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Executive Summary

Compliance monitoring for the South Bay Ocean Outfall (SBOO) is performed by the City of San Diego in
accordance with a Memorandum of Understanding between the City and the United States International
Boundary and Water Commission (IBWC). The study areaextendsfrom thetip of Point Lomasouthward to Punta
Bandera, BgjaCalifornia, Mexico, and from the shoreline seaward to adepth of about 200 ft. Prior totheinitiation
of dischargeon 13 January 1999, the City al so conducted a3%2year baselinemonitoring program that wasdesigned
to characterize background environmental conditionssurrounding theoutfall and provideinformation against which
post-discharge data may be compared. The City has aso conducted regionwide surveys off the San Diego coast
during the summers of 1994 through 2001. Such regional monitoring helpsto eval uate patterns and trends over a
larger geographic area, thus providing additional information that may help to identify and distinguish reference
areas from sites impacted by wastewater and stormwater discharge.

The present report focuses on the SBOO monitoring results and conclusions from January through December
2001 and aso discusses general differences with previous years. Sampling included monthly seawater
measurementsof physical, chemical and bacteriological parametersin order to document water quality conditions
in the region. Sediment sampleswere collected semiannually to monitor changesin sediment quality and benthic
infaunal community structure. Trawl surveyswere performed quarterly to characterize communities of bottom-
dwellingfishandlargeinvertebratesintheregion (i.e., demersal fishesand megabenthicinvertebrates). Chemical
analyses of selected fish tissues were also performed in order to quantify and document contaminant levels that
may have ecological or human health implications. Finally, results of the July 2001 random sample survey of
regional benthic sediment and infauna conditions areincluded in Appendices D and E, respectively.

WATER QUALITY

Water quality conditions in the vicinity of the South Bay Ocean Ouitfall are influenced by both natural and
anthropogenic factors. During 2001, changes in most of the physical and chemical water quality parameters
coincided with seasonal patternsin oceanographic conditions. For example, winter stormsat the beginning of the
year resulted inawater column that waswell-mixed withvery littlethermal stratification. Thisperiod wasfollowed
by an increasein stratification from the spring through early fall. The lowest water temperatures occurred from
April toJune, particularly at deeper depths. Thiscool water masswas characterized by relatively high salinity and
dightly reduced dissolved oxygen and pH and was accompanied by coastal upwelling. An expansive red tide
followed in July. Stratification broke down by the end of the year, leaving an amost homogenous water column
throughout theregion.

Storm activity, land and riverine runoff, wastewater discharge, and other anthropogenic inputs were the likely
factorsinfluencing densitiesof coliform bacteriain theregion. For example, shorelineand nearshorewatersinthe
areawere characterized by low transmissivity and high concentrations of bacteria during the first few months of
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theyear when storm activity was preval ent. Thiswas most evident near the TijuanaRiver and at the southernmost
U.S. shore stations. Stormwater inputs and Mexican sewage spills in January and April contributed to the
contamination in the river at these times. Additionally, wastewater discharge from the sewage treatment plant
located near Canyon San Antonio delos Buenosin Mexico likely impacted the southernmost monitoring stations
at varioustimes. Coliform densitiesa ong the shore werelower during the summer monthsthan during therest of
theyear. These patternswere similar to those seen prior to discharge and during the first two years of compliance
monitoring.

The wastewater plume from the South Bay outfall generally remained offshore and beneath the surface layers,
limited by stratification of the water column throughout most of the year. In contrast, the absence of astratified
water column in March and December allowed the plume to surface near the point of discharge; however the
monitoring data did not indicate that the waste field moved onshore.

The numerous anthropogenic inputsin the South Bay areamakeit difficult to distinguish effects associated with
the outfall from those caused by other sources. Shoreline sources clearly radiate into nearshore waters and tend
toimpact surface conditions. In contrast, dischargefrom the outfall usually remains offshore and near the bottom.
However, plumes from the various sources may merge under certain oceanographic conditions (e.g., winter
storms coincident with an unstratified water column), creating aless definitive picture of cause and effect.

SEDIMENT QUALITY

The physical structure and overall quality of bottom sediments near the South Bay Ocean Outfall weresimilar in
2001 to those observed during previous years, with the sediments at most sites being composed of primarily fine
sands. Although there were differencesin particle size composition between surveys also occurred at some sites,
thismay bepartly attributed to patches of sedimentsassociated with multiplegeologic origins(e.g., relict red sands,
other detrital material). In general, sediment grain size increased with depth. Sediments were coarsest at sites
along the 120 and 180-ft depth contours where large deposits of Pleistocene sediments occur. Finer materials,
present in shallower water, were probably dueto sediment deposition fromthe TijuanaRiver or, to alesser extent,
San Diego Bay.

Little evidence of anthropogenic influence was observed in terms of organic enrichment or the various sediment
chemistry parameters. Concentrations of organic indicators and trace metals were generaly low in SBOO
sediments compared to other coastal areas off southern California. Similar to many other studies, the highest
organic indicator and metal concentrations were associated with finer sediments. Two derivatives of the
chlorinated pesticide DDT (p,p-DDE and p,p-DDT) were detected in only three of the SBOO sediment samples
collectedin 2001, al duringthe July survey. Thep,p-DDE derivativewasdetected at station1-29 and p,p-DDT was
detected at stations [-35 and [-14. This study found no evidence that the occurrence of these pesticidesisrelated
to input from the SBOO. Stations 1-29 and |-35 are located at |east 7.3 km north of the outfall, while station 1-14
islocated near the end of the northern diffuser leg, asection of the outfall that receives no discharge (see Chapter
1). Furthermore, these pesticideswerealready known to occur at these sites prior to construction of theoutfall (see



City of San Diego 1999). Polychlorinated biphenyls (PCBs) were detected rarely in sediment samples, while
polycylic aromatic hydrocarbons (PAHS) went undetected. Two PCB congeners (PCB 138 and PCB 153/68)
were detected off shore of the outfall pipe at station 1-13, however, these measurements were well below the
MDLs and are considered unreliable.

BENTHIC COMMUNITIES

Benthic communitiesin the SBOO region consist of infaunal assemblages that vary according to differencesin
sediment structure (e.g., grain size) and depth (e.g., shallow vs. mid-depth waters). The sandy sediments at most
sites in 2001 were dominated by the spionid polychaete Spiophanes bombyx, a species characteristic of other
shallow water assemblages in the Southern California Bight. Another type of assemblage occurred in dlightly
deeper waters. This assemblage was dominated by the polychaetes Chloeia pinnata and Pista sp B, and the
ophiuroid Amphiodia urtica, and probably represents a transition between assemblages occurring in shallow
sandy habitats and those occurring in finer mid-depth sediments off southern California. Finaly, sites with
sediments composed of relict red sands were also characterized by unique assemblages.

Patterns of speciesdistribution and abundance varied with depth and sediment typein theregion. However, there
were no clear patternswith respect to the South Bay outfall. The range of valuesfor most parametersin 2001 was
similar to that seenin previous years. In addition, valuesfor community parameters such as theinfaunal trophic
index (I'T1) remained characteristic of undisturbed sediments, ranging from 68to 95 over al sites. Finally, changes
in benthic community structure near the SBOO are similar in magnitude to those that have occurred el sewherein
southern California. Such changes often correspond to large-scal e oceanographic events or other natural events.
Overal, benthic assemblagesin the region are still similar to those observed prior to discharge and to natural
indigenous communities characteristic of similar habitats on the southern California continental shelf.
Consequently, there is no observed evidence from the present monitoring efforts that wastewater discharge has
resulted in any degradation of the benthos in the area.

DEMERSAL FISH & MEGABENTHIC INVERTEBRATE COMMUNITIES

Speckled sanddabs dominated fish assemblages surrounding the South Bay Ocean Ouitfall in 2001, except in
January when white croaker and the northern anchovy were collected in very high numbers. The overall
dominance of speckled sanddabswas similar to that seenin previousyears; thesefish occurred at all stationsand
accounted for 36% of thetotal catch. Such results are expected because the shallow depths and coarse sediments
in the arearepresent the typical habitat for this species. Other characteristic, but less abundant, speciesincluded
the hornyhead turbot, California lizardfish, longfin sanddab, spotted turbot, California halibut and California
scorpionfish. Most of these common fishes were relatively small, averaging less than 20 cm in length. Larger
speciesincluded Californiahalibut, specklefin midshipman, diamond turbot, Californiaskate and round stingray.
With the exception of Californiahalibut, these fisheswere collected infrequently.



Asin previousyears, fish assemblage structure varied among stations. Differencesin thetotal fish catch per trawl
reflected fluctuationsin the abundance of several of the more common species (e.g., white croaker, speckled and
longfin sanddab). The high abundance and biomass at some sites reflected the occasional capture of large
popul ations of species such aswhite croaker and northern anchovy. Although megabenthic community structure
also varied between sites, these assemblages were generally characterized by low values for species richness,
abundance, biomassand diversity.

Overdl, no evidence has been observed that the discharge of waste water has affected either the fish or
megabenthic invertebrate communitiesinthe SBOO region. Despitevariability in both communities, patterns of
abundance, biomass and number of speciesweresimilar at stations near the outfall and further away. In addition,
no changesin these communitieswerefound near the outfall that correspond to theinitiation of thedischarge. The
absencesof finrot or any other physical abnormalitieson local fishessuggest that popul ationsin theareacontinue
to be healthy.

TISSUE CONTAMINANTS IN FISHES

Therewereno clear spatial patterns between the SBOO trawl stationsintermsof fishtissue contaminantsin 2001.
On the other hand, while DDT and PCBs were detected in rig fishing samples from both outfall and reference
stations, concentrationswerehigher at theoutfall station (RF3). Tin, HCB, and transNonachl or wereal so reported
in muscle samples from RF3 only. Caution should be exercised in the interpretation of these data, however,
because California scorpionfish are known to move between large geographical areas (Hartmann 1987, Love et
al. 1987), so that the origin of any contamination isuncertain. Although contaminants were present in liver and
muscl etissue sampl es, concentrationswere generally within therange of valuesreported previously for other fish
assemblages in the Southern California Bight. In addition, concentrations of most contaminants were not
substantialy different from those reported in the area prior to discharge.

Thefrequent occurrence of both metals and chlorinated hydrocarbonsin SBOO fish tissues may be due to many
factors, including the ubiquitous distribution of many contaminantsin coastal sediments off southern California.
Other factorsthat aff ect the accumul ation and distribution of contaminantsincludethe physiology and life history
of different fish species. Exposureto contaminants can vary greatly between speciesand even amongindividuals
of the same speci esdepending on migration habits. For example, fishmay beexposedinahighly contaminated area
and then move into one that isless contaminated. Thisis of particular concern for fishes collected in the vicinity
of the SBOO, asthere are many point and non-point sources that may contribute to contamination in the region.

Similar to the results described for the demersal fish community, no evidence has been observed based on the
bioaccumul ation datathat fish coll ected during 2001 were affected by the discharge of wastewater from the South
Bay Ocean Outfall. Muscle samplesfrom sport fish in the areawere found to be within FDA human consumption
limits for both mercury and DDT.



Chapter 1

General Introduction

Treated effluent from the International Wastewater Treatment Plant is discharged into the ocean via the South
Bay Ocean Outfall (SBOO) under the terms and conditions set forth in Order No. 96-50, National Pollutant
Discharge Elimination System (NPDES) Permit No. CA0108928 and Cease and Desist Order No. 96-52. The
NPDES permit definesthe requirementsfor monitoring receiving watersaround the SBOO, including thesampling
plan, compliancecriteria, |aboratory analyses, statistical analysesand reporting guidelines. Thesereceivingwaters
reguirements went into effect upon initiation of discharge on January 13, 1999.

Compliancemonitoring for the SBOO is performed by the City of San Diego in accordance withaMemorandum
of Understanding between the City and the United States International Boundary and Water Commission
(IBWC). Prior to discharge, the City also conducted a 3% year baseline monitoring program in order to
characterizebackground environmental conditionssurrounding the SBOO (City of San Diego 2000a). Theresults
of this baseline study provide background information against which the compliance data may be compared. In
addition, the City has conducted annual region-wide surveys off the San Diego coast since 1994 (e.g., see City of
San Diego 1999, 2000b, 2001). Such regional surveysareuseful in characterizing the ecol ogical health of diverse
coastal areas and may help to identify and distinguish reference sites from those impacted by wastewater and
storm water discharge.

Thisreport presentstheresultsof thethird year of post-discharge monitoring at fixed sitesaround the SBOO from
January through December 2001. Comparisons are a'so made to conditions during previous years in order to
assess any outfall related changes that may have occurred (see City of San Diego 2000a, b, 2001). Each major
component of the monitoring program is covered in a separate chapter: (1) Water Quality; (2) Sediment
Characteristics; (3) Benthic Infauna; (4) Demersal Fishes and Megabenthic Invertebrates; (5) Bioaccumulation
of Contaminants in Fish Tissues. In addition, the results of the July 2001 random sample survey of benthic
sediments and organisms for the San Diego region are included in Appendices D and E, respectively. Detailed
information concerning station locations, sampling equipment, analytical techniques and quality assurance
procedures areincluded in the Quality Assurance Manua for the City’ s Ocean Monitoring Program (City of San
Diego 2002). General and more specific details of these monitoring programs and sampling designs are given
below and in subsequent chapters and appendices.

SBOO MONITORING

The South Bay Ocean Outfall is located just north of the border between the United States and Mexico. It
terminates approximately 5.6 km offshore at a depth of about 27 m (90 ft). Unlike other southern California
discharge pipes that are located on the surface of the seabed, the SBOO pipeline begins as a tunnel on land and
then continues under the seabed to a distance of about 4.3 km offshore. From there it connectsto avertical riser
assembly that conveys treated effluent to a pipeline buried just beneath the surface of the seabed. This seabed
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pipelinesplitsintoa -shaped multiport diffuser system, with thetwo diffuser legsextending and additional 0.6 km
tothe north and south. The outfall wasdesigned to discharge and disperse effluent viaatotal of 165 diffuser risers.
These include one riser located at the outfall diffuser wye and 82 others spaced along each of the outfall legs.
However, low flow during thefirst three years of operation required closure of all portsalong the northern outfall
leg aswell as many of those along the southern outfall leg. These closures were necessary to maintain sufficient
back pressure within the drop shaft so that the outfall could operate in accordance with the theoretical model.
Consequently, discharge during 2001 and previousyearswasgenerally limitedtothedistal end of the south outfall
leg, with the exception of afew intermediate points at or near the diffuser wye.

The SBOO sampling area extends from the tip of Point Loma southward to Punta Bandera, Baja California,
Mexico, and from the shoreline seaward to a depth of about 61 m (200 ft). The offshore monitoring sites are
arranged inagrid spanning theterminusof theoutfall, and are monitored in accordancewith aprescribed sampling
schedule. Sampling at these fixed stations includes monthly seawater measurements of physical, chemical and
bacteriological parametersin order to document water quality conditionsinthearea. Benthic sediment samplesare
collected semiannually to monitor infaunal communities and sediment conditions. Trawl surveys are performed
quarterly to describe communities of demersal fish and large, bottom-dwelling invertebrates in the region.
Additionally, analysesof fish tissuesare performed semiannually to document | evel sof chemical constituentsthat
may have ecological or human health implications.

RANDOM SAMPLE REGIONAL SURVEYS

The City of San Diego has conducted regional benthic monitoring surveys off the San Diego coast since 1994.
During the summers of 1994 and 1998, the City participated with other major municipal wastewater dischargers
in large-scale surveys of the entire Southern California Bight, the Southern California Bight 1994 Pilot Project
(SCBPP) and the 1998 Southern California Bight Monitoring Survey (Bight'98). Results of the SCBPP benthic
survey areavailablein Bergenet al. (1998, 2001), whilethosefor the Bight'98 project have not yet been completed
(see Bight' 98 Steering Committee 1998). Subsequent to the SCBPP, the City of San Diego continued to conduct
similar but less extensive surveys of the San Diego region as part of monitoring efforts for the South Bay Ocean
Ouitfall.

The 2001 survey of randomly selected sites off San Diego covered an areafrom Solana Beach south to the United
States/Mexico border and extending offshore to depths up to about 201 m (660 ft). All sampling was conducted
during the month of July. Thissurvey, along with previousregional surveys, used the USEPA probability-based
EM AP sampling designinwhich ahexagonal grid wasrandomly placed over amap of theregion. Onesamplesite
was then randomly selected from within each grid cell. Thisrandomization hel psto ensure an unbiased estimate
of ecological condition (SCBPP 1994), and serves as an alternative to the fixed site design that iswidely used in
other compliancemonitoring programs. Although 40 siteswereinitially sel ected for the 2001 survey, only 38 were
successfully sasmpled for benthic infauna and sediments. Sampling at two sites was unsuccessful due to the
presence of incompatible substrates (i.e., rocky reefs), which made it impossible to collect samples.
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Chapter 2

Water Quality

INTRODUCTION

The City of San Diego was contracted by the International Boundary and Water Commission to monitor various
water quality parameters around the South Bay Ocean Outfall (SBOO) asrequired by the NPDES permit for the
International Wastewater Treatment Plant (see Chapter 1). This monitoring includes sampling along the
shoreline and in adjacent offshore waters to track the movement and dispersion of waste water discharged
through the outfall, detect the presence of bacterial indicators of fecal contamination in the area, and monitor the
physical/chemical parameters that may be affected by the discharge.  Additionally, changes in bacterial
concentrations, salinity, density, water temperature and transmissivity (water clarity) may help identify the
effectsof existing point and non-point sourcesinthearea. Concentrationsof coliform bacteriapresent at different
depths and | ocations can provide valuabl e information on the dispersion and movement of the wastewater field
(Pickard and Emery 1990). Monitoring changesin physical parameters may yield information on oceanographic
conditions such as water column stratification, upwelling, plankton blooms, El Nifio and La Nifia events.

This chapter presents summaries, statistical analyses and discussions of water quality monitoring data collected
during 2001 in the vicinity of the SBOO. The program consists of monitoring conditions at fixed stations along
the shore, in the kelp beds and offshore waters. Raw data are compiled in monthly monitoring reports that are
submitted to the Regional Water Quality Control Board.

MATERIALS & METHODS
Field Sampling

Water quality samples were collected at atotal of 51 stations ranging from the shoreline to approximately 5 km
offshore and encompassing an area of approximately 480 km? (Figure 2.1).

Eleven shore stations were located along the shore from Punta Bandera, Mexico to Coronado, USA. These
stationsinclude eight that were originally selected to match existing sampling sites used by monitoring agencies
in Mexico and the United States (stations S1-S6, S8, S9) . Three other shore stations (S10 - S12) were added in
October 1996 to further characterize the area near the Tijuana River. Seawater samples were collected weekly
from the surf zone in sterile 250 mL bottles to monitor bacteria levelsin near shore waters. The samples were
transported on ice to the laboratory for bacterial analyses (i.e, total and fecal coliformsand enterococci). Visual
observations of weather conditions, human and animal activity and materials of sewage origin are recorded at
each station.






The40 offshore stations (1-1 through 1-40) arearranged in agrid surrounding the discharge site, and aregenerally
located along the 30, 60, 90, 120, and 180-ft depth contours. Three of these sites are subject to water contact
standards set forth in the California Ocean Plan because of their proximity to suitable substrates for the Imperial
Beach kelp bed. These stations include 1-25, 1-26 and 1-39, and are subsequently referred to as kelp bed sites.
However, thiskelp bed has been historically transient and inconsistent in terms of size and density. Thus, these
three stations are only occasionally located within an area where kelp is actually found.

Water quality monitoring was performed monthly at all of the offshore stations, usually within three days. The
three kelp bed sites were sampled an additional four times each month in order to meet the sampling frequency
regquirementsfor assessing compliance with state water contact standards. A Sea-Bird conductivity, temperature
and depth instrument (CTD) was used to obtain water column profiles for a suite of physical and chemical
parametersat all sites. The CTD instrumentation isfully described in the City’ s Quality Assurance Manual (City
of San Diego 2002). Water column profiles of temperature, salinity, density, dissolved oxygen, pH, chlorophyll
a and transmissivity were taken at each station. Visual observations of weather and water conditions were also
recorded at these stations. In addition, water samples were collected from three discrete depths at 28 of the
stations for analysis of bacteria (total coliforms, fecal coliforms, enterococci), suspended solids, and oil and
grease concentrations (see Figure 2.1). Water sampleswere collected using either aseries of Van Dorn bottles or
a rosette sampler fitted with Niskin bottles. Aliquots for each parameter were drawn into appropriate sample
containers. The bacterial samples were returned to the City’s Marine Microbiology Laboratory for processing,
while the samples for oil and grease, and suspended solids were returned to the City’ s Wastewater Chemistry
Laboratory for analysis. Sampling during the four additional visits to the kelp bed sites included collection of
water samples for bacterial analysis and CTD profiles of temperature and transmissivity only.

Laboratory Analyses

All bacteriological analyses were run within six hours of sample collection and conformed to the membrane
filtration techniques outlined in the City’s Quality Assurance Manual (City of San Diego 2002). The Marine
Microbiology Laboratory follows guidelinesissued by the EPA Water Quality Office, Water Hygiene Division
and the California State Department of Health Services, Water Laboratory Approval Group with respect to
sampling and analytical procedures (Bordner et al. 1978, Greenberg et al. 1992).

Colony counting, calculation of results, data verification and reporting all follow guidelines established by the
EPA (see Bordner et al. 1978). According to these guidelines, plates with bacterial counts that fall outside
permissible counting limits were given “>”, “<*, or “€” (estimated) qualifiers. However, these counts were
treated as discrete values in subsequent analyses.

Quality assurance tests were performed routinely on water samples to insure that sampling variability did not
exceed acceptable limits. Duplicate and split field samples were generally collected each month and processed
by laboratory personnel to measure intra-sample and inter-analyst variability, respectively. The results of these
procedures were reported in the Quality Assurance Manual (City of San Diego 2002).
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Figure 2.2

Mean monthly temperatures (°C) for surface and bottom waters at the 90 ft depth contour. Means are
calculated from CTD profiles for 13 SBOO stations.

RESULTS & DISCUSSION
Physical and Chemical Parameters

Data for water temperature, salinity, density, pH, transmissivity, dissolved oxygen (DO), chlorophyll a and
suspended solids are presented in Table 2.1. Oil and grease are not presented because values were generally
bel ow the detection limit of 2.0 mg/L. The datawere examined for spatial and temporal trendsthat may berelated
to the South Bay Ocean Ouitfall. Preliminary analyses of CTD profiles indicated that differences in these
parameters for 2001 could be summarized by data for the months of March, April, June and December .

During 2001, changes in most of the physical and chemica parameters reflected seasonal patterns in
oceanographic conditions (see Figures 2.2 - 2.6). Typical winter conditions existed throughout the area from
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Figure 2.3

Three-dimensional plot of temperature (°C) profile data for the SBOO region during March, April, June and
December 2001. The values between sampling sites were interpolated using the Metric method.
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Figure 2.4

Three-dimensional plot of density (O/theta) profile data for the SBOO region during March, April, June and
December 2001. The values between sampling sites were interpolated using the Metric method.
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Figure 2.5

Three-dimensional plot of transmissivity (%) profile data for the SBOO region during March and June 2001.
The values between sampling sites were interpolated using the Metric method.
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Figure 2.6

Three-dimensional plot of chlorophyll a (ug/L) profile data for the SBOO region during July 2001. The values
between sampling sites were interpolated using the Metric method.

January through March and in December. Increased surf and wind conditions resulted in a mixed water column
with little thermal stratification (i.e., atemperature difference of approximately 0.5 °C between the surface and
90-ft depth). Stormwater runoff and high surf conditions were probably responsible for increased suspended
solids and reduced near-shore transmissivity during this period. These conditionswere evident during March, for
example, when low transmissivity and density values were recorded close to shore (Figures 2.4 and 2.5), and
elevated concentrations of suspended solids (>10.5 mg/L) occurred at many inshore stations (1-10, 1-23, 1-24,
[-25, 1-26, 1-32, 1-36 and 1-40).

Conditionsbeganto changein April withanintrusion of cold water, followed by awarming of surfacewaters (see
Figure 2.2). The water column became well stratified and was characterized by warm surface waters
(approximately 17°C), cold bottom temperatures (approximately 10°C at 90ft), low DO (3.5 mg/L) andincreased
offshore transmissivity (see Figures 2.2, 2.3 and 2.5). These conditions, accompanied by offshorewinds, lead to
the coastal upwelling apparent at some near-shore stationsin April (Figure 2.3). A shallow, seasonal thermocline
was present throughout summer and fall. Thethermocline, marked also by differencesin water density, was most
pronounced between 13 and 30 ft and at its strongest in June (see Figures 2.3 and 2.4). A substantial increasein
chlorophyll a and suspended solids occurred in July (see Figure 2.6 and Table 2.1) when field observations
indicated a massive red tide. Thermal stratification broke down completely by December, leaving an amost
homogenous water column.
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Bacteriology

Monthly bacterial levels aong the shore averaged from alow of 2 CFU/100 mL under summer conditions, to a
high of >16,000 CFU/100 mL in the winter season (Table 2.2). Generally, elevated bacterial counts appeared to
be associated with shore-based sources and winter storms. For example, the impacts of the discharge from the
Canyon San Antonio delosBuenos Creek outlet in Mexico arelikely responsiblefor the elevated bacterial values
seen at the southernmost shore station (S1) throughout most of the year. Shore stations were also impacted by
runoff from the TijuanaRiver. For example, station S5 and those stationsimmediately to the north and south ($4,
S6, S10 and S11) had some of the highest average total coliform densities (annual means ranging from 3,020 -
5,150). In contrast, the three northernmost shore stations along northern Imperial Beach and Coronado Island
(S8, S9 and S12) had much lower densities (annual means< 1,870). Ashad been observed in previousyears, this
pattern was present during both the wet and dry seasons (see Figure 2.7). The only exception to this pattern
occurred in 1998 during an El Nifio event (City of San Diego 2000a). Generally, the highest levels of
contamination coincided with periods of stormwater runoff during the rainy season. For example 31 of the 44
monthly station means from January through April exceeded 5,000 CFU/100 mL, while only six exceeded this
density over the remainder of the entire year (88 monthly station means from May through December). In
additionto storm events, sewage spillsfrom Mexicowhich empty into the TijuanaRiver may impact nearby shore
stations. For example, an April sewage spill may have accounted for the elevated bacterial densities at stations
S5, S6 and S11 during the month (Table 2.2). In contrast, there was no indication that the waste field from the
SBOO reached the shoreline.

Similar to the pattern observed at the shore stations, bacterial concentrations at the three kelp stations were
highest from January through March (Table 2.1). However, plots of the bacterial dataindicatethat at |east some
of this contamination may have resulted from stormwater runoff from the Tijuana River (see Figure 2.8).

Total coliform concentrations were highly variable at the offshore water quality stations in 2001, with average
values ranging between 6 and 4,070 CFU/100 mL (Table 2.2). The highest values occurred in March, April and
November, and most frequently at station 1-12 nearest the point of discharge (see Figure2.8). However, thewaste
field was primarily limited to the deeper, offshore waters (i.e., >90 ft). The thermal stratification present from
May through November (Figure 2.3) probably prevented mixing of the warm surface and cold deep waters, thus
acting asabarrier to the upward movement of thewastefield. For example, theonly evidencethat the wastewater
plume surfaced abovethe point of discharge waswhen therewasvery little stratificationin March and December
(see Figures 2.3 and 2.8).

Compliance with California Ocean Plan Standards

The California Ocean Plan (COP) standards for water contact apply only to the shoreline and kelp bed stations.
The COP setsforth four standards for bacterial compliance as described in Box 2.1. Compliance calculations as
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Figure 2.7

Mean total coliform values for the Coronado and Imperial Beach SBOO shore stations during (A) the wet
(January through April) and dry (May through October) seasons for 2001, and (B) during the dry season from
1998-2001.
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Figure 2.8

Three-dimensional plot of total coliform (CFU/100 mL) data for the SBOO region during March, April, July and
December 2001. The values between sampling sites were interpolated using the Metric method.
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reported herein were made for both total and fecal coliform values at all stations|ocated north of the US/Mexico
border.

In general, evidence of shoreline contamination associated with discharge from the South Bay Ocean Outfall was
not apparent in 2001. Exceedence of the various standards was most prominent during the rainy season when
elevated bacterial levels along the shore appeared to be related to input from the Tijuana River and to the
northward movement of sewage originating from the Canyon San Antonio delos Buenos Creek outlet (see Table
2.3). The shoreline stations located near the Tijuana River (4, S5, S6, S10 and S11) exceeded the 30-day total
and 60-day fecal coliform limits most often, with annual compliance ranging from 49-70% and 35-62%
respectively. In contrast, the northernmost stations (S8, S9 and S12) were in compliance much more frequently,
ranging from 67-86% for both standards. The 10,000 total coliform and the geometric mean standards were met
98% and 96% of the time at the three northern sites. The stations surrounding the Tijuana River also met these
two standards frequently with 92% and 86% compliance, respectively.

Thethree kel p bed stations appeared to beimpacted primarily by stormwaters. These stationswerein compliance
with all water contact standards during most of the year (Table 2.3). Exceptions occurred for the 30-day total,
60-day fecal, and 10,000 total coliform standardsin February through April and for the geometric mean standard
in early March. These exceedences were associated with heavy flows from the Tijuana River which likely
increased bacterial concentrations in the nearshore environment. The running average method of calculation
prolonged the high compliance values until well after the elevated coliform levels had subsided.

SUMMARY & CONCLUSIONS

Water quality in the vicinity of the South Bay Ocean Outfall (SBOO) was largely influenced by a number of
oceanographic events along with some input from point and non-point anthropogenic sources. Physical and
chemical parameters were mostly affected by changes in oceanographic conditions and stormwater inputs.

Box 2.1
Bacteriological compliance standards for water contact areas, 1997 California Ocean Plan. CFU =
colony forming units.

(1) 30 day total coliform — no more than 20% of the samples at a given station in any 30-day
period may exceed a concentration of 1000 CFU per 100 ml.

(2) 10,000 total coliform standard — no single sample, when verified by a repeat sample collected
within 48 hrs, may exceed a concentration of 10,000 CFU per 100 ml.

(3) 60 day fecal coliform — no more than 10% of the samples at a given station in any 60-day
period may exceed a concentration of 400 CFU per 100 ml.

(4) geometric mean — the geometric mean of the fecal coliform concentration at any given station
in any 30-day period may not exceed 200 CFU per 100 ml, based on no fewer than 5 samples.
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Table 2.3

Summary of compliance with California Ocean Plan water contact standards for SBOO shore and kelp stations
during 2001. The values reflect the number of days that each station exceeded the 30-day total and 60-day
fecal coliform standars. Shore stations are listed left to right from north to south.

30-Day Total Coliform Standard

# of possible Shore Stations Kelp Stations
Month  sampling days S9 S8 S12 S6 S11 S5 S10 sS4 I-25 1-26 1-39
January 31 0 0 0 8 8 19 16 16 3 7 0
February 28 15 15 15 28 28 28 28 28 28 28 0
March 31 31 31 31 31 31 31 31 31 31 31 0
April 30 4 4 8 24 24 30 30 30 5 10 0
May 31 0 0 23 19 19 19 19 7 0 0 0
June 30 0 0 0 0 0 0 0 0 0 0 0
July 31 0 0 0 0 20 5 20 20 0 0 0
August 31 0 0 0 0 0 15 0 0 0 0 0
September 30 0 0 0 0 0 0 9 9 0 0 0
October 31 0 0 0 0 0 0 0 11 11 0 0
November 30 0 0 0 0 0 3 4 24 0 0 0
December 31 0 0 19 0 0 26 19 6 0 0 0
Percent compliance 2001 86 86 74 70 64 52 49 50 82 79 100
60-Day Fecal Coliform Standard

# of possible Shore Stations Kelp Stations
Month sampling days S9 S8  Sl12 S6 S11 S5 S10 S4 I-25 1-26 1-39
January 31 0 0 0 31 9 9 16 16 0 0 0
February 28 16 16 16 28 28 28 28 28 15 2 0
March 31 31 31 31 31 31 31 31 31 31 31 O
April 30 15 29 25 30 30 30 30 30 27 28 O
May 31 1 1 12 31 31 31 4 4 0 1 0
June 30 0 0 9 9 9 9 0 5 0 0 0
July 31 0 0 0 0 0 0 29 31 0 0 0
August 31 0 0 0 0 0 0 30 31 0 0 0
September 30 0 0 0 0 0 0 0 30 0 0 0
October 31 0 0 0 0 0 0 0 19 0 0 0
November 30 0 0 0 0 0 1 1 11 0 0 0
December 31 0 0 28 0 0 15 15 0 0 0 0
Percent compliance 2001 83 79 67 56 62 58 47 35 80 83 100

Typical winter conditions existed throughout the SBOO region from January through March and in December.
Local waters were mixed, and there was little evidence of thermal stratification. Conditions began to changein
April with anintrusion of cold water, followed by awarming of surface waters. Thewater column became well
stratified and a shallow, seasonal thermocline was present throughout summer and fall. A cooling trend beganin
November and reduced water column stratification became evident towards the end of the year.

Although coliform bacteria occur naturally in marine environments, high counts are often indicative of
anthropogenic contamination in heavily populated coastal areas. Elevated levels of bacteria can indicate the
presence of microscopic disease-causing organisms from human or animal wastes. These wastestypically enter

23



coastal waters from combined sewer overflows, sewage spills, overflows from sewage-treatment plants and
sanitary sewers, and stormwater runoff from urban, suburban and rura areas (Chasis and Dorfman 1999).
Sources of bacterial contamination along the shoreline in the SBOO areainclude the M exican sewage treatment
plant discharge at the Canyon San Antonio de los Buenos Creek outlet, input viathe Tijuana River, and various
coastal storm drain outlets. All of these sources appeared to have significant effects on bacterial concentrations
along the region’ s shoreline. The impacts of the discharge from the Canyon San Antonio de los Buenos Creek
outlet were seen at the southernmost monitoring station in December, while stations $4, S5, S6, S10 and S11
further to the north, were impacted by flows from the Tijuana River. These river flows were contaminated by
inputs from stormwater runoff in addition to several large Mexican sewage spills in January and April that
emptied into the Tijuana River valley during 2001. Similar patterns were observed during both the baseline
monitoring period and the past two years of discharge (City of San Diego 2000a, 2001).

The SBOO waste field generally remained offshore and at depth. The stratification present for most of the year
kept the plume below the surface. In March and December, however, thelack of stratification allowed the plume
to surface at the point of discharge, approximately 5.6 km offshore.

The numerous anthropogenic inputs in the South Bay area make it difficult to clearly distinguish water quality
impacts associated with the outfall from those impacts caused by other sources. Shoreline sourcestend to impact
surface waters and clearly radiate from the source into nearshore waters. In contrast, the discharge from the
outfall usually remains near the bottom for most of the year. When oceanographic conditions change, however,
plumes from various sources can merge and create aless definitive picture of cause and effect. For example, it
isclear that dischargefrom the Mexican sewagetreatment plant, aswell asflowsfromthe TijuanaRiver and other
shoreline sources are impacting water quality along the shore and in shallow nearshore waters. In contrast, there
isno evidence based on the monitoring resultsfor 2001 which suggeststhat discharge from the SBOO isreaching
the shoreline.

LITERATURE CITED

Bordner, R., J. Winter, and P. Scarpino (eds.). (1978). Microbiological Methodsfor Monitoring the Environment:
Water and Wastes, EPA Research and Devel opment, EPA-600/8-78-017. 337 pp.

Chasis, S., and M. Dorfman (eds.). (1999). Testing the Waters 1999: A Guide to Water Quality at Vacation
Beaches. Natural Resources Defense Council.

City of San Diego. (2000a). Final Baseline Monitoring Report for the South Bay Ocean Ouitfall (1995-1998). City

of San Diego Ocean Monitoring Program, Metropolitan Wastewater Department, Environmental
Monitoring and Technical Services Division.

24



City of San Diego. (2000b). Annual Receiving Waters Monitoring Report for the South Bay Ocean Outfall
(1999). City of San Diego Ocean Monitoring Program, Metropolitan Wastewater Department,
Environmental Monitoring and Technical Services Division.

City of San Diego. (2001). Annual Receiving Waters M onitoring Report for the South Bay Ocean Outfall (2000).
City of San Diego Ocean Monitoring Program, Metropolitan Wastewater Department, Environmental
Monitoring and Technical Services Division.

City of San Diego. (2002). 2001 Quality Assurance Manual. City of San Diego Ocean Monitoring Program,
Metropolitan Wastewater Department, Environmental Monitoring and Technical Services Division.

Greenberg A.E., L.S. Clesceri, and A.D. Eaton eds. (1992). Standard M ethods for the Examination of Water and
Wastewater, 18th edition. American Public Health Association, American Water Works Association, and
Water Pollution Control Federation. 1391 pp.

Pickard, G.L., and W.J. Emery. (1990). Descriptive Physical Oceanography. Pergammon Press, New Y ork,
320 pp.

25



26



Chapter 3

Sediment Char acteristics

INTRODUCTION

Sediment conditionscaninfluencethedistribution of benthicinvertebratesby affecting theability of variousspecies
to burrow, build tubes or feed (Gray 1981, Snelgrove and Butman 1994). In addition, many demersal fishesare
associated with specific sediment types that reflect the habitats of their preferred invertebrate prey (Cross and
Allen, 1993). Important factors affecting the distribution and compoasition of sediments on the continental shelf
include bottom currents, exposure to large waves, proximity to river mouths, sandy beaches, submarine basins,
canyons and hills, and the presence and abundance of calcareous organisms (Emery 1960). For example, the
analysisof various parameters (e.g., sediment particle size, sorting coefficient, percentages of sand, silt and clay)
canprovideuseful information ontheamount of waveaction, current vel ocity and sediment stability inagivenarea.
Thus, temporal comparisons of these parameters are useful in determining the overall sediment stability and the
degreeof seasonal import and export of particlesassociated with storm activity, runoff, upwelling and other sources.

Ocean outfallsare one of many anthropogenic factorsthat can directly influence the composition and distribution
of ocean sediments. Thismay be due to the discharge and subsequent deposition of awide variety of organic and
inorganic compounds(Anderson et al. 1993), and tothe physical structureof theoutfall altering the hydrodynamic
regime of an area. Among the most common compounds discharged via outfalls are trace metals, pesticides and
variousorganic compounds(e.g., total organic carbon, total nitrogen, sulfides). Nitrogen and sulfide concentrations
are often positively correlated with finer particle sizes that provide greater surface areafor bacterial growth and
adsorption. On the other hand, total organic carbon measurement is considered amore direct indicator of carbon
imported as fine particulate matter (Anderson et a. 1993).

Thischapter presents summaries and analyses of sediment grain size and chemistry datacollected during 2001 in
the vicinity of the South Bay Ocean Outfall (SBOO). The major goals of the study were: (1) to assess theimpact
of the discharged wastewater on the benthic environment by analyzing the spatial and temporal variability of the
varioussediment parameters; (2) to determinethe presenceor absence of sedimentary and chemical footprintsnear
the discharge site.

MATERIALS & METHODS
Field Sampling

Sediment sampleswerecoll ected during January and July of 2001 at 27 stati onssurrounding the South Bay Ocean Outfdl
(Figure 3.1). These stations are located dong the 60, 90, 120 and 180-ft depth contours (~18-55 m) and form agrid
surrounding the terminus of the outfall. All sampleswere obtained with a0.1 m? chain-rigged Van Veen grab. These
samplesweretakenfromthetop 2 cm of the sediment surfaceand handled according to EPA guidelines(USEPA 1987).
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Laboratory Analyses

All sediment analyseswere performed at the City of San Diego’ sWastewater Chemistry Laboratory. Particlesize
analyseswere performed using aHoriba L A-900 | aser analyzer, which measures particlesranging in sizefrom 0
to 10 phi (i.e,, sand, silt and clay fractions). Thefraction of coarser sediments(e.g., very coarse sand, gravel, shell
hash) in each sample was determined by measuring the weight of particlesretained on al.0 mm mesh sieve(i.e.,
0 phi), and are expressed as the percent weight of the total sample sieved. This coarse fraction is represented as
percent “Coarse” in Table 3.1 and Appendix A.

Data Analyses

A number of particle size parameters were calculated using a normal probability scale (see Folk 1968). These
includemedian and mean phi size, sorting coefficient (standard deviation), skewness, kurtosisand percent sediment
type(i.e., coarseparticles> 1.0 mmindiameter, sand, silt, clay). Sediment chemical parametersthat wereanalyzed
include total organic carbon (TOC), total nitrogen, total sulfides, trace metals, chlorinated pesticides, polycyclic

aromatic hydrocarbons (PAHs) and polychl orinated biphenyl compounds (PCBs). Prior to analysis, thedatawere
generally limitedto valuesabove method detection limits (M DL s). Some parametersweredetermined to bepresent
inasamplewith high confidence (i.e., peaks are confirmed by mass-spectrometry), but at |evelsbelow the MDL.
Thesewereincluded in the dataas estimated values. Null values(i.e, values below the M DL without an estimate)

were eliminated from the dataset and are not intended to represent the absence of a particular parameter.

The 2001 data for the various trace metals, TOC, nitrogen and the DDT were examined in relation to the 50%
cumulative distribution functions (CDF) levels for these parametersin southern California. These CDFs were
established using datafromthe 1994 Southern CaliforniaBight Pilot Project (see Schiff and Gossett 1998), and allow
the comparison of sediment chemistry conditionsoff San Diegowith thosefor theentire southern Californiaregion.

RESULTS & DISCUSSION
Particle Size Distribution

Theoverall composition of sedimentsat sites surrounding the South Bay Ocean Ouitfall in 2001 consisted of fine
to medium sands, similar to that observed during the previous six years of sampling (Figure 3.2, Appendix A.1).
However, there has been a slight decrease in mean phi size for the region, which indicates an increase in coarse
particles. For example, particle sizesaveraged 2.3 phi for the region in 2001 compared to 2.5 phi over the 1999 -
2000 post-discharge period and 2.6 phi over the 1995-1998 pre-discharge period (Table 3.1, Figure 3.2).
Additionally, thesedimentsat stations|-15 and I-16 have becomemore coarse sincethe construction of the outfall
diffusers proximal to these stations. This may be partialy attributed to the sand ballast placed over the diffusers,
and to the disturbance of sediments during the construction period.

Although most sites were dominated by fine sands, sediment composition was patchy overall. The coarsest
sedimentswerefound along the 120 and 180-ft contours (see Figure 3.3) where phi sizeaveraged 1.8 and 1.7 phi,
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Figure 3.2

Comparison of values for several sediment quality parameters surrounding the SBOO in 2001 with values during the
firsttwo years of post-discharge monitoring (1999-2000) and the pre-discharge period (1995-1998): (A) Mean phi size;
(B) percent coarse particles and sand; (C) percenttotal organic carbon; (D) percent total nitrogen; (E) sulfides (ppm).
Data are expressed as area wide means for each survey period. Error bars represent one standard deviation.
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Table 3.1

Summary of sediment particle size parameters and organic compounds for SBOO sediment chemistry stations
during 2001, pre-discharge (1995-1998) and post discharge (1999-2000) surveys. Patrticle size data were determined
from a probability curve and are expressed as annual means for: (1) phi size; (2) standard deviation (SD); (3) coarse
particles > 1.0 mm; (4) percent sand; (5) percentsilt; (6) percent clay. The organic compounds include: (1) sulfides
(ppm); (2) total nitrogen (wt%); total organic carbon (wt%). Also included are method detection limits, area means
and the 50% CDF value for the Southern California Bight (Schiff and Gosset 1998).

