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ABSTRACT

More than 30 million dollars are expended annually to assess environmental qual-
ity of the Southern California Bight, yet only 5% of the Bight area is surveyed on an
ongoing basis. Because decision makers lacked the data to make regional assessments
of ecosystem condition, multiple stakeholders collaborated to create a Southern Cali-
fornia Bight Regional Monitoring Program. The third survey in this program was
conducted in 2003. A primary goal of this regional monitoring program was to deter-
mine the extent and magnitude of sediment contamination in the Southern California
Bight, and to compare these assessments among several different habitats. A stratified
random design was selected to provide unbiased areal assessments of environmental
condition; 359 surficial sediments were collected, representing 12 different habitats
that extend from shallow embayments and estuaries to deep offshore basins. Each
sample was analyzed for grain size, total organic carbon and nitrogen (TOC/TN), 15
trace metals, and a suite of persistent organic constituents (total dichloro-diphenyl-
trichloroethane [DDT], total polychlorinated biphenyl [PCB], and total polynuclear
aromatic hydrocarbon [PAH]). The greatest accumulated mass of these constituents
(76 % on average; range 70% to 87 %) was located at depths >200 m, which was pro-
portional to its relatively large area (67 % of entire Southern California Bight). The
greatest sediment concentrations of trace metals, total PAH, and total PCB were
observed in embayments (e.g., marinas, estuaries draining urbanized watersheds,
and industrialized port facilities). These shallow habitats also contained a dispropor-
tionately high mass of contaminants relative to their area. Despite the relatively wide-
spread anthropogenic enrichment of Southern California Bight sediments, only 1%
of the Southern California Bight was at a moderate to high risk of adverse biological
effects based on empirically derived sediment quality guidelines. Risk, however, was
not evenly distributed throughout the Southern California Bight. The greatest risk of
adverse biological effects was found in sediments of marinas, Los Angeles estuaries,
and large publicly owned treatment works (POTWs); these were the only habitats for
which the mean effects range-median quotient (ERMQ) exceeded 0.5. The least risk
was observed in sediments associated with the Channel Islands and small POTWs, for
which all sites were considered to be at low risk of adverse biological effects.
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INTRODUCTION

The open embayment between Point Conception, Califor-
nia, and Cape Colnett, Baja California, otherwise known as the
Southern California Bight is an important and unique ecologi-
cal and economic resource (Fig. 1). The Southern California
Bight is a transitional area where currents carrying cooler,
temperate ocean waters from the north meet warmer, tropical
waters from the south. The complex and varied topography of
the Bight, with its offshore islands, submarine canyons, ridges,
and basins, supports a variety of nearshore and offshore marine
habitat. These characteristics allow for a high degree of biodi-
versity, with more than 500 species of fish and 1500 species
of invertebrates inhabiting these waters (Dailey et al., 1993).
As a major migration route, transient populations of marine
birds and mammals add species richness to the Bight, making it
among the most diverse of all Northern Hemisphere temperate
coastal systems.

Home to the nation’s largest commercial port (Los Ange-
les and Long Beach Harbor) and one of the largest U.S. Naval
complexes, the Southern California Bight is a tremendous eco-
nomic resource as well. More than 175 million beach-goer days
in the Southern California coastal areas annually bring an esti-
mated $9 billion into the regional economy (Schiff et al., 2000;
National Research Council, 1990). Recreational activities such
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as diving, swimming, surfing, and boating also fuel the econ-
omy, with recreational fishing alone accounting for more than
$500 million per year (Kildow and Colgan, 2005). As a result,
the land margin of the Bight is one of the most densely popu-
lated coastal regions in the country, with ~16.5 million people
inhabiting five coastal counties bordering its waters, a number
projected to increase to over 20 million by 2020 (Fig. 1; State
of California, 2001)

Large population centers attract industry and have histori-
cally experienced large-scale conversion of open land into non-
permeable surfaces. More than 75% of Southern Californian
bays and estuaries have been dredged and filled for conversion
into harbors and marinas (Horn and Allen, 1985). This ‘“hard-
ening of the coast” increases the rate of runoff and can impact
water quality through the addition of sediment, toxic chemicals,
pathogens, and nutrients to the ocean. In addition to increased
nonpoint source loading, the Southern California Bight is home
to 15 municipal wastewater treatment facilities, eight power-
generating stations, ten industrial treatment facilities, and 18 oil
platforms that discharge to the open coast (Schiff et al., 2001).
Thus, anthropogenic activities can greatly impact the quality of
the coastal marine environment.

Each year, local, state, and federal agencies spend in excess
of $31 million to monitor the environmental quality and the
health of natural resources in the Southern California Bight
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Figure 1. The Southern California Bight (SCB) extends from Point Conception, California, to Cabo Colnett (near
Ensenada), Baja California, Mexico. The northern Channel Islands (Anacapa, Santa Cruz, Santa Rosa, and San
Miguel) are within the borders of the Channel Islands National Marine Sanctuary.



Extent and magnitude of sediment contamination in the Southern California Bight

(Schiff et al., 2002). The majority of this effort is intended to
assess compliance of waste discharge, as specified in National
Pollutant Discharge Elimination System (NPDES) permits, with
water-quality standards for effluent and receiving waters from the
California Ocean Plan and Federal Clean Water Act. These moni-
toring programs have value in addressing specific point-source
impacts, but their spatial coverage is small, representing ~5% of
the total Southern California Bight area. Moreover, commonality
among methods and data quality is not required, resulting in a
geographical database that is not easily merged.

