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EXBCTTIVE SUMMARY
. L INTROPUCTION

. Bnedquﬂ;cpubﬁc’amﬁmhtmaﬁmﬂw&viﬁminSman&yhm
ﬂmr‘buld:mh,tbeSMMoniﬂkyRmmﬂm Project (SMERPY has decided the

m‘d&mmdwmmm&xm@mdm- o . $alth risks of swisaming in the Bay's recreationzl warms., The istue of mafe swiniming in the
mmmmmmﬁ&mmmmmg : - Bay bt been questioned by the poblic and caviroamental tanagers based on nemerous znscdoial
indicatar bacteria WeTS present in ankle depth waters were foand 100 yards frotm the Pico-Kenter . Tepoes of flinesses atwibuted b swimming in the Bay, and from measurements of slevaied
Faxm dmin, In additiva, human enteric virass wers found oo two consecative YeIrs i runaff - it of indicetor bacteriz fom avand storm drains where theit effluents crtet the sirf zooe

(o Calffornia Association ef G , 1948; City of Los Angeles Evironmental
Mersiixing Division (CLA EMD), 1589, 1990, 1991, SMBRP 1950). Ulimaely, these

_ This year's ressarch was designed to firtther evaluats dispersion of indicator bacteris aroumd
the Pico-Eenter storm drain zfter the complstion of 2 600 foot pipe extension. Also, finther testing
for the presence of buem enteric virms was completsd at the Pico-Eener 20d Berondo storm
desing, and Malibu Lagooo. o

Surf zeme Wdicator bacteriy distribution - Low densities of inditator baeeria in the orf 2one 3 4 that ind AT densities in the st
nmthmewmm%mmemmémfmmmm #ion frecraently exceeded Califernia Octan Plan bacterial water quality objectives (St Water
functiondng a3 designed. Mmmwmmmmyunmy\ ¥niroes Control Board (SWRCE), 1990} in the vicinity of both the Pico-Kenter and Ashland
mmmmwmmmwmmmmm Avenoe storm drains. To this and subsequent smdiss, bacterial “Ieveis of comeern® wers based

& fota] culiforms were greater thas 1004 coloy forming
. ity per F00. ml of water (of/300 mi); or
Enterie virus prevalence - Hurmn enteric viruses were found at 2ll five vires mmpling sites:
Pico-Fenter and Hetondo storm draing; and alt three vires sazmling docations within the Maliby ;
I:gcfm_ The caly specific viruses ienrified were Coxsaclie B viruser which 20 canse Hfinessss -
Taaging from gastrocattits to, on fre cccations, pericarditis and meningids, The resolts coafimm
that Bmman fecal contatdration of Storm deadns is fir more prévalent than originaily assamed, . in : 5

Evea though the soorm: drais system in Lot Angeles County s completely separate from the sewer . : [ Furing for thetesial & wee gpplied a¢ individual valoes for each
system, the storm drains zre not free of human fecal fmputs, iﬂpleinmdofgmmc_ ! mwu.fmmp]umumdomamdzypamd' ps:zmdinﬂm

b. fm[aolifom;mmthmm&ﬂmwl;nz

<. enteroenes: were grexter than 24 ofu/100 ml

Esmpliance momityring for permited dischargers, whereas the metearch performed by the
SMRARE was s designed to determine compliance,

In addition %o sf zooe sampling, watzer in storm drains was amabyzed for deasities of 2
Dacteriophage, Fomals mpecific coliptage. Coliphage are carreatly being considersd a5 an
Hiemor of pathopemic virs marvival in mine waters,  Stakuds bave ot been st for

_Mm&mﬁﬂmmmmfmmmw
1) An investigation of the health faks atsociaied with vatious levels of inditatnrs of waer quility
wuﬁhmmguyx@uuﬁmm&mﬂqwhxmwdmm

4 A sy smvey needs o be developed and impiemented o trace Sow (0 Wwodeoite WIS L ' ¥ :
contzminarion in wditicn 1o rge sewer kezks and spifls. A coocerned effort to identify nd 3 0 1989 on 12 out of 15 sampling daes (Gold et al,. 1990) and 1 1990 during the second sudy,

; . causmny
&nﬁmqmmmmm&mmp Yim pastroentezitis, and zre $pecific t humin wame (Lenscte and Schimdt, 1965). Their

presence demoastraced that water in the drain had been contaminates by biutman sswage.  Since
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the nelease of the 1990 stady, the City of Saata Monics has kept the beach closed, 100 yards
mmmdmmxmummmmmwmmmwdmm
poading of runoff on the beach.

Ambgnfmﬂlncdmkaﬂmdmwdmﬁngmwn« 3y

1. Further evaluate dispersion of indicator bacteria around the Pico-Kenter storm dran
afwer the complation of the G foot pipe extension; snd

2. Testing for the presence: of humen suteric virny in the Pico-Kenier and Baoado steftd
driing, and Matiha Lagooo.

Further wark was doos i the first sy to refine out inowiedgs oa-the dimmibutien
indicator bactedia aroumnd the Pico-Reater drin. Gaining an undesstmding of idator
dumhmmmﬂ::mfmuaummlmmpm:mdmdmgwh&pmﬂmnf&c
and the $wimming public iy expased to excessive indi

Indicator hacteria densites i the nof zone.

year's vins study was the first time that guch 2 Large section of Santa Mosics Bay wat covpid
‘The infosmation from this study will be wsedtio help determine the poetial sites and need
1 epideniniogy sudy .

IL STUDY SITES

L.A. and Brentwood. There are two drains that discharge to the besch: one is owned by
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Angeles County Department of Public Warks, and the other by Cal-Trans. Dty weather flow’

iz usually trnsponted 600 feer off shore thircogh @ pipe axtensicn, When the pipe is clogged,
runoff flows across the beach, The storm drain Sews year round with 2 typical dry flow of
Wyozmbmmpam(&mpnm, 1991).

The Pico-Kenter siorm drain was sampled 7gsin for huonan enteic vires to determing if
ViTleses weere present for the thind ive year. Samples of tonoff samples from the drzip
wese coliecned where the Promenade crosses the storm dain channe!, &t 2 point approxitarely
200 yards from the snf zone, :

In Angust, 1991, 2 pipe entension was activazed to couvey dry Weather runesF frem the draia
10 2 point 600 ft uffshore. This srucomy: was designed to preveal pooling of efffvent o the
beach, and direct discharge of dry weather flow beyond the surf zoac. “The distribigion of tos
and feca] eofiforms and eatmrococens bacteria in the surf zo0¢ was further chatacteriznd to bemer
define the disgibution of these bacteriz,  Bacterial densities around the drsin Friot o beilfing
this pipe (Gald et 38, 1990) will be compared with distvibutioe partarns after activarion of the
pipe; this “before and afler® compuison will be p in the Discyssion section of this
T -

B. Herondo Storm Prain

»

Tbe end of the drain is Jocated at 3 popular surfing beach where Hervado Bivd, ittrrseets
the oczen o the Hermosz Beach-Redondo Beach bordar (Sec figmre 1), Samples were callected
at the intersertion of Beroado Blvd. and Barbar Drive from 2 rahois oo the bike patb on the
west side of Harbor Drive. The siorm drain fystom deins 3 Large amea, in Bermasz Beach,
Redondo Beach and Tarrance which has predominantly residential and commertial land uses,
Flow exity from a stull coscret struciure located nezr the mezn high tde kine and thee draina
acress the beach. The poddle that forms on the beach it brackish with extensive tidal input,
The storm drin flows intermitntly throepho the year (Mihell, pess. com., 19913
€. MaBho Cresk

“The Malibtt Creek watershed, coatzining over 105 squaze miles, is the hargest watershed
draimning into S3ata Monica Bay. Pams of five cities ane contained within the watershed: Malilz,
Calabasas, Thousind Oaly, Apoura Hills and Westlake Villige, Maliby Creek it 2 0

becomerd Freath tenminating in, Malibo Lagoom.  This Jigooo it the ooly remaining brackish
water fagoon adjacent o Santa Monica Bay (Ses fgure I).

