
and nearby San Pedro Basin are grossly contaminated, with the exception
of a few localities. Restricted dredging of polluted sediments from
fractional areas of the harbor complex is probably benefi cial to the
ecosystem if the polluting substances can be properly disposed of. The
Los Angeles County Sanitation District sewer outfall at White's Point
is found to contribute substantial amounts of trace metals and chlor-
inated pesticides to the San Pedro Basin, while the harbor complex is
found to be an important source of polychlorinated biphenyls into the
San Pedro Basin. Interrelationships of pollution parameters are pre-
sented.
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I. INTRODUCTION

Compositions of the newIy deposited fine-grained sediments in an
aquatic system document the influence of man's activity in the recent.
past. The Los Angeles metropolitan area is among the most populous
areas in the world; the iinf lux of wastewater, industrial waste, surface
runoff, aerial fallout, and many other minor sources continuously add
to the chemical composition of nearshore sediments. In order to differ-
entiate the natural background of these sediments from those of man-made
pollution, a comprehensive baseline study is needed.

Sediments are known to contain the major fractions of contaminants
and nutrients of aquatic environments. In general, sediments are regard-
ed as the permanent sinks of pollutants and nutrients from the overlying
waters; however, dynamic exchanges between sediment-water interfaces are
known to occur constantly, especially when redox conditions are changed.
In recent years, genuine concerns have arisen over the deposition of
sediments in open water on a large scale due to the need for the main-
tenance and creation of navigab]e waterways. The uncertainty of the
course of migration of chemical constituents between solid and solution
phases, and the possible effects of the resedimentation of polluted sed-
iment on the exposure level to benthic organisms at disposal sites have
1ed to the postponement of many marine construction and dredging activi-
ties.

Since sediments may contain relatively high concentrations of bio-
logical toxicants or stimulants, the excavation and redeposition of
large quantities of these substances might cause substantial changes to
the biological cottwiunities--which can be harmful or beneficial. The
remova1 of grossly contaminated organic-rich, sulfide-rich sediments can
be beneficial to the organisms on one hand; however, unless such sedi-
ments are properly handled or treated, damage to the biological corrmuni-
ties can result from: the depletion of oxygen which is generally asso-
ciated with pulses of high oxygen demand; release of trace contaminants;
and production of suspended fine sediment in the water column.

Concentrations of trace contaminants in seawater are normally very
low  SCCWRP, 1973!. This is because of the adsorption of trace metals
on particulate matter and low solubi 1ity of trace organics such as
chlorinated hydrocarbons in water phases as well as their strong propen-
sity for attaching to the solid phase. Therefore, the history of water
pollution can generally be found in the study of sediment concentrations
--even though such analyses do not genera'tly yield the potential of a
sediment for pollution.

Due to the lack of information on the natural background levels of
trace substances and the uncertainty on the pollutional status of
dredged materials and their possible effects on water quality, many of
the agencies regulating dredged materia1 disposal have tended to take



a very cautious approach in passing judgement on the impact of dredging
activities and proposing mitigating procedures, with consequent confu-
sion, delays, and seemingly unending appeal procedures.

This report deals with the distribution of contaminants and nutri-
ents in sediments of the Los Angeles-Long Heach Harbors and the adjacent
San Pedro Channel. Such a study is necessary to elucidate the history
of different po11ution parameters. This information is needed to assess
the potential effect of the large scale deposition of sediment from the
harbor area into adjacent open waters as a result of dredging operations.
In addi ti on, the importance of the harbor as well as the nearshore coast-
al water as the nursery for marine organisms emphasises the need for
comprehensive base1ine data from which to observe the changes as well as
to predict the significance of future activities on the system.

At present, much research is being conducted to study the effect
of the disposal of dredged materials known to contain various levels of
pollutants in sediment. However, up to the present, there is very little
definitive information on the relationships of various types of sedi-
ments and their bioavailability upon disposal. In examining data on
gross sediment concentrations, it should be fully recognized that such
parameters may not bear direct or linear relation to biological poten-
tials. Nevertheless, it can be said, in broad terms, that polluted
sediments generally release higher concentrations of trace contaminants
and nutrients than the natural sediment. The most significant ecological
implication of the chemical compositions of sediments is probably re-
flected in the exposure level of benthic organisms after sediments are
resettled.

For this reason, the early Environmental Protection Agency Criteria
for Determining Acceptability of Dredged Spoil Disposal to the Nation's
Haters  both fresh and marine! were entirely based on gross concentra-
tions with the following numerical limitations:

Conc.
Chemical Constituents !

TVS  %%u! dry = 1.32 + 0.98  COD '5!

I I. SEDIMENT ANALYSIS VS. DREDGING CRITERIA

Volatile solids
Chemical oxygen demand
Total Kjeldahl nitrogen
Oil and grease
Mercury
Lead
Zinc

6.0
5.0

0.1
0.15
0. 0001

0. 005
0. 005



Recent Federal regulations called for the establishment of a "Standard
Elutriate Test," which would enable the differentiation of the fraction
of a sediment without potential effect from the other fractions which
may have potential effects  EPA, 1973!, The requirements are as follows:

Dredged material will be considered unpolluted if
it produces a standard elutriate in which the concentration
of no major constituent is more than 1.5 times the concen-
tration of the same constituent in the water from the pro-
posed disposal site used for the testing. The "standard
elutriate" is the supernatant resulting from the vigorous
30-minute shaking of I part bottom sediment with 4 parts
water from the proposed disposal site followed by I hour
of letting the mixture settle and appropriate filtration
or centrifugation.

Such a procedure in princip1e does indeed represent a significant
improvement over the analys~s of gross concentrations in sediments,
because the elutriate analysis at least points to a short term water
quality effect. However, such a procedure presents tremendous diffi-
culties in practice. At present, the most serious problem in establish-
ing such criteria is the extreme difficulty in evaluating the validity
of data from seawater studies, The analysis of trace metals in sea-
water generally requires a highly soph~sticated and elaborate laboratory
setup with meticulous cleaning procedures. Even so, the variation of
data from one laboratory to another is enormous  Patterson, 1974!. To
create a new test such as the "Standard E1utriate Test" without thor-
oughly testing it prior to adoption would certainly create serious
problems for the enforcement of regulations. The cost of setting up
equipment to perform a meaningful study is generally beyond the reach
of most laboratories.

In addition, the Standard Elutriate Test as outlined in the EPA
guidelines does not take into consideration the possible changes of
environmental variables whi ch may alter the availability of toxicants
and nutrients for biota. Therefore, in the absence of a more compre-
hensive indicator or experimental procedure, the gross analysis of
sediment concentration will serve a vital function in evaluating the
pollution status of sediments as well as the possible pollution poten-
tial of disposing such sediments into another aquatic environment.

