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Executive Summary

The ocean monitoring program for the South Bay
Ocean Outfall (SBOO) is conducted in accordance
with NPDES permit requirements for the South
Bay Water Reclamation Plant (SBWRP) operated
by the City of San Diego and the International
Wastewater Treatment Plant (IWTP) operated by
the International Boundary and Water Commission.
These documents specify the terms and conditions
that allow treated effluent originating from the
SBWRP and IWTP to be discharged into the Pacific
Ocean via the SBOO. In addition, the Monitoring
and Reporting Programs contained within each
permit define the requirements for monitoring the
receiving waters environment, including sampling
plans, compliance criteria, laboratory methods, data
analysis and reporting guidelines.

The main objectives of the South Bay monitoring
program are to provide data that satisfy the
requirements of the NPDES permits, demonstrate
compliance with the 2001 California Ocean Plan
(COP), monitor dispersion of the waste field,
and identify environmental changes that may be
associated with wastewater discharge. Specifically,
the program is designed to assess the impact of
wastewater on the marine environment oft southern
San Diego, including the effects on water quality,
sediment conditions, and the marine biota. The study
area centers around the SBOO discharge site, which
is located approximately 5.6 km offshore at a depth
of about 27 m. Monitoring at sites along the shore
extends from Coronado southward to Playa Blanca,
Mexico. Offshore monitoring is conducted in an
adjacent area overlying the coastal continental shelf
at sites ranging in depth from about 9 to 55 m.

Prior to the initiation of wastewater discharge from
the IWTP in 1999, the City of San Diego conducted
a 3's-year baseline study designed to characterize
background environmental conditions inthe South Bay
region in order to provide information against which
post-discharge data could be compared. Additionally,
a region-wide survey of benthic conditions is
typically conducted each year at randomly selected

sites from about Del Mar to the US/Mexico border as
part of the NPDES permit requirements. Such studies
are useful for evaluating patterns and trends over a
broader geographic area, thus providing additional
information to help distinguish reference areas
from sites impacted by anthropogenic influences.
The results of the 2005 annual survey of randomly
selected stations are presented herein.

The receiving waters monitoring effort for the
South Bay region may be divided into several major
components, each comprising a separate chapter in
this report: Oceanographic Conditions, Microbiology,
Sediment Characteristics, Macrobenthic Communities,
Demersal Fishes and Megabenthic Invertebrates, and
Bioaccumulation of Contaminants in Fish Tissues. Data
regarding various physical and chemical oceanographic
parameters are evaluated to characterize water
mass transport potential in the region. Water
quality monitoring along the shore and in offshore
waters includes the measurement of bacteriological
indicators to assess both natural (e.g., river and
streams) and anthropogenic (e.g., storm water and
wastewater) impacts. Benthic monitoring includes
sampling and analyses of soft-bottom macrofaunal
communities and their associated sediments, while
communities of demersal fish and megabenthic
invertebrates are the focus of trawling activities.
The monitoring of fish populations is supplemented
by bioaccumulation studies to determine whether or
not contaminants are present in the tissues of “local”
species. In addition to the above activities, the City,
the International Boundary and Water Commission,
and the San Diego Regional Water Quality Control
Board (RWQCB) support other projects relevant
to assessing ocean quality in the region. One
such project is a remote sensing study of the San
Diego/Tijuana coastal region, the results which
are incorporated herein into the interpretations
of oceanographic and microbiological data (see
Chapters 2 and 3).

The present report focuses on the results of the ocean
monitoring activities conducted in the South Bay



region during calendar year 2005, including results
of the July 2005 random sample. An overview and
summary of the main findings for each of the major
components are included below.

OCEANOGRAPHIC CONDITIONS

Oceanographic conditions in the South Bay region
were generally similar to previously observed
seasonal patterns. Thermal stratification of the
water column followed the typical cycle with
maximum stratification in mid-summer and reduced
stratification during winter. Higher-than-normal air
temperatures from January through March yielded
slightly warmer than normal surface waters early in
the year. In contrast, water clarity was negatively
impacted by the pattern of record rainfall that began
in October 2004 and continued through February
2005. These persistent rains generated heavy
runoff into nearshore waters and long-lasting turbid
conditions. Aerial imagery from the remote sensing
study indicated that runoff from the Tijuana River
was the most significant contributor to increased
turbidity through May 2005. This runoft, which
contained agricultural and effluent materials from
the Tijuana River, combined with cooler, nutrient-
rich upwelled water to create favorable conditions
for an intense plankton bloom. These storm and
plankton bloom events lead to decreased surface
water clarity in 2005 relative to 2004. In general,
data from both oceanographic measurements and
aerial imagery provide no evidence that any water
quality parameter (e.g., dissolved oxygen, pH) has
changed because of wastewater discharged from
the SBOO. Instead, these data indicate that natural
events such as storm water runoff or plankton blooms
were significant factors in increased turbidity and
changed water quality parameters to the South Bay
region in 2005.

MICROBIOLOGY

The greatest effects on nearshore water quality
conditions in the South Bay region in 2005
appeared to be associated with the above average

rainfall during winter. The resultant runoff from
the Tijuana River and Los Buenos Creek generated
elevated bacterial densities that contributed to
the low overall rates of shore and kelp station
compliance with COP standards. This pattern was
similar to that seen in 2004 when record rainfall
in February, October, and December affected
nearshore bacteriological densities. Data from
monthly offshore monitoring sites suggested
that the wastewater plume was predominantly
confined below a stratified water column
from March through October. Bacterial counts
indicative of wastewater were evident in surface
waters during January when the water column
was well-mixed, and in June when upwelling was
apparently responsible for bringing the wastewater
plume to surface waters. Overall, data from shore,
kelp, and monthly water quality stations suggest
that elevated bacterial counts detected along the
shore in 2005 were not caused by the shoreward
transport of wastewater from the outfall. Instead,
the distribution and frequency of high bacterial
counts in nearshore waters correspond to inputs
and transport of materials from the Tijuana River
and Los Buenos Creek, particularly during the
rainy season.

SEDIMENT QUALITY

The composition and quality of ocean sediments in
the South Bay area were similar in 2005 to those
observed during previous years. Sediments at most
sites were dominated by fine sands with grain size
tending to increase with depth within the sampling
region. Stations located offshore and southward of
the SBOO discharge area consisted of very coarse
sediments, while sites located in shallower water
and north of the outfall towards San Diego Bay
had finer sediments. Spatial differences in sediment
composition can be partly attributed to patches
of sediments associated with different origins
(e.g., relict red sands, other detrital material). For
example, the deposition of sediments from the
Tijuana River and to a lesser extent from San Diego
Bay probably contributes to the higher content of
silt at nearby stations. In contrast, the strong and



persistent storms of 2004-2005 contributed to the
erosion of beach sand from the Silver Strand area.
This beach erosion seems to be reflected in greater
number of stations categorized as having poorly
sorted sediments since July 2004.

As in previous years, there was no evidence that
discharged wastewater from the SBOO negatively
impacted contaminant concentrations in South
Bay area sediments. Concentrations of organic
indicators such as total organic carbon, total nitrogen
and sulfides, as well as various trace metals were
generally low in South Bay sediments relative to
other coastal areas off southern California. However,
there was an overall increase in total organic carbon
relative to the previous year that may be related
to the increased turbid discharge from San Diego
Bay and the Tijuana River, as well as a strong
and persistent plankton bloom. In general, the
highest organic indicator and metal concentrations
were generally associated with finer sediments.
In addition, other contaminants (e.g., pesticides,
PCBs) were detected infrequently or at low levels.
For example, derivatives of the pesticide DDT were
found in sediment samples from only three sites
in 2005. The presence of DDT does not appear
to be related to wastewater discharge since it was
present at these sites prior to outfall construction.
In addition, seven PCBs were detected in sediments
from one station near the entrance to San Diego Bay
in 2005. Finally, although PAH compounds were
detected more frequently than in previous years,
their concentrations were very low. Overall analyses
of particle size or sediment chemistry data collected
in 2005 provide no indication of contamination
attributable to the SBOO.

MACROBENTHIC INVERTEBRATE
COMMUNITIES

Benthic communities in the SBOO region included
macrofaunal assemblages that varied along gradients
of sediment structure (e.g., grain size) and depth
(e.g., shallow vs. mid-depth waters). During 2005,
assemblages surrounding the SBOO were similar
to those that occurred during previous years. Most

sites (70%) were represented by 2 groups of stations
with very similar species composition. These
sites were dominated by the spionid polychaete
Spiophanes bombyx, a species characteristic of
other shallow-water assemblages in the Southern
California Bight (SCB). Another type of assemblage
occurred at 6 sites from slightly deeper water
where the sediments contained finer particles.
Although this assemblage was also dominated by
S. bombyx, it was distinguished from the shallow-
water assemblage by more dense populations of the
polychaetes Myriochele gracilis and Sthenelanella
uniformis, the amphipod Ampelisca agassizi, and the
tanaid Leptochelia dubia. This assemblage probably
represents a transition between assemblages
occurring in shallow sandy habitats and those
occurring in finer mid-depth sediments off southern
California. Finally, sites with sediments composed
of relict red sands or varied amounts of coarse
sand and shell hash were also characterized by
unique assemblages.

Patterns of species richness and abundance
also varied with depth and sediment type in the
region, although there were no clear patterns with
respect to the outfall. The range of values for most
community parameters in 2005 was similar to that
seen in previous years, and values of environmental
disturbance indices such as the BRI and ITI were
characteristic of undisturbed sediments. In addition,
changes in benthic community structure near
the SBOO that occurred in 2005 were similar in
magnitude to those that have occurred previously
and elsewhere off southern California. Such changes
often correspond to large-scale oceanographic
processes or other natural events. Overall, benthic
assemblages in the region remain similar to those
observed prior to discharge and to natural indigenous
communities characteristic of similar habitats on the
southern California continental shelf. The data from
present monitoring efforts provide no evidence that
the SBOO wastewater discharge has caused any
substantial degradation of the benthos in the area.