Aﬂmmﬁmmplammﬂminmcmmmmmhém,sﬁmm
e f the most popular sofiog boches i Californiz, Swrfrider Bessh, There wexe four
differens sywpling sites in the bgoon (Sos Agure 2);

1) The location mexr Sefrder Beach whers the mpd benn is typically breached
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xrificialiy by the Californiz Pepartment of Parks and Recreation (Breach});

1) At the bridge ovez the Cchannel whick i the segesn most chanpel of the lagoon,
Bext o the Malibu Colony (C~chazmel);

3} In the soft botcomed rivilet (procinundy 150,000 gallons per day) formed by the
discharge of trexted coutamvinated yroumderater from the Texaoo gas smtios etment
facility snd nunoff from the adjacent Cross Creek Road shopping centes patking ot The
srmpling point was timee my Bve yards porth of Matibe Creek, jiust st of the Pacific
Coast Highway bridge (Teomco); asd

4) At z paint oa the north bank of the creek, 100 yards upstteam of the Taxaco discharge
(Upsueam).

I SAMPLING

: LSmplh;Dcs:faxandquumq

The study was cagried out ovet a six month pedod from mid- May to mid-November,
191 Ldealdly, smrmpling would have oocured during weekends when the most people were
weing the beach,  However, becquze of the ogistical roqui of the microbislogy
Bharmeries, sampling was conducted during maming boars on weekdzys. Al bacerial sanples
were tested within six bours of sampling.

Sampling in the serf zone around the Pico-Reorer drain ocourred oo seventren days ovet
2 five week pediod. Samples for bacterial analyses weze collocted at the Sme rn sitts as the
1990 smf zon= smdy (Figure 3):

i, Seven sutions were positioned at ankle depth at 0, 25, 50, and 100 yard intervals;
the *0” positioa was located directly west of the dwin,

Fa Thmmﬂmwemﬁﬁmdnmd&pﬁato,mdﬁmium

AT siynples wite Gz frem the inenming breaking surf. The anide depth samples wers
koot 1y the surf foam reached the sample bomle at the beight of the sampler’s ankie, The chest
orples were Gien where the brealing waves teached the chest height (approximaely 3 w 4
) of x mection tized adult. Chest depth sampling usually occurred detwesn 30 and 50 yards
further away from the drain than ankis depth sanpling.,

Sarrples of dmin efluent were oly colleeted for bacnetial zmalyses oa eack of the thitzeen
ezt virus mompling days. Bocymae of fogistical problems afier the pipe was extended 60¢

feot, thers was 60 mpling dinectly from the Pleo-Kenter drain on days where sxf 2002
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Two 35 gl conminers wese Rlied with sorm doain effluent. The effluent was adjusted to
$H 3.5, AlC]; was sdded to 2 fina] coocentration of 0.035 M, and & knawn amount of dftrumted
potioviras (vaccine strain} was added to each comtpioer. Txiplicate grab samples were taken at
the beginming and end of the firation period. Each prab contisted of 1 ml of seuple difuted
with & mi of sesile Hank's Balanced Sait Solution (HBSS) to minimire any toxic effect © the
vkmbymdnmeﬂumx. The HRSS conzined 2% fitat bovine seram wehich belps prevens

when iex e froven wud thrwed.  Efffuen i tach coptainer then was mum
wam(duuibedm)

-bacrerial mouitoring took place. Iﬁzwm,hnmaiamphwm:mumamgmdzyd
viral saenpling ar the ¥letondo dran aud Maliby Lagooa.

2. Anafyses

Sampins were gollectsd in eiher 125 ml or 1 Yiter, high-density, sterile pot
Btrles. mmwmmmnmm mmEmmwu}
ummmmxm)mdmmmamammpm

Densitics of total and fecs] coliforms were desermi ording to Standard Mathody C mmmmwmmwfwmdmp@m
(Atnerican Public Heslth Atsociation (APHA), Igmmgnmmmﬂwmm@q - Coneematicos of vires it the first et of gab sy Any toxic
Section 900). Theummmmmmmmfuw@ummyaﬁ effecry of the efffuent then could be d by aring diffe it Vifa$ cooemieRtions.
fecommended in Standard Methods Scction 5092, Tests for i fall mme_ﬁmmdmdﬁofmbwnpiu. The pereent of recovery was measured by
WWW({J&EPA 1985) procedires using m-E and Esculin koa Agar: comparing vires Jevels in the final concentraie with baseline levels, The mesults of the smed
wodia, Results were repored in ealony forming units (<fe/10¢ m). Wudy wert wed 0 give mefovery estiouies, bot © adust the dessities of enterie vimuses

ecovered Goen field sxmpler.
R. Viruses

. 3. Sxwpling and Amalysis

. i ign and

1. Sunpling Design Frequeocy 2 FMale Specific Calipd
The vius samplipg period was fom June 3 to October 23, 1991, In addition to etediy

virws, samples wete aantyzed for totzl and feca? coliforms, enterococtus indicage bacterie,

E-mzle tpesific caliphape. .

Viras sampling occurred on five different days at Herondo drain, :hmdzy:awe
‘Eenter drain, and twenty six days at Malibu Ligoon. At Majibu Lagoon, gise vins £

© Grab samples were chuined oo 14 days ar the Pico-Kenter deam, five diyy 21 the
Hrrondo draia, 25 days at the Malibu Lagocn breach site, 24 days at the C-chunned sits, 23
days at the Texaco site, and 26 days ¢ the ppetream site (from splits of 1he bacterial samples),
Redy 31} of the sampits were cotlccted va the mme dzies that virus Smpling octurred.  The
Rmples were amalyzed for F aals-specific coliphage by the Crange County Satitarion Disrders”
{OCSD) vimlogy lboratry. The Fomale specific coliphage sy methods and E. ooli bost
bectarts were oirained from 3r. V. Cabelli at deceribed in Appendic I

b. Enteric Viroses ’
Hypesicn Eavireomentzl Moritoring Division (EMD) and Heal the Bay,
2. Seed Study

A sngle sample,was collected on tach day. Ficld sompling was cooducwed by t

&ﬂmmmnmphdnmemdnmmmzamodzﬁﬁmmef
Stancoed Methed 9134 (APHA, 1985) 3nd “Ihe USEPA Mario} of Methods for Virolagy,*
1984 (EPA-G00/4-84-013. Adsorpion conditions were pH 3.5 with an AIC malarity of 9.005,
The eluer: was 3% beef extrast adjusted to pH 7.2, Approsimately 50 w 140 palions of effiuent

- Smdm&cﬂwip?fdmdutﬁcﬁnfmmmdusa}:rm%m : . were fliered per A detelied i of fhe i viras i 13 in
wtipa technigpes m_smm , modifind on S13-A (APHA, 1985}, Tha Mamal of Methods for Vi B4
minimum of three seed e¥pefiments were complated at cach study loeztion, and thex : USEFA irology® {1584).

