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CHAPTER 1
INTRODUCTION

The Goleta Sanitary District (GSD) treatment plant operates under Clean Water Act
Section 301({h) which waives secondary freatment requirements. On November 19, 2004
the California Regional Water Quality Control Board, Central Coast Region (RWQCB),
adopted Waste Discharge Requirements (WDR) Order R3-2004-0129 and the United
States Environmental Protection Agency (EPA), Region IX issued NPDES permit CA
0348150 to the Goleta Sanitary District (GSD). A seftlement agreement was made a part
of the NPDES 301(h) waiver permit issued in 2004. The settlement agreement required

GSD to upgrade its wastewater treatment plant to full secondary treatment by November of
2014.

As required by waste discharge requirements GSD submitted an NPDES permit renewal
application to the RWQCB and the EPA in March 2015. Although GSD continues to
operate the wastewater treatment facility under the 301(h) waiver provision of the Clean
Water Act, the final full secondary tie-in of the newly built structures to the existing plant
was completed on May 15 to 16, 2013. The treatment plant is operating under WDR Order
No. R3-2010-0012 and NPDES Permit No. CA0048160 which became -effective
September 2010. January through December 2016 the plant was operating utilizing the
full secondary process.

As a condition of the NPDES permit, GSD is required to conduct an extensive monitoring
and reporting program to assess compliance with limitations established by the California
Ocean Plan and the federal Ciean Water Act. Under conditions set forth in the permit, GSD
must monitor the influent, effluent, biosolids (sludge), the outfall and diffuser, receiving
water, bottom sediment, and biology to demonstrate that the discharge of wastewater is
not causing adverse impacts on the ocean environment.

The Goleta wastewater treatment plant (WWTP) is located in an unincorporated coastal
area of Santa Barbara County, California. Treated wastewater is discharged to the Pacific
Qcean approximately one mile offshore of Goleta Beach County Park via a south-trending
acean outfall. The outfall lies within and extends outside of a small embayment formed by
Goleta Point directly to the west.

The Goleta WWTP treats wastewater from the service areas of the Goleta Sanitary District
(GSD), the Goleta West Sanitary District, the University of California at Santa Barbara, the
Santa Barbara Municipal Airport, and certain Santa Barbara County facilities. Existing
agreements among the agencies establish GSD as the owner of the joint wastewater
treatment facilities and assign the responsibility of operation and maintenance of the
facilities to GSD. However, each agency “owns”™ an ‘indeterminate, perpetual and
exclusive capacity right” in the facilittes and an “easement right of flow through” the
facilities.
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Goleta Sanitary District NPDES Menitoring Program Annual Report 2016 2

WASTEWATER TREATMENT PROCESS

The following discussion focuses on the principal features of GSD's full secondary process
of wastewater and sludge treatment. The performance capacities and characteristics of
the treatment plant are detailed in Chapter 2.

Treatment Plant Facilities

The Goleta Sanitary District Wastewater Treatment Plant is located at One William Moffett
Place, in an unincorporated area of Santa Barbara County, CA. The plant site is
approximately 10 miles west of the City of Santa Barbara, near the Pacific Coast. A
regional view of the study area is shown in Figure 1-1

On average, over the past 10 years, 2007 to 20186, the plant has discharged about 3.7
million gallons per day (MGD) of treated effluent to the open coastal waters of the Santa
Barbara Channel via an ocean outfall. The treatment plant is currently discharging
municipal wastewater in accordance with NPDES permit CA 0048160, The treatment
plant's discharge meets the state water quality standards as set forth in the Water Quality
Control Plan for Ocean Waters of California (California Ocean plan} and the federal Clean
Water Act.

Facilities Description

The Goleta wastewater treatment plant underwent it's first substantial upgrade completed
in June 1988. The upgraded plant was designed to assure compliance with monthly 30-
day average discharge limitations of 63 mg/L for suspended solids and 88 mg/L for BOD
under an average dry weather flow 9.0 MGD. The facility has utilized a split-stream
process of physical and biological treatment until December of 2013. The current
biological treatment is provided by two trickling filters and an aeration basin to achieve full
secondary treatment. The following sections describe the treatment process.

Collection System

Over 190 miles of pipelines collect wastewater that flows almost entirely by gravity to pump
stations located in each agency's service area. These stations pump the flow to the
treatment facility.

Pump Station and Headworks

Influent from the collection system of each agency is pumped to the treatment plant
headworks where raw wastewater flows through two bar screens with %4 inch screen
spacing, which removes large debris. Influent is then routed to aerated grit tanks where
sand and grit are allowed to setile out and pumped to screening washerfcompactor units.
This debris and grit is then transported via truck to a local landfill. Air collected from the
influent pump stations and headworks is scrubbed in a biological odor reduction tower

Primary Sedimentation

Wastewater then flows into one of three circular primary sedimentation basins (primary
clarifiers) where solids settling to the bottom and floatable materials nsing to the surface
are mechanically collected and pumped to digesters.
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Secondary Treatment

Secondary treatment involves three treatment elements: the biofilters, an aeration basin,
and secondary sedimentation tanks. In the biofilter, primary effluent trickles over plastic
media where bacteria feed on organic wastes, thus removing these wastes from the water.
Effluent from the trickling filter flows to an aeration basin where air is injected and the
effluent is mixed with recirculated sludge from the secondary sedimentation basins. The
resulting biclogical action coagulates thess fine particles and the organic solids settle out
as sludge in two secondary sedimentation tanks. The waste activated sludge (WAS) is
pumped to two mechanical thickeners and then is pumped to the three anaerobic
digesters. A portion of the secondary process flow can be diveried to the reclamation
facilities for tertiary treatment with gravity filters.

Chlorine Contact Channel

The secondary effluent flows to the head of the chlorine contact channel where sodium
hypochlorite is injected to kill bacteria in the effluent. Prior to discharge into the ocean,
sodium bisulfite is added for dechlorination, thus completing the disinfection process.

Sludge Treatment and Biosolids Disposal

Settleable solids and floatable materials from the primary clarifiers are treated in three
heated anaerobic sludge digesters for at least 15 days. Anaerabic digestion decomposes
organic material and produces digester gas composed primarily of methane. This digester
gas fuels boilers used to heat sludge in the digesters. Sludge from the digesters then
flows to one of two stabilization basins where it settles and bacteria can continue the
organic decomposition. Stabilized sludge is dredged from the bottom of these basins and
is dewatered by two screw presses. The digested supernatant from the three anaerobic
digesters can also be diverted from the stabilization basins directly to the two screw
presses for dewatering.

A small portion of the sludge is air dried in the sludge drying beds and converted into Class
A biosolids, for use by the local community. The screw pressed biosolids, identified as
Class B, were transported by Western Express Inc. to Liberty Composting Inc. located at
12421 Holloway Road, Lost Hills, CA 93249. The administrative office for Western Express
Inc., is located at 1533 E. Shields Ave., Suite F, Fresno, CA 93607. Copies of the
agreement with Liberty Composting and the agreement with Western Express are
available upon request.

A complete biosolids report describing the treatment and disposal process is prepared

each year and submitted to the EPA. The deadline for submittal of this report is Februay
19" of each year.
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Figure 1-1. Regional View of the Goleta Valley
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Reclamation Facilities

On September 13, 1991, the California Regional Water Quality Control Board, Central
Coast Region approved Order No. 91-03 that permits the Goleta Sanitary District to
produce up to 3.0 MGD of reclaimed water. The reclaimed water produced at the Goleta
Sanitary District is distributed by the Goleta Water District for use within their service area
Reclaimed water is used for landscape irrigation and for incidental uses including
construction dust control and compaction, and to flush toilets within several buildings
located in Goleta. The Goleta Water District is regulated by separate water reclamation
requirements.

Secondary effluent enters the reclamation facilities where a flash mixer disperses
aluminum sulfate {alum} and polymer into the water. The flocculated suspension is then
filtered through a bed of anthracite coal where the floc is removed. The filtered water then
flows to a chlorine contact tank where sodium hypochlorite is added for disinfection. The
highly chlorinated treated water then flows to a 3 million-gallon underground storage tank
where it is stored until needed. Reclaimed water is distributed throughout the Goleta
Valley by a distribution system operated and maintained by the Goleta Water District.

An annual report describing the reclamation treatment process, operational parameters,
wa;cter quality, and production rates is prepared and sumbitted to the RWQCB by January
31

Ocean Qutfall

The treated secondary effluent is discharged to the ocean through an outfall pipe that
extends 5800 feet offshore and terminates at a depth of approximately 92 feet below Mean
Lower Low Water (MLLW) level. At the pipe terminus, a multi-port diffuser with 36, four
inch diameter ports mixes one part of effluent with approximately 122 parts of seawater
(Tetra Tech, Inc. 1993) to achieve a high initial wastewater dilution.

Staff
Mr. Steve Wagner, P.E., currently serves as GSD's General Manager and District

Engineer. The General Manager is responsible for overall operation and performance of
the treatment plant.

Ten state certified treatment plant operators operate the wastewater treatment plant under
the direction of Mr. Robert Hidalgo, the District Plant Superintendent. Mr. Hidalgo also
supervises the treatment plant's industrial waste staff. Mr. Chuck Smolnikar, supervises
the maintenance staff and the laboratory is under the direction of Ms. Lena Cox, the
Laboratory Supervisor. The grade and certification number of operations, maintenance,
industrial waste control, and laboratory personnel employed during the 2016 operational
year are shawn in Table 1-1.
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Table 1-1. Goleta Sanitary District Operation Staff, 2016

California
Staff Grade Certification No.
Operators
Robert Hidalgo \'4 6905
Todd Frederick \'4 27633
John Crisman \'4 28857
Stephen Conklin 1) 7065
Ricardo Lopez 1] 10756
Francisco M. Lemus |l 10893
Pete Regis 1] 28277
Jes Hulbert | 28266
Morgan Lea I 28400
River Ferrara I 28488
Justin Graves OIT OIT-
Lab Analysts
Lena Cox v 90334003
Jacob Broad il 1308213493
Robert Hidalgo I 741
Teresa Kistner | 99076111
Todd Frederick | 60731013
River Ferrara | 1308214257
John Crisman | 1308214787
Maintenance Technologist
Carl Easter i 1308213756
John Cotral 1 770
Robert Hidalgo | 1087
Electrical / Instrumentation
Charles Smolnikar | li [60172004
Dept. of Industrial Relations — Electrician
Charles Smolnikar NA 107709
Mike Sullivan NA 139336
Environmental Compliance
Teresa Kistner [N | 3014202
Biosolids Land Application Management
Lena Cox I [70711001
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Monitoring and Reporting Program

The Goleta Sanitary District's monitoring and reporting program was conducted in
accordance with the requirements of the NPDES permit CA0048160. The objectives of the
monitoring program and this report are to:

» Document short- and long-term effects of discharge on receiving waters, sediment,
biota, and beneficial uses of the receiving waters.
Determine compliance with NPDES permit terms and conditions.
Document training and certification of wastewater treatment facility operators.
Assess treatment plant performance and the effectiveness of industrial pretreatment
and toxics control programs.

¢ Evaluate the monitoring and reporting program and make recommendations for
improving the program.

The receiving water monitoring program consists of assessing water quality and ocean
sediment chemistry, evaluating community structures of benthic biota, bottom fish, and
epibenthic macroinvertebrates, and determining the bioaccumulation of pollutants in
various marine organisms. Table 1-2 summarizes the sampling schedule for various
elements of the monitoring and reporting program conducted during 2016.

Table 1-2. Schedule for NPDES Monitoring, Goleta Sanitary District, 2016

Manitoring Program Component Frequency Schedule

Standard Wastewater Parameters | Daily - Weekly As Specified

Influent and Effluent Metals Monthly Every Month

Acute Toxicity Quarterly Jan, April, July, and Oct
Chronic Toxicity Quarterly Jan, April, July, and Oct
Influent and Effluent Priority

Pollutants Annually QOctober

Surf-Zone Bacteria Weekly Every Month

Receiving Water Bacteria Quarterly Jan, April, July, and Oct
Ocean Water Quality Quarterly Jan, April, July, and Oct
Benthic Sediments Annually October

Benthic Biota Annually October

Fish Trawls Annually October

Ouidfall Inspection Annually October
Bioaccumulation Annually Qctober

Influent, effluent, and receiving water monitoring is conducted in accordance with U.S.
Environmental Protection Agency approved test procedures as stipulated under Title 40 of
the Code of Federal Regulations, Section 136 (40 CFR 136); Guidelfines establishing test
procedures for the analysis of pollutants. Water quality analyses for compliance monitoring
are performed by analytical laboratories certified by the California Envircnmental
Laboratory Accrediation Program. Bioassay testing is conducted in accordance with
guidelines approved by the State Water Resources Control Board and the EPA
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in order to comply with a request from the Central Coast RWQCB in a letter dated June
27, 2008 the District is no longer submitting hard copies of NPDES reports to the RWQCB.
All documents are converted into a searchable PDF format and are submitted
electronically.

REPORT ORGANIZATION

This report summarizes data collected during the 2016 monitoring and reporting program,
and analyzes this data to determine compliance with the discharge permit terms and
conditions. Chapters in this report have been organized to parallel sections of the
monitoring and reporting program. The chapter sequence also follows the flow of
wastewater as it undergoes treatment in the plant, as it is discharged to the marine
receiving waters, and as it encounters nearby sediments and resident biota, Chapter 10
presents a summary of the lift station and collection system overflows, the causes of the
overflows, the comrective actions taken, and any cormrective actions planned. Chapter
presentation is as follows:

Chapter 1 Introduction
Chapter 2 Treatment Plant Performance
Chapter 3 Receiving Water Environment
Chapter 4 Physical Characteristics of Benthic Sediments
Chapter § Chemical Characteristics of Benthic Sediments
Chapter 6 Biological Characteristics of Benthic Sediments
Chapter 7 Fish Populations
Chapter 8 Chemical Characteristics of Fish and Mussel Tissue
Chapter 9 Ouffall Dive Survey
Chapter 10 Collection System Summary

Appendices
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CHAPTER 2
TREATMENT PLANT PERFORMANCE

The performance of a wastewater treatment plant is measured by its ability to reduce
influent contaminants to levels acceptable for discharge to the environment. Federal and
state authorities mandate these levels of treatment in order to protect the marine
environment. Proper operation of the Goleta Sanitary District's wastewater treatment plant
is assured through the monitoring of several effluent parameters such as flow, total
suspended solids, biochemical oxygen demand, residual chlorine, hydrogen-ion
concentration (pH), turbidity, ammonia, settleable solids, oil and grease, and toxicity
concentration. Metals, pesticides, and other priority pollutants are also analyzed to aid in
determining the impact the wastewater discharge has on receiving waters, evaluating
compliance with discharge permit limitations, and monitoring the effectiveness of the
industrial pretreatment and toxic control program.

WASTEWATER CHARACTERIZATION

Goleta Sanitary District's NPDES manitoring program requires measurement of many
parameters at frequencies ranging from continuous to once per year. During 20186, influent,
effluent, biosolids (sludge), and surf zone samples were collected by treatment plant
personnel, and analyzed by the Goleta Sanitary District wastewater treatment plant
laboratory and various contract laboratories such as: Aquatic Bioassay Laboratories for
ocean monitoring, Aguatic Testing Laboratories (ATL) for acute and chronic toxicity, FGL
Environmental Laboratories and Vista Analytical Laboratory, Weck Laboratories as
subcontractors to FGL. Treatment plant personnel monitored and analyzed wastewater for
performance-evaluating parameters including wastewater flow, suspended solids,
biochemical oxygen demand (BOD), pH, turbidity, settleable solids, ammonia, oil and
grease, temperature, residual chlorine, coliform and enterococcus bacteria. Monthly
analyses for influent and effluent metals were performed by FGL Environmental
Laboratories of Santa Paula, CA. FGL Environmental Laboratories, and their certified
subcontract laboratories performed annual analysis of priority pollutants and other
parameters in influent, effluent, and biosolids samples. Influent and effluent samples were
also analyzed for radioactivity. Bioassay tests for acute and chronic toxicity concentration
were performed quarterly by Aquatic Testing Laboratory.

Analytical methodologies used by Goleta Sanitary District Laboratory and ather contract
laboratories used by GSD are based on approved U.S. Environmental Protection Agency
(EPA) methods (EPA 1983; Federal Register 1984) and other methods in Sfandard
Methods for the Examination of Water and Wastewater, 21* ed. (Standard Methods 2005).
All methodologies employed during 2016 were approved for NPDES monitoring programs.
Quality assurance and quality control procedures followed those presented in Standard
Methods for the Examination of Water and Wastewater, 21 edition.

Results of the wastewater chemical analyses used to monitor proper operation of the
treatment plant during 2016, and the respective discharge permit limitations, are presented
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in Tables 2-1 and Table 2-2, All monthly averaged data presented in these tables are
calculated from daily values at the freatment plant, with the exception of removal
efficiencies, which are calculated from the monthly averages of the respective influent and
effluent parameters

Influent Flow

The daily influent flow into the treatment plant was monitored continuously throughout
2016. Influent flow without the interal plant recirculated fiow, averaged 4.0 million gallons
per day (MGD) which is a 5% decrease compared to the average of 4.2 MGD that was
treated in 2015.

Overall, the average monthly influent flows for 2016 varied throughout the year, fluctuating
from a low of 3.69 MGD in December to a high of 4.27 MGD in January. The decrease in
average influent flow observed at the plant is likely due to water conservation implemented
by residents in response to the drought conditions. See Figure 2-1.

Figure 2-1. Influent Flows Monthly Average Comparison for 2014, 2015 and 2016
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The highest flows into the plant during 2016 occurred during the beginning of the year, and
may be assaociated with heavy rains that occurred in January and March.

Since 2001 the Goleta West Sanitary District and Goleta Sanitary District have maintained
an aggressive collection system rehabilitation program. Numerous sections of the
collection system in both Districts have been relined or replaced to correct structural
deficiencies while significantly reducing the inflow and infiltration (1&l) problems. However,
even with the reduction of 1&l the amount of rainfall during the year can affect the total
amount of influent flow measured. The District’s storm water pollution prevention plan
requires all storm water collected from process areas to be treated before disposal. After
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Treatment Plant Performance 3

several dry years the low ground water table and dry creeks can reduce the potential for
ground water intrusion into the collection systems.

Effluent Flow

The effluent flow from the treatment plant was monitored continuously during 2016 and
averaged 3.1 MGD for the year. The difference between the influent and effluent flow is
due to the production of reclaimed water, which is not discharged into the ocean but is
distributed throughout the community for landscape irrigation and other uses.

Figure 2-2. Influent and Effluent Flows 2016 Monthly Averages
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Figure 2-2 shows the monthly average influent and effluent flows for 2016. Higher
wastewater effluent flow generally occurs during the winter months when influent flow is
also the highest and recycling is minimal. The most important factor contributing to
fluctuations in the effluent flow is the amount of wastewater that is processed into
reclaimed water and used for irmigation. The lowest effluent flow occurred during July
when the amount of flow discharged to the Pacific Ocean dropped to 2.4 MGD as depicted
in Figure 2-2. The temporal variations in the monthly average effluent flow seen in 2016
fluctuated from a low of 2.36 MGD in July, when the daily production of reclaimed water
was the highest production month of the year and averaged 1.59 MGD for the month to a
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high of 4.03 MGD during January when the reclaimed facility was on line for twelve days
out of the month and a total of 7.6 million gallons were filtered. There was alsc significant
rainfall during January with approximately 5.85 inches of rain. Figure 2-2 is a time history
of the influent and effluent flows and Table 2-1 shows the actual monthly flow average

values.

Table 2-1. Monthly Averages Flow, Suspended Solids and BOD, Goleta Sanitary District, 2016,

Flow Total Suspended Solids Blochemical Oxygen Demand |
Mass Mass
Influent | Efuent|Iinfiuent| Effluent|Removal| Emission|influent|Effluent| Removal| Emission
Month | MGD | MGD | mg/L | mg/L (%) _|(lbsiday)| mg/lL | mg/L (%) | (Ibs/day)
Jan 4,27 4.03 558 6.1 98.9 211 434 4.6 98.9 156 |
Feb 4.20 3.66 407 6.6 98.3 201 3390 4.9 08.7 148
Mar 413 3.65 484 5.5 g8.8 173 420 4.9 98.8 148
Apr 4.10 3.00 437 6.6 98.4 173 361 5.8 98.4 146
May 4.16 2.94 354 6.1 98.2 148 357 6.4 98.2 157
Jun 3.91 2.62 365 57 98.4 122 393 8.9 97.8 192
Jul 3.95 2.36 356 5.8 98.3 116 360 8.5 97.5 165
Aug 3.86 2.61 363 6.6 98.6 140 372 9.0 97.5 191
Sep 3.95 2.52 350 9.3 97.2 199 371 9.9 07.3 208
Qct 4.07 3.14 333 5.7 98.2 155 54 6.1 98.2 163
Nov 3.97 3.42 351 6.1 98.3 187 333 6.7 98.0 193
Dec 3.69 3.32 348 6.8 98.1 193 334 6.5 98.1 177
Average| 4.02 3.11 392 6.4 98.3 168 373 6.8 98.1 170
Limit NL 7.64 NL 63 75 | 4010 NL 98 30 6240
**ND = Non-Detected NL = No Limit

Suspended Solids

Influent and effluent suspended solids were measured five days per week on 24-hour
composite samples. The effectiveness of the treatment plant in removing suspended solids
is demonstrated by the variation of influent solids versus the low-level and consistent
output of effluent solids (see Figure 2-3). Influent suspended solids concentrations
averaged 392 mg/L for the year an increase of about 11% from the 2015 annual average
of 348 mg/L. The increased concentration of suspended solids entering the plant
observed during the year was probably due to water conservation efforts in response to
the drought conditions. Figure 2-3 shows a spike in concentration of suspended solids that
occurred during beginning of the year which became relatively constant throughout the
remainder of the vear. The treatment process reduced the concentration of total
suspended solids in the effluent to an annual average of 6.4 mg/L a 9% annual increase of
the 5.8 mg/L average of 2015.

All 30-day monthly averages were well below the €3-mg/L monthly average limitation.
Overall removal efficiency for the year was an average of 98.1 percent, see Table 2-1.

March 2016 4 Plant Perfo
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Figure 2-3. Influent and Effluent Total Suspended Solids 2016 Monthly Averages
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Average monthly suspended solids mass loading rates for 2016 are represented
graphically in Figure 2-4. The mass emission limit is based on average dry weather flow
(ADWF) and is a limit applied to dry weather flows (DWF). There is no limit for mass
emissions on wet weather flows.

The maximum average monthly mass emission loading for 2016 occurred in January at a
high of 211 Ibs/day, which is approximately 5.3 percent of the permitted monthly 30-day
average limit of 4,010 Ibs/day. Loading rates were well below the discharge limit
throughout the year.
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Figure 2-4. Effluent Discharge Total Suspended Solids Mass Loading,
2016 Monthly Averages, Ibs/day
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Biochemical Oxygen Demand

Biochemical oxygen demand (BOD) levels were measured on 24 hour composite samples
of the influent and effluent, at least three and five days per week, respectively.

During 2016 influent BOD averaged 373 mg/L showing an increase of 7.5% from the
annual influent average of 345 for 2015. The influent BOD varied throughout the year,
ranging from a monthly average low of 333 mg/L in November to a high of 434 mg/L in
January.

A small variation in the monthly average final effluent BOD concentration was observed
throughout the year with the annual average of 6.8 mg/L and the range extending from a
low of 5.8 in April to a high of 8.9 in September, (Table 2-1). The difference between
influent and effluent BOD represents an overall removal rate of 98.1 percent.
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The NPDES effluent BOD monthly average limitation and the maximum at any time

limitation are 98 mg/L and 150 mg/L, respectively. All BOD NPDES limitations were
achieved throughout the year

Figure 2-5. Influent and Effluent Biochemical Oxygen Demand 2016 Monthly Averages

Influent and Effluent Biochemical Oxygen Demand ‘
2016 Monthly Averages

500
450

%400 M a

g 350 \(}—C}/‘J\?‘_“:__Q\{)\H

§ 300

§ 250

© 200

i

E 150

S

£ 100
50

-0-Influent BOD <4-Effluent BOD

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

March 2016 M \OFS\LAB\Annusl Reports - PlantiAnnual Repori 20164Chag 2 2016 Treaiment Plant Performance docx



Goleta Sanitary District NPDES Monitoring Program Annual Report 2016 8
Table 2-2. Monthly Averages of Influent and Effluent Parameters, Goleta Sanitary District, 2016
Setftieable Toxicity
H Turbidity | Solids | Ammeonia Oil and Grease Acute | Chronic
Mass
Influent | Effluent | Effiuent | Effluent | Effluent | Influent | Effluent | Emission | Effluent | Effluent
Month sU SU (NTU) | (mULMbr) | {mgil} {mgiL) | (mgil) | (Ibsiday) | (TUa) {TUc)

Jan 7.7 6.7 2.7 0.1 ND 30.0 <4 <140 0.0 3.1
Feb 1.7 6.6 2.8 0.2 ND 30.0 <4 <117
Mar 7.6 6.7 2.0 0.2 ND 37.0 <4 <116

Apr 7.6 6.6 2.4 0.2 ND 45.2 4.3 109 0.0 3.1
May 7.6 6.7 1.8 0.2 ND 39.0 4.2 107
Jun 7.6 6.7 1.8 D.2 ND 28.3 <4 <21

Jul 7.6 6.8 1.5 0.1 ND 32.0 <4 <64 059 3.1
Aug 7.6 6.7 1.8 0.1 ND 37.3 <4 <16
Sep 7.5 6.6 3.6 0.1 ND 36.1 <4 <23

QOct 7.6 8.7 1.8 0.1 ND 354 <4 <40 0.0 3.1
Nov 7.7 B.9 1.9 0.1 ND 32.5 <4 <58
Dec 7.9 7.0 2.0 0.1 ND 422 <4 <142

Average | 7.7 8.7 2.2 0.14 <1 35.4 <4 <79 015 | 31

Limit NL 6to8 75 10 74 NL 25 1590 40 123

ND = Non-Detected NL = No Limit

In 2016, all effluent BOD mass emission values were below all limitations. The maximum
monthly average mass emission was 208 Ibs/day for September. The mass emission limit
is based on average dry weather flow (ADWF) and is a limit, which is only applied to dry
weather flows (DWF). There is no limit for mass emissions on wet weather flows. The
mass emissions monthly average limitation of 6,240 lbs/day and the maximum at any time
limitation of 8,560 Ibs/day were never exceeded during 2016.

Hydrogen-Ion Concentration (pH)

Influent and effluent pH levels were monitored five days per week to ensure that the
effluent remained within an acceptable range when discharged into the ocean. Influent pH
averaged 7.7 units for the year; effluent pH averaged 6.7 units. The NPDES effluent pH
limitations are established as a minimum of 6.0 and a maximum of 9.0 pH units, all pH
values were well within these limitations for 2016.

Ammonia

The effluent was monitored monthly to determine the concentration of ammonia. The
permit specifies six-month median, daily maximum, and instantaneous maximum
limitations of 74 mg/L, 300 mg/L, and 740 mg/L, respectively. The monthly measured
ammonia concentration was below the lowest calibration standard at 1.0 mg/L throughout
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the year (Table 2-2). The monthly average for the year was <1 mg/L. 'The values for
ammonia were well below all their respective permit limitations.

Turbidity

Effluent turbidity was monitored five days per week. The permit limitations for effiuent
turbidity consists of a monthly average of 75 Nephelometric Turbidity Units (NTU), a
weekly average of 100 NTU, and a maximum at any time limitation of 225 NTU. Effluent
turbidity data are shown graphically in Figure 2-6. The maximum value at any time, 8.4
NTU, occurred on September 13 which was still well below the effluent limits. Monthly
averages ranged from a low of 1.5 NTU to a high of 3.6 NTU. All values were significantly
below their respective permit limitations.

Figure 2-6. Effluent Discharge Turbidity 2016 Monthly Averages, NTU

Effluent Discharge Turbidity 2016 Monthly Averages, NTU
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Acute Toxicity Concentration

All quarterty acute toxicity tests were performed on 24-hour composite effluent samples.
The acute toxicity has a daily maximum limit of 4.0 acute toxicity units (TUg). All four
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quarterly acute toxicity samples for 2016 were collected under the conditions of the
NPDES WDR Order No. R3-2010-0012 which requires the District to use Topsmelt as the
acute toxicity test species, replacing fathead minnow larvae. The annual average acute
toxicity value was 0.15 TUa. (See Table 2-2). All values were below the permit limitation of
4 TUa.

Chronic Toxicity Concentration

The sffluent was analyzed for chronic toxicity (TUg) on a quarterly basis in January, April,
July, and October. The special testing conducted during 2011 to identify the most
sensitive chronic foxicity organism showed that the abalone development test was the
most sensitive. All resulis were well below the daily maximum limitation of 123 TUg.

Settleable Solids

The effluent was monitored for seitleable solids concenfrations 5 days per week. The
permit specifies that the monthly average, weekly average, and maximum at any time may
not exceed 1.0 millilitersfliter/hour (mifL/hr), 1.5 mi/U/hr, and 3.0 ml/L/hr, respectively.
Manthly averages ranged from 0.10 mUL/hr to 0.20 mL/L/hr. The maximum value at any
time was 0.25 mL/L/hr which occurred on the 18™ of May. All values were well helow their
respective permit limitations.

Qil and Grease

Influent and effluent oil and grease were monitored bi-weekly {once every two weeks) and
weekly, respectively. Monthly average results are shown graphically in Figure 2-7. Prior
to August 2007 Freon was the solvent used in the standard method to extract oil and
greases from water samples. According to EPA regulations, in August 2007 the GSD
laboratory ceased using Freon as the extraction solvent and began using hexane as the
required solvent. The District continued to use the liquid-liquid extraction method, the only
change at this time was the solvent. In December 2010, the GSD laboratory began
analyzing for oil and grease using the approved standard solid phase extraction (SPE)
method

Influent grease and oil results were varied throughout the year. Average monthly
concentrations spiked in April and December due to sample results above 40 mg/L which
caused the increase in the monthly average. The influent annual average value of 35.4
mg/L was reduced to an annual average below 4 mg/L in the final effluent resulting in an
89 percent annual average removal rate.

Effluent grease and oil concentrations were very consistent during 2016. All monthly,
weekly, and maximum pemnit limits were met. Mass emissions values ranged from a
monthly average low of 16 Ibs/day in August to a high of 142 Ibs/day in December. Both
are well below the permit limitation of 1,590 Ibs/day. Monthly average oil and grease
concentrations in the effiuent ranged from <4.0 mg/L which is below the method detection
limit to 4.3 mg/L in April. (Table 2-2). All permit limitations for effluent oil and grease were
met during 20186.
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Figure 2-7. Influent and Effluent Grease and Oil 2016 Monthly Averages
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Temperature

Effluent temperature was sampled five days per week throughout 2018, The data reflect a
typical response to seasonal changes (Figure 2-8). The coolest temperatures occurred
during January and December with average monthly temperatures of 20.5 ° C. A warming
trend continued throughout the summer and fall months to reach a monthly averaged high
of 256 °C, 25.9°C, and 25.2 °C in July, August and September respectively. As
expected, the year ended with a cooling trend during November and December.
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Figure 2-8. Effluent Discharge Temperature 2016 Monthly Averages

Final Effluent Temperature
Degree C

256 25.9
22 943

22.8 i
20.5

FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Wastewater Disinfection

Sodium hypochlorite is used to disinfect the treated wastewater at the Goleta Sanitary
District. The sodium hypochliorite is flash mixed into the wastewater at the beginning of the
chlorine contact channel. At an average effluent flow rate of 4 MGD, the chlorine is in
contact with the wastewater for approximately 2% hours (145 minutes). The NPDES
permit specifies that the District must maintain a total chlorine residual of at least 5 mg/l. at
the end of the chlorine contact channel under total suspended solids peak loading
conditions. The Goleta Sanitary District maintains its chlorine contact tank to provide
maximum chlorination effectiveness at all times. The chlorine residual at the end of the
chlorine contact channe! averaged 7.5 mg/L during 2016. The average monthly values are
reparted in Table 2-3.

After the disinfection process is complete, the sodium hypochlorite is neutralized
(dechlorinated) by adding sodium bisulfite to the wastewater stream. This process lowers
residual chlorine to levels that are environmentally safe, before discharge to the ocean
such that the chlorine poses no risk to the receiving water environment. Treatment plant
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personnel continuously monitor the residual chlorine levels as required by the NPDES
permit.

The permit limitations for residual chlorine in the effluent immediately prior to discharge
and after dechlorination are as follows: 8-month median of 0.25 mg/L, daily maximum of
0.98 mg/L, and instantaneous maximum of 7.4 mg/L. After dechlorination, the monthly
average residual chlorine levels were very consistent throughout the year; near or below
the detection limit of 0.1 mg/L for all months. The low range setting on the colorimeter was
used starting July 2016 which references a detection limit of 0.05 mg/L for the instrument.
The monthly average values are shown in Table 2-3. No chlorine residual exceedences
occurred during 2016.

Effluent Coliform Bacteria

The effluent was analyzed five days a week for coliforrn bacteria. The monthly average
values for total coliform, fecal coliform, and enterococcus bacteria detected in the effluent
are presented in Table 2-3. Monthly average values ranged from 17 to 143 MPN/100 mL
for total coliform and from 2.2 to 7.7 MPN/100 mL for fecal coliform. The permit prohibits
more than 10 percent of the final effluent samples, in any thirty-day period, to exceed a
total coliform density of 2,400 MPN/100mL with no sample exceeding a total coliform
concentration of 16,000 MPN/100mL. The maximum total coliform concentration of 1,600
MPN/100mL was measured on February 7" and May 18",

Effluent Enterococcus Bacteria

The effluent was also analyzed five days a week for enterococcus bacteria. The monthly
mean values are presented in Table 2-3 and the values were consistently low throughout
the entire year, thereby demonstrating the effectiveness of the chlorination process.