In any particular geographical area, the baseline concentrations of
most substances are probably equivalent to those from primary and sec-
ondary weathered minerals. The substances of concern probably exist
largely within the mineral crystalline lattice. On the other hand, some
of the inputs from land sources are probably adsorbed to charged parti-
cles, organic surfaces, and hydrous oxides of iron and manganese, or
exist in soluble form in interstitial water. It is felt that pollutants



which are not an inherent part of the mineral structure can pose poten-
tial short and long term water quality effects under different environ-
mental conditions.

I II. SEDIMENT COMPOSITIONS AND THEIR RELATION TO THE POTENTIAL
EFFECTS OF DREDGING ACTIVITIES

The dredging operations and disposition of the dredged sediments
into the open acean, bays, estuaries, and inland waters has generated
considerable concern for possible degradation of the water quality,
especially the migration of trace metals, chlorinated hydrocarbons
 chlorinated pesticides and palychlarinated biphenyls!, and nutrients.
The expected environmental consequences range all the way from "a tem-
porary i ncrease in turbidity duri ng construction" Army Engineer Dis-
trict Studies, New York, Philadelphia, and Honolu1u, 1971!, to "pollu-
ted material placed in deep waters at a more rapid rate than would
result from natural processes"  Army Engineer District Studies, Buffalo,
NY, 1972!, to "loss of existing natural environment and disruption or
loss of marine life in the area"  Army Engineer District Studies, Rock
Island, Illinois, and New York, 1971 and 1972!. In a recent report of
the Corps of Engineers  Boyd, et al., 1972!, the environmental impact
associated with dredging is classified into two categories: direct
effects on biological communities and indirect effects on bioIogical
activiti es. The indirect effects include alteration of the sediment-
water interface with subsequent release of biostimuwatory or toxic
chemicals, and the creation of turbidity clouds. The environmental im-
pacts associated wi th open water disposal are categorized as short-term
and long-term effects, the short-term effects including creation of
turbidity, sediment buildup and oxygen depletion; and the long-term
effects including the possible presence of biostimulants and toxins,
and possible release mechanisms after deposition.

The effects of dredging on water quality in the Pacific Northwest
have been studied by the Environmental Protection Agency  O'Neal and
Sceva, 1971!; dredging equipment, soil disposal practices, and sedi-
ment characteristics were considered. The U.S. Army Engineer District
 Buffalo, NY, 1972! conducted a pilot sediment removal program during
which valuable data were compiled concerning the effects of sediment
removal on water quality and aquatic life--flora and fauna. Biggs
  1968! studied the environmental effects of overboard spoi 1 disposal
in the Chesapeake Bay. His resurts showed that measurable quantities
of suspended sediment extended as far as 4 km from the disposal site.
The author concluded that the spoil on the bottom did not remain within
the limits of the disposal area, and that dissolved nutrients contained
within the spoil sediment pore-water were probably released to the en-
vironment. Cronin �971! studied the gross physical and biological
effects of dredging operations in the Upper Chesapeake Bay and found a
substantiaI increase of total phosphate and nitrogen in water. Most
other studies of dredging operations on water quality were directed



at the turbidity and oxygen depletion  Serruya, 1968-69; Cairns, 1967!.
Windom �972! conducted laboratory and field studies to determine the
effects of disposing polluted and nonpolluted sediments on salt marshes
and on water quality, and concluded that until a significant variety
of dredging situations have been studied, no generalized conclusion
can be drawn on the water quality effects.

In the study of open water disposal, the main factors involved are
the nature of the trace substances and nutrients present in the sediment
and the possibility of their release. The environmental conditions of
the receiving water such as pH, oxygen concentration, ionic strength,
and concentrations of organic substances may well be the deciding factors
in the fate of trace contaminants and nutri ents upon depositi on. The
most serious contaminants present in sediments are heavy metals and
chlorinated pesticides; polychlorinated biphenyls  PCB's! are also of
importance. The sorption phenomena and possible release of these sub-
stances through mechanisms such as dissolution, ion exchange, complex
formation, and many other factors are not well defined at present,

Trace Metals in Sediments

Extensive analyses of sediments for metal content have been carried
out  Shaheen and Chantarasorn, 1971; Hauser and Fauth, 1972; Gross, et
al., 1971; Horowitz, 1970; Kalinenko and Nevesskii, 1971; Yu and Lub-
chenko, 1970; Council on Environmental Quality, 1'971; Landstrom, et al.,
1967. ! Hauser and Fauth   1972! verified the presence of higher concen-
trations of barium, cadmium, chromium, cobalt, copper, lead, mercury,
nickel, silver, and zinc in sediment. Mercury has received particular
attention due to its transformation to the highly toxic methylmercury
by benthic organisms  Suggs, et al., 1972; Fagerstrom and Zernelov,
1971; Jensen and Zernelov, 1969; SCCWRP, 1971!.

Quantitative data on thirty meta11ic elements present in marine
and Iacustrine sediments have been presented by Landstrom �967!. In
Southern California, extensive analyses of trace metals around major
sewer outfalls have been carried out  Galloway, 1972!. According to
Jones   1972!, the sources for these elements are accessory mineral
sites, lithic fragments, surface coatings on the grains, and clay min-
erals. Sea water may also leach metals from volcanic rocks and the
meta 1s are then sorbed by the sediment  Suggs, et al., 1972; Fager-
strom and Zernelov, 1971!. Zinc and other metals are also accumulated
by the bottom fauna  Duke, et al,, 1969; Phelps, et al., 1969; Hannerz,
1968!.

Pesticides in Sediments

A 1arge number of sediment analyses have shown the presence of
pesticides, with the organoch1oro and organophosphorus ones represent-
ing the two largest fami lies  Lyons and Soman, 1972; Svante and Berg-



gren, 1970; Newland, 1969; Meyers, et al., 1970; Greve and Verschuuren,
1971!. Many authors believe that once the pesticides are adsorbed by
sediment particles they are not released ta the environment, so that
the sediments, in effect, remove pesticides from natural waters. This
has been shown for aldrin  Leshinowsky, et al., 1970!, toxaphene
 Veth and Lee, 1971!, and DDT  Graetz, et a1., 1970!.

Undecomposed pesticides in sediments may still act as insecti-
cides  Veth and Lee, 1971!; the microbial degradation of organophas-
phorus insecticides, such as parathian  Graetz, et al., 1970!, has
been reported; microbial attack of gamma-BHC and hydroxyatrazine has
also been observed  Chesters and Lee!,

Rowe, Carter, and Mason   1970! observed that the adsorption of
dieldrin and endrin by battam sediments is pH sensitive; the adsorp-
tion of endrin was also salinity-dependent. According to Chesters
and Lee, the governing factors in pesticide adsorption by sediments is
the pesticide concentration and the organic matter content of the sedi-
ment.