Travel set wp and the Jong field processing e (xppromately 1.5 bours) requined that
sxmpding began in the mmaming s continned ool soon.  Only ooe sample was faken per day
ot each of the drzing.

memmmmww&mm
A in the aft using an 1 (& by 1 L,

mmeeﬁ'mvm&apumofwm}of&:mbmmmd
for virus and secendarily, mwmuﬂ'mofﬂ:cmdmneﬁlmmm&mlu

byﬁcOmchamw&mmmmm(OCSD)mﬂ'
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1976). Fmﬂmmdm:ﬁﬁbdpﬁwbmy(ﬁmui.lm- | Arglydy of varianes (ANOVA) was used to test for significant differences among teetns
0 Sations at ankle and cheg depths, Each staton meds was cziculard fom 2l deta gathered
Al of the samples were inirially enalyzed for human enteric wirvats on Buffly - the stady period. The geometric means from the 1990 bactetial distibustion study were

texted I this smanter to detersine If there Was 3 quantiahle mumber of virases pres ‘ Bt ) O 1991 daua wsing seprat 5.

AROVA with postertor multipls cotpasisons were mn o e for iz differsoces in
mezns, - Tukey's studentized range test (BSD method; SAS, 1990, Steel and Tormiz,

Femmetie and Schmidt, 1969}, If the mmples were positive in the PEU asuy, () wat izsed for the FEOmAtric metn COMERATISALS. -

inder of the tample way ot analyzed by wsing the CPE assay, The CPE amay
m:mmwmwkmm Samples exhRetng

frvm the asiginal flxsk o all cases, CPE positive flasks weve confirmed by testig soms : IV, RESULTS

far cell cultere and virus assay is preseoted by EPA (1984).

Pmefsmphmmfumvmmmwﬂnc:medew
Viralogie in Laval, Quebes for idemification by the kbamtory of Dr. Piewe Payls
Lentification by the Lim Pool sntisera peytralization tochpique were ot mecessful, *I
were evenntbly Sdemtificd wsing monoepecific antien

Dmsm:u!m&omrhm-mhwnaﬂmkﬁemﬁebmdcpﬁmmmm
(Table 1} and extremely high in the: Pico-Kenter eftiuent (Table 2). Dming sach sampling
incieator densities i doin efftoent exceedad levels of concem for ail three hucterial
fhting (Figus 4), I the muef zooe, however, levels of concern wene seidom exceeded at all

€. Physical Measarements £ and chest depth wraions for these indicamars. The geometric means of the bacteriad
. i o ali gurf zoos titns wene not significantly different fom eactt other.  Ankle depth
Cmmmmaﬂpﬂoﬁhemﬂ‘m when vir fometri: mems were pot significanly different from chest depth means.
coltected, Lagoon heights were there is2 ;

the potential for sptic xystern fiiture in the peby Maliba cdmymwimm
iz high tnd the Jagoon height is aver 3.5 feet,

D. (Juafily Assurgncs snd Quallty Control (QAIQC)
) are given in Fable 2. Bacteriaf deasities in the Pieo-Renter drain were Ipproximarely
The QA/QC prowocils exuablished by Sandard Methods (AFHA, 1985) a8d USEPA (15 ) Wive 10 five times bigher than the Hetondo dzain #nd onz o two orders of magnimde Higher
iurquaﬁ mdpmhﬁmmﬁcQNQCmmphMMNdymM o ; In Malihn Lagoon, the densities were generally lowest to highest from C-channel
Ken Kitehingman, 2 QA officet for EPA Region DX, i‘dhm»vpmmm'rm.

E Datx Amatypes

Geometric means and 55% onafidence insrvals were calcolated for bacterzal Pufieatdey;
Geometric means were calenlatsd for Fommle specific coliphage.  Valoes that wers greater
wmm&mbkmmmmmmgmwmd
micToorganisns. Arithmetic mems were eiialared for pH, temp T, and cond

Bacteris] Dendties in Rouoll
‘ The prometric meant and 5% Coafidence Fnervals of bacterial densisies messured in

mmmummmcwmmmsm
wm&mmgosﬁmﬂzmhﬂmmsfwmlmh{mmdmm
The goometrt: theans for the Breach and C-Channel sations wetre ot significantdy
(p;;o_qfounmm The grometrk: meant for the Pico-Kester and
dains were nof significantly Gifferent from each other, but they were sigaificnily
iber thern al other sampling sites for tozal coliforms #ad than the C-Channal and Breach sites
£k éagerocoocas. :

wix considered above the Sowel of coneem for thar satan.
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1. Seeding Studies

e myu{mwwﬁuﬁmwyww:-mmms.swmﬁ
for Pico-Kenter drajn o four days, 0.0 to 15,6% for Herongo on thiee days, and 2.9 10 7.7%
for two daye at Malfn Lagoon {Tabis 3).

2. F-Maje Spexific Coliphage

The grometzic mean of the Fomale specific coliphage densities ot Heroodo and Picor
M@Pmmmmmwmmxmmmﬂmm

Lagoon sites aff bad low to very low ealiphage dentiries. Unmmimpjnﬁmcbemm
nd Heoodo dotins, many of the sampies from the Milibn Lagooa {approximately 3
below the method detection limir far coliphage. ( =

3, Enteri Virus

Hmm@mﬂcﬁmmmdmmdhmdfmahxmedaynaﬂﬁxmwm
Jocations (Table 5, Appendix 3. Quantification of vinis was completed for il ten positive virs
Saplay (Table ). Ouzgmmmpbmpoﬁwhmcmfwmingmﬁtmywbﬂc
ven Rpples were positive using eytopathic effect avays, The rough estimates of virl
dedsities ranged from 1 pf/ 2.8 gallons to | pfiy 141 pallons for the plaque assays and ».1
ifections unit o)/ 10.6 gallons to > 1 L/ $0 gallons for the cytoparhic effect assays.

gm:ﬁmedvhuisﬂamwmmnmbr.mmxxﬂu%m&m_m
V&dupc_mlml,_meccforidmﬁ.ﬁmn’ug. Idetification by the Lim Pool atiseny
peatlingon techbique war oo ful. " Irolates were evenmally identified wang
mwaq:eu.ﬁcm Enteric vireses were identified jn rioe of the ten sumples thar were
positive for virus. Due to 3 Rbotatory aceldenr, the virus isolate from the &/5/91, Malibu
Lagoon Cuchanoel station mmple was o

All isolates were jdentified 25 Coxsuelie B, The isolate from Pioo-Eemer ca $/25/51

eootained Coxsackiz B2 vims while the isolate from Pico-Kenter oo 8/13/9] contzined Coxmekie -

B virus, Mrmnmgmmhmmnumdmm“ Coxmackis B viruses c1n
CAuse gastroenterin's 3 00 L occasions, perigavdifit and meningitis. .

C. Fhysicsl Messurements
M ccaductivities and pHz for ronoff from the six sample sies 2re

h _m
summarized 1 Table § (All dars o Appeniix 4), Meah femperanites were Stmidar 1 aF fites

mﬁngmm.lmﬂlc.mmepaawmﬂmmﬁ&cmmzﬁ.
compared to the cxher five sites that averaged 7.7 0 8.2, The mean conductivity of moof] was
Tow 2t Pxo-Eenter diain (1.7 mobos), similzr to brackish water 1 the Hevondo doin tnd
Teaco sites, and pearly saline 3t the breach and C-chenoel sites. Olber than at Pico-Xearr,
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"hmﬁx&vﬁydmmﬂvuindw:vddemagﬁummﬂyﬁmmwuhwm.