Table 2-3. Chlorine and Bacteria Monthly Averages, 2016

Chlorine at the Chlorine after Total Fecal
Month end of the CCC { Dachlorination Coliform | Collform | Enterococcus
mg/L mg/L MPN/100mL
January 7.4 <0.10 41 34 1.1
February 7.1 <0.10 143 4,2 3.5
March 7.0 <0.10 a0 43 1.4
April 6.9 <0.10 50 49 2.2
May 6.8 <(.1Q 99 5.6 43
June 7.8 0.11 42 3.2 9.0
July 9.2 012 17 2,2 1.0
August 8.5 0.08 79 4.3 1.7
September 6.4 «<0.05 37 5.3 1.0
Octobear 7.9 <0.05 24 4.8 1.4
November 0.8 0.02 72 4.9 20
December 7.0 <0.05 B3 7.7 36
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SURF ZONE BACTERIA

The Goleta Sanitary District has an extensive bacteria monitoring program that measures
the concentrations of enterococcus, total coliformn, and fecal coliform groups of bacteria at
the end of the treatment process immediately before discharge to the ocean, at the end of
the pipeline in the zone of initial dilution, at far shore and near shore ocean sampling
locations and in the surf zone at stations extending west from Goleta Point to 1,000 meters
east of the ouffall line. Table 2-4 summarizes the locations and frequency of all bacteria
monitoring conducted at the Goleta Sanitary District.

Table 2-4, Bacteria Monitoring Program

Location Frequency of Total Coliform, Fecal Coliform and
Enterococcus Bacteria Testing

Final Effluent prior fo ocean
discharge 5 days/week

Zone of Initial Dilution in Quarterly: 3 samples at each location;
the discharge plume at 25 | 1m below surface, mid-depth and 1 m above bottom
m and 100 m from outfall

pipe

Far Shore (ocean) Stations; | Quarterly: 3 samples at each location;
B1, B2, B3, B4, B5 and B6 | 1m below surface, mid-depth and 1 m above bottom

Near Shore {ocean) Quarterly: 3 samples at each location;

Stations; K1, K2, K3, K4 1m below surface, mid-depth and 1 m above bottom
and Kb

Surf Zone Stations; A, A1, | Weekly
A2, B,C D E

Final effluent samples and weekly receiving water surf zone samples are collected and
analyzed in-house by GSD personnel the results of which are discussed in this chapter.
Zone of initial dilution, far shore and near shore bacteria samples are collected and

analyzed by ABC Laboratories of Ventura. Results of this testing is presented in chapter
3.

Approximately 364 samples are collected each year from the surf zone and each sample is
analyzed for total coliform, fecal coliform and enteracoccus for a total of approximately 728
bacteria tests conducted every year. These samples are collected and indicator organism
concentrations are monitored in order to ensure that the beneficial uses of the Goleta
Beach coastal area are protected. The following section discusses the 2016 bacterial
trends found in the surf zone environment.

Surf-zone Stations.

Consistent with historical trends, bacteria monitoring at surf-zone stations usually yield
more frequent and higher amounts of coliform bacteria than at the near shore and farshore
(ocean) stations and even from the final effluent that is discharged to the ocean. The
occurrence of bacteria in the shoreline monitoring area is often In response to the
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drainage, tidal flushing, and dredging of Goleta Slough. Over the years it has been
determined that coastal bird populations, organic beach debris {including dog waste}, and
most importantly, the urban flushing effects of storm water runoff can be contributors to
high surf zone bacteria concentrations. There has never been any indication that the
treatment plant discharge has contributed to bacteria concentrations along the shoreline.

Goleta Slough, which is the confluence of the San Jose, Atascadero, and San Pedro
creeks, is a slow-flowing, estuarine water body, which discharges directiy into the Pacific
Qcean between two of the Goleta Sanitary District's monitoring stations (stations D and E).
Because the slough receives little flushing (except during storm runoff episodes) and is a
rich waterfowl habitat, slough waters are relatively high in organics and coliform bacteria
with respect to surf-zone waters,

Concentrations of bacteria at surf-zone stations in 2016 in general, were higher than that
observed in the effluent, offshore and near shore ocean stations. This is consistent with
the results of earlier years. Throughout the year, annual average levels of bacteria at surf-
zone monitoring stations ranged from 4.3 to 162 MPN/100mL for total coliform, 3.0 to 70
MPN/100mL for fecal coliform bacteria and 10 to 56 MPN/10OmL for enterococcus
bacteria. Several maximum one time exceedences occurred throughout the year and were
reparted in the corresponding monthly report. Table 2-5 is a summary of the 2016 surf
zone exceedences.

Date Station | Exceedence Limit (Result) Possible Cause Final Effluent Result
Qne time enterococcus »>=104 High flow from Goleta

1/4/16 D MPN/100mL (231 MPN/100mL) slough 1.0 MPNHOOmML
Qne fime fecal coliform >= 400

B/31/16 D MPN/100mL (540 MPN/100mL) No clear reason <4.8 MPN/10OmL
One time fecal coliform >= 400

THIME E MPN/100mL (540 MPN/100mL) Na clear reason 4.5 MPN/100mL
One time fecal coliform >= 400

7128/16 B MPN/100mL (1,600 MPNA0OmL) | No clear reason <1.8 MPN/100mL
One time enterococcus >= 104

9/21/16 B MPN/100mL (213 MPN/100mL}) No clear reason 1.0 MPN/10OmL
One time enterococcus >= 104 Over 100 birds at sample

111216 A2 MPN/100mL (144 MPN/400mL) station A2 2.0 MPNA00OmL
One time enterococcus >= 104

11/14/16 C MPN/100mL (185 MPN/100mL) No clear reason 1.0 MPN{100mL
One time fecal coliform >= 400

12/2/16 A2 MPN/100mL (540 MPN/100mL) No clear reason 33 MPNMOOmL
One time fecal coliform >= 400

1277116 A2 MPN/MOOmL (540 MPN/1Q0mL) No clear reason 23 MPNAOOmML
One time enterococcus >= 104

127118 A2 MEN/100mL (231 MPN/100mL) No clear reason € .3 MPN/MOOmL
One time fecal coliform >= 400

121216 A2 MPN/100mL (1600 MPN/100mL) [ No clear reason 240 MPN/M00mL
One time enterococcus >= 104

12£12116 A2 MPNA0OOmL (2,142 MPN/1QOmL)} | No clear reason 1.0 MPNA10OOmML
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OCne time enterococcus >= 104

12/27/16 B MPN/100mL (201 MPN/100mL) No clear reason 2 O MPN/MOOmL
One time enterccoccus >= 104

1212716 C MPN/100mL {269 MPN/1ODmL) No clear reason 2 0 MPNAOOmML

Throughout the year the final effluent samples analyzed previous to and on the surf zone

collection days indicated no or very low concentrations of coliform andfor enterococcus
bacteria, see Table 2-5.

Figure 2-9. Surf Zone Annual Average Bacteria Concentrations 2016
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Figure 2-9 shows the impact of the Goleta Slough discharge on the surf zone samples.
Goleta Slough empties between station location D and E. Station E shows some of the
highest overall annual average bacteria concentrations for all three indicator organisms

measured weekly, Station A, located at Campus Point, the furthest point west with the
“cleanest” samples.
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Effluent bacteria samples collected at the end of the treatment and disinfection process,
during these same time periods showed low or undetected concentrations of bacteria
discharged from the treatment plant demonstrating that the effluent was not a source for
the high surf zone bacteria concentrations.

The impact of Goleta Slough on bacteria water quality in the surf zone of the sludy area
has been documented for 22 years. This historical data has shown, year after year that
the highest concentration of indicator organisms are found in and adjacent to the Goleta
Slough mouth and are associated with storm water runoff.

Metals

Twenty four-hour composite samples of influent and effiuent were collected monthly and
analyzed for metals (Table 2-6). In all instances, the concenirations of metals in the
effluent for 2016 (Table 2-6) were low or undetected and were well below all permit
limitations. Although the wastewater treatment process is not particularly efficient at
removing metals, hence the need for the pretreatment program. Metal concentrations in
the influent were relatively consistent throughout the year.
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Table 2-6. Influent and Effiuent Metals (ug/L), Goleta Sanitary District, 2016

|Arsenic|Cadmium| Chromium |Copper|Lead Mercury | Nickel | Silver | Zinc
Influent {ug/l.)
January 2.34 0.403 11.2 164 14980 0.184 12.8 2.47 259
February | 1.42 0.249 5.46 110 |1.66| 0.156 717 | 238 | 156
March 1.24 0.175 4.58 113 |2.01| 0.133 592 | 3.24 | 153
April 1.01 0.246 3.92 506 |2.05| 0.195 578 [ 0718 | 169
May 1.28 0.206 4.83 126 |1.88| 0.338 7.81 1.44 | 133
June 1.49 0.360 8.20 164 |321| 1.56 10.2 | 0.575 | 157
July 1.46 0.230 4.44 126 [3.03| 0.0939 | 684 | 095 | 166
August 1.15 0.259 4.27 112 |1.80| 1.13 689 | 1.23 | 132
Septernber| 1.28 0.269 3.74 132 [350| 0.154 7.59 | 0429 | 146
October 1.40 0.266 3.26 107 | 246| 0.327 6.46 1.08 140
November| 1.86 0.218 3.02 141 1214 | 0.108 7.54 1.84 168
December| 1.03 0.174 2.74 103 |1.48| 0.136 568 | 0362 | 128
Effluent (ug/L)
January 0.811 0.029 0.633 5.24 |0.149] 0.0158 344 | 0.276 | 35.1
February | 0.882 0.029 0.639 8.00 |0.333] 0.0116 419 | 0.239 | 308
March 0.886 0.029 0.539 6.99 (0.561| 0.00B79 | 2.84 |0.0510] 58.8
Aprll 0.761 0.029 0419 472 10179 0.0108 | 261 | 0.012 | 31.6
May 0.863 0.029 0.674 570 |0.338| 0.0648 [ 370 | 0.021 | 33.5
June 1.13 0.029 0.851 586 [0.327] 0.0423 | 548 | 0.012 | 30.8
July 0.909 0.029 0.744 6.91 [0.255| 0.0142 | 3.10 | 0.017 | 26.7
August | 0.723 0.029 0.559 535 (0.183] 0.0235 | 3.59 | 0.032 | 30.1
September| 0.859 0.029 0.651 4.39 |0.188] 0.0082 5.37 | 0.012 | 28.2
October 0.800 0.098 0.987 6.88 ([0.585| 0.0408 5.08 | 0.365 | 51.2
November| 0.737 0.031 0.746 5.90 0.230] 0.0185 | 3.92 | 0.030 | 36.8
December| 0.616 0.031 0.497 5.64 [0.271] 0.0072 | 3.28 | 0.022 | 30.5
Effluent Limits (ug/l)

8-month

median 620 120 250 120 | 250 4.9 620 67 | 1,500
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Priority Pollutants Table 2-7. Detected Priority Pollutants,
Goleta Sanitary District, 2016
The NPDES permit requires priority

pollutant analyses to be performed | Parameter, units Influent, Effluent,
on influent and effluent composite ug/L ugiL
samples annually. Compounds |Acetone 304 ND
detected in the influent and/or |Antimony 0.001 ND
Table 2-7; complete copies of all the | Chioroform 2.81 121
laboratory reports listing all the | Dibromochloromethane ND 27.0
chemical compounds and analytical [-Dichlorebromomethane 113 gﬁg
methods are available for review at Ln:thyl;ene Ehlaiide 21,23 ND
the Goleta Sanitary  District Py;":: ST D
laboratory. Twelve compounds :
R ) [ (o [T Rl -
eight in the effluent. T;S:::‘em g' %g 0.868
X / ene . ]
Sﬁ:rﬁi?clglrsat:.rzsall regorted c:;te;c;tﬁg Rgﬂ:f)achvlty, gross Alpha 3'39;01 245.? 5i
o p . :
per billion except for TCOD and I"ragisactivity, gross Beta 18.5 + 227+
radioactivity which the units are | pgiy 2 88 3.09
noted next to the parameter in the [ND = Not Detected

table.

Results of influent and effluent radioactivity determinations for 2016 are also presented in
Table 2-7. Limits for radioactivity are defined in Title 17 of the California Code of
regulations section 30269, which state limitations of 3x10™ HCi/mL (or 30 pCi/L) for alpha
emission and 3x107® HCI/mL (or 3000 pCi/L) for beta emission. Samples collected during
2016 were below these limitations.

DISCHARGE COMPLIANCE

Throughout 2016 the wastewater discharge from Goleta Sanitary District complied with all
applicable permmit effluent limiiations. All monitored parameters were below their
respective limitations as required by the permit. All metals, priority pollutants, and
pesticides were low or undetected throughout the year.

OCEAN OUTFALL CONDITIONS

The outfall pipeline, diffuser section, and armer rock protection were inspected by divers
from Aquatic Bioassay and Consulting Laboratories, Inc. in October 2016. A report was
prepared documenting the inspection findings of the diffuser section and along the outfall
pipeline and armor rock.
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During the diffuser dive survey, 36 diffuser ports were carefully inspected for flow and
general efficiency. The remainder of the outfall pipe was inspected for damage, leaks or
evidence of leaks and general stability of the pipe and amor rock. Inspection of the outfall
yielded no evidence of damage, holes, cracks, or erasion. The pipe and associated armor
rock appeared stable with little or no displacement.

The complete report of the ouifall dive survey is included as Chapter 9 of this report.
Copies of the outfall dive on DVDs are available at the District for review.
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CHAPTER 3

Receiving Water Environment
3.1. Scope and Period of Performance

This report covers the period of field and laboratory studies conducted from January
1, 2016 through December 31, 2016. The Aquatic Bicassay consulting team
conducted water quality surveys in the vicinity of the of the Goleta Sanitary Districts
outfall on February 11", April 5%, July 13", and October 5%, 2016. The team
evaluated the local effect of the discharge within the immediate vicinity of the outfall
terminus, and compared conditions there with those at control sites up-coast and
down-coast of the outfall. During each field survey, the team recorded general
observations of weather, etc., sampled for bacteria and water column variables
(temperature, salinlty, pH, transmissance and dissolved oxygen). On July 13', the
team deployed a series of caged mussel arrays for bioaccumulation analysis and on
October 5%, the team retrieved the mussels. On October 6%, the team collected
epibenthic filsh and macroinvertebrates by otter trawl, and collected benthic
sediments for physical, chemical, and infaunal analysis using a Van Veen Grab.

3.2. Station Locations and Descriptions

Water-column monitoring was conducted at ocean stations that are located at fixed
distances from the midpoint of the diffuser (Figure 3-1). Stations B4 and B5 are
located at the boundary of the zone of initial dilution (ZID), 25 meters (m) west and
east of the diffuser, respectively. Station B2 and B3 are near-field stations located
500 and 250 m west of the diffuser, respectively. Station Bl is a far-field station
located 1500 m west of the diffuser offshore Goleta Point. Station B6 is a reference
station located 3000 m east of the diffuser. Plume stations WCZID and WC100 are
respectively located 25 and 100 m away from the discharge in the direction of
current flow. Nearshore Stations K1 through KS are also at fixed distances west and
east of the outfall in 20 m of water. Historically, the location of the 20 m depth
contour represents the offshore limit of kelp beds in the study area.

Mussel arrays were deployed at Stations B3, B4, and B6. Trawl sampling was

initiated at Stations B3 moving west for ten minutes and at Statlon B6 moving east
for ten minutes (trawl stations TB3 and TB6, respectively).
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Recelving Water Environment

Figure 3-1, Goleta Sanitary District receiving water monitoring stations. Trawl
stations are represented by arrows (--->).

3.3. Navigation and Positioning

The outfali diffuser and all sampling stations were located using a Lowrance Giobal
Map 2000 differential global positioning system (DGPS). DGPS positions were
checked visually and by bottom-finder. Once the outfall terminus location was
verified, a water quality analyzer cast was taken directly over the diffuser and water
quality profiles were simultaneously downloaded to an onboard computer. Aquatic
Bioassay biologists inspected the water quality traces for excursions from ambient
such as higher temperature or lower salinity, dissolved oxygen, light transmissance,
or pH. Any of these would reflect the presence of the wastewater plume. Once the
plume was Identified, a sail-drogue was deployed over the diffuser at the same depth
as the discharge plume signature. The drogue was allowed to move with the current
until an obvious direction and velocity could be determined. Stations WCZID (25 m
from terminus) and WC100 (100 m from terminus) were then positioned along the
drogue’s line of travel.

3.4. Statistical Analysis

For this report, two types of statistical tests were performed; trend analysis using

correlation coefficient analysis, and comparative analysis using t-tests and analysls

of variance (ANOVA). For this report, statistical significance is highlighted at two
]
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levels. For most ecologists, a pattern that is strong enough so that there is only a
one chance or less in 20 that it is random is said to be statistically significant. In
other words, the probability (p) is that there is only a 5% chance (0.05) or less that
the pattern is random (p < 0.05). A pattern that has only one chance In ten or less
(but more than one chance in 20) is said to be “marginally significant”. That is, the
probabllity is less than 10% but greater than 5% of being random (0.05 < p < 0.10).

3.5.1. Correlation Coeffidents. Correlation analysis compares two variables to
determine if they tend to increase or decrease in the same way. If two
measurements tend to vary in opposite ways, their correlation coefficient (r-value)
will tend to have a negative sign. If two measurements tend to vary in the same
way, their r-value will tend to have a positive sign.

In addition to its sign, the size of an r-value is important. r-values range from -
1.000 to +1.000. An r-value of -1.000 means that the two measurements being
compared vary exactly opposite from each other, an r-value of +1.000 means that
the two measurements vary exactly in the same way, and an r-value of 0,000 means
that the two measurements have no relationship ta each other at aill. Most r-values,
however, fall somewhere among these three values. Depending upon the number of
samples that are used to represent the true population, we have more confidence in
our r-values when they are high. If an r-value is large enough so that the chance
that the relationship could be random is only one in 20 or less {p < 0.05), we can
have confidence that the relationship is probably real. We would have less confidence
in a relationship between two variables if the probability was only one in ten (0.05 <
p < 0.10) and no confidence If it was greater than ten (0.10 < p).

Based upon experience from past studies, we know that wastewater discharges can
negatively impact the marine environment in very specific ways, If the outfall
discharge is causing chemicals to accumulate in sediments and/or tissues, it follows
that their concentrations would be higher nearer the diffuser than farther away. In
this report, the distances of the stations from the diffuser were correlated against the
concentration of the individual chemical components that were measured from these
stations. Thus, the sign of the correlation coefficient between distance from outfall
and chemical concentration would be expected If that chemical correlation was
negative. That Is, as the distance from the outfall becomes /arger, the concentration
of the compound becomes smaller. Anather r-value that is expected to be negative
is temperature. The effluent is aslways warmer than the ocean water, so
temperatures, like chemlcals, wouid be expected to become smaller with larger
distances,

If the discharge were disrupting biolegical communities; abundance, diversity, etc., it
would be expected to be lower near the outfall than farther away. Thus, population
variables would be expected to correlate positively with distance from cutfall, i.e. as
distance becomes farger these variables would become farger. However, it is well
documented that infauna populations can thrive near the nutrient enriching effects of
ocean outfall where nutrients have enriched the area (Pearson and Rosenberg 1978).
A positive and significant correlation between distance from the outfall abundance,
numbers of species and diversity could signal that this is the case. Other r-values
that are expected to be positive with distance are salinity, pH, dissoived oxygen,
surface transparency, and light transmissance. This is because effluents are usually
less saline, less clear, and lower in dissolved oxygen and pH than ocean water. If
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the discharge were affecting the receiving waters, an Increasing pattern of these
variables with distance from outfall would be expected.

In conclusion, variables that vary in patterns that are both expected and significant
should be those which bear further scrutiny.

3.5.2. T-tests. This statistic is used to compare variables when there are only two.
Unlike correlation coefficients, the trend with distance is not evaluated. Fer most
variables, the mean of values near the outfall and the mean of values farther away
will be different. The t-test determines whether or not that difference is statistically
significant. Note that trend with distance or sign of the statistic is not of importance
for this test. The question asked is only if they are different beyond what might be
expected of random chance,

T-tests are used in this report for trawled fish and invertebrate papulation metrics
and chemical compounds in fish tissue, since these variables were replicated and
collected at two locatlons (i.e. TB3 and TB6). If the average difference in
concentration of a chemical compound between these two stations is large enough
that the probability Is less than or equal to 5% (p < 0.05), the difference is said to
be statistically significant. If the difference is large enough so that the probability is
less than or equal to 10% but greater than 5% (0.05 < p < 0.10), the difference is
said to be marginally significant. If the concentration of the compeund is larger at
the near-outfall station, and the t-test is significant, the pattern should be further
evaluated.

3.5.3. Analysis of Variance (ANOVA). ANOVA is simllar to the t-test, except it can be
used test for significant differences among more than two stations. ANQVAsS were
used for population variables and tissue analysis of bivalves, ANOVA analysis
requires twc steps. In the first step, differences in a variable among statlons are
evaluated to determine if they are sufficiently large to be statistically significant (p <
0.05). If they are, then a second test must be performed to determine which
stations’ variables are significantly larger than which other station or stations. In
this report, this second step Is called the comparison of means. For example, a
comparison of means stating: 81 > B2, B3 > B4, indicates that, for that particular
variable, Station B1 Is significantly larger than Stations B2, B3, and B4, and Stations
B2 and B3 are also significantly larger than Station B4, For chemical contaminants,
if stations near the outfall are significantly higher than stations farther away, that
compound should be evaluated further. Far population variables, the opposite is
true.

3.6. General Oceanographic Conditions

With the exception of somewhat sporadic freshwater runoff from non-point sources,
the aquatic conditions in the Goleta offshore area are controlled by the
oceanographic conditlons in the Southermn California Bight. The mean circulation in
the Southern California Bight is dominated by the northward-flowing Southern
California Countercurrent, which may be considered as an eddy of the affshore,
southward-flowing Californla Current (Dally, et. al. 1993). Nutrient rich, upwelied
waters from the California Current can enter the western end of the Santa Barbara
Channel promoting primary productivity {Dugdale and Wilkerson, 1989). The
Callfornla Countercurrent transpotts nutrient poor, warmer water northward into the
eastern Santa Barbara Channel (Hickey 1998). The Califonia Countercurrent Is

T L

T:Ek
5
»
[
F

March 2016



Receiving Water Environment 5

seasonal In nature and is usually well developed in the summer and fall and weak {or
absent) in winter and spring (SCCWRP 1973). This causes relatively nutrient-poot
waters to predominate in the warmer water months and nutrient rich waters to
predominate in the colder water months (Soule, et. al, 1997)}.

Superimposed upon annual trends are the sporadic occurrences of the El Nino
Southern Osclllation (ENSO) that can be described as an oceancgraphic anomaly
whereby particularly warm, nutrient-poor water moves northward from the tropics
and overwhelms the typical upwelling of colder nutrient-rich water. The El Nino
Watch (http://coastwatch.pfel.noaa.gov/erddap/index.html) program continuously
meonitors global sea surface temperatures. These temperature data are compared to
the long-term sea surface temperatures generated from data collected frem 1950 to
2016. Comparison of the monthly sea temperature with this long term average
creates a temperature anomaly so that the average monthly temperature falls either
above or below the average. This anomaly allows us to determine how a given
month ar time period deviates from the long term ocean temperature trend.

Water temperatures offshore Goleta indicated that a strong El Nino event was
underway durlng 2016 with surface temperatures above the long term average
during each month (Figure 3-2). The greatest excursions above the average
temperature occurred in March and August. Only In December were water
temperatures closer to the long term average.

Honth
> 2 § B
;8 § £ 3 % %
2 5 2§ =z ¢ =z & s & % ¢
g 2 2 k253338 & &
40 : :
3.0
& 20
%1.0/\‘\1—/‘\“1\‘/\
§ 00
< .10
B 20
30
40

Figure 3-2. Sea surface anomaly temperatures for 2016 compared with long term
trends.
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3.7. Anthropogenic Inputs

In addition to the Goleta discharge, several ather natural and anthropogenic sources
could potentially impact the coastal area. Three marshes {Devereux Lagoon, Campus
Lagoon, and Goleta Slough) and several creeks discharge into the local area. All are
a potential source of contaminated water and sediments, coliform and enterococcus
bacteria, and nutrients; particularly during the ralny season. Several sources of
crude oll are also present. Natural seeps occur west of the diffuser in the vicinity of
Coal Qil Point and Goleta Point, and offshore production activity occurs throughout
the Santa Barbara Channel.

3.8. Rainfall

Total rainfall is not as Important in terms of impacting an area as the timing of the
rainfall, the amount in a given storm, and the duration of a storm (or consecutive
storms). Relative to timing, the first major storm of the season will wash off the
majority of the pollutants and nutrients accumulated on the land over the preceding
dry period. An early, large, long duration storm would have the greatest impact on
the waters. In addition, determining the impact of the rainfall and runoff is also a
function of the timing of the sampling surveys. With a greater lag between runoff
and survey sampling, mixing with oceanic waters would reduce observable impacts
(Soule, et. al. 1996).

The rainfall reported in this document is for Santa Barbara Airport obtained from the
Western Reglonal Climate Center in Reno, Nevada. Data is summarized in Table 3-2
and Figure 3-3, where periods of precipitation and water column survey days are
highlighted. The rainfall for this period (14.15 Inches) was 4 inches below the
average yearly rainfall since 1981 (18.96 Inches) and was the fifth year of a severe
drought in southern California. The wettest month was January (5.79 in), followed by
March (2.54 in) and December {3.19 in}. No rain fell in July and August. Rain in all
other months ranged from 0.01 to 0.89 inches. February, April, July and October
sampling had no rain events prior to sampling.
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Table 3-2, Dally 2016 Santa Barbara Airport rainfall (inches) with dates of water column surveys bordered and rain days in gray.

Dayiionin danuey Febnuary March Apdl May June July August September  Qelober Nowember  Dacember
1 0.00 0.00 0.00 0.00 .00 B.00 0.00 0.00 0.00 0.00 0.00 .00
2 0.00 a.00 o0.00 .00 0.00 0.00 0.00 0.00 0.00 .00 0,00 0.00
3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 a.00 g a.ao .00 0.00
4 T 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00 9.00 0.00 a.00
s 171 0.00 0.66 T 0.00 0.00 .00 0.00 o.00 .00
3 1.85 a.00 0.77 0.00 0.00 0.00 0,00 a.00 0.00 0,00 0.00 0.00
7 0.47 0.00 0.56 T 0.00 0.00 0.00 4.00 o.00 0.00 0.00 0.00
B 0.00 0.00 0.0¢ .34 0.0D 0.DO 0.00 a.00 0.00 Q.00 0.00 T
] 0.02 a.00 D.00 G20 0.00 0.00 0.00 0.00 0.00 0.00 .00 0.04
10 0.10 .00 0.00 T .00 n.0a 0.00 0.00 0.00 0.00 0.00 0.00
" ¢ oo T | 0.52 0.00 .00 -F- 1] 0.00 Q.00 0.00 0.00 0.00 0.00
12 o.0n 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 ado 0.00 0.00
13 0.00 0.00 T 0.00 0.00 soo [ oon 0.00 0.00 0.00 0.00 0.00
14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .00
15 608 a.00 0.00 .00 0.00 0.00 0.00 0.00 0.00 8.00 0.00 1.2
1 ©.00 0.00 0.08 0.00 0.00 0.60 0.00 0.00 0.00 0.28 0.00 0.41
17 0.00 0.10 0.00 .00 0.00 0.00 0.00 0.00 o.00 0.03 0.00 0.00
18 0.07 0.37 0.00 .00 0.00 0.00 0.00 0.00 0.00 .00 000 600
19 0.48 a.00 o.00 £.00 0.00 0.00 0.00 0.00 0.00 a.00 0.00 0.00

20 T 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o.00 0.00 0.48 0.00
21 0.00 0.00 0.00 0.00 0.00 £.00 0.00 0.00 0.00 0.00 T 0.01
22 000 0.00 0.00 £.00 0.00 0.00 0.00 0.00 0.00 0.00 o.00 0.00
23 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 D.0n a0 0.00 1.41
24 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
25 0.00 2.00 0.00 .00 0.00 0.00 0.00 0.00 0.00 5.00 0oa 0.00
26 o.00 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00 041 0.00
27 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 T T 0.00
28 0.00 2.00 T .00 0.00 0.00 0.00 0.00 0.00 0.28 con 0.00
28 o.o0 4.00 T 0.00 Ll 0.0 0.00 0.00 £.00 Q.00 .00 T
30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.13 .00 018
3 1.03 0.00 .00 0.00 0.00 0.00 0.02
gt 6.78 0.47 281 .54 o0 .01 0.00 0.00 0.01 072 0.89 319
Anmusl Total 14.18

T =Trace. $OME precipitation fall but not anough to measre.
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Figure 3-3. Santa Barbara rainfall for 2016,
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3.9. Water Quality Materials and Methods

Sampling and data collection for water quality assessment was conducted quarterly
at the 13 stations described above. Temperature, conductivity, salinity, dissolved
oxygen, pH, and light transmissance were measured continuously through the water
column using a SeaBird 25plus CTD Water Quality Analyzer with associated WetLabs
25-cm Transmissometer. All probes were calibrated immediately prior to each field
excursion and, if any data were questionable, they were calibrated again
immediately after the instruments were returned to the laboratory. Measurements
of light penetration were measured using a Secchi disk. At all stations, water
samples were collected at the surface with a Nauman sampler, at mid-depth, and
above the bottom with a Niskin sampler.

Water was distributed into sterile 125 mL polypropylene bottles with Sodium
Thiosulfate tablets for bacterial analysis. At all stations, temperature and pH were
measured directly at the surface using an NBS traceable standard mercury
thermometer and hand-held, buffer-calibrated pH meter (respectively). Extra water
samples were also collected and set for dissoived oxygen and chloride titration in the
field. These extra samples and measurements were used as a check and back up to
the water quality analyzer.

All samples from all stations were placed in coolers containing wet ice and were
returned to the Ventura laboratory the same day. Immediately upon return, the
bacterial samples were set far total and fecal collform and enterocaccus bacteria via
multiple-tube fermentation methods. Check samples were titrated for dissolved
oxygen by Winkler titration and chloride (converted te salinity) by the argentometric
titration. All water analyses were performed in accordance with Standard Methods
for the Examination of Water and Wastewater (American Public Health Association,
22™ Edition).

After all analyses were completed, the five water quality analyzer variables were
correlated against the check samples measured or collected in the field: thermistor
probe versus mercury thermometer, conductivity probe versus chloride titration,
dissolved oxygen probe versus Winkler titration, field pH probe versus hand-held pH
meter, and transmissometer versus Secchi disk (see Appendix Figure 10-1 for
calibration curves). The Seabird Water Quality Analyzer was downlocaded and water
column graphs were generated. Two tables were also prepared containing the results
of the physical, chemical, bacterial, and observational water measurements. Check
sample correlatlons, water column graphs, and data tables were joined with &
narrative report and were presented to the Water Quality Control Board quarterly.
The results and conclusions of all water column measurements and analyses are
presented and summarized in Section 3.10 below.
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3.10. Resuits

3.10.1. Physical and Chemical Water Quality

3.10.1.1. Temperature

Coastal water temperatures vary considerably more than those of the open ocean.
This is due to the relative shallowness of the water, inflow of freshwaters from the
land, and upwelling. Seawater density is tmportant in that it is & major factor in the
stratification of waters. The transition between two layers of varying density is often
distinct; the upper layer, in which most wind-induced mixing takes place, extends to
a depth of 10 to 50 m In southern California waters.

During the winter months, there is little difference in temperature between surface
and deeper waters, while in the summer a relatively strong stratification (i.e.
thermocline)} is evident because the upper layers become more heated than those
near the bottom do. Thus, despite little difference In salinity between surface and
bottomn, changes in temperature during the summer result in a significant reduction
of density at the surface. Stratifled water allows for less vertical mixing. This is
important because bottom waters may become lower in oxygen without significant
replenishment from the surface (Soule et. al. 1997).

Spatial temperature pattems. Examination of 3D contours for each quarterly survey
showed that the water column was isathermal in February, averaging 14.2 °C (Figure
3-6 and Table 3-3). The Apnl survey had water temperatures that declined with
depth, ranging frem 14.5 °C near the surface to 11.9 °C at the bottom, indicating an
upwelling event. Thermal stratification was strongest in July when water
temperatures were ranged from 19.5 near the surface to 12.1 °C near the bottom,
representing a 7.4 °C decrease from surface to bottom. In October the water column
was still stratified, but less so, with a decrease in ternperature of 5.0 °C from surface
to bottom,

Influences of the outfall were not evident in the temperature profiles during any
survey (Table 3-3). Temperatures did not correlate with distance from the outfall in
any survey. There were no significant temperature differences by t-test between
near outfall and far field station groups during the four quarterly surveys.
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Figure 3-6. Temperature contours for the K Statlon (depth = 18 m) and B Station
(depth = 28 m) water quality transects. The Goleta Sanitary District outfall is
depicted as a red line. The color legend Is presented to the right.
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Table 3-3. Water quality parameter averages and ranges for all stations and depths
combined for each quarterly survey. The statistical significance of quarterly
measurements with distance from the outfall was tested by correlation analysis and
by t-test.

Expected &
Slgnificant Significant t-
Parameter Month Average Range Correlation w! | test wi Qutfall?
Outfall?
Temperature February 142 3.9 - 146 No Mo
Aprit 135 11.9 - 145 Mo No
July 171 121 -195 No No
October 164 132 - 18.2 No No
Salinity February 336 335- 336 No No
Agpril 336 335-337 No o
July 336 334 - 338 No MNo
October 33.5 33.0 - 34.0 No Mo
pH February 81 81-82 No No
April 82 79-33 No No
July 8.3 7.9-84 No No
Oclober g1 g§0-82 MNo No
DO February 75 65-83 No No
April 83 48-102 bo No
July 8.0 48 -90 No No
Oclober 7.1 6.0 - 8.1 Mo No
Transmissance| February 833 729 - 85.7 No No
April 77 708 -799 Yes No
July 769 69.0 - 81.0 No No
October 80 8 63.8 - 85.2 No No
Transparancy February 118 8.5 -14.0 No No
April 79 7.2-95 No No
July 109 100 - 135 No No
Qctober 71 60-9.0 No Mo
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3.10.1.2. Salinity

Salinity (a measure of the concentration of dissolved salts in seawater) Is relatively
constant throughout the cpen acean: however, it can vary in coastal waters primarily
because of the inputs of freshwater from the land or because of upwelling. In a five-
year study conducted by the U.S, Navy Research and Development Center, more
than 1000 samples were analyzed for salinity. The mean salinity was 33.75 parts per
thousand (ppt), and the range of 90% of the samples in sauthern California fell
between 33,57 and 33,92 ppt (SCCWRP 1973).