In response, a Bight-wide regional monitoring survey
designed to assess the extent and magnitude of impacts for
several indicators of environmental quality, including sediment
(trace metal and organic) contaminants, was first carried out as
a pilot project in 1994 (Schiff and Gossett, 1998) and then again
in 1998 (Noblet et al., 2002). Since both surveys included par-
ticipation by multiple analytical laboratories, extensive inter-
calibration studies were performed to increase data compara-
bility and accuracy (Gossett et al., 2003). Whereas the 1994
pilot study sampled some 264 sites distributed throughout the
mainland continental shelf, the 1998 survey was expanded to
include embayments.

The purpose of this study was to expand previous regional
surveys and assess the extent and magnitude of sediment con-
tamination in the Southern California Bight. The expansion
moves the survey from the mainland continental shelf and
large embayments to estuaries, mainland continental slopes and
basins, and offshore islands. Assessing the extent and magnitude
of sediment contamination allows environmental managers to
more effectively gauge the overall environmental health of the
Southern California Bight, compare the relative risk from sedi-
ment contamination among habitats, describe regional reference
condition, and evaluate the potential for cumulative effects from
multiple sources of potential pollutants.

MATERIALS AND METHODS
Sampling Design

A stratified random design was selected to provide areal
assessments of contamination (Stevens, 1997) among 12 geo-
graphicalstrata, including three mainland shelf (5-30m,30-120m,
and 120-200 m water depth), upper mainland slope (200-500 m),
lower slope and basin (500-1000 m), embayments (marinas,
other ports, bays, and/or harbors), estuaries (Los Angeles area
estuaries and other Southern California Bight estuaries), large
(>100 mgd [million gallons per day]) and small (<100 mgd) pub-
licly owned treatment works (POTWs), and the Channel Islands
National Marine Sanctuary (30-120 m, surrounding Santa Bar-
bara, Anacapa, Santa Cruz, Santa Rosa, and San Nicolas Islands)
(Fig. 1 and Table 1). Assuming a binomial probability distribu-
tion and p value of 0.2, the goal of this sampling design was to
allocate ~30 sites to each stratum, yielding a 90% confidence
interval of +10% around estimates of areal extent.
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Sediment Collection

Grab samples were collected within 100 m of the location
specified by the sampling design from the top 2 cm of sediment
using a 0.1 m? modified VanVeen sampler (Stubbs et al., 1987).
After compositing, samples were placed in pre-cleaned, Envi-
ronmental Protection Agency (EPA)—certified glass containers
with Teflon®-lined closures (500 mL) and kept cold (4 °C) dur-
ing transport from the field to the laboratory. All samples for
trace constituent and total organic carbon (TOC) analyses were
frozen at —20 °C within 24 h. Subsamples for grain size analy-
sis were stored at 4 °C (Bight’03 Field Sampling and Logistics
Committee, 2003). After collection, samples were distributed
to the appropriate participating laboratories for analysis. A
total of 359 sediment samples (26-33 samples per stratum)
were collected.

Laboratory Analysis

Fifteen trace metals, 24 polynuclear aromatic hydrocar-
bons (PAHs), 41 polychlorinated biphenyl (PCB) congeners
selected for their potential toxicity and likelihood of occurrence
(McFarland and Clarke, 1989), eight chlorinated pesticide
compounds, six dichloro-diphenyl-trichloroethane (DDTs),
and two chlordanes were targeted in this study (Table 2). Spe-
cific analytical methods were employed at the discretion of
the participating laboratories, contingent upon their ability
to demonstrate acceptable performance as specified through
a performance-based quality assurance and quality control
(QA/QC) program. This program included guidelines for deter-
mining analyte-specific method detection limits (MDLs) per
EPA 40 CFR Part 136, analysis of procedural blanks, matrix
spikes, and standard reference materials (SRMs), and participa-
tion in a project intercalibration exercise. Detailed analytical
QA/QC performance criteria are specified elsewhere (Bight’03
Coastal Ecology Committee, 2003).

TABLE 1. ESTIMATED DISTRIBUTION OF AREA BY SAMPLING
STRATA FOR THE SOUTHERN CALIFORNIA BIGHT

Area Tgtal
Stratum 2 Bight

(k') (%)
Inner shelf (5-30 m) 1065 7.0
Mid shelf (30-120 m) 1782 11.8
Outer shelf (120-200 m) 552 3.6
Upper slope and basin (200-500 m) 2952 19.5
Lower slope and basin (500-1000 m) 7318 48.3
Marinas 16 0.10
Estuaries 6.3 0.04
Los Angeles estuaries 1.2 0.01
Ports/bays/harbors 77 0.51
Small POTW outfalls 26 0.17
Large POTW outfalls 166 1.1
Channel Islands (30—120 m) 1208 8.0
Southern California Bight 15,169.5 100.0

