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EXECUTI VE SUMVARY

The foll ow ng report describes and eval uates chem cal and

bi ol ogi cal data collected from San D ego Bay and its histori cal
tributaries between Cctober, 1992 and My, 1994. The study was
conducted as part of the ongoing Bay Protection and Toxi c C eanup
Program a |egislatively mandated program desi gned to assess the
degree of chem cal pollution and associ ated biological effects in
California s bays and harbors. The workplan for this study
resulted froma cooperative agreenent between the State Water
Resources Control Board and the National QOceanic and At nospheric
Adm ni stration (NOAA). Monitoring and reporting aspects of the
study were conducted by the Environnmental Services D vision, of
the California Departnent of Fish and Game, and its
subcontractors.

The study objectives were:

1. Determ ne presence or absence of adverse bi ol ogi cal
effects in representative areas of the San D ego Bay
Regi on;

2. Determne relative degree or severity of adverse
effects, and distinguish nore severely inpacted
sediments fromless severely inpacted sedi nents;

3. Determne relative spatial extent of toxicant-
associated effects in the San Di ego Bay Regi on;

4. Determ ne rel ationshi ps between toxicants and nmeasures
of effects in the San Di ego Bay Regi on.

The research invol ved chem cal analysis of sedinents, benthic
community analysis and toxicity testing of sedinents and sedi nent
pore water. Chem cal anal yses and bi oassays were performed using
al i quots of honbgeni zed sedi ment sanples collected synoptically
at each station. Analysis of the benthic community structure was
made on a subset of the total nunber of stations sanpl ed.

Three hundred and fifty stations were sanpl ed between

Cct ober, 1992 and May, 1994. Areas sanpled included San Di ego
Bay, M ssion Bay, the San Diego Ri ver Estuary and the Tijuana

Ri ver Estuary and are collectively terned "the San D ego Bay
Region” in the follow ng docunent. Two types of sanpling designs
were utilized: direct point sanpling and stratified random

sanpl i ng.

Chem cal pollution was denonstrated by using conparisons to
establ i shed sedinent quality guidelines. Two sets of guidelines
were used: the Effects Range-Low (ERL)/Effects Range-Medi an (ERM
gui del i nes devel oped by NOAA (Long and Morgan, 1990; Long et al.
1995) and the Threshold Effects Level (TEL)/Probable Effects
Level (PEL) guidelines used in Florida (MDonald, 1993; MDonal d,
1994). Copper, nercury, zinc, total chlordane, total PCBs and the
PAHs were nost often found to exceed critical ERM or PEL val ues



and were considered the major chem cals or chem cal groups of
concern in the San Di ego Bay Region. ERM and PEL sunmary
guotients were used to devel op chem cal indices for addressing
the pollution of sedinents with nultiple chem cals. An ERM
sumary quotient >0.85 or a PEL summary quotient >1.29 was

i ndicative of stations where nultiple chem cals were
significantly elevated. Stations with any chem cal concentration
>4 tinmes its respective ERMor >5.9 tines its respective PEL were
considered to exhibit elevated chem stry. Summary quotients and
magni t ude of sedi ment quality guideline exceedances were used as
additional information to help prioritize stations of concern for
Regi onal Water Quality Control Board staff.

I dentification of degraded and undegraded habitat (as determ ned
by macrobent hic conmunity structure) was conducted using a
curul ati ve, wei ght-of-evidence approach. Anal yses were perfornmed
to identify relationshi ps between community structure within and
bet ween each station or site (e.g., diversity/evenness indices,
anal yses of habitat and species conposition, construction of
dissimlarity matrices for pattern testing, assessnent of

i ndi cat or speci es, and devel opnment of a benthic index, cluster
anal yses, and ordi nati on anal yses).

Anal yses of the 75 stations sanpled for benthic conmunity
structure identified 23 undegraded stations, 43 degraded and 9
transitional stations. Al sanpled stations with an ERM sunmary
guotient >0.85 were found to have degraded comrunities. Al
sanpl ed stations with P450 Reporter Gene System responses above

60 ng/g BaPEq. were simlarly found to have degraded benthic
communi ti es.

The statistical significance of toxicity test results was

determ ned using two approaches: the reference envel ope approach
and | aboratory control conparison approach used by the United
States Environnental Protection Agency- Environnental Mbnitoring
and Assessnent Program and NOAA- National Status and Trends
prograns. The reference envel ope approach indicated that toxicity
for the Rhepoxynius (anphipod) sedinment test was significant when
survival was |ess than 48% in sanples tested. No reference

envel ope was calculated for the urchin fertilization or

devel opment tests due to high variability in pore water data from
reference stations.

The | aboratory control conpari son approach was used to conpare
test sedi nent sanpl es against |aboratory controls for

determ nation of statistically significant differences in test
organismresponse. Criteria for toxicity in this approach were 1)
survival less than 80% of the control value and 2) significant

di fference between test sanples and controls, as determ ned using
at-test. Using this approach, there was no absol ute val ue bel ow
whi ch all sanples could be considered toxic, although surviva

bel ow a range of 72-80% was general ly consi dered toxic.



Using the EMAP definition of toxicity, 56%of the total area
sanpl ed was toxic to Rhepoxynius. For the Strongyl ocentrotus

| arval devel opnent test, percent of total area toxic was 29%
54% and 72% respectively for 25% 50% and undiluted pore water
concentrations. Sanples representing 14% 27% or 36% of the
study area were toxic to both Strongylocentrotus in pore water
(25% 50% or undiluted, respectively) and Rhepoxynius in solid
phase sedi nment.

Li near regression analyses failed to reveal strong correlations
bet ween anphi pod survival and chem cal concentration. It is
suspected instead of a |inear response to chem cal pollutants,
nost organisnms are tolerant of pollutants until a threshold is
exceeded. Conparisons to established sedinment quality guideline
t hreshol ds denonstrate an increased incidence of toxicity for San
D ego Bay Region sanples with chem cal concentrations exceedi ng
the ERM or PEL values. It is further suspected toxicity in urban
bays is caused by exposure to conplex m xtures of chem cals.
Conparisons to ERM sumary quotients (nultiple chem ca

i ndi cators) denonstrate that the highest incidence of toxicity
(>78% is found in sanples with el evated ERM sumrary quotients
(>0.85).

Statistical analyses of the P450 Reporter Gene System responses
versus the PAHs in sedinment extracts denonstrated that this

bi ol ogi cal response indicator was significantly correl ated

(r? = 0.86) with sediment PAH (total and hi gh nol ecul ar wei ght)
concentrati on.

Stations requiring further investigation were prioritized based
on existing evidence. Each station receiving a high, noderate or
| ow priority ranking neets one or nore of the criteria under

eval uation for determ ning hot spot status in the Bay Protection
and Toxic C eanup Program Those neeting all criteria were given
the highest priority for further action. A ranking scheme was
devel oped to evaluate stations of |lower priority.

Seven stations (representing four sites) were given a high
priority ranking, 43 stations were given a noderate priority
ranki ng, and 57 stations were given a low priority ranking. The
seven stations receiving the high priority ranking were in the
Seventh Street channel area, two naval shipyard areas near the
Coronado Bridge, and the Downtown Anchorage area west of the
airport. The majority of stations given noderate rankings were
associated wth commerci al areas and naval shipyard areas in the
vicinity of the Coronado Bridge. Low priority stations were

i nterspersed throughout the San Di ego Bay Regi on.

A review of historical data supports the conclusions of the
current research. Recommendati ons are nade for conpl enentary
i nvestigations which could provide additional evidence for
further characterizing stations of concern.
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| NTRODUCTI ON
Pur pose

In 1992, the State Water Resources Control Board (SWRCB) and the
Nat i onal Cceani ¢ and At nospheric Adm nistration (NOAA) entered
into a three-year cooperative agreenent to assess potenti al
adverse biol ogical effects fromsedinents in coastal bays and
har bors of Southern California (SWRCB and NOAA, 1991, 1992,
1993). The study area for the three-year cooperative agreenent
ext ended south of the Palos Verdes Peninsula to the USA/ Mexico
border. The majority of work focused on sel ected coastal bays,
har bors and | agoons where depth ranged from approxi nately 60
nmeters to the upper Iimt of the tidal range. In the first phase
of the study, data were collected, analyzed, and reported from
the Los Angel es/Long Beach areas (SWRCB and NOAA, 1994).

This report presents results fromdata collected in the San D ego
Bay area during the second and third years of the cooperative
agreenent. The study was performed in San Di ego Bay, M ssion Bay,
San Diego River Estuary, and Tijuana River Estuary in southern
California (Figure 1).

The purposes of the present study were:

1. Determ ne presence or absence of statistically
significant toxicity effects in representative areas of
the San D ego Bay Regi on;

2. Determne relative degree or severity of observed
effects, and distinguish nore severely inpacted
sediments fromless severely inpacted sedi nents;

3. Determne relative areal extent of significant toxicity
in the San D ego Bay Regi on;

4. Determ ne rel ati onshi ps between pollutants and neasures
of effects in these bays.

Progranmati ¢ Backgr ound and Needs

Due to the long history of human activity in San Di ego Bay and
its surrounding waters, there is a need to assess any
environnmental ly detrinental effects which have been associ at ed
with those activities. The cooperative agreenent between NOAA and
SWRCB was designed to investigate these environnental effects by
eval uating the biological and chem cal state of San Di ego Bay
sedi nrents. The nmethods used to assess environnental inpacts

i nclude sedinment and interstitial water bioassays, sedinent

chem stry anal ysis, and benthic community anal ysis. The study
areas included San Di ego Bay, M ssion Bay, Tijuana Ri ver Estuary,
and the San Diego River. Although these water bodies are
separated physically, and are quite different in character, for
sinplicity they will often be referred to collectively as the
"San Diego Bay Region” in this report (Figure 1). The SWRCB and
NOAA have common programatic needs for this research, however,
sone di fferences exist. NOAA is nmandated by Congress to conduct a
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program of research and nonitoring on marine pollution. Mich of
this research is conducted through the National Status and Trends
(NS&T) Program and the Coastal Ocean Program The NS&T Program
performs intensive regional studies on the magnitude and extent
of toxicant-associated bioeffects in selected coastal enbaynents
and estuaries. Areas chosen for these regional studies were those
in which pollutant concentrations indicate the greatest potenti al
for biological effect. These biol ogical studies augnment regular
chemi cal nmonitoring activities of the NS&T Program and provide a
means for estimating the extent of toxicity associated with
measured concentrations of sedinent pollutants.

The California Water Code, Division 7, Chapter 5.6, Section 13390
mandates the State Water Resources Control Board and the Regi onal
Water Quality Control Boards to provide the maxi num protection of
exi sting and future beneficial uses of bays and estuarine waters
and to plan for renmedial actions at those identified toxic hot
spots where the beneficial uses are being threatened by toxic

pol | ut ant s.

A cooperative agreenent between NOAA and SWRCB has been

i mpl enented through the Bay Protection and Toxic C eanup Program
(BPTCP). Sedi ment characterization approaches currently used by
t he BPTCP range from chem cal or toxicity nonitoring only, to
nmoni tori ng designs which attenpt to generally correlate the
presence of pollutants with toxicity or benthic comunity
degradati on. Studies were designed, nanaged, and coordi nated by
the SWRCB's Bays and Estuaries Unit as a cooperative effort with
NOAA' s Bioeffects Assessnent Branch, and the California
Department of Fish and Gane's (CDFG Marine Pollution Studies
Laboratory. Funding was provided by the SWRCB and NOAA s Coast al
Ccean Program

Research for the San Di ego Bay Regi on involved toxicity testing
and chem cal analysis of sedinments and sedi nent pore water.
Toxicity tests and chem cal analysis were perforned using

al i quots of honobgeni zed sedi ment sanples collected synoptically
fromeach station, resulting in paired data. Analyses of benthic
comunity structure and P450 enzyne induction were al so nade on a
subset of the total number of stations sanpl ed.

Field and | aboratory work was acconplished under interagency
agreenent with, and under the direction of, the CDFG Sanple
coll ections were perforned by staff of the San Jose State

Uni versity Foundation at the Mdss Landing Mari ne Laboratories,
Moss Landing, CA (MLM.). Trace netals anal yses were perfornmed by
CDFG personnel at the trace nmetal facility at Moss Landi ng Marine
Laboratories. Synthetic organic pesticides, polycyclic aromatic
hydr ocar bons (PAHs), and pol ychl ori nated bi phenyls (PCBs) were
anal yzed at the UCSC trace organics analytical facility at Long
Marine Laboratory in Santa Cruz, California. MM staff al so
performed total organic carbon (TOC) and grain size anal yses, as
wel | as benthic community anal yses. Toxicity testing was
conducted by the University of California at Santa Cruz (UCSC)
staff at the COFG toxicity testing |aboratory at G anite Canyon



California. P450 Reporter Gene System anal yses were conducted by
Col unmbi a Anal ytical Services in Carlsbad, CA

Study Area
San Di ego Bay

San Diego Bay is the southern-nost enbaynment on the west coast of
the United States. It is located within the Southern California
Bight and is the | argest enbaynment along the 1450 kil oneter
stretch of coastline between San Francisco and Central Baja
California. Located 16 kil onmeters northwest of the Mexico border,
it is considered one of the finest natural harbors in the world.
This reputation is due mainly to its deep entrance and protection
fromweather it provides ships. San Diego Bay lies entirely in
the county of San Di ego, extending fromthe entrance at Point
Loma southward to the nouth of the Gtay River

San Diego Bay is a natural, nearly-enclosed, crescent-shaped
estuary that enconpasses approxi mately 52 square kilonmeters. It
is approximately 24 kilometers (kn) in length and varies from
0.4 kmto 5.8 kmin width. Depths in the Bay vary from 18 neters
near the nouth to less than 1 neter in the southern part of the
bay, with the average depth for the entire bay being slightly
nore than 12 meters. The Bay is nuch deeper and narrower than it
was historically, due mainly to dredging of channels and filling
of nearshore areas.

San Di ego Bay opens to the Pacific Ocean and is classified as an
estuarine systemdue to its fresh water dilution. The diversion
of the San Diego River to Mssion Bay by the U S. Arny Corps of
Engineers in 1857 was the first major reduction of freshwater
input into the bay (Smith, 1977). Sweetwater River and the Oay
Ri ver were also main sources of freshwater for San D ego Bay,

al t hough t hese sources have been greatly reduced over the years
as a result of dam construction, extensive ground water use, and
limted rainfall in recent years. Freshwater input is nowlimted
to periodic surface drainage fromthe netropolitan area and
intermttent flow fromseveral rivers and creeks during periods
of rainfall. Because of the dry Mediterranean-1like clinmate that
characteri zes San D ego Bay, average annual rainfall in the Bay
is usually between 10 and 13 inches, the majority of which falls
bet ween Novenber and February.

Tides in San Di ego Bay denonstrate marked variati on between the
hei ghts of two high tides and two |ow tides that occur daily,
classifying them as diurnal. The range between nean hi gher high
water (MHHW and nean |lower |ow water (MLLW is 1.6 neters and
the extrene range of tides within the Bay is approxinmately 2.9
nmeters (Browning and Speth, 1973). Tidal currents are strongest
in the northern part of the Bay where surface velocities reach
2.9 knots on ebb tide and 2.2 knots on flood tide (U S. Arny
Corps of Engineers, 1973). Tidal currents are reduced
considerably in the shall ower central and south bay areas.
Average tidal flushing for San Diego Bay is about 30% of the



entire Bay water volune exchanged per tidal cycle (12.5 hours).
This volunme of water is referred to as the tidal prismand in San
Di ego Bay represents approximately 74,000, 000 cubic neters. Tidal
flushing rates differ drastically between the Bay entrance and
Sout h Bay. Conplete tidal flushing for the South Bay requires
seven to fourteen days, whereas, the entrance of the Bay may only
require one to two days. It has been estimted over the | ast
century, tidal flushing in San D ego Bay has been reduced by 30%
due to channel dredging and landfill projects (Browning and
Spet h, 1973).

San Diego Bay is a sedinentary environnent with the bay floor and
bay margins characterized by sand, silt and clay deposits
(Peeling, 1974). Sand deposits are found near the Bay's nouth and
al ong western margins, while finer silt and clay deposits are

| ocated on the eastern margins and at the southern end of the
Bay.

An early navigation chart issued by the U S. Coastal Survey in
1859 shows an undredged Bay fifteen mles long with a channel
varying in depth from22.2 neters decreasing to 3.6 neters. This
nat ural channel stretched for 13 kilometers fromthe tip of Point
Lonma to the South Bay. Salt nmarshes existed at the nouths of
seven creeks and river tributaries.

The early residents of the San Diego Bay area were Native

Ameri cans, who hunted and fished in the Bay; Spanish, Mexican,
and Anerican ranchers, who traded hides and tallow, and the early
Yankee whal ers who established canps in North Bay. These groups
appeared to have little inpact on the water quality in the Bay.
By 1830 there were 16 Anmerican whaling vessel s operating out of
San Di ego Bay. The whaling industry reached its peak in 1871-72
when 55,000 gallons of oil and 200 tons of whal ebone were shi pped
from Point Loma. Americans participating in the New Town | and
boom of the 1880's settled in the central San D ego Bay area,
site of the present downtown San Di ego. This settlenment soon
represented a consi derable increase in the population of the area
as well as a dramatic threat to water quality in the Bay.

The Cuyanaca Dam and a flune were conpleted in 1888, diverting
freshwater fromeastern nountains into what is now Chol | as
Reservoir. Forty mles of sewers coupled with a sewage reservoir
and outfall located in San Diego Bay off Market street were al so
conpleted in 1888. This sewage system marked t he begi nning of the
decline in water quality for the Bay. Conditions within the Bay
continued to decline because of the increase in popul ation
(30,000 in 1901) and acceptance of the Bay as a mmjor harbor for
the U.S. Navy and civilian comerce.

During the next four decades comrunications and aviation stations
wer e added and docking facilities expanded. Naval facilities
expanded greatly during World War |1 as business and industry
booned. In 1940, the popul ati on had increased to 200, 000 causi ng
a failure of the overl oaded sewage coll ection and treatnment
facilities. In 1943, rawor mninally treated sewage was bei ng



di scharged into the Bay from 15 outfalls. After World War Il and
t he Korean War, San Di ego Bay was subject to the dunping of nore
than 50 mllion gallons of sewage and i ndustrial waste per day
(San Di ego Interagency Water Quality Panel, 1989).

In 1950, the population of the San Di ego netropolitan area had

i ncreased to over 400,000. In an attenpt to curtail the flow of
raw sewage into the Bay, San D ego and several nei ghboring
comunities conbined their sewage outfalls into one system
Unfortunately, this new systemwas constantly operating on

overl oad and discharging directly into the Bay. Sinultaneously,
the Bay received untreated industrial discharge fromfive fish
canneries, a large rendering operation, a kelp processing plant,
four aircraft manufacturing plants, several shipyards, and the
Pacific coast's |argest naval base, naval air station, and
submari ne base (San Diego |Interagency Water Quality Panel, 1989).
The California Regional Water Quality Control Board was
established in 1950 (followi ng the passage of the Dickey Act in
1949). Through extensive water sanpling it was concluded that the
entire Bay had becone contan nated, due to heavy | oadi ng of
donmestic and industrial wastes. Dissolved oxygen concentrations
in the Bay had declined to about half normal levels and turbidity
in the water resulted in a visibility of less than 1 neter. Bait
and ganme fish had virtually disappeared fromthe Bay. Coliform
bacteria were routinely isolated fromthe Bay at significant
levels. In 1955, the State Board of Public Health and the San

Di ego Departnent of Public Health declared much of the Bay
cont am nat ed, and posted quarantine and warni ng signs along 10
mles of shoreline. By 1963, sludge deposits fromthe treatnent
plant outfall were two neters deep, extended 200 neters seaward,
and al ong 9000 neters of the shoreline.

A report in the early 1950's fromthe Regional Board and the San
D ego Sewerage Survey report indicated sewage di scharge into the
Bay was becomi ng a maj or problemwhich had to be corrected. In
1960, San Diego voters approved a bond ($42.5 million) which

al l owed construction to begin on the Metropolitan Sewerage
System In August of 1963, a mmssive collection, treatnent, and
ocean di sposal system began operation and by February, 1964,
donesti c sewage di sposal had been elimnated from San D ego Bay.
Fol Il owi ng the conpletion of the new sewage treatnent plant,

di ssol ved oxygen concentrations rose to an average of nore than
5 parts per mllion, visibility increased to 2 neters, and
coliform bacteria counts dropped within the federal safety
standards. Pl ankton bl oons were scarce and sl udge deposits of
nore than 30 cmwere seldomreported. The sewage systemcurrently
processes 170 mllion gallons of waste per day (Cty of San

D ego, 1995)

Routi ne sanpling, beginning in the 1970's, reveal ed new

i nformation regardi ng the presence of industrial wastes in the
Bay. Regul atory standards were devel oped for the protection of
humans and wil dlife based on new sanpling systens and nore
refined anal ytical techniques. The conventional engineering and
bact eri ol ogi cal data gathered earlier did not adequately address



the issue of toxic waste in the Bay. During the late 1980's, the
press regarded San Di ego Bay as being heavily contam nat ed,
particularly for PCBs. Although conditions in the Bay are simlar
to other urban influenced enbaynents in the United States, San

Di ego Bay has serious problens with chem cal pollution. A nunber
of toxic hotspots in the Bay have been identified on lists of
water quality inpairment such as Cean Water Act Section 303(d),
Section 319, Section 304(l) and Section 131.11.

M ssi on Bay

M ssion Bay is |ocated 9 kiloneters north of Point Lonma and
enconpasses an area of 1860 hectares. It has two nain
tributaries, Tecolote creek and Rose creek (Dexter, 1983).
Oiginally named Fal se Bay because its entrance was near San

Di ego Bay and occasionally fooled ship captains, it is now
considered a recreational small-craft harbor (United States Coast
Pilot, 1994). Prior to the devel opnent of M ssion Bay park in
1946, M ssion Bay was a natural estuary of over 2020 hectares of
salt marshes, tidal channels, and a shallow central bay. Between
1946 and 1962 major dredging within the Bay and nodifications to
the San Diego River flood control channel gave way to its
present-day configuration. Today it is a highly nodified | agoon
whi ch receives freshwater input only during infrequent, heavy
rains. The major additions of freshwater into M ssion Bay occur
at Rose Inlet, in the northeastern portion of the Bay, and
Tecolote Creek, in the southeast. Because of this |imted anount
of freshwater, the salinities throughout the Bay do not change
mar kedly. Mean tidal range is 1.2 neters and the nean di urnal
range is 1.7 meters at the Bay entrance (Levin, 1983).

As a result of circulation patterns within M ssion Bay, a variety
of sedinments are found. In the nouth of the Bay and near the main
channel, water novenent is sufficient to maintain a sandy bottom
In other parts of the Bay, such as Sail Bay and sites | ocated
further east, sedinments are nuddy with a high silt and cl ay
content (Dexter, 1983).

Tecol ot e and Rose creeks carry urban pollutants such as oil,
grease, fertilizers, and high sedinent |oads into the back bay.
Furthernore, sewer |lines back up occasionally into the back bay.
The lack of water circulation in the back bay allows these
pollutants to accunul ate and has resulted in quarantines for
several nonths at a tinme (Marcus, 1989).

Tijuana River Estuary

The Tijuana River Estuary is |ocated 16 kil oneters sout heast of
Poi nt Loma. Although the estuary is situated entirely within the
boundari es of San D ego County, three-fourths of its watershed is
in Mexico. It is a wetland dom nated estuary with no ngjor
enbaynent, however, a series of channels allows for a relatively
narrow ocean connection (Herron, 1972). In the classification
schene devel oped by Prichard (1967), Tijuana Estuary is
considered an intermttent coastal plain estuary due to the |arge



freshwater input during the winter wet season. During nost years,
the river nouth has been open and tidal flushing has prevail ed.
The intertidal area supports salt marsh vegetation (Salicornia
virginica, Spartina foliosa), whereas nudflats and sandfl ats
occupy only a small fraction of the estuary (Zedler et al.

1992).

The Tijuana River Estuary has been altered substantially by
natural and human di sturbances. In the early 1900's, sewage

di sposal practices led to dredging of the east-west channel in
order to connect an adjacent waste collecting |lagoon with the
estuary. Dikes were then created to subdivide the | agoon into

t hree wastewater receiving ponds, however, these dikes were |ater
renoved to increase tidal flow Gavel extraction for street and
di ke construction created isolated ponds within the estuary.
Long-term dunping and filling altered nost of the peripheral

t opography, whil e extensive danage to the southern half of the
estuary frommlitary, agricultural, and horse-raising activities
is evident (Mrcus, 1989).

Wastewater flow from Tijuana has been a serious threat to water

quality in the estuary. In 1988, approximately 30 mllion gallons
of sewage per day were produced while only 17 mllion gallons
were collected. The remaining 13 mllion gallons enptied directly

into the Tijuana R ver and estuary (Seamans, 1988). Breaks in the
Tijuana sewer line, which carried collected sewage to an ocean
outfall, were al so common

Recent U. S. projects have reduced the threat of sewage pol | ution.
An interceptor on the Tijuana River, conpleted in early Qctober
1991, diverts approximately 15 mllion gallons of sewage a day to

the San D ego wastewater facility (Zedler, 1992). A sewage
treatment plant is planned for the U S. side of the border, and a
new ocean outfall is under eval uation.



METHQODS
Sanpl i ng Desi gn

Two basic sanpling designs were used to neet both SWRCB' s and
NOAA' s goals. A directed point sanpling design was required to
address SWRCB's need to identify specific toxic hot spots. A
stratified random sanpling design was required to address NOAA' s
need to evaluate spatial extent of pollution. This has resulted
in a data set of 350 sanples collected between Cctober, 1992 and
May, 1994. O the 350 total sanples, 229 were collected from

di rected point sanpled stations and 121 were collected from
random y sanpl ed stations.

When directed point sanpling design was required, a two step
process was used. Areas of interest were identified, by regional
and state water board staff, for sanpling during an initial
"screeni ng phase". Station |ocations (latitude & | ongitude) were
predeterm ned by agreenent with the SWRCB, NOAA, Regi onal Water
Quality Control Boards, and DFG personnel. Changing of the site
| ocation during sedinent collection was all owed only under the
foll ow ng conditions:

Lack of access to predeterm ned site,

| nadequat e or unusabl e sedinent (i.e. rocks or gravel)
Unsafe conditions

Agreenment of appropriate staff

PONE

Thi s phase of work was intended to give a broad assessnent of
toxicity throughout the San Di ego Bay area using nmultiple test
species and toxicity endpoints. Fifty-six stations were sanpled
during the period between Cctober, 1992 and January, 1993.

Chem cal anal ysis was performed on sel ected sanples in which
toxicity results pronpted further analysis. Stations which net
certain criteria during the screening phase, or during the random
sanpl i ng phase, were then selected for a second round of

sanpling, ternmed the "confirmation phase”. During this phase
sanpling was replicated and chem cal anal ysis of sanples was nore
extensive. In addition, benthic community anal ysis was perfornmed
on all confirmation stations sanpled during the sumer of 1993.
Evi dence fromthis two step process is used to establish a higher
| evel of certainty for stations which may |ater be identified as
"toxic hot spots".

Stratified random sanpling began in March, 1993 and conti nued

t hrough August, 1993, with a total of 121 stations sanpled. The
San Di ego Bay Region was stratified into areas of simlar

physi cal characteristics or uses, such as transit channel s,
anchorages, marinas, commercial shipping or mlitary uses, and
desi gnated as 95 bl ocks of known size (Figures 2a & 2b). Station
coordi nates were chosen randomy within the boundaries of each
sanpl i ng bl ock by USEPA Environnmental Monitoring and Assessnent
Progr am ( USEPA- EMAP) personnel using a computer program devel oped
for that purpose. Eight alternate | ocations were chosen for

each bl ock, a maxi mum of two of which were actually sanpl ed
(Weisberg et al., 1993). This stratified random design "forces"



Figure 2a
Sampling Blocks for Random Stations
San Diego Bay




Figure 2b
Sampling Blocks for Random Stations
Mission Bay and San Diego River Estuary




random sanples to cover all areas of the Bay, whereas a pure
random design nost |ikely would m ss sone areas and oversanpl e
others. In the field, sanpling was attenpted at each desi gnated

| ocation (x1-x8), beginning with x1, until a sanple was retrieved
whi ch net sanple acceptability criteria. For exanple, in block
FF2, Station nunber 93124 was sanpl ed at the random | ocation x1
while in block FF3, Station #93172 was sanpled at random | ocation
x4 because the grain size was too coarse at |ocations x1, x2 and

x3. O the 121 stations sanpled, »15% could not be sanpled at the
random x1 | ocation, due to the |ocation being inaccessible by
boat because of obstructions, vessel noorings, piers or shallow

depths. Simlarly, »3% were not sanpl ed because the grain size
was too coarse at the x1 location. Sanples were collected
successfully at alternate locations (x2, x3, x4, ...) for al
stations where x1 was not sanpled. This sanpling design allows
data fromrandom stations to be used for cal cul ati on of areal
extent of toxicity in the San Di ego Bay Regi on. Chem cal anal yses
were only performed on a limted nunber of random station

sanpl es.

From t he conbi ned sanpling designs, a total of 350 sanples were
collected from 183 station |ocations in the San Di ego Bay Regi on
(Figure 3(a-d)). Station |locations which were sanpl ed nore than
once were always resanpled at the original |ocation using

navi gati onal equi pnent and |i neups. Bioassay tests, grain size
and total organic carbon anal yses were perforned on all 350

sanpl es. Trace netal analysis was performed on 217 sanples. Trace
synt hetic organic anal ysis was performed on 229 sanples. Benthic
community anal ysis was perfornmed on 75 sanpl es.

Sanpl e Coll ecti on and Processi ng

Summary of Met hods

Specific techniques used for collecting and processing sanpl es
are described in this section. Because collection of sedinents
i nfluences the results of all subsequent |aboratory and data
anal yses, it was inportant that sanples be collected in a

consi stent and conventionally acceptable manner. Field and

| aboratory technicians were trained to conduct a wide variety of
activities using standardi zed protocols to ensure conparability
in sanple collection anong crews and across geographi c areas.
Sanpling protocols in the field foll owed the accepted procedures
of EMAP, NS&T, and ASTM and i ncl uded nmet hods to avoid cross-
contam nation; nethods to avoid contam nation by the sanpling
activities, crew, and vessel; collection of representative
sanpl es of the target surficial sedinents; careful tenperature
control, honogeni zation and subsanpling; and chain of custody

pr ocedur es.

Cl eani ng Procedures

All sanpling equi pnent (i.e., containers, container |liners,
scoops, water collection bottles) was made from non-contam nati ng
mat eri al s and was precl eaned and packaged protectively prior to
entering the field. Sanple collection gear and sanples were
handl ed only by personnel wearing non-contam nating

12



Figure 3a
Sampling Locations
North San Diego Bay
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Figure 3b
Sampling Locations
Mid San Diego Bay
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Figure 3c
Sampling Locations
South San Diego Bay
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Figure 3d
Sampling Locations
Mission Bay and San Diego River Estuary




pol yet hyl ene gl oves. All sanple collection equi pnent (excluding
t he sedi nent grab) was cl eaned by using the foll ow ng sequenti al
process:

Two- day soak and wash in Mcro® detergent, three tap-

wat er rinses, three deionized water rinses, a three-day

soak in 10% HC, three ASTM Type Il MI1li-Q® wat er
rinses, air dry, three petroleumether rinses, and air
dry.

Al cleaning after the Mcro® detergent step was perforned in a
positive pressure "clean” roomto prevent airborne contam nants
fromcontacting sanple collection equipnent. Air supplied to the
clean roomwas filtered.

The sedi nent grab was cleaned prior to entering the field, and
bet ween sanpling stations, by utilizing the follow ng sequenti al
steps: a vigorous Mcro® detergent wash and scrub, a sea-water
rinse, a 10% HO rinse, and a nethanol rinse. The sedinment grab
was scrubbed with seawat er between successive depl oynents at the
sanme station to renove adhering sedinents from contact surfaces
possi bly originating bel ow the sanpled | ayer.

Sanpl e storage containers were cleaned in accordance with the
type of analysis to be performed upon its contents. Al
containers were cleaned in a positive pressure "clean” roomwth
filtered air to prevent airborne contam nants from contacting
sanpl e storage contai ners.

Plastic containers (HDPE or TFE) for trace metal analysis nedia
(sedi nent, archive sedinment, pore water, and subsurface water)
were cl eaned by: a two-day M cro® detergent soak, three tap-water
rinses, three deionized water rinses, a three-day soak in 10% HC
or HNG;, three Type Il MIIli-Q® water rinses, and air dry.

A ass containers for total organic carbon, grain size or

synt hetic organic anal ysis nedia (sedi nent, archive sedi nent,
pore water, and subsurface water) and additional teflon sheeting
cap-liners were cleaned by: a two-day M cro® detergent soak,
three tap-water rinses, three deionized water rinses, a three-day
soak in 10% HC or HNGs;, three Type Il MIIi-Q® water rinses, air
dry, three petroleumether rinses, and air dry.

Sedi nent Sanpl e Col |l ection

Al sanpling locations (latitude & | ongitude), whether altered in
the field or predeterm ned, were verified using a Magell an NAV
5000 d obal Positioning System and recorded in the field

| ogbook. The primary nethod of sedinent collection was by use of
a 0.1nt Young-nodified Van Veen grab aboard a sanpling vessel.
Modi fications include a non-contam nating Kynar coating which
covered the grab's sanple box and jaws. After the filled grab
sanpl er was secured on the boat gunnel, the sedinent sanpl e was

i nspected carefully. The foll ow ng acceptability criteria were
met prior to taking sedinment sanples. If a sanple did not neet
all the criteria, it was rejected and anot her sanple was
col | ect ed.
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1. Gab sanpler was not over-filled (i.e., the sedinent surface
was not pressed against the top of the grab).

2. Overlying water was present, indicating mninal |eakage.

3. Overlying water was not excessively turbid, indicating
m ni mal sanpl e di st urbance.

4. Sedi ment surface was relatively flat, indicating m ninal
sanpl e di sturbance.

5. Sedi nent sanple was not washed out due to an obstruction in
t he sanpler jaws.

6. Desired penetration depth was achieved (i.e., 10 cn

7. Sanple was nuddy (>30% fines), not sandy or gravelly.

8. Sanple did not include excessive shell, organic or nman-nade
debri s.

It was critical that sanple contam nati on be avoi ded during
sanple collection. Al sanpling equipnent (i.e., siphon hoses,
scoops, containers) was nmade of non-contam nating material and
was cl eaned appropriately before use. Sanples were not touched
with un-gloved fingers. |In addition, potential airborne

contam nation (e.g., fromengi ne exhaust, cigarette snoke) was
avoi ded. Before sub-sanples fromthe grab sanpler were taken, the
overlying water was renoved by slightly opening the sanpler,
bei ng careful to mnimze disturbance or |oss of fine-grained
surficial sedinent. Once overlying water was renoved, the top

2 cmof surficial sedinment was sub-sanpled fromthe grab.
Subsanpl es were taken using a precleaned flat bottom scoop. This
device allowed a relatively large sub-sanple to be taken froma
consi stent depth. Wen subsanpling surficial sedinents,
unrepresentative material (e.g., large stones or vegetative
material) was renoved fromthe sanple in the field. Small rocks
and other small foreign material remained in the sanple.

Det erm nati on of overall sanple quality was determ ned by the
chief scientist in the field. Such renovals were noted on the
field data sheet. For the sedinent sanple, the top 2 cm was
removed fromthe grab and placed in a pre-I|abel ed pol ycarbonate
cont ai ner. Between grabs or cores, the sedinent sanple in the
contai ner was covered with a teflon sheet, and the contai ner
covered with a lid and kept cool. Wen a sufficient anmount of
sedi rent was col |l ected, the sanple was covered with a teflon
sheet assuring no air bubbles. A second, |arger teflon sheet was
pl aced over the top of the container to ensure an air tight seal,
and nitrogen was vented into the container to purge it of oxygen.
I f water depth did not permt boat entrance to a site (e.g.,

<l neter), divers sanpled that site using sedinment cores (diver
cores). Cores consisted of a 10 cm di aneter pol ycarbonate tube,
30 cmin length, including plastic end caps to aid in transport.
Divers entered a study site fromone end and sanpled in one
direction, so as to not disturb the sediment with feet or fins.
Cores were taken to a depth of at least 15 cm Sedi nent was
extruded out of the top end of the core to the prescribed depth
of 2-cm renoved with a pol ycarbonate spatula and deposited into
a cl eaned pol ycarbonate tub. Additional sanples were taken with
the sane seawater rinsed core tube until the required tota
sanpl e volunme was attai ned. Diver core sanples were treated the
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sanme as grab sanples, with teflon sheets covering the sanple and
nitrogen purging. Al sanple acceptability criteria were nmet as
with the grab sanpler.