Despite the general lack of variability, salinity concentrations can be affected by a
number of oceanographic factors. During spring and early summer months,
northwest winds are strongest and drive surface waters offshore. Deeper waters,
which are colder, more nutrient-rich, and more saline, are brought to the surface to
replace water driven offshore (Emery 1960). El Nino (ENSO) events can also affect
coastal salinities. During these events northern flowing waters move into the Bight
with waters that are also more saline, but are warmer and lower in nutrients than
ambient water. Major seasonal currents (i.e. California current, countercurrent, or
undercurrent) can also affect ambient sallnity to some degree (Soule et. al. 1997).

Spatial salinity patterns. Average sallnity In the survey area was nearly identical in
February, April and July ranging from 33.4 ppt to 33.8 ppt. The range of salinities in
October was the greatest of all surveys (33.0 to 34.0 ppt). Salinity provided the best
opportunity to detect the effluent plume which is evident in February and July as
lower salinity water in a subsurface lens of slightly fresher water to the south of the
outfall (near station B4). In October, when the water column was most strongly
thermally stratified, there was a salinity maximum laver along the nearshore and
offshore stations along the entire survey contour. There was no clear indication of
the plume,

Salinity ranges and outfall effects, Table 3-3 shows the range of salinitles for the 11
water column stations over the four guarterly sampling surveys, Salinities did not
correlate with distance from the outfall and there were no significant salinity
differences by t-test between near outfall and far field station groups for any of the
four quarters.
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Figure 3-7. Salinity (ppt) contours for the K Station {(depth = 18 m) and B Station
(depth = 28 m) transects. The Goleta Sanitary District outfall is depicted as a red

line.
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3.10.1.3. Hydrogen Ion Concentration (pH)

pH is defined as the negative logarithm of the hydrogen ion concentration. A pH of
7.0 iIs neutral, values below 7.0 are addic, and those above 7.0 are basic (Home
1969). Seawater in southern California is slightly basic, ranging between 7.5 and
8.6, although values in shallow open-ocean water are usually between 8.0 and 8.2
(SWQCB 1965). These narrow ranges are due to the strong buffering capacity of
seawater, which rarely allows for extremes in pH.

Factors that can influence pH in the ocean are freshwater inputs, upwelling, and
bicloglcal activity. Since freshwater pH values tend to be about 0.5 pH units less
than seawater, any inflow from a freshwater source will tend to lower the pH slightly.
When photosynthesis is greater than respiration, more carbon dioxide is taken up
than generated, and pH may increase to higher values in the euphotic (i.e. light
penetrating) zone. When respiration is greater than photosynthesls, more carbon
dioxide is released than used and pH may decrease, especially when mixing is
minimal such as in the oxygen minimum zone and towards the hottom (Soule et. al.
1997).

Spatial pH patterns. Average pH across the quarterly surveys ranged from 8.1 tc 8.3
(Figure 3-8 and Table 3-3). Low pH water was evident near the bottom in April, July
and October when pH was stratified through the water column. There was no clear
evidence of the effluent plume from the contours during any of the four surveys.

Table 3-3 shows the range of pH values for 11 water
column stations for each of the four quarterly sampling surveys. There were no
expected and significant correlations with distance to the outfall for any survey. The
differences in pH between near and far fiekd stations were far below California Ocean
Plan (2009) standard of 0.2 pH units. This was the case for each of the quarterly
surveys,
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Figure 3-8. pH contours for the K Station (depth = 18 m) and B Station (depth = 28

m) transects. The Goleta Sanitation District outfall is depicted as a red line.
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3.10.1.4. Dissolved Oxygen

The most abundant gases in the ocean are oxygen, nitrogen, and carbon dioxide,
These gases are dissolved in seawater and are not In chemlcal combination with any
of the materials composing seawater. Gases are dissolved from the atmosphere by
exchange across the sea surface. The gases dissolved at the sea surface are
distributed by mixing, advection {i.e. from currents), and diffusion. Concentrations
are modified further by biological activity, particularly by plants and certain bacteria.
In nature, gases dissclve in water until saturation is reached given sufficient time
and mixing. The volume of gas that saturates a given volume of seawater is different
for each gas and depends upan temperature, pressure, and salinity. An increase in
pressure, or a decrease In salinity or temperature, causes an increase in gas
solubliity.

The amount of oxygen dissolved in the sea varies from zero to about 11 milligrams
per liter. At the surface of the sea, the water is more or less saturated with oxygen
because of the exchange across the surface and plant activity. In fact, when
photosynthesis is at a maximum during a phytoplankten bloom, such as during a red
tide event, it can become supersaturated (Anikouchine and Sternberg 1973). When
these blooms die off, bacterial aeroblc respiration during decomposition of these
phytoplankton cells can rapidly reduce dissolved oxygen in the water. Disscived
oxygen typically decreases with depth due to respiratlon associated with the bacterial
breakdown of organic material. However, if the water column is well mixed, oxygen
will be fairly constant with depth. Temperature and/or salinity can affect the density
structure of the water column and create barriers to vertical mixing.

Dissolved oxygen concentratlons in February and October
were similar through the water column and ranged from least near the boitom (6.0
mg/L) to greatest near the surface (8.3 mg/L) (Figure 3-9 and Table 3-3). In April
dissolved oxygen ranged from 4.8 mg/L near the bottom to 10.2 mg/L near the
surface; evidence of an upwelling event. In July dissolved oxygen was somewhat
fower in the upper water column and greater near the bottom.

Oxvgen ranges and outfall effects, Table 3-3 shows the range of oxygen
concentrations for the 11 water column stations over the four quarterly sampling
surveys. Dissolved oxygen did not correlate significantly with distance to the outfall
for any of the four surveys and there were no significant differences by t-test among
sltes located near the outfall and those further away. This indicates that dissolved
oxygen was not influenced by the outfall diffuser.

Dissolved oxygen concentrations between stations located near and away from the
outfall remained within the Ocean Plan standards {2005) throughout the year, except
in April when dissolved oxygen was from 10.5% to 12.3% lower at the nearshore
transect stations K2 to KS (9.02 to 9.13 mg/L) compared to the ZID stations (8.08
mg/L). These differences in dissolved oxygen between sites does not represent an
ecologically important depression in oxygen concentration.
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Figure 3-9. Dissolved oxygen contours for the K Station (depth = 18 m) and B
Station (depth = 28 m) transects. The Goleta Sanitary District outfall is depicted as a
red line,
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3.10.1.5, Light Transmissance

Water clarity In the ocean is important both for aesthetic and ecclogical reasens.
Phytoplankton, as well as multicellular marine algae and flowering plants are
dependent upon light for photosynthesis and therefore growth. Since nearly all
higher-level organisms are dependent upon plants for survival {except those animals
living in deep-ocean volcanic vents and simllar environments), the ability of light to
penetrate into the ocean depths is of great importance. Seasonally, water is usually
least clear during spring upwelling and winter rain. In early summer, increased day
length can promote plankton growth and reduce water clarity, as well. In late
summer and fall, days are shorter and the rains that bring sediments into the marine
environment have yet to begin. Therefore, late summer and early fall are typically
the periods of greatest water clarity. Anthropogenic influences such as wastewater
effluents, storm drainage discharges, and non-polint runoff can also influence water
quality on a local basis.

Water clarity is determined using two completely different measuring techniques.
Surface transparency is measured using a weighted, white plastic, 30 cm diameter
disk (called a Secchi Disk) attached tc a marked line. The disk is simply lowered
through the water column until it disappears, and the depth of its disappearance is
recorded. Surface transparency is a good estimate of the amount of ambient light
that is available to plankton since the depth to which light is available for
photosynthesis is generally considered to be about 2.5 times the Secchi disk depth.

Light transmissance is measured using a transmissometer, which is a 0.25 m open
tube with an electrical light saurce at one end and a sensor at the other. The amount
of light that the sensor receives Is directly dependent upon clarity of the water
between them. Results are recorded as percent light transmissance. Since
transmissance is independent of ambient sunlight, it can be used at any depth and
under any weather conditions. Surface light transmissance is usually positively
correlated with surface transparency,

Spatial transmissance patterns, Water clarity was good throughout the water column
during each of the four quarterly surveys (Figure 3-10), Average transmissance
across the four surveys ranged fram 76.9% in July to 83.3% In February (Table 3-3).
In July there was a layer of lower transmissance water in the mid-water column
along the entire coast. The good water clarity during 2016 might be attributed to the
influx of nutrient poor water associated with El Nino and the concurrent reduction in
phytoplankton.

Transmissance ranges and outfall effects. Table 3-3 shows the range of
transmissance for the 11 water column stations over the four sampling surveys.
Comparisons among stations showed there was a significant correlation with distance
to the outfall in January and April, but there was no significant difference among
near and far field stations by t-test during any of the four surveys. In all cases, there
was never a reduction in transmissance between near and far field statlons that
exceeded the Ocean Plan (2009) standard of 10%.
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Figure 3-10. Transmissance {%) contours for the K Station (depth = 18 m) and B
Station (depth = 28 m) transects. The Goleta Sanitary District outfall 1s depicted as a
red line,
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3.10.1.6. Surface Transparency

As discussed in more detall In Section 3.10.1.5 above, surface transparency is
recorded as the depth {m) at which a weighted, 30 cm, white plastic disk {Secchi
Disk) disappears from view. Since only a single quarterly measurement is taken at
each station, these data are presented as a line plot of transparency vs. quarter,

Transparency patterns  and  outfall effects, Figure 3-11 shows the range of
transparency measurements for the 11 water ¢column stations over the four sampling
surveys. Average surface transparency ranged from 6.0 m in October to 14.0 m in
February. Transparency did not correlate significantly with distance from the outfall
in any quarter, nor by t-test among stations located near to and far from the outfall,
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Figure 3-11. Average transparency vs. season for each of the 11 water quality
stations.
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3.10.2. Bacterlal Water Quallty

The three bacterial measurements of total coliforms, fecal coliforms and
enterococcus, are used by health authorities to assess the potential risk of human
exposure to pathogens in the aquatic environment (Soule 1997). The principle
problem with these indicators is that analysis takes 72 hours, slowing the response
of health officials to potentially hazardous conditions. Research has been underway
to develop more rapid tests that are both sensitive and cost effective. Rainfall
episodes have been closely associated with vioiatlons of all three bacterial standards,
especially near areas where creeks or stormwater channels discharge into the ocean.
At present, it Is more prudent to post areas of potential or known contamination
Immediately following rain storm events than to wait for confirmation. Bacterial
results are summanrized in Tables 3-4 and 3-5.

3.10.2.1. Total Coliforms

Coliform bacterta (those inhabiting the colon) have been used for many years as
indicators of fecal contamination; they were initially thought to be harmless
indicators of pathogens at a time when waterborne diseases such as typhoid fever,
dysentery and cholera were severe problems. Recently it was recognized that
coliforms themselves might cause infections and diarrhea. However, the total
coliform test is not effective in identifying human contamination because these
bacteria may also occur as free living in soils, and are present in most vertebrate
fecal material. The California Ocean Plan (SWRCB 2009) states that within 1,000
feet of shore, the single sample total coliform concentration cannot exceed 10,000
MPN/100 mL of water. Additionally, during a 30-day period the average
concentrations cannot exceed 1,000 MPN/100 mL. Although no affshore stations are
within 1000 feet of shore, this value was used as a criterion of concern.

Total coliform patterns gver the year, Total coliform counts were very low during the
year, ranging from <2 to 2 MPN/100 mL for all surveys (Table 3-4). In general
values were very low throughout the year at all stations and depths with most
samples below detection (<2 MPN/100 mL). Overall, the total coliform concentrations
were far below either the single sample Ocean Plan standard (2009) of 10,000
MPN/100 mL or the monthly average total coliform standard of 1,000 MPN/100mL
(Table 3-5),
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Table 3-4. Annual summary of total and fecal coliforms and enterococcus bacteria
(MPN/100 mL).

Sampling Offshore Plume Nearshore
Staton Season Bl B2 83 Hse BS BE MWC2DWCI0D| Kt K2 K3 Ke4 KS
SURFACE
Total Colfermn | Winter “2 <z <2 <2 <2 -2 <2 <2 <2 <2 <2 2 «2
Spring 2 @@ <2 <2 <2 <2 =2 -2 =2 «2 «2 <2 <2
Summer | <2 <@ <2 2 <2 <2 <2 <2 <2 <2 <2 <2 <2
Fall 2 € < 2 =2 =32 =2 2 <2 <2 2 <2 <2
Fetal Colfarm | Winker «2 <« < <2 <2 2 <2 <2 <2 <2 2 =2 <2
Spring 2 <2 < «2 <2 -2 <2 <2 <2 2 <2 =2 <2
Summer | <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <
Fal 2 =2 «2 =2 2 €2 <2 =2 <2 =2 <2 =2 <2
Entatocoocus | Winter 2 <2 <2 <2 <2 =2 =2 =2 2 2 2 <2 =2
Spring «2 <2 <2 <2 <2 <2 | <2 w2 | €@ e <2 <2 <2
Summer | <2 <2 =2 <2 <2 «2 2 <2 <2 <2 <2 <2 <2
Fa <2 < <2 <2 <2 <2 «2 «2 =2 =2 <2 <2
MODLE
Tokal Colprm | Winter «© <2 4 2 2 <2 <2 <2 <2 =2 <2 =2 <2
Spring <2 = <2 =2 <2 2 2 2 =2 2 <2 <2 <3
Summer § <« <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
Fall 2 =2 <2 2 =2 <2 <2 =2 =2 <2 «2 «2 =2
Facal Calsform | Wintet 2 <2 a2 2 «2 L4 =2 2 =2 =2 =2 2 =2
Spring 2 <2 <2 w2 <2 <2 | <2 <2 | @ <2 €2 <2 <2
Summer | <2 <2 &2 =2 2 =2 =2 =2 =2 2 2 2 =2
Fal «2 =2 2 =2 <2 <2 <2 <2 <2 <2 2 <2 <2
Enierococcus | Winter 2 =2 2 <2 =2 <2 =2 =2 =2 «2 <2 <2 <2
Spring <2 o <2 <2 <2 <2 <2 =2 <2 2 <2 <2 <3
Summer | <2 <2 =2 =2 <2 <2 =2 =2 =2 =2 =2 <2 <2
all <2 < < <2 <2 <2 <2 =2 <2 <2 =2 2 <2
BOTTONM
Tolal Collkorny | WWinker 2 <2 2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
Spiing 2 ¢ < <2 2 2 2 <2 <2 =2 <2 <2 <2
Summar § <2 <2 =2 <2 <2 <2 2 20 2 <2 <2 <2 <2
Fal <2 <2 <2 -2 <2 <2 <2 «2 <2 «2 2 2 2
Feeal Colform | Wintar <2 <2 <2 <2 <2 <2 2 <2 ~2 <2 <2 <2 <2
Sprng <2 €2 =2 <2 =z =2 <2 €2 =2 =2 2 -2 =2
Summer | <2 =2 <2 <2 <2 «2 <2 20 <2 <2 <2 <2 <2
Falt <@ Q@ <2 <2 <2 <2 <2 =2 =2 =2 =2 <2 L
Entarococous | Winter 2 @ <2 <2 <2 <2 <2 <2 <2 <2 <2 L
Spring €2 =2 =2 2 2 =2 <2 <2 <2 2 =2 <2 <2
Summar | <2 @ <2 <2 <2 <2 <2 <2 <2 2 2 <2 <2
Fall «2 2 =2 <2 <2 <2 <2 2 2 2 2 <2 <2
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Table 3-5. Indicator bacteria geometric averages and ranges for all stations and
depths combined for each quarterly survey. Measurements for the year were
compared individually against single sample event, REC-1 bathing water standards.

Water Gluality Standard
Parameter Maonth Average Range Standard Exceedances

Total Coliform February 2 <2-2 10,000 0
April 2 2.2 10,000 0

July 2 “«2-2 10,000 0

Qctober 2 <2 -2 10,000 0

Fecal Coliferm February 2 <2 -2 400 0
April 2 <2 -2 400 0

July 2 <2-2 400 0

October 2 «2-2 400 0

Enteroccoccus February 2 <2 -2 104 0
Aprl 2 <2-2 104 0

July 2 <2-2 104 0

October 2 <2-2 104 0

3.10.2.2. Fecal Coliforms

The fecal coliform test discriminates primarily between soil bacteria and those in
warm blooded animals such as dogs, cats, birds, horses, barnyard animals, and
humans. The California Ocean Plan (SWRCB 2009) states that within 1000 feet of
shore, samples from each station shall have a density of fecal coliform organisms
less than 400 MPN/100 mL of water for any single sample or average less than 200
for any 30-day period. Although no offshore stations are within 1000 feet of shore,
this value was used as a criterion of concern.

Fecal coliform patterns over the vear. Fecal coliform counts were very low during
the year, ranging from <2 to 20 MPN/100 mL for all surveys (Table 3-4). In general
values were very low throughout the year at all stations and depths with most
samples below detection (<2 MPN/100 mL). These fecal coliform concentrations were
far below either the single sample Ocean Plan standard {2009) of 400 MPN/100 mL
or the monthly average fecal coliform standard of 200 MPN/100mL (Table 3-5).
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3.10.2.3. Enterococcus

Enterococcus bacteria include species that are found in human wastes and are
related to the Streptococcus bacteria. At one time they were believed to be exclusive
to humans, but other Streptococcus species occur in feces of cows, horses, chickens,
and other birds. Enterocacci die off rapidly in the environment, making them
indicators of fresh contamination, but not exclusively from humans. The California
Ocean Plan (SWRCB 2009) limitations within 1000 feet of shore are a 30-day
average of 34 MPN/100 mL and a single sample limit of 104 MPN/100 mL.

Enterococcus bacteria patterns over the year. Enterococcus bacteria counts ranged
from the method detection limit (<2 MPN/100 mL} to just above it (2 MPN/100 mL)
during each survey (Table 3-4), Enterococcus concentrations at all stations and
depths in the survey area were below the single sample Ocean Plan standard (2009)
of 104 MPN/100 mL (Table 3-5).
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3.11. Discussion

Quarterly water quality surveys were conducted offshore Goleta in February, April,
July and November 2016. Measurements for temperature, saiinity, pH, dissolved
oxygen and water clarity showed that oceanographic conditions during the year were
typical of nearshore areas in southern California. In addition, the Galeta outfall did
not have a detectable effect on the water quality conditions in the survey area. The
yvear was defined by two naturally occurring events: the fifth year of a historic
drought in southern California and an influx of warm equatorial water due to a strong
El Ninc event,

Rainfall for this period {14.15 Inches) was four inches less than the average yearly
rainfall since 1981 (18.96 inches). This lack of rainfall meant less nearshore surface
runoff and may have led to the good water clarity and low bacteria counts
throughout the year. El Nino drove the sea surface anomaly to nearly 4 °C above the
long term average. The warm, nutrient poor water entrained in the El Nino event
caused elevated water temperatures and good water clarity owing to the lack of
nutrient dependent phytoplankton blooms.

Salinity, normally the best opportunity to detect the effiuent plume, only showed a
slight effluent plume signature in February and July in midwater just south of the
terminus of the outfall, Otherwise the effluent plume went undetected during the two
other surveys.

Physical and chemical characteristic restrictions, which apply to waters outside of the
zone of initial dilution, are addressed in the California Ocean Plan (2009):

- The pH shall not be changed at any time more than 0.2 units from that which
occurs natursily.

- The dissolved oxygen concentration shall not at any time be depressed more than

1@ percent from that which occurs naturally, as the result of the discharge of oxygen
demanding waste materials.

- Natural light shall not be significantly reduced at any point outside of the zone of
initial ditution.

- Floating particulates and grease and oil shall not be visible.

- The discharge of waste shall not cause aesthetically undesirable discoloration of the
ocean surface.

- Waste discharged to the ocean must be essentially free of: 1) Material that is
floatable or will become floatable upon discharge.

- The waste discharged to the ocean must be essentially free of: 4) Substances that
significantly decrease the natural light to benthic communities and other marine life.

- Waste discharged to the ocean must be essentially free of: 5) Materials that resuit
fnn aesthetically undesirable discoloration of the ocean.
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The water quallty parameters measured during the four quarterly surveys indicated
that the outfall plume was not altering the condition of the water mass in the vicinity
of the Galeta outfall. None of the above restrictions were exceeded outside the zone
of initial dilution, except in April when dissclved oxygen was from 10.5% to 12.3%
lower at the nearshore transect stations K2 to K5 (9.02 to 9.13 mg/L) compared to
the ZID stations (8.08 mg/L). These differences in dissolved oxygen bhetween sites
does not represent an ecologically important depression in oxygen concentration. pH
and transmissance were within Ocean Plan {2009) standards during each of the four
quarterly surveys.

Water color throughout the area was green to blue-green, and the discharge of oil or
floating particulates were never observed in the survey area. Transmissance
measurements taken near to and far from the outfall correlated significantly with
distance to the outfali in April. However, transmissance was not significantly different
among sites close to and far from the outfall. While statistically significant, these
differences were smail and not ecologically significant.

Bacteriological standards are addressed in the Ocean Plan and NPDES discharge
permit, however these standards relate primarily to shoreline waters used for
recreation or shellfish harvesting (REC-1 bathing water standards). Total coliforms,
fecal coliforms and enterococcus indicator bacterla concentrations were very low
throughout the year in the Goleta survey area. A total of 156 samples were collected
and analyzed for each indicator. None of these exceeded the single sample Ocean
Plan standard (2009) during the year and over 98% of the measurements were
below detection limits.

In conclusion, evidence from the four quarterly water column monitering surveys
conducted in 2016 indicate that the Goleta Sanitary District Wastewater Treatment
Plant was In compllance with all water quality standards, and that the treatment
plant was operating effectively.
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CHAPTER 4
Physical Characteristics of the Benthic Sediments

4.1. Background

Marine sediments provide clues to the nature of the environment from which their
constituent materials were derived, the transportation processes by which they
arrived at the final site of deposition, and the physico-chemical and biological
characteristics of the depositional environment. The Southern California Bight coastal
shelf is characterized by sediments composed of varying combinations of sand, silt
and clay. This is quite different in character from more northerly coastal reaches that
are composed of rocky substrates. The distribution of benthic sediments can have a
profound affect upon the diversity, abundance, and community structure of infaunal
organisms and the accumulation of organic material and anthropogenic contaminants
{Gray 1981). In general, finer sediments provide a move stable environment for
benthic organisms, especially those that builld tubes, burrow and feed there. Finer
sediments, however, also tend to adsorb more organic and eliemental contaminants
than do coarser, sandier sediments. As a result, organisms that live closely
associated with fine sediments can be exposed it higher concentrations of
contaminants.

4.2. Materials and Methods

Benthic grab sampling was conducted in accordance with Techniques for Sampling
and Analyzing the Marine Macrobenthos March 1978, EPA 600/3-78-030; Quality
Assurance and Quality Control (QA/QC) for 301 (h) Monitoring Programs: Guidance
on Fleld and Laboratory Methods May 1986, Tetra Tech; The Southern California
Bight Pifot Project Field Qperations Manual (SCCWRP 2008).

Samples were collected with a chain-rigged, tenth square-meter Van Veen Grab. At
each station, the grab was lowered rapidly through the water column until near
bottom, and then slowly lowered until contact was made. The grab was then slowly
raised until clear of the bottom. Once on board, the grab was drained and initial
qualitative observatlons of color, odor, consistency, etc. were recorded,

Sediments to be analyzed for physical properties were removed from the top 2 cm of
the surface and placed in ciean plastic Whirl-Pac¢s. These were analyzed for particle
size distribution using a Horiba LAS20 Particle Size Analyzer and in accordance with
Standard Methods 2560 D (APHA, 2012). Sub-samples from each sediment sample
were re-suspended in de-ionized water, and then injected inte the analyzer. The
analyzer (s capable of measuring particle sizes ranging from silt and clay (<2 pm) up
to course sand (2,000 uym). Resulis were recorded as the percentage each size
distribution represented of the whole. When the LA920 detected particles in a sample
that neared its upper detection limit (2,000 pm)}, a portion of the sample was dried
at 105 °C, weighed, then sieved through a 2,000 ym mesh screen. Particles not
passing through the screen were weighed and expressed as the percentage of
particles in the sample >2,000 pm (gravel).

Data for each station were reduced to the median particle size (pm), percent fines
and, the sorting index. The sorting index values range between sediments that have
a very narrow distribution (very well sorted) to those which have a very wide
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distribution (extremely poorly sorted). This index is simply calculated as the 84™
percentile minus the 16™ percentile divided by two (Gray 1981}, Well sorted
sediments are homogeneous and are typical of high wave and current activity (high
energy areas), whereas poorly sorted sediments are heterogeneous and are typical
of low wave and current activity (low energy areas).

4.3. Results
4.3.1. Station Event and Sea State Conditions

Sediment sampling, trawling and mussel retrieval was conducted on QOctober 6%,
2016 under clear skies, and calm to moderate conditlons (Table 4-1). Wave height
was four feet from the southwest and winds were three to ten knots.

4.3.2. Particle Size Distribution

Tables 4-2 and 4-3, and Figure 4-1 illustrate the overall particle size distributions
from the six sediment-sampling stations. Detailed raw and summary data for particle
size are presented in Appendix 10,3, Results are presented for each size range as the
percent of the whole. Two sediment characteristics can be inferred from the graphs.
Position of the midpoint of the curve will tend to be associated with the median
particle size (Figure 4-1). If the midpoint tends to be toward the larger micron sizes,
then It can be assumed that the sediments will tend to be coarser overall. If the
midpoint is near the smaller micron sizes, then it can be assumed that the sediments
are mostly finer. Sediment sizes that range from 2000 to 63 pym are defined as sand,
sediments ranging from 63 to 4 uym are defined as silt, and sediments that are 4 pm
or less are defined as very fine silt and clay (Wentworth Sediment Scale, see Gray
1981). There are also subdivisions within the categories (e.g. very fine sand, etc.,
see Table 4-3). A second pattern discernible from the graph is how homageneous the
distributions of sediments are. Sediments that tend to have a narrow range of sizes
are considered homogeneous or well sorted. Others, which have a wide range of
sizes, are considered to be heterogeneous or poorly sorted.

4.3.2.1. General Description

At total of 36 replicate samples were successfully collected at the six sampling sites
far all biological and chemical analyses (Table 4-2). The penetration depth of each
grab exceeded the 5 cm minimum depth required by the Southern California Bight
protocol. Surface sediments were composed of fine sand, except at stations B2 and

B6, which were silt/clay. Surface color was olive green and there was no ador at any
station.

4.3.2.2. Median Particle Size
Median particle sizes are depicted in Table 4-3. Similar to past years, median particle

sizes were categorized as very fine sand, except at station B4 which was
characterized as fine sand. Median particle sizes ranged from 73 to 139 pym.
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4.3.2.3. Sorting Index & Percent Fines

Particles were poorly sorted at all sites, except at station B1, which was very poorly
sorted, and B4 where they were moderately sorted. Soriing indices ranged from 0.84
at B4 to 2.19 at Bl (Table 4-3). The percent fine sediments ranged from 14% at
station B4 to 38% at station B1.

4.4. Discussion

Chservational and analytical evaluations of the benthos in the vicinity of the Goleta
outfall show that the sediments are heterogeneous and composed of very fine sand.
The percentage of fine sediments (silt and clay) ranged from 14% to 38% at each of
the stations, which was in keeping with results from previous years. Hydrogen sulfide
gas was not detected in any sample this year. Hydrogen sulfide is a byproduct of
bacterial decomposition of organic material under anoxic conditions.

There were no apparent differences in particle size between the outfall stations and
those further away, Evidence from this analysis suggests that the discharge is not
contributing finer particles ta the benthas near the outfall terminus.
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Table 4-1, Goleta Sanitary District locations, survey Information and weather
conditions during the sediment and trawling survey.
Stanons Bl B2 B3 B4 BS B& TB1 TBE
Date 6-0Oct-16 B-0ct-16 6-Oct-16 §-0ct-16 6-Oct-16 6-0ct-16 &-0ci-16 6-0ct-16
Time 10:26 9:50 919 847 314 73 11:2¢ 14 28
Research Hey Hay Hey Hay Hay Hey Hey Fay
Vessel Judg Jude Sudg Jude Juda Juds Jude Jude
Survay Banthic Benthlc Banthlc Benthic Benthic Benthlc Trewl, Trawl,
Program Sediment  Sediment Sediment Sediment  Sediment  Sediment | Bigaccum  Bmactum
Dist, From
Outall (m) 1500 S00 250 23 25 3000 250 3000
Dirac. From
Cutfall {* M) 270 270 24 270 o0 a0 270 90
Dapth {m) 233 26.9 265 268 255 28.3 289 277
Latwde {N) 3439823 40179 3440188 3440181 3440192 3440137 | 3440005 34 40169
Longitwde (v | 11884111 11983058 11952809 11932566 11982520 11979588 | 11933608 11979677
Weathes Clear Claar Clear Clear Clear Clear Clear Clear
Tide Incoming  Incomsng  Incoming  Incoming  lacoming  Incaming | Outgaing  OCwigeing
Swil HL.
(1] 4 4 4 4 4 4 4 4
Swl. Dir sw SwW sw Sw sw SW SW Sw
Wind Sp.
(Kn) ] 3 4 4 6 5 ] 16
wind Dir NW NW NW NW N NW (1 NW
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Table 4-2, Sediment grab descriptions.

Penetration  Surface Surface
Station Rep (cm} Description Color QOdor Analysis
B1 1 125 Fine Sand  Olive Green None Chemistry
Bi 2 11.0 Fine Sand Clive Green Nane Biology
1 3 13.0 Fine Sand Qlive Green None Biology
81 4 120 Fine Sand  Olive Green None: Biology
81 5 100 Fine Sand Olive Green None Biology
Bi 6 11.0 Fine Sand  Olive Green None Biology
B2 1 13.0 SikClay  Olive Graen None Chemisiry
B2 2 11.0 SikiClay  Olive Green Nene Biology
B2 3 12.0 SitiClay  Olive Green Mone Biology
B2 4 15 SivClay  Ofive Green Norwe Bictogy
B2 5 12.0 Sit'Clay  Olive Green None Bictogy
B2 <] 8.0 SitClay  Olive Green None Biology
B3 1 11.5 Fine Sand QOlive Green None Chermistry
B3 2 10.0 Fine Sand Olive Green None Biology
B3 3 100 Fine Sand  Olive Green None Biology
B3 4 13.0 Fing Sand Olive Green MNone Biology
B3 5 11.5 Fine Sand Qlive Green Mone Biology
B3 <] 8.5 Fine Sand  Olive Green None Biology
B4 1 9.0 rine Sand  Olive Green None Chemistry
B4 2 12.0 Fine Sand Olive Green None Biology
B4 3 10.0 Fine Sand  Olive Graen None Biclogy
B4 4 12.0 Fine Sand Olive Green None Biology
B4 5 11.0 Fine Sand Olive Green None Biology
B4 6 7.0 Fine Sand  Clive Green Nong Biology
B5 1 11.0 Fine Sand  Olive Green MNone Chemistry
B5 2 15 Fine Sand  Olive Green None Biology
B5 3 9.0 Fing Sand  OQlive Green Nana Biology
B5 4 8.0 Fine Sand CQlive Green None Biology
B5 5 85 Fine Sand Clive Green None Biology
B5 6 11.0 Fine Sand  Clive Green MNone Biology
86 1 115 SiiClay  Olive Green None Chemistry
B6 2 85 Sit/Clay  Olve Green None Biology
BS 3 11.0 Sit/Clay  Olva Green Norne Biclogy
B& 4 8.0 SiClay  Olve Green None Biology
B6 5 13.0 Sit/Clay  Qlve Green None Biology
B6 6 12.0 SitiClay  Olve Green None Blology
Table 4-3. Grain size characteristics of each Goleta station.
Median Sorling
Fines
Station imicrans) Category ndex? Sorting %
B1 73 very fine sand 218 very poorly sorted 38
B2 84 very fine sand 1.69 poorly sorted 28
B3 107 very fine sand 1.12 poorly sorted 18
B4 139 fine sand 0.84 moderately sorted 14
BS 108 vary fine sang 1.68 poorly soried 25
B& 77 very fine sand 147 poorly sorted 27

1. 04 = clay, 4-8 = wery fine siltl, 8-16 = fine silt, 16-31 = medium sikt, 31-63 = coarse siit, 63-125 = vary fine sand,
125-250 = fine sand, 250-500 = medivm sand, 500-1000 = coarse sand.

2. <0.35 = ery well sorled, 0.354.50 = well soded, 0.50-0.71 = moderately well soded, 0.71-1.00 = maderately sarted,
1.0-2.0 = poorly sorled, 2.0-4.0 = very pootly sored, >4.0 = extremely poorly sorted
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CHAPTER 5
Chemical Characteristics of Sadiments
5.1. Background

Sources of potential contaminants discharged into the Southern California Bight
include treated municipal and industrial wastewater, storm water runoff from
urbanized areas, disposal of dredged materlals, aerial fallout, oll and hazardous
material spills, boating and other sources. Bottom sediments are cften the fate of
these contaminants, where they can reside for long periods of time, exerting effects
at various levels of biological organization (SCCWRP 1998). Organic and metal
contaminants tend to adsorb more readily on finer particles and can thus accumulate
in areas of deposition. This accumujation of contaminants can impact resident
organisms living both within the sediments and on the surface.