DEMERSAL FISH AND MEGABENTHIC
INVERTEBRATE COMMUNITIES

As in previous years, speckled sanddabs continued
to dominate South Bay fish assemblages in 2005.
Although the numbers of speckled sanddabs
declined markedly from the previous year, this
species occurred at all stations and accounted for
65% of the total catch. Other characteristic, but less
abundant, species included the yellowchin sculpin,
California lizardfish, roughback sculpin, longfin
sanddab, English sole, Californa scorpionfish, and
California tonguefish. Most of these common fishes
were relatively small, averaging less than 23 cm
in length. Although the composition and structure
of the fish assemblages varied among stations,
these differences were mostly due to variations in
speckled sanddab populations.

Assemblages of relatively large (megabenthic)
trawl-caught invertebrates were similarly dominated
by one prominent species, the sea star Astropecten
verrilli. Two other echinoderms, the white urchin
Lytechinus pictus and the sea star Pisaster brevispinus
were also common. Although megabenthic
community structure also varied between sites,
these assemblages were generally characterized
by low species richness, abundance, biomass and
diversity.

Overall, results of the trawl surveys conducted in
2005 provide no evidence that the discharge of
wastewater has affected either fish or megabenthic
invertebrate communities in the region. Although
highly variable, patterns in the abundance and
distribution of species were similar at stations
located near the outfall and further away. Finally, the
absence of any physical abnormalities or evidence
of disease on local fishes suggests that populations
remain healthy in the region.

TISSUE CONTAMINANTS IN FISHES

There was no clear evidence to suggest that tissue
contaminant loads were affected by the discharge
of wastewater from the SBOO in 2005. Although

various contaminants were detected in both liver and
muscle tissues, concentrations of most contaminants
were not substantially different from those reported
prior to discharge. In addition, samples of muscle
tissues from sport fish collected in the area were
found to be within FDA human consumption limits
for both mercury and DDT.

The occurrence of both metals and chlorinated
hydrocarbons in the tissues of South Bay fishes may
be due to many factors, including the ubiquitous
distribution of many contaminants in coastal sediments
off southern California. Other factors that affect
the accumulation and distribution of contaminants
include the physiology and life history of different
fish species. Exposure to contaminants can vary
greatly between species and even among individuals
of the same species depending on migration habits.
Fish may be exposed to pollutants in a highly
contaminated area and then move into a region that
is less contaminated. This is of particular concern for
fishes collected in the vicinity of the SBOO, as there
are many other point and non-point sources that may
contribute to contamination in the region.

SAN DIEGO REGIONAL SURVEY
Sediment Conditions

Thirty-six randomly selected sites ranging in depth
from 12 to 190 m were sampled during the 2005
regional survey. Overall, the sediments reflect the
diverse and patchy habitats common to the SCB.
The data were summarized according to depth
strata used in the 1998 and 2003 SCB region wide
surveys (Bight'98, Bight'03). Stations between
about 31 and 120 m in depth represent most of the
mid-shelf region off San Diego (n=24). Sediments
at these sites were composed primarily of fine
particles (36% fines) with an average particle size
of 0.088 mm. By comparison, sites occurring at
depths <30 m (n=7) had coarser sediments with
only 8.5% fines and an average particle size of
approximately 0.262 mm. Deeper sites (>120 m,
n=5) contained sediments of 0.175 mm average
particle size, including 73% sand and 30% fines.



Coarse sediments (~85% sand) occurred in 2 distinct
locations: (1) in shallow waters, and (2) along a the
Coronado Bank, a southern rocky ridge located
offshore of Point Loma at a depth of 150-170 m.
Relict sediments typical of the area offshore of the
Tijuana River were found at 1 site located west of
the SBOO. These results were similar to the patterns
seen during previous annual surveys. Shallow
water (19 and 28-m) stations included in the regular
semi-annual sampling grid surrounding the SBOO
were generally similar to the shallow water sites
from the survey. In contrast, stations from the two
deeper semi-annual transects (38 and 55-m) were
composed of more sand and less fine materials than
comparable mid-shelf samples. This difference may
relate to the greater number of grid stations located
south of the SBOO and U.S.-Mexico border where
relict sands are more common.

Sediment chemistries followed the expected
relationship of elevated concentrations with
decreasing particle size and increasing depth. The
highest values for total organic carbon (TOC), total
nitrogen (TN), sulfides, and trace metals occurred
in the mid-shelf region where fine sediments were
prevalent. For example, mean TOC values were
0.35% at the shallow water stations, 0.73% at the
mid-shelf stations, and 3.87% at the 5 deep water
sites. Similarly average concentrations of trace
metals in the sediments from the mid-shelf and deep
water strata were much higher than sediments in
the shallow water areas. Concentrations of organic
indicators and trace metals were higher and more
widespread in 2005 compared to the 1995 survey
of the same randomly selected stations. Sediments
at 24 of the stations sampled in 2005 contained
percentages of TOC or TN that exceeded the
median CDF for the SCB established in 1994, while
only 4 stations exceeded this benchmark in 1995. In
addition, 21 stations contained concentrations of 3 or
more metals that exceeded the median CDF values
in 2005, while 11 did so in 1995. Contaminant levels
at the shallow stations included in the SBOO semi-
annual sampling grid were similar to the shallow
water strata samples, whereas sediments at the 38
and 55-m stations had lower levels of organics or
trace metals than comparable mid-shelf samples.

Overall, the 2005 regional survey data did not
show any pattern of impact relative to wastewater
discharge from the SBOO.

Macrobenthic communities

The Southern California Bight (SCB) benthos has
long been considered a “patchy” habitat, with the
distribution of species and communities varying
in space and time. Barnard and Ziesenhenne
described the SCB shelf as consisting of an
Amphiodia “mega-community” with other sub-
communities representing simple variations
determined by differences in substrate type and
microhabitat. Results of the 2005 and previous
regional surveys off San Diego generally support
this characterization. The 2005 benthic assemblages
were very similar to those sampled at the same sites
10 years previously (1995) and segregated mostly
due to differences in habitat type (e.g., depth and
sediment grain size). There was little evidence of
anthropogenic impact. Over 50% of the benthos off
San Diego was characterized by one assemblage
with the ophiuroid Amphiodia urtica representing
the dominant species. Co-dominant species within
this assemblage included other taxa common to the
region such as the polychaetes Myriochele striolata
and Spiophanes duplex. This group occurred along
the mainland shelf at depths from 44 to 94 m, and
in sediments composed of relatively fine particles
(e.g., 40% fines).

The dominant species of the other assemblages
occurring in the region varied according to the
sediment type or depth. Shallow water assemblages
(e.g., <30 m) were highly variable depending upon
their sediment type, but these assemblages generally
were similar to other shallow, sandy sediment
communities in the SCB. At many of these stations,
polychaete species such as Spiophanes duplex and
S. bombyx, Hesionura coineaui difficilis, Ampharete
labrops, and Monticellina siblina were numerically
dominant. A deep water assemblage located at
depths >180 m was dominated by the polychaetes
Aphelochaeta glandaria and Monticellina siblina,
and the mollusc Huxleyia munita. These sites had the



highest percentage of fine particles with the lowest
species richness, diversity and abundance.

Although there was a overall increase in the number
of species and individuals as well as changes in
community parameters between the 1995 and 2005
random surveys, the two surveys identified identical
assemblages based on depth and sediment type. The
influence of increased organic loading or metals
contamination detected in the 2005 appears to have
had little impact on overall structure of the benthos.
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Chapter 1. General Introduction

INTRODUCTION

The South Bay Ocean Outfall (SBOO) discharges
treated effluent originating from two sources: the
City of San Diego’s South Bay Water Reclamation
Plant (SBWRP), and the International Boundary
and Water Commission’s (IBWC) International
Wastewater Treatment Plant (IWTP). Discharge
from the SBWRP began on May 6, 2002 and is
performed under NPDES Permit No. CA0109045,
Order No. 2000-129. Discharge from the IWTP
began on January 13, 1999 and is performed under
the terms and conditions set forth in Order No.
96-50, National Pollutant Discharge Elimination
System (NPDES) Permit No. CA0108928 and Cease
and Desist Order No. 96-52. These NPDES permits
define the requirements for monitoring receiving
waters around the SBOO, including the sampling
plan, compliance criteria, laboratory analyses,
statistical analyses and reporting guidelines.

Receiving waters monitoring for the South Bay
region with respect to the above referenced permits
is performed by the City of San Diego. Prior to the
initiation of discharge through the SBOO, the City
conducted a 34-year baseline monitoring program
in order to characterize background environmental
conditions surrounding the discharge site (City of
San Diego 2000a). The results of this baseline study
provide background information against which the
post-discharge data may be compared. In addition,
the City has conducted annual region-wide surveys
off the coast of San Diego since 1994 (see City of
San Diego 1999, 2000b, 2001, 2002, 2003). Such
regional surveys are useful in characterizing the
ecological health of diverse coastal areas and may
help to identify and distinguish reference sites from
those impacted by wastewater discharge, stormwater
input or other sources of contamination.

