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FORWARD

In the city of Santa Cruz, California, coastal water quality
has continued to face impairment from the presence of fecal
indicator bacteria (FIB), such as Escherichia coli (E. coli) and
Enterococci (County of Santa Cruz, 2012). Santa Cruz’s Cowell
Beach and surrounding areas are routinely classified as impaired
throughout the year based on the exceedance of total maximum
daily loads (TMDLs), set forth by the Environmental Protection
Agency (EPA), for FIB concentrations (County of Santa Cruz,
2012; EPA 2013). According to a study done by the non-profit
Heal the Bay, Cowell Beach has been listed as one of the “Top 10
Dirtiest Beaches” in California, with multiple years being ranked
as the dirtiest beach in California, based on FIB bacteria
concentrations (HTB 2013). In addition to Cowell Beach, the San
Lorenzo River has been classified by the EPA as a 303(d) listed
impaired water body, due to multiple TMDL exceedances,
including FIB concentrations (County of Santa Cruz, 2012; EPA
2013).

The area of Cowell Beach, which is located directly north of
the San Lorenzo River mouth, poses multiple cultural, ecological,
and economical values for the City of Santa Cruz and
surrounding areas. Cowell Beach and the San Lorenzo River
mouth are located within the Monterey Bay National Marine
Sanctuary (MBNMS) (MBNMS 2014). In addition, they lie within
a World Surfing Reserve, established by Save the Waves
Coalition, with the goal of “preserving wave breaks and their
surrounding areas by recognizing and protecting the key
environmental, cultural, economic, and community attributes of
surfing areas” (WSR 2014). Culturally, the area of Cowell Beach
and the San Lorenzo River mouth has significant value for the
City of Santa Cruz and the history of surfing, being known as the
first place on mainland North America that experienced surfing
in 1885 (SurferToday 2015). Lastly, the Santa Cruz Beach
Boardwalk, one of Santa Cruz’s greatest tourist attractions, is
located directly between the San Lorenzo Rivermouth and Cowell
Beach. This area receives an estimated 1.5 to 2 million visitors
per year, many of whom regularly utilize the beaches for
swimming and recreation, creating a potentially significant
public health threat for the community of Santa Cruz and those
who visit the area (Schiffrin 1986). This may have a direct
impact on the economic value of this tourism asset, which
provides 1,600 seasonal and full-time jobs annually to the Santa
Cruz community, and generates the most visitation of the $513



million tourism industry within Santa Cruz (SCBB 2015; Santa
Cruz [Date unknown]).

Though a study has been done by Stanford University’s
Coastal Water Quality Research Group to assess marine-based
and storm water inputs associated with Cowell Beach (Russell et
al. 2013), none have been done to assess terrestrial sources
along the San Lorenzo River and its associated storm water
systems, despite continual evidence of high bacteria levels at the
San Lorenzo River mouth (HTB 2013; County of Santa CruzA
2012). Determining the sources and locations of the FIB
pollution inputs into the San Lorenzo River, Cowell Beach, and
surrounding areas is imperative to protecting human health
associated with recreation within these waterbodies, as well as
preserving the economic, cultural, and ecological value of the
area.

Surfrider Foundation

Surfrider Foundation is an international environmental
501(c) non-profit that focuses on the protection and preservation
of ocean, beach, and coastal environments. It was founded in
1984 in Malibu, California with a vision to protect the
environmental health and public access of oceans and beaches
and has grown to an organization with over 50,000 members and
has 90 chapters worldwide (Surfrider Foundation 2015).

Surfrider Foundation, Santa Cruz Chapter, originally
founded in 1991, has developed one of the largest community-ran
coastal water quality monitoring programs throughout the
international organization. Surfrider Foundation, Santa Cruz
Chapter has assisted in this project through providing grant
funding to the authors/primary investigator of this study and
through providing their water quality analysis laboratory and
instruments for the duration of the study.
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ABSTRACT