5.2. Materials and Methods

Field sampling for all benthic sediment components is described in Chapter 4,
Section 4.2, Materials and Methods. Single sediment grabs were collected at stations
B1 through B6 (Figure 5-1). Sediment portions t©0 be chemically analyzed were
removed from the top two centimeters of the grab sample with a stalnless steej
spatula and placed in pre-cleaned glass bottles with Teflon-lined caps. During all
collections, the sides of the grab were avolded. Samples were immediately placed on
ice and returned to the laboratory. PHYSIS Environmental Laboratories, located in
Anahelim, California, performed all chemical analyses. Results were standardized to
Hg/g dry weight for undifferentiated organics and metals and pg/Kg dry weight for
complex organics.

Since replicate field samples are not required, results were correlated against
distance from the outfall diffuser. When appropriate, correlations were designated as
significant (p < 0.05) or marginally significant (0.05 < p < 0.10, see Section 3.5.)
and expected (negative) or unexpected (positive) (see Section 3.5.1), Since grain
size can have an important effect on the ability of contaminants to adhere to
particles, results were also correlated against percent fine particle size. The expected
sign for particle size would be negative (increasing concentrations with smaller size).

As described in (Section 4.4.), areas west of the diffuser are known sources of
natural ocil seepages; therefore, results were also correlated against distance from
Goleta Point. Like distance from outfall, the expected sign would be negative.
Spearman’s correlation was used to assess spatlal trends (see Sokal and Rohlf
1981).

In order to determine long-term trends, 2016 data were compared to results from
monitoring surveys that began in 1991 (Brown and Caldwell 1852, 1993, 1994,
1995, 1996, 1997, 1998; Aquatic Bioassay 1999 to 2015), Data were also compared
to results of “reference” sediments from uncontaminated areas collected and
analyzed by the Southern California Bight Regional Monitoring Program (SCBRMP) in
1998, 2003 and 2008. Finally, results were compared to the limits presented In two
NOAA studies (NOAA 1990 and Long, et. al, 1995), In these studies, researchers
compiled published information regarding the toxicity of chemicals to benthic
organisms. The data for each compound were sorted, and the lower 10™ percentile
and median (50%) percentile were identified. The lower 10™ percentile in the data
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was identified as an Effects Range-Low (ER-L) and the median was identified as an
Effects Range-Median (ER-M).

Per the NPDES permit, all contaminants were "normalized” to percent fine sediments
and percent total organic carbon (TOC) at each station. NOAA scientists have
determined that normalizing data from sediments that contain less than 20% silt and
clay can cause erroneously high results; therefore, results from samples containing
less than 20% fine components should be viewed with caution (NOAA 1990).

5.3. Results

Table 5-1 lists all of the chemical constituents measured from samples collected at
each of the six benthic sediment stations. These compounds have been separated
here into three main groups: undifferentiated organic compounds, heavy metals, and
complex organic compounds. Complex organic compounds are further divided into
chlorinated pesticides, polychlorinated biphenyls (PCB’s}, and polynuclear aromatic
hydrocarbons (PAH’'s). Appendix tables 10-4 and 10-5 present data normalized to
percent fine sediments {silt and clay fractions) and percent TOC, Appendix table 10-
6 lists the constituents minimum detection limits (MDL), reporting limits (RL) and
methods. Figure 5-2 shows the average (£ standard deviation) concentratlon for all
Goleta stations combined, for each constituent measured from 1991 to present.
Tables 5-4 and 5-5 compare the Goleta sediment chemistry results with the 1998,
2003 and 2008 SCBRMP surveys and the NOAA ER-L and ER-M values.

5.3.1 Undifferentiated Organics

The undifferentiated organics discussed in this report includes groups of compounds
whose concentrations can help to determine the extent of anthropogenic
contaminant loading in an area. These groups are discussed below:

+« Total organic carbon (TOC) Is a measure of the amount of carbon derived from
plant and animal sources. It is a better measure of the portion of a sample
derived from these sources than is percent volatile solids (Soule et al, 1996).

+ Sources of oil and grease can be attributed to storm water runoff and ocean
going vessels. The extent that people dump used motor oll into storm drains is
unknown. Also, the Goleta outfall is located in an area of natural oil seeps, which
may be a natural source.

+ Total Kjeldahl Nitrogen (TKN) is the method used for the measure of organic
nitrogen in water and sediments. Organic nitrogen is present due to the
breakdown of animal products and Includes such natural materiais as proteins
and peptides, nucleic acids, urea, and numerous synthetic organic materials
(APHA 1995).

e Acid volatile sulfide (H:S) Is an indicator of organic decompaosition occurring
particularly in anoxic sediments and characterized by a rotten egg smell. No
sediment reference values are available for sulfides,

5.3.1.1 Undifferentiated Organics Spatial Patterns

The concentrations for each of the undifferentiated organics measured for this
survey are listed in Table 5-1. Similar to past years, the concentrations of oil and
grease were greatest at Statlon Bl offshore Goleta Point (1,903 mg/L) and
decreased at stations nearest to the outfall with the lowest concentration measured
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at station B2 (281 mg/Kg). Total Kjeldahl nitrocgen (TKN) concentrations were
greatest at B1, near Goleta Point (800 mg/Kg) and was least at station B3 {510
mg/Kg). TOC concentrations were least near outfall stations B4 (4,000 mg/L} and BS
{4,300 mg/L), compared to station B2 {9,200 mag/L). Acid volatile sulfide {AVS}) was
greatest at B5 (25.41 mg/Kg) and least at B1 {5.46 mg/Kg).

Of the undifferentiated organics, oll and grease, and TOC correlated unexpectedly
{increased) with distance from the outfall, TKN and AVS correlated expectedly
{decreased). None of the correlations with distance to the outfall were significant (p
< D.D5). All of the undifferentiated organics correlated expectedly with distance to
Goleta Point. Each of the undifferentiated organic constituents, except AVS,
correlated unexpectedly (increased) with distance to Goleta Point and none of these
correlations were significant. Each constituent correlated unexpectedly with particle
size, except AVS, and oil and grease, and TOC correlations were significant.

5.3.1.2 Undifferentiated Organic Ranges Compared with Past Years

Each of the undifferentiated organics measured during this survey were within their
reported range since 1991 (Figure 5-2). Acid volatile sulfides which were historically
high in 2011, dropped to background levels in 2012 and remained low in 2016.
Concentrations of oil and grease, TKN, TOC and acid volatile sulfides in 2016 were
variable but within range of the past 20 years with no sustained increasing or
decreasing trends evident.

5.3.1.3 Undifferentiated Organics Compared with Reference Surveys

The average concentrations of undifferentiated organics reported in this survey were
compared to concentrations found during three southern California regional surveys
conducted in 1998, 2003 and 2008 (Table 5-4 and 5-5). 08G, TKN and AVS were
not measured during these surveys. Average TOC concentrations in the Goleta
survey area were similar to or less than concentrations measured by the other
surveys. ER-L and ER-M threshold limits are not available for these constituents.

5.3.2 Heavy Metals

Heavy metals in the marine environment are relatively ubiquitous and, with the
exception of mercury, can normally be detected in sediments in low amounts. When
anthropogenlc sources increase sediment concentrations above levels that can be
assimilated by benthic organisms, their assemblages can be impaired. For example:

e Aluminum is generally considered to be nontoxic to organisms in its elemental
state and Is one of the most common elements on earth,

e Antimony is used for alloys and other metallurgical purposes. The salts, primarily
sulfides and oxides are employed in the rubber, textile, fireworks, paint, ceramic,
and glass industries (SWRCB 1973). Acute and chronic toxicity of antimony to
freshwater aquatic life occur at water concentrations as low as 9000 to 1600
ppm, and toxicity to algal specles occurs at about 610 ppm. There is no saltwater
criterion avallable for antimony (Long and Morgan 1990).

e Arsenic is carcinogenic and teratogenic (causing abnormal development} in
mammals and is mainly used as a pesticide and wood preservative. Inorganic
arsenic can affect marine plants at concentrations as low as 13 to 56 ppm and
marine animals at about 2000 ppm (Leng and Morgan 1990). The USEPA (1983)
gives a terrestrial range of 1-50 ppm, with an average of 5 ppm.
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Cadmium is widely used in manufacturing for electroplating, paint plgment,
batteries and plastics. Toxicity In water to freshwater animals ranges from 10
ppb to 1 ppm, as low as 2 ppm for freshwater plants, and 320 ppb to 15.5 ppm
for marine animals {Long and Morgan 1990). The USEPA (1983) places the
terrestrial range for cadmium at 0.01 to 0.7 ppm, with an average of 0.06 ppm.

Chromium is widely used in electroplating, metal pickling, and many other
industrial processes. Chromium typically occurs as either chromium (III) or
chromium (VI), the latter being considerably more toxic. Acute effects to marine
organisms range from 2,000 to 105,000 ppm for chromium (VI) and 10,300 to
35,500 ppm for chromium ({III). Chronic effects range from 445 to 2,000 ppb for
chromlum (VI) and 2,000 to 3,200 ppb for chromium (III} {(Long and Morgan

1990). The terrestrial range is 1 to 1,000 ppm with an average of 100 ppm
(USEPA, 1983).

Copper is widely used in anti-fouling paints. Saltwater animals are acutely
sensitive to copper in water at concentrations ranging from 5.8 to 600 ppm.
Mysid shrimp indicate chronic sensitivity at 77 ppm (Long and Morgan 1590).

Iron is generally not considered toxic to marine organisms. Iron, in some organic
farms, is a stimulator for phytoplankton blooms, Recent experiments in deep-sea
productivity have shown a considerable increase in phytoplankton in normally
depauperate mid-ocean waters when iron is added (Soule et al. 1996).

Older paints and leaded gasoline are a major source of lead. Lead may be
washed Into the Harbor or become waterborne from aerial particulates. Adverse
effects to freshwater organisms range from 1.3 to 7.7 ppm, although marine
animals may be more tolerant {Long and Morgan 1990).

Mercury is a common trace metal once used in industry and as a biocide, Acute
toxicity to marine organisms In water ranges from 3.5 to 1678 ppm. Organic
mercury may be toxic in the range of 0.1 te 2.0 ppm (Long and Morgan 199Q).

Nickel is used extensively in steel alloys and plating. Nickel is chronically toxic to
marine organisms in seawater at 141 ppm (Long and Morgan 1990).

Selenium s used as a component of electrical apparatuses and metal alloys and
as an Insecticide. Although there is ne data avallable for selenium toxiclty to
marine organisms, the present protection criteria range is from 54 to 410 ppb
(USEPA 1986). The normal terrestrial range is from 0.1 to 2.0 ppm with a mean
of 0.3 ppm. Selenium and lead levels found and reported in Least Tern eggs from
Venice Beach and North Island Naval Station Iin San Diego County were
considered te be harmful to development (Soule et al. 1996),

Silver has many uses in commerce and industry including photographic film,
electronics, jewelry, coins, and flatware and in medical applications. Silver is
toxic to mollusks and is sequestered by them and other organisms. Silver
increases in the Southern California Bight with increased depth; high organic
content and percent silt {(Mearns et. al.,, 1991). The range in the rural coastal
shelf is from 0.10 to 18 ppm, in bays and harbors from 0.27 to 4.0 ppm, and
near outfalls 0.08 to 18 ppm (Soule et al. 1996). The normal terrestrial level
ranges from 0.01 to 5.0 ppm, with a mean of 0.05 ppm.

Soule and Oguri (1987, 1988) found the effects of tributyl tin can be toxic in
concentrations as low as 50 parts per trillion in water. The terrestrial range for tin
is 2 to 200 ppm, with a mean of 10 ppm. The California Department of Fish and
Game conslders tributyl tin to be the most toxic substance ever released in the
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marine environment, Tributyl tin may not be as bio-available in sediments as it is
in seawater, and therefore may not affect the benthic biota in the same fashion.

¢ Zinc is widespread in the environment and is also an essential trace element in
human nutrition. It is widely used for marine corrosion protection, enters the
waters as alrborne particulates, and occurs in runoff and sewage effluent. Acute
toxicity of zinc in water to marine fish begins at 192 ppm, and chronic toxicity to
marine mysid shrimp can occur as low as 120 ppm {(Long and Morgan 1990).
The normal terrestrial range is from 10 to 300 ppm, with a mean of 50 ppm
(Soule et al, 1596).

5.3.2.1 Heavy Metal Spatial Patterns

The concentrations for each of the heavy metals measured for this survey are listed
in Table 5-1, Of the fourteen metals measured, all were above detection at each of
the sites. Differences in the concentrations of each metal among sites were small,
Each of the fourteen metals correlated unexpectedly (increased) with distance from
the outfall, and only mercury correlated significantly, There were no significant
correlations (p < 0.05) for any of the fourteen metals with distance from Goleta
Paoint, except for mercury. Each metal correlated unexpectedly with particle size, and
antimony and copper correlations were significant.

5.3.2.2 Heavy Metal Ranges Compared with Past Years

Each of the heavy metals measured during this survey were within their reported
range since 1991 and there were no clear increasing or decreasing concentration
trends, especially in recent years (Flgure 5-2).

5.3.2.3 Heavy Metals Compared with Reference Surveys

The average concentrations of 14 of the heavy metals measured in this survey were
compared to concentrations found during three SCBRMP surveys in 1998, 2003 and
2008 (Tables 5-4}, Of the metals where comparisons could be made, saveral slightly
exceeded concentrations measured in other surveys (aluminum, arsenic, cadmium,
chromium, copper, mercury, nickel, selenium and zinc) (Table 5-5).

5.3.2.4 Heavy Metals Compared with NOAA Effects Range Thresholds

Metals concentrations measured at each station in the Goleta survey area during
2015 were compared to the ER-L and ER-M threshald values (Table 5-4). All metal
concentrations were below both the ER-L and ER-M threshold limits.

5.3.3 Complex Organics

5.3.3.1 Pesticides, PCB's and PAH's

Pesticides, PCBs and PAMs are contaminants that are widespread in the environment,
are toxic to marine organisms when concentrations are increased and can cause
reproductive failure in organisms at higher levels in the food chain. The sources and
relative toxicity of each of these organic chemical groups are discussed below.

« DDT is a pesticide that has been banned since the early 1970's, but the presence
of non-degraded DDT suggests that either subsurface DDT is being released
during erosion and runoff in storms, or that fresh DDT is still in use and finding
its way into coastal waters (Soule et al. 1996)., DDT has been found to be
chronically toxic to bivalves as low as 0.6 ppb in sediment. Toxicity of two of
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DDT's breakdown products, DDE and DDD, were both chronically toxic to bivalve
larvae as low as about 1 ppb (Long and Morgan 1990).

o Of the non-DDT pesticides, concentrations of chlordane between 2.4 and 260
ppm in water are acutely toxic to marine organisms. Heptachlor is acutely toxic
in water from 0.03 to 3.8 ppm. Heptachlor epoxide, a degradaticn product of
heptachlor, is acutely toxic to marine shrimp at 0.04 ppm in water. Dieldrin Is
acutely toxlc to estuarine organisms from 0.7 to 10 ppb. Endrin shows acute
toxicity within a range of 0.037 to 1.2 ppb. Aldrin is acutely toxic to marine
crustaceans and fish between 0.32 and 23 ppb. The EPA freshwater and saltwater
criteria for aldrin are 3.0 and 1.3 ppb, respectively {Long and Morgan 1990). No
toxicity data were found for any of the other chlorinated compounds measured
during this survey,

s+ Although PCBs are not pesticides, thelr similarity to other chlorinated
hydrocarbons makes their inclusion in this section appropriate. Before being
banned in 1970, the principal uses of PCBs were for dlelectric fluids in capacitors,
as plasticizers in waxes, in transformer fluids, and hydraulic fluids, in Jubricants,
and in heat transfer fluids {Laws 1981). Arochlor 1242, a PCB congener, was
acutely toxic in water to marine shrimp in ranges of 15 to 57 ppm (Long and
Morgan 1990).

e The major sources of polynuciear aromatic hydrocarbons (PAH's) are believed to
be the combustion of fossil fuels and petroleum or oil shales. PAH impact is
characterized by altered community structure, abundance, and diversity near the
pollutant source (Daily, et.al. 1993).

5.3.3.2 Pesticide, PCB, and PAH Spatial Patterns

Pesticides, PCB and PAH concentrations at the six sampling stations are listed in
Table 5-1 and complex organic derlvatives are listed in appendix table 10-7. Total
DDTs were above detection at each station and was greatest at station Bl near
Goleta Point (4.1 ug/Kg) and least at outfall station B4 (1.0 ug/Kg). Total DDOT
correlated unexpectedly with distance to the cutfall and significantly. Each of the
other chlorinated hydrocarbons was below detection, In addition, PCBs and Aroclors
were all below detection,

Similar to past years, total PAHs were above detection at each site in the survey
area, with concentrations ranging from 59.0 ug/Kg at station B2 to 15.9 at station
B4 near the outfall. Total PAHs correlated unexpectedly and insignificantly with the
distance to the outfall. PAHs correlated expectedly and non-significantly with
distance from Goleta Point.

5.3.3.3 Pesticide, PCB and PAH Ranges Compared with Past Years

Total DDT pesticides, chlorinated hydrocarbons and PAH concentrations were within
the range of previous years, although total DDT concentrations were elevated again
in 2016 compared to 2010 thru 2012 (Figure 5-2).

5.3.3.4 Pesticides, PCB’s and PAH’s Compared with Reference Surveys

The average concentrations of chlorinated pesticides (DDTs), PCBs and PAHs
measured during the 2016 survey were compared to concentrations found during
three southern California reference site surveys conducted in 1998, 2003 and 2008
(Table 5-4). DDT and PAHs were the same or less in Goleta sediments compared to
the Bight surveys.
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5.3.3.5 DDT Pesticides & PCB’'s Compared with NOAA Effects Range
Thresholds

Pesticide, PCB and PAH concentrations measured in the Goleta survey area were
compared to the NOAA ER-L and ER-M threshold values (Table 5-4). Each group of
constituents was well below these thresholds, except DDT which slightly exceeded
the ER-L.
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5.4 Discussion

Results from this survey support past studies in that the Goleta outfall discharge has
little or no impact upen the chemical composition of local sediments. In order to
confirm this, results from the chemical analysis of the benthos were compared
among stations, compared to past surveys In the area, compared to other studies
performed in southem California, and compared to levels known to have caused
taxicity or other environmental impacts to resident marine infauna.

To determine If contaminant trends were significant across stations, results for each
variable were correlated against three independent variables: distance from outfall
diffuser, distance from Goleta Point, and median particle size. Goleta Point is a
documented area of particularly heavy crude oll seepage. Since the diffuser is
located relatively close to the Point (approximately 1,500 meters east) it is prudent
to attempt to partition out the potential influences of seepages from the impact of
the discharge. Correlation against particle size is important because it is well known
that metals and other contaminants often adhere more readily to finer particles, and
differences among stations may be due to differences in amount of fine material
(Gray 1981).

Metal concentrations in the Goleta survey area were similar across sites and were
slightly influenced by distance from Goleta Point and particle size, similar to many
previous surveys (Aguatic Bioassay 1997 to 2015). The concentration of each metal
increased at sites furthest from the outfall. Of the fourteen metals measured, all
correlated unexpectedly with distance to the outfall. Mercury correlated significantly
with distance to Goleta Point and several metais correlated unexpectedly and
significantly with particle size,

Of the complex organic compounds measured, total DDTs and PAMs were above
detection at each of the six stations, while total PCBs were not detected. Total DDTs
were greatest near Goleta Point and did not correlate with distance to the outfall. As
in past surveys, total PAHs were greatest near Goleta Point and declined on a
gradient toward the outfall.

This years results were compared to past measures made in the Goleta survey area
since 1991. Concentrations of sediment contaminants have remained relatively
stable over time and in 2016 were within the ranges of past years. Acid volatile
sulfides (AVS) which were greater on average in 2011 compared to any survey in the
past 20 years, returned to normal background concentrations in 2012 and remained
low thru 2016. Metais and organic contaminants remained either low or below
detection in 2016. Total DDTs were again elevated in 2016 after being below
detection from 2010 thru 2012,

This vyear's results were compared to sediment contaminant concentrations
measured during the 1998, 2003 and 2008 SCBRMP surveys on the inner shelf
(depth < 30m) and near SPOTWs (SCBRMP 1998, 2003 and 2008). Of the metals
where comparisons could be made, several slightly exceeded concentrations
measured in other surveys ({aluminum, arsenic, cadmium, chromium, copper,
mercury, nickel). Concentrations of each group of organics were similar to or less
than those measured on the inper shelf and near SPOTWs in during each of the
SCBRMP reference surveys.
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The Goleta data were also compared to NOAA's Effects Range Low (ER-L) and Effects
Range Median (ER-M) criteria. Based upon historical research, sediments with levels
of chemical contaminants exceeding ER-L values have a “potential” of affecting
sensitive benthic infauna or the sensitive live stages of the more tolerant organisms.
Sediments containing contaminants that exceed ER-M values will *probably” have a
negative impact upon several groups of infauna organisms. In 2016 each constituent
was well below the ER-L thresholds and far below the ER-M thresholds. The only
exception to this was total DDT which slightly exceeded the ER-L. This indicates that
Goleta sediments were not likely to have had an adverse effect on the benthic
infauna community.

In summary, of the 22 constituents measured in Goleta sediments during the 2016
survey, none correlated expectedly and significantly with distance from the outfall,
Since the concentration of the pellutants emanating from the plant are very low or
below detection, the detection of contaminants in the vidnity of the outfalt is likely
due to ather anthropogenic inputs such as runoff from Goleta Slough, areal
deposition or naturally occurring processes such as the release of oil from the seeps
located offshore of Goleta Point. Comparison of Goleta sediments with historical
reference data from the southern California Bight showed that most constituents
were similar to or below baseline concentrations. Additionally, all sediment chemical
concentrations were below those levels thought to cause toxicity to sensitive infauna
organisms.
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Figure 5-1. Benthic sediment sampling locations (Stations Bl - B6} in the Goleta
survey area.
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Table 5-1. Sediment contaminant concentrations {dry weight) in the Galeta survey
area.

Sadiment Stawosi Cinyelplions
Conatkuant! B1 B2 83 B4 BS B Mean SO | Oufall Point PSSz
Undifferentiated Organics
OF nd Gesase (detention = 100 gig)* 1903 60T 502 287 485 467 | w9 595 | o84 G777  0E3
TKN {detecbon = 43 pgig) 800 740 510 620 690 550 a5z 112 | 011 086 072
TOG (delection = 100 pglg)* BEOD 9200 430D 4000 6Z00 SEDO | #8831 2374 | o1 029 050
AV [detection = 0.05 poigP 546 876 1257 V2 254y V26 1 M1Ad TAT | 072 08D 07T
Heavy Meotaby
Alirvirism (detaction = 1.0 paig) B325 11108 7530 6085 7353 0288 | 6262 {747 | D45 97 055
Anliony (detection = 0.025 ypio) 045 014 011 010 012 013 | 0125 0017 | 052 -016 093
Arsenic (detacsion = 0.02% pgig) 587 &4 sH 511 9.56 589 587 042 o048 0O7 o077
Cadmhsn {detection = 00025 ugig) 045 054 043 0.5 0.35 0.54 0.43 0.10 087 035 0S4
Chromium {detection = 0.0025 no/k) M50 3280 2568 2087 2436 3001 | zwoe ez | 057 ow 087
Copper [detection = 10,0025 ppig) a0p gas 477 4.04 5.38 516 5.4 0.93 o018 020 oM
Won {detecton = 1.0 pofg) 10E76 11922 D120 7H3@ 6708 107E6 | 10043 1435 | 048 0O3  0T®
Lead (datection = 0,0025 pofg) 428 479 385 art 4.18 442 41 037 04 13 085
Merury (detaction = 0.00001 pgla) D0ZIT 04340 00232 00248 00226 0291|0025 0002 | 083 o8 005
Micke {datection = 0. pgipd 1601 1078 1440 1088 1454 1653|1529 278 ods 001 0.77
Selenlurn {detection = 0.015 pgig) oM 03 0.23 0.24 02z 032 028 o005 076 o 0.82
Siver (detection = 0.01 ugig) 008 007 005 005 006 905 | moa ool | 011 0?77 o83
T (detection = 0.025 posp) 058 079 .55 0.56 055 070 0.6 00 | 035 03 0N
Zint (Seteclion = 0,025 pgi) 20T SETA 2503 2086 2687 3003 | 2748 416 | 049 011 075
Complex Organics (ngly dry weignt)®
Chlorinsted Posticides
DDTs? 41 0 F1'] 10 19 24 40 1.06 08 060 084
HCHa L L] LiLi] 0o 00 00 00 o0 000 0.00 0op Q03
Chivrdane Qo 00 og o 0. 5 o0 000 .00 0oD 00D
Alrin {debecton = 1.0 pgig) 18 10 108 1.0 1.0 10 1.00 000 | 0.00 008 000
Déeldrin (detecticn = 1.0 ug¥p) 10 i0 1.0 10 10 10 1,06 Q00 0.on 000 000
Heplachior {delechon « 1 0 pyig) 10 10 10 1.0 10 10 1.00 0.00 0.00 000 000
Heptachlor epoxide (delectlon = 1.0 pg¥g) 1.0 10 10 10 140 10 1.0Q 000 .00 040 000
Mirex (detaction = 1.0 ppg) 1.0 1.0 10 10 10 i0 1.00 0.00 0.00 .00 D.0G
Hexachiorabenzens {detecton = 1 9 o) 5 18 t» 10 10 1o | 106 ooo | oo 000 noe

Bold = Marginally significant {0.05 < p < 0.10)

Bold = Significant {p < 0.05)

1. Minimum detection limits, reperting limits and methods are histed in Appendix 10.4
2. Complex organic derivatives are listed in Appendix 10.4.

3. Non-normal data. Correlations by nonparametric Spearman's rho
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Table 5-1. continued
Sedernat Sistony Comalotions

Cansttesnt* 81 B3 BA 85 B5 | Mean  SD | Oudal  Poit  PriSz
Pelychtorinated Biphenyls

RCAg? 60 00 a0 OO0 o040 00 | GoO 000 | OG0 000 000
Arochrs® 00 00 00 00 00 00 | 000 000 | GO0 000 0OD
Pohleyclic Aromalic Hydrocachons

PiHE3 578 S0 31 159 327 293 | 3820 18w | 0 071 AT
1-Methylinaphihalens (detection = 1.0 pgiKg) 10 10 10 10 10 10 | 100 00D | 008 000 000
1-Methyiphenanihrens (debecbon = 1.0 pgAtgl* 25 a2 21 24 1B 16 | 213 o731 | -00a 049 037
235-Trimsthynaghthaiene (delecion = 1.0ppKgl | 18 10 10 10 10 10 | 145 037 | 640 083 0385
28-Dimethyiaphihalene (detection = 1.0 pg/Kg) 20 15 10 10 14 10 | 135 042 | 022 070 0d2
2-Methyinaphlhatens {detection & 1.0 /K] 16 10 19 f0 10 10 | 100 000 | DOD 0G0 OO
Acenaphiiens (deteckan = 1.0 ygig) 10 16 10 10 10 10 | 180 000 | 000 000 000
Benz{ajantwacena {detection = 1.0 pggh> 9 L] 22 1.0 i F13 2.40 1.3 | 078 O5E OB4
Benzofbjfhioranthene (delection = 1.0 ugigl* 128 95 80 40 75 74 | 837 281 | 036 083 OFF
Benzoje]pyrane (detectan = 10 pp/Kg)? 47 47 38 23 26 32 | as 10z | 062 075 081
Benzofg.h.perylene (detection = 1 0 pgp)> 48 30 12 13 13 14 | 217 146 | 085 045 090
Bphenyl (detection = 10 po/) 10 14 182 1w 106 10 | 100 600 | 000 00D 000
Fluoranihena (datection = 1.0 pgkg) 70 18 113 41 81 55 [ TEX 319 | D20 088 049
Naphialens (delachion = 1 0 pgKg) 14 106 1 10 10 10 | 100 000 | 079 .07 O34
Perylens (delacHon = 1 0 peikg a8 ns 92 42 a2 56 THO 283 | D20 0ss Q44

Bold = Marginally significant {0.05 < p <« 0.10)

Bold = Significant (p < C.05)

1. Minimum detection limits, reporting limits and methods are listed in Appendix 10.4
2. Complex organic derivatives are listed in Appendix 10.4.

3. Non-normal data. Correlations by nonparametric Spearman's rho.
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Figure 5-2, Average concentrations (SD) of sediment contaminants measured
between 1991 and 2014 in the Goleta survey area. TOC, acid volatile sulfide,
aluminum, iron, selenium and tin were not measured from 1991 to 1995.
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Table 5-4. Comparison of sediment contaminants found in the Goleta survey area to the Southern California Bight
Regional Monitoring Program (SCBRMP) data from 1998, 2003 and 2008; and, the NOAA status and trends ERL and ERM
threshold values. The SCBRMP survey includes comparisons against stations located near SPOTWs and shallow water
reference sites,
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1. SCCWRP, 2012; 2. SCCWRP, 2006; 3. SCCWRP 2003; 4. Long and Morgan, 1930; 5. Long et al., 1995.
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Table 5-5. Summary of sediment contaminant spatial trends and concentrations found in
the Goleta survey area to the Southern Californla Bight Regional Monitoring Program
(SCBRMP) data from 1598, 2003 and 2008; and, the NOAA status and trends ERL and

ERM threshold values,
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CHAPTER &
Benthic Infauna
6.1. Background

The benthic infauna community Is composed of those species living in or on the
bottom (benthos}). This community is very important to the quality of the habitat
because it provides food for the entire food web including juvenile and adult fishes
that are bottom feeders. Usually polychaete annelid worms, moiluscans, and
crustaceans dominate the benthic fauna in shallow, silty, sometimes unconsolidated,
habitats. In areas where sediments are contaminated or frequently disturbed by
natural events such as storms or by manmade events, nematade round worms,
oligochaete worms, or tolerant polychaetes or mollusks may dominate the fauna
temporarily. Storms can cause organisms to be washed away or buried under
transported sediment, or can cause changes in the preferred grain size for particular
species., Excessive runoff may lower normal salinities, and thermal regime changes
offshore may disturb the composition of the community. Some species cof benthic
arganisms with rapid reproductive cycles or great fecundity can out-compete other
arganisms in recolonization, at least temporarily after disturbances, but competitive
succession may eventually result in replacement of the original colonizers with more
dominant species.

6.2. Materials and Methods

Field sampling for all benthic sediment components is described in Chapter 4.
Sediments to be analyzed for infauna content were sieved through 1.0 millimeter
screens. The retained organisms and larger sediment fragments were then washed
Into four-liter plastic bottles, relaxed with a magnesium suifate solution, and
preserved with 10% buffered formalin. Five replicates were collected from six benthic
infauna stations (B1, B2, B3, B4, BS, and B6; see Figure 3-1). Screened and
preserved sediments collected in the field were delivered to the Ventura laboratory
for counting, sorting, and identification. Infauna were sorted out by Aquatic Bioassay
staff biologists and separated into five groups: echinaderms, meollusks, polychaetes,
crustaceans, and miscellaneous. For each station, organisms were counted per
group In accordance with Technigues for Sampling and Analyzing the Marine
Macrobenthos EPA 600/3-78-300, March 1978; Quality Assurance and Quality
Control (QA/QC) for 301(h) Monitoring Programs: Guidance on Field and Laboratory
Methods, Tetra Tech 1986; and Southern California Bight Pilot Project Field
Operations Manual, 2013. Each sorted sample was re-checked by a second biologist
for representatives not found during the first inspection. Infauna was identified by
SCAMIT taxcnomists Tony Phillips for and polychaetes, mollusks and other phyla,
Dean Pasko for crustaceans and Megan Lily of the City of San Diego for echinoderms.
A complete list of infauna is included in Appendix 10.6. Aquatic Bioassay maintains
and updates standardized type collections and voucher specimens for most southern
California infauna.

Following enumeration of infauna organisms by species, the total and phyla group
numbers of individuals, and numbers of separate species were compiled for each
station replicate. In addition, several required biological indices were calculated:
Shannon Weiner species diversity (H'), Margelef's richness index (d), Simpson’s
species diversity (SI), Schwartz’s dominance (D), the infauna trophic index (ITI) and
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Benthic Response Index (BRI). Analysis of Variance (ANOVA) was used to compare
average metrics values among statlons. Species compositions were compared using
numetical classification and ordination, Brief descriptions of the indices are presented
below.

Shanneon Diversity, The Shannon Diversity Index (H') (Shannon and Weaver 1963)
is defined as:

S
H =- ? {1[nj/N) Lo (nj/N}},

where: nj = number of individuals of the jth species,
= number of species in the sample,
N = number of individuals in the sample.

Margalef's Richness, Margalef's Species Richness Index (d) {Margalef 1958) is:
d=s1/LnN,
where: s = number of species in the sample,

N = number of indlviduals in the sample.

Simpson's Diversity. The Simpson’ Diversity Index (S1) (Simpson 1949) is:
s
SI=1-3(p)
i=1
where: pp = proportion of individuals of the Jjth species in the
community.
Schwartz’ Dominance, Schwartz’'s Dominance Index (D) is defined as the minimum

number of species required accounting for 75% of the individuals in a sample
{Schwartz 1978),

Infauna Trophic Index. This index measures the prevailing feeding modes of benthic
infauna. Higher values denote southern California species assemblages dominated
by suspension feeders, which are more characteristic of unpolluted environments,
Lower Index values denote assemblages dominated by deposit feeders more
characteristic of areas near major outfalls (Word 1980):

ITI = -33.33 {nz + (2)(n3) + (3)(Ng) / N1 + Nz + n3 + N4},

where: Ni,...,Ng = numbers of individuals in species trophic groups 1,...,4,
respectively.

Benthic Response Index. The BRI is the abundance-weighted average pollution
tolerance of species occurring in a sample (Smith et af. 2001), The general index
formula is:
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iaf}p;
BRI, ==L
2.

f=i

)

where BRI, is the BRI value for sampling unit s, n is the number of species in s, p; is
the pollution tolerance of species /, a5 is the abundance of species i in 5, and fis an
exponent used to transform the abundance values, The primary objective of BRI
development is to assign pollution tolerance scores p; to species based on their
position on a pollution gradient. Once assigned, the scares can be used to assess
the condition of the benthic community by calculating the BRI. A reference threshold,
below which natural benthic assemblages normally cccur, was identifled at an index
value of 31, the peoint on the pollution vector where pollution effects first resulted in
a net loss of species. Three additional thresholds of response to disturbance were
defined at index values of 42, 53 and 73, representing points at which 25%, S0%,
and 80% of the species present at the reference threshold were lost.