Mean SD % % % % Sulfides TN TOC

Phi Phi Coarse Sand Silt Clay ppm WT% WT% Sediment Notes
50%CDF na 0.051 0.748
MDL 0.05 0.001 0.009

60 ft stations
I-35 3.7 14 65 573 341 20 4.8 0.031 0.342

1-34 1.7 0.6 0.6 99.2 0.2 0.0 3.8 0.008 0.050 coarse sand/red relict sand/shell hash
I-31 3.2 06 00 918 73 08 0.1 0.011 0.095
I-23 2.1 0.7 06 933 56 03 0.6 0.013 0.127 shell hash

I-18 3.1 0.7 00 910 82 07 1.4 0.011 0.102
I-10 3.0 0.7 00 908 84 07 1.0 0.013 0.118
-4 2.8 0.8 00 921 76 0.2 1.5 0.017 0.104 fine sand/silt/shell hash

90 ft stations

I-33 3.0 0.7 0.0 91.3 7.8 0.9 0.5 0.023 0.229 medium sand/shell hash

I-30 34 0.9 0.0 814 171 15 1.8 0.019 0.198 medium sand

I-27 3.3 07 00 868 120 10 1.0 0.016  0.156

[-22 29 07 00 903 92 05 0.6 0.016 0.161

I-14 31 08 00 879 111 09 04 0.017 0.170

I-15 1.6 07 00 990 10 00 0.1 0.008 0.068 sand/silt/shell hash

I-16 1.7 0.7 0.4 98.4 1.2 0.0 1.2 0.010 0.118 nard packed mud/sand/coarse black sand/shell hash
I-12 2.8 0.9 0.0 91.2 8.1 06 1.2 0.012 0.117 coarse balck sand/silty sand/shell hash

-9 3.4 08 00 839 153 0.7 15 0.016 0.159 organic matter
I-6 1.3 0.6 0.4 99.0 05 0.0 0.1 0.010 0.063 red relict sand/shell hash
-3 1.2 0.6 35 96.1 0.3 0.0 0.0 0.009 0.057 sand/red relict sand

120 ft stations
I-29 3.7 1.1 0.5 68.6 28.6 2.2 14 0.033 0.490 medium sand/coarse black sand/shell hash

I-21 1.2 0.7 0.8 99.0 0.3 00 0.1 0.009 0.054 red relict sand/shell hash
I-13 1.4 0.5 0.0 99.5 04 0.0 0.4 0.011 0.097 red relict sand/shell hash
I-8 14 06 00 985 13 00 11 0.009 0.063

-2 15 06 00 993 0.7 00 0.2 0.009 0.061 sand

180 ft stations

I-28 25 1.1 6.5 725 178 3.1 0.4 0.042 0.538 coarse black sand/sandy silt/clay/shell hash
I-20 0.7 0.7 148 85.2 0.0 0.0 0.1 0.008 0.042 coarse sand/red relict sand

I-7 1.0 0.6 55 94.3 0.1 0.0 0.1 0.009 0.055 red relict sand

-1 25 11 00 915 6.0 08 1.0 0.016 0.182

Area Means

2001 2.3 08 15 900 7.8 0.6 0.9 0.015 0.149
Post- 25 08 09 902 82 0.6 34 0.019 0.129
Pre- 2.6 1.1 14 877 95 0.8 4.6 0.019 0.143
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respectively. Two exceptionsto this pattern included stations I-29 and |-28, which had sediments containing the
second and third highest mean concentrations of percent silt and clay (31% and 21%, respectively) (Table 3.1).
Most of thefiner sedimentsoccurred at the shall ower depths(see Figure 3.3) andis probably theresult of sediment
deposition from the Tijuana River and to alesser extent from San Diego Bay (see City of San Diego 1988). For
example, station 1-35 averaged the highest concentrations of percent silt and clay (36%6). The sorting coefficients
(standard deviation) at most stationswereprimarily between 0.6 and 0.9 phi (Table 3.1), indicating moderately well
sorted particles resulting from strong wave and current activity (Gray 1981).

Therewerefew differencesin particle size distribution between the January and July surveysin 2001 (Figure 3.3,
Appendix A.2). The stations that exhibited the greatest changeswere 1-12, 1-23, 1-28 and I-1. For example, the
sedimentsat station I-28 were highly variable with amean value of 0.7 phi during January and 4.2 phi during July
(Appendix A.2). Thisstationislocated near the defunct LA-4 dredged material disposal site and hasbeen highly
variable in particle size since monitoring began. Several other stations showed relatively large shifts in the
composition of coarseand fine particleswithout significant changesin mean phi size(i.e., 1-20, [-29 and 1-35). The
random nature of some of these changes may be partially attributed to the patchiness of sedimentsin the region.

Indicators of Organic Loading

TheSBOO areameansfor total nitrogen andtotal organic carbonweresimilar in 2001 tothose of the pre-discharge
and thefirst two years of post-discharge surveys (Table 3.1, Figure 3.2). The average valuesfor these indicators
were lower than the 50% CDFsfor the Southern California Bight. Total nitrogen and total organic carbon were
highest at stations 1-28, 1-29 and 1-35 (Table 3.1) but well below the 50% CDF for the region. These stations are
located near the mouth of San Diego Bay where the highest concentrations of silt were measured (see Figure 3.3).
Such a pattern is expected, since particle size is known to be a factor affecting the concentrations of organic
parameters (Emery 1960, Eganhouse and V enkatesan 1993).

Average sulfide concentrations during the year were only slightly higher than the MDL and were considerably
lower than pre- and post discharge values (Table 3.1). Mean sulfide concentrations were highest at stations [-35
and 1-34 with values of 4.8 and 3.8 ppm, respectively (Table 3.1). Thisrepresents alarge reduction from amean
value of 91 ppm for station 1-35 during the previous year (City of San Diego 2001).

Trace Metals

The concentrations of trace metal in the SBOO sedimentswas generally low in 2001 compared to the 50% CDFs
for southern California(Table3.2). Of themetal sdetected at all stations(i.e., aluminum, arsenic, chromium, copper,
iron, manganese and zinc), most had their highest concentrations at stations I-29. The exceptionsinclude copper
and arsenic which were higher at stations 1-28 and 1-21, respectively. Silver and tin were not detected while
antimony, beryllium, cadmium, lead, mercury, nickel, selenium and thalliumweredetected infrequently (Table3.2).

Areawide mean metal concentrations, with the exception of beryllium, werewell below 50 % CDFsfor southern
Cdifornia(Table 3.2). Levelsfor cadmium, copper, manganese, lead and nickel had mean values dlightly higher
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Figure 3.3

Horizontal contour profiles of mean phi size data for the January and July surveys of SBOO sediment chemistry
stations during 2001.
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Table 3.2

Concentrations of metals (ppm) for each station during 2001, pre-discharge (1995-1998) and post-discharge (1999-
2000) surveys. Data for metals include: aluminum (Al); antimony (Sb); arsenic (As); beryllium (Be); cadmium (Cd);
chromium (Cr); copper (Cu); iron (Fe); lead (Pb); manganese (Mn); mercury (Hg); nickel (Ni); selenium (Se); thallium
(TI); and zinc (Zn). Values below detection limits are designated by “nd”. Also included are area means, method
detection limits (MDL), and the 50% CDF value for the Southern California Bight (Schiff and Gosset 1998). Values
that exceed the 50% CDF are indicated in bold type. ** = not available

Al  Sb As Be Cd Cr Cu Fe Pb Mn Hi Ni  Se Tl Zn
MDL 5565 008 020 05 3 2 3 50 05 003 30 011 10 4.0
50% CDF 9400 0.2 4.8 0.26 0.29 34 12 16800 10.2 *» 004 * 029 *» 56
60 ft stations
I-35 11100 nd 277 154 085 15.3 9.6 11650 25 1220 0025 46 007 nd 28
I-34 2485 nd 1.78 nd nd 21 6.4 3330 nd 321 nd nd nd nd 7
I-31 3995 nd 1.17 0.46 nd 6.9 8.2 4085 nd 56.3 nd nd nd nd 8
I-23 5640 nd 190 0.95 nd 9.0 7.9 5780 nd 70.7 nd nd nd nd 12
I-18 5480 nd 158 1.18 029 11.9 8.4 7345 nd 86.1 nd 1.9 nd nd 11
I-10 6185 nd 168 0.68 nd 55 9.2 6750 nd 67.2 nd nd nd nd 14
-4 5280 nd 1.49 nd nd 10.3 5.9 6005 nd 69.8 nd nd nd nd 11
90 ft stations
[-33 4800 nd 1.96 nd 050 7.8 6.8 5935 nd 66.6 0.011 nd nd nd 14
1-30 7780 nd 1.65 nd nd 10.6 9.6 7225 nd 70.7 nd 2.7 nd nd 17
I-27 5835 nd 2.04 nd nd 96 7.5 6055 nd 634 0.020 nd nd 6 13
[-22 4910 nd 1.78 nd nd 9.0 8.0 5430 nd 61.0 nd nd nd nd 1
I-14 9655 nd 1.80 nd 046 12.2 9.8 8465 nd 93.2 nd 41 013 nd 19
I-15 2655 nd 248 0.29 nd 83 8.9 4645 nd 30.2 nd nd 006 nd 8
I-16 4010 nd 1.76 nd 031 6.3 6.4 4770 nd 485 nd nd nd nd 1
I-12 5520 nd 1.84 nd 034 94 84 6485 nd 615 nd nd 005 nd 15
19 8685 nd 1.59 nd nd 11.7 8.8 8060 nd 84.9 nd 41 005 nd 18
I-6 1430 nd 539 0.39 nd 7.7 6.2 3890 nd 16.6 nd nd nd nd nd
I-3 847 nd 1.05 nd nd 51 118 1395 nd 11.2 nd nd 006 nd nd
120 ft stations
I-29 11555 nd 295 251 030 169 114 12590 nd 1223 0011 73 010 nd 29
I-21 1300 nd 9.61 nd 026 11.0 6.8 8240 nd 16.8 nd nd nd nd 6
I-13 1555 nd 4.91 nd nd 87 46 4470 nd 18.6 nd nd 005 nd 3
-8 1815 nd 229 0.22 nd 84 74 4125 nd 19.9 nd nd nd nd 6
-2 1310 nd 073 011 nd 52 9.1 1220 nd 9.6 nd nd nd nd nd
180 ft stations
[-28 8180 2.6 255 nd nd 125 125 9455 31 76.1 nd 34 016 nd 20
I-20 1500 nd 2.46 nd nd 4.2 41 4610 nd 20.3 nd nd nd nd 6
I-7 1340 nd 4.40 nd nd 86 7.1 6825 nd 27.6 nd nd nd nd 6
I-1 3315 nd 1.29 nd nd 7.0 6.6 3995 nd 46.2 nd nd 011 nd 7
Area Means
2001 4747 0.10 248 031 012 89 81 6031 021 544 0003 10 003 02 111
Post- 4839 0.21 248 012 0.06 86 26 6086 016 56.9 0.001 15 0.02 0.8 15.0
Pre- 5164 0.08 247 0.12 0.00 10.2 26 6568 009 474 0.003 0.2 0.07 02 125
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than those of the pre-discharge surveys (Table 3.2). However, except for manganese, average concentrations of
these metalswere near or below method detection levels (MDL) at all stations. Concentrations must be at |east
fivetimesthe MDL to be considered reliable (Clesceri et al. 1998).

Pesticides

Pesticidesweredetectedin only three of the SBOO sediment samplescollectedin 2001, all duringthe July survey.
Theseincluded two derivativesof thechlorinated pesticideDDT (p,p-DDE and p,p-DDT). Thep,p-DDE derivative
wasdetected at aconcentration of 3,500 pptinasinglesamplefrom station 1-29. Thisvalueisconsiderably higher
than the 50% CDF of 1,250 for thispesticide. Two occurrencesof p,p-DDT were detected, one at aconcentration
of 2,500 ppt at station I1-35 and the other at a concentration of 3,100 ppt at station |-14. Both of these values are
well below the 50% CDF of 10,000 ppt for p,p-DDT. Thereis no evidence that the occurrence of these pesticides
isrelated to input from the SBOO, especially since wastewater discharge from the outfall has been limited to the
southern diffuser leg since operation began (see Chapter 1). For example, stations 1-29 and 1-35 are located at least
7.3 kmnorth of the outfall, while station I-14 islocated near the end of the northern diffuser leg. Furthermore, these
pesticideswerealready knownto occur at these sitesprior to construction of theoutfall (see City of San Diego 1999).

PAHs and PCBs

During the July survey, PCB 138 and PCB 153/68 werefound at station 1-13, located just west of the outfall wye,
with concentrations of 500 parts per trillion (ppt) and 700 ppt, respectively. However, these val ues are considered
unreliable since they are well below the MDLs of 3,000 ppt for PCB 138, and 2,600 ppt for PCB 153/68. No
polycyclic aromatic hydrocarbons (PAHSs) were detected in the region during the 2001 surveys.

SUMMARY & CONCLUSIONS

Sediment conditions surrounding the South Bay Ocean Outfall in 2001 were similar to previousyears (see City of
San Diego 1999, 2001). The sediments consisted primarily of fine sandswith an overall mean particlesizeof 2.3
phi. However, sediment composition varied between surveysat some stations. Thismay bepartially dueto patchy
sediment conditionsat these stationsdueto multiple geol ogical originssuch asthered relict sandsand other detrital
sediments (Emery 1960).

Most of the stations that had an average particle size less than 2.0 phi (i.e., coarse to medium sand) were found
at the 90, 120 and 180-ft stationswherelarge deposits of Pleistocene sedimentsare present (see City of San Diego
1988). Sedimentscomposed of very finesands(i.e, >3.0 phi) werefound primarily at stationsal ong the 60 and 90-
ft depth contours, and are probably theresult of sediment deposition fromthe TijuanaRiver and, to alesser extent,
from San Diego Bay (City of San Diego 1988).

Higher concentrations of organic compounds and most trace metals were generally associated with finer
sediments. Thisis consistent with other studies, in which the accumulation of fine sediments has been shown to
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greatly influence the organic and metal content of sediments (e.g., Eganhouse and Venkatesan 1993).
Concentrations of organic indicators and metals were low in the SBOO area compared to data from the entire
southern Californiacontinental shelf (see Schiff and Gossett 1998). Aluminum, chromium, copper, iron, manganese
and zincwerefound at all stationsand were present in highest concentrations at stationswhere particle sizeswere
finest. Arsenicwasalsofound at al stations; however, concentrations of thismetal were highest where sediments
were generally very coarse.

Other sediment contaminantswererarely detected inthe SBOO regionin 2001. Two derivativesof thechlorinated
pesticide DDT weredetected at three stations, while PCB compoundswere present at asingle station. Therewere
no occurrences of polycyclic aromatic hydrocarbons during the year.
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Chapter 4

Benthic Infauna

INTRODUCTION

The City of San Diego was contracted by the International Boundary and Water Commission (IBWC) to monitor
benthicinfaunal communitiesat fixed | ocationssurrounding the South Bay Ocean Outfall (SBOO). Thiscontractual
agreement alsoincluded monitoring at arandom array of stationsranging from the border between the United States
and Mexico to northern San Diego County (see Appendix E).

Assessment of changesin benthiccommunity structureisamajor component of many marinemonitoring programs,
based largely on the premise that such changes may be correlated with the alteration of environmental conditions
(Pearson and Rosenberg 1978). The data from such programs are used to document both existing conditionsand
changes in these conditions over time. However, in order to determine whether changes are related to
anthropogenic or natural events, it isnecessary to have documentation of background or reference conditionsfor
an area. Suchinformationisavailablefor the SBOO discharge area(City of San Diego 2000a) and the San Diego
regionin general (e.g., City of San Diego 1999).

Thischapter presents analyses and interpretations of the macrofaunal datacollected at fixed stations surrounding
the SBOO during January and July 2001. Included are descriptions and comparisons of soft-bottom infaunal
assemblagesin the area, and analysis of benthic community structure.

MATERIALS & METHODS
Collection and Processing of Samples

Benthic infauna samples were collected during January and July 2001 at 27 stations surrounding the SBOO pipe
(Figure4.1). Thesestationsrangein depth from 59to 197 ft (19-60 m) and approximatefour depth contours. Stations
listed from north to south al ong each contour include: (1) 60-ft contour, stations|-34, 1-35, 1-31, 1-23, 1-18, 1-10,
I-4; (2) 90-ft contour, stations|1-33, 1-30, 1-27, 1-22, 1-14, 1-15, 1-16, 1-12, 1-9, 1-6, |-3; (3) 120-ft contour, stations
1-29,1-21, 1-13, 1-8, 1-2; and (4) 180-ft contour, stations1-28, 1-20, I-7, I-1.

Sampl esfor benthic community analysiswerecollected fromtworeplicate 0.1 m?van V een grabsper station during
each survey. The criteria established by the United States Environmental Protection Agency (USEPA) to ensure
consistency of grab sampleswere followed with regard to sampl e disturbance and depth of penetration (USEPA
1987). All samplesweresieved aboard ship through a1.0 mm mesh screen. Organismsretained onthescreenwere
relaxed for 30 minutesin amagnesium sulfate sol ution and then fixed in buffered formalin (see City of San Diego
2002). After aminimum of 72 hours, each sample was rinsed with fresh water and transferred to 70% ethanol.
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All organisms were sorted from the debris into major taxonomic groups by a subcontractor (MEC Analytical
Systems, Inc., Carlsbad, California). Biomass was measured as the wet weight in grams per sasmple for each of
the following taxonomic categories. Polychaeta (Annelida), Crustacea (Arthropoda), Mollusca, Ophiurocidea
(Echinodermata), non-ophiuroid Echinodermata, and all other phylacombined (e.g., Chordata, Cnidaria, Nemertea,
Platyhelminthes, Phoronida, Sipuncula). Vauesfor ophiuroidsand all other echinodermswerelater combinedto
giveatotal echinodermbiomass. After biomassing, al animalswereidentifiedto speciesor thelowest taxon possible
and enumerated by City of San Diego marine biologists.

Data Analyses

Thefollowing community structure parameterswere calcul ated for each station: (1) speciesrichness (number of
speciesper grab); (2) total number of species per station (i.e., cumulative of two replicate samples); (3) abundance
(number of individuals per grab); (4) biomass (grams per grab, wet weight); (5) Shannon diversity index (H' per
grab); (6) Pielou’ sevennessindex (J per grab); (7) Swartz dominance (minimum number of speciesaccounting
for 75% of the total abundance in each grab); (8) Infaunal Trophic Index (ITI per grab) (see Word 1980).

Ordination (principal coordinates) and classification (hierarchical agglomerative clustering) analyses were
performed to examine spatio-temporal patternsintheoverall similarity of benthic assemblagesintheregion. These
analyseswere performed using Ecological AnalysisPackage (EAP) software (see Smith 1982, Smith et a. 1988).
The macrofaunal abundance data were square-root transformed and standardized by the species mean values
greater than zero. Prior to analysisthe data set was reduced by excluding any species represented by less than 20
individualsover al samples. Theeffect of such reductionson the outcome of subsequent analysesisnegligible(see
Smith et al. 1988).

RESULTS & DISCUSSION

Community Parameters

Number of Species

Species richness varied on both spatial and temporal scales in the SBOO region, with no apparent influence by
proximity to theoutfall. A total of 692 benthicinfaunal taxawasidentifiedin 2001, though only afraction of these
occurred in any single sample. The average number of taxa per 0.1 m? grab ranged from 33 at station -3 to 124
at station1-28 (Table4.1). Thisspatial pattern wasconsistent with previoussurveys (see City of San Diego 2001).
The wide variation in species richness can probably be attributed to different habitat types. Higher values, for
example, are common at stations such as 1-28, 1-29 and 1-9 where the sediments are characterized by relatively
greater percentages of silt and clay (see Chapter 3). In addition, speciesrichness varies seasonally in theregion,
withtheretypically being higher numbersof speciesin July thanin January (seeFigure4.2A). Thisseasonal pattern
was pronounced in 2001, with average species richness increasing about 32% between the January and July
surveys.
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Table 4.1

Benthic infaunal community parameters at SBOO stations sampled in 2001. Data are expressed as annual means
for: (1) speciesrichness, no. species/0.1 m?(SR); (2) total no. species per site (Tot spp); (3) abundance/0.1 m? (Abun);
(4) biomass, g/0.1 m?; (5) diversity (H’); (6) evenness (J"); (7) Swartz dominance, no. species comprising 75% of a
community by abundance (Dom); (8) infaunal trophic index (ITI). Minimum (Min) and Maximum (Max) values are for
individual grabs (two each for January and July surveys) except for total no. of species, which is cumulative per survey.

SR Tot spp Abun Biomass H’ J’ Dom ITI
60 ft stations
I-34 47 76 181 6.7 3.1 0.8 16 70
I-35 74 104 240 6.3 39 0.9 31 76
1-31 48 70 109 2.2 35 0.9 23 79
1-23 57 87 141 39 3.6 0.9 25 84
[-18 45 69 94 2.7 3.4 0.9 22 82
I-10 51 78 124 39 35 0.9 21 84
-4 36 57 99 1.6 3.1 0.9 14 73
90 ft stations
I-33 83 119 214 3.1 4.0 0.9 36 81
I-30 73 107 195 1.9 4.0 0.9 33 84
I-27 63 96 160 4.4 3.8 0.9 27 82
[-22 62 92 153 15 3.7 0.9 26 83
I-14 58 86 156 2.9 3.7 0.9 24 80
I-15 56 92 188 55 3.4 0.9 20 77
I-16 55 90 182 4.0 3.4 0.9 19 79
I-12 43 71 114 1.8 3.2 0.9 17 77
-9 87 125 251 3.1 4.0 0.9 34 84
I-6 50 78 140 7.3 3.3 0.9 19 68
-3 33 52 17 6.2 2.8 0.8 12 80
120 ft stations
[-29 95 139 264 4.6 41 0.9 39 85
I-21 48 72 177 3.9 3.2 0.8 17 85
I-13 55 90 156 41 35 0.9 23 86
I-8 41 60 112 4.0 3.1 0.8 16 77
-2 42 60 154 25 3.0 0.8 13 75
180 ft stations
I-28 124 176 374 5.4 4.3 0.9 49 86
I-20 50 76 181 2.7 3.3 0.8 16 87
I-7 55 80 191 6.9 3.2 0.8 17 95
I-1 59 88 151 4.0 3.4 0.9 23 84
All stations
Mean 59 88 171 4.0 35 0.9 23 8l
Min 19 41 47 0.3 2.3 0.7 6 55
Max 149 191 479 19.3 45 0.9 57 95
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Polychaete worms comprised the greatest proportion of species, accounting for around 31 to 53% of the taxa at
various sitesduring 2001. Crustaceans and pycnogonids comprised 17 to 31% of the species, molluscsfrom 8to
25%, echinoderms from 2 to 12%, and all other taxa combined about 6 to 17%. These percentages are generally
similar to those observed during previous years, including prior to discharge (e.g., see City of San Diego 2000a,
2001).

Infaunal Abundance

Infaunal abundanceduring 2001 ranged from amean of 94 to 374 animalsper grab (Table4.1). Thegreatest number
of animals occurred at stations 1-28, 1-29, 1-9 and 1-35, which were the only sites that averaged 240 or more
individualsper sample. Stations|-18, -4 and |-31, along the 60-ft depth contour, had thelowest abundancevalues.
Noclear spatial patternswereevident with respect totheoutfall. Therewasaconsiderabledifference in abundance
values between the January and July surveys. For example, average abundance was over 40% lower in January
2001 thanin July of both 2000 and 2001 (see Figure 4.2B). Thisreflectsaseasonal pattern similar tothat described
for species richness. Overall, abundance values were well within the range of historical variation.

Similar to past years, polychaetes were the most abundant animalsin the region, accounting for 25to 67% of the
different assemblagesduring 2001. Crustaceans(and pycnogonids) averaged 10t041% of theanimal sat astation,
molluscs from 6 to 24%, echinoderms from 1 to 15%, and all remaining taxa about 4 to 16% combined.

Biomass

Total infaunal biomass averaged from 1.5t0 7.3 g per 0.1 m? (Table 4.1). The highest biomass valuesin any one
sampl e can often beattributed to the collection of asmall number of large organismssuch assand dollars, seastars,
crabsand clams. For exampl e, asingle specimen of the bivalve mollusc S momactra planul ata accounted for 65%
of the total annual biomass at station 1-34. The biomass of thisindividual was greater than the composite weight
of all other organismscollected at 1-34 during 2001, and accounted for the highest biomassfor any individual grab
(19.3 g, Table 4.1). Overall, the biomass at SBOO stationsin 2001 waswell within the range of historical values
(Figure 4.2C). Lower biomass in the January survey corresponded to similar changes in species richness and
abundance. Long-term seasonal patterns, however, arelessclear andlikely confounded by the occasional presence
of megabenthic invertebrates.

None of the major taxa consistently dominated in terms of biomass. Polychaetes accounted for 7 to 63% of the
biomassat astation, crustaceans 1 to 36%, molluscs2 to 77%, echinoderms>1to 90%, and al| other taxacombined
>1 to 20%. Echinodermswere typically the dominant component at siteswhere biomass exceeded 5 g per 0.1 m?
(e.g., stations|-3, 1-6, I-7, 1-15). The main exceptionsto this pattern occurred at afew stationswhere the biomass
was dominated by either polychaetes (1-28, 1-35) or molluscs (1-34).

Species Diversity and Dominance

Speciesdiversity (H') variedlittle during 2001 and was generally similar to background conditions(Figure4.2D),
althoughit did differ between stations(Table4.1). Overall vauesaveraged from2.8t04.3. Similar to previousyears,
diversity was highest (> 4.0) at stations 1-28 and 1-29 and lowest (2.8) at station |-3.
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Figure 4.2

Summary of benthic community structure parameters surrounding the South Bay Ocean Outfall (1995 —2001):
(A) species richness = number of species; (B) abundance = number of animals; (C) biomass = grams, wet weight;
(D) diversity = Shannon diversity index (H'"); (E) dominance = Swartz dominance index; (F) ITI =infaunal trophic index.
Data are expressed as means per 0.1m? grab pooled over all stations for each survey (n =54). Error bars represent

95% confidence limits.
|
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Speci esdominancewas measured asthe mi nimum number of speciescomprising 75% of acommunity by abundance
(seeSwartz 1978). Dominancediscussed hereinisthereforeinversaly proportional to numerical dominance, suchthat
low values indicate communities dominated by few species. Although most of the SBOO assemblages were
characterized by afairly even distribution of species (i.e., mean J = 0.8-0.9), dominance values varied widely,
averaging from 12to 49 speciesper station duringtheyear (Table4.1). Dominancewas 25% higher (lower numerical
dominance) in the July survey thanin January (Figure 4.2E), consistent with the pattern of seasonal variation noted
earlier. No clear patterns relative to the outfall were evident in terms of diversity, evenness, or dominance.

Infaunal Trophic Index (ITI)

ITI values averaged from 68 to 95 at the various sitesin 2001 (Table 4.1). There were no patterns with respect
totheoutfall, and all valuesat sites near the discharge were characteristic of undisturbed sediments(i.e., I TI > 60,
Word 1980). Although I Tl values averaged over all sites have changed little since monitoring began (see Figure
4.2F), theindex hasbeen morevariable at theindividual stations. For example, threeindividual grabs at stations
1-34, 1-4 and |-6 had valuesintherange of 55 - 60. Thesevaluesmay beindicativeof “ changed” communities(i.e.,
ITI between 30and 60, Bascom et al. 1979), potentially influenced by the proximity of thesesitesto San Diego Bay
(station 1-34) or the Canyon San Antonio de los Buenos Creek outlet in Mexico (stations I-4 and 1-6).

Dominant Macrofauna

Most assemblages in the SBOO region were dominated by polychaete worms. For example, of the 10 most
abundant and the 10 most widely occurring taxa, nine were polychaetes (Table 4.2). The remaining dominant
speciesincluded four crustaceansand two molluscs. Of the 692 taxaidentified during 2001, about 19% represented
rare or unidentifiable taxa that were recorded only once.

The spionid polychaete Spiophanes bombyx was the most abundant and the most ubiquitous species, averaging
about 10wormsper grab and occurring in 98% of the samples. Only six other specieswere presentin at |east 70%
of the samples. Five of these were also polychaetes, including an orbiniid, Scoloplos armiger (likely a species
complex), asigalionid (Sgalion spinosus), an onuphid (Onuphis sp SD1), and two mal danids (Euclymeninae sp
A and unidentified Maldanidage). The other widely distributed species was a bivalve mollusc (Tellina modesta).
A few additional speciesoccurred inrelatively high densities(i.e., ~ 10-14 animals per occurrence), but at more
restricted localities (i.e., 11-20% of the samples). These included the polychaetes Jasmineira sp B and Chloeia
pinnata, and the gammarid amphipod Eohaustorius barnardi.

Pattern Analysis

Ordination and classification anal yses di scriminated between six habitat-rel ated benthi c assemblagesat the SBOO
stationsduring 2001 (seeFigures4.3 and 4.4). Thedominant speciescomprising each group arelistedin Table4.3.
Depth and sediment grain size (i.e.,, fine vs. coarse sediments) appeared to be the major factors affecting the
distribution of these assemblages.
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Table 4.2

Dominant macroinvertebrates at the SBOO benthic stations sampled during 2001. Included are the 10 most abundant
species overall and per occurrence, and the 10 most widely distributed species. Abundance values are summarized
over all stations and are expressed as means per 0.1 m? over all samples (MS) and per occurrence (MO);
PO = percent occurrence.

Species Higher taxa MS MO PO

Top 10 Species Overall

1. Spiophanes bombyx Polychaeta: Spionidae 10.3 10.5 98%
2. Monticellina siblina Polychaeta: Cirratulidae 4.3 6.9 63%
3. Tellinamodesta Mollusca: Bivalvia 4.0 5.7 70%
4. Eulcymeninae spA Polychaeta: Maldanidae 3.3 4.6 72%
5. Maldanidae ' Polychaeta: Maldanidae 2.9 3.9 76%
6. Jasmineira sp B Polychaeta: Sabellidae 2.9 14.4 20%
7. Rhepoxynius menziesi Crustacea: Phoxocephalidae 2.6 45 59%
8. Ampelisca cristata microdentata Crustacea: Ampeliscidae 2.5 7.4 33%
9. Spiophanes duplex Polychaeta: Spionidae 2.3 3.6 65%
10. Caecum crebricinctum Mollusca: Gastropoda 2.3 6.5 35%
Top 10 Species per Occurrence

1. Jasmineirasp B Polychaeta: Sabellidae 2.9 14.4 20%
2. Chloeia pinnata Polychaeta: Amphinomidae 13 11.3 11%
3. Spiophanes bombyx Polychaeta: Spionidae 10.3 10.5 98%
4. Eohaustorius barnardi Crustacea: Haustoriidae 11 10.2 11%
5. Nephasoma diaphanes Sipuncula: Golfingiidae 0.5 9.3 6%
6. Polycirrussp SD 1 Polychaeta: Terebellidae 0.2 8.0 2%
7. Ampelisca cristata microdentata Crustacea: Ampeliscidae 25 7.4 33%
8. Petaloclymene pacifica Polychaeta: Maldanidae 1.0 6.9 15%
9. Monticellina siblina Polychaeta: Cirratulidae 4.3 6.9 63%
10. Euchone arenae Polychaeta: Sabellidae 18 6.8 26%
Top 10 Widespread Species

1. Spiophanes bombyx Polychaeta: Spionidae 10.3 10.5 98%
2. Scoloplos armiger (=spp complex)  Polychaeta: Orbiniidae 15 1.9 78%
3. Maldanidae ' Polychaeta: Maldanidae 2.9 3.9 76%
4. Sigalion spinosus Polychaeta: Sigalionidae 19 2.6 76%
5. Eulcymeninae sp A Polychaeta: Maldanidae 3.3 4.6 2%
6. OnuphisspSD 1 Polychaeta: Onuphidae 1.7 2.4 2%
7. Tellinamodesta Mollusca: Bivalvia 4.0 5.7 70%
8. Euphilomedes carcharodonta Crustacea: Ostracoda 2.2 3.2 69%
9. Hemilamprops californicus Crustacea: Cumacea 14 21 67%
10. Spiophanes duplex Polychaeta: Spionidae 2.3 3.6 65%

"= unidentified juveniles and/or damaged specimens
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The first split in the dendrogram was associated primarily with depth, and separated the sites into two primary
clusters, groupsA-CversusgroupsD-F (seesplit LinFigure4.3). GroupsA-C consisted entirely of stationsalong
the 60 and 90-ft depth contours, accounting for 75% of the SBOO stations at those depths. Theremaining shallow
stationscomprised group F, which were characterized by coarser sediments (average percent fines=1.5) than those
ingroupsA-C (averagepercent fines>6). Thisshallow, coarse sediment assemblagewasmore closely associated
with the deeper assemblages of groups D and E.

Groups A, B and C separated primarily by depth and proximity to the outfall (see Figures4.3 and 4.4). Group A
had the second highest average percentage of fine particles (14% fines), and included eight stations along the
90-ft contour and one 60-ft station (1-35). Assemblages at these siteswere dominated by the cirratulid polychaete
Monticellina siblina followed by the bivalve Tellina modesta and the spionid polychaete Spiophanes bombyx
(Table 4.3). Group B contained sites along the 60-ft contour. Spiophanes bombyx was the most abundant
organism at these shallow sations, followed by the gammarid amphipods Ampelisca brachycladus and
Rhepoxynius menziesi. Group C was restricted to the January surveys of stations 1-12 and 1-16, the two sites
nearest the outfall. The three most abundant species present at these sites were the ophiuroid Amphiodia urtica,
and the polychaetes Monticellina siblina and Lumbrineris latrielli (Table 4.3).

GroupsD-F represented two deepwater assemblages(i.e., >125 ft) and acoarse sediment assembl age of shallower
depths. Groups D and E contained the deepest SBOO stations that separated from each other primarily by the
presence or absence of relict red sands (see Table 3.1, Chapter 3). Group D consisted of sites lacking relict red
sands, some of which also contained a high percentage of fines (i.e., stations [-28 and 1-29). The three most
abundant speci es characterizing thisassembl age werethe amphinomid polychaete Chl oeia pinnata, theterebel lid
polychaete Pista sp B, and the ophiuroid Amphiodia urtica (Table 4.3). The stations comprising group E had
sediments characterized by the presence of coarse relict red sands and very little fines (0.2%). This infaunal
assemblage was dominated by the sabellid polychaetes Jasmineira sp B and Euchone arenae, followed by the
gastropod mollusc Caecum crebricinctum. Group F contained shallow stationsthat separated from groups D and
E at thesecond split of thedendrogram (seesplit 2in Figure4.3). Thisgroupincluded stationswith arelatively low
percentage of fines, and also included some stations with relict red sands. Spiophanes bombyx, ubiquitous at the
SBOO stations, wasthe dominant speciesinthisgroup. Other abundant speci esincluded the gammarid amphipod
Rhepoxynius heterocuspidatus and the the sand dollar Dendraster terminalis (Table 4.3).

SUMMARY & CONCLUSIONS

Benthicinfaunal communitiessurrounding the South Bay Ocean Ouitfall weresimilar in 2001 to thosethat occurred
prior to discharge and during the first two years of outfall operation (City of San Diego 2000a, 2000b, 2001). In
addition, these assemblages were generally typical of those occurring in other sandy, shallow water habitats
throughout the Southern CaliforniaBight (SCB) (e.g., Thompsonetal. 1987, 1993b, City of San Diego 1999, Bergen
et al. 2001). For example, several of the assemblages described herein (e.g, groups A, B, F) were dominated by
the spionid polychaete Spiophanes bombyx, a species characteristic of shallow-water environmentsin the SCB
(see Bergen et a. 2001). These three groups represented sub-assemblages of the shallow SCB benthos that

47



Cluster
Group

(n=16)

Split 5

(n=9)

Split 4

(n=2)

Splitl

(n=7)

Split 3

(n=6)

Split 2

Distance of Dissimilarity

Figure 4.3

Avg.
Depth

90ft

641t

921t

170t

1541t

931t

Avg.
% Fines

145

8.0

6.1

16.8

0.2

15
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1-9, I-14, 1-15b,
I-16b, I-22, 1-27,
1-30, 1-33, I-35
I-4b, 1-10, I-18,
1-23,1-31
I-12a, I-16a
I-1, 1-20b, 1-28,
[-29
I-7,1-13a, I-20a,
[-21
-2, 1-3, I-4a, |-6,
-8, 1-12b, I-13b,
I-15a, I-34

Cluster results of macrofaunal abundance data for the SBOO benthic stations sampled during January and July
2001. station designations: a=January survey, b=July survey, no letter designation=both surveys. Fines=silt +

clay fraction.
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Table 4.3

Summary of the most abundant taxa comprising cluster groups A-F from the 2001 infaunal survey of SBOO benthic
stations. Data are expressed as mean abundance per sample (no./0.1m?) and represent the ten most abundant taxa
in each group. Values for the three most abundant species (bolded) in each cluster group are underlined. n=number
of station/survey entities comprising each cluster group

Cluster Group

Higher A B C D E F
Species/Taxa Taxa Code* (n=16) (n=9) (n=2) (n=7) (n=6) (n=14)
Rhepoxynius stenodes C 3.3 4.1 0.8 0.2 . 0.1
Nereis procera P 4.6 0.7 . 0.9 . 0.1
Ampeliscabrachycladus C 0.8 7.5 05 . . 0.1
Rhepoxynius menziesi C 4.3 6.1 53 0.4 0.1 0.3
Tellinamodesta M 8.8 5.7 4.8 0.3 . 0.9
Diastylopsis tenuis C 0.1 2.7 . . . 0.3
Ampelisca cristata microdentata C 7.5 0.1 . 19
Ampelisca brevisimulata C 4.4 0.6 . 2.9 . .
Monticellina siblina P 10.2 0.9 9.0 5.6 . 0.3
Mediomastus sp P 3.8 0.5 2.8 3.3 . 0.1
Sthenelanella uniformis P 05 . . 6.4 0.2 .
Spiophanes duplex P 3.3 3.2 . 6.2 0.2 0.1
Euclymeninae sp A P 74 3.2 . 3.2 11 0.2
Sigalion spinosus P 35 3.3 0.3 12 12 0.3
Euphilomedes carcharodonta C 34 0.7 0.8 11 0.3 34
Maldanidae, unidentified P 35 11 . 45 1.9 35
Myriochele sp M P 2.2 0.1 0.8 04 6.7 0.1
Foxiphalus obtusidens C 2.3 0.9 3.3 1.7 19 0.6
Amphiodiaurtica E 0.1 . 12.5 6.6 . 0.4
Pistasp B P 0.6 . . 8.0 0.2
Chloeia pinnata P <0.1 . . 8.9 0.8 .
Chone mollis P 0.1 . 3.8 0.3 . 04
Lumbrineris latreilli P 0.1 . 8.8 0.1 0.2 0.1
Spiophanes bombyx P 8.3 9.2 2.0 6.3 5.7 184
Scoloplos armiger (=spp complex) P 1.0 0.3 1.0 0.6 13 3.3
Astropecten verrilli E 0.6 . 7.3 0.6 0.6 0.8
Ampelisca cristata cristata C 0.7 5.2 0.3 0.1 3.6 11
Eohaustorius barnardi C 0.1 0.1 . . . 4.2
Rhepoxynius heterocuspidatus C 0.2 0.1 0.3 0.1 13 5.2
Dendraster terminalis E 0.1 0.2 0.3 . 21 51
Protodorvillea gracilis P 0.1 . . . . 2.8
Ophelia pulchella P <0.1 . . . 0.1 3.2
Amphiodia sp E 0.4 0.2 53 3.9 0.3 0.9
Apionsoma misakianum S 0.1 . 3.3 3.9 5.3 0.3
Ophiuroconis bispinosa E <0.1 . . 2.7 6.5 0.5
Euchone arenae P <0.1 0.1 . 04 12.8 1.0
Caecum crebricinctum M . 0.1 . 0.3 8.8 4.9
Jasmineirasp B P 0.1 . . 3.6 221 .
Mooreonuphis sp SD 1 P 18 7.3 0.3
Lirobarleeia kelseyi M 04 6.4 <0.1
Syllis (Typosyllis) sp SD 1 P 4.6 0.2

* P = Polychaeta (Annelida), C = Crustacea (Arthropoda), M = Mollusca, E = Echinodermata,
S = Sipuncula.
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differred in terms of the relative abundances of dominant and co-dominant species. Such differences probably
reflect variation in microhabitat structure, such asthe presence of afine sediment component (i.e., groups A and
B) or coarser sediments, including relict red sands (i.e., group F). In contrast, the deeper group D assemblagein
the South Bay areawas similar to the mid-depth infaunal community characteristic of much of the SCB mainland
shelf (see Barnard and Ziesenhenne 1961, Jones 1969, Fauchald and Jones 1979, Thompson et al. 1987, 199343, b,
EcoAndysiseta. 1993, Zmarzly et al. 1994, Diener and Fuller 1995, Bergen et al. 2001). Theophiuroid Amphiodia
urtica and the polychaete Pista sp B were the most abundant speciesin this group. Finally, group E represented
a second relict red sand assemblage that occurred in deeper waters than group F. These deeper relict red sands
were dominated by sabellid worms and the gastropod Caecum crebricinctum.

The separation of stations|-12 and 1-16 located nearest the outfall (i.e., January only) into cluster group C might
beinterpreted asanindication of outfall effectsontheinfaunal community. Ananalysisof sediment characteristics,
however, fail sto support thisconclusion. For example, therewasno evidenceof organicloading or elevatedlevels
of trace metals or sulfides at these two sites (see chapter 3). In addition, two of the most abundant taxa at these
sites, the ophiuroid Amphiodia urti ca and the gammarid amphi pod Rhepoxynius menziesi, are common indicators
of undisturbed sediments. Furthermore, I T1 valuesaveraged 77 and 79 respectively for stations|-12 and 1-16, which
are considered characteristic of “normal” or undisturbed sediments (see Bascom et al. 1979).

Patterns of species distribution and abundance varied with depth and sediment type in the region. In spite of
various changes, the overall range of valuesfor the different community parametersin 2001 was similar to that
seenin previousyears (see City of San Diego 2000a, b, 2001). | ntra-annual fluctuationsintheinfaunal community
appear primarily related to seasonal influences. Furthermore, averagevaluesfor parameterssuch astheinfaunal
trophic index (1TI) are still characteristic of undisturbed sediments. Finally, changes in benthic community
structure near the SBOO are similar in magnitude to those that have occurred el sewherein southern California
and that often correspond to large-scale oceanographic (e.g., El Nifio—La Nifia oscillations) or other natural
events.

It may be too early to detect specific effects of the SBOO on the marine benthos. Such impacts have spatial
and temporal dimensionsthat can vary depending on arange of biological and physical factors. Furthermore,
benthicinvertebrate popul ations exhibit substantial spatial and temporal variability that may mask the effects of
any disturbance event (Morrisey et al. 19923, b, Otway 1995). Although some changes have occurred near the
SBOO, values for the different community parameters were within the range of those seen in previous years
(see City of San Diego 2000a, 2000b, 2001). Benthic assemblagesin the arearemain similar to those observed
prior to discharge and to natural indigenous communities characteristic of similar habitats on the southern
Californiacontinental shelf.
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Chapter 5

Demersal Fishes and Megabenthic Invertebrates

INTRODUCTION

Demersal fishes and megabenthic invertebrates are conspicuous components of soft-bottom habitats of the
mainland shelf and dopes off southern California. More than 100 species of fish inhabit the Southern California
Bight (SCB) (Allen 1982, Loveet al. 1986, Allen et al. 1998), while the megabenthic invertebrate fauna consists
of more than 200 species (Allen et al. 1998). These communities have become an important focus of monitoring
programs throughout the world. Fishes of the SCB mainland shelf have been sampled extensively for at least 30
years, primarily by programs associated with municipal wastewater and power plant discharges (Crossand Allen
1993). Although muchisknown about SCB assemblagesin general (see Allen et al. 1998 and referencestherein),
until recently no trawl data existed that described the region encompassing the United States/Mexican border.
Studies of thisareawill be useful in characterizing the marine environment in terms of community structure and
stability and may also provideinsight into the effects of both anthropogenic and natural inputs.

