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CHAPTER 1
INTRODUCTION

The Goleta Sanitary District (GSD) freatment plant operated under Clean Water Act Section
301{h)} which waives secondary treatment 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 0048150 to the
Goleta Sanitary District (GSD). A settlement agreement was made a part of the NPDES
301(h) waiver permit issued in 2004. The settlement agreement required GSD to upgrade its
wastewater freatment plant to full secondary treatment by November of 2014.

As required by waste discharge regquirements GSD submitted an NPDES permit renewal
application to the RWQCB and the EPA in March 2015, Although GSD continued 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 1o the existing plant was completed on
May 15 to 16, 2013. The treatment plant operated under WDR Order No. R3-2010-0012 and
NPDES Pemmnit No. CA0048160 which became effective September 2010 until November 10,
2017 when WDR Order No. R3-2017-0021 went into effect. January through December 2017
the plant was operating utilizing the full secondary process.

As a condition of the prior NPDES pemmnit, GSD was required to conduct an extensive
monitoring and reporting program to assess compliance with limitations established by the
Califomia Ocean Plan and the federal Clean Water Act. Under conditions set forth in the prior
permit, GSD was required to monitor the influent, effluent, biosolids (sludge}, the outfall and
diffuser, receiving water, bottom sediment, and biology to demonstrate that the discharge of
wastewater did not cause 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 Ocean
approximately one mile offshore of Goleta Beach County Park via a south-trending ocean
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 Califomia 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 facilities and an “easement right of flow through” the facilities.
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WASTEWATER TREATMENT PROCESS

The following discussion focuses on the principal features of GSD's full secondary process of
wastewater and sludge treatmemt. 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 Wiliam 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 shawn in Figure 1-1.

On average, over the past 10 years, 2008 to 2017, 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 0048180, 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 QOcean 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 utilized a split-stream process of physical and
bialogical 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 % inch screen spacing, which
removes large debris. Influent is then routed to aerated grit tanks where sand and grit are
allowed to settle 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.
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Primary Sedimentation

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

Secondary Treatment

Secondary treatment involves three treatment elements: the biofilters, an aeration basin, and
secondary sedimentation tanks. [n the bicfilter, 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 these fine particles and the organic solids settle out as sludge in two
secondary sedimentation tanks. The waste activated sludge (WAS) is pumped to iwo
mechanical thickeners and then is pumped to the three anaerobic digesters. A portion of the
secondary process flow can be diverted 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
hypaochlorite 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. Anaerobic 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 supematant 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 fransported 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 biosalids report describing the treatment and disposal process is prepared each

year and submitted to the EPA. The deadline for submiital 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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Introduction 5

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 Bistrict 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 filkered water then flows to a chiorine
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 Valiey by a distribution system
operated and maintained by the Goleta Water District.

An annual report describing the reclamation treatment process, operational parameters, water
quality, and production rates is prepared and sumbitted to the RWQCB by January 315,

Ocean Outfall

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 mult-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.

Eleven state certified treatment plant operators operate the wastewater treatment plant under
the direction of Mr. Robert Hidalgo, the District Operations Manager. 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
Manager. The grade and certification number of operations, maintenance, industrial waste

control, and laboratory personnel employed during the 2017 operational year are shown in
Table 1-1.
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Table 1-1. Goleta Sanitary District Operation Staff, 2017

California
Staff Grade Certification No.
Operators
Robert Hidalgo v 6905
Todd Frederick V 27633
John Crisman )" 28857
Stephen Conklin 1] 7065
Ricardo Lopez Il 10756
Francisco M. Lemus |l 10893
Pete Regis i 28277
Jes Hulbert I 28266
Morgan Lea I 28400
River Ferrara | 28488
Justin Graves | 43450
Lab Analysts
Lena Cox [\ 90334003
Jacob Broad l 1308213493
Robert Hidalgo | 741
Teresa Kistner | 99076111
Todd Frederick | 60731013
River Ferrara | 1308214257
John Crisman | 1308214787
Maintenance Technologist
Carl Easter 1] 1308213756
Alejandro Bautista Il 1308213795
Robert Hidalgo I 1087
Electrical / Instrumentation
Charles Smolnikar |l [ 60172004
Dept. of Industrial Relations — Electrician
Charles Smolnikar NA 107709
Mike Sullivan NA 139336
Ramon Garza NA 160174
Environmental Compliance
Teresa Kistner I (3014202
Biosolids Land Application Management
Lena Cox [ [ 70711001
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Monitering and Reporting Program

The Goleta Sanitary District's monitoring and reporting program was conducted in accordance
with the requirements of the NPDES pemit 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
manitoring and reporting program conducted during 2017.

Table 1-2. Schedule for NPDES Monitoring, Goleta Sanitary District, 2017

Monitoring Program Component Frequency Schedule

Standard Wastewater Parameters | Daily - Weekly As Specified

Influent and Effluent Metals Monthly Every Month except Dec
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 until 11/10/17
Receiving Water Bacteria Quarterly Jan, April, July, and Oct
Ocean Water Quality Cuarterly Jan, April, July, and Oct
Benthic Sediments Annually October

Benthic Biota Annually October

Fish Trawls Annually October

Qutfall 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): Guidelines esfablishing test
procedures for the analysis of pollutants. Water quality analyses for compliance monitoring are
performed by analytical laboratories certified by the California Environmental 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 2017 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 corrective actions taken, and any comrective
actions planned. Chapter presentation is as follows:

Chapter 1 Introduction
Chapter 2 Treatment Plant Performance
Chapfter 3 Receiving Water Environment
Chapter 4 Physical Characteristics of Benthic Sediments
Chapter 5 Chemical Characteristics of Benthic Sediments
Chapter 6 Biological Characteristics of Benthic Sedimenis
Chapter 7 Fish Populations
Chapter 8 Chemical Characteristics of Fish and Mussel Tissue
Chapter 9 Outfall 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 monitoting of several effluent parameters such as flow, total
suspended solids, biochemical oxygen demand, residual chlorine, hydrogen-ion
concentration (pH), turbidity, ammonia, seftleable 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 monitoring program requires measurement of many
parameters at frequencies ranging from continuous to once per year. During 2017, 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, Aquatic Testing Laboratories (ATL) for acute and chronic toxicity, FGL
Environmental Laboratories and Vista Analytical Laboratory, Weck Laboratories as
subcontractors to FGL. Treatment plant perscnnel 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, colifoorm 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 other 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 Standard
Methods for the Examination of Wafer and Wastewaler, 2718 ed. (Standard Methods 2005).
All methodologies employed during 2017 were approved for NPDES monitoring programs.
Quality assurance and quality control procedures followed those presented in Sfandard
Methods for the Examination of Water and Wastewater, 215 edition.

Results of the wastewater chemical analyses used to monifor proper operation of the
treatment plant during 2017, 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 treatment 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 throughaut
2017. Influent flow without the internal plant recirculated flow, averaged 4.1 million gallons

per day (MGD) which is a 2% increase compared to the average of 4.0 MGD that was
treated in 2016.

Overall, the average monthly influent flows for 2017 varied throughout the year, fluctuating
from a low of 3.8 MGD in July to a high of 4.9 MGD in February. 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 for a visual flow
comparison.

Figure 2-1. Influent Flows Monthly Average Comparison for 2015, 2016 and 2017

Influent Flows Comparison
Monthly Averages 2015, 2016, 2017

60

50
Q 40 | T e e e s
- 30
H 20 —o—Influent Flow 2017
- —=—Influent Flow 2016

10 Influent Flow 2015

O-D 1 1 1 ] 1 1 ] 1 L) 1

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

The highest flows into the plant during 2017 occurred during the beginning of the year, and
may be associated with heavy rains that occurred in February.

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 comrect structural
deficiencies while significantly reducing the inflow and infiltration (1&I) problems. However,
even with the reduction of 1&I 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 2017 and
averaged 3.15 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 2017 Monthly Averages
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Figure 2-2 shows the monthly average influent and effluent flows for 2017. Higher
wastewater effluent flow generally occurs during the winter months when influent flow is
also the highest and recycling is minimal. The most important factar contributing to
fluctuations in the effluent flow is the amount of wastewater that is processed into
reclaimed water and used for irrigation. The lowest effluent flow occurred during July
when the amount of flow discharged to the Pacific Ocean dropped to 2.2 MGD as depicted
in Figure 2-2. The femporal variations in the monthly average effluent flow seen in 2017
fluctuated from a low of 2.24 MGD in July, when the daily production of reclaimed water
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was the highest production month of the year and averaged 1.57 MGD for the month to a
high of 4.77 MGD during February when the reclaimed facility was cn line for two days out
of the month and a total of 3.0 million gallons were filtered. There was also significant
rainfall during February with approximately 7.97 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, 2017.

Flow Total Susgended Solids Biochemical Oxygen Demand
Mass Mass
Influent | Effluent jinfluent|Effluent|Removal|Emission| Influent Effluent|Removal| Emission
Month | MGD | MGD | mg/l | mglL (%) |(lbsiday)} mg/L | mg/L (%) | (Ibsiday)
Jan 4.18 4.1 336 9.1 97.3 316 323 7.6 97.6 267
Feb 4.89 48 341 7.0 97.9 280 335 7.0 97.8 281
Mar 4.06 3.6 358 8.9 97.5 270 362 7.3 98.0 214
Apr 3.94 3.0 403 8.0 98.0 186 385 7.7 98.0 184
May 3.98 25 382 7.7 a7.9 158 369 9.4 97.4 190
Jun 3.98 2.5 368 7.3 8.0 147 342 8.1 g7.6 164
Jul 3.81 2.2 356 58 98.3 112 338 9.0 97.3 172
Aug 3.86 2.4 33 3.9 088 79 321 8.7 97.2 177
Sep 3.82 2.8 332 56 98.3 124 3156 8.4 97.3 183
Oct 4.01 2.9 340 56 98.3 136 366 8.4 97.7 200
Nov 4.28 38 359 4.5 98.7 138 388 6.0 98.5 179
Dec 4.14 3.8 368 83 98.5 158 376 55 98.5 162
Average| 408 3.2 356 6.6 98.1 176 ag2 7.8 977 198
Limit* NL 7.64 NL 63 75 4010 NL 98 30 6240
Limit ** NL 7.64 NL 30 85 1912 NL 30 85 1912

* Order No R3-2010-0012 Limits

Suspended Solids

** Order No. R3-2017-0021 Limits  NL = No Limit

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 demanstrated 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 356 mg/L for the year a decrease of about 9% from the 2016 annual average of
392 mg/L. Figure 2-3 shows a spike in concentration of suspended solids that occurred
during April of the year which became relatively constant throughout the remainder of the
year. The treatment process reduced the concentration of total suspended solids in the
effluent to an annual average of 6.6 mg/L a 3% annual increase of the 6.4 mg/L average of
2016,
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All 30-day monthly averages were well below the 63-mg/L monthly average limitation.
Overall removal efficiency for the year was an average of 98.1 percent, see Table 2-1.

Figure 2-3. Influent and Effluent Total Suspended Solids 2017 Monthly Averages

Influent and Effluent Total Suspended Solids
2017 Monthly Averages
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Average monthly suspended solids mass loading rates for 2017 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 2017 occurred in January at a
high of 316 lbs/day, which is approximately 7.9 percent of the R3-2010-0012 pemmitted
monthly 30-day average limit of 4,010 Ibs/day. The maximum reported loading value in
2017 was about 16.5 precent of the current R3-2017-0021 monthly 30-day average limit of
1,912 Ibs/day. Loading rates were well below the discharge limits throughout the year.

January 2018 MALABS ARl Reports - Planluhnnusl Report 2017\Chap 2 2017 Trealment Pland Borfarmanes doex



Goleta Sanitary District NFDES Monitoring Program Annual Report 2017 6

Figure 2-4. Effluent Discharge Total Suspended Solids Mass Loading,
2017 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 2017 influent BOD averaged 352 mg/L showing a decrease of 5.6% from the
annual influent average of 373 for 2016. The influent BOD varied throughout the year,
ranging from a monthly average low of 315 mg/L in September to a high of 388 mg/L in
November.

A small variation in the monthly average final effluent BOD concentration was observed
throughout the year with the annual average of 7.8 mg/L and the range extending from a
low of 5.5 in December to a high of 9.4 in May, (Table 2-1). The difference between
influent and effluent BOD represents an overall removal rate of 97.7 percent.
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The NPDES R3-2010-0012 pemit effluent BOD monthly average limitation and the
maximum at any time limitation are 98 mg/L and 150 mg/L, respectively. The current R3-
2017-0021 permit limits have been lowered to a monthly average of 30 mg/L and weekly
average of 45 mg/L. All BOD NPDES limitations were achieved throughout the year.

Figure 2-5. Influent and Effluent Biechemical Oxygen Demand 2017 Monthly Averages

Influent and Effluent Biochemical Oxygen Demand
2017 Monthly Averages
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In 2017, all effiuent BOD mass emission values were below all limitations. The maximum
monthly average mass emission was 281 lbs/day for February. 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 na limit for mass emissions on wet weather flows. The
mass emissions monthly average limitations in permit R3-2010-0012 were 6,240 Ibs/day
and the maximum at any time limitation of 9,660 |bs/day. The current mass emissions
specified in permit R3-2017-0021 are a monthly average of 1,812 Ihs/day and the average
weekly limitation of 2,867 Ibs/day. None of the permit limits were exceeded during 2017.

January 2018 M L AB\Amnual Reports - PlantAnncal Report 20 NChap 2 2017 Treatment Plam Performanee docx



Goleia Sanitary District NPDES Monitoring Program Annual Repoit 2017 8
Table 2-2. Monthly Averages of Influent and Effluent Parameters, Goleta Sanitary District, 2017
Ssttleable Toxicity
pH Turbidity| Solids | Ammonia Qil and Grease Acute | Chronic
Massa
Influent | Effluent | Effluent | Effluent | Effluent | hAuent { Effluent | Emission | Effluent | Effluent
Month SU 5U (NTU} { (mLiLfhr} | (mg/l) (mg/L) | (mgil) | (Ibsiday) | (TUa) | {TUc)
Jan 8.0 7.0 3.2 0.12 <032 33.9 <4.0 <31.2 0.0 3.1
Feb 79 7.0 21 0.10 <().32 35.8 <40 <]47.8
Mar 7.9 6.9 2.7 0.10 <(.32 370 <1.8 <54.5
Apr 7.9 6.7 2.8 010 <0.32 33.2 <18 <47.7 0.0 3.1
May 7.9 6.9 2.6 0.11 <0.32 316 19 41.4
Jun 7.7 6.6 26 0.10 <032 26.7 <].8 <373
Jul 7.7 6.6 28 0.10 <0.32 21.0 <l.8 <35.6 0.0 3.1
Aug 7.7 6.8 1.8 0.10 <(1.32 3428 <1.8 <354
Sep 7.6 6.6 22 0.10 <0.32 313 <1.8 <42.1
QOct 7.7 6.5 2.3 0.10 <0.32 274 2.3 65.8 0.0 3.1
Nov 7.7 6.7 2.0 0.10 <0.32 30.2 <1.8 <34.3
Dec 7.7 6.7 23 0.10 NR NR 2.1 65.0
Average| 7.8 6.8 25 0.10 <0 32 312 20 548 0.0 3.1
Limit NL 6t09 75 1.0 74" NL 25 1590 4.0* 123
*Reduced monitoring and limit removed in R3-2017-0021 permit NR = Not-Required NL = No Lirmut

Hydrogen-lon 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 7.8 units for the year; effluent pH averaged 6.8 units. The NPDES effluent pH
limitations are established as a minimum of 6.0 and a maximum of 8.0 pH units, all pH
values were well within these limitations for 2017.

Ammonia

The effluent was monitored monthly during the required testing period, January through
November, to determine the concentration of ammonia. The R3-2010-0012 permit
specifies six-month median, daily maximum, and instantaneous maximum limitations of
74 mg/L, 300 mg/L, and 740 mg/L, respectively. The current permit, R3-2017-0021, does
not include ammonia effluent limits or monthly testing requirements because no
reasonable potential was determined for the pollutant during the pemit renewal
reasonable potential analysis. The monthly measured ammonia concentration was below
the lowest calibration standard at 1.0 mg/L throughout the testing timeframe (Table 2-2).
The monthly average for the year was below the method detection limit (MDL) of 0.32
mg/L. The values for ammonia were well below all their respective permit limitations
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Turbidity

Effluent turbidity was monitored five days per week. The permit limitations for effluent
turbidity consists of a monthly average of 75 Nephelometric Turbidity Units (NTU), a
weekly average of 100 NTU, and a maximum at any time limjtation of 2256 NTU. Effluent
turbidity data are shown graphically in Figure 2-6. The maximum value at any time, 7.5
NTU, occurred on January 22 which was still well below the effluent limits. Monthly
averages ranged from a low of 1.8 NTU to a high of 3.2 NTU. All values were significantly
below their respective permit limitations.

Figure 2-6. Effluent Discharge Turbidity 2017 Monthly Averages, NTU
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Acute Toxicity Concentration

All quarterly 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

quarterly acute toxicity samples for 2017 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
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toxicity value was 0.0 TUa. (See Table 2-2). All values were below the permit limitation of
4 TUa. The R3-2017-0021 permit removed the monitoring requirement for the acute
bioassay. The current permit maintained the chronic bicassay monitoring requirements but
changed the effluent limit to a trigger value which is used to determine if a TRE (Toxicity
Reduction Evaluation) should be conducted.

Chronic Toxicity Concentration

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

Settleable Solids

The effluent was monitored for settieable solids concentrations 5 days per week. The
permit specifies that the monthly average, weekly average, and maximum at any time may
not exceed 1.0 millilitersfliterthour (ML/hr), 1.5 mliUhr, and 3.0 ml/L/hr, respectively.
Monthly averages ranged from Q.10 ml/L/hr to 0.12 mL/L/hr. The maximum value at any
time was 0.40 mL/L/hr which occurred on the 22™ of January. All values were well below
their respective permit limitations.

0il and Grease

Influent and effluent cil and grease were monitored bi-weekly (once every two weeks) and
weekly, respectively per the requirements of permit R3-2010-0012. 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. Inh December
2010, the GSD laboratory began analyzing for oil and grease using the approved standard
solid phase extraction (SPE) method. The current pemit, R3-2017-0021, eliminated the
influent oil and grease manitoring requirement

Influent grease and oil results were varied throughout the year Average monthly
concentrations spiked in February and March due to sample results close to 40 mg/L
which caused the increase in the monthly average. The influent annual average value of
31.2 mg/L was reduced to an annual average of 2 mg/L in the final effluent resulting in a
93.8 percent annual average removal rate.

Effluent grease and oil concentrations were very consistent during 2017. All monthly,
weekly, and maximum permit limits were met. Mass emissions values ranged from a
monthly average low of 31.2 Ibs/day in January to a high of 148 lbs/day in February. Both
are well below the permit limitation of 1,590 Ibs/day. Monthly average oil and grease
concentrations in the effluent ranged from <4.0 mg/L or <1.8 which is below the method
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detection limit. The method detection limit changed in March 2017 because a new value
was calculated. The high monthly average was in October with a result of 2.5 mg/lL. See
Table 2-2 for a visual representation of the monthly average results.  All permit limitations
for effluent oil and grease were met during 2017.

Figurs 2-7. Influent and Effluent Grease and Oil 2017 Monthly Averages

Influent and Effluent Grease and Oil
2017 Monthly Averages
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Temperature

Effluent temperature was sampled five days per week throughout 2017. The data reflect a
typical response to seasonal changes (Figure 2-8). The coolest temperatures occurred
during January with average monthly temperatures of 196°C. A wamming trend
continued throughout the summer and fall months to reach a monthly averaged high of
255°C, 256.6°C, and 25.8° 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 2017 Monthly Averages
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Wastewater Disinfection

Sodium hypochlorite is used to disinfect the treated wastewater at the Goleta Sanitary
District. The sodium hypachlorite 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 pemit R3-2010-0012 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 channel averaged 6.6 mg/L during 2017. The average
monthly values are reported in Table 2-3. The current R3-2017-0021 pemit retained a
daily monitoring requirement for this parameter but removed the minimum chlorine residual
requirement due to the plant upgrade to a full secondary pracess.
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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
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 dechlforination are as follows: 6-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 0.05 mg/L for all months. The monthly average values are shown in
Table 2-3.

Effluent Coliform Bacteria

The effluent was analyzed five days a week for coliform 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 17.4 to 141 MPN/100 mL
for total coliform and from 2.7 to 13.0 MPN/100 mL for fecal coliform. The pemnit 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 July 19%. The result was reported as a potential violation
due to the result exceeding the upper limit of the analytical method. Compliance could not
be evaluated based on the result.

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. 2017

Chlorine at the Chlorine after Total Fecal
Month end of the CCC Dechlorination Coliform | Collform | Enterococcus
mg/L mg/L MPN/100mL
January 58 0.05 37.6 8.3 24
February 5.5 0.07 55.7 7.5 1.5
March 5.8 0.08 17.4 3.9 13
April 74 <0.05 23.7 3.4 2.1
May 6.6 <0.05 349 3.7 14
June 6.8 <{).05 55.0 4.5 1.1
July 7.0 <0.05 98.5 4.1 29
| August 6.8 <0.05 24.6 2.7 49
September 6.8 <0.05 33.0 2.9 0.6
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Chlorine at the Chlorine after Total Fecal
Month end of the CCC Dechlorination Collform | Coliform | Enterococcus
mgiL mg/L MPN/100mL
October 6.7 <0.05 120.0 13.0 389
November 6.7 <{),05 141.1 10.9 2.5
December 6.8 <0.05 93.7 4.0 1.0
SURF ZONE BACTERIA

The Goleta Sanitary District had an extensive bacteria monitoring program that measured
the concentrations of enterococcus, total coliform, 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 outfall line. Table 2-4 summarizes the locations and frequency of all bacteria
monitoring conducted at the Goleta Sanitary District as required by permit R3-2010-0012.

Table 2-4. Permit R3-2010-0012 Bacteria Monitoring Program

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

Final Effluent prior to acean

discharge 5 daysiweek

Zone of Initial Dilution in

the discharge plume at 25

m and 100 m from outfall Quarterly: 3 samples at each location;

pipe 1m below surface, mid-depth and 1 m above bottom

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

Near Shore (ocean)
Stations; K1, K2, K3, K4 Quarterly: 3 samples at each location;

and K5 1m below surface, mid-depth and 1 m above boftom
Surf Zone Stations; A, A1,
A2| Bs Cl D! E Weekly

Final effluent samples and weekly receiving water surf zone samples were 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 315 samples were collected in 2017 from the surf zone and each sample is
analyzed for total coliform, fecal coliform and enterococcus for a total of approximately 630
bacteria tests conducted during the 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 2017
bacterial trends found in the surf zone environment
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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 far
shore {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 fo the
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 directly 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 episades) 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 2017 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 16 to 223 MPN/100mL for total coliform, 3.9 to 134
MPN/100mL for fecal coliform bacteria and 10 to 76 MPN/100mL for enterococcus
bacteria. Several maximum one-time exceedences occurred throughout the year and
were reported in the corresponding monthly report. Table 2-5 i1s a summary of the 2017
surf zone exceedences.

Table 2-5. Surf Zone Exceedences 2017

Date Station | Exceedence Limit (Result) Possible Cause Final Effluent Result
One time enierococcus >=104 Beach Sand

11017 E MPN/100mL (228 MPN/100mL) Replenishment Project 10 MPNM0OmL
One time fecal coliform >= 400 Beach Sand

1710117 E MPN/100mL (540 MPN/100mL.) Replenishment Project 2.0 MPN/{100mL
One time enteraococcus >=104

12417 E MPN/100mL {341 MPN/100mL) No clear reason <1.0 MPN/100mL
One time enteracoccus >= 104 Heavy flow observed from

28917 E MPN/100mL {2,359 MPN/OOmL) | Geleta Slough <1.0 MPN/100mL
One time fecal coliform >= 400

2115017 B MPN/100mL {920 MPN/100mL) No clear reason <18 MPN/100mL
One time enterococcus >= 104

21517 E MPN/M100mL (201 MPN/100OmL) No clear reason <1.0 MPN/100mL
One time fecal coliform >= 400

312317 E MPN/100mL (540 MPN/100mL) No clear reasen 2.0 MPN/1OOmML
One time fecal coliform >= 400

7517 D MPN/100mL (820 MPN/MOOmML) No clear reason 4.5 MPNM0OOmL
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Date Station | Exceedence Limit {(Resulf) Possible Cause Final Effluent Result
One time fecal coliform >= 400
TH3IN7 C MPN/MOQmL (920 MPN/100mL) No clear reason 1.8 MPN/100mL
One time fecal coliform >= 400
8Mn7 D MPN/100mL (820 MPN/100mL) No clear reason <1.8 MPN/10OmL
One time fecal coliform »>= 400
8/29/17 D MPNA00mL {540 MPN/1OOmL) No clear reason 2 0 MPNM0OOmL
One time fecal coliform >= 400
ofisM7 D MPN/100mL {540 MPN/100mL) No clear reason <1 8§ MPN/100mL
Approximately 400 Birds
One time fecal coliform >= 400 observed on beach during
914117 A2 MPN/A0OmL (540 MPN/100mL) sampling event. <1 8 MPN/100mL
Qne time fecal coliform >= 400
91417 MPN/100mL (540 MPN/100mL) No clear reason <1.8 MPN/100mL
One time fecal caliform >= 400
1004417 B MPN/100mL (<1,600 MPN/MOOmL) | No clear reason 4.5 MPN/1OOmL
Dredged material from
One time enterococcus >= 104 Atascadero Creek belng
111417 B MPN/A100OmL (1,159 MPNAODOmML) | deposited near site B. 3.1 MPNMOOmL
Dredged material from
One time enerococcus >= 104 Atascadero Creek being
11117 C MPN/100mL {327 MPN/10ODmL) deposited near site B. 3.1 MPN{1Q0mL
Dredged material from
One time enterococcus >= 104 Atascadero Creek being
114417 D MPNM00mL (246 MPN/100mL) deposited near site B. 3.1 MPN/MOOmL

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 and/or enterococcus
bacteria, see Table 2-5.
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Figure 2-8. Surf Zone Annual Average Bacteria Concentrations 2017
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Figure 2-8 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.

