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FOREWORD

Thisstudy wasacooperative effort in which 60 organizations (Appendix A) joined to assessthe
overal condition of the southern Californianear-coastal ecosystem. Thisstudy was coordinated by the
Southern CaliforniaCoastal Water Research Project (SCCWRP) as one component of the Southern
CdiforniaBight 1998 Regiona Monitoring Program (Bight’ 98), and builds upon the successof asmilar
SCCWRP-coordinated regional monitoring program conducted in 1994 that assessed the condition of
offshore ecological habitats (SCBPP 1994). Copiesof thisand other Bight’ 98 reportsare availablefor
download at www.sccwrp.org.

Theproper citationfor thisreportis: Noble, R.T., JH. Dorsey, M .K., Leecaster, M. Mazur,
C.D. McGee, D. Moore, V. Orozco-Borbdn, D. Reid, K. Schiff, PM. Vainik, and S.B. Weisberg.
1999. Southern CaliforniaBight 1998 Regional Monitoring Program: |. Summer Shoreline Microbiol-
ogy. Southern CdliforniaCoastal Water Research Project. Westmingter, CA.
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Definition of Terms:

Enterovirus. Genus(subset) of the human enteric virusfamily, other generainclude reovirusand adenovi-
rus.

Ephemeral Freshwater Outlet: Outlet that typicaly only flowsfor aportion of theyear, not year-round.
Exceedance: Bacteria indicator level that isequal to or above athreshold.

Freshwater Outlet: Natura or constructed freshwater source associated with multipleland usetypes(for
example: urban, rurd, agriculturd, or industrid).

Objective: Limitsor levelsof water quaity characteristicsfor ocean watersto ensurethe reasonable
protection of beneficia uses and the prevention of anuisance as determined by the California Ocean Plan.
Refersto bacteriologica indicator levels. See Tablell-3.

Perennial Freshwater Outlet: Outlet with year-round flow into the surf-zone.

Point Zer o Freshwater Outlet Sample: Inthisstudy, asamplethat wastaken at the mouth of afreshwa-
ter outlet, at thelocation of surfzone-freshwater mixing.

Random Freshwater Outlet Sample: Inthisstudy, asamplethat wastaken at arandom location within
100 yards of the mouth of afreshwater outlet (for the study, thiswasdoneonly at perennial freshwater
outlets).

Rever se Transcriptase Polymer ase Chain Reaction (RT-PCR): Molecular biology primer-based
techniquefor the detection of RNA sequences.

Standard: Leve of water quality measurement (characteristic) for ocean waters set by State statute and
regulations, e.g., Assembly Bill 411 which refersto bacteriological indicator levels. See Tablell-3.

Storm Drain: Subset of thefreshwater outletsthat do not have main source from freshwater inputs, rather
their sourceis primarily ssormwater (from storm events) and their runoff is contributed mainly to the coastal
environment.

Threshold: Any bacterid indicator level determined by state, local or federa standards, proposed stan-
dards, or ocean water quality objectives. See Tablell-3.

Urban Runoff: Runoff from afreshwater outlet or storm drain whose watershed isprimarily urbanland
usearea.

Viral genome: The complete set of genescontained in avirus particle (can beeither RNA or DNA, single
or double stranded).



EXECUTIVE SUMMARY

M orethan 80,000 shoreline bacteriological samplesare collected annually in southern Cdifor-
nia, representing roughly one-half of thetotal bacteriological monitoring conducted in the United States.
Despitethisimpressiveamount of bacteriological monitoring, these dataare difficult to integratefor a
regiona assessment of bacteriological water quality becausethey are collected by 22 different organiza-
tions, many of which have different sampling strategies and different datamanagement systems. Addi-
tionally, the monitoring programsare focused upon sampling in known “ problem areas,” which doesnot
alow for an assessment of typica shorelinemicrobiological water quaity. To addresstheselimitations,
all of theorganizationsthat conduct routine monitoring in the Southern CdiforniaBight (SCB) pooled
their effortsto conduct an integrated survey to assessthe overall microbiologica water quaity of the
southern Cdiforniashoreline during the summer of 1998. Thethree primary goasfor the survey were:

To determinethe percent of shoreline mile-daysin the SCB that exceeded bacterial indicator
thresholds during August of 1998.

To comparethe response among three bacteria indicators commonly used in Cdifornia

To determine how well these bacterial indicator measures corrd ated with detection of human
enteric virusgenetic materid.

Sampleswere collected on aweekly basisat 307 sites between Point Conception, California,
and Punta Banda, Mexico, beginning August 2, 1998 and continuing for fiveweeks. Sampling sites
were selected using astratified random design, with six sampling strata: high- and low-use sandy
beaches and rocky shoreline, and ephemera and perennia freshwater outlets. Sampleswere collected
using standardized protocols. Tota and feca coliformswere analyzed for all samples, and enterococci
were measured in approximately 70% of the samples. Molecular analysesto measure the presence of
human enteric virus genetic materia were performed on samples collected from 15 randomly sel ected
perennia freshwater outlet locations. The presence of thisgenetic material can be used asatool to
detect human fecal contamination in the coastal zone, but these analyses a one can not be used to infer
hedlth risk, asvirusgenetic material may not be associated with anintact, infectivevirus.

Beforethe start of the sampling period, the 22 participating | aboratories conducted
intercalibration studiesto assess datacomparability. Thirteen common sampleswere analyzed by each
laboratory to define variability among laboratories, within laboratories, and among methods. Three
anaytical methods, multipletubefermentation (MTF), membranefiltration (MF), and chromogenic
substratetestswere compared for three bacterial indicators: total and fecal coliforms, and enterococci.
Bacterid indicator levelswere quantified from common samplesto identify differencesamong laborato-
riesand methodologies. The average difference among methodswaslessthan 6%. Theaverage
difference among laboratorieswaslessthan 2%. Thegreatest source of variability wasamong repli-
cateswithinindividud laboratories. Theintercdibration exercises demonstrated that amulti-laboratory,
performance-based approach was acceptable for implementing thisregional study.

Overall microbiologica water quaity dong the southern Californiashorelinewasgood during
the study period, with more than 95% of the shoreline mile-days meeting all present and proposed
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Cdliforniabacteria indicator standards. In 98% of the caseswhere astandard was exceeded, it was
exceeded for only one bacterid indicator, whileal other bacteria indicators at the same site and at the same
timewerebelow bacterial indicator thresholds. Lessthan 0.2% of the shoreline mile-days exceeded
thresholdsfor all indicatorsmeasured at the site.

Freshwater outletsfailed to meet bacterial indicator standardsin amost 60% of the samples, the
worst of dl of thestrata. Most of the standard failures near freshwater outletswerefor multipleindicators
and occurred repetitively throughout the five-week study period. Molecular testsdemonstrated the pres-
ence of human enteric virusgenetic material in 7 of the 15 freshwater outlets, with 73% of these detections
coinciding with levelsof fecd coliformsthat exceeded bacteria indicator thresholds.

The probability of exceeding abacterid indicator threshold differed substantially amongindicators.
Of the samplesthat exceeded abacteria standard and for which all threeindicatorswere measured, only
13%falled for al threeindicators, 34% failed for two indicators, and 54% failed for oneindicator. Thresh-
oldsfor feca coliformswere exceeded at twicetherate of tota coliformsand enterococci failed at three
timestherateof tota coliforms. Lessthan one-haf of the enterococci threshold failures paired with thresh-
oldfailuresby another indicator, while nearly 90% of thetotal and fecal coliformsthreshold failureswere
partnered with failures of another indicator.

Thiscooperative study isthefirst to compare thereative quaity of Mexican and United States
beachesusing smilar site selection approaches and coordinated quality assurance methods. Although nearly
75% of the beach samplesin Mexico met Cdifornia sbacteriologica water quaity standards, the standards
were exceeded fivetimes more often on M exican than on United States beaches. Mexican freshwater
outletswerejust aslikely to exceed abacteriologica water quality standard asthosein the United States.
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I. INTRODUCTION

The Southern CdiforniaBight (SCB), an open embayment in the coast between Point Conception,
Cadlifornia, and Cabo Colnett (south of Ensenada), Bga Cdlifornia, isanimportant and unigue recreational
resource. World renowned for their recreationa waters, southern Californiabeachesannually attract more
than 175 million peopleto sunbathe, surf, swim, skin- and SCUBA-dive (USLA 1998). TheSCBisaso
one of themost densaly populated coastal regionsin the country, which creates stress upon theserecre-
ational resources. Nearly 20 million peopleinhabit coastal southern California, anumber that isprojected to
increase 20% by 2010 (NRC 1990). With this population growth, and the ensuing devel opment of the
land, comestheincreased potentia for pathogenic microorganisms such asviruses, bacteria, and protozoa
to enter the coastal environment. These pathogeni c microorganismsimpact bacteriological water quality and
pose potential health risksto beachgoers.

To assessthe extent of this contamination, morethan 20 agenciesin southern Caiforniacollectively
analyze morethan 80,000 samplesfrom 510 |locations at or near beacheson an annual basis. Although the
scope of thisbacteriological monitoring isimpressive, the datacollected cannot be easily integrated to
providearegiona assessment of recreational water quality. Most monitoring programsare spatialy focused
onasmall set of high-use beaches or other areas of concern; therefore, the datafrom these programs
cannot beeadly integrated. Moreover, many of the organi zationsinvolved in beach monitoring analyze
different indicatorsor use different analytical methodol ogiesto measure the sameindicators; interlaboratory
exercisesto assessdatacomparability arerare. To addressthisissue, the CaiforniaState Legidature
recently passed Assembly Bill 411 (AB411) requiring the State Department of Health Services (SDHS) to
adopt regulationsthat provide consi stency in monitoring indicatorsand standards.

Recognizing the need for greater consistency and communication, al of the agenciesthat routinely
monitor bacteriologica water quality aong the shoreline of the SCB coordinated their effortsfor the pur-
pose of conducting aregiona survey to assessthe overdl condition of the southern Cdiforniashorelinein
the summer of 1998. Threemain goaswere established for thissurvey:

To determinethe percent of shoreline mile-daysin the SCB that exceeds bacterid indicator thresh-
oldsduring the summer of 1998.

A regionaly based study of microbiological water quality was conducted a ong the shoreline of the
SCB. Siteswere selected using aprobability based sampling design to ensure an unbiased charac-
terization of the coastline. The study incorporated a performance-based approach, whereall
participating organi zations demonstrated data comparability through aseries of laboratory
intercalibration exercises. Thefocusof the effort was on the United States side of the border, but
the project also included acoordinated effort conducted by Mexican scientiststo extend the study
areadongthe coast from Tijuanato Cabo Colnett. Theinternational participation providesthefirst
opportunity for cross-border comparison of bacteriologica water quaity using comparable meth-
ods.
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To compareresponses among the three bacteria indicators commonly measured in Caifornia

Some of themost common indicators of fecal contamination used today aretotal coliforms, feca
coliforms (of which E. coli isthe magjor component) and enterococci. Oncereleased into the
environment, unfavorable physical and chemica conditionsaffect therdative surviva of thefeca
and non-feca bacteriological components. Feca coliformsmay not survive aswell astotal
coliformsin the unfavorabl e environment outside the gut of warm-blooded animas (Hanesand
Fragala1967, Seeracki 1980). Comparing the responsesof theseindicators under the differing
conditions of the study stratamay provideinformation about the responses of each indicator organ-
ismto different environmental circumstances. Theseresults can be used to understand which
indicator organismsare most “conservative’ at each of severa shorelinetypes, and to assess
potentia redundancy amongindicators.

Todeterminehow well these bacterial indicator measures correl ate with detection of human enteric
virusgenetic materid

The conventional method for assessing the sanitary quality of recreational watersworldwideis
based upon the presence of indicator bacteria. Epidemiological studiesof waterborneillnesses,
however, show that the most common etiol ogical agentsare morelikely to bevirusesand protozoa
(Mooreet al. 1994, Seyfried et al. 1985, Cabelli et al. 1982, Cabelli 1983, Kay et al. 1994,
USEPA 1986). One part of thissurvey assessesthe presence of waterborne human enteric virus
genetic material at freshwater outletsaong the coast of the SCB to determine whether the presence
of the genetic materia of thesevirusesiscorrelated with levelsof indicator bacteria. Detection of
human enteric vira genetic materiad may be used toinfer the presence of human feca contamination,
but the method cannot be used to infer health risk as genetic material isnot dwaysevidenceof an
intact, infectiousvirusparticle.

Chapter |1 describesthe methods used to accomplish the above objectives. In Chapter 111, a
Quadlity Assurance Evaluationisprovided, demonstrating the successful use of aperformance-based ap-
proach for thestudy. Chapter 1V addressesthefirst study goal by providing an assessment of bacteriologi-
cal water quaity along the shoreline of the SCB. Chapter V addressesthe second goal by comparing
responses among the bacterial indicators measured inthe study. Chapter VI addressesthethird study god
by comparing the responses between viral and bacteria indicators. Conclusionsfrom the study are pre-
sented in Chapter V11, which summarizesthe study conclusionsand integratestheresultsand ideas pre-
sented in Chapters1V, V, and VI. Chapter VI providesrecommendationsthat follow from the study
results. ChaptersiV, V, and VI areintended for ascientific audience and contain detailed technical informa-
tion that providesthe foundation for our conclusionsand recommendations. ChaptersVIl and VIl are
intended for awider audience and provideamore genera overview of the study findings.
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1. METHODS
A. Sampling Design

The Shoreline Microbiology component of Bight’ 98 involved sampling at 307 sitesa ong the SCB
coastline between August 2 and September 5, 1998. Each site was sampled once per week during the 5-
week study period. A 5-week study period was selected to meet the required minimum of 5 weekly
samplesfor calculation of 30-day geometric meansunder the CaliforniaOcean Plan and proposed AB411
regulations. The study was conducted during summer to coincide with the period of maximum beach
bathing usage.

The study areaextended from Point Conception in SantaBarbara County, Cdifornia, to Punta
Banda, BgaCdlifornia, just south of Ensenada, Mexico (Figurell-1, Appendix B). Thisareaincludes
approximately 690 miles of coastline, dthough the sampling framefor the study included only about 270
miles, or 39% of the coastline. Theremaining shorelinewas classfied as unreachable by svimmersdueto
the presence of ports, private marinas, private land, military property, or steep cliffs.
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Figure II-1. Map of Southern California Bight
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Sampling siteswere selected using astratified random approach, with the strata corresponding to
sx shorelinetypesof interest (Tablell-1). Toimplement thisdesign, aGlSlayer of shorelinetypeswas
created based upon the knowledge of local shoreline conditions by the participating organizations. High-
and low-use sandy beacheswere differentiated by the presence of lifeguard service. High- and low-use
rocky shordlineweredifferentiated by the presence of known preferred diving or surfing locations. A total
of 81 freshwater outletswereidentified and differentiated as perennia or ephemera based upon whether
water flowed year-round or seasonally, respectively. Thefreshwater outlets selected are those outletsthat
aretypically responsblefor 99% of thetota shoreline runoff inputsto the SCB.

TABLE II-1. Allocation of Bight’98 shoreline microbiology samples among
sampling strata.

Strata Base Sample Mexican Volunteer Adaptive
Sites Sample Sites Sample Sites Sample Sites
Sandy beaches
High—use 48 19 20 n
Low—use 26 4
Rocky shoreline
High-use 19 1
Low-use 16
Freshwater outlets
Ephemeral 29 5
Perennial 36 10
Perennial point zero 30 10 23
Total 204 29 20 54

The number of samplesallocated to each stratum wasthat necessary to achieve a95% confidence
interval of approximately +/- 5% around estimates of areal extent. The Site selection processwasimple-
mented separately by county, with the number of siteswithin astratum, within acounty in proportion tothe
percentage of southern Californiashoreline of that stratum typewithin the county. A county-specific selec-
tion processwasimplemented to accommodate the availability of additional effort in some counties, beyond
that necessary to achievethe program’ sprecison goals.