Finally, the City of San Diego and the IBWC also
contract with Ocean Imaging Corporation (Solana
Beach, CA) to conduct a remote sensing program
for the San Diego/Tijuana region as part of the

ocean monitoring programs for the Point Loma and
South Bay areas. Imagery from satellite data and
aerial sensors produces a synoptic look at surface
water clarity that is not possible using shipboard
sampling alone. The major limitation of aerial and
satellite images, however, is that they only provide
information about surface or near-surface waters
(~0—15 m) without providing any direct information
regarding the movement, color, or clarity of water
in deeper layers. In spite of these limitations, one
objective of this multi-year project is to ascertain
relationships between the various types of imagery
data and field-collected data. With public health
issues a paramount concern of ocean monitoring
programs, any information that helps to provide
a clearer and more complete picture of water
conditions is beneficial to the general public as well
as to program managers and researchers. Having
access to a large-scale overview of surface waters
within a few hours of image collection also has the
potential to bring the monitoring program closer
to real-time diagnosis of possible contamination
conditions and add predictability to the impact that
different oceanographic events (e.g., heavy rains)
may have on shoreline water quality. In February
2005, Ocean Imaging Corporation and the City
attempted a study designed to investigate the
survival and dispersion characteristics of bacteria
discharged through the SBOO. Unfortunately, poor
weather conditions and turbid waters prevented a
successful outcome. This bacteria dispersion study
was rescheduled for winter 2006.

This report presents the results of monitoring
conducted at fixed sites around the SBOO from
January through December 2005. However,
pursuant to an agreement with the Regional Board,
offshore monthly water quality sampling was not
conducted in February in exchange for participation
in the above referenced bacteria dispersion study
(see City of San Diego 2005b). Results of the 2005
remote sensing surveys have also been considered
and integrated into interpretations of oceanographic
and water quality data (e.g., bacteria levels, total



suspended solids, oil and grease). Comparisons are
alsomadeto conditions during previous yearsinorder
to assess any outfall related changes that may have
occurred. The major components of the monitoring
program are covered in the following chapters:
Oceanographic Conditions, Water Quality, Sed-
iment Characteristics, Macrobenthic Communities,
Demersal Fishes and Megabenthic Invertebrates,
amd Bioaccumulation of Contaminants in Fish
Tissues. The results of the 2005 regional survey off
San Diego are presented in two subsequent chapters
describing sediment conditions and macrobenthic
communities fromasetofrandomly selected stations.
Detailed information concerning station locations,
sampling equipment, analytical techniques, and
quality assurance procedures are included in the
Environmental Monitoring and Technical Services
Division Laboratory Quality Assurance Project
Plan for the City’s Ocean Monitoring Program
(City of San Diego in prep). General and more
specific details of these monitoring programs and
sampling designs are given below and in subsequent
chapters and appendices.

SBOO MONITORING

The South Bay Ocean Outfall is located just north of
the border between the United States and Mexico. It
terminates approximately 5.6 km offshore at a depth
of about 27 m. Unlike other southern California
outfalls that are located on the surface of the seabed,
the SBOO pipeline begins as a tunnel on land and
then continues under the seabed to a distance of about
4.3 km offshore. From there it connects to a vertical
riser assembly that conveys effluent to a pipeline
buried just beneath the surface of the seabed. This
pipeline then splits into a Y-shaped multiport diffuser
system, with the two diffuser legs extending an
additional 0.6 km to the north and south. The outfall
was designed to discharge and disperse effluent via
a total of 165 diffuser risers. These include 1 riser
located at the center of the outfall diffusers and
82 others spaced along each of the diffuser legs.
However, low flow since outfall operation began
has required closure of all ports along the northern
diffuser leg as well as many of those along the
southern diffuser leg. These closures are necessary

to maintain sufficient back pressure within the drop
shaft so that the outfall can operate in accordance
with the theoretical model. Consequently, discharge
during 2005 and previous years has been generally
limited to the distal end of the southern diffuser leg,
with the exception of a few intermediate points at or
near the center of the diffusers.

The regular SBOO sampling area extends from the tip
of Point Loma southward to Playa Blanca, Mexico,
and from the shoreline seaward to a depth of about
61 m. The offshore monitoring sites are arranged
in a grid spanning the terminus of the outfall, and
are monitored in accordance with NPDES permit
requirements. Sampling at these fixed stations
includes monthly seawater measurements of physical,
chemical and bacteriological parameters in order
to document water quality conditions in the area.
Benthic sediment samples are collected semiannually
to monitor macrofaunal communities and sediment
conditions. Trawl surveys are performed quarterly
to monitor communities of demersal fish and
large, bottom-dwelling invertebrates. Additionally,
analyses of fish tissues are performed semiannually
to monitor levels of chemical constituents that may
have ecological or human health implications.

RANDOM SAMPLE REGIONAL SURVEYS

In addition to the regular fixed grid monitoring
centered around the SBOO, the City typically
conducts a summer benthic survey of sites
distributed throughout the entire San Diego region
as part of the monitoring requirements for the South
Bay outfall. These annual surveys are based on an
array of stations randomly selected each year by the
United States Environmental Protection Agency
(USEPA) wusing the USEPA probability-based
EMAP design. Surveys conducted in 1994, 1998,
and 2003 involved other major southern California
dischargers, were broader in scope, and included
sampling sites representing the entire Southern
California Bight (SCB), from Cabo Colnett, Mexico
to Point Conception, USA. These regional surveys
were the Southern California Bight 1994 Pilot
Project(SCBPP), the Southern California Bight 1998
and 2003 Regional Monitoring Programs (Bight'98



and Bight'03, respectively). Results of the SCBPP
and Bight'98 surveys are available in Bergen et al.
(1998, 2001), Noblet et al. (2002), and Ranasinghe
et al. (2003), while data from Bight'03 are currently
being analyzed. A regional (random) survey was
not conducted in 2004 in order to conduct a special
strategic process study pursuant to an agreement
with the SDRWQCB and USEPA (see City of San
Diego 2005a,c). The results from Phase I of the San
Diego Sediment Mapping Study are currently being
analyzed (see Stebbins et al. 2004).

The 2005 survey of randomly selected sites off
San Diego covered an area from Del Mar south
to the United States/Mexico border and extending
offshore from depths of 12 m to about 190 m. All
sampling was conducted during the month of July.
In order to compare conditions over a 10-year span,
the 2005 survey revisited the 40 randomly selected
sites sampled in 1995 (see City of San Diego 1999).
Although 40 sites were initially selected, only 36
were successfully sampled for benthic infauna
and sediments in 2005. Sampling at 4 sites was
unsuccessful due to the presence of rocky reef,
which made it impossible to collect samples.
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Chapter 2. Oceanographic Conditions

INTRODUCTION

The City of San Diego regularly monitors
oceanographic conditions of the water column to assess
possible impacts from the outfall discharge as well as
the affects of the local oceanographic conditions on
the fate of the discharge. Water quality in the South
Bay region is naturally variable, but is also subject
to various anthropogenic sources of contamination
such as discharge from the South Bay Ocean Outfall
(SBOO) and non-point source discharges such as San
Diego Bay and the Tijuana River. These 2 non-point
source discharges include 415 and 1731 square miles of
watershed, respectively, and contribute significantly to
nearshore turbidity, sedimentation, and bacteriological
densities (Largier et al. 2004). The SBOO discharges
treated wastewater approximately 5.6 km off shore at
a depth of about 27 m, with an average daily flow rate
of 24 mgd in 2005.

The fate of SBOO wastewater discharged into offshore
waters is determined by oceanographic conditions
and other events that suppress or facilitate horizontal
and vertical mixing. Consequently, measurements
of physical and chemical parameters such as water
temperature, salinity and density are important
components of ocean monitoring programs because
these properties determine water column mixing
potential (Bowden 1975). Analysis of the spatial and
temporal variability of these 3 parameters as well as
transmissivity, dissolved oxygen, pH, and chlorophyll
can elucidate patterns of water mass movement.
Taken together, analyses of such measurements for
the receiving waters surrounding the SBOO can help
(1) describe deviations from expected patterns, (2)
reveal the impact of the wastewater plume relative to
other inputs such as San Diego Bay and the Tijuana
River, (3) determine the extent to which water mass
movement or mixing affects the dispersion/dilution
potential for discharged materials, and (4) demonstrate
the influence of natural events such as storms or
El Nifio/La Nifia oscillations. The combination of
these measurements of physical parameters with
assessments of bacteriological concentrations (see
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Chapter 3) provides further insight into the transport
potential surrounding the SBOO throughout the year.

This chapter describes the oceanographic conditions that
occurred during 2005 and is referenced in subsequent
chapters to explain patterns of bacteriological occurrence
(see Chapter 3) or other effects of the SBOO discharge
on the marine environment (see Chapters 4-7).

MATERIALS anxo METHODS
Field Sampling

Oceanographic measurements were collected at
40 fixed sampling sites located from 3.4 km to
14.6 km offshore (Figure 2.1). These stations form
a grid encompassing an area of approximately
450 km? and were generally situated along 9, 19,
28, 38, and 55-m depth contours. Three of these
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Water quality monitoring stations where CTD casts are

taken, South Bay Ocean Outfall Monitoring Program.
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stations (I25, 126, and 139) are considered kelp bed
stations subject to California Ocean Plan (COP) water
contact standards. These 3 stations were selected for
their proximity to suitable substrates for the Imperial
Beach kelp bed; however, this kelp bed has been
historically transient and inconsistent in terms of size
and density (North 1991, North et al. 1993). Thus,
these stations are located in an area where kelp is only
occasionally found.