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 study 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.
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Metals

Twenty four-hour composite samples of influent and effluent were collected monthly and
analyzed for metals as required under permit R3-2010-0012 (Table 2-6). The current
permit, R3-2017-0021, reduced the metals monitoring requirement from monthly to
annhually. The concentrations of metals in the effluent for 2017 (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

Table 2-6. Influent and Effluent Metals (ug/l.), Goleta Sanitary District, 2017

| Arsenic [Cadmium| Chromium [Copper| Lead | Mercury |Nickel| Silver| Zinc

Influent (ug/L)
January | 127 | 0.248 4.80 137 | 2.12 | 0.082 | 7.58 | 0.977 ] 150
February | 2.07 | 0.387 4.61 154 | 401 | 0.103 [ 9.86 | 0.884 | 165
March | 2.12 | 0.335 5.80 155 | 2.09 | 0235 | 9.09 | 0.629 | 182
April 2.54 | 0.866 7.21 283 | 453 | 0.154 | 11.1 | 1.14 | 386
May 148 | 0.304 3.38 131 | 1.8t | 0.067 | 9.08 | 2.12 | 155
June 136 | 0211 3.39 116 | 1.88 | 0.065 | 7.94 | 0.093 | 191
July 114 | 0297 3.25 509 | 1.74 | 0.047 | 7.87 | 0071 177
August | 128 | 0412 2.94 139 | 1.72 | 0.050 | 7.42 | 140 | 160
September| 1.95 | 0.459 3.61 156 | 5.00 | 0.141 | 7.27 | 1.11 | 190
October | 1.68 | 0219 3.46 114 | 2.23 | 0059 | 7.48 | 121 | 158
November| 2.71 | 0240 5.13 146 | 1.56 | 0071 | 8.79 | 1.74 | 170
Dacember| NR NR NR NR | NR | NR | NR | NR | NR

Effluent (ug/L)

January 0.73 <0.031 0.892 7.10 [0.296 | 0.015 3.84 10.185| 32.7

February | 1.13 <0.031 0.967 8.31 1.2]1 | <0.002 | 4.62 | 0.035| 38.0

March 0.920 | <0.031 0.661 742 10.101 | 0017 | 3.25 |<0.022| 41.8

April 1.20 <0.031 0.522 7.69 |0.112 | 0.022 | 3.73 [<0.022| 375

May 1.03 0.033 1.010 498 |0.157 | 0.003 5.36 | 0.175| 48.0
June 0.712 | <0.031 1.080 11,7 | 0.181 | 0.007 | 392 |0.022| 41.6
July 0.948 0.104 2.390 885 | 1.66 | 0002 | 7.13 | 0.04]1 | 59.9

August | 0.858 <0.031 0.522 564 [0.110( 0.005 5.12 [<0.022| 41.9

Septemnber| 0.963 <0.031 0.734 707 [0.118 | <0.002 | 4.98 | 0.094 | 61.9

October | 0.978 <0.031 0.313 7.73 1<0.013] 0.010 | 475 [<0.022| 42.8

November| 1.10 <0.031 1.46 6.07 | 0.164 | 0.008 4.81 [ 0.030| 422
December| NR NR NR NR NR NR NR NR | NR
Effluent Limits (ug/l)
6-month
median 620 120 250 120 | 250 4.9 620 | 67 | 1,500

NR = Not Required
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Priority Pollutants Table 2-7. Detected Priority Pollutants,
Goleta Sanitary District, 2017

The NPDES permit requires priosity [ Parameter, units Influent, Effluent,
pollutant analyses to be periormed uglL ug/L
on influent and effluent composite Acetone 3200 ND
samples annually. Compounds Antimony 1.49 1.23
detected in the influent and/or Bis(2-Ethylhexyl)phthalate 1.47 ND
effluent samples are presented in Bromoform ND 0.355
Table 2-7; complete copies of all the | Chloroform 8.0 58.7
laboratory reports listing all the Dibromochloromethane 0.404 8.51
chemical compounds and analytical | Dichlorobromomethane 1.19 28.6
methods are available for review at | Diethyiphthalate 1.50 ND
the Goleta Sanitary District Methylene Chloride 2.09 ND
laboratory. Sixteen compounds PAHSs 0.06 ND
were detected in the influent and ten | Phenol 31.2 ND
in the effluent. Concentrations of [ Phenols 86.3 ND
detected chemicals are all reported | 1CDD, equivalents, pg/L 0.182 0.0192
as parts per billion except for TCDD | Selenium 2.68 1.53
and radioactivity which the units are | Toluene 0.828 0.824
noted next o the parameterin the | Radioactivity, gross Alpha | 1.86 + 0.00 +
table. pCu‘!. _ 1.60 1.38

Radioactivity, gross Beta 242+ 25,2+
Results of influent and effluent z%t Not Detectad 2.99 299

radioactivity determinations for 2017
are also presented in Table 2-7. Limits for radicactivity are defined in Tltie 17 of the
California Code of regulations section 30269 which state limitations of 3x10°® pCifmL {or
30 pCiL) for alpha emission and ax107® pCi/mL (or 3000 pCi/L) for beta emission.
Samples collected during 2017 were below these limitations.

DISCHARGE COMPLIANCE

Throughout 2017 the wastewater discharge from Goleta Sanitary District complied with all
applicable pemit effluent limitations. There was one exception on March 21% when the
chlorine residual level fell below the required seven-day average level of 5 ppm at the
chlorine contact tank with a reportable result of 4.8 ppm. However, the disinfection
requirement was in place for primary blended effluent and the effluent bacteria results
during that time supported the disinfection level was effective. All other 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 armor rock protection were inspected by divers
from Aquatic Bioassay and Consulting Laboratories, Inc. in October 2017. A report was
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prepared documenting the inspection findings of the diffuser section and along the outfall
pipeline and armor rock.

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 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 complete report of the outfall dive survey is included as Chapter 9 of this report
Copies of the ouffall 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, 2017 through December 31, 2017. The Aquatic Bioassay consulting team
conducted water quality surveys in the vicinity of the of the Goleta Sanitary Districts
outfall on February 25%, April 11%, August 2™, and December 3™, 2017. The team
evaluated the local effect of the discharge within the immediate vicinity of the outfall
terminus, and compared conditiocns 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, salinity, pH, transmissance and dissolved oxygen). On August 1%, the
team deployed a series of caged mussel arrays for bioaccumulation analysis and on
October 27, the team retrieved the mussels. On October 24%, the team collected
epibenthic fish and macroinveriebrates 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 BS are
located at the boundary of the zone of initial dilution (ZID), 25 meters {(m) west and
east of the diffuser, respectively. Statlon B2 and B3 are near-field stations located
500 and 250 m west of the diffuser, respectively. Station 81 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 K5 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 heds 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 Station B& moving east
for ten minutes (trawl stations TB3 and TB6, respectively).
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Figure 3-1. Goleta Sanitary District receiving water monitoring stations. Trawl
stations are represented by arrows (--->}.

3.3. Navigation and Positioning

The outfall diffuser and all sampling stations were located using a towrance Globaf
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 biclogists 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 analysis
of variance (ANOVA). For this report, statistical significance is highlighted at two
4
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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
probability is less than 10% but greater than 5% of being random (0.05 < p < 0.10).

3.5.1. Correlation Coefficlents. 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 neagative 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-vaiue 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 to each other at all. Meost 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 canfidence in
our r-values when they are high. If an r-value is large enough so that the chance
that the relatianship could be random is only one in 20 or less (p < 0.05), we ¢an
have confidence that the relationship is probably real. We would have less confidence
In a relationship between two varlables if the probabllity was only ane in ten (0.05 <
p < 0.10) and no confidence if it was greater than ten (0.10 < p).

Based upcn 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 repart, 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 coefficlent 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. Ancther r-value that is expected to be negative
is temperature. The effluent is always warmer than the ocean water, so
temperatures, like chemicals, would be expected to become smaller with larger
distances.

If the discharge were disrupting biological 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 outfall, l.e. as
distance becomes farger these variables would become larger. Howaever, 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 posltive 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, dissolved 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 concluslon, variables that vary in patterns that are bath 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. For 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 population metrics
and chemical compounds in fish tissue, since these variables were replicated and
collected at two locations (i.e. TB3 and TB6). If the average difference in
concentration of a ¢chemical compound between these two stations is large enough
that the probabllity is less than or equal to 5% (p < 0.05), the difference is said to
be statistlcally significant. If the difference is large encugh 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 compound is larger at
the near-outfall station, and the t-test is significant, the pattern should be further
evaluated.

3.5.3. Analvsis of Variance (ANOVA). ANOVA is similar to the t-test, except it can be
used test for significant differences among more than two stations. ANQOVAs were
used for population variables and tissue analysis of bivalves, ANOVA analysis
requires two 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’ 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: B1 > B2, B3 > B4, indicates that, for that particular
variable, Station B1 is significantly larger than Stations B2, B3, and 84, and Stations
B2 and B3 are also significantly larger than Statien B4. Feor chemical ¢contaminants,
if stations near the cutfall are significantly higher than stations farther away, that
compound should be evaluated further. For 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 conditions in the Southern California Bight, The mean circulation in
the Southern California Bight is dominated by the northward-flowing Southern
California Countercurrent, which may be cansidered as an eddy of the offshore,
southward-flowing California Current (Daily, et. al. 1993). Nutrient rich, upwelled
waters from the California Current can enter the western end of the Santa Barbara
Channel promoting primary productivity (Dugdale and Wilkerson, 198%9). The
California Countercurrent transports nutrient poor, warmer water narthward into the
eastern Santa Barbara Channel (Hickey 1998). The California Countercurrent is
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seasonal in nature and is usuaily well developed in the summer and fall and weak (or
absent) in winter and spring (SCCWRP 1973). This causes relatively nutrient-poor
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 QOscillation (ENSO) that can be described as an oceancgraphic anomaly
whereby particularly warm, nutrient-poor water moves northward from the troplcs
and overwhelms the typical upwelling of colder nutrient-rich water. The El Nino
Watch (hitp://coastwatch.pfel.noaa.gov/erddap/index.html|} program continuously
monitors global sea surface temperatures. These temperature data are compared to
the long-term sea surface temperatures generated from data collected from 1950 to
2017. 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 or time period deviates from the long-term ocean temperature trend.

Water temperatures offshore Goleta Iindicated that a strong El Nino event was
underway during 2017 with surface temperatures above the long-term average
during each month (Figure 3-2). The greatest excursions above the average
temperature occurred in March, July to October and December. For the months of
January, February, April and May were water temperatures closer to the long-term
average.

Month
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Figure 3-2, Sea surface anomaly temperatures for 2017 compared with long term
trends.
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3.7. Anthropogenic Inputs

In addition to the Goleta discharge, several other 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, coliformm and enterococcus
bacteria, and nutrients; particularly during the rainy season. Several sources of
crude cil 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 additlon, 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 observahle impacts
{Soule, et. al. 1996).

The rainfall reported in this document is for Santa Barbara Airpart obtained fram the
Western Regional Climate Center in Reno, Nevada. Data is summarized in Table 3-2
and Figure 3-3, where perlods of precipitation and water celumn survey days are
highlighted. The rainfall for this period (19.76 inches) was like the average yeatly
rainfall since 1981 (18.96 inches) and was the fifth year of a severe drought in
southern California. The wettest months were January (8.96 in) and February (8.97
in), followed by March (0.96 in). No rain fell in June, October or December. Rain in
all other months ranged from 0.01 to 0.41 inches. February, April, July and October
sampling had no rain events prior to sampling.
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Table 3-2, Daily 2017 Santa Barbara Airport rainfall {(inches) with dates of water calumn surveys bordered and rain days in gray.

Day/Month  denuey  Feoruay  Mareh Apri Mav June duty Augusi  Seplember  Qglober  November  December
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 I 0.00 0.00 o.40 0.00
2 T 8.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.00
3 0.00 0.28 0.00 0.00 0.00 b.00 0.00 0.00 0.06 o.00 0.00
4 0.64 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 T 0.00
5 0.19 0.25 0.2a 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00
8 0.02 1.29 0.60 0.00 T b.op 0.00 0.00 0.00 0,00 0.00 0.00
? D.42 8.72 0.00 0.16 0.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8 0.58 0.04 0.00 0.00 0.00 0.00 0.00 0.00 b.00 0.00 0.00 0.00
3 n.6e 0.00 0.00 0.00 0.00 0.00 it 0.00 0.00 0.00 0.00 0.00
10 0.38 0.61 0.00 0.00 0.00 0.00 T 0.00 0.13 0.00 0.0 0.00
11 0.63 £.02 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00
12 0.23 0.00 0.00 0.00 0.00 0.00 0.00 .00 £.00 0.00 0.00 0.00
13 0.00 0.00 0.00 0.02 0.00 0.0 0.00 0.00 o o0 0.00 0.60 0.00
12 B oD apa 0.00 6.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00
15 0.00 2.00 0.00 0.00 0.00 0.0 2.00 0.00 0.00 0.00 0.00 0.00
18 0.00 0.15 0.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00
17 0.00 418 0.00 0.05 0.00 0.00 0.00 0.00 .00 a.00 0.00 0.00
1 b.17 0.09 0.00 0.18 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00
15 .72 0,42 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
20 287 9,31 0.00 0.0 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
21 0.05 0.34 0.76 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
22 1.40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.00 0.00 0.00 0.00
23 0.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
24 0.00 0.00 i 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00
25 n.00 T 0.00 T 0.00 0.00 0.00 0.00 0.00 0.00 0.00
26 0.00 0.10 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 n.00 0.00 0.00 0.00
28 5.00 a.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0,00 0.00 0.00
29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 D.00
20 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 D.oD
3 0.00 0.00 T 0.00 0.00 0.00 0.00 0.00

Monthly 8.98 .97 0.95 0.41 0.2 0.00 0.04 0.01 0.22 0.00 0.07 0.00
Annual Total 18.76
T =Trace, zome precipitalion fell bul nat enough to meeaura,
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Figure 3-3, Santa Barbara rainfall for 2017,
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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 continucusly through the water
column using a SeaBird 25pius CTD Water Quality Analyzer with associated WetlLabs
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 mlL 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 dissolved oxygen and chloride titratlon 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 laboratery the same day. Immediately upon return, the
bacterial samples were set for total and fecal coliform and enterococcus bacterla via
multiple-tube fermentation methods. Check samples were titrated for dissolved
oxygen by Winkler titration and chloride (converted to salinity) by the argentometric
titration. All water analyses were performed in accordance with Standard Methods
for the Exarnination 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 fleld: thermistor
probe versus mercury thermometer, conductivity probe versus chloride titration,
dissclved 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 downloaded and water
column graphs were generated. Two tables were also prepared containing the results
of the physical, chemical, bacterial, and observational water measurements. Check
sampte correlations, water column graphs, and data tables were joined with a
narrative report and were presented to the Water Quality Control Board quarterly.
The results and conclusions of all water calumn measurements and analyses are
presented and summarized in Section 3.10 below.

L

L
L e
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3.10. Results

32.10.1. 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 important in that it is a 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 Califarnia 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 thase
near the bottom do. Thus, despite little difference in salinity between surface and
bottom, changes in temperature during the summer result in a2 significant reduction
of density at the surface. Straiified water allows for less vertical mixing. This is
important because bottom waters may become lower in oxygen without significant
replenishment from the surface {Scule et, al, 1997),

Spatlal temperature patterns. Examination of 3D contours for each quarterly survey
showed that the water column was slightly stratified in February (Figure 3-6 and
Table 3-3)}, and the water column was Isothermal during April survey (12.0 °C).
Thermal stratification was strongest in August when water temperatures were ranged
from 19.5 near the surface to 12.0 °C near the bottom, representing a 7.5 °C
decrease from surface to bottom. In Octoher, the water column was warm, but only
slightly stratified,

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 Station (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.

Expacted &
Significant Significant t-
Raramefef Month Average e Correlation w/ |test w/ Outfall?
Outfall?

Temperature February 132 121-139 No No
Apnl 131 119-139 No No
Augusi 14.9 12.6 - 18.5 No No
December 15.2 142 - 158 No No
Salinity February 33.3 33.1 - 33.6 No No
April 335 33.3-33.6 Mo No

August 33.6 328-349 No No

December 33.5 33.4 - 33.5 No Na

pH February 81 79-8.2 No No
Apnl 81 79-83 No No
August 8.1 78-83 No No

Dacember 0.0 00-00 - -
Do Febwuary 8.7 53-7.7 No o
Apil 8.1 4.8 - 10.1 Yas No
August 6.6 50-84 No No

December 00 0.0-0.0 - -
Transmissance| Febmary 737 60.7 - 827 No No
April 75.4 69.2 - 80.2 No No
August 77.8 68.6 - 84.0 No No
Becember 79.8 516 -86.8 No Mo
Transparency February 69 6.0 - 9.0 Mo No
Apri 7.6 65-85 No Mo
Augusl 60 47-7.3 No Mo
December 89 7.0 -12.0 No No
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3.10.1.2. Salinity

Salinity {(a measure of the concentration of dissolved salts in seawater) is relatively
canstant throughout the open ocean; 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 southern Califernia fell
between 33.57 and 33.92 ppt (SCCWRP 1873).

Desplte the general lack of variability, salinity concentrations can be affected by
many 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). E! Nino (ENSO) events can also affect coastal
salinities. During these evenis 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 salinity to some degree (Soule et. al. 1957).

Spatial salinity patterns. Average salinity in the survey area was nearly Identical in
February, April and December ranging from 33.3 ppt to 33.6 ppt. The range of
salinities in August was the greatest of all surveys (32.8 to 34.9 ppt). Salinity
provided the best opportunity to detect the effluent plume which was evident in each
survey as lower salinity water in a subsurface lens of slightly fresher water to the
south of the outfall (near station B4). In August, when the water column was most
strongly thermally stratified, there was a salinity maximum layer along the nearshore
and offshare stations along the entire survey contour.

Salinity ranges and outfall effects. Table 3-3 shows the range of salinities for the 11
water column stations over the four quarterly 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 Golefa Sanitary District outfall is depicted as a red
lina,
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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 is neutral, values below 7.0 are acidic, 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 ususlly 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
biological 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 Iin the euphotic (i.e. light
penetrating) zone. When respiration is greater than photosynthesis, 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 bottom (Soule et. al.
1597).

Spatial pH patterns. The pH sensor failed during the December survey, so no data
are presented. Average pH across the other quarterly surveys ranged from 7.9 to 8.3
(Figure 3-8 and Table 3-3). pH was generally greatest near the surface during each
survey. Elevated pH in surface waters in August was evidence of primary production.
The effluent plume was evident near the outfall in April,

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 field 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 Sanltation 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 chemical 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, advectien (i.e. from currents), and diffusion. Concentrations
are modified further by biological activity, particularly by plants and certain bacteria.
In nature, gases dissolve 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 upon temperature, pressure, and salinity. An increase in

pressure, or a decrease in salinity or temperature, causes an Incrgase in gas
solubility.

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 phytoplankton bloom, such as during a red
tide event, it can become supersaturated (Anikouchine and Sternberg 1973), When
these blooms die off, bacterial aerobic respiration during decomposition of these
phytoplankton cells can rapidly reduce dissclved oxygen in the water. Dissolved
oxygen typically decreases with depth due to respiration 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 celumn and create barrlers to vertical mixing.

Spatlal oxygen patterns. The dissolved oxygen sensor failed in December. Dissolved
oxygen concentrations in February and OQOctober were similar through the water
column and ranged from least near the bottom (5.0 mg/L) to greatest near the
surface (10.1 mg/L) {Figure 3-9 and Table 3-3). Elevated dissclved oxygen near the
surface in August was evidence of strong primary production. The effluent plume was
evident in April near the terminus of the outfall.

Oxygen 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 three surveys, except in April. However, there were no significant
differences by t-test among sites 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 (2009) throughout the year.
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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 ecoicgical reasons.
Phytoplankton, as well as multicellular marine algae and flowering plants are
dependent upon light for photosynthesis and therefore growth. Since nearly all
tigher-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 typicaily
the periods of greatest water clarity. Anthropogenic influences such as wastewater
effluents, storm drainage discharges, and non-point 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 to 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 source 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 condltions. 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 from 51.6% in December toc B6.6%, also Iin
December (Table 3-3). In February there was a layer of lower transmissance water
at the bottom along the entire coast.

lransmssance  ranges  and  outfall  efecis, 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 no significant correlation with
distance to the outfall in any quarter. In all cases, there was never a reduction in
transmissance between near and far field statlons that exceeded the Ocean Flan
(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 is 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 welghted, 30 cm, white plastic disk (Secchi
Disk) disappears. Since only a single quarterly measurement Is taken at each station,
these data are presented as a line plot of transparency vs. quatter.

Transparency patterns and ogutfall 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 4.7 m In August to 12.0 m in
December. Transparency did not correlate significantly with distance from the outfall
in any quarter, nor by t-test among stations located near ta 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. Bacterial Water Quality

The three bacterial measurements of total coliforms, fecal coliforms and
enterccoccus, are used by health autharities to assess the potential risk of human
exposure to pathogens in the aquatic environment (Soule 1997). The principle
problem with these Iindicators 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 viclations of ail three bacterlal 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 summarized in Tables 3-4 and 3-5,

3.10.2.1. Total Coliforms

Coliform bacteria (those inhabiting the colon) have been used for many years as
indicators of fecal contamlnation; they were Initially thought to be harmless
indicators of pathogens at a time when waterborne diseases such as typhald 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 offshore stations are
within 1000 feet of shore, this value was used as a criterion of concern.

Total coliform patterns over 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), except in April
when counts were elevated at the surface and mid-depth at stations near Goleta
Slough. Tota! coliforms exceeded the single sample standard (10,000 MPN/100 mL)
in four samples (Table 3-5), Bacteria concentrations dropped toward the east and
were lowest at stations located in the effluent plume (50 and 130 MPN/100 mL,
respectively), This coupled with the fact that total coliform concentrations were
below the method detection limit (<2 MPN/100 mL) at the bottom, indicates that the
elevated total coliform concentrations were due to surface runoff, potentially from
Goleta Slough.
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Tabie 3-4. Annual summary of tota! and fecal coliforms and enterococcus bacteria
(MPN/100 mL).

Sampling Offshare Plume Mearshore
Station Sepsan Bl B2 B3 B4 BS 86 WCZIDWC10g Ki1 K2 K3 K4 K5
SURFACE

Total Collform Winter 20 ~2 <2 <2 <2 ] 2 2 20 <2 <2 <2 =2
Spring 18000 2800 18000 2800 560 80 50 130 30 16000 2000 380 TOD

Summer <2 <2 <2 <2 <2 2 2 <2 <2 <2 =2 <2 =2

Fall =2 =2 =2 =3 2 2 =2 =2 =2 2 2 2 2

Facal Colifarm Winlar <2 =2 a2 <2 <2 2 <2 <2 L4 =2 =2 =2 =2

Spring 1700 50 50 110 130 2 130 3 a0 70 20 30 B8O

Summer <2 <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

Enterococcus Winter =2 «2 =2 <2 =2 =2 =2 =2 =2 =32 =2 <2 <2

Spring 2 4 <2 2 4 <2 <2 <2 =<2 <2 «2 <2 2

Summar -2 -z =2 -2 €2 =2 2 =2 2 =2 <2 <2 =2

Fal <2 <2 <2 <2 <z <2 <2 <2 <2 <2 <2 <2 <2

MIDDLE

Tolal Celiform Winter «2 20 2 <2 20 2 20 =2 20 2 20 2 =2
Spring §000 AS0D 16000 130 S000  S00 50 20 500D ab 8 1110 130

Summer =2 =2 =2 =2 <2 <2 =2 =2 «2 2 «2 <2 <2

Fall 2 <2 2 < <2 w2 <2 <2 <2 <2 L g L] <2

Fecal Coliform | Winter <2 2 <2 <2 <2 <2 <2 <2 <2 =2 <2 <2 <2

Spring 1300 320 23 130 170 20 a8 =2 30 ao 5 70 aD

Summer <2 <2 <2 2 <2 <2 <2 <2 <2 <2 <Z <2 <2

Fall =2 2 2 =2 =2 =2 =2 <2 =2 <2 <2 =2 =2

Entarccoccus Winter =2 2 =2 2 =2 =2 =2 =2 =2 =2 =2 =2 =z
Spring 2 <2 F4 4 2 <2 2 <2 <2 2 <2 <2 <2

Summar =2 =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

BOTTOM

Total Cohform Winter <2 =2 2 <Z =2 2 <2 =2 <D =2 2 <2 20

Sering =2 =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 =2

Fall =2 -2 =2 =2 2 2 2 =2 2 =2 2 <2 =2

Fecal Colifform | Wintar <2 <2 2 <2 <2 =2 <2 <2 =2 =2 <2 <2 «2

Spring <2 <2 <2 2 2 <2 <=2 =2 =2 <2 2 ~2 ~2

Summer <2 <2 =2 <z <2 =2 =2 =2 =2 <2 <2 <2 =2

Fall <2 =2 <2 =2 =2 <2 <2 <2 =2 <2 <2 <z <z

Enterococcus Winter =2 <2 2 2 =2 L] «2 =2 =2 =2 =2 =2 <2

Spring <2 <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 <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 Quality Standard

Parameter Month Average Range Standard Exceedances
Total Coliform February 8 «2 .20 10,000 0
Apnl 2003 <2 - 16000 10,000 4
August 2 «2-2 10,000 0
December 2 «2-2 10,000 0
Fecal Coliform| February 2 <2-2 400 0
April 126 <2 - 1700 400 2
August 2 <2-2 400 0
December 2 <2-2 400 0
Enterococcus February 2 <2-5 104 0
April 2 <2-4 104 0
August 2 «2-2 104 0
December 2 <2 -2 104 0

3.10.2.2. Fecal Coliforms

The fecal coliform test discriminates primarily between sqil bacteria and these in
warm blooded animals such as dogs, cats, birds, horses, barnvard 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 year. Fecal coliform counts were very low during
the year, ranging from <2 to 20 MPN/100 mL for all surveys (Table 3-4), except in
April when counts were elevated at the surface and mid-depth at stations near
Goleta Slough. Fecal coliforms exceeded the single sample standard {400 MPN/100O
mL) in fwo samples (Table 3-5). Bacteria concentrations dropped toward the east
and were lowest at stations located in the effluent plume (8 and <2 MPN/100 mL,
respectively). This coupled with the fact that fecal coliform concentrations were
below the method detection limit (<2 MPN/100 mL) at the bottom, indicates that the
elevated coliform concentrations were due to surface runoff, potentially from Goleta
Slough.