+ The height of Malibu Lagoox above sea Jevel and the tide beight 2t the timerof sampling
- it the Lagoon are also listed in Appendix £, Lagoon beight ranged from two feet (the Jowest
poisihle meanmrrcnt with the meatoring stick e the C-Channel staion) by 5.4 fect above sea

L, After Storm Drain Pipe Extension

Only 11 of the 17 sampling dates were fdeal for zsseing the effectiveness of the din
tion for redocing indd bacteria densiges in the surf mooe. The jast $ix dayr of the
simpling period produced different mesults becuse a searhy sewer replicement groject
teairibated  Livge voicthe of water to the Pico-Renter drain.  The flow fitnn dowxisting was
diwdurped into the Pico-Renter deain where it then dowed acrots the beach sod into the soxf
Txe.

Bactzrial levels of otacem were aiways stcrsdat in the deaxin iself, bur rarely #f ever
eamended at ankie or chest depth in the surf roce on days when the pipe cxtension was opetating
asdesigned. Bocause of the legistical problems of sampling divecly from the Pieo-Eenter drain
afier the pipe exteosion, samples of dmin effiuent were ocly coflecied on days during eateric
vitus sutpling, Thest dates wert: niot wsuaily the same days as the bacrerid] dispersion study.
Bised oa the reseits of the baenmial dispertion Study, the xoncff plume either did aok traved back
% shore or the pilrme wat diluted saffickently o cxtoe indicatyr dencises to be ow,

2, Comparicon with Storm Drain Before Fipe Extension T

The remuhts of the 199] dispersion study were drastically different from the results of the
1990 dispersion shady, In 1990, bacterial levels of concom were Stoquenitly excended at galde

143 excoeded levels of concem 10%, 30% and 40% for facl coliforms, ton) coliferms, and
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enterococsd, respectively. hmbmﬂhdsofmmmmlyuma.~ 25 . - . .
mnmmofmemoflldzy:ztbclﬂwrfmnmp&nmﬂz]%idmmsmdy Also, : . mumw»mummmwmhm;mmmmu
unlife the 1990 das, there wers no significany differsaces mmwmn : o bactzriaf density dain). In general, bacterial densities were high 21l the time throughout the
ankle depth versus ehest deph for all thres indicators. ' Tyoon, Tegzndiess of the water level within the Lagoon. These resalts do oot rufe out septic
- mwubmdzm:bduz ial soerce of bacteriat ination, i they inply thar
T of the witer Jevel within the Lagoon in dzry weather, when
&wmnﬁknlﬂwa These results sopport coeklusions reached by Warshall of ab., (1992 an
. Malit Lagoon wazer quality.

Posﬂko&cmmnfhhmhmm&chgmmmblmddwﬂdm

Ampmmofﬂnl%omdmlgmcmms‘sﬁ Conﬁdmce.[nmlsm
m:ampﬂnggndfmber ares the difk in the daiz sets {Figures &a-f), For

mﬁammmmamﬂymmfmmmwﬁmw
differens than the means In 1990 (Table 7).

Although the: dats were fiot repreaniasive of cooditions bd'wau:ﬁcrtbcpzpemdn&

’ ‘. getxtion andt soil-far il collfarms, storm drzins i m.ﬂlﬂe
was crenpleted and finctioning commeely, the gromettic means and the petosntage of dimes it RS ; mmmmmmmm«mWMMy diffuse
bacteial Jevels of concerh were excooded for €% additional siupling dites are included £ ; . 3 T Rg Chmpers, femparary pesidents, and picnickers within the watershed, | Linle
Appendiy 5. mmmof&mﬂm&mnmwmhm mmmmmd 1 contx m this
operation that was occurring it conjunction with a sewer 2 ) A However, monitariag poTs o0 AT in Maliby Creek are
It js elear thit extending the Pico-Eenter drain €00 feet from shore was effective suszined 1 the Regiomal Waitr Quality Couaro! Bosrd (RWQCH} by the Las Virgenes
Mmlﬁemdmdmmofhcmhzmwfmwbmmmmmm Metropolian Water Districs (L i R

bighest. However, the drain sxtension was seldom fanctioning as designad b
nfﬁequtblodagznf:hecﬂmnmme:mubydebm. sz,samoumwdmdmg
effluent on the beach 2nd consequently, direct discharge to the sarf zose., Overali, 25 2 Béxt
Mazagement Practice (BMP) to redoce bather exposre t undiluted runoff, the pipe exteation
ppeared o work well, Hm.hMWmmmﬂmmmﬂ.
design changes to easate that it works consistendly and cffectively.

3. Bacteriai Densitles in Runofl ’ : :ﬂmhmh]dmﬁﬂs&ammmm&ekmdhmibmiumwd;z}mmlwﬁsuf

A teview-of one potential source of tuctesial indicators, the LYMWD*s Tapia Warer
Heclumrion Facitity, indicates that the plant could be discoumted as a dirsct soaree because
Jeveds of bactetiz in the effToent duting the sody were very Kow; in over 90% of the samples,
total coliforms were tot detected (< 1 Most Probable Number (MPN)/100mi (LYMWD, 1991).

Mmngmm1mmmwmmmmmm,
high mmmmwmwmm,gummxmmmwm,
Wt two W three orders of magnitude above levels of coccarm.  The mean densities 2t the
Lagoon sites Tanged from the Tow eod of Jevels of concern to over twesty times the lovels of
conceTI. :

mmmmmmm&mmummMgmmpmmw : 1. F-Male Specific Colipbage

‘Higher densittes of male specific coliphage a0e expected in sewag rsted watzry
Sun by waters withent hrnan fecad inpuss (Cabedli, pers. commz., 1589). The gend predicted
byﬁbdbmmsuppmmdbymm:!& Eatmc_\::rmw:x:fwndnmﬁwnmbng

conductivity than the $ites on the east gide of the Pacific Coast Highway (PCH) biidge. St
water dilmion of b sal densitas probebly d for mest of the differences between dteg
in- the Iagnon, ﬂﬁmghﬁcmmlmmﬂfmﬂfcwlmmcmmmofﬂekzm
Tikely 4 thea diff

. ¥irns was found a2 all three Malibu Lapoon 3ites, yet coliphage densities were always low in the
htom. mmmwmmmemmemW

Far well aver 2 decade, there has been an assomption that the Malin Caloey-asptic, - demeiies. Also, viras Wzt focnd on days wh 5 ) wese hi for the

system begins to experience failure if there Is beavy residentia] wee whea the water rblé i high

and the. waser Jevel within the Lagoon channeis is above 3.5 feet. In this stndy, water Ieved G, .
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- waner znd wastewater {Rao ang Meinick,1986).- Reooreeties from all sw:phngm:n&usﬁﬂf

i

mmdm&mdmmmmmmuaﬁmy

nsing this ndicatnr ory; the p dmmmmmmem
of ligh cost, slow nmpl:amlym. and T Aun
detmotion, Fnddnmp!cmlqnhgedmmﬂmﬁumldy that this
- areligble measizre of fman pathog 0 xwt T2 the need for beter methtdy
m;dmﬂ.fyhnmspouﬁcarm -
2. Sending study
Typically, vivas recoveries of 20 to 30% &z schisved doxing eovir !

werz far below expectsad tecoveries for eavironmental samples with seven outof ten seed: stuis
achimving recoveries of loss than 10%.

