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FOREWORD 

This study was a cooperative effort in which 60organizations (Appendix A)joined to assess the 
overall condition of the southern California near-coastal ecosystem. This study was coordinated by the 
Southern California Coastal Water Research Proiect (SCCWRP) as one component of the Southern 
California Bight 1998 Regional Monitoring pro& (Bight'98), Ad  builds upon the success of a similar 
SCCWRP-coordinated regional monitoring program conducted in 1994 that assessed the condition of 
offshore ecological habitats (SCBPP 1994). Copies ofthis and other Bight'98 reports are available for 
download at www.sccwrp.org. 

The proper citation forthis report is: Noble, R.T., J.H. Dorsey, M.K., Leecaster, M. Mazur, 
C.D. McGee, D. Moore, V.Orozco-Borbbn, D. Reid, K. Schiff, P.M. Vainik, and S.B.Weisberg. 
1999. Southern California Bight 1998 Regional Monitoring Program: I. Summer Shoreline Microbiol- 
ogy. Southern California Coastal Water Research Project. Westminster, CA. 

http:www.sccwrp.org
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Definition of Terms: 


Enterovirus: Genus (subset) of the human enteric virus family, other genera include reovirus and adenovi- 
IUS. 
Ephemeral Freshwater Outlet: Outlet that typically only flows for a portion ofthe year, not year-round. 
Exceedance: Bacterial indicator level that is equal to or above a threshold. 
Freshwater Outlet: Natural or constructed freshwater source associated with multiple land use types (for 
example: urban, rural, agricultural, or industrial). 
Objective: Limits or levels of water quality characteristics for ocean waters to ensure the reasonable 
protection of beneficial uses and the prevention of a nuisance as determined by the California Ocean Plan. 
Refers to bacteriological indicator levels. See Table 11-3. 
Perennial Freshwater Outlet: Outlet with year-round flow into the surf-zone. 
Point Zero Freshwater Outlet Sample: In this study, a sample that was taken at the mouth of a freshwa- 
ter outlet, at the location of surfzone-freshwater mixing. 
Random Freshwater Outlet Sample: In this study, a sample that was taken at a random location within 
100 yards of the mouth of a freshwater outlet (for the study, this was done only at perennial freshwater 
outlets). 
Reverse Transcriptase Polymerase Chain Reaction (RT-PCR): Molecular biology primer-based 
technique for the detection of RNA sequences. 
Standard: Level ofwater quality measurement (characteristic) for ocean waters set by State statute and 
regulations, e.g., Assembly Bill 411 which refers to bacteriological indicator levels. See Table II-3. 
Storm Drain: Subset of the freshwater outlets that do not have main source from freshwater inputs, rather 
their source is primarily stormwater (from storm events) and their runoff is contributedmainly to the coastal 
environment. 
Threshold: Any bacterial indicator level determined by state, local or federal standards, proposed stan- 
dards, or ocean water quality objectives. See Table 11-3. 
Urban Runoff: Runoff from a freshwater outlet or storm drain whose watershed is primarily urban land 
use area. 

Viral genome: The complete set of genes contained in a virus particle (can be either RNA or DNA, single 

or double stranded). 




EXECUTIVE SUMMARY 

More than 80,000shorelinebacteriologicalsamplesarecollectedannuallyin southernCalifor-
nia, representingroughly one-halfofthe total bacteriologicalmonitoringconductedinthe United States. 
Despitethis impressiveamount of bacteriological monitoring,these data aredifficultto integratefora 
regional assessmentofbacteriologicalwater quality because they arecollectedby 22 differentorganiza-
tions, many ofwhich have differentsamplingstrategiesand differentdata management systems. Addi-
tionally, the monitoringprograms are focusedupon samplingin known "problem areas," whichdoesnot 
allow for anassessmentof typical shorelinemicmbiologicalwater quality. To addressthese limitations, 
all of the organizationsthat conductroutinemonitoringin the SouthernCaliforniaBight (SCB) pooled 
their effortsto conductanintegrated survey to assessthe overall microbiologicalwater qualityof the 
southernCaliforniashorelineduringthesummerof 1998. The three primary goalsforthe s w e y  were: 

To determinethe percent of shorelinemile-days in the SCB that exceededbacterial indicator 
thresholdsduringAugust of 1998. 

To compare the responseamong three bacterial indicatorscommonly used in Califomia. 

To determinehow well these bacterial indicatormeasurescorrelatedwith detectionof human 
entericvirus geneticmaterial. 

Sampleswere collectedona weekly basis at307 sitesbetweenPoint Conception,California, 
andPunta Banda, Mexico,beginning August2,1998 and continuingforfiveweeks. Samplingsites 
were selectedusinga stratifiedrandom design,with sixsamplingstrata: high- and low-use sandy 
beaches and rocky shoreline,and ephemeral and perennial freshwateroutlets. Sampleswere collected 
using standardizedprotocols. Total and fecal colifomswere analyzedforall samples,and enterococci 
were measured in approximately 70% of the samples. Molecular analysesto measure the presence of 
human entericv h s  geneticmaterial were performed on samplescollectedfrom 15randomly selected 
verennial freshwateroutlet locations. The vresence of this geneticmaterial canbe used as a tool to-
detecthuman fecal contamination inthecoastal zone, but these analyses alone can not be used to infer 
health risk, asvirus genetic materialmay not be associatedwith an intact, infectivevirus. 

Before the start of the samplingperiod, the 22 participating laboratories conducted 
intercalibrationstudiesto assessdata comparability. Thirteen commonsampleswere analyzedby each 
laboratotyto definevariabilityamong laboratories,within laboratories,and amongmethods. Three 
analyticalmethods,multipletube fermentation(MTF), membrane filtration(MF), and chromogenic 
substratetests were comparedforthreebacterial indicators: total and fecal coliforms, and enterococci. 
Bacterial indicatorlevelswere quantified from wmrnon samplesto identifydifferencesamonglaborato-
ries and methodologies. The average difference amongmethodswas less than 6%. The average 
differenceamong laboratorieswas less than2%. The greatestsourceof variabilitywas among repli-
cateswithin individuallaboratories.Theintercalibrationexercisesdemonstratedthat a multi-laborato~y, 
performance-basedapproachwas acceptablefor implementingthisregional study. 

Overallmicrobiological water qualityalongthe southern California shorelinewas good during 
the studyperiod, with more than 95%of the shoreline mile-days meeting all present and proposed 
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California bacterial indicator standards. In 98% of the cases where a standard was exceeded, it was 
exceeded for only one bacterial indicator, while all other bacterial indicators at the same site and at the same 
time were below bacterial indicator thresholds. Less than0.2% of the shoreline mile-days exceeded 
thresholds for all indicators measured at the site. 

Freshwater outlets failed to meet bacterial indicator standards in almost 60% of the samples, the 
worst of all of the strata. Most of the standard failures near freshwater outlets were for multiple indicators 
and occurred repetitively throughout the five-week study period. Molecular tests demonstrated the pres- 
ence of human enteric virus genetic material in 7 of the 15 freshwater outlets, with 73% ofthese detections 
coinciding with levels of fecal coliforms that exceeded bacterial indicator thresholds. 

The probability of exceeding a bacterial indicator threshold differed substantially among indicators. 
Of the samples that exceeded a bacterial standard and for which all three indicators were measured, only 
13%failed-for all three indicators,34%failed for two indicators, and 54% failed for one indicator. Thrish- 
olds for fecal coliforms were exceeded at twice the rate of total colifoms and enterococci failed at three 
times the rate of total colifoms. Less thanone-half of the enterococci threshold failures paired with thresh- 
old failures by another indicator, while nearly 90% of the total and fecal coliforms threshold failures were 
partnered with failures of another indicator. 

This cooperative study is the first to compare the relative quality of Mexican and United States 
beaches using similar site selection approaches and coordinated quality assurance methods. Although nearly 
75% of the beach samples in Mexico met California's bacteriological water quality standards, the standards 
were exceeded five times more often on Mexican than on United States beaches. Mexican freshwater 
outlets were just as likely to exceed a bacteriological water quality standard as those in the United States. 



I. INTRODUCTION 

The SouthernCalifomiaBight(SCB), an openembaymentinthe coastbetween Point Conception, 
Califomia,and Cabo Colnett (south of Ensenada), Baja California,is an importantand unique recreational 
resource. Worldrenownedfortheirrecreationalwaters, southernCaliforniabeaches annually ataactmore 
than 175million people to sunbathe,surf, swim, skin- and SCUBA-dive (USLA 1998). ~ h kSCBis also 
one of the most densely coastalregionsinthe country,which creates stressupon theserecre-
ational resources. Nearly 20 millionpeople inhabit coastalsouthernCalifornia,a number that is projected to 
increase 20% by 2010(NRC 1990). -withthispopulation gowth, and the ensuingdevelopmeit of the 
land, comes the increasedpotential forpathogenic microorganisms suchas viruses, bacteria, and protozoa 
to enterthe coastal environment. Thesepathogenicmicroorganismsimpactbacteriologicalwater qualityand 
pose potentialhealth risks to beachgoers. 

To assessthe extent of this contamination, more than 20 agenciesin southernCalifomiacollectively 
analyzemore than 80,000 samples from 510locationsat or nearbeaches on an annual basis. Although the 
scope of thisbacteriologicalmonitoring is impressive,the data collectedcannotbe easily integratedto 
provide aregional assessmentof recreationalwater quality. Most monitoringprograms are spatially focused 
on a small set of high-use beaches or other areas of concern;therefore,the data from these programs 
cannotbe easily integrated. Moreover,many of the organizationsinvolved in beach monitoring analyze 
different indicatorsoruse differentanalyticalmethodologiestomeasurethe sameindicators;interlaboratory 
exercisesto assess data comparabilityare rare. To addressthis issue, the California StateLegislature 
recentlypassed Assembly Bill 411(AB411) requiring the State Departmentof Health Services(SDHS)to 
adoptregulationsthat provide consistencyin monitoringindicatorsand standards. 

Recognizingthe need forgreater consistencyand communication, allofthe agenciesthat routinely 
monitorbacteriological water quality alongthe shoreline ofthe SCBcoordinatedtheir efforts for the pur-
pose of conductinga regional surveyto assessthe overall conditionofthe southernCalifomia shorelinein 
the summerof 1998. Three main goals were established forthis survey: 

To determine the percent of shoreline mile-days in the SCB that exceeds bacterial indicator thresh-
olds duringthe summerof 1998. 

A regionallybased studyof microbiologicalwater qualitywas conductedalong the shorelineofthe 
SCB. Sites were selectedusing a probability based samplingdesign to ensure an unbiasedcharac-
terization of the coastline. The studyincorporated a performance-based approach, where all 
participatingorganizationsdemonstrateddata comparabilitythrough a seriesof laboratory 
intercalibration exercises. The focus of the effortwas on the United Statesside of the border, but 
the project also included acoordinatedeffort conductedby Mexican scientiststo extend the study 
area slongthe coast from Tijuanato Cabo Colnett. The internationalparticipationprovides the first 
opportunityforcross-border comparisonof bacteriologicalwater qualityusing comparablemeth-
ods. 



To compare responses amongthe three bacterial indicatorscommonlymeasured in California. 

Someofthemost commonindicatorsof fecal contaminationusedtodav are total coliforms. fecal 
coliforms (of whichE. coli is the major component)and enterococci. Once releasedinto the 
environment,unfavorable physicaland chemicalconditionsaffectthe relativesurvivalofthe fecal 
and non-fecal bacteriolo&cai components. Fecal coliformsmay not surviveaswell as total 
coliformsin the unfavorableenvironmentoutsidethe gut of warm-bloodedanimals (Hanes and 
Fragala 1967,Sieracki 1980). Comparingthe responsesof these indicatorsunder the differing 
conditionsof the studystratamay provide informationabout the responses of each indicatororgan-
ism to different environmentalcircumstances. Theseresults canbe used to understandwhich 
indicatororganisms are most "conservative" at each of several shorelinetypes, and to assess 
potential redundancyamongindicators. 

To determinehow well these bacterial indicatormeasurescorrelatewith detectionofhuman enteric 
virusgeneticmaterial 

The conventionalmethod forassessingthe sanitaryquality of recreationalwaters worldwide is 
based upon the presence of indicatorbacteria. Epidemiological studiesof waterbomeillnesses,-
however, showthat the most common etiological agentsare more likely to be vi~usesand protozoa 
(Moore et al. 1994, Seyfried et al. 1985,Cabelli et al. 1982, Cabelli 1983,Kay et al. 1994, 
USEPA 1986). Onepart of this survey assessesthepresence of waterbomehuman entericvirus 
geneticmaterial at freshwateroutlets alongthe coast ofthe SCBto determine whetherthe presence 
of the geneticmaterial of these viruses is correlatedwith levels of indicatorbacteria. Detectionof 
hum&enteric viral geneticmaterialmay be used to inferthe presenceofhuman fecal contamination, 
but the method cannot be used to inferhealth risk asgeneticmaterial is not alwaysevidence of an 
intact, infectiousvirusparticle. 

Chapter I1describes the methods used to accomplish the above objectives. In Chapter 111,a 
Quality Assurance Evaluation is provided, demonstrating the successfuluse of a performance-basedap-
proach for the study. Chapter IV addressesthe first studygoal by providingan assessmentof bacteriologi-
cal water quality alongthe shorelineof the SCB. Chapter V addressesthe second goalby comparing 
responses among the bacterial indicatorsmeasured in the study. Chapter VI addresses the third study goal 
by comparingthe responses between viral and bacterial indicators. Conclusionsfrom the study arepre-
sented inChapter VII,which summarizesthestudy conclusionsand integrates the results and ideaspre-
sented in ChaptersIV, V, and VI. Chapter VIII providesrecommendationsthat followfrom the study 
results. ChaptersIV, V, and VI are intended fora scientificaudience and contain detailedtechnical informa-
tion that provides the foundationforour conclusionsand recommendations. ChaptersVII and VIII are 
intended fora wider audienceand provide a more general overview ofthe studyfindings. 