March 2017



Receiving Water Environment

3.10.2.3. Enterococcus

Enterococcus bacteria include specles 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. Enterococci die off rapidly in the environment, making them
indicators of fresh contamination, but not exclusively from humans. The California
Qcean 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.

Enterccocous bacteria patierns over the vear. Unlike total and fecal coliforms,
enterococcus bacterla count ranged from the methed detection limit (<2 MPN/100
mbL) to just above it (2 MPN/L0O0 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. biscussion

Quarterly water quality surveys were conducted offshore Goleta in February, April,
August and December 2017. Measurements for temperature, salinity, pH, dissolved
oxygen and water clarity showed that oceanographic conditions during the year were
typical of nearshore areas in southern California. In addition, the Goleta outfall did
not have a detectable effect on the water quality conditions In the survey area. The
year was defined by the return of normal rainfall following six years of a historic
drought in southern California.

Rainfall for this period (19.76 inches) just exceeded the average yearly rainfall since
1981 (18.96 inches). This rainfall meant normal nearshare surface runoff and may
have resulted in the elevated bacteria counts in April. While the El Nino event
present in 2016 was over, the sea surface anomaly was still 1 to 2 °C above the
long-term average.

Salinity, normally the best opportunity to detect the effluent plume, showed the
effluent plume signature in each of the four quarters just south of the terminus of
the outfall,

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 naturally.

- The dissolved oxygen concentration shall not at any time be depressed more than
10 percent from that which occurs naturally, as the result of the discharge of oxygen
demanding waste materials.

- Naturaf fight shalf not be significantly reduced at any point outside of the zone of
initial difution.

- 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 fight to benthic communities and other marine Jife,

- Waste discharged to the ocean must be essentially free of: 5) Matenals that result
in aesthetically undesirable discoloration of the ocean.

The water quality 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 Goleta outfall, None of the above restrictions were exceeded outside the zone
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of initial dilution. 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. Dissolved oxygen
measurements taken near to and far from the outfall correlated significantly with
distance to the outfall in April. However, dissolved oxygen was not significantly
different amaong sites close 1o and far from the outfall.

Bacteriological standards are addressed in the Ocean Plan and NPDES discharge
permlt, however these standards relate primarlly to shoreline waters used for
recreation or shellfish harvesting (REC-1 bathing water standards). Total coliforms,
fecal coliforms and enterococcus indicator bacteria concentrations were very low
throughout the year in the Goleta survey area, except in April when tatal coliforms
exceeded the standard four times and fecal coliforms exceeded the standards on two
occasions, These elevated concentrations were probably due to surface runoff from
Goleta Slough since concentrations were least in the effluent plume and below
detection in bottom waters near the outfall terminus.

Bacterial concentrations in the other three surveys were mostly below detection and
none of these exceeded the single sample Ocean Plan standard (2009) during the
year.

In conclusion, evidence from the four-quarterly water column monitoring surveys
conducted in 2017 indicate that the Goleta Sanitary District Wastewater Treatment
Plant was in compliance 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
arrved at the final site of deposition, and the physico-chemical and biological
characteristics of the deposlitional environment. The Southern Callfornia 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 anthropagenic contaminants
{(Gray 1981). In general, finer sediments provide a more stable environment for
benthlc organlsms, especially those that build tubes, burrow and feed there. Flner
sediments, however, also tend to adsorb more organic and elemental contaminants
than do coarser, sandier sediments. As a result, organisms that live closely
associated with fine sediments can be exposed to higher concentrations of
contaminants.

4.2. Materials and Methods

Benthic grab sampling was conducted in accordance wlth Technigues 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 Field and Laboratory Methods May 1986, Tetra Tech; The Southern California
Bight Pilot Project Field Operations 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 observations 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 clean plastic Whirl-Pacs. These were analyzed for particle
size distribution using a Horiba LA920 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 into the analyzer. The
analyzer is capable of measuring particle sizes ranging from silt and clay (<2 pm) up
to course sand (2,000 pm). Results were recorded as the percentage each size
distribution represented of the whole, When the LAS20 detected particles in a sample
that neared its upper detection limit (2,000 ym), a portion of the sample was dried
at 105 °C, weighed, then sieved through a 2,000 pm 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
ik

F

-
LT

March 2018



2 General Benthic Sediment Descriptlons

distribution (extremely poorly sorted). This index is simply calculated as the 84%™
percentile minus the 16™ percentile divided by twoe (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 October 24,
2017 under clear skies, and calm to moderate conditions (Table 4-1). Wave height
was two to three feet from the southwest and winds were two to eight 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 ¢an be inferred from the graphs.
Position of the midpoint of the curve wlll 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 mastly finer. Sediment sizes that range from 2000 to 63 pm are defined as sand,
sediments ranging from 63 to 4 pm 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 homogeneous 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
for all biclogical 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. Surface color was brown
and olive green and there was no odor 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 stations B4 and B5 which was
characterized as fine sand. Median particle sizes ranged from 88 to 141 pm.
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4.3.2,3. Sorting Index & Percent Fines

Particle distributions ranged from very poorly sorted to moderately well sorted,
Sorting Indices ranged from 0.70 at B6 to 2.17 at Bl (Table 4-3). The percent fine
sediments ranged from 7% at station B6 to 32% at station B1.

4.4. Discussion

Observational and analytical evaluations of the benthos in the vicinity of the Goleta
outfall show that the sediments are heterogeneous and composed of fine to very fine
sand. The percentage of fine sediments (silt and clay) ranged from 7% to 32% at
each of the statlons, 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 to the benthos near the outfall ferminus.
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Table 4-1.

Goleta Sanitary District locations, survey information and weather
conditions during the sediment and trawling survey.

Statons

TBS3 TBG

Date
Time

Rasearch
Viassel

Suney
Program

Dist. From
Outtall {m)

Direc. From
Quffall (*M)

Depth (m}
Lattude {N)
Longlude (W}
Wealher
Tide

Swl HL
]

Swl D

Wind Sp
(Kn)

Wind Dir

24-Oc-17  24-0c-17 24-Oc-17  24-0ct-17

Sioaccum  Bipaccum

119 84103 11983068 119.82793 11982853 11082492 11978858

13.21 1520
Hey Hay

Juds Jude

Trawl, Trawd,

250 000
210 80
188 204

3440328 3440298
11882755 11978797
Clear Clear

Oulgoing  Quigang

3 1
Sw SW
g &
L W
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Table 4-2, Sediment grab descriptions.

Penefration  Surface Surface
Station Rep {cm) Description Color Odor Analysis
B1 1 15.5 Fine Sand Brown Nons Biclogy
B1 2 12.0 Fine Sand Brown Nong Siology
81 3 14.0 Fing Sand Brown More Biclogy
B1 4 12.0 Fine Sand Brosm ione Chemistry
B1 5 14.5 Fine Sand Brown MNone Biology
B1 8 13.5 Fine Sand Brown Nona Biology
B2 1 g0 Fine Sand  Oliva Green Mone Biology
B2 2 120 Fina Sand Olive Green None Biology
B2 3 118 Fine Sand Olive Green Wone Chemistry
B2 4 120 Fine Sand Olive Green MNone Biology
B2 5 1.0 Fine Sand Olive Green None Biolagy
B2 B 11.5 Fine Sand _ Qlive Grgan None Biology
1 0.0 FineSand  Brown None Biology
B3 2 11.0 Fine Sand Brown None Biology
B3 3 125 Fine Sand Brown None Chemistry
B3 4 8.0 Fine Sand Brown Nore Blology
B3 5 1.0 Fine Sand Brown None Blology
B3 <] 10.0 Fine Sand Brown None Biology
Bd 1 1.5 Fine Sand Olive Green MNone Chemistry
B4 2 10.0 Fine Sand OQOlive Green None Biology
B4 3 120 Fine Sand Olive Green None Biclogy
B4 4 80 Fine Sand Olive Green Nang Biology
B4 5 10.0 Fing Sand Olive Green None Biology
B4 8 11.0 Fine Sand Olive Green None Biatogy
BS 1 1.5 Fine Sand  Olive Green None Biotogy
BS 2 10.0 Fine Sand Ofive Green None Biology
BS 3 2.0 Fire 3and Olive Green None Chemlstry
BS 4 120 Fine Sand Olive Green iNone Biology
BS 5 15.0 Fine S8and OQlive Green None Biclogy
B5 6 8.0 Fine Sand _ Olive Green None Biclogy
B6 1 10.0 Fine Uiive Green Mone Biology
BG 2 9.5 Fing Sand Olive Gresn None Biology
86 3 9.0 Fine Sand Olive Green MNone Chemistry
Bs 4 20 Fine Sand (live Green None Biology
B& 5 80 Fine Sand Olive Green None Bwlogy
B6 6 8.0 Fine Sand Oliva Green None Biology
Table 4-3. Grain size characteristics of each Goleta station.
Median Sorfing , :
Station Sori % Fines
{microns)’ Categary index* -
B1 88 very fine sand 217 very poorly sorted 32
82 a5 very fine sand 1.31 poorly sorted 20
B3 110 very fine sand 0.84 moderately sorted 14
B4 131 fine sand 1.44 poorty sorted 19
BS 141 fine sand 0.75 moderately sorted 10
B6 113 very fine sand 0.70 moderately well sorted 7

1 0-4 = ¢clay, 4-8 = vory fine sill, 8-18 = fing sill, 16-31 = medium silt, 31-63 = coarse silt, 63-125 = wery fine sand,
125-250 = fine sand, 250-500 = medium sand, S00-1000 = coarse sand.

2 <0.35 = very well sorted, 0.35-0.50 = well serted, 0.50-0.71 = moderately well sorted, 0.71-1 00 = moderately sorted,
1.0-2.0 = poarly soried, 2.04.0 = very poarly sorted, »4.0 = extremely poory soried.
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Figure 4-1, Particle size frequency (%) at each station in the Goleta survey area.
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CHAPTER 5

Chemical Characteristics of Sediments

5.1, Background

Sources of potentlal contaminants discharged Iinto the Southern California Bight
include treated municipal and Industrial wastewater, storm water runoff from
urbanized areas, disposal of dredged materials, aerial fallout, oil and hazardous
material spills, boating and other sources. Bottom sediments are often 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 accumulation 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 Bl
through B6 (Figure 5-1). Sediment portions to be chemically analyzed were removed
from the top two centimeters of the grab sample with a stainless steel spatula and
placed in pre-cleaned glass bottles with Teflon-lined caps. During all cellections, the
sides of the grab were avolded. Samples were immediately placed on ice and returned
to the laboratory. PHYSIS Environmental Laboratories, located in Anaheim, California,
performed all chemical analyses. Results were standardized to pg/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
fram the outfall diffuser. When approprlate, 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
impartant 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
oll 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 spatial 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 1992, 1993, 1994, 1995,
1996, 1997, 1998; Aquatic Bicassay 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 10t percentile and median (50%) percentile
were identified. The lower 10" percentile in the data was identified as an Effects
Range-Low (ER-L) and the median was identified as an Effects Range-Median {ER-M).
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Chemical Characteristics of Benthic Sediments 2

Per the NPDES permit, ali 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 contalning
less than 20% fine components should be viewed with caution (NOAA 1990).

5.32. 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 compaoaunds are further divided Into
chlorinated pesticides, polychlorinated biphenyls {PCB’s), and polynuclear aromatic
hydrocarhons (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) concentration 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 ¢rganics 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 erganic carban (TOC) is a measure of the amount of carbon derived from
plant and animal sources. 1t is a better rmeasure of the portion of a sample derived
from these sources than Is percent volatile sollds {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 oil inte 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 materials as proteins and
peptides, nucleic acids, urea, and numerous synthetic organic materials (APHA
1995).

« Acid volatile sulfide (HzS) is an indicator of organic decomposition occurring
particularly in anoxic sediments and characterized by a2 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 Station B1 offshore Goleta Point (1,630 mg/L) and decreased toward the
outfall with the lowest concentration measured at station B6 (295 mg/Kg). Total
Kjeldahl nitrogen (TKN) concentrations were greatest at B4 and BS5, near the outfall
(578 and 518 mg/Kg, respectively) and was least at station B6 (264 mg/Kg). TOC
concentrations were greatest near Goleta Point (9,500 ug/g) and least at B6 (3,800
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ug/g). Acid volatile sulfide (AVS) was greatest at B3 (19.6 myg/Kg) and least at B6
(3.76 mg/Kg).

Of the undifferentiated organics, oil and grease, and TOC correlated unexpectedly
{increased) with distance from the outfall, TKN and AVS correlated expectedly
{decreased). Of these correlations with distance to the outfall, only TKN was significant
(p < 0.05). All the undifferentiated organics correlated expectedly with distance to
Goleta Point, but only oil and grease and TOC were significant. Each constituent
correlated unexpectedly with particle size 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 2017,
Concentrations of all and grease, TKN, TOC and acid volatile sulfides in 2016 were
variable but within range of the past 20 years with no sustained ingreasing 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 Califernia regional surveys
conducted in 1998, 2003 and 2008 (Table 5-4 and 5-5). O&G, 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
anthropogenic sources increase sediment concentrations above leveis that can be
assimilated by benthic organisms, their assemblages can be impaired. For example:

¢ Aluminum is generally considered to be nontexic to organisms in its elemental state
and Is one of the most common elements on earth.

s Antimony is used for alloys and other metallurgical purposes. The salts, primarily
sulfides and oxides are employed in the rubber, textlle, 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 tc 1600 ppm,
and toxicity to algal species 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 (Long and Morgan 1990). The USEPA (1983)
gives a terrestrial range of 1-50 ppm, with an average of 5 ppm.

« Cadmium is widely used In manufacturing for electroplating, paint pigment,
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 terrestriai
range for cadmium at 0.01 to 0.7 ppm, with an average of 0.06 ppm.
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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
chromium (VI) and 2,000 te 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 1990),

Iron is generally not considered toxic to marine organisms. Iron, In some organic
forms, 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 he 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 1690).

Mercury is a common trace metal once used In industry and as a bioclde. 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 to 2.0 ppm (Long and Morgan 1950).

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 Is used as a component of electrical apparatuses and metal alloys and as
an Insecticide. Although there is no data available for selenium toxicity to marine
organisms, the present protection criteria range is from 54 to 410 ppb (USEFA
1986). The narmal terrestrial range is from Q0.1 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 in San Diege County were considered to 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
fo 18 ppm, in bays and harbors from 0.27 to 4.0 ppm, and near outfalls 0.08 to
18 ppm (Scoule et al. 1995). The normal terrestrial jevel 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 {in
is 2 to 200 ppm, with a mean of 10 ppm. The California Department of Fish and
Game considers tributyl tin to be the most toxic substance ever released in the
marine environment. Tributyl tin may not be as bio-available in sediments as it is
in seawater, and therefore may not affect the benthic blota 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 airborne particulates, and occurs in runoff and sewage effluent. Acute

2016



Chemical Characteristics of Benthic Sediments 3

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 1s from 10 to 300 ppm, with a mean of 50 ppm (Soule et
al. 1996).

5.3.2.1 Heavy Metal Spatial Patterns

The concentraticns 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. Nearly
all of the fourteen metals correlated unexpectedly (increased) with distance from the
outfall, and none correlated significantly. Each of the fourteen metals correlated
expectedly with distance to Goleta Point, and arsenic, copper, lead, selenium and silver
correlated significantly (p < 0.05). Each metal correlated expectedly with particle size,
and nearly all correlated significantly.

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 vears (Figure 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, several 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 threshold 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 PAHs 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.

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

+ Of the non-DDT pesticides, concentrations of chlordane between 2.4 and 260 ppm
in water are acutely toxic to marine crganisms. Heptachlor is acutely toxic in water
from 0.03 to 3.8 ppm. Heptachlor epoxide, a degradation product of heptachlor, is
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acutely toxic to marine shrimp at 0.04 ppm in water. Dieldrin is acutely toxic 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 toxiclty data were
found for any of the other chlorinated compounds measured during this survey.

¢ Although PCBs are not pesticides, their similarity to other chlorinated hydrocarbons
makes thelr Incluslon in this sectlon appropriate. Before being banned in 1970,
the principatl uses of PCBs were for dielectric fluids in capacitors, as plasticizers in
waxes, in transformer fluids, and hydraulic fluids, in lubricants, and in heat transfer
fluids (Laws 1981). Arcchlar 1242, a PCB congener, was acukely toxic in water to
marine shrimp in ranges of 15 to 57 ppm (Long and Morgan 1990).

» The major sources of pelynuclear arecmatic 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. 1953).

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 derivatives are listed in appendix table 10-7. Total DDTs were
below detection at the outfall stations (B4 and B5) and B6, and were greatest at station
B1 near Goleta Point (5.0 ug/Kg). Total DDT corvelated unexpectedly with distance to
the outfall and non-significantly. Each of the other chlorinated hydrocarbons was at or
below detection. In addition, PCBs and Arcclors were all below detection,

Similar to past years, total PAHs were above detection at each site in the survey area,
with concentrations ranging from 58.0 ug/Kg at station Bl to 7.6 at station B6. 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

Teotal DDT pesticides, chlorinated hydrocarbons and PAH concentrations were within
the range of previous years (Figure 5-2).

5.3.3.4 Pesticldes, PCB's and PAH's Compared with Reference Surveys

The average concentrations of chlorinated pesticides (DDTs), PCBs and PAHs
measured during the 2017 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.

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
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5.4 Discussion

Results from this survey support past studies in that the Gaoleta outfall discharge has
little or no impact upon 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 southern California, and compared to levels known to have caused toxicity 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 oil 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 readlly 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 toc many
previaus surveys (Aquatic Bicassay 1997 to 2016). The concentration of each metal
increased at sites furthest from the outfall. Of the fourteen metals measured, nearly
all correlated unexpectedly with distance to the outfall, but not significantly. Several
metals correlated significantly with distance to Goleta Point and unexpectedly and
signiflcantly with particle size.

Of the complex organic compounds measured, total DDTs and PAHs were above
detection at most 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 year's 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 2017 were within the ranges of past vears. 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 2017,
Metals and organic contaminants remained either low or below detection In 2017. Total
DDTs were within the range of past years,

This year'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 he 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 inner shelf
and near SPOTWs in during each of the SCBRMP reference surveys,

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 senslitive live stages of the more tolerant arganisms.
Sediments containing contaminants that exceed ER-M values will “probably” have a

seERL Y JT

1Y
) 2016

Wiy



Chemical Characteristics of Benthic Sediments 8

negative impact upon several groups of infauna organisms. In 2017 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 2017
survey, none correlated expectedly and significantly with distance from the outfall.
Since the concentration of the poilutants emanating from the plant are very low or
below detection, the detection of contaminants in the vicinity of the cutfall is likely due
to other anthropogenic inputs such as runcff from Goleta Slough, areal deposition or
naturally occurring processes such as the release of ¢il from the seeps located offshore
of Goleta Point. Comparison of Goleta sediments with historical reference data from
the southern Callifornia Bight showed that mast 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 locatlons {Stations B1 - B6) in the Goleta
survey area.
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Table 5-1. Sediment contaminant concentrations {dry weight) in the Goleta survey

area.
S Euani Cormpluions

Constituent* B B2 B3 84 BS b5 | Men S0 | Owfll Poim  PrSs
Undifferantlated Organics
€U 5rd Grease (datensan = 100 /gy 1©0 1110 548 156 195 285 723 s34 | o1z AW oms
TKN {datection ® 43 poig) Er 483 78 518 2684 454 114 | 087 D49 012
TOGC (detection = 100 polgl 9500  A160 4000 4800 3900 3800 | GBA3 2480 { 003 A 100
AVS [deteciion = 0 08 pgigr 732 128 4980 2130 1m0 ATS | 1280 &80 | A7E D20 026
Haavy Melals
Ao dstection = 1.0 i) 12000 11000 5830  FAGQ €790 VSN0 | 6807 M3k | oM OT am
Antimony (detecton = 0,023 upig) 616 015 ot 013 O0v1 Qi | 025 0025 | 003 084 067
Arsanic {dotaction = 0.025 py/p} a4 535 413 597 4% Apd | 481 085 | D97 2 O
Cadenium {dadachion « D005 p) 04 D04 D42 DI G6Em 035 | 041 007 | A0 LO&1  oF?
Chroniumn (delsclion = §.0025 g} 330 3000 I0BD 2240 2090 2210 | 2508 568 | D18 060 o
Cepper (detection m 0.0025 o) 706 £03 2Fa 481 408 255 | 470 188 | w05  0B3 oM
¥on (detection = 1.0 potpl” 000 100 T30 8230 TR0 TM00 | 25T Mm | 005 QB O
Lead (desaction = 0.0025 Ligig} 520 438 309 3&k 344 255 | AT 084 | L2 4 RS
Marcury (detection = G.00001 pgigl 00208 COWBS 00182 00201 OMM78 00152 | DWE 0002 | Q3 479 06
Mcxel (getection = 0,01 yoky) 1500 1680 1080 Y080 1030 9322 § 4270 402 | 000 D72 66S
Sakenium {dataction = D025 pgrg) o4 D40 oM Oox 03 422 | X 008 | LD Had 09
Sibar {detaction = 0 H pplgy 021 O o1 &1 om 00F | 012 GpS | 007 om0
Tins (detwetion w 0,095 ydg) o2 0B D&4 D083 OB 080 (| 080 0% | bO3  OM 080
Bnc {aslection A 0,025 i) B0 3020 209 2200 2110 1B80 | 2418 6B | D49 O11  GTS
Complex Organics (ngig dry welght)®
DOTe> LY} 35 17 ne a.a s L7 214 | 040 amM o8z
HCH3 L U] 1] 0o 1] a0 1] 000 000 | DDA ODD 00D
Chioroane 0.0 00 0.0 00 ot an o0 000 { 900 000 O
Aldrin (detectan = 1.0 ppfKg) 5.0 10 10 10 10 10 100 om | @0 oM 000
Diidsin {detaction = 1.0 paKo) 10 1 10 14 10 10 100 oo | cop opn  ooD
Heplachior (detection = 1 0 /Kol 10 10 iQ 10 16 10 100 om ¢od o000 od0
Hegitachior epovite (detection = 1 0 |7KQ) 10 10 10 10 10 190 100 00 | 000 GO0 Q00
M fdetection = 1.0 patKgl 10 1Y) 10 10 1.0 10 | 100 000 | GO0 000 000
Haxachiofahenzena (detectian = 1 0 g} 10 10 10 10 10 10 100 Qo0 | 000 008 000

Bold = Marginally significant (0,05 < p < 0.10)

Bold = Significant {p < 0.05}

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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Table 5-1. continued
Dediment & tabgng Gorrpipliors:

Constituent™ Bi H2 Bl Bd 85 BE L] S0 Durfall Poinl PrtEr
Pelyetiorinated Biphenyls

FCos [131] QD o0 L1 2] 0.0 [+ 0.00 000 0.00 Q.00 .00
Asocions (1] oo 0.0 [T ag il 0.00 .00 0.00 0.00 00
Eslutvelis Aromate Hydrotarbons

PAk> 5.0 = MG = 55 76 16 30 1|2 [ E- ] .77 :1-0 )
1-Methyiraphihslevs (deleckion = 1.0 pgikg) 15 10 10 143 10 10 108 D.2D axs £ B2 0.83
1-Meshyiphenanlhrena (deracton = 1.0 oK 34 21 13 10 i@ 11 1.85 0.85 &85 .8 G&7
2ALT hytraphahal i pan = 1.5 pgiigh 1.0 1.0 14 19 1.0 19 1.00 am 003 an 000
2 5 Denethytaphihabens joatection = 1.0 pggP 4 10 10 19 11 iQ 133 Q%7 0.0 L65 Qass
2-0InyInaphanaon {Mection = 10 pgral 22 i0 10 1D 1.0 10 1.20 0.48 0.0 L85 0nes
Acanaphthend (detection = 1 0 pgig) 1.0 10 10 10 1.0 19 1.00 .00 000 am oo
Benz{ajanth {detection = 1.0 mggP ns 48 18 10 10 16 | a3y aw | 040 D8 0B
Banzd{b]Rucranthene (datection = 1.0 pyfikg) 10 1.0 10 10 10 10 100 L1]: 1] .00 o0t Qod
Benzofa]pyreme (detection = 1.0 ppHo) i0 1.0 10 i0 10 10 1400 0.00 0.0D 000 003
Benzalg h,ijperylene (devechon o 13 pgitgh 10 1.0 10 10 10 19 100 .00 o0.00 0.00 00
Bghenyl (detectian = 1.0 porKys a4 s 13 190 10 19 | 18 191 | 040 o 0m2
Fluamrihens (saection = 10 ppg 10 "R | 48 t2 21 20 S00 412 03 .53 0.66
Nagnihatans {dalaction = 1.0 pyKg) sl 12 12 o 1.0 10 208 235 034 <053 oy
Pavylena (detection = 1 & poMer 26 2B 1] 42 L0 40 | 1720 1857 | 092 a8 043

Bold = Marginally significant {0.05 < p < 0.10)

Bold = Significant {p < 0.05)

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. Mon-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 2017 in the Goleta survey area. TOC, acid volatile sulfide,
aluminum, iron, selenium and tin were not measured from 1991 to 1995.