Repl i cate benthic sanples (n=5) were obtained at predeterm ned
sites from separate deploynents of the sanpler. Three of the
replicates were positioned according to the BPTCP sanpling
protocol (e.g., located by previously assigned |lat/long

coordi nates), while the other two replicates were chosen within
the |l ocation range of the previous three sanples. The coring
device was 10 cmin dianeter and 14 cmin height, enclosing a
0.0075 nf area. Corers were placed into sediment wth mni num

di sruption of the surface sedinments, capturing essentially al
surface-active fauna as well|l as species |iving deeper in the

sedi ment. Corers were pushed about 12 cminto the sedi nent and
retrieved by digging along one side, renoving the corer and

pl acing the intact sedinment core into a pvc screening devi ce.
Sedi nent cores were sieved through a 0.5 mm screen and resi dues
(e.g., organisns and remai ning sedi nents) were rinsed into pre-

| abel ed storage bags and preserved with a 10% formalin solution.
After 3 to 4 days, sanples were rinsed and transferred into 70%
i sopropyl al cohol and stored for future taxonomy and enuneration.
Transport of Sanpl es

Six-liter sanple containers were packed (three to an ice chest)
wi th enough ice to keep them cool for 48 hours. Each contai ner
was sealed in precleaned, |arge plastic bags closed with a cable
tie to prevent contact with other sanples or ice or water. Ice
chests were driven back to the | aboratory by the sanpling crew or
flown by air freight within 24 hours of collection.

Honogeni zati on and Aliquoting of Sanples

Sanples remained in ice chests (on ice, in double-wapped plastic
bags) until the containers were brought back to the |aboratory
for honogeni zation. All sanple identification information
(station nunbers, etc.) was recorded on Chain of Custody (COC)
and Chain of Record (COR) fornms prior to honobgenizing and
aliquoting. A single container was placed on plastic sheeting
while also remaining in original plastic bags. The sanple was
stirred with a polycarbonate stirring rod until nud appeared
honogeneous.

Al'l prelabeled jars were filled using a clean teflon or

pol ycar bonat e scoop and stored in freezer/refrigerator (according
to medi a/anal ysis) until analysis. The sedinment sanple was
aliquoted into appropriate containers for trace netal analysis,
organi c anal ysis, pore water extraction, and bi oassay testing.
Sanpl es were placed in boxes sorted by analysis type and | eg
nunber. Sanpl e containers for sedi ment bi oassays were placed in
a refrigerator (4°C) while sanple containers for sedi nent

chem stry (metals, organics, TOC and grain size) were stored in a
freezer (-20°0).

Procedures for the Extraction of Pore \Vater
The BPTCP primarily used whol e core squeezing to extract pore
wat er. The whol e core squeezi ng net hod, devel oped by Bender et
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al. (1987), utilizes |ow pressure nechanical force to squeeze
pore water frominterstitial spaces. The follow ng squeezing
techni que was a nodification of the original Bender design with
sone adaptati ons based on the work of Fairey (1992), Carr et al.
(1989), and Long and Buchman (1989). The squeezer's maj or
features consist of an al um num support framework, 10 cmi.d.
acrylic core tubes with sanpling ports and a pressure regul ated
pneumatic ramwi th air supply valves. Acrylic subcore tubes were
filled with approximately 1 liter of honbgeni zed sedi nent and
pressure was applied to the top piston by adjusting the air
supply to the pneunmatic ram At no tinme during squeezing did air
pressure exceed 200 psi. A porous prefilter (PPE or TFE) was
inserted in the top piston and used to screen large (> 70

m crons) sedinment particles. Further filtration was acconpli shed
wi th disposable TFE filters of 5 mcrons and 0.45 mcrons in-line
with sanple effluent. Sanple effluent of the required vol unme was
collected in TFE contai ners under refrigeration. Pore water was
subsanpled in the volumes and specific containers required for
archiving, chem cal or toxicological analysis. To avoid

contam nation, all sanple containers, filters and squeezer
surfaces in contact wwth the sanple were plastics (acrylic, PVC
and TFE) and cl eaned with previously discussed clean techniques.

Chain of Records & Custody

Chai n- of -records docunents were nmai ntai ned for each station.

Each formwas a record of all sub-sanples taken from each sanpl e.
| DORG (a uni que identification nunmber for only that sanple),

station nunbers and station nanmes, |eg nunber (sanple collection

trip batch nunber), and date collected were included on each

sheet. A Chai n-of-Custody form acconpani ed every sanpl e so that

each person rel easing or receiving a subsanple signed and dated

the form

Aut hori zation/Instructions to Process Sanples

St andardi zed forns entitled "Authorization/Instructions to
Process Sanpl es" acconpani ed the recei pt of any sanpl es by any
participating | aboratory. These forns were conpl eted by DFG
personnel, or its authorized designee, and were signed and
accepted by both the DFG aut horized staff and the staff accepting
sanpl es on behalf of the particular |aboratory. The forns
contain all pertinent information necessary for the | aboratory to
process the sanples, such as the exact type and nunber of tests
to run, nunber of |aboratory replicates, dilutions, exact
eligible cost, deliverable products (including hard and soft copy
specifications and formats), filenanmes for soft copy files,
expected date of subm ssion of deliverable products to DFG and
other information specific to the | ab/anal yses bei ng perforned.

Trace Metals Anal ysis of Sedi nents

Summary of Met hods

Trace Metal s anal yses were conducted at the California Departnent
of Fish and Gane's (CDFG Trace Metals Facility at Mbdss Landi ng,
CA. Table 1 indicates the trace netals analyzed and |ists nethod
detection limts for sedinents. These nethods were nodifications
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of those described by Evans and Hanson (1993) as well as those
devel oped by the CDFG (California Department of Fish and Gane,
1990). Sanples were selected for chem cal anal yses by SWRCB staff
based on results fromtoxicity tests.

Anal ytes and Detection Limts

Table 1 - Trace Metal Detection Limts in Sedinments (ng/g, dry
wei ght) .

Al um num 1 Ant i nony 0.1
Arsenic 0.1 Cadm um 0.01
Chr om um 0.1 Copper 0.1
I ron 0.1 Lead 0.1
Manganese 0. 05 Mer cury 0. 03
Ni ckel 0.1 Sel eni um 0.2
Silver 0.01 Tin 0.02
Tributyltin 0.013 Zi nc 0. 05

Sedi nent Di gestion Procedures

One gram al i quot of sedinment was placed in a pre-weighed Tefl on
vessel, and one m concentrated 4:1 nitric:perchloric acid

m xture was added. The vessel was capped and heated in a vented
oven at 130° C for four hours. Three ml Hydrofluoric acid were
added to vessel, recapped and returned to oven overnight. Twenty
m of 2.5%boric acid were added to vessel and placed in oven for
an additional 8 hours. Wights of vessel and solution were
recorded, and solution transfered to 30 ml pol yet hyl ene bottles.

At om ¢ Absorption Mthods

Sanpl es were anal yzed by furnace AA on a Perkin-El ner Zeeman 3030
At om ¢ Absorption Spectrophotoneter, with an AS60 auto sanpl er,

or a flame AA Perkin El nmer Mddel 2280. Sanples, blanks, matrix
nmodi fiers, and standards were prepared using clean techni ques
inside a clean | aboratory. ASTM Type Il water and ultra cl ean
chem cals were used for all standard preparations. Al elenents
were analyzed wth platforns for stabilization of tenperatures.
Matrix nodifiers were used when conponents of the matrix
interferes with adsorption. The matrix nodifier was used for Sn,
Sb and Pb. Continuing calibration check standards (CLC) were

anal yzed with each furnace sheet, and calibration curves were run
with three concentrations after every 10 sanples. Blanks and
standard reference materials, MESS1l, PACS, BCSSl1 or 1646 were
anal yzed with each set of sanples for sedinents.

Trace Organi c Anal ysis of Sedi nents (PCBs, Pesticides, and PAHs)

Summary of Met hods

Anal yti1cal sets of 12 sanples were schedul ed such that extraction
and analysis wll occur wwthin a 40 day wi ndow. The nethods

enpl oyed by the UCSC- TOF were nodifications of those described by
Sloan et al. (1993). Tables 2 and 3 indicate the pesticides,

PCBs, and PAHs currently analyzed and |ist nmethod detection
limts for sedinments on a dry wei ght basis.
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Anal ytes and Detection Limts

Tabl e 2.

Limts in Sedinent,

Tabl e 3.

Limts in Sedinent,

Organochl ori ne Pesticides Anal yzed and Their
ng/ g dry wei ght.
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Table 3 (cont.). PCB Congeners and PAHs Anal yzed and Their
Detection Limts in Sedinent, ng/g dry weight.

PCB Congener 105 PCB Congener 209
PCB Congener 118

Addi ti onal Congeners:

PCB Congener 5 PCB Congener 137
PCB Congener 15 PCB Congener 149
PCB Congener 27 PCB Congener 151
PCB Congener 29 PCB Congener 156
PCB Congener 31 PCB Congener 157
PCB Congener 49 PCB Congener 158
PCB Congener 70 PCB Congener 174
PCB Congener 74 PCB Congener 177
PCB Congener 95 PCB Congener 183
PCB Congener 97 PCB Congener 189
PCB Congener 99 PCB Congener 194
PCB Congener 110 PCB Congener 201
PCB Congener 132 PCB Congener 203
Al'l individual PCB Congener detection limts were 1
ng/ g dry weight.

Arocl ors:

Arocl or 5460 50

Pol ycyclic Aromati c Hydrocarbons

Napht hal ene

2- Met hyl napht hal ene
1- Met hyl napht hal ene
Bi phenyl

2, 6- Di et hyl napht hal ene

Acenapht hyl ene
Acenapht hene

2, 3, 5-Tri nmet hyl napht hal ene5

FI uor ene

Phenant hr ene
Ant hr acene

1- Met hyl phenant hr ene
FI uor ant hrene

Pyrene
Benz[ a] ant hr acene
Chrysene
Benzo[ b] f| uor ant hr ene
Benzo[ k] f | uor ant hr ene
Benzol e] pyr ene
Benzol[ a] pyr ene

Peryl ene

I ndo[ 1, 2, 3-cd] pyrene
Di benz[ a, h] ant hr acene
Benzo[ ghi ] peryl ene
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Extraction and Anal ysis

Sanpl es were renoved fromthe freezer and allowed to thaw. A 10
gram sanpl e of sediment was renoved for chem cal analysis and an
i ndependent 10 gram al i quot was renoved for dry wei ght

determ nations. The dry weight sanple was placed into a pre-

wei ghed al um num pan and dried at 110°C for 24 hours. The dried
sanpl e was rewei ghed to determ ne the sanple’ s percent npisture.
The anal ytical sanple was extracted 3 tinmes with nethyl ene
chloride in a 250-nL anber Boston round bottle on a nodified rock
tunbler. Prior to rolling, sodiumsulfate, copper, and
extraction surrogates were added to the bottle. Sodium sulfate
dehydrates the sanple allowing for efficient sedi nent extraction.

Copper, which was activated with hydrochloric acid, conplexes
free sulfur in the sedinent.

After conmbining the three extraction aliquots, the extract was
divided into two portions, one for chlorinated hydrocarbon (CH)
anal ysis and the other for polycyclic aromatic hydrocarbon (PAH)
anal ysi s.

The CH portion was eluted through a silica/alum na col um,
separating the analytes into two fractions. Fraction 1 (Fl) was
eluted with 1% et hyl ene chloride in pentane and contains > 90%
of p,p' -DDE and < 10% of p,p' -DDT. Fraction 2 (F2) anal ytes were
eluted with 100% net hyl ene chloride. The two fractions were
exchanged i nto hexane and concentrated to 500 pL using a

conbi nation of rotary evaporation, controlled boiling on tube
heaters, and dry nitrogen bl ow downs.

F1 and F2 fractions were analyzed on Hew ett-Packard 5890 Series
gas chromatographs utilizing capillary colums and el ectron
capture detection (GCOJECD). A single 2 pl splitless injection
was directed onto two 60m x 0.25mmi.d. colums of different
polarity (DB-17 & DB-5; J&W Scientific) using a glass Y-splitter
to provide a two di nensional confirmation of each anal yte.

Anal ytes were quantified using internal standard nethodol ogi es.
The extract’s PAH portion was eluted through a silica/alumna
colum with nethylene chloride. It then underwent additional

cl eanup using size-exclusion high performance liquid

chromat ography (HPLC/ SEC). The coll ected PAH fracti on was
exchanged i nto hexane and concentrated to 250 pL in the sane
manner as the CH fractions.

Total Organic Carbon Anal ysis of Sedi nents

Summary of Met hods

Sanpl es were received in the frozen state and allowed to thaw at
roomtenperature. Source sanples were gently stirred and sub-
sanpl es were renoved with a stainless steel spatula and placed in
| abel ed 20 M pol yethylene scintillation vials. Approximately

5 grans equi val ent dry weight of the wet sanple was sub-sanpl ed.
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Sub-sanpl es were treated with two, 5 m addltlons of 0.5 N,
reagent grade HO to renpve inorganic carbon (CO®, agitated,

and centrifuged to a clear supernate. Sone sanples were retreated
with HC to renove residual inorganic carbon. The evol ution of
gas during HC treatnent i ndi cates the direct presence of

i norgani c carbon (CO%. After HO treatment and decanting,
sanpl es were washed with approximately 15 m of dei oni zed-
distilled water, agitated, centrifuged to a clear supernate, and
decanted. Two sanpl e washings were required to renpove wei ght
determ nati on and anal ysis interferences.

Prepared sanples were placed in a 60° C convection oven and
allowed to cone to conplete dryness (approx. 48 hrs.). Visua

i nspection of the dried sanpl e before honbgeni zati on was used to
ensure conpl ete renoval of carbonate containing materials, (shel
fragnents). Two 61 nm (1/4") stainless steel solid balls were
added to the dried sanple, capped and agitated in a comrercially
available ball mll for three m nutes to honpbgeni ze the dried
sanpl e.

A nodification of the high tenperature conbustion nethod,
utilizing a Weatstone bridge current differential was used in a
commercially available instrument, (Control Equipnment Co., 440
El emental Anal yzer) to determ ne carbon and nitrogen
concentrations. The manufactures suggested procedures were

foll owed. The nmethods are conparable to the validation study of
USEPA net hod MARPCPN |I. Two to three aliquotes of 5-10 ng of
dried prepared sub-sanple were used to determ ne carbon and

ni trogen wei ght percent values. Calibration of the instrument was
w th known standards using Acetanilide or L-Cystine. Detection
limts are 0.2 ug/ng, carbon and 0.01 ug/ng nitrogen dry weight.

The above nethods and protocols are nodifications of several
publ i shed papers, reference procedures and anal yti cal
experinmentation experience (Franson, 1981; Froelich, 1980; Hedges
and Stern, 1983; MARPCPN |, 1992).

Quality Control/Quality Assurance

Quality control was tested by the analysis of National Research
Counci | of Canada Marine Sedi nent Reference Material, BCSS-1 at

t he begi nning and end of each sanple anal ysis set (20-30

i ndi vi dual machi ne anal yses). All analyzed val ues were within
suggested criteria of + 0.09% carbon (2.19% Average). N trogen
was not reported on the standard data report, but was accepted at
+ 0.008% ni trogen (0.195% Average) fromthe EPA study. Quality
assurance was nonitored by re-calibration of the instrunment every
twenty sanples and by the analysis of a standard as a unknown and
conparing known theoretical percentages with resultant analyzed
percentages. Acceptable |imts of standard unknowns were | ess
than + 2% Duplicate or triplicate sanple analysis variance
(standard devi ation/ nmean) greater than 7%is not accepted.
Sanpl es were re-honogeni zed and re-anal yzed until the variance
bet ween individual runs fell below the acceptable limt of 7.0%
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Grain Size Anal ysis of Sedi nents

Summary of Met hods

The procedure used conbi ned wet and dry sieve techniques to
determ ne particle size of sedinment sanples. Methods follow those
of Folk (1974).

Sanple Splitting and Preparation

Sanpl es were thawed and t horoughly honogeni zed by stirring with a
spatul a. Spatulas were rinsed of all adhering sedinment between
sanples. Size of the subsanple for analysis was determ ned by
the sand/silt ratio of the sanple. During splitting, the
sand/silt ratio was estimated and an appropriate sanpl e wei ght
was cal cul ated. Subsanples were placed in clean, pre-weighed
beakers. Debris was renoved and any adhering sedi nent was washed
into the beaker.

Wet Sieve Anal ysis (separation of coarse and fine fraction)
Beakers were placed in a drying oven and sedi nents were dried at

| ess than 55°C until conpletely dry (approxi mately three days).
Beakers were renoved fromdrying oven and allowed to equilibrate
to roomtenperature for a least a half-hour. Each beaker and its
contents were weighed to the nearest .01 g. This weight m nus the
enpty beaker weight was the total sanple weight. Sedinments in
beakers were di saggregated using 100 mMl of a dispersant sol ution
in water (such as 50g Calgon/L water) and the sanple was stirred
until conpletely mxed and all |unps di sappear. The anount and
concentration of dispersant used was recorded on the data sheet
for each sanple. Sanple beakers were placed in an ultrasonic

cl eaner for 15 mnutes for disaggregation. Sedinent dispersant

slurry was poured into a 63 pim (ASTM #230, 4 phi) stainless steel
or brass sieve in a large glass funnel suspended over a 1L
hydroneter cylinder by a ring stand. Al fine sedinents were
washed through the sieve with water. Fine sedinents were
captured in a 1L hydrometer cylinder. Coarse sedinents remaining
in sieve were collected and returned to the original sanple
beaker for quantification.

Dry Sieve Analysis (coarse fraction)
The coarse fraction was placed into a prewei ghed beaker, dried at

55-65°C, allowed to acclimte, and then weighed to 0.01 g. This
wei ght, mnus the enpty beaker weight, was the coarse fraction
wei ght. The coarse fraction was poured into the top sieve of a
stack of ASTM sieves having the follow ng sizes: No. 10 (2.0 nm,
18 (1.0 mm, 45 (0.354 m, 60 (0.25 mm), 80 (0.177 nm, 120
(0.125 mm, and 170 (0.088 nmm. The stack was placed on a
mechani cal shaker and shaken at nmediumintensity for 15 m nutes.
After shaking, each sieve was inverted onto a | arge piece of
paper and tapped 5 tinmes to free stuck particles. The sieve
fractions were added cunul atively to a weighing dish, and the
cunmul ative wei ght after each addition determned to 0.01g. The
sanple was returned to its original beaker, and saved until
sanpl e conput ati ons were conpl eted and checked for errors.
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Anal yti cal Procedures

Fractional weights and percentages for various particle size
fractions were calculated. If only wet sieve anal ysis was used,
wei ght of fine fraction was conputed by subtracting coarse
fraction fromtotal sanple weight, and percent fine conposition
was cal cul ated using fine fraction and total sanple weights. If
dry sieve was enployed as well, fractional weights and
percentages for the sieve were cal cul ated using custom software
on a Macintosh conputer. Calibration factors were stored in the
conput er.

Bent hi ¢ Conmuni ty Anal ysi s

Summary of Met hods

Each cat al ogued sanpl e was processed individually in the

| aboratory to obtain an accurate assessnent of species diversity
and abundance. All nacroinvertebrates were sorted fromresidues
under a dissecting mcroscope, identified to | owest possible
taxon, and counted. Laboratory processing of benthic cores
consists of both rough and fine sorting. Initial sorting
separates animals into | arge taxonom ¢ groups such as

pol ychaetes, crustaceans, nollusks and other (e.g., phoronids).
Bound | aboratory | ogbooks were nai ntai ned and used to record
nunber of sanples processed by each technician, as well as
results of any sanple resorts, if necessary. Sorters were
required to sign and date a M| estone Progress Checksheet for
each replicate sanple processed. Specinens of simlar taxonomc
groups were placed in vials and | abelled internally and
externally wth project, date collected, site/station
information, and | DORG Sanples were selected for benthic
community anal ysis by SWRCB staff based on results fromtoxicity
tests.

| n- house seni or taxonom sts and outside specialists processed and
verified the accuracy of species identification and enuneration.
An archived voucher specinen collection was established at this
time.

Toxi city Testing

Summary of Met hods

Al toxicity tests were conducted at the California Departnent of
Fish and Gane's Marine Pollution Studies Laboratory (MPSL) at
Granite Canyon. Toxicity tests were conducted by personnel from
the Institute of Marine Sciences, University of California, Santa
Cruz.

Pore Water Sanpl es

Once at MPSL, frozen pore water sanples were stored in the dark
at -12°C, until required for testing. Experinents performed by
the U S. National Biological Survey have shown no effects of
freezing porewater upon the results of toxicity tests (Carr et
al ., 1995). Sanples were thawed on the day of a test, and pH
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tenperature, salinity, and dissol ved oxygen were nmeasured in al
sanples to verify water quality criteria were within the limts
defined for test protocol. Pore water sanples with salinities
out si de specified ranges for each protocol were adjusted to
within the acceptable range. Salinities were increased by the
addi ti on of hypersaline brine, 60 to 80 parts per thousand (ppt),
drawn frompartially frozen seawater. Dilution water consisted
of Granite Canyon seawater (32 to 34 ppt). Water quality
parameters were neasured at the begi nning and end of each test.
Di ssol ved oxygen concentrations and pH were neasured using an
Orion EA940 expandabl e ion analyzer. Salinity was neasured with
a refractoneter. Tenperature of each sanple was neasured with a
nmercury thernoneter.

Measur ement of Ammoni a and Hydrogen Sul fide

Total ammoni a concentrations were neasured using an Oion Mdel
95-12 Ammoni a El ectrode. The concentration of unionized ammoni a
was derived fromthe concentration of total ammoni a using the
foll ow ng equation (fromWitfield 1974, 1978):

[NHs] = [total ammonia] x ((1 + antilog(pKs>- pH)) ™),

where pKs° is the stoichionmetric acidic hydrolysis constant for

the test tenperature and salinity. Values for pKsowere
experinmental ly derived by Khoo et al. (1977). The met hod
detection imt for total amonia was 0.1 ng/L.

Total sulfide concentrations were neasured using an Oion Model
94-16 Silver/Sulfide El ectrode, except that sanples tested after
February, 1994, were neasured on a spectrophotoneter using a
colorinetric method (Phillips et al. in press). The
concentration of hydrogen sulfide was derived fromthe
concentration of total sulfide by using the follow ng equation
(ASCE 1989):

[HeS] = [S*] x (1 - ((1 + antilog(pKa>- pH)) ")),

where tenperature and salinity dependent pKs°> val ues were taken
from Savenko (1977). The nethod detection Iimt for total
sulfide was 0.1 ng/L for the electrode nethod, and 0.01 ng/L for
the colorinmetric nethod. Values and correspondi ng detection
limts for unionized anmmoni a and hydrogen sul fide were an order
of magnitude | ower than those for total ammonia and tota

sul fide, respectively.

Subsurface Water Sanpl es

The subsurface water toxicity tests are water colum toxicity
tests (abal one devel opnent, nussel devel opnent, etc..) perforned
on water collected with the nodified Van Veen grab. A water
sanpl e bottle on the frame of the grab and a stopper is pulled as
the jaws of the grab close for a sedinent sanple. The water
sanple is consequently collected approxinmately 0.5 neters above
the bottom Subsurface water sanples were held in the dark at 4°C
until testing. Toxicity tests were initiated within 14 days of
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the sanple collection date. Water quality paraneters, including
amoni a and sul fide concentrations, were neasured in one
replicate test container fromeach sanple in the overlying water
as descri bed above. Measurenents were taken at the beginning and
end of all tests.

Sedi ment Sanpl es

Bedded sedi nent sanples were held at 4°C until required for
testing. Al Rhepoxynius abronius and Neant hes arenaceodentata
solid phase sedinent tests were initiated within 14 days of the
sanple collection date. All sedinment sanples were processed
according to procedures described in ASTM (1992). Water quality
parameters, including ammonia and sul fide concentrations, were
measured in one replicate test container fromeach sanple in the
overlying water as descri bed above. Measurenents were taken at
t he begi nning and end of all Rhepoxynius and Neanthes tests, and
during overlying water renewals I n the Neant hes tests.

Sea Urchin Larval Devel opnent Test

The sea urchin (Strongyl ocentrotus purpuratus) |arval devel opnent
test was conducted on all pore water sanples. Details of the
test protocol were given in Dinnel (1992). A brief description
of the method follows.

Sea urchins were collected fromthe Monterey County coast near
Granite Canyon, and held at MPSL at anbi ent seawater tenperature
and salinity (approx. 32+2 ppt) until testing. Adult sea urchins
were held in conplete darkness to preserve gonadal condition. On
the day of a test, urchins were induced to spawn in air by
injection with 0.5MKC . Eggs and spermcollected fromthe
urchins were mxed in seawater at a 500 to 1 spermto egg rati o,
and enbryos were distributed to test containers within 1 hour of
fertilization. Test containers were pol yethyl ene-capped, sea-
wat er | eached, 20m glass scintillation vials containing 5 ms of
pore water. Each test container was inoculated with
approximately 150 enbryos (30/m ). Al pore water sanples were
tested at three concentrations: 100, 50 and 25% pore water, each
having three replicates. Pore water sanples were diluted when
necessary with one mcron-filtered Granite Canyon seawat er
Laboratory controls were included with each set of sanples
tested. Controls include a dilution water control consisting of
Granite Canyon seawater, a brine control with all sanples that
require brine adjustnent, and in sonme tests a frozen seawater
control consisting of Granite Canyon seawat er that has been
frozen along with the pore water sanples. Tests were conducted
at anbient seawater salinity (usually 33+2 ppt). A positive
control reference test was conducted concurrently with each pore
water test using a dilution series of copper chloride as a

ref erence toxicant.

After an exposure of 72 or 96 hours (no difference in results was
det ect abl e between these periods), |larvae were fixed in 5%
buffered formalin. Approxinmately 100 | arvae in each contai ner
wer e exam ned under an inverted |ight mcroscope at 100x to
determ ne the proportion of normally devel oped | arvae as
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descri bed by Dinnel (1992). Visual clues used to identify enbryos
as normal included devel opment of skeletal rods (spicules) that
extend beyond half the length of the |arvae and nornal

devel opnent of a three part gut. Slow growi ng enbryos were

consi dered abnor mal .

Percent nornmal devel opnent was cal cul ated as:
(Nunmber of normally devel oped | arvae) X 100

(Total nunber of observed Iarvae + nunber of abnor nmal
| arvae)

Sea Urchin Fertilization Test

The sea urchin (Strongyl ocentrotus purpuratus) fertilization test
was conducted on pore water sanples. Details of the test
protocol were described in Dinnel et al. (1987).

Sea urchins were fromthe same stock described for the sea urchin
| arval devel opnent test. On the day of a test, urchins were

i nduced to spawn in air by injection with 0.5MKC . Sperm were
exposed in test containers for sixty mnutes before approximtely
1000 eggs were added. After twenty mnutes of fertilization, the
test was fixed in a 5% buffered formalin solution. A constant
spermto egg ratio of 500 to 1 was used in all tests. This ratio
mai ntai ned fertilization in the 70-90% range required by the test
protocol. Fertilization was determ ned by the presence or absence
of a fertilization nmenbrane (raised chorion conpletely
surroundi ng the egg). Test containers were pol yet hyl ene-capped,
sea-wat er | eached, 20m glass scintillation vials containing 5
ms of pore water. All pore water sanples were tested at three
concentrations: 100, 50 and 25% pore water, each having three
replicates. Pore water sanples were diluted with one m cron-
filtered Ganite Canyon seawater. Laboratory controls were

i ncluded with each set of sanples tested. Controls included a
dilution water control consisting of Ganite Canyon seawater, a
brine control with all sanples that require brine adjustnment, and
in sone tests a frozen seawater control consisting of Granite
Canyon seawater that has been frozen along with the pore water
sanpl es. Tests were conducted at anbient seawater salinity
(usually 332 ppt). A positive control reference test was
conducted concurrently with each pore water test using a dilution
series of copper chloride as a reference toxicant. Al eggs in
each contai ner were exam ned under an inverted |ight m croscope
at 100x, and counted as either fertilized or unfertilized.

Percent fertilization was cal cul ated as:

(Nunmber of fertilized eggs) x 100
(Nunber of fertilized eggs + nunber of unfertilized eggs)

Sea Urchin Cytogenetics Test

Anal ysis of cytogenetic abnormalities using sea urchin enbryos
fol |l oned nmet hods described in Hose (1985). Sea urchin enbryos
wer e exposed to pore water for 48 hours then preserved in 5%
buffered formalin. Enbryos were placed on a clean gl ass
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m croscope slide and excess formalin renoved with tissue paper.
Enbryos were then treated with a few drops of aceto-orcein stain
(19 parts aceto-orcein:one part propionic acid) for approximtely
1 to 3 mnutes, and a cover slip was then applied to the darkly
stai ned enbryos. Excess stain was renoved by blotting, and
enbryos were conpressed into a nonol ayer by application of direct
pressure. Enbryo nonol ayer preparations were observed under oi

I mrersion using either an AQynpus BH2 or Tiyoda |ight m croscope
at 100x magnification. Cytogenetic abnormalities were observed
in mtotic cells in anaphase and tel ophase. Possible aberrations
observed foll owed those described in Hose (1985), including:
stray or |agging chronosones, accentric or attached chronosone
fragnents, and transl ocated or side-armbridges . Because a
majority of the enbryos exposed to the 100 and 50% pore water
concentrations displayed gross devel opnental abnormalities,
mtotic aberrations were generally assessed using enbryos exposed
to 25% pore water.

Red Abal one Larval Devel opnent Test

The red abal one (Haliotis rufescens) |arval devel opnment test was
conducted on all subsurface water sanples. Details of the test
protocol were described in Anderson et al. (1990). The follow ng
was a brief description of the nmethod. Adult nmale and fenmal e
abal one were i nduced to spawn separately using a dilute solution
of hydrogen peroxide in sea water. Fertilized eggs were
distributed to the test containers within 1 hour of
fertilization. Test containers were pol yethyl ene-capped,
seawat er | eached scintillation vials containing 10 ms of sanple
water. Each of five replicate test containers were inocul ated
with 100 enbryos (10/m).

Positive control reference tests using zinc sulfate as a
reference toxicant were conducted concurrently with each batch of
sanples. A negative sea water control consisting of one mcron-
filtered Ganite Canyon seawater was tested along with sub-
surface water sanples and zinc concentrations. After 48 hours of
exposure, developing |larvae were fixed in 5% buffered formalin.
Approxi mately 100 |l arvae in each contai ner were exam ned under an
inverted [ight mcroscope at 100x to determ ne the proportion of
veliger larvae with normal shells as described in Anderson et al.
(1990) .

Percent nornmal devel opnent was cal cul ated as:

(Number of normally devel oped | arvae) x 100
Total nunber of observed larvae

Amphi pod Tests

Sol i d- phase sedi nent sanple toxicity was assessed using the 10-
day anphi pod survival toxicity test protocol for Rhepoxynius
abroni us (ASTM 1993).

Al'l test organi snms were obtained from Nort hwest Aquatic Sciences

i n Yaqui na Bay, Oregon. Anphipods were separated into groups of
approxi mately 100 each, placed in polyethyl ene boxes cont ai ni ng
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Yaqui na Bay collection site sedinent, and then shipped on ice via
overnight courier. Upon arrival at Ganite Canyon, the anphi pods
were acclimated slowy (<2 ppt per day) to 28 ppt sea water

(T =15°C). Once acclimated to 28 ppt, the animals were held for
an additional 48 hours prior to inoculation into the test
cont ai ners.

Test containers were one liter glass beakers or jars containing
two cmof sedinent and filled to the 700 Ml line with seawater
adjusted to 28 ppt using spring water or distilled well water.
Test sedinments were not sieved for indigenous organisnms prior to
testing although at the conclusion of the test, the presence of
predators was noted and recorded on the data sheet. Test sedi nent
and overlying water were allowed to equilibrate for 24 hours,
after which 20 anphi pods were placed in each beaker along with 28
ppt seawater to fill test containers to the one liter line. Test
chanbers were aerated gently and illum nated continuously at

anbi ent | aboratory |ight |evels.

Five |l aboratory replicates of each sanple were tested for ten
days. A negative sedinment control consisting of five |ab
replicates of Yaquina Bay honme sedi nent was included with each
sedinment test. After ten days, the sedinments were sieved through
a 0.5 mm Nytex screen to recover the test aninmals, and the nunber
of survivors was recorded for each replicate.

Positive control reference tests were conducted concurrently with
each sedi ment test using cadm um chloride as a reference

toxi cant. For these tests, anphipod survival was recorded in
three replicates of four cadm um concentrations after a 96 hour
wat er-only exposure. A negative seawater control consisting of
one mcron-filtered Granite Canyon sea water, diluted to 28 ppt
was conpared to all cadm um concentrati ons.

Amphi pod survival for each replicate was cal cul ated as:

(Nunmber of surviving anphi pods) X 100
(I'nitial nunber of anphi pods)

Pol ychaete Tests

A subset of sedi nment sanples was tested using Neanthes
arenaceodentata. The protocol follows procedures described by
Johns et al. (1990). Newly energent juvenile Neanthes (2 to 3
weeks ol d) were obtained fromDr. Donald Reish in Long Beach
California. Wrns were shipped in seawater in plastic bags at
anbi ent tenperature via overnight mail. Upon arrival at MPSL,
wornms were allowed to acclimate gradually to 28 ppt with <2 ppt
daily incremental salinity adjustnments. Once acclinmated, the
wor s were nmai ntained for at |east 48 hours, and no | onger than
10 days, before the start of a test.

The test setup was simlar to the anphipod test. Test containers
were one liter glass beakers or jars, each containing 2 cm of
sedinment and filled to the 700 M line with 28 ppt seawater.
Seawat er was adjusted to the appropriate salinity using spring
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water or distilled well water. After test sedinment and overlying
water were allowed to equilibrate for 24 hours, 5 worns were

pl aced in each of 5 replicate beakers per sanple, and 28 ppt
seawat er was added up to the one liter line. Test chanbers were
aerated and illum nated continuously during the 20-day test
period. Wrnms were fed TetraM n® every 2 days, and water was
renewed every 3 days. At the end of 20 days, sanples were sieved
t hrough 0.5mm Ni t ex® screens, and the nunber of surviving worns
recorded. Surviving wornms were placed in pre-weighed foil in a
drying oven until they reached a constant weight. Wrns were

wei ghed to the nearest 0. 1ny.

Worm survival for each replicate was cal cul ated as:

(Nunmber of

surviving worns) x 100

Initial
nunmber of worns

Mean wei ght/worm for each replicate was cal cul ated as:

(Total weight) -

(foil weight)

Nunmber of
survi vi ng worns

Positive control reference tests were conducted using cadm um
chloride as a reference toxicant. Wrmsurvival for 10 wornms was
recorded in three replicates of four cadm um concentrations in
seawat er after 96 hours of exposure. A negative seawater contr ol
consisting of one mcron-filtered Granite Canyon seawater was
conpared to all cadm um concentrations. A negative sedi nent
control consisting of Yaqui na Bay anphi pod hone sedi nent was al so
i ncluded in each test.

Mussel Devel oprment Test

The bay nussel (Mytilus edulis) larval devel opnent test was
conducted on pore water and sub-surface water sanples for which
salinity was in the range of 0-26 parts per thousand (ppt).
Details of the test protocol are given in ASTM (1992). A brief
description of the nethod foll ows.