PCB's in Sediments

Although the presence of po1ychlorinated biphenyls  PCB's! in sedi-
ments had already been observed in 1967  Svante and Berggren, 1970!,
systematic studies have been carried out only recently. Papers pre-
sented at a 1972 A.C.S. Symposium on PCB's  Tasler and Munson; Berg,
et a1.; Yates, et al.; Flotard and Veith; Nimmo, et a1.! reported on
the ubiquitous occurrence and distribution of polychlorinated biphenyls
in the aquatic environment. Scientists of the Water Resources Division
of the U.S. Geological Survey  Yates, et al., 1972! found concentrations
up to 3 mg/kg in bottom sediments. E.P.A. researchers  Nimma, et al.,
1972! monitored the extensive presence of a PCB, Arochlar 1254, in
Florida coastal sediments; they found that a chronic exposure to sub-
lethal concentrations of the material caused necrosis of hepatic cells
in fish, shrimp, and oysters.

Or anic Material in Sediments

The sources of organic matter in sediment usually originate fram
atmospheric and riverine introduction of pollutants, industrial and
domestic wastes, agricultural and mining runoffs, accidental spillages,
decampositiona1 debris from marine organisms, especially those bio-
resistant, metabolic end-products from natural biota. Furthermore,
there are numerous forms of intermediates derived from the interactions
among various decomposed products resulting fram living organisms.
These terrestial stable organic molecules can be treated as products
at different '.evels and stages in the geochemical diagenetic process
of simple bioorganic malecules  Yen and Sprang, 1972!.



On the average, the organic contents in marine sediments are only
a mino~ part of the composition. The organic carbon contents range from
0.1 to 10'I  Rashid, 1969!. However, regardless of their quantities,
the organic molecules may be the crucial factors in controlling the fate
of trace contaminants in marine sediments.

Organic molecules in marine sediments possess reactive functional
group sites. lhe inorganic cations such as heavy metals can be coordi-
nated to these sites to form stable 1inkages, and in this manner the
marine sediments can take up metals, thus functioning as a sink. The
exchange capacity of sediments is partly dependent on the organic com-
ponent of the sediment.

The metal complexes and chelates thus farmed could further coordi-
nate inorganic anions at the apexes. Inorganic anions such as sulfate,
chloride, phosphate, etc., could easily be attached or detached under
variable redox conditions. In this fashion the transport or the mi-
gration of nutrition-important anions such as phosphate is regulated by
the sediments.

The inorganic components in sediments behave as chromatographic
substances. Upon contact the organic molecules could be either ad-
sorbed or fractionated, precipitated, and eluted. In this fashion
simple organic and inorganic molecules from the coastal and estuary
waters could be adsorbed and released. Heavy metals can also be lib-
erated from sediment to ocean waters; accordingly, the marine sediment
in this sense can be a source for heavy metals, although this would
only occur under special conditions.

Organic substances in sediments may consist of amino acids, pes-
ticides, carbohydrates, polysaccharides, lipids, browning react~on
products, alkaloids, humic acids, hydrocarbons, pigments, bitumens,
and kerogens. In addition to the naturally occurring molecules, syn-
thetic pollutants such as PCB's and spilled oil are also present. Por-
tionss of the organic matter may be refractory products from biological
degradation which are no longer biodegradable.

Association of Fine Particulates and Trace Pollutants

Trace contaminants, metals pesticides, and PCH's are associated
wi th and concentrated in the colloidal particle si ze fraction of re-
cent1y-formed sediment  Chen, 1974!. In fresh water, storm water, or
wastewater effluent, hydrolyzed trace metals and organic matter can be
adsorbed onto colloidaj particles such as metal oxides and hydroxides,
microbial detritus, clays, and macro molecular protein, and in some
instances react chemically with colloid surface groups.

Particu1ates from input sources can be divided into two groups:
settleable and nonsettleable. Upon entering estuarine water, po1lu-



tants in the settleable particulates may remain in the solid form and
reach the floor of an estuary or harbor through sedimentation. They
may remain associated with detrital materials or redissolve. Non-
settleables are of the size of colloida1 particles, which range rough-
1y from 0.1 to 1.0 micrometers. A portion of nonsettleable colloids
can be accumulated in the sediment of harbor waters through the com-
bined physicochemical forces of coagulation and sedimentation.

Interactions of Chemical Constituents in Sediment

An understanding of the sorption and release mechanisms of trace
substances can only be achieved by considering the sediment as a dy-
namic system where the composition and geochemistry of the bu1k ma-
terials vary through:

 a! diffusion of ions within the sediment
 b! reactions occurring in the interstitial  pore! water
 c! humic binding forces
 d! organic/inorganic complexes
 e! nutri ent mobilization
 f! reactions at the sediment-water interface
 g! mobility of cations from the sediment
 h! water-sediment exchange reactions

Many authors have studi ed the composition and geochemistry of
sediments in toto. So, whi1e Mun and coworkers�967! studied the in-
organic components of sediments, Puey �967! gave a detailed descrip-
tion of the organic materials present. A present-day sediment con-
sists of inorganic clays, silts, and sands, organic substances from
the slow degradation of biological materials, and man-produced ma-
teria Is, either adsorbed from water or deposi ted directly and incorpo-
rated  Army Engineer District, New York, n.d.!. Large bacterial popu-
lations are also present  Esernoglou and Anthony, 1971!, together with
a diversity of benthic organisms  Cairns and Dickson, 1971!, which are
affected by the presence of industrial or municipa1 wastes. Some
organisms such as tubified worms are positively affected  Wagner, 1968!,
while the effect on Foraminifera is negative  Schafer, 1968!.

This diversity makes the chemistry of sediments very complex.
Numerous chemical characterizations of bottom deposits have been pre-
sented in the 1iterature  Holt, et al., 1970; Grissinger and McDowell,
1970!. A sediment presents a vertical variation in composition rela-
ted to the physical structure and the redox condi tions which can be
moni tored by color difference  Sanger and Gorham, 1971!, or by measur-
ing the nature and amounts of the gases adsorbed and released  Bean,
1969; Pamatmat and Fenton, 1968!.

As already mentioned above, the composition and chemistry of
sediments are the products of a series of individual events which have
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received specific attention and can be considered separately as
f ol 1 ows:

1, Diffusion of Ions within the Sediment
The diffusion of ions in unconsolidated sediments is influenced

by several environmental variables, such as redox potential, chemical
interactions, and physical structure. Ion diffusion coefficients in
marine sediments have been determined using radioactive isotopes
 Duursma and Bosch, 1970!. The rates range from one-half to one-twen-
tiethh of those applying to diffusion of i ons and molecules in free
solution, and may be predicted from the porosity and the path tortu-
osity of host sediments  Manheim, 1970!,

2. Interstitial  Pore! Water
The chemistry of pore waters and the relationships with the sedi-

ments retaining them has been studi ed by Sharma   1970! for glacio-
marine sediments of Southeast Alaska. The author observed that the
total ionic concentration is generally less in interstitial water than
in overlying water, and intermixing is negligible. Other authors
 Presley, et al., 1967; Bischoff and Lung, 1971! confirmed Sharma's
conclusions but found that some ions, and especially manganese, were
more concentrated in the pore water. Dobbins   1970! further observed
that cationic concentrations in interstitial water decreased with

depth in estuarine sediments.