Oceanographic measurements were collected at least
once per month over a 3-5 day period. However,
offshore monthly water quality sampling was not
conducted in February 2005 pursuant to a resource
exchange agreement between the City of San Diego
and the Regional Water Quality Control Board (City
of San Diego 2005b). Data for temperature, salinity,
density, pH, transmissivity (water clarity), chlorophyll
a, and dissolved oxygen were recorded by lowering a
SeaBird conductivity, temperature and depth (CTD)
instrument through the water column. Profiles of
each parameter were constructed for each station by
batch process averaging of the data values recorded
over 1-m depth intervals. This ensured that physical
measurements used in subsequent data analyses
corresponded with bacterial sampling depths. Further
details regarding CTD data processing are provided
in the EMTS Division Laboratory Quality Assurance
Plan (City of San Diego in prep.). To meet the COP
sampling frequency requirements for kelp bed areas,
CTD casts were conducted at the kelp stations an
additional 4 times each month. Visual observations of
weather and water conditions were recorded prior to
each CTD sampling event.

Monitoring of the SBOO area and neighboring
coastline also included aerial and satellite image
analysis performed by Ocean Imaging (OI) of Solana
Beach, CA. Allusable images captured during 2005 by
the Moderate Resolution Imaging Spectroradiometer
(MODIS) satellite were downloaded, and several
quality Landsat Thematic Mapper (TM) images were
purchased monthly. Aerial images were collected
with OI’s DMSC-MKII digital multispectral sensor
(DMSCQ). Its 4 channels were configured to a specific
wavelength (color) combination which, according to
OI’s previous research, maximizes the detection of the
SBOO plume’s turbidity signature by differentiating
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between the wastewater plume and coastal turbidity.
The depth penetration of the sensor varies between
8 and 15 m, depending on overall water clarity.
The spatial resolution of the data is dependent upon
aircraft altitude, but is typically maintained at 2 m.
Several aerial overflights were performed each
month for a total of 11 flights from January through
April and November through December and 6 flights
from May through October.

RESULTS anp DISCUSSION

Expected Seasonal Patterns of Physical and
Chemical Parameters

Southern California weather can be classified into 2
basic “seasons”, wet (winter) and dry (spring through
fall) (NOAA/NWS 2005), and certain patterns in
oceanographic conditions track these ‘“seasons.”
In the winter, water temperatures are cold and the
water column is well-mixed resulting in similar
properties throughout the water column. In contrast,
dry summer weather warms the surface waters and
introduces thermally-sustained stratification that
is occasionally interrupted by upwelling events.
Despite a sampling schedule that is spread out over
several days during each month, historical analyses
of oceanographic data collected from the South Bay
region support this pattern (Figure 2.2).
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Each year, typical winter conditions are
present in January and February. A high degree
of homogeneity within the water column is
the normal winter signature for all physical
parameters, although storm water runoff may
intermittently influence density profiles by
causing a freshwater lens within nearshore
surface waters. The chance that the wastewater
plume may surface is highest during these winter
months when there is little, if any, stratification
of the water column. These conditions often
extend into March, when a decrease in the
frequency of winter storms brings about the
transition of seasons.

In late March or April, the increasing elevation
of the sun and lengthening days begin to
warm the surface waters and re-establish the
seasonal thermocline and pycnocline to coastal
and offshore waters. Once stratification is
established by late spring, minimal mixing
conditions tend to remain throughout the summer
and early fall months. In October or November,
cooler temperatures, reduced solar input, and
increased stormy weather cause the return of
the well-mixed, homogeneous water column
characteristic of winter months.

Observed Seasonal Patterns of Physical and
Chemical Parameters

The record rainfall of October and December
2004 continued into early 2005, with above
normal rain occurring during January and
February  (Figure 2.3A) (NOAA/NWS
2005). Normal conditions returned in March,
continued through October, and were followed
by drought conditions in November and
December. Air temperatures were also extreme
in 2005. Unseasonably warm air temperatures
approaching the upper confidence limit for the
historical average occurred in January—March,
May, and November (Figure 2.3B). Despite
these circumstances, thermal stratification of
the water column followed normal seasonal
patterns at the nearshore and offshore sampling
areas, with local weather affecting an increase
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in surface water temperature and nearshore
turbidity during the first part of the year.

Temperature is the main factor affecting water
density and stratification of southern California
ocean waters (Dailey et al. 1993, Largier et al.
2004) and provides the best indication of the
surfacing potential of the wastewater plume.
This is particularly true of the South Bay
region where waters are shallow and salinity
is relatively constant. During 2005, average
surface water temperatures in January and March
were unseasonably warm (15.3 and 16.0 °C,
respectively), likely the result of the warmer than
normal air temperatures (Table 2.1). Coincident
with a subsequent decline in air temperature,
surface water temperatures fell to 13.7 °C in
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Table 2.1

Differences between the surface (<2 m) and bottom (>27 m) waters for mean values of temperature (°C), salinity
(ppt), density (8/8),dissolved oxygen (mg/L), pH, chlorophyll a (ug/L), and transmissivity (%) at all SBOO monthly
water quality stations during 2005. The greatest differences between surface and bottom values are highlighted and
in bold bold type.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Temperature Surface 153 ns 16.0 137 152 192 196 168 171 17.7 16.1 14.2
Bottom 152 ns 127 106 103 109 112 107 11.0 121 131 124

Difference 0.04 ns 3.3 3.1 5.0 8.3 8.4 6.1 6.2 5.6 2.9 1.8

Density Surface 2423 ns 24.17 25.01 24.76 23.86 23.73 24.33 24.23 2411 24.46 24.87
Bottom 2456 ns 2516 25.87 25.90 25.77 25.57 25.66 25.70 25.40 25.15 25.31

Difference -0.33 ns -0.99 -086 -1.13 -1.91 -1.84 -1.33 -147 -1.30 -0.69 -0.43

Salinity Surface 32.82 ns 32.95 33.39 33.51 33.55 33.51 33.42 33.37 33.40 33.34 33.37
Bottom 33.24 ns 33.33 33.74 33.70 33.68 33.49 33.51 33.61 33.50 33.43 33.45

Difference -0.42 ns -0.37 -0.35 -0.19 -0.13 0.02 -0.08 -0.24 -0.10 -0.09 -0.08

DO Surface 7.9 ns 8.1 9.2 71 8.5 9.5 9.4 9.4 8.6 8.6 8.0
Bottom 7.7 ns 6.4 41 4.4 4.0 5.8 5.7 4.4 5.2 6.1 5.6

Difference 0.1 ns 1.8 5.1 2.7 4.6 3.7 3.7 5.0 3.4 25 2.4

pH Surface 8.1 ns 8.1 8.2 8.1 8.4 8.4 8.2 8.3 8.1 8.2 8.2
Bottom 8.1 ns 7.9 7.8 7.9 7.8 7.9 7.9 7.8 7.8 8.0 8.0

Difference -0.0 ns 0.2 0.4 0.3 0.6 0.5 0.4 0.4 0.3 0.2 0.2

XMS Surface 70 ns 71 62 76 72 71 78 72 79 85 84
Bottom 88 ns 85 86 90 87 89 90 90 89 88 89

Difference -18 ns -14 -25 -14 -15 -18 -13 -17 -10 -3 -5

Chl a Surface 1.9 ns 20 168 23 100 183 65 120 43 2.9 3.7
Bottom 1.7 ns 1.5 2.1 1.2 14 2.9 1.7 1.4 2.2 3.2 3.0

Difference 0.2 ns 05 147 11 85 154 49 106 21 -0.3 07

April. This was followed by seasonal warming of
the surface waters that began in May, progressed
rapidly, and peaked in July with mean surface
temperatures reaching 19.6 °C. A relatively
rapid decline of about 3 °C occurred in August,
followed by a slight increase during September
and October. Thereafter, surface temperatures
declined rapidly from 17.7 °C in October to
14.2 °C in December.

Bottom temperatures were also relatively high in
January 2005, but fell back to normal in succeeding
months (Table 2.1). Bottom water temperatures
measured in January averaged 15.2 °C, over 1 °C
higher than most other years (Table 2.2). They fell

to about 12 °C by March, and ranged from 10.2 to
13.1 °C for the remainder of the year.

Although surface and bottom temperatures differed
somewhat from previous years, thermal stratification
of the water column followed normal seasonal patterns
(Figures 2.4, 2.5, Table 2.2). Stratification of the water
column was minimal or absent during January with
the difference between average surface and bottom
temperatures being only 0.04 °C. However, stratification
started to develop in March and April with differences
of >3 °C between surface and bottom temperatures.
Thermoclines of ~1 °C over less than 1 meter of depth
were present between 4 and 6 m during this period.
Thermal stratification was strongest in June and July.
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Table 2.2

Differences between the surface (<2 m) and bottom (>27 m) waters for mean values of temperature (°C) at all
SBOO monthly water quality stations during 2000-2005. The highest annual temperatures for surface and bottom

temperatures are in bold type. ns=not sampled (see text).