11. METHODS 

A. Sampling Design 

The Shoreline Microbiology component of Bight'98 involved sampling at 307 sites along 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 requiredminimum of 5 weekly 
samples for calculation of 30-day geometric means under the California Ocean 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, California, to Punta 
Banda, Baia California, just south of Ensenada, Mexico (Figure 11-1, Appendix B). This area includes 
approxim~tely690miles of coastline, although the samplinggframe for the study included only about 270 
miles. or 39% of the coastline. The remaining shoreline was classified as unreachable bv swimmers due to -
the presence of ports, private marinas, private land, military property, or steep cliffs. 

Figure 11-1. Map of Southern California Bight 



Sampling sites were selectedusing a stratified random approach, with the stratacorresponding to 
six shoreline types of interest (Table 11-1). To implement this design, a GIs layer of shoreline types was 
created basedipon the knowledge of local shoreline conditions bythe organizati&. High-
and low-use sandy beaches were differentiated by the presence of lifeguard service. High- and low-use 
rocky shoreline were differentiated by the presence of known preferred diving or surfing locations. A total 
of 81 freshwater outlets were identified and differentiated as perennial or ephemeral based upon whether 
water flowed year-round or seasonally, respectively. The freshwater outlets selected are those outlets that 
are typically responsible for 99% of the total shoreline runoff inputs to the SCB. 

TABLE 11-1. Allocation of Bight's8 shoreline microbiology samples among 
sampling strata. 

Strata Base Sample 
Sites 

Mexican 
Sample Sites 

Volunteer 
Sample Sites 

Adaptive 
Sample Sites 

Sandy beaches 
High-use 
Low-use 

Rocky shoreline 
High-use 
Low-use 

Freshwater outlets 
Ephemeral 
Perennial 
Perennial point zero 

48 
26 

19 
16 

29 
36 
30 

19 

10 

20 11 
4 

1 

5 
10 
23 

Total 204 29 20 54 

The number of samples allocated to each stratum was that necessary to achieve a 95% confidence 
interval of approximately +/- 5% around estimates of areal extent. The site selection process was imple- 
mented separately by county, with the number of sites within a stratum, within a county in proportion to the 
percentage of southern California shoreline of that stratum type within the county. A county-specific selec- 
tion process was implemented to accommodate the availability of additional effort in some counties, beyond 
that necessary to achieve the program's precision goals. 

Although the basic sample allocation scheme was stratified random, a systematic component was 
added to minimize clustering of sample sites along the shore. This approach was accomplishedusing an 
extension of the National Stream Survey sampling design (Messer et al. 1986, Overton 1987), whereby 
each stratum was divided into a series of linear sections of coastline, with each section identified by a count 
variable. The sections were joined together into a stratum line, which was then partitioned into a number of -
intervals equal to the desireisample size. The partition was randomly placed ober the stratum line by 
selecting a random starting point for the beginning of the first interval. Based upon this starting point, the 
intervals were defined as consecutive equal lengths. A simple random sample was then chosen from within 
each interval. Each point was translated back to the shoreline using the section count variable. The resulting 
sample possessed spatial separation of sites as well as a random component to ensure statistical validity. 



Sample sites within the perennial water outlet stratum were selected in two ways. First, sites were. 
selected at a random distance within 100 yards from the mouth of the outlet, using the systematic random 
approach described above. Second, a site was placed at the mouth of the outlet (referred to as the point 
zero site). Random sites were. placed around 32 of the 40 perennial water outlets in southern California. 
Point zero sites were placed at 30 of the 40 systems, which were selected by availability of effort. Fifteen 
of these 30 point zero sites were randomly selected to receive analyses for viruses. 

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

Volunteer Monitoring 

Volunteer organizations enhanced the sampling effort with 14 sampling sites in the Los Angeles and 
Long Beach Harbor region of San Pedro Bay (between Cabrillo Beach and Seal Beach), and 6 sampling 
sites in southern Santa Monica Bay (between Ballona Creek and the Palos Verdes peninsula). Volunteer 
sites were limited to the high-use sandy beach stratum. Volunteer sites were selected as a supplement, 
rather than as an integrated p a ~ t  of the program, using the same statistical design described. As a supple- 
mental overlay, these samples would not have affected integrity of the base sample design had the volunteer 
effort beenunsuccessfil. Since the volunteers were successful incollectingall of their assigned samples and 
meeting all of quality assurance requirements, their results were integrated directly into the base program. 



TABLE 11-2. Number of sites sampled and laboratory methods used by each of the survey partici- 
pants.-

Santa Barbara Public Health Department 
City of Santa Barbara 
Goleta Sanitation District 

v -Ventura WWTP 
City of Oxnard 

Aquatic Bioassay Labs 


City of Los Angeles 
Los Angeles Co. Sanitation Districts 
Los Angeles Co. Dept. of Health Services 
City of Long Beach 
Southern California Marine Institute 

OsanaeCountv 
Orange Co. Sanitation District 
Orange Co. Environmental Health Division 
AWMAISERRA 

Encina Wastewater Authority 
City of Oceanside 
City of San Diego 
MCB Camp Pendleton 
San Diego Co. Department of Env. Health 

Total 
coliorrns 

24c 
P 

t? 


16* 
9 
14E 
la 

2@ 

19" 
22 

16" 

9 
3 

45" 
3 

3 


Fecal 
coliforms 

24c 
P 

t? 


1 6a 
9 
14" 
la 

20" 

15b,C 
Zb 
1 6a 

9 
3 

45* 

3 

Enterococci 

24d 
76 
gP 


16" 
9 

14d 

0 

0 


1 5a.d 

0 


16" 


9 
3 

45" 
3= 
0 

San Elijo Joint Powers Authority 3 3 3 

Mexi!a 
lnstituto de lnvestigaciones Oceanoiogicas 2 9  



Adaptive Sam~line Sites 

In addition to the baselime sampling design, the study also included an adaptive component in which 
five participating organizations increased sampling activity in areas where elevated indicator bacteria levels 
were found. ~dditional sampling took place if a sample exceeded any of the following criteria: 

Total coliforms 210,000 cfu or MPNIIOO mL;or 
Fecal coliforms 2400 cfu or MPNIIOO mL; or 
Enterococci 5104 cfu or MPNllOO mL, or 
Coliforms Index (tota1:fecal coliforms x 100)9,if total colifonns > 5,000 cfu or 

MPNI100 mL. 

The adaptive component involved sampling of additional sites on either side of the elevated indicator site 
within a week following the initial measurement. For sites located on open shoreline, the adaptive sites were 
located 100 yards on either side ofthe elevated site; for water outlet sites, the adaptive sites were located 
25 yards on either side. 

B. Field and Laboratory Methods 

Bacteria 

Samples were collected in sterile sample bottles or whirl-paks from ankle-deep waters on an 
incoming wave just prior to receding, with the sampler positioned downstream from the bottle and the 
mouth of the bottle facing into the current. After the sample was taken, the bottle was tipped to decant 
enough sample to ensure 1to 2 inches of airspace in the sample bottle. The bottle was tightly capped and 
stored on ice in the dark. All samples were returned to the laboratory in time to begin analysis within6 
hours of sample collection. 

Total coliforms and fecal coliforms were measured for all sites. Enterococci were measured at 
roughly 70% of the sites, depending upon the capability and capacity ofthe participating organization 
responsible for the site. Enterococci measurements were not performed on samples taken at Mexican or 
volunteer sites. 

Three methods were used to measure bacteria: membrane filtration (MF); multiple tube fermentation 
(MTF), and substrate technology tests. The first method, MF, is a direct plating method for the detection -
and erkeration of bacteria in water. The second method, MTF, involves inoculating multiple tubes of 
broth with dilutions of the sample. Organism density is based upon the number of tubes with acid and gas 
production at the various dilutions and is reported in terms of the most urobable number (MPN) as deter- 
mined by a series of probability formulas. The third method used defined substrate techilogy tests, 
ColilerK3 and EnterolertB, manufactured by Idexx, Inc. The Idexx kits use either multiple tubes or multiple 
wells, with an MPN approach, to detect the presence or absence of total coliforms and E. coli, or entero- 
cocci. With Colile~tB, the detection of coliforms is based upon a color change for total coliforms and the 
release of a fluorogen by an enzyme produced only by E. coli. This assay is read within 18-22 hours. In 
this study, E. coli, which typically constitute the overwhelming majority of fecal wliforms, were treated as 
fecal coliforms for data Each participating laboratory used its standard method for sample arocessina. with . -,& 

a performance-based approach empioyedto ensure data comparability among labs; intercalibration tests 
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using common samples were performed before the start of the sampling period. Only laboratories that met 
the performance criteria were permitted to participate (see Quality Assurance section below). The methods 
used by eachparticipant are outlined inTable 11-2; more detailed information on these methods can be 
found in Standard Methodsfor the Examination of Water and Wastewater; 18th Edition, 1995. 

Enteric Viruses 

The presence of human enteric virus genetic material (such as the genomes of poliovirus, echovirus, 
and Coxsackie virus) was measured from samples taken at the mouth (point zero site) of 15 randomly 
selected perennial freshwater outlets using the reverse transcriptase polymerase chain reaction (RT-PCR) 
technique of Tsai et al. (1993). The method used, RT-PCR, is capable of detecting small quantities of virus 
genetic material in seawater, and is a potentially useful tool for determining the presence of human fecal 
contamination. However, the method cannot be used to infer health risk as viral genetic material may not be 
associated with an intact, infectious virus (Sobsey 1998). 

Twenty liters of seawater were collected in a plastic carboy from the same site using the same 
collection procedures used for the bacterial samples. Samples were placed on ice and returned immediately 
to the lab, where they were pressure filtered (15 psi) through two 142mmdiameter stainless steel filtration 
units. The first unit housed a glass fiber filter (Whatman, nominal pore size of 1 p),and the second unit 
housed a 0.22 pm Durapore filter. While still on ice, the filtrate was ultraconcentrated with a spiral carbidge 
filtration system (molecular weight cutoffof30 kDa, SY 130, Millipore, Inc.) to a final volume of ca. 150 
mL.This sample was fkther concentratedusing Centriprep-30 centrifugal concentration units (Amicon, 
Inc.). The Centriprep units were centrifuged at 5,000 x g for 30 minutes at 4' C, then the filtrate was 
poured off and the remaining concentrate was added to the units until the volume was approximately 5 mL. 
Next, Centricon-30 centrifugation concentration units were spun in a Sorvall SS-34 rotor at 5,000 x gat 
10" C to further concentrate the material to approximately 100 mL. 

The RT-PCR was performed using a set ofpan-enterovirus "universal" primers, EV-L and EV-R, 
for total enterovirus nucleic acid amplification (Tsai et al. 1993). Briefly, a 2 mL subsample of the concen- 
trated seawater sample was heated to 99' C for 5minutes, and subsequently held at 4O C. This action 
denatures the protein coat of the virus particles, revealing the RNA genome within. While still at 4O C, 
reagents for the reverse transcriptase (RT) step were added. The RT step was runwith one cycle at 24.0° 
C for 10 minutes, 42.0" C for 30 minutes, 99.0" C for 5 minutes, and then held at4.0° C for addition of the 
PCR reagents, including DNA polymerase. The DNA polymerase catalyzes the extension reaction and a 
second DNA strand is synthesized. The reaction mixture is then heated again to 99' C to separate the 
double stranded molecule and expose the primers' target sequences. As the mixture cools, the 
anneal to their targets, and the DNA polymerase continues once again to extend the annealed primers along 
the target templates to produce amplified DNA fragments of 196 bp. This occurs for40 cycles, amplifying 
millions of copies of the original target cDNA. Amplified DNA was visualized by staining a 2%agarose gel 
with ethidium bromide and illumination with W light. Lane markers of 100 bp increments were used for 
size comparison. The expected PCR product for the pan-enteric virus primers is 196 bp. 

Negative and positive controls were performed for each RT-PCRrun. For the negative controls, 2 
p1 of deionized water was added to the PCRmixture rather than the seawater sample. A positive control 
for the RT-PCRkit was performed each time a new kit was used, and involved the amplification of a given 
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target RNA with random hexamer primers. A positive control for the poliovirus amplification was per- 
formed by adding known amounts of high-titer stock poliovirus to the RT-PCRmixture, with amplification 
using the EV-L and EV-R primer pair. Triplicate analyses were mfor each sample by using the RT-PCR 
protocol for each dilution. Negative and positive signals observed on agarose gels were recorded, and 
quantitative results were calculated using an MPN approach. The detection limit of our RT-PCR assay 
ranged from 0.1-1.0 infectious units and was comparable to detection limits reported in similar studies (Tsai 
et al 1993, Rose et al. 1997). 

Total abundances of viruses and bacteria were determined by small-volume samples preserved with 
formalin, stained with SYBR Green I, and counted with an epifluorescence microscope (Noble and 
Fuhrrnan 1998). When possible, preparation activities were completed under subdued light. Slides were 
counted immediately, or frozen at -20' C for counting within 1 week. For each filter, 10 to 20 fields were 
selected randomly and a total of 2200 viruses and 2200 bacteria were counted on an Olympus BH2 
epifluorescence microscope with a lOOX D Plan Apochromat UV objective, under blue excitation. Virus 
particles were distinctly shaped "pinpricks" that fluoresced bright green. Bacterial cells were distinguished 
from viruses by their relative size and brightness. 

C. QualityAssurance 

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

Methods were standardized across labs by implementing the following actions. Each laboratov 
was ELAP certified and followed Standard Methods for the Examination o f  Water and Wastewater. " " 
18th edition, 1995 (Standard Methods). Laboratories also ascribed to common guidelines regarding 
culture media, water, equipment and instrumentation, and data handling. Commercially available pre- 
sterilized media were used. Media were sterilized by autoclaving according to the rnanufacturery~specifica-
tions. Water used to prepare culture media and reagents was distilled or demineralized reagent grade, and 
was stored away from direct sunlight to prevent growth of algae. Ovens, autoclaves, and refrigerators were 
monitored to ensure proper temperatures. The pH meters were calibrated to maintain an accuracy of 0.1 
pH units. Balances were calibrated to provide a sensitivity of at least 0.1 gat a load of 150 g. 

Positive and negative growthperformance and sterility tests were performed on newly prepared 
batches of media. Broth cultures and plates were read at specified times. Proper functioning of water baths 
was demonstrated while analyses were in progress using control cultures ofE. coli andEnterobacter 
aerogenes. 