Although the basic sampl e allocation scheme was stratified random, asystematic component was
added to minimize clustering of sample sitesaong the shore. Thisapproach wasaccomplished using an
extension of the National Stream Survey sampling design (Messer et al. 1986, Overton 1987), whereby
each stratum was divided into aseriesof linear sections of coastline, with each section identified by acount
variable. The sectionswerejoined together into astratum line, which wasthen partitioned into anumber of
intervalsequal to the desired samplesize. The partition wasrandomly placed over the stratum line by
selecting arandom starting point for the beginning of thefirst interval. Based upon thisstarting point, the
intervalswere defined as consecutive equd lengths. A smplerandom samplewasthen chosen fromwithin
eachinterval. Each point wastrandated back to the shoreline using the section count variable. Theresulting
sample possessed spatial separation of Stesaswell asarandom component to ensure statistica vaidity.
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Sample siteswithin the perennia water outlet stratum were selected intwo ways. First, steswere
selected at arandom distance within 100 yards from the mouth of the outlet, using the systematic random
approach described above. Second, asite was placed at the mouth of the outlet (referred to asthe point
zero Ste). Random siteswere placed around 32 of the 40 perennia water outletsin southern California.
Point zero Siteswere placed at 30 of the 40 systems, which were selected by availability of effort. Fifteen
of these 30 point zero siteswererandomly selected to recelve analysesfor viruses.

The approach used to select sample sitesin the United Stateswas al so used for the Mexican
shoreline, but the Mexican component of the study was limited to sandy beaches (19 sites) and point zero
outlet Sites (10 sites). The Mexican beach siteswere not differentiated between high- and low-use, and
point zero Siteswere associated with the highest flow perennial water outlets.

Volunteer Monitoring

Volunteer organizations enhanced the sampling effort with 14 sampling sitesin the Los Angelesand
Long Beach Harbor region of San Pedro Bay (between Cabrillo Beach and Seal Beach), and 6 sampling
stesin southern SantaMonicaBay (between Ballona Creek and the Palos Verdes peninsula). Volunteer
siteswerelimited to the high-use sandy beach stratum. Volunteer siteswere selected as a supplement,
rather than asan integrated part of the program, using the same statistical design described. Asasupple-
mental overlay, these sampleswould not have affected integrity of the base sample design had the volunteer
effort been unsuccessful. Sincethevolunteerswere successful in collecting dl of their assigned samplesand
meeting all of quality assurance requirements, their resultswereintegrated directly into the base program.
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TABLE II-2. Number of sites sampled and laboratory methods used by each of the survey partici-

pants.
Total Fecal Enterococci
coliforms coliforms
Santa Barbara County
Santa Barbara Public Health Department 24¢ 24¢ 244
City of Santa Barbara 7 I& 7
Goleta Sanitation District 6° 6° 6°
Ventura County
Ventura WWTP v v v
City of Oxnard 7 I& I&
Aquatic Bioassay Labs 5 5 5
Los Angeles County
City of Los Angeles 16° 16° 16°
Los Angeles Co. Sanitation Districts 50 50 50
Los Angeles Co. Dept. of Health Services ~ 14¢ 14¢ 14¢
City of Long Beach 12 12 0
Southern California Marine Institute 20¢ 20¢ 0
Orange County
Orange Co. Sanitation District 15be 15be 1534
Orange Co. Environmental Health Division ~ 22° 22° 0
AWMA/SERRA 162 162 162
San Diego County
Encina Wastewater Authority 50 50 50
City of Oceanside 2 2 3
City of San Diego 452 452 452
MCB Camp Pendleton 2 2 3
San Diego Co. Department of Env. Health 2 2 0
San Elijo Joint Powers Authority 2 2 C
Mexico
Instituto de Investigaciones Oceanologicas 29 29° 0

aMF

MPN
cColilert®
dEnterolernt®
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Adaptive Sampling Sites

In addition to the baseline sampling design, the study a so included an adaptive component in which
five participating organi zationsincreased sampling activity in areeswhere elevated indicator bacterialevels
werefound. Additional sampling took placeif asample exceeded any of thefollowing criteria

Tota coliforms >10,000 cfuor MPN/100 mL; or

Fecal coliforms > 400 cfuor MPN/100 mL; or

Enterococci >104 cfuor MPN/100 mL; or

ColiformsIndex (total:fecal coliformsx 100) <5, if total coliforms> 5,000 cfu or
MPN/100 mL.

The adaptive component involved sampling of additiona Siteson either side of theelevated indicator Site
within aweek following theinitid measurement. For siteslocated on open shoreline, the adaptive steswere
located 100 yards on either side of the elevated site; for water outlet Sites, the adaptive Siteswerelocated
25yardson either side.

B. Field and Laboratory Methods
Bacteria

Sampleswere collected in sterile sample bottles or whirl-paksfrom ankle-deep waterson an
incoming wavejust prior to receding, with the sampler positioned downstream from the bottleand the
mouth of the bottlefacinginto the current. After the samplewastaken, the bottle wastipped to decant
enough sampleto ensure 1 to 2 inches of airspacein the samplebottle. The bottlewastightly capped and
stored oniceinthedark. All sampleswerereturned to thelaboratory intimeto begin anaysiswithin 6
hoursof sample collection.

Tota coliformsand feca coliformswere measured for all Sites. Enterococci were measured at
roughly 70% of the sites, depending upon the capability and capacity of the participating organization
responsiblefor thesite. Enterococci measurementswere not performed on samplestaken at Mexican or
volunteer Sites.

Three methodswere used to measure bacteria: membranefiltration (MF); multipletubefermentation
(MTF), and substrate technology tests. Thefirst method, MF, isadirect plating method for the detection
and enumeration of bacteriainwater. The second method, M TF, involvesinocul ating multiple tubes of
broth with dilutions of the sample. Organism density isbased upon the number of tubeswith acid and gas
production at the variousdilutions and isreported in terms of the most probable number (MPN) as deter-
mined by aseriesof probability formulas. Thethird method used defined substrate technol ogy tests,
Colilert® and Enterolert®, manufactured by Idexx, Inc. Theldexx kitsuse either multipletubesor multiple
wells, with an MPN approach, to detect the presence or absence of total coliformsand E. coli, or entero-
cocci. With Colilert®, the detection of coliformsishbased upon acolor changefor total coliformsand the
release of afluorogen by an enzyme produced only by E. coli. Thisassay isread within 18-22 hours. In
thisstudy, E. cali, which typicaly congtitute the overwhel ming maority of fecal coliforms, weretreated as
fecal coliformsfor data Each participating laboratory used its standard method for sample processing, with
aperformance-based approach employed to ensure datacomparability among labs; intercalibration tests
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using common sampleswere performed before the start of the sampling period. Only laboratoriesthat met
the performance criteriawere permitted to participate (see Quality Assurance section below). The methods
used by each participant are outlined in Table11-2; more detail ed i nformation on these methods can be
found in Standard Methods for the Examination of Water and Wastewater, 18th Edition, 1995.

EntericViruses

The presence of human enteric virus genetic materid (such asthe genomesof poliovirus, echovirus,
and Coxsackie virus) was measured from samplestaken at the mouth (point zero site) of 15 randomly
selected perennid freshwater outlets using the reverse transcriptase polymerase chain reaction (RT-PCR)
techniqueof Tsal et al. (1993). Themethod used, RT-PCR, iscapable of detecting small quantitiesof virus
genetic materia in seawater, and isapotentially useful tool for determining the presence of human feca
contamination. However, the method cannot be used to infer health risk asvira genetic materia may not be
associated with anintact, infectiousvirus (Sobsey 1998).

Twenty litersof seawater were collected in aplastic carboy from the same site using the same
collection procedures used for the bacterial samples. Sampleswere placed onice and returned immediately
to thelab, wherethey were pressurefiltered (15 ps) through two 142 mm diameter stainless sted! filtration
units. Thefirst unit housed aglassfiber filter (Whatman, nominal poresizeof 1 mm), and the second unit
housed a0.22 mm Duraporefilter. Whilegtill onice, thefiltrate was ultraconcentrated with aspira cartridge
filtration system (molecular weight cutoff of 30 kDa, SY 130, Millipore, Inc.) to afina volume of ca. 150
mL. Thissamplewasfurther concentrated using Centriprep-30 centrifugal concentration units (Amicon,
Inc.). The Centriprep unitswere centrifuged at 5,000 x g for 30 minutesat 4° C, then thefiltratewas
poured off and the remaining concentrate was added to the unitsuntil the volumewas approximately 5mL.
Next, Centricon-30 centrifugation concentration unitswere spuninaSorvall SS-34 rotor at 5,000 x g at
10° Ctofurther concentrate the material to approximately 100 mL.

The RT-PCR was performed using aset of pan-enterovirus*“ universa” primers, EV-L and EV-R,
for tota enterovirusnucleic acid amplification (Tsal et al. 1993). Briefly, a2 mL subsample of the concen-
trated seawater samplewas heated to 99° C for 5 minutes, and subsequently held at 4° C. Thisaction
denaturesthe protein coat of thevirusparticles, revealing the RNA genomewithin. Whiledtill at 4° C,
reagentsfor thereversetranscriptase (RT) step wereadded. The RT step wasrunwith onecycleat 24.0°
Cfor 10 minutes, 42.0° C for 30 minutes, 99.0° C for 5 minutes, and then held at 4.0° C for addition of the
PCR reagents, including DNA polymerase. The DNA polymerase catalyzesthe extensionreaction and a
second DNA strand is synthesized. Thereaction mixtureisthen heated again to 99° C to separatethe
double stranded molecule and exposethe primers’ target sequences. Asthe mixture cools, the primers
annedl to their targets, and the DNA polymerase continues once again to extend the annealed primersalong
thetarget templatesto produce amplified DNA fragmentsof 196 bp. Thisoccursfor 40 cycles, amplifying
millionsof copiesof theorigina target cDNA. Amplified DNA wasvisudized by staining a2% agarose gel
with ethidium bromideand illuminationwith UV light. Lanemarkersof 100 bp incrementswere used for
size comparison. Theexpected PCR product for the pan-enteric virus primersis 196 bp.

Negative and positive controlswere performed for each RT-PCR run. For the negative controls, 2
m of deionized water was added to the PCR mixture rather than the seawater sample. A positive control
for the RT-PCR kit was performed each time anew kit was used, and involved theamplification of agiven
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target RNA with random hexamer primers. A positive control for the poliovirusamplification was per-
formed by adding known amountsof high-titer stock poliovirusto the RT-PCR mixture, with amplification
usingtheEV-L and EV-R primer pair. Triplicate anayseswererun for each sampleby using the RT-PCR
protocol for each dilution. Negative and positive signals observed on agarose gel swere recorded, and
quantitative resultswere cal culated using an MPN approach. Thedetection limit of our RT-PCR assay
ranged from 0.1-1.0infectious unitsand was comparableto detection limitsreported in smilar studies(Tsai
et al 1993, Rose et al. 1997).

Tota abundances of viruses and bacteriawere determined by small-volume samples preserved with
formalin, stained with SY BR Green |, and counted with an epifluorescence microscope (Nobleand
Fuhrman 1998). When possible, preparation activitieswere completed under subdued light. Slideswere
counted immediately, or frozen at -20° C for counting within 1 week. For eachfilter, 10to 20 fieldswere
selected randomly and atotal of >200 viruses and >200 bacteriawere counted on an Olympus BH2
epifluorescence microscopewithal100X D Plan Apochromat UV objective, under blueexcitation. Virus
particlesweredistinctly shaped “pinpricks’ that fluoresced bright green. Bacteria cellsweredistinguished
from virusesby their relative sizeand brightness.

C. Quality Assurance

Two distinct but related activities, quality assurance (QA) and quality control (QC), wereincorpo-
rated into Bight* 98 to ensure that the datawere collected using scientifically valid methodol ogiesthat were
comparable among participating organizations. The QA activitieswere undertaken prior to sampling and fall
into two major categories: (1) methods standardization; and (2) intercalibration exercises.

Methodswere standardized across|abs by implementing thefollowing actions. Each |aboratory
was ELAP certified and followed Standard Methods for the Examination of Water and Wastewater,
18th edition, 1995 (Standard Methods). Laboratoriesa so ascribed to common guidelinesregarding
culture media, water, equipment and instrumentation, and datahandling. Commercidly availablepre-
sterilized mediawereused. Mediawere stexilized by autoclaving according to the manufacturer’ sspecifica
tions. Water used to prepare culture mediaand reagentswas distilled or demineralized reagent grade, and
was stored away from direct sunlight to prevent growth of lgae. Ovens, autoclaves, and refrigeratorswere
monitored to ensure proper temperatures. The pH meterswere calibrated to maintain an accuracy of 0.1
pH units. Balanceswere calibrated to provideasenstivity of at least 0.1 g at aload of 150 g.

Positive and negative growth performance and sterility testswere performed on newly prepared
batchesof media. Broth culturesand plateswereread at specified times. Proper functioning of water baths
was demonstrated while analyseswerein progress using control culturesof E. coli and Enterobacter
aerogenes.

I ntercalibration performance exerciseswere conducted to assess and control the variability intro-
duced by inclusion of multiplelaboratoriesand measurement methods. These exercisesinvolved preparation
of standardized samples, which weredistributed to each laboratory for processing. Each laboratory was
required to achieve specific accuracy and comparability goalsasprerequisitesto their participation in the
regiond survey. Detailsof the QA intercalibration exercises are presented in Appendix C.
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Quiality control measures applied during the study weresimilar to theintercalibration exercises
conducted prior to the survey. Eachlaboratory wasrequired to processtwo standardized samples, onthe
second and fourth weeks of the study, that were created by inoculating filtered seawater with raw sewage
(from the Orange County Sanitation Digtrict).

D. Data Analysis

The assessment of shoreline condition focused upon estimating the percent of shoreline mile-days
that exceeded athreshold of concern. Datafrom adaptive sampling, indicator comparisons (labswhere
multiple methodswere run s multaneoudly), and M exican waterswere not used for the assessment of
shoreline condition. Two setsof thresholdswere used, one based upon daily measurements and the other
based upon monthly averages (Tablell-3). Both setsof thresholdswere derived from acombination of
State of Californiadraft beach closure thresholds, establishedin responseto the AB411 legidation and
primarily applicableto county health departments, and the California Ocean Plan, which proscribe State
water quality objectivesfor NPDES-permitted ocean dischargers.

TABLE II-3. Indicator thresholds used in the Shoreline Microbiology Study

Indicator Daily Limits (per 100 mL) Monthly Limits (per 100 mL)
Total coliforms 10,000%b< 20% of samples >1, 0003¢
Fecal coliforms 400° 200 (GM)»

Enterococci 104° 35 (GM)P

Total:fecal ratio when TC >1,000 and TC/FC < 10"

also, when TC>1,000 and TC/FC£5
GM = geometric mean

aFrom California Ocean Plan
®From draft regulations developed in response to California Assembly Bill 411
°Present California Ocean Water-Contact Sports Standards

Estimating the percent of shoreline mile-dayswas accomplished for each of the strataand for the
shorelineasawholeusing aratio estimator (Thompson 1992):

a (.w

i=1

S
aWw
where =1

m = Percent of areaexceeding thethreshold for strataj
p = Binomia parameter value (e.g., 1if it exceeded the threshold valueand O otherwise) for station i
w = Weighting for station i, equal to theinverse of theinclusion probability for thesite
n' = Number of stations sampled in populationj.
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Standard error of theresponsewas calculated as:

& ((p,-m) w,y
i=1
(4w)
aw,
i=1

Statistical differences between populations of interest were defined on the basi s of non-overlapping confi-
denceintervals. Useof theratio estimator for the standard error gpproximatesjoint inclusion probabilities
among samplesand assumes anegligible spatia covariance, an assumption that appears warranted based
upon preliminary examination of thedata. Thisassumptionisconservativeinthat itsviolation would lead to
an overestimation of the confidence interva (Stevensand Kincaid 1997).