2000 2001 2002 2003 2004 2005
Mean A Mean A Mean A Mean A Mean A Mean A

Jan surface 141 14.6 14.2 14.7 13.8 15.3
bottom 128 1.3 141 05 132 1.0 13.7 1.0 128 1.0 15.2 0.1

Feb surface 13.2 14.2 12.8 15.2 13.8 ns

bottom 119 13 126 1.6 116 1.2 139 13 1.7 2.1 ns

Mar surface 13.9 13.9 12.4 15.5 14.2 16.0
bottom 1.9 20 134 05 10.7 1.7 1.6 3.9 1.7 25 12.7 3.3

Apr surface 15.3 13.9 14.0 15.0 16.7 13.7
bottom 10.3 5.0 1.2 27 11.3 27 10.9 4.1 115 52 10.6 3.1

May surface 18.0 16.5 15.8 14.8 16.7 15.2
bottom 10.2 7.8 114 5.1 10.5 53 104 44 11.1 5.6 10.2 5.0

Jun surface 16.6 17.8 18.2 17.2 18.9 19.2
bottom 10.3 6.3 106 7.2 1.5 6.7 10.7 6.5 10.3 8.6 109 8.3

Jul surface 19.1 18.0 18.2 19.3 18.4 19.6
bottom 121 7.0 1.8 6.2 10.6 7.6 114 79 10.7 7.7 11.2 84

Aug surface 20.3 18.1 17.3 17.2 201 16.8
bottom 127 7.6 111 7.0 10.8 6.5 108 6.4 1.6 8.5 10.7 6.1

Sep surface 18.4 17.1 19.7 18.2 22.2 17.1
bottom 1.8 6.6 114 57 11.7 8.0 1.6 6.6 12.7 95 1.0 6.1

Oct surface 20.0 191 17.0 17.5 174 17.7
bottom 134 6.6 126 6.5 1.9 51 125 50 120 54 121 56

Nov surface 17.0 15.9 15.7 16.9 18.2 16.1
bottom 125 45 134 25 124 3.3 135 34 143 39 131 3.0

Dec surface 14.6 14.2 15.9 15.6 15.7 14.2
bottom 124 22 13.8 04 146 1.3 13.8 1.8 144 1.3 124 1.8

Temperature differences between surface and bottom
waters were >8 °C with thermoclines of ~3 °C over 1
meter depth. A weaker shallow thermocline (~1 °C)
persisted into October, but became undetectable in
CTD profile data by November.

Deviations from this generally thermal-driven pattern
occurred in April and August when surface and mid-
level water temperatures dipped (Figures 2.4, 2.5 and
Table 2.1). These cooling events are similar to those
of previous years and may be the result of localized
upwelling associated with the inshore movement of
water from the California Current (see City of San
Diego2004,2005a). A recent study of upwelling within
the South Bay sampling region suggests that these
events may not be primarily wind-driven, but rather
due to topographic features that create a divergence
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of the prevailing southerly flow as it passes the Point
Loma headland (Roughan et al. 2005).

Surface water salinity in 2005 displayed some
seasonal patterns related to increasing air
temperatures, rain runoff, and the April upwelling
(see Figures 2.4, 2.5). Surface salinity at the
monthly water quality stations ranged from 32.82 to
33.55 ppt (Table 2.1). Substantial freshwater inputs
from winter storms during January—March resulted
in average near-surface salinity values below 33 ppt.
These conditions allowed for the development of
salinity haloclines near the surface (1-5 m) during
January—March. In contrast, warm air temperatures
and the influx of cold, upwelled waters held surface,
mid, and bottom water salinities to above 33.3 ppt
for the remainder of the year.
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Figure 2.4

Monthly average temperature (°C), density (6/8), salinity
(ppt), transmissivity (%), dissolved oxygen (mg/L), and
chlorophyll a (ug/L) values for surface (<2m) and bottom
(=18m) waters at the three kelp water quality stations

during 2005.
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Monthly average temperature (°C), density (8/8), salinity
(ppt), transmissivity (%), dissolved oxygen (mg/L), and
chlorophyll a (ug/L) values for surface (<2m), mid-depth
(10—20 m) and bottom (>27m) waters at the monthly water

quality stations during 2005.
|



u.S. / Mexico Bor

Outfall plume visible
in near surface waters

Figure 2.6

DMSC image composite acquired on January 12, 2005 showing the SBOO outfall and coastal region after heavy
rains. The Tijuana River plume reached several kilometers west of the outfall wye. The outfall plume effluent
displaced the shallow heavily turbid runoff layer and appears clearer.

Although density is a product of temperature,
salinity and pressure, temperature is the principal
component that drives density in the South Bay area
because of the relatively shallow depths and the
relative uniform salinity profiles. Therefore, changes
in density typically mirror changes in temperature.
This inverse relationship was true for the 2005 data
collected by CTD at the South Bay kelp and offshore
monthly water quality stations (see Figures 2.4,
2.5). Offshore surface water density was lowest in
June and July, when surface waters were warmest.
The difference between surface and bottom water
densities was greatest from May through October,
with the resulting pycnocline contributing to the
stratification of the upper column at the time.

Remote sensing generally confirmed the above
observations of water column stratification. For
example, DMSC aerial imagery detected the
outfall plume’s near-surface signature in January
and the latter part of February when the water
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column was well mixed (Ocean Imaging 2005a:
Figure 2.6). Subsequent aerial imagery indicated
that the outfall plume remained in the lower part of
the water column from March through December
(Ocean Imaging 2005a, b, 2006). Despite water
column profile data from kelp and monthly
water quality surveys suggesting an unstratified
water column in November and December, the
wastewater plume was not detected in surface
waters by remote sensing until mid-December
(Ocean Imaging 2006).

Observed Patterns in Turbidity and Plankton

The record rainfall in late 2004 through early 2005
caused large volumes of turbid runoff to exit from
San Diego Bay, the San Diego and Tijuana Rivers,
and Los Buenos Creek. The affects of this storm-
driven surface turbidity were apparent in nearshore
and offshore transmissivity measurements. For
example, mean surface and bottom transmissivity



measurements at the kelp bed stations were below
70% through May 2005 (Figure 2.4). Moreover,
runoff containing agricultural and effluent materials
from the Tijuana River during the heavy rains of
January through March combined with cooler,
nutrient-rich water upwelled near the Point Loma
headland and created favorable conditions for
plankton blooms.. The density of these blooms
reduced offshore surface water clarity to near or
below 75% for much of the year in the (Figure 2.5).
Together, the storm and plankton-driven turbidity
reduced surface water transmissivity values for
2005 by 7% compared to 2004 values (City of San
Diego 2005a).

Patterns of turbidity caused by storm runoff,
tidal flushing of the bay and rivers, and plankton
acted as markers of water movement visible in
the satellite imagery (see Figure 2.7). Although
surface currents (0—-15m) typically flow
southward in the Southern California Bight
(Dailey et al 1993), analysis of MODIS imagery
captured in 2005 shows intermittent northward
flows in ~13% of the images. These northward
flows were slightly more frequent from January
through March and October through December
(16%) than from April through September
(11%). The highest frequency of northward
flows occurred during the heavy rains of
January—February (28%) and in August (40%),
whereas the lowest frequency (0%) occurred in
March and June. For example, record rainfall
in February combined with relative strong
northward current episodes to create turbidity
plumes from the Tijuana River that extended
to the northwest over the SBOO (Figure 2.7A).
Later in the year, strong northward currents
carried turbidity flows from San Diego Bay
northwestward over the Point Loma outfall pipe
(Figure 2.7D). In contrast, the typical southward
flow was evident in patterns in nearshore
turbidity and the movement of dense plankton
blooms in April and June (Figures 2.7B, C).

Red tides present in the region from April through
October were due to a bloom of the dinoflagellate
Lingulodinium polyedra. This species has
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dominated the Southern California Bight since
1995. Gregorio and Pieper (2000) have found
that the species persists at the Los Angeles River
mouth from winter through summer and that river
runoff during the rainy season provides significant
amounts of nutrients that allow for rapid population
increases. Runoff containing agricultural and
effluent materials from the Tijuana River during
the heavy rains of January through March most
likely contributed to the widespread red tides
observed in South Bay. In addition, cooler,
nutrient-rich water upwelled near the Point Loma
headland can drift south towards the Tijuana River
mouth enriching conditions for plankton bloom
development (Roughan et al. 2005).

Aerial imagery and chlorophyll a data indicated that
the plankton bloom were strongest near Imperial
Beach and the Tijuana River mouth (Figure 2.8).
CTD profile data indicated that peak surface
chlorophyll a concentrations occurred in April,
June, July, and September. Corresponding declines
in mean transmissivity values as well as increases
in dissolved oxygen and pH indicate that this bloom
persisted throughout the summer and fall and was
strongest in April and July. The reduced oxygen
values at mid and bottom depths during September
were likely due to the biological and detrital
oxidation associated with a fading plankton bloom
(Pickard and Emery 1990).

SUMMARY ano CONCLUSIONS

Oceanographic conditions during 2005 were
generally within expected seasonal variability.
Rainfall was well above average during January
and February, near average from March through
October, and below average during November and
December. The influx of freshwater during January
through March contributed to shallow haloclines
as well as large plumes of turbid water along shore
that occasionally passed over the outfall. Surface
temperatures differed from previous years as
unseasonably high air temperatures in January—
March contributed to warmer than normal winter
surface waters. The maximum surface temperatures
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Figure 2.7

MODIS satellite image showing the San Diego region, captured during 2005 on (A) February 24, (B) April 15, (C)
June 22, (D) October 10, and (E) December 9. White pixels offshore represent areas obscured by cloud cover.
White pixels along the shoreline are due to “washout” or band saturation and to the histogram stretches used to

enhance turbidity features in surface waters.
.
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the San Diego coastline.
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occurred in early summer (June and July) and
declined in late summer (August and September)
when mean air temperatures fell below a 90-year
average. Bottom temperatures were also higher than
normal in January 2005, but fell back to normal in
succeeding months. Despite the minor deviations
from expected surface and bottom temperatures,
thermal stratification of the water column followed
typical patterns. Water column stratification began to
develop in March and persisted through October.

Record rains produced significant turbidity flows
from San Diego Bay, the San Diego River, the
Tijuana River, and Los Buenos Creek during the
first few months of the year. Upwelling in April
and August appeared to contribute to a massive red
tide that was present from April through October,
particularly along the shallower depth contours.
Patterns in surface water turbidity resulting from
these events revealed a predominantly northward
current regime in the South Bay region from January
through March, and a southerly flow thereafter.