Intercalibration performance exercises were conducted to assess and control the variability intro- 
duced by inclusion of multiple laboratories and measurement methods. These exercises involved preparation 
of standardized samples, which were distributed to each laboratory for processing. Each laboratory was 
required to achieve specific accuiacy and comparability goals as prerequisites to their participation in the 
regional survey. Details of the QA intercalibration exercises are presented in Appendix C. 
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Quality control measures applied during the study were similar to the intercalibration exercises 
conducted prior to the survey. Each laborato~y was required to process two standardized samples, on the 
second andfourth weeks of the study, that were createdby inoculating filtered seawater with raw sewage 
(from the Orange County Sanitation District). 

D. Data Analysis 

The assessment of shoreline condition focused upon estimating the percent of shoreline mile-days 
that exceeded a threshold of concern. Data from adaptive sampling, indicator comparisons (labs where 
multiple methods were runsimultaneously), and Mexican waters were not used for the assessment of 
shoreline condition. Two sets of thresholds were used, one based upon daily measurements and the other 
based upon monthly averages (Table 11-3). Both sets of thresholds were derived from acombination of 
State of California draft beach closure thresholds, established in response to the AB411 legislation and 
primarily applicable to county health departments, and the ~ a l i f o k a  Ocean Plan, which Goscribe State 
water quality objectives for NPDES-permitted ocean dischargers. 

TABLE 11-3. lndlcatorthresholds used in the Shoreline Microbiology Study 

Indicator Daily Limits (per 100 mL) Monthly Limits (per 100 mL) 

Total wliforms 1O.OOOa,b' 20% of samples >I,OOOa," 
Fecal coliforms 400b 200 (GM)b 
Enterococci 
Totakfecal ratio 

1 Wb 
when TC >1,000 and TClFCs 10 

35(GM)b 

also, when TC>1,000 and TCIFCS 5 
GM = geometric mean 

BFrom California Ocean Plan 
bFrorn draft regulations developed in response to California Assembly Bill 411 
CPresent California Ocean Water-Contact Sports Standards 

Estimating the percent of shoreline mile-days was accomplished for each of the strata and for the 
shoreline as a whole using a ratio estimator (Thompson 1992): 

where: i= I 

m = Percent of area exceeding the threshold for strataj 
p = Binomial parameter value (e.g., 1if it exceeded the threshold value and 0 otherwise) for station i 
d = Weighting for station i, equal to the inverse of the inclusion probability for the site 
n ' = Number of stations sampled in population j. 
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Standard error of the response was calculated as: 

Standard Error 

Statistical differences between populations of interest were defined on the basis of non-overlapping confi- 
dence intervals. Use of the ratioestimator for the standard error approximates joint inclusion probabilities 
among samples and assumes a negligible spatial covariance, an assumption that appears warranted based 
upon preliminary examination of the data. This assumption is conservative in that its violation would lead to 
an overestimation of the confidence interval (Stevens and Kincaid 1997). 

The comparison of indicatorresponses was accomplished primarily through correlation analysis. 
Indicator comparisons were performed with the entire data set (including adaptive samplingand data from-
~ e x i c a nwatek). contingency tables were also developed to categoric&y assess the frequency with which 
individual sites were classified the same by different indicators. 

The relationship between bacterial indicators and viral concentrations was assessed in two wavs. 
First, the rank correlation between quantitative results of human enteric virus detectionby t h e - ~ p ~  
approach and the levels of each of the bacterial indicators was tested. Second, the correlation between the 
pksence/absence of human enteric virus genomes versus the log transformed bacterial indicator results was 
tested (logistic regression). 



111. QUALITY ASSURANCE EVALUATION 

Participants successllly sampled 99% sites targeted for study during the survey period. Of the two 
stations missed during the study, one was the result of an incorrect sample frame (no public access) and one 
site was not sampled. Although a five week time m e  was defined as the study sampling period, a sixth 
week was reserved for contingency. Only one agency required the sixth week for sampling; rescheduling 
allowed them to meet the requirement for a minimum of five sampling events for all of their sites. 

Participants successfully analyzed 3,436 of 3,455 (>99%) samples targeted for analysis, exceeding 
the data quality objective of 95%. All 19 of the missing laboratory analyses were the result 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 data quality problems. Participating 
laboratories analyzed these reference samples for total coliforms, fecal coliforms, and enterococci using 
procedures identical to those used for the pre-survey quality assurance exercises (Appendix C). 

The reference sample analysis showed that the cross-laboratory variability established in the pre- 
survey intercalibration exercises was also achieved during the survey. The only deficiencies identified were 
laboratory multiplication emrs resulting from dilution series. These deficiencies were corrected and all 
remaining study data were verified for calculation accuracy. 

During the course of data checking, it was discovered that 2.5% of reported samples had fecal 
coliforms levels that were higher than the total colifonns levels. Since fecal coliforms represent a subset of 
the total coliforms mouv, their numbers should not exceed the total coliforms numbers. On-site audits - * .  

conducted by the Project QA OEcer confirmed that these anomalies resulted from analytical interferences 
and not errors in analytical methodology. The median difference between fecal coliforms and total coliforms 
for these cases was 1.0. Less than 4%of the discrepancies were from samples that exceeded bacterial 
indicator standards for fecal coliforms and none exceeded standards for total colifonns. 



IV. ASSESSMENT OF THE SOUTHERN CALIFORNIA BIGHT 

A. Results 

Approximately 95% of the shoreline mile-days in southem California during the five-week study 
period met bacteriological water quality standards. This high frequency of good region-wide bacteriological 
water quality was consistent, regardless of whether daily or monthly thresholds were used (Figure IV-1, 
Table IV- I). 

The probability of exceeding a bacterial indicator threshold differed among indicators (Figure IV-2). 
Enterococci was the indicator for which thresholds were most frequently exceeded, followed in descending -
order by totakfecal ratios, fecal coliforms, and total coliforms. The shoreline mile-days for which entero- 
cocci exceeded thresholds were more than twice those for fecal coliforms, and five times those for total 
coliforms. Less than one-third of the area that exceeded a threshold for one bacterial indicator exceeded 
thresholds for multiple indicators measured at the site, whether determined by daily or monthly thresholds , 

(Figure IV-3 and IV-4, respectively, Table IV-2). Only 0.1% of the shoreline, all ofwhich were freshwater 
outlet sites, failed all indicators on any particular sample. 

Few sites exceeded bacterial indicator thresholds for more than one of the five weeks of sampling 
(Figure IV-5). Less than2% of the shoreline sample sites exceeded a threshold for a second week for any 
indicator, andnone ofthe sites away from freshwater outlets exceededthresholds inmultiple weeks for 
either total or fecal coliforms. Only six of the sites sampled in this study exceeded bacterial indicator 
thresholds during every week ofthe study; three were in Mexico and.three were in the United States. Five 
of the six sites were point zero samples taken at freshwater outlet locations. 

The frequency with which bacterial indicator thresholds were exceededvaried by shoreline type. 
The lowest frequency of daily threshold exceedances occurred along high-use rocky shoreline; the lowest 
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 
sites (Figure IV-6, Table IV-1). Nearly 60% ofthe shoreline mile-days at point zero storm drain sites failed 
monthly bacterial indicator thresholds for at least one indicator during this study. More than half of the point 
zero freshwater outlet samples that exceeded a threshold for a single indicator also exceeded the threshold 
for multiple indicators. Random freshwater outlet samples, taken from sites within 100 yards of perennial 
freshwater outlets, exceeded indicator thresholds approximately 15% of the time, triple the frequency 
observed Bight-wide or on high-use sandy beaches (Figure IV-6). 

Although nearly 75% ofthe beach samples in Mexico met bacterial indicator thresholds, beaches 
and perennial freshwater outlets inMexico were more likely to exceed a bacterial indicator threshold than 
those in the United States (Table IV-3). The probability of exceeding the threshold for both total and fecal 
coliforms on sandy beaches inMexico was five times that at sandy beaches in the United States. In contrast 
the probability of exceeding indicator thresholds, including tota1:fecal ratios, at freshwater outlets was similiar 
both north and south of the border. 



Daily Monthly 

Indicator Thresholds 

Figure IV-I. Percent of southern California shoreline mile-days that met all 
bacterial indicator thresholds in August 1998. 

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

STRATA Enterococci Fecal Total TC:FC<10 TC:FC <5 
coliforrns colifonns 

High-use sandy 
Low-use sandy 
High-use rocky 
Low-use rocky 
Perennial outlets 
Ephemeral outlets 
Point zero outlets 
All SCB 

IndicatorI I 

I I 

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 
mul t i~ ledailv bacterial indicator thresholds in Aunust 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 
indlcators, 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 Ail 4 Any 3 Any 2 Any 1 

High-use sandy 0.0 0.4 
Low-use sandy 0.0 2.2 
High-use rocky 0.0 0.0 
Low-use rocky 0.0 0.0 
Perennial outlets 0.8 3.0 
Ephemeral outlets 0.0 1.7 
Point zero outlets 5.8 18.3 

All SCB 0.1 1.2 
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Figure IV-5: Comparison of Repeat Threshold Exceedances by Bacte- 
rial Indicator. 
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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 wliforms Fecal coliforms TC:FC 4 0  

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 32.7 21.8 
United States 12.0 24.8 21.8 

N-25 




The magnitude by which thresholds were exceeded differed considerably among shoreline types. 
Approximately40% of the measurements along the southern California shoreline away from freshwater 
outlets were within measurement e m r  standard deviation, asquantified in the this study's intercalibration 
exercises (Appendix C); an additional 30%of the measurements were within two standard deviations 
(Figure IV-7). In contrast, two-thirds of the freshwater outlet samples that failed a standard did so by more 
than two measurement error standard deviations. Nearly 80% of the Mexican samples that failed a stan- 
dard did so by more than two standard deviations, regardless ofwhether the sample was collected near a 
freshwater outlet or on a beach (Figure IV-7). 

US Shoreline 

I 

2 20 
C 
c 10 
g . 0
P 

Indicator 

US Freshwater Outlets 

8 70 
5 60 

50 
J- 40 

30
2 20 
E 10 
g
P 

0 
Total Coliforms Fecal Colifons Enterococci 

Indicator 

Mexico 

U) 

100 - 0Within 1 

c Standard Deviation 
8 80 - LWithin 2 -Standard Deviations 

> 2  
$ 
 6 0 -

r
0

2 
40 -
2 0 -

Standard Deviations 

n 0 n o %  
Total Coliforms 

0% 
Fecal Coliforms 

lndlcator 

Figure IV-7. Percent of exceedances within 1,2, or greater than 2 standard 
deviations for combined US sandy and rocky shoreline sample sites, USfresh-
water outlet samples sites, and combined Mexican sample sites. 
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Adaptive sampling was included in the study to quantify the spatial extent of the shoreline affected by 
individual threshold exceedances. Of the 133 adaptive samples takenupcoast or downcoast from the 
original site where a threshold was exceeded, less-than 25%were found to exceed thresholds at a distance 
as close as 25 yards and only 5% at a distance between 25 and 100 yards. These findings, in part, reflect 
the fact that adaptive sampling was conducted up to a week after the original measurement was taken. Less 
than 35% of the 63 samples that triggered adaptive samp1'mg remained above the threshold a week after the 
adaptive sample was collected. 

B. Discussion 

The vast majority of the southem California shoreline had good bacteriological water quality during 
August 1998. The one exception to this finding was the areas adjacent to freshwater outlets. Most of these 
outlets are storm draii systems that receive avariety of upstream inputs, including organic debris, non- 
human fecal matter, accidental sewage spills, illicit sewage connections, s a n i w  sewer system leaks, 
leachate from septic systems, runoff from homeless populations, andor illegal dumping ofwaste. Storm 
drains in southern California are independent from sewer systems and their flows receive no treatment or 
disinfection prior to ocean discharge. 

Urban runoff is a large contributor of microorganisms to storm drains, but it is not the sole source of 
fecal contamination. Waterfowl, dogs, and marine mammals can also contribute bacterial contamination, . -~ 
particularly where lagoonal or embayment systems, which serve as wildlife habitat, immediately precedethe 
confluence of the drainage system with the ocean. Genetic tests ofE. coli isolates from urban runoffwater 
samples in San Diego and Orange Counties matched DNA sequences observed in wastes sampled from 
severalanimal sources (Simmons 1998). These local observations are consistent with the results of studies 
in other locations. In Massachusetts, for example, an estimated 67% of the coliforms in Buttermilk Bay 
were derived from waterfowl (Weiskel et al. 1996). 

While this study is the fust to quantify the effect in anunbiased, regional context, it is not the first to 
conclude that storm drains are areas of concern. High levels of indicator bacteria have been found routinely 
in storm drain effluents, affecting shoreline bacteriological water quality near these sources throughout 
southern California. A recent study performed in Santa Monica Bay linked the poor bacteriological water 
quality of storm drains to the epidemiology of people using the beach for recreation (Haile et al. 1996). 
During dry weather, Gold et al. (1992) reported elevated counts of enterococci and total and fecal 
coliforms in several storm drains in Santa Monica Bay. Indicator bacteria sampled from storm drain efflu- 
ents during wet weather commonly exceed State water quality objectives (Schiff 1997). Median densities 
of fecal coliforms ranged between lo2 and lo4cf i  or MPNIIOO mL in wet weather flows from San Diego 
to Los Angeles. These high densities of indicator bacteria are reflected in gradients of coliforms and entero- 
cocci in the receiving waters of SantaMonica Bay (Gold et al. 1990, SCAG 1988). These observations 
are not unique to southern California; urban m o f f  yields consistently high densities of fecal coliforms in 
many metropolitan areas (EPA 1983) and is one of the largest contributors to impaired surface waters in the 
United States (EPA 1994). 