Dncpmﬂﬂemmforﬂnﬂﬁzbmymdhwhdsafmaymﬂmm
oozt s the munoff may have bampered the efficiency of the filter. Oil, grease, wnd Hite
acid in mnoff ©m bidd to the Adsoeption tites on filters in the virs coscemtrater, thus

meddu:ﬁnmmmmmdmmmmmmdmmmm
pummorahmofhmnwmmmdmm P they & wtrated
the the procedure bad a Jow precision wder field conditions for paligvinus, Bm.tﬁs
method my bave varighie recoverizs for differsnt types of enteric virosex, With such
Wm&euﬁboﬁ,ﬂmﬁbeamﬂ&u:hnmmhmmmmd:ﬁ
whmgmpi::mm Emmmfmﬂutmmgbﬂn@m;ﬂ
rouldn’t & the p or ab of eateric viruy becanse of the ld
wwmmmewmmﬂﬁmmmm&m
m:ﬂmm&mdmfmmmmﬁnmwmum
EKemter dryne,
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septic ks and diffuse sack as and

. TowbFecal upusily < 10 {City of Los Angeles, Envircementz] Monitaring Division, umpublished
data).
Indieatr bacteria are ugeful for sanitary sarveys when there is gross or undiloted sewage
inatice: {c.f. age pill or bezk) dn the ssonme dradns. In ether sinzations, such as
&mmnmmmwmmmmmm

" fnformatioss on the woorct of viros coattnsimation, Even at Malle Lagoou, whers the

Tol:-Farg} coliform ratle was Iecy than for 4t the vins sispiing bestioat, indiczor densities
Rovided Nitle information on the warce(s) of basterial and vind contamination. However, the

hmofﬁumdymmbmd&mmf&mmmmmmm'

sourcey of viral contamination. - detigned specifically & trace the sturce(s) of human
b::mmmmm:uzm

The coly type of virnses derected were the Cesmackie B vivoses wiich are often fommd
i sewape coutpminated waters.  Noos of the positive zeolates wers poliovirus, o there was no
= ination, of the sumphes from the seed stodier. fa sddition, any potenrial cross

ination was eliminated b all field sammples were gollacted prisy L performing the
s ymdies,  Alsy, the Virug eoocentzator ssed for coliecting sanpies kad pever been nsed
previoosly for seed smdiee.

Sources of the conmmization to the fovty draing are enknows, For the two drains,

sourees copld include jflegel conmections 1o the sewvage syxter, ifegal discharges (e.g. fom

mobile homes or recreational vehticles), o7 feaks from the sewer symetn. The Madibu Lagoon
mmummwwmmmmwmmmmmmm

= P
E

When the Tagoon was sampled, the Tapis Watr Reclimmation Plamt was dischaxging

 tettiary trexied water fmto Madibu Creck, about six miles spezesm from the hgood. According
i ing saenpling periods in the Bxgoon were 104 MGD and -

v the LVMWD, figws from Tapia during
singed from § to 4.6 MGD (LVMWD, 1991). Ax saed exddier, levels of kacteriz in the
efflucat were very Jow, A study of enmric viros in water profoced by the Tapia plant was
coodticed in 1987 using siwilar virus sampling snd smalytica] techmignes. Only 2 single virur
oo one opling day (90 gailon smple when the chlorination wit was aot functioning) was
detected out of 25 days of sumpling (rmes M. Mougsmvery Enginesrz, Inc,, 1990). Howeves;
Tapix does not have &0 enteric virns motitoring progeath, %o the efficacy of the wriary fikery
iy wirgs removal i not been detenmined in gver forr yexrs,  Alfwupht Tapiz tan not be ruded
tazt 24 3 portsitils souros of vims, it seens unlikely that thiy facsiny woold repressm & soges of
detoctable vims i the Malitu Lagoon sysiem umicss the tertiary filters weze not fanctioning
wopedy, .

“The anonnt of viruses ez voltome of water presented & Table $ ame be considersd 23 magh

1. At Jow densitiss, virss: are not normally distibuted thrraghout the szmple. It is ot
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appropriite o extrapolate viral densities based o an aliguot taken from 2 sample having
- low coocentations. Dnly.lOSofﬁlcmnp]cmuﬂ:Smphqumg When thar
- 10% was degative, the ining sattple was assayed by the more scnsitive] but more
qualiative CFE wchmigue,

lOmuﬂhchmcEmnumsoﬁmnmnguthamecnﬂnemdmaﬂofﬂx
rric virnses that are present in the @mple.

3. mmammmmmmmdmmm
. Poliovitat recovwery 2t the thyee dexin Jovations suoged
ﬁm@iw‘&%,dmomnngﬂmhxgcm:ymﬂnmyofmmphng
mcthod.

4. Terxicity io coltured cefis was aotad in the firgt year sindy ar the Ashland Aveoue
drin, 50 coneentrates had o be diluted grior i assay, Toxic effects of the nmoff
concenzate ot viability of the eoteric virnses could not be sssessed. The viruses may
bave been fnactivated or experienced 2 Ioss of infectivity, so fesrer, of even no virases
would have formad plaes during the e,

5. A plaque fonming unit may be either ooe single virion or an aggregate of the virus
(Biton, 1580).

Ideally, 3 1isk asscxenent of the visus data would be completed and sent &y decision
makers and risk menagers, Fhe eatedic vims data will be given 1o the LoA. County Department
» of Health Serviges t perform the risk assexsment, The following is a list of the Rmitations of
the yesults for the parpose of petformiog an accaraie risk assessment:

1. Problems with quantificarion of euteric viruses 3 the funoff (e abave}.

2, The virus anaiytical methods do not detect 2l of the enteric viral pathogeas.

3. Rmoﬁnaﬂmgm&mdmumwmh Physical (fiow, pH, total

wispended wolids, ete), chemics! {oil 3nd greass, heavy metale, ern) and Mological .

(racterial indicatar deasitics) paratactars vary greatly over ime, Virds concennations
are expested to VRTY over time 2 well.

4, At Jow virus dengities, oot o ot xsmme that the vinteet ane notimally distribord

throughast the ronaff or the surf 2o0¢ after discharge. Also, there are large meertainties
in develoning accutae dilution Srrors for s drins and rooff in the ocemm.

5. W’Mbomswhﬂtypmdm.mwzmthcmdnm,nnmpm?biem
fots doss for people expesd 1 3 watty contarninated with
virus. Hum:r for & consexvative itk t, oo crald that exposure m
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oo yirus would reslt in infection (Bite, 19863,

T 0 6. Ocher tan gene probes, -curent technigues <onot detect some of the virmses
rotavinss and Nowwalk vitoses) whichk could rause swimming associzied ilinsress such
as gastroenteritis,

V1. CONCIUSION

mmmmmmganmmdmhmfynﬂmmmwm

densities e Levels of Bumgn enteric virus samples were tyken at
Mmmmhmﬂmmhmmmmmacmmﬁmm
g axsociated Slinesses are geenlly believed o be cansed by human viruses,