Standard Error

The comparison of indicator responses was accomplished primarily through corrdaion andyss.
I ndicator compari sonswere performed with the entire data set (incl uding adaptive sampling and datafrom
Mexicanwaters). Contingency tableswere a so devel oped to categorically assessthefrequency withwhich
individud steswereclassfied thesameby different indicators.

Therelationship between bacterid indicatorsand viral concentrationswas assessed in two way's.
First, therank correlation between quantitative results of human enteric virus genome detection by the MPN
approach and thelevels of each of the bacteria indicatorswastested. Second, the correlation between the
presence/absence of human enteric virus genomes versusthelog transformed bacterial indicator resultswas
tested (logistic regression).
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1. QUALITY ASSURANCE EVALUATION

Participants successfully sampled 99% sitestargeted for study during the survey period. Of thetwo
stations missed during the study, one wasthe result of anincorrect sampleframe (no public access) and one
stewasnot sampled. Although afiveweek timeframewas defined asthe study sampling period, asixth
week wasreserved for contingency. Only oneagency required the sixth week for sampling; rescheduling
alowed them to meet the requirement for aminimum of five sampling eventsfor al of their Sites.

Participants successfully anayzed 3,436 of 3,455 (>99%) samplestargeted for analys's, exceeding
thedataquality objective of 95%. All 19 of themissing laboratory anaysesweretheresult of laboratory
accidents.

All participants analyzed two external reference samples (seawater samples spiked with sewage
effluent) during the survey to quantify measurement error and identify dataquality problems. Participating
|aboratories anayzed these reference samplesfor tota coliforms, fecal coliforms, and enterococci using
proceduresidentical to those used for the pre-survey quality assurance exercises (Appendix C).

Thereference sample analysis showed that the cross-laboratory variability established inthe pre-
survey intercalibration exerciseswas a so achieved during the survey. Theonly deficienciesidentified were
laboratory multiplication errorsresulting from dilution series. These deficiencieswere corrected and dl
remaining study datawere verified for calculation accuracy.

During the course of data checking, it was discovered that 2.5% of reported sampleshad fecal
coliformslevelsthat were higher than thetotal coliformslevels. Sincefeca coliformsrepresent asubset of
thetota coliformsgroup, their numbers should not exceed thetota coliformsnumbers. On-site audits
conducted by the Project QA Officer confirmed that these anomaliesresulted from andytical interferences
and not errorsin analytical methodology. Themedian difference between fecal coliformsand tota coliforms
for these caseswas 10. Lessthan 4% of the discrepancieswere from samplesthat exceeded bacterid
indicator standardsfor fecal coliformsand none exceeded standardsfor totd coliforms.
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V. ASSESSMENT OF THE SOUTHERN CALIFORNIA BIGHT

A. Results

Approximately 95% of the shordline mile-daysin southern Cdiforniaduring thefive-week study
period met bacteriological water quality standards. Thishigh frequency of good region-wide bacteriol ogical
water quality was cons stent, regardless of whether daily or monthly thresholdswere used (FigurelV-1,
TablelV-1).

The probability of exceeding abacteria indicator threshold differed among indicators (FigureV-2).
Enterococci wastheindicator for which thresholdswere most frequently exceeded, followed in descending
order by total:fecal ratios, feca coliforms, and total coliforms. The shoreline mile-daysfor which entero-
cocci exceeded thresholdswere morethan twice thosefor fecal coliforms, and fivetimesthosefor total
coliforms. Lessthan one-third of the areathat exceeded athreshold for one bacterial indicator exceeded
thresholdsfor multipleindicators measured at the Site, whether determined by daily or monthly thresholds
(FigurelV-3and V-4, respectively, TablelV-2). Only 0.1% of the shoreline, al of which werefreshwater
outlet sites, falled al indicators on any particular sample.

Few sitesexceeded bacterial indicator thresholdsfor morethan one of thefiveweeks of sampling
(FigurelV-5). Lessthan 2% of the shoreline sample sites exceeded athreshold for asecond week for any
indicator, and none of the sitesaway from freshwater outl ets exceeded threshol dsin multiple weeksfor
either total or fecd coliforms. Only six of the sitessampled in thisstudy exceeded bacteria indicator
thresholds during every week of the study; threewerein Mexico and threewerein the United States. Five
of thesix siteswere point zero samplestaken at freshwater outlet locations.

Thefrequency with which bacteria indicator thresholdswere exceeded varied by shorelinetype.
Thelowest frequency of daily threshold exceedances occurred along high-userocky shordine; thelowest
frequency of monthly threshold exceedances occurred along low-use sandy beaches; and the highest
frequency of exceedances (of both daily and monthly thresholds) occurred at point zero freshwater outlet
gtes(FigurelV-6, TableIV-1). Nearly 60% of the shoreline mile-daysat point zero storm drain Sitesfailed
monthly bacteria indicator thresholdsfor at least oneindicator during thisstudy. Morethan half of the point
zero freshwater outlet samplesthat exceeded athreshold for asingleindicator aso exceeded thethreshold
for multipleindicators. Random freshwater outlet samples, taken from siteswithin 100 yards of perennia
freshwater outlets, exceeded indicator threshol ds approximately 15% of thetime, triple thefrequency
observed Bight-wide or on high-use sandy beaches (Figure[V-6).

Although nearly 75% of the beach samplesin Mexico met bacteria indicator thresholds, beaches
and perennial freshwater outletsin Mexico weremorelikely to exceed abacteria indicator threshold than
thoseinthe United States (Table1V-3). The probability of exceeding thethreshold for both total and fecal
coliforms on sandy beachesin Mexico wasfivetimesthat at sandy beachesin the United States. I1n contrast
the probability of exceeding indicator thresholds, including tota:fecal ratios, at freshwater outletswassimiliar
both north and south of the border.
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Figure IV-1. Percent of southern California shoreline mile-days that met all
bacterial indicator thresholds in August 1998.

TABLE IV-1. Percent of shoreline mile-days exceeding daily bacterial indicator
thresholds.

STRATA Enterococci Fecal Total TC:FC<10 TC:FC<5
coliforms coliforms

High-use sandy 6.1 25 0.0 14 1.3
Low-use sandy 1.2 2.8 2.2 2.1 2.1
High-use rocky 24 0.0 0.0 0.0 0.0
Low-use rocky 2.1 0.0 0.0 0 0.0
Perennial outlets 5.7 6.9 1.7 54 2.5
Ephemeral outlets 5.0 2.7 0.0 4.0 2.7
Point zero outlets 34.2 24.8 12.0 21.8 17.6
All SCB 4.9 2.9 0.7 2.1 1.8
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Figure IV-2. Percent of southern California shoreline miles that met
indicator thresholds.
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Figure IV-3. Percent of southern California shoreline miles that failed
multiple daily bacterial indicator thresholds in August 1998.
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Figure IV-4. Percent of southern California shoreline miles that failed
multiple monthly bacterial indicator thresholds in August 1998.

TABLE IV-2. Percent of shoreline mile-days exceeding daily thresholds for all of the
indicators, three of the indicators, two of the indicators, and any single indicator.
Estimates are based upon the subset of sites at which all indicators were measured.

STRATA All 4 Any 3 Any 2 Any 1
High-use sandy 0.0 04 1.8 7.8
Low-use sandy 0.0 2.2 2.2 4.1
High-use rocky 0.0 0.0 0.0 24
Low-use rocky 0.0 0.0 0.0 2.1
Perennial outlets 0.8 3.0 5.2 10.9
Ephemeral outlets 0.0 1.7 4.1 7.3
Point zero outlets 5.8 18.3 26.7 40.0
All SCB 0.1 1.2 2.3 7.0
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Figure IV-6. Percent of southern California shoreline miles, by shoreline
type, that met all bacterial indicator thresholds in August 1998.

TABLE IV-3. Percent of threshold exceedances in Mexico and the United States.

Total coliforms Fecal coliforms TC:FC<10

Sandy beaches

Mexico 2.6 25.3 16.5

United States 0.5 5.3 2.1
Point zero at perennial
freshwater outlets

Mexico 12.7 327 21.8

United States 12.0 24.8 21.8
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The magnitude by which thresholdswere exceeded differed considerably among shorelinetypes.
Approximately 40% of the measurementsa ong the southern Cdiforniashordine away from freshwater
outletswere within measurement error standard deviation, asquantifiedinthethisstudy’ sintercalibration
exercises (Appendix C); an additiona 30% of the measurementswere within two standard deviations
(FigurelV-7). Incontrast, two-thirds of the freshwater outlet samplesthat failed astandard did so by more
than two measurement error standard deviations. Nearly 80% of the Mexican samplesthat failed astan-
dard did so by more than two standard deviations, regardless of whether the samplewas collected near a
freshwater outlet or on abeach (FigurelV-7).
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Figure IV-7. Percent of exceedances within 1, 2, or greater than 2 standard
deviations for combined US sandy and rocky shoreline sample sites, US fresh-
water outlet samples sites, and combined Mexican sample sites.
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Adaptive sampling wasincluded in the study to quantify the spatial extent of the shoreline affected by
individual threshold exceedances. Of the 133 adaptive samplestaken upcoast or downcoast fromthe
original sitewhere athreshold was exceeded, |essthan 25% were found to exceed thresholds at adistance
asclose as 25 yardsand only 5% at adistance between 25 and 100 yards. Thesefindings, in part, reflect
thefact that adaptive sampling was conducted up to aweek after the original measurement wastaken. Less
than 35% of the 63 samplesthat triggered adaptive sampling remained above the threshold aweek after the
adaptive samplewas collected.

B. Discussion

Thevast mgority of the southern Caiforniashoreline had good bacteriologica water quality during
August 1998. The one exception to thisfinding wasthe areas adjacent to freshwater outlets. Most of these
outletsare storm drain systemsthat recelve avariety of upstream inputs, including organic debris, non-
human feca matter, accidenta sewage spills, illicit sewage connections, sanitary sewer system leaks,
leachate from septic systems, runoff from homeless populations, and/or illegal dumping of waste. Storm
drainsin southern Californiaareindependent from sewer systemsand their flowsreceive no treatment or
disinfection prior to ocean discharge.

Urban runoff isalarge contributor of microorganismsto storm drains, but it is not the sole source of
feca contamination. Waterfowl, dogs, and marine mammals can also contribute bacterial contamination,
particularly wherelagoona or embayment systems, which serve aswildlife habitat, immediately precedethe
confluence of the drainage system with the ocean. Genetictestsof E. coli isolatesfrom urban runoff water
samplesin San Diego and Orange Countiesmatched DNA sequences observed in wastes sampled from
severa anima sources (Simmons 1998). Theseloca observationsare consistent with theresultsof studies
inother locations. 1n Massachusetts, for example, an estimated 67% of the coliformsin Buttermilk Bay
were derived from waterfowl (Weiske et al. 1996).

Whilethisstudy isthefirst to quantify the effect in an unbiased, regiona context, itisnot thefirst to
concludethat storm drainsare areas of concern. High levelsof indicator bacteriahave been found routinely
instorm drain effluents, affecting shoreline bacteriologica water quality near these sourcesthroughout
southern California. A recent study performed in SantaMonicaBay linked the poor bacteriological water
quality of storm drainsto the epidemiol ogy of peopleusing thebeach for recreation (Halleet al. 1996).
During dry weather, Gold et al. (1992) reported el evated counts of enterococci and total and fecal
coliformsin severd stormdrainsin SantaMonicaBay. Indicator bacteriasampled from storm drain efflu-
entsduring wet weather commonly exceed State water quality objectives (Schiff 1997). Median densities
of fecal coliformsranged between 10% and 10* cfu or MPN/100 mL in wet weather flowsfrom San Diego
toLosAngeles. Thesehigh densitiesof indicator bacteriaare reflected in gradients of coliformsand entero-
cocci intherecelving waters of SantaMonicaBay (Gold et al. 1990, SCAG 1988). These observations
arenot uniqueto southern Cadlifornia; urban runoff yields consistently high densitiesof fecal coliformsin
many metropolitan areas (EPA 1983) and isone of thelargest contributorsto impaired surface watersinthe
United States (EPA 1994).

Thisstudy isaso not thefirst to detect areas a ong the Mexican coast with high bacteria counts
(Segovia-Zavaaand Orozco-Borbon 1986), thoughit isthefirst to use consi stent sampling approachesto
comparetherdative quality of United Statesand Mexican beaches. Water contamination in the northwest-
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ern coasta areaof BgaCdiforniaresultsfrom rapid urban and industrial growth, and alack of infrastruc-
tureto treat municipa wastewater, mainly near thecitiesof Tijuanaand Ensenada. Previous bacteriologica
studiesinthisarea(Orozco et al. 1994, Segoviaet al. 1995) have found that the main inputs of total
coliformsand fecd coliformsto the areaare from storm drainsand wastewater discharges aong the shore-
line. Wastewater dischargesincrease during summer monthswith anincreasein tourism, while storm water
runoff isthe principal sourceinwinter (Orozco-Borbdn and Safiudo-Wilhelmy 1988). The Mexican
government has aready taken actionsto reduce bacteriologica pollution of coastal waters. First, they have
adopted the Mexican official standard NOM-001-ECOL-1996 that establishes pollution limits (Secretaria
deMedio Ambiente 1997), and have established datesfor initiating discharge quality control programs.
Additiondly, they areimproving the existing infrastructure, aswell asconstructing new facilitiesto collect,
treat and dispose of sewagefromtherapidly growing populationintheregion. The Mexican government
hasparticipated in construction of the South Bay Internationa Wastewater Treatment Plant and isplanning
construction of aseriesof wastewater treatment facilitiesalong the Tijuana-Ensenadacorridor. Itisclesr,
however, that illegal dischargesaso exist onthesewatersand that additional measureswill haveto betaken
to correct the problem. Thedatafrom thisstudy can be avaluable basalinefor assessing the effectiveness
of thosefutureactions.

Measurement error isan important factor to consider ininterpreting bacteria indicator data. The
intercalibration aspect of thisstudy documented that the standard deviation associated with replicate labora-
tory analysiswasnearly 50% of the measured value a concentrations near the State threshol ds; thismagni-
tude of measurement error iscomparableto that of |aboratories outside of southern Californiaand reflects
theinherent accuracy of current bacterial measurement technologies. Morethan two-thirdsof standards
fallures observedinthisstudy, particularly those from samplescollected away from sscorm drains, were
within measurement error. County health departmentstypically collect confirmation samplesat Steswherea
threshold israrely exceeded, in part to ensurethat thefailure did not result from measurement error. In
areas away from freshwater outlets, wefound that lessthan 0.5% of the shoreline exceeded athresholdin
two consecutive samples.