This study is also not the first to detect areas alone the Mexican coast with high bacterial counts 
(Segovia-Zavala and Orozco-Borb6n 1986), though it is the first to use consistent sampling approaches to 
compare the relative quality of United States and Mexican beaches. Water contamination in the northwest- 
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em coastal areaof Baia California results from m i d  urban and industrial -mwth.and a lack of infrastruc- " 
tureto treat municipal wastewater, mainly near the cities of Tijuana and Ensenada. Previous bacteriological 
studies in this area (Orozco et al. 1994, Segovia et al. 1995) have found that the main inputs of total 
coliforms and fecaLlifoms to the area a& from storm drains and wastewater discharges along the shore- 
line. Wastewater discharges increase during summer months with an increase in tourism, while storm water 
runoff is the principal source in winter ( & ~ z c o - B o I ' ~ ~ ~  and Saiiudo-Wilhelmy 1988). The Mexican 
government has already taken actions to reduce bacteriological pollution of coastal waters. First, they have 
adopted the Mexican official standard NOM-001 -ECOL-1996 that establishes pollution limits (Secretaria 
de ~ e d i o  ~rnbiente 1997), and have established dates for initiating discharge control pr&mms. 
Additionally, they areimproving the existing ~ t r u c ~ ,  as well as constructing new facilities to collect, 
treat and dispose of sewage from the rapidly growing population in the region. The Mexican government 
has participated in construction of the South Bay International Wastewater Treatment Plant and is planning 
construction of a series of wastewater treatment facilities along the Tiiuana-Ensenada corridor. It is clear. -
however, that illegal discharges also exist on these waters and that additional measures will have to be taken 
to correct the problem. The data from this study can be a valuable baseline for assessing the effectiveness -
ofthose future actions. 

Measurement error is an impoltant factor to consider in interpreting bacterial indicator data. The 
intercalibration aspect of this studv documented that the standard deviation associated with reolicate labora- 
tory analysis was nearly 50% of the measured value at concentrations near the Statethresholds; this magni- 
tude of measurement error is comparable to that of laboratories outside of southern California and reflects 
the inherent accuracy of current bacterial measurement technologies. More than two-thirds of standards 
failures observed in this study, particularly those &om samples collected away h m  storm drains, were 
within measurement error. County health departments typically collect confirmation samples at sites where a 
threshold is rarely exceeded, in part to ensure that the failure did not result from measurement error. In 
areas away from freshwater outlets, we found that less than 0.5% of the shoreline exceeded a threshold in 
two consecutive samples. 

One of the most striking results of this study was the difference in response among indicators. 
These differences are likely to affect the actions of county health departments in the neat future with imple- 
mentation of AB411 regulations. Present State law requires the use of total coliforms as the indicator to 
determine recreational water quality and, in the event of exceedances, to post or restrict access to the 
shoreline. The new proposed standards under AB411 require measurement of three indicators. A failure 
fmdiig is presently proposed as exceeding a threshold fo;any one ofthe three indicators, although early 
drafts proposed failure as exceeding thresholds for any two of the three indicators. The results of this study 
indicate that either proposal will lead to a substantial increase in the number of samples failing State stan- 
dards and may increase the number of beaches posted or closed. Failures of the total coliform standard 
amounted to 0.7% of shoreline mile-days, while failures of any two indicators amounted to 2.2% of the 
shoreline, or almost triple those of wliforms alone. If the AB411 regulations are written such that exceeding 
standards for any one of the three indicators can lead to beach posting or closure, the rate of posting or 
closure will increase by a factor of 10 (Table IV-I). 



One outcome of this study is the recognition of the effectiveness of ongoing beach monitoring 
programsin southem California. More than20 programs throughout the SCB cumulatively spend $3million 
annually collecting samples from at least 510 sites and conducting more than 80,000 analyses per year, 
roughly the same amount expended for monitoring activities in the rest of the county combined (Appendix 
D). The programs in southern California focus the bulk of their resources on monitoring high-use beaches 
and known problem areas such as storm draiis. The present study emphasized the sampling of new, 
randomly selected locations and did not uncover any previously undisclosed "hot spots" of concern. Only 
10sites that exceeded a bacterial indicator threshold were located more than one-half of a mile from a 
routine monitoring site; only one of these new sites exceeded athreshold for more than one week. Eight of 
the ten new sites were located in Ventura and Santa Barbara Counties, where population densities are 
significantly lower thanurbanized areas of the SCB. Recent political and community support has led to the 
expansion of regularly monitored beach locations in both Ventura and Santa Barbara Counties. 



V. INDICATOR COMPARISONS 

A. Results 

A strong correlation was found between total and fecal coliforms (r =0.93), while the correlation 
between enterococci and both total and fecal coliforms was weak (r =0.29, Table V-1, FiguresV-1 
throughV-3). The correlation between indicators was largely independent of which laboratory method 
was used to analyze the samples; for example, the correlation between total coliforms and fecal coliforms 
analyzed by MF was 0.89, whereas the correlation between the two using MTF analysis was 0.93 (Table 
V-1). Samples analyzed with MTF had marginally improved relationships between indicators compared to 
MF. Correlation coefficients were nearly identical when comparing the MTF and MF methods to analyses 
using the Idexx kits (Table V-1). 
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Figure V-1. Correlation of Total Coliforms and Fecal coliforms in August 1998. 
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Figure V-2. Correlation of Total Coliforms and Enterococci in August 1998. 
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Figure V-3. Correlation of Fecal Coliforms and Enterococci in August 1998. 

The correlations between indicators were also similar among the different sampling strata assessed 
in this survey (Table V-1). The correlation between each of the indicators imuroved mar~inallv at freshwa- 
ter outlets compared to high-use sandy beaches. This is noteworthy since freshwater outiets gdnerallY 
demonstrated the highest bacterial densities while high-use sandy beaches had the lowest bacterial densities. 

A number of samples from the survey were not quantified because they exceeded the capacity of 
the dilution series performed; instead they were reported as ">" values. For the analyses above, these 
values were truncated 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 
colifonns and enterococci or total colifonns. The correlation between total coliforms and enterococci more 
than doubled with the reduced data set (Table V-I). 

TABLE V-I. 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 
Idem 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 



Of the 880samples that were tested for all three indicators, 93 exceeded at least one indicator 
threshold. Of these threshold exceedances, only 13%failed for all three indicators, 34% failed for two 
indicators, and 54% failed for only a single indicator (Table V-2). Fecal coliforms failed at twice the rate of 
total coliforms, and enterococci failed at three times the rate of total coliforms. Less than one-half of the 
enterococci thishold exceedances paired with threshold excecdances by another indicator. Approximately 
89%ofthe total and fecal coliforms threshold failures were parmered with failures ofanother indicator. 

The concordance among indicators was considerably higher at freshwater outlet sites. Near outlets, 
more than 50%ofthe sam~les that failed the threshold for one indicator also failed for another; 18%failed 
for all indicator threshold;(~i~ure ~ - 4 ) .1n contrast, only 20% of the failures away from outlets were 
accompanied by the failure of a second threshold. Sixty percent of the failures away from freshwater outlets 
resulted from enterococci measurements alone. No single sample collected away from freshwater outlets 
during the entire study failed the standard for bothenterococci and total coliforms (Figure V-4). 

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

Total coliforms Fecal coliforms Total:fecal ratio Enterococci 

Alone 3.1 6.3 5.3 32.3 

Total coliforms 

Fecal coliforms 1.0 

Total:fecal ratio 0.0 6.3 

Enterococci 5.2 3.1 

Fecal coliforms & 3.1 
total:fecal ratio 

Fecal coliforms & 5.2 
enterococci 

Totakfecal ratio & 0.0 19.8 
enterococci 

All 4 Indicators 7.3 



Figure V-4. Percent correspondance of indicator threshold exceedances at southern California 
sites near and away from freshwater outlets in August 1998 
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B. Discussion 

Ourfinding that different indicators do not equally reflect whether a site exceeds thresholds, as well 
as the higher incidence of enterococci threshold exceedances during summer, is consistent with the observa- 
tions of the project participants from their routine monitoring programs. This conclusion does not appear to 
be limited to southern California. Nuzzi and Burhans (1997) compared the responses among total 
coliforms, fecal coliforms, and enterococci at 143 New York beach sites and found that while indicator 
values were correlated, the likelihood of exceeding an enterococci threshold was more than twice that for 
either of the coliform measures. 

One possible explanation for the disparity among indicator threshold exceedances is that entero- 
cocci survive longer in the marine environment than total or fecal coliforms, resulting in more values that 
exceed the threshold. Hanes and Fragala (1967) demonstrated that E. colisurvival in marine water was 
0.8 day while enterococci survival was 2.4 days. Sieracki (1980) demonstrated that the rate of enterococci 
die-off did not increase as the intensity of sunlight increased while E. colidemonstrated the converse 
pattern. Both of these factors could increase the likelihood of enterococci threshold exceedances relative to 
coliforms. 

The auulicabilitv of bacterial indicators. and their thresholds. for influencine decisions about beach .' -
closures is dependent upon their relationship to the pathogenic organisms that cause illness. Investigators 
have shown that enterococci and coliphage have similar survival characteristics in receiving lake waters 
(Rajala 1998). If the etiology of swimming-associated gastroenteritis is viral, and if coliphage react to 
physical and environmental stressors in a manner similar to human enteric viruses, then enterococci alone 
might be a better predictor of adverse health outcomes from exposure to fecal contamination Cabelli 
(1 982) and Dufour (1 984) showed that enterococci correlated better with swimming-associated gastroen- 
teritis at marine and freshwater bathing beaches with wastewater influences. resulting in the develoument of 
water quality guidelines by the United States Environmental Protection Agency (U.S. EPA) for recreational 
waters based upon enterococci densities (EPA 1986). This relationship between enterococci and swirn- 
ming-associated gastroenteritis has been more recently examined by etal. (1994), who demonstrated 
a significant dose response relation between gastroenteritis and fecal streptococci (of which enterococci are 
a subgroup) concentrations. On the other hand, different indicators may be predictors of specific diseases. 
Haile et al. (1 996) found that the relative risk differed by indicator when its particular threshold was ex- 
ceeded. For example. vositive associations were observed with skin rashes when total or fecal coliforms . .. 
thresholds were exceeded. Meanwhile, positive associations of highly credible gastroenteritis (HCGI) and 
diarrhea were observed when enterococci thresholds were exceeded. These results are also supported by 
Fleisher et al. (1996), who showed that fecal streptococci were predictive of upper respirato&Gact 
illness, while fecal colifonn exposure was predictive of earailments. 

Another possible explanation for the higher rate of enterococci threshold exceedances is that the -
thresholds for the indicators were generated using different approaches and thus may be measuring different 
outcomes. Enterococci and tota1:fecal ratio thresholds were developed to estimate human health risk, based 
upon correlation of indicator bacteria densities and rates of human illness. Studies conducted by Cabelli 
(1983) established that enterococci densities correlated with numbers of HCGI in swimmers at beaches 
influenced by wastewater in New York, New Orleans, and Boston. Similarly, Haile et al. (1996) estab- 
lished significant associations between several microbial indicators and rates ofhuman illness at beaches in 
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Santa Monica Bav influenced bv storm drains. Most notable among these were the totallfecal ratios and -
several different symptoms including HCGI,nausea, diarrhea, and skin rashes. In contrast, the fecal 
coliform and total coliform thresholds were derived from historical technology-based limits, not upon -. 
probability or rates of illness (Cabelli 1983). 

Theresultsofthis study indicate that measuring multiple indicators may be inefficient. Testing 
enterococci alone detected 79% of all indicator threshold failures. The cost of measuring multiple indicators 
at a site is nearly comparable to the cost of measuring an equal n h b e r  of new sites with a single indicator, 
and the public's interest might be better served by measuring more sites or measuring selected sites more 
often using a single indicator. This can only occur if the scientific community agrees upon an epidemiological 
basis for selecting the most appropriate indicator and threshold. Of particular concern is the need to 
distinguish indicators and thresholds that most frequently result from the presence of human wastes from 
indicators of animal wastes, which areunlikely to contain the viral agents of greatest human health concem. 
The tools necessary to understand relationships between the pathogenic organisms that cause illness (e.g., 
viruses) and the bacterial indicators routinely monitoredare only beginning to be developed. The California 
State Department of Health Services and the U.S.EPA have independently embarked upon efforts to 
standardize beach monitoring regionally and nationally. The public's interest, as well as the cost efficiency of 
monitoring, will be greatly improved by these programs ifthey focus on the research necessary to better 
relate existing measures to health risk. 



VI. ENTERIC VIRUSES 


A. Results 

Seven of the 15 samples examined for human enteric virus genetic material (virus genomes) by 
reverse transcriptase polymerase chain reaction (RT-PCR)were positive (Table V1-1). The number of 
human enteric virus genomes detected ranged from 4 to 75per 100 FLof concentrate, from an original 
volume of 20 L. Inhibitory substances, asevidenced by higher concentrations inmore dilute samples in 
serial dilutions, were present in only a single sample from the Los Angeles River. 

Correlations between human enteric virus genomes and each of the bacterial indicators (total 
coliforms, fecal coliforms, and enterococci) were statistically insignificant using rank correlation analysis. A 
significant logistical correlation was found between fecal colifonns concentration and the presence or 
absence of human enteric virus genomes. In 73%of the samples, the presence of human enteric virus 
genomes coincided with the exceedance of the fecal colifonns threshold of 400 cNlOO rnL. 

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

Freshwater Outlet Site Sampling Date Virus Genornes Total Fecal Enterococci 
per 100mp Coliiorrns Coliforrns 

Tijuana River 

Los Penosquitos Lagoon 

San Luis Rey River 

Los Angeles River 

Aliso Creek 

Ballona Creek 

Maiibu Creek 

San Diego River 

Moonlight Beach 

San Juan Creek 

Goleta Creek 

Mission Creek 

Arroyo Burro 

Carpinteria Creek 

Calleguas Creek 



B. Discussion 

Human enteric viruses, unlike most bacterial indicators, are direct indicators ofthe presence of 
human fecal contamination. In this study, we specifically focused upon the detection of the genetic material 
(genome) of enteroviruses, a subgrcup of the entire human enteric virus family. Enterovimes are members 
of the picornaviridae, a family of single stranded RNA viruses. The family includes 67 human serotypes, 
including poliovirus, Coxsackie virus, echovirus, and other enteroviruses. Vaccine-strain poliovirus, although 
not a public health risk because it is an attenuated version of the virus, is also detected using our RT-PCR 
technique, and is a direct indicator of human fecal contamination. Vaccine-strain poliovirus may be found in 
elevated quantities in fecal material from children, as it is actively shed by those that have been recently 
vaccinated. Other viruses that can be found in human fecal material, but were not pursued as part of this 
study, include astrovirus, adenovirus, Norwalk virus, coronavirus, and Hepatitis A virus. 