MN1R



Chemical Characteristics of Benthic Sediments 13

0.1
0na
o086
004
on2

16

127

b4

244
184
124
04 ¢

om

Selenim

1

!
i/{ [ ed Froled

Tin

[

:-!\,(E\k ..,.--.-o»«/"v'

I B2 8y EggeN

1€

0008
0.008
0.004
0.002

FFEE 2RI ERRIHEZE

o8

A B e e e A e S
g I ¥ REEIEBE IR

Silver

r
- T
L

"1.: IR o

FIREEyIgegaTR

] T
|¥ i‘f-i/\}@firfﬁfhwﬁ+*'w

S
# 3 $ 85y EEeeTE

Non-DOTs

0 ===ttt *H—H—C"*'.—!—l—.-lﬂlﬂ.ﬂi-i

# ¥ 8E8 8888 38

a2xxe

ps 4 FiHs
o4 T
03 T+
02 T

o1+

1l 8888 sgsgex=sr

Figure 5-2. (continued)

2016



Chemical Characteristics of Benthlc Sediments 14

Table 5-2. Comparison of sediment contaminants found in the Goleta survey area to the Southern California Bight Regional
Monitoring Program (SCBRMP) data from 1998, 2003, 2008 and 2013; and, the NOAA status and trends ERL and ERM
threshold values, The SCBRMP survey includes comparisons against statlons located near SPOTWs and shallow water
reference sites.
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1. SCCWRP, 2012; 2. SCCWRP, 2006; 3, SCCWRP 2003; 4. Long and Mergan, 1990; 5. Long et al., 1995.
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Table 5-3. Summary of sediment contaminant spatial trends and concentrations found in
the Goleta survey area to the Southern (alifornia Bight Regional Monitoring Program
(SCBRMP) data from 1998, 2003, 2008 and 2013; and, the NOAA status and trends ERL
and ERM threshold values.
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Biological Characteristics of Benthic Sediments

CHAPTER 6
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 bottormn feeders. Usually polychaete annelid worms, molluscans, 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, nematode 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 of benthic
organisms 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
s¢reens. The retained organisms and larger sediment fragments were then washed
into four-liter plastlc bottles, relaxed with a magnesium sulfate solution, and
preserved with 10% buffered formalin. Five replicates were collected from six benthic
infauna stations (B1, B2, B3, B4, B5, 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 Bicassay
staff biologists and separated into five groups: echinoderms, mollusks, polychaetes,
crustaceans, and miscellaneous. For each station, organisms were counted per
group in accordance with Techniques for Sampling and Analyzing the Marine
Macrobenthios 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 Pifot 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 taxonomists 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
Califomia infauna.

Following enumeration of infauna organisms by species, the total and phyla group
numbers of individuals, and numbers of separate specles were compiled for each
station replicate. In addition, several required biclogical 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

=AML 4
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2 Biological Characteristics of Benthic Sediments

Benthic Response Index (BRI). Analysis of Variance (ANQVA) was used to compare
average metrics values among stations. Species compositions were compared using
numerical classification and ordinatian. Brief descriptians of the indices are presented
below.

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

5
H=-3 {l(njm) Ln (nj/N)},
J=

where: nj = number of individuals of the jth species,
s = number of species in the sampie,
M = number of individuals in the sample,
Margalef’s Richness., Margalef's Species Richness Index {(d)} (Margalef 1958) 1s:
d=s-1/LnN,
where: s = number of species in the sample,

= number of individuals in the sample.

Simpson's Diversity. The Simpson’ Diversity Index (S1) (Simpson 1949} is;

s
SI=1-3(ps)?
i=1
where: pi = proportion of Individuals of the ith species in the
community.

Schwartz’ Dominance. Schwartz's Deminance 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){n4) / n1 + Rz + N3 + nNa},

where: ni,...,ns = 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 a/. 2001). The general index
formula is:

e td
R !

48
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Za.::pi

BRI,=E— (1)

>al

=i

where BRI: is the BRI value for sampling unit s, n is the number of speciesin s, pr Is
the pollution tolerance of species /, a« is the abundance of species j in 5, and fis an
exponent used to transform the abundance values. The primary objective of BRI
development is to assign pofiution tolerance scores pm 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 by calculating the BRI. A reference threshold,
below which natural benthic assemblages narmally 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% of the species present at the reference threshold were lost.

Analysis of Variance (ANQVA), ANOVA's were used to compare population variables
and sediment chemistry concentrations among stations. ANOVA analysls requires two
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 te 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: OS1 > 0S2, 0S3 > 0S4, indicates that, for that particular variable, Station
0S1 is significantly larger than Stations 0S2, 0S3, and 0S4, and Statlons 0S2 and
0S3 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 Is
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) metric (Gauch, 1982; Jongman et al., 1995) was used to calculate the
distances between all palrs of samples. The cluster dendogram was formed using the
unweighted 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
cccurred at more than one station and season,

For normal (station by station) dassifications, the Bray-Curtis Index is:
s
B.C. = X min (Py, Pi),
i=1

where:! P = proportlon of species i collected at station j,

i
1
L A
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4 Biclogical Characteristics of Benthic Sediments

Pk = proportion of specles | collected at station &,
s = number of species,

For inverse (species group by species group) classifications:

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

where now: Py = proportion collected at station i of species j,
P = proportion collected at station i of species k,
N = number of stations.

Ordination analysis. Ordination analysis displays the sampling stations as points in a
multidimensional space. The distances between the stations (points) in the space are
propoertional 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
polnts 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 subsequent
axes. Often most of the relevant community changes are displayed in a few
ardination 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.

Spatial _Infauna sbundance patterns. Infauna abundances at the six sediment
sampling statlons are listed in Table 6-1. Numbers of individuals were significantly
greatest by ANOVA near the outfall at B4 {(average = 649} and B5 {(average = 630},
and were least at station B2 (average = 200). Numbers of individuals correlated
unexpectedly 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. Low abundances in one replicate at Bl and three
replicates at B2 were associated with sediments that smelled of petroleum. Goleta
Point, where these stations are located, has natural oil seeps and these samples may
have been taken directly over a vent.

i
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Infauna abundance patterns compared with past years. Figure 6-1 illustrates
biological 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
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 similar to the years previous to
2004, From 2009 thru 2013, abundances remained relatively stable (average ~
1,000). From 2014 through 2017 another El Nino event was underway and
abundances once again dropped to levels like years prior to 2004.

Infauna abundance values compared with other syrveys, Table 6-2 compares
abundance and other variables with reference contrel stations from the Southern
California 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 patterns. Infauna species at the six sediment sampling
stations are listed in Table 6-1. Numbers of species were greatest at station B4
(average = 144) at the outfall and decreased to the east and west with lowest
numbers of taxa found at station B2 (average = 54). Numbers of species correlated
unexpectedly and non-significantly with distance from the outfall, unexpectedly and
non-significantly with Goleta Point, and expectedly and non-significantly with particle
size,

Infauna species patterns compared with past years. 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 specles 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 steadlly 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 increased to historic
highs from 2015 to 2016. In 2017 numbers of species declined somewhat,

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 ofien
contain an evenness component, as well. For example, two samples may have the
same numbers of species and the same numbers of individuals. However, one
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
populaticn metrics are presented by station. Comparisons are made using correlation
analysis and ANOVA,

Spatial ipfauna diversity patterns. Infauna diversities 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 across sites and uniformly elevated in the survey
area. Each was greatest at station B4 near the outfall terminus, significantly so for
Margalef's Richness by ANOVA {p < 0.05). None of the correlations with distance to
the outfall were significant for Shannon, Margalef's or Simpson's Diversity.

Infauna diversi st vears. Figure 6-1 illustrates biclogical

metric {rends over tlme 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 over 4.0 thru 2017. 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
reached an historic high for the 25-year period (H' = 4.2). In 2017, diversity
declined to pre 2016 levels.

[nfauna diversity valyes compared with other surveys. Table 6-2 compares the
Shannon Diversity Index reference stations from the SCBRMP surveys conducted in
1998, 2003 and 2D08. Shannon Diversity measured in the Goleta survey area was
similar in 2017 when compared to each of the SCBRMP reference site surveys.
Neither Margalef's nor Simpson’s indices were calculated during the two SCCWRP
programs.

6.3.1.4. Infauna Dominance

The Schwartz Dominance Index is defined as the minimum number of specles
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.

minar Dominance at the six sediment-sampling
stations is listed in Table 6-1. Dominance was greatest at B4 near the outfall
(average = 38), and least at B2 (average = 17). Dominance correlated unexpectedly
and non-significantly with distance from the outfall, expectedly and non-significantly
with distance from Goleta Point, and unexpectedly and ncn-significantly with
sediment particle size.
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Infaung dominance patterns compared with past years, Figure 6-1 illustrates
biological 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). In 2017 dominance decreased somewhat.

Infauna dominance values compared with other survevs, Table 6-2 compares the
dominance at reference sites from the SCBRMP surveys conducted in 1998, 2003 and
2008. Dominance in the Goleta survey area in 2017 was greater than the SCBRMP
reference site surveys.

6.3.1.5. Infauna Trophlc Index

The Infauna Trophic Index (SCCWRP 1878, 1980) was developed to measure the
feeding modes of benthic infauna. Higher values denote California species
assemblages dominated by suspension feeders, which are more characteristic of
unpolluted environments, Lawer index values denote assemblages dominated by
deposit feeders more characteristic of sediments high in organic pollutants (e.g. near
majer ocean outfalls). SCCWRP has alse provided definitions for ranges of infauna
index values, Values that are 60 or above indicate “normal” bottom canditions.
Values between 30 and 60 indicate “change”, and values below 30 indicate
“degradation”. The infauna trophic index is based on a 60-meter depth proflle of
open ocean coastline in southern California. Therefore, its results should be
interpreted with some caution when applied to Goleta's shallower stations (24 m).

Spatial Infauna Troohic Index patterns. Infauna Trophic Index (ITI) scores at the six
sediment-sampling stations is listed in Table 6-1. ITI values correlated unexpectediy
and non-significantly with distance from the outfall, expectedly and non-significantly
with distance from Goleta Point, and unexpectedly and non-significantly with particlie
size. ITI scores at all stations were above levels defining benthic communities that
are changed (60} and far above levels defining benthic communitles that are
degraded (30). The greatest ITI score was measured at the B3.

Infauna Trophic Index patterns compared with past years. Figure 6-1 illustrates
biclogical metric trends over time In the Goleta survey area during the past twenty

years. Average IT]I values have remained stable across years and were similar in
2017 to past surveys.

Infauna Trophic Index values 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 blological conditlon 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 pollution tolerance 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 biclogical
response to pollution were identified. The thresholds are based on changes in
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g Biological Characteristics of Benthic Sediments

blodiversity along a pollution gradient. A reference threshold, below which natural
benthic assermblages normally occur, was identified at an index value of 31, the point
an 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 patierns, BRI scores correlated expectedly {decreased) and non-
significantly with distance to the outfall, expectedly and significantly with distance to
Goleta Point, and non-significantly with particle size (Table 6-1). Average BRI scores
were significantly greatest by ANOVA. BRI scores at Station B2 were significantly
greatest compared to all other stations. Except for B2, scores were below 31
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 Analysis

Patterns of species composition in the receiving environment's infauna community
were evaluated by comparing normal (station x station} and inverse (species group x
species group) classifications using the Bray-Curtis 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 from the resulting pattern matrix (Figure 6-2).
For the 2017 survey, rare species were excluded from the analysis so that 255
species that occurred at > three sites were retained for analysis (96% of the total
number of individuals collected).

Stations clustered Into three groups (Flgure 6-2). The greatest Bray-Curtis distance
between any two station nodes was approximately 50%, which indicates moderate
differences in species abundances and composition between sites. Station group 1
included stations Bl and B2, group 2 included stations B3 and B5, and group 3
included only B6.

Of the twenty relatively abundant species collected in each cluster group, only two
were shared across cluster groups (Table 6-3). The most common species In the
survey area were those typically found in coastal nearshore waters.

When the biological metrics for each station cluster group were averaged together
they showed that the infauna population in cluster groups 3 (B6) had lower
abundances, taxa richness, BRI and Shannon Diversity (Table 6-4). There was no
clear outfall related pattern.

6.4. Discusslion

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
surveys, comparing results with other studies performed in Southern California, and
comparing stations by cluster analyses.
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Biological Characteristics of Benthic Sediments 9

Evaluation of the biologicat metrics for the 2017 survey showed that metrics were
greatest near the outfall and least near Goleta Point. 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). In 2017 infauna replicate samples at
B1 and B2, near Goleta Point, had extremely low numbers of taxa and abundances.
These low numbers were associated with a strong petroleum smell in these samples
indicating the grabs were collected directly over a vent. 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
traphic level feeding strategies. In 2017 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). ITI scores in the survey area
ranged from least (80) at station Bi and B3, to least at outfall station B4 (74). The
IT1 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 indlcating that there was no net loss of reference species in the survey area, The
BRI approach differs from other multimetric techniques in using multivariate
ordination as the basis for assigning pollution tolerance scores. 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 benthlc community. The BRI was developed using hundreds of infauna
samples collected from throughout the scuthern California bight, at sites that were
both degraded and in reference condjition.

Biological metrics calculated for the 2017 survey were compared to results of past
surveys at the same sampling locations since 1990. Each of the metrics measured in
2017 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
most 50% different from one another based on infauna abundances and taxa
composition. Of the top twenty most abundant species in the survey area, 2 were
shared by the two cluster groups.

To further investigate the potential influence of the Geleta outfall on the infauna
community, ordination analysis was conducted on infauna data sets collected from
2004 to 2017 (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 assoclated with survey year. Statlons
clustered together on axis 1 by year with 2004 thru 2010 Infauna communities
furthest from stations collected during 2011 thru 2017. 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 on either axis 1 or axis 2
which described 11% of the variation in the community.
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10 Biclogical Characteristics of Benthic Sediments

The biclogical metrics for each site and survey were averaged by historic cluster
group and showed there was very little difference across cluster groups indicating a
relatively stable infauna population through time (Table 6-5).

Finally, Goleta results were compared o measurements made of the inner
continental shelf throughout southern California. All infauna population variables
were comparable {0 or greater than thoge measured in regional surveys conducted
by the SCBRMP in 1998, 2003 and 2008,

Although there are no specific numerical limitations regarding infauna animals, the
California Ocean Plan (SWRCB 2007) states that:

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

The dissolved sulfide concentration of waters In and near sediments shaill 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, including vertebrate, invertebrate, and plant species, shalf not
be degraded.

Waste management systemns that discharge to the ocean must be desighed and
operated in a manner that will maintain the fndigenous marine life and a healthy 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 will
accumulate to toxic levels in marine waters, sedirments 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 compllance with the
general limitations and that it causes no adverse impact.
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Biolagical Characteristics of Benthic Sediments 11

Table 6-1. Infauna population indices by replicate for each of the six Goleta survey
area stations. Comparisons are made using correlation analysis and ANQVA (p <

0.05).
Offshore Stations
Congitven B1 B2 H3 B4 B85 ]
HDWDUALS *
Rept 1 1 330 273 165 555 249
Repl. 2 495 B35 800 B9 BBHO 275
Repl 3 623 7 183 625 B9 2857
Rapl 4 €86 3 34 446 5489 255
Repl § A6 17 228 B01 514 240
Nen = 455 a0 326 B9 830 263
Sid. Dev. = 269 23 163 144 148 23
Lower Cond. b, = at) 44 182 523 500 243
Upper Cond. Int. = -] 445 468 e 760 263
Cweral Mean = 420 r {oufall)= 0,35 f {poirt) = .0.22 r{prisz }= 0.06
Overal 5.0, » 248 He 138 Comp, of means = B4, B5 ~ B2, B3, 86
SPECIES'
Fepl. 1 1 112 76 154 132 &7
Repl. 2 134 140 138 168 133 0
Repl. 3 132 -] 87 136 152 92
Fapl 4 150 8 108 125 127 &85
FaplL & 135 7 74 139 129 80
Mesany = 110 54 () 144 138 &7
5. Dov. = &2 &5 0 w il &
Lowar Conl, Int, = 56 ~4 66 120 126 83
Upoar Conf. InL = 164 112 119 150 143 2y
Oweralioan = 101.8 t {oulfal) = .0,22 ripointy = 0,12 ripisz }= 0.0
Cverad 8.0 = 41,6 Hm 121 Comp of means = B2, B3, BS <Bd
SHANRCH DVBRSITY
Repl. 1 0 414 ass & 414 3.90
Rapl. 2 415 415 4,08 29 386 3.86
Rapl. 3 4.01 48 34 4 4. 27 3.90
Papl. 4 417 1.28 111 411 395 395
Rapt. § 414 1658 I 418 3.90 3.92
Mean = 324 254 ATe 416 4,04 3496
Sid, Dov_= 1.84 147 0.30 on 0.18 o.02
Low ef Cont, i, = 168 128 353 4106 3.90 3.04
Uppas Cond. Inl. = 4.8 383 4.05 425 418 309
Oversl Mesn = 3,83 r {outiam = -0.001 r (point) = .21 ripctaz}=.p 28
Overall $.0. = 1.05 H= 878 Comp of memns =NA
MERGALEF RICHNESS
Repl. 1 1.00 19.14 1337 23.04 20.71 il 69
Rapl. 2 2144 2154 21,42 2494 0AT 18 BS
Repl. 3 2036 2.06 12.54 2087 232 1298
Repl. 4 2282 1.8% 18.41 20,33 1998 1E 45
Repl. & 21.73 212 1348 21.57 2051 14
Mean = 1749 936 15.84 297 20,80 1540
Sld, Dév, = 825 10.06 388 188 144 0.6
Lower Cond. int. = 87 0.54 1244 20.55 18.49 1484
Upper Conf. Int. = 25.69 16.18 19,25 2.7 2210 15.95
Overall e = 16.84 r{outfall) = -0.17 r {poind} = .06 r{prtaz.)= 0.04
Cverall S0 » 6,82 H= 1266 Corrp of means = B2, B3, B < B4

Bold = Marginally Significant (0.05 < p < 0.10)
Bold & Gray = Significant {p <0.03)
1.

The van Veen Grab collects samples one tenth of one square meter In area. To determine indnaduals
per meter, multiply by ten.
2, Non-normal data: correlation coefficlents and ANOVA's from non-parametric tests (Spearman's rho

and Kruskal-Wallace H, respectively).
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Table 6-1. continued

Ofi shore Stations
Consiuent 81 B2 B3 B4 BS B8
SRAFSON DV ERSITY
Ropl. 1 000 4.14 358 42 414 3598
Repl. 2 415 4,15 408 429 388 395
Rapl. 3 401 1.48 140 400 427 398
Rapl. 4 417 129 an 411 a9s 395
Fepl, 5 414 1465 an 418 199 392
Moan = 129 2.54 79 418 404 296
Sid. Dev. = 1.64 147 .30 (X 0.36 0.02
Low er Conf. il = 19.20 22.03 20.29 19.88 2485 21.34
Uppar Conf. k. = 26.20 24.85 25.23 21.70 27.88 239
Ovarall Mean = 3631 r {outfell} = 0001 ¥ {poinl) = 021 riptsz)= 028
Qvergll 5.0, = 1,052 H= 876 Comp of means = NA
SCHWARTZ [l sNCE
Rapl. 1 1 g 27 43 24 a2
Rugl. 2 5 B a5 42 27 k|
Repl 3 35 4 23 AN 42 22
Repl 4 37 % a5 a7 M kP
Repl § 43 3 25 » a4 M
Mean = 30 114 9 38 34 32
Sid. Dev. = 7 1% [ 5 ] 1
Lowes Cond_Int. = 19 2 20 20 23 2
Upper Corf. k. = 26 25 25 22 28 zn
Overall Mean= 30.13 r joudall) = .0.02 r{point} = 0.07 ri{prisz )= .0.10
Crearall 8.0, = 1200 H= 7.68 Comp of maansa m WA
FAUNAL RDEX
Repl. 1 0 77 82 70 7 78
Repl. 2 -1 79 74 77 73 81
Repl. 3 83 T8 60 78 78 78
Repl. 4 50 T0 80 78 a2 &1
Fepl & 81 79 83 il 77 74
Mean = 85 7 [T 76 78 78
Std. Dav. = % 4 2 4 3 4
Low or Corf, Inl. = 19 22 20 20 25 by
Uoper Confl. int. = 26 25 5 22 28 2
Overal Wean = 75.70 r{outfall) = .0.07 r{peint} = (.21 r{prtsz.) = -0.20
Overal S0, = 14,70 He 7.53 Conp of means o NA
BENTHIG RESFONSE INDEX
Regpd 1 12 29 27 27 26 21
Repl. 2 4 2 25 ol 26 @
Rapl. 3 k]| 58 26 24 26 W
Repd. 4 az 42 25 7 b 17
Repl. 5 a3 44 24 26 24 ol
Maan = F) 1] 25 26 26 19
S, Dov, = 2.3 12.2 12 1.3 1.2 20
Lower Conf., Int, = 18 2 20 20 25 il
Uppar Conf. Inl. = o8 25 25 el 28 22
Onearell Meen = 27.82 ¢ (outfely = 0,32 f {poinl) = 535 rpisz} = .36
Overall 3.0 = §.77 H= 1873 Comp of means = B2 > B3, BS B B1.B4 >B5

Bold = Marginally Significant (0.05 < p < 0.10}
Bold & Gray = Signiflcant (p <0.05)

1. The van Veen Grab collects samples one tenth of one square meter in area. To determing indlviduals
per mater, multiply by ten,

2. Non-normal data; correlation coefficients and ANOVA's from non-parametric tests {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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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?),

SCBRMP 2000 SCEBRMFP 2008
Goleta 2017 SCBRMP 1848 Inner Sholf Innar Shelf
Varlable Mean Range Hean Range Mean L3550 Mean SE
Rumber ol individuals 420 1-5880 s 33 - 1656 283 n 8 2
Humber of Specias 104 1 - 168 85 - 162 62 3 as 4
Shannan Diversity Index 218 0.0 - 43 380 200 - 4,40 3.48 .09 3.63 0.06
DamInance 3.1 10 - 430 — —_- - 23 | & 1

| | I | |
06 04 03 01 O

B1
B2
B3
B5|?
B4
BG13

Figure 6-2. Station dendrogram 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 1982, Jongman et. al. 1995).
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Table 6-3. Average abundances of the top twenty species for each cluster group in
2017,

Species

Cluster Group

Streblosema crassibranchia
Marphysa disjuncta
Kirkegaardia oyplica

Euphilomedes carcharadonta
Leptechelia dubia Cmpix
Cossura sp A

Typasyllis hyperioni
Ampelisciphotis podophthalma
Megiomastus sp &

Phoronis $p

Neréis sp A

Kurtlella tumida
Sthenelanella uniformis
Mediomastus sp

Ephesiella brevicaplts
Caprella mendax
Poedlochaetus marting
Spiophanes duplex
Prionospia jubata

Gadlla zbemans

Foxiphalus abtusidens
Amphideutapus oculatus
Rhepoxynius stenodas
Chaetozone columbiana
Klrkegaardia sibllna
Rudi{emboldes stenoprapodus
Levinsenla gracills
Olgochaeta

Ampellsca brevisimulata
TelllnaspB

Westwoodilla tone
|Euctymeninze sp A
Ampelizca cristata micredentata
|Hematoda

Tellina modesta

Amphicteis scaphabranchiata
Laanice cirrata

Pranillalla pazifica

Glycinde armigera

Carinama mutahilis
Parapsionospio alata
Prionospio pygmasus
Scalibragrna califarmcum
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Table 6-4. Biological metrics for each station in 2017 averaged by cluster group.