One of themost striking results of thisstudy wasthe differencein response among indicators.
Thesedifferencesarelikely to affect the actions of county health departmentsin the near futurewithimple-
mentation of AB411 regulations. Present State law requiresthe use of total coliformsastheindicator to
determinerecreational water quality and, inthe event of exceedances, to post or restrict accessto the
shoreline. Thenew proposed standards under AB411 require measurement of threeindicators. A failure
finding ispresently proposed as exceeding athreshold for any one of thethreeindicators, although early
drafts proposed failure as exceeding thresholdsfor any two of thethreeindicators. Theresultsof thisstudy
indicatethat either proposa will lead to asubstantial increasein the number of samplesfailing State stan-
dards and may increase the number of beaches posted or closed. Failuresof thetota coliform standard
amounted to 0.7% of shoreline mile-days, whilefailures of any two indicatorsamounted to 2.2% of the
shoreline, or dmost triplethose of coliformsalone. If the AB411 regulations are written such that exceeding
standardsfor any one of thethreeindicators can lead to beach posting or closure, therate of posting or
closurewill increase by afactor of 10 (TablelV-1).
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Oneoutcomeof thisstudy isthe recognition of the effectiveness of ongoing beach monitoring
programsin southern Cdifornia. Morethan 20 programsthroughout the SCB cumulatively spend $3 million
annually collecting samplesfrom at least 510 sites and conducting more than 80,000 analyses per year,
roughly the same amount expended for monitoring activitiesin therest of the country combined (Appendix
D). Theprogramsin southern Californiafocusthebulk of their resources on monitoring high-use beaches
and known problem areas such asstorm drains. The present study emphasized the sampling of new,
randomly selected |ocations and did not uncover any previoudy undisclosed “ hot spots” of concern. Only
10 sitesthat exceeded abacteria indicator threshold werelocated morethan one-half of amilefroma
routine monitoring site; only one of these new sites exceeded athreshold for morethan oneweek. Eight of
theten new siteswerelocated in Venturaand Santa Barbara Counties, where population densitiesare
sgnificantly lower than urbanized areas of the SCB. Recent political and community support hasledtothe
expangon of regularly monitored beach |locationsin both Venturaand Santa Barbara Counties.
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V. INDICATOR COMPARISONS

A. Results

Corrdation Anayss

A strong correlation wasfound between total and fecal coliforms (r =0.93), whilethe correlation
between enterococci and both total and fecal coliformswaswesak (r =0.29, TableV-1, FiguresV-1
through V-3). The correlation between indicatorswaslargely independent of which laboratory method
was used to analyze the sampl es; for exampl e, the correl ation between total coliformsand fecal coliforms
anayzed by MF was 0.89, whereas the correl ation between thetwo usng MTF analysiswas 0.93 (Table
V-1). Samplesanayzed with M TF had marginally improved rel ationships between indicators compared to
MF. Corréation coefficientswere nearly identical when comparing the M TF and MF methodsto analyses
using theldexx kits(TableV-1).
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Figure V-1. Correlation of Total Coliforms and Fecal coliforms in August 1998.

o

S

R

2 6

N —~

EZ 4

.§ S

S 2

(@)

g 0 r=>0:29"

= 2 4 6 8
Enterococci (10°/100 mL)

Figure V-2. Correlation of Total Coliforms and Enterococci in August 1998.
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Figure V-3. Correlation of Fecal Coliforms and Enterococciin August 1998.

The correlations between indicatorswere dso similar among the different sampling strataassessed
inthissurvey (TableV-1). The correlation between each of theindicatorsimproved marginaly at freshwa-
ter outlets compared to high-use sandy beaches. Thisisnoteworthy sincefreshwater outletsgenerally
demonstrated the highest bacteria densitieswhile high-use sandy beaches had the lowest bacteria dengties.

A number of samplesfrom the survey were not quantified because they exceeded the capacity of
thedilution series performed; instead they werereported as“>“ values. For the analysesabove, these
valuesweretruncated to the upper end of their quantification range (i.e., converting >16,000 to 16,000).
Removing these data points, rather than truncating, had little effect on the correlation between fecal
coliformsand enterococci or total coliforms. The correlation betweentotal coliformsand enterococci more
than doubled with thereduced dataset (Table V-1).

TABLE V-1. Correlation between enterococci, fecal coliforms, and total coliforms density in the
Bight'98 Shoreline Microbiology survey.

Total coliforms: Fecal coliforms: Total coliforms:

Fecal coliforms Enterococci Enterococci
Entire data set 0.93 0.29 0.29
Membrane filtration alone 0.89 0.38 0.29
Multiple tube fermentation alone 0.93 0.47 0.42
Idexx alone 0.93 0.38 0.30
High-use sandy beaches alone 0.88 0.25 0.25
Water outlets alone 0.93 0.30 0.28
Without truncated values 0.91 0.40 0.77
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Threshold Analysis

Of the 880 samplesthat weretested for all threeindicators, 93 exceeded at |east oneindicator
threshold. Of thesethreshold exceedances, only 13% failed for al threeindicators, 34% failed for two
indicators, and 54% failed for only asingleindicator (TableV-2). Feca coliformsfailed at twicetherate of
total coliforms, and enterococci failed at threetimestherate of total coliforms. Lessthan one-half of the
enterococci threshold exceedances paired with threshol d exceedances by another indicator. Approximately
89% of thetotal and fecal coliformsthreshold failureswere partnered with failures of another indicator.

The concordance among indicatorswas considerably higher at freshwater outlet Sites. Near outlets,
more than 50% of the samplesthat failed the threshold for oneindicator also failed for another; 18% failed
for dl indicator thresholds (FigureVV-4). In contrast, only 20% of thefailuresaway from outletswere
accompanied by thefailure of asecond threshold. Sixty percent of thefailuresaway from freshwater outlets
resulted from enterococci measurementsaone. No single sample collected away from freshwater outlets
during the entire study failed the standard for both enterococci and total coliforms (FigureV-4).

Table V-2. Allocation of all observed threshold exceedances among indicator combinations (in
percent).

Total coliforms Fecal coliforms Total:fecal ratio Enterococci
Alone 3.1 6.3 53 32.3
Total coliforms
Fecal coliforms 1.0
Total:fecal ratio 0.0 6.3
Enterococci 5.2 31 21
Fecal coliforms & 31
total:fecal ratio
Fecal coliforms & 5.2
enterococci
Total:fecal ratio & 0.0 19.8
enterococci
All 4 Indicators 7.3
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FigureV-4. Percent correspondanceof indicator threshold exceedancesat southern California
sitesnear and away from freshwater outletsin August 1998
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B. Discussion

Our finding that different indicators do not equally reflect whether asite exceedsthresholds, aswell
asthe higher incidence of enterococci threshold exceedances during summer, iscong stent with the observa
tionsof the project participantsfrom their routine monitoring programs. This conclusion doesnot appear to
belimited to southern California. Nuzzi and Burhans (1997) compared the responses among total
coliforms, fecd coliforms, and enterococci at 143 New York beach sitesand found that whileindicator
valueswere correlated, thelikelihood of exceeding an enterococci threshold was more than twicethat for
either of the coliform measures.

Onepossible explanation for the disparity among indicator threshold exceedancesisthat entero-
cocci survivelonger in the marine environment than total or fecal coliforms, resulting in morevaluesthat
exceed thethreshold. Hanesand Fragala (1967) demonstrated that E. coli surviva in marinewater was
0.8 day whileenterococci survival was 2.4 days. Sieracki (1980) demonstrated that the rate of enterococci
die-off did not increase astheintensity of sunlight increased while E. coli demonstrated the converse
pattern. Both of thesefactors couldincreasethelikelihood of enterococci threshold exceedancesrelativeto
coliforms.

Theapplicability of bacterid indicators, and their thresholds, for influencing decis onsabout beach
closuresisdependent upon their relationship to the pathogeni c organismsthat causeillness. Investigators
have shown that enterococci and coliphage have smilar survival characteristicsinrecaiving lakewaters
(Rajda1998). If theetiology of swimming-associated gastroenteritisisvira, and if coliphagereact to
physica and environmental stressorsin amanner smilar to human enteric viruses, then enterococci alone
might be abetter predictor of adverse health outcomesfrom exposureto fecal contamination. Cabelli
(1982) and Dufour (1984) showed that enterococci correlated better with swimming-associated gastroen-
teritisat marine and freshwater bathing beacheswith wastewater influences, resulting in the devel opment of
water quality guidelinesby the United States Environmental Protection Agency (U.S. EPA) for recreationa
waters based upon enterococci densities (EPA 1986). Thisrelationship between enterococci and swim-
ming-associ ated gastroenteritis has been more recently examined by Kay et al. (1994), who demonstrated
asignificant dose response rel ation between gastroenteritisand fecal streptococci (of which enterococci are
asubgroup) concentrations. On the other hand, different indicatorsmay be predictors of specific diseases.
Halleet al. (1996) found that therelativerisk differed by indicator whenits particular threshold was ex-
ceeded. For example, positive associations were observed with skin rasheswhen tota or fecal coliforms
thresholdswere exceeded. Meanwhile, positive associations of highly credible gastroenteritis(HCGI) and
diarrheawere observed when enterococci thresholdswere exceeded. Theseresultsare aso supported by
Fleisher et al. (1996), who showed that fecal streptococci were predictive of upper respiratory tract
illness, whilefecd coliform exposurewas predictive of ear ailments.

Another possible explanation for the higher rate of enterococci threshold exceedancesisthat the
thresholdsfor theindicatorswere generated using different gpproaches and thus may be measuring different
outcomes. Enterococci and total:fecal ratio thresholdswere devel oped to estimate human health risk, based
upon correlation of indicator bacteriadensitiesand rates of humanillness. Studies conducted by Cabelli
(1983) established that enterococci densities correlated with numbers of HCGI in svimmers at beaches
influenced by wastewater in New York, New Orleans, and Boston. Similarly, Haile et al. (1996) estab-
lished significant associ ations between severd microbid indicatorsand rates of humanillnessat beachesin
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SantaMonicaBay influenced by stormdrains. Most notable among these werethetotal/fecal ratiosand
severd different symptomsincluding HCGI, nauses, diarrhea, and skinrashes. In contrast, thefecal
coliformandtota coliform thresholdswere derived from historical technol ogy-based limits, not upon
probability or rates of illness (Cabelli 1983).

Theresultsof thisstudy indicate that measuring multipleindicators may beinefficient. Testing
enterococci donedetected 79% of all indicator threshold failures. The cost of measuring multipleindicators
a asteisnearly comparableto the cost of measuring an equal number of new siteswith asingleindicator,
and the public’ sinterest might be better served by measuring more Sites or measuring selected stesmore
oftenusingasingleindicator. Thiscanonly occur if the scientific community agrees upon an epidemiologica
basisfor selecting the most appropriateindicator and threshold. Of particular concernistheneed to
distinguish indicators and threshol ds that most frequently result from the presence of human wastesfrom
indicatorsof animal wastes, which are unlikely to contain thevira agentsof greatest human health concern.
Thetools necessary to understand rel ationshi ps between the pathogenic organismsthat causeillness(e.g.,
viruses) and the bacterial indicatorsroutingly monitored are only beginning to be developed. TheCdifornia
State Department of Hedlth Servicesand the U.S. EPA have independently embarked upon effortsto
standardize beach monitoring regionaly and nationaly. Thepublic’ sinterest, aswell asthe cost efficiency of
monitoring, will be greatly improved by these programsif they focus on the research necessary to better
relate existing measuresto healthrisk.
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VI. ENTERIC VIRUSES
A. Results

Seven of the 15 samplesexamined for human enteric virusgenetic material (virusgenomes) by
reversetranscriptase polymerase chain reaction (RT-PCR) were positive (Table VI-1). The number of
human enteric virus genomes detected ranged from 4 to 75 per 100 ni of concentrate, from an origina
volumeof 20 L. Inhibitory substances, asevidenced by higher concentrationsin more dilute samplesin
serid dilutions, were present in only asingle samplefromthe LosAngelesRiver.

Correl ations between human enteric virus genomesand each of the bacterial indicators (total
coliforms, feca coliforms, and enterococci) were statistically inggnificant using rank correaion andyss. A
significant logistica correlation wasfound between fecal coliforms concentration and the presence or
absence of human enteric virusgenomes. 1n73% of the samples, the presence of human enteric virus
genomes coincided with the exceedance of thefeca coliformsthreshold of 400 cfu/100 mL.

TABLE VI-1. Human enteric virus genome and bacterial indicator concentrations at virus sampling
sites. Bold face type indicates a threshold exceedance for that bacterial indicator (hm = not mea-
sured).

Freshwater Outlet Site Sampling Date  Virus Genomes Total Fecal Enterococci
per 100 mm Coliforms  Coliforms

Tijuana River 8/3/98 75 30 8 10
Los Penosquitos Lagoon 8/3/98 75 8 4 2
San Luis Rey River 8/10/98 14 800 80 24
Los Angeles River 8/18/98 4 9,000 1,700 2
Aliso Creek 8/17/98 66 140 20 64
Ballona Creek 8/31/98 75 5,000 1,600 170
Malibu Creek 8/31/98 75 1,353 616 175
San Diego River 8/3/98 0 36 38 54
Moonlight Beach 8/10/98 0 3,000 230 nm
San Juan Creek 8/17/98 0 160 70 20
Goleta Creek 8/24/98 0 314 314 20
Mission Creek 8/24/98 0 240 85 10
Arroyo Burro 8/24/98 0 24,192 589 99
Carpinteria Creek 8/24/98 0 41 20 10
Calleguas Creek 8/31/98 0 1,100 170 140
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B. Discussion

Human enteric viruses, unlike most bacterial indicators, are direct indicators of the presence of
human fecd contamination. Inthisstudy, we specificaly focused upon the detection of the genetic materia
(genome) of enteroviruses, asubgroup of the entire human enteric virusfamily. Enterovirusesaremembers
of thepicornaviridae, afamily of snglestranded RNA viruses. Thefamily includes67 human serotypes,
including poliovirus, Coxsackievirus, echovirus, and other enteroviruses. Vaccine-strain poliovirus, dthough
not apublic health risk because it isan attenuated version of the virus, isalso detected using our RT-PCR
technique, and isadirect indicator of human fecal contamination. Vaccine-strain poliovirusmay befoundin
elevated quantitiesin fecal material from children, asit isactively shed by thosethat have been recently
vaccinated. Other virusesthat can befound in human fecal materia, but were not pursued aspart of this
study, include astrovirus, adenovirus, Norwalk virus, coronavirus, and Hepatitis A virus.

Thisstudy isnot thefirst to examinethe presence of human enteric virusesin the coastal waters of
the Southern CaliforniaBight. A pilot study performed in SantaMonicaBay in 1989 used cell culture
techniques and reveal ed the presence of infective human enteric virusesat 11 of 15 samplestakenat asingle
storm drainin SantaM onicaBay, and repeat testing in 1990 revealed positiveresultsin 3 of 4 samples
(Gold et al. 1990). Inanother study in 1991, human enteric viruseswere detected at all five of the storm
drainstested in SantaMonicaBay (Gold et al. 1992), and one of the enterovirusisolateswasidentified as
CoxsackieB virus, aknown etiological agent. Morerecently, inan epidemiologica study in SantaMonica
Bay in 1995, infectious human enteric viruseswere detected at al 3 of the torm drain systemstested (Haile
etal. 1996). Thevirusresearch performed usng RT-PCR in thisstudy supportsthe previousstudiesin
SantaMonicaBay, and demonstratesthe positive detection of human enteric virus genomes at both of the
SantaMonicaBay storm drainstested (Table 1), with quantitative results suggesting that thelevelsof human
enteric virusgenomes at these siteswere among the highest of thefreshwater outlet sites studied.

While enterovirusesareresponsiblefor avariety of illnessesor symptoms, including upper respira-
tory tract infections, meningitis, myocarditis, and hemorrhagic conjunctivitis, the measurement techniques
used inthisstudy do not provide direct information about infectivity of the observed virusparticles. The
RT-PCR worksby identifying the presence of vira RNA based upon conserved sequences of RNA found
withintheviral genomeof specific virusfamilies, inthis case enteroviruses, without distinction asto whether
theviral RNA isfreeor contained within anintact, infectivevirusparticle. Itisavauabletechniquefor
detecting virusmaterial found in human fecal contamination, and therefore hasthe potentia to beused asa
tool to distinguish between human and animal waste. Thetechnique must be combined with other measures,
such asdirect plating of coliphagesor cell culturetechniquesto assessinfectivity.