This study is not the first to examine the presence of humanenteric viruses in the coastal waters of 
the Southern California Bight. A pilot study performed in Santa Monica Bay in 1989 used cell culture 
techniques and revealed the presence of infective human enteric viruses at 1 1of 15 samples taken at a single 
storm drain in Santa Monica Bay, and repeat testing in 1990 revealed positive results in 3 of 4 samples 
(Gold et al. 1990). In another study in 1991, human enteric viruses were detected at all five of the storm 
drains tested in Santa Monica Bay (Gold et al. 1992), and one of the enterovirus isolates was identified as 
Coxsackie B virus, a knownetiological agent. More recently, in an epidemiological study in Santa Monica 
Bay in 1995, infectious human enteric viruses were detected at all 3 of the storm drain systems tested (Haile 
et al. 1996). The virus research performed using RT-PCR in this study supports the previous studies in 
Santa Monica Bav, and demonstrates the positive detection of human enteric virus rrenomes at both of the .. -
Santa Monica Bay storm drains tested (Table I), with quantitative results suggesting that the levels of human 
enteric virus genomes at these sites were among the highest of the freshwater outlet sites studied. 

While enteroviruses are responsible for a variety of illnesses or symptoms, including upper respira- 
tory tract infections, meningitis, myocarditis, and hemorrhagic conjunctivitis, the measurement techniques 
used in this study do not provide direct information about infectivity of the observed virus particles. The 
RT-PCR works by identifying the presence of viral RNA based upon conserved sequences of RNA found 
within the viral genome of specific virus families, in this case enteroviruses, without distinction as to whether 
the viral RNA is free or contained within an intact, infective virus particle. It is a valuable technique for 
detecting virus material found in human fecal contamination, and therefore has the potential to be used as a 
tool to distinguish between human and animal waste. The technique must be combined with other measures, 
such as direct plating of coliphages or cell culture techniques to assess infectivity. 

Although we found a correlation between the presence of human enteric virus genomes and fecal 
coliforms, the correlation was weak and did not extend to all of the other bacterial indicators. This mirrors 
the findings of Noble and Fuhrman (1997), who conducted similar studies in Santa Monica Bay 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 sam~les from this studv were taken in the surf zone 
immediately adjacent to the storm drain outlets. Many of these outlets drain lagoonal systems that are 
inhabited by waterfowl, which can contribute large amounts of animal wastes. The two sites where we -
observed high bacterial counts in absence of human enteric virus genomes, Calleguas Creek and Arroyo 
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Burro, had hundreds of buds near the storm drain at the time of sampling. If animal wastes area significant 
source, then bacterial indicators may provide an overly conservative estimate of microbiological water 
quality conditions, since animal waste does not typically contain pathogens of concern to humans. 

An alternative explanation for the poor correlation between bacterial and viral indicators is the 
differential survival ofpathogens in seawater (McNeill1992). There aremany complex factors that influ- 
ence the persistence of pathogenic microorganisms, among them sedimentation, turbulence, sunlight inten- 
sity, temperature, and predation. Under some circumstances, viral pathogens can survive longer in the 
marine environment than indicator bacteria as they adsorb to solids that can protect them from inactivation 
by biological, chemical, and physical factors (EPA 1985). Conversely, McNeill(1992) has shown that 
colifoms andenterococci not only persist, but can grow in the marine environment at warmer water tem- 
peratures found in tropical areas. Understanding the relative degradation rates between bacterial indicators 
and the viral pathogens of human health concern, and how various environmental factors such as tempera- 
ture affect their relative rates of attenuation, isessentialtoknowing how well bacterial indicators predict 
human health threats in marine waters. 

The RT-PCR technique presented here provides a potential mechanism for distinguishing between 
human and animal fecal contamination and more closely identifylng sources of possible human health risk. 
Although RT-PCR detection ofhuman enteric virus material cannot be used to infer infectivitv. RT-PCR - ., 
radically improves upon the time required to detect the presence ofhurnan pathogens in seawater, taking a 
day rather than the weeks required for conventional cell culture techniques. Additionally, RT-PCR can be 
used to detect a variety ofhuman pathogenic viruses not detectable by cell-culture techniques. The cost of 
RT-PCR, however, remains 50 times higherthan that for bacterial indicator measurements. Further r ehe-  
ments to reduce cost will be required before the technique is feasible on aroutine basis for addressing 
management decisions about local coastal health hazards. 



VII. CONCLUSIONS 

The Bight'98 ShorelineMicrobiologyStudyrepresentsthe most comprehensiveregional assessment 
ofmicrobiologicalwater quality along the SouthernCalifomiaBight shorelineconductedto date. The 
regional and &biased na&e ofthe sites sampled provides the opportunity to make assessmentsthat cannot 
be accomplishedby examiningdatafrom individualsitesorfrom samplescollectedby an individualmonitor-
ing agency. The studyalso is the first to compare the relative bacteriological water quality along Mexican 
and United Statesshoreline using similarsite selection approachesand coordinatedquality assurance 
methods. The surveyparticipants,representing every agency that conducts routine microbiologicalmonitor-
ing in southernCaliforniaplus a group of Mexican scientists,have reached the followingconclusionsbased 
upin the fmdingsof thisstudy: -

Bacteriological water qualitywas consistentlygood along the southemCalifomia shorelineduring 
the summerof 1998. 

Nearly 95%ofthe shorelinemile-days from SantaBarbara through SanDiego duringAugustmet all 
of the State of Califomia's present and proposed bacterial water qualitystandards. Ninety-eight percentof 
the samples that exceeded a Statestandarddid so foronly onebacterial indicator,whereas other indicators 
measured at the site were within State standards. Less than 0.2% ofthe shorelinemile-days exceeded 
thresholds forall indicatorsmeasured at a single site. Except for those locations immediately adjacentto 
freshwater outlets, most of the threshold exceedanceswere temporallysporadic. Only three sitesalongthe 
United Statesshoreline,otherthan those near a freshwateroutlet, exceeded an indicatorthreshold formore 
than one of the five weeks sampled. 

Areas adjacent to freshwateroutletsexhibited the worst microbiological water quality,both in the 
United Statesand inMexico. 

, 

Areas adjacent to freshwateroutlets, which constitute only a small of fraction of the southern 
Califomiacoastline,had poor microbiologicalwater quality. Almost 60% ofthe shorelinemile-days in these 
areas failed Statestandardsbased upon monthly thresholds. Most of these exceedanceswere formultiple 
indicatorsand occurred repetitivelythroughoutthe five-weekstudyperiod. Human enteric virus genetic 
material was detectedin samplestaken from 7 of 15freshwateroutlet locations; 73% of these detections 
coincidedwith an exceedance of a bacterial indicatorthreshold for fecal coliforms. Mexican freshwater 
outletswere aboutjust as likely to exceeda bacteriological water qualitystandardas those in the United 
States. 

Mexican beaches exceeded indicatorbacteria thresholds more frequently than beaches in the United 
States. 

This cooperative study is the first to compare the relative water qualityalongMexican and United 
Statesshorelineusing similarsite selectionapproachesand coordinated qualityassurance methods. Al-
though nearly 75% of the beach samples in Mexico met Califomia's bacteriologicalwater quality standards, 
the standardswere exceededfivetimes more oftenalongMexican than United Statesbeaches. Thernagni-
tude by which standardswere exceededwas also higher in samplestaken from Mexicanbeaches. This 
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informationprovides valuable base-line informationthat can be used to assessprogress in effortsby Mexi-
can authoritiesto improvetheir shorelinebacteriological water quality. 

Dry-weatherbeach closuredecisions in southernCaliforniaaresensitivetowhich indicatorsare 
measuredat the site;closurerates are likely to increase with proposednewregulations. 

In this survey,the enterococcistandardproposed under AB411 was exceededapproximatelytwice 
as often as the vrovosed fecal coliform standard,andthreetimes as often as the present total coliform- * 

standard. In areas away from freshwateroutlets,60%of the standardsfailureswere for enterococcialone. 
Only 13%of the samplesthat failed one of the standardsfailed all standards. Beach closuredecisionsare 
made by local (county or city) health departmentsutilizingstandardssetby the State. For the last several 
decades, the standardhas been based upon total coliforms. Proposed regulationsdrafted under AB411 
require measuringall three indicators. Various drafts ofthe regulationshave defined failureas (1) exceeding 
thethreshold for any oneindicatoror (2)exceedingthe thresholdsfor anytwo indicators. Eitherproposal 
will lead to a substantialincrease in the number of sites failingState standards. Ifregulations arewritten 
suchthat exceedingthresholds for anytwo of the three indicatorsconstitutes failure, the rate ofposting or 
closurewill increaseby a factor of three. If the failure standard is written as exceeding a threshold for any 
of the three indicators, the rate of posting or closure will increase by a factor of ten. 

Data qualitywas high and comparableamongall of the participatinglaboratories. 

Three laboratorytechniques,membrane filtration,multiple tube fermentation, and defined substrate 
technology,arevariouslyused by differentlaboratoriesin southernCaliforniaforroutinemonitoring. The 
quality assuranceexercisesconducted asapart ofthis study,whichwere the first nationallyto compare all 
of these methods on marine samvles, demonstratedthat all three techniquesprovided com~arableresults.* - & .  

We also found a high degree of comparabilityamonglaboratoriesparticipatingin the project, including 
volunteer monitoring organizations,indicatingthat the degree ofprotection thepublic receivesin southern- -
California doesnot differas a functionofwhich laboratoh processes their localbeach samples. We 
caution,however, that the conclusions about methodscomparabilityarebased only upon processing sum-
mer samples. Theseresultsmay not extrapolate to winter samples,which cancontaina higher number of 
interferencesintroducedby stormwatermnoff. 

SouthernCaliforniabeachmonitoringprogramsarehighly effective. 

More than 20 southernCalifornia organizationsmaintain shorelinebacteriological monitoring pro-
grams. Cumulatively,these organizationsspend $3 million annually collecting samples frommore than 500 
sitesand conductmore than 80,000analysesper year in southemCalifornia. Most of this effort is focused 
onhigh-usebeaches and knownproblem areas. The present study directed considerableefforts into new 
locations and did not uncoverpreviously unmonitored "hot spots" of concern. Only 10sitesthat exceeded 
a Statethresholdwere located more than one-halfof a mile from a routine monitoring site,and only one of 
these new sites exceeded a thresholdformore than oneweek. Eight ofthe ten siteswere located in Ventura 
and SantaBarbara Counties,where recent political and communitysupporthave led to the expansion of 
regularlymonitored beach locations. 



Volunteermonitoring effortscan contribute valuable data to southernCaliforniamonitoringpro-

grams. 

An increasinglylarge componentof beach monitoring in someareasis performed by volunteer 
organizations. Oneconsiderationin evaluatingthe effectiveness of a monitoringprogram is whether data 
produced by volunteer organizationsis of sufficientqualityto includein integratedbeachassessments. The 
volunteer organizationsparticipatingin this studydemonstratedthrough qualityassuranceexercisesthat they 
can produce data comparableto those of the certifiedprofessional laboratories. The volunteers involved in 
the study weremore experiencedthanmost,having conductedtheir ownmonitoringactivitiesformany 
years. They alsobenefited fromU.S. EPA-sponsored trainingand workingcloselywith a localuniversity. 
Regardless,they demonstratedthat with a similarlevel oftraining,volunteer organizationscan become full 
partnersindevelopingregionalbeach quality assessments. 



VIII. RECOMMENDATIONS 

Integrate stormwatermanagementagencies intoroutineshorelinemicrobiology monitoring networks. 

Oceanwaters immediatelyadjacentto 60% ofthe freshwateroutletsin southernCalifornia were 
found to exceed Statestandardsfor indicatorbacteria, which accountedformore than 90% ofthe stan-
dardsfailuresobserved in this study. At present,virtually all of the routinemonitoring in oceanwatersnear 
freshwateroutlets is conducted by county health departments or by ocean-dischargingsewagetreatment 
facilities, both of which have limitedjurisdictionto address problems observed near freshwateroutlets. This 
dissociation between the organizationsthat design and implementocean monitoring programs and the 
organizationsthat bear most of the management responsibility for correcting observed problems is inefficient 
forprotecting the public's interest. severalofthe stormwatermanagementagencies insouthem ~alifomia 
maintain bacterialmonitoringprograms forinland waters,but these programsarenot integratedwith the 
ocean monitoring programs. Therole of stormwateragenciesin the shorelinemonitoringnetwork shouldbe 
an important one. Theirparticipationwill ensurecontinuingand expandedmonitoringeffortsnear freshwater 
outlets;will allowthem to react immediatelyto the resultsproducedby these monitoringprograms;and will 
establishthe frameworkfortheir inland effortsto be integratedwith the ocean area monitoringprograms. 
An activepartnershipwith the stormwateragencies is beginningto occur. The City of Los Angeles 
StormwaterDivisionrecentlybegan sharingthe costs ofroutineshorelinebacterial monitoring in Santa 
Monica Bay, and the stormwaterprograms for Orange, Riverside and SanBemardino Countieswere co-
sponsorsof thisregional monitoring program. This cooperativeinteractionshould be expanded. 

Reassess the relationship betweenbacterial indicatorthresholdsand health risk. 

This studyfounda high degree of inconsistencyamong the threebacterial indicatorsproposed as the 
basis for beach posting/closuredecisions. Theepidemiologicalevidenceupon which indicatorthresholds 
arebased is scant and derivedlargely from studiesconductedon the eastcoastunder conditionsthat are 
vastly differentfrom southernCalifomia. Moreover, the toolsnecessaryto understandrelationshipsbe-
tweenthe pathogenic organismsthat cause illnessandthe bacterial indicatorsmonitored routinelyby many 
southemCaliforniamonitoring agencies arein the early stagesof development. As a result, most agencies 
measuremultiple indicators,which will soonbe requiredunder AB411 derivedregulations. Thismethod is 
inefficient,resulting in highercostsaseach agencytriples its effortto capturelargelyredundant information, 
sincethese bacterial indicators correlate. Agency expendituresmightbe better spentusing one indicator to 
monitormore locations,or to monitorexistinglocationsmore frequently,but thiscan only occur if the-
scientificcommunity agreesupon an epidemiologicalbasis for selectingthe most appropriateindicatorand 
threshold. The California StateDepartment of Health Servicesand the U.S. EnvironmentalProtection 
Agency have independentlyembarkedupon effortsto standardizebeach monitoring data collectionregion-
ally and nationally. The public's interest, as well as the costefficiencyofmonitoring, will not be greatly 
improved by these programs unlessthey focuson the researchnecessaryto more closely relate existing 
measuresto health risk. 