Mussel s were shipped via overnight courier and held at MPSL at

anbi ent tenperature (11-13°C) and salinity (32-34 ppt) until
testing. On the day of a test, adult nussels were transferred to

25°C water to induce spawni ng through heat stress. Sperm and
eggs were mxed in 25 ppt water to give a final spermto-egg
ratio of 15 to 1. After approximately 20 mnutes, fertilized
eggs were rinsed on a 25 pim screen to renobve excess sperm
Enbryos were distributed to the test containers after
approximately 90% of the enbryos exhibited first cell cleavage
(approximately 1 hour).
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Test containers were pol yet hyl ene-capped, sea water-|eached, 20
m glass scintillation vials containing 10 ms of test solution.
Each test container was inoculated with approxi mately 250
enbryos (25/m). Pore water sanples were tested at 25 £ 2 ppt.
Low salinity sanples were adjusted to 25 ppt using frozen
seawater brine. Controls consisted of one micron-filtered
Granite Canyon sea water adjusted to 25 ppt, and a separate brine
control consisting of sea water brine adjusted to 25 ppt with
distilled water. A positive control reference test was conducted
concurrently with each test using a dilution series of cadm um
chloride as a reference toxicant.
After a 48-hour exposure period, |larvae were fixed in 5% buffered
formalin. Al larvae in each contai ner were exanm ned under an
inverted [ight mcroscope at 100x to determ ne the proportion of
normal |y devel oped | arvae as described in ASTM (1992). The
percentage nornmal |y devel oped | arvae was cal cul ated as:

(bserved nunber of live nornmal larvae x 100
Mean nunber of Tive enbryos inoculated at start of test

Statistical Analysis of Toxicity Test Data

A total of three hundred fifty solid-phase sedi nent sanples were
tested for toxicity to anphi pods (Rhepoxyni us abronius) as part
of this study. A subset of 154 sanples of solid-phase sedinment
sanples were tested with the pol ychaete Neant hes arenaceodent at a.
Two hundred twenty-five pore water sanples were tested using the
purpl e sea urchin (Strongyl ocentrotus purpuratus) fertilization
test; 196 sanples were tested using the sea urchin |arval

devel opnent test; and 65 subsurface water (water colum) sanples
were tested with the red abalone (Haliotis rufescens) |[arval
devel opment test. The bivalve nollusc (Mytilus edulis) |arval
devel opnent test was used to test eight sub-surface water and
three pore water sanples that had salinities below the threshold
(26 ppt) selected for use of the sea urchin test.

There were three primary objectives for the toxicity testing
portion of this study:

(1) Investigate the areal extent of toxicity in the San D ego Bay
region by estimating the percent area considered toxic, based on
toxicity test data for each individual protocol; (2) ldentify
those sites which were nost toxic to assist in prioritization and
designation of "toxic hot spots”; and (3) Evaluate the
performance of each toxicity test protocol.

The first objective (investigating the spatial extent of
toxicity) was primarily for use of the National Cceanic and
At nospheric Adm nistration (NOAA)- National Status and Trends
Program The second objective (identifying and prioritizing
i ndi vidual sites as "toxic hot spots”) was primarily for the
California State Water Resources Control Board.

The different objectives required different sanpling designs and
different statistical approaches. The first objective,

determ nation of the areal extent of toxicity, was acconplished
through a process this report will refer to as the "EMAP
approach": statistical procedures that conpared sanples from
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random y sel ected stations against the test controls. In this
approach, classification of a particular test sanple as "toxic"
was determ ned by a two step statistical approach conparing test
sanples to | aboratory controls, as described bel ow.

To acconplish the second objective, distinguishing the nost toxic
stations in the region to assist in the designation and
prioritization of "toxic hot spots", a relatively new statistica
met hod was enpl oyed, termed the "reference envel ope approach”.
Thi s approach conpared organi smresponse (e.g. % survival) from
an individual test sanple with mean organi smresponse froma
group of reference sites presuned to represent optinmal anbient
conditions in the San Diego Bay region. Optimal anbient
conditions are defined as indicative of conditions that can be
found within the study area at sites that have relatively | ow
pol l utant concentrations and rel atively undi sturbed benthic
communities. This nmethod was intended to refine the definition
of sanple toxicity in order to identify a subset of toxic sites
that were of greatest concern. This nethod is also described in
detail bel ow

It should be noted that the EMAP approach and the reference

envel ope approach are distinctly different, yet conpl enentary,
statistical nethods for determning toxicity. The intent of using
two approaches is to identify non-toxic, significantly toxic and
highly toxic | ocations based on nmultiple anal yses of the data,
for ranking toxicity results in a tiered approach.

EMAP Approach for Determ ning Spatial Extent of Toxicity

The "San Di ego Bay Regi on" incorporates three non-connecting

wat er bodies: San D ego Bay, M ssion Bay and Tijuana Sl ough.

| deal |y these water bodies should be treated as discrete areas

and anal yzed separately to determ ne percent area toxic for each
However, the nunber of sanples from M ssion Bay and Tijuana

Sl ough were 13 and 6, respectively, and these were considered too

few to accurately represent toxicity in a frequency distribution.

Consequently, data fromall three water bodies were conbined in
this report to determ ne the percentage of total area that was
t oxi c.

In this analysis, sanple toxicity was determ ned using procedures
descri bed by Schimel et al. (1991); a nethod used in the EPA
Envi ronnental Monitoring Assessnent Program (EMAP) and in simlar
NOAA studi es nationwi de (e.g., Long et al., 1994). Using the
EMAP approach, sanples were defined as toxic if the follow ng two
criteria were net: (1) there was a significant difference in nmean
organi smresponse (e.g. percent survival) between a sanple and
the control as determned using a t-test, and (2) nean organi sm
response in the toxicity test was |less than 80% of the | aboratory
control value. The t-test generates a t statistic by dividing
the difference between control and test sanple response by an
expression of the variance between |aboratory replicates. |If the
vari ation between control and test sanple is sufficiently greater
than the variation anong | aboratory replicates, the t-test
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indicates a significant difference in response. A "separate
vari ance" t-test was used to adjust the degrees of freedomto
account for variance heterogeneity anong sanpl es (SYSTAT, 1992).

The second criterion, that sanple response nust be | ess than 80%
of the control value to be considered toxic, is useful in
elimnating those sanples that were statistically different from
controls only because of a very small variance anong | aboratory
replicates. For exanple, a sanple that had 90 + 2 % Rhepoxyni us
survival would be significantly different froma control with
survival of 96 + 2 % and would therefore be considered toxic
based on a sinple t-test even though the biological significance
of this response would be negligible. By adding the second
criterion, any sanple with percent survival exceeding 80% of the
controls would be considered non-toxic. The 80%I evel was
establ i shed by exam nation of nunerous anphi pod toxicity data
sets (Thursby and Schl ekat, 1993). These researchers found that
sanples with survival less than 80%relative to controls were
significantly different fromcontrols about 90% of the tinme.
Prelimnary anal yses of Rhepoxynius test data fromthe BPTCP
indicate a simlar level of statistical sensitivity. Based on
this observation, the 80%criterion has been adopted previously
(Schimrel et al., 1991; USEPA/ USACCE, 1991). Sanples identified
as toxic according to these criteria were used to estimate the
percent of total area toxic within the San Di ego Bay region.

Usi ng Cumul ative Distribution Frequencies to Characterize
Spati al Extent
The stratified random sanpling design, allowed 121 of the total
350 sanples collected in this study, to be used to estimate the
areal extent of toxicity. Sanples collected using directed
sanpling (non-random sanpling directed to areas of particul ar
characteristics) were not included in this analysis since they
may have been biased toward i ncreased contam nation. Directed
non-random sanpl i ng was designed to address the State and
Regi onal Water Quality Boards objective to identify and
prioritize potential toxic hot spots. Sanples were collected
fromrandonmy selected stations within 95 non-overl appi ng mapped
bl ocks of known area in the San Di ego Bay region (Figure 2).
Total area sanpled, calculated as the sumof all 95 bl ock areas,
was 40.9 knf. The estimate of spatial toxicity was deternined
fromcumnul ative distribution frequencies (CDFs) that rel ate
toxicity response to percent of total sanpled area. CDF
cal cul ations follow procedures used by both EMAP and NS&T.

CDFs were determ ned using cal cul ated areas of each bl ock
normal i zed to the nunber of sanples per block. Block areas were
cal cul ated using a plani meter on NOAA National Ccean Service

navi gation chart (neans of three trials), calibrated to the scale
of the charts. Because no nore than two sanples were collected
per bl ock, nunmbers of toxic sanples per block ranged fromO to 2,
representing 0% 50% or 100% of a given block area. By conbining
the bl ocks with their toxicity designations in a cunulative
manner, the CDFs indicate the percentage of total area sanpled
that was toxic. Sanple toxicity was determ ned from conpari sons
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with |laboratory controls as descri bed above in the EMAP approach;
each sanple with a nean significantly different from and | ess
than 80% of, the | aboratory control nmean was consi dered toxic.
Cal cul ations used to derive percent areas determned to be toxic
are shown on worksheets in Appendix F. CDFs were generated from
toxicity tests using Rhepoxynius survival (solid phase) and
Strongyl ocentrotus | arval devel opment (pore water). There were
insufficient data fromrandomy selected sites to generate CDFs
for Haliotis, Mytilus and Neanthes tests.

The Reference Envel ope Approach for Determining Toxicity

The second objective of this study was to assist in the
identification of "toxic hotspots”, where adverse biol ogi cal

i npacts are observed in areas with | ocalized concentrations of
pollutants. Ildentification of problemsites was an essenti al
stepinprioritizing efforts to i nprove sedi nent and water quality
t hrough regul ati on and renedi ati on prograns. Wile it was
possi bl e | arge areas of San Di ego Bay may be degraded to sone
extent, logistical constraints required efforts be focused on

| ocal i zed areas that were significantly nore toxic than optim
anbi ent conditions that exist in the greater portion of the bay.
In this study, a "reference envel ope"” statistical approach was
enpl oyed (Smth, 1995) toidentify sanpl es that exhibit significantly
greater toxicity than expected in San D ego Bay as a whol e.

The reference envel ope approach uses data from"reference sites”
to characterize the response expected fromsites in the absence
of localized pollution. Using data fromthe reference site
popul ation, a tolerance Ilimt was cal cul ated for conparison with
data fromtest sites. Sanples with toxicity values greater than
the tolerance |imt were considered toxic relative to the optina
anbi ent condition of the Bay.

This relative standard established using reference sites was
conceptually different fromwhat m ght be terned the absol ute
standard of test organi smresponse in |aboratory controls.

Rat her than conparing sanple data to control data using t-tests,
with laboratory replication used to characterize the variance
conponent (as in the "EMAP approach” described above), the

ref erence envel ope approach conpared sanple data against a
percentile of the reference popul ation of data val ues, using
vari ation anong reference sites as the variance conponent. The
ref erence envel ope variance conponent, therefore, included

vari ation anong | aboratory replicates, anong field replicates,
anong sites, and anong sanpling events.

The reference stations were assuned to be a random sanple from an
under | yi ng popul ation of reference |ocations that serve as a
standard for what we considered relatively non-inpacted
conditions. The toxicity neasured at different reference

| ocations will vary due to the different |ocal conditions that
can affect the toxicity results. 1In order to determ ne whet her
sedinments froma test |ocation were toxic, bioassay results for
the test |location were conpared with bioassay results fromthe
popul ati on of reference | ocations.
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Assumi ng the bioassay results fromthe popul ati on of reference

| ocations are normally distributed, an estimte of the
probability that the test sedinent is fromthe underlying
reference station distribution can be nade. For exanple, if the
result for a test sedinent was at the first percentile of the
underlying reference location distribution (in the direction of
toxicity), then there would be about a 1% chance that the test
sedi nent was fromthe distribution of reference |ocations.

The toxicity level at the first percentile of the reference
distribution is not known because there were only limted sanpl es
fromthe underlying distribution and only an estinmate coul d be
made of where the first percentile lies. If an estinmate of the
first percentile value was nmade a | arge nunber of tines, using

di fferent random sanples fromthe reference distribution, a (non-
central t) distribution of estimates, with the distribution node
at the actual first percentile would be obtained (Figure 4). 1In
Figure 4, it can be seen fromthe distribution of estimates that
about one half of the tinme the estimate fromthe sanpl e was above
the actual first percentile. Ideally, identification of an
estimated toxicity value would cover the actual first percentile
for a large percentage of the estinmates (say 95% of the tine).
Such a value can be obtained fromthe left tail of the

di stribution of estimtes where 5% of the estinmates are | ess than
t he chosen value. The definition of p is the percentile of
interest, and al pha is the acceptable error probability
associated with an estinmate of the pth percentile. Thus, in this
exanpl e, p=1 and al pha = . 05.

The toxicity level can be conputed that will cover the pth
percentile 1 mnus al pha proportion of the tinme as the | ower
bound (L) of a tolerance interval (Vardeman 1992) as foll ows.

L=Xr'[ga,p,n*8r]

where X, is the nmean of the sanple of reference stations, S is
the standard deviation of the toxicity results anong the
reference stations, and n is the nunber of reference stations.
The g val ues, for the given al pha, p, and n val ues, can be
obtained fromtables in Hahn and Meeker (1991) or Gl bert (1987).
S contains the within- and between-location variability expected
anong reference locations. |If the reference stations are sanpled
at different tinmes, then S will also incorporate between-tine
variability. The "edge of the reference envel ope” (L) represents
a cutoff toxicity level used to distinguish toxic fromnon-toxic
sedi ments. The value used for p will depend on the |evel of
certainty needed for a particular regulatory situation. 1In this
study a p value equal to 1% was chosen, to distinguish only the
nost toxic sanples, that is, sanples having a 95% certainty of
being in the nost toxic 1%

Ref erence Station Selection for Reference Envel ope

Ref erence stations were selected to represent optinmal anbient
conditions available in San Di ego Bay, based on avail able
chem stry and benthic community data. Toxicity data were not
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used in the sel ection process. Stations were selected if both
of the following criteria were nmet: 1) the benthic comunities
appeared relatively undi sturbed (based on indices described in
the benthic community anal ysis section), and 2) sedi nent chem cal
concentrations were bel ow Effects Range Medi an (ERM | evels (Long
et al., 1995) and Probable Effects | evels (PELs) (MDonald,

1994). Anong all stations, both randomy and non-randomy
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Figure 4. Schematic illustration of the method for determining the lower
tolerance interval bound (edge of the reference envelope) to determine
sample toxicity relative to a percentile of the reference site distribution.
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selected, a total of 75 sanples were anal yzed for toxicity,

chem stry and benthic ecology in this study. After screening
these 75 sanples, eleven stations in the San D ego Bay region
were selected as reference stations (Table 4). It should be noted
t hese stations were not selected prior to the initiation of the
study, but were selected after all of the analyses for the study
wer e conpl et ed.

PA50 Reporter Gene System

Summary of Met hods

A subset of thirty sedi nent sanpl es was sent to Col unbi a

Anal ytical Services (CAS) in Kelso, Washington for extraction
with nmethylene chloride. Extracts of 20 g sedi ment sanples were
evaporated to 1 nml and placed in small vials for shipment to the

Carl sbad, CA | aboratory of CAS where 2 i sanples were applied in
triplicate to genetically engi neered human |iver cancer cells
(101L cells) devel oped by Dr. Robert Tukey of the University of
California, at San Diego. A previous study partially funded by
the State Board (Anderson et al., 1995) had denonstrated that | ow
| evel s of dioxin, coplanar PCBs and sel ected PAHs coul d be
detected by the P450-RGS response to the extracts. Wen this
smal | volune of solvent (with extracted contam nants) is applied
to approximately one mllion cells in 2 m of medium induction
of the CYP1Al gene | eads to production of the detoxification
enzyme, P450, and the | um nescent enzyne, luciferase. Wen the
cells are lysed (after 16 hours) and the centrifugate tested with
luciferin, the anount of |ight neasured in a |um noneter is a
function of the concentration and potency of the contam nants on

t he sedi nents. Wen the contents of a single well (containing »
one mllion cells) are centrifuged and placed in the | um nometer
the resulting nmeasure is in Relative Light Units (RLU). The RLUs
of the solvent blank are set to unity and by dividing all RLU
readi ngs for the reference toxicant and sanples by the RLUs of
the bl ank, the data are converted to Fold Induction (or timnes
background). To nake the data nore rel evant to environnental

sanpl es, the data are converted to Equival ents of Benzo(a)pyrene
(BaPEQ), a ubiquitous PAH conmpound of environnmental concern (U. S.

EPA, 1995). To convert nean fold induction to BaPEq in pg/g dry
wei ght, the fold induction values are divided by sixty, which
(based on a dose response curve) is the response of the assay to

1ng/ M of Benzo(a)pyrene (BaP). The ng of BaP per vol une of

extract (e.g. 10 nl) is adjusted to an initial volune of 1 m and
this product divided by the dry grans of sanple contained in the
1 mM extract. This method can be used to cal culate Equivilants
for PAHs, from benz(a)anthracene to benzo(g, h,i)perylene (Table
4), as well as dioxins/furans and coplanar PCBs. Both sedi nents
and tissues (marine nussel) from San D ego Bay have been anal yzed
for the presence of P450 i nducing conpounds in previous studies
(Anderson et al. 1996, in press a). The detailed nethods and
results of P450-RGS testing with standards and sedi nent extracts
are described in Postlind et al. (1994), and Anderson et al.
(1995). In 1996, three publications will be avail abl e descri bing
the specific test nethods (ASTM Standard Met hods, and CRC Press).
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TABLE 4

REFERENCE STATIONS SELECTED FOR REFERENCE ENVELOPE ANALYSIS

Station # Station Name IDORG # | Leg | % Fines | TOC | ERMQ | PELQ BENTHICS Amphipod Surv. Urchin Devo.(25%)
93112.0 MISSION BAY A8 (x1)-REP 1 856 21 30.12 0.81 | 0.065 [ 0.116 | UNDEGRADED 96 + 5 202+ 1
93112.0 MISSION BAY A8 (x1)-REP 2 857 21 37.28 0.94 | 0.082 [ 0.134 | UNDEGRADED 98 + 3 89 +4
93112.0 MISSION BAY A8 (x1)-REP 3 858 21 43.56 0.91] 0.089 [ 0.145 | UNDEGRADED 94+5 53.6 + 49
93202.0 EAST BASIN I1 (x5) 842 21 46.28 1.11 | 0.238 | 0.362 | UNDEGRADED 83+ 6 67.2+17
90013.0 37 SWARTZ (MARINA) 815 20 88.21 1.37 | 0.217 | 0.347 | UNDEGRADED 81+8 73.8+ 10
93190.0 MARINA 111 (x1) 816 20 93.97 1.22 | 0.219 | 0.356 | UNDEGRADED 87 + 12 59.4+9
90053.0 35 SWARTZ (CORONADO CAYS) 843 21 91.85 1.47 | 0.180 | 0.292 | UNDEGRADED 75+ 11 29+ 25
93108.0 MISSION BAY A4 (x1)-REP 2 860 21 64.60 1.87 | 0.104 | 0.166 | UNDEGRADED 69 + 14 78.5+ 16
93195.0 GLORIETTA BAY U1 (x2) 823 20 48.24 0.95 ] 0.239 [ 0.369 | UNDEGRADED 81+9 0+0
93194.0 GLORIETTA BAY U1 (x1) 822 20 55.80 1.14 | 0.232 | 0.371 | UNDEGRADED 89 +7 463+ 7
93231.0 CARRIER BASE V2 (x6) 1000 23 57.66 1.57 | 0.252 | 0.404 | UNDEGRADED 74+ 12 0+0

None of the above samples exhibited any chemical exceedance of an ERM or PEL.
None of the above samples exhibited elevated ammonia or hydrogen sulfide during toxicity testing.

Amphipod Survival value is the mean and standard deviation from 5 laboratory replicates.

Urchin Development values are the mean and standard deviation of 5 replicates in 25% porewater.
ERM and PEL summary quotients are discussed in Appendix B and the report text.




Qual ity Assurance/ Quality Contro

Summary of Met hods

Summari es of quality assurance and quality control procedures are
descri bed under separate cover in the Bay Protection and Toxic

Cl eanup Program Quality Assurance Project Plan (QAPP). This
docunent descri bes procedures within the program which ensure
data quality and integrity. Quality assurance procedures follow
those of the NS&T Programto ensure conparability with other NOAA
survey areas nationw de. In addition, individual |aboratories
prepare quality assurance eval uati ons of each discrete set of
sanpl es anal yzed and aut hori zed by task order. These docunents
were submtted to the California Departnent of Fish and Gane for
review, then forwarded to the State Water Resources Control Board
for further review

RESULTS

Tabul ated data for all chem cal, benthic, toxicological and P450-
RGS anal yses are presented in Appendices B, C, D and E. The
summary data presented in the follow ng results sections were
used to denonstrate significant findings fromthe analysis of the
full data set in Appendices B, C, and D

Di stri buti on of Chem cal Poll utants

Chem cal Specific Screening Val ues

There have been several recent studies associating pollutant
concentrations with biological responses (Long and Morgan, 1990;
MacDonal d, 1992). These studies provi de gui dance for eval uating
t he degree to which sedinent chem cal pollutants |levels are
responsi ble for effects observed in a toxicity test. Reported
val ues are based on individual chem cal pollutants within

sedi ments. Therefore, their application my be confounded when
dealing with: biological effects which could be attributed to a
synergistic effect of low levels of nultiple chemcals,
unrecogni zed chem cals, or physical paraneters in the sedinent
whi ch were not mneasur ed.

The National Status and Trends Program has used chem cal and

t oxi col ogi cal evidence froma nunber of nodeling, field and

| aboratory studies to determ ne the ranges of chem cal
concentrations which are rarely, sonetinmes, or usually associated
with toxicity (Long and Mrgan, 1992). Eval uation of avail able
data (Long et al., 1995) has led to identification of three
ranges in concentration for each chem cal

1) Mnimal Effects Range: The range in concentration over
which toxic effects are rarely observed:

2) Possible Effects Range: The range in concentrations
over which toxic effects are occasionally observed;
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3) Probabl e-Ef fects Range: The range in chenica
concentrations over which toxic effects are frequently
or always observed.

Two slightly different nmethods were used to determ ne these

chem cal ranges. One nethod devel oped by NOAA (Long and Morgan,
1990; Long et al., 1995) used chem cal data which were associated
with a toxic biological effect. These data were used to detern ne
the lower 10th percentile of ranked data where the chem cal |evel
was associated with an effect (Effects Range-Low, or ERL).

Sedi ment sanples in which all chem cal concentrations were bel ow
the 25 ERL val ues were not expected to be toxic. The Effects
Range- Medi an (ERM reflects the 50th percentile of ranked data
and represents the | evel above which effects are expected to
occur. Effects are expected to occur occasionally when chem cal
concentrations fall between the ERL and ERM The probability of
toxicity was expected to increase with the nunber and degree of
exceedances of the ERM val ues.

Anot her nmethod identifies three ranges using chen cal
concentration data associated with both toxic biological effects
and no observed effects (MacDonal d, 1992; MacDonal d, 1994,
MacDonal d et al., In Press). The ranges are identified as TEL
(Threshold Effects Level) and the PEL (Probable Effects Level).
TEL val ues were derived by taking the geonetric nean of the 50th
percentile of the "no effects” data and the 15th percentile of
the "effects"” data. The PEL val ues were derived by taking the
geonetric nean of the 85th percentile of the "no effects” data
and the 50th percentile of the "effects" data. Although different
percentiles were used for these two nethods, they are in close
agreenent, usually within a factor of 2. Values reported for both
nmet hods are shown in Table 5. Neither of these nmethods is
advocated over the use of the other in this report. Instead, both
are used in the following analysis to create a wei ght of evidence
whi ch should hel p explain toxicity observed from sone sedi nents.

A cautionary note should be included; the degree of confidence
whi ch MacDonal d (1994) and Long et al. (1995) had in their
respective guidelines varied considerably anmong the different
chem cal s. For exanple, they express |ow confidence in the val ues
derived for nickel, mercury, DDTs, chlordane, dieldrin, and
endrin. Wen nore data becones avail abl e regardi ng t hese

chem cals and their potential effects, the guidelines my be

revi sed, probably upward for sone substances.

Primary Chem cals of Concern

Figure 5 presents a sunmary of the chem cals and chem cal groups
whi ch exceeded ERM or PEL values at the 217 stations where

conpl ete chem cal anal ysis was perfornmed. Copper, nercury, zinc,
total chlordane, total PCBs and the PAHs were nost often found to
exceed ERM or PEL val ues and are considered the six mjor

chem cals or chem cal groups of concern in the San D ego Bay
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Table 5- Comparison of Sediment Screening Levels
Developed by NOAA and the State of Florida

State of Florida (1) NOAA (2)
SUBSTANCE TEL PEL ERL ERM
Organics (ug/kg- dry weight)
Total PCBs 21.550 188.79 22.70 180.0
PAHs
Acenaphthene 6.710 88.90 16.00 500.0
Acenaphthylene 5.870 127.89 44.00 640.0
Anthracene 46.850 245.00 85.30 1100.0
Fluorene 21.170 144.35 19.00 540.0
2-methylnaphthalene 20.210 201.28 70.00 670.0
Naphthalene 34.570 390.64 160.00 2100.0
Phenanthrene 86.680 543.53 240.00 1500.0
Total LMW-PAHSs 311.700 1442.00 552.00 3160.0
Benz(a)anthracene 74.830 692.53 261.00 1600.0
Benzo(a)pyrene 88.810 763.22 430.00 1600.0
Chrysene 107.710 845.98 384.00 2800.0
Dibenz(a,h)anthracene 6.220 134.61 63.40 260.0
Fluoranthene 112.820 1493.54 600.00 5100.0
Pyrene 152.660 1397.60 665.00 2600.0
Total HMW-PAHSs 655.340 6676.14 1700.00 9600.0
Total PAHs 1684.060 16770.54 4022.00 44792.0
Pesticides
p,p'-DDE 2.070 374.17 2.20 27.0
p,p'-DDT 1.190 4.77
Total DDT 3.890 51.70 1.58 46.1
Lindane 0.320 0.99
Chlordane 2.260 4.79 0.50 6.0
Dieldrin 0.715 4.30 0.02 8.0
Endrin 0.02 45.0
Metals (mg/kg- dry weight)
Arsenic 7.240 41.60 8.20 70.0
Antimony 2.00 25
Cadmium 0.676 4.21 1.20 9.6
Chromium 52.300 160.40 81.00 370.0
Copper 18.700 108.20 34.00 270.0
Lead 30.240 112.18 46.70 218.0
Mercury 0.130 0.70 0.15 0.7
Nickel 15.900 42.80 20.90 51.6
Silver 0.733 1.77 1.00 3.7
Zinc 124.000 271.00 150.00 410.0

(1) D.D. MacDonald, 1994

(2) Long et al., 1995
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Regi on. MacDonal d (1994) and Long et al. (1995) express
relatively high confidence in the ERM and PEL val ues derived for
copper, zinc, total PCBs and PAHs. Figures 6-12 map the
geographi cal distribution of the six chem cals of concern

t hroughout the San D ego Bay Region. Three ranges of chem cal
concentration are given for each chemcal: (1) below the TEL, (2)
bet ween the TEL and PEL and (3) above the PEL to the nmaxi mum
concentration determ ned.

Copper is a broad spectrum bi oci de which may be associated with
acute and chronic toxicity, reduction in gromh, and a w de
variety of sublethal effects (Spear and Pierce, 1979). Elevated
copper concentrations above the PEL (>108.2 ng/kg) or ERM (>270
mg/ kg) were found throughout San Diego Bay (Figure 6(a-d)), with
smal | boat harbors, commercial shipping berths and mlitary
berths nost often inpacted. Considering the historical use of
copper based anti-fouling paint in the area, this distribution
pattern i s expected.

Zinc denonstrates a simlar pattern of distribution, although
actual exceedances of PEL levels (>271 ng/kg) or ERM I evels
(>410 ng/ kg) only occur in the central portion of the bay, along
t he naval shipyard waterfront (Figure 7(a-d).

Mercury, particularly nethylmercury, is highly toxic to aquatic
biota. Although there is variability in sensitivity of different
organi snms to the substance, bioaccumulation of nercury in aquatic
species has significant inplications with respect to human

heal th. PEL exceedances (> 0.696 ng/ kg) and ERM exceedances
(>0.71 ng/kg) of nmercury were found in several snmall boat areas,
near conmercial shipping operations and predom nately near naval
shi pyard areas (Figure 8(a-d)).

Pol ycyclic (polynuclear) aromatic hydrocarbons (PAHs) are

base/ neutral organic conpounds with a fused ring structure of two
or nore benzene rings. They are conponents of crude and refined
petrol eum products and are al so products of inconplete conbustion
of organic materials. Exposure to PAHs may result in a w de range
of carcinogenic, teratogenic and nmutagenic effects to terrestrial
and aquatic organisns (Eisler, 1987). Due to their simlar nodes
of toxic action, individual PAHs are often grouped into | ow and
hi gh nol ecul ar wei ght compounds, for concise reporting purposes.

| ndi vi dual PAHs used for the sunmations of | ow and high nol ecul ar
wei ght PAHs in this report are given in Appendix B -Section VII.
PAH pol | ution, as shown for high nol ecul ar weight PAHs in Figure
9(a-d), exceeds the PEL (>6676.14 ng/ kg) or ERM (>9600 ng/ kQg)

near conmmercial shipping operations and naval shipyard areas, as
well as the submarine facility near the nouth of the harbor. The
pattern for PEL (>1442 pg/ kg) or ERM (>3160 pg/ kg) exceedances of
| ow nmol ecul ar weight PAHs is simlar to high nolecul ar wei ght
PAHs (Fig. 10(a-d)).

A significant concern is polychlorinated bi phenyls (PCBs) |evels
found in sedinents throughout San Di ego Bay. PCBs are
base/ neutral conmpounds which are fornmed by direct chlorination of

a7



Figure 6a
Copper Concentrations in Sediment
North San Diego Bay
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Figure 6b
Copper Concentrations in Sediment
Mid San Diego Bay
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Figure 6¢
Copper Concentrations in Sediment
South San Diego Bay

Copper
(dry weight)

o Not Analyzed

< 0 to18.7ppm-below TEL
<> 18.7 to 108.2ppm-below PEL
@ 108.2 to 660ppm-above PEL




Figure 6d
Copper Concentrations in Sediment
Mission Bay and San Diego River Estuary
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Figure 7a
Zinc Concentrations in Sediment
North San Diego Bay
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Figure 7b
Zinc Concentrations in Sediment
Mid San Diego Bay
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Figure 7¢
Zinc Concentrations in Sediment
South San Diego Bay
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Figure 7d
Zinc Concentrations in Sediment
Mission Bay & San Diego River Estuary
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Figure 8a
Mercury Concentrations in Sediment
North San Diego Bay

93169

93154—-o0
90016

Mercury
(dry weight)

O Not Analyzed

<0 to0.13ppm-below TEL
<0.13 to 0.696ppm-below PEL
4 0.696 to 3.5ppm-above PEL




Figure 8b
Mercury Concentrations in Sediment
Mid San Diego Bay
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Figure 8c
Mercury Concentrations in Sediment
South San Diego Bay
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Figure 8d
Mercury Concentrations in Sediment
Mission Bay & San Diego River Estuary
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Figure 9a
High Molecular Weight PAH Concentrations in Sediment
North San Diego Bay
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Figure 9b
High Molecular Weight PAH Concentrations in Sediment
Mid San Diego Bay
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Figure 9c
High Molecular Weight PAH Concentrations in Sediment
South San Diego Bay
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Figure 9d
High Molecular Weight PAH Concentrations in Sediment
Mission Bay and San Diego River Estuary
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Figure 10a
Low Molecular Weight PAH Concentrations in Sediment
North San Diego Bay
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Figure 10b
Low Molecular Weight PAH Concentrations in Sediment
Mid San Diego Bay
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Figure 10c
Low Molecular Weight PAH Concentrations in Sediment
South San Diego Bay
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Figure 10d
Low Molecular Weight PAH Concentrations in Sediment
Mission Bay and San Diego River Estuary
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bi phenyl. There are 209 nunerically designated individual
conmpounds, called congeners (i.e., PCB #101), based on the
possi bl e chlorine substitution patterns. M xtures of various PCB
congeners have been manufactured in the U S. since 1929
(Phillips, 1987) and are used comrercially under the trade nane
Aroclor. Each PCB m xture has a nunber designation (i.e., Aroclor
1254) with the last two nunbers indicating the percentage of
chlorine in the mxture. PCB m xtures were used extensively in
the U S. prior to 1979 for industrial applications which required
fluids with thermal stability, fire and oxidation resistance and
solubility in organic conpounds (Hodges, 1977). PCBs have proven
to be extrenely persistent in the environnent and have
denonstrated a variety of adverse carcinogenic and non-
carcinogenic effects (USEPA, 1993c). These substances have a high
potential to accunmulate in the tissues of aquatic organisns and
can represent significant hazards to consunmers of aquatic species
(Moore and Wl ker, 1991). Total PCB (the sum of 18 congeners,
Appendi x B - Section VIl) pollution is nobst promnent in

sedi nents al ong the naval shipyard waterfront (Figure 11(a-d)),

al t hough several |ocations along the downtown waterfront and
smal | boat harbors al so show total PCB values in excess of the

PEL (>188.79 ng/ kg) and ERM (>180 pg/ kg).

Chl ordane is a multipurpose insecticide which has been used
extensively in home and agricultural applications for the control
of termtes and other insects. Although use of this conpound
ended in the md-70s, its persistence in sedinents of the region
is apparent. Total chlordane is the sumrmati on of major
constituents of technical grade chlordane and its netabolite
(Appendix B - Section VII). Chlordane pollution is extensive

al ong the north shore of San Diego Bay, the San Diego River, and
the nost northerly station in Mssion Bay (Figure 12(a-d)). Areas
whi ch receive stormrunoff, such as Chollas Creek, Seventh St
Channel , and urban stormdrains appear to be the nost heavily

contam nated (PEL (>4.79 ng/kg) or ERM (>6 ng/kQg)).

ERM and PEL Summary Quotients

In this report, conparisons of the data to effects-based

numeri cal guidelines were made to assess how sedi nent pollution
in the San D ego Bay Regi on conpares to sedi nent pollution on a
national scale. Additionally, these guidelines were used to
identify chem cals of concern for sedinent quality nanagenent
within the San D ego Bay Regi on. Ranki ngs and conpari sons were
made in this report using summary ERM quotients (ERM) and PEL-
gquotients (PELQ . Summary quotients are summati ons of chem cal
concentrations for chemcals listed in Table 5, divided by their
respective ERM or PEL val ue, and then divided by total nunber of
chem cal s used. In sanples where | evels of neasured chem cals
were bel ow the anal ytical nethod detection Iimt (MDL), a val ue
of one-half the MDL was used for summations. Methods and anal ytes
used for summati ons and averaging are given in Appendix B-
Section VII. This was a sinple approach for addressing overall
chem cal pollution where there were nultiple pollutants at a
station, and was in addition to the standard chem cal by chem cal
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Figure 11a
Total PCB Concentrations in Sediment
North San Diego Bay
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Figure 11b
Total PCB Concentrations in Sediment
Mid San Diego Bay
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Figure 11c
Total PCB Concentrations in Sediment
South San Diego Bay
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Figure 11d
Total PCB Concentrations in Sediment
Mission Bay and San Diego River Estuary
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Figure 12a
Total Chlordane Concentrations in Sediment
North San Diego Bay
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Figure 12b
Total Chlodane Concentrations in Sediment
Mid San Diego Bay
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Figure 12c
Total Chlordane Concentrations in Sediment
South San Diego Bay
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Figure 12d
Total Chlordane Concentrations in Sediment
Mission Bay and San Diego River Estuary
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approach di scussed earlier. This approach considered not only the
presence of guideline exceedances, but the nunber and degree of
mul ti pl e exceedances.

Based upon anal yses of the national NS&T and EMAP dat abase, the

i ncidence of toxicity has been shown to increase with increasing
summary ERM and PEL quotients (Long, Field and MacDonal d, in
prep). Synergistic effects are possible, but not inplied by the
guotient summations, therefore, this nmethod shoul d be recogni zed
only as a ranking schenme neant to better focus nmanagenent efforts
on interpretation of ambient sediment chem stry dat a.

I nterpretations using ERM and PEL summary quotients were limted
to statistical analysis within this dataset because the approach
has not been formally presented in other reports, therefore,
out si de conparisons are unavailable at this tinme. The 90%
confidence interval froma 1-tailed t-distribution was chosen as
an arbitrary threshold | evel for evaluating the data set. For the
220 stations on which chem cal analysis was perfornmed, stations
with an ERM2>0.85 or a PELQ1.29 were found to fall above this
confidence interval (Figure 13). Although these values of 0.85
and 1.29 cannot be considered threshold | evels with proven

ecol ogi cal significance, they can be used for w thin bay
conparati ve purposes. Forty-one stations exhibited ERM or PEL
guotient |evels exceeding the confidence interval cutoffs. O
these forty-one stations, twelve received benthic conmunity

anal ysis, all which were determ ned to have degraded comunities
in the analysis discussed later (Figure 14). Al 41 stations were
tested for Rhepoxynius toxicity, of which 29% denonstrated
significant toxicity, at the 48%Ilimt established by the
reference envel ope nethod di scussed later. This difference in

bi ol ogi cal response to pollutants, between benthic conmunity
structure and bi oassays, nmay be explained by | ong term exposure
to pollutants in the benthic community relative to short term (10
day) pollutant exposure in bioassay tests. Use of the ERM and PEL
guotients appear to give a worthwhile representation of overal
chem cal pollution and are used later in this report for station
ranki ngs and characteri zati ons.