Although wefound acorré ation between the presence of human enteric virus genomes and fecal
coliforms, the correlation wasweak and did not extend to al of the other bacterial indicators. Thismirrors
thefindingsof Noble and Fuhrman (1997), who conducted smilar studiesin SantaMonicaBay and found
no apparent correlation between any of the bacteriological indicators and the presence of enteroviruses.
The poor relationship between bacterial and viral indicators may indicate the substantial presence of non-
human sources of bacterial contamination. All of the samplesfromthisstudy weretakeninthe surf zone
immediately adjacent to the storm drain outlets. Many of these outletsdrain lagoond systemsthat are
inhabited by waterfowl, which can contribute large amounts of animal wastes. Thetwo siteswherewe
observed high bacterial countsin absence of human enteric virus genomes, Calleguas Creek and Arroyo
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Burro, had hundreds of birdsnear the storm drain at thetime of sampling. If animal wastesareasignificant
source, then bacteria indicators may provide an overly conservative estimate of microbiologica water
quality conditions, sinceanimal waste doesnot typically contain pathogensof concernto humans.

An dternative explanation for the poor correlation between bacteria and vird indicatorsisthe
differential survival of pathogensin seawater (McNeill 1992). Thereare many complex factorsthat influ-
encethe persstence of pathogenic microorganisms, anong them sedimentation, turbulence, sunlight inten-
Sty, temperature, and predation. Under some circumstances, viral pathogens can survivelonger inthe
marine environment than indicator bacteriaasthey adsorb to solidsthat can protect them frominactivation
by biological, chemical, and physicd factors (EPA 1985). Conversaly, McNelll (1992) has shown that
coliformsand enterococci not only persist, but can grow in the marine environment at warmer water tem-
peraturesfoundintropical areas. Understanding the relative degradation rates between bacteria indicators
and theviral pathogens of human health concern, and how variousenvironmenta factors such astempera-
ture affect their relativerates of attenuation, isessentia to knowing how well bacteria indicators predict
human hedlth threatsin marine waters.

The RT-PCR technique presented here provides apotential mechanism for distinguishing between
human and animal feca contamination and more closaly identifying sources of possible human hedlth risk.
Although RT-PCR detection of human enteric virusmateria cannot be used to infer infectivity, RT-PCR
radically improves upon the time required to detect the presence of human pathogensin seawater, taking a
day rather than the weeksrequired for conventiona cell culturetechniques. Additionaly, RT-PCR canbe
used to detect avariety of human pathogenic viruses not detectable by cell-culturetechniques. The cost of
RT-PCR, however, remains 50 times higher than that for bacterial indicator measurements. Further refine-
mentsto reduce cost will berequired before thetechniqueisfeasible on aroutine basisfor addressing
management decisionsabout local coastal health hazards.
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VIl. CONCLUSIONS

TheBight' 98 Shoreline Microbiology Study representsthe most comprehensiveregiona assessment
of microbiologica water quality a ong the Southern CdiforniaBight shoreline conducted to date. The
regional and unbiased nature of the sites sampled providesthe opportunity to make assessmentsthat cannot
be accomplished by examining datafromindividua sitesor from samplescollected by anindividua monitor-
ing agency. Thestudy alsoisthefirst to comparetherelative bacteriologica water quality dong Mexican
and United States shoreline using smilar site selection approaches and coordinated quality assurance
methods. Thesurvey participants, representing every agency that conducts routine microbiol ogica monitor-
ing insouthern Californiaplusagroup of Mexican scientists, have reached the following conclusions based
upon thefindingsof thisstudy:

Bacteriologica water quaity was cons stently good along the southern Caiforniashordine during
the summer of 1998.

Nearly 95% of the shoreline mile-daysfrom Santa Barbarathrough San Diego during August met dll
of the State of California spresent and proposed bacteria water quality standards. Ninety-eight percent of
the samplesthat exceeded a State standard did so for only one bacterid indicator, whereas other indicators
measured at the site were within State standards. Lessthan 0.2% of the shoreline mile-days exceeded
thresholdsfor al indicatorsmeasured at asinglesite. Except for thoselocationsimmediately adjacent to
freshwater outlets, most of the threshold exceedanceswere temporally sporadic. Only threesitesaongthe
United States shoreline, other than those near afreshwater outlet, exceeded an indicator threshold for more
than one of the fiveweeks sampled.

Areasadjacent to freshwater outlets exhibited theworst microbiological water quality, bothinthe
United Statesand in Mexico.

Areasadjacent to freshwater outlets, which congtitute only asmall of fraction of the southern
Californiacoastline, had poor microbiologica water quality. Almost 60% of the shorelinemile-daysin these
areasfailed State standards based upon monthly thresholds. Most of these exceedanceswerefor multiple
indicators and occurred repetitively throughout the five-week study period. Human enteric virusgenetic
materia was detected in samplestaken from 7 of 15 freshwater outlet |ocations; 73% of these detections
coincided with an exceedance of abacterial indicator threshold for fecal coliforms. Mexican freshwater
outletswere about just aslikely to exceed abacteriol ogica water quality standard asthosein the United
States.

Mexican beaches exceeded indicator bacteriathreshol ds more frequently than beachesin the United
States.

Thiscooperative study isthefirst to comparetherelative water quality aong Mexican and United
States shorelineusing similar site selection gpproaches and coordinated quality assurance methods. Al-
though nearly 75% of the beach samplesin Mexico met California sbacteriologica water quality standards,
the standards were exceeded five times more often along Mexican than United States beaches. The magni-
tude by which standards were exceeded was a so higher in samplestaken from Mexican beaches. This
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information provides val uable base-lineinformation that can be used to assess progressin efforts by Mexi-
can authoritiesto improvetheir shoreline bacteriological water qudity.

Dry-westher beach closure decisionsin southern Californiaare sensitiveto whichindicatorsare
measured at the Site; closureratesarelikely to increase with proposed new regulations.

Inthissurvey, the enterococci standard proposed under AB411 was exceeded approximately twice
asoften asthe proposed fecal coliform standard, and threetimes as often asthe present total coliform
standard. Inareasaway from freshwater outlets, 60% of the standardsfailureswerefor enterococci alone.
Only 13% of the samplesthat failed one of the standardsfailed all standards. Beach closuredecisonsare
made by local (county or city) health departments utilizing standards set by the State. For thelast severa
decades, the standard has been based upon total coliforms. Proposed regulationsdrafted under AB411
requiremeasuring dl threeindicators. Variousdraftsof theregulationshave defined fallure as (1) exceeding
thethreshold for any oneindicator or (2) exceeding thethresholdsfor any two indicators. Either proposd
will lead to asubstantia increasein the number of stesfailing State standards. If regulationsarewritten
such that exceeding thresholdsfor any two of thethreeindicators constitutesfailure, therate of posting or
closurewill increase by afactor of three. If thefailure standard iswritten as exceeding athreshold for any
of thethreeindicators, therate of posting or closurewill increase by afactor of ten.

Dataquality was high and comparableamong all of the participating laboratories.

Threelaboratory techniques, membranefiltration, multipletube fermentation, and defined substrate
technology, arevarioudy used by different |aboratoriesin southern Cdiforniafor routinemonitoring. The
quality assurance exercises conducted asapart of thisstudy, which werethefirst nationally to compareal
of these methods on marine samples, demonstrated that all three techniques provided comparableresults.
Wea so found ahigh degree of comparability among laboratories participating in the project, including
volunteer monitoring organizations, indicating that the degree of protection the public receivesin southern
Cdliforniadoesnot differ asafunction of which laboratory processestheir local beach samples. We
caution, however, that the conclus ons about methods comparability are based only upon processing sum-
mer samples. Theseresultsmay not extrapol ate to winter samples, which can contain ahigher number of
interferencesintroduced by stormwater runoff.

Southern Cdiforniabeach monitoring programsare highly effective.

Morethan 20 southern Cadliforniaorganizations maintai n shoreline bacteriol ogical monitoring pro-
grams. Cumulatively, these organizations spend $3 million annualy collecting samplesfrom morethan 500
sitesand conduct more than 80,000 analyses per year in southern California. Mot of thiseffort isfocused
on high-use beaches and known problem areas. The present study directed considerable effortsinto new
locations and did not uncover previoudy unmonitored “ hot spots’ of concern. Only 10 sitesthat exceeded
aState threshold were located morethan one-half of amilefrom aroutine monitoring site, and only one of
these new sites exceeded athreshold for morethan oneweek. Eight of theten siteswerelocated in Ventura
and SantaBarbara Counties, where recent political and community support have led to the expansion of
regularly monitored beach locations.
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Volunteer monitoring efforts can contribute val uable datato southern Cdiforniamonitoring pro-
grams.

Anincreasingly large component of beach monitoring in somearessis performed by volunteer
organizations. One consderation in eva uating the effectiveness of amonitoring programiswhether data
produced by volunteer organizationsisof sufficient quality toincludein integrated beach assessments. The
volunteer organizations participating in thisstudy demonstrated through quality assurance exercisesthat they
can produce datacomparableto those of the certified professiona laboratories. Thevolunteersinvolvedin
the study were more experienced than most, having conducted their own monitoring activitiesfor many
years. They also benefited from U.S. EPA-sponsored training and working closaly with alocal university.
Regardless, they demonstrated that with asimilar level of training, volunteer organizations can becomefull
partnersin developing regiona beach quality assessments.
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VIII. RECOMMENDATIONS

| ntegrate stormwater management agenciesinto routine shoreline microbiology monitoring networks.

Oceanwatersimmediately adjacent to 60% of the freshwater outletsin southern Caiforniawere
found to exceed State standardsfor indicator bacteria, which accounted for more than 90% of the stan-
dardsfailuresobservedinthisstudy. At present, virtually all of the routine monitoring in ocean waters near
freshwater outletsis conducted by county health departments or by ocean-di scharging sewage treatment
facilities, both of which have limited jurisdiction to address problems observed near freshwater outlets. This
dissoci ation between the organi zationsthat design and implement ocean monitoring programsand the
organizationsthat bear most of the management respong bility for correcting observed problemsisinefficient
for protecting the public’ sinterest. Several of the ssormwater management agenciesin southern Caifornia
maintain bacterial monitoring programsfor inland waters, but these programs are not integrated with the
ocean monitoring programs. Theroleof slormwater agenciesin the shoreline monitoring network should be
animportant one. Their participation will ensure continuing and expanded monitoring efforts near freshwater
outlets; will alow them to react immediately to theresults produced by these monitoring programs; and will
establishtheframework for their inland effortsto be integrated with the ocean areamonitoring programs.
An active partnership with the scormwater agenciesisbeginning to occur. The City of LosAngeles
Stormwater Divis on recently began sharing the costs of routine shoreline bacteria monitoringin Santa
MonicaBay, and the stormwater programsfor Orange, Riverside and San Bernardino Countieswere co-
sponsorsof thisregional monitoring program. This cooperativeinteraction should be expanded.

Reassess the rel ationship between bacteria indicator thresholds and health risk.

Thisstudy found ahigh degree of inconsistency among the three bacterial indicators proposed asthe
basisfor beach posting/closure decisions. The epidemiologica evidence upon which indicator thresholds
are based isscant and derived largely from studies conducted on the east coast under conditionsthat are
vadly different from southern California. Moreover, thetools necessary to understand rel ationships be-
tween the pathogenic organismsthat causeillnessand the bacterial indicators monitored routinely by many
southern Californiamonitoring agenciesarein the early stages of development. Asaresult, most agencies
measure multipleindicators, which will soon berequired under AB411 derived regulations. Thismethodis
inefficient, resulting in higher costs aseach agency triplesitseffort to capturelargely redundant information,
sncethese bacteria indicatorscorrelate. Agency expenditures might be better spent using oneindicator to
monitor morelocations, or to monitor existing locations more frequently, but thiscan only occur if the
scientific community agrees upon an epidemiol ogica basisfor selecting the most gppropriateindicator and
threshold. The CdiforniaState Department of Health Servicesand the U.S. Environmental Protection
Agency haveindependently embarked upon effortsto standardi ze beach monitoring data collection region-
aly and nationdly. Thepublic' sinterest, aswell asthe cost efficiency of monitoring, will not be grestly
improved by these programs unlessthey focus on the research necessary to more closely relate existing
measuresto health risk.

VIII-42



Quantify magnitude of bacterid dengties.

Many of the measurementstaken in this study, aswell asin routine monitoring programs, yielded
truncated values (for example, >16,000 for total coliforms) because standard methods do not mandate that
theselargeindicator density valuesbe* bracketed” by theandytica dilution seriesemployed. Thedoctrine
not to extend the dilution seriesto quantify al values hasitsrootsin the hedth advisory framework where
exceeding athreshold yields an advisory, regardless of whether the exceedanceissmall or large. More
detailed quantificationisimportant for severd reasons.

1. Theextent of public health risk isdependent on the concentration of bacteria, not smply ona
categorica exceedance;

2. Draft beach closure sandards associated with AB411 includeindicator ratios, which cannot be
caculated if oneof theindicator vauesisnot quantified;

3. Risk managers, particularly ssormwater agencies, need to focustheir mitigation effortsin placesand
times (seasons) of greatest health risk. Without quantification, it isdifficult to assessrelativerisk
among systemsor time periods; and

4. Risk managersaso need ameansfor assessing progress, whichismost appropriately accomplished
by trendsinindicator dendities. Thisismost efficiently donewhenindicator valuesare quantified.

Increasing theleve of quantification, however, may not belogical at dl sitesand adl times. Theadditiona
endpoints must be selected judicioudy sincethe cost of an extradilution seriesfor asite nearly equalsthe
cost of monitoring additional sites. Risk managersneed to weigh therdative vaue of quantificationin
selecting the sitel ocationsand sampling interva sthat are optimum to fully quantify their results.

Conduct asmilar cooperativeregional survey during thewet season.

Thisstudy found the shorelineto bein good condition, but areas near freshwater outletswere
cong stently of concern. The study was conducted inthe summer, under low flow conditions, whenthe
influence of freshwater and stormwater inputsislowest. Itisunclear how much larger an areawould be
affected during higher flow conditions. Thestudy aso established aseriesof indicator relationshipsthat
beginto form the basisfor refining monitoring strategies. A wet season study isneeded to examinethe
cons stency of those rel ationshi ps between wet and dry conditions.
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APPENDIX A. PARTICIPANTSIN THE SOUTHERN CALIFORNIA BIGHT 1998 RE-
GIONAL MONITORING PROGRAM (BIGHT’98). 2Denotesparticipantsinthe Shoreline
Micr obiology component.

AES Corporation

AlgditaMarine Research Foundation

Aliso Water Management Agency(AWMA)?

Aquatic Bioassay and Consulting (ABCL)?

CdliforniaCoastal Conservancy

Central Coast Regiona Water Quality Control Board®

Channel IdandsNationd Marine Sanctuary (CINMS)

Chevron USA Products Company

Citiesand County of Riverside Stormwater Program

City of Long Beach?

City of LosAngdesEnvironmental Monitoring Divison (CLAEMD)?
City of LosAngeles Stormwater Divison?

City of Oceanside?

City of Oxnard®

City of SanDiego®

City of SantaBarbara?

City of Venture?

ColumbiaAndytica Services

Commissionfor Environmental Cooperation®

Diversinvolved Voluntarily in Environmenta Rehabilitation & Safety (DIVERS)
EncinaWastewater Authority?