Quantifymagnitude ofbacterial densities. 

Many of the measurementstaken in this study, as well as in routine monitoringprograms, yielded 
truncated values (for example, >16,000 for total coliforms)because standardmethods donot mandate that 
these large indicatordensityvalues be "bracketed" by the analyticaldilutionseriesemployed. The dockine 
not to extend the dilution seriesto auantifvall values has its roots in the health advisorvh e w o r k  where. 
exceeding a threshold yields an advisory, regardlessof whetherthe exceedanceis small or large. More 
detailedquantificationis importantforseveralreasons: 

1. The extentofpublic healthrisk is dependenton the concentrationof bacteria, not simply on a 
categorical exceedance; 

2. Draft beach closurestandardsassociated with AB411 include indicatorratios, which cannot be 
calculatedif one of the indicatorvaluesis not quantified; 

3. Risk managers,particularly stormwateragencies,need to focustheir mitigation effortsin places and 
times (seasons)of greatesthealthrisk. Withoutquantification,it is difficult to assessrelativerisk 
among systems or time periods; and 

4. Risk managers alsoneed a means forassessingprogress, which is most appropriatelyaccomplished 
by trends in indicatordensities. This is most efficientlydonewhen indicatorvalues arequantified. 

Increasingthe level of quantification,however, may not be logicalatall sitesand all times. Theadditional 
endpointsmustbe selectedjudiciously sincethe costof anextradilution series fora sitenearly equalsthe 
cost of monitoringadditionalsites. Risk managersneed to weigh the relativevalue of auantificationin- - -
selectingthe site locations and samplingintervals that are optimumto fully quantifytheirresults. 

Conducta similarcooperativeregional surveyduringthe wet season. 

This study found the shorelineto be in good condition,but areasnear freshwateroutletswere 
consistentlyof concern. The studywas conducted in the summer,under low flow conditions,when the 
influence of freshwater and stormwaterinputsis lowest. It is unclearhow much larger an area would be 
affectedduringhigher flow conditions. The study alsoestablisheda seriesof indicatorrelationshipsthat 
begin to form the basis forrefining monitoring strategies. A wet season studyis needed to examinethe 
consistency of thoserelationshipsbetweenwet and dry conditions. 
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APPENDIX A. PARTICIPANTS IN THE SOUTHERN CALIFORNIA BIGHT 1998 RE-
GIONAL MONITORING PROGRAM (BIGHT'98). "Denotes participants in the Shoreline 
Microbiology component. 

AES Corporation 
Algalita Marine Research Foundation 
Aliso Water Management Agency(AWMA)" 
Aquatic Bioassay and Consulting (ABCL)" 
California Coastal Conservancy 
Central Coast Regional Water Quality Control Boarda 
Channel Islands National Marine Sanctuary (CINMS) 
Chevron USA Products Company 
Cities and County of Riverside Stormwater Program 
City of Long Beacha 
City ofLos Angeles Environmental Monitoring Division (CLAEMD)" 
City of Los Angeles Stormwater Divisiona 
City of Oceansidea 
City of Oxnarda 
City of San Diegoa 
City of Santa Barbara" 
City of Venturaa 
Columbia Analytical Services 
Commission for Environmental Cooperationa 
Divers Involved Voluntarily in Environmental Rehabilitation &Safety@IVERS) 
Encina Wastewater Authority" 
Goleta Sanitation District" 
GraniteCanyon Marine Pollution Studies Laboratory 
Houston Industries, Inc. 
Institute de Investigaciones Oceanologicas, Universidad Autonorna de Baja California (UABC)" 
Los Angeles Department of Water and Power 
Los Angeles County Department of Beaches &Harborsa 
Los Angeles County Department of Health Servicesa 
Los Angeles Regional Water Quality Control Boarda 
Los Angeles County Sanitation Districts (LACSD)" 
Marine Corps Base Camp Pendletona 
National Fisheries Institute of Mexico (SEMARNAP) 
NOAA-NOS International Programs Officea 
NRG Energy, Inc. 
Orange County Environmental Health Divisiona 
Orange County Public Facilities and Resources Department (OCPFRD) 
Orange County Public Health Laboratory" 
Orange County Sanitation District (OCSD)" 
San Bemardino County Stormwater Program 
San Diego County Department of Environmental Healtha 



Appendix A (continued). Participants in the Southern California Bight 1998 Regional Moni- 
toring Program (Bight'98). "Denotes participants in the shoreline microbiology component. 

San Diego Interagency Water Quality Panel (Bay Panel) 
San Diego Regional Water Quality Control Boarda 
San Elijo Joint Powers Authority" 
SantaAna Regional Water Quality Control Boarda 
Santa Barbara Public Health DepartmenP 
Santa Monica Bav Restoration Proiect 
southeast ~ e ~ i o A  ~eclamation~ithori ty(SERRA)" 
Southern California Coastal Water Research Project (SCCWRP)* - .  
Southern California Edison (SCE) 
Southern California Marine Institute(SCM1)" 
State Water Resources Control Board (SWRCB)" 
Surfrider Foundation" 
USC Wrigley Institute for Environmental Studies (WIES)" 
University of California, Santa Barbara 
US EPA Region IX 
US EPA Office of Research and Development 
US Geological Survey 
US Navy, Space &Naval Warfare Systems Center, San Diego (USN) 
Ventura County Health Departments 
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APPENDIX C. COMPARISON OF BACTERIAL INDICATOR MEASUREMENTS AMONG 
SOUTHERN CALIFORNIA MARINE MONITORING LABORATORIES 

ABSTRACT 

Recent initiatives to develop regionallnational assessments of beach quality require consolidation of 
bacteriological data across multiple laboratories. In southern California, 22 laboratories routinely measure 
bacterial indicators of fecal contamination using several methods. To assess data comparability, each of 
these labs quantified total colifom, fecal colifom or E. coli, and enterococci density from thirteen com- 
mon samples. Three sources of variability (among laboratories, among analytical methods and within 
laboratory) were also quantified and compared. The average difference among methods was less than 6%. 
The average difference among laboratories was less than 2%. The greatest source ofvariability was among 
replicateswithinindividual laboratories. Combining data from all laboratories using different methods 
increased variability by only about 30%over that which would be expected if a single laboratory using a 
single method generated all of the data. 

INTRODUCTION 

Coastal waters are an important economic and recreational resource that is influenced by human 
activities. Treated wastewater discharges, industrial inputs, and surface runoff all affect coastal water quality 
and create the impetus for extensive water quality monitoring programs. An important criterion for assessing 
the potential health risk of recreational waters to swimmers is the density ofbacteria associated with fecal 
contamination. The bacteria most commonly used as indicators of fecal contamination are total coliforms, 
fecal coliforms, Escherichia coli (E. coli), and enterococci. Although indicator bacteria do not necessarily 
cause illness, they are abundant in human waste where pathogenic organisms, such as viruses and parasites, 
are also likely to exist. Bacterial indicators are measured instead ofpathogenic organisms because the 
indicators occur in much larger numbers and can be measured with faster, less expensive methods than the 
pathogens of concern. 

Nationwide, tens of thousands of marine water samples are analyzed annually for indicator bacteria 
(Natural Resources Defense Council 1998). Most of the analyses are part of sampling programs that are 
independently planned and implemented by local or county public health depments, or by Publicly 
Owned Treatment Works (POTWs) fulfilliig federal, state and regional monitoring requirements specified in 
their permit to discharge wastewater into waters of the United States. In southern California alone, over 20 
agencies regularly monitor near-shore water quality (Appendix D), but the data are rarely combined to 
provide estimates or comparisons of conditions ona regional scale. 

Several recent initiatives require the merger of data at regional and national levels. These initiatives, 
which reflect public desire for a more comprehensive assessment of beach water quality, include California 
Assembly Bill 411;USEPA's Beaches Environmental Assessment, Closure, and Health (BEACH) program; 
and the World HealthNSEPA Expelt Consultation of Safety of Recreational Waters. One concern that 
arises when consolidating data from independent programs is that the numerous laboratories that perform 
the analyses use different analytical methods. Standard enumeration methods for the isolationofviable 
bacteria from environmental samples include membrane filtration (MF) and multiple tube fermentation 
(MTF). Each of these enumeration formats can also be used with more than one type of media. For 
example, the MTF method of enumerating fecal coliforms can be performed using EC or A-1 media. 



Enurnerationusing chromogenic substrate media, media that can detect enzymes produced by specific 
bacteria or groups of bacteria, are also available and currently being used by several monitoring agencies. 

The consistency in response among methods has rarely been quantified. A few studies have 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 substrate kits); nor hasany study placed among-method hiability within the context of 
variabilitv among laboratories that use the same methods. California's Environmental Laboratory Accredita- 
tion pro& (E~AP)attempts to address comparability among laboratories by establishing accbtance 
criteria for 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 a limited basis when a 
laboratory demonstrates method comparability in preparation for switching from one analytical method to 
another. 

This study examined comparability of data generated by 22 southern California laboratories when 
quantifying total colifonns, fecal coliforms (or E. coli),and enterococci densities in common samples. 
Participants included 12 wastewater discharger agencies, five public health departments, three volunteer 
organizations, one private consulting laboratory and one university laboratory (Table C-1). The study 
assessed among laboratory, among analytical method and within laborator, variabilitv. The additional 
variability introduced by &ling &ta from different monitoring programs ;sing diffeknt methodologies was 
also quantified and placed within the context of natural variability occuning within a single laboratory pro- 
gram. 

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

Laboratoly Methods Used 

Algalita Marine Research Foundation ColilertB 
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, ColilertB 
City of San Diego MF, MTF 
City of Santa Barbara MTF, EnterolertB 
City of Ventura MTF 
Encina Wastewater Authority MF 
Goleta Sanitation District MTF 
lnstituto de lnvestigaciones Oceanalogicas (UABC) MTF 
Los Angeles County Department of Health Services MF, MTF. ColilerFB, EnterolertB 
County Sanitation Districts of Los Angeles County MF, MTF 
Orange County Public Health Laboratories MTF, ColilertB 
Orange County Sanitation District MF. MTF, ColilerFB, EnterolertB 
San Diego County Department of Environmental Health MTF 
San Elijo Joint Powers Authority MTF 
Santa Barbara Public Health Department ColilerKB, EnterolertB 
Southern California Marine Institute ColilertB 
Surfrider Foundation ColilerkD, EnterolertB 

G55 



METHODS 

Five intercalibration exercises were conducted. The fmt three exercises involved auantification of 
total coliforms, fecal coliforms (or E. coli) and enterococci in the transport medium. Each of the exercises 
used three concentrations of the bacterial indicator. The fourth exercise involved quantification of total 
coliforms and fecal coliforms (orE. coli) at a single concentration in seawater and fecal coliforms (orE. 
coli) in transport medium. The finalexercise involved quantification of a single concentration of fecal 
coliforms (orE. coli) in seawater. 

In the fust three exercises, samples were prepared by seeding 24 hour-old stock cultures ofE. coli 
(ATCC 75922) or, Streptococcus faecalis (ATCC 29212) into 10-liter carboys ofNYSDH-1 transport 
medium (Toombs and Conner 1980). Transport media was prepared prior to the day of the experiment in 
two-liter volumes and sterilized. Carboys were sterilized separately. Bacteria was added to the transport 
media and mixed for twenty minutes on a magnetic mixer prior to dispensing the first sample. Targeted 
seeding densities were l00,1,000 and 10,000-bacteriaf100 mL. Amount of stock culture necessary to 
achieve the target densities was based on MF analyses begun the preceding day. 

In the fourth exercise, E. coli was added to both seawater and transport medium. In the final 
exercise, filtered primary wastewater from the Orange County Sanitation District Plant #I was added to 
seawater. Primary wastewater was filtered through Whatman Grade 415 filter paper. To increase homoge- 
neity among aliquots, the seawater was filtered through a sand filter to remove large particulates. 

Samples were readied by 8:00 AM, packed in ice, and distributedin time for all laboratories to 
begin their d l y s e s  by 1:00 PM the same day. The originating laboratory analyzed the first and last sample 
dispensed from each carboy by MF and MTF procedures in order to validate the homogeneity ofbacteria 
in the carboy. Analyses were begun soon after the last sample was collected from the carboy and again four 
hours later. 

~ a c hlaboratory was allowed to use its own standard operating procedures. Methods used by 
participants included 9221B, C and E, 9222B and D, 9230B and C in SiandardMethods for the Exami-
nationof ~ a t e r  and Wastewater, APHA, AWWA, WEF, 18" edition, 1995 and EPA mehod 1600. 
ColilerP and Enterole@ (Idexx Laboratories, Inc, Westbrook, ME) kits were used in both 15-tube MTF 
format and 51 well Quantitray* format. Three to five replicates for each indicator at each density were 
required. Several laboratories used more than oneanalytical method, which resulted in more than 22 
analytical results reported in some data sets. 

Log transformed bacterial density measurements were compared among laboratories and among 
methods using a nested ANOVA model. Multiple comparisons were performed using Tukey's method, with 
alpha set to anoverall experimental error rate of 0.05. Three components of variance (among-replicate 
variance within individual laboratories, among-laboratory variance, and among-method variance) were 
estimated using the sum of squares from the nested ANOVA mode. 



RESULTS 

Data were highly consistent among laboratories and methods. For only 11 of the 213analyses 

performed did a sample result differ by more than 0.5 log unit from the median for the test batch (Figures C-

1 - 5). Six of these cases were for fecal coliforms recovery by MF. The remaining five cases were due to 

procedural errors, which were later identified and corrected. The five outlying values were removed from 

the data sets prior to performing statistical analysis, althoughthey appear in the figures. 