3. Humic Binding
The interaction of metallic ions with humic acid yields complexes

comparable to the ones formed by EDTA  Koshi, et al., 1969!. Iron,
copper, zinc, and lead complexes have been identified  Sieburth, 1971!,
and the exchange capacity of the humic fraction has been found of the
order of 2.5 meq/g  Rashid, 1969!.

4. Organic/Inorganic Complexes and Nutrient Mobilization
The subject of nutrient  P,N! mobilization from sediments is of

great interest because of its relation to eutrophication. Notwith-
standing the numerous studies carri ed out, no agreement on the role
of sediments has been reached. The function of sediment as a reservoir
of nutrients for the overlying water has been affirmed by McKee and
coworkers   1970!; other researchers, on the other hand, have considered
sediment only as a sink wi th respect to phosphorus  Holt, 1969; Kinimel
and Ling, 1970; Shapiro, 1970; Committee on Nutrients in Water, 1970!.
The mechanism of phosphorus retention by sediments has also not been
cleared; some authors believe that organisms  McKee, et al., 1970!, or
at least organic/inorganic complexes  Schindler, et al., 1971!, are
the primary concentrators; others have postulated a gel complex of
hydrated iron oxide  Shukla, et al., 1971!.

5, Peactions at the Sediment-Water Interface
The sediment-water interface is the site of oxidation-reduction
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reactions between dissolved oxygen and sediment components. Schindler
and Honick �971! monitored the redox potential at a sediment-water
interface over a six-month period. Houldin �968! derived equations
describing the diffusion of oxygen across the interface under steady
and non-steady state conditions.

6. Mobility of Cations from the Sediment  Water-Sediment
Exchange Reactions!

The mobility of cations, and especially of heavy metals, from
sediments has a direct bearing on the environmental impact of dredge
spoil disposal. The release of toxic elements by displaced sediments
would make them hazardous to marine life  or human life, through the
food chain! if disposed of in deep waters, and would pollute ground
waters over a prolonged period of time if disposed of on land sites
in contact with aquifers.

Lee �970! assessed the possible factors involved in the exchange
of elements and compounds between waters and sediments in a critical
study. The exchange reactions were described as occurring under phy-
sical  hydrodynamic! control, chemical control, or biological control.
The chemical aspect was also considered in detai'l by Carroll   1959!.

Metals migrate within a sediment to oxidized or reduced zones
according to the mobility and solubility of the r espective ions. Thus
Honatti and coworkers �971! found that Mn, Ni, Co, and La were con-
centrated in the upper oxidized zone  Eh + 100 mV! of a hemipelagic
sediment, while Cr, V, and U concentrated in the lower reduced zone
 Ed - 400 mV!. Laboratory studies have shown that Cu, Fe, Mn, and
Zn were released by sediment under anaerobic conditions, but not under
aerobic ones  Chen and Yen, 1972!. These results confirmed the finding
by Mortimer   1971! that Fe and Mn may be released by sediment only when
the oxygen concentration at the sediment-water interface falls below
1 or 2 mg/1.

The exchange of elements between sediments and water may be studied
using radioactive tracers  Duke, et al,, 1968; Kudo and Gloyna, 1971!.
Except for mercury, which may be released from sediments via biological
transformation into methyl mercury  Fagerstrom and Zernelov, 1971;
Jensen and Zernelov, 1969!, the only elements found to exhibit a sig-
nificant migration from sediments into overlying waters were Ca
 Sharma, 1978; Presley, et al., 1967; gischoff and Lung, 197 1; Dobbins.
1978! and lig  kinesis, 1978!, the latter in lesser $ggree; t!bchenkg
and Kaolin �968! determined an exchange rate of Ca by Cu or Zn +
of I � 1.7 meq/g.

The most extensive reviews of sediment chemistry in relation to
their pollution potential have been those of Kee'ley and Engler   1974!
and Lee and Plumb   1974!. However, both reports conclude that no
definitive pr dictor relationships of sediment chemistry and pollution
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capabi wities under different environmental conditions are possible at
present. Extensive research carried out by the Army Corps of Engineers
Waterways Experiment Station and its contractors on dredged materials
research may soon be able to provide some definitive answers on the
relationships of sediment chemistry and potential impacts of dredging
acti vi ties.

IV. METHODOLOGY FOR SEDIMENT ANALYSIS

Analysis of sediment i s substantially different from that of
water and sewage. The U.S. Environmental Protection Agency has pub-
lished a manual for the analysis of freshwater sediments  December,
1969!; however, no pub1ication can be f'ound for the complete chemical
analysis of marine sediments, The following section is a summary of
experimental procedures which have been modified after "Standard
Methods"   1971! and the EPA manual on freshwater sediment, adopted
for the analysis of marine sediments,

A. Moisture Content

Place a known weight of sediment in an aluminum foi l dish in an
oven at 105 C for 24 hours or longer, until constant weight is ob-
tained. The moisture content is expressed as:

wet wt. - dri ed wt.
/ moisture content = X 100wet weight

B. Volati le Solids Content

Dry a known weight of sample in a crucible in an oven at 103 C
for one hour and weight it. Then ignite the dried sample in a muffle
furnace at 550 C for 15 minutes and weigh again.

dr wt. - residue
dry weight X 10mg/kg volatile solids =

C. Oil and Grease Content

6
X 10

residue
mg/kg oil and grease = g dri ed weight

Extract a known weight of sediment with petroleum ether. Separate
the mixture and transfer the extract to a flask of known weight. The
extract is then evaporated on an oil bath at 70 C until constant
weight is obtained.



D. Immediate Oxygen Demand

Measure 2 - 3 g sample in a 300 ml DO bottle and fill up wi th
distilled water. Add 2 ml manganese sulfate solution followed by
2 ml alkali-iodide-azide reagent well below the surface of the liquid
and stopper it. After 15 minutes, add 2.0 ml conc. H2SQ4 and immed-
iately titrate with 0.0375 N sodium thiosulfate solution to a pale
straw color. Use starch as indicator. Prepare a blank and treat i t
the same way.

g dried weightmg/kg IOD =

a: ml sodium thiosulfate solution used for sample
b: ml sodium thiosulfate solution used for blank

E. Chemical Oxygen Demand

'lPeigh approximately one gram of sediment in a round-bottom flask;
add 50 ml distilled water, 1 g of HgSO~, 25 ml 0,250 N potassium di-
chromate solution, and 75 ml conc. H2S04. Reflux the mixture for 2
hours, cool and dilute to about 350 ml. Titrate the excess dichromate
with ferrous ammonium sulfate, using ferrion as indicator. Reflux
in the same manner with blank consisting of 50 ml distilled water
and reagents,

 a � b! c x 8000
mg/kg COD = g dried wt.

a: mi ferrous ammonium sulfate solution used for sample
b: ml ferrous ammonium sulfate solution used for blank
c: normali ty of ferrous ammonium sulfate solution