GoletaSanitation Digtrict?

Granite Canyon Marine Pollution Studies L aboratory

Houston Industries, Inc.

I nstituto de I nvestigaciones Oceanol ogicas, Universdad Autonomade BgjaCdlifornia(UABC)?
Los Angeles Department of Water and Power

Los Angeles County Department of Beaches & Harbors®
LosAngeles County Department of Health Servicest
LosAngelesRegiona Water Quality Control Board®

LosAngeles County Sanitation Digtricts (LACSD)?

Marine Corps Base Camp Pendleton®

Nationa FisheriesIngtitute of Mexico (SEMARNAP)

NOAA-NOS International Programs Office?

NRG Energy, Inc.

Orange County Environmenta Hedlth Divison®

Orange County Public Facilities and Resources Department (OCPFRD)
Orange County Public Hedlth L aboratory?

Orange County Sanitation District (OCSD)?

San Bernardino County Stormwater Program

San Diego County Department of Environmental Health?
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Appendix A (continued). Participantsin the Southern Califor nia Bight 1998 Regional M oni-
toring Program (Bight’ 98). 2 Denotes participantsin the shor eline micr obiology component.

San Diego | nteragency Water Quality Panel (Bay Pandl)

San Diego Regiond Water Quality Control Board®

San Elijo Joint Powers Authority?

SantaAnaRegiona Water Quality Control Board®
SantaBarbaraPublic Health Department?

SantaMonicaBay Restoration Project

Southeast Regional Reclamation Authority (SERRA)?

Southern California Coastal Water Research Project (SCCWRP)?
Southern California Edison (SCE)

Southern CaiforniaMarine Ingtitute(SCMI)?

State Weter Resources Control Board (SWRCB)?

Surfrider Foundation®

USC Wrigley Ingtitutefor Environmenta Studies(WIES)?
University of Cdifornia, SantaBarbara

USEPA Region|X

US EPA Office of Research and Development

USGeologica Survey

USNavy, Space & Naval Warfare Systems Center, San Diego (USN)
VenturaCounty Hedth Department®
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APPENDIX B. MAPOF STUDY AREA
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APPENDIX C. COMPARISON OF BACTERIAL INDICATOR MEASUREMENTSAMONG
SOUTHERN CALIFORNIA MARINE MONITORING LABORATORIES

ABSTRACT

Recent initiativesto develop regional/nationa assessments of beach quality require consolidation of
bacteriologica dataacrossmultiplelaboratories. In southern California, 22 |aboratoriesroutingly measure
bacterial indicatorsof fecal contamination using several methods. To assess datacomparability, each of
theselabsquantified total coliforms, fecal coliformsor E. coli, and enterococci density from thirteen com-
mon samples. Threesourcesof variability (among laboratories, anong anaytica methodsand within
laboratory) were also quantified and compared. The average difference among methodswas|essthan 6%.
The average difference among laboratorieswas|essthan 2%. Thegreatest source of variability wasamong
replicateswithinindividua laboratories. Combining datafrom al laboratoriesusing different methods
increased variability by only about 30% over that which would be expected if asinglelaboratory usng a
singlemethod generated dl of the data.

INTRODUCTION

Coastadl watersare animportant economic and recreational resourcethat isinfluenced by human
activities. Treated wastewater discharges, industrid inputs, and surface runoff al affect coastal water quaity
and crestetheimpetusfor extensivewater quality monitoring programs. Animportant criterion for assessng
the potentia health risk of recreationa watersto swimmersisthe density of bacteriaassociated with fecal
contamination. The bacteriamost commonly used asindicators of feca contamination aretotal coliforms,
fecal coliforms, Escherichiacoli (E. coli), and enterococci. Although indicator bacteriado not necessarily
causeillness, they are abundant in human waste where pathogenic organisms, such asvirusesand parasites,
aredsolikely toexist. Bacterial indicators are measured instead of pathogeni c organisms becausethe
indicators occur in much larger numbersand can be measured with faster, less expensive methods than the
pathogensof concern.

Nationwide, tens of thousands of marine water samplesare anadyzed annualy for indicator bacteria
(Natural Resources Defense Council 1998). Most of the analysesare part of sampling programsthat are
independently planned and implemented by local or county public health departments, or by Publicly
Owned Treatment Works (POTWs) fulfilling federa, state and regiona monitoring requirements specifiedin
their permit to discharge wastewater into waters of the United States. 1n southern Californiaalone, over 20
agenciesregularly monitor near-shorewater quality (Appendix D), but the dataarerarely combined to
provide estimates or comparisons of conditionson aregional scale.

Severd recent initiativesrequirethe merger of dataat regiona and national levels. Theseinitiatives,
which reflect public desirefor amore comprehensi ve assessment of beach water quality, include California
Assembly Bill 411; USEPA's Beaches Environmenta Assessment, Closure, and Hedth (BEACH) program;
and the World Hedth/USEPA Expert Consultation of Safety of Recreational Waters. One concern that
ariseswhen consolidating datafrom independent programsisthat the numerous|aboratoriesthat perform
theanalysesuse different andytical methods. Standard enumeration methodsfor theisolation of viable
bacteriafrom environmental samplesinclude membranefiltration (MF) and multipletube fermentation
(MTF). Each of these enumeration formats can al so be used with more than onetype of media. For
example, the M TF method of enumerating fecal coliforms can be performed using EC or A-1 media.
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Enumeration using chromogeni ¢ substrate media, mediathat can detect enzymes produced by specific
bacteriaor groupsof bacteria, ared so available and currently being used by several monitoring agencies.

The cong stency in response among methods hasrarely been quantified. A few studieshave com-
pared response between pairs of methods (Eckner 1998, Stasiak and Cheng 1991, Edberg et al. 1990,
Green et al. 1997) and one study examined among-laboratory variability in marine applications (Messer
and Dufour 1998). No study has quantified among-method variability for the three methods (MTF, MF and
chromogenic substratekits), nor has any study placed among-method variability within the context of
variability among laboratoriesthat usethe ssmemethods. California’ sEnvironmental Laboratory Accredita-
tion Program (EL AP) attemptsto address comparability among laboratories by establishing acceptance
criteriafor specific test methods, but the program does not rigorously quantify inter-method or inter-labora-
tory variability. Within-laboratory variability between methods has been assessed on alimited basiswhena
|aboratory demonstrates method comparability in preparation for switching from one andytica method to
another.

Thisstudy examined comparability of datagenerated by 22 southern Cdifornialaboratorieswhen
quantifying total coliforms, fecal coliforms(or E. coli), and enterococci densitiesin common samples.
Participantsincluded 12 wastewater discharger agencies, five public health departments, three volunteer
organizations, one private consulting laboratory and one university laboratory (Table C-1). Thestudy
assessed among laboratory, among andytical method and within laboratory variability. Theadditional
variability introduced by pooling datafrom different monitoring programsusing different methodol ogieswas
a so quantified and placed within the context of natura variability occurring withinasinglelaboratory pro-
gram.

TABLE C-1. Laboratories participating in the interlaboratory comparison study.

Laboratory Methods Used
Algalita Marine Research Foundation Colilert®

Aliso Water Management Authority and Southeast Regional

Reclamation Authority MF, MTF

Aquatic Bioassay and Consulting Laboratories MTF

City of Long Beach Department of Health & Human Services MF, MTF

City of Oceanside MTF

City of Oxnard MTF

City of Los Angeles Environmental Monitoring Division MF, Colilert®

City of San Diego MF, MTF

City of Santa Barbara MTF, Enterolert®
City of Ventura MTF

Encina Wastewater Authority MF

Goleta Sanitation District MTF

Instituto de Investigaciones Oceanalogicas (UABC) MTF

Los Angeles County Department of Health Services MF, MTF, Colilert®, Enterolert®
County Sanitation Districts of Los Angeles County MF, MTF

Orange County Public Health Laboratories MTF, Colilert®
Orange County Sanitation District MF, MTF, Colilert®, Enterolert®
San Diego County Department of Environmental Health MTF

San Elijo Joint Powers Authority MTF

Santa Barbara Public Health Department Colilert®, Enterolert®
Southern California Marine Institute Colilent®

Surfrider Foundation

Colilert®, Enterolert®




METHODS

Fiveintercalibration exerciseswere conducted. Thefirst three exercisesinvolved quantification of
total coliforms, fecal coliforms(or E. coli) and enterococci in the transport medium. Each of theexercises
used three concentrations of the bacteria indicator. Thefourth exerciseinvolved quantification of total
coliformsand fecal coliforms(or E. coli) at asingle concentration in seawater and fecal coliforms(or E.
coli) intransport medium. Thefind exerciseinvolved quantification of asingle concentration of feca
coliforms(or E. coli) in seawater.

Inthefirst three exercises, sampleswere prepared by seeding 24 hour-old stock culturesof E. coli
(ATCC 75922) or, Sreptococcus faecalis (ATCC 29212) into 10-liter carboysof NY SDH-1 transport
medium (Toombsand Conner 1980). Transport mediawas prepared prior to the day of the experiment in
two-liter volumesand Sterilized. Carboyswere sterilized separately. Bacteriawas added to the transport
mediaand mixed for twenty minutes on amagnetic mixer prior to dispensing thefirst sample. Targeted
seeding densitieswere 100, 1,000 and 10,000-bacteria/100 mL. Amount of stock culture necessary to
achievethetarget densitieswas based on MF analyses begun the preceding day.

Inthefourth exercise, E. coli was added to both seawater and transport medium. Inthefinal
exercise, filtered primary wastewater from the Orange County Sanitation District Plant #1 was added to
seawater. Primary wastewater wasfiltered through Whatman Grade 415 filter paper. Toincrease homoge-
neity among aliquots, the seawater wasfiltered through asand filter to removelarge particul ates.

Sampleswerereadied by 8:00 AM, packedinice, and distributed intimefor all laboratoriesto
begintheir analysesby 1:00 PM thesameday. Theoriginating laboratory analyzed thefirst and last sample
dispensed from each carboy by MF and M TF proceduresin order to vaidate the homogeneity of bacteria
inthe carboy. Analyseswerebegun soon after the last samplewas collected from the carboy and again four
hourslater.

Each laboratory was allowed to useits own standard operating procedures. M ethods used by
participantsincluded 9221B, C and E, 9222B and D, 9230B and C in Sandard Methods for the Exami-
nation of Water and Wastewater, APHA, AWWA, WEF, 18" edition, 1995 and EPA method 1600.
Colilert® and Enterolert® (Idexx Laboratories, Inc, Westbrook, ME) kitswere used in both 15-tube MTF
format and 51 well Quantitray® format. Threeto fivereplicatesfor eachindicator at each density were
required. Severa laboratories used morethan one analytical method, which resulted in more than 22
analytica resultsreported in some data sets.

Log transformed bacteria density measurementswere compared among laboratoriesand among
methods using anested ANOV A modd. Multiple comparisonswere performed using Tukey’ smethod, with
alphaset to an overal experimentd error rate of 0.05. Three componentsof variance (among-replicate
variancewithinindividua laboratories, among-laboratory variance, and among-method variance) were
estimated using the sum of squaresfrom the nested ANOV A mode.
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RESULTS

Datawere highly cons stent among |aboratories and methods. For only 11 of the 213 analyses
performed did asampleresult differ by morethan 0.5 log unit from the median for the test batch (Figures C-
1-5). Six of these caseswerefor fecd coliformsrecovery by MF. Theremaining five caseswere dueto
procedura errors, which werelater identified and corrected. Thefiveoutlying valueswereremoved from
the data sets prior to performing statistical analysis, athough they appear in thefigures.

FIGURE 1. Log total coliform density from first

exercise. Dashed lines are overall mean +/-
0.5log.
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FIGURE 3. Log enterococcus density from third
exercise. Dashed lines are overall mean +/- 0.5

log.
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FIGURE 4. Log total coliform and fecal coliform
or E. coli density from fourth exercise. Dashed

lines are overall mean +/- 0.5 log.
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FIGURE 5. Log fecal coliform density from
fifth excercise. Dashed lines are overall
mean +/- 0.5 log.
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Bacterial dengtiesdiffered among laboratoriesfor seven of the 13 samplesanayzed, but most of
these differenceswere small and limited to afew laboratories. Only 7% of al of the pairwise comparisons
among laboratories differed significantly, and most of these differences occurred in the early exercises.
(Tables2-4). Thelargest difference among laboratorieswas 29%, with an average difference of lessthan
2%. Among-laboratory differencesoccurred most frequently for tota coliforms(10%) and least frequently
for feca coliforms(3%).

Bacteria densty measurementsdiffered significantly among analytical methodsfor 16 of 37 possible
comparisons (43%), but the average between-method difference waslessthan 6% (Table5). Thelargest
among-method differencein any of thetestswas41%. Most of the differences among methodswere due
tolow feca coliformsvauesmeasured by MF (Figures2 and 4). Thisresult remained cons stent even after
the six valuesdiffering by morethan 0.5 log unitswereremoved. TheE. coli stock cultureused inthese
experimentswas suspected to be thermophilic with atendency to clump, which would account for thelow
dengtiesreported usng MF enumeration. To eiminatethispotential confounding, filtered wastewater was
usedin placeof apurecultureof E. coli inthefinad exercise. After switching to the wastewater inocul ant,
MF resultsdid not differ significantly from the other two MTF enumeration formats. The only cons stent
difference among methods occurred for the Enterolert® method. At low densities, Enterolert® resultswere
dtatistically indistinguishablefrom those of the other two methods, but at intermediate and higher dengities,
Enterolert® underestimated concentrationsre ativeto the other two methods by 5% (Figure 3).

Thelargest sourceof variability identified in thisinvestigation wasamong replicateswithin individua
laboratories(Table6). TheMTF method yielded the greatest within-laboratory variability (Table6), with
recovery valuestypically ranging between one-third and three timesthe median vaue. The MF method had
the smallest within-laboratory variance (Table 6), with atypical recovery range of two-thirdsto 1.5 times
themedianvaue.

Among-laboratory variance was about two-thirds of thewithin-laboratory variance (Table 6).
Similar to the pattern for the within-laboratory variability, among-laboratory variability wasgreatest for MTF
and least for ME. Among-method variability wasonly about one-third of thewithin [aboratory variance.
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DI SCUSSION

Thisinvestigation demonstrated that datafrom multiplelaboratoriesusing variousanaytical methods
could be pooled without adding an unacceptablelevel of additional variability. Between-laboratory pairwise
differenceswere generally small and improved in later interlaboratory testing efforts. The differenceamong
methodswas small, and the variability added by using multiple methodswaslessthan thenormd variability
encountered using asingle method inasingle laboratory. Overdl, theincreasein variability among measure-
mentsfrom pooled datawas approximately 30% higher than data obtained using asingle anaytical method
performed at asinglelaboratory. Although none of the samplesanalyzed by participantsin thisstudy were
environmenta samples, the datasuggest that a performance-based approach at multiplelaboratoriesis
acceptablefor measurement of indicators of seawater contamination.

Chromogenic substrate detection methods, such as Colilert®, have not yet been approved as
standard methodsfor marine waters by the USEPA or by the Standard M ethods Committee. No significant
differencewasfoundin thisstudy between results obtained by Colilert® and those obtained using approved
standard methodsfor coliforms; differencesin results between Enterolert® and approved methodsfor
enterococci were small and the differences only occurred a concentrationswell above CaliforniaOcean
Plan standards. Data from thisstudy aso demonstrated that variability within laboratoriesusing Colilert®
waslessthan that for the standard M TF methods, which probably results because Colilert® isbased ona
51-well format while M TFistypically performedin 15 tubes.