FIGURE 1. Log total coliform density from first FIGURE 2. Log fecal coliform or E. coli 
exercise. Dashed lines are overall mean +I- density from second exercise. 'Dashed lines 
0.5 log. are overall mean +I-0.5 log. 
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FIGURE3. Log enterococcus density from third 
exercise. Dashed llnes are overall mean +I- 0.5 
log. 
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FIGURE4. Log total coliform and fecal coiiform 
or E. coil density from fourth exercise. Dashed 
lines are overall mean +I-0.5 log. 
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FIGURE 5. Log fecal coliform density from 
fiflh excercise. Dashed lines are overall 
mean +I- 0.5 log. 
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Bacterial densities differed among laboratories for seven of the 13 samples analyzed, but most of 
these differences were small and limited to a few laboratories. Only 7% of all ofthe pairwise comparisons 
among laboratories differed significantly, and most of these differences occurred in the early exercises. 
(Tables 2-4). The largest difference among laboratories was 29%, with an average difference of less than 
2%. Among-laboratory differences occurred most frequently for total coliforms (10%) and least frequently 
for fecal coliforms (3%). 

Bacterial density measurements differed significantly among analytical methods for 16 of 37 possible 
comparisons (43%), but the average between-method difference was less than 6% (Table 5). The largest 
among-method difference in any of the tests was 41%. Most of the differences among methods were due 
to low fecal coliforms values measured by MF (Figures 2 and 4). This result remained consistent even after 
the six values differing by more than 0.5 log units were removed. The E. coli stock culture used in these 
experiments was suspected to bethermophilic with a tendency to clump, which would account forthe low 
densities reported using MF enumeration. To eliminate this potential confounding, filtered wastewater was 
used in place of apure culture ofE. coli in the f m l  exercise. After switching to the wastewater inoculant, 
MF results did not differ significantly from the other two MTF enumeration formats. The only consistent 
difference among methods occurred for the Enterole# method. At low densities, Enterolertm results were 
statistically indistinguishable from those of the other two methods, but at intermediate and higher densities, 
Enterolertm underestimated concentrations relative to the other two methods by 5% (Figure 3). 

The largest source of variability identified in this investigation was among replicates within individual 
laboratories (Table 6). The MTF method yielded the greatest within-laboratory variability (Table 6), with 
recovery values typically ranging between one-third and three times the median value. The MF method had 
the smallest within-laboratory variance (Table 6), with a typical recovety range of two-thirds to 1.5 times 
the median value. 

Among-laboratory variance was about two-thirds of the within-laboratory variance (Table 6). 
Similar to the pattern for the within-laboratory variability, among-laboratory variability was greatest for MTF 
and least for MF. Among-method variability was only about one-third of the within laborato~y variance. 



DISCUSSION 
This investigation demonstrated that data from multiple labolatories using various analytical methods 

could be pooled without adding an unacceptable level of additional variability. Between-laboratory painvise 
differences were generally small and improved in later interlaboratory testing efforts. The difference among 
methods was small, and the variability added by using multiple methods was less than the normal variability 
encountered using a single method in a single laboratory. Overall, the increase invariability among measure- 
ments from pooled data was approximately 30%higher than data obtained using a single analytical method 
performed at a single laboratory. Although none of the samples analyzed by participants in this study were 
environmental samples, the data suggest that a performance-based approach at multiple laboratories is 
acceptable for measurement of indicators of seawater contamination. 

Chromogenic substrate detection methods, such as ColilerP, have not yet been approved as 
standard methods for marine waters by the USEPA or bv the Standard Methods Committee. No significant -
difference was found in this study be&een results obtainkd by ~ol i lerP and those obtained using approved 
standard methods for coliforms; differences in results between Enterolert* and approved methods for 
enterococci were small and the differences only occurred at concentrations wellabove California Ocean 
Plan standards. Data from this study also demonstrated that variability within laboratories using Colilert* 
was less than that for the standard MTF methods, which probably results because ColilerP is based on a 
51-well format while MTF is typically performed in 15tubes. 

While these findings support the use of chromogenic substrate tests, they are not comprehensive. 
The bacteria measured in the first four tests were laboratory strains, with no background bacteria to com- 
pete or interfere with analyses. In informal field tests, some of the participating laboratories have noted that 
Rbrio sp. can interfere with, and lead to overestimates of, total coliforms. Also, none ofthe samples 
contained high levels of suspended solids. Low turbiditv is tvoical in southern California in the summer-drv - - .* 

season, but not always during the winter-wet season. Side-by-side testing of samples from the natural 
environment, particularly during high turbidity conditions, is a logical next step in evaluating these candidate 
methodologies. 

An increasingly large component of beach monitoring in some areas is performed by volunteer 
organizations. One consideration in creating integrated beach assessments is whether data produced by 
volunteer organizations is of sufficient quality for inclusion. The volunteer organizations involved in this study 
produced data comparable to that of the celtified professional laboratories. The volunteers involved in our 
study were more experienced than most, having conducted their own monitoring activities for many years. 
They also benefited flom EPA-sponsored training and working closely with a local university. Regardless, 
our data show that with proper training, volunteer organizations can become full partners in developing 
regional beach quality assessments. 
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TABLE C-2. Percent significant difference in fecal coliforms or E. colidensity between pairs of labora- 
tories, Randomly assigned laboratory numbers are in the first row and column. NS indicates no 
significant difference between laboratory pairs. 

NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS. 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 





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 laboratoj pairs. 





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

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

Total Coliforrns 

MTF 
ColiletTB 

MF 
4% 
3% 

MTF 

2% 

Fecal Coliforrns 

MTF 
ColilerC3 

MF 
16% 
15% 

MTF 

1% 

Enterococcus 

MTF 
EnterolertB 

MF 
1% 
3% 

MTF 

3% 



TABLE C-6. Comparison of variance components. 

MF MTF ColilerPEnteroleP Pooled Over Method 

Within lab variance 0.007 0.047 0.021 
Among lab variance 0.01 0.04 0.01 
Merged lab variance 0.01 0.077 0.027 



APPENDIX D. INVENTORY OF MICROBIOLOGICAL MONITORING PROGRAMS 

FOR MARINE RECREATIONAL WATERS IN SOUTHERN CALIFORNIA 


ABSTRACT 

An inventory was conducted to assess the amount, type, spatial distribution, and costs of microbio- 
logical monitoring programs in southern California marine waters from Point Conception to the United 
StatesiMexico International Border. The location of each sampling site was determined using global posi- 
tioning system (GPS) and estimates of geographical coverage were determined using geographic information 
system (GIs) techniques. Twenty-one programs conducted 87,007 tests annually at 576 sites. Sampling 
effort varied by more than an order of magnitude among counties. The greatest number of sites were 
sampled in Orange County, whereas the greatest number of tests were performed in Los Angeles County 
because Los Angeles County monitoring programs focused on daily monitoring. Fifteen of the 21 pro- 
grams were National Pollutant Discharge Elimination System (NPDES) permitted sewage effluent discharg- 
ers who sampled both offshore and shoreline waters and typically tested for three indicator bacteria (total 
coliforms, fecal coliforms, and enterococcus). Their combined effort comprised 82% of all the microbio- 
logical indicator analyses on an annual basis. Five ofthe remainingmonitoring organizations were public 
health agencies (four county, one city) which typically focused their efforts on testing only for total coliforms. 
Laboratory methodology also varied considerably, with NPDES permittees predominantly utilizing mem- 
brane filtration while public health agencies generally used multiple tube fermentation or premanufactured 
test kits. Nearly three-quarters of all the effort expended in southern California occurred along the shoreline 
as opposed to offshore locations. Two-thirds of this shoreline effort was focused on high use sandy 
beaches and around perennial freshwater outlets (storm drains and creeks), which are frequent sources of 
shoreline bacterial contamination. Most sampling occurred at a set of fixed sites that were revisited fre- 
quently, but represented only about 7% of the total shoreline. Approximately $3M is spent annually on 
monitoring bathing water quality in southem California, exceeding that spent in any other part of the counw. 

INTRODUCTION 

Southern California coastal waters are an important and unique recreational resource. More than 
100 million people visit southem California beaches annually to sunbathe, surf, swim, skin- and SCUBA- 
dive. On a summer weekend, the average number of visitors to Santa Monica Bay beaches alone is more 
than 600,000 (Economic Resources Data 1993). These ocean recreation activities contribute approxi- 
mately $9B to the local economy. 

Southem California coastal waters are extensively tested for recreational water quality using indica- 
tor bacteria, which include total coliforms, fecal coliforms, and enterococcus. Indicator bacteria arenot 
necessarily pathogenic, but are found abundantly in wastes with human contributions where pathogenic 
organisms, such as viruses, are likely to exist. The levels of indicator bacteria in bathing waters have been 
shown to correlate with the incidence of illness in swimmers from New Jersey and Santa Monica Bay 
(Cabelli 1983, Haile et al. 1996) and, unlike the virus tests which aretime consuming and expensive, 
measurements of indicator bacteria are relatively fast and inexpensive. 

Many organizations conduct microbiological monitoring of beaches in southem California, but these 
programs are largely independent with no formal mechanism for integrating their data. These programs are 



valuable for assessing the condition of selected individual beaches, but are not currently being used to assess 
the overall condition of southern Califomia beaches. In this paper we present an inventory of these pro- 
grams to determine the level of effort being expended by monitoring programs in terms of the amount, type, 
spatial distribution, and cost. Our goal is to identify similarities and differences among these programs, and 
to determine the extent to which they could be integrated to provide the public with a comprehensive 
assessment of southern California's coastal waters. 

METHODS 

A list of organizations that conduct microbiological monitoring in marine waters was compiled by 
contacting all of the city and county public health agencies and Regional Water Quality Control Boards in 
southern California. Monitoring organizations were then surveyed for the following information about each 
of their sampling sites: station name, location (IatitudeAongitude, general description, water body type), 
depth of sampling, analytes measured, analysis methods, and sampling frequency by season. Sites for 
which latitude and longitude datawere unavailable were visited with the sampling organization and recorded 
using differential GPS. 

The relative distribution of sampling effort among habitat types was assessed by differentiating 
sampling sites into offshore and shoreline; shoreline sites were hrther differentiated into eight categories: 1) 
high use sandy beaches; 2) low use sandy beaches; 3) highuse rocky shoreline; 4) low use rocky shoreline; 
5) perennial freshwater input areas; 6) ephemeral freshwater input areas; 7) embayments, and 8)restricted 
access areas. Offshore samples were defined as those collected by boat from the open ocean. Highuse 
sandy beaches were defined as beaches where lifeguard services are present (an estimated >50,000 
beachgoers per year). High use rocky shoreline was defined as rocky areas popular for diving or surfing 
activities. Freshwater input areas were defined as within 100 yards of rivers and creeks which drain into 
the ocean, and were separated into perennial (year-round) and ephemeral (only during storm event) de- 
pending on their flow characteristics. Samples from freshwater input areas were only included in the 
inventory ifthey were from waters with measurable salt concentration (i.e. monitoring of freshwater creek 
systems was not included). Embayment samples were defined as those collected by boats or from docks in 
enclosed water bodies, such as Anaheim, Newport, or Mission Bays; boat-collected samples in 
embayments were differentiated from offshore samples because of the higher level of recreational activity 
and likelihood of human water contact in bays. Restricted access areas included militiuy bases, commercial 
ports, and private shoreline distant from any public access point. These eight shoreline categories were 
mapped for the entire southern Califomia coast using GIs techniques. Each shoreline type was designated 
and inserted into the GIs overlay based on the expertise of local monitoring agencies, cross-referencing 
designations from the most recent NOAA navigation charts, and using maps from the Califomia State Lands 
Commission, Califomia Coastal Commission, and city/county governments. 

Estirnatine spatial coveraG 

The spatial 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 southem 
California shoreline, assigning a representative distance of shor&ne to eachsample i d  thencounting the 
relative number ofmonitored and unmonitored shoreline miles for each shoreline category. At freshwater 
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outlets, it was assumed that a sampling site represented a minimum area of 25 yard upcoast and 
downcoast (i.e., 50 yard total), based on the findings of Gold etal. (1992). All other types of shore- 
line samples were assumed to represent a shoreline distance of 200 yards (100 yards up and 
downcoast) based on Haile et al. (1996). 

The annual expenditure on micrubiological monitoring in southern California was estimated by 
assessing both analytical laboratory and sampling costs. Analytical laborato~y expenses were calculated 
baseduponthe current market rate for microbiological testing, which averages $30 per analysis per 
sample (i.e. $90per sample if three indicator bacteria are measured). Sample collection costs were 
calculated by assuming that a single technician making $30/hour (including benefits and overhead), could 
sample w e  sites per hour along the shore and two sites per hour for offshore samples (based on 
conversations with people presently conducting the efforts). Transportation costs were assumed to be 
$2 per sample for shoreline monitoring ($0.33 per mile) and $50 per sample for offshore monitoring, 
where vessel and boat crew are required. 

The cost of the shoreline monitoring was also expressed per capita, per shoreline mile and per 
tourist dollar exuended within each county. Population statistics for each county were obtained from 
the State of ~ali'fomia ~ e ~ a r t m e n t  (1998). Shoreline miles were gathered from the GIS of ~ i n A c e  
effort above. Tourism estimates were gathered from California Trade and Commerce Agency, Division 
of Tourism (1998). 

RESULTS 

Twenty one programs were found to conduct 87,007 indicator bacteria analyses per year at 
576 different sites throughout southern California (Table D-1). Seventy-two percent of these analyses 
were collected along the shoreline, either along the open coast, in bays and harbors, or near the mouths 
of creeks and storm drains (Table D-1). The remaining 28% were samples taken from offshore areas 
(up to 100 meters depth) to supplement water quality measurements for deep ocean outfalls in compli- 
ance with NPDES permit requirements. Fifteen of the 21 monitoring programs were NPDES sewage 
discharge permittees whose outfalls were sighted well offshore. In addition to offshore monitoring, 
NPDES permittees performed 75% of the shoreline bacterial indicator analyses. 

The level of shoreline microbiological sampling and analysis effort was not evenly distributed 
throughout southem California (Table 1). The greatest number of monitoring programs (n =7) were 
found in San Diego County. The greatest number of shoreline sites were sampled in Orange County (u 
= 145). The most microbiological analyses were conducted in Los Angeles County (n =26,s 14 per 
year). Beach and bay sampling and analyses were roughly 10-fold less in Santa Barbara 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 (Table D-2). Only in Los Angeles and 
Orange Counties was daily monitoring conducted on any beach orbay; more than 65% of the effort in 
Los Angeles county was allocated toward daily monitoring. The difference in sampling frequency 
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between winter and summer was small, except inVentura County where the effort insummer nearly qua-
drupled. Santa Barbara and Los Angeles County maintained the same level o f  effort throughout the year. 