- Number of Total Margalef  Schwartz  Shannon Simpsan
Stiflen isier Growp Specles  Abundance Br1 m Evennoes Richness Dominance  Diversity Diva rsity
B 1 249 475 ¥ ] 0.81 38.93 .48 .08
B2 1 187 207 = L1 0.84 3459 7 4,30 0.8

average 24 ETT] ] ™ [T X [ 442 [T
B3 2 193 334 2% ] 081 32,04 43 428 o
B4 2 z9 835 -] T4 079 a7 48 447 058
85 z 256 839 % L] 0.80 30.78 45 442 098
average TR T ) i 630 ' m™Mm 13 4.39 (X7
T2 ¥ 19 28 3] n s M 42 438 oss
03
D25 - = - v BT
-4 —a
0.2 - ST e g A
[ 77 ety ! )
D.15 - [ RN )
[, - - - Q}£ 1=|-£___‘_
0.1 - o :ﬁ | - B8 18 - ,.r‘f ~ = Cluster Growp 3
i i - e e & L} « Cluster Growp 2
f A i e . BT YR
- 0054 [ 'm";'ﬂj e _— /A? 3 i 4 + Chuster Grovp 3
S | s e CrntorOeoup
- Q- L ! koud” ., . + Ghster Group §
o ‘\"h..____l';hgr g _._-i e e + Chuster Group &
-5 -0.05 o \ f: .'-.‘l.n!|= ..- T;‘ﬂ I - M i * Chustor Group 7
h _l. % \ N _.-""-. W
1 1 N, 4 Shester Group ¥
0.1 1 ~ ity BT, g
Ui LA |1t o TP ) g 2 Sty Grop
0.15 - T ,Vrﬂ[;a,;_ L
-"h. i # B - LT
02 ; T Iv_l:t.-' L‘a.,_:‘ il v
— _.__,_.c.:i*
4,25 - - T T
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Axis 1(21%)

Figure 6-3. Plot of ordination scores for infauna communities at stations measured

from 2004 to 2017.
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Table 6-5. Biological metrics for each station for each year individually from 2004
thru 2016 and averaged by cluster group.

Number of Tatal S iriz Bhannne Shrpacn
BlatlaniYaar m BRI m Species  Abundanca Ertnness :I:I::::: Eomimasce  Diversity Diversity

B105 1 29 B2 320 1132 D3 45,38 a9 qz22 0.95
B1 06 1 28 7w 308 1283 D70 42.50 az 413 0.95
B2 0% 1 H 5 249 1187 0,80 35.08 15 3133 0.58
B2 06 1 0 W 02 1477 0,63 41,25 21 3E0 0.90
8305 1 29 8 288 1412 0.85 |n as 3.69 %=1
8308 1 0 ) 302 1729 0.68 40,38 a5 374 0.92
8405 1 30 5 65 1072 0.80 ar.e4 0 333 .85
84 06 1 3 75 793 1545 oB2 8.77 ] 3.54 .59
BS 05 1 2 B0 308 ez 084 43.22 = 366 0.58
B5 OB 1 ] k] 318 TN 0.65 4260 28 ars 0.82
B8 05 1 il B2 mn 1060 0.64 3876 a7 358 0.8
BB 06 1 29 L] wm 1246 .64 40.97 26 368 089

nverage 30 T 3 1337 083 40,64 . 388 0.80
B1 64 2 32 76 369 2i69 0.81 47.93 22 3.62 082
B2 04 2 29 81 M 1582 0.88 44,76 28 393 0.94
B3 04 2 29 79 249 1359 0.62 34.38 20 3.43 0.88
Bd M 2 30 7 242 1076 0.57 34.52 18 310 0.81
BS 4 2 27 8 282 1927 0.66 3714 3 68 0.89
BE D4 2 25 8 260 925 0.89 37.82 34 .85 082

Average -] BO 88 13713 B4 38.44 % 1.60 0.89
e107 3 0 Te k) | 1042 075 45.81 51 437 osr
B108 3 26 L1 254 578 082 .77 54 4.55 0.58
B207 3 H B2 254§ 708 0.7 3&.10 44 4.34 ng?
B208 3 30 B2 226 672 081 W58 41 438 0.98
B3 07 3 32 76 264 1361 0.68 .45 a7 3.HO 094
83 08 3 29 80 262 1030 073 a2 33 407 0.96
8407 3 H 72 249 12 07 3584 30 3BT .95
a4 08 3 H 83 238 852 0,72 3513 31 3.96 .95
8507 2 k] -] 281 b3l <] o172 39.57 365 4.04 0.95
8508 3 28 k] 247 741 074 ar.2a 365 4.08 0.0
8507 3 2 1] 321 1232 o7 44,97 29 +.21 L1 -3
856 08 3 7 B0 259 o7 072 37.88 3 $.02 afs

average 2 78 284 946 0.74 35.88 28 414 0.58
B1® 4 27 k)] s 1173 074 44.43 42 4.25 006
B11D 4 27 15 300 1205 0.78 42.1% 42 4.28 1X:7 4
BI g9 L) F:| 78 289 1004 o077 41.87 A 4,38 0.8t
B2 10 4 27 75 285 8a7 a.7e 43.24 47 451 0.98
B3 Q9 4 24 1 28 102 .73 29.55 35 411 0.98
B30 4 28 7B 276 a7z a7 g a8 a4 4,40 0.98
B4 09 4 28 1 251 k) 073 38.56 o} 403 0.96
Bd 10 4 30 72 e a81 .74 38 3e A17 097
BS 092 4 7 32 296 1112 0.72 4208 k< ] 412 095
B5 10 4 ) 80 355 1419 .70 46.83 a8 413 0.95
B6 019 4 % a2 Pt 1005 0.B0 8.7 45 447 0.98
B6 10 4 25 80 288 833 78 30.70 45 434 097

average 27 Ei 289 1085 075 4119 E i 477 .57
B117 5 a a2 241 478 o8 36.93 52 4,46 0.98
BZ 17 B ] 8 187 207 0B84 .89 47 438 0.98
B3 17 & 25 BO 183 334 1111 33.04 42 428 0.97
B4 17 5 25 75 ] 885 079 2,77 43 447 0.98
BG 17 - 25 ki 258 B3% 0.80 3973 45 442 98
B 17 5 20 78 196 268 0.83 .88 42 4.38 298

avarage 25 79 226 [+ .51 734 48 4,40 0.58
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Table 6-5. continued.

s QOTm W e e SO pOTL Commamco Oy Dy
Bl 15 8 F4 %5 23 5 4 586 64,86 1 26,99 -4.15
B118 B T 79 289 19 BB4 4379 60 4.7 0.59
8215 8 26 [ 219 100 300 47.30 2 16.17 0.05
Bz 16 8 zr s 0 523 oas 41.16 59 4.74 099
8315 g 25 B2 219 o 257 48.33 5 13.86 0.65
8316 ] 24 7% 244 401 nes 40.54 )] 474 0.99
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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 Mearns 1978). Since these
populations are generally sedentary, they can act as indictors of human impacts on the soft
bottom habitat As a result, trawl programs have been part of the manitaring activities of both
large and small municipal dischargers for nearly thity years. The goal of the Goleta Sanitary
District's trawl program is to look for poputation changes near the acean outfall

7.2. Materials and Methods

Trawl sampling was conducted in accordance with Use of Smafl Qtter Trawis in Coastal Biological
Surveys, EPA 600/3-78/083, August 1978; Quality 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 Operabions Manual, 2008. Duplicate ten-minute trawls
were taken at a uniform speed of 2.0 - 2.5 knots with a 7.6 m Marinovich otter trawl. Care was
taken to not trawl over previous fransects or grab sampling sites. For each trawl, all fish and
macroinvertebrates were identified, counted, measured, and weighed. Ceollection abservations,
such as algae or cobble in the trawl, were recorded. Fish abnormalities, such as fin rot, parasites,
or tumors, 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 zipHock 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 biclogical indices were calculated: Shannon-Weiner
species diversity (H"), Margalef's richness index (d), Simpson's species diversity (51}, 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 two 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 frawls were taken
at two locations, one near Station B3 (TB3) and the other near Station B6 (TB6) {Figure 6-1)
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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 316
individual fish were collected from both stations combined during the 2017 survey, with the
average numbers of individuals at TB3 (78} and TB6 {80) nearly identical (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 (17} was slightly less than TB6 (20). Average
biomass was less at TB3 (1.63 Kg) compared to TB6 (10.46 Kg), but there was no significant
difference between sites. Shannon Diversity, Simpsons Diversity, Margalefs 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 2017 trawis were typical of those found on moest
southemn California near sheore soft bottom habitats (Table 7-2). A total of 17 and 20 unique taxa
were collected at stations TB3 and TB8, respectively. The most abundant species collected at
TB3 were the speckled sanddab {Citharichthys stigmaeus) and homyhead turbot (Pleuronichthys
verticalis). The most abundant species at TB6 were speckled sanddabs and California lizardfish
{Svnodus lucioceps).

7.3.1.3. Fish Community Metrics Compared to Past Surveys

Fish assemblage cammunity metrics for 2017 were compared {0 previcus Goleta area surveys
starting in 1891 (Figure 7-1). The numbers of individuals collected in 2017 was within the range of
past survays, Fish biomass was again very low during 2017 and similar to the past 20 years. The
slow decling in numbers of species that had accurred from 2013 to 2016, was reversed in 2017
when the greatest number of fish species were collected since the program began. 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 2017 Geleta survey were compared to fish assemblage data
collected in the northern region on the inner continental shalf in the southern California bight
during the 2008 Southermn California Bight Regional Monitoring Survey (SCBRMP) (SCCWRP
2011; Table 7-3). Number of individuals, numbar of species, Shannon Diversity and biomass
were all well within the range fish assemblages found in the vicinity of the northern 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, Citharcthys
stigmaeus) are presented in Figure 7-2. Across years, sanddab lengths ranged from 3 o 13 cm at
both stations, with 2017 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 TBG were in 6 to 8 cm size classes

g
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Table 7-1. Trawled fish - Summary of biological metrics of fish collected at Statlons TB3 and TB6.
Compariscn between sites by two sample T-test (p < 0.05).

Fish
Staton B3 TBE T-test

Metric Avg S0 Avg 8D L score p=

ndnduats? 78 58 B0 42 039 1.00
Specwes’ 17 D 20 0 -1.30 019
Biomass (kg)* 163 147 10 46 1265 -0.39 0.70
Shannon Dwersity! 191 D24 184 049 0.39 100
Simpson Diversity!: 0.74 013 072 019 033 100
Margalef Richness! 3ag 077 445 058 -0.39 0,70
Schw artz Domrmance! 5 1 4 1 000 1.00

Bold - Marginally Significant (005 <p <0.10)
Botd - Significant {p < 0.05)
1. Non-normrel data’ T-test by Mann-Whitney Utest

Table 7-2. Trawled fish abundance and biomass sorted from most to least abundant

Trawl TEZ Trawl TB&
hean Maan Maan  Mean
Scinntifiec Nama Common Namea Abnund Wilighl (kg) Schendific Mame C 1 Name Abund Welght {kg)
Citharichthys sligmasus spachkied sanddaly A [ ]] Cithardchibys sigmawus spmckied swcidals 4an [[FH
Plaurcnichihys vericalis hoamyhesd lwbot f 0.1% Epsnlin (UCioceps Cakfomia &zardfish 1 038
Sapasies caurinus coppar reckiish [ 005 Zaniolepis latpinnis Iongsping comblish s Gig
Ciitharichihys sardidus PaxHic aanddab 4 01z Gentyonenus Jinealus white croaher 4 o2
Synodus fucioceps Califarria Kzardlish 4 0.3 Mystrarys Folepis o2 ol 4 006
loefinys quads serat ¥ hin sculpin 3 <04 Tewlivuns qur / ¥ hin seulpin 3 <01
Hadensichus roshalus giant katalish a .1 Plewonichihys vericals bommyhaad iurbot 3 )i
Xystreurys Nolepd's fental sole 2 908 Sebash ] o Mish a a1
Zardelapis lipinnis kg sping comblith 2 .1 Cilharchthys xanlhcsligma longdin sanddab 2 =1
Citharichthys xanthostigma  kngfin sanddaly 2 Q07 Cymalogasiwr sggmgels shirwe porch 1 2.1
Paraiabeax clatinslug Kelp bags 1 <1 Hetaros#chirs oaialus giant kelplisiy 1 01
Pleuronichihys deciwrens  culfin sods 1 0.05 Citharchihys somtdus Facilic sanddaty 1 <01
Porivhlhys mymiasher speckinfin mcshipman 1 0.08 Myliobalis califonica bal ray 1 045
Parickiys nolalus phainlin mdshipman 1 <01 Farvisbvax clathooiuns kelp bass 1 Q.1
FPhanemdon rcsius whiip sasperch b =01 Earplichthys caffomicos Califerrica bl 1 028
Rags inomala Cedlomia skaba 1 .08 Preuromchthys rilen spotad harbot 1 015
Squakng californice Paciic angal shark 1 0.22 Ponichifrys myrash pecidafinmidshipman 1 =0.1
Gomosile Waight* n.21 Porichilrys nolalud phaiafin mdshipman 1 <f.1
Symphurus aticapdus Cwiomia vanguefish 1 «01
Squsfing califomica Pucific angel stk 1 B.00
Conmaita Weight* 033

*Species <0 1 ko ara weighed together as a composite weight.
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Figure 7-1. Fish community metric annual averages (£ SD) for Goleta trawl transect data
(n=2) since 1921.
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Table 7-3. Camparison of trawl fish metrics with results from the Southem Calformia Regonal Survey, Bight
2008 {from SCCWRP Technical Report 972)

Trawl Figh
Goleta Range Bight 13':||.'|ner Rielow?
Metric She nge:
Biomass (kg) 1.63 -10.46 D4-408 No
Individuals 78 -80 25-1,013 No
Species 17 - 20 4-18 No
Shannon Diversity 1.84 - 1,91 033-2.11 No

1 Walther &f of , 2017
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Figure 7-2. Length (cm) frequency distributions for speckled sanddabs (Citharicthys stigmaeus)
collected from 2003 to 2017 from stations TB3 and TBS in the Goleta survey area.
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7.3.2. Trawl Macroinvertebrates
7.3.2.1. Macroinvertebrate Community Metrics

The averaged macroinvertebrate 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 fotal of 53 individual invertebraies were collected from both stations combined during
the 2017 survey. An average of 20 macroinvertebrates was collected at station TB3 compared to
7 at TB6 and there was no significant difference between sites (Table 7-4). Average numbers of
species collected averaged 4 at station TB3 and 3 at station TB6, with no significant difference
between sites. Biomass was 0.07 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.

7.3.2.2. Species Composition

As with past years, the invertebrates in the 2047 trawls were typical of those found on maost
southemn California near shore soft bottomn habitats (Table 7-5). A total of 6 unique taxa were
collected in the survey area. The most abundant species collected in the survey arsa were the
peanut rock shrimp {Sicyonia peniciflata)

7.3.2.3 Macroinvertebrate Community Metrics Compared to Past Surveys

Macroinvertebrate community metrics for 2017 were compared to previous Goleta area surveys
starting in 1991 (Figure 7-2). The numbers of individuals was similar from previous surveys, while
biomass dropped. Numbers of species was similar to recent surveys, while Shannon Diversity
and Dominance continued to increase from historic lows in 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 2017 Goleta survey were compared to invertebrate
assemblage data collected in the northemn region on the inner continental sheif in the southern
California bight during the 2008 Southem California Bight Regional Monitoring Survey (SCBRMP)
{SCCWRP 2011; Table 7-6). Biomass, numbers of individuals, numbers of species, and Shannon
Diversity were all within the range or fish assemblages found in the northem region inner shelf.
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Table 7-4. Trawled inverts - Summary of biological metrics of invertebrates collected al Stations TB3 and
TB6. Comparison between sites by two sample T-test (p > Q.05)

nvertebrates
Statlon B3 TBG T-test

Metric Avg sD Avg sD I score e

Individuals! 20 5 7 3 118 0.25
Species! 4 0 3 1 1.22 Q.22
Biomass (kg) 007 010 010 013 0.00 100
Shannon Divarsity’ 1.00 009 0.75 035 039 070
Sivpson Diversity! 0.57 005 0 46 019 039 070
Margalet Richness 102 000 077 020 116 0.25
Schw arz Dominance? 2 0 2 1 050 062

Bold - Marginalty Shnificant (005 <p <0 10)

Bold - Significant (p < 0.05)

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

Bold - Significant {p < 0.05}
1. Non-nomal data. Ttest by Mann-Whitney U test

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

Trawl TO2 Teawd THS

M2an  Mean Mean Mean
Sclardific Name Comamon Nams Abund Weight Sciontilic Hame Common Nama Abund We
Siepomy paywsilata paanud mock shrimp i 0.1 Sicyonia penicifale puamd rack sheimp a Q.1
Crong g fat. blsckapodiad bay shin] 4 0.4 Asinpsecier caNlomicus Califormia sand star 2 ap
Oclopus mbuscens rd actopus 4 0.07 Crangon mgm ala bleckspotiad bay sheim) 1 Q.1
Lytechinus pickss whibe s43 urchin 1 0.1 QRS bt onns fad acingus 1 0.1
Ophicthsix spicidaia Pacific spiny britllestar 1 <01 Aplysia califomica purpie seahare 1 050
Comosite Walght™ <01 Comagile Weght* 0.1

*Specias <0 1 kg are weighed together as a composile weight
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Table 7-6. Comparison of trawl invertebrate metrics with results from the Southern California Regional
Survey, Bight 2012 (from SCCWRP Technical Report 972}

Trawl Invertebrate
Bight 13 Inner Balow
Guoleta Ra

Maetric e Shelf’ Range?
Biomass (kg) 0.07 - 0.10 00-110 Mo
Indivduals 7-20 §-921 No
Species 3-4 2-13 No
Shannon Diersity 0.75-1.00 011-1256 No

1. Waltheret al , 2017
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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 fo be impacting the resident fish or
macroinvertebrate communities. 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 southern Californiza.

A total of 316 individual fish and 53 individual invertebrates were collected from both stations
combined during the 2017 survey. There were no statistically significant differences {p < 0.05)
between stations near to and far from the outfall when mefrics for fish or invertebrate total
abundance, number of species, biomass, diversity and dominance were compared. Both fish and
invertebrate population indices measured in 2047 {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 macroinvertebraies caught in the 2017 trawls were typical of
those found on most southem California near shore soft bottom habitats. A total of 17 and 20
individual fish taxa were collected at stations TB3 and TB6, respectively. The most abundant
species collected at station TB3 and TB6 was the speckled sanddab (Citharichlys stigmasus). A
total of 6 unique invertebrate taxa were collected in the survey area. The most abundant species
collected in the survey area was the peanut rock shrimp (Sicyonia penicillata).

When the 2017 trawled fish and inveriebrate results were compared against past surveys,
average ahundances, 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 biclogical 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 frawled invertebrate diversity are unclear, Since an
outfall related impact has never been detected, it is probable that some larger eceanographic
condition has influenced this community, Frequent cold-water upwelling events which are typical
of this coastal region, couplad with warm water El Nino evenis over the past 15 years may be
playing a significant role in the recruitment to and stahility of this community

Although there are no specific numencal imitations regarding trawl animals, the Calfornia Ocean
Plan {1997} states that;

- The rafe of daeposition of inert solids and the characleristics of inert solids in the ocean shall not
he changed such thaf benthic communities are degraded,

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

- The concentration of crganic malenals i marine setiments shall not be increased ta fevels
which would degrade marine life.

- Nutnent malenials shall not cause objectionable aquatic growths or degrada ndigenous biofa

- Marine communities, including verfebrate, nvertebrate, and plant species, shall nof be
degraded.

- Waste management systems that discharge fo the ocean must be designed and operated in a
manner that will maintain the indigenous marine life and a healthy and diverse marine communily.
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- Waste discharged to the ocean must be essentially free of: “2) Settlsable material or substances
that may form sediments which wilf degrade benthic communities or other aquatic life.”

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

trawl survey indicate that the discharge is in compliance with the general limitations and that it
causes no adverse impact.
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CHAPTER B
Fish and Bivalve Tissue Biocaccumulation

8.1. Background

Outfall discharges can potentially increase contaminant cencentrations in sediments
and the water cclumn 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. Bicaccumulation 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
chronic toxicity, reproductive failure, or even mortality.

8.2. Materials and Methods

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

Speckled sanddabs were collected by otter trawl procedures, which are described in
Section 7 above. Sanddabs collected 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 statlons (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 ciean room
techniques, and placed in new pre-cleaned glass jars with Teflon-lined caps. All
tissue samples were then stored in a freezer until ready to be shipped to the
chemistry laboratory (PHYSIS Laboratories in Anahelm, Califernia). Analytical
methods were similar to sediments, except that speclal extraction and clean-up
techniques were used to eliminate lipid interferences commonly found in marine
animal tissues.

Blvalves 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-cleaned 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 October, 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 population
o i e

P
LT

March 2018



2 Chemical Characteristics of Fish and Mussel Tissue

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 chlorinated
pesticides) were combined. Results for individual analytes are presented in Appendix
10-16 and 10-17, Ali data were converted to mg/Kg or pa/Kg, dry welght and
statistically compared among stations using either t-test for two statlons 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 utllized 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 bioaccumulation study. Appendix Tables 10-13 and 10-14 lists lengths and
weights of organisms, as well as tissue weights, Tables 8-2 to 8-4 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, iotal PCBs, and total PAHs. General descriptions of ali chemical

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

8.3.1. Spatial contaminant patterns in tissues
Speckled sanddabs

A total of 79 speckled sanddabs (Citharichthys stigmaeus) were collected for tissue
dissections from trawl transects TB3 (n = 38) and TB6 {n = 41), respectively (Table
8-1). Average standard lengths (72.8 and 73.2 mm, respectively) and weights (8.8
each) were similar.

Of the ten metfals measured in sanddab muscle tissue all were above detection
(Table 8-2 and Figure 8-1). Arsenic, copper, mercury, nickel, selenium and zinc were
significantly greater by t-test (p< 0.01) at station TB3, nearest from the outfall,
compared to concentrations at TB6. Of the groups of complex arganic compounds
measured in sanddab muscle tissue, total DDT, total PAHs and PCBs were all above
method detection limits. Total DDTs were significantly greater in muscle tissue at

B
'gg

March 2018



Chemical Characteristics of Fish and Mussel Tissue 3

TB3 (12.1 ug/L) compared to TB6 {7.6 ug/L) (p < 0.05). There were no significant
differences between stations for any other organic.

Of the ten metals measured in sanddab liver, all were above detection (Table 8-3
and Figure B-1). Arsenic, cadmium and selenlum concentrations were significantdy
greater at TB3 by t-test {p < 0.05). Of the complex organic compounds, HCHs were
below detection while total DDTs, chlordane, total PCBs, Arochlors and PAHs were
above detection. Total DDT and several PAH congeners were significantly greater at
TB6 by t-test (p < 0.05).

Bivalves

Of the ten metals measured in bivalve (Mytilus californianus} tissue, all were above
detection (Table 8-4, Figure 8-1). Arsenic was significantly greater at B6 compared
to B4 and 83 by ANOVA (p < 0.05). Lead was significanily less at TB4. Of the
complex organic compounds measured in bivalve tissue, total DDTs, total PCBs and
tatal PAHs were above detection, while each of the other constituents were just at or
below detection. Only two congeners of PAHs were significantly different among
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 had increased
two-fold In 2016, but returned within normal ranges in 2017 {Figures 8-3 and 8-4}.
Increases in sanddab musde concentrations of chromium, nickel and silver reported
for the 2009 survey returned to lower concentrations in 2010 and remained low thru
2017. PCB concentrations in fish liver tissue have been highly variable since 2007
{range = Q to 0.3 ug/L), remained relatively low in 2017,

Bivalves

The average concentration of each contaminant in bivalve tissues in 2017 was like
the previous several years (Figure 8-5).

_FL
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4 Chemical Characteristics of Fish and Mussel Tissue

8.3,3 Tissue contaminant concentrations compared with other surveys,
State Thresholds & EPA Ranges

The concentrations of the contaminants measured in sanddab and bivalve tissues
during the 2017 survey were compared to the concentrations measured at other
sites throughout southern California (Table 8-5 and 8-6). 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 otganic 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,

8.4, Discussion

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 studles performed in southern California, and compared to State
thresholds and Federal ranges for concentrations of contaminants in animal tissue.
Results for each variable 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 arrays. The bivalve
sampling plan incduded a laboratory control (unexposed bivalves from Apacapa
Island, CA) and bivalves exposed at three site locations: one station down coast
(fleld control), one station nearest the cutfall, and one station up coast and nearest
Goleta Point. For fish, there was no laboratory control, and fish were collected from
only two locations: one station down coast of the outfall 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 ar 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, copper, mercury, nickel, selenium, zin¢ and total DDTs were
significantly greater at TB3 nearest the outfall.

In sanddab liver tissues each metal was above detection at each site, and arsenic,
cadmium, and selenium concentrations were significantly greater at TB3. Of the
complex organic compounds, HCHs were below detection while total DDTs,
chlordane, total PCBs, Arochlors and PAHs were above detection. Total DDT and
several PAH congeners were significantly greater at TB6 by t-test (p < 0.05).

A total of 15 chemical compounds or groups of compounds were analyzed in the
whole-body tissues of bivalves. Arsenic was significantly greater at B6 compared to
B4 and B3, while lead was significantly less at TB4. 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.
Only two congeners of PAHs were significantly different among stations.
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Chemical Characteristics of Fish and Mussel Tissue 5

Comparison of the 2017 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 2017,

The concentrations of the contaminants measured in sanddab and bivalve tissues
during the 2016 survey were compared to the concentrations 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
contaminant 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 pravide 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
Califernia Qcean Plan (1997) states that:

The natural taste, odor, and color of fish, shellfish, 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 bioaccumnulate to fevels that are harmful to
human health.

Based upon spatial and temporal patterns and comparisons with other studies,
results of the bioaccumulation survey indicate that the discharge 15 in compliance
with the general limitations that it causes no adverse impact.