Analysis of Variance (ANOVA), ANOVA's were used to compare population variables
and sediment chemistry concentrations among stations. ANOVA analysis requires twa
steps. In the first step, differences in a variable among stations are evaluated to
determine if they are sufficiently large to be statistically significant (p < 0.05). If
they are, then a second test must be performed to determine which stations are
significantly different from another station or stations. In this report, this second
step is called the comparison of means. For example, a comparison of means
stating: 0S1 > 0S2, 0S3 > 0S54, indicates that, for that particular variable, Station
051 is significantly larger than Statiens 0S2, 053, and 0S4, and Stations 052 and
053 are also significantly larger than Station 0S4. For chemical contaminants, if
stations near the outfall are significantly higher than stations farther away, that
compound should be evaluated further. For population variables, the opposite I1s
true.

Cluster Analysis, Cluster analysis was used to define groups of samples, based on
species presence and abundance, which belong to the same community without
imposing an a priori community assignment. Identified clusters were then evaluated
to define the habitat to which they belong. In cluster analysis, samples with the
greatest similarity are grouped first, Additional samples with decreasing similarity
are then progressively added to the groups. The percentage dissimilarity (Bray-
Curtis) metrc (Gauch, 1982; Jongman et al., 1995) was used to calculate the
distances between all pairs of samples. The cluster dendogram was formed using the
unwelighted pair-groups method using arithmetic averages (UPGMA) clustering
algorithm (Sneath and Sokal, 1973). All steps were completed using the computer
program MVSP (Multivariate Statistical Package, v3.12, 2000). Only the most
commonly occurring species were used in the analysis, in this case only those that
cccutred at more than one station and season.

For normal (station by station) classiflcations, the Bray-Curtis Index is:

s
B.C. = X min (Py, Py),
1

where: Py = proportion of species i collected at station j,

_;.55!.;-:.‘1'41
:;-:4 *3
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4 Biological Characteristics of Benthic Sediments

Pi = proportion of species | collected at station k,
$ = number of species.

For inverse (species group by species group) classifications:

N
B.C. = Zmin (P, Py),
i=1

where now: Py = praportion callected at station 1 of species j,
Pk = proportion collected at station i of species k,
N = numbher of stations.

Drdination analysis. Ordination analysis displays the sampling stations as peints In a
multidimensional space. The distances between the stations (polnts) in the space are
proportional to the dissimilarity of the communities found at the respective stations.
The different dimensions of the ordination space, called axes, define independent
gradients of biological change in the community data. The projections of the station
points onto the various axes are called scores. The axes are ordered so that the first
axis displays a maximal amount of community change; the second axis defines a
maximal amount of the remaining community change, and so on for subseguent
axes. Often most of the relevant community changes are displayed in a few
crdination axes,

6.3. Results

6.3.1, Benthic Infauna
6.3.1.1. Infauna Abundance

The simplest measure of resident animal health is the abundance of infauna collected
per sampling effort. Measures of abundance include biomass and numbers of
individuals, which is partially dependent upon the volume of sediment collected in
the grab. For this survey, abundance was determined to be all of the non-colonial
animals collected from one replicate Van Veen Grab (0.1 square meter surface area)
and retained on a 1.0 mm screen (note that abundance per square meter can be
easily calculated by multiplying individuals per grab by ten). Five replicates were
collected from six sediment stations.

Spatlal infauna abundance pattems. Infauna abundances at the six sediment
sampling stations are listed in Table 6-1, Numbers of individuals were greatest near
the outfall at B5 (average = 719), and were least at station B3 (average = 388).
Numbers of individuals correlated unexpectedly and non-significantly with distance
from the outfall, unexpectedly and non-significantly with distance from Goleta Point,
and expectedly and non-significantly with particle size.

Infaung_abundance patterns compared with past years. Figure 6-1 illustrates
blological metric trends over time in the Goleta survey area during the past twenty
five years. The average numbers of individuals increased between 1990 and 1994
and then steadily declined through 1999. Low values during 1998 and 1999 may
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reflect the El Nino conditions present then. In 2000, values began to increase
through 2002 (average = 700), dipped in 2003, and then nearly doubled to historic
highs during the period between 2004 and 2006 (average = 1566). Infauna
abundances declined in 2007 and 2008 to levels simllar to the vears previous to
2004, From 2009 thru 2013, abundances remained relatively stable (average ~
1,000). From 2014 through 2016 another El Nino event was underway and
abundances once again dropped to levels like years prior to 2004.

[nfauna abundance values compared with other surveys, Table 6-2 compares
abundance and other variables with reference control stations from the Southern
Californla Bight Regional Monitoring Program (SCBRMP) surveys conducted in 1998,
2003 and 2008. Average numbers of individuals collected in the Goleta survey area
were greater than the averages measured at reference site locations in each of the
SCBRMP surveys.

6.3.1.2. Infauna Species

Another simple measure of population health is the number of separate infauna
species collected per sampling effort (i.e. one Van Veen Grab). Because of its
simplicity, numbers of species is often underrated as an index. If the sampling effort
and area sampled are the same for each station, however, this index can be one of
the most informative. In general, stations with higher numbers of species per grab
tend to be in areas of healthier communities.

Spatial infauna species patferns., I[nfauna specles at the six sediment sampling
stations are listed in Table 6-1. Numbers of species were greatest at station Bl
(average = 172) near Goleta Point and decreased to the east with lowest numbers of
taxa found at station B3 (average = 121}). Numbers of species correlated
unexpectedly and non-significantly with distance from the outfall, unexpectedly and
non-signiflcantly with Goleta Point, and expectedly and non-significantly with particle
size,

Infauna species patterns compared with past vears. Figure 6-1 illustrates biological
metric trends over time in the Goleta survey area during the past twenty five years.
Similar to numbers of individuals, numbers of species increased between 1991 and
1994 and then steadily declined through 1999 possibly owing to an El Nino effect.
Since 2000 the average number of species has steadily increased through 2006
when it reached a historic high (average = 181). Since 2006 the average number of
species has steadily declined thru 2014 (average = 101), but has increased to
historic highs from 2015 to 2016.

Infauna species values compared with other surveys, Table 6-2 compares numbers
of species and other variables with reference control stations from SCBRMP surveys
conducted in 1998, 2003 and 2008. Ranges for Goleta species counts were greater
than ranges measured in each of the SCCWRP reference site surveys.
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6 Biological Characteristics of Benthic Sediments

6.3.1.3. Infauna Diversity

Species diversity indices are similar to numbers of species; however they often
contain an evenness component, as well. For example, two samples may have the
same numbers of species and the same numbers of individuals, However, cne
station may have most of its numbers concentrated into only a few species while a
second station may have its numbers evenly distributed among its species. The
diversity index would be higher for the latter station. The diversity indices required
In the Goleta permit are the Shannon Diversity Index, Margalef Richness Index, and
Simpson Diversity Index. Since all of these indices are calculated from the same
measures (numbers of individuals and numbers of species), they often show the
same patterns, and are, thus, probably somewhat redundant {Table 6-1). Infauna
population metrics are presented by station. Comparisons are made using correlation
analysis and ANOVA,

Spatlal infauna diversity patterns. Infauna diversitles at the six sediment-sampling
stations are listed in Table 6-1. Diversity, as measured by Shannon'’s, Margalef's, and
Simpson’s indices were similar acraoss sites and uniformly elevated in the survey
area. Each was greatest at station B4 near the outfall terminus, significantly so for
Margalef's Richness and Simpson’s Diversity by ANOVA (p < 0.05). Mone of the
carrelations with distance to the cutfall were significant for Shannon, Margalef's or
Simpson’s Diversity.

Infauna diversity patterns compared with past vears. Figure 6-1 illustrates biological
metric trends over time in the Goleta survey area during the past twenty years.
Shannon Diversity has been high in the Goleta survey area during the entire time
period, with averages ranging between 3.5 to aver 4.0 thru 2016. Diversity was just
below 4.0 through the 1990's and then began a slight decrease to a low in 2005, In
2006 diversity began to increase thru 2007 and 2008, and reached a high in 2009
and 2010, before decreasing again in 2011 and 2012. In 2016, average diversity
malntained an historic high for the 25 year period (H’ = 4.2).

Infauna diversity values compared with other surveys. Table 6-2 compares the
Shannon Diversity Index reference stations from the SCBRMP surveys conducted in
1998, 2003 and 2008. Shannon Diversity measured in the Goleta survey area was
greater in 2016 when compared to each of the SCBRMP reference site surveys.
Neither Margalef's nor Simpson’s indices were calculated during the twoa SCCWRP
programs.

6.3.1.4. Infauna Dominance

The Schwartz Dominance Index is defined as the minimum number of species
required to account for 75% of the individuals in a sample. The infauna environment
tends to be healthier when the dominance index is high, and it tends to correlate
with species diversity.

Spatial infauna dominance pattems. Dominance at the six sediment-sampling
stations Is listed in Table 6-1. Dominance was similar across sites, ranging from an
average of 47 at station Bl to an average of 36 at station B6. Dominance correlated
unexpectedly and non-significantly with distance from the outfall, expectedly and
significantly with distance from Goleta Point, and expectedly and non-significantly
with sediment particle size.
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Infauna dominance patterns compared with past years, Figure 6-1 illustrates

biclogical metric trends over time in the Goleta survey area during the past twenty
five years. Dominance has been high in the Goleta survey area during the entire time
period, ranging between 23 and 41. Dominance ranged between 35 and 40 through
the 1990’s and then began a slight decrease to a low in 2005. After 2010 dominance
decreased thru 2014 and then reached historic highs in 2015 and 2016 (average =
41).

Infauna dominance values compared with other survevs, Table 6-2 compares the
dominance at reference sltes from the SCBRMP surveys conducted in 1998, 2003 and

2008. Dominance in the Goleta survey area in 2016 was far greater than the
SCBRMP reference site surveys.

6.3.1.5. Infauna Trophic Index

The Infauna Trophic Index (SCCWRP 1978, 1980) was developed to measure the
feeding modes of benthic infauna. Higher wvalues denote California species
assemblages dominated by suspension feeders, which are more characteristic of
unpolluted environments. Lower index values denote assemblages dominated by
deposit feeders more characteristic of sediments high in organic pollutants (e.q. near
major ocean outfalls). SCCWRP has also provided definitions for ranges of infauna
index values. Values that are 60 or above indicate “normal” bottom conditions.
Values between 30 and 60 indicate “change”, and values below 30 indicate
“degradation”. The infauna trophic index is based an a 60-meter depth profile of
open ocean coastline in southern California. Therefore, its results should be
interpreted with some caution when applied to Geleta's shallower stations (24 m).

Spatial Infauna Trophic Index patterns. Infauna Trophic Index (ITI) scores at the six
sediment-sampling stations is listed in Table 6-1. ITI values correlated expectedty
and non-significantly with distance from the outfall, unexpectedly and non-
significantly with distance from Goleta Point, and unexpectedly and non-significantly
with particle size. ITI scores at all stations were well above levels defining benthic
communities that are changed (60) and far above levels defining benthic
communities that are degraded (30). The greatest ITI score was measured at the B4
near the outfall.

Infauna Trophic Index patterns compared with past vears. Figure 6-1 lllustrates
biological metric trends over time in the Goleta survey area during the past twenty

years. Average ITI values have remained stable across years and were similar in
2016 to past surveys.

Infauna Trophic Index wvalues compared with other surveys. The ITI was not
calculated for the SCBRMP (1998, 2003 and 2008). This index has been replaced as
a measure of biological cendition by the Benthic Response Index (BRI).

6.3.1.6 Benthic Response Index

The Benthic Response Index (BRI) measures the condition of a benthic assemblage,
with defined thresholds for levels of environmental disturbance (Smith et al. 2001).
The poliution talerance of each species is assigned based upon its distribution of
abundance along a pre-established environmental gradient. To give index values an
ecological context and facilitate their interpretation, four thresholds of biological

2 T o
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8 Biclogical Characteristics of Benthic Sediments

response to pollutlon were identified. The thresholds are based on changes in
biodiversity along a pollution gradient. A reference threshold, below which natural
benthlc assemblages normally occur, was identified at an index value of 31, the point
on the pollution vector where pollution effects first resulted in a net loss of species.
Three additional thresholds of response to disturbance were defined at index values
of 42, 53 and 73, representing points at which 25%, 50%, and 80%, respectively, of
the species present at the reference threshold were lost.

Spatial BRI_patterns. BRI scores corretated unexpectedly (increased) and non-
significantly with distance to the outfall, expectedly and non-significantly with
distance to Goleta Point, and significantly with particle size (Table 6-1). Average BRI
scores were not significantly greatest by ANOVA. Scores were below 31 for each
station indicating there was no net loss of reference species in the survey area. This
indicates that the sites in the Goleta survey area are similar to other shallow
reference site locations in the Southern California Bight.

6.3.1.6. Cluster & Ordination Analysls

Pattems of species composition in the recelving environment's infauna community
were evaluated by comparing normal (station x station) and inverse (species group x
species group) classifications using the Bray-Curtls pair-wise similarity index. As
Bray-Curtis Index values between station groups approach zero, the population of
animals that make up the community at those sites becomes more the same. A
station dendrogram was constructed fram the resulting pattern matrix (Figure 6-2).
For the 2016 survey, rare species were excluded from the analysis so that 255
species that occurred at > three sites were retalned for analysis (96% of the total
number of individuals collected).

Stations clustered into two groups that were very similar to ene another (Figure 6-
2). The greatest Bray-Curtis distance between any two station nodes was
approximately 30%, which indicates very small differences in species abundances
and composition between sites. Station group 1 included station B4, BS and B3,
while group 2 included stations B6, B2 and B1.

Of the twenty relatively abundant species collected in each cluster group, 10 were
shared across cluster groups, underscoring the community similarities among
stations (Table 6-3). The most common species in the survey area were those
typically found in coastal nearshore waters, In 2014 the polychaete, Spiophanes
duplex, was the most relatively abundant species and was represented in each
station group.

When the biclogical metrics for each station cluster group were averaged together
they showed that the infauna population in cluster groups 1 and 2 had nearly the
same abundances, numbers of species, diversity and BRI scores (Table 6-4).

6.4. Discussion

Results from this Infauna survey support past studies that indicated that the ocean
outfall discharge does not appear to be strongly impacting the resident benthic
infauna community. This was confirmed by statistically comparing results among
stations both near and far from the diffuser, comparing results with historical

bt g
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Biclogical Characteristics of Benthic Sediments 9

surveys, comparing results with other studies performed in Southern California, and
comparing stations by cluster analyses.

Evaluation of the biclogical metrics for the 2016 survey showed that metrics were
similar across all sites in the survey area. In past surveys, there was usually an
increased taxa and diversity near Goleta Point may have been due to the increased
availability of organic material emanating from the oil seeps that are present there
(Pearson and Rosenberg 1978). These results indicate the difficulty with interpreting
the results of hypothesis testing on infauna abundance data. To try to elucidate
these patterns and assess what, if any, Impacts might be occurring to the Infauna
community, two indices were calculated and cluster analysis was employed.

The Infaunal Trophic Index (ITI) assesses the health of the benthic community using
trophic level feeding strategies. In 2016 ITI scores at all stations were well above
levels defining benthlc communities that are changed (60) and far above levels
defining benthic communities that are degraded (30). ITI scores in the survey area
ranged from least (75) at station B3 to greatest at outfall station B4 (82). The ITI
has been employed to assess the health of benthic communities since the early
1980's. However, its use to assess communities residing at depths less than 60 m
has been criticized,

The averaged Benthic Response Index (BRI) scores (Smith et al. 2001) were below
31 indicating that there was no net loss of reference species in the survey area. The
BRI approach differs from other mitltimetric techniques in using multivariate
ordination as the basis for assigning pollution tolerance sceres. The primary objective
of the BRI is to assign pollution tolerance scores to species based on their position on
a pollution gradient. Once assigned, the scores can be used to assess the condition
of the benthic community. The BRI was developed using hundreds of infauna
samples collected from throughout the southern Callfornia bight, at sites that were
both degraded and in reference condition.

Biological metrics calculated for the 2016 survey were compared to results of past
surveys at the same sampling locations since 1990. Each of the metrics measured in
2015 were within the ranges of past surveys.

Cluster analysis showed that the dissimilarity among both station and species groups
were very low across the survey area. The three station clusters identified were at
mast 30% different from one ancther based on infauna abundances and taxa
composition. Of the top twenty most abundant species in the survey area, 10 were
shared by the two cluster groups, underscoring the community simllarities among
stations,

To further investigate the potential influence of the Goleta outfall on the infauna
community, cluster analysis and ordination were conducted on infauna data sets
collected from 2004 to 2016 (Figure 6-3). Ordination analysis showed that the
largest portion of the variation in the infauna community during the period could be
described by ordination axis 1 (21%) which was closely associated with survey year.
Stations clustered together on axis 1 by year with 2004 thru 2010 infauna
communities furthest from stations collected during 2011 thru 2016, This indicates
that larger oceanographic conditions are defining the abundances and composition of
species in the survey area. There was no clear outfall related gradient an either axis
1 or axis 2 which described 10% of the variation in the community.

Sty
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10 Biolagical Characteristics of Benthic Sediments

The biological metrics for each site and survey were averaged by historic cluster
group and showed there was very little difference across ¢luster groups indicating a
relatively stable infauna population through time (Table 6-5). This was especially
true of humbers of species which ranged from 210 to 293, Shannon Diversity which
ranged from 3.7 to 4.2 and the BRI which ranged from 27 to 32.

Finally, Goleta results were compared to measurements made of the inner
continental shelf throughaut southern California. All infauna population variables
were comparable to or greater than those measured in regional surveys conducted
by the SCBRMP in 1998, 2003 and 2008.

Although there are no specific numerica!l limitations regarding Infauna animals, the
California Ocean Plan (SWRCB 2007) states that:

The rate of deposition of inert solids and the characteristics of inert solids in the
ocean shalf not be changed such that benthic cornmunities are degraded.

The dissolved sulfide concentration of waters in and near sediments shall not be
significantly increased above that present under natural conditions.

The concentration of substances set forth in Chapter IV, Table B, In marine
sediments shall not be increased to levels which would degrade indigenous biota.

The concentration of organic materials in marine sediments shall not be increased to
fevels which would degrade marine life,

Nutrient materials shall not cause objectionable aquatic growths or degrade
indigenous biota.

Marine communities, incfuding vertebrate, invertebrate, and plant species, shall not
be degraded,

Waste management systems that discharge to the ocean must be designed and
operated in a manner that will maintain the indigenous marine life and a heaithy and
diverse marine community.

Waste discharged to the ocean must be essentially free of: “"2) Settleable material or
substances that may form sediments which will degrade benthic communities or
other aquatic life.”

Waste discharged to the ocean must be essentially free of: "3) Substances which wilf
accumuiate te toxic levels in marine waters, sediments or biota.”

Based upon spatial and temporal comparisons and analogies with other studies, the

results of the infauna survey indicate that the discharge is in compliance with the
general limitations and that it causes no adverse impact.

- March 2017
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Table 6-1. Infauna populatien indices by replicate for each of the six Goleta survey

area stations. Comparisons are made using correlation analysis and ANOVA (p <
0.05).

Olfshore Slabons
Consiituent Bl B2 < a4 a5 B&
INDWVIDUALS "
Repl, 1 777 581 509 7 854 645
Repl. 2 7 534 44 T00 758 552
Rl E7¢ 585 527 810 77 £27
Repl, 4 B0 550 300 580 70 548
Repl. § G0 364 389 309 856 537
=] 708 515 388 [I13 718 543
S, Day, = 75 B85 134 178 49 10
Low er Conl. il = G4 440 270 450 are 533
Upper Conl. nt. = 775 589 505 770 %2 ELv)
Quersl Mean = 531.4 t foullgl)= -0.002 r {point) = -0.24 r{ptsz)=018
Cveral 5.0, = 150.5 H= 204 Comp. of means = B1 » B2, B3, B8, B2 <85
SPECES!
Rogh. 1 176 145 144 178 163 144
Regl 2 173 145 52 182 78 147
Ropl. 2 156 153 142 192 188 139
Repl. 4 176 151 107 165 165 143
Repl, 5 178 118 122 122 180 141
Mean = 172 14z 121 168 170 143
S, Day. = 9 14 2 27 1| 3
Low &r Conf, nl, = 184 130 102 144 181 140
Uppar Cont. nl = 180 155 141 102 180 145
Ovarsll Mean = 1528 T (Qutisl} = -0.08 £ (pount) = 0.8 T{prLsz) = 0 08
Ouersll 5.0, = 24.3 H= 19,0 Comp of weans = B3 <B1,84,85
SHANNON DVERSITY
Rﬂpl.1 452 441 4 48 441 4 40 4 4D
Repl. 2 439 433 4.42 4.59 4 54 444
Repl. 2 432 445 432 467 447 44
Repl, 4 448 449 397 452 434 4.4
Repl. 5 482 43 408 430 443 4.41
Mean » 447 4.40 4.23 4.50 444 441
Sid. Dav, = Q12 n.07 0.20 0.15 0.08 0.02
Lowar Conf. Ink = 435 4.4 4.06 437 437 440
Uppes Cond. Int, = 4.57 4468 441 4,83 4.50 443
Qveral Mean » 4.41 T (oulfslly » .07 r {point) = -0.08 f(praz)m 08
Ovorall S.0.= 0.4 H= 7.32 Conp. of means w WA
MARGALEF RICHNESS
Repl. 1 25.29 2275 2254 2675 24.76 2287
Repl 2 2577 2293 16.96 2758 26.69 2313
Regl. 3 277 2399 22.50 63 780 2z2.02
Repl 4 .} 2377 18,58 2515 24,98 2252
Repl 5 27.08 1964 2028 2111 2451 2 57
Mean = 26.04 2268 2028 26.04 25,75 2252
Std. Dev. = 141 1,88 255 320 143 Q.42
Lower Cord. Int, = 24.81 2120 18.02 23,24 24.50 2215
Upper Carf. k. = 2757 24 11 2248 23 85 27.00 2289
Overall Moan = 2288 ¥ {outfel) = -0.92 t {paind) = -0.30 r{pvisz) = 003
Overall 5.0. = 2.88 H=18.48 Comp of means = 83 < B, B4, BS

Bold = Marginally Significant {0.05 < p < 0.10}

Bold & Gray = Significant {p <0.05)

1. The van Veen Grab collects samples one tenth of one square meter In area. To determine Individuals
per meter, multiply by ten.

2. Non-normal data: correlation coefficients and ANOVA's fram non-parametric tests (Spearman's rha
and Kruskal-Wallace H, respectively).

1 ."_|r'\lL 1'3-1"
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12 Biological Characteristics of Benthic Sediments

Table 6-1. continued

Offshote Slations
Canalituant 81 B2 83 84 B85 B8
SMPSON DIVERSITY
Repl. 1 5 AT 52 5% 48 48
Repl. 2 45 44 36 30 56 48
Repl. 2 44 49 42 63 53 0
Repl. 4 L3 48 k-] 54 &2 4
Repl § 57 4z 44 48 51 48
= 43.60 45.00 4200 55.40 5200 4720
Sid. Dev. = 527 292 6.63 635 242 178
Lower Canl, i, » 19.20 »0mn 20.29 19.88 24,85 .4
LUpper Conf, Int, = 28 20 24 85 25.23 21.70 27.68 2224
Ovorall Mean = 48.T00 1 {outlall) = -0.15 r {point} = -0.0% rprisz )= -026
Overal 5.0. = 8,115 F= 13.76 Comp of means =84 > B2, B3, BS
SCHWARTZ DOMIMNANCE
Repl. 1 48 35 41 35 u k=
Repl. 2 42 38 42 &4 40 »
Repl. 3 39 36 45 52 20
Repl, 4 83 41 42 47 G k]
Rapl. 5 42 kL] kL] 45 39 42
Mean = 47 3B 39 45 41 »
Sid. Dev, = 10 2 § 7 7 5
Low ar Conf. hl. = 18 22 20 20 25 21
Upper Conf, InL » 24 25 25 22 _ = 22
Ovarall Mean = 40.87 r(ouifel) = -0.17 1 (point) = 0.42 r{pisz) = 0.1%
Overall $.0. » 8.58 H= 13.78 Conp, of means = B1 > B4, B5 > B2, B3, B8
INFAUNAL INDEX
Reph. 1 74 e 8 -2 81 3]
Repl. 2 8 77 80 81 74 4]
Repl. 3 89 [ 20 a2 81 83
Repl 4 7 m &7 4] T8 81
Fapl. 5 75 75 82 88 82 -1
Mean = i 77 75 B2 70 7]
Std. Derv. = 2 1 10 2 i 1
Low wr Cond, Int. = 19 22 20 20 25 Fal
Lpper Cond. Int, = ___ = 25 25 22 28 2
Cverall Mean = 78.70 r{oulfall) = & 15 r{point) = 0.26 r{ptez})= 0.55
Owerel 5.0, = 4.83 H= 13.06 Comp, of mesns = B4 > B1, B2 B3, BS
["BENTHIC RESPONSE NDEX
Repl 1 28 28 27 = 5 24
Repl. 2 28 28 25 2% 28 26
fepl. 3 28 29 2% 2% % 26
Rapl. 4 27 k13 25 27 x 28
Repl. 5 28 26 25 22 28 27
Maan = 28 28 26 26 26 ]
Sid. Dav. = 09 08 0.8 22 13 14
Low &r Conf. Int. = 19 22 20 20 25 1
Uppar Cant. I, = 26 2k 26 22 25 22
Cverall Meen = 2662 ¢ {outfal) = 0.11 T {poinl) = -0.28 r{priez) = 044
Ovarall 5.0. = 1.58 H= 11.08 Comp of means = WA

Bold = Marginally Significant {0.05 < p < 0.10}

Bold & Gray = Significant {(p <0.05)
The van Veen Grab collects samples one tenth of one square meter in area. To determine individuals
per meter, multiply by ten.

2. Non—normal data: correlation coeffidents and ANCVA's from non-parametnc bests (Spearman's rho
and Kruskal-Wallace H, respectively).
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Figure 6-1. Infauna community variables, station {n = 6) means and standard
deviations since 1990,
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4 Biological Characteristics of Benthic Sediments

Figure 6-1. {continued).
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Table 6-2. Comparison of Goleta infauna variables with results from other studies
(per 0.1 m?).

SCORMP 2003 SCERMP 2008
Golsh 24 SCBRMP 1333 inner Shelf inner Shelt
Varlable Mean Range Mean Range Hgan %0l Mean SE
Nuniber of Individuals 531 214 . T EL ] 315 - 169 FLx] n 346 i1
Number of Spacies 153 2 - 102 L] 18 - 162 62 5 85 &
Shannon Civersity Index 44 40 - 47 3180 2.00 - 4,40 340 0.00 3.63 0.06
Dominance 40.9 30.0 - 8).0 - - — 23 2 27 3

Distance

| | I | o
04 03 02 01 O

| : B4
- B5|1
B3
B6
B2
B1

Figure 6-2. Station dendregram based on cluster analysis {UPGMA, Sneath and Sokal
1973). The Bray-Curtis dissimilarity index was used to calculate the distances among
stations and species {Gauch 1882, Jongman et. al. 1995},
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Table 6-3. Average abundances of the top twenty species for each cluster group in

2016.

Custer Group
Species 1 2

Spiophanes duplex 125 &6
Cossura sp A 47 45
Mediomastus sp 44 26
Levinsema gracilis 44
Caprella californica Cmplx 42
Euclymeninae 41 35
Foxiphalus obtusidens 32
Diopatra ornata 28
Leptochelia dubia Cmplx 27 24
Paraprionospio alata 26 30
Dalychone veleronis 26
Euclymeninae sp A 26
Rhepoxynlus stenodes 26
Spiophanes berkeleyorum 26
Macoma yoldiformis 25 51
Scalibregma californicum 25 44
Ampharete |abrops 25
Dlalychone albocincta 25
Poedlorhaetus johnsom 24 29
Praxillella pacifica 24 24
Bionticellina cryptica 49
Phoronis sp 49
Streblasoma crassibranchia 46
Parvilucina tenuiscul pta Er
Tellinasp B 36
Amphideutopus oculatus 32
Dipelydora bidentata 32
Nuculana taphria 32
Pherusa negpapillata 32
Marphysa disjuncta 27
Ampelisciphetis padophthalma 26
Dipolydora soclalls 26
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Table 6-4. Biological metrics for each station in 2016 averaged by cluster group.

Mumber of Total Margalef Schwartz SHAnoN Hmpson
Slation Cluster Group Specles Abundznce BRI m Bvannoss  Richness Dominance Diverstty Divorsity
B3 1 244 a0 o) T 0.8 4054 1] 474 0.5
B4 ¥ 209 [T -] ] -] oes 44,55 0 ag2 [1-]
BS 1 209 by 8 ™ Q83 43.80 B2 468 059
L 274 & <3 79 (3 1] 42.83 [ 1] ATE 0.98
B1 2 9 TR 2 7B 0.84 4379 80 473 299
B2 H 9 > 3 k4 78 085 41.18 ) aiT4 [:%-
B8 2 267 582 28 a1 065 4200 L] AT nas
averoge 0t - = T 054 42,32 .~ ] 4T L% ]
03 5
13 ]
oz
.15
= & Chuster Group 1
[ » Chudter Group 2
3 wralll
a1 . Y s « Chugter Group 3
Foy A AR ] o e Chsler Group 4
E [ il ] [ o HH:I‘:E’-. » Cluslor Group §&
= Ju ; -‘_ 1;1.‘ i « Clusler Group &
L T A 5 "“.f! Y » Clunter Group 7
B by le® W N T « Cluster Group 8
é <016 S T - B T o i o iuster Group 9
L *J{t‘i‘ » W ;;—" ymo .:I - = Cluster Growp 190
1.1 AT o -qi-_ e | =] » Chuster Group +1
WY CHBRL, T TR o
018 \ e f ¥ iutais o
] | Yy
LI - -— v B3 LI
028 =t E = : - -
1.3 42 f.1 a &1 Ly (1 % ] o
Aocks 1 (21%)

Figure 6-3. Plot of ordination scores for infauna communities at stations measured
from 2004 to 2016.
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Trawled Fish and Invertebrate Population 1

CHAPTER 7
Trawled Fish and Invertebrate Populations
7.1. Background

Demersal fishes and megabenthic invertebrates (species living closely associated with the
seafloor) are widely distributed on the soft-bottom habitats along the southern California shelf.
This diverse community is composed of approximately 100 species of fish and several hundred
species of invertebrates (Allen 1982, Allen et al. 1998, Moore and Meams 1978). Since these
populations are generally sedentary, they can act as indictors of human impacts on the soft
bottom habitat. As a result, fraw! programs have been part of the monitoring activities of both
large and small municipal dischargers for nearly thirty years. The goal of the Goleta Sanitary
District's trawl program is to ook for population changes near the ocean outfall.

7.2. Materials and Methods

Trawl sampling was conducted in accordance with Use of Small Otter Trawls in Coastal Biological
Surveys, EPA 600/3-78/083, August 1978; Qualily Assurance and Quality Controf (QA/QC} for
301(h) Monitoring Programs: Guidance on Field and Laboratory Methods, Tetra Tech 1986; and
the Southern California Bight Project Field Operations Manual, 2008. Duplicate ten-minute trawls
were taken at a uniform speed of 2.0 - 2.5 knots with a 7.6 m Marinovich ofter trawl. Care was
taken to not trawl over previous transects or grab sampling sites. For each trawl, all fish and
macroinvertebrates were identified, counted, measured, and weighed. Collection observations,
such as algae or cobble in the trawl, were recorded. Fish abnormalities, such as fin rot, parasites,
or {umors, were also noted. Species abundance lists were compiled for all trawl samples. All fish
and invertebrates were identified by Jim Mann. All animals collected for tissue dissection were
placed in plastic zip-lock bags in coolers over ice during transit

Following enumeration of trawl organisms by species, the total and animal group biomasses,
numbers of individuals, and numbers of separate species were compiled for each station
replicate. In addition, several required biological indices were calculated: Shannon-Weiner
species diversity (H'), Margalef's richness index (d), Simpson's species diversity (S1), and
Schwartz's dominance (D). These indices are described in detail in Chapter 6, in Section 6.2,
Materials and Methods. Since there were only two stations sampled, no clustering or numerical
classification analyses could be calculated. Stations were compared by t-test (see Materials and
Methods section above)

7.3. Results

The demersal fish and macrobenthic invertebrate community was compared among fwo trawl
stations using measures of population abundance and diversity. These included numbers of
individuals, numbers of species, species diversity, and species dominance. In addition, ranges of
these variables were compared to surveys conducted in past years. Duplicate trawls were taken
at two locations, one near Station B3 (TB3) and the other near Station B6 (TBS) (Figure 6-1)
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Trawled Fish and Invertebrate Population 2

7.3.1. Trawled Fish
7.3.1.1. Fish Community Metrics

The averaged fish community metrics and biomass for replicate trawls are presented in Table 7-
1, with results by replicate presented in Appendix 10.7 (Tables 10-9 and 10-10), A total of 221
individual fish were collected from both stations combined during the 2018 survey, with the
average numbers of individuals at TB3 (7) far less than the average numbers collected at TB&
{104) (Table 7-1). There was no statistically significant difference in average abundances
between sites (p > 0.05;, Table 7-1). The average numbers of species collected at TB3 (4) was
half that of TB6 (8). Average biomass was less at TB3 (0.43 Kg) compared to TBE (2.32 Kg), but
there was no significant difference between sites, Shannon Diversity, Simpsons Diversity,
Margalef's Richness and Dominance were low at each site and were not significantly different
between sites.