Note: POTW—publicly owned treatment works.
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TABLE 2. TRACE CONSTITUENTS ANALYZED IN SEDIMENTS COLLECTED FOR THE BIGHT’03 STUDY
Trace metals PAHs PCBs Pesticides Other constituents
Aluminum Low molecular weight PCB-18 4,4'-DDT Grain size
Antimony PCB-28 2,4'-DDT Total organic carbon
Arsenic Acenaphthene PCB-37 4,4'-DDD Total nitrogen
Barium Acenaphthylene PCB-44 2,4-DDD
Beryllium Anthracene PCB-49 4,4'-DDE
Cadmium Biphenyl PCB-52 2,4'-DDE
Chromium Fluorene PCB-66 alpha-chlordane
Copper 2-Methylnapthalene PCB-70 gamma-chlordane
Iron 1-Methylphenanthrene PCB-74
Lead Naphthalene PCB-77
Mercury 1-Methylnapthalene PCB-81
Nickel 2,6-Dimethylnaphthalene PCB-87
Selenium 1,6,7-Trimethylnaphthalene PCB-99
Silver Phenanthrene PCB-101
Zinc PCB-105
PCB-110
High molecular weight PCB-114
PCB-118
Benz[a]anthracene PCB-119
Benzo[a]pyrene PCB-123
Benzo[b]fluoranthene PCB-126
Benzo[e]pyrene PCB-128
Benzo[g,h,i]perylene PCB-138
Benzo[k]fluoranthene PCB-149
Chrysene PCB-151
Dibenz[a,h]anthracene PCB-153
Fluoranthene PCB-156
Indeno[1,2,3-c,d] pyrene PCB-157
Perylene PCB-158
Pyrene PCB-167
PCB-168
PCB-169
PCB-170
PCB-177
PCB-180
PCB-183
PCB-187
PCB-189
PCB-194
PCB-201
PCB-206
Note: PAH—polynuclear aromatic hydrocarbons; PCB—polychlorinated biphenyl; DDT—dichloro-diphenyl-
trichloroethane; DDD—dichloro-diphenyl-dichloroethane; DDE—dichloro-diphenyl-dichloroethylene.
Metals column gas chromatography with electron capture detection

Sediment samples for trace-metal analytes (except mer-
cury) were digested in strong acid according to EPA Method
3050B (formerly 3055) and analyzed by inductively coupled
plasma—mass spectrometry (ICP-MS) and/or flame, graphite fur-
nace, and/or hydride generation atomic absorption spectroscopy
(AAS). Mercury was analyzed by cold vapor—atomic fluores-
cence spectroscopy (CVAFES). The required trace-metal reporting
levels (RLs) for this study were specified as one-fifth the effects
range-low (ERL) sediment quality guideline (Long et al., 1995).

Organics

Dried sediment samples were extracted using an organic
solvent (typically CH,Cl,), cleaned up and/or fractionated using
preparative solid-liquid chromatography, and analyzed by dual-

(GC-ECD) and/or gas chromatography—mass spectrometry
(GC-MS). The required RLs for individual PAHs, PCB conge-
ners, and other organochlorine pesticides were 50-100, 7.5, and
1 ng/g dry weight (wt.), respectively.

Grain Size

Particle-size distribution was measured using a Coulter
LS230 or Horiba LA900 instrument, both of which are based on
light-scattering technology and have a minimum effective mea-
surement size range of 0.04-1000 pm. Because the maximum
particle-size detection threshold differed between instruments,
all samples were screened through 1000 pm and 2000 um sieves
prior to analysis to ensure comparability of data, with the fraction
greater than 2000 um designated as gravel.
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Total Organic Carbon and Nitrogen

Thawed sediments were homogenized and ovendried at 60 °C
overnight prior to removal of inorganic carbon with concentrated
HCI. Total organic carbon (TOC) and total nitrogen (TN) were
then determined for the acid-treated samples using a Carlo Erba
1108 CHN Elemental Analyzer.

Data Analysis

To assess the extent and magnitude of sediment contamina-
tion: (1) distributions and central tendencies of parameter val-
ues (i.e., trace contaminant concentrations) including the area-
weighted mean and confidence interval for each of the strata
of interest as well as the entire Southern California Bight;
(2) geographical distributions of contaminant concentrations,
including thematic maps of sediment contaminant concentra-
tions; (3) the proportion of contaminant mass for each constitu-
ent relative to the fractional area associated with individual strata;
and (4) a comparison of sediment concentrations with various
sediment quality thresholds and the extent of sediment contami-
nation were generated, computed, and/or performed. All sedi-
ment concentrations were reported on a dry weight basis.

Calculation of Area-Weighted Means and Confidence
Intervals

The area-weighted mean for each stratum was calculated
using a ratio estimator approach (Thompson, 2002):

Z(pi EW;)

n

ey

m
W.

where: -

m = area-weighted mean concentration for population j,
p, = parameter value (e.g., concentration) at station i,

w, = area weight for station i,

n = number of stations in population j.

The ratio estimator was used in lieu of a stratified mean
because an unknown portion of each stratum was not represented
in the sampling design (e.g., areas of hard bottom). Thus, the
estimated area (a random variable) was used in the denominator
rather than the (unknown) true area. The standard error (SE) of
the mean was calculated using the following equation:

Standard error (SE) =

where:
m = area-weighted mean concentration for population j,
p, = parameter value (e.g., concentration) at station i,
w, = area weight for station i,
n = number of stations in population j.
The 95% confidence interval about the mean was calculated
as 1.96 * SE. Use of the ratio estimator for the SE approximates
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joint inclusion probabilities among samples and assumes a negli-
gible spatial covariance, which appeared to be valid after exami-
nation of the data. This assumption is also conservative, in that its
violation would lead to overestimation of the confidence intervals
(Stevens and Kincaid, 1997).

Estimating Sediment Contaminant Mass
The total mass of each constituent residing in the top 2 cm of
sediment was calculated as follows:

Mass = AWM * S * A *D*CF,

where:

AWM = area-weighted mean of constituent x in stratum y,
d = dry density of the sediment,

Ay = area of stratum y,

D = depth of sample (2 cm),

CF = cumulative unit conversion factor.

The total mass (by constituent) for the Southern California
Bight was calculated by summing the mass from all strata. To
assess for disproportionate contaminant accumulation among
stratum, the ratio of percent mass of a given constituent to per-
cent area for a given stratum was computed; a ratio of unity indi-
cated a mass contribution in proportion with the stratum area.