In the county of Santa Cruz, California, coastal and
terrestrial water quality have continued to face impairment from
the presence of FIB, based on exceedances of TMDLs set for the
by the EPA and through analyses conducted by the non-profit
Heal the Bay (County of Santa Cruzs 2012; HTB 2013). To assess
the presence and concentration of terrestrial-based FIB within
the lower San Lorenzo River watershed and its relationship to
FIB concentrations in its associated coastal areas, analyses were
conducted for historical and recent concentrations of FIB. The
historical analysis evaluated 3,706 FIB water samples within the
lower San Lorenzo River watershed from 2000 to 2013. Average
geometric means were calculated for samples taken during dry
periods (no precipitation) and wet periods (precipitation
present). The sites with the greatest average FIB concentrations
over the study period included Branciforte Creek at San Lorenzo
River, San Lorenzo River at Laurel Street Bridge, and the San
Lorenzo Rivermouth at the Trestle for dry samples and San
Lorenzo River at Laurel Street Bridge, Branciforte Creek at San
Lorenzo River, and the San Lorenzo Rivermouth at the Trestle
for wet samples. The results indicated that the primary area of
average FIB concentration increase along the San Lorenzo River
was down stream of the San Lorenzo River and Sycamore Grove
sample site with a noticeable increase beginning at San Lorenzo
River and Branciforte Creek confluence. Based on these results,
a field analysis was done during the 2014 WY, through 10
terrestrial sites being sampled and tested for E. coli twice a
month and three coastal sites being sampled and tested for
Enterococci weekly. A total of 354 samples were tested over the
2014 WY, with the results of the samples being separated into
“wet” and “dry” samples based on the presence, or lack of
presence, of precipitation (>0.1 in.) within a 72-hour period. The
median FIB concentrations were calculated at each sample site
for wet and dry periods and the results were i1llustrated using
graduated symbology in GIS. To determine the correlation
between precipitation and FIB concentrations, a regression
analysis was performed using a goodness-of-fit assessment,
which depicted no statiscally significant correlation between the
two variates. All sites within the study exceeded TMDL
standards for fluvial and coastal water samples numerous times
during the study period, with the greatest exceedances occurring
at the San Lorenzo River at Water Street Bridge, the Branciforte
Creek and San Lorenzo River confluence, and the San Lorenzo
Rivermouth. Additional research is needed to determine the
source(s) of the contamination and their pathways into the



fluvial systems through microbrial source tracking and the
evaluation of other abiotic environmental interactions, such as
seawater intrusion and the presence of sandbar barrier
development at the San Lorenzo Rivermouth.



BACKGROUND

Impairment of Local Water Bodies

The County of Santa Cruz is located within the Monterey
Bay National Marine Sanctuary (MBNMS) and the Santa Cruz
World Surfing Reserve (SCWSR), making it’s coastal zone a
highly valuable asset to marine and coastal ecosystems,
commercial/recreational fishing and other recreational uses, and
the local economy, with Santa Cruz County beaches generating
approximately 73% of the tourism attraction annually (MBNMS
2014; WSR 2014; Santa Cruz 2010, p. 16). Despite being part of
the MBNMS and SCWSR, the County of Santa Cruz has been
facing challenges in maintaining water quality objectives in its
freshwater and coastal environments (County of Santa Cruz,
2012; County of Santa Cruz 2014).

In 2013, Heal The Bay, a 501(c)(3) nonprofit, completed it’s
2012-2013 Annual Beach Report Card, which listed Cowell Beach
in Santa Cruz as the second dirtiest beach in California, based
on pathogen impairments (HTB 2013). Out of the last five
“Annual Beach Report Cards” (2009-2013), Cowell Beach has been
either the dirtiest or second dirtiest beach in the State for four
out of the five reports (2010-2013), with multiple beaches within
the County being on the “Top-10 Dirtiest Beaches” list for two
out of the five reports (2010 and 2011) (HTB 2013). In addition
to these reports, the County of Santa Cruz has multiple
permanently-posted high bacteria advisories for six beaches

Image 1. Confluence of the San Lorenzo River and the
Monterey Bay at Main Beach, Santa Cruz, CA.

within the County, as well as additional temporary advisories for
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other beaches throughout the County year-round (County of
Santa Cruz 2014).

Research is currently being done by Russell et al. (2013) to
address the issues of the pathogen impairment at Cowell Beach,
with a focus on investigating potential fecal indicator bacteria
(FIB) sources and the relative contributions for the potential
sources. The results of this study indicate that the FIB sources
are predominantly terrestrial, with the main contributing factors
being Enterococci bacteria stored in sand and Escherichia coli
(E. coli) from local groundwater sources (Russell et al. 2013).
Though this research has informed potential sources of FIB in
the Cowell area, it ruled out the San Lorenzo River as a
potential source of the pathogen impairment to Cowell Beach,
based on the results from samples taken during a 3-month period
in 2011 and 2012 (Russell et al. 2013). Though the San Lorenzo
River was ruled out as a potential source of FIB in the Cowell
area, the San Lorenzo River and Lagoon, which are listed by the
United States Environmental Protection Agency (EPA) as 303(d)
impaired water bodies, are potentially contributing to the
impairment of Main Beach, Cowell Beach, and surrounding areas,
with continual pathogen TMDL exceedances occurring at the San
Lorenzo Rivermouth year-round (County of Santa Cruz 2014).