7.3.1.2. Species Composition

As with past years, the fish caught in the 2016 trawis were typical of those found on most
southem California near shore soft bottom habitats (Table 7-2). A total of 8 and 11 unique taxa
were collected at stations TB3 and TBE, respectively. The most abundant species collected at
TB3 were the speckled sanddab (Citharichfhys stigmaeus) and longfin sanddab (Citharichthys
xanthostigma). The most abundant species at TB6 were California lizardfish {Synodus lucioceps),
longspine combfish and speckled sanddabs

7.3.1.3. Fish Community Metrics Compared to Past Surveys

Fish assemblage community metrics for 2016 were compared fo previous Goleta area surveys
starting in 1891 (Figure 7-1). The numbers of individuals collected in 2016 was within the range of
past surveys. Fish biomass was again very low during 2016 and simitar to the past 20 years.
Numbers of species continued a slow decline from recent highs in 2011 and 2013, but was similar
in 2016 compared to past years. Shannon Diversity and dominance were low and similar to past
surveys.

7.3.1.4. Fish Community Metrics Compared to Reference Surveys

Fish community metrics for the 2016 Goleta survey were compared to fish assemblage data
collected in the narthern region on the inner continental shelf in the southern California bight
during the 2008 Southern California Bight Regional Monitering Survey (SCBRMP} (SCCWRP
2011; Table 7-3). Number of individuals, number of species, Shannon Diversity and biomass
were all well within the range fish assemblages found in the vicinity of the northem region inner
shelf.

7.3.1.5. Fish Length

Fish size class distributions. The size frequency distributions for all fish collected from trawl
samples are presented in Appendix 10.7 {Table 10.7-1). The size frequency distributions for one
of the historically most abundant species in the survey area (speckled sanddabs, Citharicthys
stigmaeus) are presented in Figure 7-2. Across years, sanddab lengths ranged from 3 to 13 cm at
both stations, with 2016 having slightly more individuals in the 6 cm size class at both stations, At
TB3, near the outfall, the numbers of fish collected were relatively evenly spread across size
classes for all years, except in 2007 and 2012 when large numbers of individuals in the 7 and 8
cm size classes were captured. The majority of sanddabs collected 2004, 2007, 2009 and 2012
at TB6 were in 6 to 8 cm size classes
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Table 7-1. Trawled fish - Summary of biological metrics of fish collected at Statiens TB3
Comparison between sites by two sample T-test (p < 0.05)

and TB&

Fish
Stalion TB3 TBS T-test
Metrk: Avg sD Avg 5D tscore p=
Indrexiuals? 7 -] 104 134 -039 0.70
Species" 4 4 8 4 039 | 070
Biomass {kg)™ 043 a8 23 288 39 070
Shannon Diversidy1 0EB9 126 155 0.02 039 1.00
Simpson Divarsity! 0.40 a57 072 0o8 039 100
Margalkef Richness' 117 1,65 2.06 025 D39 100
Schw artz Dominance! 3 2 4 1 D OD 100
Bold - Marginally Slignificant {005 < p <010)
Bold - Significant {p < 0.05)
1 Non-normal data T-test by Mann-Whitney Utest
Table 7-2 Trawled fish abundance and biomass sorted from most to least abundant
Teawl THI Teawl TO%
Mean Memn pnn kT
Scienific Name Common Name Abund Waeight (hg) | Scianlific Name Common Neme Abund Wil {kg) |
CiMmadchihys ENGMaels spackied sanddub 2 =01 Synodus Jucioceps Califomia Ezandfish .13 087
Citharichthys xanihostgms  lengfin aanddab 2 0.06 Zaniviepds latipinniz long spine cambrish 15 034
Ponchthys myniazier specklafinmidshipm: 1 0.08 Cithadchhys sspmasus speckied sanddaly 12 12
AoeNnus QuAdTSSHalus yeBbovichia aculpin 1 <01 feelinus quadisensivs yeltawehin scuipin 2 0.1
Meochinus bianchand sarcastic fingehesd 1 0.06 Citharchthys xanthostipma  kngfin sanddab 5 Q.18
Pleuronichihys dacumens curtin scle L] <01 P ichthy Sl harnyhesd ot 4 0.28
Plawomchthys #: twomyhesd habot i <01 Xyshpurys Bolepis {fantail sole 3 013
Kysirewnyrs lindepis Tantadl sola 1 037 Sebasies mirkstus vermikon rockfiah 2 <01
Comosiie Yealgh™ 007 Symphunss slricaudus Cellomia longuefish 2 0.1
ParslichMys catifomicus Callomsa haibut 1 n.1e
Parophrys velulus English sole 1 008
Comaslte Welght* B33

*Specles <0 1 kg ara weighaed togelher as a composite weght.
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Figure 7-1. Fish community metric annual averages {£ SD) for Goleta trawl transect data

(n=2) since 1991.
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Table 7-3. Comparison of traw fish metncs with results from the Southem Califerrua Regional Survey, Bight
2008 (SCCWRP 2011).

Traw! Figh
Bight ‘08
Goleta Range Northern Region RB: r:O:?
Matric Inner Shelf g
Biomass (kg) 0.43-2.32 07-47 No
Indiiduals 7-104 24 - 467 No
Species 4-8 5-22 Na
Shannon Diversity 0.89-1.55 05-2¥ No
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7.3.2. Trawl Macroinvertebrates
7.3.2.1. Macroinvertebrate Community Metrics

The averaged macroinveriebrate community metrics and biomass for replicate trawls are
presented in Table 7-4, with results by replicate presented in Appendix 10.7 (Tables 10-11 and
10-12). A total of 17 individual invertebrates were collected from both stations combined during
the 2016 survey. An average of 6 macroinvertebrates was collected at station TB3 compared to 3
at TBS and there was no significant difference between sites (Table 7-4). Average numbers of
species collected averaged 2 at station TB3 and 3 at station TB6, with no significant difference
between sites. Biomass was 0.13 Kg at TB3 and <0.1 Kg at TB6 and there was no significant
difference. Shannon Diversity, Simpson Diversity and Margalef Richness were low at both
stations and there were no significant differences between sites. Dominance was 1 at TB3 and 3
at TB6.

7.3.2.2. Species Composition

As with past years, the invertebrates in the 2016 trawls were typical of those found on most
southern California near shore soft bottomn habitats (Table 7-5). A total of 5 unique taxa were
collected in the survey area. The most abundant species coliected in the survey area were the
red octopus (Oclopus rubescens)

7.3.2.3 Macroinvertebrate Community Metrics Compared to Past Surveys

Macroinvertebrate community metrics for 2016 were compared to previous Goleta area surveys
starting in 1991 (Figure 7-2). The numbers of individuals decreased somewhat from previous
surveys, while biomass dropped. Numbers of species was similar to recent surveys, while
Shannon Diversity and Dominance increased from historic lows [n 2015. These three metrics
declined in 1998 from historic highs and have been relatively stable since. The reasons for these
reductions are unclear,

7.3.2.4. Macroinvertebrate Community Metrics Compared to Reference
Surveys

Macroinvertebrate community metrics for the 2016 Goleta survey were compared to invertebrate
assemblage data collected in the northern region on the inner continental shelf in the southem
Caiifornia bight during the 2008 Scuthern California Bight Regional Monitoring Survey (SCBRMP)
(SCCWRP 2011; Table 7-6). Biomass, numbers of individuzls, and numbers of species were all
within the range or fish assemblages found in the northern region inner shelf. Shannon Diversity
was balow the range.
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Table 7-4. Trawled inverts - Summary of biological metrics of invertebrates collected at Stations TB3 and
TB6. Comparison between siles by two sample T-test (p > 0.05)

nvertebrates
Stavon B3 TBS T-ieat

Metnic Avg S0 Avg SD t seore p=

Indviduals 6 6 3 ] o041 1.00
Species' 2 1 3 1 oon 1.00
Biomass {kg)" 013 018 0.00 aon D 5D 0.62
Shannon Diversity! 032 045 0.87 033 -0.82 G 41
Simpson Diversity- 017 0.24 0.56 016 -118 025
Margalef Richness 043 061 187 064 -118 0.25
Schw ariz Dominance’ 1 a 3 1 -122 022

Bokd - Marginally Significant {0 05 < p <0 10)
Bold - Significant (p < 0.05)
1. Non-normal data; T-test by Mann-Whitney U test

Table 7-5. Trawled inveriebrate abundance and biomass sorted from most to least abundant

Traw] TR Trawl TBS
Mean hean MeBn  Maan

Beitnilis Nans C Mame shundanc Weight thg) | Sclentific Mame Common Name vbund e Wiesinht
Oclopus rrbomsres red oclopus 5 013 Astroprcien califormicus Calfomia sand atar 2 <0.1
Lytechinus picius whilz sea wchin 1 <0.1 Ddopus nbasCans rad oclopus | «0.4
Astopecien celiformicus Califomin sand siar 1 <0.1 Loligo opfescens alfomiamarkatequ ! <0.1
Comaalta VWeignt™ =01 Peeudoaquiffopsis marmaorata maniis shimp 1 0.1

Comosie Weighl* 0.1

*Spaces <0 1 kg are wewghed together as a compasite weight
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data (n=2) since 1991.
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Table 7-6. Comparison of trawl inveriebrate metries with results from the Southern California Regional
Survey, Bight 2008 (from SCCWRP, 2011),

Trawl Invertebrate
Bight 08
Goleta Range Northern Region RBE?O:?

Metric Inner Shelf 9
Biomass (kg) 0.00-0.13 00-30 No
Indmduals 3-6 3-135 No
Species 2-3 2-20 No
Shannon Diversity 0.32 - 0.87 0.64-2.30 Yes
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7.4. Discussion

Results from this trawl survey support past studies that indicated that the discharge from the
Goleta Sanitary District's ocean outfall does not appear to be impacting the resident fish or
macroinvertebrate cormmunities. This was confirmed by comparing results among stations both
near and far from the diffuser, comparing results with historical surveys, and comparing results
with other studies being performed in southem California.

A total of 221 individual fish and 17 individual invertebrates were collected from both stations
combined during the 2016 survey. There were no statistically significant differences (p < 0.05)
between stations near to and far from the outfall when metrics for fish or invertebrate total
abundance, number of species, biomass, diversity and dominance were compared. 8oth fish and
invertebrate population indices measured in 2016 (including abundance, numbers of species and
biomass) were within the range of reference sites sampled during the 2008 Southern California
Bight Regional Monitoring Program.

As with past years, the fishes and macroinvertebrates caught in the 2016 trawls ware typical of
those found on most southern California near shore soft bottom habitats. A total of 8 and 11
individual fish taxa were collected at stations TB3 and TB8, respectively. The most abundant
species collected at station TB3 and TBE was the speckled sanddab (Citharichtys stigmaeus) and
Califernia lizardfish (Synodus fucioceps). A total of 5 unique inveriebrate taxa were collected in
the survey area. The most abundant species collected in the survey area was the red octopus
{QOctopus rubescens).

When the 2016 trawled fish and invertebrate results were compared against past surveys,
average abundances, numbers of species, biomass, diversity and dominance were within the
ranges of the previous twenty years. This was especially true of the trawled fish community. In
contrast, the trawled invertebrate community has been very similar for each biological metric over
the past ten years, but prior to 2001 the numbers of invertebrate taxa and diversity were much
greater. The reasons for the decrease in trawled invertebrate diversity are unclear. Since an
outfall related impact has never been detected, it is probable that some larger oceanagraphic
condition has influenced this community. Frequent cold water upwelling events which are typical
of this coastal region, coupled with warm water El Nino events over the past 15 years may be
playing a significant role in the recruitment to and stability of this community

Although there are no specific numerical limitations regarding trawl animats, the California Ocean
Ptan (1997) states that

- The rate of deposition of inert sofids and the charactaristics of inert solids in the ocean shall nof
he changed such that benthic communilies are degraded.

- The concentration of substances set forth in Chapler IV, Table B, in manne sediments shall not
be increased lo fevels which would degrade indigenous biofa.

- The concentration of organic matenals in marine sediments shall not be increased fo leveis
which would degrade marine life.

- Nutrient mafenals shall not cause ofyectionable aguatic growths or degrade indigenous biota

- Marine communities, including vertebrate, inveriebrafe, and plant species, shall noft be
degraded.

- Waste management systems that discharge to the ocean must be designed and operated in a
manner that will maintain the indigenous manne life and a healthy and diverse marine communify

March 2017



Trawled Fish and Invertebrate Population 12

- Wasfe discharged to the ocean must be essentially fres of: “2) Seltleable malerial or substances
that may form sediments which will degrade benthic communilias or other aquatic fife.”

Based upon spatial and temporal comparisons and analogies with other studies, results of the

trawl survey indicate that the discharge is in compliance with the general limitations and that it
causes no adverse impact,

SHERSS
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CHAPTER 8
Fish and Bivalve Tissue Bicaccumulation
8.1. Background

Outfali discharges can potentially Increase contaminant concentrations in sediments
and the water column to the extent that marine plant and animal communities are
altered, reduced, or eliminated. Harvested fish or invertebrate flesh may become
contaminated and unfit for human consumption. Bloaccumulation is a process
whereby contaminants are assimilated by organisms, retained and bioconcentrated
over time, The degree of bioconcentration Is different among species and among
toxicants. Biomagnification may also occur when predators eat organisms, resulting
in the concentration of contaminants In higher levels of the food chain. In this way,
higher-level predators, such as large fish, birds, and mammals can experience
chronlc toxicity, reproductive failure, or even mortality.

8.2. Materials and Methods

The measure of contaminants in animal tissues was performed with both fish
(speckied sanddabs, Citharichthys stigmaeus) and invertebrates (California bivalves,
Mytitus californianus) using two completely different cellection procedures.

Speckled sanddabs were collected by otter trawl procedures, which are described in
Section 7 above. Sanddabs coliected in the population trawls were kept, and
additional trawls were continued until sufficient total biomass for tissue analysis had
been collected. Animals from each of two stations (TB3 between the diffuser and
Goleta Point and TB6 at the down coast field control} were placed in plastic zip-lock
bags and covered with Ice in coolers. Immediately upon return to the laboratory,
dorsal muscle and livers were removed from each animal, using standard clean room
techniques, and placed In new pre-cleaned glass jars with Teflon-lined caps. All
tissue sampies were then stored in a freezer until ready to be shipped to the
chemistry laboratory (PHYSIS Laborataries in Anaheim, Callfornla). Analytical
methods were similar to sediments, except that special extraction and clean-up
techniques were used to elhminate lipid Interferences commonly found in marine
animal tissues.

Bivalves were collected from Anacapa Island, California, an area anticipated to be
very low in anthropogenic contamination. Prior to deployment these bivalves were
cleaned of all debris and growth and held in a pre-cieaned seawater tank at 15° C
until use. Bivalves were deployed using three arrays, each composed of a float, line,
and anchor. Bivalve cages, made of plastic mesh netting, were attached to the
middle of the arrays, so that the bivalves could be suspended at about mid-depth
(16 m). The arrays were deployed in duplicate at Stations B3, B4, and B6; located
250, 25, and 3000 m {respectively) from the diffuser. The duplicate array at each
station was suspended on a sub-surface buoy and attached to the first array with a
100 meter long line that was weighted to the bottom. Prior to deployment of the
arrays in July, laboratory control bivalves were randomly selected and tissues were
resected and frozen. In Cctober, each of the three bivalve arrays was successfully
retrieved.

Once bivalves were removed from the array, they were placed on Ice and returned to
the laboratory. Exposed bivalves, as well as bivalves from the original papulation
B E
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were cleaned, measured, and weighed. Their tissues were resected, stored, and
analyzed, as above,

for the purposes of statistical analysis, all analytes from each of four groups (DDT
and its derivatives (i.e. DDD and DDE}, PCB’s, PAH's, and non-DDT chlerinated
pesticides) were combined. Results for individual analytes are presented in Appendix
10-16 and 10-17. All data were converted to mg/Kg or ug/Kg, dry weight and
statistically compared among stations using either t-test for two stations or analysis
of variance (ANOVA) for three or more stations (see Section 3.4). When assumptions
of parametric statistics could not be met (such as non-normality or excessive
variability), the tests were replaced with nonparametric analogues (Aspin-Welch
Unequal Variance Test, Mann-Whitney U, and Kruskal-Wallace Rank Test,
respectively), Significance was noted when p < 0.05 and marginal significance was
noted when 0.05 < p < 0.10). A posteriori tests were utilized for significant ANOVA
results to determine which stations were significantly different (see Zar 1996 or
Sokal and Rohlf 1981 for a general description of statistical testing).

To compare tissue concentrations to the Office of Environmental Health Hazard
Assessment (OEHHA) thresholds {OEHAA 2008) and NOAA Status and Trends mussel
watch historical surveys (Kimbrough et al. 2008), Goleta tissue data were converted
to wet weight units.

8.3. Results

Table 8-1 lists the physical and general descriptions of the animals utilized in the
Goleta bloaccumulation study. Appendix Tables 10-13 and 10-14 lists lengths and
weights of organisms, as weil as tissue weights, Tables 8-2 to B-4 and Figures 8-1
and 8-2 present average concentrations for each chemical constituent measured in
the three types of animal tissues at each Station. Appendix Table 10-15 lists each
constituent by replicate and averages by stations. Figures 8-3 through 8-5 compare
historical contamination trends in the three tissue types. Tables 8-5 to 8-6 compare
the Goleta tissue chemistry results with reference surveys and state OEHHA
thresholds and NOAA status and trends tissue levels. Appendix 10-16 and 10-17 lists
the concentrations of the derivatives of total DDT, non-DDT chlorinated
hydrocarbons, total PCBs, and total PAHs. General descriptions of all chemical

constituents have been presented earlier in Chapter 5, and so will not be repeated
here.

B.3.1. Spatial contaminant patterns in tissues
Speckled sanddabs

A total of 66 speckled sanddabs (Citharichthys stigmaeus) were coliected for tissue
dissections from trawl transects TB3 (n = 42) and TB6 (n = 24), respectively (Table
8-1). Average standard lengths (76 and 78 mm, respectively) and weights (8.5
each) were similar,

Of the ten metals measured in sanddab muscle tissue all were above detection
(Table 8-2 and Figure 8-1). Arsenic was significantly greater by t-test (p< 0.01) at
station TB3 (7.50 ug/dry g) nearest from the outfall, compared to concentrations at
TB6 (6.77 pg/dry g). Of the groups of complex organic compounds measured in
sanddab muscle tissue, total DDT and total PAHs were all above method detection
limits, while total PCBs were below detection at each site. Total DDTs were

L March 2017



Chemical Characteristics of Fish and Mussel Tissue 3

significantly greater in muscle tlssue at TB3 (12.2 ug/L) compared to TB6 (10.4
ug/L) (p < 0.05). In contrast, total PAHs were greatest at TB6 (32.8 ug/L) compared
the TB3 (19.8 ug/L). In additlon, several PAH congeners were significantly greater at
reference station TB6 compared te TB3.

Of the ten metals measured in sanddab liver, all were above detection (Table 8-3
and Figure 8-1). There was a significant difference in cadmium, mercury, silver and
zinc concentrations between the two sites by t-test (p < 0.05). Cadmium and silver
were slightly greater at TB3 compared to TB6, while mercury and zinc were greater
at TB6. Of the complex organic compounds, HCHs and several of the chiorinated
hydrocarbons were below detection, while total DDTs, chlordane, total PCBs,
Arochlors and PAHs were above detection. Of these each were significantly greater at
TB3 by t-test (p < 0.05). Several congeners of PAH were significantly greater at TB6.

Bivalves

Of the ten metals measured in bivalve (Mytilus californianus) tissue, all were above
detection (Table 8-4, Figure 8-1). Copper was significantly greater at B3 compared
to B4 and B6 by ANOVA (p < 0.05). Of the complex organic compounds measured in
bivalve tissue, total DDTs, total PCBs and total PAHs were above detection, while
each of the other constituents were just at or below detection. There were no
significant differences amang stations by ANOVA (p <0.05).

8.3.2 Tissue contaminant concentrations compared with past years
Speckled Sanddabs

The average concentration of contaminants in sanddab muscle and liver tissues
remained within range of previous years, except arsenic in livers which increased
two-fold in 2016 (Figures 8-3 and 8-4). Increases in sanddab muscle concentrations
of chromium, nickel and silver reported for the 2009 survey returned to lower
concentrations in 2010 and remained low thru 2016. PCB concentrations in fish liver
tissue have been highly variable since 2007 (range = 0 to 0.3 ug/L) and decreased
again in 2015,

Bivalves

The average concentration of each contaminant in bivalve tissues in 2016 was like
the previous several years (Figure 8-5).
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8.3.3 Tissue contaminant concentrations c¢ompared with other surveys,
State Thresholds & EPA Ranges

The concentrations of the contaminants measured In sanddab and bivalve tissues
during the 2016 survey were compared to the concentrations measured at cther
sites throughout southern California (Table 8-5 and B8-6). Where comparisons were
available, sanddab muscle and liver tissues, and mussel tissues were below or within
the range of contaminant concentrations reported from other surveys (see
references in Table 8-5 and 8-6 footnotes). Sanddab and muscle tissue
concentrations of metals and organic constituents did not exceed OEHHA
consumption thresholds. Finally, mussel tissue concentrations were in the ‘low’ range
reported by the NOAA Status and Trends Mussel Watch program.

B.4. Piscussion

Results from this survey support past studies showing that the Goleta outfall
discharge appears not to effect the concentrations of contaminants in the tissues of
fish and invertebrates residing in the survey area. Results from the chemical analysis
of tissues were compared among stations, compared to past surveys in the area,
compared to other studies performed In southern Californla, and compared to State
thresholds and Federal ranges for concentrations of contaminants in animal tissue,
Results for each varlable were statistically compared among stations by either t-test
or analysis of variance (ANOVA).

The sampling design for fish differed from the design for bivalve afrays. The blvalve
sampling plan included a laboratory control (unexposed bivalves from Anacapa
Island, CA) and bivalves exposed at three site locations: one station down coast
(field controi), one station nearest the outfall, and one station up coast and nearest
Goleta Point. For fish, there was no laboratory control, and fish were collected from
only two locatlons: one station down coast of the cutfall corresponding to the field
control, and one up coast of the outfall corresponding to the station nearest Goleta
Point.

A total of 15 chemical compounds or groups of compounds were analyzed in speckled
sanddab muscle tissue from the two trawl locations. Sanddab muscle tissue metals
were all above detection, while total DDT and total PAHs were each above method
detection. Arsenic, total DDTs and total PAHs were statistically different between the
two stations; arsenic and total DDTs were greatest near the outfall, while total PAHs
were greatest at the reference site furthest from the outfall,

In sanddab liver tissues each metal was above detection at each site, and there was
a significant difference in cadmium, mercury, silver and zinc concentrations between
the two sites. Cadmium and silver were slightly greater at TB3 compared to TB6,
while mercury and zinc were greater at TB6. Of the complex organic compounds,
HCHs and several of the chlorinated hydrocarbons were below detection, while total
DDTs, chlordane, total PCBs, Arochlors and PAHs were above detection. Of these
each were significantly greater near the outfall. Several congeners of PAH were
significantly greater at TB6.

A total of 15 chemical compounds or groups of compounds were analyzed in the

whole-body tissues of bivalves. Copper was statistically different near the outfall, but

there was little difference in concentration. Of the complex organic compounds

measured in bivalve tissue, total DDTs, total PCBs and total PAHs were above
F ;';'f:-i: b
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detection, while each of the other constituents were just at or below detection. There
were no slgnificant differences among stations.

Comparison of the 2015 tissue concentrations from the Goleta survey area against
results from the past twenty years revealed that in all cases contaminant
concentrations were similar to or less than in past years. Increases in sanddab
muscle chromium, nickel and silver reported for the 2009 survey returned to lower
concentrations in 2010 and remained low thru 2016. Arsenic concentrations
increased two-fold in sanddab muscle tissue In 2016.

The concentrations of the contaminants measured in sanddab and bivalve tissues
during the 2016 survey were compared to the cancentrations measured at other
sites throughout southern California. Where comparisons were available, sanddab
muscle and liver tissues, and mussel tissues were below or within the range of
conifaminant concentrations reported from other surveys. Sanddab and bivalve tissue
concentrations of metals and organic constituents did not exceed OEHHA
consumption thresholds. Since the speckled sanddab is not caught for human
consumption due to its small size, comparison of its tissue burdens against the
OEHHA standard is included to provide context. Finally, bivalve tissue concentrations
were In the ‘low' range reported by the NOAA Status and Trends Mussel Watch
program (Kimbrough et al. 2008).

Although there are no specific numerical limitations regarding trawl animals, the
California Ocean Plan (1997) states that:

The natural taste, odor, and color of fish, shelifish, or other marine resources used
for human consumption shall not be altered.

The concentration of organic materials in fish, shellfish or other marine resources
used for human consumption shall not bloaccumulate to levels that are harmiful to
fhurnan health,

Based upon spatial and temporal patterns and comparisons with other studies,

results of the bioaccumulation survey indicate that the discharge is in compliance
with the general limitations that it causes no adverse impact,
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Chemical Characteristics of Fish and Mussel Tissue

Table 8-1. Numbers of animals, length (mm}, weight {g) and tissues weight (qg) in

fish and bivalve tissue collected in the Goleta survey area.

Fish MusGe Fish Liver Bivaives
Constituant Raplicate T3 T6 T3 Ta Conltrol B3 B4 86
Numbar of Smimals 42 24 42 24 BOD B8O 680 60
Aerege Standard Length {mm}) Moan=| 758 782 759 782 &D5 8549 859 648
SD=| 103 7.0 103 7.0 88 40 4.5 438
Mverpge WeighttAom al (g} Megn=| &8 8BS 8.5 &S 212 2898 281 274
Sh.=a 343 FA | 3.3 2.1 X} 6.2 g4 65
Avargge Tissue YWeight (p) Maan = 14 15 0.2 041 %] B.0 88 100
S$D.= 06 04 02 o1 21 127 129 2.5
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Chemical Characteristics of Fish and Mussel Tissue

Table 8-2. Mean concentrations of speckled sanddab (Citharichthys stigmaeus)

muscle collected in the Goleta survey area. Comparisons of means determined by T-
test (p < 0.05).

Fish Muacle
Ted TES T-Tost
T st v mean 3 50 mean 1 S0 n t P
thl-h {pekdvy g}

Arsenic] THOO o+ oosA E78 & 0102 a ITE1 YT 1}

Cadmium| 0048 +  GOBS [1firg] £ 00 ] 243 fat

Chromum| 0412 07 0484 & 0044 3 2462 [T

Copper| 1296 2 Q083 1588+ 005 3 £35 ool

iead| 0040 z Q007 0033 x  000I 3 189 o7

Worcurl 0091 2 Q003 0092 2 DOM 1 024 082

Hicket| 0906 3z 000  OQBS 2 0035 3 o7 050

Seleniom| 1404 : 0074 1342 2 0023 3 1,38 024

Silver| D025 & 0000 0025 & 0000 5 NA A

Zne| 18938 & 1128 17506 : 1975 3 52 020

Complex Organics {ngldry Kg)

ooTs| 122 & 0 w4 0% a axn 608

Chiardane’| 5@ £ 0D og  x 0o 2 HNA HA

HCHsY| oo & 0O 0w o+ 00 E Hi& HA

Aginl 10 2 90 1@ t 00 3 Ha MA

Oiglgsnt 10 2 9Q 10 00 3 Ha N

Heplacksor i0 H P14 0 3 [+ 11] 3 M, NA
Homchiocohenzens] 10 2 QO V- T T a NA WA

Mg 10 2 QO 10 = 0n a NA HA

pces'l 00 oz op o0t OB a NA NA

Aochios’l 00 2 0D 0 £ 0f a NA HA
eads'| 96 25 RE & 25 ] 842 <00i
1SMattnsnaphtiatena] 1B 02 22 r 04 3 -180 b8
\smtyohononmrone| 65 & 10 10 & 13 3 4% 001
ZMathyinsphthalenel 14 & 08 17 ¢ 0 3 -100 037

235 TmeTninophnglens| 131 & 02 15 & 04 3 <120 030
2&-Dimetuinephinelons] 10 & 00 19 & op 3 Ha NA
Apghmens| 18z D@ Wz on 3 [ MA

Bpherd| 41 18 38 z 03 3 054 081
Bangapmittvacensl 18 & 05 11 = 01 3 171 018
Bonm[bfusrantmne] 16 & 00 s o oo 3 nA NA
Benmislryers] 10 & 0O 19 : DB 3 NA NA

Banm(g.h, ijpergens 11 t i 1.0 + n.G 3 WA HA
Fupmnibgng] A2 t 11 LT TR 14 a £27 001

Maphalene?| 13 ¢ 18 19 &+ op 3 100 OA2

Perjans| 53 2z 13 B8+ 08 3 ALK 002

1. Camplex Organic derivativas are listad in Table 10-16.
2. Non-normal! data. Statistics by Mann-Whitnay U Test
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Chemical Characteristics of Fish and Mussel Tissue

Table 8-3. Mean concentrations of Speckled sanddab (Citharichthys stigmaeus) liver
collected in the Goleta survey area. Comparisons of means determined by T-test (p

< 0.05).
. Fish Livor
= He T-Tént
|Constituant mean & 50 mean 30 n t p
'umlu gy g)
Aeanic] 13978 zx 175 19685 z  B105 ) -1.58 L R]:]
Coomlum| S%e0 2 0136 S252 & 0356 3 308 0.04
Cheomium| 1584 3+ 0438 3224 3 1289 3 215 010
Copperl] 18181 @ 0492 22181 3 4842 3 149 07
Lead] @678 : 0024 0706 1z 00N a =y 014
Morcury| DOBO x 0008 Q0TS & OONS 3 330 0.03
Micks)) 0452 : Q088 QES & OOET 3 232 w.0s
Sulwiwm? 8153 3 an3s 6580 ¢ DAI12 3 =108 38
Silwer] 1258 =2 OD40 0.781 & DO?T 3 .94 <t
Zme] ThE563 = 1748 B3.782 x 4271 3 308 004
Complex Organlcs{ng/dry Kg)
con’| 5290 & 81 wrz & 1M 3 1380 @01
Ctiordans™™] 348 & 17 1mg =« 04 3 2308 5,01
MCHs'| 03 & 0O ap 2 00 3 NA NA
Adfn| 10 & oW 10 = o0 3 Ma, [T
Oigldin| 10 & 00 i = 00 E NA NA
Heptachior L} H 09 10 ] 0.0 3 WA A,
Hmachlombenmme 4% * 13 58 * oT 3 278 04%
Mirex 10 ] oD 1.0 x el 3 HaA MA
PcBa'| 582 i 36 ne = A0 3 TA3 - 11
Aochiors’| T4 2 3% 0% & B2 3 1T <001
PrHs"| 4428 3 151 4341 & 830 3 D24 0.83
1-Motninaphmmatens?l 153 2 22 37 s+ 25 2 4026 o
1datiyipnonanmeenedl 10 & 00 B2 137 ) A28 0.0
2 Memynsohthalons? 145 & 22 28 t 47 3 408 002
235 Tdmetyinaphiolane) 4985 2 97 12 &t 52 2 A7 616
2 B-Dvnahydngp 45 z 14 % ko7 3 241 o002
Acengphthens] 1.0 z no 19 £ on 3 HA HA
Biphen e k3 1. iws = 76 3 A42 <0.01
Benzfalpntwacenm| 20085 + 154 A7 =2 138 3 1343 [al1 1]
BenmpbPuoranthenal 18 ¢+ GO 10 2 oe 3 HA RA
Benz[ujpens 10 & 0.0 10 3 oo 3 NA A
Benmlphijpentena| 10 £ 00 18 =z 00 3 Q87 Q.50
Fluaranwena 578 [ 13 173 % 2210 3 -4 55 LN, |
Mapthabors 58 [ 128 THA * 1 3 432 omn
Porgena) 313 & 48 78 & 87 3 2142 1
1. Complex Organic derivatives are listed In Table 10-16.
2. Norm=normal data. Statistics by Mann-Whitney U Test,
AT
= X
E
g
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Chemical Characteristics of Fish and Mussel Tissue 9

Table 8-4, Heavy metals and complex organics in California bivalve (Mytifus
californianus) tissues. Comparisons of means by ANOVA (p < 0.05).