Comparison to Sediment Quality Guidelines (SQOGs)

The effects range-low (ERL) and the effects range-median
(ERM) concentrations developed by Long et al. (1995) were used
to assess the areal extent of individual chemicals. These empiri-
cally derived guidelines are based on relationships between
observed biological responses and measured concentrations of
sediment contaminants. Based on a nationwide data set, the ERL
and ERM values correspond to the tenth and 50th percentiles of
sediment concentrations in samples with significant biological
response (i.e., toxicity) (Table 3). Concentrations <ERL repre-
sent sediments that likely will not result in adverse biological
effects, whereas concentrations >ERM represent those that likely
will result in adverse biological effects. Since ERLs and ERMs
are based solely on coincidental occurrence and do not imply a
cause-and-effect relationship, they are subject to some level of
prediction error (Long et al., 1995).

A second approach, developed by Long and MacDonald
(1998), was used to assess the areal extent of sediment contami-
nation based on a composite of several constituents. The effects
range median quotient (ERMQ) was computed as the ratio of the
mean contaminant concentration and the ERM (Table 3). Mean
SQG quotients account for the possible additive toxic effects of
chemical mixtures in sediments and have been shown to improve
predictive capability. The mean ERMQ was calculated as follows:

1 & C
= — X 5 (3)
ERMQ v Z ( ERM., ]

x=1
where:
N = number of contaminants evaluated,
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C, = sediment concentration for constituent x,
ERM_= ERM value for contaminant x.

The mean SQG quotients were calculated for all sediment
samples with each station then assigned to one of four possible
levels of risk for adverse biological impact: Level I (ERMQ
<0.25) “low”; Level II (0.25 < ERMQ <0.5) “low to moderate”;
Level IIT (0.51 < ERMQ <1.50) “moderate to high”; and Level
IV (ERMQ >1.51) “high” (Long et al., 1998).

RESULTS
Contaminant Concentrations

Overall, Southern California Bight sediments were rela-
tively fine-grained (73 + 4.3% fines) with average TOC and TN
contents of 2.3 +0.16% and 0.23 + 0.03%, respectively (Table 4).
For the mainland shelf, slope, and basin, sediment fines clearly
increased with depth, averaging 31 + 9.2% for the shallowest
(inner shelf; 30-120 m) stratum and increasing to 92 + 1.5% for

TABLE 3. SEDIMENT QUALITY GUIDELINES FOR ASSESSMENT
OF POTENTIAL ADVERSE BIOLOGICAL IMPACTS DUE TO
SEDIMENT CONTAMINATION

Contaminant ERL ERM ERMQ
Metals (mg/dry kg)
Arsenic 8.2 70 70
Cadmium 1.2 9.6 9.6
Chromium 81 370 370
Copper 34 270 270
Lead 46.7 218 218
Mercury 0.15 0.71 0.71
Nickel 20.9 51.6 51.6
Silver 1 3.7 3.7
Zinc 150 410 410
Organics (ug/dry kq)
2-Methylnaphthalene 670
Acenaphthene 500
Acenaphthylene 640
Anthracene 1100
Benz(a)anthracene 1600
Benzo(a)pyrene 1600
Chrysene 2800
Dibenz(a,h)anthracene - - 260
Dieldrin* - - 8
Fluoranthene - - 5100
Fluorene 540
Naphthalene 2100
Phenanthrene 1500
Pyrene 2600
Total PAH (ug/dry kg) 4022 44,792 -
Total DDT (ug/dry kg) 1.58 46.1 46.1
Total PCB (ug/dry kg) 22.7 180 180

Total Chlordane (ug/dry kg) - - 6
Note: PAH—polynuclear aromatic hydrocarbon; DDT—dichloro-
diphenyl-trichloroethane; PCB—polychlorinated biphenyl; ERL—
effects range-low; ERM—effects range-median (Long et al., 1995);
ERMQ—effects range-median quotient (Long and MacDonald,
1998).
*Not measured in this study.
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the deepest (lower slope and basin) stratum. For the other strata,
sediment fines ranged from a low of 32 + 6.3%, for the Channel
Islands, to highs of 68 + 9.0% and 72 + 7.0%, for embayments
(ports, bays, and/or harbors and marinas, respectively). Rela-
tively high sediment fines for the embayments are not surprising
in that they represent environments that are physically protected
from waves and strong currents.

The TOC and TN measurements varied three orders of
magnitude, from 0.004% to >7% TOC. In general, TOC and TN
covaried with sediment fines for the offshore (shelf, slope and
basin) strata but not for the inshore, POTW, and Channel Islands
strata (Table 4).

With few exceptions, trace-metal concentrations for shelf
strata increased with increasing depth (and sediment fines) (Table
4). Average concentration for seven of the 15 metals increased
monotonically from shallow mainland shelf to the deepest slope
and basin strata. For the remaining metals, average concentra-
tions more than tripled along this transect. For example, alumi-
num increased from 9210 =+ 2230 to 21800 + 1290 mg/kg dry wt.,
whereas copper increased from 6.6 + 1.8 to 34 + 2.8 mg/kg.
The greatest average trace-metal concentrations were observed
in embayments (marinas, ports, bays, and/or harbors) and urban
estuaries. For example, the highest average concentrations of
arsenic (7.3 = 1.1 mg/kg), copper (116 + 30 mg/kg), and mer-
cury (0.42 + 0.17 mg/kg) were observed in marinas, whereas the
greatest average concentrations of antimony (0.94 + 0.34 mg/kg),
lead (68 = 37 mg/kg), silver (0.78 = 0.33 mg/kg), and zinc
(190 + 69 mg/kg) were observed in the Los Angeles estuaries. The
lowest concentrations of trace metals were observed in the Chan-
nel Islands and shallow mainland shelf strata (e.g., 6.6 + 0.97
and 6.6 + 1.8 mg Cu/kg, respectively).