Total Maximum Daily Load

Section 303(d) of the Clean Water Act (CWA) requires
states, territories, and authorized tribes to develop list of
impaired waters (EPA 2014). The listing of these impaired water
bodies are based on TMDL exceedances, with the TMDLs being
based on “a calculation of the maximum amount of a pollutant
that a waterbody can receive and still safely meet water quality
standards” (EPA 2014). In California, TMDLs are determined by
either the EPA or Regional Water Quality Control Boards
(RWQCBs) (SWRCB [date unknown]). For the County of Santa
Cruz, which falls under jurisdiction of the State’s Central Coast
Regional Water Quality Control Board (CCRWQCB), pathogen
TMDLs/numeric targets are set as follows:
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Table 1. Numeric targets for fecal indicator bacteria in freshwater and coastal recreational areas.
FIB: Fecal Indicator Bacteria; MPN: Most Probable Number.

FIB MPN / 100mL Comments

Total coliform 10,000 Single sample
1,000 Single sample - ratio of fecal/total coliform >0.1
1,000 30-day logarithmic mean of > 5 weekly samples

Fecal coliform 400 Single sample
200 30-day logarithmic mean of > 5 weekly samples

E. coli 235 Single sample
126 30-day logarithmic mean of > 5 weekly samples

Enterococcus 104 Single sample
35 30-day logarithmic mean of > 5 weekly samples

Along with coastal water quality impairments, multiple
freshwater/estuarine water bodies are 303(d) listed by the EPA
based on TMDL impairments for pathogens and sediment (EPA
2013). The San Lorenzo River and Lagoon, which is one of the
water bodies 303(d) listed for pathogen impairment, discharges
into the Main Beach coastal zone in Santa Cruz, which neighbors
Cowell Beach, making it a potential concern for public health in
the area’s highly-recreated coastal waters (EPA 2013).

Connection to Public Health

FIB, such as E. coli and Enterococci, are measured 1n
public waterbodies as an indication of the presence and potential
threat of pathogenic bacteria, viruses, and protozoans (EPA
2012). These pathogenic viruses and organisms have been found
to cause bacteriological infections and diseases, such as typhoid,
cholera, and bacterial dysentery, as well as enteroviruses and
pathologies, such as aseptic meningitis, encephalitis, and
myopericarditis, as well as many others (NHDES 2011, Leveque
and Laurent 2008). Since it would not be feasible to test for all
the numerous potentially harmful diseases and viruses within a
waterbody, regulatory agencies rely on FIB as an indicator for
the possibility and likelihood of their presence (EPA 2012).

Focus and Scope

The primary focus of this report is to assess the feasibility
of locating non-point source (NPS) FIB pollution inputs within
riparian systems and coastal areas through the use of Geographic
Information Systems (GIS), precipitation and stream flow
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patterns, and FIB concentration gradients during wet and dry
conditions, based on the presence of precipitation. Locating
areas of pollution input and the associated potential sources will
offer a focused approach to management agencies in the
mitigation of NPS FIB pollution within riparian zones and their
associated coastal areas.

Determining the feasibility of locating NPS FIB pollution
inputs and potential sources will be done through two related
assessments. the first being a historical analysis of FIB
concentration data provided by Santa Cruz County Department of
Environmental Health Services, within the lower San Lorenzo
River watershed. This analysis will assess data collected
between the water years (WY) of 2000 to 2013, which will provide
a long term trend in FIB concentrations within the area. The
second assessment will cover a field study analysis that was
completed over the 2014 WY. This analysis will provide an
understanding of current FIB patterns and how they may relate
to terrestrial inputs, such as storm water drain systems,
homeless encampments, and associated tributaries. Both
assessments will incorporate GIS and statistical analysis,
providing an understanding of FIB concentration patterns that
span temporal and spatial scales within the lower San Lorenzo
River watershed.