Di stri buti on of Benthic Conmunity Degradati on

Dat a Anal yses and Interpretation

The identification of benthic degraded and undegraded habitat (as
determ ned by nmacrobenthic conmunity structure) was conducted
using a cumrul ative, weight-of-evidence approach. Tests were

enpl oyed wi thout prior know edge or integration of results from

| aboratory exposures or chem cal anal yses. Anal yses were
performed to identify relationships between community structure
wi thin and between each station or site. This included

di versity/ evenness indices, analyses of habitat and species
conposition, construction of dissimlarity matrices for pattern
testing, assessnent of indicator species and devel opnent of a
bent hi c i ndex, cluster and ordination (rultidinmensional scaling)
anal yses. Initially, a triangular correlation matrix was produced
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from species density data fromeach site using the Systat®
statistical program Fromthis matrix several tests for

associ ation of variables were perforned. The tests enployed are
comon in marine and estuarine benthic community anal yses and are
wel | -docunented in the literature (Field et al., 1982; Pearson et
al 1983; Swartz et al., 1985; Gay, 1989; Cark and Ainsworth
1993). dassification analysis was enployed to denonstrate site-
related community patterns such as speci es dom nance. C uster
analysis is a nultivariate procedure for detecting natural
groupings in data, and, for our purposes, data were grouped by
average simlarities in total conposition and speci es abundance
(Krebs, 1989). The average-linkage nmethod cal culates simlarity
between a pair of cluster groups as the average simlarity anong
entities in the two groups. Species information is used to
conpute simlarity index values. G ouped stations were clustered
at a conservative distance |imt of 50-60%simlarity, however,
this level was purely arbitrary. Because classification anal yses
have the tendency to force data into artificially distinct

groups, another nethod (e.g., nulti-dinmensional scaling) was used
to confirmthe validity of group clusters and site simlarity.
Ordination anal ysis was useful because it enables one to see

mul ti di nensional gradients in data rather than just groupings
(Smth, personal comunication).

Mul ti -di mensional scaling (MDS) is used extensively in the

anal yses of benthic communities, particularly in estuarine and
marine pollution studies. MDS is a procedure for fitting a set of
points in space such that the distance between points correspond
to a given set of dissimlarities. This technique is nore

fl exi bl e than princi pal co-ordinate anal yses when handling the

| arge nunber of zero counts generally characteristic of species-
sanples matrices. Nonnetric MDS anal yses were performed using
Systat® For a detailed account of MDS statistical procedures,
see Carke and Ainsworth (1993) and Warwi ck and O arke (1993).

| nferences fromthe resultant ordination are al so present ed.

It is inportant to note that, as with cluster anal yses, MS
results are not definitive and nust be used in conjunction with
addi tional ecological information. MDS results are based on total
speci es nunber and nunbers of individuals. Inferences fromthe
resultant ordination are al so presented.

After classification and ordination patterns were determ ned, the
raw data were reevaluated to assess which species may have

i nfluenced the observed patterns. Indicator species were then
selected on the basis of a literature review (i.e., distribution,
life history strategies and habitat preference), by
recommendati ons from ot her experienced benthic taxononm sts, and
review of the raw data. Initially, community anal yses were
conducted as a per "site" conparison. Later, it was decided

anal yses al so be expanded to a per "station" conparison to
produce a nore definitive data set for the reference pool. The
extended anal ysis of station variability was perfornmed using the
bent hi c i ndex.
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Bent hi ¢ assenbl ages have many attri butes which make themreliable
and sensitive indicators of the ecological condition in estuarine
envi ronnments. The follow ng procedure sunmari zes the construction
and application of the benthic index used to reliably

di scrim nate between degraded and undegraded conditions at sites
in the San D ego Bay Region. Although there are problenms with
trying to sinplify conplex biological coomunities, we attenpted
to develop a quantitative nmethod which creates a partition

bet ween degraded and undegraded areas. Polluted sites can not be
conclusively identified using results frombenthic community

anal yses al one, but these analyses inpartially describe
"environnmental |y stressed” areas. This benthic index is based on
species (indicators), and group (general taxa) information. The
i ndex al so eval uates community paraneters, such as species

ri chness, and abundance or presence of pollution indicators,
which identify the extrenes of the community characteristics.
Sites are ranked according to these extrenmes and are represented
by a single value. In general, decreasing nunbers of species,

i ncreasi ng nunbers of individuals, and decreasing diversity

val ues are conmon responses observed near polluted areas. These
trends are incorporated into the index. One of the inportant
restrictions with the existing nethod is it evaluates this
limted San Di ego Bay benthic data set when dividing groups for
categori zation. Construction and subsequent validation of this
sinplified benthic index are | oosely based on criteria devel oped
by several agencies, including USEPA- EMAP and SCCWRP. However,

t he benthic index devel oped by USEPA- EMAP (Wi sberg et al., 1993)
i ncl uded several environmental variables in its construction
(e.g. dissolved &), while the index for San D ego Bay data used
only biological parameters. Briefly, the foll ow ng maj or steps
were followed in constructing and validating this benthic index:

1. Degraded and undegraded (i.e., reference condition)
stations were identified on the basis of neasured
envi ronnental and bi ol ogi cal vari abl es.

2. Alist of "candidate" paraneters was devel oped usi ng
speci es abundance data. The list included netrics
havi ng ecol ogi cal relevance (e.g., species diversity
i ndices, etc.) which were used to discrimnate between
degraded and reference areas.

3. A value for each candidate paraneter (i.e., diversity,
abundance, taxonom c conposition) was cal cul ated for
each station (e.g., total species per station, total
i ndi vidual s per station, total crustaceans species per
station, total nunber of polychaete individuals, total

anphi pods per station, etc.).

4. Range of values per netric was determ ned (lowest to
hi ghest val ue).

Quartiles fromthat range were determ ned.

Ranking within quartiles were assi gned:. upper
quartile=2, lower quartile=0, mddle quartile=1. These
cal culations were applied to the netrics fromstep 3.
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7. The index was defined by values of 0, 1, or 2. A value
of O defines the degraded (detectable stress)
stations(s), and 2 identifies environnentally
undegraded stations(s). Stations with an index val ue
of 1 are considered transitional comunities, which
are neither degraded nor reference stations.
Transitional stations have species or other paraneters
whi ch indicate both degraded and undegraded habitats.
These stations are investigated further to determ ne
the cause of ambiguity of the transitional status.

8. Rel ative abundance of indicator species (both degraded
and undegraded habitat indicators) per station is
assessed.

A primary concern regarding the benthic index is how well it
fulfills the objective of discrimnating anong degraded and
undegr aded estuarine conditions. This sinplified version forns
the basis for ongoing iterative procedures involved in
construction of an index. This index will include a variety of

i ndi cator val ues (Bascomet al., 1978; Kerans et al., 1994,
EcoAnal ysis et al., 1995) for future applications of the
assessnment of benthic comunity structure. The follow ng sections
report results of benthic community anal yses based solely on
conposition and abundance of macrobenthic species from sedi nent
cores throughout San Diego Bay and its vicinity. Environnental
paraneters (e.g., total organic carbon | evels and sedi nent grain
si ze range) and other factors capabl e of influencing benthic
conposition were exam ned, but not evaluated in conjunction with
the data presented here. Those data are exam ned later in
sections which address correl ative anal yses.

In this study, bioeffects are required to be denonstrated in
relation to properly selected reference sites and to occur in
association with significant pollutant |evels. The foll ow ng

evi dence for undegraded (possible reference) and degraded
(possi bl e contam nated) sites was based on benthic conmunity
"quality" at each site and station. Benthic community structure
was eval uated as an indicator of environnentally degraded or
undegraded areas and not as a pollution or contam nation

i ndicator. Benthic reference sites were determ ned predom nantly
by anal yses of specific indicator species and groups (e.g.,

anphi pods). These species are generally not found in polluted or
di sturbed areas.

The intention of this sectionis to clearly describe the
condition of macrobenthic communities from sanpling areas.
Definitions of degraded, transitional, and undegraded used in
this section are adopted from several papers (Bascom et al.

1978; Pearson and Rosenberg, 1978; Schindler, 1987, Swartz et
al ., 1985; Underwood and Peterson, 1988). Although the boundari es
set in Bascomet al. (1978) were based on food supply and not on
toxi cants, the sane general principles apply to this study. In
bent hi ¢ anal yses, the term "degraded" does not refer to a
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community response to significant |evels of toxic chem cals.
Degraded areas are those which contain significant nunbers of
opportuni stic species, in the absence of non-opportunistic

speci es, and have relatively | ow species diversity. Correlations
are later used to determine if community profiles are influenced
by chem stry or by natural environnmental disturbances. Sites and
stations which are categorized as "undegraded"” have hi gh species
di versity, high proportional abundance of anphi pods and ot her
crustaceans, while noting there are a few exceptions to this rule
(e.g., Gandidierella japonica, etc.). Undegraded areas generally
contain species which are known to be sensitive to pollutants.
Transitional sites and stations are those which are not
confidently partitioned into the other two categories. These
areas may solicit further study. Overall, an integration of data
from |l aboratory exposures, chem cal anal yses, and benthic
comunity assessnents provide strong conpl enentary evi dence of

t he degree of pollution-induced degradation in aquatic
communities. The foll ow ng data anal yses were conducted on a per
site basis using sanple replicates (n=5) at each sanpling

| ocation (Table 6). An analysis also was perfornmed using per
station data (n=1) and is presented later in this section. Tests
i ncluded classification and ordination anal yses, diversity
nmeasurenents, construction of a benthic index, and assessnent of

i ndi cat or species. One cautionary note is each of the benthic
community and popul ation condition tests are subject to effects
of not only the pollutants neasured in this study, but many ot her
confoundi ng natural factors, such as depth, salinity, sedinent
texture, and/or predation.

Abundance and Diversity

There were 7,232 individuals, representing 198 nmacrobenthic
species, collected from 375 benthic cores during sanpling | egs 20
t hrough 23 of the San Di ego Bay confirmati on phase (Table 7).
Mean nunber of species was calculated fromb5 replicates per site
(Tabl e 8). Polychaetes conprised the majority of specinmens in
sanpl es. Great nunbers of nollusks in sites within Wst Basin
Downtown Piers, and Gorietta Bay were due to the bivalve
Muscul i sta senhousei which was coll ected as | arge aggregates.

Echi noderns were found at only 6 of the 25 sites, and were
significantly (p>0.01) greater at the M ssion Bay A3 site
(640.0+£216.6) and the M ssion Bay A8 site (213.3+53.3) conpared
to all other sites. Holothurians conprised the mpjority of

echi noderns found at these sites, although ophiuroids were al so
present. Col oni al species were not present. Diversity ranged from
9 to 46 benthic species per site in collected sanples.

Significant differences in species diversity were not as distinct
as with other indices and no trends were obvious. Results shown
in Table 9 indicate nbst conmunities in this study were
relatively diverse and even. Sinpson's diversity index (D) which
enphasi zes nore conmon speci es, and Shannon-\Waver (H ) which
puts statistical weight on rare species, showed differences in
the range of diversity values. Chula Vista Yacht Basin was the
only site which showed a noderately high | evel of dom nance as
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Table 6.

Benthic samples from the San Diego

Bay region.

Replicate  Station  IDORG Replicate  Station  1DORG Replicate  Station  IDORG
Site-Station Name Number No. No. Site-Station Name Number No. No. Site-Station Name Number No. No.
10 Swartz (West Basin) 1 90050.0 837 31 Swartz (Marine Terminal R3) | 90010.0 896 NSB-M1 (Sub Base C2) 1 90028.0 871
10 Swartz (West Basin) 2 93199.0 838 31 Swartz (Marine Terminal R3) 2 93229.0 897 NSB-M1 (Sub Base C2) 2 93216.0 872
10 Swartz (West Basin) 3 93200.0 839 31 Swartz (Marnne Terminal R3) 3 93230.0 898 NSB-M1 (Sub Base C2) 3 93217.0 873
10 Swartz (West Basin) 4 ~ 837.1 31 Swartz (Marine Terminal R3) 4 ~ 896.1 NSB-M1 (Sub Base C2) 4 ~ 871.1
10 Swartz (West Basin) 5 ” 837.2 31 Swartz (Marine Terminal R3) 5 A 896.2 NSB-M1 (Sub Base C2) 5 ~ 871.2
11 Swartz (East Basin) 1 90001.0 840 32 Swartz (Sweetwater Ch) 1 90052.0 875 P Swartz (Naval Base 012) 1 90022.0 868
11 Swariz (East Basin) 2 93201.0 841 32 Swartz (Sweetwater Ch) 2 93219.0 876 P Swartz {Naval Base 012} 2 93214.0 869
11 Swartz (East Basin) 3 93202.0 842 32 Swartz (Sweetwater Ch) 3 93220.0 877 P Swartz (Naval Base 012) 3 93215.0 870
11 Swartz (East Basin) 4 A 840.1 32 Swartz (Sweetwater Ch) 4 A 875.1 P Swartz (Naval Base 012) 4 A 868.1
11 Swartz (East Basin) S A 840.2 32 Swartz (Sweetwater Ch) 5 A 875.2 P Swartz (Naval Base 012) 5 A 868.2
12 Swartz (Downtown Anch) 1 90002.0 878 34 Swartz (CV Yacht Basin) 1 90012.0 824 San Diego River Bl 1 93116.0 881
12 Swartz (Downtown Anch) 2 93221.0 8§79 34 Swartz (CV Yacht Basin) 2 93196.0 825 San Diego River Bl 2 93116.0 882
12 Swartz (Downtown Anch) 3 932220 880 34 Swartz (CV Yacht Basin) 3 93197.0 826 San Diego River Bl 3 93116.0 883
12 Swartz (Downtown Anch) 4 ” §78.1 34 Swartz (CV Yacht Basin) 4 " 824.1 San Diego River Bi 4 93116.0 8811
12 Swartz (Downtown Anch) 5 ~ 878.2 34 Swartz (CV Yacht Basin) N ~ 8242 San Diego River Bl 5 93116.0 8812
14 Swartz (Downtown Piers) 1 90003.0 846 35 Swartz (Coronado Cays) 1 90053.0 843 SDNI- NS5 (Carrier Base V2) 1 90025.0 899
14 Swartz (Downtown Piers) 2 93205.0 847 35 Swartz (Coronado Cays) 2 93203.0 84 SDNI- N5 (Carrier Base V2) 2 93231.0 1000
14 Swartz (Downtown Piers) 3 93200.0 848 35 Swartz (Coronado Cays) 3 93204.0 845 SDNI- NS (Carrier Base V2) 3 932320 1001
14 Swartz (Downtown Piers) 4 ~ 846.1 35 Swartz (Coronado Cays) 4 A 843.1 SDNI- NS (Carrier Base V2) 4 " 899.1
14 Swartz (Downtown Piers) 5 A 846.2 35 Swartz. (Coronado Cays) S A 8432 SDNI- NS (Carrier Base V2) S " 899.2
15 Swartz (G St Pier Marina) 1 90004.0 849 37 Swartz (Marina) 1 90013.0 815 Stormdrain EM (Grape St.) | 90037.0 827
15 Swartz (G St Pier Marina) 2 93207.0 850 37 Swartz (Marina) 2 93190.0 816 Stormdrain EM (Grape St.) 2 90037.0 828
15 Swartz (G St Pier Marina) 3 93208.0 851 37 Swartz (Marina) 3 93191.0 817 Stormdrain EM (Grape St.) 3 90037.0 829
15 Swartz (G St Pier Marina) 4 " 849.1 37 Swartz (Marina) 4 n 815.1 Stormdrain EM (Grape St.) 4 90037.0  827.1
15 Swartz (G St Pier Marina) 5 ~ 849.2 37 Swartz {Marina) S n 8152 Stormdrain EM (Grape St.) h] 90037.0 8272
16 Swartz (intercont, Marina) 1 90051.0 818 41 Swartz (Glorictta Bay) 1 90015.0 821 Long Beach Outer Harbor 1 40018.3 884
16 Swartz (Intercont. Marina) 2 93192.0 819 41 Swartz (Glorictta Bay) 2 931940 822 Long Beach Outer Harbor 2 40018.2 885
16 Swartz (Intercont. Marina) 3 93193.0 820 41 Swartz {Glorictta Bay) 3 93195.0 823 Long Beach Outer Harbor 3 40018.3 886
16 Swartz (Intercont. Marina) 4 ~ 8181 41 Swartz {Glorictta Bay) 4 ~ 8211 Long Beach Quter Harbor 4 40018.3 B84l
16 Swartz (Intercont. Marina) 5 ~ §18.2 41 Swartz (Glorietta Bay) S ~ §21.2 Lang Beach Outer Harbor 5 400183 8842
23 Swartz (Naval Base 07) ] 90006.0 865 K Swartz (Naval Base 04) 1 90021.0 862 Lower Main Channel 1 10004.2 830
23 Swartz (Naval Base 07) 2 93212.0 866 K Swartz (Naval Base 04) 2 93210.0 863 Lower Main Channel 2 40004.2 831
23 Swartz (Naval Base 07) 3 93213.0 867 K Swaurtz (Naval Base 04) 3 93211.0 86 Lower Main Channel 3 40004.2 832
23 Swartz (Naval Base 07) 4 ” 865.1 K Swartz (Naval Base 04) 4 A 862.1 Lower Main Channel 4 40004.2  830.1
23 Swartz (Naval Base 07) 5 n 8652 K Swartz (Naval Base 04) 5 A 862.2 Lower Main Channel 5 40004.2  830.2
25 Swartz (Naval base/ SY 010) 1 90007.0 887 Mission Bay A4 1 93108.0 859 Off Cabrillo Beach l 40010.0 1006
25 Swartz (Naval base/ SY 010) 2 93223.0 888 Mission Bay A4 2 93108.0 860 Off Cabrillo Beach 2 400100 1007
25 Swartz (Naval base/ SY 010) 3 93224.0 889 Mission Bay A4 3 93108.0 861 Off Cabrillo Beach 3 40010.0 1008
25 Swartz (Naval base/ SY 010) 4 ~ 88§7.1 Mission Bay A4 4 93108.0 859.1 Off Cabrilio Beach 4 400100 1006.1
25 Swartz (Naval base/ SY 010) 5 ~ §87.2 Mission Bay A4 S 93108.0 859.2 Off Cabrillo Beach 5 40010.0  1006.2
27 Swartz (Naval Base /SH 013) 1 90008.0 890 Mission Bay A8 § 93112.0 856 Palos Verdes (Swartz 6) 1 40031.2 1002
27 Swartz (Naval Base /SH 013) 2 93225.0 891 Mission Bay A8 2 93112.0 857 Palos Verdes (Swartz 6) 2 40031.2 1003
27 Swartz (Naval Base /SH 013) 3 93226.0 892 Mission Bay A8 3 931120 858 Palos Verdes (Swartz 6) 3 400312 1004
27 Swartz (Naval Base /SH 013) 4 ~ 890.1 Mission Bay A8 4 93112.0 856.1 Palos Verdes (Swartz 6) 4 40031.2 10021
27 Swartz (Naval Base /SH 013) 5 ” 890.2 Mission Bay A8 5 93112.0 856.2 Palos Verdes (Swartz 6) 5 400312 1002.2
28 Swartz (7th St Channel Q1) 1 90009.0 893 Mission Bay A3 1 93107.0 853 West Basin Entrance 1 40009.1 834
28 Swartz (7th St Channel Q1) 2 93227.0 894 Mission Bay A3 2 93107.0 854 West Basin Entrance 2 40009.1 835
28 Swartz (7th St Channel Q1) 3 93228.0 895 Mission Bay A3 3 93107.0 855 West Basin Entrance 3 40009.1 836
28 Swartz (7th St Channel Q1) 4 ~ 893.1 Mission Bay A3 4 93107.0 8531 West Basin Entrance 4 40009.1 834.1
28 Swartz (7th St Channel Q1) 5 A 893.2 Mission Bay A3 5 93107.0 8532 West Basin Entrance 5 40009.1 8342




Table 7. Species list of macroinvertebrates from the San Diego Bay region benthic samples
Acm{ra carl?erina“e Gastropoda Fabricinuda limicola Polychaeta Orchomene pacifica Gammaridea
Acmz(a horikoshii Gaanpoda Glycera americana Polychaeta Orchomene sp. Gammaridea
Acun?modeulopus heteruropus  Amphipoda Glycera nana Polychaeta Paracerceis sculpta Isopoda
Aglaja sp. Gastropoda Gnathia crenulatifrons Isopoda Paradexamine sp. Amphipod
Alpheus californiensis Decapoda Goniada brunneu Polychaeta Paramage scutata Polychaeta
Amaeana occidentalis Polychaeta Goniada sp(p). Polychaeta Puaranthura elegans Isopoda
Ampelisca brevisimulata Gammaridea Grandidierella juponica Gammaridea Paraprionospio pinnata Polychaeta
Ampelisca cristata Gammaridea Harmothoe hirsuta Polychaeta Parasterope barnesi Ostracoda
Ampelisca hancocki Gammarnidea Harmothoe imbricata Polychaeta Purougia caeca Polychaeta
Ampharete labrops Polychaeta Heptacarpus cf taylori Decapoda Purvilucina tenuisculpra Bivalvia
Amphicteis scaphobranchiata Polychaeta Heptacarpus sp. A Decapoda Pecrinaria californiensis Polychaeta
Amphideutopus oculatus Amphipoda Hesperonoe sp(p). Polychaeta Pennatulacea Anthozoa
Amphilochidae Gammaridea Heterophoxus oculatus Gammandea Pherusa capulata Polychaeta
Ampithoe sp. Gammaridea unidentified holothuroid Holothuroidea Pherusa sp(p) Polychaeta
unid. anemone Anthozoa Hyale frequens Gammaridea Pholoe glabra Polychaeta
Aphelochaeta monilaris Polychaeta Hydroides pacificus Polychaeta unidentified phoronida Phoronida
Aphelochaeta multifilis Polychaecta insect larva Arthropoda Phaotis sp. Gammaridea
Aphelochaeta sp(p). Polychaeta Laevicardium substriatum Bivalvia Pista alara Polychaeta
Apistobranchus sp(p). Polychaeta Laonice cirrata Polychaeta Pista spip) Polychaeta
Apoprionospio pygmdea Polychaeta Leitoscoloplos pugettensis Polychaeta Pleustidae Gammaridea
Armandia brevis Polychacta Lembos sp. Gammaridea Podarkeopsis glabra Polychaeta
Asteropella slatteryi Ostracoda Leprochelia dubia Tanaidacea Podarkeopsis perkinsi Polychaeta
Autolytus sp(p). Polychaeta Leptognathia sp. Tanaidacea Podocerus cristatus Gammaridea
unidentified bivalve Bivavia Levinsenia gracilis Polychaeta Poecilochaetus johnsoni Polychaeta
Brania brevipharyngea Polychaeta Listriella goleta Gammaridea Palydora cornuta Polychaeta
Bulla sp. Gastropoda Lophopanopeus bellus diegensis Decapoda Polvdora nuchalis Polychaeta
Campylaspis rubromaculata Cumacea Lumbrineridae, unident. Polychaeta Polvdora socialis Polychaeta
Capitellu capituta complex Polychaeta Lyonsia californica Bivalvia Polvophthalmus pictus Polychaeta
Caprella californica Caprellida Lysippe lubiata Polychaeta Pontogeneia rostrata Gammaridea
Caulleriella sp(p). Polychaeta Muacoma cf yoldiformis Bivalvia Praxillella pacifica Polychaeta
Chaetozone corona Polychaeta Muacoma nausta Bivalvia Prionospio heterobranchia Polychaeta
Chone mollis Polychaeta Muacoma sp. Bivalvia Prionospio lighti Polychaeta
Cirratulidae, unident. Polychaeta Muctra californica Bivalvia Prionospio sp(p). Polychaeta
Cirratulus sp(p). Polychaeta Malmgreniella macginitiei Polychaeta Prionospio steenstrupi Polychaeta
Cirriformia luxuriosa Polychaeta Murphysa disjuncta Polychaeta Pseudapolydora paucibranchiata Polychaeta
Collisela depicta Gastropoda Muayerella banksia Amphipoda Rhynchospio glutaea Polychaeta
Compsomyax subdiaphana Bivalvia Mediomastus californiensis Polychaeta Rudilemboides stenopropodus Amphipoda
Cooperella subdiaphana Bivalvia Megalomma pigmentum Polychaeta Scleroplax granulata Decapoda
Corophium acherusicum Gammaridea Melinna oculata Polychaeta Scolelepis quinguedentata Polychaeta
Caorophium heteroceratum Gammaridea Metasychis disparidentatu Polychaeta Scoletoma erectu Polychaeta
Cossura candida Polychaeta Microjassa litotes Gammaridea Scoletoma tetraura Polychaeta
Crepidula fornicata Gastropoda Monoculodes hartmanae Gammaridea Scoloplos ucmeceps Polychaeta
Crucibulum spinosum Gastropoda Monticellina dorsobranchialis Polychaeta Scxphoproctus sp(p). Polychaeta
Cryptomya californica Bivalvia Monticellina sp. C Polychaeta Serolis carinata Isopoda
Cylichnella incultu Gastropoda Monticellina tesselata Polychaeta Sigambra tentaculata Polychaeta
Cylichnella sp. Gastropoda Munnogonium californiensis Isopoda Stliqua lucida Bivalvia
Diastylis sp. Cumacea Musculista senhousei Bivalvia unidentified spionid Polychaeta
Diopatra sp(p). Polychaeta Myriochele sp. M Polychaeta Spiophanes berkeleyorum Polychacta
Diopatra tridentata Polychaeta Mysella sp. Bivalvia Spiophanes missionensis Polychaeta
Diplocirrus spip). Polychaeta unidentified mysid Mysidacea Sthenelais tertiaglabra Polychacta
Dorvillea longicornis Polychaeta Nassarius perpinguis Gastropoda Sthenelanella uniformis Polychaeta
Drilonereis falcata minor Polychaeta Neanthes acuminata Polychaeta Streblosoma sp. B Polychaeta
Elasmopus rapax Amphipoda Neastacilla californica Isopoda Streblospio benedicti Polychaeta
Eranno lugunae Polychaeta nemertean Nemertea Sulcoretusa xystrum Gastropoda
Eteone californica Polychaeta Neotrypaea californiensis Decapoda Svnchelidium rectipalmum Gammaridea
Eteone sp(p). Polychaeta Nephtys caecoides Polychaeta Svnchelidium sp. Gammaridea
Euchone limnicola Polychaeta Nephtys cornuta Polychaeta Tagelus subteres Bivalvia
Euclymeninae spp. indet. Polychaeta Nereididae, unident Polychaeta Tellina modesta Bivalvia
Eudorella pucifica Cumacca Nereis procera Polychaeta Tenonia priops Polychaeta
Euphilomedes carcharodonta Ostracoda Notomastus tenuis Polychaeta Terebellidae, unident. Polychaeta
Euphilomedes producta Ostracoda Nuculana taphria Bivalvia Terebellides culifornica Polychaeta
Eupolymnia sp(p). Polychaeta Qdaontosyllis phosphorea Polychaeta Theora fragilis Bivalvia
Exogone lourei Polychaeta Odostomia sp. Gastropoda Trachycardium quadragenarium Bivalvia
Exogone molesta Polychaeta oligochaeta Oligochaeta Turbonilla sp. Gastropoda
Exogone sp(p) Polychaeta Olivella buetica Gastropoda Urocaris infraspinis Decapoda
Exogone uniformis Polychaeta unidentified ophiuroid Ophioroidea Zeuxao normuni Tanaidacea
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shown by the evenness index (J' =0.490). This was due to an
abundance of Medi omastus californiensis and Leitoscol opl os
pugettensis polychaetes. Conpared to all other sites, Chula Vista
had a significantly | ower density of crustaceans. The M ssion Bay
A4 site had noderately high species diversity but conparatively

| ow speci es abundance.

Cluster and Ordi nati on Anal yses

Cl uster anal yses produced the dendrogram (Figure 15) of station
affinities, based on mean root-root transformed abundance of the
198 nacrobent hi c species, using Pearson's correlation of
simlarity and group-average sorting. A root-root transfornmation,
reduced the weighting of abundant species (Field et al., 1982).
The simlarity level, although arbitrary, was designated somewhat
conservatively near 50% The resulting classification of

assenbl ages refl ect general patterns of benthic species

conposi tion, dom nation, and evenness (e.g., sites along the 0.00
line would be identical in species conmposition and abundance).
Si x maj or groups were delineated fromthe hierarchical clusters,
whi ch were defined by an overall dom nant species. Goup |, which
included only a single site (32 Swartz, Sweetwater Channel) was
co-dom nated by the tube-building tanaid Zuexo normandi and

pol ychaet e worm Lei t oscol opl os Eugettensis. Goups 1V, V and VI
were all dom nated by the polychaete worm species L. pugettensis,
Pri onospi o het erobranchia, and co-dom nants P. heterobranchia and
ol i gochaetes, respectively. Anphipods (Acum nodeut opus

het eruropus) were the nost abundant group in cluster Il. The
seem ngly ubi quitous bival ve Musculista senhousei was the
nunerically inmportant species in Goup IIl. Wen plotted, these

bi ol ogi cal | y-based clusters provide a qualitative assessnent of
the pattern of physical data and visually denonstrate the
relati onship of one site to another. To put the relationship of
sanples into a nore general perspective, the level of simlarity
found between San Di ego Bay site sanples and those from Los
Angel es Harbor was between 5-10% (Figure 16), revealing the
bent hos of these northerly areas should not be used
conparatively, due to differences in habitats and biotic
response. Although tidally influenced, the species conposition
of the San Diego River Bl site was also found to be highly
dissimlar to other San Di ego Bay sanples, presumably due to
habi tat differences.

In addition to conventional methods, non-netric nulti-dinmensional
scaling (MDS) using a weighted Spearman rank correl ation
coefficient dissimlarity matrix was used to determne simlarity
i n species conposition between stations. Non-netric MDS can
handl e | arge nunbers of zeros, m ssing data, and unequal
replication. MDS seeks a representation of individuals in a space
of | ow dinmensionality where the distances between individuals in
ordi nati on space optimally represent their dissimlarities in
vari abl e space (Kenkel and Oloci, 1986). Typically, transforned
biotic and abiotic data are initially analyzed separately, then
conbi ned to assess common MDS spatial patterns. The resulting
ordination for biotic variables is denonstrated here.
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SITE DISTANCE

0.000 1.060
| 32 Swartz (Sweetwater Chnl)
—_———— e —— —— - - 0.659
37 Swartz (Marina) ——————
0.323
* Stormdrain EM (Grape St)  ———n—
I 0.484
11 Swartz (East Basin)
0.230
16 Swartz (Intercont. Marina)  ——se—————
— e o e | 0.561
SDNI-N5 (Carrier Base V2)
0.189
15 Swartz (G St Pier Marina)
- 0.427
10 Swartz (West Basin)
0.107
Il * 12 Swartz (Downtown Anch)
0.219
14 Swartz (Downtown Piers)
0.188
K Swartz {Naval Base 04)
0.309
41 Swartz (Glorietta Bay) —————eee
e e | 0.485
35 Swartz (Coronado Cays)
0.207
31 Swartz (Marine Terminal R3) ———
_— 0.109
34 Swartz (CV Yacht Basin)  ————I
B 0.333
NSB-M1 (Sub Base C2)
0.269
v 23 Swartz (Naval Base 07)
0.170
25 Swartz (Naval Base/ SY 010)
0.191
27 Swartz (Naval Base/ SH013) ——
0.119
P Swartz (Naval Base 012) ——1
0.376
* Mission Bay A4
—_————— e e L 0723
* Mission Bay A8 ——m0 —
A" 0.387
28 Swartz (7th St Chnl Q1) 0.631

A2 * Mission Bay A3

Figure 15. Numerical classification of mean abundance data of 198 macrobenthic species.
Clusters are derived from Pearson correlation matrix data and group-average sorting. Six
major clusters are shown, each dominated by 1-2 species.
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:

San Diego River Bl

——

* Off Cabrillo Beach  e————
* Long Beach Outer Harbor

* West Basin Entrance

* Lower Main Chnl
* 6 Swartz (Palos Verdes)

Figure 16. Numerical classification of mean abundance data from San Diego Bay
and vicinity and Los Angeles Harbor.



CORRELATION

CORRELATION
PLOT YARIABLE/SITE — CLUSTERNQ, PLOT VARIABLE/SITE —— CLUSTERNOQ,
A West Basin, Swartz 10 111 N Marina, Swartz 37 1
B East Basin, Swartz 11 I (¢] Glorietta Bay, Swartz 41 811
C Downtown Piers, Swarnz 14 11 P Naval Base 04, Swartz K HI
D G St Pier Marina, Swartz 15 mn Q Sub Base C2, NSB-M| v
E Intercont. Marina, Swartz 16 I R Naval Base 012, Swartz P v
F Naval Base 07, Swartz 23 v S Carrier Base V2, SDNI-N5 I
G Naval Base/ SY 010, Swartz 25 v T San Diego River Bl nd
H Naval Base/ SH 013, Swartz 27 v 0] Stormdrain EM, Grape St I
[ 7th Channel @1, Swartz 28 v v Downtown Anch, Swartz 12 1
] Marine Terminal R3, Swariz 31 v w Mission Bay A3 Vi
K Sweetwater Channel, Swartz 32 I X Mission Bay A4 v
L CV Yacht Basin, Swartz 34 1v Y Mission Bay A8 v
M Coronado Cays, Swartz 35 v
- 1+ + + +
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Dimension 2

Figure 17. Multidimensional scaling {(ms) ordination of site samples from San Diego Bay based
on the abundance matrix of 198 macrobenthic species. (A) Clusters deliniated and numbered
in Figure 15 dendogram are shown here as circled groups. (B) Qualitative assessment of the
relation of chemistries >ERM levels (site codes surrounded by boxes) to ms biotic configuration.
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di spl ays the 2-di nmensional representation resulting from

mul ti di mensional scaling, using the sane matrix data applied to
classification analysis. Letters surrounded by each circle
represent the partitioned cluster groups delineated in the
cluster hierarchy. The configuration was not altered when the
outlier (T) was renoved. The x- and y-axes represent scores for
the first and second ordi nati on axes. These scores are based on
speci es diversity data and abundance and conposition data.

When sites with chem stry val ues which exceeded ERM | evel s were
assessed on the MDS plot in a qualitative, cursory manner as
shown in Figure 17b (shown with squares), the sites clustered
together. When interpreted along the axis gradient, these data
suggested dinension 1 likely defined the pollution gradient,
where the top quadrant within the plot identified the nost
contam nated sites (i.e., Qor H). This is assum ng the plot
configuration is affected by toxic pollution alone and not by any
organi c enrichnent. The y-axis may represent responses to a
salinity gradient or change in sedinment grain size. These

anal yses are especially revealing when environnental variables
(e.g, TOC, grain size, water depth, total PAHs, individua
nmetals, etc.) and biota are scaled together to determ ne which
vari abl es i nfluence the configuration. However, even in the
absence of these parallel plots, patterns are apparent fromthe
correlations illustrated in other sections of this report.

| ndi cat or Speci es

Despite the nunmerous studies perforned in San D ego Bay, there
have been no anal yses of the fauna as bi oi ndi cators (SCCW\RP-

Di ener, personal comuni cation). Indicator species are assessed
to determ ne which species are responsible for the separation of
groups in classification and ordination anal yses (Field et al.
1982). Indicator species used in this study were selected on the
basis of overall abundance in the San D ego Bay data set,
literature review which determ ned distribution, known l|ife

hi stori es and habitat preference, and di scussions with ecol ogists
experienced with Southern California marine biota and mari ne
habitats. Species indicative of control or reference sites were
derived fromfrequency of occurrence data. The presence or
absence of specific polychaetes in sedinents provided one

val uabl e indication of the condition or health (Pocklington and
Well's, 1992) of the benthic conmunities in San Di ego Bay. The
presence of Capitella capitata or Strebl ospio benedicti, in the
absence of other species, is widely accepted as pollution

i ndicators. Sensitive species |like Harnothoe inbricata are
represented at sites Carrier Base V2 and M ssion Bay A8, and are
typically found in uncontam nated areas. Additionally, Nereidae
are accepted as indicators of early successional phases of

envi ronnmental recovery (Pearson and Rosenberg, 1978) and are
evident at site Carrier Base V2. Medi onmastus pol ychaetes are
found throughout the bay and have been considered to be
identifiers of environnmentally stressed areas. However, this
species was found at the npjority of sites. Another conmon
species found in 16 out of 25 station sanples was Diplocirrus sp.
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whi ch had not been found in previous studies in San D ego Bay
(SCCWRP, personal comuni cation). Dipolocirrus sp. was
significantly (p>0.05) abundant at the M ssion Bay A8 site. This
unusual species is thought to have been introduced fromthe
arctic region (G Ruff, personal comunication).