Unlike trace metals, organic contaminant concentrations
did not consistently covary with depth, sediment fines, or TOC
(Table 4). Rather, their distribution was largely stratum specific.
Total DDT on average was greatest in the large POTW stratum
(316 + 52 pg/kg dry wt.), exceeding the next highest strata aver-
ages (upper slope; Los Angeles estuaries) by a factor of four.
Total PAH, PCBs, and chlordanes were highest on average for the
Los Angeles estuaries (2170 =972, 66 + 3.8, and 11 + 7.9 pug/kg,
respectively). These values exceeded the next highest concen-
trations (large POTW, marinas, ports, bays, and/or harbors) by
factors ranging between 2 and 10. The patterns of organic con-
taminants along the shelf transect were more variable, with some
evidence of universal accumulation in the upper slope stratum
(200-500 m depth). Like the metals, PAH also appeared elevated
in the lower slope and basin stratum (580 + 113 pg/kg) and to a
lesser extent in the Channel Islands stratum (338 + 69.6 pug/kg).

The geographical distribution of most constituents was
indicative of their most likely sources. For example, the high-
est copper concentrations were observed in embayments (e.g.,
Los Angeles and Long Beach Harbor and San Diego Bay) and
at the mouths of urban watersheds in the southern region of
the Bight (Fig. 2). Other metals that are typically enriched in
anthropogenically influenced sediments, including zinc and
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lead, follow a similar spatial distribution. On the other hand,
those metals that are considered naturally abundant (e.g., iron
and aluminum) do not follow this pattern and are associated
with sediment fines (Table 4). For DDT, the highest concentra-
tions were clustered at sites off the Palos Verdes Peninsula west
of the Los Angeles and Long Beach Harbor (Fig. 3). A gradi-
ent of steadily decreasing sediment DDT concentrations in the
northerly direction through central and northern Santa Monica
Bay was consistent with the prevailing northerly direction of
nearshore ocean currents. Sediment DDT concentrations to the
south of Palos Verdes and far to the northwest were low to non-
detectable. Interestingly, higher concentrations of both copper
and total DDT were found in deeper waters of the slope and
basin strata directly offshore of the Palos Verdes POTW outfall
area (Figs. 2 and 3). Spatial plots for all constituents listed in
Table 2 are in Appendix B of Schiff et al. (2006).

Contaminant Mass Inventories

The greatest mass of sediment constituents was estimated
to occur in the slope and basin strata, both the largest in terms of
total area (69% of Southern California Bight) and deepest (200—
1000 m) strata surveyed. On average, 77% of the total constitu-
ent mass in surficial Southern California Bight sediments was
associated with these strata (Table 5), with individual constituent
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mass inventories ranging from 71% (aluminum) to 86% (cad-
mium, nickel, silver, and total PAH). For trace metals, the lower
slope and basin housed the greatest mass and also represented the
stratum with the greatest area (48% of Southern California Bight)
and with the finest grained sediments on average (Table 4). Con-
versely, surficial sediments of the upper slope (200-500 m)
contained greater total masses of total DDT, total PCBs and total
chlordane, even though its area was less than half (20%) of that
for the lower slope and basin.

With only one exception (beryllium), the lower slope and
basin had disproportionately greater mass of trace metals relative
to its percent area (Table 5). For copper, mercury, and lead, dis-
proportionally greater mass was observed in marinas and ports,
bays, and/or harbors. In contrast, the mass percentage of organic
contaminants within the Southern California Bight was dispro-
portionally higher in Los Angeles estuaries, embayments, and the
upper slope (Table 5). Mass inventories of total DDT and total
chlordane were also disproportionally high for large POTWs.
Not surprisingly, however, this inventory estimate was largely
influenced by high sediment DDT levels near the POTW outfalls
in Santa Monica Bay (city of Los Angeles) and near Palos Verdes
(Los Angeles County Sanitation District) (Fig. 3). The conti-
nental shelf (Inner, Mid, and Outer), small POTW, and Channel
Islands strata consistently exhibited nonenriched mass invento-
ries relative to their respective areas.

Copper Concentrations

Point

—34° 00

LA/LB Harbor

Copper (mg/kg)

@ 37 10362 (90)
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Figure 2. Geographical distribution of copper concentrations in sediment during the 2003 Southern California
Bight regional monitoring survey. LA/LB—Los Angeles and Long Beach.



Extent and magnitude of sediment contamination in the Southern California Bight

Assessment of Sediment Quality

Considering all target constituents measured in this study
using the ERMQ approach, 65% of the sediments in the South-
ern California Bight would be classified as low risk for adverse
biological impacts. Another 34% would be ranked as low to
moderate risk, with the remaining 1% representing a moderate
to high risk (Table 6). The relative risk of adverse biological
impacts was, however, not evenly distributed among strata. For
example, large POTWs had the greatest relative risk with 18%
of its area exceeding ERMQs that predict moderate to high risk
for adverse biological impacts (Levels III and IV; Table 6). The
Los Angeles estuaries ranked second in terms of elevated risk,
with 13% of its area in these categories. In contrast, 100% of the
areas for the (non-Los Angeles) estuaries, shelf, small POTW,
and Channel Islands had ERMQs that suggest low to moderate
risk (Levels I and II). Embayments (i.e., marinas and ports, bays,
and/or harbors) had sediments of intermediate quality; approxi-
mately two-thirds (63% to 68%, respectively) of the area in these
strata had ERMQs suggestive of low to moderate risk of adverse
biological effects.