The goal of this report is to offer a framework for FIB
sourcing, tracking, and prevention in urban and suburban
environments, as well as offer an understanding to management
agencies of current and historical FIB concentration trends in
relation to FIB within the lower San Lorenzo River watershed
and associated coastal areas in Santa Cruz County, CA.
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HISTORICAL ANALYSIS

To assess past trends in bacteria pollution within the San
Lorenzo River watershed, a historical analysis was performed for
data collected within the lower San Lorenzo River watershed
from 2000 WY to 2013 WY. The objective of the historical
analysis was to gain insight on areas of continued impairment,
which would yield a greater understanding for site selection and
analysis for the 2014 WY study.

Methods

Data Collection

Data was collected from the Santa Cruz County Environmental
Health Services Department for fecal coliform and E. coli
concentrations within the lower San Lorenzo River watershed,
from the San Lorenzo River at Big Trees Road to the San Lorenzo
River mouth. Though multiple sites were tested by SCCEHS from
2000 to 2013, only sites with data that were temporally
representative of the 2000 to 2013 study period were used in the
analysis.

Analysis

The data were analyzed by calculating the average (per year)
fecal coliform and E. coli concentrations at each site from 2000-
2013. The data were separated into “Wet” and “Dry” samples,
with “Wet” samples being those taken during a precipitation
level greater than zero, and “Dry” samples being those taken
during a precipitation level of zero. To avoid the effects of
“outliers”, the days composing the highest 5% of concentrations
over the 2000-2013 period were not used in the analysis.

Once the data was collected and organized by precipitation
level for the sites within the study area, the average was
determined by calculating the geometric mean of the data for
each water year. These results were then analyzed and depicted
using graduated symbology in the GIS software, ArcGIS by ESRI.

A total of 3,706 samples, taken at eight sites within the
lower San Lorenzo River watershed, were analyzed. The eight
sites included San Lorenzo River at Big Trees Road, San Lorenzo
River at Sycamore Grove, San Lorenzo River at Tait Street,
Branciforte Creek at Isbel Drive, Carbonera Creek at Branciforte
Creek, Branciforte Creek at San Lorenzo River, San Lorenzo
River at Laurel Street Bridge, and the San Lorenzo River at the
Trestle, located next to the San Lorenzo rivermouth. These sites
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were chosen based on the quantity of samples taken during the
study period and their location in regards to the area of study.

Results

From 2000WY - 2013WY, the average FIB concentrations
were 165 MPN/100ml for dry samples and 207 MPN/100ml for wet
samples taken at San Lorenzo River at Big Trees, 61 MPN/100ml

Table 2. Average geometric means of Fecal Indicator Bacteria
(FIB) for wet and dry periods from 2000WY - 2013WY.

Average FIB Average FIB
Sample Site Geometric Mean Geometric Mean
(Dry) (Wet)
San Lorenzo River at Big Trees 165 207
San Lorenzo River at Sycamore Grove 61 106
San Lorenzo River at Tait Street 95 148
Branciforte Creek at Isbel Drive 194 201
Carbonera Creek at Branciforte Creek 248 243
Branciforte Creek at San Lorenzo River 475 362
San Lorenzo River at Laurel Street Bridge 389 587
San Lorenzo Rivermouth at Trestle 303 319

for dry samples and 106 MPN/100ml for wet samples taken at San
Lorenzo River at Sycamore Grove, 95 MPN/100ml for dry samples
and 148 MPN/100ml for wet samples taken at San Lorenzo River
at Tait Street, 194 MPN/100ml for dry samples and 201
MPN/100ml for wet samples taken at Branciforte Creek at Isbel
Drive, 248 MPN/100ml for dry samples and 243 MPN/100ml for
wet samples taken at Carbonera Creek at Branciforte Creek, 475
MPN/100ml for dry samples and 362 MPN/100ml for wet samples
taken at Branciforte Creek at San Lorenzo River, 389 MPN/100ml
for dry samples and 587 MPN/100ml for wet samples taken at San
Lorenzo River at Laurel Street Bridge, and 303 MPN/100ml for
dry samples and 319 MPN/100ml for wet samples taken at the
San Lorenzo River at the Trestle (Table 2).