25375 ‘.,‘.‘f:g&f? s
=

» March 2018



6 Chemical Characteristics of Fish and Musse! Tissue

Table 8-1. Numbers of animals, length (mm), weight (g9) and tissues weight (g} in
fish and blvalve tissue collected in the Goleta survey area.

Fish Musae Fosti Liver Bhvalves
Conglituent Replicate Ta Te L To Control B3 84 B&
Number of Animals 30 4 38 41 80 56 58 5%

Ayarage Standard Langlh {mm} Maan=| 728 a2 728 732 BZE 838 635 846
SD=| 95 a8 &5 08 83 57 &1 7.2

Avarage WeighLBnimal {9) Mean=| 7.2 7.z T2 7.z 192 258 262 255
3D.=| 37 a2 a7 3.2 8.1 89 74 83

fumrage Tissua Weght {g} Mean=| 1.2 12 02 D2 6.1 93 103 108
sp=| 08 0.8 0.1 0.1 2.0 28 36 3.7
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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 Muscle
TR T ToTmit
Constituant mean ¢ GO mean & SO u t p
| etats fpgidey g}
A 0497 2 013 0277 0055 3 Y0 <001
Cadm 0033 & 0006 oy & 0006 3 1M 02%
Chromivm®| 0527 2 008 G375 ¢ 0006 a 197 0.0%
Copperf 2041 ¢ Dgas 1280 & 0048 3 2110 <
ead®| 0040 & 0000  QOR? & 0008 3 19 006
Morcur] 0103 x 0002 OO 2 DAY 3 1619 .01
Mcel] 0157 & 0008 0047 3 D02 3 14,76 Q.01
Selnium| 1707 & o 2w oz 0wz 3 am LY
iwrf| 0030 x CQODI0 DHZC = 000D 3 129 020
o™ 24000 t 094 1TZET : OIS 3 177 008
|Complex Organics (pp/dry Kg)
pors'| 129 & 08 TE o+ 08 3 ol <001
Chiodama'| 0D & 4o 0a & 00 3 HA, NA
HCHs'| oo & 4D o £ oo 3 HA MA
Agan] 10 3 o0 10 E a0 3 HA, NA
Dwlan] 10 £ 00 10 = B0 3 A, NA
Heplachion] 10 & 00 W & oD 3 NA NA
Hoachiorcoenzerw| 18 ¢ 00 1w & 0N 3 MA NA
Med 10 2 0O 1w & 00 3 MA HA
PeBs’| 35 2 12 13 & o2 3 Mk HA
Arochiors| 00 2 DO QU £ 0O a MHA A,
PAHE| 514 2 3% N1 & 05 3 178 nos
1-Mertigia philhal 19 % 00 10 & 00 3 -180 LR ]
1-Mathodghenartheensl 42 = 11 32 ¢ 03 3 152 020
JMelingnaphiilana] 24 2 1@ 17 = 03 3 108 034
236 Trimathynaphthalena®] 12 2 02 10 ¢+ o0& a 128 020
24.Ommatrinaphthalens| 18 2 02 12 = O3 3 188 [ X}
Aeongphthens®] 43 :  0% 10 2 04 ES 000 100
Eipharn ar 2 9.1 T4 E] an 3 ax 0TS
Denfajnteacene’] 265 : 48 Wr ot 05 3 175 008
Benmppuccanthenal 10z 00 10 * 00 3 NA HA
@enzmfepyenel 10 & 0O 10 & 00 3 NA HA
Henmlphiperpene] 16 2 00 10 & 00 s NA A
Fucanbenet| 81 & 23 57 & D2 3 177 008
NepOwalene| 32 & B2 w1 &8s 3 044 0s8
Peryone| 12 & 00 W oz 00 3 HA NA

1. Complex Organic derivatives are listed In Table 10-16.
2. Non-normal data, Statistics by Mann-yhitney U Test.
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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 Livar
T TXest
M maan p-1a] meln £ 50 n L1 P
Matals. {patdry ¢
Arsenie] 787 0867 E720 : D4 3 484 oa1
Cagmlum| 3513 0,284 2907 &+ oarz 2 23 .88
Chomium| 0770 0168 0813 : 04n 3 242 040
Coppw| 10767 0IT8 11487 & 045 3 208 Q11
Lead| 0337 0040 0303 3 0032 3 142 a3s
Mermay| 0028 0005 002 & 0001 3 1| 013
Nigket| 0030 0000 GO0 & OODO a N&, NA
Selvrmmn| 4150 0850 216 & 0282 a 288 004
Sitar| 0143 S 0440 3 HOOD 2 100 100
Ane] 52587 131 45300 & Ok 3 688 0.od
Complex Organics {ngidry Kg)
ooTs | sTa0 04 6550 + 157 3 T4 <001
Chiodane™] 621 43 01 t 87 3 2158 610
HCHs'| 00 no e & 00 3 MA 7
Adon| 10 0o W0 & 00 3 NA HA
Céakirin| 1.0 Q0 1 & 0o 3 NA A
Hepiachlorl 10 o0 19 = 00 ) MA MA
Hexachlorgoenmne] 4.2 o7 30 H 04 a At 033
Med 10 00 L 1- TR T T 3 NA NA,
PCBs'| V234 27 247 x B1 3 262 0,06
Amchiors’| 1500 08 ®Ta x 82 a n5a 38
PaHzY 10705 444 1854 Tt a 234 7.1
1-Wetyinaphhalane| 78 23 1238 20 2 234 .03
1-Methgphenantane| 10 0o i & o0 3 7Y NA
2-Mattinephithalons| 152 40 We &7 a 291 002
235 Trimathyinsphiralene®| 7.3 o7 10 = 00 3 1.56 LT
2A-Dimathyinaphihatene| 42 06 88 2 17 3 424 Dot
scoraphthens®| 10 (] 281 1 31 3 RE1 0.08
Bphengl| 170 77 869 & 508 3 122 023
Senidpemnracene]  933.0 425 9900 ¢ 626 3 151 0.24
Bsnmofeiuaranthena 10 00 10 i 0.0 a MNA NA
Bendfolpywens| 10 00 $0 & 04 a HA NA
Banzojghilpersone] 140 05 LI B S 1. a NA MA
PFuaranthena] 218 34 170 & 38 3 1.54 020
Nephalena| 248 413 140 £ ®1 3 138 024
Perdans| 1.0 0o 1w ot oo 3 HA NA

1. Complex Organic derivatives are listed In Table 10-16.
2. Hon-normal data. Statistics by Mann-Whitney U Test
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Chemical Characteristics of Fish and Mussel Tissue 9

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

= Bivalve Tisaun
=] B4 BS ANDVA
Consltuant mesn £ 5D mean 2 50 mean  + 1] " F [
Matals [ghiry ol
Arzenic 102X ¢ 0388 AT OS2 9560 =z 02418 a QAR LET]
Cadmiven 2073 & 007 1933 = O0NT 2303z 0N 3 1558 <ot
Chromium 0853 2 Q04D 0800 & Q082 0240 2 Q089 a 054 oA
Copper BA2T 2 0IT4 SM0 3 0420 0B 2 0112 E] 188 023
Lesd] 0833 z o021 AT4l -  Afos 0787 2z O3 3 1547  <0a1
Miprrury'| og 32 00 ame 3 DOd o 3 Q0 2 Q18 +1- 7]
Niicial 0437 3 Q08 0430 + DA Q%22 +  opd2 3 amm hoa
Salaraum 2597 1 H2a0 2440 ¢+ 0A%R 270 & 0212 3 1.0 024
Silver’| 023 1+  O0Om 42T £ 0008 G137 & 000S 3 450 (B L]
2ing 100847 = 2055 1080 £ 5242 104323 = QSTT 3 503 s
Complex Orgamcs (ngfdry Kg)
pDTs! B2 x O7 "1 o 19 128 = 12 3 146 OM
Chiarians" 17 =+ 15 16 £ 20 12 = 04 3 gz 099
HCHa® e + pg 60 = 00 6o+ OO0 3 NA NA
Aldin 1 + DB 10/ £ 0o 10 & ©P E] MA MA,
Déplddn 12 x 00 w x  ap i = ©op 3 NA A,
Hepbathiorn i0 : D¢ 10 +« op 18 £ 08 3 NA HA,
Hexstrioroben e, 10 £ D¢ 10 ¢ oD % £ 08 3 MA& HA
Hthx 10 = 0@ 19 = @D 1% £ 09 3 MA HA
PCBi'| eT £ @8 05 & 08 05 & OFf 3 oo0F 093
Meochion” [ TN 1] 00 2 0D 0 = 00 3 L1 HA
PAHA' 23132 & 308 268 2z 431 %8 £ 183 3 D2z o8
1-Malhyinaghhatane| i & o4 14 2z 03 13 = 03 3 s 018
1-Mettmighwnandiane, m|m £ op 10 = og 10 2 0D 3 NA HA
2-Metinaphihalans 55 x 13 41 1z DA £4 12 0@ 3 158 022
2 38.Tim ethinaphthalene| e & 23 34 . o L [ 0.8 3 1803 892
3.8-Dimethyinaphblane’ 14 = 02 12+ n2 1A == DS 3 080 058
Acenaphthens, 14 = oA 15 : 08 2 2 D4 3 047 065
Expharmd 188 = 124 aa s+ A3 37 o+ a0 3 188 D28
Benz{ajantacons 020 2 2849 1987 ¢ 421 1780 3 a8 3 ods D4
Banmiaivaranthena | 10 E3 0o 18 3 a0 10 + an 1 NA HA
EBenzofalpyrena 1.0 E aa 10 T e0 10 Y ag S NA& Kk
Banpcdg,h fipaniena 10 * aa 10 T o0 10 S ax a WA HA
Flucranthena 58 0 11 B2  + DT 8 3 1n 3 LY TR 1)1
Hapmakeng 20 12 178 131 % 114 52 * 41 2 154 02
Paniens’ 0z o0 1w oz 00 10 &t 00 ] 030 om

1. Complex Organic derlvatives are listed In Table 10-17
2. Hon-normal data. Statistics by Kruskal-Walils Test.
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Chemical Chasacteristics 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 control).
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Chemical Characteristics of Fish and Mussel Tissue 11

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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Chemical Characteristics of Flsh and Mussel Tissue

Figure 8-3. Contaminants {mg/dry Kg)} measured in Speckled sanddab muscle
{Citharichthys stigrnaeus) 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 Iin Speckled sanddab liver
(Citharichthys stigmaeus) from Goleta since 1991 {mean *+ SD).
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14 Chemical Characteristics of Fish and Mussel Tissue

Figure 8-5. Contaminants (mg/dry Kg) measured in whole bivalves (Mytifus
californianus) from Goleta since 1991 (mean * SD, n = 3).
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Table 8-5. Comparison of Goleta tissue chemistry with results from other studies
(ugfwet g9) and state and federal limits.

GOLETA 8.D. Reforence OEHHA*

Halg Wet Weight pglg Wet Weight | pglg WetWaight
Constituent Means Rangas Stations™ FCG>  ATL*
FAsh Muscle
Arsenic 1.380 1.092 - 1.682 422-57.8 — =
Cadmium 0.008 0.004 - 0.007 <0.01 - 0.045 - -
Chromium 0.079 0.065 - 0.112 0.08-28 -
Copper 0.289 0.212 - 0.366 045-2.4 - —
Lead 0.006 0.004 - 0.007 12 — -
Mercury 0.015 0.011 - 0.018 036-078 022  spo7t
Nickel 0.018 0.007 - 0.028 04-5.1 — —
Selenium 0.266 0196 - 0.326 28-395 74 %25
Silver 0.004 0.004 - 0.007 <0,005-1.4 — —
Zine 3.811 3.010 - 4.358 12,4 -30.5 — -
DDTs 0.0017 0.0013 - 0.0022 D.005-216 0.021 50.52
Chlordane 0.0000 0.0000 - 0.0000 — 0.0056 <0.052
PCBs 0.0004 0.0002 - 0.0007 0.005 -2.7 00036  s0.021
PAHs 0.0072 0.0054 - 0.009% - - -
Fizh Liver
Arsenic 295 206 - 398 - -
Cadmium 1.3 112 - 149 —_ —_— —
Chrormium 0.26 016 - 039 0.5 - -
Copper 4.52 427 .+ 484 = -
Lead 013 011 - 015 —_ - —
Mercury 0.01 001 - 001 — — -
Mickel 0.01 004 - 0.01 — — —
Selenium 148 148 - 1.93 — —_ —
Silvar 0.06 pDE - 007 —_ — —_
Zine 2114 1848 - 2475 — —_— —
DDTs 0.2501 0.2287 - 02739 28 - .
Chlardane 0.0228 0.0165 - 0.0273 - e -
PCBs 0.0525 0.04%4 - 0.0570 'l - —_
PAHs 0.4591 04201 - 0.5050 —_ —

1, Sources: SWRCB 1978, 1988 (EDL 85); SCCWRP 1975, 1976, 1977, 1982, 1598¢, Short & Harris 1996, Brawn &
Caldwell 1997; NOAA 1991, QEHHA 1991

2. QEHHA, 2008

3. Fish Contamination Goal {FCG)
4. Advisory Tissua Levals (ATLe) , most conservative tlssue consumptlon threshold based on cancer or non-cancer risk.
5.Mercury ATL for women aged 18-43 years & children aged 1-17 years {OEHHA 2008)
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Table 8-6. Comparison of mussel tissue chemistry with results from other studlies {ug/wet g).

GOLETA S.D. Refarence OEHHA * NOAA Status & Trends, 1986 to 2005
Ha/g Wet Weight pgig Wet Weight| pgig Wet Welight pglg Wat Weight
Constituent Means Ranges Stations™ FOGY  ATL* low medium high
Mussel Tissue
Arsenic 1.68 147 -1.80 16.0-23.8 —— - 5-11 12-22 23-41
Cadmium 0.39 0.31 - 0.52 1.8-54 —_ —_ 0-3 4-9 10-20
Chromium 0.14 0.11 -0.16 123-39 ees == - e —-—
Copper 0.98 0.81 -1.14 40-218 e — 5-18 17-3% 40 - 857
Lead 0.14 012 -0.18 1.09-11 — —_ 0-3 4-56 7=-13
Mercury 0.00 .00 - ¢.01 0.01-04 0.22 <0075 0.00-0.17 0.13-0.35 0.36-1.28
Nickel 0.08 0.08 -0.10 3.2-53 on - 0-5 8-14 15-44
Selenium 0.41 0.32 - 0.60 270-4.57 7.4 =25 e — -
Silver 0.02 0.02 - 003 0.36-0.7 —_ -— — — —_
dnc 17.53 16.82 - 18.85 133-336 — e 48 -139 140 - 320 321 -11500
DDTs 0.0033 0.0020 - 0.0072 0.017-0.35 0.21 5052 0-0.112 0.413-0.286 0.287 - 0.520
Chlordane 0.0005 £.0000 - 0.0010 —_ 0.0056 £0.19 g-0.008 0.009-0.020 0.021-0.048
PCBs 0.0006 0.0000 - 0.0025 0.017-0.35 00038 s0.021 0.003-0.153 0.154 - 0.478 0.479-1.413
PAHS 0.0346 0.0245 - 0.0436 .8 — - D.063-1.187 1.118 -4.434 4,435 -7.581
1. Sources: SWRCB 1578, 1988 {EDL 85); SCCWRP 1975, 1976, 1977, 1992, 1998c; Short & Harrls 1996; Brown & Caldwell 1997; NOAA 1991, OEHHA 1991
2. DEHHA, 2008
3. Fish contaminant goals; based on cancer and non-gancer risk using an 8 oz/week consumption rate.
4, Advisory Lissue levels; based on cancer and non-cancear risk using an 8§ oz/week consumption rate (GEHHA 2008).
= i. LY F}t‘ i%‘ J:
2 yL
Ma March 2018




Outfall Dive Survey 1

9.0 Introduction

Aquatic Bioassay biclogists conducted underwater dive surveys and underwater
videos of the outfall pipe and diffuser from the Goleta Sanitary District Wastewater
Treatment Plant on Qctober 25%, 2017. The purposes of the survey were to inspect
the physical integrity of the outfal! plpe and associated armor rock and note any
impediments to flow from the 36 diffuser ports. Aquatic Bloassay biologists also
assessed the presence of attached and mobile marine organisms that were associated
with the outfall 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 flve dives were
completed far the video: diffuser, west and east ports (100 ft. to 70 fi.); deep outfall
(70 ft. to 40 ft.); middle outfall (40 fi. to 20 ft.), and shallow outfall (20 ft. to surf
zoneg).

The footage was downloaded to computer files, edited using Adobe PFPremiere
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 (ouifall terminus) to the shallowest part of the dives (outfall beginning).

9.2 Results

Qutfall dive surveys were conducted between approximately 0830 and 1630 hours on
October 25", 2017 aboard the research vessel Hey Jude, Weather condltions were fair
with a no wind and 2 to 3 ft. swell from the southwest (225 °). There was a
thermocline at approximately 6 meters. Water color was blue and green with high
turbidity and surge. Visibility at the terminus of the diffuser (100 feet} and throughout
the dive was 0 to 1/3 meter. The poor visibility made It difficult to observe flora and
fauna on the video, and made it necessary to film the cutfall close-up.

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 1/3 meters. The diffuser section c¢ontains 34 lateral and two
terminal discharge ports. The lateral ports are altemately 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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Qutfall Dive Survey 2

Lateral ports were observed and videotaped, starting on the west side of the pipe,
then the terminus, and moving shoreward on the east side of the pipe until the most
shoreward east port was occupled at the beginning of the diffuser. Minor shell debris
was remaved 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 abserved.

An approximately one meter high bed of armor rock supports the diffuser section.
Intermittent abservations 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 cutfall 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 Bipicgical 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 figulfata a
tubular and leafy red alga (Rhodaphyta), crustose coralline algae {Corallinaceae) and
the Turkish Towel (Gigartinga sp.). Among invertebrates; brown cup coral
(Paracyathus sternsi), colonial strawberry anemones {Corynactis cafifornica), 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), Garabaldi (Hypsypops rubicundus), 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
ane-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 & 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 ar sldes of the outfall pipe.

9.2.2.2 Biglogical Description

On this section, crustose coralline alga {Corallinaceae), foliose red algae (Gigartina
sp.) and several species of brown algae (Phacophyta) dominated the algal
community. Among invertebrates, the most abundant were the colonial strawberry
anemones (Corynactis californica), red gorgonian (Lophogorgla chilensls), several
species of bryozoans, and the giant keyhole limpets (Megathura crenufata). Several
fish species were observed including, black perch {(Embiataca facksoni), sheepshead
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Outfall Dive Survey 3

(Semicossyphus pulicher), giant kelpfish (Heterostichus rostratus) and blacksmith
{Chromis punctipinnis).

9.2.3 Middle and Shallow Cutfall Section (Depth: 40 TO Surf Zone)

G.2.3.1 Physical Description

As with the previous section, this outfall section was covered by about ¢ne meter of
armor rock. The armor rock covered pipe extended horizontally and laterally as
above. The armor rock bed appeared stable with iittle 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 Biological Description

Dominant algae in this pipe section included foliose red algae (Gigartina sp.) and
crustose coralline algae and giant kelp (Macrocysitis pyrifera). Among the
macroinvertebrates, the giant keyhole limpets (Megathura crenulata), red urchin
(Strongylocentrotus franciscanus) and red gorgonlan (Lophogorgia chifensis) were
most dominant. Fish species observed at this depth incduded kelp bass (Paralabrax
clathratus), black perch (Embifotoca facksont), and halfmoon (Medialuna
californiensis},
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Qutfall Dive Survey 4

Discussion

During the diffuser dive survey, 36 diffuser ports wetre carefully inspected for flow and
general efficlency. 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 yvielded 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 rot, or lesiens.
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Collection System 2017 Annual Summary Report 1

CHAPTER 10
COLLECTION SYSTEM ANNUAL SUMMARY

Background

Sanitary sewer overflows associated with the Goleta Sanitary District's collecfion
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 requirement 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 2017 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 is included as part of the wastewater treatment plant annual report.
Summary of 2017 Spills

Lift Station Overflows

There were no lift station overflows that occurred within the Gaoleta Sanitary District
service area during 2017.

Collection System Overflows

There were three (3) collection system overflows that occurred within the Goleta
Sanitary District service area during 2017.

SSO #1 SSO Event ID 832804 February 13, 2016 near Calle Real and El Sueno Rd.
Category 3 SSO of 800 gallons that did not reach a storm drain or waterway. The cause
was vandalism. Comrrective measures include installation of a locking manhole lid on the
upstream manhale.
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SSO #2 SSO Event ID 834728 April 25, 2017 near Nogal Rd. and Nueces Dr. bike path.
Category 1 SSO of 2,500 gallons that reached Cieneguitas Creek. The cause was
debris and a “Rain Stopper” that had fallen into the manhole channel. Corrective

measures include the raising of the upstream manhole and the installation of a locking
lid.

SSO #3 SSO Event ID 838689 July 13, 2017 in an easement near Via Los Padres.
Category 3 SSO of 600 gallons that did not reach a storm drain or waterway. The cause
was root intrusion. Corrective measures include removal of the roots, replacing a
section of the sewer line and the scheduling of this line for CIPP rehabilitation.

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 and R3-
2017-0021. 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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SALINITY CORRELATION
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DISSOLVED OXYGEN CORRELATION
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Figure 10-1. (continued)
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PH CORRELATION
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WATER CLARITY CORRELATION
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10.3. Particle Size
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Table 10-2, Particle slzes by channel sizes in phi and microns for each Goleta sediment station.
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Table 10-3. Summary of particle sizes by fraction, percentiles, dispersion, sorting index and distribution.
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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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10-5. Sediment chemistry minimum detection limits (MDL) and reporting limits (RL)
and methods.
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10-6. Sediment chemistry complex organic derivatives.
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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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Appendix

10-8, Continued.
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Appendix

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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10-8. Continued.
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10-9, Fish abundance by size class (cm) for each replicate trawl.

Alnsndance
o e
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10-10. Fish blomass (Kg) by replicate.

Waight [Itg‘,l
Scientific Name GCommon Name T3 TS
1 2 1 2

Citharichthys sordidus Pacific sanddab 0.1 0.13 <0.1
Glthanchthys stigmaeus speckled sanddab 032 0.1 0.43 0.1
Citharichthys xanthastigma longfin sanddab 0.13 <01 <01 <0.1
Cymatogasfer aggregala shiner perch 0.1
Genyonemus linealus white croaker 0.52
Heterostichus rostralus giant kelpfish <0.1 «0.1 =0.1
lcelinus quadriseriatus yeliowchin sculpin =0.1 =0,1 <01 <0.1
Mylichatis califormica bat ray 0.¢
FParalaghrax clathrafus kelp bass <01 <0 1 <01
Paralichthys californicus Califomnia halibut 0.8
Phanerodon furcatus white seaperch <0.1
Plauronichihys decurens curdfin sole <0.1 01
Plauronichihys rtteri spotted turbot 0.3
Pleuronichihys verticalls homyhead turbot 0.26 o1 <0.1 <01
Porichthys myriaster specklefin midshipman 0.1 <0.1
Porfchihys nofatus |plainfin midshipman <0.1 <0.1 <0 1
Raja inomala California skate 0.15
Sebastes caurimis copper rockfish 0.12 <01 <01 <01
Squatina califormnica Pacific angel shark 0.43 16
Symphuwus atricawdus Califomia tonguefish <0.1
Synodus lucfocaps Califomia lizardfish 0.82 <01 Q.33 0.43
Xyslrourys liolepis fantail sole 0.17 0.11% =0.1
Zaniolepis lalipinnis longspine combfish 0.1 <01 0.25 0.1

composite 0.26 .15 0.3 0.35

Sum| 2,67 0.59 19.40 1.61
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10-11. Invertebrate abundances by replicate

Abundance
Scientific Name Common Name TB3 TB6
1 2 1 2
Aplysia califomica purple sea hare 1
Astropecten califomicus Califomia sand star 4
Crangan nigromacidata blackspotted bay shnmp 7 1 2
Lylechinus piclus white sea urchin i
Qelopus rubescens red octopus 1 & 2
Ophiothdx splewals Pacific spiny britilestar 1
Sicyonia peniciflata peanut rock shrimp 14 8 5
Sum 23 16 9 ]
10-12. Invertebrate biomass (Kg) by replicate.
Weight (kg)
Scientific Name Common Name TB3 TB6
1 2 1 2
Aplysia califormica purple sea hame 0.19
Astropectan califomicus Califomia sand star <01
Crangon nigiomacifala blackspotted bay shnimp <0.§ 0.1 <0.1
tytechinus pictus white sea urchin <01
QOctopus rubescans regd octopus <0.1 0.14 <0 1
Cphicthrix splculate Pacific spiny britlestar <0.1
Sieyonia penicillata peanut rock shrimp =0.1 <0.1 <0.1
Composile <0.1 <0.1 <0.1
Sum 1] 0.14 0 6.19
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10.8. Fish and Bivalve Bicaccumulation Data

March 2018



36

Appendix

10-13. Whole weight, tissue weight and standard length of fish.