Apportioning exceedences of sediment quality guidelines
to specific contaminants clearly shows that organic constitu-
ents measured in this study contribute the bulk of exceedences
for the Southern California Bight (Table 7). Seven of nine strata
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exceeded ERMs over a greater area for organic contaminants
compared with trace metals, the exceptions being the lower slope
and basin and marinas. The latter exceedences were due largely
to nickel (lower slope and basin) and mercury, copper, and silver
(marinas). The strata with the highest area exceeding ERMs for
any contaminant were large POTWs, marinas, and lower slope
and basin (39%, 38%, and 33% area, respectively). Organic con-
taminants were responsible for 100% of the ERM exceedences
in five strata. These ERM exceedences were solely due to total
DDT, including the 39% of the large POTW stratum (Table 7).
Although total PCBs exceeded the ERM in three strata (upper
slope, Los Angeles estuaries, and large POTW), total DDT also
exceeded the ERM in these areas. No exceedences of the ERM
were observed for total PAH.

ERM exceedences most frequently occurred near the Los
Angeles and San Diego metropolitan areas (Fig. 4). A small num-
ber of sediments (four of 359; 1.1%), all of which were from
sites in the Los Angeles coastal area, exceeded ERMs for three
or more constituents. Twelve sites (3.3%) exceeded ERMs for
two constituents with the majority of these sites located in Los
Angeles estuaries or embayments including San Diego Bay. The
vast majority of sites in deeper water (>200 m) that had any ERM
exceedence were located in Santa Monica Bay, San Pedro Chan-
nel, or offshore of the Palos Verdes (large POTW) outfall. ERM
exceedences were rarely observed north of Santa Monica Bay or,

Total DDT
| |
Point Total DDT
‘7'90 cOnception Concentration Ranges (ng/g)
2
” . g 30 103,960 (62)
15 to 30 (29) i
S s 1w 15 Tomees
O 05t 5 (121)
X 0

[—34° 00

LA/LB Harbor

[32°30'N

120° IOO' w

1 18|° 00'

Figure 3. Geographical distribution of total DDT concentrations in sediment during the 2003 Southern Califor-
nia Bight regional monitoring survey. LA/LB—Los Angeles and Long Beach.
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Extent and magnitude of sediment contamination in the Southern California Bight

with the exception of San Diego Bay, south of Los Angeles and
Long Beach Harbor.

DISCUSSION

The majority of accumulated contaminantsin surficial (<2 cm)
sediments of the Southern California Bight were found in the
deep ocean of the mainland slope and basins. Nearly all of the
sediment at these depths was enriched in at least one constituent
and, for all of the individual constituents measured, between 58%
and 86% of the contaminant mass in the top 2 cm was found in
depths greater than 200 m. Because sediments sampled at these
depths were the finest grained and most organically enriched in
this study, the observed enrichment of contaminants was consis-
tent with a previous study on particle-size association of TOC and
PAH (Evans et al., 1990). The significance of this accumulation
is attributed to the fact that little to no ongoing monitoring occurs
in these strata. Except for total DDT, less than 2% of the sediment
contaminant mass was found in the POTW strata where the vast
majority of monitoring occurs. Other investigators have observed
the potential for pollutants to be transported downslope. Zeng
and Venkatesan (1999) have observed total DDT accumulating
in the surface sediments of cores collected from the San Pedro
Basin. Likewise, Finney and Huh (1989) observed an accumu-
lation of anthropogenic trace metals in another set of sediment
cores from the San Pedro Basin. Whereas the sediment cores pro-
vide invaluable insight into the temporal accumulation of sedi-
ment contaminants, none of the previous investigators were able
to assess the spatial extent of this accumulation, particularly in
the deeper basins of the Bight. This survey was the first to recog-
nize the truly widespread distribution of anthropogenic enrich-
ment in these largely unexplored areas of the Southern Califor-
nia Bight. There are several potential sources of anthropogenic
contaminants that can be transported to the deep ocean. Large
POTW discharges, located between 60 and 100 m in the South-
ern California Bight, are often located near submarine canyons
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that form a conduit to the deep ocean. Runoff plumes from urban
and agricultural watersheds can extend to the mainland slope and
basin (Nezlin et al., 2005), not to mention the secondary trans-
port of settled particulates from the plumes (Kolpack and Drake,
1984; Schiff and Bay, 2003). All three of the currently designated
dredge material disposal sites are located in depths greater than
200 m (Steinberger et al., 2003). As many as 14 ocean disposal
sites have been used historically, including one in the San Pedro
Basin exclusively for DDT manufacturing waste. Once accumu-
lated in the deep oceans, anthropogenic contaminants are unlikely
to be advected because most basins lack significant mixing and
dispersion. In fact, water in the deep part of the Santa Barbara
Basin rarely exchanges with surface water (Dailey et al., 1993).

Although the mass of most constituents was greatest in the
deep ocean, it was the shallowest areas of the Southern Califor-
nia Bight that were perhaps subject to the greatest ecological
risk from sediment contamination. Embayments of the Southern
California Bight had the greatest relative areal extent of ERMQ
exceedence; more than one-third of the embayment area was
predicted to have a moderate to high risk of adverse biologi-
cal effect. The greatest sediment concentrations of trace metals
and several organic constituents were observed in sediments
sampled from marinas, estuaries draining urbanized watersheds,
and industrialized port facilities. Finally, marinas, estuaries, and
ports, bays, and/or harbors all had significantly elevated mass to
area ratios indicating that they were predisposed to accumulat-
ing sediment contaminants. This information is supported by the
relatively high concentrations of metals and organics measured in
these areas by others (Anderson et al., 1988; Fairey et al., 2001).
Additionally, marinas, estuaries, and ports, bays, and/or harbors
(in that order) had the greatest frequency of sediment toxicity for
the Bight’03 study (Bay et al., 2005).