The benthic index discussed |ater was used to rank and cal cul ate
site partitions using the follow ng indicator species: Capitella
capitata (polychaete), Arnmandia brevis (polychaete), Dorvillea

| ongi cornis (polychaete), Heterophoxus ocul atus (gammarid

anphi pod), and Diastylis sp. (cumacean). The pol ychaete worm C.
capitata is wdely accepted as a pollution indicator. D astylis
sp. ("sand-licker") feeds on nutrients adhered to sand grains and
its presence indicates a relatively clean sanple. Although it can
tol erate noderately contam nated sedinments, H oculatus is a
burrower and is considered an indicator of clean sedinent.

One of the limtations in benthic conmunity assessnment is that
patterns are nore apparent where there is a strong gradient of
pol lutants, or when sanples are selected fromareas with
distinctively | ow and high pollutant signals. There are
l[imtations to what can be surm sed from anal yses of abundance of
specific species, and selection of indicator species are highly
site specific (Swartz et al., 1985). However, these species,
conbined with information from ordi nati on and ot her suppl enenta
anal yses, nake it apparent that these are inportant as
ecologically relevant data. Many species used to assess
environnmental quality are used because they respond quickly to
changes in environnental conditions. (Pocklington and Wl s,
1992). Therefore, a station designated in the initial phases of
sanple collection as a having reference conditions, based on
toxicity test or chem cal analysis results, could be renoved from
the reference station |list based on subsequent benthic community
anal yses.

Bent hi ¢ | ndex

Benthic communities, and occasionally single benthic species,
have been used to elucidate the severity of human di sturbance to
nearshore mari ne and estuarine environnents. It is possible to
devel op a conparabl e di sturbance cl assification for species and
use a sinple nunerical infaunal index with these species.

Di stinct pollution gradients are rare in nost enbaynents because
of confoundi ng environnmental gradients and historical changes.
Still, an index has the best potential to quantitatively assess
bent hic community responses to di sturbance. Sone benthic indices
are based on a priori information and are devel oped using test
sites representing the extremes within a range of environnental
conditions which adversely affect benthos. In contrast, the index
devel oped and used in this study was based solely on information
whi ch characterized the benthic community, such as specific

i ndi cat or species and community paraneters (species richness,
abundance, presence of pollution indicator species, etc.). This
el enentary i ndex approach may be best for this study because San
D ego Bay enconpasses a variety of habitats, each of which may
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require a very specific set of index variables (SCCARP-Di ener,

per sonal conmuni cation). Note that identification of degraded and
undegraded sites here resulted fromevaluation of a limted data
set, without site conparison to an existing known reference. The
i ndex was used within this limted data set to designate the
partition between degraded, undegraded and transitional areas.

Site and Station Application of Benthic |ndex

Tabl e 10 shows the results of benthic index application to data
fromsanpling sites in legs 20-23. Sites (25 sites with 5
replicates each) were ranked and partitioned into 9 degraded, 3
undegraded and 13 transitional sites using 8 biotic paraneters.
Due to spatial differences in sanpling of the benthic replicates
at the 25 sites, the benthic index was al so applied to individual
stations (n=75). Wen benthic community structure was eval uat ed
"by site", 5 replicates were used. Replicates 1, 2 and 3 were
sanpl ed at nunbered stations |ocations (Table 6) where associ ated
toxicity and chem stry data could be directly conpared. Wen

| at er anal yses were expanded to a "by station" evaluation, the
4th and 5th replicates were not included in the per station
assessnment. These replicates were randomy sanpled within the
"site" for benthic community analysis only and did not receive
synoptic chem stry and toxicity analysis. Wiile the results did
not alter the degraded and undegraded determ nation of sites
assessed "by site", it did separate stations within the initial
"transitional” status into one of the three categories (e.g.,
degraded, transitional or undegraded). Station analyses heavily
enphasi zed bent hi c i ndex, anphi pod abundance, species diversity
and crustacean nunbers.

As part of analytical procedure, the BPTCP Scientific Planning
and Review Comm ttee (SPARC) recommended additional enphasis on

t he use of anphi pod abundance and overal |l species diversity as

i ndi cators of degraded and undegraded areas. These paraneters
wer e assessed and incorporated into the "station eval uation”
versions of the benthic index. Species nunber and abundance of
anphi pods were cal cul ated fromthe proportions of total species
and total individuals, respectively. The resultant categorization
of stations into one of the three partitions (e.g., degraded,
transitional, undegraded) did not change, so the assessnent of
anphi pods further supported the partition derived from previ ous
anal yses. The density of all anphi pods was significantly nore
abundant at the follow ng stations: Wst Basin (90050, 93199,
93200), East Basin (90001, 93201), Downtown Anchorage (93221,
93222), Coronado Cays (90053, 93203), Sweetwater Channel (93220),
M ssion Bay A8 (93112), Carrier Base V2 (90025) and G ape St.
Stornmdrain (90037). No anphi pods were found at stations 14

Downt own Pi ers (90003), Naval Base O7 (93212), Naval Base/ SY 010
(93223, 93224), Naval Base/SH O13 (93225, 93226), 7th St.
Channel QL (90009, 93227, 93228), Mrine Term nal R3 (93229), K
Swartz Naval Base O4 (93210), Sub Base C2 (93216, 93217), and
Naval Base Ol2 (93215). Stations w th abundant anphi pods but

dom nated by G andidierella japonica were evaluated with caution,
because G japonica has been found to be tolerant of high
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Table 10. Results of Benthic Index application on San Diego Bay data.

Benthic community condition based on

mean abundance of 5 replicate samples per site. Community status indicates allocation of a station to an

Index partition: 2-undegraded sites,

l=transitional sites, O=degraded sites.

SITES (S replicates)

Community
Status

SITES (5 replicates)

Community
Status

10 Swartz (West Basin)

11 Swartz (East Basin)

12 Swartz (Downtown Anch)

14 Swartz (Downtown Piers)

15 Swartz (G St Pier Marina)

16 Swartz (Intercont. Marina)
23 Swartz (Naval Base 07)

25 Swartz (Naval base/ SY 010)
27 Swartz (Naval Base /SH 013)
28 Swartz (7th St Channel Q1)
31 Swartz (Marine Terminal R3)
32 Swartz (Sweetwater Ch)

34 Swartz (CV Yacht Basin)

1

O - = OO0 = =0 =N

35 Swartz (Coronado Cays)
37 Swartz (Marina)

41 Swartz (Glorietta Bay)
K Swartz (Naval Base 04)
Mission Bay A3

Mission Bay A4

Mission Bay A8

NSB-M1 (Sub Base C2)

P Swartz (Naval Base 012)
San Diego River B

SDNI- N5 (Carrier Base V2)
Stormdrain EM (Grape St.)

1

2
1
1
1
1
2
0
0
0
1
1




sedinment toxicity (Slattery and Swartz, personal communi cation).
Fi nal benthic community evaluation of 75 stations (Table 11)
resulted in the designation of 23 undegraded, 43 degraded and 9
transitional stations. A map of the distribution of degraded,
transitional and undegraded stations is shown in Figure 18(a-d).
Degraded stations were found at the submarine base in North San
Di ego Bay. Conmercial shipping, stormdrai nages and the naval

shi pyard waterfronts all had degraded conmunities in the Md San
Di ego Bay. In South San Diego Bay, industrial and small boat

| ocati ons exhi bited benthic community degradation. In M ssion Bay
the stations near Rose Inlet and in the San Diego River were
found to be degraded.

Chem cally clean sites, as determ ned by ERM and PEL sunmary
guotients and | ack of ERM and PEL gui del i ne exceedances, were
reexam ned to expand the undegraded |ist from possible
"borderline"” transitional stations. Stations 93194 and 93231
appropriately fit this category (Table 4) and were used as
undegraded stations in the construction of the reference envel ope
for toxicity determ nation, discussed earlier.

As shown earlier in Figure 14, the rel ationship between benthic
comunity conditions and el evated chem cal conditions (as
determ ned by using ERM and PEL Summary Quotients) was quite
dramatic. Benthic communities were always found to be degraded
when chem cal |evels were el evated (ERM20.85), where both

anal yses were performed at a station.

Distribution O Toxicity

The results of all toxicity tests conducted as part of this study
are presented in tables in Appendi x D. These tables show neans
and standard deviations for each toxicity test response (e.g.
percent survival of anphipods; percent nornal devel opnent of

| arval sea urchins) for three to five replicates of each sanple
tested. Associ ated ammoni a and hydrogen sul fi de concentrations
are al so presented in Appendi x D.

Toxicity Testing Quality Assurance/ Quality Control Eval uation

Al toxicity test data produced for this report were eval uated
for acceptability using the Quality Assurance gui delines
described in the BPTCP Quality Assurance Project Plan (QAPP;

St ephenson et al., 1994). Toxicity data reported here net al
test acceptability standards for each protocol, with the
foll ow ng exceptions. O the solid phase tests w th anphi pods,
two sanples (Station 93120- | DORG# 702 and Station 93107- | DORGH
721) were tested with only one | aboratory replicate, due to a

| ack of sufficient sanple volunme. Survival in those two sanpl es
was 90% and 85% respectively, indicating a lack of toxicity.
Al'l anphi pod sanples tested in Leg 15 (Appendi x D) have the
followng QA qualification. The test protocol requires five
replicates of a control sanple to be tested concurrently with
test sanples. In sone early sanpling |l egs of this study, 15

| aboratory replicates of the control sedinent were tested, to
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Figure 18a
Benthic Community Analyses
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Figure 18b
Benthic Community Analyses
Mid San Diego Bay
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Figure 18c
Benthic Community Analyses
South San Diego Bay
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Figure 18d
Benthic Community Analyses
Mission Bay and San Diego River Estuary
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all ow use of alternative statistical procedures. O the fifteen
control replicates in Leg 15, two had 75% survival, which is
bel ow the 80%criterion given in the protocol. In tests using the
Neant hes ar enaceodent ata (hereafter Neanthes) protocol on solid
phase sedinments, all sanples tested in Leg 21 used sedi nent that
was held in the |laboratory three days beyond the fourteen-day
specified holding time. These QA exceptions in solid phase tests
have been judged by the toxicity project officers to not
adversely affect interpretation of toxicity results. These and

| esser departures from acceptabl e standards are recorded in the
Qual ity Assurance Eval uative Reports acconpanyi ng each dat aset
for this study. Quality Assurance Eval uative Reports for toxicity
testing are available for review fromthe SWRCB. M nor departures
not menti oned above included el evated di ssol ved oxygen
measurenents in overlying water and other variations in water

gqual ity nmeasurenent that were considered to have little
probability of affecting the outconme of the respective toxicity
test.

There were no deviations fromquality assurance criteria, other
than m nor deviations in nmeasurenent of water quality paranmeters
as cited above, in any of the abal one, nmussel, or sea urchin

| arval devel opnent tests in pore water or water columm sanples
(subsurface water).

Sea urchin fertilization tests were conducted on over 300 pore
wat er sanpl es. Many of these were retested because of poor
response in brine controls. Bay et al. (1993) discussed conmonly
observed probl ens using the Strongyl ocentrotus purpuratus
(hereafter Strongylocentrotus) fertilization test 1 n sanples
requiring salinity adjustnent with hypersaline brine. Through
numer ous repeated tests, acceptable brine control results were
produced for all but one sanple. However, as described in BPTCP
QA reports to the SWRCB, an additional control for the storage
effects of frozen pore water sanples in Teflon bottles was
included in later tests. These additional controls, which were
not required by the original QAPP, indicated that toxicity may be
associated with frozen sanple storage in Teflon bottles. Because
all pore water sanples for fertilization tests were stored frozen
in Teflon bottles, we have no assurance the data from any of
these fertilization tests is truly indicative of sanple toxicity.
Any toxicity observed in the fertilization tests may be wholly or
partially due to storage effects. For this reason, we retested
all sanples fromlegs 15-23 with the sea urchin |arva

devel opnent test, unless those sanples had al ready been tested
with the devel opnent test. The urchin larval devel opnent test has
been unaffected by storage artifacts, as indicated by response in
frozen storage bottle controls. Wile sea urchin fertilization
data are reported in Appendix D, they were not used in any
further data analysis for this report. The use of fertilization
data, for determination of toxicity, was therefore not considered
prudent considering the possibility of false positive results
related to sanpl e storage.
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Areal Extent of Toxicity Based on the EMAP Approach

The Cunul ative Distribution Frequency (CDF) anal yses indicated
that 56% of the total area sanpled was toxic to Rhepoxyni us
abroni us (hereafter Rhepoxynius) (Table 12, Figure 19). The sea
urchin | arval devel opment test of undiluted (1009, 50% and 25%
pore water indicated 74% 54% and 29% percent of the total study
area was toxic, respectively (Table 12, Figure 20). A nunber of
sanpl es were toxic to both sea urchins and anphi pods. Sanpl es
representing 36% 27% or 14%of the study area were toxic to
Rhepoxynius in solid phase sedinment and to sea urchin |arvae in
100% 50% or 25% pore water, respectively. The percentage of
area toxic was based on conparisons with | aboratory controls
using the EMAP statistical approach described in the nethods
section. These analyses utilized data fromrandom stations within
the stratified sanpling bl ocks, and did not include data from
stations utilizing the non-random directed sanpling design
(Figure 2la-d, Figure 22a-d).

The curves on the CDF plots indicate the nagnitude of toxicity

t hroughout the Regi on. Each point on the CDF plot represents a
single sanple. The distribution of the anphi pod data (Figure 19)
show there were few sanples with survival |less than 40% a
greater nunber of sanples with survival between 40% and 80% and
about half of all sanples with survival greater than 80% NOAA
surveys of Tanpa Bay, Florida and EMAP surveys of the M d-

Atl antic coast region (Virginian Province) produced CDF curves
for anphi pod nortality data further right on the scal e and nuch
steeper than the San Di ego Bay Region plot, and had nore than 90%
of sanples wth greater than 90% survival in both regions (Long
et al., 1994; Schimel et al., 1991).

The CDF pl ot of San Di ego Bay Region sea urchin |arval

devel opnent test data (Figure 20) shows a cluster of sanples with
0% normal | arval devel opnent, a smaller nunber of sanples with

i nternedi ate response, and a cluster of sanples wi th percent

nor mal devel opnent roughly equal to that observed in controls.
The 25% pore water dilutions had a majority of sanmples resulting
in percent normal |arval devel opment roughly equal to controls.
As pore water concentration increased to 50% and 100% pore wat er,
the distribution of sanples shifted toward the nore toxic end of
the scale, and the 100% pore water tests had a mpjority of
sanples resulting in 0% nornmal |arval devel opnent. A simlar
pattern was observed in sea urchin fertilization tests of pore
wat er from Tanpa Bay, Florida (NOAA, 1994). As with the anphipod
data, the San Diego distribution is shifted further to the left,
i ndi cating higher overall toxicity observed from San D ego Bay
Regi on sanpl es.

Toxicity Based on Reference Envel ope Approach
Usi ng t he Rhepoxynius data and a p-value of 1% a |ower reference
envel ope tol erance bound of 48% survival was cal cul at ed,

i ndicating that sanples with survival val ues bel ow 48% are
significantly nore toxic than sanples representative of |ess
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Table 12. Percent of total area sampled determined to be toxic with each toxicity test protocol.
Sample toxicity is based on the EMAP statistical approach using two criteria for any given
sample: significant difference from the control using a separate variance t-test and an alpha of
0.05 and a sample mean value less than 80% of the control value. Calculations for cumulative
distribution frequency (CDFs) used to compute the percent of area toxic are explained in text and
presented in Appendix F. Total study area was 47 square kilometers.

Toxicity Test and Pore Water Dilution Percent of Total Area
Determined to be Toxic

Rhepoxynius abronius Survival in Solid Phase 56%

Strongylocentrotus purpuratus Development in;
100% (undiluted) Pore Water 74%
50% Pore Water 54%
25% Pore Water 29%
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Figure 19. Cumulative distribution frequency of percent Rhepoxynius survival against percent of total area

sampled. Data points correspond to individual samples.
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Figure 21a
Amphipod Toxicity Using Lab Controls
for Randomly Sampled Stations
North San Diego Bay
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Figure 21b
Amphipod Toxicity Using Lab Controls
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Mid San Diego Bay

Significantly Different &
<80% of Lab Controls

@ Toxic
(ONontoxic

93223 O

93224—C
93215

93133 93185




Figure 21c
Amphipod Toxicity Using Lab Controls
for Randomly Sampled Stations
South San Diego Bay
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Figure 21d
Amphipod Toxicity Using Lab Controls
for Randomly Sampled Stations
Mission Bay and San Diego River Estuary
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Figure 22a
Urchin Development Toxicity Using Lab Controls
for Randomly Sampled Stations
North San Diego Bay
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Figure 22b
Urchin Development Toxicity Using Lab Controls
for Randomly Sampled Stations
Mid San Diego Bay
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Figure 22c
Urchin Development Toxicity Using Lab Controls
for Randomly Sampled Stations
South San Diego Bay
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Figure 22d
Urchin Development Toxicity Using Lab Controls
for Randomly Sampled Stations
Mission Bay and San Diego River Estuary
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cont am nat ed anbient conditions in the San Di ego Bay Regi on.
There is a 95% probability that sanples with survival values |ess
than 48% are nore toxic than the nost toxic 1% of sanples from
the reference site population. O 350 sanples tested with the
Rhepoxyni us test (from both random and non-randomy sel ected
stations), 61 sanples were found to be toxic using the reference
envel ope anal ysis (Figure 23a-d). Toxicity based on the reference
envel ope approach is used later in this report for prioritizing
stations of concern.

Strongyl ocentrotus pore water data fromreference stations
produced a | ower nean val ue and greater variability than was
found for the anphipod solid phase data (Table 4). The
variability in pore water data fromsea urchin |arval devel opnent
tests produced a reference site distribution extending across the
range fromO to 100% normal devel opnent. A p-value of 1% (see

Met hods Section) produced a tol erance bound (reference envel ope
edge) which was bel ow zero, indicating no distinctions could be
made between reference and toxic stations. The high degree of
variability in the pore water results fromthe reference sites
may be related to the sensitivity of this test to nmeasured or
unmeasured toxicants, and/or may reflect artifacts related to
pore water extraction and handling. Potential artifacts and
sources of variability related to pore water testing are

di scussed bel ow.

Conpari son of Toxicity Test Protocols

Solid phase toxicity tests using the anphi pod Rhepoxyni us

provi ded a wi de range of response, fromO to 98% survi val

Amphi pod survival ranged from68-98 % for the el even reference
stations, suggesting that relatively high Rhepoxynius survival is
a consistent feature of sites with relatively |ow chem ca
concentrations and undegraded benthic conmunities. The
Rhepoxyni us test identified nmultiple toxic sanples, which

i ndi cat ed adequate sensitivity. O the two solid phase protocols
used in this study, the Rhepoxynius test provided the best test
performance in terns of conveni ence, consistency, and
sensitivity.

Solid phase toxicity tests which used the pol ychaete Neant hes
were | ess sensitive than the Rhepoxynius test, and usually
indicated no toxicity in sanples that were toxic to test
organi sns using other protocols. In all instances where a
sedi nent sanple was toxic to Neanthes (survival or growh -
relative to controls), it was also toxic to Rhepoxynius, whereas
many sanples that were toxic to Rhepoxynius were not toxic to
Neant hes test. Because the Neanthes test denonstrated
considerably |l ess sensitivity than the Rhepoxynius test, the
Neant hes test was not reconmended for continued use in this
program

Two pore water tests, using Strongyl ocentrotus fertilization and

| arval devel opnent protocols, were performed on three
concentrations of pore water sanples to evaluate their useful ness
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Figure 23a
Amphipod Toxicity Using Reference Envelope
for All Stations
North San Diego Bay
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Figure 23b
Amphipod Toxicity Using Reference Envelope
for All Stations
Mid San Diego Bay
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Figure 23c
Amphipod Toxicity Using Reference Envelope
for All Stations
South San Diego Bay
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Figure 23d
Amphipod Toxicity Using Reference Envelope
for All Stations
Mission Bay and San Diego River Estuary
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as conponents of the BPTCP. Results indicated these tests were
extrenely sensitive to pollutants and/ or other pore water
constituents in the study area, particularly at the 100%
porewat er concentration. It is reasonable to expect that pore
wat er sea urchin tests, which neasure sublethal effects on
sensitive early life stages, would be nore sensitive than the
anphi pod solid phase tests, which neasure adult nortality. It is
also likely that all three protocols respond differently to

di fferent contam nants. The high sensitivity of the sea urchin
protocol s has been observed in other studies assessing pore water
toxicity (Burgess et al., 1993; Carr and Chapman, 1992; Long et
al ., 1990).

Rhepoxyni us solid phase test results agreed with

St rongyl ocentrot us devel opnent (100% and 50% pore water results
in 61 of 117 concurrently tested sanples (52% . For the 25% pore
water dilution, results agreed in 48% of sanples. The three
dilutions for the Strongyl ocentrotus tests agreed with each ot her

56% of the tine. In all but two cases, Strongyl ocentrotus
results differed fromeach other because sanples were |less toxic
as pore water was increasingly diluted. In one case the 50% pore

wat er was toxi c when the 100% and 25% were not, and in anot her
case, the 50% and 25% were toxi c when the 100% was not.

Carr and Chapman (1992) noted that sensitive toxicity test
protocol s are necessary to adequately characterize the toxicity
of potentially contam nated sedi nents. Pore water tests provide
the foll ow ng advantages: allow the use of a variety of sensitive
subl ethal toxicity test protocols which have not yet been

devel oped for solid phase tests; elimnate interference from
physi cal factors such as sedinent grain size; and allow test
organisns to be directly exposed to the aqueous sedi nent

fraction, the probable primary route of pollutant exposure to
organi sms (Adanms et al., 1985; Di Toro, 1990). In addition, pore
water is currently the only sedinment matrix suitable for toxicity
identification evaluations that may be useful in identifying

t oxi cants responsi bl e for observed sedi nent toxicity.

Despite the need to evaluate pore water toxicity, |ogistical

i ssues of pore water extraction and handling are still a focus of
current research (Carr et al., 1995). Anong the sanples
associated with high toxicity in the sea urchin pore water tests
were a nunber fromthe selected reference stations. These
stations had non-degraded benthic conmunities, relatively | ow
concentrations of pollutants, and ammoni a concentrati ons bel ow

| evel s expected to have an observable effect. The wi de range in
pore water toxicity at the reference stations was unexpected, and
prevented identification of toxic sites using the reference

envel ope approach. Pore water properties and sanpling
mani pul ati ons that may have affected pore water test results are
di scussed | ater.

Sanpl es of water collected one neter above the sedi nent surface

were tested for toxicity at a nunmber of stations. These
subsurface water sanples were tested as one of the suite of
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screeni ng bi oassays conducted on suspected areas of water quality
impai rment. Sixty-five subsurface water sanples were tested with
the red abal one (Haliotis rufescens) larval shell devel opnent
protocol. O these, eleven sanples were significantly toxic,

i ndi cati ng degradation of the water colum in 17% of the stations
tested. Water columm testing has not been a consi stent conponent
of the BPTCP, and will probably be reserved for speci al

i nvestigations. The abal one test appears appropriate for this
appl i cation.

The bivalve (Mytilus sp.) larval shell devel opnent test was used
to test eight subsurface water sanples and three pore water
sanples. This test was used only in cases where salinity was |ess
than 30 or 26 parts per thousand, the | ow end of salinity ranges
for abal one and sea urchin | arval devel opnent tests,

respectively. Because seawater salinities in the San D ego Bay
region were usually in the acceptable range for abal one and sea
urchins, the bivalve test was used sparingly. None of the
subsurface water sanples tested with nussels were significantly
toxic, and one of three pore water sanples tested with nussels
was significantly toxic. This protocol is well established as a
sensitive test nmethod, and has the advantage of a relatively w de
salinity range. In situations where the salinity range precludes
t he use of abal one or sea urchins, the bivalve test is an
acceptabl e alternative.

The presence of mtotic aberrations in anaphase cells (cytogentic
abnormalities) of Strongylocentrotus were deternined in sone
sanpl es. Cells undergoing mtosis were analyzed for chronmosoma
abnormalities. This porewater test is appropriate for identifying
sanpl es contai ni ng genot oxi ¢ conpounds, which may affect
reproductive capacity in a wide variety of organisnms. Though the
test is useful for specific applications, it proved tine-
consumi ng for assessing |large nunbers of sanples. Mst porewater
sanpl es that denonstrated increased aberration rates al so were
significantly toxic in |larval devel opnent tests. Since the |arva
devel opnment test was considerably easier to quantify and was
bei ng used routinely as part of the study, the mtotic aberration
endpoi nt was discontinued for logistical reasons. It would be
useful in specific applications where the effects of genotoxic
conmpounds nust be assessed.

Eval uation of Utilization of Pore Water as a Test Medium for the
BPTCP

The diffusive flux of dissolved chenicals through the sedinment
water interface into the overlying water colum is a major
conponent of sedinment di agenesis and chem cal cycles. Bi oassay
testing of the filtered pore water is an attenpt to address
exposure of animals living in the sedinent matrix, or near the
sedi nent/water interface, to chem cals not associated with the
particul ate phase. Equilibriumpartitioning theory predicts pore
water is the controlling exposure mediumin the toxicity of

sedi ments to infaunal organisns (Adans et al., 1985; D Toro,
1990). To accurately interpret pore water test results, it is
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i mportant to determ ne how nmani pul ati ons of pore water during
extraction and handling may have affected observed toxicity. The
BPTCP utilized a | ow pressure (<200psi) squeezing extraction
technique with filtration to 0.45 um and subsequent freezing of
pore water sanples, prior to testing. There has been sone debate
regardi ng appropriate pore water extraction nethods and sanpl e
mani pul ati ons for the purposes of toxicity testing (Carr et al.
1995; Schults et al., 1992). Squeezing techni ques allow pore
water to be selectively filtered, thus elimnating particul ates.

Suspected artifacts fromthe squeezing techni que may incl ude

chem cal disequilibria through physical disruption of weakly
charged ion/particul ate associations or lysing of cell walls with
resul tant changes in concentration of dissolved and particul ate
organi ¢ carbon or other organic conponents. There is al so concern
that filtration has a profound effect on observed toxicity. Pore
size and filter material can cause variability in neasured

chem cal concentrations (Schults, et al., 1992). Many scientists
are now using centrifugation to obtain pore water from sedi nent
for toxicity testing, because this nmethod may be | ess subject to
toxicity artifacts than squeezing (Lange et al., 1992; G esy et
al ., 1990).

Toxicity has been observed to decrease in bedded sedi nents which
are tested after freezing and thaw ng, w th observed changes
assunmed to be related to the rel ease of sol uble organic carbon

t hrough di sruption of natural |attices, clay aggregates and
organic matter (Schuytema et al., 1989). Although solids are
removed from pore water sanples, there remain sonme sol uble
organi ¢ carbon concerns due to disruption of coll oidal
aggregations in the pore water, however centrifugation of pore
wat er sanples prior to freezing helps mnimze this effect (Carr
and Chapman, 1995). There are other unresol ved concerns rel ated
to the toxicity testing of sedinment pore waters which require
addi ti onal study. These include sedi nent sanple handling and
storage conditions prior to testing, oxygen contani nation,
storage tine of pore water sanples prior to testing (Lange et
al ., 1992) and sorption kinetics in toxicity test containers and
extraction devices (Pittinger, 1988).

Dose responses fromthe three pore water dilutions denonstrate
decreasing toxicity with increasing pore water dilution,
confirm ng that sonme factor associated with pore water was
causing toxicity. However, considering the uncertainty of

i ntroduced artifacts during sanple mani pul ations, the ability to
di scrimnate nore severely inpacted sedinents fromless severely
i npacted sedinments (a primary goal of the BPTCP) is clearly
conprom sed. As a result of this uncertainty, toxicity testing
using pore water as the test nediumwas suspended in August,

1993, pending further nethod eval uation. Pore water extraction
nmet hods and pore water sanple handling have been under eval uation
by the BPTCP since that time, with prelimnary results indicating
that centrifugation and refrigerated (not frozen) sanple storage
may be the preferable nethods when testing this matri x. Recent
nmet hod conpari son research of Carr and Chaprman (1995) supports
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t he use of squeezing techni que yet concludes that in situations
wher e hydrophobi ¢ organi ¢ conpounds are a concern (as they are in
this program, centrifugation is the nethod of choice for
maxi m zing the sensitivity of the toxicity test. Sanple storage
and holding tines were critical for all nethods eval uated and

require further investigation (Schults et al., 1992).
As pore water test nmethods, test organismselection, and the
interpretation of results continue to evolve, they will be

eval uated for use by the BPTCP. Because test sensitivity is
necessary for accurate sedi nent characterization, the

Strongyl ocentrotus pore water |arval devel opnent toxicity test
protocol should continue to be included in BPTCP. At present,
pore water toxicity data by thenselves are difficult to
interpret. If pore water toxicity tests are used in conjunction
with solid phase toxicity tests, chem cal neasurenents and
bent hi c community eval uations, they can provide useful additional
i nformati on when using a wei ght of evidence approach toward site
characteri zation.

Distribution of PA50 Reporter Gene System Response

| nducti on of the CYP1Al gene on the human chronosone is produced
by such conpounds as dioxins, furans, dioxin-like PCB congeners
(copl anar), and several high nol ecul ar weight polycyclic aromatic
hydrocar bons. This induction and resulting production of the

det oxi fying enzynme, P450, infers that these xenobiotics are
present at levels that are potentially toxic, carcinogenic, or
mut ageni ¢ to organi sns. The P450 Reporter Gene System (RGS) assay
can neasure the response of human (101L) cells to organic
extracts when a firefly plasmd at the CYPlAl site produces the
enzynme luciferase. A lumnoneter is used to quantify the

luci ferase as a function of concentration and potency of the
organics in the extract. Solvent extracts (using standard
extraction met hods EPA 3510, 3450 or 3550) of water, aquatic

sedi nents, soils and tissues can be tested in the assay system
with a nmeasured response in 16 hours (Anderson et al., 1996).

Fi ndi ngs of the P450 Reporter Gene System (RGS) assay of sedi nment
extracts from 30 stations are summarized in Figure 24, where the

RGS responses (in 101L cells) are expressed as ng/g (ppm of
benzo(a) pyrene equi valents (BaPEq). The M ssion Bay A8 (93112)
station, Coronado Cays T2 (93203, 93204) stations, Shelter

| sland E1 & E3 (93138, 63164) and the Sweetwat er Channel stations

produced baseline responses in the range of 5.3 to 10.4 ng/g
BaPEq. Figure 24 shows that all Naval Shipyard stations, the
Commerci al Basin station, the Marine Term nal and Downtown piers,
as well as Seventh Street and the Sub Base stations all produced
strong RGS responses. These responses suggest that benthic fish
and invertebrates living in contact with these sedi nents have a
hi gh probability of P450 enzyne | evel s above background, which
could result in chronic toxicity, and/or damage to tissues and
reproductive potential.

http://ww. nor cal setac. org/ neeti ngs. ht m

Exam nation of the relationship between RGS response to sedi nent
extracts and total PAHs concentration in sedinents denonstrates
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Figure 24.

P450 Responses to Extracts

of Sediments From San Diego Bay

SUB BASE C2 (x3)-93217
SEVENTH ST CHANNEL Q1 (x6)-93228
NAVAL SHIPYARDS O1 (x1)-93177
NAVAL SHIPYARDS 02 (x1)-93178
NAVAL BASE/SHIPYARDS 04 (x2)-93211
DOWNTOWN PIERS K1 (x11)-93206
NAVAL BASE/SHIPYARD 013 (x1)-93225
NAVAL BASE/SHIPYARD 010 (x2)-93223
MARINE TERMINAL R3 (x1)-93229
NAVAL BASE/SHIPYARDS O7 (x4)-93213
NAVAL BASE/SHIPYARDS 04 (x1)-93210
NAVAL SHIPYARDS O3 (x1)-93179
MARINE TERMINAL R3 (x3)-93230
P SWARTZ (NAVAL BASE 012)-90022
NAVAL SHIPYARDS 06 (x1)-93181
CARRIER BASE V2 (x7)-93232
COMMERCIAL BASIN F3 (x1)-93141
NAVAL SHIPYARDS 011 (x1)-93184
CARRIER BASE V1 (x2)-93188
GLORIETTA BAY U3 (x1)-93147
SHELTER ISLAND E3 (x2)-93138
NAVY ESTUARY G2 (x1)-93166
SOUTH SHORE-CORONADO DD3 (x1)-93122
GLORIETTA BAY Ul (x2)-93195
SWEETWATER CH. JJ1 (x1)-REP 2-93219
MISSION BAY A8 (x1)-REP 2-93112
CORONADO CAYS T2 (x1)-93203
SHELTER ISLAND E1 (x1)-93164
CORONADO CAYS T2 (x2)-93204

CORONADO CAYS T1 (x1)-93131
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Benzo(a)pyrene Equivalents (mg/ g)

P450-RGS response (expressed as benzo(a)pyrene equivalents) and

benthic community index. Stations with degraded benthic communities

are shown with a "

D" label. Undegraded are shown with "UD," and

transitional stations are shown with "T." Benthic community analysis was

not performed on unlabeled stations.
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a strong correlation (r2= 0.86) between the two neasures (Figure
25). This is expected, because sanples significantly contam nated
wi th PAHs and/or other conpounds (coplanar PCBs) have been shown
to produce induction of the CYP1Al gene and the RGS response
(Anderson et al., 1995).

Fi gures 9a-d show stations with high nol ecul ar wei ght PAHs at the
PEL (6676 ng/g) and above in black. Exam nation of these data

denonstrated that RGS responses above 60 pg/ g BaPEq were al ways
associated with total PAHs at |evels above the PEL. This
conparison with the PEL suggested that sedinent sanples with RGS

responses above 60 pg/ g BaPEg al so had a high probability of
denonstrating a toxic biological effect, based on sedi nent
quality guidelines. Interestingly, stations identified by RGS to
contain significant anmounts of inducing organi c conpounds

(> 60ng/ g BaPEg) were al so found to have degraded benthic
communities, at all stations where both anal yses were perforned.
Toxicity test results did not denonstrate a simlar strong
association with the RGS response.

The P450 Reporter CGene System proved to be effective for rapidly
(16 hr test) and inexpensively assessing the magnitude of PAHs at
selected stations in the San D ego Bay Region. It further proved
useful by denponstrating a RGS response threshold above which
bent hi c community degradati on was expected. This nethod may be
appropriate as a screening test at additional |ocations when
bent hic comunity degradati on and contam nation frommultiple
PAHs, copl anar PCBs, dioxins and furans is suspected. The

bi oeffects branch of NOAA has utilized this assay in

i nvestigations of coastal studies in southern California,

Charl eston Harbor, S.C., Sabine Lake and Gal veston Bay, Texas,
and Bi scane Bay Florida. In concert with other chem cal and

bi ol ogi cal neasures, this nmethod provides additional convincing
evi dence for the assessnent of overall pollution at sites of
chem cal concern.

Determ nati on of Rel ati onshi ps Bet ween Toxicity and Chem stry

Li near regression was used to describe the relationship between
toxicity and chem cal concentrations. The dependent variable

val ues are assuned to be normally distributed around the

predi cted values on the regression line. |If this assunption has
been net, then a significance test evaluating the null hypothesis
(sl ope of the regression equation is equal to zero), is
performed. In addition to a significant probability (p< 0.05),
the coefficient of deternmination (r% is also an indication of
regression strength. The coefficient of determ nation val ue
represents the proportion of total variance of the dependent

vari abl e which can be expl ained by the independent variable, with
a r? value of greater than 0.60 being significant. Regression is
preferable to non-paranetric tests because there is greater power
to detect significant relationships with this nmethod (Zar, 1984).