Remote sensing observations generally confirmed
the above pattern of water column stratification.
The outfall plume’s near-surface signature was
detected by DMSC aerial imagery in January and
the latter part of February when the water column
was well mixed, but remained in the lower part of
the water column from March through December
(Ocean Imaging 2005a, b, 2006). Finally, aerial
imagery indicated that runoff from the Tijuana
River and occasionally San Diego Bay appeared
to be significant factors in increasing turbidity and
contamination to surface waters of the South Bay
region, while the wastewater plume from the outfall
tended to have a less significant effect. In general,
data from water column measurements for the
region, together with remote sensing data, revealed
little evidence of impact from the SBOO.

LITERATURE CITED

Bowden, K.F., 1975. Oceanic and Estuarine
Mixing Processes. In: Ed., J.P. Riley and G.
Skirrow, eds. Chemical Oceanography, 2™ Ed.
Academic Press, San Francisco.

21

City of San Diego. (2004). Annual Receiving
Waters Monitoring Report for the South Bay
Ocean Outfall (International Wastewater
Treatment Plant), 2003. City of San Diego
Ocean Monitoring Program, Metropolitan
Wastewater Department, Environmental
Monitoring and  Technical Services
Division, San Diego, CA.

City of San Diego. (2005a). Annual Receiving
Waters Monitoring Report for the South Bay
Ocean Outfall (International Wastewater
Treatment Plant), 2004. City of San Diego
Ocean Monitoring Program, Metropolitan
Wastewater  Department,  Environmental
Monitoring and Technical Services Division,
San Diego, CA.

City of San Diego. (2005b). Letter to the Regional Water
Quality Control Board, Region 9, dated February
8, 2005. Located at: San Diego Regional Water
Quality Control Board offices, San Diego, CA.

City of San Diego. (in prep.). EMTS Division
Laboratory Quality Assurance Project Plan.
City of San Diego Ocean Monitoring Program,
Metropolitan Wastewater Department,
Environmental Monitoring and Technical
Services Division, San Diego, CA.

Dailey, M.D., Reish, D.J. and Anderson, J.W. (eds.)
(1993). Ecology of the Southern California
Bight: A Synthesis and Interpretation. University
of California Press, Berkeley, CA. 926 pp.

Gregorio, E. and R.E. Pieper. (2000). Investigations
ofred tides along the Southern California coast.
Southern California Academy of Sciences
Bulletin, Vol. 99 (3): 147-160.

Largier, J., L. Rasmussen, M. Carter, and C.
Scearce. (2004). Consent Decree — Phase One
Study Final Report. Evaluation of the South
Bay International Wastewater Treatment Plant
Receiving Water Quality Monitoring Program
to Determine Its Ability to Identify Source(s)
of Recorded Bacterial Exceedances. Scripps



Institution of Oceanography, University of
California, San Diego, CA. 241 pp.

NOAA/NWS. (2005). The National Oceanic and
Atmospheric Association and the National
Weather Service Archive of Local Climate
Data for San Diego, CA. http://www.wrh.noaa.
gov/sandiego/climate/lcdsan-archive.htm

North, W.J. (1991). The Kelp Beds of San Diego
and Orange Counties. 270 pp.

North, W.J., D.E. James, and L.G. Jones. (1993).
History of kelp beds (Macrocystis) in
Orange and San Diego Counties, California.
Hydrobiologia, 260/261: 277-283

Ocean Imaging. (2005a). Satellite and Aerial Coastal
Water Quality Monitoring in the San Diego/
Tijuana Region: Monthly Report for January,
February & March 2005. Solana Beach, CA.

Ocean Imaging. (2005b). Satellite and Aerial
Coastal Water Quality Monitoring in the San
Diego/Tijuana Region: Monthly Report for
April through September 2005. Solana Beach,
CA.

Ocean Imaging. (2006). Satellite and Aerial Coastal
Water Quality Monitoring in the San Diego/
Tijuana Region: Monthly Report for October
through December 2005. Solana Beach, CA.

22


http://www.wrh.noaa

Chapter 3
Microbiology



Chapter 3. Microbiology

INTRODUCTION

The City of San Diego performs shoreline and
water column bacterial monitoring in the region
surrounding the South Bay Ocean Outfall (SBOO).
The SBOO monitoring program is designed to assess
general water quality, evaluate general patterns in
movement and dispersal of the wastewater plume,
and demonstrate a level of compliance with the
2001 California Ocean Plan (CSWRCB 2001) as
required by the NPDES discharge permit. The final
results of bacteriological and individual station
compliance data are submitted to the International
Boundary and Water Commission and San Diego
Regional Water Quality Control Board in the form
of monthly receiving waters monitoring reports.
Overall bacteriological densities, together with
oceanographic data (see Chapter 2), are evaluated
to provide information about the movement and
dispersion of wastewater discharged through the
outfall. Analyses of these data may also implicate
point or non-point sources other than the outfall as
contributing to bacterial contamination events in
the region. This chapter summarizes and interprets
patterns in bacterial concentration data collected
during 2005.

MATERIALS anxo METHODS

Field Sampling

Water samples for bacteriological analyses were
collected at fixed shore and offshore sampling sites
during the year (Figure 3.1). Weekly sampling was
performed at 11 shore stations to monitor bacteria
levels along public beaches. Three shore stations
(S0, S2, S3) located south of the US/Mexico border
are not subject to 2001 California Ocean Plan (COP)
water contact standards. Eight other shore stations
(S4-S6, S8-S12) located within the United States
between the border and Coronado are subject to
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the COP standards (see Box 3.1). In addition, 28
offshore stations were sampled monthly, usually
over a 3-day period. However, this monthly
sampling was not conducted in February pursuant
to an agreement between the City and the Regional
Water Quality Control Board (City of San Diego
2005b). These 28 offshore sites are located in a grid
surrounding the outfall along the 9, 19, 28, 38, and
55-m depth contours. Three of these stations (125,
126, 139) are considered kelp bed stations and are
subject to the COP water contact standards. The
kelp stations were sampled for bacterial analysis
5 times each month, such that each day of the week
is represented over a 2-month period. The 3 kelp
stations were selected because of their proximity to
suitable substrates for the Imperial Beach kelp bed;
however, this kelp bed is transient with variable size
and density (North 1991, North et al. 1993). Thus,
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Water quality monitoring stations where bacteriological
samples were collected, South Bay Ocean Outfall
Monitoring Program.




Box 3.1

2001). CFU = colony forming units.

five samples.

Bacteriological compliance standards for water contact areas, 2001 California Ocean Plan (CSWRCB
(1) 30-day total coliform standard — no more than 20% of the samples at a given station in
any 30-day period may exceed a concentration of 1000 CFU per 100 mL.

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

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

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

these 3 stations are located in an area where kelp is
only occasionally found.

Seawater samples from the 11 shore stations were
collected from the surf zone in sterile 250-mL
bottles. In addition, visual observations of water
color and clarity, surf height, human or animal
activity, and weather conditions were recorded
at the time of collection. The seawater samples
were then transported on ice to the City’s Marine
Microbiology Laboratory and analyzed to determine
concentrations of total coliform, fecal coliform, and
enterococcus bacteria.

Offshore seawater samples were collected at
3 discrete depths and analyzed for total coliform,
fecal coliform, and enterococcus bacteria, as well
as total suspended solids, and oil and grease. These
samples were collected using either a series of Van
Dorn bottles or a rosette sampler fitted with Niskin
bottles. Specific field sampling procedures are
outlined in the City’s Quality Assurance Plan (City
of San Diego in prep). Aliquots for each analysis
were drawn into appropriate sample containers. The
samples were refrigerated on board ship and then
transported to either the City’s Marine Microbiology
Laboratory for bacterial analyses or to the City’s
Wastewater Chemistry Laboratory for analysis of oil
and grease, and suspended solids. Visual observations
of weather and sea state were also recorded at the
time of sampling.
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Monitoring of the SBOO area and neighboring
coastline also included aerial and satellite image
analysis performed by Ocean Imaging Corporation
(OI). All usable images captured during 2005 by the
Moderate Resolution Imaging Spectroradiometer
(MODIS) satellite were downloaded, and several
quality Landsat Thematic Mapper (TM) images
were purchased. Aerial images were collected with
OI’'s DMSC-MKII digital multispectral sensor
(DMSC). Its 4 channels were configured to a specific
wavelength (color) combination which, according to
OI’s previous research, maximizes the detection ofthe
SBOO plume’s turbidity signature by differentiating
between the wastewater plume and coastal turbidity.
The depth penetration of the imaging varies between
8 and 15 meters, depending on overall water clarity.
The spatial resolution of the data is dependent
upon aircraft altitude, but is typically maintained at
2 meters. Several aerial overflights were performed
each month for a total of 11 flights from January
through April and November through December and
6 flights from May through October.

Laboratory Analyses and Data Treatment

All bacterial analyses were performed within
8 hours of sample collection and conformed to
the membrane filtration techniques outlined in the
City’s Quality Assurance Plan (City of San Diego
in prep). The Marine Microbiology Laboratory



follows guidelines issued by the EPA Water Quality
Office, Water Hygiene Division and the California
State Department of Health Services (CDHS)
Environmental Laboratory Accreditation Program

with respect to sampling and analytical procedures
(Bordner et al. 1978, Greenberg et al. 1992).

Colony counting, calculation of results, data
verification and reporting all follow guidelines
established by the EPA (see Bordner et al. 1978).
According to these guidelines, plates with bacterial
counts above or below the ideal counting range
were given greater than (>), less than (<), or
estimated (e) qualifiers. However, these qualifiers
were dropped and the counts treated as discrete
values during the calculation of compliance with
COP standards and mean values.