The City of San Diego has been conducting trawl surveysin the area surrounding the South Bay Ocean Outfall
(SBOO) since 1995. These surveys were designed to monitor the effects of wastewater discharge on the local
marine biota. This chapter presents analyses and interpretations of demersal fish and megabenthic invertebrate
datacollected during 2001.

MATERIALS & METHODS
Field Sampling

Trawl surveyswere conducted in January, April, July and October 2001 at seven fixed sitesaround the South Bay
Ocean Outfal (Figure 5.1). These stations, SD15 - SD21, are located along the 90-ft (27-m) isobath, and
encompassan areafrom apoint south of Point Loma, California, USA to PuntaBandera, BgjaCalifornia, Mexico.
A single trawl was performed at each station during a survey using a 7.6-m Marinovich otter trawl fitted with a
1.3-cm cod-end mesh net. The net wastowed for 10 minutes bottom time at a speed of about 2.5 knotsfollowing
apredetermined heading. Detailed methodsfor | ocating the stationsand conducting trawlsare described inthe City
of San Diego Quality Assurance Manual (City of San Diego 2002).

Trawl catcheswere brought on board for sorting and inspection. All organisms captured wereidentified to species
or tothelowest taxon possible. If ananimal could not beidentifiedinthefield, it wasreturned to thelaboratory for
further identification. The total number of individuals and the total biomass (wet weight, kg) were recorded for
each speciesof fish, and eachindividual wasinspected for the presence of external parasitesor physical anomalies
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(e.g., tumors, finerosion, discoloration). Thelength of each fish wasmeasured to the nearest centimeter according
to protocols described in City of San Diego (2002). Large invertebrate species were weighed separately.
However, due to the small size of most organisms, invertebrate biomass was primarily measured as a composite
wet weight (kg) of all species combined. When the echinoid Lytechinus pictus was collected in large numbers,
itsabundancewasestimated by multiplying thetotal number of individualsper 1.0 kg subsampl eby thetotal urchin
biomass.

Data Analyses

Each fish and invertebrate specieswas summarized in terms of frequency of occurrence (number of occurrences/
total number of trawlsx 100), percent abundance (number of individual s/total of al individual scaught x 100), mean
abundance per haul (number of individual s/'total number of trawls), and mean abundance per occurrence (number
of individual y/number of occurrences). In addition, thefollowing parameterswere cal culated for both thefish and
invertebrate assemblages at each station: (1) species richness (number of species); (2) total abundance (number
of individuals); (3) Shannon diversity index (H'); (4) total biomass (wet weight, kg).

Ordination (principal coordinates) and classification (hierarchical agglomerative clustering) analyses were
performed to examine spatio-temporal patternsin the similarity of demersal fish assemblagesin theregion. The
total abundance per trawl for each species was used in the analyses, although the data were square-root
transformed and standardized by species mean of values greater than zero. All analyses were performed using
Ecological Analysis Package (EAP) software (see Smith 1982, Smith et al. 1988).

RESULTS & DISCUSSION

Fish Community

Twenty-seven species of fish were collected in the area surrounding the South Bay Ocean Outfall in 2001 (Table
5.1). Thetota catch for the year was 1,572 individuals, representing an average of about 56 fish per trawl. The
speckled sanddab was the most abundant fish, comprising 36% of thetotal catch. This specieswas a so the most
frequently occurring species, found in 96% of the hauls. Other common fishes present in at |east 50% of thetrawls
included hornyhead turbot, Californializardfish, longfin sanddab, spotted turbot, Californiahalibut and California
scorpionfish.

Fishescaptured in theregion ranged in length from 3 to 49 cm (A ppendix B). With the exception of the California
halibut, the speciesmentioned abovetended to berelatively small, averaging from 8to 20 cminlength. California
halibut averaged 34 cm. Other large species (i.e., > 20 cm in length) were collected infrequently and included
specklefin midshipman, diamond turbot, Californiaskate and round stingray .

Fish speciesrichness averaged from 6 to 11 species of fish per station (Table 5.2). Diversity (H') averaged from
1.0to 1.8 per station. Abundance and biomass were more variable, averaging 28 t0129 fish and 2.2 to 6.3 kg per
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Table 5.1

Demersal fish species collected in 28 trawls in the SBOO region during 2001. Data for each species are expressed
as: (1) percent abundance (PA); (2) frequency of occurrence (FO); (3) mean abundance per haul (MAH); (4) mean
abundance per occurrence (MAO).

Species PA FO MAH MAO
Speckled sanddab 36 96 20 21
Northern anchovy 23 7 13 180
Longfin sanddab 9 68 5 7
White croaker 8 25 5 18
Hornyhead turbot 5 89 3 3
California lizardfish 4 68 2 3
California scorpionfish 3 71 2 3
Spotted turbot 2 50 1 3
California halibut 2 75 1 2
Roughback sculpin 1 18 1 4
California tonguefish 1 32 1 2
English sole 1 39 1 1
Fantail sole 1 36 <1 1
California skate <1 14 <1 1
Curlfin sole <1 14 <1 1
Plainfin midshipman <1 14 <1 2
Shiner perch <1 n <1 2
Specklefin midshipman <1 1 <1 1
Yellowchin sculpin <1 n <1 2
Bigmouth sole <1 7 <1 3
Queenfish <1 7 <1 3
Barred sand bass <1 7 <1 1
Giant kelpfish <1 7 <1 1
Round stingray <1 7 <1 1
Ocean whitefish <1 4 <1 3
Bay goby <1 4 <1 1
Diamond turbot <1 4 <1 1
Unidentified flatfish <1 4 <1 1

station, respectively. This variability was partly due to the occasional capture of large populations of a single
species. For example, the high abundance (> 100 individuals) at station SD16 reflect a large haul of northern
anchoviesin January.

Fish community structure hasvariedin the South Bay areasince 1996 (Figure 5.2). Although speciesrichnesshas
remained relatively low, abundances have fluctuated substantially, with annual values averaging between 28 and
178 individual s per station. These changesgenerally reflect different numbers of the common species, especially
speckled sanddabs. However, the high abundance at station SD16 in 2001 was due to alarge haul of northern
anchovies. Fluctuations in the fish community that occurred post discharge were similar between the stations
closest to the outfall and those farther away.

Ordination and classification of sites discriminated between four major cluster groups that reflect different
numbers of the more common species (Figure 5.3, Table 5.3). Changes in the assemblages during 2001 were
evident at stationswithin station group 1 (SG1) between January and April (Figure5.3). Thischangewasprimarily
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Table 5.2

Summary of demersal fish community parameters for SBOO stations sampled during 2001. Data are expressed as
means and standard deviations (SD) for number of species, abundance, diversity (H") and biomass (kg, wet weight);
n=4.

Parameter Station Jan  Apr Jul Oct Mean SD

No. of Species SD15 10 4 4 6 6.0 2.8
SD16 8 9 8 8 8.3 0.5
SD17 13 9 7 7 9.0 2.8
SD18 12 u 10 9 105 13
SD19 6 7 9 7 7.3 1.3
SD20 9 5 6 6 6.5 1.7
SD21 1 8 7 8 8.5 1.7
Survey Mean 9.9 7.6 7.3 7.3
Survey SD 24 24 2.0 11

Abundance SD15 57 14 14 33 37.0 162.6
SD16 372 68 K% 12 129.0 162.6
SD17 35 38 17 23 28.3 9.9
SD18 60 89 46 40 58.8 21.8
SD19 29 39 33 78 44.8 22.5
SD20 25 36 28 46 33.8 94
SD21 104 24 50 68 61.5 33.6
SurveyMean 97.4 483 31.7 47.1
Survey SD 1240 224 135 194

Diversity SD15 1.6 0.6 1.0 0.9 1.0 0.4

H) SD16 0.3 13 1.6 1.6 12 0.6
SD17 2.2 1.7 16 16 18 0.3
SD18 19 15 1.3 16 1.6 0.2
SD19 0.9 1.0 1.6 1.2 1.2 0.3
SD20 19 1.0 1.2 1.3 2.7 0.4
SD21 0.9 1.8 1.1 1.3 1.3 04
SurveryMean 1.4 13 13 14
Survey SD 0.7 0.4 0.3 0.3

Biomass SD15 7.9 13 0.7 21 3.0 3.3
SD16 8.8 31 43 5.8 55 25
SD17 6.1 3.3 1.6 2.7 34 1.9
SD18 5.1 4.6 2.6 4.3 4.2 1.1
SD19 1.2 14 24 3.9 2.2 1.2
SD20 3.3 16 25 3.3 2.7 0.8
SD21 14.6 2.6 4.2 3.6 6.3 5.6
Survey Mean 6.7 2.6 2.6 3.7
Survey SD 4.3 1.2 13 1.2
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captured invertebrate. It accounted for 47% of the total catch and was captured in 96% of the trawls (~ 25/trawl)
(Table5.4). Other relatively common speciesthat occurred in at least 50% of the trawls included the sea urchin
Lytechinus pictus and the sea star Pisaster brevispinus.

Asin previous years, the megabenthic invertebrate community was variable in 2001 (Table 5.5, Figure 5.4). In
2001 speciesrichness averaged 5 - 8 species per station. Diveristy (H') valuesaveraged 1 - 1.6 per station (Table
5.5). Abundance averaged from 28 to 88 individuals per station, and biomass averaged from 0.3 to 1.5 kg per
station. (Figure 5.4). Fluctuations in the invertebrate community that occurred post discharge were similar
between the stations closest to the outfall and those farther away.

— 1.50

—+1.09

—+0.82

!

1 2 3 4
Station Groups

Distance of Dissimilarity

JAN APR JUL OCT

SD15
SD16

SD17
SD18

SD19
SD20
SD21

Figure 5.3
Results of classification analysis of demersal fish collected at stations SD15 - SD21 during 2001. Data are
presented as a dendrogram of major station groups and a matrix showing distribution over time.

__________________________________________________________________________________________________________|
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Table 5.3

Ten most abundant and frequently occurring fish species among the four main SBOO station cluster groups.

SG1 SG2 SG3 SG4
Number of hauls 5 19 3 1
Mean no. of species per haul 1 8 7 4
Mean no. of individuals per haul 119.2 40.9 51.3 44.0
Species Mean Abundance
Northern Anchovy 71.8 — — —
White croaker 20.8 12 0.3 —
Speckled sanddab 8.2 22.3 22.7 37.0
California lizardfish 3.8 2.3 — —
California halibut 24 0.9 1.0 —
Hornyhead turbot 2.2 2.4 5.7 —
California tonguefish 14 05 1.0 —
California scorpionfish 14 25 — —
English sole 1.2 0.5 — —
Longfin sanddab 1.0 4.8 15.0 —
Shiner perch 1.0 — — —
Spotted turbot 0.8 17 — —
Plainfin midshipman 0.8 0.1 0.3 —
Fantail sole 0.6 0.3 0.7 —
Specklefin midshipman 0.2 0.1 0.3 —
Roughback sculpin — 04 2.7 5.0
Yellowchin sculpin — 0.1 1.7 —
Round stingray — 0.1 — 1.0
Bay goby — — — 1.0

SUMMARY & CONCLUSIONS

Demersal fish and megabenthic invertebrate communities are inherently variable and may be influenced by both
anthropogenicand natural factors. Anthropogenicinfluencesincludeinputsfrom such thingsasocean outfallsand
storm drain runoff. Natural factors may include prey availability (Crosset a. 1985), bottom relief and sediment
structure (Helvey and Smith 1985), and changesin water temperature associated with large scal e oceanographic
eventssuchasEl Nifio (Karinenet al. 1985). Thesefactorscanimpact themigration of adult fish or therecruitment
of juvenilesinto an area(Murawski 1993). Population fluctuations may al so be due to the mobile nature of many
species (e.g., schoals of fish or aggregations of urchins).

Speckled sanddabs dominated fish assembl ages surrounding the South Bay Ocean Outfall in 2001. They occurred
in most trawls and accounted for 36% of thetotal catch. This pattern was similar to those seen in previous years.
Such results are expected because the relatively shallow depths and coarse sedimentsin the region represent the
typical habitat for the speckled sanddab (Fitch and Lavenberg 1971, 1975). Other characteristic, but lessabundant,
species included thehornyhead turbot, Californializardfish, longfin sanddab, spotted turbot, Californiahalibut and
Californiascorpionfish. Most of these common fisheswererelatively small, averaging lessthan 20 cmin length.
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Table 5.5

Summary of megabenthic invertebrate community parameters for SBOO stations sampled during 2001. Data are
expressed as means and standard deviations for number of species, abundance, diversity (H’) and biomass (kg,
wet weight); n = 4.

Parameter Station Jan Apr Jul Oct Mean SD

No. of Species SD15 8 6 5 9 7.0 1.8
SD16 7 5 6 7 6.3 1.0
SD17 8 9 8 8 8.3 5
SD18 5 9 8 9 7.8 19
SD19 7 6 8 7 7.0 0.8
SD20 4 6 4 7 5.3 15
SD21 7 5 5 1 7.0 2.8
Survey Mean 6.6 6.6 6.3 8.3
Survey SD 15 17 17 15

Abundance SD15 26 54 A 30 51.0 31.2
SD16 12 36 36 46 325 145
SD17 21 54 68 58 50.3 20.4
SD18 34 56 152 88 82.5 51.4
SD19 26 37 96 192 87.8 76.0
SD20 30 16 63 50 39.8 20.9
SD21 24 12 30 44 27.5 13.3
Survey Mean  24.7 379 770 72.6
Survey SD 7.0 183 417 55.6

Diversity SD15 1.7 11 04 1.4 11 0.5

H) SD16 1.7 1.2 0.9 0.9 12 04
SD17 1.9 11 12 1.2 13 0.3
SD18 1.3 14 1.3 13 13 0.0
SD19 15 0.6 11 0.9 1.0 0.4
SD20 1.2 1.3 0.9 14 1.2 0.2
SD21 1.6 14 14 1.9 1.6 0.2
Survery Mean 1.6 11 1.0 13
Survey SD 0.2 0.3 0.3 0.3

Biomass SD15 0.1 0.3 3.2 0.2 1.0 15
SD16 1.8 1.3 1.7 0.9 14 0.4
SD17 0.1 0.1 0.5 04 0.3 0.2
SD18 0.1 0.2 0.5 3.0 1.0 14
SD19 0.6 0.5 34 1.0 14 14
SD20 1.2 1.3 04 15 11 0.5
SD21 0.7 0.8 1.2 3.1 1.5 1.1
Survey Mean 0.7 0.6 1.6 14
Survey SD 0.7 0.5 1.3 1.2
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Chapter 6

Bioaccumulation of Contaminants in Fish Tissues

INTRODUCTION

Bioaccumulationistheprocessof biological uptakeand retention of chemical contaminantsderivedfromvariousexposure
pathways (Tetra Tech 1985). Because of their proximity to bottom sediments, demersdl fish can accumul ate pollutants
through any of thefollowing threeexposure routes: (1) adsorption or absorption of dissolved chemical congtituentsfrom
the water; (2) ingetion of pollutant-containing suspended particulate matter or sediment particles and subsequent
assmilationintobody tissues; (3) ingestionandassmilationof pollutantsfromfood sources. Onceacontaminant becomes
incorporated into a fish'stissues, it may resst normal metabolic excretion and accumulate. The biocaccumulation of
contaminants in fish tissuesis often used as an indicator of exposure to pollution. In addition, because fish may ingest
particle-bound poll utants, contami nant concentrationsin fish tissues are often rel ated to those found in the environment
(Schiff and Allen 1997), and aretherefore useful in biomonitoring programs.

The South Bay Ocean Outfall (SBOO) monitoring programincludesthe collection of fish to assesstheaccumulation
of contaminantsin their tissues. This part of the program consists of two components: (1) analysis of liver tissues
from trawl-caught fishes; (2) analysisof muscletissuesfrom fishes collected by rig fishing. Fishes collected from
trawls are considered representative of the demersal fish community, and species are targeted based on their
ecological significance (i.e., prevalencein the community). Chemical analysesare performed on liversfrom these
species because contaminants are typically concentrated in thistissue. For example, the high lipid content of liver
tissue makes the detection of hydrophobic organochlorines (e.g., pesticides, PCBs) morelikely.

In contrast totrawl-caught species, fishestargeted for collection by rig fishing arethought to represent atypical sport
fisher's catch, and therefore have recreational and commercial importance. Muscle tissue is analyzed from rig-
caught fish becauseit isthetissue most often consumed by humansand therefore the resultsare pertinent to human
health concerns. All muscle and liver samples are analyzed for contaminants as specified in the NPDES discharge
permit for the SBOO monitoring program. This chapter presents the results of all tissue analyses that were
performed during the third year of post-discharge monitoring for the SBOO.

MATERIALS & METHODS
Collection
Fisheswerecollected during April and October 2001 at seventrawl stationsand tworrig fishing stations(Figure6.1).

Trawl-caught fisheswerecollected foll owing established trawling guidelinesasdescribed in Chapter 5 of thisreport.
Fishes targeted at the rig fishing sites were collected using rod and reel fishing tackle, and then measured and
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Table 6.1

Species collected at each SBOO trawl and rig fishing station during April and October 2001; ns = samples not

collected due to insufficient numbers of fish.

Station Rep 1 Rep 2 Rep 3

April 2001

SD15 Hornyhead turbot ns ns

SD16 Longfin sanddab Hornyhead turbot Hornyhead turbot
SD17 Longfin sanddab Longfin sanddab Hornyhead turbot
SD18 Ca. scorpionfish Longfin sanddab Hornyhead turbot
SD19 Hornyhead turbot Longfin sanddab Hornyhead turbot
SD20 Longfin sanddab Longfin sanddab Ca. scorpionfish
SD21 Ca. scorpionfish Longfin sanddab Longfin sanddab
RF3 Vermilion rockfish Ca. scorpionfish Ca. scorpionfish
RF4 Ca. scorpionfish Ca. scorpionfish Ca. scorpionfish
October 2001

SD15 Ca. scorpionfish Ca. scorpionfish Ca. scorpionfish
SD16 Longfin sanddab Ca. scorpionfish Ca. scorpionfish
SD17 Hornyhead turbot Ca. scorpionfish Ca. scorpionfish
SD18 Hornyhead turbot Ca. scorpionfish Ca. scorpionfish
SD19 Longfin sanddab Longfin sanddab Ca. scorpionfish
SD20 Longfin sanddab Ca. scorpionfish Ca. scorpionfish
SD21 Longfin sanddab Ca. scorpionfish Ca. scorpionfish
RF3 Vermilion rockfish Vermilion rockfish Ca. scorpionfish
RF4 Ca. scorpionfish Ca. scorpionfish Ca. scorpionfish

weighed following standard procedures(City of San Diego 2002). Only fish>11 cm (standard |ength) wereretained
for tissue analyses at all stations. After collection, fish were sorted into three composite samples, each containing
aminimum of threeindividuals. They werethenwrapped in aluminumfoil, labeled, putin ziplock bags, and placed
ondry icefor transport to the Marine Biology |aboratory freezer. The speciesthat were analyzed from each station
aresummarizedin Table 6.1.

Dissection and Chemical Analyses

All dissections were performed according to standard techniques for tissue analysis (City of San Diego 2002).
Each fish was partially defrosted and then cleaned with a paper towel to remove |oose scales and excess mucus
prior to dissection. The standard length (cm) and weight (g) of each fish wererecorded (Appendix C). Liver tissue
wasremoved from trawl-caught fish and muscl etissuewasremoved fromfish collected by rig fishing. Dissections
were carried out on Teflon pads that were cleaned between samples. Tissue samples were then placed in glass
jars, sedled, labeled and stored in afreezer at -20°C prior to chemical analyses. All samples were subsequently
delivered to the City of San Diego Wastewater Chemistry Laboratory within seven days of dissection.

All tissue samples were analyzed for the NOAA National Status and Trends chemical constituents specified by
the contract under which this sampling was performed. These constituents are listed in Appendix C along with a
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summary of all thosedetected at each station during each survey. A detailed description of theanalytical protocols
may be obtained from the City of San Diego Wastewater Chemistry Laboratory.

Data Treatment

Prior to analysis, the datawere generally limited to val ues above method detection limits (MDLSs). Some param-
eters were determined to be present in a sample with high confidence (i.e., peaks are confirmed by mass-
spectrometry), but at levels below the MDL. These were included in the data as estimated values. Null values
(i.e, values below the MDL without an estimate) were eliminated from the dataset and are not intended to
represent the absence of a particular parameter.

RESULTS & DISCUSSION

Contaminants in Liver Tissues

Distribution among Species

Detection rateswerehighly variablefor themetal sthat occurredinliver tissues(Table6.2). Aluminum, cadmium,
copper, iron, manganese, mercury, selenium and zinc were reported in morethan 90% of thesamplesandinevery
species of fish. Other metalswere detected infrequently. The majority of all metalsfoundintheliver tissueswere
also detected in local sediments (see Chapter 3, Appendix D).

DDT was the most frequently reported chlorinated pesticide (Table 6.3). Concentrations of total DDT (the sum
of three DDT derivatives and their isomers) averaged from about 229 ppb in hornyhead turbot to 1,944 ppb in
longfinsanddab. DD T wasdetected in the sedimentsat only three benthic monitoring stationsduring the year (see
Chapter 3) and one station from the randomized regional survey (Appendix D).

Several other pesticideswere a so detected in fish liver tissues, although they were not present in local sediments
(see Chapter 3). These included Chlordane, trans Nonachlor, cis Nonachlor, Mirex and hexachlorobenzene
(HCB) (Table 6.3). HCB was the most common of these five pesticides, occurring in 80% of the samplesand at
concentrationsranging from0.4to 11 ppb. Although this80% detection rateissubstantially higher thanin previous
years (see City of San Diego 2000b, c, 2001b), it does not necessarily represent an actual increase in the
prevalence of HCB. Instead, the increase reflects recent changes in the reporting methods for such compounds
(i.e., lower MDLsand inclusion of estimated values; see Materials and Methods, Data Treatment section). The
pesticide trans Nonachlor occurred in 63% of the liver samples, with concentrations ranging from 3.1 to 60 ppb.
Chlordaneoccurredinfewer samples(20%) asalpha(cis) Chlordaneat concentrationsranging from4.0to 12 ppb,
while Cis Nonachlor and Mirex were each detected in asingle longfin sanddab sample.

Total PCB isreported asthe sum of all congenersmeasuredin each sample, whileconcentrationsfor theindividual
congeners are listed separately in Appendix C. PCBs occurred in all samples from all three species. Tota PCB
values ranged from 19 ppb to 1,733 ppb. PCBs were detected in a single sediment sample from the benthic
monitoring study during 2001 (see Chapter 3) and none were detected in the regional survey (Appendix D).
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Table 6.3

Chlorinated pesticides, PCBs, and lipids detected in liver samples from fish collected at SBOO trawl stations
during 2001. Values are expressed as parts per billion (ppb) for all parameters except lipids, which are presented
as percent weight (% wt). N = number of detected values, nd = not detected.

Chlorinated Pesticides:

Total Nonachlor Alpha (cis) Total
DDT HCB Trans Cis Chlordane Mirex PCB Lipids

Ca. Scorpionfish
N (out of 17) 17 17 14 nd 3 nd 17 17
Min 206.3 11 3.1 . 5.8 . 58.2 6.5
Max 14019.0 4.2 18.0 . 1.0 . 1732.8 28.0
Mean 1370.3 24 9.9 . 7.9 . 408.3 15.3
Longfin sanddab
N (out of 14) 14 12 10 1 4 1 14 14
Min 341.3 12 3.2 10.0 4.0 3.1 202.9 5.8
Max 10674.0 11.0 60.0 10.0 12.0 3.1 1022.0 38.2
Mean 1944.3 3.7 12.0 10.0 6.6 3.1 529.2 19.2
Hornyhead turbot
N (out of 9) 9 3 1 nd 1 nd 9 9
Min 50.0 04 5.6 . 4.3 . 18.8 2.7
Max 751.3 0.9 5.6 . 4.3 . 293.4 10.0
Mean 228.7 0.7 5.6 . 4.3 . 78.9 4.1
ALL SPECIES
% Dect. 100 80 63 3 20 3 100 100

Distribution among Stations

Spatial patterns were assessed for all metals that occurred frequently in fish liver tissue samples (Figure 6.2). The
concentrations of these metals varied substantially across all stations. Intraspecific comparisons between the
stationsclosest to the discharge (SD17, SD18) and thosefarther away (SD15-SD16, SD19-SD21) showed no clear
relationship with proximity to the outfall. Further, most concentrations of metals in the tissue samples from the
nearfield stations were close to or below the maximum concentrations detected in the same species prior to
discharge.

DDT, transNonachlor, HCB and PCBswere detected at al stations at concentrationsthat werevariable (Figure 6.3).
Aswith the metals, there was no clear relationship between concentrations of these parameters and proximity to the
outfall, and most were closeto or bel ow the maximum concentrati ons detected in the same speciesprior to discharge.

Contaminants in Muscle Tissues

The United States Food and Drug Administration (FDA) has set mercury and total DDT limitsfor seafood that is
to besold for human consumption (Mearnset a. 1991). In addition, thereareinternational standardsfor acceptable
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Figure 6.2

Concentrations of frequently detected metals in liver tissues of fish collected from each trawl station during 2001.
Note that only four samples were collected at station SD15; otherwise missing data represent concentrations
below detection limits. Reference lines are maximum values during the pre-discharge period (1995-1998). Stations
closest to the discharge site are labeled in bold.
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concentrationsof variousmetals(Mearnset al. 1991). Theselimitsand standardswere compared to concentrations
of these constituents found in muscl e tissue samples from fish captured by hook and line (Table 6.4). While many
of thesecompoundsweredetected, only arsenic and sel enium had concentrationsthat werehigher thaninternational
standards. All arsenic values were above the arsenic standard, while the maximum selenium value reported for
Californiascorpionfishwasabovethesel enium standard. A comparison of datafrom scorpionfish samplescollected
near the outfall (station RF3) versus farther away (station RF4) revealed that concentrations of most of these
constituentswere not substantially higher near the outfall (Table 6.5). Exceptionsincluded concentrationsof DDT
and PCB. Although DDT and PCBs were detected in al samples from both stations, concentrations were higher
at station RF3 than RF4. Further, tin, HCB, and trans Nonachl or were reported in muscle samplesfrom RF3 only.
Caution should be exercised in theinterpretation of thisdata, however, since Californiascorpionfish are knownto
move around between large geographical areas (Hartmann 1987, Love et al. 1987).
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n
Figure 6.3

Concentrations of frequently detected chlorinated pesticides (total DDT, trans Nonachlor, hexachlorobenzene) and
total PCBs in liver tissues of fish collected from each trawl station during 2001. Note that only four samples were
collected at station SD15; otherwise missing data represent concentrations below detection limits. Reference
lines are maximum values during the pre-discharge period (1995-1998). Stations closest to the discharge site are

labeled in bold.
|
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Table 6.4

Concentrations of various metals and total DDT detected in muscle samples from fish collected at SBOO rig fishing
stations during 2001. Values are parts per million (ppm) for all parameters. Also included are US FDA action limits
and median international standards. Bolded values exceed standards.

Ar Cr Cu Hg Se Tn Zinc tDDT
CA. scorpionfish
N (out of 9) 4 1 7 8 9 1 9 9
Min 1.80 0.48 1.75 0.04 0.13 40.40 2.91 0.04
Max 12.70 0.48 11.30 0.31 0.35 40.40 5.66 2.59
Mean 4.88 0.48 6.23 0.1 0.21 40.40 4.10 0.42
Vermilion rockfish
N (out of 3) 1 2 3 1 2 nd 3 3
Min 1.90 0.49 1.23 0.01 0.17 . 2.99 0.01
Max 1.90 0.79 6.36 0.01 0.20 . 3.33 0.04
Mean 1.90 0.64 3.72 0.01 0.19 . 3.13 0.03
US FDA Action Limit* 1 5
Median International
Standard* 1.40 1.00 20.00 0.50 0.30 175.00 70.00 5.00

*From Table 2.3 in Mearns et al. 1991. USFDA action limit for total DDT is for fish muscle tissue, USFDAmercury
action limits and all international standards are for shellfish, but are often applied to fish. All limits apply to the sale
of seafood for human consumption.

SUMMARY & CONCLUSIONS

Tissue bioaccumulation studies are useful in determining the presence of various contaminants in demersal
fishes. It has been well established that various pollutants can affect fish behavior, as well as fecundity and
mortality rates (McCain et al. 1978, Gossett et al. 1983, Moller 1985, Thomas 1988, 1989, Hose et al. 1989).
However, littleinformation isknown about the concentrations at which contami nants must be present in order to
precipitate these effects.

Demersal fish collected around the South Bay Ocean Ouitfall during 2001 were characterized by contaminant val ues
withintherangeof thosereported previoudly for other fish assemblagesinthe Southern CaiforniaBight (SCB) (see
Mearns et a. 1991, City of San Diego 1996 - 2001a, Allen et al. 1998). In addition, concentrations of most
contaminants were not substantially different from pre-discharge data (City of San Diego 2000b).

The frequent occurrence of both metals and chlorinated hydrocarbons in SBOO fish tissues may be due to many
factors. Mearnset al. (1991) described the distribution of several contaminants, including arsenic, mercury, DDT,
and PCBsas being ubiquitousin the SCB. In fact, many metals occur naturally in the environment, although little
information isavailable on their background levelsin fish tissues. Brown et a. (1986) determined that no areas of
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Table 6.5

Average concentrations of various metals, chlorinated pesticides, and total PCB in muscle tissues from California
scorpionfish collected at stations RF3 and FR4 during 2001; nd = not detected.

Station RF3 Station RF4
Parameter N (outof3) Min Max Mean N (out of 6) Min Max Mean
Metals (ppm)
Aluminum 2 6.40 8.80 7.60 2 3.20 3.90 3.55
Arsenic 2 2.70 12.70 7.70 2 1.80 2.30 2.05
Chromium nd — — — 1 0.48 0.48 0.48
Copper 3 2.32 8.86 4.88 4 1.75 11.30 7.24
Iron 3 3.45 4.80 3.92 4 400 8.00 5.73
Mercury 3 0.08 0.31 0.16 5 0.04 0.13 0.08
Selenium 3 0.22 0.35 0.27 6 0.13 0.25 0.18
Tin 1 40.40 40.40 40.40 nd — — —
Zinc 3 291 4,98 3.96 6 354 5.66 4.16
Chlorinated Pesticides (ppb)
Hexachlorobenzene 1 0.20 0.20 0.20 nd — — —
Total DDT 3 10.00 259.20 101.73 6 380 25.70 12.19
Trans Nonachlor 1 0.60 0.60 0.60 nd — — —
Total PCB (ppb) 3 17.30 32.00 23.00 6 1.30 5.80 2.82

the SCB are sufficiently free of chemical contaminantsto be considered reference sites. This has been supported
by more recent work regarding PCBsand DDTs (e.g., Allen et a. 1998). Thelack of contaminant-free reference
areasin the SCB clearly pertainsto the South Bay region, as demonstrated by the presence of many contaminants
in fish tissues prior to the discharge (City of San Diego 2000b).

Other factorsthat affect the accumul ation and distribution of contaminantsincludethe physiology and life history
of different fish species. For example, exposure to contaminants can vary greatly between species and among
individuals of the same species depending on migration habits (Otway 1991). Fish may be exposed to
contaminants in one highly contaminated area and then move into an areathat is less contaminated. Thisis of
particular concern for fishes collected in the vicinity of the SBOO, asthere are many other point and non-point
sources that may contribute to contamination in the region. For example, some monitoring stations are located
near the Tijuana River, San Diego Bay, and dredged material s disposal sites, and input from these sources may
affect fish in nearby areas.

Overall, there was no evidence that fishes collected in 2001 were contaminated by the discharge of waste
water from the South Bay Ocean Outfall. In addition, concentrations of mercury and DDT in muscle tissues
from sport fish collected in the areawerefound to be bel ow FDA human consumptionlimits. Finally, therewas
no other indication of poor fish health in theregion, such asthe presence of finrot or other physical anomalies
(see Chapter 5).
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Appendix A.l1

Summary of phi size data for SBOO sediment stations from 1995 to 2001. Mean phi size was determined from a
probability curve. Data are presented as the mean phiand standard deviation for pre-discharge (1995 - 1998), post-
discharge (1999 - 2000), and 2001 surveys for each station. Area means are presented for each survey period. Also
included are the sediment type classifications according to Folk, 1968.

Pre-Discharge Post-Discharge Annual Report
1995 -1998 1999 - 2000 2001

Station Mean SD Mean SD Mean SD Sediment Type

phi phi phi phi phi phi (Folk 1968)
I-35 3.9 0.3 3.7 0.1 3.7 1.4 very fine sand
I-34 14 0.7 1.7 0.2 1.7 0.6 medium sand
I-31 3.2 0.0 31 0.0 3.2 0.6 very fine sand
I-23 3.1 0.2 31 0.1 21 0.7 fine & very fine sand
I-18 3.2 0.1 3.2 0.1 31 0.7 very fine sand
I-10 3.2 0.0 31 0.0 3.0 0.7 very fine sand
I-4 3.0 0.6 2.6 0.9 2.8 0.8 fine & very fine sand
90 ft stations
I-33 3.1 0.1 31 0.1 3.0 0.7 very fine sand
I-30 35 0.1 35 0.2 34 0.9 very fine sand
I-27 34 0.1 3.3 0.0 3.3 0.7 very fine sand
I-22 3.1 0.4 3.0 0.7 29 0.7 fine & very fine sand
I-14 34 0.1 3.3 0.1 31 0.8 very fine sand
I-15 2.1 1.0 2.5 1.0 1.6 0.7 medium & fine sand
I-16 2.4 1.2 1.6 0.9 1.7 0.7 medium & fine sand
I-12 2.7 0.9 2.1 1.0 2.8 0.9 fine sand
I-9 34 0.1 3.7 0.3 34 0.8 very fine sand
I-6 1.7 0.9 14 0.2 1.3 0.6 medium sand
I-3 14 0.1 1.6 0.1 1.2 0.6 medium sand
120 ft stations
I-29 35 0.6 34 0.3 3.7 1.1 very fine sand
I-21 15 0.2 1.3 0.2 1.2 0.7 medium sand
I-13 1.3 0.1 1.3 0.1 14 0.5 medium sand
-8 15 0.1 14 0.1 14 0.6 medium sand
-2 17 0.2 1.6 0.1 15 0.6 medium sand
180 ft stations
I-28 3.3 1.1 3.0 0.3 25 1.1 fine & very fine sand
I-20 13 0.2 12 0.3 0.7 0.7 coarse & medium sand
I-7 12 0.2 12 0.2 1.0 0.6 medium sand
I-1 2.8 0.2 2.4 0.8 25 11 fine sand
AreaMeans 2.6 1.0 25 1.0 23 0.9
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Appendix A.2a

Summary of phi size data for SBOO sediment stations for the January and July quarters, 2001. Mean phi size was
determined from a probability curve. Data are presented as the quarterly mean phi: (1) mean phi size; (2) standard
deviation (SD); (3) median phi size; (4) skewness; (5) kurtosis; (6) Coarse particles > 1.0 mm; (7) percent sand; (8)
percent silt; (9) percent clay. Also included are the sediment type classifications according to Folk, 1968.

January 2001

Mean SD Median Skew- Kurtosis % % % % Sediment Type
Station Phi Phi Phi ness Coarse Sand Silt Clay (Folk 1968)
60 ft stations
I-35 3.9 1.3 3.7 0.3 14 0.0 595 388 1.7 very fine sand
I-34 1.6 0.6 1.6 0.0 11 0.6 99.2 0.2 0.0 medium sand
I-31 3.1 0.6 3.1 0.1 1.3 0.0 929 6.6 0.5 very fine sand
[-23 3.1 0.7 3.0 0.5 3.3 0.0 889 104 0.7 very fine sand
I-18 2.9 0.7 2.8 0.1 0.9 0.0 93.2 6.7 0.1 fine sand
I-10 2.8 0.8 2.8 0.2 11 0.0 920 79 0.1 fine sand
I-4 2.9 0.8 2.9 0.0 1.1 0.0 921 7.6 0.3 fine sand
90 ft stations
I-33 2.8 0.9 2.9 0.1 2.0 0.0 90.3 9.0 0.7 fine sand
1-30 3.4 0.9 3.4 0.3 17 0.0 819 170 11 very fine sand
I-27 3.3 0.7 3.3 0.2 14 0.0 874 119 06 very fine sand
I-22 3.0 0.7 29 0.3 14 0.0 90.0 9.6 0.4 very fine sand
I-14 2.9 0.7 2.8 0.4 11 0.0 906 9.1 0.3 fine sand
I-15 1.6 0.8 15 0.4 2.2 0.0 986 14 0.0 medium sand
I-16 14 0.6 14 0.1 11 0.8 99.0 0.2 0.0 medium sand
I-12 3.2 0.8 3.2 0.2 14 0.0 879 108 13 very fine sand
I-9 35 0.8 35 0.2 1.5 0.0 823 168 09 very fine sand
I-6 1.3 0.6 11 0.6 1.6 0.8 984 0.8 0.0 medium sand
-3 1.0 0.7 0.9 0.2 1.7 7.1 925 04 0.0 medium sand
120 ft stations
I-29 35 1.1 34 0.3 1.6 0.0 731 251 18 very fine sand
I-21 1.2 0.7 1.0 0.7 2.9 15 985 0.0 0.0 medium sand
I-13 1.3 0.4 11 0.7 12 0.0 99.7 03 0.0 medium sand
-8 14 0.5 1.3 0.2 0.9 0.0 999 0.0 0.0 medium sand
-2 14 0.6 13 0.3 1.2 0.0 986 14 0.0 medium sand
180 ft stations
[-28 0.7 0.6 0.7 0.3 4.6 13.0 834 35 0.1 coarse sand
I-20 0.6 0.8 0.5 0.4 17 19.5 80.5 0.0 0.0 coarse sand
I-7 1.0 05 1.0 0.1 1.7 3.3 964 03 0.0 medium sand
I-1 2.1 1.3 1.9 0.5 1.7 0.0 926 3.6 0.7 fine sand
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Appendix A.2b (Cont...)

July 2001

Mean SD Median Skew- Kurtosis % % % % Sediment Type
Station Phi Phi Phi ness Coarse Sand Silt Clay (Folk 1968)
60 ft stations
I-35 3.4 1.6 35 -0.1 1.6 13.1 55.0 294 2.4 very fine sand
I-34 18 0.7 1.8 0.0 11 0.6 99.2 0.2 0.0 medium sand
I-31 3.2 0.7 3.2 0.2 1.2 0.0 90.8 8.0 1.2 very fine sand
[-23 1.0 0.8 0.7 0.6 31 1.3 97.8 0.9 0.0 medium sand
I-18 3.2 0.7 3.2 0.2 1.2 0.0 88.9 9.7 1.4 very fine sand
I-10 3.2 0.7 3.1 0.3 1.6 0.0 89.6 9.0 1.3 very fine sand
I-4 2.7 0.8 2.7 0.2 0.9 0.0 92.1 7.6 0.2 fine sand
90 ft stations
I-33 3.1 0.6 3.0 0.7 8.7 0.0 92.3 6.5 1.2 very fine sand
I-30 34 0.9 34 0.2 1.7 0.0 809 17.2 1.9 very fine sand
[-27 3.3 0.8 3.3 0.2 13 0.0 86.3 122 15 very fine sand
[-22 2.8 0.8 2.8 0.2 12 0.0 906 8.8 0.6 fine sand
I-14 3.2 0.9 3.2 0.2 13 0.0 85.3 131 1.6 very fine sand
I-15 15 0.6 14 0.1 1.0 0.0 99.4 0.6 0.0 medium sand
I-16 1.9 0.8 1.9 0.1 1.0 0.0 978 2.2 0.0 medium sand
I-12 2.3 1.0 2.3 0.0 11 0.0 946 54 0.0 fine sand
I-9 3.2 0.8 3.2 0.3 1.2 0.0 855 13.9 0.6 very fine sand
I-6 13 0.6 11 0.5 14 0.0 99.7 0.3 0.0 medium sand
-3 13 0.5 1.2 0.3 1.1 0.0 99.8 0.2 0.0 medium sand
120 ft stations
[-29 3.8 1.2 3.6 0.3 14 11 64.1 321 2.7 very fine sand
I-21 12 0.7 11 0.6 18 0.0 99.5 0.5 0.0 medium sand
I-13 15 0.6 15 0.2 1.0 0.0 994 05 0.0 medium sand
-8 14 0.7 14 0.3 15 0.0 97.2 2.7 0.0 medium sand
[-2 15 0.6 14 0.2 1.0 0.0 1000 0.0 0.0 medium sand
180 ft stations
[-28 4.2 1.7 3.6 0.6 13 0.0 616 322 6.2 coarse silt
I-20 0.8 0.7 0.8 0.1 1.0 10.1 89.9 0.0 0.0 coarse sand
I-7 1.0 0.8 1.0 0.1 1.6 7.8 92.2 0.0 0.0 medium sand
-1 2.8 1.0 2.7 0.4 1.9 0.0 905 85 0.9 fine sand
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Summary of demersal fish species captured during 2001 at SBOO stations. Data are number of fish collected (N)

and minimum, maximum, and mean length (cm).

LENGTH
Taxon/Species Common Name N Min Max Mean
RAJIFORMES
Rajidae
Raja inornata California skate 4 30 48 38
Urolophidae
Urolophus halleri round stingray 2 34 39 37
CLUPEIFORMES
Engraulidae
Engraulis mordax northern anchovy 359 6 12 8
AULOPIFORMES
Synodontidae
Synodus lucioceps California lizardfish 62 8 35 19
BATRACHOIDIFORMES
Batrachoididae
Porichthys myriaster specklefin midshipman 3 21 28 25
Porichthys notatus plainfin midshipman 6 6 20 10
SCORPAENIFORMES
Scorpaenidae
Scorpaena guttata California scorpionfish 54 13 29 20
Cottidae
Chitonotus pugetensis roughback sculpin 21 6 10 9
Icelinus quadriseriatus yellowchin sculpin 6 6 7 6
PERCIFORMES
Embiotocidae
Cymatogaster aggregata shiner perch 5 10 12 n
Serranidae
Paralabrax nebulifer barred sand bass 2 25 30 28
Sciaenidae
Genyonemus lineatus white croaker 127 8 26 16
Seriphus politus queenfish 5 9 17 15
Malacanthidae
Caulolatilus princeps ocean whitefish 3 3 5 4
Clinidae
Heterostichus rostratus giant kelpfish 2 12 13 13
Gobiidae
Lepidogobius lepidus bay goby 1 4 4 4
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LENGTH

Taxon/Species Common Name N Min Max Mean
PLEURONECTIFORMES (juv. unid. flatfish) 1 3 3 3
Paralichthyidae
Citharichthys stigmaeus speckled sanddab 570 3 i 8
Citharichthys xanthostigma longfin sanddab 141 5 2 14
Hippoglossina stomata bigmouth sole 5 17 PA] 19
Paralichthys californicus Cadliforniahalibut 3 24 49 A
Xystreurys liolepis fantail sole 10 19 A PA]
Pleuronectidae
Hypsopsetta guttulata diamond turbot 1 24 24 24
Pleuronectes vetulus English sole 15 7 2% 17
Pleuronichthys decurrens curlfinsole 5 16 19 18
Pleuronichthys ritteri spotted turbot K] u 19 16
Pleuronichthys verticalis hornyhead turbot 73 5 ) 16
Cynoglossidae
Symphurus atricauda Cdliforniatonguefish 2 n 17 %)

Taxonomic arrangement from Nelson 1994.
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Lengths and weights of fishes used in composite samples for April 2001.