Li near regressions were used to assess the relationship between
Rhepoxyni us (anphi pod) nmean survival and chemi cal concentration.
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Figure 25. Total PAHs vs P450-RGS
Response Expressed as Benzo(a)pyrene
Equivalents
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Systat® v.5.04 was used for all anal yses. The arcsine (square
root) transformation is utilized to equalize variance over the
entire range of proportions. Chem stry data were checked for
normal ity and transfornmed using Log(x+1l), when necessary (Zar,
1984). Exami nation of residuals reveal honpbgeneity of variances
exi sts when these transformations are perforned and therefore,
the statistical assunptions of a regression can be net. The
coefficient of determnation (r? was reported only when the

i near regression was significant (p<0.05).

Regr essi ons usi ng anphi pod data and chem cal concentrations for
all stations were anal yzed. Testing the degree of dependence of
anphi pod survival on individual chem cal concentrations yielded
several regressions which are significant, however, there were no
r? values greater than 0.072 (Table 13).

To investigate dependence of anphi pods on chemi stry within
specific areas of the Bay, all stations were grouped into one of
six specific areas (Appendi x B). G oupings were perfornmed to
conbine stations with simlar physical characteristics or uses.
These six groups were mlitary use areas (Navy), commerci al
basins for shipping and industrial activities, small boat harbors
and marinas, Mssion Bay, rivers (San D ego and Tijuana), and
"other" stations, which generally were in open areas renoved from
San Di ego Bay shorelines. The area into which each station was
grouped is reported in Appendi x B. These regressions were used to
test the degree of relationship between anphi pod survival and
specific areas in the San Di ego Bay Regi on.

Regressi ons using the navy station group were S|gn|f|cant for
sone chemnical groups al though no regression had an r? val ue
greater than 0.272 (Table 14). In conmercial basins, |ow and high
nol ecul ar wei ght PAHs, several netals and one PCB conpound wer e
significant, but all had | ow r? val ues (Table 15). In the snal
boat harbor group, several PAH and PCB conpounds and one
pesticide were significant, however, no r? values were greater
than 0.167 (Table 16). In river stations |ow nol ecul ar wei ght
PAHs were strongly correlated with anphi pod survival (Table 17),
produci ng the nost significant regressions of the statistical
anal ysis. These regression results fromthe river stations were
somewhat m sl eadi ng, however, because PAH | evel s were | ow
relative to nost stations in San D ego Bay and to ERM gui del i nes.
For regressions using the "other"” station designations, several
nmet al s_and PCB conmpounds and one PAH, were significant (Table 18)
yet, r? values were never better than 0.265. \\hen testing the six
station groups, there were no significant regressions for
chem stry or anphipods within the M ssion Bay group. This was
expect ed because of the | ow chem cal concentrations, therefore no
table is shown.

Ammoni a, hydrogen sul fide and grain size are suspected non-

ant hropogeni ¢ contributors to toxicity, and have been di scussed
previously by Ankley et al.(1990), Knesovich et al. (In Press),
and DeWtt et al. (1988). To investigate whether these natural
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Table 13. Linear regression of amphipod survival dependence on chemistry

concentrations for all stations ( chemistry with * and all PCB and PAH
compounds were Log (x+1) transformed, r° is presented when p<0.05,
ns=nonsignificant).

Metal n p r  Pesticide n P ¥ PCB n p r PAH n p ¢
|Aluminum | 217 | 0.000 | 0.047 -ALDRIN 229 s {PCBS | 229 : 0.008 : 0.031 ACY 1987 ns | }
lAntimony | 217 | 0.015 | 0.027 [CCHLOR* | 229 1s PCB15 78 ns ‘ACE 229 s | !
: Arsenic 217 s TCHLOR®* 198 ms ‘PCBIS 1229 0.001 . 0.049 |ANT 229 s |
Cadmium* | 217 | 0.000 | 0.06 ACDEN 217 ps | IPCB27 778 T ns 'BAA 229, ms i
Chromium [217 | ms | GCDEN 186 | ms PCB31 . 78 | 0.018 | 0.072 BAP 29 ms
iCopper 217 s CLPYR | 165 | 0.011 ; 0.039 PCB44 229 s ‘BBF 1198 ms
Tron* 217 | s [Total CHLR | 229 | ns _ PCB49 78 . ms BKF (198 s
Manganese | 217 | 1 DACTH | 186 | 0.000 ' 0.049 'PCBS2 229 s 'BGP "198 1 ns
Nickel 27 o lOPDDD 1229 0.000 | 0.060 IPCB66 229 ns ‘BEP 290 s
Sitver 217 | 0.023 | 0.024 [PPDDD 2291 0.000 ' 0.057 PCB70_ |, 78 | m BPH 229 ™
Selenium  [217 | m OPDDE (229 s 'PCB7T4 | 78 | 1 CHR 29 s
Tin 217 [ 0.000 | 0.049 PPDDE 229 PCBS7 105, ms DBA 229, s
Zinc 217 ms (OPDDT 1229 ns 'PCBYS5 78 ns DMN 2291 0.012 | 0.028
* | TotalDDT 229 ns PCB97 78 s TLA 229 s
i DICLB 186 ns PCB99 ' 78 | ms FLU 29 ™
L DIELDRIN 1229' 1s IPCBI0I = 229" s IND 198 ™

HCHG 29 ns PCB10S 1229 ms | MNP1 29 ms |
HEPTACHL . 2291 0.000 0.068 PCB110 78 ns MNP2 229 ns
HCB 1229 m PCBI18 229 s "MPH] 229 ns
METHOXY 217 0.04 0020 PCBI28 229 ms NPH 198 | s
MIREX 229 s PCBI32 ' 78 1 'PHN 229 m
ICNONA 186 s PCBI38 . 229 s PER 29
TNONA 1217 s PCBI49 78 ms PYR 29| ms
| ‘TBT 1217 s PCBIS3 229 ns LMWPAH | 229 ms
T i T PCBIS6 78 | m | HMW PAH | 229 | ms
i } : 'PCB157 78 s TotalPAH 229! ms
] ‘ : ; ‘ PCBIS8 - 78 s
’ } j ' PCB170 229 s |
! 'PCB174 78 s .
; 1 PCBI7T7T 78 ms {
T ; PCBI80 229 1s i
‘ PCBI83 ' 78  ns
— ‘ PCBIS7T | 78 m
‘ PCBI94 | 78 ms [
*” | PCBI9S 229 T f
| PCB201 | 78 . ms L j
! PCB203 | 78 ' nms ﬁ
f 'PCB206 ' 229 | s ? 1
‘PCB209 229 ' s I
Total PCB ~ 229 s !




Table 14. Linear regression of amphipod survival dependence on chemistry
concentrations in navy stations ( all chemistry data were Log (x+1)
transformed, r* is presented when p<0.05, ns=nonsignificant). All PAH
compound regressions were not significant and therefore not shown.

Metal n P r Pesticide n p r PCB n p r
|Aluminum ~ [65 | 0.024 = 0.078 |ALDRIN 65 | ns PCB15 [25] ns
\Antimony |65 | ns | CCHLOR 65 s PCB18 [65 0.024 | 0.078
| Arsenic 65 | ns . |OPDDD 65 ns | PCB27 [25] ns
(Cadmium |65 | 0.021 | 0.082 [PPDDD 65  ns | PCB31 1251 0007 | 0272
‘Chromium 65 | ns | TCHLOR 57 ns PCB44 65 ns
Copper 65 | ns | OPDDE 65 ns | PCB49 125 ms
Iron 65 | ns PPDDE 65 ns PCBS52 |65, ns
Lead 65 | 0.014 | 0.092 :OPDDT 65 | ns PCB66 |65 0.026 | 0.077
Manganese |65 | ns PPDDT © 65 0011 0.098 PCB70 25| 0.017 | 0222
Mercury 65 10022 | 0.081 TotalDDT 65 , ns . PCB74 25 0.013 | 0.240
Silver 65 | ns | ACDEN 65  ms PCB87 33| ns
Nickel 65 | ns Total CHLR 65 | ns PCB97 (25| s
Selenium (65 | ns DIELDRIN : 65 | ns PCB95S 25| ns ]
Tin 65 | 0.000 - 0.215 |HCHG 65 | ms PCB99 25 nms
|Zinc 165 | ns HEPTACH | 65 | 0.001 ' 0.168 PCB101 (65 ' ns

| HCB 65 | ms PCB 105 |65 0.020 | 0.084
METHOXY | 65 | ns PCB110 125 ns
CNONA | 57| ns PCB118 '65 ns

TNONA 65 ns 'PCB128 65! 0.029 | 0.073
! 'TBT 165 ns PCB132 25 ms
5 ; } f PCB138 |65 ms
l | j PCB149 25 ms
1 ' 'PCB153 |65, s
PCB156 |25, ms
PCB158 25 ns
B ‘ | PCB170 65 ns
I ; } PCB174 25| ns
j | PCB177 [25] ns
L | | [PCB180 (65 ms
PCB183 |25 ms
PCB187 [25. s
| PCB194 (25 s
B ! PCB195 |65 ns
} PCB201 25 ns
i 'PCB203 '25! ms
L ; i PCB206 65| ms
\ ] j ; PCB209 |65 ns
{ § i [ TTLPCB 65 s




Table 15. Linear regression of amphipod survival dependence on chemistry
concentrations in commercial basin stations ( all chemistry data were
Log (x+1) transformed, ° is presented when p<0.05, ns=nonsignificant).
All pesticide compound regressions were not significant and therefore not

shown.

Metal n p r PAH;s n p r PCBs n p r
Aluminum | 44 [0.000 | 0.266 |ACY 37] 0024 © 0137 PCB8 " 44] ns
Antimony | 44 | ms ACE 4410016 - 0130 PCB15 19| ns
Arsenic ' 44 10.007 ! 0.163 |ANT 14410001 0216 PCBI18 44| ns
Cadmium | 44 [0.006 | 0.168 [BAA 1441 0.018 T 0.127 PCB 31 19 ns
‘Chromium | 44 | 0.026 | 0.112 BAP 7441 0010 . 0.146 PCB44 44 | ns
Copper 44 | ns BBF 37 0.008 . 0.187 PCB 49 19 ns
Iron 4| s BKF 13710009 | 0.180 PCB52 44 | ns
Lead 44| ns BGP 37,0009 ' 0180 PCB66 44  ns
\Manganese | 44 | ns BEP 441 0020 | 0123 PCB70 19| ns
Mercury 44 ns ‘BPH 44 ns ‘PCB 74 19 ns
Nickel 4| ns 'CHR 144 0016 ' 0.130 PCB87 26! ns
Silver 44 | ns DBA 1440014 | 0135 PCB 95 19! ns
Selenium | 44 | ns | 'DMN 44 s PCB99 19 ns
Tin 44| ns FLA 440025 . 0.114 PCB10l 44 s
Zinc 44 | ns FLU (44 0.008  0.158 PCB 105 44 | ns

IND 370005 | 0207 PCB110 19, ns

MNPI 44 ns PCBI18 44 ns

MNP2 14410013 | 0.137 PCB128 44| ns

‘ MPH1 441 0039 | 0097 PCB132 19| ns

! NPH 13710004 | 0218 PCB138 44| ns

| PHN 14410023 ' 0116 PCB149 19| ns

PER 4410015 0124 PCB153 [ 44| ms

PYR 14410025, 0.114 PCB156 [19 . ns

TMN 137 ns | PCB157 [ 19 ns

HMWPAH 44 0.008 | 0.156 PCB170 |44 ns

LMWPAH ;44| 0007 | 0.158 'PCB174 [19 ns

Total PAH |44 0.006 | 0.168 [PCB177 [ 19| ns

| PCB180 |44 ns

; | PCB183 | 19! ns

| | 'PCB194 ' 190 ns

PCB195 44| ns

| 1 PCB201 19| ms

3 1 ‘ j | PCB203 19| ns

| | 3 i ; PCB206 44| ns
| 5 | PCB209 44 | 0.000 | 0.091

* ‘ Total PCB : 44 | ns




Table 16. Linear regression of amphipod survival dependence on chemistry
concentrations in small boat stations ( all chemistry data were
Log (x+1) transformed, r’ is presented when p<0.05, ns=nonsignificant).
All metal concentration regressions were not significant and therefore not

shown.
PAHs n p r PCBs n p r Pesticide n p r
ACY 39 | s PCB 5 22 ns | CCHLOR | 44! ns
ACE 4] ns PCB 18 4 ns | TCHLOR [ 39| ns
ANT ns PCB31 22! ns | Total CHLR | 44 | ns i
BAA 4] b PCB4 1441 ns | OPDDD 44| ms j
BAP ns PCB 49 22 ns | PPDDD 44| ns |
BBF 39| s PCB 52 441 ns | OPDDE 44| ns
BKF 39! ns PCB66 44 ns | PPDDE 44| ms f
BGP 39| 0015 | 0150 PCB70 22 ns | OPDDT 44 | ns
BEP 44 | 0.038 | 0099 PCB74 22 ns PPDDT 44 ns
CHR 44| ns PCB 87 27, bs TotalDDT 44 | ns
DBA 441 0.043 | 0094 PCB9S 22 s CNONA 39 ns
FLA 44| 0009 | 0153 PCB97 22, ns TNONA 44| 0.047 | 0.091
FLU 44 | 0.034 | 0102 PCB101 [ 44| ns TBT 44| ns
IND 3910035 | 0.114 PCB105 |44 ns
MNP2 44] ns PCBI10 22, ms
MPHI 44| ns PCB118 44 ps | ;
NPH 391 ns PCB128 441 ms !
PHN 44 | 0040 | 0097 PCB132 '22' ns ;
PER 44| ns PCB138 44 0.036 0.100 :
PYR 44 1 0.006 | 0.167 PCB149 22! ns | H
LMWPAH | 44 | 0.050 | 0.089 PCB153 |44 ,0.041 0.096
HMWPAH | 44 | 0.030 | 0.108 PCB156 | 22 . ns
TotalPAH | 44 | 0.030 | 0.108 PCB157 |22 ns |
f PCB170 44 ns T
PCB174 |22, ns |
PCB177 |22 ns
, PCBI80 44 ns
Hi PCB183 22! ns
I PCB187 22 ns
PCB194 22 ns |
PCN195 44 ns | ‘
PCB201 22 s !
PCB203 22 ms ?
i , ; PCB206 44| ns
f 'Total PCB_ | 44 | 0.049 | 0.089




Table 17. Linear regression of amphipod survival dependence on chemistry
concentrations in river stations ( all chemistry data were
Log (x+1) transformed, r’is presented when p<0.05, ns=nonsignificant).
All metal, pesticide, and PCB compound regressions were not significant and
therefore not shown.

PAHSs n p r2

ACY 18] ns :
ACE 720 0.028  0.240
ANT 20| ns |
BAA 20| ns

BAP 120 ns

BBF 18 ns

BKF 18, ns

BGP 18, ns |
BEP 1201 ns !
BPH 12010.0001 0.646 |
CHR 120 ns | i
DBA 20| ns |
DMN 1200.0000.672 |
FLA ‘200 ns | 5
FLU 1201 0.000 | 0.692 -
IND 18/ ns

MNPI 20 0.000 | 0.669 |
MNP2 20 0.000 [ 0.634 |
MPHI 1201 0.000  0.714
NPH 18 ns i
PHN 120 0.005 0.358 |
PER 20 ns |
PYR 20 ns |
TMN 18 | 0.000 | 0.591 |
LMW PAH 201 0.000 . 0.607 |
'HMWPAH 20 ns |

T

'Total PAH 20 ns




Table 18. Linear regression of amphipod survival dependence on chemistry

concentrations in “other” stations ( all chemistry data were
Log (x+1) transformed, r’ is presented when p<0.05, ns=nonsignificant).
All pesticide compound regressions were not significant and

therefore not shown.

Metal n p P PAHs n p r PCBs n p r
Aluminum | 35| ns ACY 28 ms PCB5 37| ns
Antimony 35| 0.002 | 0255 ACE 37 s PCB 18 37| ms
Arsenic 35 ns 'ANT 137! s PCB44 37| ns
'Cadmium 35| s BAA 37! s PCB52 37 ns
‘Chromium | 35 | 0.017 | 0.161 BAP 37 ns PCB66 37 s
Copper 35 | 0.023 | 0.147 [BBF 280 s | PCB87 | 9  ns
Tron - 35 1 0.009 | 0.188 |BKF 28 ns | PCB10I | 37 | 0033 | 0.124
Lead 35 | 0019 | 0.155 BGP 28, ns | PCB105 |37 ms
Manganese 35 | ns BEP 137 s PCB118 | 37 ] 0.033 | 0.124
Mercury | 35| s BPH 37 s | PCB128 |37 ns
Nickel 35| ns CHR 37] ms PCB138 |37 ns
Silver 35 | 0.003 | 0232 |DBA 37 s PCB 153 | 37 [ 0.017 [ 0.151
Selenium 351 ns DMN "37! ns PCB170 | 37! ns
Tin 35| 0.046 | 0.159 [FLA 37 ns PCB180 |37 ms
Zinc 35 | 0.003 | 0232 [FLU 37 ms PCB195 |37 s
L IND 28" ns PCB206 |37 s
F MNP 37 ns PCB209 |37 ns !
MNP2 37 ns Total PCB | 37 | 0.049 | 0.106
MPHI 37, s T i
NPH 128 0005 0265 |
LPHN 37 ns |
PER 37 ms L
PYR 37 s
TMN 28 ns
LMWPAH 137 ns
HMWPAH 37 ns
iTotalPAH 37! ns




factors influenced the effects of anthropogenic chemcals in test
sediments fromthe San D ego Bay Region, data were adjusted to
excl ude tests where unioni zed ammoni a was greater than O 4 ng/L
in overlying water and/or hydrogen sulfide was greater than 0.06
nmg/L. The 0.4 ng/L ammoni a threshold value is based on the NCEC
val ue for the EPA test protocols for marine anphi pods (USEPA,
1994) and the 0.06 ng/L hydrogen sulfide threshold value is based
on data presented by Knesovich et al. (In Press). A general trend
is seen by DeWtt et al. (1988), in which survival decreases with
increasing fines. However, because this trend was not apparent
in the San D ego Bay Regi on and no cl ear cutoff has been

concl usively denonstrated, data were not adjusted to excl ude
sanples with a high percentage of fines. NH and HS adj usted
anphi pod data were conpared to the thirty two chem cals or

chem cal groups, for which PEL val ues have been derived, and to
ERM and PEL summary quotients. Regressions were significant for
cadm um chrom um copper, nickel, silver, zinc, DDT, dieldrin,
acenapt hene, and the ERM and PEL summary quotients (Table 19). By
el i m nating high ammoni a concentrations (>0.4 ng/L) and high
hydrogen sul fide concentrations (0.06 ng/L), regressions do

i nprove slightly, however r? values are generally low It is
prudent though to recognize that these natural factors may
confound interpretation of toxicity results and that caution
shoul d be exerci sed when el evated ammoni a or hydrogen is noted.

In summary, sinple |inear regressions provide few clues to

under standing the rel ati onshi p between anphi pod survival in the
toxicity tests and neasured single chem cal concentrations. Wen
view ng scatter plots, it remains difficult to convincingly argue
that there is, or should be, a linear toxic response to

i ncreasi ng chem cal concentrations in natural settings. In
industrialized settings such as San Di ego Bay, where nultiple

pol lutants are comon, co-variation and possible synergistic
effects within a group of nmultiple pollutants further confound
the separation of effects to single pollutants. A single multiple
regression or a variable selection technique may statistically
better describe the relationship between toxicity and nmultiple
chem cals, but these were not perforned in this analysis.

Figure 26 is typical of chemcal vs. toxicity scatter plots seen
t hroughout the region, with considerable scatter at | ow chem cal
concentrations and a gradual decrease in survival at elevated
chem cal concentrations. Because regressions did not generally
support a linear toxic response to chemcal pollutants, it is
suspected that nost organisns are tolerant of pollutants until a
threshold is exceeded. This threshold effect appears well
denonstrated in the San Diego Bay Region's benthic comunities
setting, as illustrated in Figure 14.

Al though it was |less evident for acute toxicity tests, where high
anphi pod survival was observed even at el evated chenmi cal |evels
(Figure 26), a distinct response pattern still emerges. Wen the
EMAP approach for determ nation of toxicity (significantly
different fromcontrols and | ess than 80% of controls) was used,
28 of 39 (72% sedinment sanples were toxic when copper
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Table 19. Linear regression of amphipod survival dependence on chemical analytes for which PEL levels
have been developed. Amphipod data has overlying unionized ammonia values >0.4 ppm and
hydrogen sulfide values >0.06 ppb removed (all chemical data are Log (x+1) transformed.

r’ is presented when p<0.05. ns= nonsignificant).
ANALYTE n p r2
Metal
Arscnic
‘Cadmium
‘Chromium 7
Copper 193 0.014 0,031
Led %6 s
Nickel 7 7193 0.003 0.044
Mercury o3 s
Siver 193 0.008 0036
Zine i

inc 193 0.001 0057
Pesticide ‘

Total Chlordanc 193 s
PPDDE 193 ms T
PPDDT 193 70.000 0.068
Total DDT i

193w T
193 0000 0.074
193 .0.028 0.025

193 0008 0.036
Dicldrin 1937 0,023 0.027
Lindane 7193 ps
ACY 170 s 0031
ACE T TTi9s e T
ANT 193 s
BAA 193 s )
‘BAP

BAP 193 pg
CHR o 1937 ns

DBA 93 g
FLA 93 s
FLU 1937 s
MNP2 193 e
'NPH , 170 ns
PHN i3 e
PYR 193 ns
LMWPAH 193"
HMWPAH — '1y3 g

To@lPAH 1937 ns 7

PCB_

TotalPCB 193 pg
Summary Quoticnts |

PELQ 184 .0.050 0.020.
ERMQ 184 0014 0.033



% SURVIVAL

% SURVIVAL

Figure 26. Amphipod Survival vs
ERM Summmary Quotient or
Chemical Level
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concentrations exceeded the ERM val ue whereas only about 7 of 28
sanpl es (25% were toxic when copper concentrations were bel ow
the ERL value. This was also seen with total PCBs with 73% of the
sanpl es being toxic when PCB concentrations exceeded the ERM

val ue and only 53%toxic below the ERL. Because it is suspected
that toxicity in urban bays is caused by exposure to conpl ex

m xtures of chem cals conparisons to ERM sumrmary quotients

(mul tiple chem cal indicators) were nade. The hi ghest incidence
of toxicity (>78% is found in sanples with el evated ERM sumary
guotients (>0.85), supporting the theory that the effects of

el evated levels of multiple pollutants may el uci date the toxic
response. This pattern of increased incidence of toxicity when
chem cal concentrations exceed established sedinent quality

gui delines or the summary quotient 90% confi dence interval seens
to support the threshold response theory for anphi pod bi oassays
in the San D ego Bay Regi on.

Gui deline thresholds are quantitatively estimated from |l arge

nati onal or statew de data sets, as described earlier, but the
applicability of calculated values may be limted in specific
wat er bodi es. Use of unique guidelines for the San Di ego Bay

Regi on, whi ch account for |ocal physical, chem cal and bi ol ogi cal
conditions, would be optinmal when eval uating data. However,

wi t hout substantial additional data, chem cal specific thresholds
for the San D ego Bay regi on cannot be accurately determ ned.
Currently the nost useful tools for addressing the relationship
bet ween toxicity and chem cal concentration appears to be

t hreshol d approaches, such as the ERM ERL and TEL/ PEL gui del i nes.

Station Specific Sedinent Quality Assessnents

One of the primary goals of the BPTCP is to establish state

gui del i nes under which contam nated or toxic stations can be
designated "toxic hot spots". These guidelines are currently
bei ng devel oped based on data col |l ected throughout the state.

Al t hough final guidelines are contingent upon further data

anal ysis, the "toxic hot spot” definition currently utilized by
the BPTCP, requires that one or nore of the followng criteria
nmust be net:

1. The water or sedinent exhibits toxicity associated with
toxic pollutants, based on toxicity tests acceptable to the
SWRCB or the RWXCB. To determ ne whether toxicity exists,
recurrent neasurenents (at |east two separate sanpling
dat es) shoul d denonstrate an effect.

2. Si gni ficant degradation in biological populations and/or
bent hic comunities associated with presence of el evated
| evel s of toxic pollutants.

3. The site exceeds water or sedinent quality objectives for
toxi c pollutants which are contained in appropriate water
quality control plans, or exceeds water quality criteria
promul gated by the U. S. Environnental Protection Agency.
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4. The tissue toxic pollutant |evels of organisnms collected
fromthe site exceed | evels established by the United
States Food and Drug Adm nistration (FDA) for protection of
human heal th, or the National Acadeny of Sciences (NAS) for
the protection of human health or wildlife.

Because tissue residues were not analyzed in this study, criteria
are limted to the first three. Satisfying any one of these
criteria can designate a site a "toxic hot spot". Satisfying nore
than one criterion and the severity denonstrated within each
criterion determ nes the weighting for which qualitative rankings
can be made. In this report, stations were not designated as
"toxic hot spots", because this designation is still under

eval uati on and devel opnment by the BPTCP. |nstead, stations were
prioritized for further evaluation for hot spot status. This
priority was classified as high, noderate, |low, or no action and
may be used by State and Regi onal Water Board staff to direct
further investigations at these stations. Each station receiving
a high to low priority ranking nmeets one or nore of the first
three criteria established above. Those neeting all three
criteria were designated as the highest priority for further
action.

Stations were evaluated for repeat toxicity (criterion 1) using
the reference envel ope nethod, the nost conservative neasure
devel oped. Only those stations which denonstrated anphi pod
survival less than 48%in repeated tests, w thout confounding
ammoni a, hydrogen sulfide or grain size effects, were considered
to exhibit repeat toxicity hits. Because only one critical value
could be determined for any of the dilutions of the pore water

bi oassays, pore water toxicity results were not eval uated for
repeat toxicity when prioritizing stations.

Stations with repeat toxicity and el evated chem stry and/ or
degraded benthic comrunities, were assigned a noderate or high
priority. Stations with repeat toxicity, but |acking el evated
chem stry or degraded benthic comrunities, were assigned a | ow
priority (Tables 20 and 21- REPEAT TOXICITY H TS).

Stations with only a single toxicity hit were also considered a
noderate or high priority, when associated with el evated

chem stry and/ or degraded benthic conmunities. Stations with a
single toxicity hit, but |acking elevated chem stry or degraded
benthic communities, were assigned a low priority. (Tables 20 and
21- SINGLE TOXICITY H TS).

Ni net een stations denonstrated repeat or single toxicity hits but
were given a "no action"” recomrendation at this tinme (Tables 20
and 21). These stations had nmeasured hydrogen sulfide or anmonia
concentrations which confounded interpretation of the bioassay
test results. Chem stry levels were | ow, or not anal yzed, and the
bent hi c community was undegraded or transitional, where sanpl ed.
These results provided little or no evidence that these stations
shoul d be prioritized for hot spot status. Atoxicity
identification evaluation (TIE) should be considered for these
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sites to confirmthe source of toxicity as non-anthropogenic.
Stations were evaluated for benthic community condition using the
bent hi c i ndex discussed earlier (Table 11). Stations determ ned
to be degraded, with elevated chem stry and/or toxicity, were
assigned a noderate or high priority. Stations determ ned to be
degraded, but which did not denonstrate el evated chem stry or
toxicity, were assigned a low priority. Transitional and
undegraded stations were not considered a priority unless

chem cal or toxicity results initially prioritized the stations.
(Tabl e 20- DEGRADED BENTHI CS)

Stations were evaluated for elevated chem stry (criterion 3)
using an ERM Summary Quotient >0.85 or a PEL Sunmary Quoti ent
>1.29. In the earlier discussion of ERM and PEL sumrary
guotients, it was determ ned these values are statistically above
the 90% confidence interval of summary quotients from al

stations anal yzed. These quotients were used to identify stations
where nultiple pollutants were near or above established ERM and
PEL gui del i nes (Tabl e 22- CHEM STRY- Sunmary Quotients). As shown
in Figure 14, 100% of the stations analyzed for benthics were
found to be degraded when chem cal anal ysis denonstrated an ERMQ
above 0.85. Although the eighteen stations in Table 22

(CHEM STRY- Summary Quotients) did not have benthic conmunity

anal ysis perfornmed, it is likely these stations will denonstrate
degraded benthic communities, when anal yzed. In consideration of
this concern, all stations with elevated chem stry, based on ERM
sumary quotients above 0.85, were assigned a noderate priority

r anki ng.

In situations where high summary quoti ent values were not found,
but where any single chem cal concentration exceeded four tines
(4x) its associated ERMor 5.9 tinmes (5.9x) its associated PEL
the station was al so considered to exhibit elevated chem stry.
The 4x and 5.9x cutoffs were not statistically determ ned using
the 90% confidence interval as they were with the sunmary
guotients. Values for individual chem cal quotients were not
normal Iy distributed and transformations did not inprove

di stributions, so statistical determ nation of confidence limts
was not appropriate. Instead, a qualitative exam nation of the
data set indicated that only in the top 10th percentile of

chem cal neasurenments do val ues exceed four tines their
respective ERMor 5.9 tinmes their respective PEL (Tables 20

and 22- CHEM STRY- 1 ndi vi dual Chem cal s). These cutoffs were used
to help identify stations where any single chem cal was extrenely
el evated. Stations with el evated individual chem cal quotients
and evidence of benthic comunity degradation were assigned a
noder ate ranki ng. Stations which exhibited el evated chem stry,
but showed no bi ol ogi cal effects, were assigned a low priority.

Stations which satisfied all three of the criteria were
considered a triad hit and are given the highest priority

ranki ng. These stations denonstrated toxicity in the bioassay
tests, benthic community degradation and el evated chem stry. Four
stations (representing three sites) fell in this category: the
Seventh Street Channel (90009-1eg 23 and 93228), 12 Swartz
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TABLE 22

FUTURE INVESTIGATION PRIORITY LIST FOR THE SAN DIEGO BAY REGION
Stations Without Synoptic Chemical, Toxicological and Benthic Community Analyses

STANUM |STATION IDORG | LEG H2s NH3 % AMPHI. SURVIVAL >4X ERM OR >5.9X PEL ERMQ PELQ BENTHICS COMMENTS PRIORITY
CHEMISTRY-Summary Quotients
90020.0 |G DE LAPPE 169 12 | notanalyzed | 0.020 49.00 0.964 1.255 not analyzed ELEVATED CHEM MODERATE
90020.0 |G DE LAPPE-REP 1 1104 27 0.0006 0.086 65.00 1.051 1411 not analyzed ELEVATED CHEM MODERATE
90020.0 |G DE LAPPE-REP 2 1105 27 0.0007 0.087 59.00 1.043 1.401 not analyzed ELEVATED CHEM MODERATE
90020.0 |G DE LAPPE-REP 3 1106 27 0.0009 0.049 57.00 0.947 1.293 not analyzed ELEVATED CHEM MODERATE
90030.0 |BF SCHROEDER SITE F-REP 1 1144 28 0.0012 0.192 70.00 0.948 1.419 not analyzed ELEVATED CHEM MODERATE
90030.0 |BF SCHROEDER SITE F-REP 2 1145 28 0.0025 0.616 76.00 PAHs 1.000 1.537 not analyzed ELEVATED CHEM MODERATE
90030.0 |BF SCHROEDER SITE F-REP 3 1146 28 0.0013 0.017 68.00 1.007 1.438 not analyzed ELEVATED CHEM MODERATE
93178.0 |NAVAL SHIPYARDS 02 (x1)-REP 1 1119 27 0.0022 0.185 61.00 0.934 1.294 not analyzed ELEVATED CHEM MODERATE
93178.0 |NAVAL SHIPYARDS 02 (x1)-REP 2 1120 27 nd 0.145 66.00 PCBs 1.170 1.618 not analyzed ELEVATED CHEM MODERATE
93178.0 |NAVAL SHIPYARDS 02 (x1)-REP 3 1121 27 0.0007 0.168 67.00 PCBs 1.269 1.651 not analyzed ELEVATED CHEM MODERATE
90022.0 |P SWARTZ-REP 1 1107 27 0.0003 0.061 58.00 PAHs 1.042 1.549 not analyzed ELEVATED CHEM MODERATE
90022.0 |P SWARTZ-REP 2 1108 27 0.0008 0.073 61.00 PAHs 1.109 1.770 not analyzed ELEVATED CHEM MODERATE
90022.0 |P SWARTZ-REP 3 1109 27 0.0008 0.038 54.00 PAHs 1.107 1.724 not analyzed ELEVATED CHEM MODERATE
93179.0 |NAVAL SHIPYARDS 03 (x1)-REP 2 1123 27 nd 0.049 51.00 1.071 1.462 not analyzed ELEVATED CHEM MODERATE
93179.0 |NAVAL SHIPYARDS 03 (x1)-REP 3 1124 27 nd 0.115 78.00 Antimony 1.330 1.658 not analyzed ELEVATED CHEM MODERATE
93184.0 |NAVAL SHIPYARDS 011 (x1) 802 19 | notanalyzed | 0.070 53.00 DDT 1.226 1.774 not analyzed ELEVATED CHEM MODERATE
90017.0 |C DELAPPE 166 6 not analyzed | 0.840 64.00 PAHs 1.183 1.943 not analyzed ELEVATED CHEM MODERATE
93181.0 |NAVAL SHIPYARDS 06 (x1)-REP 3 1112 27 0.003 0.037 65.00 0.904 1.362 not analyzed ELEVATED CHEM MODERATE
CHEMISTRY-Individual Chemicals

93162.0 |SUB BASE C3 (x1) 775 18 | notanalyzed | 0.585 53.00 PAHs 0.347 0.596 not analyzed ELEVATED CHEM Low
90037.0 |STORMDRAIN EM(GRAPE ST.)-REP 3 1161 29 0.0012 0.290 85.00 Chlordane 0.656 0.934 not analyzed ELEVATED CHEM Low
93141.0 |COMMERCIAL BASIN F3 (x1)-REP 3 1170 29 0.0004 0.057 70.00 Mercury 0.650 0.905 not analyzed ELEVATED CHEM Low
93116.0 |SAN DIEGO RIVER B1 (x4) 711 15 0.0893 0.137 88.00 Chlordane 0.659 0.913 not analyzed ELEVATED CHEM, SITE DEGRADED IN LEG 22 MODERATE
93120.0 |TIJUANA R. ESTUARY HH2 (x1) 715 15 0.0002 0.087 85.00 DDE 0.321 0.358 not analyzed ELEVATED CHEM Low
93121.0 |TIJUANA R. ESTUARY HH2 (x5) 716 15 0.0016 0.010 85.00 DDE 0.287 0.314 not analyzed ELEVATED CHEM Low
93174.0 |TIJUANA R. EST. HH3 (x2)-REP 3 1152 28 0.0044 0.084 80.00 DDE 0.325 0.395 not analyzed ELEVATED CHEM Low
93177.0 |NAVAL SHIPYARDS O1 (x1) 795 19 | notanalyzed | 0.023 50.00 PAHs 0.694 1.204 not analyzed ELEVATED CHEM Low




Downt own Anchor age (90002) and Naval Base/ Shipyards O4 (93210).
Three stations were given a high priority ranking although not

all conditions of the triad were nmet (Seventh Street Channel
(90009-1eg 7) and Naval Shipyards O3 (93179- legs 19 & 27)).
These stations denonstrated repeated toxicity and el evat ed

chem stry but no benthic anal yses were perforned. However,
benthic data for stations analyzed in the sane proximty, or

| ater sanpling of the station, led to the concern that these
sites woul d have been found degraded, if analyzed. In addition,
chem cal summary quotients at these three stations were at |evels
whi ch suggest probabl e benthic community degradation, as

di scussed earlier. These concerns warranted upgradi ng these three
stations froma noderate priority to a high priority. Forty three
stations were given noderate priorities and 57 were given | ow
priorities, based on the nethods of prioritization previously

di scussed. Prioritized stations are nmapped in Figure 27(a-d).

Stations were prioritized to assist SWRCB and RAMXB staff in
neeti ng sedi ment quality managenent objectives for San D ego Bay.
These recomrendati ons were based on scientific evaluation of data
col |l ected between 1992 and 1994. They are intended to focus
future efforts toward scientifically and econom cally responsible
characterization of |ocations which have a high probability of
causi ng adverse effects to aquatic life. This report should be
eval uated in conjunction with all available information and
addi ti onal research when nanagenent and policy decisions are nmade
by SWRCB and RWMXB staff.