Los Angeles estuaries appeared to have greater sediment
contamination than other estuaries of the Southern Califor-
nia Bight. This may be due, in part, to two overriding factors.
First, these estuaries drain some of the largest, most urbanized

TABLE 6. PERCENT AREA OF THE SOUTHERN CALIFORNIA BIGHT AND ASSOCIATED GEOGRAPHICAL
STRATA THAT FALL WITHIN THE FOUR RISK LEVELS OF ADVERSE BIOLOGICAL EFFECTS USING THE
EFFECTS RANGE-MEDIAN QUOTIENT (ERMQ) SEDIMENT QUALITY GUIDELINE APPROACH

Stratum Level | Level Il Level lll Level IV
(<0.1) (0.11-0.5) (0.51-1.5) (>1.5)
Entire Southern California Bight 64.8 34.3 0.1 0.8
Ports/bays/harbors 32.1 67.9 0.0 0.0
Marinas 34.4 62.5 3.1 0.0
Estuaries 88.0 12.0 0.0 0.0
Los Angeles estuaries 57.3 29.7 8.7 4.3
Inner shelf (5—-30 m) 88.9 11.1 0.0 0.0
Mid shelf (30—120 m) 65.6 34.4 0.0 0.0
Outer shelf (120-200 m) 92.6 7.4 0.0 0.0
Upper slope (200-500 m) 92.9 3.6 0.0 3.6
Lower slope and basin (500-1000 m) 42.4 57.6 0.0 0.0
Small POTW 100.0 0.0 0.0 0.0
Large POTW 51.5 30.3 121 6.1
Channel Islands (30—120 m) 100.0 0.0 0.0 0.0
Note: Potential acute toxicity categories: Level [—low; Level Il—low-moderate; Level lll—moderate to high; Level

1V—high; for amphipod mortality (Long et al., 1998). POTW—publicly owned treatment works.




410
age
6.22nd pgs p
54-6.

spe4

r
le, fou
amp
Bight. For exstratum 2.11"6
. ifornia uary min-
d Schiff Califor cles est kand Do st,
an m ng ee tra
Maruya he Southe he Los A llona Crt In con
in the in the (Ba es. hern
in ds in the two d us Sout
sheds rshe ith land us: the ith
water wate ed, w urban land s m he n wi
five velop 85% tuarie: izatio _
f the % de in ing six es rban fac
fnore than 5031) exceedieriainlng i levels 0fiuThe Secoré(iiment
oo hann the owe ed. se .
410 e = g °° guez Ctersheds Ofl‘lave much 15()% develgf)y iHCreasei estlla-rlni
oo oo the wai ia Bight than e nota tum wa in that
] 2288 . ia ing less o thi stra istinct i _
T o E oo g g cee < < Cathﬂl rity being ntributed t]es estuary ere distin s extend
qé -g 8 g °o T oo g % % the majo have co Los Ange stuaries w ky levee tremely
231 S =83 , that may of the geles e allel roc is ex ine. it
c2g 2222 ® é tor ination s An par; hology oding,
7 3223283 oo _:‘o' contamin y. The L(.) ed by long’this morp duced flo associ-
2222 2228 E hology. teriz hile d re ses
o o o ac Wi an ces ly a
° g o oo o o = mOrp e Char one. Sp()rt . e prO On y
oF S 38 5 t wer: surfz ic tran tuarin d flora. libu
e} sg2e S mos h the nami the es a an (Mali
SE ggsge = ) hroug drody of t faun logy -
o S t hy any dfla ho con
oo Soa o ing - for lacks mu is morp inant
— co = ient tely nd/or ited this tami all
0 = ; ° efﬁc ple ter a 'blted . t con aIly
3 |82 2 t complete h wa exhi dimen st, ne to
2 1€5 ©l g almos ackis tuary st se ontrast, least
- B NoQ Z ith br les es e lowe ies. In ¢ s, at r
< 2 @39 QEN% mwgumA%memd%%emm?LmA%?;mxmwo
[ - N o © S - E Sing and 1 S Ang f und m aCle
w 2w oo > O o 3 on), Il Lo . ot to ical br in the
>0 Qo = o O fa s n 1C t
2 3z <} 22z - | Lag ions o tuarie re typ inant in
4 28 coo Hmo.-%es he mo 993). tamina th-
S |3 5 © ol cen maining € ited t al, 1 d con he Sou
a 5 < oo NoalZ f the re exhib iley et. idesprea t of t ide that
w o N o oo 8 O egree, (Da t wide ercen sticide _
z |£ P, g o0 . some deg orphology the mos enty_one- p]egacy pe in Tor:
15 88 oo GSavd £ mudflat 1 DDT was Bight. Sev d in this corporauonilartfand
=X 35 o SRepe g ota ifornia riche ical 1(C ts
CEI 53 o s g22(8 T m Califor ht was en e Chem11943 to 197.n sedimen
- g 3 g 7 . g S S % Southelifornia B1§ by Montro ed from wotal DDTi ) Angele)s
5 2 2 ™~ Ca € ischarg . f to O S),
s ecQ o L ern factur disc ibution o the erde
S Z 9 SSs3ssss 0| g was manlllifornia’ andtial distﬂbuznating fror(l)]int (Palos \;nufac'
e z|E °° 833 Zan 5 rance, C;gg) The S%a pattern ‘;“h at White Pch of the g:) minant
ZQ:: = AN~ = 1 ’ cte . utta ived mu e T
w T = mo 0 © t al., expe istrict o ceive f the p hapte
=T L chooo - @ € s an ion Dis hat re irection o me, C _
oE P g follow itation lant t direc is volu ional sur
w> oo cw©o N c ty San ent p in the 1., this 10n ;-
® ol , So = ounty eatm ard et al., lier reg esti
=08 16} C e tr estw Noble in ear have
s? £ - g o he sewag northw 1993; ed in ioators helf
> . CTV! . 1 SS
@E c§u - g g RS El(': Euring WaStent (Hleey’ pattern (;bsother aneStpilos Verde
zz — N9 g & a n curre same 1998). Ot on the T
<T € 2z2s9s = ocean cu is the sett, 15- buried tal DD
oy 850 oo.oooo‘\‘ 2 This d Gos ains by to el-
T o5 Q S @ 3.3). iff an trem inated ines dev
=Zlee 2 o < Sch s 70 m taminated elines dev n
o< oS T 0 oS veys (as much a 2000, ents cof ality guid inistratio
e g5 3 83 Sea kS mated d Wiborg, isk of sedim diment qu heric Adm determine
< 'J) - L o g RS © Lee an lng 11s d the se tmosp. 5) to have
o 29 £ ngo se Al 199 to
[N - coo g o o ’<_3 ( The o g n. We u: nic and et al-’ Xpected total
58®E 333323 S ill unknow Momammam%'mwﬁebwdmllw
Q q . 3 . al
Helg o co = 1s st1 Nation, dE . ia Big cts ave 1o
t=og S by RL an lifornia impa to have 1
I || @ v ™ oped ie,E ern Ca . ical . own itiona
" = §§ NP (NOAA) E)f the Soutlzlverse blo}g(g: ERM lst}l::refore’ adftent of
T g} oy < g g % N 8“ that 29% lihood of a this spe'cl | impacts; the areal eshown)'
28 =T Ssoso  ~ £ high like e. However, biologica lied, andd (data not between
a L E 8 oo 8 g o™ % DDT al()nf 'r pl‘edlctlnl%ls were app decrease idelines, was at
SEl55 | 33 o8 o e st o 1o DiEht was 4t
Sele d 2995 pr cific S sign iment qu liforn itional gu .
Y= a9 ©29 29 © < DDT_spe_ pact wa 1 sedime thern Ca addition hronic
S alC = S o T £ ial im itiona Sou ile these or chron
w m oo w =z tentia: addi f the hile cute exist
s — 33833 = po these ent o ites. W the a ently
< = E oo coco @ sing ine perc taboli ions for t curr Veys
= ° 5 ] oo < U d nine its me iction ines tha . 1 sur
g e I co = an oris n redi idelin 10na the
w = - oo ) one DDT tive p o gui lier reg % of
2 |z S 3333 isk from [ alterna are no | Earli ly 100 00).
TS & s2g g 5 ris ide ife. there tion. in nearly 20
) S ovide e, la . n en,
& coo g g °° S lines Isrto marine lif biOaCCumintraUOnSSﬂLiff and All
: o o o . to nc K C
'i.,\J 2€ SEEEEE 2\l P acts due le DDT co nia Bight (
b o o 3 mp tab lifor
2 |og Rl d detecuable DOT
c
" Ed 38% z558 Aatfsh i th Sou
£ o S ol S
€ > 8 % % 8 S, 2’ 2] 2 flatf
= ] o0 c <
og'égvéggg %'9'_'_ <
- --'éoo.mw-—ﬁ’\‘ ¢)
9] S cod ==
b 28%504
£ 8286
© (]
= =
&