Eﬂl" i-ﬂ.
5] B B8 ANDVA
Consi meen 30 memn £ 80 mean 50 n F [
| etals (ppidey o)
Aipnie{ 14107 ¢ 0848 12837 ¢ 0557 12650 : 049 3 08 092
Cadmium 350 ¢ 0462 3EM1 r 0542 2811 0204 3 117 097
Chromium 1654 & 0121 1785 = 047 1720 & 013 3 045 0.8
Ceppes]  BO4E = 082 8880 s 032 AEXT & 0182 2 1471 oon
Lowd 1721 2 0099 1833 = 0082 1914 £ 0474 3 181 024
Mereunf| 0054 3 0002 0060 2 0002 0056 & 0002 3 596 MRS
Nicket" 1348 @ 0039 1480 2 0128 1405 & 00a] 3 16 0
Ssisniom®| 2477 2 0089 2478 1 D055 2550 ¢ 0133 3 083 086
Silver 0210 2 004 016 & 0046 0250 ¢ 00X 3 090 045
Zinc| 155084 2 7764 152972 & 2839 155290 & 9180 3 ¢1?7 045
Complex Qrganics (ngidry Kp)
oot ne : OB 28 2 42 08 2 24 a ik 418
Chiardane® ne = an ot 2 00 an oz an a HA NA
HCHs" oe = an o x 00 oo % an a HA HA
Aldsin) 10 3 00 1w &+ @b s 0N a HA HA
Dieldrin 10 3z 4a 1w 1z o0 10 & oo a HA HA
Hapiuchlos 10 = oo 10 s+ 00 10 + 08 3 HA HA
Hadhlomsbszing 1¢ ¢+ 0o 6+ 00 14 & OB 3 MA HA
Mirax 10 ¢+ 06 10 ¢+ 00O 108 & 08 3 NA NA
PCBs"} as & 1B 24 &+ 20 58 & 48 3 OB0 Q87
Aenhilors' o0 & 0o o1 & OO 73 &+ a3 3 450 911
PAHs"! 04 £ 183 0B & 12 185 ¢ 18 3 188 043
TMetyinaphialome’ 1w & 0b 12 & D2 12 ¢ 02 3 44 on
1-Metrgphanantrene’ 1T &+ o8 15 + o0& 23 & 07 3 111 057
2. Mehyinaphatene’ 12 & 03 12 ¢ o013 t3 + 03 a ar  or
2 2 5. Trim stirinaphthalens 32 & o8 a8 & 0B as &+ 03 a 187 o
2 &.0imathynaphihalane’ 14 £ 02 11 & 02 18 £ o a s A
Acgnaphthanm 10 t o0 10 & aa 10 t a0 A HA MA
Bpham 10 % 00 10 H an 10 H 11} 3 HA HA
Banzanthracana’| 35 oz 31 24 2 24 iz £ 04 3 254 nue
Banm{bIuoranthane’] 28 = 32 21z 28 10 & o0 3 210 035
Banzolelarans 10 = o 10 1 00 10 ¢t o0 3 Na Na
Benmign.ilpentens’ 23 2 14 10 x o0 1% & 18 3 254 028
Fluacanthens 30 2 17 34 1 24 40 z 14 3 %2 080
Haphsiene 12 2 03 1 2 02 19 2 00 3 1T 056
Pervieny’] 196 2 22 240 & 13 81 2 02 3 030 040

1. Complex Organic derivatives are listed in Table 10-17.
2. Non-normal data. Statistics by Kruskal-Wallls Test,
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Chemical Characteristics of Fish and Mussel Tissue

Figure 8-1. Metal concentrations {mg/dry Kg) measured in fish muscle and liver

tissues (Stations TB3 and TB6}, and bivalves {Stations B3, B4, B6 and lab contral).
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Chemical Characteristics of Fish and Mussel Tissue i1

Figure 8-2. Organic concentrations (pg/dry Kg) measured in fish muscle and liver
tissues (Stations TB3 and TB6), and mussels (B3, B4, B6 and lab control).
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12 Chemical Characteristics of Fish and Mussel Tissue

Figure 8-3. Contaminants (mg/dry Kg) measured in Speckled sanddab muscle
(Citharichthys stigmaeus) from Goleta since 1991 (mean + SD, n=6).
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Chemical Characteristics of Fish and Mussel Tissue 13

Figure 8-4. Contaminants (mg/dry Kg) measured in Speckled sanddab liver
(Citharichthys stigmaeus) from Goleta since 1991 (mean * SD).
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14 Chemlical Characteristics of Fish and Mussel Tissue

Figure 8-5. Contaminants (mg/dry Kg) measured in whole bivalves (Mylilus
cafifornianus) from Goleta since 1991 (mean * SD, n = 3).
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Chemical Characteristics of Fish and Mussel Tissue

15

Table 8-5. Comparison of Goleta tissue chemistry with results from other studies
(ug/wet g} and state and federal limits.

GOLETAS.D, Reference OEHHA %

Hgig Wet Weight ugig Wet Weight | pglog Wet Weight
Censtitluent Means Ranges Stations' FCG>  ATL*
Ash Muscle
Arsenic 1407 1311 - 1492 42.2-57.8 — -
Cadmium 0.007 0.000 - 0.010 <0.01 -0.045 e -—
Chromium 0.088 0.078 - 0.101 008-28 - —_
Copper 0.283 0.246 - 0.324 045-24 -_ —
Lead 0.007 0.006 - 0.009 12 - e
Mercury 0.048 0.7 -0.01%9 D3G-078 n22 so07%
Nickal D.019 0.012 - 0.025 04-51 —_— —
Selenium 0.271 02E2 - 0.293 28-395 74 s256
Silver 0.005 0.005 - 0.005 <0.005-14 — -
anc 3.594 3.251 - 3.983 124-30.6 - -
DDTs 0.002 0.002 - 0003 0.005-215 0021 =0.52
Chlordane 0.000 0.000 - 0.000 — 00086  =0.052
PCBs 0.000 0,000 - 0,000 o0os-27 00036 20021
PAHs 0.005 0.003 - 0.007 -— - —
Fish Liver
Arsenic 5.23 372 - 788 - _— —_—
Cadmium 1.74 1.51 - 1.87 -—_ - —_
Chremium 0.74 038 - 1.3 0.5 - —_
Copper 626 525 - T.96 e - -
Lead 0.21 020 - 022 - - -
Mercury 0.02 002 - 003 - - -
Nickel 017 011 - 023 - - -
Selenium 1.67 159 - 1395 - -_ —_
Silver 0.31 6.22 - 040 —_— — —_
Zinc 24.74 2310 - 2754 — — -
DDTs 0.144 0114 - 0170 28 — -
Chlordane 0.007 0003 - 0011 - -— -
PCBs 0.014 0.008 - 0.020 4 - -
PAHs 0.136 0412 - 0.187 - — —

1 Saurces: SWRCB 1978, 1988 (EDL BS); SCCWRP 1975, 1976, 1977, 1882, 1998c; Short & Harrls 1996; Brown &
Caldwell 1997; NOAA 1591, OEHHA 1991

2. OEHHA, 2008

3. Fish Conteminatdon Goal (FCG)
4, Advisory Tlssue Levels (ATLs) , most conservative tissue consumption threshold based on cancer or non-cancer risk
5.Mercury ATL for women aged 18-45 years & children aged 1-17 years (DEHHA 2008).
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Chemical Characteristics of Fish and Mussel Tissue

Table 8-6. Comparison of mussel tissue chemistry with results from other studies {ug/wet g).

GOLETAS.0. Reference OEHHA 2 NOAA Status & Trends, 1988 to 2005
pg/g Wet Weight paia Wet Weight| palg Wet Weight ugdg Wet Weight
Constituent Means Ranges Stations™ FCG:  ATL* Tow medium high
Mussel Tissue
Arsenic 214 1.86 - 2.51 16.0-23.8 e —_— &-11 12-22 23-41
Cadmium 0.64 D.58 - D.76 1.9-54 e —_— g-3 4-9 10-20
Chromium 0.28 0.18 - 0.32 1.23-39 -— —_ —_ —_ —
Copper 134 1.06 - 1.88 40-218 - - 5-16 17 -39 40 - 857
Lead 0.34 0.28 - D44 1.08 =11 - — 0-3 4-6 7-13
Mercury 0.01 0.01 - 0.02 0.01-04 0.22 £0.07 % 000-017 0.18-035 0.36-1.28
Nicke! 022 0.15 - D.26 32-53 — — 0-5 8-14 15-44
Selenium 042 0.40 - 0.44 270-457 7.4 52.5 _— —_ -—
Silver 0.04 0.03 - 0.05 0.38-0.7 — - - —_ -
Anc 2692 23.96 - 31.21 133 - 338 - -— 48 - 139 140 - 320 321 - 11500
DDTs 0.00438 0.0036 - 0.0079 0017 -0.35 0.21 s0.52 0-0112 0.113-0.286 0.287 - 0520
Chlordane 0.0000 0.0000 - 0.0000 — 0.0058 =0.19 0-0.008 0.002-0.020 0.021-0.049
PCBs 0.0005 0.0000 - 0.0014 0.017-0.35 0.0038 =<0.021 0.005 - 0.153 0.154 - 0478 0.479- 1413
PAHS 0.0030 0.0006 - 0.0066 0.81 _— — 0.063-1.187 1.118-4.434 4.435 - 7.561
1. Sources: SWRCB 1978, 1988 (EDL BS); SCCWRP 1975, 1976, 1977, 1982, 1998c; Short & Harris 1996; Brown 8 Caldwell 1997; NOAA 1991, OEHHA 1391
2. OEHHA, 2008
3. Fish contaminant goals; based on cancer and non-cancer risk using an 8 pzfweek consumption rate.
4. Advisory tissue levels; based on cancer and non-cancer risk using an 8 ozfweek cansumption rate {OEHHA 2008).
<
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Outfall Dive Survey 1

9.0 Introduction

Aquatic Bloassay biologists conducted underwater dive surveys and underwater
videos of the outfall plpe and diffuser from the Goleta Sanitary District Wastewater
Treatment Plant on October 7, 2016. The purposes of the survey were to inspect the
physical integrity of the outfall plpe and assoclated armor rock and note any
impediments to flow from the 36 diffuser potts. Aquatic Bicassay biologists also
assessed the presence of attached and mobile marine organisms that were associated
with the cutfall and the diffuser,

9.1 Materials and Methods

Five divers, using Sony 2100 Camcorders enclosed in Gates underwater housings with
attached NiteRider underwater lights, conducted the survey. Once the outfall had
been located by global positioning (GPS) and bottom finder, a buoy, attached to a line
and a weight, was deployed over the side. Divers entered the water, descended
down the line, swam to the diffuser terminus, and began filming. At the end of each
dive, a lift float was deployed as a marker for the subsequent dive. On deck between
dives, the camera was removed from the housing, the footage was inspected,
batteries were replaced, and the housing was reassembled. A total of five dives were
completed for the video: diffuser, west and east ports (100 ft. to 70 ft.); deep outfall
(70 ft. to 40 ft.); middie cutfall (40 ft. to 20 ft.), and shallow outfall (20 ft. to surf
zone).

The footage was downlocaded to computer files, edited using Adobe Premiere
software, and then transferred to DVD, DVDs were then reviewed by the survey team
to assess conditions of the outfall, The video is arranged from the deepest part of the
dives (outfall terminus) to the shallowest part of the dives (outfall beginning).

9.2 Results

Outfall dive surveys were conducted between approximately 0830 and 1630 hours on
October 7', 2016 aboard the research vessel Hey Jude. Weather conditions were fair
with a 13 knot wind from the south-southwest (225%) and 4 to 6 ft. swell from the
west, southwest (225 °). Water color was brown and green with high turbidity.
Vislbility at the terminus of the diffuser (100 feet) was 0 to 1/2 meter. There was a
thermocline at approximately 13 meters.

9.2.1 Diffuser Section (Depth: 100 TO 70 ft)

9.2.1.1 Physical Description

The pipe survey was conducted in the October in hopes that water quality would be
optimal for taking video footage of the pipe. This year's visibility was extremely poor,
ranging from 0 to 1/2 meters. The diffuser section contains 34 lateral and twe
terminal discharge ports. The lateral ports are alternately arranged 17 on each side of
the diffuser. The end of the pipe is closed except for the two terminal ports, which are
situated one above the other. There were no obstructions on the upper port of the
terminus cap, and the flow from both the upper and lower terminal ports was strong.
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Cutfall Dive Survey 2

Lateral ports were observed and videotaped, starting at the terminus and moving
shoreward on the west and east side of the pipe until the most shoreward east port
was occupied at the beginning of the diffuser. Minor shell debris was removed from
several ports, however all the lateral ports were flowing freely. Along the length of the
diffuser pipe, no evidence of leaks, damage, erosion, holes, or cracks were observed,

An approximately one meter high bed of armor rock supports the diffuser section.
Intermittent observatians of the supporting armor rock revealed a stable bed of rock
with little displacement throughout the diffuser section. Probably during initial
construction, the diffuser section appears to have been rotated counter-clockwise (as
if one were facing the terminus). Thus, the line across east and west diffuser ports is
not parallel to the sea floor, and west ports are about 30 cm lower than east ports.
Armor rock covers the outfall from the shoreward beginning of the diffuser to the
shoreward beginning of the outfall in very shallow water. The thickness of the armor
rock is about one meter.

9.2.1.2 Biological Description

Because of the depth and relative low light at the diffuser {100 ft), algal species are
typically scarce. Algae that were present included the kelp Desmarestia figulata a
tubular and leafy red alga (Rhodophyta), crustose corailine algae (Corallinaceae) and
the Turkish Towel (Gigartina sp.). Among invertebrates; brown cup coral
{Paracyathus stemnsi), colonlal strawberry anemones (Corynactis californica), red
gorgonian {(Lophogorgia chilensis) and various species of colonial hydroids and
bryozoans dominated. Tube worms and especially the strawberry anemones were
commonly observed surrounding the diffuser ports. Batstars (Patiria miniata), giant
sea stars (Pisaster giganteus), sheephead (Semicossyphus puicher), and kelp bass
(Paralabrax clathratus) were observed either on the pipe, or in its immediate vicinity.

9.2.2 Deep Outfall Section (Depth: 70 TO 40 ft)

9.2.2.1 Physical Description

Throughout the dive survey, the outfall was completely covered by approximately
one-meter layer of armor rock. Visibility was poor in this section. The rock covered
pipe extended vertically from the sea floor for about 2 to 3 meters and laterally for
about 6 to 7 meters. The armor rock bed appeared stable with little displacement
throughout this section. No obvious leaks or discoloration were observed from the
armor rock covering the top or sides of the cutfall pipe.

9.2.2.2 Biological Description

On this section, crustose coralline alga (Corallinaceae), foliose red algae (Gigartina
sp.) and several species of brown algae (Phaeophyta) dominated the algal
community. Among invertebrates, the most abundant were the red gorgonian
(Lophogorgia chifensis), colonial strawberry anemones (Corynactis californica),
several species of bryozoans, bat stars (Patria miniata), giant sea stars (Pisaster
giganteus), and the wavy top turban (Megastraea undosa). Several fish species were
observed including, kelp bass (Paralabrax clathratus), opaleye (Girella nigricans),
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Outfall Dive Survey 3

sheephead (Sernicossyphus puicher), sargo {Anisotremus davidsoni) and seflorita
(Oxyijulis californica).

9.2.3 Middle and Shallow Qutfall Section {Depth: 40 TO Surf Zone)

9,2.3.1 Physical Description

As with the previous section, this outfall section was covered by about one meter of
armor rock. The armor rock covered pipe extended horizontally and laterally as
above. The armer rock bed appeared stable with little displacement throughout this
section. No obvious leaks or discoloration were observed from the armor rock
covering the top or sides of the outfall pipe.

9.2.3.2 Biclogical Description

Dominant algae in this pipe section included foliose red aligae (Gigartina sp.) and
crustose coralline algae and giant kelp (Macrocysitis pyrifera). Among the
macroinvertebrates, the giant keyhole limpets (Megathura crenulata), purple sea
urchins {Strongylocentrotus purpuratus), red urchin (Strongylocentrotus franciscanus)
and red gorgonian (Lophogorgia chilensis) were most dominant. Fish species observed
at this depth included kelp bass (Paralabrax clathratus), sheephead (Semicossyphus
pulcher), and senorita (Oxyjulis californica). Lobster traps were also observed on the
armored rock.

L
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Discussion

During the diffuser dive survey, 36 diffuser ports were carefully inspected for flow and
general efficiency. This year, none of the diffuser ports were obstructed with debris
and all of the ports were flowing freely. The remainder of the outfall pipe was
inspected for damage, leaks or evidence of leaks and general stability of the pipe and
armor rock. Inspection of the outfall yielded no evidence of damage, holes, cracks, or
erosion., The pipe and associated armor rock appeared stable with little or no
displacement.

The outfall continues to support a rocky reef community typical of other areas on the
central California coast. A visual survey yielded numerous different species of kelp,
macroinvertebrates, and fishes. A number of species of fish were represented by
juvenile or larval forms, which indicates that recruitment has been occurring. Fish
appeared healthy, with no evidence of deformities, tumors, fin rat, or lesions,
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CHAPTER 10

COLLECTION SYSTEM ANNUAL SUMMARY

Background

Sanitary sewer overflows associated with the Goleta Sanitary District's collection system
are subject to the online reporting and notification requirements set forth in the Statewide
General Waste Discharge Requirements for Sanitary Sewer Systems Order NO. 2006-
0003-DWQ. The Goleta Sanitary District has enrolled under the statewide waste
discharge reqguirement for sanitary sewer systems.

GSD completed the Sanitary Sewer Management Plan (SSMP) in December 2006 and
reviews and revises the SSMP annually, as needed. The District's SSMP was updated in
September of 2013 in accordance with SWRCB Order No. WQ 2013-0058 — EXEC MRP.

This annual report summarizes all lift station and collection system overflows that occurred
during 2016 and includes, if any, the cause, corrective actions taken and corrective actions
planned. In conjunction with the annual report the District will conduct the annual SSMP
update. The update is a part of the wastewater collection system management plan and
requires the District to conduct an internal audit to evaluate the wastewater collection
system management plan and delineate steps the District will take to correct any
deficiencies that are found.

Annual Reporting Requirement

This chapter 1s Included as part of the wastewater treatment plant annuai report.
Summary of 2016 Spills

Lift Station Overflows

There were no lift station overflows that occurred within the Goleta Sanitary District service
area during 2016.

Collection System Overflows

There were no collection system overflows that occurred within the Goleta Sanitary District
service area during 2016.

Discussion

The Goleta Sanitary District's wastewater collection system management plan has been
completed and complies with all of the requirements of MRP No. R3-2010-0012. All
detailed tasks have been addressed in a timely manner and the collection system has
complied with all requirements of the monitoring and reporting program.
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10.2. Water Quality Correlation Data
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TEMPERATURE CORRELATION
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Figure 10-1. Correlations between CTD probes and analysis of discrete water
samples measured using field probes.
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DISSOLVED OXYGEN CORRELATION
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Figure 10-1. (continued)
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WATER CLARITY CORRELATION
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10.3. Particle Size
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Table 10-2. Particle sizes by channel sizes in phi and microns for each Goleta sediment station.
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10-4 Sediment contaminant concentrations normalized to % total organic carbon
(TOC) in the Goleta survey area. Correlations by nonparametric Spearman’s rho.
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Bold = marginally significant (0,05 < p < 0,10}
Bold = significant {p < 0.05)
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Appendix

10-6. Sediment chemistry minimum detection limits (MDL) and reporting limits (RL)
and methods.
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10-7. Sediment chemistry complex organic derivatives.

Sechmiara Stasons Bt B2 B3 84 B5 B Sodirmn Stascns &1 B2 B3 B4 BS =]
Poly L d Biphe myt
DOTs (npia) {PUE's, naig]
24000 D¢ 00 0o 0.0 0.0 0.0 FCB1Z 00 0.0 0.0 Q0 o 0o
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10-8. Benthic infauna taxonomic abundances.
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10-8. Continued.
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10-8. Continued.
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10-8. Continued.
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Appendix

10-8. Caontinued.
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10-8. Continued.
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10-8, Continued.
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10-8, Continued,
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10-8. Continued.
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Appendix

10-9. Fish abundance by size class (cm) for each replicate trawl,

Selentiflc Name

Common Name

Size
Class
{em)

Abundance

B3 TE6

2

Citharichthys stigmeeus

speckled sanddab

7
8
-]
10

-
"‘{.;15’-"‘
—

Cithanchitys xanthostigma

longfin sanddab

8
1
12
13

e NI . ]

feefinus quadrisenstus

yellowehin sculpin

B
7

~ N = B

Naoclinus bianchardi

sarcastic fingshead

17

[Paralichthys calitomicus

California halibut

27

Parophrys vetulus

English sole

20

b -

f{eumnfchmys decumens

curffin sole

Pleuronichthys verticalis

homyhead turbot

-

-l
e

Forichthys mynaster

specklefin midshipman

Sebastes miniatus

vermilion rockfish

Symphurus atrcaudus

Caifornia tenguefish

Swnodus lucioceps

Calformua tizardfish

Xystrotirys lioleprs

fantail sole

Zaniolepls fatipinnis

longspine cambfish
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10-10. Fish biomass (Kg) by replicate.

Weight (kg)
Scientific Name Common Name T3 TG
1 2 1 2

Citharichihys stigmaeus speckled sanddab <f).1 0.23 <01
Citharichlhys xanthostigma longfin sanddab 0.11 0.25 01
leelinus quadriseriatus yellowchin sculpin <0.1 <01 <01
Neoclinus blanchardi sarcastic fingehead 0.12
Paralichthys californicus California halibut 0.36
Paruphiys velulus English sele 0.15
Pisuronichthys decurens curlfin sole <0.1
Fleuronichlhys verticalis hornyhead turbot <0.1 038 018
Porichthys myriaster specklefin midshipman 0.8
Sebasles minialus vermilion rockfish <0.1
Symphurus alrcaudus California tonguefish <0.1
Synodus lucioceps California lizardfish 1.73 <01
Xystrewrys fiolopis fartail sole 034 0.26
Zaniolepis latipinnis longspine combfish 0.78

composite o013 0.25 <01

Sum| (.86 0.00 4.35 0.28
:
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Appendix

10-11. Invertebrate abundances by replicate.

Abundance
Scianfific Name Common Name TB3 TB§
1 2 1 2
Astropecten califormicus California sand star 1 1 2
Loligo opalescens California markat squid 1
Lytechinus picfus while sea urchin 1
Octopus rubescens red octopus a
Fssudosquillopsis mamnorata mantis shamp 1
Sum 10 1 3 k|
10-12. Invertebrate biomass (Kg) by replicate.
Weight {kg)
Scientific Name Common Name TB3 TB6
1 2 1 2
Astropactan califomicus Califomnia sand star <0 1 <0.1 <01
Lofigo opalescens California market squid <0.1
Lvtechinus piclus whita sea urchin <0.1
Oglopus rubescens red octopus 0.25 =0 1 <01
Psaudosquillopsis mammorala mantis shnmp <(.1
compaosite <01 <0.1 <01
Sum| 0.25 0 0 0
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10.8. Fish and Bivalve Biocaccumulation Data
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10-13. Whale weight, tissue weight and standard length of fish.

STATIONTE3 STATIONTES
Slandmad Fobel Waelght  uschs Weighl  Livel Waighl Slendesd lotalWesght Muscle Weighl  Lver Voig't
Length (ram) Q) 19) (9 Length {mm} {g) {q) {a)
75 7 06 .62 85 " 22 002
88 12 22 a.14 B& 10 1.3 031
a3 1 19 0.18 77 8 1.6 0.01
70 8 16 0.18 75 7 1.2 a7
89 12 24 033 78 8 18 a2
90 18 33 0.45 £9 3 0.5 Q.07
78 a 16 0.14 87 11 21 oM
80 B 1.2 022 70 8 1.7 007
o0 12 1.9 0.13 86 11 18 022
75 ] 1.5 0.10 87 9 1.9 012
77 9 1.5 0.12 74 7 18 008
BS i1 24 0.20 v 8 1.1 009
75 11 19 0.26 80 8 1.1 ooy
B2 9 1.8 0.12 65 7 1.3 o409
B2 9 1.5 0.15 Il T 1.1 010
72 6 1.3 0.09 68 6 1.2 oM
76 9 i6 0.07 70 5 1.2 010
62 11 1.7 Q.17 aa 10 17 D14
70 & 0B 0.15 a5 10 1.8 004
80 9 0.7 0.14 75 8 1.5 011
60 7 i3 Q.14 ag 10 23 010
68 5 0.9 0.03 3| 1 1.8 009
84 b 1.7 0.25 80 9 1.7 D12
[od & 1.6 0.16 79 8 1.3 021
74 B 1.1 .12
a7 7 0.7 11
&2 4 06 0.01
75 -] 1.4 011
60 4 06 0.01
65 5 11 0.09
84 5 0.8 o.m
69 6 0.9 023
54 ] 1.5 0.13
N 15 1.5 0.58
70 4 12 0.03
61 4 0.8 0.04
&5 4 0.3 0.04
80 10 1.8 0.53
903 14 1.7 D.51
85 14 1.7 0.51
o 12 1.9 0.15
80 13 20 0.33
Count = Count = Count = Count = Count= Count & Count = Count =
42 42 42 4z 24 24 24 24
Total = Total = Total= Total = Toiak Total = Total= Total =
31880 358.9 €0.2 81 1876.0 2045 36.4 25
Average = Average = Average = Average = Average = Average = Average = Average =
75.90 8.55 143 0.18 7817 353 152 010
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10-14. Whole weight, tissue weight and total welght of caged bivalves.
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10-15. Fish and bivalve tissue concentrations by replicate for all constituents measured.

Fish Muscle Fish Liver Blvahe
Congtituani Fapllcate TA3 TR TE3 TBE Controd a3 B4 Bé
General Chemistry (ugfdey g)
-3 o.as 044 1556 1196 082 147 122 147
% Lipids {detechon imi=0.01) #2 040 048 18.73 1305 058 157 158 1.78
#3 042 048 | 1344 s237 | orr 214 152 167
Meanal Q39 048 16548 1247 082 1.89 1.44 164
SD.=] 004 0,02 0.36 0.54 005 040 019 ¢.16
Mean lor each Tisdud = 2433 13973 1398
% Molswre {delection Bmit =0 1) ® 815 o8 a5 BAA ASB 846 814 a2.1
LF] 800 NS NE NS 88.2 822 B2& S
L& NS NS | NS NS 853 816 828 819
Mesn=| 808 s 886 B9.4 841 824 B28E B1.5
Sh.= 11 — MA NA 03 16 05 09
Maan for each Tissue = 803 B30 B33
Malals (ugidry q)
{detection ol = 0 025 poidry @) 1] TA489 6648 | 11890 13267 12562 13462 12.950 12423
#2 7583 6837 | 16077 25420 1141 13.781 13.328 11008
Arsenic #3 7449 S814 | 14868 20387 11.248 16.087 12.232 13642
Mean=| 7.500 8788 | 13.878 19.685 11850 14407 12.837 12658
SD.=| 0058 0103 1725 @105 0.792 0843 0.557 0.891
Mean kor each Tisaye = 7.133 16632 12813
Cadmium # 0.052 0.000 BO26 5320 4.577 3.763 4,205 34917
#2 0.042 0035 5774 5583 4,932 3.504 3.885 3576
#3 4050 0025 | Sean  4B6e 1648 3.466 3520 3841
Means=| 0048 ao 5830 5252 4.11% 3578 3871 3A1
SD.=| 0005 0.018 A3 0355 0484 o162 0.342 D204
Mean for each Tissue = 0035 5.5 3845
Chrosmium Bl Q430 0513 1214 1800 1.087 1.51% 1822 1.8868
2 0.410 0508 | 2052 4213 3093 1.719 1603 1.709
£ 0287 0.433 1427 363 1139 1.729 1.685 1.808
Mean=| 0412 0484 1584 3224 1.110 1654 1.765 1.729
SD.=| 0017 0044 | 0428 1.263 0.025 o124 0178 01N
Maan for each Tissue = D.448 2384 | 564
Copper M 1.467 1641 | 17.8621 16907 112713 8142 6.937 8670
[r] 1.273 1526 | 18278 25846 11.108 7502 7470 6.357
" 1248 1541 | 18585 23889 | 9362 8493 8.533 8,585
Wemiiw] 1,296 1,569 §18.181 22,181 10.581 8046 £.380 5.537
SD.=] 04063 0063 | 0492 4542 1.059 0502 0322 0.182
Mean for each Tissya = 1.433 20171 2011
Lead [ 4] 0.0d8 on3z | 061 4701 2609 1558 1900 1.763
3 0.038 0036 | 0.653 DEo8 2622 1935 1856 1875
"3 0.035 0.032 0.701 0718 2408 1.671 1.742 2.104
WMean=| D040 D.033 Q878 0. 708 2573 1.721 1833 1.914
SD.=| oDa? o002 | 0024 o011 0.074 0.099 0082 0174
Mean for aach Tissue = 0037 0.652 2010
Rareury 81 009468 DOSEH | 00637 00691 oOBE2 4.0524 0.0%81 q 0565
(det Limit = 0 00001 pgldry g} 2 00884 00988 | 0.0829 00756 | 00938 0.0540 00607 00519
23 00912 Q991 | D063 0081 00005 0.0562 £.0622 00572
Moan =| 00914 ©0.0821 | 00599 00752 0.0985 0.0542 00603 Qas69
S0.=| 00031 00042 | DOOSE 00060 0.0029 1.0018 0021 Q0017
Maen for aach Tissus = 0.092 0068 0.067
Nickal i 0.085 0128 0471 0.544 1.079 1328 1.492 1443
"z 0100 0072 053 0641 0.928 1323 151 1.409
43 0415 0083 | 0349 0723 0.987 13983 1318 1,362
Mean=| 0103 0,088 0452 0526 0995 1.348 1480 1405
50.=] 0010 0.035 o0as 00ET agars 0.039 0129 0.041
Mean for wach Tissue = 4008 B,639 1.302

N_5=notenough ts5ue for replicals analysis
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Appendix

10-15. continued.

Fish Muscle Fish Liver Bivalve
Conslituent Ruplicate TB3 TEBR 3 TEG Contral B3 B4 B6&
Metals (uaidry b
Selanium L1 1484 1330 5201 5336 24583 2408 2,539 2827
#2 1.3 1337 5,181 8278 2488 2480 2448 2.645
#3 1337  1.389 | S.217  S§.127 2362 2544 2440 2408
Mean =] 1404 1.342 5193 5580 2477 2477 2476 2.559
SD.=| 0.074 0023 0020 0812 0.504 0,065 0055 4133
Maan for each Tisaue = 1.37 539 2 497
Shwer B1 0.025 0.025 1.341 0.739 0319 02324 0187 0.220
#2 0025 0,025 1242 0648 047 0.162 0257 0.247
#3 0025 0028 | 1208 o0g87 0.238 0244 0.231 0,375
Mean=| 0.026 0.026 12668 0751 0,243 0210 0218 0.250
3D.=]| 0.000 0000 | 0040 0077 0.074 0043 0.045 0.023
Mean for each Tissue = 003 101 0.230
ane 3] 2019 1725 | 740 811 186.41 154.52 151.65 143.62
LT 18.01 1872 | 77857 8668 176.06 149,06 156.23 154.14
i 1860 16483 | 74718 80.940 187.03 184.41 15104 181,87
mpn=| 18938 117608 | 75,663 BI.7T82 183.171 155,094 152672 153.210
Sh.=| 1129 1178 1.746 4272 e172 7.704 24838 9,160
Mian for aach Tissua = 18 22 70687 161337
Complex nics {n
Total DDT' 21 1na 108 545.2 3685 125 225 214 323
B2 127 11 5405 3908 474 218 2348 284
" 21 g4 |03 4022 | s 231 225 278
Mean=| 122 104 5390 I8T2 382 225 24,8 M6
s0.= 0.5 ] a1 171 15 06 42 24
Mean for aach Tissue = §1.28 46308 290
Tolal Chiordans® #1 [ R1) [+ X1 3845 114 0.0 b 0.0 00
P 0.0 421 348 114 0.0 0.0 09 00
# 00 0o | 232 108 00 00 00 29
Mean = oo 0.0 438 118 o0 a0 i.a a0
30, = oD oo 1.7 b6 0.0 0.0 40 0.0
Maan for each Tissue = 0.00 2320 0.0
Total HCHs® 21 ] 0.0 aa .0 a0 00 0.0 0.0
#2| 00 oo 00 0.0 0.0 10 L] 00
w o0 00 | co o0 0.0 08 00 9.9
Maan = 1] an o4 0.0 0.0 11+4] [+21) 0.0
S0, = 0.0 [14] 1 1/] 0.0 0.0 i 34] 0.0 00
Maan for sach Tissue = 0.0 4.0 00
Aldrin # 10 10 108 10 1.0 11 10 10
{getectlon limit = 1.0 ngRy) [ Fs 10 10 10 1.0 10 10 1.0 1.0
w106 10 | 18 1o 10 18 10 18
Meen = 10 10 1.0 1.0 19 1.0 1.0 14
5D = a.0 00 n.n 00 40 04 0.0 111}
Maan for esth Tissua = 14 10 10
Drialdrin M 10 1.0 10 1.0 14 10 10 1.0
{dedeclion Bmil = 1.0 ng/g) a7 1.0 .0 10 1.0 14 10 1.0 1.0
b ) 10 10 10 1 10 18 10
L = 1.0 10 10 10 10 10 10 1.0
ED.= 0.0 00 0.0 oL [+ X1] on 0.a o0
wan for eath Tistue = 18 10 10
Hapachkor 3] 10 10 10 1.0 10 10 10 19
{detaction limit=1 0 ngig) 2 19 19 10 L1 1.0 10 1.0 10
»3 10 18 | 10 50 10 10 1.0 19
Maan = 140 10 io 10 10 10 10 10
SD.= [ Xi] 00 a0 00 oo QQ an 0.0
Mean for aach Tieaue = 10 10 10

Complex arganic derlvatives are listed In Table 10-16
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Appendix

10-15. continued.

Fish Muscle Fish Liver Bhwalva
Constituent RepRcate T83 TBE TB3 TBS Conwol B3 B4 B8
Complex Drganics (ngaicy K}
Hexachlorobenzene | 10 1.0 84 53 14 10 1.0 106
{deteckion imit = 1.0 ngig) &2 19 10 39 5.0 19 19 10 1.9
a2y 14 14 44 64 1o ip 10 10
Mean = 140 14 49 56 1.0 1.0 10 10
5D.= 00 0D 13 o7 6.0 0.0 00 (1]
ean for sach Tlasue = 19 52 14
Miray, M| 10 10 10 1.0 16 10 10 10
{dwimction lmil = 1 § ngdy) [k 10 10 10 10 1.0 10 1.0 iR
“ A0 18 LG 10 10 10 1o 10
Mean = 1.0 10 1.0 10 1.0 10 1.0 10
SO.w 0.0 0.0 0.0 a0 00 00 [ 1] 00
Mesn for aach T sus » 18 10 10
Potychiorinated Blphenyla i 0.0 o0 | 578 274 00 16 15 00
(PCBs)’ #2 0.0 oo 633 389 00 48 4.7 B2
] on o S8.7 3448 18 ag e 86
Mean = 0.0 0.0 59.2 330 08 a3 24 56
SDw 00 00 LB 540 10 15 20 49
Mean for each Tiggwe = 0Qg 4§ 08 an
frocnlars' LA ] 0.0 0.0 T3 3.0 0.0 0 00 0.0
B2 o0 o0 785 458 0.0 4.0 1)) 1056
a3 el ] ni  a3p a0 aq n.4a s
Mean = 0.0 0.0 734 409 0.0 131} i X1} 73
SD.= 0.0 0.0 45 6.2 0.0 00 [+X1) 83
Mean for esch Tissue = Q.00 &7 16 18
Polynudiear Arom ate: o] 17.6 300 4523 4150 124 24.3 2112 124
Hydrocarbons (PAHs)' #2 164 ELN] 4255 5045 147 4 217 98
#3 0t 337 | 4510 3838 188 28 Bs 173
baan = 198 324 4429 4241 162 204 208 165
§5D.= 25 25 151 83.0 a1 153 12 38
Mo.a ko each Tisue = 2830 43853 1524
1-Mathyinaphihakene 3] 1.7 1.8 14.7 45 31 1.0 10 1.2
(det. Limit=1 ngidry g 2 18 28 108 33T 29 1.3 13 11
L 24 a3 144 288 20 10 12 14
Moan = 18 22 133 327 24 1.0 12 1.2
5D.= 02 0.4 22 25 [+1.) 00 02 0z
Mean r each Tisspo = 203 200 144
1-Methyiphenantirene L] [ 1] a5 10 Ba.& 23 25 25 16
{det. Limit = 1 ngédryg) 82 &4 18 10 1137 35 1.7 14 23
3 I3 us 864 32 18 11 ]
Maan = 85 11.0 10 S839 3.0 1.7 ie 23
SD.= 1.0 13 0.0 137 0.6 0B 08 0T
Hwar for each Tissue = 873 4396 2.14
2-Methvnaphthalens i 14 17 180 208 17 15 11 15
{dat. Limli = 1 ngidryg} #2 10 18 120 303 S6 1D 15 15
23 18 l8 155 214 &2 Ll 1g 10
Maan = 14 17 14.5 268 18 12 13 12
S0.= 0.5 0.1 22 4.7 34 03 03 03
Meen for sach Tissue » 157 2063 292
2,35 Timethyinaphthalena " 12 14 610 554 £0 34 41 35
{dat. Limil= 1 ngidry g) F) 16 241 434 655 36 26 35 4.1
LE 13 14 431 631 36 38 a2 38
Mem=| 13 18 488 613 41 52 16 38
S50 = 02 04 8.7 53 0.8 05 95 0.3
Moan for wach Tissue = 1.48 £5 57 388

1. Complex organic derlvatives are listad in Table 10-156
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Appendix

10-15. continued.