Shore and kelp bed station compliance with COP
bacteriological standards were summarized according
to the number of days that each station was out of
compliance (see Box 3.1). Bacteriological data for
offshore stations are not subject to COP standards,
but were used to examine spatio-temporal patterns in
the dispersion of the waste field. Spatial and temporal
patterns in bacteriological contamination were
determined from mean densities of total coliform,
fecal coliform, and enterococcus bacteria. These data
were calculated for each station by month, station,
and depth. Monthly rainfall and climatological data
(Lindbergh Field, San Diego, CA), oceanographic
conditions (see Chapter 2), as well as other events
(e.g., storm water flows, nearshore and surface
water circulation patterns) identified through
remote sensing data were evaluated relative to the
bacterial data. COP and AB 411 (CDHS 2000)
bacteriological benchmarks were used as reference
points to distinguish elevated bacteriological
values in receiving water samples discussed in this
report. These were >1000 CFU/100 mL for total
coliforms, >400 CFU/100 mL for fecal coliforms,
and >104 CFU/100 mL for enterococcus bacteria.
Furthermore, “contaminated” water samples were
identified as samples containing total coliform
concentrations >1000 CFU/mL and a fecal:total (F:T)
ratio >0.1 (see CDHS 2000). Samples from offshore
monthly water quality stations that met these criteria
were used as indicators of the SBOO waste field.
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Quality assurance tests were performed routinely
on water samples to ensure that sampling variability
did not exceed acceptable limits. Duplicate and
split field samples were collected according to
method requirements and processed by laboratory
personnel to measure intra-sample and inter-analyst
variability, respectively. Results of these procedures
were reported in the Laboratory’s Quality Assurance
Report (City of San Diego 2006).

RESULTS anp DISCUSSION

Bacteriological densities in 2005 were generally
high due to heavy rainfall from January and
February (see Chapter 2). For example, annual
mean concentrations of indicator bacteria along
the shoreline (S5, S6, and S11) near the Tijuana
River were similar to levels seen only during
1998 and 2004, 2 previous years with similarly
heavy rainfall (Figure 3.2). Approximately 362
of the samples (18%) collected in 2005 had total
coliform concentrations greater than or equal to the
1000 CFU/100 mL benchmark. Of these, 193 were
collected at shore sites, 54 were collected at the kelp
stations, and 114 were collected at the offshore sites.
A total of 65 samples (11 kelp bed, 54 offshore)
had F:T ratios >0.1 that indicated the presence of
wastewater. These samples were further evaluated
to assess possible patterns in plume movement.

Temporal Variability

January through March was the wettest period of the
yearand hadthe highestdensities ofindicatorbacteria
inshoreline samples (Table 3.1). Intermittentrainfall
and continued stormwater discharges allowed high
levels of indicator bacteria to persist through May.
Most samples with total coliform concentrations
exceeding 10,000 CFU/100 mL occurred during
the wet months of January through May (n=112),
compared to 7 instances during the remainder of the
year. An unexpected increase in indicator bacteria
at shore stations S0, S2, and S6 in August may be
related to other non-point sources. Although there
was no recorded rainfall in August, MODIS imagery
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started in 2002.

taken on August 17 showed turbidity plumes from
the Tijuana River and Los Buenos Creek, Mexico.
Surface current data indicate a generally southern
current regime through most of August (SDCOOS
2005), which may have driven materials from the
Tijuana River southward. Bacteriological levels
remained low at most of the shore stations from
September to December, despite intermittent rains.

Similar to the shoreline results, the highest densities
of'indicator bacteria at the kelp bed stations occurred
from January through March. Ninety-four percent
of the samples with total coliform concentrations
>1000 CFU/100 mL were collected from January
through May (Appendix A.1). All of the samples
collected in April and May had low fecal coliform
densities and were probably not indicative of
contaminated water from the outfall plume.

Monthly sampling at the offshore sites also showed
distinct seasonal trends in indicator bacteria related
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to rainfall and storm discharge (Figure 3.3).
Two-thirds of the 114 samples with total coliform
concentrations >1000 CFU/100 mL occurred
during January, March, April, and May (see
Appendices A.2, A.3). Additionally, all but 2 of the
21 inshore (9 and 19-m contour) station samples
representative of contaminated water occurred in
January, March or April. Most, if not all, of these
samples were likely related to discharge from
the Tijuana River and Los Buenos Creek. During
periods of northward current flows, discharge from
the Tijuana River and Los Buenos Creek is carried
up the coast towards Imperial Beach and may
affect water quality at inshore stations (City of San
Diego 2005a).

Seasonal trends related to water column stratification
were also apparent in the offshore monthly water
quality samples. The wastewater plume remained
sub-surface most of the year, but was detected in
surface waters at stations along the 28-m contour



Table 3.1

Shore station bacterial densities and rainfall data for the SBOO region during 2005. Mean total coliform, fecal
coliform, and enterococcus bacteria densities are expressed as CFU/100 mL. Rainfall is expressed in inches as
measured at Lindbergh Field, San Diego, CA. Sample size (n) for each station is given parenthetically and includes
resamples.

Month S9 S8 S12 S6 S11 S5 S10 S4 S3 S2 S0
(Rainfall) (54) (54) (57) (59) (63) (70) (59) (55) (52) (52) (52)
Jan Total 3909 5388 9964 10057 11370 14857 4140 1010 8115 8059 8063
(4.49) Fecal 176 441 394 1100 2220 9234 211 30 3610 2003 3504
Entero 448 632 973 1669 2965 6460 46 117 3840 6010 4911
Feb Total 6812 7004 7156 10709 12170 13300 8762 9200 6425 4720 3709
(5.83) Fecal 686 1980 1496 4228 5030 9079 433 563 719 334 158
Entero 687 2207 3173 4364 4670 7956 1154 748 1446 1189 565
Mar Total 18 10 4270 6500 10068 16000 10373 8750 6002 4622 1356
(2.12) Fecal 4 2 1062 3030 4371 8556 803 1810 392 141 88
Entero 4 3 60 270 1357 9185 181 164 66 42 56
Apr Total 12 56 3452 6620 11591 13791 12817 4581 2223 824 934
(0.59) Fecal 18 6 240 3282 4583 7832 3867 410 184 73 61
Entero 5 4 4 161 332 5823 141 9 16 4 11
May Total 20 33 992 5527 6114 9085 5478 5515 3273 85 1388
(0.12) Fecal 8 4 124 1742 3618 3255 2031 2031 2404 4 108
Entero 27 4 3 173 1201 1635 63 99 87 6 1
Jun Total 20 16 97 95 85 85 380 480 600 120 4070
(0.02) Fecal 4 2 17 13 9 13 24 12 32 1" 1060
Entero 6 2 24 3 8 9 14 8 34 7 31
Jul Total 200 74 110 256 155 110 155 515 156 1045 4525
(0.01) Fecal 17 7 1 17 7 8 5 38 31 257 549
Entero 26 44 7 9 12 15 10 36 24 112 214
Aug Total 128 52 844 1564 1814 1257 460 694 208 3214 6904
(0.00) Fecal 3 2 150 178 86 46 22 77 14 602 158
Entero 6 3 17 48 21 20 9 8 6 130 67
Sep Total 1 16 14 66 21 61 29 53 126 62 764
(0.10) Fecal 4 3 6 19 5 7 9 6 25 4 92
Entero 7 5 4 6 10 3 5 7 7 4 15
Oct Total 41 1 205 90 40 67 103 408 4096 134 532
(0.46) Fecal 16 2 16 12 13 6 1" 30 226 25 14
Entero 4 4 16 6 17 14 15 34 203 49 11
Nov Total 9 4 3 39 10 15 2 8 862 8 1213
(0.16) Fecal 5 3 2 2 2 4 3 2 54 3 159
Entero 3 2 4 2 2 4 3 2 6 4 11
Dec Total 16 1 9 9 37 10 12 7 16 45 5280
(0.25) Fecal 8 3 2 3 2 6 2 2 3 6 171
Entero 3 2 12 3 3 4 2 2 15 21 18

Annual Means
Total 1047 1191 2490 4067 5494 7819 4523 3175 2668 1917 3189
Fecal 86 227 334 1325 2097 4344 827 555 647 281 481

Entero 112 268 394 678 1053 3641 152 112 445 586 458
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in January and June (Figure 3.4). Prior to the
development of seasonal stratification that began
in March, an unstratified water column allowed
the wastewater plume to surface in January (see
Chapter 2). CODAR surface current data indicate
that an upwelling or water shearing event occurred
in June and was the likely cause of the plume
surfacing at station 122 on June 14.

Spatial Variability

Elevated bacterial densities along the shoreline and
in shallow, nearshore waters appeared to be related
to sources other than the SBOO. Proximity to the
Tijuana River and Los Buenos Creek discharges
influenced bacteriological levels along the shoreline
(Table 3.1). The highest densities of indicator
bacteria occurred at the shore stations closest to
the Tijuana River (S4, S5, S6, S10, S11), where
contaminants from upstream sources (e.g., sod farms
and runoff not captured by the canyon collector
system) and the estuary (e.g., decaying plant
material) are released during increased river flow
and extreme tidal exchanges (Largier et al. 2004).
For example, station S5, located next to the Tijuana
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SBOO monthly water quality samples collected in 2005
with high bacteria densities. Total coliform=number of
samples with total coliform densities 21000 CFU/100 mL;
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densities 21000 CFU/100 mL and fecal to total coliform
ratio (F:T) = 0.1 (indicative of wastewater). Mean rainfall
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River mouth, had the highest bacteria levels of all of
the shore stations sampled in 2005. Station SO, the
southernmost shore station, was likely impacted by
discharge from the nearby Los Buenos Creek and/
or southerly alongshore flow carrying Tijuana River
discharge. The 2 northern stations along the Coronado
shore had the lowest overall bacteriological densities
of all shore stations.