Possi bl e Sources of Pollutants at Prioritized Stati ons

A brief description is given, where additional information was
avai l abl e, of factors which may have contributed to el evated
chem cal levels, toxicity, or benthic community degradation at
the prioritized stations. Descriptions are given in order of
geographic distribution, proceeding fromnorth (Mssion Bay) to
south (Tijuana River Estuary).

In Mssion Bay only one |ocation was given the noderate priority
ranki ng (station 93116). This station was |ocated in the San

Di ego River flood control channel and denonstrated high tota

chl ordane concentrations (36.1 ppb). Chlordane is not expected to
undergo significant hydrolysis, oxidation, or direct photolysis
in water, thus it may persist in soils for extended periods of
time (Howard, 1991). Cohen et al. (1990) conducted a study on
chl ordane in soil sanples near golf courses and found unusually
hi gh concentrations of chlordane (4.75-4310 ppb). Station 93116
is located directly down river froma golf course, therefore,
runoff fromthis facility could be a chl ordane source. Station
93107, in the nouth of Rose Inlet (northern M ssion Bay),
received a noderate priority listing, based on high chlordane
concentrations. Its location is also near a golf course.

One site in North San Diego Bay (Point Loma area) received a

noderate priority reconmendation; stations 90028 (Subnarine
Base). This station had degraded benthic communities, high
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Figure 27b
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Figure 27d
Future Investigation Priority List
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concentrations of |ow and high nol ecul ar wei ght PAHs, and
noderate | evels of nmetals. Historically the Naval Conplex at

Poi nt Loma has received plating waste, sewage, and sl udge
cont ai ni ng high concentrations of netals and chl ori nated

hydr ocar bons (Johnston et al., 1989). Although it is difficult to
identify the source of high concentrations of PAHs at these
stations, Lung (1983) suggests ground water gradients pronote
groundwat er flow towards San D ego Bay, thus potentially allow ng
PAHs in the nearby soil to mgrate to the Bay. A nunber sites

i nvestigated by the Navy (Eakes and Smith, 1986), which were
previously used for waste oil and drum di sposal, are |ocated
onshore adjacent to and immediately north of stations 93216,
93217 and 90028. Mgration of pollutants fromthese onshore sites
is likely. Mnor spills during fueling operations at the
submari ne base are al so possi bl e.

Station 90002 (Downtown Anchorage), |ocated in the northern end
of md San Di ego Bay, was one of the stations which received a
high priority reconmendati on. Hi gh concentrations of netals and
chl ordane were present, as well as a degraded benthic conmunity.
This station also had a | ow survival for Rhepoxynius in solid
phase toxicity tests. Perhaps the nost obvious explanation for

t hese data woul d be the presence of a |large stormdrain and
numerous smaller stormdrains, which enpty into the Bay near this
station. These stormdrains drain parking lots, light industrial
and comrercial areas (Conway and G lb, 1990). Another possible
source for observed toxicity and chem stry is runoff from nearby
San Diego International Airport. Results fromthe State Missel
Wat ch Program 1987-1993 indicate el evated | evels of both netals
and pesticides in nmussel tissue and sedinments in this area.

El evated | evel s of metals could have originated fromanti-fouling
paints on private boats anchored near the station (90002). The
area around this station beconmes a nodified eddy during ebb tide
and may serve to recirculate pollutants, creating a poll utant
sink and preventing chem cals frombeing flushed out of the area
(Peeling, 1974).

Located just south of station 90002, stations 93205 and 93206
(Downt own Piers) were given noderate priority ratings based on

hi gh chl ordane and PAHs concentrations, and degraded benthic
comunities. Located between the B street pier and the Broadway
pier, elevated | evels of pollutants can nost likely be attributed
to sources simlar to those described above. Commercial shipping
is likely an additional contributor to the observed PAH signal in
this area.

Two stations, 90017 and 90039 (|l ocated i mediately north of the
10t h avenue marine termnal), were assigned noderate priority
ranki ngs based on high concentrations of chlordane, netals, and
PAHs at each of these stations. Canpbell Industries operate five
ship repair piers and four dry-docking facilities in this area.
Sandbl asting, painting, and other ship repair activities are
probably the cause of the elevated | evels of copper, zinc and
mercury. High concentrations of nmetals have historically been
detected at this site (Barry, 1972). The 10th avenue Mari ne
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Termnal berths 1 and 2 are also located in this area (station
90039). Ships are | oaded and unl oaded at this site and supplied
with fuel fromfour steel storage tanks |ocated near the berths.
I ncreased | evels of PAHs and netals detected in this area may be
related to the cargo transfer facility.

In addition to the ship repair facilities and cargo transfer
areas, there is a large stormdrain systemwhich is directly
south of the 10th and Inperial Trolley station. The system drains
approxi mately el even square kiloneters of residential (including
Bal boa Park) and industrial areas before enptying into the Bay.
The el evated | evel s of chlordane and PAHs at both of the sites
coul d have additional sources fromw thin this drainage system

| medi ately south of the Coronado Bridge was station 93179 (Naval
Shi pyards- 3) which was designated as a high priority site for
future investigations. To the north and south of this site are
numer ous stations assigned a noderate prioritization. The

predom nant activity in this area is ship building and repair
(NASSCO, Continental Maritine, Southwest Marine), thus indicating
t he probabl e source of high |evels of netals, PCBs and PAHs found
at stations sanpled in this area. A storndrain, which drains an
industrial area and enpties into the Bay i nmediately adjacent to
the bridge, is the likely chlordane source to the area. Runoff
fromthe bridge itself could also be viewed as a potential source
of PAHs and netals in the Bay. The California State Missel Watch
Program (1995) has sanpled extensively in this area of San D ego
Bay and found chem stry val ues for nussels and sedi nent to be
conparable to the current study. This area has al so been
extensively sanpled in other studies resulting in simlar
concl usi ons (de Lappe, 1989; Martin, 1985; Anderson, 1989).
Toxicity, chem cal pollution and benthic conmunity degradation
are extensive in this area and warrant further site
characteri zati ons.

Stations 93212, 93213, and 90006 (Naval Shipyards-0Or7) were

| ocated near the 28th Street pier and were each given a noderate
priority ranking. Chollas Creek enpties into the Bay near this
site, carrying with it runoff froma large urban area. This creek
is believed to carry high concentrations of PAHs into the Bay
(McCain et al., 1992) and is the likely source of high chlordane
| evel s at the site.

Nunerous | ow, noderate and high priority sites were |located in
the Naval Station between the 28th Street pier and 7th Street
channel . This area denonstrated toxicity, high netal and

chem stry concentrations and degraded benthic communities. The
area is predomnantly used for ship repair, outfitting, and
conversion. Sand bl asting, painting, and the changing of zinc

el ectrolysis plates are sone of the specific activities conducted
in this area and are likely the main sources of metals found in

t he sedi nents.

Station 93227 was |located in the 7th Street Channel at the
sout hern end of the San Diego Naval Station. This site was given
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the high priority ranking based on high netal, chlordane and PAH
concentrations, as well as toxicity and degraded benthic
comunities. Repeated sanpling of this site resulted in simlar
findings. Paleta Creek runs directly into 7th Street channel

Wi th numerous drains located in the inmediate area enptying into
the creek and bay. Also, a large storndrain is present which
drains a residential area east of Interstate 5 and the Naval
station adjacent to the channel.

The Navy has used 7th Street channel and the surrounding area for
a variety of activities. Excess materials (solid waste, ships
stores, and waste hydraulic fluids) from deconmm ssioned ships
wer e di sposed of in the ship repair basins. Overflow from sal vage
yards, lube and hydraulic oil wastes, and paint sludge from
nearby Naval repair facilities were often taken to the area' s wet
docks for disposal. In the late 1970's trucks and heavy equi pnent
returning form Vietnamwere routinely decontam nated by spraying
wi th diesel fuel and dunking (by crane) into Paleta Creek. It is
estimated that approximately 75,000 to 360, 000 gall ons of
petrol eum based material were disposed of at this site during its
period of operation (1945-1973).

The 7th Street channel is |ocated near a Navy sal vage yard which
has storndrains enptying directly into the channel. In 1976, soi
sanples retrieved fromthe area contained PCB concentrations high
enough to result in the upper eight inches of soil being renoved
as contam nated waste and the entire area paved. Although the
Navy has attenpted to deal with this historic pollution in the
area, further investigations were requested by a Naval initial
assessnment teamin 1986 (Eakes and Smith, 1986). Furthernore, the
California State Mussel Watch program has stations |located in the
area and concluded 7th Street channel had some of the highest
chem cal concentrations in San Diego Bay (State Miussel Watch
Program 1995).

The Marine termnal site (stations 90010, 93230 and 93229)
denonstrat ed el evated copper and PAH | evel s and a degr aded

bent hic community. Mdderate and low priorities were assigned to
t hese stations even though a portion of this area is currently
under goi ng cl eanup activities. Due to the | arge anount ore
spi |l l age at the PACO copper loading facility, this area should
continue to be nonitored after cleanup activities are conpl et ed.

The southern portion of San Diego Bay, from7th Street channel to
the Gay R ver, did not receive any noderate or high priority
ranki ngs. Although this result could give the inpression south
San Diego Bay is in not polluted, it is inportant to note sone
stations still denonstrated high nmetals concentrations. The
Sweet wat er channel area (station 93220), and other sites in the
Sout h San Di ego Bay had hi gh concentrations of copper, nost
likely reflecting the input fromthe copper ore loading facility
(Martin, 1985). Three stations in the Chula Vista area and one in
Coronado Cays received low priority rankings due to el evated

| evel s of nmetal s and degraded benthic communities. Each of these
stations were |ocated within marinas where nunerous private boats
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are berthed. Increased levels of netals detected in this area are
probably fromanti-fouling paint scrapings or zinc electrolysis
bl ocks used on virtually all boats. Few studies have concentrated
sanpling in the South San Di ego Bay, presumably due to reduced
shi pping activity and popul ati on.

Stations fromthe Tijuana R ver Estuary denonstrated el evated
concentrations of DDT and DDE, as well as toxicity to anphi pods.
This resulted in a nunber of stations receiving noderate and | ow
prioritizations. The presumed sources of this pesticide were
wast ewat er di scharges from Mexico, into the Tijuana River
(California State Coastal Conservancy, 1989).

Conpari son of Pollution with Other Water Bodi es

Nuner ous studies conparing San Di ego Bay with other bays and

har bors have been conducted (NOAA, 1991; G ovenhoug et al., 1987
Gol dberg et al., 1978). In one such study, Robertson (1989)

anal yzed sedi nents for a nunber of organic pollutants at
approximately 200 sites around the coasts of the United States.
Resul ts ranked San Di ego Bay seventh highest in the country for
total concentrations of PCBs. Interestingly, San Diego Bay did
not rank high in conparison to the rest of the country for any
ot her organic pollutant, although results fromthe current study
clearly showed el evated concentrations (relative to ERV6 and
PELs) of total PAHs, chlordane, and certain trace netals

t hroughout the Bay.

In a simlar study, Johnston (1990) eval uated 367 waste di sposal
sites at 58 Navy and Marine Corps bases | ocated throughout the
country. Each of the bases, or areas of activity, were |located in
t he coastal zone and were reviewed to characterize the

pol l utants, disposal nethods, and potential inpact to the
surroundi ng aquatic environnent. Four sites were chosen in San

Di ego Bay: Naval Station San Diego (located i nmediately south of
the seventh street channel), Naval Anphi bi ous Base (near
Gorietta Bay), Naval Training Center, and Naval Conpl ex Point
Loma. Al though these sites were not ranked or conpared with sites
in other parts of the country, the types of contam nation |isted
were sonmewhat simlar for each of the sites described. Paint,

oil, and solvent contam nation was reported at all of the sites
in addition to sonme site specific fornms of contam nation( i.e.
sandbl asting grit disposal area at the Naval Anphi bi ous Base and
drum di sposal area at the Naval Conplex Point Loma).

San Di ego Bay has al so been conpared to other bodies of water on
a regional scale. In a SCOWRP project funded by the State Board,
Ander son and Gossett (1987) analyzed PAHs in sedinments collected
at stations between Santa Monica Bay and San Di ego Bay and found
the Seventh Street (Paleta Creek) and Chollas Creek stations to
contain the highest |evels of these hydrocarbons. In a follow up
St at e Boar d/ SCCWRP study Anderson et al. (1988) conpared ten
coastal sites in southern California for concentrations of trace
metal s, PAHs, chlorinated hydrocarbons and toxicity. Sanples from
San Di ego Bay were shown to have the highest concentrations of
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nmetal s, PAHs, and hydrocarbons of all stations sanpled, and were
the nost toxic in two out of three toxicity tests used.

Anderson et al. (1988) identified the Seventh Street Channel
station as the nost polluted area in the San D ego Bay Regi on.
This conclusion is corroborated by the current study which al so
found sanpling stations in the Seventh Street Channel to be the
nost pol luted and nost toxic stations in the region.

Fl egal and Sanudo-W |1 hel ny (1993) showed total dissolved trace
metal (Ag, Cd, Co, Cu, N, and Pb) concentrations in San D ego
Bay are conparable to |evels of trace elenment pollution in south
San Franci sco Bay. Specifically, copper was found in el evated
concentrations in both bays. The current study found copper to be
the predom nant trace elenment pollutant in San D ego Bay. Fl egal
and Sanudo- W1 hel ny concl uded that unlike south San Franci sco
Bay, elevated trace netal concentrations in San D ego Bay coul d
not be directly linked to point-source inputs, because al

wast ewat er di scharges to San Diego Bay were term nated in 1964.
Copper based anti-fouling paints and urban runoff are currently
the nost |ikely sources of copper. Elevated concentrations of
copper in San Diego Bay have al so been reported in other studies
(Zirino et al., 1978).

It is also inmportant to anal yze avail able site specific data
within San Diego Bay from previous studies. In the current study,
commerci al and naval shipyards | ocated near the Coronado Bridge
consi stently denonstrated high concentrations of pollutants, a
hi gh incidence of toxicity, and benthic conmunity degradati on.
Shi pbui Il ding activity, in addition to stormdrains and creeks,
appear to be the primary sources of organic and trace netal
pollutants in these areas (Conway and G | b, 1990). Secondary
sources of contam nation nmay include runoff fromthe Coronado
Bridge (San Diego Interagency Water Quality Panel, 1989) and
polluted fill in the area (Peter Mchael, San D ego Regi onal
Water Quality Control Board, personal comunication). This is
supported by the conclusions of McCain (1992) who found several
maj or sources of pollutants in the central portion of San D ego
Bay.

Specific organic pollutants such as PCBs have been historically
identified in certain parts of the bay. In one of the earliest
studies of PCBs in San D ego Bay, Young and Heesen (1977)
identified PCBs in nussel tissues. The hi ghest neasured
concentrations occurred in Commercial Basin (Shelter Island).
Subsequent studi es have al so shown el evated |l evels of PCBs in the
Shelter Island area, as well as near Harbor Island and numerous
ot her spots throughout the Bay (Stephenson et al., 1980; Martin,
1985). Simlar results were obtained from sedi nent sanples in the
current study in which high concentrations of PCBs were reported
from areas near the Coronado Bridge, west Comrercial Basin and
East Basin near Harbor I|sland. The Regional Water Quality Control
Board has identified a 60 inch stormdrain as the main source of
PCBs into the East Basin site. C eanup and Abatenent Orders,
regardi ng PCBs, have been issued to boatyards in and around

Shel ter Island and Harbor Island (San D ego | nteragency \Water

Qual ity Panel, 1994).
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Tributyltin (TBT), an organi c based biocide, was w dely used as
an antifoul ant on ships and small craft until 1988 (Ri chard and
Lill ebo, 1988). Although TBT is highly efficient at killing
fouling organisns it is also acutely toxic to non-target

organi snms, maeking it a continuing concern in the San D ego Bay
Regi on. Toxic effects have been observed in concentrations as |ow
as 1 ng/L (Henderson, 1988). Long termnonitoring of U S. harbors
i ndi cates that anong naval bases, San Diego has relatively | ow
concentrations of TBT (Kramet al., 1989; Seligman et al., 1990).
These studi es focused on conpari sons between U.S. Naval
facilities (i.e. Pearl harbor, Norfol k harbor) where use of TBT
anti-fouling paints is not restricted on vessels over 25 neters
inlength (Oganotin Antifouling Paint Control Act, 1988).
Because San Diego Bay is a multi-use port, where snmaller non-
naval vessels nust conformto the 1988 | egislation, TBT val ues
are expectedly | ower than harbors which solely contain |arge
naval vessels. In the current study, TBT values were highest in
naval and comrercial basin areas, simlar to the findings of
Seligman et al. (1990). Although both studies found el evated

| evel s of TBT in commercial and naval sites, data fromthe
current study indicates an overall decline in TBT sedi nent
concentrations at these locations. This is nost likely a
reflection of restrictive legislation on TBT use in antifouling
paints. Gven the historical use of antifouling paints in San

D ego Bay, continued nonitoring is recommended, although results
fromthe current study were encouragi ng.

Limtati ons

The two step sanpling design of this study relied on an initial
"screeni ng phase"” to give a broad assessnent of toxicity in the
San Di ego Bay Region. Subsequent toxicity test, chem cal analysis
and benthic conmunity analysis were performed only on sel ected

stations (» 40% of the screened stations) which denonstrated
toxicity during the screening phase, or were considered

candi dates as reference stations. The remai ning stations, from
t he screening phase, did not receive additional testing or

anal ysis. Therefore, statistical anal yses, conparisons to

chem cal specific screening values, identification of undegraded
and degraded habitats, and prioritized rankings could not be
performed on all stations sanpled. Currently these stations fal
under a no action recommendation, but it should be understood
that for these stations a weight-of-evidence eval uati on was not
performed, due to the absence of chem cal and/or benthic
comunity data.

In determnation of toxicity for the reference envel ope approach,
val ues nmust be chosen for al pha and the percentile (p) to

cal cul ate the edge of the reference envel ope (L) using the
foll ow ng equati on:

L:xr'[ga,p,n*sr]
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The val ues of al pha and p are chosen to express the degree of
certainty desired when classifying a sanple as toxic. In this
study val ues of al pha=.05 and p=1 were used to distinguish the
nost toxic sanples which have a 95% certainty of being in the
nmost toxic 1% (Figure 4). This calculation resulted in a

determ nation of toxicity for the Rhepoxynius test when sanples
had a nmean survival of less than 48% If the value of p was
chosen to equal 10% (i.e., a 95%certainty of being in the nost
toxic 10% the determ nation of toxicity (edge of the reference
envel ope) woul d have been at 63% survival. Cbviously, a choice of
p=10% woul d broaden the range of sanples which would be
classified as "toxic". It nust be recognized the 48% evel used
in this study was chosen as a conservative guideline to identify
only the nost toxic stations for setting priorities for future
wor k. The 48% survival cutoff used in this study should be
recogni zed as a statistical determ nation which may or nay not
reflect the certainty desired by SWRCB and RAMQCB staff for

sedi nent qual ity managenent purposes.

There is a necessary caution to the ecological applicability of
data collected from studi es such as reported here. Although
nmeasures of toxicity and chem cal concentration are used
extensively in this study, they can only be used as indicators of
possi bl e adverse effects to indigenous comunities. Benthic
comunity assessnent is the only tool used in this study which
can denonstrate actual effects to resident biologica

communities. In conbination, these three neasures provide a
strong wei ght of evidence for the conditions found at a
particul ar sanmpling | ocation. However, it is recomended these

I ines of evidence be supported with an ecol ogical risk assessnent
during subsequent investigations of stations of concern.

CONCLUSI ONS
The maj or conclusions of this study were:

1. Two sets of sedinment quality guidelines were useful in
denonstrating chem cal pollution: The ERL/ ERM t hreshol ds

devel oped by NOAA (Long and Morgan, 1990; Long et al., 1995) and
the TEL/PEL t hreshol ds used in Florida (MacDonal d, 1993;
MacDonal d, 1994). Copper, nercury, zinc, total chlordane, tota
PCBs, and PAHs were nost often found to exceed critical ERM or
PEL val ues. These were considered the major chem cals or chem ca
groups of concern in the San D ego Bay Regi on. ERM and PEL
summary quotients were devel oped as chem cal indices for

eval uating pollution of sedinments with nmultiple chemcals. An ERM
sumary quotient >0.85 or a PEL summary quotient >1.29 was
indicative of sites where multiple chemcals were significantly
el evated. Stations with any chem cal concentration >4 tinmes its
respective ERMor >5.9 tines its respective PEL were consi dered
to exhibit elevated chem stry.
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2. The identification of degraded and undegraded habitat was
determ ned by nacrobenthic community structure, using a
curul ati ve, wei ght-of-evidence approach. Anal yses of the 75
stations sanpled for benthic community structure identified 23
undegraded stations, 43 degraded and 9 transitional stations. Al
sanpl ed stations with an ERM quoti ent >0.85 were found to have
degraded communities. Al sanpled stations with P450 responses

above 60 ng/ g BaPEq. were found to have degraded benthic
communi ti es.

3. Exceedances of toxicity thresholds were determ ned using two
approaches: the reference envel ope approach and | aboratory
control conparison approach. The reference envel ope approach was
the nore conservative of the two, indicating toxicity for the
Rhepoxyni us (anphi pod) sedinment test was significant when
survival was less than 48% in sanples tested. No reference
envel ope was determ ned for the Strongyl ocentrotus (urchin)
fertilization or devel opnent tests. H gh variability in pore
wat er data fromreference stations produced a | ower confidence
boundary for the reference envel ope bel ow 0% survival. This
indicates no significant distinction in toxicity could be nmade
bet ween reference stations and other stations for these pore
wat er tests.

4. Using the EMAP definition of toxicity, 56%of the total area
sanpled in the San D ego Bay Region was toxic to Rhepoxynius. For
Strongyl ocentrotus devel opnent test, percent of total area toxic
was 29% 54% and 72% respectively for 25% 50% and undil uted
pore water concentrations. Sanples representing 36% 27% or 14%
of the study area were toxic to both Rhepoxynius in solid phase
sedi nent and to Strongyl ocentrotus |arvae in 100% 50% or 25%
pore water, respectively. Spatial extent of toxicity was not
determ ned using the reference envel ope definition of toxicity.

5. Linear regression analyses failed to reveal strong
correl ati ons between anphi pod survival and chem cal
concentration. It is suspected instead of a linear response to
chem cal pollutants, nost organisns are tolerant of pollutants
until a threshold is exceeded. Conparisons to established

sedi nent quality guideline threshol ds denonstrate an increased
i ncidence of toxicity for San Diego Bay Region sanples with
chem cal concentrations exceeding the ERM or PEL values. It is
further suspected toxicity in urban bays is caused by exposure to
conpl ex m xtures of chem cals. Conparisons to ERM summary
quotients (nultiple chemcal indicators) denonstrate that the
hi ghest incidence of toxicity (>78% is found in sanples with
el evated ERM summary quotients (>0.85).

Statistical anal yses of the P450 Reporter Gene System responses
versus the PAHs in sedinent extracts denonstrated that this

bi ol ogi cal response indicator was significantly correl ated

(r? =0.86) with sedinent PAH (total and high nol ecul ar wei ght)
concentrations.
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6. Stations requiring further investigation were prioritized
based on conbi ned evidence fromtoxicity, chem cal and benthic
community data. Prioritizations were devel oped to hel p direct
future investigations by State and Regi onal Water Board staff at
t hese stations. Each station receiving a high, noderate, or |ow
priority ranking neets one or nore of the criteria under

eval uation for determ ning hot spot status in the Bay Protection
and Toxic C eanup Program Those nmeeting all criteria were given
t he highest priority for further action.

Seven stations (representing four sites) were given a high
priority ranking, 43 stations were given a noderate priority
ranki ng, and 57 stations were given a low priority ranking. The
seven stations receiving the high priority ranking were in the
Seventh Street channel area, two naval shipyard areas near the
Cor onado Bridge, and the Downtown Anchorage area west of the
airport. The majority of stations given noderate rankings were
associated wth commerci al areas and naval shipyard areas in the
vicinity of the Coronado Bridge. Low priority stations were

i nterspersed throughout the San Di ego Bay Regi on.

7. Areview of historical data supports the conclusions of the
current research. Possible sources for pollution at prioritized
stations are given. Recommendati ons are nmade for conpl enentary
i nvestigations which could provide additional evidence for
further characterizing stations of concern.

RECOMVENDATI ONS

G ven the supporting evidence of previous studies, the patterns
of chem cal pollution and bioeffects observed during this
assessnment of the San Di ego Bay Regi on are convincing. There are
addi ti onal avenues of investigation though which would conpl enent
the results of this study. The results al so should be confirned
with further studies before any adverse ecol ogi cal inpacts can be
concl usi vel y denonstr at ed.

Due to the | arge nunber of elevated chemcals at the majority of
the prioritized sanpling stations, toxic biological responses can
only be associated with overall chem cal pollution, rather than a
particul ar chem cal. However, stations on the priority I|ist,
where the nunber of ERM or PEL exceedances is |ow and the
exceedance for a particular chemcal is high, are excellent

candi dates for toxicity identification evaluations (TIE). The
ability to distinguish between causative factors of toxicity is
enhanced when nultiple chem cals are not involved. Stations Naval
Base O7(x1), 12 Swartz (Downtown Anchorage), and the San Di ego

Ri ver, where high chl ordane concentrations are found, are well
suited for TIE manipul ati ons which would attenpt to test this
organi c pesticide as the causative toxicity agent. The Naval
Base/ Shi pyard OLO(x6) station, which only denonstrates ERM or PEL
exceedances for trace netals, is well suited for nmanipul ations
whi ch could renove netal toxicity (e.g., EDTA additions).
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Several chem cals of concern identified in the San D ego Bay
regi on have been shown to bioconcentrate and bi omagnify in the

ti ssues of marine species. A tissue contam nation study for

I i pophilic compounds such as PCBs, chlordane, and possibly

met hyl mercury is recomended to address human heal th concerns due
to consunption of inpacted resident species. This |ine of

i nvestigation seens necessary considering tissue contam nation is
the only BPTCP criterion not investigated during this study.

Al t hough specific stations are identified as having a high
probability of causing adverse effects, no attenpt can be nmade to
define the boundaries of the inpacted area. Sanpling specifically
designed to quantify areal extent of an inpacted area nust be
addressed during intensive site characterizations.
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.  OVERVI EW OF THE BAY PROTECTI ON PROGRAM

The California State Water Resources Control Board (SWRCB) has
contracted the California Departnent of Fish and Gane (CDFG to
coordinate the scientific aspects of the Bay Protection and Toxic
Cl eanup Program (BPTCP), a SWRCB program mandat ed by the
California Legislature. The BPTCP is a conprehensive, long-term
effort to regulate toxic pollutants in California's encl osed bays
and estuaries. The programconsists of both short-term and | ong-
termactivities. The short-termactivities include the
identification and priority ranking of toxic hot spots,

devel opment and i npl enentation of regional nonitoring prograns
designed to identify toxic hot spots, devel opnent of narrative
sedi nent quality objectives, devel opnent and i npl enentation of

cl eanup plans, revision of waste discharge requirenents as needed
to alleviate inpacts of toxic pollutants, and devel opnent of a
conprehensi ve dat abase containing information pertinent to

descri bing and managi ng toxic hot spots. The long-term
activities include devel opment of nuneric sedinment quality

obj ectives; devel opnent and inplenentation of strategies to
prevent the formation of new toxic hot spots and to reduce the
severity of effects fromexisting toxic hot spots; revision of
water quality control plans, cleanup plans, and nonitoring
prograns; and mai nt enance of the conprehensi ve dat abase.

Actual field and | aboratory work is performed under contract by
the California Departnent of Fish and Ganme (CDFG. The CDFG
subcontracts the toxicity testing to Dr. Ron Tjeerdema at the
University of California at Santa Cruz (UCSC) and the | aboratory
testing is perforned at the CDFG toxicity testing | aboratory at
Granite Canyon, south of Carnmel. The CDFG contracts the majority
of the sanple collection activities to Dr. John Aiver of San
Jose State University at the Mdss Landi ng Marine Laboratories
(McM.) in Moss Landing. Dr. diver also is subcontracted to
performthe TOC and grain size anal yses, as well as to perform
the benthic community anal yses. CDFG personnel performthe trace
netal s anal yses at the trace netals facility at Moss Landi ng
Marine Laboratories in Mdss Landing. The synthetic organic
pestici des, PAHs and PCBs are contracted by CDFG to Dr. Ron
Tjeerdema at the UCSC trace organics facility at Long Marine
Laboratory in Santa Cruz. MM currently maintains the Bay
Protection and Toxi c C eanup Database for the SWRCB. Descri bed
bel ow is a description of that database system

1. DESCRI PTI ON OF COVWPUTER FI LES

The sanple collection/field information, chem cal, and toxicity
data are stored on hard copy, conputer disks and on a 486DX PC at
Moss Landi ng Marine Laboratories. Access is limted to Russel
Fairey. Contact Russell Fairey at (408) 633-6035 for copies of
data. The data are stored in a dBase 4 program and can be
exported to a variety of formats. There are three backups of
this database stored in two different |aboratories. The data are
entered into 1 of 2 files. REGCHEM DBF file contains all the
collection and chemi cal data. RE®TOX DBF file contains all the
collection and toxicity test data. A hardcopy printout of the
dBase dat abase structure is attached, show ng precise
characteristics of each field.



The REGOCHEM DBF file is the chem stry data file which contains
the followng fields (the nunber at the start of each field is
the field nunber):

1. STANUM This nunmeric field is 7 characters wide with 1
deci mal place and contains the CDFG station nunbers that are used
statewide. The format is YXXXX. Z where Y is the Regional Water
Quality Control Board Regi on nunmber and XXXX is the nunber that
corresponds to a given location or site and Z is the nunber of
the station wthin that site. An exanple is Wst Basin in San
Di ego Harbor where the STANUM is 90050.0. The 9 indicates Region
9. The 0050 indicates that it is Site 50 and the .0 is the
replicate (if any) at the station within Site 50.

2. STATI ON. This character field is 30 characters w de and
contai ns the exact nane of the station.

3. IDORG  This nuneric field is 8 characters w de and
contains the unique i.d. organi zational nunber for the sanple.
For each station collected on a unique date, an idorg sanple
nunber is assigned. This should be the field that |inks the
collection, toxicity, chem cal, and other data bases.

4. DATE. This date field is 8 characters long and is the
date that each sanple was collected in the field. It is listed
as MM DDY YY.

5. LEG This nunmeric field is 6 characters wde and is the

| eg nunber of the project in which the sanple was coll ect ed.

6. LATI TUDE. This character field is 12 characters w de and
contains the latitude of the center of the station sanpl ed. The
format is a character field as follows: XX YY,ZZ where XX is in
degrees, YY is in mnutes, and ZZ is in seconds or hundreds.

7. LONG TUDE. This character field is 14 characters
w de and contains the
| ongi tude of the center of the station sanpled. The
format is a character field as follows: XX YY, ZZ,
where XXX is in degrees, YY is in mnutes, and ZZ is
in seconds or hundreds.

8. G SLAT. This nunmeric field is 12 characters wide with 8
deci mal places and contains the |atitude of the station sanpled
i n Geographical Information Systemformat. The format is a
nunmeric field as follows: XX YYYYYYYY, where XX is in degrees
and YYYYYYYY is a decinmal fraction of the precedi ng degree.

9. G SLONG This character field is 14 characters wide with
8 deci mal places and contains the |ongitude of the station

sanpl ed. The format is a character field as foll ows:

XXXX. YYYYYYYY where XXXX is in degrees and YYYYYYYY is a deci nmal
fraction of the precedi ng degree.

10. HUND SECS. This character is 1 character w de and
contains the designation "h" if the latitude and | ongitude are



given in degrees, mnutes and hundredths of a mnute. The
designation "s" is given when |atitude and | ongitude are given in
degrees, mnutes and seconds.

11. DEPTH. This character field is 4 characters w de and
contains the depth at which the sedi nent sanple was collected, in
meters to the nearest one half neter.

12. METADATA. This is an index directing the user to tables
or files of ancillary data pertinent to associated test.
Character field, width 12.

TRACE METALS I N SEDI MENT are presented in fields 13 through 32.
Al sedinment trace nmetal results are reported on a dry wei ght

basis in parts per mllion (ppm.
A. Wien the value is mssing or not analyzed, the value is
reported as "-9.0" = not anal yzed.
B. Wien the value is less than the detection Iimt of the
anal ytical test, the value is reported as "-8.0" = not
det ect ed.

Sedi ment trace netals are nuneric fields of varying character
wi dth, and including the following elenents, listed by field
nunber, then field name as it appears in the database, then
numeri c character wi dth and nunber of decinmal places:

13. TMMO ST. 6.2
14. ALUM NUM 9.2
15.  ANTI MONY. 7.3
16. ARSEN C. 3
17. CADM UM 4
18. CHROM UM

19. COPPER. 7.
20. | RON 7.1
21. LEAD. 6.3

22. NMANGANESE. 7.2
23. MERCURY. 7.4
24. N CKEL. 7.3
25. Sl LVER 7.4
26. SELEN UM 6.3

27. TIN. 8.4

28. ZINC 9.4

29. ASBATCH. 5.1

30. SEBATCH. 5.1

31. TMBATCH. The Batch nunber that the sanple was digested

in, numeric character width 5 and 1 deci nal pl aces.

32. TNDATACC. Data qualifier codes are notations used by
dat a reviewers to
briefly describe, or qualify data and the systens
produci ng data, nuneric character width 3. Data
qualifier codes are as follows:

A. Wen the sanple neets or exceeds the control criteria
requirenents,
the value is reported as "-4".
B. When the sanple has m nor exceedances of control criteria



but is generally usable for nost assessnents and reporting

pur poses, the value is reported as "-5". For sanples coded "-5"
it is recoomended that if assessnents are nade that are
especially sensitive or critical, QA evaluations should be
consul ted before using the data.

C. Wen QA sanpl es have mmj or exceedances of contro
requi renents and the data are not usable for nost
assessnents and reporting purposes, the value is reported
as "-6".

D. Wien the sanple has m nor exceedances of contro

criteriaand is unlikely to affect assessnments, the value is
reported as -3.

criteria

SYNTHETI C ORGANICS are presented in fields 33 through 147. Al
synthetic organic results are reported on a dry weight basis in
parts per billion (ppb or ng/qg).
A. Wien the value is mssing or not analyzed, the value is
reported as "-9.0" = not anal yzed.
B. Wien the value is less than the detection Iimt of the
anal ytical test, the value is reported as "-8.0" = not
det ect ed.

Synthetic organics are reported on a dry weight basis in parts
per billion (ppb or ng/g) and are nuneric fields of varying
character width, and include the follow ng conpounds, |isted by
field nunber, then field name as it appears in database (and
foll owed by the conpound nanme if not obvious), and then finally,
the nuneric character wi dth and nunber of decimal places is

gi ven:

33. SOVEI GHT. This nunmeric field is 6 characters wide with 2
deci mal places and contains the wei ght of the sanple extracted
for anal ysis.

34. SOMJ ST. This nunmeric field is 6 characters wide with 2
deci mal places and contains the percent noisture of the sanple
extract ed.