STATION Rep Species N minlInth maxlInth avg Inth min wt  max wt avg wt
RF3 1 Vermilion rockfish 5 18 22 20 164.3 238.5 201.2
RF3 2 Ca. scorpionfish 3 17 30 25 153.4 800.0 567.8
RF3 3 Ca. scorpionfish 3 27 27 27 690.0 750.0 716.7
RF4 1 Ca. scorpionfish 3 20 25 23 247.8 580.2 426.4
RF4 2 Ca. scorpionfish 3 21 28 25 303.9 750.0 551.3
RF4 3 Ca. scorpionfish 3 22 27 25 368.1 625.0 534.4

SD15 1 Hornyhead turbot 7 15 19 17 96.7 196.9 141.0
SD16 1 Longfin sanddab 16 14 17 16 56.4 99.0 73.5
SD16 2 Hornyhead turbot 7 18 20 19 1715 210.4 181.8
SD16 3 Hornyhead turbot 8 16 24 18 98.7 321.8 152.7
SD17 1 Longfin sanddab 15 12 17 15 39.0 99.7 70.6
SD17 2 Longfin sanddab 19 12 17 14 28.6 88.7 52.6
SD17 3 Hornyhead turbot 6 17 21 19 132.1 335.0 190.0
SD18 1 Ca. scorpionfish 3 16 22 19 138.0 372.0 256.3
SD18 2 Longfin sanddab 10 15 19 17 67.3 138.4 92.4
SD18 3 Hornyhead turbot 7 15 21 18 99.7 268.3 164.6
SD19 1 Hornyhead turbot 4 17 24 20 1455 318.1 219.0
SD19 2 Longfin sanddab 9 13 17 15 39.3 115.8 65.8
SD19 3 Hornyhead turbot 7 15 19 17 95.1 175.1 124.6
SD20 1 Longfin sanddab 9 15 16 15 55.2 89.1 76.5
SD20 2 Longfin sanddab 11 14 16 15 56.6 83.0 69.7
SD20 3  Ca. scorpionfish 3 21 23 22 249.3 339.0 281.5
SD21 1 Ca. scorpionfish 3 17 25 21 167.1 553.4 382.7
SD21 2 Longfin sanddab 11 14 17 15 54.2 112.7 73.8
SD21 3 Longfin sanddab 18 12 15 14 34.8 72.3 52.5

Lengths and weights of fishes used in composite samples for October 2001.

RF3 1  Vermilion rockfish 3 22 23 22 307.8 326.5 318.5
RF3 2 Vermilion rockfish 3 21 24 22 251.3 370.4 294.6
RF3 3 Ca. scorpionfish 3 25 33 28 479.0 850.0 643.4
RF4 1 Ca. scorpionfish 3 data missing

RF4 2 Ca. scorpionfish 3 data missing

RF4 3 Ca. scorpionfish 3 data missing

SD15 1 Ca. scorpionfish 3 15 22 19 1325 371.0 262.5
SD15 2 Ca. scorpionfish 3 16 21 19 170.3 346.9 255.9
SD15 3 Ca. scorpionfish 3 15 25 19 98.0 474.1 227.0
SD16 1 Longfin sanddab 4 16 18 17 107.6 167.1 136.5
SD16 2 Ca. scorpionfish 3 17 24 20 230.1 422.2 307.1
SD16 3 Ca. scorpionfish 3 18 22 21 230.3 364.2 309.1
SD17 1 Hornyhead turbot 4 18 19 19 155.4 195.7 176.7
SD17 2 Ca. scorpionfish 3 18 25 21 155.4 507.3 301.7
SD17 3 Ca. scorpionfish 3 20 22 21 245.6 317.0 287.2
SD18 1 Hornyhead turbot 4 18 21 19 184.5 323.8 233.0
SD18 2 Ca. scorpionfish 3 19 22 21 308.0 363.2 342.3
SD18 3 Ca. scorpionfish 3 19 24 22 213.6 532.5 401.1
SD19 1 Longfin sanddab 4 16 18 18 89.1 127.7 111.7
SD19 2 Longfin sanddab 4 17 19 18 92.4 1325 119.0
SD19 3 Ca. scorpionfish 3 18 24 21 172.4 467.0 305.2
SD20 1 Longfin sanddab 6 14 17 16 65.3 137.2 89.6
SD20 2 Ca. scorpionfish 3 21 24 23 267.3 465.6 373.8
SD20 3 Ca. scorpionfish 3 17 31 22 155.2 610.0 327.9
SD21 1 Longfin sanddab 10 12 16 14 33.9 81.5 57.2
SD21 2 Ca. scorpionfish 3 18 23 20 52.1 368.0 176.7
SD21 3 Ca. scorpionfish 3 16 23 20 128.8 426.7 279.3



Analyzed constituents for fish tissue samples for April and October 2001.

Chlorinated Pesticides

Aldrin BHC, Delta isomer Heptachlor epoxide p,p-DDD

Alpha (cis) Chlordane BHC, Gamma isomer Hexachlorobenzene  p,p-DDE
Gamma (trans) Chlordane Cis Nonachlor Mirex p,p-DDT

Alpha Endosulfan Dieldrin 0,p-DDD Oxychlordane
Beta Endosulfan Endrin 0,p-DDE Trans Nonachlor
BHC, Alpha isomer Heptachlor 0,p-DDT Toxaphene

BHC, Beta isomer

Polycyclic Aromatic Hydrocarbons

1-methylnaphthalene Acenaphthene Benzo(e)pyrene Fluorene
1-methylphenanthrene Acenaphthylene Benzo(G,H,l)perylene Indeno(1,2,3-CD)pyrene
2,3,5-trimethylnaphthalene  Anthracene Benzo(K)fluoranthene Naphthalene
2,6-dimethylnaphthalene Benzo(A)anthracene Biphenyl Perylene
2-methylnaphthalene Dibenzo(A,H)anthracene Chrysene Phenanthrene
3,4-benzo(B)fluoranthene  Benzo(A)pyrene Fluoranthene Pyrene
Metals
Aluminum Chromium Manganese Silver
Antimony Copper Mercury Thallium
Arsenic Iron Nickel Tin
Beryllium Lead Selenium Zinc
Cadmium

PCB Congeners

PCB 18 PCB 81 PCB 126 PCB 169
PCB 28 PCB 87 PCB 128 PCB 170
PCB 37 PCB 99 PCB 138 PCB 177
PCB 44 PCB 101 PCB 149 PCB 180
PCB 49 PCB 105 PCB 151 PCB 183
PCB 52 PCB 110 PCB 153/168 PCB 187
PCB 66 PCB 114 PCB 156 PCB 189
PCB 70 PCB 118 PCB 157 PCB 194
PCB 74 PCB 119 PCB 158 PCB 201

PCB 77 PCB 123 PCB 167 PCB 206



April 2001

Station Rep Common Name  Tissue Parameter
RF3 1  Vermilion rockfish Muscle  Aluminum
RF3 1  Vermilion rockfish Muscle Copper
RF3 1  Vermilion rockfish Muscle Iron

RF3 1  Vermilion rockfish Muscle Lipids
RF3 1  Vermilion rockfish Muscle Mercury
RF3 1  Vermilion rockfish Muscle p,p-DDE
RF3 1  Vermilion rockfish Muscle PCB 101
RF3 1  Vermilion rockfish Muscle PCB 206
RF3 1  Vermilion rockfish Muscle Total Solids
RF3 1  Vermilion rockfish Muscle Zinc

RF3 2 Ca. scorpionfish Muscle  Aluminum
RF3 2 Ca. scorpionfish Muscle  Arsenic
RF3 2 Ca. scorpionfish Muscle  Copper
RF3 2  Ca. scorpionfish Muscle Iron

RF3 2  Ca. scorpionfish Muscle Lipids
RF3 2  Ca. scorpionfish Muscle  Mercury
RF3 2  Ca. scorpionfish Muscle p,p-DDE
RF3 2  Ca. scorpionfish Muscle PCB 101
RF3 2  Ca. scorpionfish Muscle PCB 105
RF3 2  Ca. scorpionfish Muscle PCB 114
RF3 2  Ca. scorpionfish Muscle PCB 118
RF3 2  Ca. scorpionfish Muscle PCB 123
RF3 2  Ca. scorpionfish Muscle PCB 126
RF3 2  Ca. scorpionfish Muscle PCB 128
RF3 2  Ca. scorpionfish Muscle PCB 138
RF3 2  Ca. scorpionfish Muscle PCB 151
RF3 2  Ca. scorpionfish Muscle PCB 153/168
RF3 2  Ca. scorpionfish Muscle PCB 156
RF3 2  Ca. scorpionfish Muscle PCB 158
RF3 2  Ca. scorpionfish Muscle PCB 167
RF3 2 Ca. scorpionfish Muscle PCB 170
RF3 2 Ca. scorpionfish Muscle PCB 177
RF3 2 Ca. scorpionfish Muscle PCB 180
RF3 2  Ca. scorpionfish Muscle PCB 187
RF3 2 Ca. scorpionfish Muscle PCB 189
RF3 2  Ca. scorpionfish Muscle PCB 194
RF3 2  Ca. scorpionfish Muscle PCB 206
RF3 2  Ca. scorpionfish Muscle PCB 28
RF3 2  Ca. scorpionfish Muscle PCB 37
RF3 2  Ca. scorpionfish Muscle PCB 44
RF3 2  Ca. scorpionfish Muscle PCB 52
RF3 2  Ca. scorpionfish Muscle PCB 66
RF3 2  Ca. scorpionfish Muscle PCB 70
RF3 2  Ca. scorpionfish Muscle PCB 74
RF3 2  Ca. scorpionfish Muscle PCB 77
RF3 2  Ca. scorpionfish Muscle PCB 99
RF3 2  Ca. scorpionfish Muscle  Selenium
RF3 2  Ca. scorpionfish Muscle Tin

RF3 2 Ca. scorpionfish Muscle Total Solids

Value

Units

MDL

10.4
6.36
4.7
0.15
0.0115
1.4
0.1E
0.2 E
20.3
3.33
8.8
12.7
8.86
4.8
0.38
0.0815
10
06 E
06 E
05 E
09 E
05 E
05 E
05 E
11E
03 E
1.8
05 E
03 E
0.2 E
06 E
03 E
08 E
05 E
04 E
04 E
05E
09 E
09 E
02 E
03 E
06 E
06 E
06 E
08 E
06 E
0.233
40.4
21.9

mg/kg
mg/kg
mg/kg
wt%
mg/kg
ug/kg
ug/kg
ug/kg
wt%
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
wt%
mg/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
mg/kg
mg/kg
wit%

2.6
0.76
13

0.012
1.33

0.4
0.58
2.6
14
0.76
13

0.012
1.33

1.33

0.17
4.6
0.4



Station Rep Common Name  Tissue Parameter Value Units MDL
RF3 2  Ca. scorpionfish Muscle  Zinc 4 mg/kg 0.58
RF3 3 Ca. scorpionfish Muscle Copper 2.32 mg/kg 0.76
RF3 3 Ca. scorpionfish Muscle Iron 35 mg/kg 1.3

RF3 3 Ca. scorpionfish Muscle Lipids 0.99 wt%

RF3 3 Ca. scorpionfish Muscle  Mercury 0.311 mg/kg 0.012
RF3 3 Ca. scorpionfish Muscle p,p-DDD 0.7 E ug/kg

RF3 3 Ca. scorpionfish Muscle p,p-DDE 35 ug/kg 1.33
RF3 3 Ca. scorpionfish Muscle p,p-DDT 0.3 E ug/kg

RF3 3 Ca. scorpionfish Muscle PCB 101 1 E ug/kg

RF3 3 Ca. scorpionfish Muscle PCB 105 0.5 E ug/kg

RF3 3 Ca. scorpionfish Muscle PCB 110 0.6 E ug/kg

RF3 3 Ca. scorpionfish Muscle PCB 118 1.8 ug/kg 1.33
RF3 3  Ca. scorpionfish Muscle PCB 128 0.3 E ug/kg

RF3 3 Ca. scorpionfish Muscle PCB 138 2.3 ug/kg 1.33
RF3 3  Ca. scorpionfish Muscle PCB 149 0.9 E ug/kg

RF3 3 Ca. scorpionfish Muscle PCB 151 0.4 E ug/kg

RF3 3 Ca. scorpionfish Muscle PCB 153/168 4.2 ug/kg 1.33
RF3 3 Ca. scorpionfish Muscle PCB 156 0.2 E ug/kg

RF3 3 Ca. scorpionfish Muscle PCB 170 0.6 E ug/kg

RF3 3 Ca. scorpionfish Muscle PCB 177 0.5 E ug/kg

RF3 3 Ca. scorpionfish Muscle PCB 180 1.8 ug/kg 1.33
RF3 3 Ca. scorpionfish Muscle PCB 183 0.6 E ug/kg

RF3 3 Ca. scorpionfish Muscle PCB 187 15 ug/lkg 1.33
RF3 3 Ca. scorpionfish Muscle PCB 194 0.4 E ug/kg

RF3 3 Ca. scorpionfish Muscle PCB 206 0.4 E ug/kg

RF3 3 Ca. scorpionfish Muscle PCB 66 0.2 E ug/kg

RF3 3 Ca. scorpionfish Muscle PCB 70 0.1 E ug/kg

RF3 3 Ca. scorpionfish Muscle PCB 74 0.2 E ug/kg

RF3 3 Ca. scorpionfish Muscle PCB 87 0.2 E ug/kg

RF3 3 Ca. scorpionfish Muscle PCB 99 1 E ug/kg

RF3 3 Ca. scorpionfish Muscle  Selenium 0.22 mg/kg  0.13
RF3 3 Ca. scorpionfish Muscle Total Solids 25.2 wit% 0.4

RF3 3 Ca. scorpionfish Muscle  Zinc 4.98 mg/kg  0.58
RF4 1 Ca. scorpionfish Muscle Copper 1.75 mg/kg 0.76
RF4 1 Ca. scorpionfish Muscle Iron 8 mg/kg 1.3

RF4 1 Ca. scorpionfish Muscle Lipids 0.82 wt%

RF4 1  Ca. scorpionfish Muscle  Mercury 0.069 mg/kg 0.012
RF4 1 Ca. scorpionfish Muscle p,p-DDD 0.5 E ug/kg

RF4 1  Ca. scorpionfish Muscle p,p-DDE 25 ug/lkg 1.33
RF4 1 Ca. scorpionfish Muscle p,p-DDT 0.2 E ug/kg

RF4 1  Ca. scorpionfish Muscle PCB 101 0.5 E ug/kg

RF4 1 Ca. scorpionfish Muscle PCB 105 0.2 E ug/kg

RF4 1 Ca. scorpionfish Muscle PCB 110 0.2 E ug/kg

RF4 1 Ca. scorpionfish Muscle PCB 118 0.5 E ug/kg

RF4 1 Ca. scorpionfish Muscle PCB 138 0.7 E ug/kg

RF4 1 Ca. scorpionfish Muscle PCB 149 0.4 E ug/kg

RF4 1 Ca. scorpionfish Muscle PCB 151 0.2 E ug/kg

RF4 1 Ca. scorpionfish Muscle PCB 153/168 1.4 ug/kg 1.33
RF4 1 Ca. scorpionfish Muscle PCB 177 0.2 E ug/kg

RF4 1 Ca. scorpionfish Muscle PCB 180 0.2 E ug/kg

RF4 1 Ca. scorpionfish Muscle PCB 187 0.4 E ug/kg



Station Rep Common Name  Tissue Parameter
RF4 1  Ca. scorpionfish Muscle PCB 206
RF4 1  Ca. scorpionfish Muscle PCB 52
RF4 1  Ca. scorpionfish Muscle PCB 66
RF4 1 Ca. scorpionfish Muscle PCB 74
RF4 1 Ca. scorpionfish Muscle PCB 99
RF4 1 Ca. scorpionfish Muscle  Selenium
RF4 1 Ca. scorpionfish Muscle Total Solids
RF4 1 Ca. scorpionfish Muscle Zinc

RF4 2  Ca. scorpionfish Muscle  Aluminum
RF4 2  Ca. scorpionfish Muscle Arsenic
RF4 2 Ca. scorpionfish Muscle  Copper
RF4 2  Ca. scorpionfish Muscle Lipids

RF4 2 Ca. scorpionfish Muscle  Mercury
RF4 2  Ca. scorpionfish Muscle p,p-DDD
RF4 2 Ca. scorpionfish Muscle p,p-DDE
RF4 2  Ca. scorpionfish Muscle p,p-DDT
RF4 2 Ca. scorpionfish Muscle PCB 101
RF4 2 Ca. scorpionfish Muscle PCB 118
RF4 2  Ca. scorpionfish Muscle PCB 138
RF4 2 Ca. scorpionfish Muscle PCB 153/168
RF4 2 Ca. scorpionfish Muscle PCB 180
RF4 2 Ca. scorpionfish Muscle PCB 187
RF4 2 Ca. scorpionfish Muscle PCB 194
RF4 2  Ca. scorpionfish Muscle PCB 206
RF4 2 Ca. scorpionfish Muscle  Selenium
RF4 2  Ca. scorpionfish Muscle Total Solids
RF4 2 Ca. scorpionfish Muscle  Zinc

RF4 3 Ca. scorpionfish Muscle  Aluminum
RF4 3  Ca. scorpionfish Muscle  Copper
RF4 3 Ca. scorpionfish Muscle Lipids

RF4 3 Ca. scorpionfish Muscle  Mercury
RF4 3 Ca. scorpionfish Muscle p,p-DDD
RF4 3 Ca. scorpionfish Muscle p,p-DDE
RF4 3 Ca. scorpionfish Muscle p,p-DDT
RF4 3 Ca. scorpionfish Muscle PCB 101
RF4 3 Ca. scorpionfish Muscle PCB 105
RF4 3 Ca. scorpionfish Muscle PCB 110
RF4 3 Ca. scorpionfish Muscle PCB 118
RF4 3 Ca. scorpionfish Muscle PCB 138
RF4 3 Ca. scorpionfish Muscle PCB 149
RF4 3 Ca. scorpionfish Muscle PCB 153/168
RF4 3 Ca. scorpionfish Muscle PCB 180
RF4 3 Ca. scorpionfish Muscle PCB 187
RF4 3 Ca. scorpionfish Muscle PCB 206
RF4 3 Ca. scorpionfish Muscle PCB 52
RF4 3 Ca. scorpionfish Muscle PCB 66
RF4 3 Ca. scorpionfish Muscle PCB 99
RF4 3 Ca. scorpionfish Muscle  Selenium
RF4 3 Ca. scorpionfish Muscle Total Solids
RF4 3 Ca. scorpionfish Muscle Zinc

SD15 1  Hornyhead turbot Liver Aluminum

Value Units MDL
0.2 E ug/kg
0.1 E ug/kg
0.2 E ug/kg
0.1 E ug/kg
0.3 E ug/kg
0.14 mg/kg  0.13
21.6 wit% 0.4
412 mg/kg 0.58
3.2 mg/kg 2.6
2.3 mg/kg 1.4
11.3 mg/kg 0.76
0.32 wit%
0.079 mg/kg 0.012
0.2 E ug/kg
11 ug/kg 1.33
0.2 E ug/kg
0.2 E ug/kg
0.4 E ug/kg
0.4 E ug/kg
1 E ug/kg
0.4 E ug/kg
0.4 E ug/kg
0.1 E ug/kg
0.3 E ug/kg
0.18 mg/kg 0.13
21.5 wit% 0.4
3.58 mg/kg  0.58
3.9 mg/kg 2.6
10.8 mg/kg 0.76
0.31 wit%
0.0835 mg/kg 0.012
0.45 ug/kg
16.5 ug/kg 1.33
0.3 ug/kg
0.4 E ug/kg
0.05 ug/kg  1.33
0.2 E ug/kg
0.55 ug/kg
0.35 ug/kg
0.15 ug’kg  1.33
0.8 E ug/kg
0.2 E ug/kg
0.3 ug/kg
0.2 E ug/kg
0.05 ug/lkg 1.33
0.1 E ug/kg
0.35 ug/kg
0.17 mg/kg 0.13
23 wit% 0.4
3.66 mg/kg 0.58
26.4 mg/kg 2.6



Station Rep Common Name  Tissue Parameter
SD15 1  Hornyhead turbot Liver Cadmium
SD15 1 Hornyhead turbot Liver Copper
SD15 1  Hornyhead turbot Liver Iron

SD15 1  Hornyhead turbot Liver Lipids
SD15 1  Hornyhead turbot Liver Manganese
SD15 1 Hornyhead turbot Liver Mercury
SD15 1  Hornyhead turbot Liver p,p-DDE
SD15 1 Hornyhead turbot Liver PCB 101
SD15 1 Hornyhead turbot Liver PCB 118
SD15 1  Hornyhead turbot Liver PCB 138
SD15 1 Hornyhead turbot Liver PCB 153/168
SD15 1 Hornyhead turbot Liver PCB 180
SD15 1  Hornyhead turbot Liver PCB 187
SD15 1  Hornyhead turbot Liver PCB 206
SD15 1  Hornyhead turbot Liver Selenium
SD15 1 Hornyhead turbot Liver Total Solids
SD15 1 Hornyhead turbot Liver Zinc

SD16 1 Londfinsanddab  Liver Alpha (cis) Chlordane
SD16 1 Longdfinsanddab  Liver Aluminum
SD16 1 Longfinsanddab  Liver Cadmium
SD16 1 Longdfin sanddab  Liver Copper
SD16 1 Longdfinsanddab  Liver Hexachlorobenzene
SD16 1 Longdfin sanddab  Liver Iron

SD16 1 Londfinsanddab  Liver Lipids
SD16 1 Longdfin sanddab  Liver Manganese
SD16 1 Longdfinsanddab  Liver Mercury
SD16 1 Longfin sanddab  Liver 0,p-DDE
SD16 1 Longdfinsanddab  Liver p,p-DDD
SD16 1 Longfin sanddab  Liver p,p-DDE
SD16 1 Longdfinsanddab  Liver p,p-DDT
SD16 1 Longfin sanddab  Liver PCB 101
SD16 1 Londfinsanddab  Liver PCB 105
SD16 1 Longdfin sanddab  Liver PCB 118
SD16 1 Londfinsanddab  Liver PCB 123
SD16 1 Longdfin sanddab  Liver PCB 128
SD16 1 Longdfinsanddab  Liver PCB 138
SD16 1 Longfin sanddab  Liver PCB 149
SD16 1 Longfinsanddab  Liver PCB 151
SD16 1 Longfin sanddab  Liver PCB 153/168
SD16 1 Longfinsanddab  Liver PCB 156
SD16 1 Longfin sanddab  Liver PCB 158
SD16 1 Longdfinsanddab  Liver PCB 167
SD16 1 Longdfin sanddab  Liver PCB 170
SD16 1 Londfinsanddab  Liver PCB 177
SD16 1 Longfin sanddab  Liver PCB 180
SD16 1 Londfinsanddab  Liver PCB 183
SD16 1 Longdfin sanddab  Liver PCB 187
SD16 1 Londfinsanddab  Liver PCB 194
SD16 1 Longdfin sanddab  Liver PCB 201
SD16 1 Londfinsanddab  Liver PCB 206
SD16 1 Longfin sanddab  Liver PCB 66

Value Units MDL
6.5 mg/kg 0.34
11.6 mg/kg 0.76
170 mg/kg 1.3
2.76 wit%
2.21 mg/kg 0.23
0.113 mg/kg 0.012
50 ug/kg 13.3
1.4 E ug/kg
1.3 E ug/kg
2.5 E ug/kg
5.8 E ug/kg
2.3 E ug/kg
3.2 E ug/kg
2.3 E ug/kg
0.6 mg/kg 0.13
22.2 wit% 0.4
43.5 mg/kg  0.58
5.2 E ug/kg
26.6 mg/kg 2.6
2.54 mg/kg 0.34
11.7 mg/kg 0.76
1.9 E ug/kg
185 mg/kg 13
15.3 wit%
15 mg/kg  0.23
0.112 mg/kg 0.012
13 E ug/kg
13 E ug/kg
1200 ug/lkg 13.3
15 ug/kg 13.3
9.3 E ug/kg
15 ug/kg 13.3
54 ug/lkg 13.3
45 E ug/kg
11 E ug/kg
110 ug/kg 13.3
7.7 E ug/kg
9.5 E ug/kg
160 ug/lkg 13.3
8.1 E ug/kg
6.4 E ug/kg
5.5 E ug/kg
32 ug/lkg 13.3
8.1 E ug/kg
57 ug/kg 13.3
18 ug/kg 13.3
71 ug/lkg 13.3
22 ug/kg 13.3
19 ug/lkg 13.3
12 E ug/kg
4.7 E ug/kg



Station Rep Common Name  Tissue Parameter Value Units MDL
SD16 1 Longdfin sanddab  Liver PCB 74 4.3 E ug/kg

SD16 1 Londfinsanddab  Liver PCB 99 28 ug/kg 13.3
SD16 1 Londfin sanddab  Liver Selenium 1.2 mg/kg 0.17
SD16 1 Londfinsanddab  Liver Total Solids 40 wit% 0.4
SD16 1 Longdfin sanddab  Liver Trans Nonachlor 11 E ug/kg

SD16 1 Londfinsanddab  Liver Zinc 28.5 mg/kg 0.58
SD16 2  Hornyhead turbot Liver Alpha (cis) Chlordane 4.3 E ug/kg

SD16 2  Hornyhead turbot Liver Aluminum 11.9 mg/kg 2.6
SD16 2  Hornyhead turbot  Liver Cadmium 8.43 mg/kg 0.34
SD16 2  Hornyhead turbot Liver Copper 9.49 mg/kg 0.76
SD16 2  Hornyhead turbot Liver Hexachlorobenzene 0.9 E ug/kg

SD16 2  Hornyhead turbot Liver Iron 65.5 mg/kg 1.3
SD16 2 Hornyhead turbot Liver Lipids 2.69 wit%

SD16 2  Hornyhead turbot Liver Manganese 1.94 mg/kg 0.23
SD16 2  Hornyhead turbot  Liver Mercury 0.172 mg/kg 0.012
SD16 2  Hornyhead turbot  Liver 0,p-DDE 17 ug/kg 13.3
SD16 2 Hornyhead turbot  Liver p,p-DDD 7.7 E ug/kg

SD16 2  Hornyhead turbot  Liver p,p-DDE 720 ug/kg 13.3
SD16 2  Hornyhead turbot  Liver p,p-DDT 6.6 E ug/kg

SD16 2  Hornyhead turbot Liver PCB 101 6.6 E ug/kg

SD16 2 Hornyhead turbot  Liver PCB 105 4.3 E ug/kg

SD16 2 Hornyhead turbot  Liver PCB 118 24 ug/kg 13.3
SD16 2 Hornyhead turbot  Liver PCB 128 3.6 E ug/kg

SD16 2 Hornyhead turbot  Liver PCB 138 46 ug/kg 13.3
SD16 2 Hornyhead turbot  Liver PCB 149 49 E ug/kg

SD16 2 Hornyhead turbot  Liver PCB 151 4.1 E ug/kg

SD16 2 Hornyhead turbot  Liver PCB 153/168 66 ug/lkg 13.3
SD16 2 Hornyhead turbot  Liver PCB 156 3.7 E ug/kg

SD16 2 Hornyhead turbot  Liver PCB 158 3.1 E ug/kg

SD16 2 Hornyhead turbot Liver PCB 170 16 ug/kg 13.3
SD16 2 Hornyhead turbot  Liver PCB 177 2.4 E ug/kg

SD16 2 Hornyhead turbot Liver PCB 180 24 ug/kg 13.3
SD16 2 Hornyhead turbot  Liver PCB 183 7.9 E ug/kg

SD16 2 Hornyhead turbot Liver PCB 187 29 ug/kg 13.3
SD16 2 Hornyhead turbot  Liver PCB 194 9.8 E ug/kg

SD16 2 Hornyhead turbot  Liver PCB 201 9.8 E ug/kg

SD16 2 Hornyhead turbot  Liver PCB 206 6.8 E ug/kg

SD16 2 Hornyhead turbot  Liver PCB 66 29 E ug/kg

SD16 2 Hornyhead turbot  Liver PCB 70 1 E ug/kg

SD16 2 Hornyhead turbot  Liver PCB 74 2.5 E ug/kg

SD16 2 Hornyhead turbot  Liver PCB 99 15 ug/lkg 13.3
SD16 2 Hornyhead turbot  Liver Selenium 0.66 mg/kg 0.13
SD16 2 Hornyhead turbot  Liver Total Solids 231 wt% 0.4
SD16 2 Hornyhead turbot  Liver Trans Nonachlor 5.6 E ug/kg

SD16 2 Hornyhead turbot  Liver Zinc 37.5 mg/kg 0.58
SD16 3 Hornyhead turbot  Liver Aluminum 10.9 mg/kg 2.6
SD16 3 Hornyhead turbot  Liver Cadmium 8.68 mg/kg 0.34
SD16 3 Hornyhead turbot  Liver Copper 9.43 mg/kg 0.76
SD16 3 Hornyhead turbot  Liver Iron 69.4 mg/kg 13
SD16 3 Hornyhead turbot  Liver Lipids 2.74 wit%

SD16 3 Hornyhead turbot  Liver Manganese 1.91 mg/kg  0.23



Station Rep Common Name  Tissue Parameter
SD16 3 Hornyhead turbot  Liver Mercury
SD16 3 Hornyhead turbot  Liver p,p-DDD
SD16 3 Hornyhead turbot  Liver p,p-DDE
SD16 3 Hornyhead turbot  Liver PCB 101
SD16 3 Hornyhead turbot  Liver PCB 118
SD16 3 Hornyhead turbot  Liver PCB 138
SD16 3 Hornyhead turbot  Liver PCB 153/168
SD16 3 Hornyhead turbot  Liver PCB 180
SD16 3 Hornyhead turbot  Liver PCB 187
SD16 3 Hornyhead turbot  Liver PCB 194
SD16 3 Hornyhead turbot  Liver PCB 206
SD16 3 Hornyhead turbot  Liver PCB 28
SD16 3 Hornyhead turbot  Liver PCB 66
SD16 3 Hornyhead turbot  Liver PCB 74
SD16 3 Hornyhead turbot  Liver PCB 99
SD16 3 Hornyhead turbot  Liver Selenium
SD16 3 Hornyhead turbot  Liver Total Solids
SD16 3 Hornyhead turbot  Liver Zinc

SD17 1 Longdfin sanddab  Liver Aluminum
SD17 1 Longfinsanddab  Liver Arsenic
SD17 1 Longdfin sanddab  Liver Cadmium
SD17 1 Londfinsanddab  Liver Copper
SD17 1 Longdfin sanddab  Liver Hexachlorobenzene
SD17 1 Londfinsanddab  Liver Iron

SD17 1 Longdfin sanddab  Liver Lipids
SD17 1 Longdfinsanddab  Liver Manganese
SD17 1 Longdfin sanddab  Liver Mercury
SD17 1 Longdfinsanddab  Liver 0,p-DDE
SD17 1 Longfin sanddab  Liver p,p-DDD
SD17 1 Londfinsanddab  Liver p,p-DDE
SD17 1 Longfin sanddab  Liver p,p-DDT
SD17 1 Londfinsanddab  Liver PCB 101
SD17 1 Longdfin sanddab  Liver PCB 105
SD17 1 Londfinsanddab  Liver PCB 118
SD17 1 Longdfin sanddab  Liver PCB 123
SD17 1 Londfinsanddab  Liver PCB 128
SD17 1 Longfin sanddab  Liver PCB 138
SD17 1 Longdfinsanddab  Liver PCB 149
SD17 1 Longfin sanddab  Liver PCB 151
SD17 1 Londfinsanddab  Liver PCB 153/168
SD17 1 Longfin sanddab  Liver PCB 156
SD17 1 Londfinsanddab  Liver PCB 157
SD17 1 Longfin sanddab  Liver PCB 158
SD17 1 Londfinsanddab  Liver PCB 167
SD17 1 Longfin sanddab  Liver PCB 170
SD17 1 Londfinsanddab  Liver PCB 177
SD17 1 Longfin sanddab  Liver PCB 180
SD17 1 Londfinsanddab  Liver PCB 183
SD17 1 Longfin sanddab  Liver PCB 187
SD17 1 Londfinsanddab  Liver PCB 194
SD17 1 Longfin sanddab  Liver PCB 201

Value Units MDL
0.099 mg/kg 0.012
0.6 E ug/kg
91 ug/kg 13.3
2.2 E ug/kg
3.7 E ug/kg
6.2 E ug/kg
10.2 E ug/kg
5 E ug/kg
3.6 E ug/kg
1.6 E ug/kg
3.7 E ug/kg
1.2 E ug/kg
0.9 E ug/kg
0.9 E ug/kg
3.2 E ug/kg
0.7 mg/kg 0.13
23.2 wt% 0.4
38.9 mg/kg 0.58
17 mg/kg 2.6
3.4 mg/kg 1.4
3.71 mg/kg 0.34
12.9 mg/kg 0.76
1.2 E ug/kg
209 mg/kg 1.3
9.45 wt%
1.58 mg/kg 0.23
0.12 mg/kg 0.012
250 ug/kg 13.3
6.8 E ug/kg
6790 ug/kg 13.3
26 ug/lkg 13.3
13 E ug/kg
31 ug/lkg 13.3
110 ug/kg  13.3
8.4 E ug/kg
17 ug/kg 13.3
150 ug/lkg 13.3
5.9 E ug/kg
11 E ug/kg
166 ug/kg 13.3
11 E ug/kg
3.2 E ug/kg
11 E ug/kg
6.4 E ug/kg
30 ug/kg 13.3
4.3 E ug/kg
64 ug/lkg 13.3
18 ug/kg 13.3
66 ug/kg 13.3
27 ug/kg 13.3
16 ug/lkg 13.3



Station Rep Common Name  Tissue Parameter
SD17 1 Longdfin sanddab  Liver PCB 206
SD17 1 Londfinsanddab  Liver PCB 28
SD17 1 Longdfinsanddab  Liver PCB 66
SD17 1 Londfinsanddab  Liver PCB 74
SD17 1 Longdfin sanddab  Liver PCB 87
SD17 1 Londfinsanddab  Liver PCB 99
SD17 1 Longdfin sanddab  Liver Selenium
SD17 1 Londfinsanddab  Liver Total Solids
SD17 1 Longfin sanddab  Liver Trans Nonachlor
SD17 1 Londfinsanddab  Liver Zinc

SD17 2 Longdfin sanddab  Liver Aluminum
SD17 2 Longfinsanddab  Liver Arsenic
SD17 2 Longfinsanddab  Liver Cadmium
SD17 2 Longfinsanddab  Liver Copper
SD17 2 Longdfinsanddab  Liver Iron

SD17 2 Longfinsanddab  Liver Lipids
SD17 2 Longfin sanddab  Liver Manganese
SD17 2 Longdfinsanddab  Liver Mercury
SD17 2 Longdfin sanddab  Liver o,p-DDE
SD17 2 Longdfinsanddab  Liver p,p-DDD
SD17 2 Longdfin sanddab  Liver p,p-DDE
SD17 2 Longdfinsanddab  Liver p,p-DDT
SD17 2 Longdfin sanddab  Liver PCB 101
SD17 2 Longdfinsanddab  Liver PCB 105
SD17 2 Longdfin sanddab  Liver PCB 118
SD17 2 Longfinsanddab  Liver PCB 128
SD17 2 Longdfin sanddab  Liver PCB 138
SD17 2 Longfinsanddab  Liver PCB 149
SD17 2 Longdfin sanddab  Liver PCB 151
SD17 2 Longfinsanddab  Liver PCB 153/168
SD17 2 Longdfin sanddab  Liver PCB 156
SD17 2 Longdfinsanddab  Liver PCB 158
SD17 2  Longfin sanddab  Liver PCB 170
SD17 2 Longfinsanddab  Liver PCB 177
SD17 2  Longfin sanddab  Liver PCB 180
SD17 2 Longdfinsanddab  Liver PCB 183
SD17 2  Longfin sanddab  Liver PCB 187
SD17 2 Longdfinsanddab  Liver PCB 194
SD17 2  Longdfin sanddab  Liver PCB 201
SD17 2 Longdfinsanddab  Liver PCB 206
SD17 2  Longfin sanddab  Liver PCB 66
SD17 2 Longdfinsanddab  Liver PCB 74
SD17 2  Longfin sanddab  Liver PCB 99
SD17 2 Longfinsanddab  Liver Selenium
SD17 2  Longfin sanddab  Liver Total Solids
SD17 2 Longfinsanddab  Liver Zinc

SD17 3 Hornyhead turbot  Liver Aluminum
SD17 3  Hornyhead turbot  Liver Arsenic
SD17 3 Hornyhead turbot  Liver Cadmium
SD17 3 Hornyhead turbot  Liver Copper
SD17 3 Hornyhead turbot  Liver Iron

Value Units MDL
15 ug/kg 13.3
1.8 E ug/kg
16 ug/kg 13.3
17 ug/kg 13.3

1 E ugkg
59 ug/kg 13.3
1.93 mg/kg  0.43
36.8 wit% 0.4

7.2 E ug/kg
31 mg/kg 0.58
14.7 mg/kg 2.6
2.4 mg/kg 1.4
2.75 mg/kg 0.34
15.3 mg/kg 0.76
190 mg/kg 1.3

5.81 wit%
1.95 mg/kg 0.23

0.119 mg/kg 0.012
3.9 E ug/kg
2.5 E ug/kg

330 ug/kg 13.3
49 E ug/kg

2.7 E ug/kg

2.4 E ug/kg

17 ug/lkg 13.3
3.3 E ug/kg

31 ug/lkg 13.3
2.5 E ug/kg

3.5 E ug/kg

50 ug/kg 13.3
3.7 E ug/kg

2.1 E ug/kg

7.8 E ug/kg

1.4 E ug/kg

18 ug/lkg 13.3
49 E ug/kg

20 ug/lkg 13.3
8.6 E ug/kg

4.8 E ug/kg

7.1 E ug/kg

15 E ug/kg

1.2 E ug/kg

9.4 E ug/kg
1.67 mg/kg  0.43
28.5 wt% 0.4
30.5 mg/kg 0.58
10.9 mg/kg 2.6
5.9 mg/kg 1.4
7.8 mg/kg 0.34
10.3 mg/kg 0.76
89.7 mg/kg 13



Station Rep Common Name  Tissue Parameter
SD17 3 Hornyhead turbot  Liver Lipids
SD17 3 Hornyhead turbot  Liver Manganese
SD17 3 Hornyhead turbot  Liver Mercury
SD17 3 Hornyhead turbot  Liver o,p-DDE
SD17 3 Hornyhead turbot  Liver p,p-DDD
SD17 3 Hornyhead turbot  Liver p,p-DDE
SD17 3 Hornyhead turbot  Liver PCB 101
SD17 3 Hornyhead turbot  Liver PCB 118
SD17 3 Hornyhead turbot  Liver PCB 138
SD17 3 Hornyhead turbot  Liver PCB 153/168
SD17 3 Hornyhead turbot  Liver PCB 180
SD17 3 Hornyhead turbot  Liver PCB 183
SD17 3 Hornyhead turbot  Liver PCB 206
SD17 3 Hornyhead turbot  Liver PCB 99
SD17 3 Hornyhead turbot  Liver Selenium
SD17 3 Hornyhead turbot  Liver Total Solids
SD17 3 Hornyhead turbot  Liver Zinc

SD18 1 Ca. scorpionfish Liver Aluminum
SD18 1  Ca. scorpionfish Liver Cadmium
SD18 1  Ca. scorpionfish Liver Copper
SD18 1  Ca. scorpionfish Liver Hexachlorobenzene
SD18 1  Ca. scorpionfish Liver Iron

SD18 1  Ca. scorpionfish Liver Lipids
SD18 1  Ca. scorpionfish Liver Manganese
SD18 1  Ca. scorpionfish Liver Mercury
SD18 1 Ca. scorpionfish Liver p,p-DDD
SD18 1  Ca. scorpionfish Liver p,p-DDE
SD18 1 Ca. scorpionfish Liver p,p-DDT
SD18 1  Ca. scorpionfish Liver PCB 101
SD18 1 Ca. scorpionfish Liver PCB 105
SD18 1  Ca. scorpionfish Liver PCB 110
SD18 1 Ca. scorpionfish Liver PCB 118
SD18 1  Ca. scorpionfish Liver PCB 123
SD18 1 Ca. scorpionfish Liver PCB 128
SD18 1  Ca. scorpionfish Liver PCB 138
SD18 1 Ca. scorpionfish Liver PCB 149
SD18 1  Ca. scorpionfish Liver PCB 151
SD18 1 Ca. scorpionfish Liver PCB 153/168
SD18 1  Ca. scorpionfish Liver PCB 156
SD18 1 Ca. scorpionfish Liver PCB 158
SD18 1  Ca. scorpionfish Liver PCB 167
SD18 1 Ca. scorpionfish Liver PCB 170
SD18 1  Ca. scorpionfish Liver PCB 177
SD18 1 Ca. scorpionfish Liver PCB 180
SD18 1  Ca. scorpionfish Liver PCB 183
SD18 1 Ca. scorpionfish Liver PCB 187
SD18 1  Ca. scorpionfish Liver PCB 194
SD18 1 Ca. scorpionfish Liver PCB 206
SD18 1  Ca. scorpionfish Liver PCB 66
SD18 1 Ca. scorpionfish Liver PCB 74
SD18 1  Ca. scorpionfish Liver PCB 87

Value

Units

MDL

3.09
11
0.126
18 E
18 E
120
25E
48 E
8.1E
134
54 E
12 E
43 E
33 E
1.23
24.2
40.7
9.6
2.74
28.8
11E
261
111
0.47
0.122
9.7E
450
43 E
20
11 E
12 E
59
49 E
15
83
8.7E
6.6 E
114
6.5 E
49 E
33E
18
5.1E
38
13 E
47
11 E
7.7 E
7.7 E
54 E
22 E

wt%
mg/kg
mg/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
mg/kg

wt%
mg/kg
mg/kg
mg/kg
mg/kg
ug/kg
mg/kg

wt%
mg/kg
mg/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg

0.23
0.012

13.3

13.3

0.43
0.4
0.58
2.6
0.34
0.76
13

0.23
0.012

13.3

13.3

13.3
13.3
13.3

13.3

13.3

13.3

13.3



Station Rep Common Name  Tissue Parameter
SD18 1  Ca. scorpionfish Liver PCB 99
SD18 1  Ca. scorpionfish Liver Selenium
SD18 1  Ca. scorpionfish Liver Total Solids
SD18 1  Ca. scorpionfish Liver Trans Nonachlor
SD18 1  Ca. scorpionfish Liver Zinc

SD18 2 Longfinsanddab  Liver Aluminum
SD18 2 Longfin sanddab  Liver Arsenic
SD18 2 Longfinsanddab  Liver Cadmium
SD18 2 Longfinsanddab  Liver Copper
SD18 2 Longfinsanddab  Liver Hexachlorobenzene
SD18 2 Longfin sanddab  Liver Iron

SD18 2 Longfinsanddab  Liver Lipids
SD18 2 Longfinsanddab  Liver Manganese
SD18 2 Longfinsanddab  Liver Mercury
SD18 2 Longfin sanddab  Liver 0,p-DDE
SD18 2 Longfinsanddab  Liver p,p-DDD
SD18 2  Longdfin sanddab  Liver p,p-DDE
SD18 2 Longdfinsanddab  Liver p,p-DDT
SD18 2 Longdfin sanddab  Liver PCB 101
SD18 2 Longdfinsanddab  Liver PCB 105
SD18 2 Longdfin sanddab  Liver PCB 110
SD18 2 Longdfinsanddab  Liver PCB 118
SD18 2 Longdfin sanddab  Liver PCB 123
SD18 2 Longdfinsanddab  Liver PCB 128
SD18 2 Longdfin sanddab  Liver PCB 138
SD18 2 Longfinsanddab  Liver PCB 149
SD18 2 Longdfin sanddab  Liver PCB 151
SD18 2 Longdfinsanddab  Liver PCB 153/168
SD18 2 Longdfin sanddab  Liver PCB 156
SD18 2 Longfinsanddab  Liver PCB 158
SD18 2  Longfin sanddab  Liver PCB 167
SD18 2 Longfinsanddab  Liver PCB 170
SD18 2  Longfin sanddab  Liver PCB 177
SD18 2 Longfinsanddab  Liver PCB 180
SD18 2  Longfin sanddab  Liver PCB 183
SD18 2 Longfinsanddab  Liver PCB 187
SD18 2  Longdfin sanddab  Liver PCB 194
SD18 2 Longdfinsanddab  Liver PCB 201
SD18 2  Longfin sanddab  Liver PCB 206
SD18 2 Longdfinsanddab  Liver PCB 28
SD18 2  Longfin sanddab  Liver PCB 37
SD18 2 Longdfinsanddab  Liver PCB 49
SD18 2  Longfin sanddab  Liver PCB 66
SD18 2 Longfinsanddab  Liver PCB 70
SD18 2  Longfin sanddab  Liver PCB 74
SD18 2 Longfinsanddab  Liver PCB 99
SD18 2 Longdfinsanddab  Liver Selenium
SD18 2 Longfinsanddab  Liver Total Solids
SD18 2 Longfin sanddab  Liver Trans Nonachlor
SD18 2 Longfinsanddab  Liver Zinc