STATIONTE3 STATION TB6
Standard Total Weight  Muscle Weght  Lwver Weght Standard TotalWeight Muscle Weght  Liver Weight

Length {rrm) (g) (g) (g} Langth (nm) (o} (g} (D)
86 13 1.1 0.34 79 7 1.3 015
89 14 22 0.49 78 & 1.5 022
88 12 1.7 D33 79 & 1.4 016
84 11 20 029 75 8 1.2 014
75 8 1.3 0.24 g 7 1.1 022
76 ] 18 0.26 75 8 1.5 020
76 8 08 0.23 75 7 1.2 016
69 7 12 0.03 74 7 1.2 D15
68 6 12 0.10 70 6 1.1 0qr
66 5 1.0 0.10 4! 6 0.8 D12
59 5 08 0.10 [ 6 as 013
78 10 21 0.29 88 15 3.0 0.26
;) 5 1.0 0.05 66 5 Q.9 oar
0 L 12 0.14 72 & 0.8 017
68 5 08 0.13 70 6 0.e 014
70 5 1.0 0.10 70 6 09 oos
68 5 0.8 0.10 68 5 09 0.10
66 5 1.0 0.08 70 8 0.8 014
85 4 08 Q09 &7 -] 11 0,07
65 6 0.7 Q.10 69 6 1.1 0.10
B4 4 0r 09 &7 5 0.6 004
83 3 08 009 88 & 1.1 0.09
BG 14 2.0 0.48 o2 14 24 040
65 4 as 0.07 =] 5 09 0.08
66 4 0B 0.09 66 ] 0.8 013
69 4 QB 0.08 74 7 13 a18
65 5 0.8 0.10 A 6 11 017
6d 4 0.7 0.04 77 & 10 a1
B4 4 04 0.08 g5 5 b7 010
67 5 0.8 0.10 64 ] 09 014
63 4 0.8 0.08 B5 L 0.9 006
65 4 08 0.11 87 5 1.0 013
88 12 1.7 035 62 & 0.7 013
75 8 11 0.23 85 1" 1.8 038
72 8 1.3 0.23 58 4 0.5 012
75 7 1.1 024 62 4 0.5 oor
99 17 28 0.43 82 9 1.2 030
90 14 27 0.48 95 16 26 041
97 18 30 04z
80 10 17 022
75 8 1.3 0.18

Count = Count = Count = Count = Count= Count = Count = Count =
38 38 38 38 41 41 41 41
Total= Total = Total = Tolal = Totak Total= Total= Tatal =
2766.0 2743 4.7 7.0 3002.0 2068 495 6.7
Average = Average = Average = Average = Avearage = Average = Avarage = Average =

7279 7.22 1.18 0.18 13.22 7.24 1.21 0.16
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10-14. Whole weight, tissue weight and fotal welght of caged bivalves.

Comtl 1 Enrel fap X Caed, Bap i
et a F [ ] L] ] iy L] -]
] Lil Tt 7T L] B e
] ELY] ke n 4 43 " wad 44
H LT Ba - us a3 B "y aa
L] L1 [+ & e E ] LrEg M
- 0. a7 - By 2 = n4 -
o 1 a4 - [ g M L] 178 L5
ol s a3 = ma ar n =3 w
-] R 47 » L= a u e 4]
= 10 EY] - m? s - 134 ET
3 135 43 B L] Al al
- ns as B - " id
L ne 7 - 1L 1) ¥}
m L ar - ol L) ¥
o 12 2 brd L) -l L)
ar L) a [ ] ] K 47
” ne L L E ) mny "
o = aa ] - W 3
R =y L d Ll - = &r
L] wWa 1] ] » wi W
o an nE L] = EI) =
O [ [T [—Ta
L] = E »
Tol = Torkad Tl Tl
L= T ] e LT [
Rveege = Aretge s bumprs  kuages
=1 . Al
—
1 | 0, R T
[ ] b
L]
™
]
-
L]
n
-
-
k4
n ar
N [ 3]
o [ ]
N [ 1]
- s
Ed ko
- [ L
n L1 )
-
-
Gt = ret= Gl = [ T TR T
" ] » 1 1 17 F]
Tl e Towia L] Tl a Tl » wa
180 [t i i E T ol o s
B o dggee b | Mg Avamgas Arsmges | Aesage s
[} 1] na ®s n3 it mi
., Py 1 CTH
L
St ] ] i L ]
_g * g ] [ ] B 13 ) A7 |
- s 13 - 2h L L] i [ ]
- N 123 £ 4 [1] = U 7]
M o%? e (-] Ha LT} L nr 11
- s n3 sl =2 [ ] n »ny 1)
L] I nwr £l vad w L Ma L2
= ma 14 = e ) - Eoid L]
- 3 112 L] L} [ 14 L] e 18
= 4 na = = i o E hd
» 03 wr " i (1] i e e
" a3 e - 24 43 o Bnr e
T4 »3 1y - ne nr - s [1]
Lol a1 ne L. nt ™ - xnr 138
B ns 43 w el ™ a E Bl
4 n3 wa “ Hi (1] L s [ L]
h 2 W [ ET at = [ =
n ) (30 L] i 13} %0 e L2
L] ul g L] ni a4 = nn a
» 03 FA
a s 4
O O Cha I .~ G Tt = Orem=
1] ] L n » ] » - »
Ko w Taais Tamt= Tolnl= Total= Total = Triel = Trlal = Tkl =
- L] BAS 14 s =3 ami -=m I
AFFEE T AVMEE = | fvarm= = Arggee | Aewygys Awippid Aeespa
[ 1] a4 us =5 na ] L 1F] 1 [ 7]
it =
I, P 1
B e e
Jet [
L] EL 1*'
o A 1)
- E ¥
a kL it ]
3 ) nr
] 41 "k
- F. 1) wi
n M "
n Lold e
- 01 a3
. Ll L]
n »r ua
L] ny
™ o W
L] E Ha
™ 03 ma
H ko m
™ aup =l
= Ml L]
L] R Be
B S — T — T
- = =
Folal= Totnl= Tolal =
= [ ]
hromgm= A= Areemue
HE 344 [
e

March 2018



Appendix

10-15, Fish and bivalve tissue concentrations by replicate for all constituents measured.

Fish Muscie Fish Liver Bhalve
Congtluent Rapllcata THS TBE TES T86 Conkrol B3 B&
General Chemistry fugfdry g}
71 438 234 G090 7080 8.26 4915 .23 642
% Lipids (detection hmit=0.01) #2 441 2.63 6240 T30 835 B.AS 843 704
#3 438 284 | 6400 7280 | 874 251 BAT 624
Mean=| 4,39 2.80 8233 T2 845 870 7.81 a57
S0.=| 002 0.25 158 .22 0.26 039 125 042
Mean For gach T sue = 3497 B7317 74833
Y Mois hafe: (delection Emite J 1) x 864 78.1 82.7 559 87 e 7 74.5
L ¥ NS NE NS NE 833 bi-%) Tt 78.2
" NE NS | NS NE 832 766 1 X1 s
Wean=| €63 T 627 1% a1 o 774 8.4
So.= - - HA NA 0Aa 0a 06 io
Msan for each Tissue = 825 583 T9.0
Metals {ugid
[ 3] ge10 8250 | 4180 5070 10,600 10400 10100 10.100
#2 8.530 B.240 | 8300 8200 10000 10.700 $0.200 2.910
Arganic #3 8.350 B.A40 | 9.790 3.300 10.800 9500 B.840 9.670
[detection mit= 0025 poidnsg} Mean=| 9497 B27T | 8757 5720 10467 10,233 B713 9.660
SD.=] 0133 oOsSs | 0597 0814 0418 0.589 0.758 0.218
Masan for each Tissua = 7887 7.238 10.068
Cad mbum 2] 003 anz 3.88 276 M 218 1.88 e} |
{detection hmit=0 01 pyidry g} #3 003 003 | 322 274 288 2.05 197 232
a 904 003 | 388 322 [ 34 18 185 220
Mean=] Q03 Q.03 3,61 23 200 207 1.83 2230
SD. =) a0 Q.01 0.25 027 042 010 0.05 0.02
Maan for each Tissue = 003 321 233
Chramium " oA8 037 GBT 038 0.78 0.93 .98 08
{detoction imst =001 pgAdryg) 0 048 02 | 088 086 060 090 092 081
2 064 037 | 08 0S50 068 0.3 080 077
UVesn=] 053 0a7 077 o5 [ gl agp .90 084
sSD.=| .10 0.01 018 013 0.04 0.04 409 009
Menn for each Tlasue = 0.45 064 084
Copper B 204 130 1060 100 665 579 542 5.14
(detection kmit = 0 01 pgieyg) #2 209 1.21 | 1050 180 654 5.78 587 5.15
#3 200 127 | 1120 1180 681 EET] 483 495
Meana | Z04 1.28 177 1147 a87 563 514 503
SO.=| o05 0.05 038 o045 a4 027 052 on
Mean for each Tiasue = 165 1112 568
Lead # o004 0.03 0.36 a8 1.04 085 07 .80
{datection mil =0 01 pgiderg) L3 0.04 002 | 029 020 1.01 81 0.75 0.79
#2 004 002 | 036 934 109 .84 0.76 0.78
Mean=| 004 003 Q.34 430 105 053 0.74 0.79
SD.=| 000 001 a.04 .03 0.04 002 0.03 1 X3}
Mean for each Tissue = 003 032 Q85
Mercary B Q1040 Q0639 | BO3ZE 0D215 0.0388 et iypl:tid o186 00169
{dat Limh = 0.00001 pgidry g) w2 01010 00684 | 0.0267 00238 | 00377 0.0194 00188 0.0188
" 01040 00707 | 00230 00226 | Q0388 00173 0.0180 00493
Mean=| 0.1030 00670 | 0.027T0 Q0228 0.03e4 00185 aney 0083
5D.=] 90017 Q0034 | 0048 ODOTZ 00008 o.on11 a.0008 00013
Maan for asch Tisaua = 0 0850 0.0252 0023
Nickal 21 046 0.04 002 o0z 0.50 042 D48 058
[aetection limit = 0.02 poatry Q) 2 048 ood | 002 DoR 057 DAE 042 0.50
7 018 008 | 802 082 047 0.38 o4 051
Mean=| 016 0.05 02 o2 051 O.d4 043 052
SD.=] 001 0.01 000 D.0g 005 .07 003 .03
Mean for pach Tissue = 210 0.02 048

H5=not snough lissue for eplicate anahsis
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Appendix

10-15. continued.

Fish Muscle “Fish Liver Elvateo
Constijuent Replicaie TB3 TB6 TB3 TBE Centrol 83 B4 (]
Motats (pgidry g)
Satanium #1 1660 1920 | 4750 2400 2180 2420 2464 2.580
(detection limd = 0.025 pgidryg) #2 1800 1190 | 3670 2890 1910 2870 2520 2.980
#3 1860 4.340 | 4030 3.040 2320 2.500 2340 2.680
Means| 1,707 1217 | 4160 3110 2137 25687 2440 2,740
5D.=| 0.538 0112 | 0650 0262 0.208 0.240 0092 0.212
Maan foc each Tissue = 1.46 383 2478
Sitver # 0.04 0.02 0.44 014 017 013 0.13 D.14
{deteclion Imit = Q D2 pgiiryg) #2 003 002 a1 R.14 AL 0.12 0,13 0,14
# 002 o2 | g1 a4 0.15 .12 042 0.12
Mean=| 003 0.02 0.14 0.14 016 0.12 013 0.14
5D.=| 004 0.00 002 0.00 001 o0 001 0.01
Mean ko eath Tiasue = 03 014 014
Zine # 2490 1720 | 8010 4580 107.00 102.00 102.00 104.00
{dolection Emil = 0 025 pgfdey g &z 2300 1720 | 5480 4460 9,19 19799 105.00 4,00
a3 24.40  17.400 | 6D.B00 45.500 111.00 113.00 84.80 105.00
Maan = | 24000 17.267 | 66.657 45300 105.700 109.687 100.800 104.333
5D.=| 0854 0115 | 3201 O624 6.058 3058 5.242 0.577
Mean Kir each Tissus = 20.63 51.83 105 75
‘Complex Organics {ngidry Kg}
Total DOT* L] 126 8.2 5700 6480 354 1286 134 117
82 125 7.2 8520 6730 kY 138 5.0 127
13 14 73 | sso sda0 | 438 120 143 141
Mean =| 121 76 5740 6550 387 132 14.1 28
SD.»| 08 0.6 104 157 39 0.7 i0 12
Mean for sach TR $ue = 9.85 814,50 18,7
Total Chlordane* Tl 0.0 o0 59.5 405 5.5 28 0.0 24
2 oo oo 59.7 523 49 25 18 18
o 00 0D | sz az Ba 38 a2
Mean=| 00 00 821 50.1 55 "7 18 1.9
5D.=| 00 oo 43 87 0.7 15 20 o4
N For each Tis suk = Q00 5B OT a7
Total HCHs* #| o0 00 o 0.0 00 0.0 00 o0
82| 00 D0 0.0 o0 00 oo 2.0 00
#3 g0 0o | po oo 8.0 0. 00 00
Mean=| 0.0 0.0 0.0 0.0 1 K1] 0.0 0.0 0.0
SDh.=| 00 00 00 0.0 00 o0 00 0.0
MESn for each Tigaud = 0.0 0.0 aa
Aldrin #1]| 10 1.0 10 1.0 10 10 10 10
{dwlaction Bmit= 1 0 nyfg) #2] 10 10 10 1.0 10 10 10 10
w 10 1w | w19 12 1 10 10
Mean=| 1.0 10 10 1.0 1.0 10 1.0 1.0
§0.=| 00 00 00 0.0 0.0 00 0.0 0.0
Moan for sach Tissus = 140 10 10
Dialdrin #} 1.0 1.0 10 1.0 10 1.0 1.0 1.0
{detsction limit = 1 0 npiy) ry 10 1.0 10 10 10 10 10 1.0
el 10 1w | 10 i0 10 10 19 10
Mean = 1.0 1.0 10 1.0 10 10 1.0 10
S5D.=| 00 0.0 0.0 0.0 0.0 00 00 0.0
Maan for each Tissua = 10 1.0 10
Heptachsor ®1| 10 14 1.0 14 10 10 10 1.0
(detection limit = 1.0 ngfg) #2] 10 10 1.0 10 1.0 10 190 10
18 10 | 10 18 10 10 10 10
WaEn = 10 190 1.0 149 10 10 14 14
$D.=| (a4 &4 a0 04 0.0 00 0.0 00
Maan for each Tissus = 10 1.0 1.0

Complex organic derivatives are listed In Table 10-16,
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Appendix

10-15. cantinued.

Fish Muscla Fish Liver Eivahe
Consituent Rephiain B3 TBE TBE Contred B3 85
Complex Organics ingidry Kg)
Mexachlorobenzena # 10 1.0 52 55 19 140 1.0 1.0
{datection limil = 1.0 ngig} 82 10 10 3n 48 10 10 10 10
3 18 18 4E 4.7 18 18 18 1o
Mean = 1.0 1.0 45 50 10 1.0 1.0 1.0
Shw 00 0.0 o7 04 40 [+F1] 0.0 00
Mean for dach Tissus = 10 18 19
Mwrex i 10 1.0 1.0 10 10 10 1.0 10
{datection limit = 1 0 ngégd #2| 10 10 ip 10 10 10 10 10
w» 1w 1| 1 g 12 kK 10 10
Mean = 1.0 1.0 1.0 10 10 10 10 10
50.=] 00 0.0 0.0 0.0 0.0 00 0.0 0.0
Mesn for each Tissue = 149 1.0 140
Potychtorinated Biphenyis Bt 42 1.3 1214 1310 148 1.0 0.0 16
{PCBs)’ Bl 249 15 1265 1404 116 14 0.0 0.0
a1 31 11 |1:23 e8| 1 00 14 a0
Mo = a5 13 1234 1347 131 0T 0.5 0.5
8D.=| 12 03 2.7 69 16 08 08 0.9
Mean for sach Tissue = 2 40 12803 37
Arochlons' L] a0 0.0 1490 1700 183 0.0 40 0.0
il 00 00 1680 1740 143 0.0 0490 09
n 00 0O | 163D 1680 | 184 a0 g 0o
Maan = [iX)] [\I)] 1600 1873 162 00 0.0 00
5D.=| 00 00 9.8 8.3 20 oo 00 00
Mean for sach Tissue = (] ] 163 67 41
Pelnuciear Arcinatic # 554 N6 10323 12407 157.2 1984 2803 2183
Hydrocarbons {PAH=)" 2 55.9 31.2 10585 12129 147D 2443 2413 2327
2 421 308 | 11208 1035] 1570 2670 183 1863
Mean=| 514 i1 10745 11884 1537 233.2 22648 2158
50.=| &4 1] 464 733 58 08 43.4 183
Hean v wach Tis sue = 41 28 112792 207 38
1-Nwthpnaphthalene 3] 1.0 1.0 58 148 3.3 18 1.6 13
{det Limit = 1 ngidry g} L 10 10 7 13 15 25 i0 1.1
3 ip 15 ] 148 19 L2 is 15
Mean = 10 10 74 136 19 24 14 13
SD.= oo 0.0 23 20 12 oA 03 03
Mean for each Tissue = 100 10 68 1568
{-Methyiphenanthrene [ 2] 38 3.3 1.0 10 44 1.0 10 10
{det. Limil = { ngidry g} B2 54 28 10 10 45 10 10 10
%3 23 38 | 12 1 45 10 10 10
idean = 42 32 1.0 10 45 10 10 1.0
Sp.=| 11 03 0.0 00 1 00 0.0 00
Msan for each Tissue = 357 100 187
2-hMethyinaphthalena 81 33 18 128 2941 8.0 43 40 38
{dat Limit = 1 np&iry g) [ 7] 25 19 133 264 LX) 68 33 4.6
£ 13 13 | ses 373 81 54 49 a3
Maen = 24 1.7 152 305 £8 55 4.1 a4
SD.= 1.0 0.3 40 5.7 1.8 13 08 06
Mean for each Tissue = 203 23.08 4.98
2,3 S-Trimemhyinaphthalena 3] .3 1.0 B8O 1.0 10 0 24 38
{GeL Limit = 1 ngidry g) #2 18 10 (1] 1.0 1.0 21 25 37
» 1 10| 12 10 10 12 24 52
Yewn = 13 1.0 T .0 1.0 28 24 42
EDw a3 [ ] 07 00 oo 4} R} 08
Maan for each Tissua = 118 413 241

1. Complex organic derivatives are [isted in Table 10-16.
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Appendix

10-15. continued.

Fish Muscly Fieh Liver Blvalva
Constituent Repllcate 183 TB6 TB3 TEB Conirol B3 B4 =]
2,6-Dimethinaphthalens 1] 8 10 39 o9 14 14 13 13
{dut Limit=1 ngryg} # 15 10 39 67 10 16 14 10
3 18 18 | 48 93 10 12 12 18
Mean = 18 12 42 X 141 14 1.2 14
5D.= 0.2 03 05 1.7 0.2 0z D2 47
Mean for each TR suw = 1.42 5.43 1.28
Acanaphthene 3] 18 1.0 1.0 253 38 1.7 22 1.0
[chat. Ll = 1 ngisry @) L ¥ 1.9 141 1.0 2356 1.3 aT 10 T
" 10 18 | 10 a8 10 11 12 10
haan = 13 10 1.0 28.1 20 18 15 12
s$0.»| 05 0.1 aa 31 15 QB 08 04
Mean for each Tissue = 115 13 65 154
EBlpheny #1 108 9.1 14 1170 40.1 14.7 174 a3
{det Limit = { ngidryqg) "2 148 12.7 1.0 10 38 30.2 10 89
%2 18 10 | 480 823 10 57 110 i0
Mean = a7 78 174 &89 149 169 a8 azx
SD.=| 94 6.0 27.7 oB6 218 124 83 0
Maan tiw each Tizaue = B 83 4197 11,33
Ber{ahnthracems 4] 286 145 8000 10400 1180 169.0 232.0 180.0
{det Limit = 1 ngidryg) o2 289 14.3 |80 10300 112.0 2730 215.0 187.0
" 208 138 | 9810 9270 119.0 2240 152.0 180.0
Mean=] 265 t4.1 9330 49890 1163 2020 198.7 1790
SD.= 4.4 05 425 B8 34 291 “21 165
Kean for each Tisgua = 2030 2E6.00 17425
Benp{tfuoranthene 1 1.0 10 1.0 10 10 10 t0 10
{det, Limit= 1 ngidry g} #2 10 10 1.0 10 1.0 10 1.0 10
# 12 18 | 18 18 10 18 10 18
Mean = 1.0 14 1.0 10 1.0 i 1.0 10
§D.= 0 0o 0.0 0g 0.0 00 00 1]
Maan foreach Tissue = 1.00 1.00 1.00
HBenzojelmrene il 10 14 1.0 1.0 10 10 10 10
[det, Limit = 1 ngidry g) 2z 1.0 10 1.0 1.0 1.0 1.0 10 10
#3 1 18 | 18 10 10 1 10 13
Mean=| 10 148 10 10 10 140 10 1.0
§D.=| 00 111} 0.0 00 0.0 0.0 00 00
Mean for each Tisgue = 100 100 1,00
Benzo{g.h.i|paryimne #1 10 18 10 10 10 10 10 1.0
{dat Limit= 1 ngidry g} w2 140 1.0 10 1D 1.0 1.0 140 10
#3 10 18 10 16 o 10 10 io
Mean = 10 1D 10 10 10 10 14 10
S0.= aa 0.0 0.0 o0 0.0 o0 111} o0
Mean for aach Tlssua = 100 100 1.00
Fluoranthéna 81 [ 11] £8 18.7 126 117 53 [ X3 117
{det Limit= 1 ngidryg) w2 106 89 253 196 11.8 6.2 B5 02
3 77 58 | 06 138 125 12 64 88
Maan = 81 57 215 170 120 59 B.2 98
SDh.=| 23 02 34 38 04 14 07 15
Nisan for each TISsus = € 88 19,23 348
Napthelene # 228 10.7 1.0 168.0 54,8 178 237 24
{det. Limit =1 ngidry g) 22 99 188 1.0 10 mwme 414 1.0 96
93 22 10 | 725 a0 | 10 89 145 10
Masn=| 132 101 248 104.0 255 220 1314 42
SO.= 8.2 BE 413 0.1 344 174 114 4.7
Mean for sach Tissue = 1187 &4.42 1820
Pankane i 1.0 10 10 1.0 10 10 1D 10
{dat Limlt=1 ngiiryg} | - 10 1.0 10 1.0 1.0 10 1.0 1.0
Lz 9 18 | 18 50 19 10 10 19
Mean = 10 10 10 10 10 1.0 10 10
SD.=| 00 0.0 00 0.0 0.0 0.0 00 0.0
Maan for each Tissue = 100 1.00 100

1 Complex crganic derivatives are listed in Table 10-16.
)

LY
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10-16. Complex organics {(ng/dry g} in fish muscle and liver tissues.

Tissue’ Flsh Musche Fesh Uver

Statian Traw | Staton TB3 Traw| Stabon TB6 Trew | Stadon 163 Traw] Stepon TB6
Replicate 1 2 3 1 2 3 1 2 3 1 2 3
DOT

2,4-0DD 0.0 0.0 0.0 00 04 &40 0.0 b.0 6.0 0.0 0.0 0.0
2,4-DDE 0.0 0.0 0.0 04 0¢ oo 0.0 oo 0.0 1 1) 0.0 0.0
2.4-0D7 0.0 0.0 0.0 99 LE o0 0.0 0.0 0.0 0.0 D1 n.o
4.4 -D0OD 0.0 0.Q 0.q Qg a0 o0 [134] 0.0 oo Do o0 0.0
4.4 DDE 125 125 11.4 82 72 73 5790 5620 SB1.0 | 6480 G730 6440
44-DOT 0.0 09 0.9 oo oo 4.0 0.0 0.0 oo 0.0 0.0 0.0
Sum = 126 126 114 8.2 7.2 T3 6760 BEA0 6810 | 8480 §7I0 6440
Chilordans

Chiordane-alpha 090 a9 4.0 o0 oD D.0 174 7.0 17.9 131 16.8 16.6
Chlordane-gamma aq a4 LX) 00 20 oD 7 78 8.1 on ap o7
cls-Nonachior L) a0 o0 a0 (131} 0.0 108 108 11.8 81 85 89
Onychlordane 0.0 a0 0.0 o0 oo 0.0 0o 00 00 oo 0.0 00
trans-Aonachior e 20 20 oo oo 0.0 238 24.4 28.2 133 20.1 2Z22
Sum = af o0 o0 Do Do 0.0 595 0.7 &7.4 40.5 §2.3 57.4

Hexachlarocyclohe xane

(HCH)

BHC-alpha 0.0 .0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 [11)]
BHC-beta 0.0 b0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
BHC-dailta 0.0 0.0 0.0 (1] oo 0O 00 0.0 0.0 0.0 0.0 0.0
BHC gamma 80 00 0o | 00 oo 00| 00 oo po| ae 00 00
Sum = 0.0 0.0 D.D 0.0 00 00 00 a.a 0.0 0.0 0.0 0.0

Polynucloar Aromatic
Hydrocarbons (PAHS}

PCRO03 0.0 0.0 0.0 0.0 0.0 0.0 2.0 00 00 a0 00 0.0
FCEO08 D0 0.0 00 00 00 o0 0.0 090 09 g 00 Qi
PCBMB 0o 0.0 0.0 00 0.0 0.0 aa aQ g a0 0.0 ag
PCBO26 0.0 0.0 0.0 0.0 0.0 0.0 00 a0 0d 0o 0.0 00
PCBO31 o0 0.0 0.0 0.0 00 0.0 0.0 a0 a0 LE 0.0 00
PCBD3S 0.0 0.0 G0 00 n.Q Q.0 00 o0 a0 o0 04a ao
PCBO37 0.0 0.0 00 0.0 0.0 Qi a0 oo a0 o0 0.0 a0
PCBO44 0.0 0.0 00 0.0 0.0 00 990 oo a0 00 00 90
FCED48 0.0 00 00 0.0 0.0 0 (L] oo 0o 00 0.0 00
PCBOS52 0.0 00 00 0.0 0.0 aq aa 6o a0 o0 1] aaq
PCBOSG{ 060} 0.0 0.0 00 0.0 a.0 a0 a4 oo 0o oo 0.0 0o
PCBOS6 0.0 0.0 0.0 0.0 0.0 04Q a0 00 00 oo 04 a0
PCEOTO g 00 o 0.0 0.0 00 @0 a0 00 0o 09 09
PCBO74 0.0 00 0.0 0.0 2.0 af oo i3] ao oo 0o aq
PCBO7Y 00 00 0.0 .0 a0 g 0o oo a0 Do 0.0 o0
PCBOA1 00 00 0.0 Q.0 a0 a0 o0 Go oo 0.0 0.0 oo
PCBOST 290 219 18 19 16 11 a7 87 83 6.9 &7 61
PCBOAS 00 0.0 0.0 Q.0 Q.0 00 53 50 85 B.3 68 LX)
PCBOAT 0.0 0.0 0.0 0.0 0.0 oo 00 oo oo +11] 0.0 [+ 21}
PCBOBY 00 0.0 0.0 0.0 0.0 a0 74 8.2 8D 1.6 10.5 w07
PCB101 00 0.0 0.0 090 9.0 00 Lf] 21 1.2 1.9 3 108
PCB105 0.0 0.0 0.0 aa a8 oo o0 00 Do oo 0.0 0.0
FCB110 00 00 Q00 090 0.0 ao a0 6 &8 74 70 13
PCB114 0.0 0.0 a0 a0 4.0 a0 oo o0 0o 0o 0.0 0.0
PCB118 00 0Q 090 0.0 4.0 o0 17 1.0 108 124 14.7 ne
PCB113 00 0.0 aa 0.0 0.0 oo oo o0 oo 0.0 (i11] an
PCB123 00 0.0 0.0 0.0 0.0 00 Do 00 0o Q0 0.0 0o

1, Minimum detection limits, reporting limits and metheds are listed in table 10-18.
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10-16. continued.