35. ALDRIN. 9.3

36. CCHLOR cis-Chl ordane. 9.3

37. TCHLOR trans-Chl ordane. 9.3

38. ACDEN. al pha- Chl ordene. 9.3

39. GCDEN. gamma- Chl ordene. 9.3

40. CLPYR  Chl orpyrifos. 8.2

41. DACTH. Dacthal. 9.3

42. OPDDD. o, p'-DDD. 8.2

43. PPDDD. p, p'-DDD. 9.3

44, OPDDE. o, p'-DDE. 8.2

45. PPDDE. p, p' - DDE. 8.2

46. PPDDMVS. p, p' - DDIVS. 8.2

47. PPDDMJ. p, p' - DDMU. 8.2

48. OPDDT. o, p'-DDT. 8.2

49. PPDDT. p,p'-DDT. 8.2

50. DICLB. p,p'-Di chlorobenzophenone. 8.2

51. DI ELDRI N. 9.3

52. ENDO I. Endosulfan I. 9.3

53. ENDO II. Endosulfan II. 8.2

54, ESO4. Endosulfan sulfate. 8.2



ENDRI N. 8.2

ETHI ON. 8.2

HCHA. alpha HCH 9.3
HCHB. beta HCH 8.2
HCHG  gamma HCH (Lin
HCHD. delta HCH 9.3
HEPTACHLOR. 9.3

HE. Heptachl or Epoxi de. 9.3
HCB. Hexachl or obenzene. 9.3
METHOXY.  Met hoxychl or. 8.2
M REX. 9.3

CNONA.  ci s- Nonachl or. 9.3
TNONA. trans-nonachl or. 9.3
OXAD. Oxadi azon. 8.2

OCDAN.  Oxychl or dane. 9.3
TOXAPH. Toxaphene. 7.2

PESBATCH. The bat ch nunber that the sanple was
nuneric

extracted in,
character width 6 and 2 deci nal
TBT. tributyltin., 8.4

TBTBATCH. The batch nunber that the sanple was
nuneric

extracted in,
character width 5 and 1 deci nal

PCBS. 9.3

PCBS. 9.3

PCB15. 9.3
PCB18. 9.3
PCB27. 9.3
PCB28. 9.3
PCB29. 9.3
PCB31. 9.3
PCB44. 9.3
PCB49. 9.3
PCB52. 9.3
PCB66. 9.3
PCB70. 9.3
PCB74. 9.3
PCB87. 9.3
PCB95. 9.3
PCB97. 9.3
PCB99. 9.3
PCB101. 9.3
PCB105. 9.3
PCB110O. 9.3
PCB118. 9.3
PCB128. 9.3
PCB132. 9.3
PCB137. 9.3
PCB138. 9.3
PCB149. 9.3
PCB151. 9.3
PCB153. 9.3
PCB156. 9.3
PCB157. 9.3
PCB158. 9.3
PCB170. 9.3
PCB174. 9.3

dane) 9.
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108. PCB177. 9.3
109. PCB180. 9.3
110. PCB183. 9.3
111. PCB187. 9.3
112. PCB189. 9.3
113. PCB194. 9.3
114. PCB195. 9.3
115. PCB201. 9.3
116. PCB203. 9.3
117. PCB206. 9.3
118. PCB209 9.3

119. PCBBATCH. The batch nunber that the sanple was extracted
in, numeric character width 6 and 2 deci nmal place.

120. ARGCbH460. 9.3

121. ACY. Acenaphthyl ene. 8.2
122. ACE. Acenapht hene. 8.2

123. ANT. Anthracene. 8.2

124. BAA. Benz[ a] ant hracene. 8.2
125. BAP. Benzo[ a] pyrene. 8.2
126. BBF. Benzo[ b]fl uoranthrene.
127. BKF. Benzo[ k] fl uoranthrene.
128. BGP. Benzo[ ghi]peryl ene. 8.2
129. BEP. Benzo[e] pyrene. 8.2
130. BPH. Bi phenyl. 8.2

131. CHR  Chrysene. 8.2

8.2
8.2

132. DBA. D benz[a, h] ant hracene. 8.2
133. DWN. 2, 6- D net hyl napht hal ene. 8.2
134. FLA. Fluoranthrene. 8.2

135. FLU. Fl uorene. 8.2

136. IND. Indo[1, 2, 3-cd]pyrene. 8.2
137. MNP1. 1-Met hyl napht hal ene. 8.2
138. MNP2. 2- Met hyl napht hal ene. 8.2

139. MPH1. 1-Met hyl phenant hrene. 8.2
140. NPH. Napht hal ene. 8.2
141. PHN. Phenant hr ene. 8.2
142. PER  Peryl ene. 8.2
143. PYR  Pyrene. 8.2
144. TMN. 2, 3, 4-Tri net hyl napht hal ene. 8.2
145. PAHBATCH. The batch nunber that the sanple was extracted
in, numeric character width 6 and 2 deci nal pl aces.
146. SOBATCH. The batch nunber that the sanple was extracted
in, numeric character width 6 and 2 deci nal pl aces.
147. SODATAQA. Data qualifier codes are notations used by
dat a reviewers to
briefly describe, or qualify data and the systens
produci ng data, nuneric character width 3. Data
qualifier codes are as follows:
A. When the sanple neets or exceeds the control criteria
requi renents, the value is reported as "-4".
B. When the sanple has m nor exceedances of control criteria
but is generally usable for nost assessnments and reporting
pur poses, the value is reported as "-5". For sanples coded "-5"
it is recoomended that if assessnents are nade that are
especially sensitive or critical, the QA evaluations should be
consul ted before using the data.
C. Wen QA sanpl es have mmj or exceedances of control criteria
requi renents and the data are not usable for npbst assessnments and



reporting purposes, the value is reported as "-6"

D. When the sanple has m nor exceedances of control criteria
and is unlikely to affect assessnents, the value is reported as -
3.

SEDI MENT PARTI CULATE SI ZE ANALYSES DATA. Field 148, with a field
name of "FINES', represents the sedinent particulate size ("grain
size") anal yses data for each station. The grain size results
are reported as percent fines.

148. FI NES. Sedi ment grain size (percent fines) for each
station. Nuneric field, width 5 and 2 deci nal pl aces.
A. Wien the value is mssing or not analyzed, the value is

reported as "-9.0" = not anal yzed.
B. Wien the value is less than the detection Iimt of the
anal ytical test, the value is reported as "-8.0" = not detected.

149. FI NEBATCH. The batch nunber that the sanple was anal yzed
in, numeric field character width 4.

150. FI NEDATAQC. Data qualifier codes are notations used by
data reviewers to briefly describe, or qualify data and the
systens produci ng data, nuneric character width 3. Data
qgualifier codes are as foll ows:

A. Wen the sanple neets or exceeds the control criteria
requi renents, the value is reported as "-4".

B. When the sanple has m nor exceedances of control criteria
but is generally usable for nost assessnments and reporting
pur poses, the value is reported as "-5". For sanples coded "-5"
it is recoomended that if assessnents are nade that are
especially sensitive or critical, QA evaluations should be
consul ted before using the data.

C. Wen QA sanpl es have mmj or exceedances of control criteria
requi renents and the data are not usable for npbst assessnents and
reporting purposes, the value is reported as "-6"

D. When the sanple has m nor exceedances of control criteria
and is unlikely to affect assessnents, the value is reported as -
3.

SEDI MENT TOTAL ORGANI C CARBON ( TOC) ANALYSES DATA. Field 151
presents the levels of total organic carbon detected in the
sedi rent sanples at each station. Al TOC results are reported
as percent of dry weight.

151. TOC. Total Organic Carbon (TOC) |evels (percent of dry
wei ght) in sedinent, for each station. Nuneric field, width 6
and 2 deci mal places.

A. When the value is mssing or not analyzed, the value is

reported as "-9.0" = not anal yzed.
B. Wien the value is less than the detection Iimt of the
anal ytical test, the value is reported as "-8.0" = not detected.

152. TOCBATCH. The batch nunber that the sanple was anal yzed
in, numeric field character width 4.
153. TOCDATAQC. Data qualifier codes are notations used by data
reviewers to briefly describe, or qualify data and the systens
produci ng data, nuneric character width 3. Data qualifier codes
are as follows:

A. When the sanple neets or exceeds the control criteria



requi renents, the value is reported as "-4".

B. When the sanple has m nor exceedances of control criteria
but is generally usable for nost assessnents and reporting
pur poses, the value is reported as "-5". For sanples coded "-5"
it is recoomended that if assessnents are nade that are
especially sensitive or critical, the QA evaluations should be
consul ted before using the data.

C. Wen QA sanpl es have mmj or exceedances of control criteria
requi renents and the data are not usable for npbst assessnents and
reporting purposes, the value is reported as "-6"

D. When the sanple has m nor exceedances of control criteria
and is unlikely to affect assessnents, the value is reported as -
3.

The REGITOX. DBF file is the toxicity data file which contains the
following fields (the nunber at the start of each field is the
field nunber:
1. STANUM This nunmeric field is 7 characters wide with 1
deci mal place and contains the CDFG station nunbers that are used
statewide. The format is YXXXX. Z where Y is the Regional Water
Quality Control Board Regi on number and XXXX is the nunber that
corresponds to a given location or site and Z is the nunber of
the station wthin that site. An exanple is Wst Basin in San
Di ego Harbor where the STANUM is 90050.0. The 9 indicates Region
9. The 0050 indicates that it is Site 50 and the .0 is the
replicate (if any) at the station within Site 50.
2. STATI ON. This character field is 30 characters w de and
contains the exact name of the station.
3. | DORG. This nunmeric field is 8 characters wide with 1
deci mal place and contains the unique i.d. organizational nunber
for the sanple. For each station collected on a unique date, an
i dorg sanple nunber is assigned. This should be the field that
links the collection, toxicity, chem cal, and other data bases.
4. DATE. This date field is 8 characters long and is the

date that each sanple was collected in the field. It

is listed as MV DD/ YY.

5. LEG This nuneric field is 6 characters wide and is the
| eg nunber of the project in which the sanple was coll ect ed.
6. TYPE. This character field is 7 characters w de and

descri bes whether the sanple was a field sanple, replicate or
control

7. VETADATA. This is an index directing the user to tables

or files of ancillary data pertinent to associated test.

Character field, width 12.

8. CTRL. This character field is 5 characters w de and

descri bes the type of control being used.

9. LATI TUDE. This character field is 12 characters w de and
contains the latitude of the center of the station sanpled. The
format is a character field as follows: XX YY,ZZ, where XX is in
degrees, YY is in mnutes, and ZZ is in seconds or hundreds.

10. LONG TUDE. This character field is 14 characters w de and
contains the longitude of the center of the station sanpled. The
format is a character field as follows: XX YY,ZZ, where XXX is
in degrees, YY is in mnutes, and ZZ is in seconds or hundreds.
11. G SLAT. This nunmeric field is 12 characters wide with 8
deci mal places and contains the |atitude of the station sanpled



i n Geographical Information Systemformat. The format is a
nunmeric field as follows: XX YYYYYYYY, where XX is in degrees
and YYYYYYYY is a decimal fraction of the precedi ng degree.
12. G SLONG This character field is 14 characters w de
with 8 decimal places and contains the |ongitude of
the station sanpl ed. The format is a character field
as follows: XXXX YYYYYYYY where XXXX is in degrees
and YYYYYYYY is a decinmal fraction of the preceding
degr ee.

AVPHI PCD SURVI VAL TOXI CI TY TEST DATA. The followi ng are
descriptions of the field headings for the anphi pod (Rhepoxyni us
abronius (RA), presented in fields 13 through 24.

13. RA_M\ Stati on nmean percent survival. Nuneric field,
width 6 and 2 deci mal pl aces.
14. RA _SD. Station standard devi ati on of percent survival.

Nuneric field, width 6 and 2 deci nal pl aces.

15. RA _SG Station statistical significance,
representing the significance of the statistical test
bet ween the hone sedi nent and the sanple. A single *
represents significance at the .05 | evel, and double
** represents significance at the .01 level. ns = not
statistically significant. Character field, width 5.

16. RASI TE_MN. Stati on nean percent survival for
replicate of three, when appropriate. Nuneric field,
width 6 and 2 deci mal pl aces.

17. RASI TE_SD. Station standard devi ati on of percent
survival for replicate of three, when appropriate.
Nuneric field, width 6 and 2 deci mal pl aces.

18. RASITE_SG Station statistical significance,
representing the significance of the statistical test
bet ween the hone sedi nent and the sanple. A single *
represents significance at the .05 | evel, and double
** represents significance at the .01 level. ns = not
statistically significant. Character field, width 5.

19. RA OTNH3. Total ammoni a concentration (nmg/L in
water) in overlying water (water above bedded sedi nent
used for anphipod tests) for each station anal yzed
usi ng anphi pod toxicity tests. Wen the value is
m ssing or not analyzed, the value is reported as

9.0" = not analyzed. Wen the value is less than the
detection limt of the analytical test, the value is
reported as "-8.0" = not detected. Nuneric field,

width 7 and 3 deci mal pl aces.
20. RA_QUNHS. Uni oni zed ammonia concentration (ng/L in
water) in overlying water (water above bedded sedi nent used for
anphi pod tests) for each station anal yzed usi ng anphi pod toxicity
tests. Wen the value is mssing or not analyzed, the value is

reported as "-9.0" = not anal yzed. Wen the value is | ess than
the detection Iimt of the analytical test, the value is reported
as "-8.0" = not detected. MNuneric field, wdth 7 and 3 deci nal

pl aces.

21. RA _OH2S. Hydr ogen sul fide concentration (ng/L in
water) in overlying water (water above bedded sedi nent
used for anphipod tests) for each station anal yzed
usi ng anphi pod toxicity tests. Wen the value is



m ssing or not analyzed, the value is reported as

9.0" = not analyzed. Wen the value is |ess than the

detection limt of the analytical test, the value is

reported as "-8.0" = not detected. Nuneric field,

width 7 and 4 deci mal pl aces.
22. RA I TNHS. Total ammoni a concentration (ng/L in water) in
interstitial water (water above bedded sedi nent used for anphi pod
tests) for each station anal yzed using anphi pod toxicity tests.
When the value is missing or not anal yzed, the value is reported
as "-9.0" = not analyzed. When the value is less than the
detection limt of the analytical test, the value is reported as
"-8.0" = not detected. Nunmeric field, width 10 and 3 deci nal
pl aces.
23.  RA_I UNHS. Uni oni zed ammonia concentration (ng/L in
water) interstitial water (water wi thin bedded sedi ment used for
anphi pod tests) for each station anal yzed usi ng anphi pod toxicity
tests. Wen the value is mssing or not analyzed, the value is
reported as "9.0" = not analyzed. Wien the value is |less than the
detection limt of the analytical test, the value is reported as
"-8.0" = not detected. Nunmeric field, width 10 and 3 deci nal
pl aces.
24. RA I HzS. Hydr ogen sul fide concentration (ng/L in

water) in interstitial water (water w thin bedded

sedi ment used for anphi pod tests) for each station

anal yzed usi ng anphipod toxicity tests. When t he

value is mssing or not analyzed, the value is

reported as "-9.0" = not analyzed. When the value is
| ess than the detection Iimt of the analytical test,
the value is reported as "-8.0" = not detected.

Nuneric field, width 10 and 4 deci mal pl aces.

25. RABATCH. The batch nunber that the sanple were run
in, numeric character w dth 10.

26. RADATACC. Data qualifier codes are notations used by
data reviewers to briefly describe, or qualify data
and the systens producing data, nuneric character
width 4. Data qualifier codes are as follows:

A. When the sanple neets or exceeds the control criteria

requi renents, the value is reported as "-4".

When the sanpl e has m nor exceedances of contro

criteria but is generally usable for nost assessnents

and reporting purposes, the value is reported as "-5".
For sanples coded "-5" it is recomended that if

assessnents are nade that are especially sensitive or

critical, the QA evaluations should be consulted

bef ore using the data.

C. Wen the QA sanple has maj or exceedances of contro
criteria requirenents and the data is not usable for nost
assessnments and reporting purposes, the value is reported as
"-6".

D. Wien the sanple has m nor exceedances of contro

criteria and is unlikely to affect assessnents, the
value is reported as -3.

ABALONE LARVAL SHELL DEVELOPMENT TOXI CI TY TEST DATA. The
foll owi ng are descriptions of the field headings for the |arval
(Haliotis rufescens) shell devel opnent toxicity tests, presented
in fields 27 through 30. Results are given for undil uted




subsurface water (1009%.

27. HRS100_IWN. Stati on nean percent normal devel opnment in
100% subsurface water. Nuneric field, wwdth 6 and 2 deci na
pl aces.

28. HRS100_SD. Stati on standard devi ati on of percent
nor mal devel opnment in 100% subsurface water. Nuneric
field, wwdth 6 and 2 deci mal pl aces.

29. HRS100_SG Station statistical significance,
representing the significance of the statistical test
bet ween the hone sedi nent and the sanple. A single *
represents significance at the .05 | evel, and double
** represents significance at the .01 level. ns = not
statistically significant. Character field, width 5.

30. HRS100_NHS. Uni oni zed anmoni a concentration (ng/L in
water) in subsurface water for each station anal yzed
in abalone toxicity tests. Wen the value is m ssing
or not analyzed, the value is reported as "-9.0" = not
anal yzed. When the value is |less than the detection
limt of the analytical test, the value is reported as
"-8.0" = not detected. Numeric field, width 6 and 3
deci mal pl aces.

The follow ng are descriptions of the field headings for the sea
urchin (Strongyl ocentrotus purpuratus) fertilization toxicity
tests, presented in fields 31 through 41. Results are given for
undi l uted pore water (100% pore water), pore water that is
diluted with Ganite Canyon seawater to a 50% of origina
concentration (50% pore water), and pore water that is diluted
with Granite Canyon seawater to a 25% of original concentration
(25% pore water).

31. SPPF100_IMN. Station nean percent fertilization in
100% pore water. Numeric field, width 6 and 2 deci nal
pl aces.

32. SPPF100_SD. Stati on standard devi ati on of percent
fertilization in 100% pore water. Nuneric field, width
6 and 2 deci mal places.

33. SPPF100_SG Station statistical significance,
representing the significance of the statistical test
bet ween the hone sedi nent and the sanple. A single *
represents significance at the .05 | evel, and double
** represents significance at the .01 level. ns = not
statistically significant. Character field, width 5.

34. SPPF100NHS. Uni oni zed anmoni a concentration (ng/L in
water) in pore water sanples (100%9. Wen the val ue
is mssing or not analyzed, the value is reported as

"-9.0" = not analyzed. Wen the value is |ess than
the detection limt of the analytical test, the val ue
is reported as "-8.0" = not detected. Nuneric field,

width 7 and 3 deci mal pl aces.

35. SPPF100HZ2S. Hydr ogen sul fide concentration (ng/L in
water) in pore water sanples (100% . Wen the value is
m ssing or not analyzed, the value is reported as "-
9.0" = not analyzed. Wen the value is |ess than the
detection limt of the analytical test, the value is
reported as "-8.0"= not detected. Nuneric field,



width 7 and 4 deci mal pl aces.

36. SPPF50_IWN. Station nean percent fertilization in 50%
pore water. Nuneric field, width 6 and 2 deci mal
pl aces.

37. SPPF50_SD. Station standard deviation of %
fertilization in 50% pore water. Nunmeric field, width
6 and 2 deci mal places.

38. SPPF50_SG Station statistical significance,
representing the significance of the statistical test
bet ween the hone sedi nent and the sanple. A single *
represents significance at the .05 | evel, and double
** represents significance at the .01 level. ns = not
statistically significant. Character field, width 5.

39. SPPF25_IWN. Station nean percent fertilization in 25%
pore water. Nuneric field, wdth 6 and 2 deci nal
pl aces.

40. SPPF25_SD. Station standard devi ati on of percent
fertilization in 25% pore water. Nuneric field, width
6 and 2 deci mal places.

41. SPPF25_SG Station statistical significance,
representing the significance of the statistical test
bet ween the hone sedi nent and the sanple. A single *
represents significance at the .05 | evel, and double
** represents significance at the .01 level. ns = not
statistically significant. Character field, width 5.

The follow ng are descriptions of the field headings for the sea
urchin enbryo (Strongyl ocentrotus purpuratus) devel opnent tests,
presented in fields 42 through 54. Results are given for
undi | uted pore water (100% pore water), pore water that is
diluted with Granite Canyon seawater to a 50% of origina
concentration (50% pore water), and porewater that is diluted
with Granite Canyon seawater to a 25% of original concentration
(25% pore water).

42. SPPD100_IWN. Stati on nmean percent normal devel opnent
in 100% pore water. Nuneric field, wwdth 6 and 2
deci mal pl aces.

43. SPPD100_SD. Stati on standard devi ati on of percent
nor mal devel opment in 100% pore water. Numeric field,
width 6 and 2 deci mal pl aces.

44. SPPD100_SG Station statistical significance,
representing the significance of the statistical test
bet ween the hone sedi nent and the sanple. A single *
represents significance at the .05 | evel, and double
** represents significance at the .01 level. ns = not
statistically significant. Character field, width 5.

45.  SPPD100NHS3. Uni oni zed anmoni a concentration (ng/L in
water) in pore water sanples (100%9. Wen the val ue
is mssing or not analyzed, the value is reported as

"-9.0" = not analyzed. Wen the value is |ess than
the detection limt of the analytical test, the val ue
is reported as "-8.0" = not detected. Nunmeric field,

width 7 and 3 deci mal pl aces.

46. SPPD100HZS. Hydr ogen sul fide concentration (ng/L in
water) in pore water sanples (100% . Wen the value is
m ssing or not analyzed, the value is reported as "-



47.

48.

49.

50.

51.

52.

53.
54.

9.0" = not analyzed. Wen the value is |less than the
detection limt of the analytical test, the value is

reported as "-8.0"= not detected. Nuneric field,
width 7 and 4 deci mal pl aces.
SPPD50_MN. Stati on nmean percent normal devel opnent

in 50% pore water. Nuneric field, wwdth 6 and 2

deci mal pl aces.

SPPD50_SD. Stati on standard devi ati on of percent
nor mal devel opnent in 50% pore water. Nuneric field,
width 6 and 2 deci mal pl aces.

SPPD50_SG. Station statistical significance,
representing the significance of the statistical test
bet ween the hone sedi nent and the sanple. A single *
represents significance at the .05 | evel, and double

** represents significance at the .01 level. ns = not
statistically significant. Character field, width 5.
SPPD25 _MN. Stati on nmean percent normal devel opnent

in 25% pore water. Nuneric field, wdth 6 and 2

deci mal pl aces.

SPPD25_SD. Station standard devi ati on of percent

nor mal devel opnent in 25% pore water. Nuneric field,

width 6 and 2 deci mal pl aces.

SPPD25_SG. Station statistical significance,

representing the significance of the statistical test

bet ween the hone sedi nent and the sanple. A single *

represents significance at the .05 | evel, and double

** represents significance at the .01 level. ns = not

statistically significant. Character field, width 5.

SPPDBATCH. The batch nunber that the sanples were

anal yzed in, nuneric character w dth 10.

SPPDQC. Data qualifier codes are notations used by

data reviewers to briefly describe, or qualify data

and the systens producing data, nuneric character

width 3. Data qualifier codes are as follows:

When the sanple neets or exceeds the control criteria

requi renents, the value is reported as "-4".

When the sanpl e has m nor exceedances of contro

criteria but is generally usable for nost assessnents

and reporting purposes, the value is reported as "-5".
For sanples coded "-5" it is recomended that if

assessnents are nade that are especially sensitive or

critical, the QA evaluations should be consulted

bef ore using the data.

When the QA sanpl e has maj or exceedances of control

criteria requirenents and the data is not usable for

nost assessnents and reporting purposes, the value is

reported as "-6".

When the sanpl e has m nor exceedances of contro

criteria and is unlikely to affect assessnents, the

value is reported as -3.

The follow ng are descriptions of the field headings for the sea
urchin enbryo (Strongyl ocentrotus purpuratus) cytogenetic tests,
presented in fields 55 through 59. Results are given for
undi | uted pore water (100% pore water).

55.

SPPC100_IMN. Station nmean percent normal mtosis in



100% pore water. Nuneric field, width 6 and 2 deci nal
pl aces.

56. SPPC100_SD. Stati on standard devi ati on of percent
normal mtosis in 100% pore water. Nunmeric field,
width 6 and 2 deci mal pl aces.

57. SPPC100_SG Station statistical significance,
representing the significance of the statistical test
bet ween the hone sedi nent and the sanple. A single *
represents significance at the .05 | evel, and double
** represents significance at the .01 level. ns = not
statistically significant. Character field, width 6.

58. SPPC100NHS. Uni oni zed anmoni a concentration (ng/L in
water) in pore water sanples (100%9. Wen the val ue
is mssing or not analyzed, the value is reported as

"-9.0" = not analyzed. Wen the value is |ess than
the detection limt of the analytical test, the val ue
is reported as "-8.0" = not detected. Nunmeric field,

width 6 and 3 deci mal pl aces.

59. SPPC100HZ2S. Hydr ogen sul fide concentration (ng/L in
water) in pore water sanples (100% . Wen the value is
m ssing or not analyzed, the value is reported as "-

9.0" = not analyzed. Wen the value is |ess than the
detection limt of the analytical test, the value is
reported as "-8.0"= not detected. Nuneric field,

width 7 and 4 deci mal pl aces.

MUSSEL LARVAL SHELL DEVELOPMENT TOXI CI TY TEST DATA. The
foll owi ng are descriptions of the field headings for the |arval
(Mytilus edulis) shell devel opnent toxicity tests, presented in
fields 60 through 63. Results are given for undiluted subsurface
wat er (1009 .

60. MES100_IWN. Stati on nmean percent normal devel opnment
in 100% subsurface water. Nuneric field, wdth 6 and
2 deci mal pl aces.

61. MES100_SD. Station standard devi ati on of percent
nor mal devel opnent in 100% subsurface water. Nuneric
field, wwdth 6 and 2 deci mal pl aces.

62. MES100_SG Station statistical significance,
representing the significance of the statistical test
bet ween the hone sedi nent and the sanple. A single *
represents significance at the .05 | evel, and double
** represents significance at the .01 level. ns = not
statistically significant. Character field, width 5.

63. MES100_NH3. Uni oni zed anmoni a concentration (ng/L in
water) in subsurface water. When the value is m ssing
or not analyzed, the value is reported as "-9.0" = not
anal yzed. Wen the value is | ess than the detection
limt of the analytical test, the value is reported as
"-8.0" = not detected. Nuneric field, wwdth 6 and 3
deci mal pl aces.

The follow ng are descriptions of the field headings for the
larval (Mytilus edulis) shell devel opnent toxicity tests,
presented in fields 64 through 68. Results are given for
undi | uted pore water (100% pore water).




64. MEP100_IWN. Stati on nean percent normal devel opnent
in 100% pore water. Nuneric field, width 6 and 2
deci mal pl aces.

65. MEP100_SD. Stati on standard devi ati on of percent
nor mal devel opment in 100% pore water. Nunmeric field,
width 6 and 2 deci mal pl aces.

66. MEP100_SG Station statistical significance,
representing the significance of the statistical test
bet ween the hone sedi nent and the sanple. A single *
represents significance at the .05 | evel, and double
** represents significance at the .01 level. ns = not
statistically significant. Character field, width 5.

67. MEP100_NH3. Uni oni zed anmoni a concentration (ng/L in
water) in pore water sanples (100%9. Wen the val ue
is mssing or not analyzed, the value is reported as

"-9.0" = not analyzed. Wen the value is |less than the
detection limt of the analytical test, the value is
reported as "-8.0" = not detected. Nuneric field,

width 6 and 3 deci mal pl aces.

68. MEP100_H2S. Hydr ogen sul fide concentration (nmg/L in
water) in pore water sanples (100%9. Wen the val ue
is mssing or not analyzed, the value is reported as
"-9.0" = not analyzed. Wen the value is |ess than
the detection limt of the analytical test, the val ue
is reported as "-8.0"= not detected. Nunmeric field,
width 7 and 4 deci mal pl aces.

POLYCHAETE SURVI VAL TOXI CI TY TEST DATA. The follow ng are
descriptions of the field headings for the pol ychaete worm
(Neant hes arenaceodentata) survival toxicity tests, presented in
fields 69 through 71.

69. NASURV_IWN. Station nean percent survival. Nuneric
field, wwdth 6 and 2 deci nmal pl aces.

70. NASURV_SD. Station standard devi ation of % survival
Nuneric field, width 6 and 2 deci mal pl aces.

71. NASURV_SG Station statistical significance,
representing the significance of the statistical test
bet ween the hone sedi nent and the sanple. A single *
represents significance at the .05 | evel, and double
** represents significance at the .01 level. ns = not
statistically significant. Character field, width 5.

POLYCHAETE WEI GHT TOXI CI TY TEST DATA. The followi ng are
descriptions of the field headings for the pol ychaete worm
(Neant hes arenaceodentata) weight toxicity tests, presented in
fields 72 through 80.

72.  NAW_WN. Station nmean weight (gm). Nuneric field,
width 6 and 2 deci mal pl aces.

73. NAW_SD. Station standard devi ati on of weight (gm.
Nuneric field, width 6 and 2 deci mal pl aces.

74. NAW_SG Station statistical significance,
representing the significance of the statistical test
bet ween the hone sedi nent and the sanple. A single *
represents significance at the .05 |level, and doubl e
** represents significance at the .01 level. ns = not



75.

76.

77.

78.

79.

80.

statistically significant. Character field, width 5.
NA OTNH3. Total ammonia concentration (ng/L in
water) in overlying water (water above bedded

sedi ment used for polychaete tests) for each station
anal yzed usi ng polychaete toxicity tests. Wen the
value is mssing or not analyzed, the value is
reported as "-9.0" = not anal yzed. Wen the value is

| ess than the detection [imt of the analytical test,
the value is reported as "-8.0" = not detected.
Nuneric field, width 7 and 3 deci mal pl aces.

NA OUNH3. Uni oni zed ammonia concentration (ng/L in
water) in overlying water (water above bedded sedi nent
used for polychaete tests) for each station anal yzed
usi ng pol ychaete toxicity tests. Wen the value is
m ssing or not analyzed, the value is reported as

9.0" = not analyzed. Wen the value is less than the
detection limt of the analytical test, the value is
reported as "-8.0" = not detected. Nuneric field,

width 7 and 3 deci mal pl aces.

NA COH2S. Hydr ogen sul fide concentration (ng/L in
water) in overlying water (water above bedded sedi nent
used for polychaete tests) for each station anal yzed

usi ng pol ychaete toxicity tests. When the value is
m ssing or not analyzed, the value is reported as "-
9.0" = not analyzed. Wen the value is |ess than the
detection limt of the analytical test, the value is
reported as "-8.0" = not detected. Nuneric field,

width 9 and 4 deci mal pl aces.

NA | TNH3. Total ammoni a concentration (nmg/L in
water) in interstitial water (water above bedded
sedi ment used for polychaete tests) for each station
anal yzed usi ng polychaete toxicity tests. Wen the
value is mssing or not analyzed, the value is

reported as "-9.0" = not anal yzed. Wen the value is
| ess than the detection [imt of the analytical test,
the value is reported as "-8.0" = not detected.
Nuneric field, width 9 and 3 deci mal pl aces.

NA | UNH3. Uni oni zed anmoni a concentration (ng/L in

water) in interstitial water (water w thin bedded
sedi ment used for polychaete tests) for each station
anal yzed usi ng polychaete toxicity tests. Wen the
value is mssing or not analyzed, the value is

reported as "-9.0" = not anal yzed. Wen the value is
| ess than the detection Iimt of the analytical test,
the value is reported as "-8.0" = not detected.

Nuneric field, width 9 and 3 deci mal pl aces.

NA | H2S. Hydr ogen sul fide concentration (ng/L in
water) in interstitial water (water w thin bedded

sedi ment used for anphi pod tests) for each station
anal yzed usi ng anphi pod toxicity tests. When t he
value is mssing or not analyzed, the value is

reported as "-9.0" = not analyzed. When the value is
| ess than the detection Iimt of the analytical test,
the value is reported as "-8.0" = not detected.

Nuneric field, width 9 and 4 deci mal pl aces.



CHEM CAL SUMVATI ONS AND QUOTI ENTS

In the foll owi ng section, chem cal summations (total chlordane,
total DDT, total PCBs, LMW PAHs, HWV PAHs, total PAHs) and
guotients (ERM and PEL) are presented. Beginning with sanpl es
collected during Leg 20 (June, 1993), additional analytes were
added to the standard BPTCP synthetic organic analyte |ist. These
additions were made to enable the data set to be nore conparable
with other nonitoring prograns. This included addition of

anal ytes used for some of the chem cal summati ons of the PAHs and
total chlordane. Resulting summations may be conservative for the
PAH and chl ordane data for sanples taken before Leg 20, because
sonme of the constituents could not be included.

For purposes of these sunmations, sanples which were found to
have chem cal concentrations |ess than the nethod detection limt
(-8 in Appendix A) were adjusted to a value of one-half of the
nmet hod detection limts given in the methods description. The
sumat i ons were cal cul ated as foll ows:

Total chl ordane
Leg<15 (TTL_CHLR)
Leg=15 (TTL_CHLR)
Leg>15 (TTL_CHLR)
[ cis-Nonachl or] |

I s- Chl ordane] [trans-Nonachlor])
i s- Chl ordane] [trans-Chl ordane])

c
c
ci s- Chl ordane] [trans-Chl ordane]
ans- Nonachl or] [ Oxychl ordane])

I
nwuwnm

Total DDT
Al Legs (TTL_DDT) = s ([o',p' DDD [p',p' DDD] [0',p DDE]
[p',p" DDE] [o',p" DDT] [p',p" DDT])

Total PCB

Al Legs (TTL_PCB) = s ([PCBS8] [PCB18] [PCB28] [PCB44] [PCB52]
[ PCB66] [PCBL101] [PCBl05] [PCB118] [PCB128] [PCB138] [PCB153]
[ PCB170] [ PCB180] [PCB187] [PCB195] [PCB206] [PCB209])

Low Mol ecul ar Wi ght PAHs

Leg<16 (LMNVPAH) = g ([ACE] [ANT] [BPH [DW] [FLU]
[ MNP1] [ MPHL] [PHN])

Legs16 (LMVPAH) = s ([ACE] [ACY] [ANT] [BPH [DVN] [FLU
[ MNP1] [ MNP2] [MPHL] [NPH [PHN] [TMN])

H gh Ml ecul ar Wi ght PAHs

Leg<16 (HMWPAH = s ([BAA] [BAP] [BEP] [CHR] [ DBA]
[FLA] [PER] [PYR])

Legs16 (HMW PAH) = s ([BAA] [BAP] [BBF] [BKF] [BGP] [BEP|
[CHR] [DBA] [FLA] [IND] [PER] [PYR])

Tot al PAHs
Al legs (TTL_PAH) = s ([ LMW PAH [HWN PAH|)

ERM Quoti ents and PEL Quotients were cal cul ated using summati ons
of the individual chem cals for which ERMs and PELs have been



derived (Table 5). Chem cal concentrations are divided by their
respective ERM or PEL values to obtain a specific individual

chem cal quotient (exanple 1). A value greater than one indicates
the chem cal concentration in that sanple exceeded its respective
ERM or PEL. A value of five would indicate the chem cal was five
times higher than the ERM or PEL in that sanple.

exanpl e - sanple | DORG #199 Copper concentration= 170 ng/g
PEL for copper= 108.2

Copper Q= (170 ng/g) / (108.2 ng/g) = 1.57

Summat i ons and averagi ng of the individual chem cal quotients
were calculated to give sunmary ERM Quotients (ERMQ and PEL
Quotients (PELQ . Each quotient sunmation is divided by the
nunber of analytes used in the summation (Table 5) to yield an
average summary quotient.

Summary ERM Quoti ent

ERMQ = (((ANTI MONYQ + ARSENI CQ + CADM UMQ + CHROM UMD +
COPPERQ + LEADQ + MERCURYQ + SI LVERQ + ZI NCQ + TTL_DDTQ +
TTL_CH'RQ + DI ELDRINQ + ENDRINQ + TTL_PCBQ + LMV PAHQ + HMW PAHQ)
/ 186)

Summary PEL Quoti ent

PELQ = ((ARSEN CQ + CADM UMQ + CHROM UMQ + COPPERQ

+ LEADQ + MERCURYQ + SILVERQ + ZINCQ + TTL_DDTQ +
TTL_CHLRQ + DI ELDRI NQ + LI NDANEQ + TTL_PCBQ + LMW PAHQ
+ HW PAHQ / 15)



Description of calculations for cumul ative frequency
di stributions of percent area toxic.

The followi ng identifies and describes each of the spreadsheet
colums used to generate cunul ative frequency functions for
esti mates of percent area toxic.

ldorg : lists all sanples tested for each toxicity test

prot ocol / pore water dilution.

Bl ock#: lists assigned |etter/nunber code for each area (bl ock)
based on EMAP bl ock designations. See Figure 2.

# sanples/block: lists total nunber of sanples collected in

gi ven bl ock

toxic: "1" indicates sanple toxicity based on EMAP definition
(both significant difference fromlaboratory control and toxicity
val ue <80% of control value). Blank cell indicates no significant
toxicity.

m as % of control : lists sanple toxicity neans nornalized to
percentage of the control val ue.

Area/block : Area in kn2 for block associated wth each sanple

Area/sanple : Area in kn2 represented by each sanple, calcul ated
as: Block areal/ nunber of sanples collected in given bl ock.

Areal/ sanple as % of total : Area represented by each sanple as
a percent of the total area sanpl ed.

Cum area/ sanple as % of total : Cunulative area per sanple as a
percent of the total area sanpl ed.

%total area toxic/sanple : Area represented by each toxic
sanple as a percent of the total area.

SUMS : Nunbers in this row show colum totals. Sum of

Area/ sanpl e gives total area sanpled for a given toxicity test
protocol. Sum of % of total area toxic/sanple gives the total

area defined as toxic for given test protocol /pore water
di I ution.