F. Nitrooen

>!eigh about 1. 5 g sample in a Kjeldahl flask. Add 180 ml distilled
water and 15 ml phosphoric buffer solution. Distill into a flask con-
taining 30 ml boric acid until 120 ml is collected. Titrate the solution
with 0. 02 N H2SQ to determine the ammonia ni trogen content. Add 30 ml
digestion reagent to the remaining portion and heat under a hood for
about 30 minutes. Cool and dilute to 180 ml. Neutralize with sodium
hydroxide-sodium thiosulfate reagent. Distill and collect 120 ml
distillate into a flask containing 30 ml boric acid. Titrate with
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0.02 N H 50 to determine the organic nitrogen content. Carry a blank
determin3ti3n on distilled water and reagents.

 a � b! c x 14,000
g dri ed wt.mg/kg N =

a: ml H2504 solution used for sample
b: ml H>SO solution used for bl ank
c: normality of H 50 solution

G. Total Phosphorus

1. Digestion

Place about 1 g of well-mixed sample into a Teflon beaker. Treat
it with 4 � 5 drops of HF, 5 ml HNO , and 3 ml HC104 solution. Digest
the mixture on a hot plate until so/ution is almost dry. Coot and add
20 ml of distilled water, then centrifuge the digested sample. Collect
the supernatant in a 250 m'I Teflon beaker. Adjust pH to 0.2 - 0.3
with 6 N HNO and pass through a cation exchange resin, such as ANGC-
243  manufactured by 30NAC Chem. Co. !. Collect the eluate in a beaker
adjusting the flow rate to no greater than 5 ml per minute. After
passing the liquid through the column three times, the solution is
then neutralized with 6 N NaOH and 6 N HN03 to pH 7. Dilute the solu-
tion to exactly 200 ml. Regenerate the ion exchange resin with 1:1
HC1 and wash with distilled water.

2. Determination

Pipet 50 ml of digested sample, Add 2.0 ml molybdate acid solu-
tion and mix by swirling. Add 2. 0 ml sulfonic acid solution and mix
again. After exactly five minutes, measure the absorbance vs. the
blank at a wave length of 690 nm, Prepare a calibration curve by
using a suitable volume of standard phosphate solution.

H. Sul f ide  To ta 1 !

1. Measure 5 ml zinc acetate and 95 ml distilled water into each
of the two absorption flasks. Connect the reaction flask and two
absorption flasks in a series and purge the system with N2 gas for at
least 2 minutes. Transfer about 5 g of sediment into the reaction
f1ask and add 500 ml distilled water wi th complete mixi ng.

A titrimetric method is used for sulfide determination. A 1-liter
reaction flask and two 250 ml absorption flasks are necessary. The
procedure is:



2. Acidify the sample with 10 ml conc. H SO and replace the
prepared 2-ho ie stopper tightly. Pass N through !he sample for
one hour.

3. Add 10 ml of iodine solution and Z. 5 ml conc. HCl to each of
the absorption flasks; stopper, and shake to mix thoroughly.

4. Transfer contents of both flasks to a 500 ml flask and
back-titrate with 0. 025 N sodium thiosulfate ti trant, using starch
solution as indicator. Run a blank using the same reagents.

 ml iodine � ml NaZS 0 ! x 400
mg/kg S =

g dry weight

I. Total Organic Carbon

Weigh about 5 grams of sediment sample in a 150 mI beaker.
Adjust pH below 2 by adding 1: 1 HCl; then bubble N through the
sample for 10 minutes. Dry the sample in the beaker for 24 hours
in the temperature range of 70 to 100 C. Weigh a portion of
0. 5 - 1 g of dry sample into a special TOC crucible. Determine TOC
content using LECO TC-12 Automatic Carbon Determinator.

J, Metal Analysis

1. SampIe preparation

a. Digestion  except Hg and As!:

Weigh about 1 g of sediment into a platinum crucible. Add
5 ml HF and 30 ml of 1:1 HNO . Cover with aluminum foil and digest
on a sand bath until the rem/ining residue is about 3 ml. Add 20 ml
of conc. HNO and continue the digestion until the solution becomes
clear. Cool, filter, and dilute to 100 ml.

b. Digestion for mercury:

Weigh about 5 g of well-mixed sample into an Erlenmeyer flask.
Treat it with 20 ml conc. HN03 and 15 ml ZX KMn04. Seal the flask
and heat it in a constant-temperature water bath at 70 C for 12 hours.
Allow the flask to cool and then centrifuge the digested sample.
Collect the supernatant in a 100 ml volummetric flask and add 1: 1
solution to the mark.



16

c. Digestion for arsenic:

Heigh an appropriate amount of well-mixed wet sample  from
0. 5 � 5. 0 g of sediment! into a 250 ml round-bottom digestion f1ask
with two necks, and add 40 ml of conc. nitric acid, 5 ml of conc.
sulfuric acid, plus small glass beads as boi ling stones, The flask
is IIeated on an electric heating mantle at a temperature of about
100 C under a fume hood. Digest it in this reflex system overnight,
until the solution is clear, or stop the condenser cooling water and
increase the flask heat to fume off all the nitric acid--until strong
fumes of sulfuric acid are evo1ved. After coo1ing under the hood,
use distilled water to wash the sample into an Erlenmeyer flask having
a 24/40 ground joint f1ask. The final volume of washed sample must
be about 35 ml. Acidify the sample with 5 ml conc. IIC1; add succes-
sive1y, with thorough mixing after each addition, 2 ml 15>i KI solu-
tion and 8 drops, 0.4 of 20% SnC1~ reagent. Allow 15 minutes for
reduction of arsenic to the trivalent state, then follow the standard
SDDC method for the generation of arsine.

Z. Ana1ytical Methods

Basically three different methods wer e used for this study
according to the suitability of the method for different metal analy-
ses.

I, Atomic absorption method for the ana1ysis of Cd, Cr,
Cu, Fe, Pb, Mn, Ni, and Zn.

2. Flameless Atomic Absorption method for Hg analysis.

3, Silver Diethyl-dithiocarbamate method for As analysis.

K. Chlorinated Pesticides and Polychlorinated Biphenyls  PCB's!
 Official Method of Analysis of the Association of Analytical
Chemists, 1970; Reynolds, 1969; Goerlitz and Law, 1971; Richard
and Kirk-0thmer, 1964; Armur and Burke, 1970; Snyder and Reinert,
1971!

The overall method includes sample extraction, cleanup, partition-
ing concentration, injection to the gas chromatographic columns, iden-
tification and calculation of chlorinated pesticides and PCB's peaks
from the gas chromatograms.

Reagents:

1, Nanograde Hexane
2. Nanograde Ethyl Ether
3. Pesticide equality Petroleum Ether
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Procedure:

9.

10.

4,
5.

6.

7.

8.
9

10.

Pesticide qua]ity Acetonitrile
Florisil 60--100 mesh stored at 130 C
Hg--Analytical Reagent Grade
Anhydrous Sodium Sulfate Granular  Baker!
Cel i te
I'OH--Analytical Reagent Grade
Ethanol

Determine moisture content of sediment on separate sample.