The sites with the greatest average FIB concentrations over
the study period included Branciforte Creek at San Lorenzo
River, San Lorenzo River at Laurel Street Bridge, and the San
Lorenzo Rivermouth at the Trestle for dry samples and San
Lorenzo River at Laurel Street Bridge, Branciforte Creek at San
Lorenzo River, and the San Lorenzo Rivermouth at the Trestle
for wet samples (Fig. 1). Precipitation increased average FIB
concentrations on sites along the San Lorenzo River, whereas
sites along Branciforte Creek and Carbonera Creek had similar
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Figure 1. Average FIB concentration trends during dry
(a.) and wet (b.) weather sampling periods.
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or greater average FIB concentrations during dry periods (no
precipitation).

Conclusion

The results indicated that the primary area of average FIB
concentration increase along the San Lorenzo River was down
stream of the San Lorenzo River and Sycamore Grove sample site
with a noticeable increase beginning at San Lorenzo River and
Branciforte Creek confluence. These results offer insight into the
areas of average FIB concentration increases within the
watershed, the effect of precipitation on the individual water
bodies and sample site locations, and offer direction for
determining sample site locations for the 2014 study.
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WATER YEAR 2014 ANALYSIS

Methods

Study Area

The County of Santa Cruz is located in Central California,
approximately 65 miles south of San Francisco, forming the
northern section of the Monterey Bay (County of Santa CruzB
2012). Santa Cruz County has a Mediterranean climate with a
diverse background of habitat types and ecosystems, ranging
from redwood forests, coastal shrubland, riparian and estuarine
habitats, and beach and rocky/sand bottom intertidal ecosystems.
As of 2013, the County of Santa Cruz had a population of
approximately 269,419 people (USCB 2014).

This analysis primarily focuses on the lower San Lorenzo
River watershed in Santa Cruz County, CA, ranging from Henry
Cowell Redwoods State Park to the San Lorenzo Rivermouth,
including sites on the lower regions of Branciforte Creek and
Carbonera Creek (Fig. 2). This area is made up of different land
cover characteristics, including undeveloped coastal redwood
forests upstream of the San Lorenzo River, suburban
development along the Branciforte Creek and Carbonera Creek
tributaries, and developed urban regions located in the lower
regions of the San Lorenzo River.

Data Collection

Eight sites along the San Lorenzo River and one site
located on both the Carbonera Creek and Branciforte Creek were
sampled for E. coli bacteria. In addition, three sites between
Cowell Beach and the San Lorenzo River mouth were tested for
Enterococcus bacteria. Sample site selection was determined
through the results of the 2000-2013 historical analysis, land
use and land cover, and through the use of spatial intervals that
would be representative of the area of focus.

The water samples were taken using sterile Whirl-Pak
sample bags, incorporating sterile-sampling procedures. To
fulfill quality control standards set forth by the Environmental
Protection Agency (EPA), internal field duplicates were taken at
each site, external field duplicates were tested monthly, and a
field blank was taken during each sampling period (EPA 2012).
The samples were tested at the Surfrider Foundation, Santa Cruz
Chapter laboratory, using IDEXX Laboratories E. coli and
Enterococci testing products, which have been approved by the
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EPA as a sufficient bacteria indication and monitoring method
(EPA 2002).

Statistical Analysis

The data was analyzed using Microsoft Excel 2008. The
data was organized by the location, date, and time of the sample.
E. coli and Total Coliform concentrations were used for the
fluvial sites and Enterococcus concentrations were used for the
coastal sites. Discharge (cfm) and gage height (ft.) was listed for
each fluvial site sample, and precipitation levels were listed for
both coastal and fluvial site samples. To determine the influence
of precipitation on bacteria concentrations, precipitation levels
were listed using a three day (72 hour) sum of local precipitation
preceding the sample collection time. Since very low levels of
precipitation can be measured by the gage, only a three day sum
value of 0.10 inches or grater were classified as “wet weather”
samples, with all values less than a three day sum of 0.10 inches
classified as “dry weather” samples.

Since the data had a skewed distribution, presence of
outliers, and was effected by multiple environmental processes
(i.e. precipitation, discharge, anthropogenic influences, etc...),
the data was assumed to be non-normal (See Appendix). To
determine the average concentrations that would best represent
each sample site in dry and wet weather periods, the median was
calculated for each site’s sample set. The median of the data was
used instead of a geometric mean since low values of the FIB
concentrations (<10 MPN) were not precise due to testing method
resolution and fell between a range of 0 to 10 MPN; since the
geometric mean is determined by using a product-root function
(APPENDIX), assumptions of FIB concentrations less than 1 MPN
significantly affect the resulting geometric mean and cannot
result in a real number using a value of zero. Using the median
of data sets allowed the inclusion of outlying data points in the
analysis when determining a FIB concentration value that would
be representative of each site.