SD18 3 Hornyhead turbot  Liver Aluminum

Value Units MDL
32 ug/kg 13.3
0.86 mg/kg 0.13
29.2 wit% 0.4
9.3 E ug/kg
118 mg/kg 0.58
18.8 mg/kg 2.6
3.7 mg/kg 1.4
3.26 mg/kg 0.34
12.2 mg/kg 0.76
1.5 E ug/kg
152 mg/kg 1.3
12.2 wit%
2.17 mg/kg 0.23
0.095 mg/kg 0.012
9.4 E ug/kg
6.9 E ug/kg
710 ug/kg 13.3
11 E ug/kg
7.5 E ug/kg
6.6 E ug/kg
5.8 E ug/kg
31 ug/kg 13.3
2.7 E ug/kg
6.8 E ug/kg
56 ug/lkg 13.3
7 E ug/kg
5.6 E ug/kg
78 ug/kg 13.3
5 E ug/kg
3.9 E ug/kg
2.2 E ug/kg
18 ug/kg 13.3
4 E ug/kg
28 ug/kg 13.3
9.8 E ug/kg
39 ug/kg 13.3
12 E ug/kg
12 E ug/kg
7.5 E ug/kg
2.6 E ug/kg
15 E ug/kg
1.8 E ug/kg
4.7 E ug/kg
2.1 E ug/kg
3.2 E ug/kg
17 ug/kg 13.3
0.94 mg/kg 0.13
30.7 wit% 0.4
6.4 E ug/kg
28.2 mg/kg 0.58
14.5 mg/kg 2.6



Station Rep Common Name  Tissue Parameter
SD18 3 Hornyhead turbot  Liver Cadmium
SD18 3 Hornyhead turbot  Liver Copper
SD18 3 Hornyhead turbot  Liver Hexachlorobenzene
SD18 3 Hornyhead turbot  Liver Iron

SD18 3 Hornyhead turbot  Liver Lipids
SD18 3 Hornyhead turbot  Liver Manganese
SD18 3 Hornyhead turbot  Liver Mercury
SD18 3 Hornyhead turbot  Liver p,p-DDD
SD18 3 Hornyhead turbot  Liver p,p-DDE
SD18 3 Hornyhead turbot  Liver p,p-DDT
SD18 3 Hornyhead turbot  Liver PCB 101
SD18 3 Hornyhead turbot  Liver PCB 105
SD18 3 Hornyhead turbot  Liver PCB 110
SD18 3 Hornyhead turbot  Liver PCB 118
SD18 3 Hornyhead turbot  Liver PCB 119
SD18 3 Hornyhead turbot  Liver PCB 128
SD18 3 Hornyhead turbot  Liver PCB 138
SD18 3 Hornyhead turbot  Liver PCB 149
SD18 3 Hornyhead turbot  Liver PCB 151
SD18 3 Hornyhead turbot  Liver PCB 153/168
SD18 3 Hornyhead turbot  Liver PCB 156
SD18 3 Hornyhead turbot  Liver PCB 157
SD18 3 Hornyhead turbot  Liver PCB 158
SD18 3 Hornyhead turbot Liver PCB 170
SD18 3 Hornyhead turbot  Liver PCB 177
SD18 3 Hornyhead turbot Liver PCB 180
SD18 3 Hornyhead turbot  Liver PCB 183
SD18 3 Hornyhead turbot Liver PCB 187
SD18 3 Hornyhead turbot  Liver PCB 194
SD18 3 Hornyhead turbot  Liver PCB 206
SD18 3 Hornyhead turbot  Liver PCB 28
SD18 3 Hornyhead turbot  Liver PCB 37
SD18 3 Hornyhead turbot  Liver PCB 66
SD18 3 Hornyhead turbot  Liver PCB 70
SD18 3 Hornyhead turbot  Liver PCB 74
SD18 3 Hornyhead turbot  Liver PCB 87
SD18 3 Hornyhead turbot  Liver PCB 99
SD18 3 Hornyhead turbot  Liver Selenium
SD18 3 Hornyhead turbot  Liver Total Solids
SD18 3 Hornyhead turbot  Liver Zinc

SD19 1 Hornyhead turbot Liver Aluminum
SD19 1  Hornyhead turbot Liver Cadmium
SD19 1 Hornyhead turbot Liver Copper
SD19 1 Hornyhead turbot Liver Iron

SD19 1 Hornyhead turbot Liver Lipids
SD19 1 Hornyhead turbot Liver Manganese
SD19 1  Hornyhead turbot Liver Mercury
SD19 1 Hornyhead turbot Liver p,p-DDE
SD19 1 Hornyhead turbot  Liver PCB 101
SD19 1 Hornyhead turbot Liver PCB 118
SD19 1 Hornyhead turbot  Liver PCB 138

Value Units MDL
6.59 mg/kg 0.34
12.3 mg/kg 0.76
0.35 ug/kg 13.3
86.5 mg/kg 1.3
3.96 wit%

1.32 mg/kg  0.23

0.0935 mg/kg 0.012
3.55 ug/kg
195 ug/kg 13.3

1.5 E ug/kg
3.6 ug/kg
1.4 ug/kg 13.3
1.35 ug/kg 13.3
6.15 ug/kg
1.3 ug/kg 13.3
0.95 ug/kg 13.3
9.9 ug/kg
2.15 ug/kg 13.3
0.9 ug/kg 13.3
18 ug/kg 13.3
1.55 ug/kg 13.3
1.4 ug/kg 13.3
1.2 ug/lkg 13.3
5.85 ug/kg
1.25 ug/lkg 13.3
11 E ug/kg
3.5 ug/kg
8.45 ug/kg
4.55 ug/kg
5.9 ug/kg
15 ug/lkg 13.3
1.45 ug’kg 133
1.85 ug/kg
1.2 ug/kg 13.3
1.95 ug/kg
1 ug/kg 13.3
4.6 ug/kg
0.78 mg/kg 0.13
23.2 wit% 0.4
40.5 mg/kg 0.58
8.7 mg/kg 2.6
8.1 mg/kg 0.34
20.4 mg/kg 0.76
50.3 mg/kg 1.3
2.78 wit%
2.6 mg/kg  0.23
0.105 mg/kg 0.012
59 ug/kg 13.3
1.6 E ug/kg
2.6 E ug/kg
3.2 E ug/kg



Station Rep Common Name  Tissue Parameter
SD19 1  Hornyhead turbot Liver PCB 153/168
SD19 1  Hornyhead turbot Liver PCB 180
SD19 1  Hornyhead turbot Liver PCB 183
SD19 1  Hornyhead turbot Liver PCB 187
SD19 1 Hornyhead turbot Liver PCB 194
SD19 1  Hornyhead turbot Liver PCB 206
SD19 1  Hornyhead turbot Liver Selenium
SD19 1  Hornyhead turbot Liver Total Solids
SD19 1  Hornyhead turbot Liver Zinc

SD19 2 Longdfinsanddab  Liver Aluminum
SD19 2 Longdfin sanddab  Liver Cadmium
SD19 2 Longdfinsanddab  Liver Copper
SD19 2 Longdfinsanddab  Liver Hexachlorobenzene
SD19 2 Longdfinsanddab  Liver Iron

SD19 2 Longdfinsanddab  Liver Lipids
SD19 2 Longfinsanddab  Liver Manganese
SD19 2 Longfin sanddab  Liver Mercury
SD19 2 Longfinsanddab  Liver o,p-DDE
SD19 2 Longdfin sanddab  Liver p,p-DDD
SD19 2 Longdfinsanddab  Liver p,p-DDE
SD19 2 Longdfin sanddab  Liver p,p-DDT
SD19 2 Longdfinsanddab  Liver PCB 101
SD19 2 Longdfin sanddab  Liver PCB 105
SD19 2 Longdfinsanddab  Liver PCB 110
SD19 2 Longdfin sanddab  Liver PCB 118
SD19 2 Longfinsanddab  Liver PCB 128
SD19 2 Longdfinsanddab  Liver PCB 138
SD19 2 Longfinsanddab  Liver PCB 149
SD19 2 Longdfin sanddab  Liver PCB 151
SD19 2 Longfinsanddab  Liver PCB 153/168
SD19 2 Longdfin sanddab  Liver PCB 156
SD19 2 Longdfinsanddab  Liver PCB 158
SD19 2  Longfin sanddab  Liver PCB 167
SD19 2 Longdfinsanddab  Liver PCB 170
SD19 2  Longfin sanddab  Liver PCB 177
SD19 2 Longfinsanddab  Liver PCB 180
SD19 2  Longdfin sanddab  Liver PCB 183
SD19 2 Longdfinsanddab  Liver PCB 187
SD19 2  Longfin sanddab  Liver PCB 194
SD19 2 Longfinsanddab  Liver PCB 201
SD19 2  Longfin sanddab  Liver PCB 206
SD19 2 Longfinsanddab  Liver PCB 28
SD19 2  Longfin sanddab  Liver PCB 66
SD19 2 Longfinsanddab  Liver PCB 74
SD19 2  Longfin sanddab  Liver PCB 99
SD19 2 Longfinsanddab  Liver Selenium
SD19 2  Longfin sanddab  Liver Total Solids
SD19 2 Longfinsanddab  Liver Zinc

SD19 3 Hornyhead turbot  Liver Aluminum
SD19 3 Hornyhead turbot  Liver Cadmium
SD19 3 Hornyhead turbot  Liver Copper

Value Units MDL
6.2 E ug/kg
3.4 E ug/kg
0.9 E ug/kg
3.6 E ug/kg
1 E ug/kg
4.1 E ug/kg
0.4 mg/kg 0.13
21.7 wit% 0.4
34.8 mg/kg 0.58
37.6 mg/kg 2.6
2.75 mg/kg 0.34
18 mg/kg 0.76
15 E ug/kg
143 mg/kg 1.3
12 wit%
2.79 mg/kg  0.23
0.113 mg/kg 0.012
7 E ugl/kg
5.4 E ug/kg
490 ug’kg 13.3
6.1 E ug/kg
6.2 E ug/kg
8.8 E ug/kg
5.9 E ug/kg
32 ug/lkg 13.3
6.9 E ug/kg
67 ug/lkg 13.3
6.1 E ug/kg
6.2 E ug/kg
92 ug/kg 13.3
5.7 E ug/kg
4.2 E ug/kg
3.2 E ug/kg
19 ug/kg 13.3
5.7 E ug/kg
43 ug/kg 13.3
13 E ug/kg
45 ug/kg 13.3
19 ug/lkg 13.3
11 E ug/kg
12 E ug/kg
0.9 E ug/kg
2.8 E ug/kg
2.7 E ug/kg
17 ug/lkg 13.3
0.97 mg/kg 0.13
32.9 wit% 0.4
28.9 mg/kg 0.58
16.8 mg/kg 2.6
7.56 mg/kg 0.34
10.8 mg/kg 0.76



Station Rep Common Name  Tissue Parameter Value Units MDL
SD19 3 Hornyhead turbot  Liver Iron 136 mg/kg 1.3
SD19 3 Hornyhead turbot  Liver Lipids 3.32 wt%

SD19 3 Hornyhead turbot  Liver Manganese 1.18 mg/kg 0.23
SD19 3 Hornyhead turbot  Liver Mercury 0.135 mg/kg 0.012
SD19 3 Hornyhead turbot  Liver 0,p-DDE 39 ug/kg 13.3
SD19 3 Hornyhead turbot  Liver p,p-DDD 12 E ug/kg

SD19 3 Hornyhead turbot  Liver p,p-DDE 540 ug/kg 13.3
SD19 3 Hornyhead turbot  Liver p,p-DDT 1.9 E ug/kg

SD19 3 Hornyhead turbot  Liver PCB 101 7.2 E ug/kg

SD19 3 Hornyhead turbot  Liver PCB 105 2.2 E ug/kg

SD19 3 Hornyhead turbot  Liver PCB 110 15 E ug/kg

SD19 3 Hornyhead turbot  Liver PCB 118 11 E ug/kg

SD19 3 Hornyhead turbot  Liver PCB 138 13 E ug/kg

SD19 3 Hornyhead turbot  Liver PCB 149 5.9 E ug/kg

SD19 3 Hornyhead turbot  Liver PCB 151 1.6 E ug/kg

SD19 3 Hornyhead turbot  Liver PCB 153/168 24 ug/kg 13.3
SD19 3 Hornyhead turbot  Liver PCB 158 1 E ugkg

SD19 3 Hornyhead turbot  Liver PCB 180 6.3 E ug/kg

SD19 3 Hornyhead turbot  Liver PCB 183 1.7 E ug/kg

SD19 3 Hornyhead turbot  Liver PCB 187 8.2 E ug/kg

SD19 3 Hornyhead turbot  Liver PCB 194 2.6 E ug/kg

SD19 3 Hornyhead turbot  Liver PCB 206 5 E ug/kg

SD19 3 Hornyhead turbot  Liver PCB 66 3.2 E ug/kg

SD19 3 Hornyhead turbot  Liver PCB 70 1.5 E ugkg

SD19 3 Hornyhead turbot  Liver PCB 74 25 E ug/kg

SD19 3 Hornyhead turbot  Liver PCB 99 7.8 E ug/kg

SD19 3 Hornyhead turbot  Liver Selenium 0.68 mg/kg  0.13
SD19 3 Hornyhead turbot  Liver Total Solids 20.9 wit% 0.4
SD19 3 Hornyhead turbot  Liver Zinc 46.5 mg/kg  0.58
SD20 1 Longfinsanddab  Liver Alpha (cis) Chlordane 5 E ug/kg

SD20 1 Longfin sanddab  Liver Aluminum 16.6 mg/kg 2.6
SD20 1 Londfinsanddab  Liver Arsenic 10.5 mg/kg 1.4
SD20 1 Longfin sanddab  Liver Cadmium 2.72 mg/kg 0.34
SD20 1 Londfinsanddab  Liver Copper 11.9 mg/kg 0.76
SD20 1 Longfin sanddab  Liver Hexachlorobenzene 11 E ug/kg

SD20 1 Londfinsanddab  Liver Iron 138 mg/kg 1.3
SD20 1 Longfin sanddab  Liver Lipids 10.9 wit%

SD20 1 Longfinsanddab  Liver Manganese 1.52 mg/kg 0.23
SD20 1 Longfin sanddab  Liver o,p-DDE 9.3 E ug/kg

SD20 1 Londfinsanddab  Liver 0,p-DDT 1.4 E ug/kg

SD20 1 Longfin sanddab  Liver p,p-DDD 9.1 E ug/kg

SD20 1 Londfinsanddab  Liver p,p-DDE 960 ug/kg 13.3
SD20 1 Longfin sanddab  Liver p,p-DDT 9.9 E ug/kg

SD20 1 Londfinsanddab  Liver PCB 101 8 E ug/kg

SD20 1 Longdfin sanddab  Liver PCB 105 3.1 E ug/kg

SD20 1 Londfinsanddab  Liver PCB 118 29 ug/kg 13.3
SD20 1 Longdfin sanddab  Liver PCB 128 6.8 E ug/kg

SD20 1 Londfinsanddab  Liver PCB 138 64 ug/kg 13.3
SD20 1 Longdfin sanddab  Liver PCB 149 6.3 E ug/kg

SD20 1 Londfinsanddab  Liver PCB 151 6.4 E ug/kg

SD20 1 Longdfin sanddab  Liver PCB 153/168 92 ug/kg 13.3



Station Rep Common Name  Tissue Parameter
SD20 1 Longdfin sanddab  Liver PCB 156
SD20 1 Londfinsanddab  Liver PCB 158
SD20 1 Longdfin sanddab  Liver PCB 167
SD20 1 Londfinsanddab  Liver PCB 170
SD20 1 Longdfin sanddab  Liver PCB 177
SD20 1 Longfinsanddab  Liver PCB 180
SD20 1 Longdfin sanddab  Liver PCB 183
SD20 1 Londfinsanddab  Liver PCB 187
SD20 1 Longdfin sanddab  Liver PCB 194
SD20 1 Londfinsanddab  Liver PCB 201
SD20 1 Longdfin sanddab  Liver PCB 206
SD20 1 Londfinsanddab  Liver PCB 28
SD20 1 Longdfin sanddab  Liver PCB 49
SD20 1 Londfinsanddab  Liver PCB 66
SD20 1 Longdfin sanddab  Liver PCB 70
SD20 1 Longdfinsanddab  Liver PCB 74
SD20 1 Longdfin sanddab  Liver PCB 99
SD20 1 Londfinsanddab  Liver Selenium
SD20 1 Longdfin sanddab  Liver Total Solids
SD20 1 Longfinsanddab  Liver Trans Nonachlor
SD20 1 Longdfinsanddab  Liver Zinc

SD20 2 Longdfinsanddab  Liver Aluminum
SD20 2 Longdfinsanddab  Liver Arsenic
SD20 2 Longdfinsanddab  Liver Cadmium
SD20 2 Longdfin sanddab  Liver Copper
SD20 2 Longfinsanddab  Liver Hexachlorobenzene
SD20 2 Longfin sanddab  Liver Iron

SD20 2 Longfinsanddab  Liver Lipids
SD20 2 Longdfin sanddab  Liver Manganese
SD20 2 Longfinsanddab  Liver 0,p-DDE
SD20 2  Longfin sanddab  Liver p,p-DDD
SD20 2 Longfinsanddab  Liver p,p-DDE
SD20 2  Longfin sanddab  Liver p,p-DDT
SD20 2 Longfinsanddab  Liver PCB 101
SD20 2  Longfin sanddab  Liver PCB 105
SD20 2 Longfinsanddab  Liver PCB 118
SD20 2  Longfin sanddab  Liver PCB 128
SD20 2 Longdfinsanddab  Liver PCB 138
SD20 2  Longdfin sanddab  Liver PCB 149
SD20 2 Longdfinsanddab  Liver PCB 151
SD20 2  Longfin sanddab  Liver PCB 153/168
SD20 2 Longdfinsanddab  Liver PCB 156
SD20 2  Longdfin sanddab  Liver PCB 158
SD20 2 Longdfinsanddab  Liver PCB 167
SD20 2  Longdfin sanddab  Liver PCB 170
SD20 2 Longdfinsanddab  Liver PCB 177
SD20 2  Longdfin sanddab  Liver PCB 180
SD20 2 Longdfinsanddab  Liver PCB 183
SD20 2 Longdfinsanddab  Liver PCB 187
SD20 2 Longdfinsanddab  Liver PCB 194
SD20 2 Longdfinsanddab  Liver PCB 201

Value

Units

MDL

49 E
38 E
28 E
17
56 E
40
13 E
40
15
89 E
7E
1E
13 E
28 E
14 E
22E
16
1.12
34.2
6.1 E
25.2
22.3
2.8
2.13
16.4
18 E
107
6.78
1.43
49 E
33 E
470
6.2 E
51E
51E
19
4.7 E
39
48 E
54 E
64
33 E
28 E
22E
12 E
41 E
27
84 E
26
8.7E
69 E

ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
mg/kg
wt%
ug/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
ug/kg
mg/kg
wt%
mg/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg

13.3

13.3

13.3
13.3

13.3
0.17
0.4
0.58
2.6
14
0.34
0.76
13

0.23

13.3

13.3

13.3

13.3

13.3

13.3



Station Rep Common Name  Tissue Parameter
SD20 2 Longdfin sanddab  Liver PCB 206
SD20 2 Longdfinsanddab  Liver PCB 66
SD20 2 Longdfin sanddab  Liver PCB 74
SD20 2 Longfinsanddab  Liver PCB 99
SD20 2 Longdfin sanddab  Liver Selenium
SD20 2 Longfinsanddab  Liver Total Solids
SD20 2 Longdfin sanddab  Liver Zinc

SD20 3 Ca. scorpionfish Liver Alpha (cis) Chlordane
SD20 3 Ca. scorpionfish Liver Aluminum
SD20 3 Ca. scorpionfish Liver Cadmium
SD20 3  Ca. scorpionfish Liver Copper
SD20 3 Ca. scorpionfish Liver Hexachlorobenzene
SD20 3 Ca. scorpionfish Liver Iron

SD20 3 Ca. scorpionfish Liver Lipids
SD20 3 Ca. scorpionfish Liver Manganese
SD20 3 Ca. scorpionfish Liver 0,p-DDE
SD20 3 Ca. scorpionfish Liver p,p-DDD
SD20 3 Ca. scorpionfish Liver p,p-DDE
SD20 3 Ca. scorpionfish Liver p,p-DDT
SD20 3 Ca. scorpionfish Liver PCB 101
SD20 3 Ca. scorpionfish Liver PCB 105
SD20 3 Ca. scorpionfish Liver PCB 110
SD20 3 Ca. scorpionfish Liver PCB 118
SD20 3 Ca. scorpionfish Liver PCB 123
SD20 3 Ca. scorpionfish Liver PCB 128
SD20 3 Ca. scorpionfish Liver PCB 138
SD20 3 Ca. scorpionfish Liver PCB 149
SD20 3 Ca. scorpionfish Liver PCB 151
SD20 3 Ca. scorpionfish Liver PCB 153/168
SD20 3 Ca. scorpionfish Liver PCB 156
SD20 3 Ca. scorpionfish Liver PCB 158
SD20 3 Ca. scorpionfish Liver PCB 170
SD20 3 Ca. scorpionfish Liver PCB 177
SD20 3 Ca. scorpionfish Liver PCB 180
SD20 3 Ca. scorpionfish Liver PCB 183
SD20 3 Ca. scorpionfish Liver PCB 187
SD20 3 Ca. scorpionfish Liver PCB 194
SD20 3 Ca. scorpionfish Liver PCB 206
SD20 3 Ca. scorpionfish Liver PCB 28
SD20 3 Ca. scorpionfish Liver PCB 44
SD20 3 Ca. scorpionfish Liver PCB 52
SD20 3 Ca. scorpionfish Liver PCB 66
SD20 3 Ca. scorpionfish Liver PCB 70
SD20 3 Ca. scorpionfish Liver PCB 74
SD20 3 Ca. scorpionfish Liver PCB 87
SD20 3 Ca. scorpionfish Liver PCB 99
SD20 3 Ca. scorpionfish Liver Selenium
SD20 3 Ca. scorpionfish Liver Total Solids
SD20 3 Ca. scorpionfish Liver Trans Nonachlor
SD20 3 Ca. scorpionfish Liver Zinc

SD21 1  Ca. scorpionfish Liver Aluminum

Value Units MDL
6.1 E ug/kg
1.8 E ug/kg
1.7 E ug/kg
10 E ug/kg
1.07 mg/kg 0.13
34.9 wit% 0.4
25.3 mg/kg 0.58
6.85 ug/kg
125 mg/kg 2.6
1.42 mg/kg 0.34
35.7 mg/kg 0.76
2.2 ug/kg
260 mg/kg 1.3
20.8 wit%

0.5 mg/kg 0.23
6.7 ug/kg
12 ug/kg
825 ug/kg 13.3
3.25 ug/kg
19 ug/kg 13.3
9.15 ug/kg
115 ug/kg
41.5 ug/lkg 13.3
3.95 ug/kg
5.35 ug/kg
63.5 ug’kg 13.3
11 E ug/kg
7.95 ug/kg
98 ug/lkg 13.3
7.15 ug/kg
5.15 ug/kg
17.5 ug’kg 133
6.8 ug/kg
41 ug/kg 13.3
14 ug/lkg 13.3
455 ug’kg  13.3
115 ug/kg
6.8 ug/kg
0.5 ug/lkg 13.3
0.7 ug/kg 13.3
2.2 ug/lkg 13.3
5.85 ug/kg
2.35 ug/kg
3.35 ug/kg
3.1 ug/kg
19.5 ug’kg 13.3
098 mg/kg 0.18
32.8 wit% 0.4
135 ug/kg
129 mg/kg 0.58
24.8 mg/kg 2.6



Station Rep Common Name  Tissue Parameter
SD21 1  Ca. scorpionfish Liver Cadmium
SD21 1  Ca. scorpionfish Liver Copper
SD21 1  Ca. scorpionfish Liver Hexachlorobenzene
SD21 1 Ca. scorpionfish Liver Iron

SD21 1  Ca. scorpionfish Liver Lipids
SD21 1 Ca. scorpionfish Liver Manganese
SD21 1 Ca. scorpionfish Liver Mercury
SD21 1 Ca. scorpionfish Liver 0,p-DDE
SD21 1 Ca. scorpionfish Liver p,p-DDD
SD21 1 Ca. scorpionfish Liver p,p-DDE
SD21 1 Ca. scorpionfish Liver p,p-DDT
SD21 1 Ca. scorpionfish Liver PCB 101
SD21 1 Ca. scorpionfish Liver PCB 105
SD21 1 Ca. scorpionfish Liver PCB 110
SD21 1 Ca. scorpionfish Liver PCB 118
SD21 1 Ca. scorpionfish Liver PCB 123
SD21 1 Ca. scorpionfish Liver PCB 128
sSD21 1 Ca. scorpionfish Liver PCB 138
SD21 1  Ca. scorpionfish Liver PCB 149
SD21 1 Ca. scorpionfish Liver PCB 151
SD21 1  Ca. scorpionfish Liver PCB 153/168
SD21 1  Ca. scorpionfish Liver PCB 156
SD21 1  Ca. scorpionfish Liver PCB 158
SD21 1 Ca. scorpionfish Liver PCB 167
SD21 1  Ca. scorpionfish Liver PCB 170
SD21 1 Ca. scorpionfish Liver PCB 177
SD21 1 Ca. scorpionfish Liver PCB 180
SD21 1 Ca. scorpionfish Liver PCB 183
SD21 1 Ca. scorpionfish Liver PCB 187
SD21 1 Ca. scorpionfish Liver PCB 194
SD21 1  Ca. scorpionfish Liver PCB 201
SD21 1 Ca. scorpionfish Liver PCB 206
SD21 1  Ca. scorpionfish Liver PCB 28
SD21 1 Ca. scorpionfish Liver PCB 49
SD21 1  Ca. scorpionfish Liver PCB 52
SD21 1 Ca. scorpionfish Liver PCB 66
SD21 1  Ca. scorpionfish Liver PCB 70
SD21 1  Ca. scorpionfish Liver PCB 74
SD21 1  Ca. scorpionfish Liver PCB 87
SD21 1 Ca. scorpionfish Liver PCB 99
SD21 1  Ca. scorpionfish Liver Selenium
SD21 1 Ca. scorpionfish Liver Total Solids
SD21 1  Ca. scorpionfish Liver Trans Nonachlor
SD21 1  Ca. scorpionfish Liver Zinc

SD21 2  Longfin sanddab  Liver Aluminum
SD21 2 Longdfinsanddab  Liver Arsenic
SD21 2  Longfin sanddab  Liver Cadmium
SD21 2 Longfinsanddab  Liver Copper
SD21 2  Longfin sanddab  Liver Hexachlorobenzene
SD21 2 Longfinsanddab  Liver Iron

SD21 2  Longfin sanddab  Liver Lipids

Value Units MDL
4.1 mg/kg 0.34
54.1 mg/kg 0.76
1.7 E ug/kg
385 mg/kg 1.3
28 wit%
0.335 mg/kg 0.23
0.432 mg/kg 0.012
5.3 E ug/kg
19 ug/kg 13.3
1400 ug/kg 13.3
6.6 E ug/kg
27 ug/kg 13.3
13 E ug/kg
14 ug/kg 13.3
53 ug/kg 13.3
4.6 E ug/kg
9.8 E ug/kg
79 ug/kg 13.3
15 ug/kg 13.3
9.5 E ug/kg
114 ug/kg 13.3
7.5 E ug/kg
5.2 E ug/kg
4.2 E ug/kg
19 ug/lkg 13.3
9.8 E ug/kg
44 ug/lkg 13.3
14 ug/kg 13.3
52 ug/lkg 13.3
14 ug/kg 13.3
12 E ug/kg
8.6 E ug/kg
2 E ugkg
4.7 E ug/kg
4.7 E ug/kg
8.7 E ug/kg
3.7 E ug/kg
45 E ug/kg
4.3 E ug/kg
26 ug/kg 13.3
0.78 mg/kg  0.13
452 wit% 0.4
14 E ug/kg
159 mg/kg 0.58
7.2 mg/kg 2.6
7.7 mg/kg 1.4
3.12 mg/kg 0.34
18.8 mg/kg 0.76
1.9 E ug/kg
146 mg/kg 1.3
16.2 wit%



Station Rep Common Name  Tissue Parameter
SD21 2 Longdfin sanddab  Liver Manganese
SD21 2 Longdfinsanddab  Liver Mercury
SD21 2 Longdfin sanddab  Liver 0,p-DDE
SD21 2 Longfinsanddab  Liver p,p-DDD
SD21 2 Longdfin sanddab  Liver p,p-DDE
SD21 2 Longfinsanddab  Liver p,p-DDT
SD21 2 Longdfin sanddab  Liver PCB 101
SD21 2 Longfinsanddab  Liver PCB 105
SD21 2 Longdfin sanddab  Liver PCB 110
SD21 2 Longfinsanddab  Liver PCB 118
SD21 2 Longdfin sanddab  Liver PCB 123
SD21 2 Longfinsanddab  Liver PCB 128
SD21 2 Longfin sanddab  Liver PCB 138
SD21 2 Longfinsanddab  Liver PCB 149
SD21 2 Longfin sanddab  Liver PCB 151
SD21 2 Longfinsanddab  Liver PCB 153/168
SD21 2 Longdfin sanddab  Liver PCB 156
SD21 2 Longfinsanddab  Liver PCB 158
SD21 2 Longdfin sanddab  Liver PCB 167
SD21 2  Longfin sanddab  Liver PCB 170
SD21 2 Longdfin sanddab  Liver PCB 177
SD21 2 Longdfinsanddab  Liver PCB 180
SD21 2 Longdfin sanddab  Liver PCB 183
SD21 2 Longdfinsanddab  Liver PCB 187
SD21 2 Longdfin sanddab  Liver PCB 194
SD21 2 Longfinsanddab  Liver PCB 201
SD21 2 Longdfin sanddab  Liver PCB 206
SD21 2 Longfinsanddab  Liver PCB 28
SD21 2  Longfin sanddab  Liver PCB 66
SD21 2 Longfinsanddab  Liver PCB 70
SD21 2  Longfin sanddab  Liver PCB 74
SD21 2 Longfinsanddab  Liver PCB 87
SD21 2  Longdfin sanddab  Liver PCB 99
SD21 2 Longfinsanddab  Liver Selenium
SD21 2  Longdfin sanddab  Liver Total Solids
SD21 2 Longfinsanddab  Liver Trans Nonachlor
SD21 2  Longfin sanddab  Liver Zinc

SD21 3  Longfin sanddab  Liver Aluminum
SD21 3 Longdfin sanddab  Liver Arsenic
SD21 3  Longfin sanddab  Liver Cadmium
SD21 3  Longdfin sanddab  Liver Copper
SD21 3  Longfin sanddab  Liver Iron

SD21 3 Londfin sanddab  Liver Lipids
SD21 3 Longfinsanddab  Liver Manganese
SD21 3 Longfin sanddab  Liver Mercury
SD21 3 Longfinsanddab  Liver 0,p-DDE
SD21 3  Longfin sanddab  Liver p,p-DDD
SD21 3 Longfinsanddab  Liver p,p-DDE
SD21 3  Longfin sanddab  Liver p,p-DDT
SD21 3 Longfinsanddab  Liver PCB 101
SD21 3  Longfin sanddab  Liver PCB 105

Value Units MDL
1.74 mg/kg 0.23
0.0895 mg/kg 0.012
9.5 E ug/kg
11 E ug/kg
1100 ug/kg 13.3
16 ug/kg 13.3
15 ug/kg 13.3
13 E ug/kg
9.5 E ug/kg
58 ug/kg 13.3
49 E ug/kg
14 ug/kg 13.3
110 ug/kg 13.3
11 E ug/kg
11 E ug/kg
152 ug/kg 13.3
7.9 E ug/kg
6.7 E ug/kg
3.9 E ug/kg
28 ug/kg 13.3
10 E ug/kg
60 ug/kg 13.3
19 ug/lkg 13.3
68 ug/kg 13.3
22 ug/lkg 13.3
14 ug/kg 13.3
12 E ug/kg
1.6 E ug/kg
5.7 E ug/kg
1.1 E ug/kg
4.1 E ug/kg
1.3 E ugkg
33 ug/lkg 13.3
0.97 mg/kg 0.13
33.1 wt% 0.4
9.1 E ug/kg
27.4 mg/kg  0.58
18.6 mg/kg 2.6
4.6 mg/kg 14
2.85 mg/kg 0.34
141 mg/kg 0.76
182 mg/kg 1.3
8.75 wit%
1.9 mg/kg 0.23
0.0985 mg/kg 0.012
3 E ug/kg
1.8 E ug/kg
400 ug/kg  13.3
4.7 E ug/kg
4.4 E ugl/kg
5.5 E ug/kg



Station Rep Common Name  Tissue Parameter Value Units MDL
SD21 3 Longdfin sanddab  Liver PCB 110 3.2 E ug/kg
SD21 3  Longfin sanddab  Liver PCB 118 29 ug/kg 13.3
SD21 3  Longdfin sanddab  Liver PCB 123 29 E ug/kg
SD21 3  Longfin sanddab  Liver PCB 128 6.3 E ug/kg
SD21 3  Longdfin sanddab  Liver PCB 138 57 ug/kg 13.3
SD21 3  Longfin sanddab  Liver PCB 149 4 E ug/kg
SD21 3  Longfin sanddab  Liver PCB 151 5.3 E ug/kg
SD21 3  Longfin sanddab  Liver PCB 153/168 88 ug/kg 13.3
SD21 3 Longfin sanddab  Liver PCB 156 49 E ug/kg
SD21 3  Longfin sanddab  Liver PCB 158 29 E ug/kg
SD21 3  Longfin sanddab  Liver PCB 170 15 ug/kg 13.3
SD21 3  Longfin sanddab  Liver PCB 177 3.6 E ug/kg
SD21 3 Longdfin sanddab  Liver PCB 180 35 ug/kg 13.3
SD21 3  Longfin sanddab  Liver PCB 183 12 E ug/kg
SD21 3 Longdfin sanddab  Liver PCB 187 38 ug/kg 13.3
SD21 3 Longfin sanddab  Liver PCB 194 14 ug/kg 13.3
SD21 3 Longfinsanddab  Liver PCB 201 8.6 E ug/kg
SD21 3 Longfinsanddab  Liver PCB 206 8.9 E ug/kg
SD21 3  Longdfin sanddab  Liver PCB 66 1.4 E ug/kg
SD21 3  Longfin sanddab  Liver PCB 74 1.4 E ug/kg
SD21 3  Longdfin sanddab  Liver PCB 99 14 ug/kg 13.3
SD21 3  Longfin sanddab  Liver Selenium 1.65 mg/kg  0.43
SD21 3  Longdfin sanddab  Liver Total Solids 26.5 wit% 0.4
SD21 3  Longfin sanddab  Liver Trans Nonachlor 3.2 E ug/kg
SD21 3 Longdfin sanddab  Liver Zinc 28.3 mg/kg  0.58



October 2001

Station Rep Common Name Tissue  Parameter
RF3 1 Vermilion rockfish Muscle  Arsenic
RF3 1 Vermilion rockfish Muscle  Chromium
RF3 1 Vermilion rockfish Muscle  Copper
RF3 1 Vermilion rockfish Muscle  Hexachlorobenzene
RF3 1 Vermilion rockfish Muscle  Lipids

RF3 1 Vermilion rockfish Muscle  Manganese
RF3 1 Vermilion rockfish Muscle  p,p-DDD
RF3 1 Vermilion rockfish Muscle p,p-DDE
RF3 1 Vermilion rockfish Muscle PCB 101
RF3 1 Vermilion rockfish Muscle PCB 110
RF3 1 Vermilion rockfish Muscle PCB 118
RF3 1 Vermilion rockfish Muscle PCB 138
RF3 1 Vermilion rockfish Muscle PCB 149
RF3 1 Vermilion rockfish Muscle PCB 153/168
RF3 1 Vermilion rockfish Muscle PCB 180
RF3 1 Vermilion rockfish Muscle PCB 187
RF3 1 Vermilion rockfish Muscle PCB 99
RF3 1 Vermilion rockfish Muscle  Selenium
RF3 1 Vermilion rockfish Muscle  Total Solids
RF3 1 Vermilion rockfish Muscle  Zinc

RF3 2 Vermilion rockfish  Muscle  Chromium
RF3 2 Vermilion rockfish Muscle  Copper
RF3 2 Vermilion rockfish Muscle Iron

RF3 2 Vermilion rockfish Muscle  Lipids

RF3 2 Vermilion rockfish Muscle  p,p-DDE
RF3 2 Vermilion rockfish Muscle PCB 101
RF3 2 Vermilion rockfish Muscle PCB 118
RF3 2 Vermilion rockfish Muscle PCB 138
RF3 2 Vermilion rockfish Muscle PCB 153/168
RF3 2 Vermilion rockfish Muscle  Selenium
RF3 2 Vermilion rockfish Muscle  Total Solids
RF3 2 Vermilion rockfish Muscle  Zinc

RF3 3 Ca. scorpionfish Muscle  Aluminum
RF3 3 Ca. scorpionfish Muscle  Arsenic
RF3 3 Ca. scorpionfish Muscle  Copper
RF3 3 Ca. scorpionfish Muscle  Hexachlorobenzene
RF3 3 Ca. scorpionfish Muscle  Iron

RF3 3 Ca. scorpionfish Muscle  Lipids

RF3 3 Ca. scorpionfish Muscle  Mercury
RF3 3 Ca. scorpionfish Muscle  o,p-DDE
RF3 3 Ca. scorpionfish Muscle  p,p-DDD
RF3 3 Ca. scorpionfish Muscle  p,p-DDE
RF3 3 Ca. scorpionfish Muscle  p,p-DDT
RF3 3 Ca. scorpionfish Muscle PCB 101
RF3 3 Ca. scorpionfish Muscle  PCB 105
RF3 3 Ca. scorpionfish Muscle  PCB 110
RF3 3 Ca. scorpionfish Muscle  PCB 118
RF3 3 Ca. scorpionfish Muscle  PCB 119
RF3 3 Ca. scorpionfish Muscle  PCB 123

Value Units MDL
1.9 mg/kg 1.4
0.49 mg/kg 0.3
3.56 mg/kg 0.76
0.1 E ug/kg
0.35 wit% 0.005
0.24 mg/kg 0.23
0.1 E ug/kg
35 ug/kg 1.33
0.2 E ug/kg
0.1 E ug/kg
0.2 E ug/kg
0.2 E ug/kg
0.2 E ug/kg
0.4 E ug/kg
0.2 E ug/kg
0.2 E ug/kg
0.1 E ug/kg
0.2 mg/kg 0.13
215 wit% 0.4
2.99 mg/kg 0.58
0.79 mg/kg 0.3
1.23 mg/kg 0.76
4.5 mg/kg 1.3
0.21 wit% 0.005
2.6 ug/kg 1.33
0.1 E ug/kg
0.1 E ug/kg
0.1 E ug/kg
0.2 E ug/kg
0.17 mg/kg 0.13
21.2 wit% 0.4
3.06 mg/kg 0.58
6.4 mg/kg 2.6
2.7 mg/kg 1.4
3.47 mg/kg 0.76
0.2 E ug/kg
3.45 mg/kg 13
0.67 wit% 0.005
0.078 mg/kg 0.012
3 ug/kg 1.33
5.6 ug/kg 1.33
250 ug/kg 1.33
0.6 E ug/kg
2.4 ug/kg 1.33
1.1 E ug/kg
1.6 ug/kg 1.33
35 ug/kg 1.33
0.2 E ug/kg
0.4 E ug/kg



Station Rep Common Name  Tissue Parameter
RF3 3 Ca. scorpionfish Muscle  PCB 128
RF3 3 Ca. scorpionfish Muscle  PCB 138
RF3 3 Ca. scorpionfish Muscle  PCB 149
RF3 3 Ca. scorpionfish Muscle  PCB 151
RF3 3 Ca. scorpionfish Muscle  PCB 153/168
RF3 3 Ca. scorpionfish Muscle  PCB 156
RF3 3 Ca. scorpionfish Muscle  PCB 157
RF3 3 Ca. scorpionfish Muscle  PCB 158
RF3 3 Ca. scorpionfish Muscle  PCB 167
RF3 3 Ca. scorpionfish Muscle  PCB 177
RF3 3 Ca. scorpionfish Muscle  PCB 180
RF3 3 Ca. scorpionfish Muscle  PCB 183
RF3 3 Ca. scorpionfish Muscle  PCB 187
RF3 3 Ca. scorpionfish Muscle PCB 194
RF3 3 Ca. scorpionfish Muscle  PCB 206
RF3 3 Ca. scorpionfish Muscle PCB 28
RF3 3 Ca. scorpionfish Muscle PCB 44
RF3 3 Ca. scorpionfish Muscle  PCB 49
RF3 3 Ca. scorpionfish Muscle  PCB 52
RF3 3 Ca. scorpionfish Muscle  PCB 66
RF3 3 Ca. scorpionfish Muscle  PCB 70
RF3 3 Ca. scorpionfish Muscle PCB 74
RF3 3 Ca. scorpionfish Muscle  PCB 77
RF3 3 Ca. scorpionfish Muscle  PCB 87
RF3 3 Ca. scorpionfish Muscle  PCB 99
RF3 3 Ca. scorpionfish Muscle  Selenium
RF3 3 Ca. scorpionfish Muscle  Total Solids
RF3 3 Ca. scorpionfish Muscle  Trans Nonachlor
RF3 3 Ca. scorpionfish Muscle  Zinc

RF4 1 Ca. scorpionfish Muscle  Arsenic
RF4 1 Ca. scorpionfish Muscle  Iron

RF4 1 Ca. scorpionfish Muscle  Lipids

RF4 1 Ca. scorpionfish Muscle  Mercury
RF4 1 Ca. scorpionfish Muscle  p,p-DDE
RF4 1 Ca. scorpionfish Muscle  PCB 101
RF4 1 Ca. scorpionfish Muscle PCB 118
RF4 1 Ca. scorpionfish Muscle  PCB 138
RF4 1 Ca. scorpionfish Muscle  PCB 149
RF4 1 Ca. scorpionfish Muscle  PCB 153/168
RF4 1 Ca. scorpionfish Muscle  PCB 180
RF4 1 Ca. scorpionfish Muscle  PCB 187
RF4 1 Ca. scorpionfish Muscle  PCB 99
RF4 1 Ca. scorpionfish Muscle  Selenium
RF4 1 Ca. scorpionfish Muscle  Total Solids
RF4 1 Ca. scorpionfish Muscle  Zinc

RF4 2 Ca. scorpionfish Muscle  Chromium
RF4 2 Ca. scorpionfish Muscle  Iron

RF4 2 Ca. scorpionfish Muscle  Lipids

RF4 2 Ca. scorpionfish Muscle  p,p-DDD
RF4 2 Ca. scorpionfish Muscle  p,p-DDE
RF4 2 Ca. scorpionfish Muscle  p,p-DDT