Weigh 15. 0 g sediment as received.

Extract 1 hour wi th 300 ml of a 3: 1 mixture of tri le: water
using a reciprocati ng shaker. Include sample water in ratio.

Filter through Whatman t4 using 9 cm Buchner funnel filter,
adding 5 g Celite as filter aid.

Rinse the sample with 20 ml acetonitrile and filter it as
in step 4.

Transfer the filtrate to 1000 ml separatory funnel containing
the following: 50 ml petroleum ether and 10 ml NaC1 satu-
rated solution.

Shake the mixture for one minute, then add 200 ml water and
shake again for 30 seconds. Collect the aqueous phase in a
second separatory funnel and the solvent phase in a 250 ml
Erlenmeyer flask. Repeat extraction of the aqueous phase
using 50 ml petroleum ether.

Discard the aqueous phase and combine the petroleum ether
extracts into K.D. evaporator and evaporate on steam bath
to cs. 7 ml.

Prepare a 400 x 20 mm column wi th 15 g aci tvated flori si 1
�0/100 mesh! topped with 15 g anhydrous sodium sulfate.
Wash with 70 ml petroleum ether. When petroleum ether wash
sinks through the top surface of sodium sulfate, add the
extract and immediately begin eluting with 175 ml 100'K
petroleum ether. Change receiver, discarding initial wash.

Add 100 ml 6N ethyl ether in petroleum ether when previous
elution fluid just touches the top surface of anhydrous
Na2S04 surface; change receivers.
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11. Add 150 ml 15/ ethyl ether; petroleum ether �5 + 85! when
elution fluid sinks and collect in a third receiver.

12. Evaporate each eluate to 10 ml in K.D. evaporator.

13. The eluates are ru~ separately on a gas chromatograph
equipped with a Ni electron capture detector. The columns
were 6 feet long and ' inch I.D. packed with 5X DC-200; 7.5X
QF-I and 1.5/ OV- 17; 1.95 QF- 1. A11 columns were precondi-
tioned at 250 C with flow of N gas in a few mls/minutes
for 36 hours.

2

PCB's and most DDE are recovered in OX ethyl ether fraction. Most
organochlorine compounds are recovered in 6%%u fraction. Endrin and
Dieldrin are recovered in 15% ethyl ether and petroleum ether fraction.
If sulfur is found to be present in large amounts and interfering with
determinations of other components, the extract is treated with mercury
to form mercury sulfide for sulfur removal.

In the determination of PCB's and DDE, if some extra unknown i nter-
fering peaks are observed in OX ethyl ether, petroleum ether function,
the O%%u.extract is further treated with Dehydrohalogenation reagent.
Chemical conversion and breakdown of some of the interference to their
corresponding low boiling points takes place while PCB's remain un-
changed. DDE is a1so unaffected.

V. SEDIMENT DISTRIBUTION OF POLLUTIONAt PARAMETERS IN SAN PEDRO
BASIN AND LOS ANGELES-l ONG BEACH HARBORS

The sediment compositions of Southern California coastal waters
have been previously reported  SCCWRP, 1973; Galloway, 1972; Bruland,
1974!. Studies by Galloway �972! show that most trace elements, wi th
the except~on of iron, manganese, and cobalt, occur in substantia]ly
higher concentrations in the proximity of sewer outfalls, even though
the accumu'lation in the sediments is estimated to be around 10 to 15%%u
of the total input  Hendricks and Young, 1974!. Bruland �974!
studied the anthropogenic fluxes of Pb, Cr, Cd, Zn, Cu, Ag, V, and Mo
into the sediments of the San Pedro, Santa Monica, and Santa Barbara
Basins and found significant contributions from aer ial fallout, storm
and river runoff, and sewage input. Also, quantitative data on the
sources of input, and models of pollutant transport have been more
extensively studied than most other coastal waters adjacent to popula-
tion centers. However, 1 i tt1e information i s available on the sediment
compositions of harbor waters and their relationship to the pol1ution
of adjacent ocean waters.

Baseline sediment compositions on the Los Angeles Harbor and the
San Pedro Basin were studied for three purposes: �! to evaluate the
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natural background sediment composition of the San Pedro Basin; �! to
assess the potential enrichment factors if the dredged sediment is re-
deposited in San Pedro Channel  long a dump site for industrial wastes!;
and �! to identify the major sources of pollutant inputs into the
channel and their mode of transport.

In this study, three types of core samples were used. Box cores
were used for obtaining samples in San Pedro Basin. Grab samplers
were used in most surface samples for Los Angeles Harbor, and drilling
rigs were used to obtain deep sediments up to 40 feet in depth in the
proposed Liquefied Natural Gas  LNG! route.

Each sample was analyzed for roughly 35 parameters. It is fully
realized that not all of these parameters have significance in de-
termining polIution potentials of sediments. This is especially true
for some of the conventional parameters used in water and wastewater
characterizations.

San Pedro Basin

A totaI of 24 box cores were colIected in San Pedro Basin between
Los Angeles-Long Beach Harbor and Santa Catalina Island. In addition,
five box cores were collected beyond Catalina Island. Each core
sample was subdi vided into several secti ons, dependi ng on the length
of the core. In general, samples were subsectioned according to the
length: 0 � 2", 3 � 6", 7 � 12", and 1 to 2 feet. Box cores were
colIected from the Velcro IV by the personnel of the Harbor Environ-
mental Projects of theAllan Hancock Foundation at USC under the lead-
ership of Dr. Dorothy Soule and Mr. Mi kihi ko Oguri.

From the data presented in Figures 1 to 9, a Iist of approximate
naturaI background levels of trace metals in San Pedro Basin can be
established. These are shown in Table I.

It should be realized that most sediments of San Pedro Basin are
substantially higher than the values presented in the table. In
addition, the so-called natural background levels are not uniform
throughout the area. It simply represents the lowest concentration
that can be found. Another estimate may be adduced from the natural
rock and soil compositions in the drainage areas producing the surface
runoff to the basins. In Figures 3 and 8, the concentrations of chrom-
ium and nicke'I in the stations beyond Catalina Island are found to be
substantially higher than most of the other sediments studied. The
geological formations or other problems involved in the sampling pro-
cess rather than pollution probably account for these abnormally high
concentrations in such areas

In Figures 10 to 17, we have tried to construct some concentration
contours of trace metals based on the data obtained. In constructing
such isoconcentration lines, both concentrations from sediment analysis
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and water depth are considered. It should be fully realized that no
rigorous mathematical model was employed. The intuition and per-
sonal judgement of the authors, using the data available, was the
main method used. Therefore, no absolute accuracy is implied in these
concentration contours.