Geospatial Analysis

Geospatial Analysis was done using the Geographic
Information System (GIS) software, ArcGIS 10.1 by ESRI
(citation). Map layer data was provided by the United States
Department of Agriculture (USDA), the United States Geological
Survey (USGS), the City of Santa Cruz Information Technology
Department, and Santa Cruz County Geographic Information
Systems Department. Coordinates of each site were determined
using a Trimble GPS field computer with Terrasync software.
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Figure 2. 2014 Water Year bacteria pollution analysis study area, lower San Lorenzo River
watershed, Santa Cruz County, CA.



Results

Statistical Analysis
A total of 354 samples were taken over the course of the

study period. The fluvial sites with the greatest average FIB
concentrations were the San Lorenzo River at Monterey Bay for
dry weather samples (148 MPN/100 ml) and Branciforte Creek at
San Lorenzo River for the wet weather samples (2,098 MPN/100
ml) (Table 3). The fluvial sites with the least average FIB
concentrations were the San Lorenzo River at Henry Cowell
Redwoods State Park for dry weather samples (10 MPN/100 ml)
and the San Lorenzo River at Josephine Street for wet weather

samples (31 MPN/100 ml). The coastal site with the

greatest average FIB concentrations was the San Lorenzo

Rivermouth for both dry weather samples (62 MPN/100 ml)
and wet weather samples (974 MPN/100 ml).

Table 3. Average FIB (MPN/100ml) during wet and dry weather
sampling for fluvial (a) and coastal (b) sample sites.

Average Average

Sample Site
P EC (Dry) EC (Wet)

San Lorenzo River at Henery Cowell Redwoods State Park 10 272

San Lorenzo River at Santa Cruz Tannery 85 428

San Lorenzo River at Josephine Street 47 31

San Lorenzo River at Water Street Bridge 102 638
a. Carbonera Creek at CA Highway 1 52 41

Branciforte Creek at Stoney Creek Road 110 41

Branciforte Creek at San Lorenzo River 58 2098

San Lorenzo River at Kaiser Permenante Arena 36 1664

San Lorenzo River at First Bend 69 51

San Lorenzo River at Monterey Bay 148 96

Average Average
Sample Site Enterococcus Enterococcus
(Dry) (Wet)

San Lorenzo River Mouth 62 974

Main Beach 46 110

Cowell Beach 20 41

The fluvial site with the greatest percentage of samples
exceeding the TMDL requirement of 235 MPN/100 ml was the San
Lorenzo River at Water Street Bridge, with 12 samples exceeding
235 MPN/100 ml out of a total of 25 samples collected (48%
exceedance) (Table 4). The fluvial sites with the lowest
percentage of samples exceeding the TMDL requirement of 235
MPN/100 ml were the San Lorenzo River at Henry Cowell
Redwoods State Park and the San Lorenzo River at Josephine



Street, both having 3 samples exceeding 235 MPN/100 ml out of a
total of 25 samples collected (12% exceedance). The coastal site
with the greatest percentage of samples exceeding the TMDL
requirement of 104 MPN/100 ml was the San Lorenzo Rivermouth,
with 15 samples exceeding 104 MPN/100 ml out of a total of 38
samples collected (39% exceedance) (Table X). The
b. coastal site with the lowest percentage of samples
exceeding the TMDL requirement of 104 MPN/100 ml was
Cowell Beach, with 5 samples exceeding 104 MPN/100 ml out of a
total of 36 samples collected (14% exceedance).

Table 4. Number of samples within each site exceeding TMDL
standards throughout the study period for fluvial (a) and
coastal (b) sample sites.