&cmdmmuhmwmmmammtdmw
llncsses than 3t sitss withous hurnan fecal dnpues (Cabelli et 2] 1979, 1982). The originat intear
of the stodies was to identify sites with high indicato barieriz denyities cansed by flawing morm
draing with 0o sedge Gipnats. Th:nammwfounmogysmdydmgmdw
determine the health sk from swinning in sorm dorin contanyinated, water,

mmm,hmmmmmammmﬁmm
Kagoon, Herndo Drait, and thiee coosectitive years at the Pico-Keoter storm drain, Human
vintset swere not found i Jimited sampling a1 Balloaa Creek, the Santa Moxics Canyon doxin,
and the Ashland drain, but thar does not preciude them fom occorring in those locations, In
tenns of the otigingl study design, the entetic viras assessment has dooe what it was meaded

10 do; 1o d ire the p ar abr cfhmma:ﬂmmadynm Thee study results
ﬂnmtbensadmpmde inf P I soxrrees of himan vinmses to the
sorm dons,

Husman fecal contamination of strm drains is far more prevalent than originally assamed. ©

Evmlﬁwghthcm:ys&mmlmﬁgdsmnwmplm{ywﬁm&em
drain system, the storm digins are not fee of human fecal irputs,

nermlunfﬂxknﬂnmgmnfwmmmgmmdmnswppmﬂm
Rllowity recommendations:

1) An investigation of the health ks axsociaied with various levels of indicators of

water qeality or With fwimiing &1 various & from flowing drains should move
Torward,

2) A homen $pecifie ind that Jates with the deastiss and presctice or abseoce
of huztian pakogens it neoded

3) Toals need to be developed for the easy detection and quantification of specific humzn
pathogens, Models oould then be used ty demonetrase health risks $etociased with the
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Specific pathogen,

4) A sinitary survey neads 10 be developed and implemesiod to ace Jow W moderate
Sewagr contantination in addition t farge sewer Iraic 2nd spills, A concerted effort to
ilentify asd abare the soumces of pathopens 10 the watershads should be wdertaken
foumexiately.

directly to the smf, bacterial densities are frequently shove fevelz of concem as f2r as 100 yards
in cither ditection of the driin. Densifies aro especially high in shallow water, Whez the
effloent is discharped further off shore, dilttion and near thore currears am effective in raducing
md:cambaeun]dmnamlhnmfm. A.!ﬂnnghdﬂmmmnmsdonmmduceponuuon
mwmmam d and mai d exiension cin prove effective in
rndmghna!ﬁmhrnhm-smdmm
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EXECUTIVE SUMMARY

Based on the public’s perception that recreational activities in Santa Monica Bay increase

" their health risks, the Santa Monica Bay Restoration Project (SMBRP) has ‘decided that

quantification of the health risks of swimming in nearshore ‘waters is a priority area of concern.
Previous studies completed under the auspices of the SMBRP demonstrated that high densities of -
indicator bacteria were present in ankle depth waters were found 100 yards from the Pico-Kenter
storm drain. In addition, human enteric viruses were found on two consecutive years in runoff
from the same storm drain. - :

-This year’s research was designed to further evaluate dxspers:ion of indicator bacteria around
the Pico-Kenter storm drain after the completion of a 600 foot pipe extension. Also, further testing
for the presence of human enteric virus was completed at the Pico-Kenter and Herondo storm
drains, and Malibu Lagoon,

Surf zone indicator bacteria distribution - Low densities of indicator bacteria in the surf zone
around the Pico-Kenter storm drain seldom were found when the 600 foot pipe extension was
functioning as designed. These results were significantly different from the previous year's study
on indicator bacteria distribution that was completed before the pipe extension was completed..
When the effluent was discharged further off shore, dilution and near shore currents were effective

/in reducing indicator bacterial densities in the surf zone, Although drain extensions do not reduce

pollution loads to nearshore waters, a properly des1gned and maintained extenswn can prove
effective in reducing health nsks to bathers and sw1mmers

Enteric viros prevglence - Human enteric viruses were found at all five virus sampling sites:
Pico-Kenter and Herondo storm drains; and &ll three virus sampling locations within the Malibu

- Lagoon. The only specific viruses identified were Coxsackie B viruses which can cause illnesses

ranging from gastroenteritis to, on rare oceasions, pericarditis and meningitis. The results confirm
that human fecal contamination of storm drains is far more prevalent than originally assumed.

“Even though the storm drain system in Los Angeles County is completely separate from the sewer

system, the storm drains are not free of human fecal inputs.

Based on the results of the virus studies, recommendations for further research include:
1) An investigaﬁon of the health risks associated with various levels of indicators of water quality
or with swimming at various distances from flowing drains should move forward;
2) A human specific mdxcator that correlates with the densities and presence or absence of human

- ‘pathogens is needed;’

3) Tools need to be developed for the easy detection and quanuﬁcatxon of specific human
pathogens. Models could then be used to demonstrate health risks associated with the specific
pathogen; and

4) A sanitary survey needs to be developed and implemented to trace low to moderate sewage
contamination in addition to large sewer leaks and spills. A concerted effort to identify and abate’
the sources of pathogens to the watersheds should be undertaken 1mmedzately




' L INTRODUCTION

A primary goal of the Santa Monica Bay Restoration Project (SMBRP) is to quantify the
health risks of swimming in the Bay’s recreational waters. The issue of safe swimming in the
Bay has been questioned by the public and environmental managers based on numerous anecdotal
reports of illnesses attributed to swimming in the Bay, and from measurements of elevated
densities of indicator bacteria from around storm drains where their effluents enter the surf zone

" (Southern California Association of Governments, 1988; City of Los Angeles Environmental

- Monitoring Division (CLA EMD), 1989, 1990, 1991, SMBRP 1990). Ultimately, these

concerns could be addressed through an epidemiology study associating rates of fllness with

sw:mmmg in the Bay

A pﬂct study on levels of indicator microorganisms in the surf zone near- two storm drains
and human enteric viruses in the storm drains was completed during the first year of a multi-year
study (Gold et al., 1990). This study revealed that indicator microorganism densities in the surf

. zone frequently exceeded California Ocean Plan bacterial water quality objectives (State Water
Resources Control Board (SWRCB), 1990) in the vicinity of both the Pico-Kenter and Ashland

- Avenue storm drains. In this and subsequent studies, bacterial "levels of concern” were based

. on three water quality objectives presented in the State's Ocean Plan, Levels of concern were
exceeded when:

a, total coliforms were greater than 1000 colony forming =
units per 100 ml of water (cfu/100 ml); or

b. fecal coliforms were greater than 200 cfu/100 ml; or

¢ ’enter'ococci iv'ere, greater than 24 ¢fu/100 ml,

" The SWRCB numerical limits for bacterial densities were applied as individual values for each.
sample instead of geometric means for samples collected over a 30 day period as stated in the -

Ocean Plan, The indicator bacteria standards in the Ocean Plan are predominantly used for
compliance monitoring for permitted dischargers, whereas the research performed by the
SMBRP was not designed to determme compliance.

In addition to surf zone sampling, water in storm drains was analyzed for densities of a
bacteriophage, F-male specific cohphagc Cohphag'e are currently being considered as an
" indicator of pathogenic virus sumval in marine waters. Standards have not been set for
‘ cohphage :

: During the first study, human enteric viruses were found in the Pico-Kenter storm drain
in 1989 on 11 out of 15 sampling dates (Gold et al,. 1990) and in 1990 during the second study,
on three out of four dates (Gold et al., 1991). These viruses are pathogenic, causing illnesses
like gastroenteritis, and are specuﬁc to human waste (Lennette and Schmidt, 1969). Their
- presence demonstrated that water in the drain had been contaminated by human sewage. Since

3
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the release of the 1990 study, the City of Santa Monica has kept the beach closed, 100 yards
north and south of the Pico-Kenter drain, and implemented measuzes to reduce or eliminate
. ponding of runoff on the beach.