In Figures 18 to 25, the general characteristics of the sediments
are presented. All the sediments ana1yzed fal1 into the category of
stab1e decomposed organics as c1assified by Ballinger and McKee   1971!.
Immediate oxygen demand is generally low in comparison with more ac-
tive decomposing sediment and Kjeldahl nitrogen is almost equivalent
to organic nitrogen in each case. This indicates that most of the
nitrogen in these sediments is tie t up with refractory organics with
little possibility of further decomposition.

The distribution patterns of chlorinated hydrocarbons such as
chlorinated pesticides and polychlorinated biphenyls are significantly
different from those of trace metals. Since chlorinated hydrocarbons
are not the natural constituents of sediment, the~r appearance indi-
cates the influence of man's activities. The distribution of total
DDT as shown in Figure 31 indicates the predominant influence of the
sewer outfall; however, the input from the Los Angeles-Long Beach
Harbors cannot be ruled out. The distri bution of PCB's and Dieldrin
shows that the contribution from White's Point sewer outfall may be
small in comparison with those from the harbor complexes. This is
not out of the ordinary, since the harbor complex is the receptacle
of many industrial wastewaters.

TABLE I

NATURAL BACKGROUND LEVELS QF TRACE METALS IN SAN PEDRO CHANNEL

Natural Background
Element

As
Cd

Cr

Cu
Fe

Pb

Hg
Ni

7n

1- 1.5

1- 1.5
20 � 30

5-10
12,000 � 15,000
20 � 25

0.025 - 0.050
15 � 20

30 - 35
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Los An eles-Lon Reach Harbors

More than forty sampling stations inside the harbor complex were
selected. Figures 37 and 38 show the locations of these sampling
points. Grab samples were collected from the Golden Nest by the per-
sonnel of the Harbor Environmental Projects of the Allan Hancock Foun-
dation. The results of the sediment analysis are shown in Tab'les 2
to 4. In many cases, stations were sampled more than once to observe
the effects of bottom scouring, circulation, and sediment transport
during the elapsed period. Even though replicate analyses have shown
narrow ranges of analytical results, substantial differences in chem-
ical compositions were shown for the sediments collected about one
month apart. The slight variations in the locations of the sampling
points may account for the major part of the difference, due to the
non-homogeneity of the surface sediments.

Sediment samples from sampling stations shown in Figure 38 were
obtained quite c1ose to the bank instead of the midchannel. The
relative intensity of contamination of the surface sediments in the
harbor complex is shown in Figure 39. The pollution status of harbor
sediments is divided into a relative scale of 10, with 1 the most
contaminated and 10 the least polluted. The average chemical compo-
sitions are shown in Table 5. The ranking was based mainly on the
content of total organic carbon and a few toxic metals such as mer-
cury, zinc, and cadmium. The reason for using total organic carbon
as a major parameter in determining the pollutional status is the
linear relationship of total organic carbon to other pollutional
parameters. Even though the harbor sediments in genera1 contain less
TOC than the surface sediments of San Pedro Basin, the harbor sedi-
ments generally contain substantially higher values of immediate oxygen
demand. The other noticeable difference is the PCB content. While the
San Pedro Basin contains relatively low concentrations of PCB 1254 and
1260, and no 1242, the harbor surface sediments contain high concentra-
tions of a11 PCR's.

Pro osed Route for the Trans ort of LNG in Los An eles Harbor

Sediment samples from the proposed LiVG route were collected by
Dames and Moore, environmental consultants, using drilling rigs. Each
core was subsectioned at the interval of 3 feet and homogenized prior
to analysis. The positions of corings are shown in Figure 38. Parti-
cle size distributions are listed in Table 6. Each core was divided
into many sections, each at 3 to 5 feet, depending on the property of
the sediment. The surface sediment of each core, i.e. the fi rst
column of each core shown in Table 6, was analyzed for physical and
chemical characteristics which are tabulated from Tab1es 7 to 9. Most
of the analytical results from these sediments cannot be compared
with those of grab samples, because grab samples collect the top few
inches of sediment while the samples from piston cores have been homo-
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genized from the top 3 feet. Since the surface sediments are the most
contaminated, the homogenized samples are in effect diluted many times
by the subsurface sediments which are less contaminated. Therefore,
these data are not used in zoning the po1lution status of the harbor
comp1ex.

The profiles of pollutants in the surface sediments are shown in
Figures 40 to 42. It is obvious that the concentrations of pollutants
decrease rapidly from Station I, which is close to the Terminal Island
Sewage Treatment Plant, and increase again toward the breakwater region.
Around the sewer outfa11, most of the sediments are close to silty clay,
and around the breakwater area, mostly sandy silt. The middle portion
contains mostly silty sand. The particle size distribution may par-
tially account for the levels of pollutants in the sediment,

Sediment Characteristics

No effort has been made to locate the specific associations of
pollutants in the sediments; however, many interesting interrelation-
ships of pol lutional parameters can be found from the results of
chemical analysis. This is especially true for the linear relation-
ship exhibited by trace metals and total organic carbon, total vola-
tile solids, or sulfide and trace metals, Trace organics such as
chlorinated pesticides and polychlorinated bi pheny1 s show little
relationship to other parameters even though sediment transport and
the fates of particulates seem to be the predominant factors affect-
ing the distribution of pollutants. No effort was made to determine
the grain size distri bution of sediments in the San Pedro Basin and
surface sediments of the harbor complex.

From the depth variations of most parameters, it seems relative-
ly safe to conclude that input from man's activities has apparently
altered the sediment characteristics--even in the deep ocean, though
such types of influence are generally deemed to be minimal.

The concentration of trace metals in the channel transects are
closely related to other pollutional parameters such as COD, TOC, TVS,
and sulfide. The most interesting part is the linear relationship
of metal concentration vs. water depth. Such a relationship implies
the transport of fine grain sediment from land sources into the deep
channel. Since the background levels around the harbor entrance are
similar to those of natural sediment, it is reasonable to assume that
a combination of "slumping" and slow settling of solids from the L,A,
County sewer outfall, as well as adsorption by organic matters and
clay particles of po1lutants out of solution, is a major source of
pollutant transport in the San Pedro Channel. While the total organic
carbon,  TOC! of the Los Angeles-Long Heach Harbor sediment is generally
below 2g, the TOC in the San Pedro Channel generally ranges from 2



to 4. g, both on a dry wei ght basi s. Ana lysis of organic components
of the surface sediments of the harbor complex and San Pedro Basin
indicates that the ocean sediments contain more stable organic com-
ponents such as humic substances, whereas harbor sediment contains
a higher fraction of fulvic acids.

Since most pollutants entering the sediment are associated with
particulates in one way or another, their position in the sediment
can probably be classified into several functional groups: sorbed
on the surface or particulate matter; bound in fulvic and humic ma-
terials; precipitated as metal su1fide; attached to an oxide coating;
sorbed on the exchange sites of clay minerals; or incorporated in
the detrital organic or mineral phase. The major fraction within the
crystalline lattice of mineraI or natural sediment will probably not
be released upon disposal. Changes in redox, pH, or composition of
solution media probably bring about changes in the availability of
trace substances. However, no definitive information can be found.