Fish Muscle Figh Liver Hhvahe
Consktusnt Replicaty T3 TB8 TS Control 83 B4 Bé
2 8-Dimethyinaphthalens wl 1.0 19 58 B4 23 16 14 iA
{det Limit = 1 ngdry g} ] 10 i0 a1 82 1.2 1.8 108 15
L 19 10 | 45 11 18 11 10 15
Mean=| 10 14 45 T 1.7 14 14 15
S5D.=| 00 00 14 0.7 [IX.] 03 02 ot
Maan for sach Tissue = 1.00 5.18 143
Acensphihens #1 14 10 14 1.0 10 1.0 10 10
{det. Limi = 1 ngidry g) 2 10 10 10 10 10 io 10 10
3 @ 1 | 18 ap 10 10 10 10
Mepn = 1.0 10 140 1.0 10 i 10 10
5D.= 4 X1] a0 0.0 an on ao a4 o0.a
Mean for each Tissue = 100 1.00 1.00
Biphanyt #1 20 39 452 1203 1.0 10 10 10
{del, Limit = 1 ngidey ) #2 29 38 ne 10258 10 10 1.0 1.0
3 58 34 358 982 13 19 10 10
Mean=| 4.1 36 ITH 1085 11 o 10 1.0
Eh.=| 18 03 &8 175 0z 00 00 00
idean kor each Tissue = 188 T3.55 1.03
Bensiajonhracene L3} 18 12 2788 1238 10 25 8.1 10
{det Limit = 1 ngidry g} [} 10 10 26063 148.2 10 70 10 t0
] pE:] 10 o085 1292 1.0 10 14 10
Maan = 18 i1 290.5 133.7 10 as 24 10
SD.=| 05 0.1 154 128 00 a 24 04
hMgan for gach Tessus » 142 21210 198
Benmiofivoranthene L4 10 10 i0 1.0 10 14 23 10
(dat. Limit = 1 ngidry g) #2 10 10 1.0 1.0 10 &85 10 10
£ 10 10 10 10 10 18 81 10
Maan = 1.0 10 1.0 1.0 10 28 31 10
§D.=| 00 3] 1.0 o0 oo 3.2 2.8 o
Moan for each Tissus = 1.00 1.00 189
Banzfejpyrens g 1.0 18 14 1.0 18 1.0 12 10
{del. Limit= 1 ng&dry g) n 1.0 10 10 10 10 1.0 10 19
L w10 | 18 10 10 10 10 19
Mean = 10 10 10 10 10 15 10 14
Shw| 08 11| [{d4] (1)) 0o 00 0.0 00
Mean for aach Tissua = 1.00 1.00 1.00
Benofp hiperdene ¥ 10 10 10 1.0 114 a8 10 10
{del Limil = 7 ngfdry g} "2 10 10 10 10 108 22 10 37
5 19 18 | 18 10 19 10 10 12
bAdar = 14Q 10 14 14 10 23 10 18
§D.=| 00 0.0 00 090 01 14 00 is
Maan for sach Tisgue = 1.00 100 1.57
Fluoranthene M 7.5 1214 58.6 LT 1.1 a1 a2 25
(det Liml = 1 ngidry g) i 1.7 138 5.7 14068 65 39 a2 52
L 95 148 | 824 1938 51 10 18 44
Mzane| B2 138 578 1171 39 30 34 4.0
SD.= 11 14 48 220 24 1.7 24 14
Raban for esch Tisgue = 10 80 B7.AT 3.58
Mapthalens 1 1.0 1.0 499 B73 174 15 10 10
(det. Limit = 1 ngidry g} #2 1.0 1.0 250 825 6.9 10 14 10
3 38 10 | 320 sz 14 10 1 10
o= 19 10 356 Y] [RE] 12 1.4 10
5b=| 18 00 128 IRE 52 93 p2 20
HMean lor each Tiagua = 14T 5720 .80
Peryene M 33 &1 34.0 414 14 57 243 s
{d#l. Limit = 1 ngrdry ¢} | H 5.7 83 250 T47 50 35 84 3.2
# 63 95 | 338 g6A a9 13 28 az
Masn=| 53 b 3. ST.5 15.7 136 248 161
SD. = 13 048 48 18.7 28 22 14 0z
Mean fcr each Tissua = 595 4428 17 68

Complex organic derivatives are listed \n Table 10-16.
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10-16. Complex organics (ng/dry g} in fish muscle and liver tissues.

Tiesue’ Fish Muscia Fish Livar

Station Trma| Sasssin Ty Trma | S n Tod ima | St ) &3 Traw] Slation T
Replicate 1 2 3 1 2 3 1 2 2 1 2 3
noT

2,4~DDD o0 0.0 0.0 0.0 0.0 0.0 0.0 oo o0 00 0.0 o0
24-DDE oo 0.0 0.0 a0 0.0 0.Q 0.Q 0.0 00 00 0.0 0.0
24-DOT oo 00 oo 00 0o 0.0 (11 00 oo 00 0.0 6.0
4,4-DDD []1] 0.0 0.0 00 00 0.0 0.0 00 00 0.0 06 0.0
4 4-DDE 1.8 127 121 10.6 141 94 5482 54056 5303 | IBES IS 4022
4,4-DOT 06 00 00 | 00 00 60 | 00 00 g0 | 00 00 0O
Sum = 118 127 121 108 111 9.4 5462 5405 530.3 3585 39048 4022
Chlordane

Chiordane-alpha 0.0 0.0 0.0 0.0 g 00 10.5 104 a7 240 34 15
Chiordana-gamma 0.0 0.0 0.0 00 0.0 0.0 49 1.8 4.2 14 0.0 i8
¢~ Nonachior 00 0a 0.a 0.0 0.0 a9 8.4 8.5 56 28 0.0 1.8
Oxychlordane 0.9 Q.9 1] Q.0 aga 0.0 a.a aq a4 af a0 0.0
trans-Nonachlor 00 00 00 | 00 00 g0 | 147 161 147 | 56 85 359
Sum = 0.0 0.0 090 09 0.0 0.0 388 e 32 18 18 109
Hexachlorocyclohaxane

{HCH)

BHC-alpha 9.0 0.0 g1 4.0 0.0 0.0 0.0 0.0 oD 124 09 0o
BHC-beta Q4 0.0 0.0 0.0 00 .0 0.0 2.0 0.0 B.0 121} ao
BHC-delta a.0 0.0 .0 [HAi] .0 o0 0 1Y) 0.0 0.0 [+11} 0.0
BHC-gamma g0 0o 00 | 20 oo oo | 20 0o 00 | D0 0O 00
Sum = 0.0 0.0 oo 00 o0 0.0 oD 0.0 0.0 0.0 [1X1] aq
Polynuclear Aromatic

Hydrocarbons {PAH's}

PCEBOO3 4.0 .o [+11 00 1] 0.0 0.0 0.0 0.0 0.0 [+ IE 0.4
PCBOOA o.0 0.0 0.0 0.0 oo [ 1] 0.0 0.0 0.0 0.0 03 0.0
PCBO1B 0.0 0.0 0.0 0.0 o0 6.0 0.0 0.0 00 00 0l 0.0
PCBO23 Do 0.0 0o 0.0 (1] 0.0 0.0 o G0 0.0 an 0.0
FCBOI 0.0 0.0 0.0 0.0 0o 0.0 0.0 00 00 0.0 o0 0.0
PCBO33 0.0 0.0 0.0 0.0 0o 0.0 0.0 00 00 00 0.0 6.0
PCBO37 o0 0.0 0.0 00 o 00 0o 00 [ 0] 0.0 0.0 0.0
PCBO44 6.0 a0 a0 o0 ag 4.0 a0 00 0.0 0.0 oo 0.0
PCROMY 0.0 o0 [111] 00 0o 00 00 00 0.0 0.0 0.0 0.0
PCBOS2 0.0 00 00 0.0 00 00 00 0.0 0.0 0.0 00 0.0
PCBOSS(080) oo 00 00 o0 00 00 o0 0.0 0.0 Q.0 0.0 111}
PCBOBS 0. 0.0 00 0.0 00 a0 0.0 0.0 0.0 0.0 a0 0.0
PCBO7Q 00 0o 00 0.0 00 00 0.0 0.0 0.0 0.0 0.0 0.0
PCBO74 00 00 00 0.0 0.0 00 0.0 a.0 a.0 0.4 a0 0.0
PCBOT7? 00 00 0a 0a an 00 0o 09 0.0 [+ X1} o0 aQ
PCB0OB1 00 0.0 ao aa 0.0 0.0 0.0 a0 0.4 0.0 a0 00
PCROE? o0 0.0 0.0 0.0 0.0 a0 0.0 0.0 0.0 0.0 00 o0
PCRODS 00 0.0 0.0 0.0 a0 0.0 a.0 0.0 0.0 a.0 00 00
PCHOS? 00 aa 0.0 09 0g 0.0 09 0.0 0.0 a0 ag 0.0
PCBO9DY 0.Q Q.9 00 a0 ao aaQ a.q aa a.o 0.0 ao 0.0
PCR101 aa 0.0 0.0 0.0 od 0.4 0.0 0.0 ao (131 a0 0.0
FCB10S 0.0 0.0 0.0 a.0 a9 0.0 0.0 o0 00 0.0 go a.0
a0 0.4 00 a4 440 [+R1] 0.0 9.0 0.0 oo o0 1] 0.0
FCBI14 1] 0.0 a0 0.0 ao Q.0 0.0 0.0 0.0 0.0 0o 0.0
FCai18 0.0 0.0 aa 0.0 oo 0.0 0.0 0.0 ap oo 00 0.0
FCB119 0.0 L] a.0 0.0 00 0.0 0.0 0.0 LU [+14) [ L) 0.0
FCB123 0.4 4.4 .0 .0 o0 0.0 0.0 D.0 oo 11 0o 09

1. Minimum detaction limits, reporting limits and methods are lited In teble 10-18

o i
B kg otk |
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10-16. continued.

Tissua' Fsh Muecla Fish Liver

Stetion Teww | baler T Temw Sdaton 108 Timw! dinien THe) Trww | Seslon 108
Raphc ata 1 2 3 1 2 3 1 2 3 1 2 3
PCB128 00 0.0 00 0.0 00 00 00 00 oo 00 00 0.0
FCB128 0.0 0.0 040 0.0 040 ad ada jia1] a0 L1} 0d 00
PCB138 0aQ 0.0 a4 0.0 g au 940 o0 40 6o 09 0.0
PCB141 ao a4 aa 4.0 ad a0 1] a0 o0 a0 149 00
FCB149 aa 0.0 oo 0.0 ao 0o 83 72 89 o0 o0 0.0
PCB151 [+R+] 0.0 o0 0.0 a0 o0 31 218 24 1 3+] L 00
PCE153 ada 0.0 00 0.0 00 00 30.4 36.3 278 8 337 287
PCB156 ag 0.0 a0 o0 ao a0 0.0 i X4} [1X1] Do oo 00
PCB1ST aa 0.0 00 0.0 a0 o0 0.0 0.0 0.0 0. oo 0.0
FCB158 a0 0.0 eo 0.0 o0 6o 0.0 0.0 0.0 (]+] oa a0
PCB16T ao [+ X4} oo 0o oo oo [+ X4} 00 0.0 ao oa ag
PCB188i132 0o 0.0 oo 0.0 oo oo 0.0 0.0 0.0 o0 o0 00
PCB189 o 00 (" 0.0 oo [+ 0.0 [FLH Q.0 on oo 90
PCEA70 oD 0.0 oo oD oo oo 0,0 0.0 0,0 0a on aa
PCB174 oD oo oo 0.0 oo oo 0.0 0.0 oo oo og 00
PCBATY o0 0.0 00 0.0 0o 00 0.0 0.0 0.0 00 oo 00
PCB180 oo oo oo 0.0 o0 oo 86 932 86 an Qo 090
PCB1B3 bo 0,0 1] [+ 1] 0aQ oG 0.0 0.0 0.0 o oo o
PCB187 oo 0.0 00 0.0 0o 00 72 77 8.0 3.6 32 40
PCB189 o0 0.0 0.0 0.0 0.0 o0 00 00 00 00 o0 oo
PCB194 oo 0.0 1 3] 0.0 Qo G0 0.0 o0 0.0 0.0 0.0 0o
PCB185 [} 0.0 on 00 on oo 00 00 00 0a oo iR1]
PCB159(200) 00 0.0 0.0 0.0 o o 0.0 0.0 0.0 0.0 0.0 0o
PCB20M oo 00 L L] 00 00 00 a0 oo 0.0 0.0 o 2
POB206 o0 00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 a0 oD
£ca20s 00 00 00| 80 00 00 00 09 00| 90 00 0O
Sum = oo 0.0 0.0 Q.0 0.0 0.0 578 63.3 587 274 389 M6
Argclors

Arcclor 1016 0.0 0.0 0.0 a0 a0 00 00 0.0 adQ a0 ao 0.0
Aroclor 1221 00 09 0.0 00 Qo 00 a0 0.0 R 0.6 a¢ 0.0
Arcclor 1232 0.0 a0 aa aa aa aq aa aa ao 40 0o 0.0
Aroclor 1242 0.0 0.0 00 LT 00 00 00 00 a0 00 a0 0.0
Arocior 1248 0.0 0.0 040 a4 aa 040 ada 0.4 a0 a0 L] Q.0
Arcclor 1253 0.0 0.0 a0 [121] 0.0 a0 aq o¢ a0 00 00 0.0
Arocior 1260 oo 00 aa | 06 a0 00 | 73 78S 703 | 340 458 430
sum= 0.0 0.0 0.0 0.0 4.0 0.0 T3 8.5 NS M0 458 430
Polychlorinated

Biphenyla (PCB's}

Acenaphthylene 00 a0 0.0 0o 00 00 0.0 0.0 2.0 0.0 &0 0.0
Anlhwacena al 48 3.3 70 8B T8 523 430 280 1123 6.1 "o
Benz[ajanthracene 14 o0 1.8 12 o0 o0 2758 2893 3085 | 1238 1482 1292
Beazofalyrans ad LR} o0 oo a0 oo o0 oo 1]} oo 0.0 L1}
Benzo[bjluoranthens ag 00 113 0o oo Do 0.0 o0 0o 0o 0.0 00
Benzofg,h.iperyiena 0.0 oo (1] 0.0 0o 0o 0.0 0o 0o 0o 00 00
Benzofk]fiuoranthens: 00 o0 1] 0o oo oo 0.0 oo 0o [1]1] o4 aa
Cheysene L} L) oo 00 oo oo 00 oo oo 00 95 84
Dibenzfa.hlanthracene oo 0.0 00 00 o0 0.0 0.0 [+]1] oo 00 0.0 oo
Rucorene o0 oo 414} oo oo 0.0 114 80 1] -X-) 162 154
Ingler[1,2,3-¢.djpyrene o0 bl oo oD oo 0o 0.0 [1]1] oo o0 0.0 o0
Phenanitrene BB 21 10.9 13.7 18.7 18.6 768 59.3 727 | 1204 1507 1045
Pyrene 38 57 63 | 81 83 95 | 240 289 339 | M4 74T  S64
Sum = 75 194 24 300 348 337 4523 4285 4510 | #1150 504.5 3829

1. Minimum detectlon limits, reporting 1imits @nd methods are lited In table 10-18.

tMarch 2017




Appendix

10-17. Complex organics {(ng/dry g) in caged bivalve tissues.

Tesus' Musssl TBawe

Station Tontrd] Stafion B3 Station B4 Stabon BA
Replicats 1 2 3 1 F3 3 1 H 3 1 2 3
DOT & Dorivatives

24-C00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0
24-D0E 1 X1} o0 0.0 0.0 0.0 o.0 ag 0.0 0.9 74 0.0 0.0
24-00m 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
44-0D0D 040 10.5 84 0.0 0.0 oo a.0 0.0 1.0 0.0 0.0 .0
44'-00E 26 3549 291 25 219 231 214 28 268 249 284 g3
44-007 o0 o0 00 | 00 00 00 | 80 Do oo | 00 08 0O
Sum = ze 74 37.5 28 219 23.1 214 38 9.5 323 289 a8
Chlordane

Chlcrdane-alpha oo 00 o0 0.0 agQ a0 aa oa oa op op on
Ohicrdane-gamma o0 0.0 0.0 0.0 a0 00 00 a0 en oo oo 0.0
Gis-MNonachiar oo 00 00 0.0 a0 00 i)} [} oo 00 0o 0.0
Onoychinrdane op oo (11 2.0 Q0 949 B oo oo oo 0.0 a0
rans-Nonachlor 606 00 00 | 80 00 00 | 88 00 00 | o0 00 00
Sums 0.0 0.0 0.0 0.0 0.0 &0 0.0 0.0 0.0 0.0 0.0 0.0
Ha xachlorocyclohe xane

(HCH)

BHC-alpha o0 0.0 0.0 [} 00 a0 oo oo 0.0 00 0.0 0o
BHC-beta [« 31] a9 ao oa oa on 0.0 2.0 0.0 0.0 aqn oa
BHC-delta 00 00 00 X)) a0 (1 oo oo 0.0 00 0.0 a0
BHC-parmma 0.0 o0 2.0 g9 LA o0 0.0 2.0 00 20 0.0 g0
Sum = o0 0.9 .9 X1} 2] on 0.0 0.0 0.0 .0 0.0 0.0
Biphenyls {PCEe}

PCBDOD 00 00 oo o0 (] o0 0.0 0.0 0.0 L] 00 en
PCRAOH a0 oa 18 18 on o0 0.0 0.0 10 a0 15 oD
PCBO18 a0 &0 X1} oo 36 36 0.0 3.0 0.0 4.0 42 EX4
PCBO26 a0 [} X} 0.0 oo 0.0 0.0 0.0 0o 0o 00 0o
PCBO31 00 o0 o0 0.0 o0 0.0 00 0.0 0.0 0.0 00 00
PCBO32 00 (X1} &0 0.0 oo 0.0 0.0 0.0 00 00 00 00
PCBO37 ao oa oo o0 op 0.0 o0 0.0 a0 a0 a4a oD
PCBO44 0.0 [} 0.0 0.0 oo oo 0.0 0.0 .0 0o 0o 1))
FCBo4s a9 [ 0.0 on on 0.0 00 [ X1} a0 a4 B o0
PCBOS2 0.0 [ 0.0 00 0.0 0.0 0.0 0.0 a0 0.0 0o o0
PCBO5&{060) 00 oo 0.0 0.0 on 0.0 0.0 an a0 10 oo oo
PCE0SS 00 oo 0.0 0.0 10 00 0.0 1.7 0 0 25 1.0
PCBO7O 00 oo 0.0 0.0 00 00 0.0 0.0 290 [ 1] a0 0.0
PCROTY 9 0o 0.0 X} o0 o0 ap 2.0 00 ] [\R] Qo
PCBOYT 00 oo o0 0.0 0.0 0.0 00 0.0 a0 ] (X1} 00
PCBOS1 oo (] op .0 o0 o0 00 0.0 aa [ B oa a0
PCBOST o0 [ 0.0 0.0 0.0 0.0 9.0 0.0 00 [ ] :31) 0.0
PCEOAS o op o0 0.0 0.0 0.0 a0 0.0 10 [ ] o0 oo
FCEOS7 [ 2] (113} 00 0.0 00 0.0 a0 0.0 04 o oo 00
PCBOSS o oo 0.0 0.0 00 [} 00 f.0 oo en oo o0
PCBIGY 0. oo 0.0 00 o0 0.0 0.0 0.0 a0 oo oo 00
PCB10S (3] oo 00 00 0.0 00 00 0.0 o0 [L] []1] 00
PCB110 00 b o0 o0 0.0 0.0 00 111} oo oo o0 0.0
PCBI14 &0 oo 0.0 0.0 0.0 0.0 1.5 00 00 []0) oo 1.9
PCB11B 2.0 o0 0.0 0.0 (11 2.0 040 B0 oa oD 1] 0.0
PCB119 o0 00 o0 0.0 0.0 0.0 0.0 20 (1] oo 09 0.0
FCB123 DB 00 o0 0.0 a0 0.0 04 [ X1} [+31] [1]] oo 0.0
PCB126 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 oo oo o0 0.0
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Appendix

10-17. contlnued.

Tegue? Mussel Tissue

Stallon Contral S B3 Stabon B4 Steton BB
Replicate t 2 | 1 2 ] 1 2 3 1 2 : |
PCBi28 0.0 iR} a0 00 0L 0.0 oD o0 o0 0ad o 040
PCB133 0.0 K] ada 00 0.0 Q¢ L] [+ 1] a0 ag oo 00
PB4 DO [+ 31 Lixi aa ag oo [} oo a0 ao 131) o0
PCB149 0.0 oD 00 04 00 00 00 111} oo 040 o0 oo
PCB151 0.0 114 oo 00 QQ 0,0 0o 111} o0 04 00 oo
PCR153 0.0 0o oo aa 00 00 00 oo oo 00 0.0 [1]1)
PCB156 0.0 o0 o0 0 09 0.0 00 0.0 [+2+] ad 00 oo
PCB167 0.0 oo Do 40 aa 00 00 0.0 Do o0 oo 0o
PCR158 00 oo 00 o0 a0 ag 00 00 (111} oo 0.0 00
PCB167 0.0 00 00 oo Ll 0.0 0.0 00 oo oo 0.0 oo
PCB188/132 0.0 [+ 2a} on 1] 0o aa oo a0 0o [ 33} 0.0 111}
FCR18A 0.0 on o0 00 oo a0 ol 00 00 oo 0.0 00
FCB170 0.0 0.0 0.0 o0 0o 049 ao o0 0o oo 2.9 Qo
FCET4 0.0 0.0 aqQ [1]1] oo a0 a0 0 00 00 1.0 oo
PCB177 0.0 0.0 o0 0o oo 0o a0 00 o0 00 0.0 0.0
FCBasO 0.0 0.0 00 0o 0o LX) 00 00 o0 oo 0.0 00
PCB183 0.9 0.0 oD oqQ oo 00 a4 0. o0 oo 0o 0.0
PCB187 0.4 0.0 0.0 00 oo oo a0 00 0. 00 00 0.0
PCB189 0.0 0.0 0.0 o0 oo oo 00 00 oo Qo 0.0 0.0
PCB194 0.0 J90 QQ o0 g0 oo @0 aq oo 00 a0 0.0
PCB195 0.0 a0 0d 00 0.0 oo 00 a0 00 oo 0.0 0.0
PCE199(200) 0.0 09 a0 0.0 0.0 Do oo 00 00 o0 090 0.0
PCEZ201 0o 0.0 [+K¢] 0.0 0.0 111} oo LX) 00 oo 0.0 0.0
PCE206 0. 440 ad 0.0 0.0 00 0o 4.0 0.0 0.0 0.0 0.0
PCB200 o0 08 g0 | 00 90 oo | oo oo o0 | 00 02 00
Sum = 0.0 oo 1.4 1.6 48 36 15 47 1.0 Q.0 8.2 a8
Aroclors

Amdclor 1018 0.0 Do .0 aa ao 00 0.0 oo a4 ag oe ad
Arocloe 1221 0.0 0.0 0.0 00 00 0.0 00 oo oo 00 oo oo
Arocle 1232 0.0 0.0 G0 LR 00 0.0 00 oo oo a4 an i E]
Arocior 1242 0.0 0.0 D.o o a0 00 a0 oD oo 04 ou oo
Aroclor 1248 0.0 0.0 0.0 L1 %] 0.4 0a 00 oo oo 00 on oo
Arocke 1254 0.0 oo 4 1) oo a4 0,0 0.0 0.0 Do ada on oo
Amclor 1280 o0 oo 00 | 00 o0 00 [ 0O 00 00 | 08 05 413
Sum = 0.0 0.0 0.0 0 o0 a0 0.0 00 0.0 0.0 -1086 113
Polynuclear Aromatic

Hydracarbons (PAHE}

Acanaphlhylens 0.0 00 00 0.0 0.0 g9 0.0 0.0 0.0 0.0 0.0 0.0
Anthracens 25 0.0 1.0 1.8 15 aa 0.0 1.7 0.0 24 21 1.2
Banzfalanthracens 090 0.0 0.0 28 70 00 §1 0.0 00 o0 0.0 e
Banza[alpyrane 0.0 0.0 00 oo oo 09 0.0 0.0 g.a 0o 0.0 0.0
Benzo(blfiuoranthens aga a0 0.0 00 85 aa 23 0.0 6.0 (111} 0.0 0.0
Banzafg,h,jparyiane 1.1 0.0 0.0 38 22 00 0.0 0.0 0.0 Do a7 00
Benzofk]faranthene 090 0.0 0.0 00 34 o0 4 a8 38 00 0.0 0.0
Chrysene 040 0.0 0.0 55 47 oo a3 0.0 00 00 7 0.0
Dibenzfa, hjanthwacena 00 0.0 0.0 0.0 oo oo 0.4 0.0 0.0 00 0.0 0.0
Fluorene a0 2.2 31 18 14 oo 18 0.0 22 ag 22 0.0
Indenof1.2.3-c.djpyrene o0 1.4 11 2.0 4.2 0.0 0.0 a4 0.0 00 23 31
Phenanthrane a.8 748 106 B84 51 23 8.8 104 89 8.5 85 98
Pyrene o0 30 60 | s7 a5 13 | 28 51 28 | 3§ 32 32
Sum = 1248 159 a7 R K] 24.5 38 26.1 "7 27 12.4 257 173
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Appendix

10-18 Tissue chemistry detection limits and methods

Unitx; Lintts
Paramater ol Rt {drywt) Mathad Paramaiar MOl L deywi) Mathad
Canarcl Chamistry Faly A 1< Hy [ |
Peicont Lipids LX) ] nos » GRNReic Perfbne ] L3 npfa EPABZTOD
Percend Selidy L o1 L) M 25408 Phenanthigna 1 5 ngg EFAS2TDD
Trace Metals Pyrene 1 4 ngyg EPASZTOD
Arsenit b.O25 045 wyly EPAGGIO Arorora
Cadmren D.02% aal ey EPASO2D HAroelor 1018 10 2 ngy EPABZTOD
Chrom lum 0025 a.4s g EPA&O2D Amoclor 1221 10 26 ngig BPABZTOD
Caopper o025 adqs Hodg EPAGOD Amclor 1232 1@ 20 g BPARTID
Lapd 005 0495 F-2 EPAGGD Amcior 1243 it 20 nmgy EPABIID
Marcury 000G 00N0T  poly EPAAST Ameior 1248 W 20 ngy EPABZTID
Paickel g LY £ BPAMED Mocior 1154 10 20 ngy EPARZHD
Seteaiym o4 4.0 [E] BRARIZD Arocior 1390 10 0 gy EPA BRI
Siver 0028 008 [Fi) ERPABDZD Potytiocinnte g Slphensie IHCE'S)
e 0.0z 0.os [1:11] EFAGOZD PCRO ¥ -] noky €PANIND
Chiwinatdd Pasiso ki PCBOOD 1 5 noy EFARZTI0
24000 1 5 Ry EPASITOD PCBCE 1 B oy EPAB2TOD
24-00E 1 5 npfg ERASZTOD PCEDZE 1 5 nghy EPASITO0D
24807 1 5 niy EPASZTOD PCBOS L} 5 nly EPABZTOD
4,4.000 1 ] ngig EPARTHD PCBONY 1 5 -4 EPABITOD
4 4-0E 1 ] npig EPas27nh PCEDYN? 1 B ks EPASITOR
& 4-0QT 1 5 ng's EPAETID FCBDdd 1 ] nplp BPANZTOD
Maein 1 H] no'g EFAEYOD PCEQLS 1 ] npig EPARZTON
BHC-pipsha 1 H naly ErABRTOD POEOS2 1 ] npfg ERASZTON
BHC-beta 1 § g ECA D270 PCROSK0ED) 1 5 naig EPAB2TOL
BHCaata 1 L] g EPA b2700 PCO0LS 1 5 g EPABITID
BHC-gamma 1 ] ngRl EPAa 12700 PCODTY 1 EI-1 ] EPASRTOD
Chipidan-alpha 1 5 L] EFA BZ70D PCED?S 1 ] b EPASETOD
Chiotdac-plmma ] s ny EPAB279D PCE07Y 1 5 g EPASZTOD
eisHonachio 1 H ngy EPA BZMD PCacal 1 ] ngp EFAAZTDD
Digldrm 1 ) ngly EPA 2700 PCBOA7 1 5 hoy EFABZIOD
Endosulian zulials 1 E] ngiy EPABTCO PCBOIS 1 § ngy EPAS2TDD
Endosultand 1 .3 nglhy BPAM2TOD PLBOAT i 5 ngyy EPA 270D
Endpaulian-a 1 HS ngy EPAR2TOD PLBOGS 1 § 5] EPA B2TOD
Endnin 1 4 ngyg EPan2loD PO i H gy EPAB2TOD
Endrn aidehsa 1 5 ngig EPAR2TOD PCINGS i 4 gy EPADZTOD
Cnodn kslony 1 & nglg EPASZTGO PCH 10 1 -] ngg BPA B2TOD
Hapiachior 1 5 oG EPARITOD PO 1 ] ngig BPANTID
HepLachlgr &ponde 1 5 ) EPaG2TOD PCI11S 1 8  ngg EFABIMID
Hexachiorobensens 1 5 noig EPAOIND PGE11D 1 5  ngy EFA BZ70D
Mhachios 1 ] ne EPABZTOD PCIMZ 1 5 ngiy EPABINID
Mg 1 B L] EPARZTIOD PCEIIE 1 E ngy EPAB2TD
Qrpchiordang 1 5 ~g EPABZTOD PoE1RS ¥ ] ngiy EPABZMGD
Pwriharw 5 10 L] EPASZITOD FCEA3E 1 ] ngn EPAB2T00
trans-Nomachiar 1 5 o EPASITOD PCHAH 1 5 g EPARTOD
Pobymus bra r Aromathc Hydrocarberrs {PAHS) RCHI4D 1 5 ngy EPABZTO0
1.Meaimyinapiinalene 1 B npig EPASRTOD PCBIS1 1 ] ngly EPARITID
1-hiaihyighenaniumne 1 s ng'g EPAKITOD PCRIBY 1 5 ngh EFARZTC0
2A35-Timetndnaghinplone 1 5 npig EPARZTID PCE1MS 11 ] nily EPABITCO
24-Dimetmpndpiwnalens 1 § o' EPAERT0D PCBIS? 1 & ng9 ERASITCD
24eihyinaphihalens 1 $ at'y Eragz0o0 PCE158 1 5 gl EPAB2IO0
ACEnpIhane 1 ] npa EFA 32700 PCB17 1 5 L] EPASITOO
Aegnaphihyens 1 5 ng'g EPA 82770 PERVSIN2 1 $  ni EPARITLD
Anthwacane ] 5 ngy EFADZTOD FCBIES 1 ] o BPARYIGD
Henz{ajwihrscens 1 5 oYy EPAB27OD PCELTD 1 & R EPARZTON
Benmiajryrens 1 4 ng'y ERA B2TOD PEBEITY 1 5 L EPABZIOD
Aonminjtuornhena 1 2 gy EPA BZT0D PCEI7? 1 5 my EPABTION
Banzoja]pyreny 1 H nglg EPA B274D a2 ] 1 5 i EPARZTOD
Banmig.h ipardene 1 5 ngig EPA B270D PCatm t 5 mph EPABTOD
Banmkubtantans 1 ] L] EPA B2MID PCENAT 1 4 ngig EPAS2TID
Bipnonyl 1 3 L] EPA 270D PCREAY 1 4 npp EPAS2TOD
Chiysene 1 ] gy EPABZN0 PCEWH 1 5 npig EPAAZTDR
Dicendianjmnihraceng 1 5 ngy EPABZI0 PLONES 1 L] no'g EFALTOD
Db enxdniophene ¥ H) ngsy EFABZTOO PLATIIRIN) 1 ] hoYy EPADRIOD
Fluaranihene 1 4 [ 1] EPARTIO PLEZOY 1 ) ng'g EPABZI00
Flugrens 1 ] ngp BEPARRTOD P 1 5 Ny EFaB2IDD
Indenofl 2.X-c.d[pprens 1 5 noly EPARITOD PCE209 1 4 ngg EPASL70D
NOphmalane 1 3 gl EPAS2I00
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