A number of quéstions still need to be addressed prior to deciding whether or not to
conduct a large scale epidemiology study This study should be conducted ‘on recreational
bathers in waters with large variability in indicator bacteria densities adjacent to flowing storm
drains. These conditions would provide information on the health risks from swimming in
waters contaminated only by urban runoff.

In this report, results are presented from two studies performed during the third year of the

project. They were designed to:

1, Further evaluate dispersion of indicator bactéria around the cho~Kenter storm. dram :

after the completion of the 600 foot pipe extension; and

2. Testing for the presence of human enteric vzrus in the Pico-Kenter and Herondo storm
drams, and Malibu Lagoon.

Further work was done in the first study to refine our knowledge on-the distribution of .

“indicator bacteria around the Pico-Kenter drain. Gaining an understanding of indicator bacteria

distribution in the surf zone is an essential component in deciding which portion of the beach'

and the swimming public is exposed to excessive indicator dénsities resulting from storm drain

effluent. In this case, the Pico-Kenter drain was chosen because of the historically high levels -

of indicator bacteria measured in the surf adjacent to the drain. The drain was also chosen
because it offered a unigue opportunity to test the efficacy of storm drain extensions in reducing
indicator bacteria densities in the surf zone,

In the second study, we continued to survey various storm drain effluents for the presence
of human enteric viruses. The two storm drains and lagoon studied, like the sanipling locations -

- from previous studies, were chosen because they historically have been associated with high

densities of indicator bacteria in the surf zone when the drains flow directly to the ocean, This

year’s virus study was the first time that such a large section of Santa Monica Bay was covered.

The information from this study will be uséd fo help determine the potentxal sites and need for
an epidemiology study .

I STUDY SITES
A, Pico-Kenter Storm Drain
The Pico-Kenter drain is located where Pico Boulevard meets the beach (See figure 1),

The storm drain system drains a large area that includes much of Santa Monica and part of West
L.A. and Brentwood, There are two drains that discharge to the beach: one is owned by Los
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Angeles County Department of Public Works, and the other by Cal-Trans. Dry weather flow
‘is usually transported 600 feet off shore through a pipe extension, When the pipe is clogged,
runoff flows across the beach. The storm drain flows year round with a typical dry flow of
approximately 0.2 cubic feet per second (Greene, pers. comm., 1991).

The Pico-Kenter storm drain was sampled again for human enteric virus to determine if
" viruses were present for the third consecutive year. Samples of runoff samples from the drain
- were collected where the Promenade crosses the storm drain channel, at a point appmnmately .
200 yards from the surf zone.

: Ir_l August, 1991, a pipe extension was activated to convey dry weather runoff from the drain
~to a point 600 ft offshore. This structure was designed to prevent pooling of effluent on the
beach, and direct discharge of dry weather flow beyond the surf zone. The distribution of total
‘and fecal coliforms and enterococcus bacteria in the surf zone was further characterized to better
define the distribution of these bacteria, Bacterial densities around the drain prior to building
this pipe (Gold et al., 1990) will be compared with distribution patterns after activation of the
pipe; this "before and after” comparison will be presented in the Discussion section of thls

report. ‘
B. Heroﬁdo Siorm Drain |

The end of the drain is located at a popular sutfing beach where Herondo Blvd. intersects
the ocean on the Hermosa Beach-Redondo Beach border (See figure 1). Samples were collected
at the intersection of Herondo Blvd. and Harbor Drive from a manhole on the bike path on the
west side of Harbor Drive. The storm drain system drains a large area in Hermosa Beach,
Redondo Beach and Torrance which has predominantly residential and commercial land uses.
Flow exits from a small concrete structure located near the mean high tide line and then drains
across the beach, The puddle that forms on the beach is brackish with extensive tidal input.

‘ The storm drain flows mtemuttently throughout the year (Mitchell, pers. comm., 1991)

Malibu Creek

B The Malibu Creek watershed, containing over 105 square miles, is the largest watershed
draining into Santa Monica Bay. Parts of five cities are contained within the watershed: Malibu,
Calabasas, Thousand QOaks, Agoura Hills and Westlake Vzllage Malibu Creek is a soft
bottomed stream terminating in Malibu Lagoon. This lagoon is the only remaining bracklsh
" ‘water lagoon adjacent to Santa Monica Bay (See figure 1).° : o

All bacteria and virus samples were collected in the 13 acre Malibu Lagoon, adjacent to
one of the most popular surfing beaches in California, Surfrider Beach. There were four
. different samplmg sites in the lagoon (See figure 2):

1) The location near Surfrider Beach where tﬁe sand berm Ais typically breached
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artificially by the California Department of Parks and Recreation (Breach);

2) At the bridge over the C-channe] which is the western most channel of the lagoon,
next to the Malibu Colony (C-channel);

3) In the soft bottomed rivulet (approximately 150,000 gallons per day) formied by the
discharge of treated contaminated groundwater from the Texdco gas station treatment
facility and runoff from the adjacent Cross Creek Road shopping center parking lot. The
sampling point was three to five yards north of Malibu Creek, just east of the Pacific
Coast Highway bridge (Texaco); and

4) At a pointon the north bank of the creek, 100 yards upstream of the Texaco dlscharge
(Upstream).

II. SAMPLING
A. Indicator Bacteria

1. Sampling Design and Frequency

The study was carried out over a six month period from mid- May to mid-November,
1991. Ideally, sampling would have occurred during weekends when the most people were
using the beach.  However, because of the logxsncal requirements of the microbiology
laboratories, samphng was conducted during morning hours on weekdays. All bacterial samples
were tested within six hours of sampling.

Sampling in the surf zone around the Pico-Kenter drain occurred on seveésiteen days over
a five week period. Samples for bactetial analyses were collected at the same ten sites as the
1990 surf zone study (Figure 3): '

1. Seven stations were positioned at ankle depth at 0, 25, 50, and 100 yard intervals;
the "0" position was located directly west of the drain.

2. Three stations were positioned at chest depth at 0, and 25 yard intervals,

All samples were taken from the i mcommg bwalcng surf. The ankle depth samples were
taken as the surf foam reached the samplé bottl€ at the height of the sampler’s ankle. The chest
samples were taken where the breaking waves reached the chest height (approximately 3 to 4
ftyof a medium sized adult. Chest depth sampling vsually occurred between 30 and 50 yards
further away from the drain than ankle depth sampling.

Samples of drain effluent were only collected for bacterial analyses on each of the thirteen

enteric virus sampling days. Because of logistical problems after the pipe was extended 600
feet, there was no sampling directly from the Pico-Kenter drain on days where surf zone
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.bacterial monitoring took place L;kewzse bactenal samples were collected during each day of
vu-al sampling at the Herondo drain and Mahbu Lagoon.

2 Analysw

Samples were collected in either 125 ml or 1 liter, high-density, sterile polypropylene
- bottles, After collection, samples were placed on jce and transferred to the Environmental
" Monitoring Division’s (EMD) microbiology laboratory at the Hyperion Treatment Plant.

Densities of total and fecal coliforms were determined according to Standard Methods
(American Public Health Association (APHA), 1985) using the membrane filtration techniques
. (Section 909). The nutrient enrichment procedure was used for total coliform analyses as
recommended in Standard Methods Section 909a. Tests for enterococci followed recommended
Environmental Protection Agency (USEPA, 1985) procedures using m-E and Esculin Iron Agar
media. Results were reported in colony fonmng units (cfu/100 ml).