Value

Units

MDL

0.7 E
2.8
1E
05E
4.2
04 E
0.1E
03 E
03 E
05E
1.9
05E
13 E
03 E
02 E
03 E
03 E
0.6 E
1E
13 E
08 E
09 E
0.1E
0.7E
1.8
0.345
21.6
06 E
291
1.8
4.9
0.12
0.133
6.4
0.2 E
0.2 E
0.2 E
01E
04 E
01E
02 E
01E
0.25
23.2
3.54
0.48

0.16
02 E
8.3
0.1E

ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
mg/kg
wit%
ug/kg
mg/kg
mg/kg
mg/kg
wit%
mg/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
mg/kg
wit%
mg/kg
mg/kg
mg/kg
wit%
ug/kg
ug/kg
ug/kg

1.33

1.33

1.33

1.33
0.16
0.4

0.58
14
1.3

0.005
0.012
1.33

0.13
0.4
0.58
0.3
1.3
0.005

1.33



Station Rep Common Name  Tissue Parameter
RF4 2 Ca. scorpionfish Muscle  PCB 101
RF4 2 Ca. scorpionfish Muscle PCB 118
RF4 2 Ca. scorpionfish Muscle  PCB 138
RF4 2 Ca. scorpionfish Muscle  PCB 153/168
RF4 2 Ca. scorpionfish Muscle  PCB 180
RF4 2 Ca. scorpionfish Muscle  PCB 99
RF4 2 Ca. scorpionfish Muscle  Selenium
RF4 2 Ca. scorpionfish Muscle  Total Solids
RF4 2 Ca. scorpionfish Muscle  Zinc

RF4 3 Ca. scorpionfish Muscle  Copper
RF4 3 Ca. scorpionfish Muscle  Iron

RF4 3 Ca. scorpionfish Muscle  Lipids

RF4 3 Ca. scorpionfish Muscle  Mercury
RF4 3 Ca. scorpionfish Muscle  p,p-DDE
RF4 3 Ca. scorpionfish Muscle  PCB 101
RF4 3 Ca. scorpionfish Muscle PCB 118
RF4 3 Ca. scorpionfish Muscle  PCB 138
RF4 3 Ca. scorpionfish Muscle PCB 153/168
RF4 3 Ca. scorpionfish Muscle  PCB 180
RF4 3 Ca. scorpionfish Muscle  PCB 187
RF4 3 Ca. scorpionfish Muscle  Selenium
RF4 3 Ca. scorpionfish Muscle  Total Solids
RF4 3 Ca. scorpionfish Muscle  Zinc

SD15 1 Ca. scorpionfish Liver Aluminum
SD15 1 Ca. scorpionfish Liver Cadmium
SD15 1 Ca. scorpionfish Liver Copper
SD15 1 Ca. scorpionfish Liver Hexachlorobenzene
SD15 1 Ca. scorpionfish Liver Iron

SD15 1 Ca. scorpionfish Liver Lipids
SD15 1 Ca. scorpionfish Liver Manganese
SD15 1 Ca. scorpionfish Liver Mercury
SD15 1 Ca. scorpionfish Liver 0,p-DDE
SD15 1 Ca. scorpionfish Liver p,p-DDD
SD15 1 Ca. scorpionfish Liver p,p-DDE
SD15 1 Ca. scorpionfish Liver p,p-DDT
SD15 1 Ca. scorpionfish Liver PCB 101
SD15 1 Ca. scorpionfish Liver PCB 105
SD15 1 Ca. scorpionfish Liver PCB 110
SD15 1 Ca. scorpionfish Liver PCB 118
SD15 1 Ca. scorpionfish Liver PCB 123
SD15 1 Ca. scorpionfish Liver PCB 128
SD15 1 Ca. scorpionfish Liver PCB 138
SD15 1 Ca. scorpionfish Liver PCB 149
SD15 1 Ca. scorpionfish Liver PCB 151
SD15 1 Ca. scorpionfish Liver PCB 153/168
SD15 1 Ca. scorpionfish Liver PCB 156
SD15 1 Ca. scorpionfish Liver PCB 158
SD15 1 Ca. scorpionfish Liver PCB 167
SD15 1 Ca. scorpionfish Liver PCB 177
SD15 1 Ca. scorpionfish Liver PCB 180
SD15 1 Ca. scorpionfish Liver PCB 183

Value Units MDL
0.2 E ug/kg
0.3 E ug/kg
0.2 E ug/kg
0.5 E ug/kg
0.1 E ug/kg
0.1 E ug/kg
0.13 mg/kg 0.13
20.7 wit% 0.4
5.66 mg/kg 0.58
5.11 mg/kg 0.76
6 mg/kg 1.3
0.2 wit% 0.005
0.039 mg/kg 0.012
3.8 ug/kg 1.33
0.2 E ug/kg
0.2 E ug/kg
0.1 E ug/kg
0.4 E ug/kg
0.2 E ug/kg
0.2 E ug/kg
0.23 mg/kg 0.13
23 wit% 0.4
4.42 mg/kg 0.58
8.4 mg/kg 2.6
2.39 mg/kg 0.34
17.3 mg/kg 0.76
2.2 E ug/kg
182 mg/kg 1.3
15.4 wit% 0.005
0.34 mg/kg 0.23
0.144 mg/kg 0.012
1.3 E ugkg
7.3 E ug/kg
400 ug/kg 13.3
3.2 E ug/kg
11 E ug/kg
3.8 E ug/kg
4.2 E ug/kg
14 ug/kg 13.3
1.9 E ug/kg
6 E ug/kg
22 ug/kg 13.3
6.7 E ug/kg
4.4 E ugl/kg
41 ug/kg 13.3
2.3 E ug/kg
1.8 E ug/kg
1.3 E ugkg
42 E ug/kg
19 ug/kg 13.3
5.1 E ug/kg



Station Rep Common Name  Tissue Parameter
SD15 1 Ca. scorpionfish Liver PCB 187
SD15 1 Ca. scorpionfish Liver PCB 194
SD15 1 Ca. scorpionfish Liver PCB 206
SD15 1 Ca. scorpionfish Liver PCB 49
SD15 1 Ca. scorpionfish Liver PCB 52
SD15 1 Ca. scorpionfish Liver PCB 66
SD15 1 Ca. scorpionfish Liver PCB 74
SD15 1 Ca. scorpionfish Liver PCB 87
SD15 1 Ca. scorpionfish Liver PCB 99
SD15 1 Ca. scorpionfish Liver Selenium
SD15 1 Ca. scorpionfish Liver Total Solids
SD15 1 Ca. scorpionfish Liver Trans Nonachlor
SD15 1 Ca. scorpionfish Liver Zinc

SD15 2 Ca. scorpionfish Liver Aluminum
SD15 2 Ca. scorpionfish Liver Cadmium
SD15 2 Ca. scorpionfish Liver Chromium
SD15 2 Ca. scorpionfish Liver Copper
SD15 2 Ca. scorpionfish Liver Hexachlorobenzene
SD15 2 Ca. scorpionfish Liver Iron

SD15 2 Ca. scorpionfish Liver Lipids
SD15 2 Ca. scorpionfish Liver Manganese
SD15 2 Ca. scorpionfish Liver Mercury
SD15 2 Ca. scorpionfish Liver p,p-DDD
SD15 2 Ca. scorpionfish Liver p,p-DDE
SD15 2 Ca. scorpionfish Liver p,p-DDT
SD15 2 Ca. scorpionfish Liver PCB 101
SD15 2 Ca. scorpionfish Liver PCB 105
SD15 2 Ca. scorpionfish Liver PCB 110
SD15 2 Ca. scorpionfish Liver PCB 118
SD15 2 Ca. scorpionfish Liver PCB 138
SD15 2 Ca. scorpionfish Liver PCB 149
SD15 2 Ca. scorpionfish Liver PCB 153/168
SD15 2 Ca. scorpionfish Liver PCB 177
SD15 2 Ca. scorpionfish Liver PCB 180
SD15 2 Ca. scorpionfish Liver PCB 187
SD15 2 Ca. scorpionfish Liver PCB 194
SD15 2 Ca. scorpionfish Liver PCB 206
SD15 2 Ca. scorpionfish Liver PCB 49
SD15 2 Ca. scorpionfish Liver PCB 52
SD15 2 Ca. scorpionfish Liver PCB 66
SD15 2 Ca. scorpionfish Liver PCB 70
SD15 2 Ca. scorpionfish Liver PCB 74
SD15 2 Ca. scorpionfish Liver PCB 99
SD15 2 Ca. scorpionfish Liver Selenium
SD15 2 Ca. scorpionfish Liver Total Solids
SD15 2 Ca. scorpionfish Liver Zinc

SD15 3 Ca. scorpionfish Liver Aluminum
SD15 3 Ca. scorpionfish Liver Cadmium
SD15 3 Ca. scorpionfish Liver Chromium
SD15 3 Ca. scorpionfish Liver Copper
SD15 3 Ca. scorpionfish Liver Hexachlorobenzene

Value

Units

MDL

16
34 E
3.1E
15E
28 E
18 E
11E
26 E
93 E
1.06
35.5
79 E
127
8.8
2.19
3.86
10.1
28 E
120
11.7
0.68
0.121
49 E
200
14 E
51E
14 E
23 E
6.5 E
6.9 E
31E
11 E
1E
6 E
39E
12 E
18 E
0.7 E
18 E
1E
09 E
1E
26 E
0.67
36.6
71.4
10.7
0.9
1.13
26.4
42 E

ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
mg/kg
wit%
ug/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
ug/kg
mg/kg
wit%
mg/kg
mg/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
mg/kg
wt%
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
ug/kg

13.3

0.17
0.4

0.58
2.6
0.34
0.3
0.76

13
0.005
0.23
0.012

13.3

0.13
0.4
0.58
2.6
0.34
0.3
0.76



Station Rep Common Name  Tissue Parameter Value Units MDL
SD15 3 Ca. scorpionfish Liver Iron 178 mg/kg 1.3
SD15 3 Ca. scorpionfish Liver Lipids 17.6 wit% 0.005
SD15 3 Ca. scorpionfish Liver Manganese 0.65 mg/kg 0.23
SD15 3 Ca. scorpionfish Liver Mercury 0.126 mg/kg  0.012
SD15 3 Ca. scorpionfish Liver 0,p-DDE 2.3 E ug/kg

SD15 3 Ca. scorpionfish Liver p,p-DDD 11 E ug/kg

SD15 3 Ca. scorpionfish Liver p,p-DDE 400 ug/kg 13.3
SD15 3 Ca. scorpionfish Liver p,p-DDT 3.2 E ug/kg

SD15 3 Ca. scorpionfish Liver PCB 101 8.5 E ug/kg

SD15 3 Ca. scorpionfish Liver PCB 105 4 E ug/kg

SD15 3 Ca. scorpionfish Liver PCB 110 5.2 E ug/kg

SD15 3 Ca. scorpionfish Liver PCB 118 13 E ug/kg

SD15 3 Ca. scorpionfish Liver PCB 123 1.7 E ug/kg

SD15 3 Ca. scorpionfish Liver PCB 128 4.6 E ug/kg

SD15 3 Ca. scorpionfish Liver PCB 138 15 ug/kg 13.3
SD15 3 Ca. scorpionfish Liver PCB 149 5.6 E ug/kg

SD15 3 Ca. scorpionfish Liver PCB 151 3.3 E ug/kg

SD15 3 Ca. scorpionfish Liver PCB 153/168 26 ug/kg 13.3
SD15 3 Ca. scorpionfish Liver PCB 156 1.6 E ug/kg

SD15 3 Ca. scorpionfish Liver PCB 167 1 E ugkg

SD15 3 Ca. scorpionfish Liver PCB 177 3.3 E ug/kg

SD15 3 Ca. scorpionfish Liver PCB 180 11 E ug/kg

SD15 3 Ca. scorpionfish Liver PCB 183 3.8 E ug/kg

SD15 3 Ca. scorpionfish Liver PCB 187 11 E ug/kg

SD15 3 Ca. scorpionfish Liver PCB 194 1.9 E ug/kg

SD15 3 Ca. scorpionfish Liver PCB 206 2 E ug/kg

SD15 3 Ca. scorpionfish Liver PCB 49 1.9 E ug/kg

SD15 3 Ca. scorpionfish Liver PCB 52 3 E ug/kg

SD15 3 Ca. scorpionfish Liver PCB 66 2.4 E ug/kg

SD15 3 Ca. scorpionfish Liver PCB 70 1.6 E ug/kg

SD15 3 Ca. scorpionfish Liver PCB 74 1.6 E ug/kg

SD15 3 Ca. scorpionfish Liver PCB 87 2.3 E ug/kg

SD15 3 Ca. scorpionfish Liver PCB 99 7.5 E ug/kg

SD15 3 Ca. scorpionfish Liver Selenium 0.63 mg/kg 0.13
SD15 3 Ca. scorpionfish Liver Total Solids 36.7 wit% 0.4
SD15 3 Ca. scorpionfish Liver Trans Nonachlor 6.2 E ug/kg

SD15 3 Ca. scorpionfish Liver Zinc 86.3 mg/kg 0.58
SD16 1 Longfin sanddab Liver Alpha (cis) Chlordane 12 E ug/kg

SD16 1 Longfin sanddab Liver Aluminum 20.8 mg/kg 2.6
SD16 1 Longfin sanddab Liver Cadmium 1.71 mg/kg 0.34
SD16 1 Longfin sanddab Liver Cis Nonachlor 10 E ug/kg

SD16 1 Longfin sanddab Liver Copper 9.66 mg/kg 0.76
SD16 1 Longfin sanddab Liver Hexachlorobenzene 7.4 E ug/kg

SD16 1 Longfin sanddab Liver Iron 75.4 mg/kg 1.3
SD16 1 Longfin sanddab Liver Lipids 38.2 wit% 0.005
SD16 1 Longfin sanddab Liver Manganese 1.21 mg/kg 0.23
SD16 1 Longfin sanddab Liver Mercury 0.104 mg/kg  0.012
SD16 1 Longfin sanddab Liver Mirex 3.1 E ug/kg

SD16 1 Longfin sanddab Liver 0,p-DDD 3.1 E ug/kg

SD16 1 Longfin sanddab Liver 0,p-DDE 37 ug/kg 13.3
SD16 1 Longfin sanddab Liver 0,p-DDT 13 E ug/kg



Station Rep Common Name  Tissue Parameter
SD16 1 Longfin sanddab Liver p,p-DDD
SD16 1 Longfin sanddab Liver p,p-DDE
SD16 1 Longfin sanddab Liver p,p-DDT
SD16 1 Longfin sanddab Liver PCB 101
SD16 1 Longfin sanddab Liver PCB 105
SD16 1 Longfin sanddab Liver PCB 110
SD16 1 Longfin sanddab Liver PCB 118
SD16 1 Longfin sanddab Liver PCB 119
SD16 1 Longfin sanddab Liver PCB 123
SD16 1 Longfin sanddab Liver PCB 128
SD16 1 Longfin sanddab Liver PCB 138
SD16 1 Longfin sanddab Liver PCB 149
SD16 1 Longfin sanddab Liver PCB 151
SD16 1 Longfin sanddab Liver PCB 153/168
SD16 1 Longfin sanddab Liver PCB 156
SD16 1 Longfin sanddab Liver PCB 157
SD16 1 Longfin sanddab Liver PCB 158
SD16 1 Longfin sanddab Liver PCB 167
SD16 1 Longfin sanddab Liver PCB 170
SD16 1 Longfin sanddab Liver PCB 177
SD16 1 Longfin sanddab Liver PCB 180
SD16 1 Longfin sanddab Liver PCB 183
SD16 1 Longfin sanddab Liver PCB 187
SD16 1 Longfin sanddab Liver PCB 189
SD16 1 Longfin sanddab Liver PCB 194
SD16 1 Longfin sanddab Liver PCB 201
SD16 1 Longfin sanddab Liver PCB 206
SD16 1 Longfin sanddab Liver PCB 28
SD16 1 Longfin sanddab Liver PCB 49
SD16 1 Longfin sanddab Liver PCB 52
SD16 1 Longfin sanddab Liver PCB 66
SD16 1 Longfin sanddab Liver PCB 70
SD16 1 Longfin sanddab Liver PCB 74
SD16 1 Longfin sanddab Liver PCB 87
SD16 1 Longfin sanddab Liver PCB 99
SD16 1 Longfin sanddab Liver Selenium
SD16 1 Longfin sanddab Liver Total Solids
SD16 1 Longfin sanddab Liver Trans Nonachlor
SD16 1 Longfin sanddab Liver Zinc

SD16 2 Ca. scorpionfish Liver Aluminum
SD16 2 Ca. scorpionfish Liver Cadmium
SD16 2 Ca. scorpionfish Liver Chromium
SD16 2 Ca. scorpionfish Liver Copper
SD16 2 Ca. scorpionfish Liver Hexachlorobenzene
SD16 2 Ca. scorpionfish Liver Iron

SD16 2 Ca. scorpionfish Liver Lipids
SD16 2 Ca. scorpionfish Liver Manganese
SD16 2 Ca. scorpionfish Liver Mercury
SD16 2 Ca. scorpionfish Liver p,p-DDD
SD16 2 Ca. scorpionfish Liver p,p-DDE
SD16 2 Ca. scorpionfish Liver p,p-DDT

Value Units MDL
54 ug/kg 13.3
1900 ug/kg 13.3
32 ug/kg 13.3
29 ug/kg 13.3
15 ug/kg 13.3
7.3 E ug/kg
64 ug/kg 13.3
1.1 E ug/kg
4 E ug/kg
27 ug/kg 13.3
140 ug/kg 13.3
31 ug/kg 13.3
23 ug/kg 13.3
220 ug/kg 13.3
7.7 E ug/kg
2 E ug/kg
9.1 E ug/kg
4.6 E ug/kg
a7 ug/kg 13.3
20 ug/kg 13.3
94 ug/kg 13.3
29 ug/kg 13.3
81 ug/kg 13.3
1.1 E ug/kg
15 ug/kg 13.3
19 ug/kg 13.3
5.6 E ug/kg
2.1 E ug/kg
2.2 E ug/kg
12 E ug/kg
5.4 E ug/kg
2 E ug/kg
6.8 E ug/kg
29 E ug/kg
62 ug/kg 13.3
0.69 mg/kg 0.13
42.6 wit% 0.4
60 ug/kg 20
24.5 mg/kg 0.58
10.3 mg/kg 2.6
1.83 mg/kg 0.34
4.25 mg/kg 0.3
18.5 mg/kg 0.76
2.5 E ug/kg
253 mg/kg 13
18.6 wit% 0.005
0.69 mg/kg 0.23
0.256 mg/kg 0.012
7.1 E ug/kg
360 ug/kg 13.3
45 E ug/kg



Station Rep Common Name  Tissue Parameter Value Units MDL
SD16 2 Ca. scorpionfish Liver PCB 101 8.7 E ug/kg

SD16 2 Ca. scorpionfish Liver PCB 105 5.1 E ug/kg

SD16 2 Ca. scorpionfish Liver PCB 110 5.3 E ug/kg

SD16 2 Ca. scorpionfish Liver PCB 118 21 ug/kg 13.3
SD16 2 Ca. scorpionfish Liver PCB 123 1.7 E ug/kg

SD16 2 Ca. scorpionfish Liver PCB 128 5.5 E ug/kg

SD16 2 Ca. scorpionfish Liver PCB 138 25 ug/kg 13.3
SD16 2 Ca. scorpionfish Liver PCB 149 45 E ug/kg

SD16 2 Ca. scorpionfish Liver PCB 151 3.5 E ug/kg

SD16 2 Ca. scorpionfish Liver PCB 153/168 a7 ug/kg 13.3
SD16 2 Ca. scorpionfish Liver PCB 158 1.5 E ugkg

SD16 2 Ca. scorpionfish Liver PCB 167 1.5 E ugkg

SD16 2 Ca. scorpionfish Liver PCB 170 7.7 E ug/kg

SD16 2 Ca. scorpionfish Liver PCB 177 3.9 E ug/kg

SD16 2 Ca. scorpionfish Liver PCB 180 18 ug/kg 13.3
SD16 2 Ca. scorpionfish Liver PCB 183 4.6 E ug/kg

SD16 2 Ca. scorpionfish Liver PCB 187 16 ug/kg 13.3
SD16 2 Ca. scorpionfish Liver PCB 194 3.6 E ug/kg

SD16 2 Ca. scorpionfish Liver PCB 206 2.3 E ug/kg

SD16 2 Ca. scorpionfish Liver PCB 49 1.7 E ug/kg

SD16 2 Ca. scorpionfish Liver PCB 52 3.1 E ug/kg

SD16 2 Ca. scorpionfish Liver PCB 66 1.9 E ugkg

SD16 2 Ca. scorpionfish Liver PCB 74 1.3 E ug/kg

SD16 2 Ca. scorpionfish Liver PCB 87 2.5 E ug/kg

SD16 2 Ca. scorpionfish Liver PCB 99 8.6 E ug/kg

SD16 2 Ca. scorpionfish Liver Selenium 0.77 mg/kg 0.13
SD16 2 Ca. scorpionfish Liver Total Solids 42.3 wit% 0.4
SD16 2 Ca. scorpionfish Liver Trans Nonachlor 6.6 E ug/kg

SD16 2 Ca. scorpionfish Liver Zinc 98.7 mg/kg 0.58
SD16 3 Ca. scorpionfish Liver Alpha (cis) Chlordane 11 E ug/kg

SD16 3 Ca. scorpionfish Liver Aluminum 6.25 mg/kg 2.6
SD16 3 Ca. scorpionfish Liver Cadmium 1.97 mg/kg 0.34
SD16 3 Ca. scorpionfish Liver Chromium 0.37 mg/kg 0.3
SD16 3 Ca. scorpionfish Liver Copper 16.8 mg/kg 0.76
SD16 3 Ca. scorpionfish Liver Hexachlorobenzene 2.6 E ug/kg

SD16 3 Ca. scorpionfish Liver Iron 203 mg/kg 1.3
SD16 3 Ca. scorpionfish Liver Lipids 10.5 wit% 0.005
SD16 3 Ca. scorpionfish Liver Manganese 0.435 mg/kg 0.23
SD16 3 Ca. scorpionfish Liver Mercury 0.193 mg/kg  0.012
SD16 3 Ca. scorpionfish Liver 0,p-DDE 260 ug/kg 13.3
SD16 3 Ca. scorpionfish Liver p,p-DDD 720 ug/kg 13.3
SD16 3 Ca. scorpionfish Liver p,p-DDE 13000 ug/kg 13.3
SD16 3 Ca. scorpionfish Liver p,p-DDT 39 ug/kg 13.3
SD16 3 Ca. scorpionfish Liver PCB 101 130 ug/kg 13.3
SD16 3 Ca. scorpionfish Liver PCB 105 74 ug/kg 13.3
SD16 3 Ca. scorpionfish Liver PCB 110 89 ug/kg 13.3
SD16 3 Ca. scorpionfish Liver PCB 118 200 ug/kg 13.3
SD16 3 Ca. scorpionfish Liver PCB 119 45 E ug/kg

SD16 3 Ca. scorpionfish Liver PCB 123 18 ug/kg 13.3
SD16 3 Ca. scorpionfish Liver PCB 128 36 ug/kg 13.3
SD16 3 Ca. scorpionfish Liver PCB 138 140 ug/kg 13.3



Station Rep Common Name  Tissue Parameter
SD16 3 Ca. scorpionfish Liver PCB 149
SD16 3 Ca. scorpionfish Liver PCB 151
SD16 3 Ca. scorpionfish Liver PCB 153/168
SD16 3 Ca. scorpionfish Liver PCB 156
SD16 3 Ca. scorpionfish Liver PCB 157
SD16 3 Ca. scorpionfish Liver PCB 158
SD16 3 Ca. scorpionfish Liver PCB 167
SD16 3 Ca. scorpionfish Liver PCB 170
SD16 3 Ca. scorpionfish Liver PCB 177
SD16 3 Ca. scorpionfish Liver PCB 180
SD16 3 Ca. scorpionfish Liver PCB 183
SD16 3 Ca. scorpionfish Liver PCB 187
SD16 3 Ca. scorpionfish Liver PCB 189
SD16 3 Ca. scorpionfish Liver PCB 194
SD16 3 Ca. scorpionfish Liver PCB 206
SD16 3 Ca. scorpionfish Liver PCB 28
SD16 3 Ca. scorpionfish Liver PCB 44
SD16 3 Ca. scorpionfish Liver PCB 49
SD16 3 Ca. scorpionfish Liver PCB 52
SD16 3 Ca. scorpionfish Liver PCB 66
SD16 3 Ca. scorpionfish Liver PCB 70
SD16 3 Ca. scorpionfish Liver PCB 74
SD16 3 Ca. scorpionfish Liver PCB 77
SD16 3 Ca. scorpionfish Liver PCB 87
SD16 3 Ca. scorpionfish Liver PCB 99
SD16 3 Ca. scorpionfish Liver Selenium
SD16 3 Ca. scorpionfish Liver Total Solids
SD16 3 Ca. scorpionfish Liver Trans Nonachlor
SD16 3 Ca. scorpionfish Liver Zinc

SD17 1 Hornyhead turbot Liver Aluminum
SD17 1 Hornyhead turbot Liver Cadmium
SD17 1 Hornyhead turbot Liver Copper
SD17 1 Hornyhead turbot  Liver Hexachlorobenzene
SD17 1 Hornyhead turbot Liver Iron

SD17 1 Hornyhead turbot  Liver Lipids
SD17 1 Hornyhead turbot Liver Manganese
SD17 1 Hornyhead turbot  Liver Mercury
SD17 1 Hornyhead turbot Liver 0,p-DDE
SD17 1 Hornyhead turbot  Liver p,p-DDD
SD17 1 Hornyhead turbot Liver p,p-DDE
SD17 1 Hornyhead turbot  Liver PCB 101
SD17 1 Hornyhead turbot Liver PCB 105
SD17 1 Hornyhead turbot  Liver PCB 118
SD17 1 Hornyhead turbot Liver PCB 138
SD17 1 Hornyhead turbot  Liver PCB 149
SD17 1 Hornyhead turbot Liver PCB 153/168
SD17 1 Hornyhead turbot Liver PCB 180
SD17 1 Hornyhead turbot Liver PCB 183
SD17 1 Hornyhead turbot Liver PCB 187
SD17 1 Hornyhead turbot Liver PCB 194
SD17 1 Hornyhead turbot Liver PCB 206

Value Units MDL
55 ug/kg 13.3
21 ug/kg 13.3

190 ug/kg 13.3
17 ug/kg 13.3
3.9 E ug/kg
15 ug/kg 13.3
7.9 E ug/kg
41 ug/kg 13.3
16 ug/kg 13.3
78 ug/kg 13.3
21 ug/kg 13.3
53 ug/kg 13.3
1.2 E ug/kg
13 E ug/kg
7.7 E ug/kg
22 ug/kg 13.3
25 ug/kg 13.3
43 ug/kg 13.3
69 ug/kg 13.3
86 ug/kg 13.3
37 ug/kg 13.3
67 ug/kg 13.3
2.6 E ug/kg
49 ug/kg 13.3
100 ug/kg 13.3
0.63 mg/kg 0.13
35.6 wt% 0.4
18 E ug/kg
73.5 mg/kg 0.58
7.9 mg/kg 2.6
2.85 mg/kg 0.34
3.4 mg/kg 0.76
0.9 E ug/kg
36.1 mg/kg 1.3
10 wit% 0.005
1.43 mg/kg 0.23

0.162 mg/kg 0.012
1.4 E ug/kg
2.4 E ug/kg

100 ug/kg 13.3
1.8 E ug/kg
1 E ugkg
3.4 E ug/kg
5.8 E ug/kg
15 E ugkg
11 E ug/kg
7.1 E ug/kg
2.2 E ug/kg
4.6 E ug/kg
1.2 E ugkg
2 E ug/kg



Station Rep Common Name  Tissue Parameter Value Units MDL
SD17 1 Hornyhead turbot  Liver PCB 52 0.9 E ug/kg

SD17 1 Hornyhead turbot Liver PCB 66 1 E ugkg

SD17 1 Hornyhead turbot Liver PCB 99 2.4 E ug/kg

SD17 1 Hornyhead turbot Liver Selenium 0.67 mg/kg 0.17
SD17 1 Hornyhead turbot  Liver Total Solids 29.2 wit% 0.4
SD17 1 Hornyhead turbot Liver Zinc 46.8 mg/kg 0.58
SD17 2 Ca. scorpionfish Liver Alpha (cis) Chlordane 5.8 E ug/kg

SD17 2 Ca. scorpionfish Liver Aluminum 33.6 mg/kg 2.6
SD17 2 Ca. scorpionfish Liver Cadmium 3.45 mg/kg 0.34
SD17 2 Ca. scorpionfish Liver Copper 23.1 mg/kg 0.76
SD17 2 Ca. scorpionfish Liver Hexachlorobenzene 3.5 E ug/kg

SD17 2 Ca. scorpionfish Liver Iron 175 mg/kg 1.3
SD17 2 Ca. scorpionfish Liver Lipids 22 wit% 0.005
SD17 2 Ca. scorpionfish Liver Manganese 0.48 mg/kg 0.23
SD17 2 Ca. scorpionfish Liver Mercury 0.347 mg/kg  0.012
SD17 2 Ca. scorpionfish Liver 0,p-DDE 1.6 E ug/kg

SD17 2 Ca. scorpionfish Liver p,p-DDD 8.7 E ug/kg

SD17 2 Ca. scorpionfish Liver p,p-DDE 560 ug/kg 13.3
SD17 2 Ca. scorpionfish Liver p,p-DDT 2.8 E ug/kg

SD17 2 Ca. scorpionfish Liver PCB 101 15 ug/kg 13.3
SD17 2 Ca. scorpionfish Liver PCB 105 5.6 E ug/kg

SD17 2 Ca. scorpionfish Liver PCB 110 8.9 E ug/kg

SD17 2 Ca. scorpionfish Liver PCB 118 25 ug/kg 13.3
SD17 2 Ca. scorpionfish Liver PCB 119 1.1 E ug/kg

SD17 2 Ca. scorpionfish Liver PCB 123 29 E ug/kg

SD17 2 Ca. scorpionfish Liver PCB 128 6.3 E ug/kg

SD17 2 Ca. scorpionfish Liver PCB 138 28 ug/kg 13.3
SD17 2 Ca. scorpionfish Liver PCB 149 8.3 E ug/kg

SD17 2 Ca. scorpionfish Liver PCB 151 41 E ug/kg

SD17 2 Ca. scorpionfish Liver PCB 153/168 51 ug/kg 13.3
SD17 2 Ca. scorpionfish Liver PCB 158 2.4 E ug/kg

SD17 2 Ca. scorpionfish Liver PCB 167 2.3 E ug/kg

SD17 2 Ca. scorpionfish Liver PCB 177 41 E ug/kg

SD17 2 Ca. scorpionfish Liver PCB 180 22 ug/kg 13.3
SD17 2 Ca. scorpionfish Liver PCB 183 5.9 E ug/kg

SD17 2 Ca. scorpionfish Liver PCB 187 19 ug/kg 13.3
SD17 2 Ca. scorpionfish Liver PCB 194 3.9 E ug/kg

SD17 2 Ca. scorpionfish Liver PCB 206 2.7 E ug/kg

SD17 2 Ca. scorpionfish Liver PCB 28 0.9 E ug/kg

SD17 2 Ca. scorpionfish Liver PCB 49 2.2 E ug/kg

SD17 2 Ca. scorpionfish Liver PCB 52 45 E ug/kg

SD17 2 Ca. scorpionfish Liver PCB 66 3.1 E ug/kg

SD17 2 Ca. scorpionfish Liver PCB 70 1.8 E ug/kg

SD17 2 Ca. scorpionfish Liver PCB 74 2.1 E ug/kg

SD17 2 Ca. scorpionfish Liver PCB 87 3.2 E ug/kg

SD17 2 Ca. scorpionfish Liver PCB 99 13 E ug/kg

SD17 2 Ca. scorpionfish Liver Selenium 1.13 mg/kg 0.26
SD17 2 Ca. scorpionfish Liver Total Solids 46.7 wit% 0.4
SD17 2 Ca. scorpionfish Liver Trans Nonachlor 8.7 E ug/kg

SD17 2 Ca. scorpionfish Liver Zinc 117 mg/kg 0.58
SD17 3 Ca. scorpionfish Liver Aluminum 7.1 mg/kg 2.6



Station Rep Common Name  Tissue Parameter
SD17 3 Ca. scorpionfish Liver Cadmium
SD17 3 Ca. scorpionfish Liver Chromium
SD17 3 Ca. scorpionfish Liver Copper
SD17 3 Ca. scorpionfish Liver Hexachlorobenzene
SD17 3 Ca. scorpionfish Liver Iron

SD17 3 Ca. scorpionfish Liver Lipids
SD17 3 Ca. scorpionfish Liver Manganese
SD17 3 Ca. scorpionfish Liver Mercury
SD17 3 Ca. scorpionfish Liver Nickel
SD17 3 Ca. scorpionfish Liver 0,p-DDE
SD17 3 Ca. scorpionfish Liver p,p-DDD
SD17 3 Ca. scorpionfish Liver p,p-DDE
SD17 3 Ca. scorpionfish Liver p,p-DDT
SD17 3 Ca. scorpionfish Liver PCB 101
SD17 3 Ca. scorpionfish Liver PCB 105
SD17 3 Ca. scorpionfish Liver PCB 110
SD17 3 Ca. scorpionfish Liver PCB 118
SD17 3 Ca. scorpionfish Liver PCB 119
SD17 3 Ca. scorpionfish Liver PCB 123
SD17 3 Ca. scorpionfish Liver PCB 128
SD17 3 Ca. scorpionfish Liver PCB 138
SD17 3 Ca. scorpionfish Liver PCB 149
SD17 3 Ca. scorpionfish Liver PCB 151
SD17 3 Ca. scorpionfish Liver PCB 153/168
SD17 3 Ca. scorpionfish Liver PCB 156
SD17 3 Ca. scorpionfish Liver PCB 157
SD17 3 Ca. scorpionfish Liver PCB 158
SD17 3 Ca. scorpionfish Liver PCB 167
SD17 3 Ca. scorpionfish Liver PCB 170
SD17 3 Ca. scorpionfish Liver PCB 177
SD17 3 Ca. scorpionfish Liver PCB 180
SD17 3 Ca. scorpionfish Liver PCB 183
SD17 3 Ca. scorpionfish Liver PCB 187
SD17 3 Ca. scorpionfish Liver PCB 189
SD17 3 Ca. scorpionfish Liver PCB 194
SD17 3 Ca. scorpionfish Liver PCB 206
SD17 3 Ca. scorpionfish Liver PCB 28
SD17 3 Ca. scorpionfish Liver PCB 44
SD17 3 Ca. scorpionfish Liver PCB 49
SD17 3 Ca. scorpionfish Liver PCB 52
SD17 3 Ca. scorpionfish Liver PCB 66
SD17 3 Ca. scorpionfish Liver PCB 70
SD17 3 Ca. scorpionfish Liver PCB 74
SD17 3 Ca. scorpionfish Liver PCB 99
SD17 3 Ca. scorpionfish Liver Selenium
SD17 3 Ca. scorpionfish Liver Total Solids
SD17 3 Ca. scorpionfish Liver Trans Nonachlor
SD17 3 Ca. scorpionfish Liver Zinc

SD18 1 Hornyhead turbot  Liver Aluminum
SD18 1 Hornyhead turbot Liver Cadmium
SD18 1 Hornyhead turbot  Liver Copper

Value Units MDL
2.03 mg/kg 0.34
4.89 mg/kg 0.3
20.6 mg/kg 0.76

3.5 E ug/kg
177 mg/kg 1.3
14.9 wit% 0.005
0.95 mg/kg 0.23
0.25 mg/kg  0.012
1.04 mg/kg 0.79
2.4 E ug/kg
11 E ug/kg
850 ug/kg 13.3
3.9 E ug/kg
23 ug/kg 13.3
11 E ug/kg
12 E ug/kg
49 ug/kg 13.3
1.4 E ug/kg
4.6 E ug/kg
15 ug/kg 13.3
65 ug/kg 13.3
11 E ug/kg
9.3 E ug/kg
99 ug/kg 13.3
7.7 E ug/kg
1.5 E ugkg
6 E ug/kg
4.2 E ugl/kg
30 ug/kg 13.3
9.4 E ug/kg
54 ug/kg 13.3
15 ug/kg 13.3
33 ug/kg 13.3
0.9 E ug/kg
9.6 E ug/kg
49 E ug/kg
1.1 E ug/kg
1.7 E ug/kg
4.2 E ug/kg
6.1 E ug/kg
5.6 E ug/kg
1.3 E ug/kg
2.7 E ug/kg
25 ug/kg 13.3
0.8 mg/kg 0.26
43.2 wit% 0.4
13 E ug/kg
97 mg/kg 0.58
7.3 mg/kg 2.6
5.8 mg/kg 0.34
10 mg/kg 0.76



Station Rep Common Name  Tissue Parameter
SD18 1 Hornyhead turbot  Liver Iron

SD18 1 Hornyhead turbot Liver Lipids
SD18 1 Hornyhead turbot Liver Manganese
SD18 1 Hornyhead turbot Liver Mercury
SD18 1 Hornyhead turbot  Liver p,p-DDE
SD18 1 Hornyhead turbot Liver PCB 101
SD18 1 Hornyhead turbot Liver PCB 118
SD18 1 Hornyhead turbot Liver PCB 138
SD18 1 Hornyhead turbot  Liver PCB 149
SD18 1 Hornyhead turbot Liver PCB 153/168
SD18 1 Hornyhead turbot Liver PCB 180
SD18 1 Hornyhead turbot Liver PCB 183
SD18 1 Hornyhead turbot Liver PCB 187
SD18 1 Hornyhead turbot Liver PCB 206
SD18 1 Hornyhead turbot Liver PCB 66
SD18 1 Hornyhead turbot Liver PCB 99
SD18 1 Hornyhead turbot Liver Selenium
SD18 1 Hornyhead turbot Liver Total Solids
SD18 1 Hornyhead turbot  Liver Zinc

SD18 2 Ca. scorpionfish Liver Aluminum
SD18 2 Ca. scorpionfish Liver Cadmium
SD18 2 Ca. scorpionfish Liver Copper
SD18 2 Ca. scorpionfish Liver Hexachlorobenzene
SD18 2 Ca. scorpionfish Liver Iron

SD18 2 Ca. scorpionfish Liver Lead

SD18 2 Ca. scorpionfish Liver Lipids
SD18 2 Ca. scorpionfish Liver Manganese
SD18 2 Ca. scorpionfish Liver Mercury
SD18 2 Ca. scorpionfish Liver 0,p-DDE
SD18 2 Ca. scorpionfish Liver p,p-DDD
SD18 2 Ca. scorpionfish Liver p,p-DDE
SD18 2 Ca. scorpionfish Liver p,p-DDT
SD18 2 Ca. scorpionfish Liver PCB 101
SD18 2 Ca. scorpionfish Liver PCB 105
SD18 2 Ca. scorpionfish Liver PCB 110
SD18 2 Ca. scorpionfish Liver PCB 118
SD18 2 Ca. scorpionfish Liver PCB 119
SD18 2 Ca. scorpionfish Liver PCB 123
SD18 2 Ca. scorpionfish Liver PCB 126
SD18 2 Ca. scorpionfish Liver PCB 128
SD18 2 Ca. scorpionfish Liver PCB 138
SD18 2 Ca. scorpionfish Liver PCB 149
SD18 2 Ca. scorpionfish Liver PCB 151
SD18 2 Ca. scorpionfish Liver PCB 153/168
SD18 2 Ca. scorpionfish Liver PCB 156
SD18 2 Ca. scorpionfish Liver PCB 157
SD18 2 Ca. scorpionfish Liver PCB 158
SD18 2 Ca. scorpionfish Liver PCB 167
SD18 2 Ca. scorpionfish Liver PCB 170
SD18 2 Ca. scorpionfish Liver PCB 177
SD18 2 Ca. scorpionfish Liver PCB 180

Value Units MDL
39.1 mg/kg 1.3
5.36 wit% 0.005
1.19 mg/kg 0.23

0.141 mg/kg  0.012

86 ug/kg 13.3
1.5 E ugkg
25 E ug/kg
4.2 E ugl/kg
1.7 E ug/kg
7.7 E ug/kg
4.2 E ug/kg
1 E ug/kg
3.6 E ug/kg
1.5 E ugkg
0.6 E ug/kg
1.7 E ug/kg
0.58 mg/kg 0.17
318 wit% 0.4
61.9 mg/kg 0.58
4.1 mg/kg 2.6
2.48 mg/kg 0.34
25.9 mg/kg 0.76
4.2 E ug/kg
111 mg/kg 1.3
2.8 mg/kg 2.5
25.6 wit% 0.005
0.39 mg/kg 0.23
0.325 mg/kg 0.012
49 E ug/kg
17 ug/kg 13.3
980 ug/kg 13.3
5.6 E ug/kg
19 ug/kg 13.3
9.8 E ug/kg
8.5 E ug/kg
32 ug/kg 13.3
14 E ug/kg
3.7 E ug/kg
1.6 E ug/kg
13 E ug/kg
46 ug/kg 13.3
13 E ug/kg
9.1 E ug/kg
80 ug/kg 13.3
5.6 E ug/kg
1.7 E ug/kg
3.4 E ug/kg
3.4 E ug/kg
21 ug/kg 13.3
11 E ug/kg
39 ug/kg 13.3



Station Rep Common Name  Tissue Parameter
SD18 2 Ca. scorpionfish Liver PCB 183
SD18 2 Ca. scorpionfish Liver PCB 187
SD18 2 Ca. scorpionfish Liver PCB 194
SD18 2 Ca. scorpionfish Liver PCB 206
SD18 2 Ca. scorpionfish Liver PCB 28
SD18 2 Ca. scorpionfish Liver PCB 37
SD18 2 Ca. scorpionfish Liver PCB 44
SD18 2 Ca. scorpionfish Liver PCB 49
SD18 2 Ca. scorpionfish Liver PCB 52
SD18 2 Ca. scorpionfish Liver PCB 66
SD18 2 Ca. scorpionfish Liver PCB 70
SD18 2 Ca. scorpionfish Liver PCB 74
SD18 2 Ca. scorpionfish Liver PCB 87
SD18 2 Ca. scorpionfish Liver PCB 99
SD18 2 Ca. scorpionfish Liver Selenium
SD18 2 Ca. scorpionfish Liver Total Solids
SD18 2 Ca. scorpionfish Liver Trans Nonachlor
SD18 2 Ca. scorpionfish Liver Zinc

SD18 3 Ca. scorpionfish Liver Aluminum
SD18 3 Ca. scorpionfish Liver Cadmium
SD18 3 Ca. scorpionfish Liver Chromium
SD18 3 Ca. scorpionfish Liver Copper
SD18 3 Ca. scorpionfish Liver Hexachlorobenzene
SD18 3 Ca. scorpionfish Liver Iron

SD18 3 Ca. scorpionfish Liver Lipids
SD18 3 Ca. scorpionfish Liver Manganese
SD18 3 Ca. scorpionfish Liver Mercury
SD18 3 Ca. scorpionfish Liver p,p-DDD
SD18 3 Ca. scorpionfish Liver p,p-DDE
SD18 3 Ca. scorpionfish Liver p,p-DDT
SD18 3 Ca. scorpionfish Liver PCB 101
SD18 3 Ca. scorpionfish Liver PCB 105
SD18 3 Ca. scorpionfish Liver PCB 110
SD18 3 Ca. scorpionfish Liver PCB 118
SD18 3 Ca. scorpionfish Liver PCB 119
SD18 3 Ca. scorpionfish Liver PCB 123
SD18 3 Ca. scorpionfish Liver PCB 128
SD18 3 Ca. scorpionfish Liver PCB 138
SD18 3 Ca. scorpionfish Liver PCB 149
SD18 3 Ca. scorpionfish Liver PCB 151
SD18 3 Ca. scorpionfish Liver PCB 153/168
SD18 3 Ca. scorpionfish Liver PCB 156
SD18 3 Ca. scorpionfish Liver PCB 158
SD18 3 Ca. scorpionfish Liver PCB 167
SD18 3 Ca. scorpionfish Liver PCB 177
SD18 3 Ca. scorpionfish Liver PCB 180
SD18 3 Ca. scorpionfish Liver PCB 183
SD18 3 Ca. scorpionfish Liver PCB 187
SD18 3 Ca. scorpionfish Liver PCB 194
SD18 3 Ca. scorpionfish Liver PCB 206
SD18 3 Ca. scorpionfish Liver PCB 44