Whilethesefindings support the use of chromogenic substrate tests, they are not comprehensive.
Thebacteriameasured in thefirst four testswerelaboratory strains, with no background bacteriato com-
peteor interferewith anayses. Ininformal field tests, someof the participating laboratories have noted that
Mbrio sp. caninterferewith, and lead to overestimates of, total coliforms. Also, none of the samples
contained high level sof suspended solids. Low turbidity istypicd insouthern Cdiforniain the summer-dry
season, but not always during the winter-wet season.  Side-by-sidetesting of samplesfrom the natural
environment, particularly during high turbidity conditions, isalogical next step in eva uating these candidate
methodologies.

Anincreasingly large component of beach monitoring in somearessis performed by volunteer
organizations. One consideration in creating integrated beach assessmentsiswhether dataproduced by
volunteer organizationsisof sufficient quality for inclusion. Thevolunteer organizationsinvolved inthisstudy
produced datacomparableto that of the certified professiona laboratories. Thevolunteersinvolvedinour
study were more experienced than most, having conducted their own monitoring activitiesfor many years.
They aso benefited from EPA-sponsored training and working closaly with aloca university. Regardless,
our datashow that with proper training, volunteer organizations can becomefull partnersin developing
regional beach quality assessments.
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TABLE C-2. Percent significant difference in fecal coliforms or E. coli density between pairs of labora-
tories. Randomly assigned laboratory numbers are in the first row and column. NS indicates no
significant difference between laboratory pairs.

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16

2 NS

3 NS NS

4 NS NS NS

5 NS NS NS NS

6 NS NS NS NS NS

7 NS NS NS NS 4 NS

8 19 20 19 22 NS NS 21

9 NS NS NS NS NS NS NS 13

10 NS NS 14 NS NS 14 NS 19 16

n NS NS NS NS NS NS NS NS NS NS

12 NS NS NS NS NS NS NS 23 NS NS NS

13 NS NS NS NS NS NS NS NS NS NS NS NS

14 NS NS NS NS NS NS NS 20 NS NS NS NS NS

15 NS NS NS NS NS NS NS 19 NS NS NS NS NS NS

16 NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS

17 NS NS NS NS NS NS NS 19 NS NS NS NS NS NS NS NS
18 NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
19 NS NS NS 13 13 NS 14 19 NS 17 14 16 NS 18 NS NS
20 NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
21 NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
22 NS NS NS NS NS NS NS 18 NS NS NS NS NS NS NS NS
23 NS NS NS NS NS NS NS 18 NS 12 NS NS NS NS NS NS
24 NS NS NS NS NS NS NS 20 NS NS NS NS NS NS NS NS
25 NS NS NS NS NS NS NS 19 NS NS NS NS NS NS NS NS
26 NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
277 NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
280 NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
29 NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
30 16 23 19 17y 18 17 18 17 18 22 20 22 12 19 NS NS
31 NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
32 NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
33 NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
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TABLE C-3. Percent significant difference in total coliforms density between pairs of laboratories.

Randomly assigned laboratory numbers are in the first row and column. NS indicates no significant

difference between laboratory pairs.
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TABLE C-4. Percent significant difference in enterococci density between pairs of laboratories.
Randomly assigned laboratory numbers are in the first row and column. NS indicates no significant
difference between laboratory pairs.

3 5 6 8 9 10 n 12 13 14 15
NS

NS 26

19 NS NS

NS NS 26 NS

NS NS 25 NS NS

NS NS NS NS NS NS

NS NS NS NS NS NS NS

NS NS 22 NS NS NS NS NS

NS NS NS NS NS NS NS NS NS

NS NS NS NS NS NS NS NS NS NS

NS NS NS NS NS NS NS NS NS NS NS

NS NS 16 NS NS NS NS NS NS NS NS
NS NS 21 NS NS NS NS NS NS NS NS
NS NS 12 18 NS NS NS NS NS NS NS
NS NS NS 19 NS NS NS NS NS NS NS
NS NS 16 NS NS NS NS NS NS NS NS

TABLE C-5. Average percent difference in
median log bacteria density between pairs
of methods.

Total Coliforms

MF MTF
MTF 4%
Colilent® 3% 2%
Fecal Coliforms

MF MTF
MTF 16%
Colilent® 15% 1%
Enterococcus

MF MTF
MTF 1%
Enterolert® 3% 3%
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TABLE C-6. Comparison of variance components.

MF MTF Colilert®Enterolert® Pooled Over Method
Within lab variance 0.007 0.047 0.021 0.03
Among lab variance 0.01 0.04 0.01 0.02
Merged lab variance 0.01 0.077 0.027 0.05
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APPENDIX D. INVENTORY OF MICROBIOLOGICAL MONITORING PROGRAMS
FOR MARINE RECREATIONAL WATERSIN SOUTHERN CALIFORNIA

ABSTRACT

Aninventory was conducted to assessthe amount, type, spatial distribution, and costsof microbio-
logical monitoring programsin southern Californiamarine watersfrom Point Conception to the United
States’Mexico International Border. Thelocation of each sampling sitewas determined using global posi-
tioning system (GPS) and estimates of geographica coverage were determined using geographicinformation
system (GIS) techniques. Twenty-one programs conducted 87,007 testsannually at 576 sites. Sampling
effort varied by morethan an order of magnitude among counties. The greatest number of siteswere
sampled in Orange County, whereasthe greatest number of testswere performedin Los Angeles County
because L os Angeles County monitoring programsfocused on daily monitoring. Fifteen of the 21 pro-
gramswere Nationa Pollutant Discharge Elimination System (NPDES) permitted sewage effluent discharg-
erswho sampled both offshore and shorelinewaters and typically tested for threeindicator bacteria(tota
coliforms, fecal coliforms, and enterococcus). Their combined effort comprised 82% of all themicrobio-
logica indicator andyseson anannud basis. Five of the remai ning monitoring organizationswere public
hedlth agencies (four county, onecity) which typically focused their effortson testing only for total coliforms.
L aboratory methodol ogy aso varied considerably, with NPDES permittees predominantly utilizing mem-
branefiltration while public hedth agencies generally used multiple tube fermentation or premanufactured
test kits. Nearly three-quartersof al the effort expended in southern Californiaoccurred al ong the shoreline
asopposed to offshorelocations. Two-thirds of thisshordine effort wasfocused on high use sandy
beachesand around perennial freshwater outlets (storm drainsand creeks), which are frequent sources of
shoreline bacterial contamination. Most sampling occurred at aset of fixed sitesthat wererevisited fre-
quently, but represented only about 7% of thetotal shoreline. Approximately $3M isspent annually on
monitoring bathing water quality in southern California, exceeding that spent in any other part of the country.

INTRODUCTION

Southern Californiacoastal watersare animportant and uniquerecreational resource. Morethan
100 million peoplevisit southern Californiabeachesannually to sunbathe, surf, swim, skin- and SCUBA-
dive. Onasummer weekend, the average number of visitorsto SantaMonicaBay beachesaoneismore
than 600,000 (Economic Resources Data 1993). These ocean recreation activities contribute approxi-
mately $9B to theloca economy.

Southern Cdiforniacoastal watersare extensively tested for recreationa water quaity usingindica-
tor bacteria, whichincludetotal coliforms, feca coliforms, and enterococcus. Indicator bacteriaare not
necessarily pathogenic, but are found abundantly inwastes with human contributionswhere pathogenic
organisms, such asviruses, arelikely toexist. Thelevelsof indicator bacteriain bathing waters have been
shownto correlate with theincidence of illnessin swimmersfrom New Jersey and SantaMonicaBay
(Cabelli 1983, Haileet al. 1996) and, unlike the virustestswhich aretime consuming and expensive,
measurements of indicator bacteriaarerdatively fast and inexpensve.

Many organizations conduct microbiological monitoring of beachesin southern Cdifornia, but these
programsarelargely independent with no forma mechanismfor integrating their data. These programsare
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vauablefor assessing the condition of selected individual beaches, but are not currently being used to assess
theoveradl condition of southern Californiabeaches. 1nthispaper we present an inventory of these pro-
gramsto determinethelevel of effort being expended by monitoring programsin termsof the amount, type,
gpatia digtribution, and cost. Our god isto identify similaritiesand differencesamong these programs, and
to determine the extent to which they could beintegrated to provide the public with acomprehensive
assessment of southern California scoastal waters.

METHODS

A lisgt of organizationsthat conduct microbiological monitoring in marinewaterswas compiled by
contacting all of thecity and county public health agenciesand Regiond Water Quality Control Boardsin
southern California. Monitoring organizationswere then surveyed for thefollowing information about each
of their sampling sites. station name, location (latitude/longitude, genera description, water body type),
depth of sampling, anaytes measured, analysis methods, and sampling frequency by season. Sitesfor
which latitude and longitude datawere unavailable were visited with the sampling organi zation and recorded
using differentia GPS.

Therdativedigtribution of sampling effort among habitat typeswas assessed by differentiating
sampling stesinto offshore and shoreling; shordline steswerefurther differentiated into eight categories: 1)
high use sandy beaches; 2) low use sandy beaches; 3) high userocky shoreline; 4) low userocky shoreline;
5) perennia freshwater input areas; 6) ephemera freshwater input areas; 7) embayments, and 8) restricted
accessareas. Offshore sampleswere defined asthose collected by boat from the open ocean. High use
sandy beacheswere defined as beacheswhere lifeguard services are present (an estimated > 50,000
beachgoersper year). High userocky shorelinewas defined asrocky areas popular for diving or surfing
activities. Freshwater input areaswere defined aswithin 100 yards of riversand creekswhich draininto
the ocean, and were separated into perennia (year-round) and ephemera (only during storm event) de-
pending ontheir flow characteristics. Samplesfrom freshwater input areaswere only includedinthe
inventory if they werefrom waterswith measurable salt concentration (i.e. monitoring of freshwater creek
systemswas not included). Embayment sampleswere defined asthose collected by boatsor from docksin
enclosed water bodies, such as Anaheim, Newport, or Mission Bays, boat-collected samplesin
embaymentswere differentiated from offshore samples because of the higher level of recreationa activity
and likelihood of human water contact in bays. Restricted access areasincluded military bases, commercial
ports, and private shoreline distant from any public access point. These eight shoreline categorieswere
mapped for the entire southern Californiacoast using Gl Stechniques. Each shordlinetypewasdesignated
and inserted into the GI S overlay based on the expertise of local monitoring agencies, cross-referencing
designationsfrom the most recent NOAA navigation charts, and usng mapsfromthe CdiforniaState Lands
Commission, CdiforniaCoastd Commission, and city/county governments.

Edimating spatia coverage

Thespatia coverage of shoreline monitoring (i.e., percent of shoreline miles) was estimated by
plotting each station in our microbiological monitoring inventory onto the digitized map of the southern
Cdliforniashordine, assgning arepresentative distance of shorelineto each sampleand then counting the
relative number of monitored and unmonitored shoreline milesfor each shoreline category. At freshwater
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outlets, it was assumed that asampling site represented aminimum area of 25 yard upcoast and
downcoast (i.e., 50 yard total), based on thefindingsof Gold et al. (1992). All other typesof shore-
line sampleswere assumed to represent ashoreline distance of 200 yards (100 yardsup and
downcoast) based on Haileet al. (1996).

Egimating Monitoring Costs

Theannual expenditure on microbiologica monitoring in southern Cdiforniawas estimated by
assessing both analyticd laboratory and sampling costs. Analytical |aboratory expenseswere cdculated
based upon the current market rate for microbiological testing, which averages $30 per analysisper
sample (i.e. $90 per sampleif threeindicator bacteriaare measured). Sample collection costswere
ca culated by assuming that asingle technician making $30/hour (including benefitsand overhead), could
samplethree sites per hour a ong the shore and two sites per hour for offshore samples (based on
conversationswith people presently conducting the efforts). Transportation costswere assumed to be
$2 per samplefor shoreline monitoring ($0.33 per mile) and $50 per samplefor offshore monitoring,
where vessel and boat crew arerequired.

The cost of the shoreline monitoring was al so expressed per capita, per shoreline mile and per
tourist dollar expended within each county. Population statisticsfor each county were obtained from
the State of California Department of Finance (1998). Shoreline mileswere gathered fromthe GIS
effort above. Tourism estimateswere gathered from Cdifornia Trade and Commerce Agency, Divison
of Tourism (1998).

RESULTS

Twenty one programswere found to conduct 87,007 indicator bacteriaanayses per year at
576 different stesthroughout southern Cdlifornia(Table D-1). Seventy-two percent of these analyses
were collected along the shoreline, either a ong the open coast, in baysand harbors, or near the mouths
of creeksand storm drains(Table D-1). Theremaining 28% were samplestaken from offshore areas
(up to 100 meters depth) to supplement water quality measurementsfor deep ocean outfalsin compli-
ancewith NPDES permit requirements. Fifteen of the 21 monitoring programswere NPDES sewage
discharge permitteeswhose outfalswere sighted well offshore. 1naddition to offshore monitoring,
NPDES permittees performed 75% of the shoreline bacterial indicator analyses.

Theleve of shorelinemicrobiologica sampling and anadysiseffort wasnot evenly distributed
throughout southern Cdlifornia(Table1). Thegreatest number of monitoring programs(n=7) were
foundin San Diego County. Thegreatest number of shoreline siteswere sampled in Orange County (n
=145). Themost microbiological analyseswere conductedin Los Angeles County (n = 26,814 per
year). Beach and bay sampling and analyseswereroughly 10-fold lessin SantaBarbara County (2
programs, 21 sites; 3,276 analyses per year) and Ventura County (2 programs, 29 sites, 2,054 analyses
per year).

Sampling frequency also differed among counties (TableD-2). Only inLosAngeesand
Orange Countieswas daily monitoring conducted on any beach or bay; more than 65% of the effort in
LosAngees County was dlocated toward daily monitoring. Thedifferencein sampling frequency
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between winter and summer wassmal, except in Ventura County wherethe effort in summer nearly qua-
drupled. SantaBarbaraand Los Angeles County maintained the sameleve of effort throughout the year.

TABLE D-1. Agencies which conduct routine microbiological monitoring in southern California. *
indicates NPDES permittee.

No.of No.of No.of No.of No.of No. of
Sites Analyses Sites Analysis Sites Analyses

Per Year per Year per Year
- Santa Barbara County -
Santa Barbara County Department of Health Services 14 2,184 - - 14 2,184
Goleta Sanitation District* 7 1,092 13 468 20 1,560
- Ventura County -
City of Ventura* 16 884 - - 16 884
City of Oxnard* 13 1,170 13 3,408 26 4,578

- Los Angeles County -

Los Angeles County Department of Health Services 33 5,148 - - 33 5,148
City of Los Angeles, Hyperion Wastewater Treatment Plant* 18 14,220 33 9,000 51 23,220
City of Los Angeles, Terminal Isl. Wastewater Treatment Plant* 20 3,414 - - 20 3,414
Los Angeles County Department of Beaches and Harbors 18 648 - - 18 648
Los Angeles County Sanitation Districts* 8 2,916 8 3,020 16 5,936
City of Long Beach, Dept. of Health and Human Services 39 468 - - 39 468
- Orange County -

Orange County Sanitation District* 17 3,840 4 624 21 4,464
Aliso Water Management Agency* 18 6,864 6 648 24 7,512
South East Regional Reclamation Authority* 17 3,978 13 576 30 4,554
Orange County Environmental Health Division 93 6,968 - - 93 6,968
- San Diego County -

San Diego County Department of Environmental Health 45 540 - - 45 540
City of Oceanside* 10 1,170 12 432 22 1,602
Encina Wastewater Authority* 5 780 10 1,080 15 1,860
San Elijo Wastewater Authority* 7 819 14 504 21 1,323
City of San Diego, Point Loma Wastewater Treatment Plant* 16 1,872 8 4,320 24 6,192
City of San Diego, Mission Bay* 20 3,120 - - 20 3,120
International Boundary Water Commission* 8832 - - 8 832
Total 442 62,927 134 24,080 576 87,007
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TABLE D-2. Number of shoreline/bay samples analyzed each year in southern California during
summer season (April 1 - September 30) and winter season (October 1 - March 31) as a function of
monitoring frequency.