Number of
Samples Number of Percentage

Sample Site Exceeding E. Samples of
coli 235 Collected Exceedence
MPN/100ml
San Lorenzo River at Henry Cowell Redwoods State Park 3 25 12%
San Lorenzo River at Santa Cruz Tannery 5 25 20%
San Lorenzo River at Josephine Street 3 25 12%
a. San Lorenzo River at Water Street Bridge 12 25 48%
Carbonera Creek at CA Highway 1 4 23 17%
Branciforte Creek at Stoney Creek Road 6 23 26%
Branciforte Creek at San Lorenzo River 11 25 44%
San Lorenzo River at Kaiser Permenante Arena 6 25 24%
San Lorenzo River at First Bend 7 25 28%
San Lorenzo River at Monterey Bay 7 24 29%

Number of

Samplfas Number of Percentage
. Exceeding
Sample Site Samples of
Enterococcus
104 Collected Exceedence
MPN/100mli
San Lorenzo River Mouth 15 38 39%
Main Beach 11 35 31%
Cowell Beach 5 36 14%

To determine the correlation between precipitation and FIB
concentrations, a regression analysis was performed using a
goodness-of-fit assessment. The R-square values were calculated
for each site to relate the two variates, which resulted in
minimal correlation between them at the majority of sites. The
greatest correlation between precipitation and FIB concentration
was found at the San Lorenzo River at Henry Cowell Redwoods
State Park sample site, with an R-squared value of 0.86932 (Fig.
3).
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Figure 3. Regression analyses showing goodness-of-fit between
E. coli concentrations and 3-day average precipitation at each
fluvial sample site.
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In addition to the regression analysis, line charts relating
the dependent variable, FIB concentration (MPN/100ml), to
independent variables precipitation (in.), discharge (cfs), and
gauge height (ft), were developed to see how the variables
interacted over the time of the study period (Appendix I).

Geospatial Analysis

FIB concentration trends were illustrated at each coastal
and fluvial site for both wet and dry periods using the averages
calculated in the statistical analysis. Each site depicted the
relationship of average FIB concentration patterns during wet
and dry periods between sample sites using graduated symbology
(Figs. 4-7).

Additional maps were made to 1llustrate the relationship
between sewer pipe systems, storm drain systems, and land
zoning to the coastal and fluvial sample sites within the study
area (Appendix I).
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Figure 4. 2014 Water Year bacteria pollution analysis study area, lower San Lorenzo River
watershed, Santa Cruz County, CA.
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Figure 5. 2014 Water Year bacteria pollution analysis study area, lower San Lorenzo River
watershed, Santa Cruz County, CA.
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Figure 6. 2014 Water Year bacteria pollution analysis study area, lower San Lorenzo River
watershed, Santa Cruz County, CA.
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Conclusion and Recommendation

Discussion

Based on the results of the analyses, it is clear that the
lower San Lorenzo River watershed and adjacent coastal areas
are continually facing impairment by FIB. All sites within the
study exceeded TMDL standards for fluvial and coastal water
samples numerous times during the study period, with the
greatest exceedances occurring at the San Lorenzo River at
Water Street Bridge, the Branciforte Creek and San Lorenzo
River confluence, and the San Lorenzo Rivermouth.

Though the 2014 WY analysis illustrated that precipitation
is not statistically correlated with increased FIB concentrations,
both analyses suggested that it does influence FIB levels based
on site location. The majority of sites located on the San Lorenzo
River increased substantially in average FIB concentrations
when a precipitation event occurred within 72 hours of the
sample being taken, while the majority of sites located on the
Branciforte Creek and Carbonera Creek river systems had lower
average FIB concentrations when a precipitation event occurred
within 72 hours of the sample being taken. This illustrates that
precipitation events commonly have a positive (increasing) effect
on FIB concentrations along the lower San Lorenzo River, while
precipitation events along the Branciforte Creek and Carbonera
Creek tributaries usually have a negative (decreasing) influence
on average FIB concentrations for samples taken within 72 hours
of a precipitation event. This same trend was also found within
the historical analysis. Gauge height and discharge were
secondary effects to FIB concentrations in response to
precipitation events, therefore followed the same trend in FIB
concentrations as precipitation.

Coastal sites exhibited an increase in average FIB
concentrations for samples taken within 72 hours of a
precipitation event. Precipitation had the greatest effect on the
San Lorenzo Rivermouth site, most likely due to the large
drainage area of the San Lorenzo River watershed opposed to
localized stormwater systems. High levels of precipitation and
large wave/tide events are the main factors resulting in the
opening of the seasonal sandbar formation at the San Lorenzo
Rivermouth, allowing the surface flow of the San Lorenzo River
to reach the Monterey Bay, which may have a significant impact



on coastal water quality in the areas surrounding the
rivermouth.