Value Units MDL
11 E ug/kg
37 ug/kg 13.3
7.8 E ug/kg
4.6 E ug/kg
1.9 E ug/kg
1.7 E ug/kg
2.3 E ug/kg
3.6 E ug/kg
4.9 E ug/kg
5.8 E ug/kg
1.4 E ug/kg
3.2 E ug/kg
5.6 E ug/kg
17 ug/kg 13.3
0.63 mg/kg 0.13
34.2 wit% 0.4
12 E ug/kg
108 mg/kg 0.58
9.9 mg/kg 2.6
454 mg/kg 0.34
0.6 mg/kg 0.3
27.5 mg/kg 0.76
1.65 ug/kg
227 mg/kg 1.3
6.82 wit% 0.005
0.5 mg/kg 0.23
0.434 mg/kg 0.012
3.7 ug/kg
335 ug/kg 13.3
2.7 ug/kg
17.5 ug/kg 13.3
8.05 ug/kg
14 ug/kg 13.3
28 ug/kg 13.3
0.6 ug/kg 13.3
2.55 ug/kg
7.85 ug/kg
27 ug/kg 13.3
6.95 ug/kg
4 ug/kg
36.5 ug/kg 13.3
3.25 ug/kg
2.65 ug/kg
1.55 ug/kg
3.85 ug/kg
16.5 ug/kg 13.3
3.8 ug/kg
12 ug/kg
25 E ug/kg
2.15 ug/kg
0.4 ug/kg 13.3



Station Rep Common Name  Tissue Parameter
SD18 3 Ca. scorpionfish Liver PCB 49
SD18 3 Ca. scorpionfish Liver PCB 52
SD18 3 Ca. scorpionfish Liver PCB 66
SD18 3 Ca. scorpionfish Liver PCB 70
SD18 3 Ca. scorpionfish Liver PCB 74
SD18 3 Ca. scorpionfish Liver PCB 87
SD18 3 Ca. scorpionfish Liver PCB 99
SD18 3 Ca. scorpionfish Liver Selenium
SD18 3 Ca. scorpionfish Liver Total Solids
SD18 3 Ca. scorpionfish Liver Trans Nonachlor
SD18 3 Ca. scorpionfish Liver Zinc

SD19 1 Longfin sanddab Liver Aluminum
SD19 1 Longfin sanddab Liver Arsenic
SD19 1 Longfin sanddab Liver Cadmium
SD19 1 Longfin sanddab Liver Chromium
SD19 1 Longfin sanddab Liver Copper
SD19 1 Longfin sanddab Liver Hexachlorobenzene
SD19 1 Longfin sanddab Liver Iron

SD19 1 Longfin sanddab Liver Lipids
SD19 1 Longfin sanddab Liver Manganese
SD19 1 Longfin sanddab Liver Mercury
SD19 1 Longfin sanddab Liver 0,p-DDD
SD19 1 Longfin sanddab Liver 0,p-DDE
SD19 1 Longfin sanddab Liver 0,p-DDT
SD19 1 Longfin sanddab Liver p,p-DDD
SD19 1 Longfin sanddab Liver p,p-DDE
SD19 1 Longfin sanddab Liver p,p-DDT
SD19 1 Longfin sanddab Liver PCB 101
SD19 1 Longfin sanddab Liver PCB 105
SD19 1 Longfin sanddab Liver PCB 110
SD19 1 Longfin sanddab Liver PCB 118
SD19 1 Longfin sanddab Liver PCB 119
SD19 1 Longfin sanddab Liver PCB 123
SD19 1 Longfin sanddab Liver PCB 126
SD19 1 Longfin sanddab Liver PCB 128
SD19 1 Longfin sanddab Liver PCB 138
SD19 1 Longfin sanddab Liver PCB 149
SD19 1 Longfin sanddab Liver PCB 151
SD19 1 Longfin sanddab Liver PCB 153/168
SD19 1 Longfin sanddab Liver PCB 156
SD19 1 Longfin sanddab Liver PCB 158
SD19 1 Longfin sanddab Liver PCB 167
SD19 1 Longfin sanddab Liver PCB 170
SD19 1 Longfin sanddab Liver PCB 177
SD19 1 Longfin sanddab Liver PCB 180
SD19 1 Longfin sanddab Liver PCB 183
SD19 1 Longfin sanddab Liver PCB 187
SD19 1 Longfin sanddab Liver PCB 189
SD19 1 Longfin sanddab Liver PCB 194
SD19 1 Longfin sanddab Liver PCB 201
SD19 1 Longfin sanddab Liver PCB 206

Value

Units

MDL

1.55
4.35
21
3.3
18 E
7.9
12 E
0.79
34.3
3.1
114
2.7

151
0.89
7.57
41 E
89.9
31.6
0.85
0.087
23 E
6.5 E
13 E
10 E
590
8.1E
83 E
6.4 E
46 E
23
05 E
29 E
09 E
83 E
43
9E
6.6 E
66
4 E
22E
28 E
20
75 E
37
12 E
33
14 E
8 E
88 E
41 E

ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
mg/kg
wit%
ug/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
ug/kg
mg/kg
wit%
mg/kg
mg/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg

0.13
0.4
20

0.58
2.6
14

0.34
0.3

0.76

1.3
0.005
0.23
0.012

13.3

13.3

13.3

13.3

13.3

13.3

13.3



Station Rep Common Name  Tissue Parameter
SD19 1 Longfin sanddab Liver PCB 28
SD19 1 Longfin sanddab Liver PCB 37
SD19 1 Longfin sanddab Liver PCB 49
SD19 1 Longfin sanddab Liver PCB 52
SD19 1 Longfin sanddab Liver PCB 66
SD19 1 Longfin sanddab Liver PCB 70
SD19 1 Longfin sanddab Liver PCB 74
SD19 1 Longfin sanddab Liver PCB 77
SD19 1 Longfin sanddab Liver PCB 81
SD19 1 Longfin sanddab Liver PCB 87
SD19 1 Longfin sanddab Liver PCB 99
SD19 1 Longfin sanddab Liver Selenium
SD19 1 Longfin sanddab Liver Total Solids
SD19 1 Longfin sanddab Liver Trans Nonachlor
SD19 1 Longfin sanddab Liver Zinc

SD19 2 Longfin sanddab Liver Alpha (cis) Chlordane
SD19 2 Longfin sanddab Liver Aluminum
SD19 2 Longfin sanddab Liver Arsenic
SD19 2 Longfin sanddab Liver Cadmium
SD19 2 Longfin sanddab Liver Chromium
SD19 2 Longfin sanddab Liver Copper
SD19 2 Longfin sanddab Liver Hexachlorobenzene
SD19 2 Longfin sanddab Liver Iron

SD19 2 Longfin sanddab Liver Lipids
SD19 2 Longfin sanddab Liver Manganese
SD19 2 Longfin sanddab Liver Mercury
SD19 2 Longfin sanddab Liver 0,p-DDD
SD19 2 Longfin sanddab Liver 0,p-DDE
SD19 2 Longfin sanddab Liver p,p-DDD
SD19 2 Longfin sanddab Liver p,p-DDE
SD19 2 Longfin sanddab Liver p,p-DDT
SD19 2 Longfin sanddab Liver PCB 101
SD19 2 Longfin sanddab Liver PCB 105
SD19 2 Longfin sanddab Liver PCB 110
SD19 2 Longfin sanddab Liver PCB 118
SD19 2 Longfin sanddab Liver PCB 119
SD19 2 Longfin sanddab Liver PCB 123
SD19 2 Longfin sanddab Liver PCB 128
SD19 2 Longfin sanddab Liver PCB 138
SD19 2 Longfin sanddab Liver PCB 149
SD19 2 Longfin sanddab Liver PCB 151
SD19 2 Longfin sanddab Liver PCB 153/168
SD19 2 Longfin sanddab Liver PCB 156
SD19 2 Longfin sanddab Liver PCB 157
SD19 2 Longfin sanddab Liver PCB 158
SD19 2 Longfin sanddab Liver PCB 167
SD19 2 Longfin sanddab Liver PCB 170
SD19 2 Longfin sanddab Liver PCB 177
SD19 2 Longfin sanddab Liver PCB 180
SD19 2 Longfin sanddab Liver PCB 183
SD19 2 Longfin sanddab Liver PCB 187

Value Units MDL
29 E ug/kg
1 E ugkg
1.7 E ug/kg
3.5 E ug/kg
3.7 E ug/kg
2 E ug/kg
2.6 E ug/kg
1.2 E ug/kg
0.7 E ug/kg
2 E ug/kg
12 E ug/kg
0.64 mg/kg 0.17
52.8 wt% 0.4
4.6 E ug/kg
18.8 mg/kg 0.58
4 E ug/kg
22 mg/kg 2.6
8.2 mg/kg 1.4
1.26 mg/kg 0.34
3.56 mg/kg 0.3
8.07 mg/kg 0.76
45 E ug/kg
104 mg/kg 13
32.7 wit% 0.005
1.86 mg/kg 0.23
0.256 mg/kg 0.012
3 E ug/kg
590 ug/kg 13.3
27 ug/kg 13.3
10000 ug/kg 13.3
54 ug/kg 13.3
19 ug/kg 13.3
38 ug/kg 13.3
27 ug/kg 13.3
130 ug/kg 13.3
0.7 E ug/kg
12 E ug/kg
26 ug/kg 13.3
140 ug/kg 13.3
12 E ug/kg
18 ug/kg 13.3
170 ug/kg 13.3
14 ug/kg 13.3
3.1 E ug/kg
12 E ug/kg
7.4 E ug/kg
41 ug/kg 13.3
12 E ug/kg
77 ug/kg 13.3
23 ug/kg 13.3
55 ug/kg 13.3



Station Rep Common Name  Tissue Parameter
SD19 2 Longfin sanddab Liver PCB 189
SD19 2 Longfin sanddab Liver PCB 194
SD19 2 Longfin sanddab Liver PCB 201
SD19 2 Longfin sanddab Liver PCB 206
SD19 2 Longfin sanddab Liver PCB 28
SD19 2 Longfin sanddab Liver PCB 49
SD19 2 Longfin sanddab Liver PCB 52
SD19 2 Longfin sanddab Liver PCB 66
SD19 2 Longfin sanddab Liver PCB 70
SD19 2 Longfin sanddab Liver PCB 74
SD19 2 Longfin sanddab Liver PCB 87
SD19 2 Longfin sanddab Liver PCB 99
SD19 2 Longfin sanddab Liver Selenium
SD19 2 Longfin sanddab Liver Total Solids
SD19 2 Longfin sanddab Liver Trans Nonachlor
SD19 2 Longfin sanddab Liver Zinc

SD19 3 Ca. scorpionfish Liver Aluminum
SD19 3 Ca. scorpionfish Liver Cadmium
SD19 3 Ca. scorpionfish Liver Chromium
SD19 3 Ca. scorpionfish Liver Copper
SD19 3 Ca. scorpionfish Liver Hexachlorobenzene
SD19 3 Ca. scorpionfish Liver Iron

SD19 3 Ca. scorpionfish Liver Lipids
SD19 3 Ca. scorpionfish Liver Manganese
SD19 3 Ca. scorpionfish Liver Mercury
SD19 3 Ca. scorpionfish Liver 0,p-DDE
SD19 3 Ca. scorpionfish Liver p,p-DDD
SD19 3 Ca. scorpionfish Liver p,p-DDE
SD19 3 Ca. scorpionfish Liver p,p-DDT
SD19 3 Ca. scorpionfish Liver PCB 101
SD19 3 Ca. scorpionfish Liver PCB 105
SD19 3 Ca. scorpionfish Liver PCB 110
SD19 3 Ca. scorpionfish Liver PCB 118
SD19 3 Ca. scorpionfish Liver PCB 123
SD19 3 Ca. scorpionfish Liver PCB 128
SD19 3 Ca. scorpionfish Liver PCB 138
SD19 3 Ca. scorpionfish Liver PCB 149
SD19 3 Ca. scorpionfish Liver PCB 151
SD19 3 Ca. scorpionfish Liver PCB 153/168
SD19 3 Ca. scorpionfish Liver PCB 158
SD19 3 Ca. scorpionfish Liver PCB 167
SD19 3 Ca. scorpionfish Liver PCB 177
SD19 3 Ca. scorpionfish Liver PCB 180
SD19 3 Ca. scorpionfish Liver PCB 183
SD19 3 Ca. scorpionfish Liver PCB 187
SD19 3 Ca. scorpionfish Liver PCB 194
SD19 3 Ca. scorpionfish Liver PCB 206
SD19 3 Ca. scorpionfish Liver PCB 28
SD19 3 Ca. scorpionfish Liver PCB 49
SD19 3 Ca. scorpionfish Liver PCB 52
SD19 3 Ca. scorpionfish Liver PCB 66

Value

Units

MDL

13 E
15
16
6.5 E
41 E
2E
10 E
21
22E
25
4.7 E
77
0.82
50.3
7.1E
22.3
24.3
2.57
29
22.2
13 E
310
13.7
0.57

0.067

22 E
75E
500
3E
9.8 E
5.6 E
52 E
20
15 E
6 E
29
8.4 E
42 E
44
24 E
15 E
53E
25
6.6 E
23
49 E
31E
0.6 E
19 E
27E
20E

ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
mg/kg
wit%
ug/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
ug/kg
mg/kg
wt%
mg/kg
mg/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg

13.3
13.3

13.3
13.3
13.3
0.17
0.4
0.58
2.6
0.34
0.3
0.76
13
0.005

0.23
0.012

13.3

13.3

13.3

13.3

13.3

13.3



Station Rep Common Name  Tissue Parameter
SD19 3 Ca. scorpionfish Liver PCB 74
SD19 3 Ca. scorpionfish Liver PCB 87
SD19 3 Ca. scorpionfish Liver PCB 99
SD19 3 Ca. scorpionfish Liver Selenium
SD19 3 Ca. scorpionfish Liver Total Solids
SD19 3 Ca. scorpionfish Liver Trans Nonachlor
SD19 3 Ca. scorpionfish Liver Zinc

SD20 1 Longfin sanddab Liver Aluminum
SD20 1 Longfin sanddab Liver Cadmium
SD20 1 Longfin sanddab Liver Chromium
SD20 1 Longfin sanddab Liver Copper
SD20 1 Longfin sanddab Liver Hexachlorobenzene
SD20 1 Longfin sanddab Liver Iron

SD20 1 Longfin sanddab Liver Lipids
SD20 1 Longfin sanddab Liver Manganese
SD20 1 Longfin sanddab Liver Mercury
SD20 1 Longfin sanddab Liver 0,p-DDD
SD20 1 Longfin sanddab Liver 0,p-DDE
SD20 1 Longfin sanddab Liver p,p-DDD
SD20 1 Longfin sanddab Liver p,p-DDE
SD20 1 Longfin sanddab Liver p,p-DDT
SD20 1 Longfin sanddab Liver PCB 101
SD20 1 Longfin sanddab Liver PCB 105
SD20 1 Longfin sanddab Liver PCB 110
SD20 1 Longfin sanddab Liver PCB 118
SD20 1 Longfin sanddab Liver PCB 123
SD20 1 Longfin sanddab Liver PCB 128
SD20 1 Longfin sanddab Liver PCB 138
SD20 1 Longfin sanddab Liver PCB 149
SD20 1 Longfin sanddab Liver PCB 151
SD20 1 Longfin sanddab Liver PCB 153/168
SD20 1 Longfin sanddab Liver PCB 156
SD20 1 Longfin sanddab Liver PCB 157
SD20 1 Longfin sanddab Liver PCB 158
SD20 1 Longfin sanddab Liver PCB 167
SD20 1 Longfin sanddab Liver PCB 170
SD20 1 Longfin sanddab Liver PCB 177
SD20 1 Longfin sanddab Liver PCB 180
SD20 1 Longfin sanddab Liver PCB 183
SD20 1 Longfin sanddab Liver PCB 187
SD20 1 Longfin sanddab Liver PCB 189
SD20 1 Longfin sanddab Liver PCB 194
SD20 1 Longfin sanddab Liver PCB 201
SD20 1 Longfin sanddab Liver PCB 206
SD20 1 Longfin sanddab Liver PCB 28
SD20 1 Longfin sanddab Liver PCB 44
SD20 1 Longfin sanddab Liver PCB 49
SD20 1 Longfin sanddab Liver PCB 52
SD20 1 Longfin sanddab Liver PCB 66
SD20 1 Longfin sanddab Liver PCB 70
SD20 1 Longfin sanddab Liver PCB 74

Value

Units

MDL

15E
24 E
95 E
0.79
39
78 E
120
245
1.92
0.64
9.65
41 E
92.1
37.9
0.74
0.096
14 E
6.5 E
12 E
590
9E
10 E
79 E
56 E
34
28 E
10 E
62
10 E
6.5 E
87
44 E
11E
35E
23 E
23
7.7E
39
13 E
41
11E
98 E
94 E
47 E
25E
2E
22E
38 E
43 E
15E
26 E

ug/kg
ug/kg
ug/kg
mg/kg
wit%
ug/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
ug/kg
mg/kg
wt%
mg/kg
mg/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg

0.17
0.4

0.58
2.6
0.34
0.3
0.76
13
0.005

0.23
0.012

13.3

13.3

13.3

13.3

13.3

13.3

13.3



Station Rep Common Name  Tissue Parameter
SD20 1 Longfin sanddab Liver PCB 87
SD20 1 Longfin sanddab Liver PCB 99
SD20 1 Longfin sanddab Liver Selenium
SD20 1 Longfin sanddab Liver Total Solids
SD20 1 Longfin sanddab Liver Trans Nonachlor
SD20 1 Longfin sanddab Liver Zinc

SD20 2 Ca. scorpionfish Liver Aluminum
SD20 2 Ca. scorpionfish Liver Cadmium
SD20 2 Ca. scorpionfish Liver Chromium
SD20 2 Ca. scorpionfish Liver Copper
SD20 2 Ca. scorpionfish Liver Hexachlorobenzene
SD20 2 Ca. scorpionfish Liver Iron

SD20 2 Ca. scorpionfish Liver Lipids
SD20 2 Ca. scorpionfish Liver Manganese
SD20 2 Ca. scorpionfish Liver Mercury
SD20 2 Ca. scorpionfish Liver p,p-DDD
SD20 2 Ca. scorpionfish Liver p,p-DDE
SD20 2 Ca. scorpionfish Liver p,p-DDT
SD20 2 Ca. scorpionfish Liver PCB 101
SD20 2 Ca. scorpionfish Liver PCB 105
SD20 2 Ca. scorpionfish Liver PCB 110
SD20 2 Ca. scorpionfish Liver PCB 118
SD20 2 Ca. scorpionfish Liver PCB 123
SD20 2 Ca. scorpionfish Liver PCB 128
SD20 2 Ca. scorpionfish Liver PCB 138
SD20 2 Ca. scorpionfish Liver PCB 149
SD20 2 Ca. scorpionfish Liver PCB 151
SD20 2 Ca. scorpionfish Liver PCB 153/168
SD20 2 Ca. scorpionfish Liver PCB 156
SD20 2 Ca. scorpionfish Liver PCB 158
SD20 2 Ca. scorpionfish Liver PCB 167
SD20 2 Ca. scorpionfish Liver PCB 170
SD20 2 Ca. scorpionfish Liver PCB 177
SD20 2 Ca. scorpionfish Liver PCB 180
SD20 2 Ca. scorpionfish Liver PCB 183
SD20 2 Ca. scorpionfish Liver PCB 187
SD20 2 Ca. scorpionfish Liver PCB 194
SD20 2 Ca. scorpionfish Liver PCB 206
SD20 2 Ca. scorpionfish Liver PCB 49
SD20 2 Ca. scorpionfish Liver PCB 52
SD20 2 Ca. scorpionfish Liver PCB 66
SD20 2 Ca. scorpionfish Liver PCB 74
SD20 2 Ca. scorpionfish Liver PCB 99
SD20 2 Ca. scorpionfish Liver Selenium
SD20 2 Ca. scorpionfish Liver Silver
SD20 2 Ca. scorpionfish Liver Total Solids
SD20 2 Ca. scorpionfish Liver Zinc

SD20 3 Ca. scorpionfish Liver Aluminum
SD20 3 Ca. scorpionfish Liver Cadmium
SD20 3 Ca. scorpionfish Liver Copper
SD20 3 Ca. scorpionfish Liver Hexachlorobenzene

Value Units MDL
1.6 E ug/kg
20 ug/kg 13.3
0.64 mg/kg 0.17
61.9 wit% 0.4
5 E ug/kg
14.8 mg/kg 0.58
235 mg/kg 2.6
3.43 mg/kg 0.34
0.48 mg/kg 0.3
16.6 mg/kg 0.76
1.2 E ug/kg
292 mg/kg 1.3
6.47 wt% 0.005
0.4 mg/kg 0.23
0.079 mg/kg 0.012
3.1 E ug/kg
330 ug/kg 13.3
1.3 E ugkg
7.4 E ug/kg
5.4 E ug/kg
5.3 E ug/kg
21 ug/kg 13.3
2.2 E ug/kg
6.9 E ug/kg
32 ug/kg 13.3
4.4 E uglkg
4 E ug/kg
48 ug/kg 13.3
3 E ug/kg
2.1 E ug/kg
2 E ug/kg
14 ug/kg 13.3
5.6 E ug/kg
24 ug/kg 13.3
7.3 E ug/kg
20 ug/kg 13.3
5.6 E ug/kg
3.2 E ug/kg
1.3 E ug/kg
1.9 E ug/kg
2.2 E ug/kg
1.5 E ugkg
11 E ug/kg
0.72 mg/kg 0.13
0.74 mg/kg 0.62
38.9 wit% 0.4
78.2 mg/kg 0.58
134 mg/kg 2.6
6.74 mg/kg 0.34
24.5 mg/kg 0.76
1.8 E ug/kg



Station Rep Common Name  Tissue Parameter
SD20 3 Ca. scorpionfish Liver Iron

SD20 3 Ca. scorpionfish Liver Lipids
SD20 3 Ca. scorpionfish Liver Manganese
SD20 3 Ca. scorpionfish Liver Mercury
SD20 3 Ca. scorpionfish Liver 0,p-DDE
SD20 3 Ca. scorpionfish Liver p,p-DDD
SD20 3 Ca. scorpionfish Liver p,p-DDE
SD20 3 Ca. scorpionfish Liver p,p-DDT
SD20 3 Ca. scorpionfish Liver PCB 101
SD20 3 Ca. scorpionfish Liver PCB 105
SD20 3 Ca. scorpionfish Liver PCB 110
SD20 3 Ca. scorpionfish Liver PCB 118
SD20 3 Ca. scorpionfish Liver PCB 119
SD20 3 Ca. scorpionfish Liver PCB 123
SD20 3 Ca. scorpionfish Liver PCB 128
SD20 3 Ca. scorpionfish Liver PCB 138
SD20 3 Ca. scorpionfish Liver PCB 149
SD20 3 Ca. scorpionfish Liver PCB 151
SD20 3 Ca. scorpionfish Liver PCB 153/168
SD20 3 Ca. scorpionfish Liver PCB 156
SD20 3 Ca. scorpionfish Liver PCB 157
SD20 3 Ca. scorpionfish Liver PCB 158
SD20 3 Ca. scorpionfish Liver PCB 167
SD20 3 Ca. scorpionfish Liver PCB 170
SD20 3 Ca. scorpionfish Liver PCB 177
SD20 3 Ca. scorpionfish Liver PCB 180
SD20 3 Ca. scorpionfish Liver PCB 183
SD20 3 Ca. scorpionfish Liver PCB 187
SD20 3 Ca. scorpionfish Liver PCB 189
SD20 3 Ca. scorpionfish Liver PCB 194
SD20 3 Ca. scorpionfish Liver PCB 201
SD20 3 Ca. scorpionfish Liver PCB 206
SD20 3 Ca. scorpionfish Liver PCB 49
SD20 3 Ca. scorpionfish Liver PCB 52
SD20 3 Ca. scorpionfish Liver PCB 66
SD20 3 Ca. scorpionfish Liver PCB 70
SD20 3 Ca. scorpionfish Liver PCB 74
SD20 3 Ca. scorpionfish Liver PCB 87
SD20 3 Ca. scorpionfish Liver PCB 99
SD20 3 Ca. scorpionfish Liver Selenium
SD20 3 Ca. scorpionfish Liver Total Solids
SD20 3 Ca. scorpionfish Liver Zinc

SD21 1 Longfin sanddab Liver Aluminum
SD21 1 Longfin sanddab Liver Arsenic
SD21 1 Longfin sanddab Liver Cadmium
SD21 1 Longfin sanddab Liver Chromium
SD21 1 Longfin sanddab Liver Copper
SD21 1 Longfin sanddab Liver Hexachlorobenzene
SD21 1 Longfin sanddab Liver Iron

SD21 1 Longfin sanddab Liver Lipids
SD21 1 Longfin sanddab  Liver Manganese

Value

Units

MDL

260
12.3

0.585
0.369

13 E
73 E
530
25 E
12 E
58 E
6.4 E
20
0.7 E
26 E
6.5E
29
6.5E
52 E
47
3.1E
1E
27E
2.1E
13 E
53 E
22
6.4 E
20
09 E
43 E
7.2 E
27E
13 E
29 E
3E
12 E
19E
33 E
11 E
1.02
32
75.7
18.2
3.5
1.04
0.59
11.4
33 E
103
31.2
0.67

mg/kg
wt%
mg/kg
mg/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
mg/kg
wit%
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
ug/kg
mg/kg
wit%
mg/kg

13
0.005
0.23
0.012

13.3

13.3

13.3

13.3

13.3

13.3

0.13
0.4
0.58
2.6
14
0.34
0.3
0.76

1.3
0.005
0.23



Station Rep Common Name  Tissue Parameter
SD21 1 Longfin sanddab Liver Mercury
SD21 1 Longfin sanddab Liver 0,p-DDD
SD21 1 Longfin sanddab Liver 0,p-DDE
SD21 1 Longfin sanddab Liver p,p-DDD
SD21 1 Longfin sanddab Liver p,p-DDE
SD21 1 Longfin sanddab Liver p,p-DDT
SD21 1 Longfin sanddab Liver PCB 101
SD21 1 Longfin sanddab Liver PCB 105
SD21 1 Longfin sanddab Liver PCB 110
SD21 1 Longfin sanddab Liver PCB 118
SD21 1 Longfin sanddab Liver PCB 123
SD21 1 Longfin sanddab Liver PCB 128
SD21 1 Longfin sanddab Liver PCB 138
SD21 1 Longfin sanddab Liver PCB 149
SD21 1 Longfin sanddab Liver PCB 151
SD21 1 Longfin sanddab Liver PCB 153/168
SD21 1 Longfin sanddab Liver PCB 156
SD21 1 Longfin sanddab Liver PCB 157
SD21 1 Longfin sanddab Liver PCB 158
SD21 1 Longfin sanddab Liver PCB 167
SD21 1 Longfin sanddab Liver PCB 170
SD21 1 Longfin sanddab Liver PCB 177
SD21 1 Longfin sanddab Liver PCB 180
SD21 1 Longfin sanddab Liver PCB 183
SD21 1 Longfin sanddab Liver PCB 187
SD21 1 Longfin sanddab Liver PCB 201
SD21 1 Longfin sanddab Liver PCB 206
SD21 1 Longfin sanddab Liver PCB 28
SD21 1 Longfin sanddab Liver PCB 44
SD21 1 Longfin sanddab Liver PCB 49
SD21 1 Longfin sanddab Liver PCB 52
SD21 1 Longfin sanddab Liver PCB 66
SD21 1 Longfin sanddab Liver PCB 70
SD21 1 Longfin sanddab Liver PCB 74
SD21 1 Longfin sanddab Liver PCB 87
SD21 1 Longfin sanddab Liver PCB 99
SD21 1 Longfin sanddab Liver Selenium
SD21 1 Longfin sanddab Liver Total Solids
SD21 1 Longfin sanddab Liver Zinc
SD21 2 Ca. scorpionfish Liver Aluminum
SD21 2 Ca. scorpionfish Liver Cadmium
SD21 2 Ca. scorpionfish Liver Chromium
SD21 2 Ca. scorpionfish Liver Copper
SD21 2 Ca. scorpionfish Liver Hexachlorobenzene
SD21 2 Ca. scorpionfish Liver Iron

SD21 2 Ca. scorpionfish Liver Lipids
SD21 2 Ca. scorpionfish Liver Manganese
SD21 2 Ca. scorpionfish Liver Mercury
SD21 2 Ca. scorpionfish Liver p,p-DDD
SD21 2 Ca. scorpionfish Liver p,p-DDE
SD21 2 Ca. scorpionfish Liver p,p-DDT

Value

Units

MDL

0.097
12 E
57E
85E
330
36 E
88 E
58 E
4.7 E

23
29 E
74 E
40
10 E
48 E
61
29 E
08 E
15E
22E
16
55E
29
8 E
25
7.7 E
43 E
24 E
1E
2E
3.2E
34 E
14 E
22E
09 E
13 E
0.965
52.3
17.7
37.9
0.44
0.87
24.8
15E
162
14
0.49

0.154
6.2 E
320
18 E

mg/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
mg/kg
wit%
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
ug/kg
mg/kg
wt%
mg/kg
mg/kg
ug/kg
ug/kg
ug/kg

0.012

13.3

13.3
13.3

13.3

13.3
13.3

13.3

0.17
0.4
0.58
2.6
0.34
0.3
0.76

1.3
0.005
0.23
0.012

13.3



Station Rep Common Name  Tissue Parameter
SD21 2 Ca. scorpionfish Liver PCB 101
SD21 2 Ca. scorpionfish Liver PCB 105
SD21 2 Ca. scorpionfish Liver PCB 110
SD21 2 Ca. scorpionfish Liver PCB 118
SD21 2 Ca. scorpionfish Liver PCB 119
SD21 2 Ca. scorpionfish Liver PCB 123
SD21 2 Ca. scorpionfish Liver PCB 128
SD21 2 Ca. scorpionfish Liver PCB 138
SD21 2 Ca. scorpionfish Liver PCB 149
SD21 2 Ca. scorpionfish Liver PCB 151
SD21 2 Ca. scorpionfish Liver PCB 153/168
SD21 2 Ca. scorpionfish Liver PCB 156
SD21 2 Ca. scorpionfish Liver PCB 157
SD21 2 Ca. scorpionfish Liver PCB 158
SD21 2 Ca. scorpionfish Liver PCB 167
SD21 2 Ca. scorpionfish Liver PCB 177
SD21 2 Ca. scorpionfish Liver PCB 180
SD21 2 Ca. scorpionfish Liver PCB 183
SD21 2 Ca. scorpionfish Liver PCB 187
SD21 2 Ca. scorpionfish Liver PCB 194
SD21 2 Ca. scorpionfish Liver PCB 206
SD21 2 Ca. scorpionfish Liver PCB 28
SD21 2 Ca. scorpionfish Liver PCB 49
SD21 2 Ca. scorpionfish Liver PCB 52
SD21 2 Ca. scorpionfish Liver PCB 66
SD21 2 Ca. scorpionfish Liver PCB 70
SD21 2 Ca. scorpionfish Liver PCB 74
SD21 2 Ca. scorpionfish Liver PCB 87
SD21 2 Ca. scorpionfish Liver PCB 99
SD21 2 Ca. scorpionfish Liver Selenium
SD21 2 Ca. scorpionfish Liver Total Solids
SD21 2 Ca. scorpionfish Liver Trans Nonachlor
SD21 2 Ca. scorpionfish Liver Zinc

SD21 3 Ca. scorpionfish Liver Aluminum
SD21 3 Ca. scorpionfish Liver Cadmium
SD21 3 Ca. scorpionfish Liver Chromium
SD21 3 Ca. scorpionfish Liver Copper
SD21 3 Ca. scorpionfish Liver Hexachlorobenzene
SD21 3 Ca. scorpionfish Liver Iron

SD21 3 Ca. scorpionfish Liver Lipids
SD21 3 Ca. scorpionfish Liver Manganese
SD21 3 Ca. scorpionfish Liver Mercury
SD21 3 Ca. scorpionfish Liver 0,p-DDE
SD21 3 Ca. scorpionfish Liver p,p-DDD
SD21 3 Ca. scorpionfish Liver p,p-DDE
SD21 3 Ca. scorpionfish Liver p,p-DDT
SD21 3 Ca. scorpionfish Liver PCB 101
SD21 3 Ca. scorpionfish Liver PCB 105
SD21 3 Ca. scorpionfish Liver PCB 110
SD21 3 Ca. scorpionfish Liver PCB 118
SD21 3 Ca. scorpionfish Liver PCB 119

Value Units MDL
25 ug/kg 13.3
13 E ug/kg
12 E ug/kg
51 ug/kg 13.3
0.9 E ug/kg
5.6 E ug/kg
17 ug/kg 13.3
65 ug/kg 13.3
14 ug/kg 13.3
6.7 E ug/kg

110 ug/kg 13.3
5.2 E ug/kg
1.5 E ugkg
45 E ug/kg
4.3 E ug/kg
9 E ug/kg
37 ug/kg 13.3
13 E ug/kg
42 ug/kg 13.3
4.8 E ug/kg
4.1 E ug/kg
1.6 E ug/kg
3.9 E ug/kg
6.6 E ug/kg
7.5 E ug/kg
1.1 E ug/kg
4.7 E ug/kg
4.4 E ugl/kg
30 ug/kg 13.3
0.57 mg/kg 0.13
45.9 wit% 0.4
8.8 E ug/kg
67.2 mg/kg 0.58
12.7 mg/kg 2.6
1.52 mg/kg 0.34
413 mg/kg 0.3
19.8 mg/kg 0.76
3.05 ug/kg
222 mg/kg 1.3
10.9 wit% 0.005
0.53 mg/kg 0.23

0.165 mg/kg 0.012

1.8 ug/kg

8.15 ug/kg

610 ug/kg 13.3
3.3 E ug/kg

14.5 ug/kg 13.3
8.7 ug/kg

9.05 ug/kg

335 ug/kg 13.3

0.75 ug/kg



Station Rep Common Name  Tissue Parameter
SD21 3 Ca. scorpionfish Liver PCB 123
SD21 3 Ca. scorpionfish Liver PCB 128
SD21 3 Ca. scorpionfish Liver PCB 138
SD21 3 Ca. scorpionfish Liver PCB 149
SD21 3 Ca. scorpionfish Liver PCB 151
SD21 3 Ca. scorpionfish Liver PCB 153/168
SD21 3 Ca. scorpionfish Liver PCB 156
SD21 3 Ca. scorpionfish Liver PCB 157
SD21 3 Ca. scorpionfish Liver PCB 158
SD21 3 Ca. scorpionfish Liver PCB 167
SD21 3 Ca. scorpionfish Liver PCB 170
SD21 3 Ca. scorpionfish Liver PCB 177
SD21 3 Ca. scorpionfish Liver PCB 180
SD21 3 Ca. scorpionfish Liver PCB 183
SD21 3 Ca. scorpionfish Liver PCB 187
SD21 3 Ca. scorpionfish Liver PCB 189
SD21 3 Ca. scorpionfish Liver PCB 194
SD21 3 Ca. scorpionfish Liver PCB 206
SD21 3 Ca. scorpionfish Liver PCB 28
SD21 3 Ca. scorpionfish Liver PCB 44
SD21 3 Ca. scorpionfish Liver PCB 49
SD21 3 Ca. scorpionfish Liver PCB 52
SD21 3 Ca. scorpionfish Liver PCB 66
SD21 3 Ca. scorpionfish Liver PCB 70
SD21 3 Ca. scorpionfish Liver PCB 74
SD21 3 Ca. scorpionfish Liver PCB 87
SD21 3 Ca. scorpionfish Liver PCB 99
SD21 3 Ca. scorpionfish Liver Selenium
SD21 3 Ca. scorpionfish Liver Total Solids
SD21 3 Ca. scorpionfish Liver Trans Nonachlor
SD21 3 Ca. scorpionfish Liver Zinc

Value Units MDL
3.15 ug/kg
10.5 ug/kg
41.5 ug/kg 13.3
8.15 ug/kg
5.65 ug/kg
65.5 ug/kg 13.3
5 ug/kg
1.35 ug/kg
3.4 ug/kg
2.6 ug/kg
19.5 ug/kg 13.3
7.1 ug/kg
33 ug/kg 13.3
9.95 ug/kg
26 ug/kg 13.3
0.35 ug/kg 13.3
7.1 ug/kg
4.25 ug/kg
1.05 ug/kg
0.95 ug/kg
2.45 ug/kg
3.55 ug/kg
4.2 E ug/kg
1.65 ug/kg
2.15 ug/kg
3.7 ug/kg
15 ug/kg 13.3
0.7 mg/kg 0.13
374 wit% 0.4
9.2 ug/kg
89.9 mg/kg 0.58



Appendix D

Random Sample Survey for the San Diego Region
(July 2001)

Sediment Quality
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Appendix D

Regional Survey off San Diego
(July 2001)

Sediment Quality

INTRODUCTION

TheCity of San Diego hasconducted summer surveysof sediment conditionsthroughout the San Diego regionfrom
1994 through 2001. Theseannual surveysarebased onanarray of stationsrandomly sel ected each year by theUnited
StatesEnvironmentd Protection Agency (USEPA) using the USEPA probability-based EMAPdesign. The 1994 and
1998 surveysoff San Diegowere conducted aspart of the Southern CaliforniaBight 1994 Pil ot Project (SCBPP) and
the 1998 Southern CaliforniaBight M onitoring Survey (Bight’ 98), twolarge-scal esurveyswhichincluded other major
southern Californiadischargers. The same randomized sampling design was used in the surveyslimited to the San
Diego region (1995-1997 and 1999-2001). These surveys were conducted by the City of San Diego as part of
contractual agreements for monitoring in the vicinity of the South Bay Ocean Ouitfall (see Chapter 1).

Thisappendix presents summaries and anal yses of the sediment particle size and chemistry data collected during
the San Diegoregional survey of 2001. Various parameterswere measured for the purpose of examiningthequality
and characteristics of sediments and to aid in identifying reference areas for the region.

MATERIALS & METHODS
Field Sampling

Sediment samples were collected at atotal of 38 stations off the coast of San Diego during July of 2001 (Figure
D.1). All stationswere randomly selected using the USEPA probability-based EMAP design (Bight’ 98 Steering
Committee 1998). Although 40 stationswereinitially selected, samples could not be collected at two sitesdueto
the presence of incompatible substrates (e.g., rocky reefs). Stations that were sampled ranged from 44 to 660 ft
(13-201 m) in depth and spanned an area from Solana Beach, California south to the United States and Mexico
border. This area included the section of the mainland shelf from nearshore to shallow slope depths. Benthic
sediment sampleswere collected using amodified 0.1 m? chain-rigged van V een grab. These samplesweretaken
from the top 2 cm of the sediment surface and handled according to EPA guidelines (USEPA 1987).

Laboratory Analyses

All sediment analyses were performed at the City of San Diego Wastewater Chemistry Laboratory. Particle size
analyseswere performed using aHoriba L A-900 | aser analyzer, which measures particlesranging in sizefrom 0
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to 10 phi (i.e., sand, silt and clay fractions). Sand was defined as particlesranging in sizefrom 0to <4 phi; silt as
particles from >4 to <8.0 phi; and clay as particles >8.0 phi. The fraction of coarser sediments (e.g., very coarse
sand, gravel, shell hash) in each samplewas determined by measuring theweight of particlesretainedonal.0 mm
mesh sieve (i.e., <0 phi), and expressed as the percent weight of the total sample sieved. This coarse fraction is
represented as “Coarse” in Table D.1.

Data Analyses

A number of particle size parameters were calculated using anormal probability scale (see Folk 1968). These
include median and mean phi size, sorting coefficient (standard deviation), skewness, kurtosis and percent
sediment type (i.e., coarse particles> 1.0 mm in diameter, sand, silt, clay). Sediment chemical parametersthat
were analyzed include total organic carbon (TOC), total nitrogen, total sulfides, trace metals, chlorinated
pesticides, polycyclic aromatic hydrocarbons (PAHS) and polychlorinated bi phenyl compounds (PCBS). Prior
toanalysis, the datawere generally limited to val ues above method detection limits (MDLS). Some parameters
were determined to be present in a sample with high confidence (i.e., peaks are confirmed by mass-
spectrometry), but at levels below the MDL. These were included in the data as estimated values. Null values
(i.e, values below the MDL without an estimate) were eliminated from the dataset and are not intended to
represent the absence of a particular parameter.

Datafor al of thesitessampledin 2001 wereexamined inrel ationto 50% Cumul ative Distribution Function (CDF)
levels for trace metals, total nitrogen, total organic carbon and pesticides (i.e., p,p-DDT). The CDFs were
established for the Southern CaliforniaBight (SCB) using datafrom the 1994 SCBPP survey (Schiff and Gossett
1998), and allow for comparison of sediment parameters from the San Diego area to that of the entire SCB.

RESULTS

Particle Size Analysis

Thedistribution of sediment particlesin 2001 wassimilar to that of the previousregion-wide surveysoff San Diego,
with particlesgenerally decreasinginsizewith depth (see City of San Diego 1998, 2000, 2001). Ingeneral, sand content
washighin shallow nearshore areas and then decreased to amixture of mostly coarse silt and fine sand at the deeper
offshoresites(TableD.1, Figure D.2). For example, the shallow water stations had an average sand content of 80%
with a corresponding mean phi of 2.7, while the deep water stations contained 58% sand with an average mean phi
of 3.8. Exceptionsto thispattern occurred primarily to the south and exemplify the patchy sedimentsin thisarea. For
exampl e, coarse sediment siteswerefound in deeper water along arocky ridgelocated southwest of the Point Loma
(e.g., station 2753), at asite located between the LA-4 and L A-5 dredged material s disposal sites (station 2756) and
at asite next to the Point Loma Ocean Outfall (station 2748). Additionally, several shallow water locationswest of
the TijuanaRiver contained finer material, probably the result of sediment deposition fromthe TijuanaRiver and to
alesser extent from San Diego Bay (stations 2751, 2752, 2758, 2763, 2764). Sitesfurther offshore contained coarse
detrital sedimentsthat included deposits of relict red sands (stations 2755, 2760, 2761, 2766, 2769).
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Table D.1

Summary of particle size parameters atrandomly selected regional sediment stations off San Diego during July 2001.
Data presented includes: station; depth (ft); mean phi size (Mean); standard deviation (SD); percent values for coarse
fraction (Coarse); percent sand; percent silt; percent clay. Data for organic indicators include total sulfides (ppm);
total nitrogen (TN) (wt%); and total organic carbon (TOC) (wt%). Also included are method detection limits, area
means and the 50% CDF value for the Southern California Bight where available (see Schiff and Gosset 1998). Bold
numbers for TN and TOC indicate values that were higher than the 50% CDF.