Extent and magnitude of sediment contamination in the Southern California Bight

sped54-6.2 2nd pgs page 411

411

Exceedance of the ERM

Point
Conception

Number of Parameters > ERM

g >3 (4) %

[—34° 00"

LA/LB Harbor

[32°30'N

120° IOO' w

Figure 4. Geographical distribution and number of effects range-median (ERM) exceedences in sediment col-
lected for the Southern California Bight Regional Monitoring Survey. LA/LB—Los Angeles and Long Beach.

Moreover, these levels were significantly correlated with sedi-
ment concentrations near sites where the fish had been collected.
Furthermore, no regional survey of total DDT bioaccumulation
in pelagic fish or recreationally caught fish has been published.
However, there are site-specific warnings for fish consumption,
and food chain biomagnification of total DDT is still observed in
specific locations (Allen et al., 2004).

CONCLUSIONS

This study assessed the extent and magnitude of surficial
(£2 cm) sediment contamination in the Southern California
Bight. Although anthropogenic sediment contamination was
widespread, most of the Southern California Bight was below
concentrations of concern for toxicity to benthic organisms.
Only 1% of the Southern California Bight was at a moderate
to high risk of adverse biological effects based on a national
sediment quality guideline of complex chemical mixtures
(mean ERMQ).

The greatest mass accumulation of contaminants was associ-
ated with the fine-grained sediments of the mainland slope and
basins of the Southern California Bight. More than 80% of the
contaminant mass measured in the top 2 cm of sediments Bight-
wide was found at depths from 200 to 1000 m. These habitats
likely accumulate anthropogenic inputs from shallower depths
and have little to no capability for advection to remove them. The
sediments at these depths are rarely, if ever, monitored.

The highest average concentrations, disproportionately large
accumulations of contaminant mass, and greatest frequency of
sediment quality guideline exceedences were associated with
embayments (i.e., estuaries, marinas, and ports, bays, and/or
harbors) and areas in proximity to large POTW outfalls. In con-
trast, the lowest average concentrations, disproportionately small
accumulations of contaminant mass, and lack of sediment quality
guideline exceedences were associated with the Channel Islands
and areas in proximity to small POTW outfalls.
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