When evaluating the effects of precipitation, it is
important to look at the pathways created for FIB sources
entering the river systems. Many sources of FIB are immobile
without the presence of precipitation or a similar pathway, such
as human (i.e. homeless encampments) and non-human (i.e. urban
mammal feces) feces within a riverbank or stormdrain system. In
addition, bacteria commonly binds to sediment, therefore erosion
events produced from precipitation may have a factor on overall
FIB concentrations.

Recommendations

This study analyzed the common trends in FIB
concentrations within the lower San Lorenzo River watershed
from WY2000 to WY2014. Though it offered insight on areas of
common impairment, more research is needed to determine the
source(s) of the contamination and their pathways into the
fluvial systems. Currently, a microbial source tracking analysis
is being conducted by the San Lorenzo River Alliance, Water
Quality Working Group. The results of this study will indicate
what biological sources are contributing to the impairment and
whether they come from anthropogenic sources. Using this
information, future research can be done to locate the potential
areas where the determined sources are commonly found.

In addition, future research can be done to analyze the
effect of saltwater intrusion upstream of the rivermouth and how
it effects FIB concentrations and monitoring accuracy. A
seasonal sand bar forms at the San Lorenzo rivermouth, creating
a reduction in flow and increase in temperature and water depth
within the lower region of the river; assessing the effect this has
on FIB concentrations in the lower region of the river and
coastal zone is also recommended.

The San Lorenzo River and coastal areas hold significant
importance to Santa Cruz’s history, economy, and community.
Though these areas have continually been impaired with FIB,
these impairments may or may not be representative to the
potential public health threats they are associated with,
depending on whether or not the sources are anthropogenic.
Determining the biological sources of the FIB concentrations
should guide future determinations of TMDL standards and how
they guide policy for environmental health and public safety.
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SITE 1: San Lorenzo RIVER AT HENRY COWELL
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SITE 2: San Lorenzo RIVER AT SANTA CRUZ
TANNERY

E. coli x Precipitation
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SITE 3: SAN LORENZO RIVER AT JOSEPHINE
STREET

E. coli x Precipitation
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SITE 4: SAN LORENZO RIVER AT WATER STREET
BRIDGE
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SITE 5: CARBONERA CREEK AT CA HIGHWAY 1

E. coli x Precipitation
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SITE 6: BRANCIFORTE CREEK AT STONEY CREEK

BRIDGE

E. coli x Precipitation
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SITE 7: BRANCIFORTE CREEK AT San Lorenzo

RIVER

E. coli x Precipitation
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SITE 8: San Lorenzo RIVER AT KAISER
PERMENANTE ARENA

E. coli x Precipitation
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SITE 9: San

Lorenzo RIVER AT FIRST BEND

E. coli x Precipitation

6000 1 - 35
~——E. coli
— 5000 - ~———3-Day Precipitation | > _
& - 25 £
S 4000 - =
-l c
z oz 2
& 3000 s
3 F15 8
5 2000 - g
S e
“ 1000 / 05
0 - T |/\ T T 0
% % % & & u O v ™ ™ & &
g ¢ g \\d \\d \\¢ \ A\ . \\d \\d \\d
'\9\6 ’e’\b '{}\b '\«\b q,\b "’J\b b‘\h ")\b ‘c\b ,\\‘o %\% q\b
E. coli x Gage Height
6000 1 ===E, coli 12
= 5000 - ———Gage Height - 10
€ 4000 - -g &
s 5
g 3000 - 6@
— Q
= 2000 - 4 g
< o
0 P — T T T T T T T |/\| / 0
) < % & \x v x & x ™ u ™
g . \ \\g AN i g \ A\ o \¢
@\b g\,\q’ ,;»\Q’ N A SR\ S A T\
E. coli x Discharge
6000 - E coli - 900
5000 - - [ 800
= ~—Discharge - 700
S 4000 - 600 8
~
2 - 500 @
& 3000 - 2
s - 400 E
= - L w
S 2000 300 2
* 1000 - | igg
0 ”F T T T T T T T T IA T T / O
%l ] %l D ] ™ o ™ " ™ D &
N ~ ~ N N N N N N ~ «, ~
'\9\6\ '&’\Q‘)\ \}\Q »\‘0\ \b\ o,\(o\ b-\b\ %\Q)\ ‘o\‘O\ ,\\Q)\ 'b\b\ O)\b\

47




SITE 10: San Lorenzo RIVER AT MONTEREY BAY
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