TABLE D-I. Agencles which conduct routine microbiological monitoring in  southern California. ' 
indicates NPDES permittee. 

No. of 

Sites 


- Santa Barbara County -
Santa Barbara County Department of Health Services 
Goleta Sanitation District* 

14 
7 

- Ventura County -
City of Ventura* 
City of Oxnard* 

- Los Angeles County -
Los Angeles County Department of Health Services 33 
City of Los Angeles. Hyperion Wastewater Treatment Plant' 18 
City of Los Angeles, Terminal Isl. Wastewater Treatment Plant* 20 
Los Angeles County Department of Beaches and Harbors 18 
Los Angeles County Sanitation Districts* 8 
City of Long Beach, Dept. of Health and Human Services 39 

-Orange County -
Orange County Sanitation District' 
~ l i s owater ~ a n a ~ e m e n t  18Agency' 
South East Regional Reclamation Authority* 17 
Orange ~oun$~nvironmental Health ~ivision 93 

- San Diego County -
San Diego County Department of Environmental Health 45 
City of Oceanside* 10 
Encina Wastewater Authority' 5 
San Elijo Wastewater Authority' 7 
City of San Diego, Point Loma Wastewater Treatment Plant* 16 
City of San Diego, Mission Bay* 20 
International Boundary Water Commission* 

Total 442 

No. of No. of No. of No. of No, of 

Analyses Sites Analysis Sites Analyses 

Per Year per Year per Year 


62,927 134 24,080 576 87,007 



TABLE D-2. Number of shorellnelbay 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 llwk Biweekly M, W, F lhvk Biweekly Total 
M thru F or to M thru F or to 
or 7 dhvk 51mo Monthly or 7 dlwk 5Imo 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 

The bacterial indicators and their testing methods varied. with the distinction most oronounced -
between health agencies andNPDES permittees (Table D-3). Public health departments focused on total 
coliforms measurements, measuring them at almost twice the frecluency o f  fecal coliforms andthree times the -
frequency o f  enterococcus. In contrast, most NPDES dischargers measured all three indicators at most 
sites. ~dditionally, health departments primarilytested for bacteria using the multiple tube fermentation 
method or Idexx kits (ColilerPand EnterolerP). Incontrast, NPDES permittees relied primarily on the 
membrane filtrationmethod. 

TABLE D-3. Number of shorelinelbay 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 
Membrane filtration 468 
Colileff 728 

Fecal coliforms 
Multiple tube fermentation 4,282 
Membrane filtration 
ColilerP 728 

Enterococci 
Multiple tube fermentation 1,932 
Membrane filtration 
Enteroleff 728 

Total 15,956 46,971 
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Spatial Allocation of Shoreline Monitorin9 

Micmbiological samplig occurred in all of the shoreline habitats we delineated, but the allocation of 
effort among them was not equal. The majority of effort was allocated towards high use sandy beaches 
(55%), where human water contact is most likely (Table D-4). Perennial and ephemeral stormwater outlets, 
which are a frequent source of bacterial contamination, received nearly 20% of the sampling effort while 
accounting for less than 2% of the shoreline. This category represented the greatest proportional allocation 
of effort among habitats. Restricted access areas received the least proportional allocation of effort. 

Although a large amount of effort was conducted throughout southern California, most of it was 
allocated towards revisiting a selected set of sites. For example, high use sandy beaches received the 
greatest amount of sampling effort, yet only 11% of the high use sandy beach shoreline was monitored 
(Table 5). Perennial freshwater inputs, which are potential sources of chronic indicator bacteria contamina- 
tion, were the most extensively monitored, with 31% ofthe storm drain areas sampled. Roughly 7% ofthe 
southern Califomia shoreline as a whole was monitored. 

Monitoring coverage ofthe coastline varied among counties (Table D-5). The greatest wverage 
occurred in Orange County (10% of county total), followed by Los Angeles, San Diego, Ventura, and 
Santa Barbara Counties. Likewise, the coverage among different beachmes was 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 beaches were monitored in Los Angeles and 
Ventura Counties. Roughly one-fifth of the high use sandy beaches in Los Angeles County and Orange 
County were sampled, the highest of the five counties. Less than one-tenth of the high use sandy beach 
miles in Ventura and San Diego Counties were monitored. Only a single high use sandy beach was targeted 
for monitoring in Santa Barbara County. 

Monitoring Cost$ 

It was estimated that about $3M is spent annually on marine microbiological monitoring in southern 
California (Table D-6). About 70% of that expenditure was for shoreline and bay monitoring. Los Angeles 
County monitoring wst estimates were highest, approximately 10-foldhigher than Santa Barbara County. 
When expressed as cost per mile of recreational shoreline, similar differences among counties were also 
apparent. When expressed as per capita expenditure, Ventura County, which had no routine health depart- 
ment monitoring and collected the smallest number of samples, had the second highest expenditure, and Los 
Angles County the least. When expressed as a fraction of tourism dollars, Orange County had the greatest 
expenditure on monitoring and San Diego County the least. 



TABLE 0-4. Relative allocation of monitoring effort insouthern Caliiornla 
by shoreline type. 

Shoreline 
T P  

Percent of 
Shoreline miles 

Percent Allocation 
of Sampling Effort 

Sandy 
High Use 
Low Use 

Rocky 
High Use 
Low Use 

Freshwater Inputs 
Perennial 
Ephemeral 

Embayments 27.5 11.0 

Restricted Access 30.2 2.2 

Total 
- -

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

Beach Type 
Percent Shoreline Monitoring Coverage by County 

Santa Ventura Los Orange San 
Barbara Angeles Diego 

All of 
Southern 
California 

Sandy 
High Use 
Low Use 

Rocky 
High Use 
Low Use 

Freshwater Inputs 
Perennial 
Ephemeral 

Embayments 

Restricted Access 

Total 1.7 4.3 9.6 10.2 6.4 7.2 



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 
ShoreiineIBay Offshwe Total Per Per Tourism 

Monitoring Monitoring Monitoring capita Mile Dollars 

Santa Barbara 111.4 17.2 128.5 $0.27 $1,593 $125 
Ventura 76.3 125.5 201.8 $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 microbiological monitoring conducted in southern California appears to 
exceed that in the rest of California or in any other part of the country. Less than $0.5M is spent annually 
on monitoring in the rest of California, and the rest of the country combined spends less than $2M (NRDC 
1998). Our estimates ofnearly $3M annually for microbiological monitoring in southern California is a 
conservative estimate in that it only includes cost of routine monitoring. Most ofthe agencies we surveyed 
also sample in response to sewage spills, overflows and beach closures in addition to what the inventory 
included. The higher expenditures we estimated for southern California reflect the large contributions from 
NPDES permittee monitoring effolts, which is uncommon in shoreline monitoring programs in other parts of 
the country. Southern California's beach monitoring programs are still among the largest in the country even 
without the NPDES effort, but the local coordination between the NPDES and health agencies makes it that 
much larger. 

While the amount spent on rnihobiological monitoring in southern Califomia is large, the expenditure 
reflects the high population density and extensive tourism industry in the area. Southern California has the 
highest coastal population density of any area in the country (Culliton et al. 1988). Coastal tourism in 
California is estimated double that of any other state in the country and lifeguarding statistics indicate that 
there are more beach visit-days in southern California than in the rest ofthe country combined (Table D-7). 

a 

We found considerable difference in how effort was allocated by different organizations and across 
different counties. For instance, the Orange County Environmental Health Division collects data from more 
sites than any other organization, yet collects less than25% of the number of analyses as Los Angeles City 
Environmental Monitoring Division. This results because Los Angeles City typically measures three indica- 
tors at each site daily, whereas Orange County does not measure enterococcus and measures most sites 
weekly. No studies have been conducted to assess ifthe public's interest is best served by allocating effort 
primarily to more sites, more temporal coverage at these sites, or more indicators at each site. What is clear 
is that the monitoring organizations throughout southern California have not developed aunified strategyto 
select the most appropriate effort allocation. 
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Table D-7. Beach usage statistics throughout the United States 
(Data courtesy of R. Gould, U.S. Lifesaving Association). 

Region 1997 Beach Usage 
No. Beach Visits Percent 

(in thousands) of total 

New England 2,643 0.9 
Mid-Atlantic 1 1,020 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 California 9,073 3.2 
Southem California 146,264 51.9 

Total 28 1,648 100.0 

One factor that leads to inconsistencies in effort allocation is the different monitoring mandates for 
health departments and NPDES permittees. In southern California, the NPDES permittees and health 
departments coordinate their efforts to address management needs, but the EPA, State and Regional Water 
Quality Control Boards, not the health departments, define the NPDES permittee monitoring requirements. 
EPApresently endorsesthe use of enterococcus as aprimary bacterial indicator, which may be the reason 
we found that enterococcus, is typically measured by NPDES permittees. However, the recreational water 
quality objectives for enterococ&s in dalifomia are only prel&hary, so it is rarely measured by health 
departments. Similarly, methodological inconsistencies follow from different mandates. The State of 
California Environmental Laboratory Accreditation Program (ELAP) certifies all NPDES and private 
laboratories for microbiological analyses of marine recreational waters. ELAP does not, however, certify 
laboratories using the Colilertg or Enterolertg Idexx kit methods since EPA has not approved them for 
marine recreational water testing. This accounts for the fact that no NPDES laboratories utilize this method. 
Public health departments, who do not report to EPA, have baditionally focused on multiple tube fermenta- 
tion methods, but are increasingly relying upon the premanufactured Idexx kits. 

A similar issue that results &om the division between NPDES dischargers and health departments is 
the allocation of nearly $1M in southem California towards monitoring of offshore areas where few ueoule - . A 


swim and shellfish standards are not an issue. Moreover, many of these samples are collected at depths up 
to 100 meters, far below typical diving depths. NPDES permittees use this monitoring data to track their 
wastewater plume and ensure that it remains submergedand far fromshore. It is not clear whether the 
public interest is best served by such a large effort distant from the beaches where people swim. It is also 
interesting that while NPDES permittees accounted for more than 75% of monitoring effort, all the NPDES 
monitoring was conducted by sewage dischargers, even though most POTWs have consistently demon- 
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strated that their outfalls are sufficiently offshore to avoid beach exposure. In southern California, 
stormwater dischargers also hold NPDES permits yet none of the stormwater permittees presently conduct 
microbiological monitoring in receiving waters even though 19% ofpresent monitoring effort is allocated 
towards stormwater outlets and most of the public warnings about beach safety in southern California have 
been associated with stormwater outlets (NRDC 1998). 

We found that more than half of the shoreline effort was focused on fitshwater outlets and selected 
high use beaches. Perhaps it is appropriate that effort be targeted towards those areas most likely to have a 
problem and those areas where the public is most likely to be exposed. However, these areas represent a 
small portion of the total shoreline, which presents a challenge in ensuring that the public gets a complete 
perspective on the quality of their shoreline. Many groups summarize beach monitoring data on the basis of 
beach closures, rather than on the amount of shoreline that is safe (orunsafe) to swim. Organizations that -
monitor more extensively, and focus their monitoring towards high risk areas, are more likely to produce 
beach warnings or closures. Thus, southern California beaches have developed areputation as more unsafe 
than others in the country in part due to their greater monitoring activity (NY ~ i m e sJanuary 5,1997). One 
of the reasons that closures and warnings are frequently used as the primary measure of beach quality is that 
the information is accessible; the raw bacterial concentration data, which are collected by many organiza- 
tions that have historically maintained their data independently, is less accessible. Some local organizations, 
such as the Santa Monica Bay Restoration Project and Heal the Bay in Los Angeles County, and San Diego 
County Environmental Health Department in San Diego County have already taken steps to provide the 
public with more complete information through the use of report cards and web sites that characterize 
conditions across several monitoring organizations within a county. 

The inconsistencies and unresolved policy issues that we observed in southern Califomia appear to 
be a microcosm of issues faced nationally. NRDC (1998) found the same kind of differences in temporal, 
spatial and indicator allocation among states as we found among counties. Califomia also appears to be a 
microcosm for a solution. ~alifomia recently passed legislation(AB 41 1)requiring the state Health ~ e ~ a r t -  
ment to develop a consistent beach monitoring program to be implemented throughout the state. The federal 
EPA also recently initiated its Beach Environmental Assessment, Closure and Health (BEACH) program 
with the goal of increasing consistency in monitoring and reporting. Legislation similar to AB 41 1 is also 
pending at the national level. 

Resolving inconsistencies among programs requires identifying a common question(s) as a focal 
point for partnership among monitoring organizations. While cooperation between NPDES discharge 
monitoring agencies and health departments is probably higher in southern ~alifomia than in most p&s of 
the country, the allocation of effort indicates there are still differences in focus between them. Public health 
agencies focus on elevated shoreline bacterial counts relative to water quality standards, whereas NPDES 
permittees monitor movement of offshore effluent plumes and possible encroachment into inshore recre- 
gtional waters. The common element of both pro&un types, the public health related to water contact, 
should provide a common ground for even greater coordination. 

One aspect that seems to be serving as a focal point for increasing cooperation is the effect of storm 
drains on ocean quality (Schiff 1997). Health departments have focused effort in these locations because 
they are the area in which closures most frequently occur. Many municipal sewage dischargers focus on 
these areas because their offshore outfalls occur adjacent to areas of stormwater plumes and they have a 
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need to demonstrate that shoreline closures result from the storm drainplume, not from their outfall. In 
addition, sewage lines can overflow during heavy rains and the storm draiisystems become the transport 
system for these spills to enter the ocean. Stormwater agencies, while not presently conducting monitoring, 
are NPDES permittees who may have such responsibilities in the future. Some sewage and stormwater 
agenciesarebeginningto merge administratively in southern California for these reasons, with the City of 
Los Angeles recently reorganizing their Stormwater Management Division into the Bureau of Sanitation and 
the San Diego County Environmental Health Department seeking leadership status on the San Diego County 
stormwater NPDES permit. Regardless of whether stormwater is the unifying issue, partnership between 
public health and NPDES permitted agencies in data collection and assessments would be at1 important 
component of cost-effectively ensuring that coastal water contact safety information is effectively communi- 
cated to the public. 
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