V I. SUMMARY AND CONCLUSIONS

With the exception of very few localities, most surface sediments
in the Los Angeles-Long Beach Harbors and San Pedro Basin are grossly
contaminated. The fate of these substances in the sediments and their
long-term effects are not well understood at present. The question
of whether sediments act as sink or as a source of pollutants may
depend greatly on the changes of environmental variables. There are
very few remedies available to undo the pollution of the past, as the
selective removal of pollutants from sediments is almost impossible.

Therefore, emphasis should be placed on prevention of these types of
irreversible processes of pollution.

The sediments of San Pedro Basin are almost as polluted as those
of the Los Ange1es-Iong Beach Harbors. In addition to the practice of
ocean dumping of industrial wastes within the study area, the sewage
discharge from White's Point may account for a substantial amount of
pollutants. The past practice of designing sewer outfalls for the
diffusion, dilution, and dispersion of sewage might work well for
dissolved substances; however, such a practice may not be very effect-
ive for the problems associated with particulates. The sediment trans-
port processes may concentrate pollutants in the deep channel and may
reverse the planned function of ocean outfall to disperse the pollu-
tants. The ecological consequences of accumulating contaminants in
the deep basin cannot be properly evaluated at present, because little
information is available on the effects of these pollutants on the
biota in the ocean bottom.

Data from this study show that the Los Angeles County Sanitation
District sewer outfall at White's Point has been the major source of
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trace metals and chlorinated pesticides such as DOT, while the harbor
complex contributes more of the polychlorinated biphenyls.

In many parts of the Los Angeles Harbor, which is relatively con-
taminated in comparison with the neighboring harbor, the most effective
way  and perhaps the only way! of removing pollutants from the eco-
logical system seems to be the excavation of sediments with proper
disposal or productive usage of dredged materiaIs after treatment.
Ocean disposal of these sediments will probably add to the heavy accum-
ulation of' pollutants on the ocean bottom. Ocean disposal should be
allowed if evidence shows that such disposal practice causes no harmful
ecological impact.
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FI~gURE 1

DistribUtion of Arsenic in the Sediments of
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Fl l>ORE 2

Distribution of Cadmium in the Sediments of
San Pedro Channel
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FIGURE 3
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FIGURE 4

Distribution of Copper in the Sediments of
San Pedro Channel
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FIGURE 5
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Fl GORE 6

Distribution of Lead in the Sediments of
San Pedro Channel
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FIGURE 7

Distribution of Mercury in the Sediments of
San Pedro Channe]
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Distrihution of Nickel in the Sediments of
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FIGURE 9

DistribUtion of Zinc in the Sediments of
San Pedro Channel
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Cr  ppm! Isoconcentration Lines
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FIGURE 18

Chemical 11xygen Demand in thy Sediment
of San Pedro Channel  x10 ppm!
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F I GUfK 19

Immediate Oxygen Demand in the Sediment
of San Pedro Channe1
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FIGURE 20

Kjeldahl Hitroaen  ppm! in the
Sediment of San Pedro Channel
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FIGURE 23
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FIGURE 26

DDD  pp1t1! in the

Sediment of San Pedro Cha nel
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o,p' DDT  ppm! in the
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F I GORE 3l

Total DN  ppm! in the
Sediment of San Pedro Channel
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Cadmium Concentration vs. Hater Oepth
in San Pedro Basin
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Chromium Concentration vs. Mater Depth
in San Pedro Basin
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Copper Concentration vs. Water Depth
in San Pedro Basin
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Iron Concentration vs. Mater Depth
in San Pedro Basin
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in San Pedro Basin
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Concentration of Arsenic vs. Total Organic Carbon
1n the Surface Sediments of San Pedro l3asin
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Concentration of Arsenic vs. Total Organic Carbon
in the Surface Sediments af L.A. - L.B. Harbors
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Concentration of Arsenic vs. Total organic Carbon
in the Sediments of the Proposed LNG Route
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Concentration of Cadmium vs. Total Organic Carbon
in the Surface Sediments of' San Pedro Basin
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Concentration of Cadmium vs. Total Organic Carbon
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Concentration of Cadmium vs. Total Organic Carbon
in the Sediments of the Proposed LAB Route
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FIGURE 65

Concentration of Chromium vs. Total Organic Carbon
in the Surface Sediments of San Pedro Basin
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Concentration of Chromium vs. Total Organic Carbon
in the Surface Sediments of L.A. - l.B. Harbors
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FIGURE 67

Concentration of Chromium vs. Total Organic Carbon
in the 'Sediments of the Proposed LNG Route



100

/0 0 0 rot,"  X!
FIGURE 68

Concentration of Copper vs. Total drganic Carbon
in the Surface Sediments of San Pedro Basin
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Concentration of Copper vs. Total Organic Carbon
in the Surface Sediments of L.A. - L.S. karbars
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Concentration of Copper vs. Total Organic Carbon
in the Sedinents of the Proposed LNG Route
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FIGURE 71

Concentration of Iron vs. Total Organic Carbon
in the Surface Sediments of San Pedro Basin
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FIGURE 72

Concentration of Iron vs. Total Organic Carbon
in the Surface Sediments of L.A.-L.B. Harbors
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Concentration of Iron vs. Total Organic Carbon
in the Sedimnts of the Proposed LMG Route
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Concentration of Lead vs. Total Organic Carbon
in the Surface Sedinents of San Pedro Basin
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Concentration of Lead vs, TotaI Organic Carbon
in the Surface Sediments of L.A.- L.B. Harbors
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Concentration of Lead vs. Total Organic Carbon
in the Sediments of the Proposed LMG Route
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Concentration of mercury vs, Total Organic Carbon
in the Surface Sediments of San Pedro Basin
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Concentration of Mercury vs. Total Organic Carbon
in the Surface Sediments of L.A. - L.B. Harbors
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Concentration of Nickel vs. Total Organic Carbon
in the Surface Sed!ments of San Pedro Basin
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Concentration of Zinc vs. Total Organic Carbon
in the Surface Sedinents of San Pedro Basin
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Concentration of Zinc vs. Tota1 Organic Carbon
in the Surface Sediments of L.A.-L.8. Harbors
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Concentration of Arsenic vs, Total Volatile Substances
in the Sediments of the Proposed LNG Route
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Concentration of Cadmium vs. Total Sulfides
in the Surface Sediment of L.A. - L.8. Harbors
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Concentration of Chromium vs. Total Sulfides
in the Surface Sediment of L.A. - L.S. Harbors
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FI ~~URE 97

Concentration of Copper vs. Total Sulfide
in the Surface Sediments of L.A. - L.B. I<arbors
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Concentration of Lead vs, Total Sulfide
in the Surface Sediments of L.A. - L.B. Harbors
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Concentration of Nickel vs. Total Sulfide

in the Surface Sediments of L.A.-L.B. Harbors
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TOC vs. COD in the Surface Sediments
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TOC vs COD in the Sur face Sediments
of San Pedro Basin
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