Depth Mean % % % % %

Station (ft) Phi  SD Phi Coarse Sand Silt  Clay Sulfides TN TOC
50% CDF 0.051 0.748
MDL 0.1 0.001  0.009
Shallow depths
2764 44 3.4 0.8 0.0 84.4 14.6 1.0 0.9 0.016 0.111
2752 45 3.8 1.0 0.0 61.5 375 1.0 9.7 0.029 0.307
2758 50 3.0 0.8 0.7 92.2 6.6 0.4 0.7 0.014 0.097
2749 54 2.3 0.7 0.7 95.0 3.2 1.0 2.1 0.009 0.066
2732 62 2.7 0.8 0.0 89.9 9.9 0.2 9.8 0.024 0.122
2751 63 3.1 11 0.0 83.7 15.2 1.0 3.3 0.022 0.189
2763 72 3.2 0.7 0.0 89.3 9.9 0.7 1.0 0.015 0.138
2730 80 2.9 1.0 0.0 89.1 10.2 0.6 2.7 0.023 0.131
2755 98 0.3 0.7 69.8 30.2 0.0 0.0 1.1 0.036__ 0.208

Mean 63 2.7 0.8 7.9 79.5 11.9 0.7 35 0.021 0.152

Mid-depths
2768 106 35 0.8 0.0 78.5 20.2 1.3 1.3 0.020 0.193
2743 107 2.2 0.9 0.0 96.5 35 0.0 2.9 0.030 0.194
2760 132 1.0 0.6 0.0 97.4 2.6 0.0 0.6 0.022 0.219
2738 138 3.8 1.3 0.0 70.2 275 2.2 25 0.046 0.407
2748 141 0.9 0.7 5.6 94.4 0.0 0.0 0.3 0.021 0.118
2740 144 3.2 11 0.0 82.4 16.0 15 1.8 0.046 0.375
2766 144 1.7 0.9 0.0 100.0 0.0 0.0 0.2 0.011 0.066
2769 159 0.8 0.8 10.3 89.7 0.0 0.0 0.1 0.009 0.047
2761 179 1.8 0.5 10.5 86.9 2.6 0.0 0.3 0.043 0.446
2745 200 4.3 1.6 0.0 54.5 41.1 4.3 35 0.072 0.714
2744 210 4.6 1.7 0.0 48.1 45.4 6.5 2.2 0.070 0.709
2767 237 2.6 1.2 0.0 86.9 11.4 1.7 0.9 0.028 0.319
2739 247 4.1 2.4 3.8 46.3 44.8 5.1 5.6 0.090 0.989
2742 252 4.9 1.6 0.0 35.3 58.8 5.9 2.8 0.085 0.856
2734 257 4.3 15 0.0 58.0 38.1 3.9 12.0 0.056 0.512
2746 265 4.6 15 0.0 42.4 52.7 5.0 2.2 0.070 0.680
2757 273 4.1 1.8 0.0 61.9 33.0 5.0 2.3 0.042 0.487
2765 292 3.6 0.9 0.0 84.0 13.5 25 2.7 0.041 0.460
2736 312 4.5 1.6 0.0 49.9 45.0 5.1 3.4 0.067 0.677
2737 315 4.3 1.9 1.9 51.2 42.3 4.6 2.6 0.063 0.626
2756 318 14 14 10.7 83.2 5.3 0.7 3.3 0.039  0.499

Mean 211 3.2 1.3 2.0 71.3 24.0 2.6 25 0.046 0.457
Deepwater
2733 383 35 2.8 11.3 47.6 35.9 5.2 13.8 0.052 0.480
2750 428 4.2 1.6 0.0 64.5 29.8 5.6 2.4 0.048 0.569
2731 485 4.1 25 5.7 49.4 38.8 6.0 3.2 0.062 0.706
2741 500 4.5 1.7 0.0 56.0 38.5 55 1.7 0.069 0.706
2753 507 0.7 0.5 7.6 92.4 0.0 0.0 0.8 0.031 0.399
2735 585 4.2 15 0.0 67.9 28.1 3.9 12.3 0.072 o0.721
2747 585 5.0 1.7 0.0 32.8 60.7 6.5 1.9 0.104 1.140
2762 660 3.9 2.6 5.8 53.7 34.5 5.9 1.1 0.079 0.877

Mean 517 3.8 1.8 3.8 58.0 33.3 4.8 4.7 0.065 _0.700
Area mean 240 3.2 1.3 3.8 70.5 23.1 2.6 3.2 0.044 0.436
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Figure D.2

Horizontal contour profile of mean phi size data at randomly selected regional sediment stations off San Diego
(July 2001).
|

Organic Indicators

In general, elevated concentrations of organic particulate matter are associated with fine-grained sediments, and
thisrelationship becomes more pronounced with increased depth and di stancefrom shore (Emery 1960, Anderson
et al. 1993). During the 2001 survey, sediment concentrations of total organic carbon and total nitrogen were
generally higher north of Point Lomaand increased with depth and decreasing grain size. With the exception of
station 2762, all level sof total organic carbon andtotal nitrogen that exceeded the 50% CDF level sfor the Southern
CdliforniaBight occurred north of Point Lomaand primarily at deeper sitesconsisting of coarsesiit (mean phi >4.0)
(TableD.1). Whilesulfidelevel sexhibited no strong trend, thethreehighest concentrationsof sulfidesal so occurred
north of Point Lomain sediments composed largely of fine particles (mean phi 3.5t0 4.3).
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Trace Metals

Ten of the 17 metal s sampled were detected at all or nearly all 38 survey stations(Table D.2). Concentrations of
tracemetal sweregenerally more prevalent north of Point Loma, along gradientsof increasing depth and decreasing
particlesize. Stationswith sediment concentrationsof aluminum, copper, iron, mercury, and selenium higher that
exceeded the 50% CDF levels were found at deeper stations with fine sediments (mean phi >3.5). The few
exceptionstothistrend (i.e., stations 2753, 2755 and 2756) occurred south of Point Loma. Thesetrendsweremost
evident for aluminum andiron, two metal sthat occur naturally in high concentrations(Anderson et al. 1993). Many
metal s al so show astrong covariance with iron (Schiff and Gossett 1998), and this pattern was evident for theten
widely distributed metals (Table D.2).

Findly, three of the 17 metals(i.e., slver, thallium, and tin) went undetected, and four others, though rare, occurredin
concentrationsthat exceeded the 50% CDF: Antimony (stations 2755 and 2739), beryllium (station 2749), cadmium
(stations 2755 and 2762), and lead (station 2745).

Pesticides, PAHs and PCBs

No PCBsweredetected inthe 2001 regional survey, while pesticidesand PAHswere detected rarely (Table D.3).
The pesticide p,p-DDT wasfound at station 2757 near the LA-4 dredge materials disposal sitein concentrations
that exceeded the 50% CDF of 10,000 ppt for total DDT. PAHswere detected at three stations: one between the
LA-4and LA-5disposal sites(station 2756); oneeast of the LA-4 disposal site (station 2755); amid-depth station
off LaJolla(station 2737). Concentrations of the various PAHswerefairly low, below 46 ppt for al but the one
occurrence off LaJolla. The presence of pesticides and PAHs at stations near the two disposal sitesis expected
(see Anderson et al. 1993, City of San Diego 1998, 2000, 2001a); however, the relatively high concentration of
fluoranthene off La Jollaislesseasily understood. Previous surveys have not detected elevated PAH compounds
in this area (see City of San Diego 2000, 2001a). The few sites where PAHs and DDT were found had varied
sediment composition suggesting no rel ationship with sediment grain size.

DISCUSSION & SUMMARY

Thedistribution of sediment particles off San Diego wassimilar in 2001 to that of the previous annual surveys of
theregionandtothe Southern CaliforniaBight (SCB) ingeneral, with particle size decreasing withincreased depth.
Stationslessthan 100 ft in depth averaged 80% fine sand and 12% silt, while stations deeper than 350 ft averaged
58% finesand and over 33%silt. Exceptionsto thispattern occurred primarily south of Point Loma. Theseincluded
sitesalong adeep rocky ridgelocated southwest of the Point Loma, sitesnear the LA-4 and LA-5 dredge disposal
sites, two different areaswest of the TijuanaRiver, and at one site next to the Point LomaOcean Outfall. Several
organicindicators(e.g., total nitrogen, TOC) and trace metals(e.g., aluminum, iron) were most preval ent north of
the Point Lomaand showed increasing concentrationswith decreasing particlesize, and thusincreasing depth. The
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Table D.2

Summary of metals concentrations (ppm) at randomly selected regional sediment quality stations off San Diego
during 2001. Data for each station include: depth (ft); mean phi size (Mean); aluminum (Al); antimony (Sb); arsenic
(As); beryllium (Be); cadmium (Cd); chromium (Cr); copper (Cu); iron (Fe); lead (Pb); manganese (Mn); mercury (Hg);
nickel (Ni); selenium (Se); silver (Ag); thallium (Tl); tin (Sn); and zinc (Zn). Values below detection limits are designated
by “nd”. Also included are area means, method detection limits (MDL), and the 50% CDF values for the Southern

California Bight (see Schiff and Gosset 1998). Values that exceed the 50% CDF are indicated in bold type.

Station Depth Mean Al Sb As Be Cd Cr Cu Fe Pb
MDL 5 5.00 0.08 0.20 0.5 3 2 3 5.00
50% CDF 9400 0.2 48 0.26 0.29 34 12 16800 10.2
Shallow Depths
2764 44 34 5520 nd 2.05 nd nd 6.1 35 7440 nd
2752 45 3.8 9450 nd 2.60 nd nd 9.0 8.9 11900 nd
2758 50 3.0 3910 nd 1.16 nd nd 5.6 4.0 4040 nd
2749 54 2.3 2670 nd 164 048 nd nd 29 3690 nd
2732 62 2.7 4310 nd 1.40 nd nd 8.4 53 5230 nd
2751 63 31 8170 nd 3.00 nd nd 8.0 8.9 9280 nd
2763 72 32 4830 nd 1.50 nd nd 6.2 5.7 4720 nd
2730 80 29 5160 nd 1.94 nd nd 9.8 7.8 7170 51
2755 93 0.3 6430  8.00 11.00 nd 1.07 3.2 7.3 20100 6.0
Mean 63 2.7 5606  8.00 292 048 1.07 7.0 6.0 8174 5.6
Mid-depths
2768 106 35 9290 nd 1.92 nd nd 8.2 9.7 8820 nd
2743 107 22 3740 nd 2.89 nd nd 10.2 6.4 6470 nd
2760 132 1.0 5720 nd 2.23 nd nd 7.0 5.0 6840 nd
2738 138 38 6790 nd 2.36 nd nd 123 6.4 7930 nd
2748 141 0.9 1920 nd 2.36 nd nd 6.2 3.7 3630 nd
2766 144 17 1500 nd 3.32 nd nd 5.2 nd 5290 nd
2740 144 32 6250 nd 217 nd nd 11.9 9.6 8150 nd
2769 159 0.8 1230 nd 9.33 nd nd 51 5.0 6730 nd
2761 179 18 6360 nd 2.55 nd nd 7.4 9.7 8340 6.7
2745 200 43 10600 nd 421 nd nd 19.2 13.9 13700 10.7
2744 210 4.6 13400 nd 343 nd nd 220 15.1 15600 10.2
2767 237 26 5160 nd 243 nd nd 6.6 51 6370 nd
2739 247 4.1 15700 5.90 5.20 nd nd 26.8 17.9 19900 nd
2742 252 4.9 16600 nd 5.10 nd nd 254 15.0 18100 nd
2734 257 43 8890 nd 2.06 nd nd 105 6.2 12900 nd
2746 265 4.6 15200 nd 4.95 nd nd 212 131 16400 8.8
2757 273 41 9660 nd 2.78 nd nd 9.1 8.5 11200 nd
2765 292 3.6 6820 nd 2.68 nd nd 129 133 8110 nd
2736 312 45 11000 nd 2.40 nd nd 213 9.9 13900 55
2737 315 43 10700 nd 297 nd nd 182 8.6 13300 75
2756 318 14 10700 nd 2.48 nd nd 9.3 15.5 14300 nd
Mean 211 32 8440 5.90 3.32 nd nd 13.1 9.9 10761 8.23
Deep Water
2733 383 35 9620 nd 2.14 nd nd 185 104 11500 nd
2750 428 4.2 10600 nd 2.85 nd nd 193 14.6 13100 nd
2731 485 4.1 10300 nd 3.15 nd nd 18.0 16.2 13500 8.8
2741 500 4.5 8510 nd 2.63 nd nd 175 101 11400 9.2
2753 507 0.7 4820 nd 3.87 nd nd 17.9 7.9 11400 nd
2735 585 4.2 11200 nd 1.98 nd nd 214 13.0 12800 7.3
2747 585 5.0 13400 nd 294 nd nd 248 17.3 15500 51
2762 660 3.9 11300 nd 7.47 nd 1.32 26.0 11.3 29000 7.6

Mean 517 3.8 9969 nd 3.38 nd 132 204 12.6 14775 7.6
Area Mean 240 3.2 8090  0.37 3.24 0.01 006 130 9.3 10993 2.6
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Table D.2 Con't

Station Depth Mean Mn Hg Ni Se Ag Tl Sn Zn
MDL 0.5 0.03 3.0 0.11 3.0 10 12.0 4.0
50% CDF ok 0.04 ok 0.29 0.17 ok ok 56
Shallow Depths
2764 44 3.4 61.0 nd nd nd nd nd nd 13.6
2752 45 3.8 106.0 0.016 5.4 nd nd nd nd 29.1
2758 50 3.0 43.1 nd nd nd nd nd nd 7.9
2749 54 2.3 375 nd nd 0.12 nd nd nd 7.4
2732 62 2.7 64.1 nd nd nd nd nd nd 11.9
2751 63 3.1 90.8 nd 3.7 nd nd nd nd 21.2
2763 72 3.2 51.3 nd nd nd nd nd nd 9.8
2730 80 2.9 79.5 nd nd nd nd nd nd 13.1
2755 98 0.3 96.1 nd 3.7 0.15 nd nd nd 312
Mean 63 2.7 69.9 0.02 43 014 nd nd nd 16.1
Mid-depths
2768 106 35 84.8 nd nd nd nd nd nd 20.3
2743 107 2.2 63.4 nd nd nd nd nd nd 13.0
2760 132 1.0 52.7 nd 3.2 nd nd nd nd 14.1
2738 138 3.8 91.2 nd nd 0.12 nd nd nd 19.6
2748 141 0.9 32.8 nd nd nd nd nd nd 7.9
2766 144 17 14.3 nd nd nd nd nd nd 6.0
2740 144 3.2 82.9 nd 36 01 nd nd nd 18.9
2769 159 0.8 19.3 nd nd nd nd nd nd 6.0
2761 179 1.8 62.4 nd 57 0.15 nd nd nd 18.0
2745 200 4.3 119.0 0.041 91 0.21 nd nd nd 34.9
2744 210 4.6 132.0 0.044 105 0.18 nd nd nd 395
2767 237 2.6 45.1 nd nd nd nd nd nd 13.2
2739 247 4.1 144.0 nd 125 0.40 nd nd nd 44.4
2742 252 4.9 140.0 0.038 125 0.34 nd nd nd 41.1
2734 257 4.3 102.0 nd 76 014 nd nd nd 26.9
2746 265 4.6 138.0 0.038 10.0 0.20 nd nd nd 36.0
2757 273 4.1 87.4 nd 7.2 021 nd nd nd 25.3
2765 292 3.6 61.7 0.040 33 0.15 nd nd nd 19.1
2736 312 45 109.0 nd 43 019 nd nd nd 310
2737 315 4.3 102.0 0.016 59 0.20 nd nd nd 275
2756 318 1.4 97.9 nd 7.2 0.19 nd nd nd 30.5
Mean 211 3.2 84.9 0.04 73 0.20 nd nd nd 235
Deep Water
2733 383 35 89.0 0.018 44 0.29 nd nd nd 311
2750 428 4.2 89.9 0.044 6.0 0.25 nd nd nd 30.7
2731 485 4.1 112.0 0.018 58 0.28 nd nd nd 32.2
2741 500 45 83.0 nd 9.3 0.27 nd nd nd 26.6
2753 507 0.7 26.6 nd 43 0.32 nd nd nd 18.5
2735 585 4.2 107.0 0.017 6.6 0.24 nd nd nd 314
2747 585 5.0 119.0 nd 145 0.48 nd nd nd 39.5
2762 660 3.9 65.4 nd 12.7 0.59 nd nd nd 38.3
Mean 517 3.8 86.5 0.024 8.0 0.34 nd nd nd 31.0
Area Mean 240 3.2 81.7 0.009 47 0.15 nd nd nd 23.3
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Table D.3

Concentrations of pesticides (p,p-DDT), and polycyclic aromatic hydrocarbons (PAHs) at randomly selected regional
sediment stations off San Diego during 2001. Also included are method detection limits (MDL) and the 50% CDF
values for the Southern California Bight (see Schiff and Gosset 1998). Concentrations are expressed as parts per
thousand (ppt).

Pesticides PAHs

Benzo[A] Benzo[E] 3,4-benzo(B)
Station p,p-DDT pyrene pyrene Chrysene Fluoranthene Phenanthrene fluoranthene
MDL 410 18 18 21 46 37 27
50%CDF 10,000
2737 3,640
2755 455
2756 37.6 26.8 229 43.4
2757 17,000 18.3 32.7

organicindicatorsand metal concentrationsthat exceeded median levelsfor the SCB occurred primarily at stations
characterized by sediments ranging from very fine sand to coarse silt (i.e., mean phi >3.5). Pesticide and PAH
contamination remains low in the region and appear to be unrelated to depth or sediment particle size.
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Appendix E

Regional Survey off San Diego
(July 2001)

Benthic Infauna

INTRODUCTION

The City of San Diego has conducted regional benthic monitoring surveys off the San Diego coast since 1994.
These annual surveys are based on an array of stationsthat are randomly selected each year by the United States
Environmental Protection Agency (USEPA) using the USEPA probability-based EMAP design. During the
summersof 1994 and 1998, the City partici pated with other major municipal wastewater dischargersinlarge-scale
surveysof theentire Southern CaliforniaBight, the Southern CaliforniaBight 1994 Pilot Project (SCBPP) and the
1998 Southern CaliforniaBight Monitoring Survey (Bight’ 98). Resultsof the SCBPP benthic survey areavailable
inBergenet al. (1998, 2001), whilethosefor the Bight’ 98 project have not yet been completed. Subsequent to the
SCBPP, the City of San Diego continued to conduct similar but less extensive annual surveys of the San Diego
region as part of monitoring efforts for the South Bay Ocean Outfall (SBOO). From 1995 through 1997, these
surveyswere conducted as part of the SBOO baseline monitoring program (see City of San Diego 1999a, 2000a,
2001), while the 1999 through 2001 surveys were performed in conjunction with post-discharge monitoring
activities for the area (see Chapter 1). The main objectives of these surveys are: (1) to characterize benthic
conditionsfor the large and diverse coastal region off San Diego; (2) to characterize the ecological health of the
marinebenthosinthearea; (3) to gain abetter understanding of regional conditionsin order to distinguish between
areas impacted by anthropogenic and natural events.

Thissection presentsan analysisand interpretation of the benthic macrofaunal datacollected during the San Diego
regional survey of 2001. Included are descriptions and comparisons of the region’s soft-bottom macrobenthic
assemblages, and analysisof benthic community structure. Results of the sediment quality analysesfor thissurvey
are provided in Appendix D of thisreport.

MATERIALS & METHODS
Collection and Processing of Benthic Samples

Benthic sampleswere collected at 38 stationsof f the San Diego coast during July 2001 (Figure E.1). Thesestations
werelocated at depthsranging from 37to 660 ft (11-201 m) and covered an area ranging from the border between
the United States and Mexico to Solana Beach in northern San Diego County, California. All stations were
randomly selected using the USEPA probablility-based EMAP design (Bight’' 98 Steering Committee 1998).
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Although 40 stationswereinitially selected for the 2001 survey, sampleswerenot collected at two sitesdueto the
presence of incompatible substrates (e.g., rocky reefs).

Samplesfor benthic community analysiswere collected from two replicate 0.1 m? van V een grabs at each station.
Thecriteriaestablished by the USEPA to ensure consistency of grab sampleswerefollowed with regard to sample
disturbanceand depth of penetration (USEPA 1987). All sasmplesweresieved aboard ship through al.0 mm mesh
screen. Organisms retained on the screen were relaxed for 30 minutes in a magnesium sulfate solution and then
fixed in buffered formalin (see City of San Diego 2002). After aminimum of 72 hours, each sample was rinsed
with fresh water and transferred to 70% ethanol. All organismswere sorted from the debrisinto major taxonomic
groups by a subcontractor (MEC Analytical Systems, Inc., Carlsbad, California). The biomass for each sample
was measured asthewet weight in gramsfor each of the following taxonomic categories: Polychaeta(Annelida),
Crustacea (Arthropoda), Mollusca, Ophiuroidea (Echinodermata), non-ophiuroid Echinodermata, and all other
phylacombined (e.g., Cnidaria, Platyhelminthes, Phoronida, Sipuncula, etc.). Valuesfor ophiuroids(i.e., brittle
stars) were combined with thosefor all other echinodermsto give atotal echinoderm biomass. After biomassing,
al animalswere identified to species or the lowest taxon possible and enumerated by City of San Diego marine
biologigts.

Data Analyses

The following benthic community structure parameters were calculated for each station: (1) species richness
(number of species per grab); (2) abundance (number of individuals per grab); (3) biomass (grams per grab, wet
weight); (4) Shannon diversity index (H' per grab); (5) Pielou’s evenness index (J per grab); (6) Swartz
dominance (number of species comprising 75% of the abundance in each grab); (7) Infaunal Trophic Index (1Tl
per grab) (see Word 1980).

Ordination (principal coordinates) and classification (hierarchical agglomerative clustering) analyses were
performed to comparetheoverall similarity of benthic assemblagesintheregion. These analyseswere performed
using Ecological Analysis Package (EAP) software (see Smith 1982; Smith et al. 1988). The macrofaunal
abundance data were transformed by a square root and standardized by the species mean abundance values
greater than zero.

RESULTS & DISCUSSION

Classification of Assemblages and Dominant Macrofauna

Ordination and classification analyses separated the sitesinto six major clustersbased on the overall similarity of
their benthic assemblages (Figure E.2). Sediment composition of each group is summarized in Table E.1. The
dominant specieswithin each cluster group arelisted in Table E.2. Similar to previous random sample surveys of
the region, depth and sediment composition were the primary factors affecting the distribution of assemblages
(e.g., City of San Diego 1999a, 20003, 2001, Bergen et al. 2001).
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Thefirst splitinthedendrogram wasassociated primarily with depth, and separated the sitesintotwo main clusters,
groups A-D versus groups E-F (see split 1in Figure E.2). The stationsin cluster groups A-D occurred at depths
greater than 132 ft, while those in groups E-F occurred at depths less than 160 ft (Table E.1). Differencesin
sediment composition and dominant taxa distinguished groups D and E, which overlap in depth.

Cluster groups A-D separated from each other along both depth and sediment gradients (see splits3- 5in Figure
E.2). GroupsA and B comprised samplesfrom the eight deepest sampling sitesintheregion (> 383ft), whilegroup
C consisted of samples from mid-shelf depths (i.e., 200 - 318 ft) (Table E.1). The two deepwater groups had
considerably different benthic assemblages. Group A represented two sites (stations 2753 and 2762) with quite
different sediment composition that occurred along an isolated deepwater rise. The most abundant species
characterizing this deepwater area included the molluscs Caecum crebricinctum and Huxleyia munita, along
with the crustacean Leptochelia dubia (Table E.2). Group B consisted of siteswith an average of 44% fines that
occurred along the shelf break from Point Loma northward. The four most abundant species in these deep,
relatively fine sediments were the polychaetes Spiophanes fimbriata, Paradiopatra parva, Chaetozone
hartmanae and Myriochele sp M.

Nearly one-third of the 38 stations sampled comprised station group C, themid-shelf sitesranging in depth from
200ftto 318 ft (Figure E.2). Thiscluster group, with the exception of station 2756, was characterized by mixed
sediments of about 13 to 65% fines (Table E.1, Figure E.3). Infaunal assemblages that occurred at these sites
are similar to those that dominate much of the mainland shelf off southern California. The two most abundant
species characterizing this mid-depth group included the polychaete Myriochele sp M and the ophiuroid
Amphiodia urtica. Myriochele sp M is an opportunistic species whose populations vary greatly. Whileit is
listed as the most abundant animal within station group C, with an average abundance of 146 animals per 0.1
m?, 75% of itstotal abundance (1,374 individuals) wasfoundinat singlestation (2739). If thisstationisexcluded,
the average abundance of Myriochele sp M becomes 88 individualsper 0.1 m?for the 11 remaining siteswithin
group C. Amphiodia urtica averaged about 62 animals per 0.1 m? (Table E.2); however, this number
underestimates actual populationssince juvenilesaredifficult toidentify and are usually recorded at either the
genus (Amphiodia sp) or family (Amphiuridae) level. For example, Amphiodia sp and Amphiuridae were the
third and sixth most abundant taxain thiscluster group, averaging 20 and 8 individualsper 0.1 m?, respectively.
Combining the average abundances of the three taxayields an estimated population size for A. urtica of about
90 animals per sample. Other characteristic species of group C included the polychaetes Myriochele gracilis
and Procleasp A.

Group D represented animal assemblages that are transitional between the >200 ft, fine sediment assemblages,
and the shallow, more coarse assemblagesintheregion (TableE.1, FiguresE.2 and E.3). Thegroup includesfive
shallow, mid-depth stations (132-179 ft), three of which had less than 3% fines. In addition to having species
representative of both mid-water and shallow depths, the group had several characteristics associated with a
“transitional community,” such ashigh speciesrichnessand low dominance. Thedominant speciesat thesesites
included the polychaetes Spiophanes duplex, S. bombyx, S. berkeleyorum, Syllis (Ehlersia) heterochaeta,
Aricidia (Acmira) simplex and Sternaspis fossor, the amphipod Ampelisca brevisimulata, and the ophiuroid
Amphiodia urtica (Table E.2).
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Figure E.2

Dendogram illustrating cluster results of macrofaunal abundance data collected at randomly selected stations off
San Diego (July 2001). Major cluster groups delineated by heavy lines. Splits 1-5 represent major branches referred
to in text.

Theeleven shallowest sites (i.e., <107 ft) plustwo relict red sand sites (2766 and 2769) comprised cluster groups
Eand F (seeAppendix D, TableE.1, FiguresE.2 and E.3). Sedimentsat thefour stationsof group E included more
coarse materials, such as coarse black sand and gravel or relict red sands, which are typically associated with
unique benthic assemblages (e.g., see Chapter 4 of this report). Group E was dominated by two polychates, the
sabellid Euchone arenae and the spionid Spiophanes bombyx, the gastropod mollusc Caecum crebrecinctum,
and the sipunculid worm Apionsoma misakianum (Table E.2). The dominant species of group F were
representative of the“typical” shallow water assemblage: the spionid polychate Spiophanes bombyx, the bivalve
Tellina modesta, the phoxocephalid amphipods Rhepoxynius menziesi and R. abronius, and the cumacean
Diastylopsis tenuis.

Community Parameters

Number of Speaccies

Overal, the 2001 survey had relatively high speciesdiversity. A total of 817 infaunal taxawereidentified during
the July 2001 survey, anincrease of 15% over 2000. Rareor unidentifiabletaxathat occurred only once accounted
for 20% of these 817 taxa.

Speciesrichness (i.e., the number of species per sample) was highly variable, averaging from 36 to 157 species
per 0.1 m? grab (Table E.3, Figure E.4Q). The number of speciesvaried among stationswithin cluster groups, but
was highest (>85) among the mid-shelf and deeper stations (station groupsA - D). The“transitional” assemblage
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Table E.2

Summary of the most abundant species comprising cluster groups A - F derived from the 2001 regional survey of
randomly selected stations off San Diego. Data are included for any species that represented at least one of the
ten most abundant taxa in a group. Values for the dominant species discussed in the text are underlined and the
species name bolded. Data are expressed as the mean abundance per sample (0.1 m?). n = number of station/
survey entitles comprising each cluster group.

Cluster Group

Higher A B C D E F
Species/Taxon Taxa Code* (n=2) (n=6) (n=12) (n=5) (n=6) (n=9)
Typhlotanais crassus C 4.5 . .
Huxleyia munita M 8.0 0.1 <0.1 . . .
Spiophanes fimbriata P . 31.6 3.5 . . 0.1
Tellina cadieni M 4.2 5.5 0.8 . .
Fauveliopsis sp SD 1 P 8.0 . . 0.4 .
Chaetozone hartmanae P . 12.8 2.9 0.6 0.1 0.1
Myriochele gracilis P 1.2 4.3 17.8 0.2 . 0.1
Paradiopatra parva P 5.8 16.5 6.2 1.2 0.1 0.3
Prionospio (Prionospio) dubia P 0.5 7.0 2.7 1.1
Ampelisca careyi C 6.0 0.8 1.3 0.7 . .
Amphiodiasp E 1.8 25 20.0 3.9 0.1 0.2
Sternaspis fossor P 4.6 6.1 6.6 . 0.4
Praxillella pacifica P . 7.6 25 2.6 . 0.3
Amphiuridae E 1.8 2.3 7.6 2.4 15 0.3
Myriochele sp M P 10.2 146.1 4.0 0.2 0.1
Amphiodia urtica E 8.2 62.4 6.6 0.1 .
Proclea sp A P 3.4 10.3 . 0.5 0.1
Axinopsida serricata M . 2.0 6.8 0.7 .
Caecum crebricinctum M 11.8 2.9 . . 11.4 .
Scalibregma inflatum P 0.1 2.7 4.6 4.6 0.3
Spiophanes berkeleyorum P . 1.3 1.1 6.9 0.1 0.6
Ampelisca brevisimulata C 0.2 0.4 1.3 6.8 . 0.7
Pista sp B P 4.5 3.2 0.5 2.1 0.5 0.4
Aricidea (Acmira) simplex P . 1.4 1.4 6.8 0.1 .
Leptocheliadubia C 10.8 0.7 1.6 1.6 2.6 0.4
Maldanidae P 0.2 7.3 3.8 6.3 0.4 1.9
Mediomastus sp P 1.8 7.2 1.9 0.7 0.2 2.6
Pectinaria californiensis P 2.8 3.4 2.8 1.7 0.2 3.5
Amphiodia digitata E 5.8 1.2 0.2 0.7 0.1 0.4
Sthenelanella uniformis P . 0.2 0.7 5.9 . 0.2
Syllis (Ehlersia) heterochaeta P 0.8 0.4 0.1 7.9 . 0.1
Exogone lourei P 4.8 0.1 0.2 . . 0.4
Apionsoma misakianum (0] 0.2 . 0.1 4.4 10.8
Euchone arenae P 0.5 0.4 0.5 0.2 17.5 .
Ophiuroconis bispinosa E . 0.1 1.5 2.8 8.5 0.4
Foxiphalus obtusidens C 2.2 0.1 0.1 1.2 4.5 0.6
Ampelisca cristata cristata C . 0.1 6.6 0.8
Spiophanes bombyx P . <0.1 6.7 13.0 4.8
Spiophanes duplex P 2.6 5.2 13.5 0.1 3.6
Photis brevipes C . 0.1 1.1 0.1 3.7
Sigalion spinosus P 0.1 0.2 25 1.8 3.1
Spio maculata P 0.2 5.4
Mooreonuphis sp SD 1 P . 6.2 .
Edwardsia sp G (MEC) (@) . 0.1 . 3.3
Tellina modesta M <0.1 0.1 0.1 5.4
Rhepoxynius menziesi C 1.2 . 5.0
Rhepoxynius abronius C 5.1
Diastylopsis tenuis C 4.3

* P = Polychaeta (Annelida), C = Crustacea (Arthropoda), M = Mollusca, E = Echinodermata, S = Sipuncula.
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(group D) averaged the highest number of species (116 species/sample). In contrast, species richness averaged
78 and 58 species per sample at the red relict sand and shallow water sites (groups E and F, respectively).

Infaunal Abundance

Macrofaunal abundance was highly variable across the region. Excluding station 2739 with a mean infaunal
abundance of 1,060 dueto the presence of large numbers of the polychaete Myriochele sp M, infaunal abundance
was similar to last year, ranging from 77 to 685 per sample (Table E.3, Figure E.4b). Peak abundance occurred
at the mid-depth stations(station group C) with densities of about 454 animalsper samplefor al stationswithinthe
group; 399 animals per sample with station 2739 excluded. The deepwater rise and shallow water habitats
averaged 218 and 165 animals per sample, respectively.

Biomass

Infaunal biomasswas also quitevariable, averaging from 0.4t0 89.5 g per sample (0.7 to 45.7 per station ) (Table
E.3, Figure E.4c). Theonly clear pattern wasthat biomasswas generally higher at the deepwater sites. Relatively
high biomass values (> 10 g/sample) were typically associated with the collection of afew large animals (e.g.,
echinoids, holothuroids, gastropods) or large numbers of individual taxa(e.g., ophiuroids or molluscs), apattern
similar to that seen throughout the Southern CaliforniaBight. For example, station 2753 included onegrab sample
with abiomass of 89.5 g dueto asingle specimen of the echinoid Allocentrotisfragilis, whilethe second grab did
not include any echinoids and had atotal biomassof 1.9 g.
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Figure E.3

Sediment composition vs. depth for the 2001 regional survey of randomly selected stations off San Diego. Data are
expressed as the percent fines (<63um) in the sediments at each station. Groups A - F correspond to the six major
benthic infaunal cluster groups (see Table E.1 and Figure E.2 for details).

156



Table E.3

Summary of the major benthic community parameters for the 2001 regional survey of randomly selected
stations off San Diego. Data for each station are expressed as means per 0.1 m2 grab for: (1) species
richness (SR); (2) abundance (Abun); (3) biomass = grams, wet weight; (4) diversity (H’); (5) evenness (J');
(6) Swartz dominance (Dom); (7) Infaunal Trophic Index (IT1).

Station Station Grp Depth (ft) SR Abun Biomass H J’ Dom ITI
Deepwater stations
2753 A 507 91 264 45.7 4.0 0.89 36 79
2762 A 660 79 173 14.1 4.1 0.93 36 87
Grp Amean 584 85 218 29.9 4.1 0.91 36 83
2733 B 383 156 685 10.7 4.2 0.84 42 79
2750 B 428 102 367 5.9 4.0 0.86 36 84
2731 B 485 98 359 9.9 3.9 0.85 32 79
2741 B 500 81 243 20.2 3.8 0.87 30 81
2735 B 585 59 194 38.3 3.5 0.86 21 81
2747 B 585 49 154 23.1 3.3 0.84 17 84
Grp B mean 494 91 333 18.0 3.8 0.85 29 81
Mid-depth stations
2745 C 200 91 392 7.8 3.6 0.79 22 81
2744 C 210 96 540 7.5 3.2 0.70 20 78
2767 C 237 99 219 2.7 4.1 0.89 45 79
2739 C 247 87 1060 8.1 1.8 0.39 3 74
2742 C 252 94 471 9.0 2.9 0.65 18 81
2734 C 257 86 579 11.1 2.8 0.63 11 78
2746 C 265 83 429 9.9 3.1 0.70 16 89
2757 C 273 73 331 5.9 3.2 0.74 16 90
2765 C 292 76 244 6.1 3.7 0.86 27 86
2736 C 312 86 492 6.9 3.1 0.70 17 79
2737 C 315 85 473 7.2 2.9 0.65 14 76
2756 C 318 80 223 4.2 3.9 0.88 34 80
Grp Cmean 265 86 454 7.2 3.2 0.72 20 81
2760 D 132 111 266 6.4 4.3 0.92 50 85
2738 D 138 78 206 4.9 3.9 0.91 32 84
2748 D 141 108 339 7.7 4.0 0.87 42 80
2740 D 144 127 347 6.4 4.4 0.92 53 80
2761 D 179 157 470 7.3 4.6 0.90 61 86
Grp D mean 147 116 325 6.5 4.2 0.90 47 83
2755 E 98 86 274 17.6 3.9 0.87 29 74
2743 E 107 104 369 5.5 4.0 0.87 36 86
2766 E 144 62 192 3.5 3.6 0.87 23 90
2769 E 159 61 166 5.4 3.4 0.83 24 92
Grp E mean 127 78 250 8.0 3.7 0.86 28 85
Shallow-water stations
2764 F 44 36 113 0.7 2.9 0.82 13 73
2752 F 45 49 129 15 34 087 21 76
2758 F 50 36 77 2.8 3.2 089 18 79
2749 F 4 84 356 6.2 39 087 28 71
2732 F 62 67 222 1.9 3.6 085 24 89
2751 F 63 54 102 1.7 3.7 093 29 76
2763 F 72 65 141 18 39 093 31 82
2730 F 80 61 174 2.0 3.6 089 24 79
2768 F 106 68 174 3.6 39 094 32 83
Grp Fmean 64 58 165 25 3.6 089 24 78.5
Area mean 240 83 316 9.0 3.6 083 28 81
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Species Diversity and Dominance

Species diversity varied among stations, with values of H' ranging from 1.8 to 4.6 (Table E.3, Figure E.4d).
Diversity wasrelatively highin 2001 with 66% of the stationshaving H’ values>3.5, comparedto 53%in 2000 (see
City of San Diego 2001). The highest values occurred at stations within group D (mean H’=4.2). Dominance,
measured as the minimum number of species comprising 75% of acommunity by abundance (see Swartz 1978),
isinversely proportional to numerical dominance. These values also varied widely throughout the region, and
averaged fromthreeto 61 speciesper station . Stationswithin group D also had thelowest dominance(i.e., highest
average values for Swartz dominance, 47). Again, the presence of high numbers of the polychaete Myriochele
sp M affected the results at station 2739, which had the lowest diversity and dominance values.

Infaunal Trophic Index (ITI)

Average| Tl valueswere similar to those of 2000, ranging from 71 to 92 throughout the San Diego region (Table
E.3, Figure E.4f). These relatively high values (i.e., > 60) are generally considered characteristic of “normal”
benthic conditions(Bascomet al. 1979). Theshallow stations(station group F) generally hadlower I Tl valuesthan
mid-shelf and deeper stations. Two of the shallow stationshad thelowest recorded val ues, 68 and 69 for individual
grabsat stations 2752 and 2755, respectively. Station 2739 had thelowest valueamong the mid-shelf assemblage,
which is prabably aresult of the high numbers of the polychaete Myriochele sp M, acategory |1 surface deposit
feeder (see Word 1980).

SUMMARY & CONCLUSIONS

The Southern CaliforniaBight (SCB) benthoshaslong been considered a“ patchy” habitat, with thedistribution
of species and communities varying in space and time. Results of the 2001 regional survey support this
characterization. Barnard and Ziesenhenne (1961) described the SCB shelf as consisting of an Amphiodia
“mega-community” with other sub-communities representing simple variations determined by differencesin
substrate type and microhabitat, i.e., the ophiuroid Amphiodia urtica appears to be a sub-dominant or co-
dominant species in these other assemblages. The present and previous regional surveys off San Diego
generally support these claims (e.g., see City of San Diego 1999a, 2000b, 2001). Several distinct benthic
assemblagesidentified during the 2001 survey were similar to the Amphiodia “ mega-community” commonin
theregion (i.e., station groups B, C and D), while others demonstrated the variety of different habitats also
present off San Diego (i.e., station groups A, E and F) . These assemblages segregated mostly due to
differencesin habitat (e.g., depth and sediment grain size), and not their proximity to input from anthropogenic
sources.

The Amphiodia “mega-community” was characteristic of the mid-shelf assemblage (station group C) and
occurred at depths between 200 ft and 318 ft in sediments composed of relatively fine particles (e.g., mean phi of
3.9 with 40% fines). It was also represented in the deeper (383-660 ft) and shallower (130-180 ft) assemblages,
station group B and D, respectively. In addition to the ophiuroid A. urtica and the opportunistic polychaete
Myriochele sp M, other species characteristic of this community included the spionid polychaetes Spiophanes
fimbriata, S. duplex and S. berkeleyorum, the onuphid Paradiopatra parva, and the ampeliscid amphipod
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Figure E.4

Summary of benthic community parameters vs depth for the 2001 regional survey of randomly selected stations off
San Diego. Data are expressed as mean values per 0.1 m? grab for: (A) species richness; (B) infaunal abundance;
(C) biomass (g, wet weight); (D) diversity (H’); (E) Swartz dominance; (F) infaunal trophic index (ITl). See Table E.1
and Figure E.2 for details of cluster groups A- F.

159



Biomass (g) per Grab

Diversity (H") per Grab

50.0 -
45.0 1
40.0 -
35.0 1
30.0 -
25.0 A
20.0 4
15.0 1
10.0 A

5.0 4

Shallow

Mid-depth

Deep

0.0

5.0

4.5 4

4.0 +

3.5 +

3.0 +

2.5

2.0 ~

1.5 ~

1.0 ~

0.5 4

Cluster Groups:

Shallow

*®

oo o8 ¢

*

Grp A

300

400

Depth (ft)

mGrp B

Mid-depth

Grp C

500

&GrpD

Deep

®GrpE

600

®GrpF

700

0.0

100

200

300

400

500

600

700

Depth (ft)

Cluster Groups: @GrpA MGrpB AGmpC eGpD @GIpE ®GIpF

Figure E.4 (continued)
. __________________________________________________________________________________________________________________|]

160






Ampelisca brevisimulata. Similar ophiuroid-polychaete dominated assemblages have been described by Barnard
and Ziesenhenne (1961), Jones (1969), Fauchald and Jones (1979), Thompson et a. (1987, 1992, 1993),
EcoAnaysiset al. (1993), Zmarzly et al. (1994), Diener and Fuller (1995) and Bergen et al. (1988, 2001).

Deepwater assemblagesin the region were highly variable depending upon whether they occurred along the
shelf-break or a deepwater rise. The two sites located along the deepwater rise off Point Loma were
dominated by the molluscs Caecum crebricinctum and Huxleyia minuta, and the crustacean Leptochelia
dubia. In contrast, the fine sediment sites occurring along the shelf-break were dominated by polychaetes,
including Spiophanes fimbriata, Paradiopatra parva and Chaetozone hartmanae. Similar deepwater
assemblages have been described in previousyears(e.g., Bergen et al. 1998, 2001, City of San Diego 2000b,
2001).

Station group D was represented a group of transitional stations that separated the fine sediment stations of the
mid-shelf region from the sandy sediments common in shallow waters. This group of five stations was
characterized by relatively high speciesrichness and low dominance. The co-dominant taxain this station group
included the polychaetes Spiophanes duplex, S. bombyx, S. berkeleyorum, Syllis (Ehlersia) heterochaeta,
Aricidia smplex and Sternaspis fossor, the amphipod Ampelisca brevisimulata, and the ophiuroid Amphipoda
urtica.

Benthic assemblages at the shallower sites (e.g., < 130 ft) were quite varied. They included several very coarse
black or red relict sand stations, along with the “typical” sandy, shallow water assemblage. Thelatter comprised
station group F and wasgenerally lessdiverseand similar to other shallow, sandy sediment communitiesinthe SCB
(see Barnard 1963, Jones 1969, Thompson et al. 1987, 1992, ES Engineering-Science 1988). At many of these
stations, species such as the polychaete Spiophanes bombyx, the bivalve Tellina modesta, the amphipods
Rhepoxynius menziesii and R. abronius, and the cumacean Diastylopsis tenuis become numerically dominant.
However, sites within station group E were characterized by unigue sediments composed of relict red or black
sands that are typically associated with distinct benthic assemblages. This assemblage was dominated by the
polychaetes Euchone arenae and Spiophanes bombyx, the gastropod Caecum crebricinctum, and the
sipunculid worm Apionsoma misakianum.

No evidence of anthropogenicinfluenceswas observed off San Diego in the 2001 regional survey of randomly
selected stations. All stations had mean I T1 values above 60, characteristic of normal sediment conditions, and
therewasnoindication that either the Point L omaOcean Outfall or the South Bay Ocean Outfall had any impact
on benthic community structure in the region. There was also little clear evidence that local bays or non-point
sources adversely affected nearshore benthic communities. However, abundances of soft-bottom
invertebrates exhibit substantial spatial and temporal variability that may mask the effects of natural or
anthropogenic disturbances (Morrisey et al. 1992a, 1992b, Otway 1995). For example the opportunistic
polychaete Myriochele sp M, present in very high abundances at station (2739), affected species richness,
diversity (H'), dominance and even I TI values, making them artificially low relativeto other stationsof similar
habitat. Future region-wide surveys may provide additional information useful in understanding these types of
populationfluctuations.
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