Summer Winter

County Season Season

M, W, F 1/wk Biweekly M, W, F 1/wk Biweekly Total

M thru F or to M thru F or to

or 7 d/wk 5/mo Monthly or 7 d/wk 5/mo Monthly
Santa Barbara - 1,638 - - 1,638 - 3,276
Ventura - 1,612 - - 442 - 2,054
Los Angeles 8,763 4,014 630 8,763 4,014 630 26,814
Orange 8,124 3,484 - 5,232 4,810 - 21,650
San Diego - 4,940 540 - 2,366 1,287 9,133
Total 16,887 15,688 1,170 13,995 13,270 1,917 62,927

Thebacterid indicatorsand their testing methods varied, with the distinction most pronounced
between health agenciesand NPDES permittees (Table D-3). Public health departmentsfocused ontotd
coliforms measurements, measuring them at amost twice thefrequency of fecal coliformsand threetimesthe
frequency of enterococcus. In contrast, most NPDES dischargers measured all threeindicatorsat most
dtes. Additiondly, health departments primarily tested for bacteriausing the multi pletube fermentation
method or Idexx kits (Colilert® and Enterolert®). Incontrast, NPDES permitteesrelied primarily onthe
membranefiltration method.

TABLE D-3. Number of shoreline/bay analyses per year as a function of indicators studied
and type of monitoring agency.

Public Health NPDES
Agencies Permittees

Total coliforms

Multiple tube fermentation 7,090 6,141

Membrane filtration 468 16,074

Colilert® 728 -
Fecal coliforms

Multiple tube fermentation 4,282 1,417

Membrane filtration - 13,734

Colilert® 728 -
Enterococci

Multiple tube fermentation 1,932 1,417

Membrane filtration - 8,188

Enterolert® 728 -

Total 15,956 46,971
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Spatid Allocation of Shoreline Monitoring

Microbiologica sampling occurredin al of the shoreline habitatswe delineated, but the allocation of
effort among them wasnot equal. Themagjority of effort was allocated towards high use sandy beaches
(55%), where human water contact ismost likely (Table D-4). Perennia and ephemera stormwater outlets,
which areafrequent source of bacteria contamination, received nearly 20% of the sampling effort while
accounting for lessthan 2% of the shoreline. Thiscategory represented the greatest proportiond alocation
of effort among habitats. Restricted access areasreceived theleast proportional allocation of effort.

Although alarge amount of effort was conducted throughout southern California, most of it was
allocated towardsrevisiting aselected set of sites. For example, high use sandy beachesreceived the
greatest amount of sampling effort, yet only 11% of the high use sandy beach shorelinewas monitored
(Table5). Perennial freshwater inputs, which are potentia sourcesof chronic indicator bacteriacontamina-
tion, were the most extensively monitored, with 31% of the storm drain areas sampled. Roughly 7% of the
southern Cdiforniashorelineasawholewas monitored.

Monitoring coverage of the coastline varied among counties (Table D-5). Thegreatest coverage
occurredin Orange County (10% of county total), followed by Los Angeles, San Diego, Ventura, and
SantaBarbaraCounties. Likewise, the coverage among different beach typeswas not consistent within or
between counties. Up to 50% of beaches adjacent to freshwater inputs were monitored in Santa Barbara,
Orange, and San Diego Counties; 20% or less of these beacheswere monitoredin Los Angelesand
VenturaCounties. Roughly one-fifth of the high use sandy beachesin Los Angeles County and Orange
County were sampled, the highest of thefive counties. Lessthan one-tenth of the high use sandy beach
milesin Venturaand San Diego Countieswere monitored. Only asingle high use sandy beach wastargeted
for monitoring in SantaBarbara County.

Monitoring Costs

It was estimated that about $3M is spent annually on marine microbiological monitoring in southern
Cdlifornia(Table D-6). About 70% of that expenditure wasfor shorelineand bay monitoring. LosAngeles
County monitoring cost estimates were highest, approximately 10-fold higher than Santa Barbara County.
When expressed as cost per mile of recreational shordline, smilar differencesamong countieswereaso
apparent. When expressed as per capitaexpenditure, Ventura County, which had no routine health depart-
ment monitoring and collected the smallest number of samples, had the second highest expenditure, and Los
AnglesCounty theleast. When expressed asafraction of tourism dollars, Orange County had the greatest
expenditure on monitoring and San Diego County the least.
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TABLE D-4. Relative allocation of monitoring effort in southern California

by shoreline type.

Shoreline Percent of Percent Allocation
Type Shoreline miles of Sampling Effort
Sandy

High Use 25.9 54.5

Low Use 9.3 7.8
Rocky

High Use 25 3.9

Low Use 29 1.8
Freshwater Inputs

Perennial 1.0 14.2

Ephemeral 0.7 4.6
Embayments 275 11.0
Restricted Access 30.2 2.2
Total 100.0 100

TABLE D-5. Percent of shoreline miles sampled in southern California by county.

Percent Shoreline Monitoring Coverage by County

Beach Type All of
Santa Ventura Los Orange San Southern
Barbara Angeles Diego California
Sandy
High Use 2.0 51 219 17.7 8.9 11.2
Low Use 21 31.9 17.2 <0.1 12.9 9.9
Rocky
High Use <0.1 <0.1 7.7 18.6 9.5 8.7
Low Use <0.1 <0.1 3.8 6.2 3.6 4.0
Freshwater Inputs
Perennial 49.7 18.9 15.8 354 28.0 314
Ephemeral <0.1 <0.1 45 20.1 21.0 13.2
Embayments <0.1 4.3 15.0 9.8 4.1 8.8
Restricted Access <0.1 0.6 0.4 11 11 0.6
Total 17 43 9.6 10.2 6.4 7.2
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TABLE D-6. Costs per county for microbiological monitoring in southern California.
Costs per capita, per mile, and per tourist dollar are for shoreline and bay monitoring only.

County Estimated Cost (in $1,000) Per Million
Shoreline/Bay  Offshore Total Per Per Tourism
Monitoring Monitoring Monitoring capita Mile Dollars
Santa Barbara 1114 17.2 128.5 $0.27 $1,593 $125
Ventura 76.3 1255 201.8 $0.28 $1,047 $99
Los Angeles 946.7 535.4 1,482.1 $0.15 $6,721 $78
Orange 794.5 72.0 866.5 $0.32 $6,336 $203
San Diego 313.3 223.2 536.5 $0.19 $1,824 $59
Total 2,242.1 973.3 3,215.4 $0.20 $3,861 $97
DISCUSSION

The amount of marine microbiologica monitoring conducted in southern Californiaappearsto
exceed that intherest of Californiaor in any other part of the country. Lessthan $0.5M isspent annually
on monitoring intherest of Cdifornia, and therest of the country combined spendslessthan $2M (NRDC
1998). Our estimates of nearly $3M annualy for microbiological monitoring in southern Cdiforniaisa
conservative estimatein that it only includes cost of routine monitoring. Most of the agencieswe surveyed
also samplein responseto sewage spills, overflows and beach closuresin addition to what theinventory
included. Thehigher expenditureswe estimated for southern Caiforniareflect thelarge contributionsfrom
NPDES permittee monitoring efforts, whichisuncommon in shoreline monitoring programsin other parts of
the country. Southern California sbeach monitoring programsare still among thelargest in the country even
without the NPDES effort, but thelocal coordination between the NPDES and health agencies makesit that
much larger.

Whiletheamount spent on microbiol ogical monitoring in southern Cdiforniaislarge, theexpenditure
reflectsthe high population density and extensivetourismindustry inthearea. Southern Cdiforniahasthe
highest coastal population dengity of any areain the country (Culliton et al. 1988). Coastal tourismin
Cdliforniaisestimated doublethat of any other statein the country and lifeguarding statisticsindicatethat
there are more beach visit-daysin southern Californiathan in therest of the country combined (Table D-7).

Wefound considerabledifferencein how effort was alocated by different organizations and across
different counties. For instance, the Orange County Environmenta Health Division collectsdatafrom more
stesthan any other organization, yet collectslessthan 25% of the number of analysesasL os AngelesCity
Environmental Monitoring Divison. ThisresultsbecauseLos AngdesCity typicaly measuresthreeindica
torsat each site daily, whereas Orange County does not measure enterococcus and measures most sites
weekly. No studieshave been conducted to assessif the public’ sinterest isbest served by alocating effort
primarily to more sites, moretempora coverage at these sites, or moreindicatorsat each site. What isclear
isthat the monitoring organizationsthroughout southern Caiforniahave not developed aunified strategy to

select themost appropriate effort alocation. 5
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Table D-7. Beach usage statisticsthr oughout the United States
(Datacourtesy of R. Gould, U.S. Lifesaving Association).

Region 1997 Beach Usage
No. Beach Vidts Percent
(inthousands) of total
New England 2,643 0.9
Mid-Atlantic 11,020 3.9
South Atlantic 14,949 5.3
Southeast 45,848 16.3
Great Lakes 22,860 8.1
Gulf Coast 2,500 0.9
Northwest 5,831 2.1
Hawaii 20,659 7.4
Northern Cdifornia 9,073 3.2
Southern Cdlifornia 146,264 51.9
Totd 281,648 100.0

Onefactor that leadsto inconsistenciesin effort alocation isthe different monitoring mandatesfor
health departmentsand NPDES permittees. Insouthern California, the NPDES permitteesand health
departments coordinate their effortsto address management needs, but the EPA, State and Regiona Water
Quality Control Boards, not the health departments, define the NPDES permittee monitoring requirements.
EPA presently endorsesthe use of enterococcus asaprimary bacteria indicator, which may bethereason
wefound that enterococcus, istypically measured by NPDES permittees. However, the recreationa water
qudity objectivesfor enterococcusin Cdiforniaareonly preliminary, soitisrarely measured by hedlth
departments. Similarly, methodological incons stenciesfollow from different mandates. The State of
CdliforniaEnvironmenta Laboratory Accreditation Program (ELAP) certifiesall NPDES and private
laboratoriesfor microbiological anaysesof marinerecreationa waters. EL AP doesnot, however, certify
laboratoriesusing the Colilert® or Enterol ert® dexx kit methods since EPA has not approved them for
marinerecreationa water testing. Thisaccountsfor thefact that no NPDES |aboratories utilize this method.
Public health departments, who do not report to EPA, havetraditionaly focused on multiple tube fermenta-
tion methods, but areincreasingly relying upon the premanufactured | dexx kits.

A smilar issuethat resultsfrom the division between NPDES dischargers and hedth departmentsis
theallocation of nearly $1M in southern Cdliforniatowards monitoring of offshore areaswherefew people
swim and shellfish standards are not an issue. Moreover, many of these samplesare collected at depthsup
to 100 meters, far below typical diving depths. NPDES permitteesuse thismonitoring datato track their
wastewater plume and ensurethat it remains submerged and far from shore. Itisnot clear whether the
publicinterest isbest served by such alarge effort distant from the beacheswhere people swim. It isalso
interesting that while NPDES permittees accounted for more than 75% of monitoring effort, al the NPDES
monitoring was conducted by sewage dischargers, even though most POTWs have cons stently demon-
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strated that their outfalls are sufficiently offshoreto avoid beach exposure. In southern Caifornia,
stormwater dischargersaso hold NPDES permitsyet none of the slormwater permittees presently conduct
microbiological monitoringin receiving waters even though 19% of present monitoring effort isallocated
towards stormwater outlets and most of the public warnings about beach safety in southern Californiahave
been associated with stormwater outlets (NRDC 1998).

Wefound that morethan half of the shoreline effort wasfocused on freshwater outlets and selected
high use beaches. Perhapsit isappropriatethat effort be targeted towardsthose areas most likely to havea
problem and those areaswhere the publicismost likely to be exposed. However, these areasrepresent a
small portion of thetota shoreline, which presentsachallengein ensuring that the public getsacomplete
perspective on the qudity of their shoreline. Many groups summarize beach monitoring dataon the basis of
beach closures, rather than on the amount of shorelinethat issafe (or unsafe) to swim. Organizationsthat
monitor moreextensively, and focustheir monitoring towardshigh risk areas, are morelikely to produce
beachwarningsor closures. Thus, southern Californiabeaches have devel oped areputation asmore unsafe
than othersin the country in part dueto their greater monitoring activity (NY TimesJanuary 5, 1997). One
of thereasonsthat closures and warnings are frequently used asthe primary measure of beach quality isthat
theinformation isaccessible; theraw bacterial concentration data, which are collected by many organiza-
tionsthat have historically maintained their dataindependently, islessaccessible. Someloca organizations,
such asthe SantaM onicaBay Restoration Project and Heal the Bay in Los Angeles County, and San Diego
County Environmenta Health Department in San Diego County have already taken stepsto providethe
public with more completeinformation through the use of report cards and web Sitesthat characterize
conditionsacross several monitoring organizationswithin acounty.

Theincons stencies and unresolved policy issuesthat we observed in southern Californiaappear to
beamicrocosm of issuesfaced nationally. NRDC (1998) found the samekind of differencesin temporal,
spatial and indicator all ocation among states aswe found among counties. Californiaaso appearstobea
microcosm for asolution. Cdiforniarecently passed legidation (AB 411) requiring the State Heal th Depart-
ment to devel op acong stent beach monitoring program to be implemented throughout the state. Thefederal
EPA dsorecently initiated its Beach Environmental Assessment, Closure and Health (BEACH) program
withthegod of increasing congstency inmonitoring and reporting. LegidationsmilartoAB411isaso
pending at the nationd levdl.

Resolving incons stenciesamong programs requiresidentifying acommon question(s) asafocal
point for partnership among monitoring organizations. While cooperation between NPDES discharge
monitoring agenciesand hed th departmentsis probably higher in southern Cdiforniathan in most partsof
the country, thealocation of effort indicatesthereare still differencesin focus between them. Public hedlth
agenciesfocuson elevated shoreline bacterial countsrelativeto water quality standards, whereassNPDES
permittees monitor movement of offshore effluent plumes and possible encroachment into inshorerecre-
ationa waters. The common element of both program types, the public health related to water contact,
should provide acommon ground for even greater coordination.

One aspect that seemsto be serving asafocal point for increasing cooperationisthe effect of storm
drainson ocean quality (Schiff 1997). Health departments have focused effort in these locations because
they arethe areain which closures most frequently occur. Many municipal sewage dischargersfocuson
these areas because their offshore outfalls occur adjacent to areas of sormwater plumesand they havea
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need to demongtrate that shoreline closuresresult from the storm drain plume, not fromtheir outfal. In
addition, sawagelines can overflow during heavy rainsand the storm drain systems becomethe transport
systemfor these pillsto enter the ocean. Stormwater agencies, whilenot presently conducting monitoring,
are NPDES permitteeswho may have such responsibilitiesin thefuture. Some sewage and stormwater
agenciesare beginning to merge administratively in southern Cdiforniafor thesereasons, with the City of
LosAngelesrecently reorganizing their Stormwater Management Division into the Bureau of Sanitation and
the San Diego County Environmental Health Department seeking | eadership status on the San Diego County
stormwater NPDES permit. Regardlessof whether ssormwater isthe unifying issue, partnership between
public health and NPDES permitted agenciesin data coll ection and assessments would be an important
component of cost-effectively ensuring that coastal water contact safety information iseffectively communi-
cated to the public.
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