Thsue'
Siation
Rt

Fish Muscle

Fish Livar

Traw| Stalion T83

Traw| Siation 188

1 2 3

Trawi Stabion TB3

Traw | Stafion TBS

FCB126
FCEI2B
FCB138
FC8141
FCB148
FCB151
FCB153
PCB156
FCB157
PCR158
PCB167
PCB1GEM 32
PCB16%
PCB170
PCEA74
FCB17T
PCE180
PCB183
PCBAST
PCB189
PCB194
PCB195
PCBA83(200)
FCB201
PCB208
PCB209
Sum =

Aroclors
Angcior 1018
Argclor 1221
Aroclor 1232
Aroclor 1242
Arocikor 1248
Aroclor 1254
Aroclor 1260
sum=

Polychilorinated
Eiphenyls (PCE's)
Acenaphthylene
Arihracens
Benzfalanthracene
Banzofalpyrene
Banzoib)lkoranthene
Benzofg.h.Jperylens
Benzofk]fluncanthene
Chrysans

Divenz[a, hjanthracene
Fluoeens
Indenof1,2,3-c djpyrene
Fhenanthrane

Pyrene

Sum =

o0 0.0 0.0
ao 0.0 0.0
11 0.0 11
a0 0.0 0.0
00 B0 0.0
oo 0.0 0.0

oo 0.0 0.0
40 0.0 0.0
1.1 0o 1.2
oo 0.0 0.0
oo 0.0 0.0

Do 0.0 0.0
0o 0.0 0.0
0o 0.0 00
oQ o.g 0.0

00 0.0 0.0
0o 00 00
00 0.0 0.0
co 00 0.0
00 0.0 0.0
00 0.0 0.0

0.0 0.0 0.0

42 21 4.1

0.0 00 a4
pQ Q0 a0
(1] 0d a0
Q0 0aQ oo
00 00 a0
[«1y] L] 00
00 00 0@
04 o0 L]

14 oa 0.0
14 13 0.0
206 8.9 209
0.0 0.0 0.0
0.0 .0 0.0
.0 0.0 0.0
0.0 0.0 .o
29 27 2.7
0.0 0.0 Do
0.0 11 on
a.0 .o 0.0
151 16.0 13.7
456 7B 48
55.4 568 421

0.0 0.0 0.0
0D +11] oD
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
[ 11] on 0.0
0.0 o0 0.0
0.0 0.0 0.0
0.0 0.0 00
0.0 0.0 0.0
oo 00 0.0
0.0 0.0 0.0
0.0 0.0 oo
0.0 0.0 0.0
0.0 0.0 0.0
a0 0.0 a.0
0.0 0.0 o0
0.0 0.0 9.0
0.0 0.0 0.0
a.n 0.0 04
a0 a0 00
0.0 4.0 0.0
0.0 0.0 0.0
00 040 0.0
0.0 0.0 L1 X1
00 08 00
13 186 11

oo o0 0.0
a0 o0 5.0
00 00 D.o
00 o0 0.0
20 20 0.0
0.0 0.0 0.0
.o 0.0 0.0

0.0 0.0 0.0

0.0 11 D0
[+ 1] 0.0 0.0
14.5 14.3 13.8
[1X1] 0.0 0.0
DD 0.0 0.0
nn 0.0 0.0
0.0 0.0 0.0
3.0 15 12
0.0 00 0.0
o0 0.0 0.0
o0 0.0 0.0
10.3 1.4 114
38 33 44
3148 31.2 3.8

0.0 0.0 0.0
0.0 00 00
ny a8 0.3
0.0 0.0 00
T4 T4 70
29 3.6 3

259 26.2 .
0.0 a0 00
0.0 0k 0.

55 &0 51

0.0 a0 Qo0
0.0 a0 a9

0.0 QqQ aa
0.0 a0 a0
0.0 a.0 ad
0.0 a9 a0

a4 43 91
9.0 oo 4.0
Q.4 00 o0
0o a0 oo
0.0 o0 00
0.0 oo a0

0.0 0.0 0.0

1294 1265 1223

0.0 0.0 6.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0

0.0 0.0 0.0

148.0 1680  163.0
1480 1680 163D

00 00 0.0
214 234 224
S0D0 9180 8810
0.0 0.0 0.0
00 0.0 0.0
0.0 0.0 0.Q
00 0.0 0.0
8.7 40.0 48.7
0.0 0.0 0.0
2.3 a1 111
0.0 0.0 0.4
555 56.2 464
94 109 &g
10323 10585 112048

0.0 o0 0.0
00 0.0 o0
e 28 b2
00 0.0 0.0
6.6 72 7.2
3.0 25 2.7
284 .5 31.4
0.0 0.0 0.0
. 0.0 00
4.7 53 0.
ao 0.0 0.0
00 0.0 0.0
00 a.0 0.0
aa a0 0.0
0o 0.0 0.0
a0 0.0 0.0
a0 00 00
oo 0.0 a.0
10.0 ) 9.4
a0 0.0 0.0
a0 04 Q.0
a0 0.0 0.0
oo o0 0.0
0o 0.0 090

0.0 04 o.0

126.9

00 0.0 0.0
0aq oo 0.0
00 oo 0.0
00 oo 0.0

o0 00 0.0

1700 17440 1580
1700 1740 1580

25.3 225 295
254 24.4 2.4
1040.0 9270
0.0 0.0 0.0
0.9 0.0 00
Q.0 1 L1] 0.0
0.0 0.0 00
704 60.2 87
0.0 0.0 0.0
155 1.3 131
0.4 0.0 0.0
50.4 40.5 43.0
50 50 48
1240.7 12429 11025

1 Minimum detection limits, reporting limits and methoads are listed in table 10-13
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10-17. Complex organics (ng/dry g) in caged bivalve tissues.

Tizsue' Mussel Tissue

Siation Control Station 53 Station B4 Station B8
Repicola 1 Z 3 1 2 3 1 2 5 1 2 3
DDT & Derivatives

2.4-000 LRI 0.0 oo 0.0 1 X1} 0.0 0.0 0.0 0.0 0.0 0.0 0.0
24-DDE 0.0 0.0 oo 0.0 0.0 0.0 0.0 0.0 i X)] T4 0qa aa
2.4-007 0.0 0.0 oo 0.0 i 1] 0.0 0.0 0.0 0.0 00 L1 ] a0
4.4-000D C.0 0.0 oo 0.0 0.0 0.0 D.0 o0 0. 1 X4} L 3] aa
4.4-00E 354 n7 a0 126 139 130 134 15.0 4.3 1.7 127 141
44-00T 00 oo 00 | 0o oo a0 | oo 08 po | oo 20 0O
Bum = 354 377 430 126 1398 1340 134 150 14.3 191 127 141
Chiordans

Chiordane-slpha 18 16 23 i5 11 a9 []1] i8 14 12 oo i 3]
Chkrdane-garmma 22 18 24 11 14 00 0.0 00 i4 1.2 18 1.7
cis-Nonachion 0.0 00 oo 00 [+]1] oo 0.0 a0 oo 0.0 0.0 0.0
Cxychiordane () 09 oo 00 oo 00 o0 00 oo 09 [ o0
Irans-Nonachior L7 s 15 oa 0o aq 0o LK) 11 aa bo 1]
Sum = 55 4.9 3] 24 25 a4 0.0 14 39 24 18 1.7
Hexachlarocyclohexene

(HGH}

BHC-alpha 00 a0 00 440 00 L] 00 40 00 04 0.0 0.0
BHC-beta .0 a9 4.0 40 Lr ] a0 0.0 LX) 04Q 490 L] 0.0
BHC-daita 0.0 L1 0.0 40 o0 00 0.0 1 31] oQ o.4Q 00 0.0
BHG g amme 00 og 00 L} 00 0.0 oo 0.0 00 8.0 oo oo
Sum = 0.0 0.0 0.0 1X1] 00 0.0 0.0 0.0 0.0 0.0 00 0.0
Biphenyis (PCE'g}

PCBO03 0.0 oD 0.0 oo a0 0.0 00 0.0 0.0 0o 0.0 00
PCBODE 0.0 Do 0.0 D oo .0 ao [ 1) a0 Qo 0.0 oQ
PCBO18 0.0 o0 00 1] 4] 0.0 00 0.0 0.0 oo 0.0 0.0
FCBD23 0.0 +21] a0 oo a9 [ 1) aQ [P ] 0.0 [+ 0.0 0.9
PCBOA1 0.0 oo 00 oo 00 0.0 [+1i] 0.0 0.0 oo 0.0 0.9
FCRO33 0.0 [1]4) a9 Do Qg 0.0 (1] 0.0 0.0 o0 a0 0.0
PCBO3T 0.0 10+] 00 [1]:] g 0.0 00 0.0 (4] oo 0.0 0.0
FCBO4a 0.0 [ A¢] 090 [ ]+] [+11] 0.0 00 0.0 0.0 oo 0.0 0.4
PCBO49 0.0 on a0 oo aa 0.0 ad 0.0 ad [1]+] ao aq
PCBOS2 0.0 0.0 0.0 GD (1] 0.0 0.0 0.0 040 0.0 0.0 00
POBOSS{060) 0.0 oo ao [+]+] ao 0.0 aa 0.0 Qo0 oD 0.0 ad
FCBOSS 0.0 111 00 00 00 0.0 4.0 0.0 Q0 0o 0.0 ad
PCRO70 0o oo ag [+]1] aa 0.0 aQ 00 aa [+]1] 0.0 [+ 1]
PCBOT4 0.0 0o 00 0o L) 0.0 04 0.0 00 00 a.0 ag
PCBO?7 00 (1] 0Q on 090 0.0 049 oo 0.0 oo Q.0 Q4
PCBOB1 0.0 oD 0d oo a0 (V)] 4o 00 a0 oo 0.0 af
PCBORT 31 18 13 [+1)] 040 oo a0 00 14 ig 0.0 00
FCB095 [+Li] 0.0 ad o0 L E] 0.0 ta 0.0 L1 ] 0.0 a.q a0
FCBOST 0.0 0.0 a0 00 04 0.0 00 0.0 00 0.0 0.0 (12
FCRO8S a.a oD a4q 0.0 00 aa on 4.0 00 0.0 04 (131
FCR104 1.7 11 1.2 0.0 LX) 0.0 ba 0.0 00 0.0 0.0 o0
FCR10S 0.0 o0 0490 L1D] a0 0.0 B 0.0 40 0.0 4.9 o0
FCB110 090 0.0 00 0.0 o0 o0 ou 0.0 aa 0.0 (1)) oo
FCB114 00 0.0 DR o0 oa 0.0 oo 0.0 oda 00 0.0 131
PCE118 0.4 [eX1] aa [11)] o4a 0.0 od 0.0 oo 00 .0 (1 3+]
PCB119 0.4 o0 0.0 00 a0 0.0 1 L1] 0.0 od 0.0 4.0 oo
FCA123 a4 0.0 4.0 0.0 i Ti] 1 X1] Do 0.4 oo 0.0 n.a oo
FCR125 4.0 0.0 00 0.0 [ X1} 0.0 [ 21} 0.0 [ 21} 0.0 i X1] 0o
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Appendix

10-17. continued.

Trsauat Mussel Tissia
Statien Control Slalion B2 Station B4 Stalion B6
Raplicats 1 2 ] 1 2 3 1 2 3 1 2 3
FCB128 0,0 0.0 0.0 aa aa 0.0 o0 0.4 0.0 00 0.0 a0
PCH138 35 21 3.0 a0 a0 0.0 00 0.0 0.0 (1] a0 0.0
POB1 oo 00 0.0 04 0.0 0.0 o o0 0.0 0.0 00 oo
PCB149 1 18 22 [31) ad ga o 0.0 0.0 0o a0 [11)]
PCBAS1 0.0 0.0 0.0 (L] ¢ 00 00 0.0 0.0 6o 00 0.0
PCB153 30 34 3.5 1.4 i1 040 Qg 00 oo +1] 00 0.0
PCB15& 0.0 o0 0.0 0o i1} aaq au 0.0 0.0 oo a0 0.0
PCE15T 0.0 0.0 0.0 0o (i) 440 00 0.0 00 1]] 0.0 0.0
PCB158 00 0.0 0.0 i 4] 00 LR 0.0 2.0 o0 oo 1L} 0.0
PCB167 0.0 0.0 0.0 [} [iX1] aa aa 0.0 00 o0 oo 0.0
PCB168M1 32 0.0 0.0 0.0 oo o0 aa 00 0.0 0.0 o0 (L] 0.0
PCB189 00 oo 00 oo 2] 4.0 Q49 0.0 00 oo 0o 0.0
PCB170 0.0 0.0 0.0 1] 4] (W11} o8 a4a aq 0.0 oo (3] a.0
PCB174 0.0 00 0.0 o0 oo oo 00 0.0 0.0 0.0 [111] a.0
PCBI77 00 00 00 oo Qo oo 049 0.0 0.0 aQ [ X] a0
PCR18D 0.0 o0 0.0 oo oo [ a4 LR] 0.a ol 0.0 0.0
PCB183 0.0 0.0 00 00 o0 6o o0 0.4 0.0 o 0.0 0.0
PCB187 14 16 18 oo oo oo oo 440 090 oo 00 0.0
PCR1BY 0.0 a0 0.0 oo oo oD oo 0.0 0.0 oo 0.0 a.4g
PCB194 0.0 0.0 0.0 0.0 00 o0 Go 0.0 0.0 0.0 0.0 0.0
POB195 0.0 0.0 0.0 o0 Q.0 [ ]1] oo 0.0 0.0 ] o0 0.0
PCBR198{200) a4 ad 0.0 [1X1] 0.0 oo o0 D 44 aag 0.0 0.0
FCB201 a.q 0.0 a.0 00 00 0.0 0.0 6.0 0.0 a0 o0 0.0
FCB208 0.0 0.0 Q.0 0.0 Qg 0.0 (+1] 0.0 0.0 a0 0.0 0.0t
FCA208 .0 g0 oo | o0 oo oo [ R0 g oo | 00 00 00
Sum = 14.8 116 130 1. 1 o0 oo 0.0 14 18 o0 0.0
Aroclorg
Arocior 1018 oo L] 049 0.0 oo 0.0 00 oo oo 040 oa oo
Argclor 1201 oo o0 LK) ao a.0 0.0 0.0 0.0 []4] 0.4 0.0 [1]4)
Arcclor 1232 oo oo 0.0 ao 4.0 0.0 00 0.0 oo a0 0.0 0o
Aroclor 1242 iR ik} 040 a0 0.0 00 00 00 o0 0 g Qo
Aroclor 1248 13+ 0o o0 aq 0.0 0.0 00 00 00 0.0 0.0 o0
Arcclor 1254 6o oo 0.0 00 0.0 0.0 0.0 00 0.0 0.0 4.0 0.0
Arotior 1260 13 M3 160 | 00 90 00 | 0O ©o oo | 0B 00 0O
Summ 18.3 14,3 18.0 a4 a0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pelynuclear Aromatlc
Hydrocarbons (PAH'S)
Acenaphthylena 3.8 13 0.0 1.7 2.7 i1 22 0.0 i2 0.0 17 0.0
Anihracene 1.3 1.0 1.3 1.8 1.0 13 1.3 1.2 0.0 21 18 21
Benz[ajonthracens 1180 1120 1190 | 1690 2130 2240 | 23240 ™50 1520 | 1804 1870 180.0
Beanzofalpyrens 0.0 0.0 0.0 1K) 0.0 0.0 ag 00 0.0 0.0 0o 9.0
Benzofbjfluoranthens 0.0 00 2.0 0.0 .0 0.0 o0 0.0 00 0.0 a0 0o
Benzofg.h.jperyienc 0.0 an 0.0 0.0 00 0.0 aq aa 0.0 0.0 oa a.0
Benzofidflucranthens 0.0 0.0 0.0 0.0 0.0 0.0 040 oo oo 0.0 oo 0.0
Cluysene 74 50 10.% B.B 87 111 66 72 5.9 64 70 49
Denzfa, hjanthracans 00 o0 0.0 0o 0.0 0.0 a0 qq 0.0 0.Q 1 11] 4.0
Fuoreng 22 20 1.5 1 18 23 1.2 21 23 ad 23 33
Indena[1,2,3-c,djpyrena 00 0.0 0.0 0.0 0.0 0.0 a0 00 0.0 0.0 G0 0.9
Prenantiwane 19.2 19.4 19.3 141 1’7 34 159 128 138 215 180 218
rene $3 64 58 | 31 38 38 | 38 28 27 | 62 45 42
Sum = 1572 1470 1570 | 1684 2443 2570 | 2608 2443 1783 | 2183 27 1863
- L
wAT
£l
o
Me

March 2018




Appendix

10-18 Tissue chemistry detection limits and methods

Units Unita
Paramasee o B,  {drywt) Mathod F MOL  RL (drywi) Matiad
Ganoral Chamistry Poty A i Hy L q
Farini Lipids 0.0 .05 % Gavmaiic Pengenn 1 ] g teaserol
Prosen| Sokds B B % B 25408 Phenanthwne 1 5 ngp9 EFA 82700
Traca Mataly Faugy 1 5 nygy EFA 220D
Arenic 0.025 [J: 1] [T 1] EPABO2G Aroclore
Cadmlum 001 a0l pgy [ Mencior 1014 10 20 my EFAB2T00
Chmmium ool a0 pgR EPAENI0 Srocdor 1221 1 20 mg9 EPA B270D
Copper aat 04l pgh EPAEI20 Seoclor 1222 16 20 ngy BRAB270D
Lead a0l 001 gk EPAGOI0 Arodor 1242 1 20 ngy EPAB270D
Kderrury H00001 DOON0Z g EPADSZ Amcioe 1248 0 20 mgy BPABITAD
Hicke 002 002 oy EPABDZD Arocior 1254 10 20 ngh EFARIIID
Seleniom om2g 005 wov EPAGYX0 Amclor 1260 10 20 gy EPABYNID
Srver g0z 00z [[=%) EPAGDZO PatycBlodinated Giphanyts (PO}
anc 0g28 oOd gk ERAGO20 PCBOOS 1 5 my EPARZT00
Chiotinabed Posticldes RCROON 1 5 iy EPARIND
i4-00o0 1 5 -] EPABITOD PCECE L} B ng EPARTN0
14-DDE 1 5 i EPARZTOD PCECZB 1 B [ ] EPAD2T0
24-0DT 1 5 i EPAGITOD PCED3S 1 5 g EPABZTOO
44000 1 5 g EPAGBITOD PFCBO33 1 5 [0 EPA82T00
4 4.0DE 1 & ngig BPABITOD PCBONT 1 5 L EPAB2TOO
4 4007 4 ] npig EPARTOD 3= L] 1 ] L] EPABZTOD
Aann 1 s ngiy EPAB2T0D PCBOAS 1 5 el EPABITD
SHC-sipha 1 H] ngly EPASZTOID PCROS2 1 L] ngig EPANZTOD
BHC-bets 1 % nahy EPASYHD PCEOSAM0ED} 1 E ngig EPAS2TOD
[T 1 $ 'y EPASZTOD PCBOGS i B my EPARZTOD
BHL-gammp 1 5 no'g EPAERIOD (S ln ] 1 H L] EPAS2TOD
Criordana-alpha 1 5 npiq EPASZTOD PCODTA 1 5 npig EPALITID
Chiamiang-pamma 1 5 g EFADTOD Pean?r 1 H haly EPABRIOD
& -Nonechled 1 5 ngig EPA 827D PCa0a1 1 [} hivy BPARZT0D
Crwkdein 1 5 ngig EFA B2T00 PCapaT 1 ] npn EPA SO0
Endesi ifon sulfate 1 5 ey EFAB2TOD PCEBO3S 1 B ngg EPASZTOO
Endos s ifansl 1 H ngiy EPA B2TOD PCBO37 1 5 ngy EFa 82700
Endosutfan-li ] 4 ngiyg BRA B2TOD PCBOIE 1 L) ngh EPA 82700
Endirin 1 ) ngig EPA BXTD PCaIx 1 3 ng EPABZTOD
Endrin i deiryde 1 3 ngly EPA R3O0 Pcaies 1 5 my EPABZ7OD
Erdrin siifng 1 3 ngly EPABYMID PCRIIO 1 L ngy EPABZ7ID
HE s fres 1 H nglp EPABYMIO PCR 14 1 2 [T EPA BZND
Hepiaiioe apandda 1 E ngh EFABITIQ PCchi1s 1 L] ngfy EPASZTOD
Hazhisrobanmmng 1 5 ngd EPABZION PCEI19 1 5 mgy BPABZTID
KeloxTHor 1 & noy EPAZT00 POR I 1 5 gl EFAB2MD
Wrox 1 -] iy EPAR2T00 PCBYE 1 -] ngiy EPARRTCO
Dhychiordans 1 3 nH EPAR2IN0D PCRITE + & ngig EPAR2IO0
Peithana 5 gl EPAR2IO0 PCBIS t 5 ngy EPAR2T00
Wani-Nonachier 1 5 % EPa 200 PCEB41 L} -] N EPANIND
Pobywuchear Aromastic Hydrocarbons [PAHS ) PCE143 1 ] o EPASITO0
t-detrinaphthalene 1 5 ] EPAB2TOD PCBI5 1 -3 g EPAS2T00
iMetvdphenamhrens 1 ] ngfy EPA 82700 PCB153 1 5 L] EPARZTCO
2,3 5-Tnmattyinaphthalene 1 1 nglp EPARITOD PCRIGE 1 5 & EFABITOD
2 8-Dimgihynaphthadang 1 5 nplg EPAS2TOD PCE18? 1 ] ngly EPABITOD
2-roaapiansivne 1 5 ngfy EPABZTOD PCE18R 1 5 L] EPAGITOD
Acanpphihens 1 5 N EPARITOD PCEAST 1 B npig EPANZTOD
Aceapphivient 1 5 ot EPARZTOD POB1681432 1 & ngh EPAR2TOD
Ahhracena 1 L] nam EPABITOL PGB8 1 5 npig EPAEITOR
Sandilenihrachoe k] B npip EPASITOD FCBITO 1 $ ™A EPABITOD
Bens[pjpyrene L] 5 nphy EFARZTID PCEIT4 1 3 L] EPARIID
Senz[bfreranthens 1 5 Ny ERALTOD PCENTT 1 ] npig EPASZIOL
Benzjejpyrene 1 [] nghy EPAS2TDD PCEIBD 1 5  ngip EFASZIOD
@angnfg,h j|peryiena 1 [ npy EPAS270D pCEBIND 1 5 gy ERASZTID
SanzmlkHucmnmane 1 [ npy EPARTOO PCEINY 1 5 gy EFASZITID
Biphang 1 5 nglg EPA 22700 2 #-31 ] | ] nEy EPARZTID
Cheyransy 1 E] nolg EFAR2TIO PCaiad i | ngyg EPARTOD
tibenzganjanmencene 1 5 ngig EPABLTOD PLE195 1 & myy EPAB2TOD
THobnzathicshena 1 ] ngsl EFA b2Yo0 PLOTIIN 1 5 ngyg EPA 82700
Fluosntiviee 1 5 i EPA 52700 PLE20Y 1 3 mog EPARITOD
Fluorane 1 § L] EFAB270D PLEROE 1 L3 s EPADZTO0
(1.2 3L mene 1 [ By EPA B270D PLE203 1 [ EPAB2700
e ] 1 § »giy EPA B2HD
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