Discharge from the Tijuana River contained very
high bacterial concentrations and affected water
quality at the various nearshore stations (City of San
Diego, unpublished data; Ocean Imaging 2005a, b).
River discharge during January through May was
likely responsible for the elevated bacterial densities
in samples from inshore stations along the 9-m and
18-m contours. For example, there were 18 monthly
inshore station water samples representative of
stormwater (total coliforms >1000 CFU/100 mL and
F:T ratios <0.1) taken in January (Appendix A.3).
In addition, the samples from January with total
coliforms >1000 CFU/100 mL and F:T ratios >0.1
came from inshore stations near the Tijuana
River mouth, along the 9-m and 18-m contours
(Appendix A.2).

Water samples considered indicative of the
wastewater plume were detected most frequently
at stations along the 28-m depth contour and from
samples collected at depths >11 m (Figure 3.5A).
Twenty-six of these samples occurred along the
28-m contour: 19 at the 3 outfall stations (112,
114, 116), 6 at the northern stations 122 and 130,
and 1 at the southern station 19. Six other samples
were collected at deeper offshore stations (I8,
113, 120, 121) and 22 samples were collected at
stations along the 9 and 19-m contours (I5, I10,
118,119, 123, 124, 125, 139, 140).

There was limited bacteriological evidence that
the wastewater plume reached surface waters in
2005. Only 9 of the 54 samples representative of
contaminated water occurred in surface waters
(2 m) (Figure 3.5B).Thesesampleswerecollectedin
January (n=4), April (n=3), June (n=1), and October
(n=1) (Appendix A.1). The January samples were
collected from inshore stations after a 2-day storm
dropped 1.7 inches of rain. The 3 April samples may
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have been affected by the Tijuana River turbidity
plume, which was visible in MODIS imagery taken
on April 6. Similarly, MODIS imagery taken on
October 6 shows a turbidity plume emanating from
Los Buenos Creek, Mexico that extended offshore
to station I5. The San Antonio de los Buenos
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Figure 3.5

SBOO monthly water quality samples with high bacteria
densities collected by (A) transect and (B) depth in
2005. Total coliform = number of samples with total
coliform densities 21000 CFU/100 mL; F:T = number of
samples with total coliform densities 21000 CFU/100 mL
and fecal to total coliform ratio (F:T) 20.1 (indicative of

wastewater).
|



Table 3.2

Summary of compliance with 2001 California Ocean Plan water contact standards for SBOO shore and kelp bed
stations during 2005. Values reflect the number of days that each station exceeded the 30-day and 10,000 total
coliform standards (see Box 3.1). Shore stations are listed north to south in order from left to right.

30-day Total Coliform Standard

Shore stations Kelp stations

Month #days S9 S8 S$12 S6 S11 S5 S$10 S4 125 126 139
January 31 26 31 31 31 31 31 31 31 31 31 19
February 28 21 21 28 28 28 28 28 28 15 27 4
March 31 23 23 31 31 31 31 31 31 31 31 28
April 30 0 0 17 17 30 30 30 30 18 12 12
May 31 0 0 30 31 31 31 31 31 5 0 0
June 30 0 0 0 6 2 15 9 9 0 0 0
July 31 0 0 0 0 0 0 19 29 0 0 0
August 31 0 0 10 10 10 10 10 16 0 0 0
September 30 0 0 10 10 10 10 10 10 0 0 0
October 31 0 0 0 0 0 0 0 10 0 0 0
November 30 0 0 0 0 0 0 0 10 0 0 0
December 31 0 0 0 0 0 0 0 0 0 0 0
Percent Compliance 81% 79% 57% 55% 53% 49% 45% 36% 73% 72% 83%
10,000 Total Coliform Standard

January 31 0 0 1 1 2 3 0 0 0 0 0
February 28 1 1 1 2 2 3 0 1 1 0 0
March 31 0 0 0 1 2 5 2 0 0 1 0
April 30 0 0 0 1 2 3 2 0 0 0 0
May 31 0 0 0 1 1 1 1 1 0 0 0
June 30 0 0 0 0 0 0 0 0 0 0 0
July 31 0 0 0 0 0 0 0 0 0 0 0
August 31 0 0 0 0 0 0 0 0 0 0 0
September 30 0 0 0 0 0 0 0 0 0 0 0
October 31 0 0 0 0 0 0 0 0 0 0 0
November 30 0 0 0 0 0 0 0 0 0 0 0
December 31 0 0 0 0 0 0 0 0 0 0 0
Total 1 1 2 6 9 15 5 2 1 1 0

Wastewater Treatment Plant releases its partially
treated effluent through Los Buenos Creek (Ocean
Imaging 2004) and this may have affected total and
fecal coliform levels in the area. In contrast, samples
indicative of wastewater were limited to waters 6 m
and deeper during the rest of 2005.

Compliance with California Ocean Plan
Standards — Shore and Kelp Bed Stations

Compliance with COP bacterial standards for U.S.
shore and kelp bed stations in 2005 is summarized in
Tables 3.2 and 3.3. As in the previous years, heavy

rainfall caused some of the lowest compliance rates
since 1999 when discharge began and compliance
monitoring became required (see City of San Diego
2000-2005a). For example, compliance with the
30-day total coliform standard at the shore stations
ranged from 36 to 81% in 2005 relative to 34 to 86%
in 2004. However, the number of days that shore
stations were out of compliance with the 10,000 total
coliform standard increased from 31 in 2004 to 41 in
2005. The frequency of compliance with standards
based on running means (i.e., the 30-day total, 60-day
fecal, and geometric mean standards) was lowest
during the rainy period of January through May.
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Table 3.3

Summary of compliance with 2001 California Ocean Plan water contact standards for SBOO shore and kelp bed
stations during 2005. Values reflect the number of days that each station exceeded the 60-day fecal coliform and
geometric mean standards (see Box 3.1). Shore stations are listed north to south in order from left to right.

60-day Fecal Coliform Standard

Shore stations Kelp stations

Month # days S9 S8 S12 S6 S11 S5 S10 S4 125 126 139
January 31 10 10 31 31 31 31 31 31 0 31 8
February 28 16 16 28 28 28 28 28 28 15 28 24
March 31 31 31 31 31 31 31 31 31 31 31 30
April 30 23 23 30 30 30 30 30 30 25 24 24
May 31 0 0 31 31 31 31 31 31 2 2 4
June 30 0 0 30 30 30 30 23 22 0 0 0
July 31 0 0 1 2 1 10 3 3 0 0 0
August 31 0 0 0 30 16 0 0 0 0 0 0
September 30 0 0 0 30 30 0 0 0 0 0 0
October 31 0 0 0 14 14 0 0 0 0 0 0
November 30 0 0 0 0 0 0 0 0 0 0 0
December 31 0 0 0 0 0 0 0 0 0 0 0
Percent Compliance 78% 78% 50% 30% 34% 48% 52% 52% 80% 68% 75%
Geometric Mean Standard

January 31 0 0 22 28 10 31 0 0 0 0 0
February 28 0 0 0 6 14 28 0 0 0 0 0
March 31 0 0 9 28 31 31 14 7 0 0 0
April 30 0 0 0 3 30 30 26 18 0 0 0
May 31 0 0 0 26 26 31 18 0 0 0 0
June 30 0 0 0 0 0 1 0 0 0 0 0
July 31 0 0 0 0 0 0 0 0 0 0 0
August 31 0 0 0 0 0 0 0 0 0 0 0
September 30 0 0 0 0 0 0 0 0 0 0 0
October 31 0 0 0 0 0 0 0 0 0 0 0
November 30 0 0 0 0 0 0 0 0 0 0 0
December 31 0 0 0 0 0 0 0 0 0 0 0
Percent Compliance 100% 100% 92% 75% 70% 58% 84% 93% 100% 100% 100%

As in previous years, stations located near the Tijuana
River mouth exceeded water quality standards more
frequently than those farther northward. Only the 2
northernmost shore stations (S8 and S9) were compliant
with COP standards ~80% of the time. In contrast,
compliance at the more southern shore stations (S4,
S5, S6, S10, S11, S12) was less than 60% for the
30-day total and 60-day fecal coliform standards. The
proximity of these 6 stations to the Tijuana River may
explain the frequency with which they were out of
compliance. Excessive runoff volumes, tidal flushing,
and frequent and persistent northward currents early
in 2005 were probably responsible for the decreased

compliance at stations north of the Tijuana River
relative to previous years (City of San Diego 2005a,
Ocean Imaging 2005a).

The 3 kelp stations were compliant with the COP
standards over 68% of the time (Tables 3.2, 3.3).
The lowest incidences of compliance occurred
from January through April during periods of
heavy rainfall. As with the shore stations, increased
northward flow of surface waters in early 2005
affected compliance at stations northward of the
Tijuana River (126 and 139). Compliance with the
30-day total and 60-day fecal coliform standards
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ranged from 72% to 83% and 68% to 75%,
respectively for these 2 sites. These values are
similar to those reported in 2004. However, in years
prior to 2004, the station farthest from shore (139)
was compliant with COP standards over 90% of the
time. In general, it appears that shore and kelp station
compliance with COP standards was affected most
by shore-based discharges that increased during
periods of record rainfall during the end of 2004
and early 2005.

Bacterial Patterns Compared to Other
Wastewater Indicators

The monthly mean concentrations of oil and
grease were <0.50 mg/L in 2005 (Table 3