'B. Viruses S | o
1. Sampling Design and Frequency |

The virus sampling period was from June 3 to October 23, 1991. In addition to enteric -
virus, samples were analyzed for total and fecal cohfonns, enterococcus indicator bactena and

. .F-male specific coliphage.

* Virus sampling occurred on five different days at Herondo dmm thirteen days at the Plco
Kenter drain, and twenty six days at Malibu Lagoon, At Malibu Lagoon, nine virus samples
each were taken at the C-channel bndge and the upstream stations, Eight samples were taken
from the breach location. - o

. A single sample was collected on each day. Fleld sampling was oonducted by the
. Hyperion Environmental Monitoring Division (EMD) and Heal the Bay. .

2. Seed Study
Seed studies were perfonned at the two drains and Malibu Creek usmg adso:ptlon and

elution techniques described in Standard Methods, modified Section 913-A (APHA, 1985). A
minimum of three seed cxpenments were completed at each- study locauon, and these were.

* separated temporally by -2 minimum of two weeks from field studies in order to prevent the - |

possibility of contamination of field samples with laboratory virus.” These studies were done to
measure the effectiveness (i.e. percent of recovery} of the process to concentrate and analyze
for virus and secondarily, to test toxic effects of the storm drain effluent on virus. Samples for
the seed experiments were collected in November, 1991 and the seed studles were all completed
by the Orange County Sanitation Districts (OCSD) staff.



Two 35 gal containers were filled with storm drain effluent, The effluent was adjusted to
pH 3.5, AICL; was added to a final concentration of 0.005 M, and 2 known amount of attenuated
poliovirus (vaccine strain) was added to each container. Triplicate grab samples were taken at
the beginning and end of the filtration period. Each grab consisted of 1 ml of sample diluted
with 9 ml of sterile Hank's Balanced Salt Solution (HBSS) to minimize any toxic effect to the
virus by the drain effluent. The HBSS contained 2% fetal bovine serum which helps prevent
virus inactivation when sdmples are frozen and thawed. Effluent in each container then was run
through a concentrator (described below).

Grab samples before and after concentration were analyzed for densities of the poliovirus.
Concentrations of viris in the first set of grab samples yielded baseline amounts. Any toxic
effects of the effluent then could be assessed by comparing differences in viral concentrations
between the first and second set of grab samples. The percent of recoveéry was measured by
comparing virus levels in the final concentrate with baseline levels.. The results of the seed
study were used to give recovery estimates, not to adjust the densities of enteric viruses
recovered from field samples,

3. Sampling and Analysis
a. F-Male Specific Coliphage

Grab samples were obtained on 14 days at the Pico-Kenter drain, five days at the
‘Herondo drain, 25 days at the Malibu Lagoon breach site, 24 days at the C-channel site, 23
days at the Texaco site, and 26 days at the upstream site (from splits of the bacterial samples).
Nearly all of the samples were collected on the same dates that virus sampling occurred, The
samples were analyzed for F male-specific coliphage by the Orange County Sanitation Districts’
(OCSD) virology laboratory, The E-male specific cohphage assay methods and E. ¢oli host
. bacteria were obtained from Dr. V. Cabelli as descnbead in Appendix 1.

b. Enteric Viruses

Enteric viruses were sampled at the storm drain sites using a modified version of
Standard Method 913-A (APHA, 1985) and "The USEPA Manual of Methods for Virology,"
1934 (EPA-600/4-84-013. Adsorption conditions were pH 3.5 with an A1Cl, molarity of 0.005.:
The eluent was 3% beef extract adjusted to pH 7.2. Appronmately 50 to 140 gallons of effluent
were filtered per sample. A detailed description of the enteric virus sampling protocol is in
*The USEPA Manual of Methods for Vn'ology (1984),

Trave! set up and th'c long field processing time (approximately 1.5 hours)' required that
samplinig begar in the morning and continued until noon. Only one sample was taken per day
at each of the drains. ‘

One-liter eluates from the field sampleiwcre delivered to the labomtory and
reconcentrated in the afternoon using an organic flocculation procedure (Katzeneélson et al.,
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.1976). Final concentrates were detoxified prior to assay (Glass et al.,1978).

: All of the samples were initially analyzed for human enteric viruses on Buffalo green
monkey kidney cells (BGMK) by the plaque assay technique. ‘Ten percent of the sample was
tested in this manner to determine if there was a quantifiable number of viruses present. If the
sample was negative‘ for Plague Forming Units (PFU), then the remainder of the sample was
analyzed by using the liquid overlay technique known as the cytopathic effect assay (CPE)
(Lennette and Schmidt, 1969). If the mmples were positive in the PFU assay, ‘then the
.remainder of the sample was not analyzed by using the CPE assay, The CPE assay generally
detects a greater number of viruses but is not quantitative, Samples exhibiting CPE were
. confirmed as viral by re-infecting another flask of BGMK cells with a portion of the supernate
- from the original flask. In all cases, CPE positive flasks were confirmed by testing some of the
original flask supernate as well as passage into liquid overlay cultures. A detailed description
for cell culture and virus assay is presented by EPA (1984).

Practions of samples positive for enteric virus were sent to the Centre de Recherche en
Virologie in Laval, Quebec for identification by the laboratory of Dr. Pierre Payment.
Identification by the Lim Pool antisera neutralization technique were not successful. Isolates
were eventually identified using monospemﬁc antisera,

- C. Physical Measurements ‘

Conductivity, tempcrature and pH of the runoff were measured when virus samples were
collected. Lagoon heights were measured because there is a common perception that there is
the potential for septic system failure in the nearby Malibu Colony area when the water table
is high and the lagoon height is over 3.5 feet.

D. Quality Assurance and Quality Control (QA/QC)

The QA/QC protocols established by Standard Methods (APHA 1985) and USEPA (1984 ‘
1985) were followed. Also, the OCSD’ primary effluent was assayed for coliphage periodically
for quality control purposes. In addition the QA/QC project plan for the study was approved by .
Ken Kitchingman, &8 QA officer for EPA Region IX, :

E. Data Anaiyss

_ Geometric means and 85% confidence mtervals were calculated for bacterial indicators.
Geometric means were calculated for F-male specific coliphage. Values that were greater than

or less than the countable range were not used to calculate geometric-means of indicator

microorganisms. Arithmetic means were calculated for pH, temperature, and conductivity data.

The percentage of days where surf zone samples exceeded levels of concern was
calculated with all raw data. If any replicate on any day exceeded the level of concem, the day
was considered above the level of concern for that station.



Analysis of variance (ANOVA) was used to test for significant differences among means -
from stations at ankle and chest depths. Each station mean was calculated from all data gathered
over the study period. The geometric means from the 1990 bacterial distribution study were
compared to the 1991 data using separate t-tests,

ANOVA with posteriori multiple compa.nsons were tun to test for site differences in
geometric means.  Tukey’s studentized range test (HSD method; SAS, 1990, Steel and Torrie,
- 1960) was used for the geometnc mean comparisons. °

IV. RESULTS
A. Bacterial Indicators
1. Bacterial Distribution

_ Densities of indicator bacteria were low at all ankle and chest depth stations in the surf
zone (Table 1) and extremeély high in the Pico-Kenter effluent (Table 2). During each sampling
period, indicator densities in drain effluent exceeded levéls of concern for all three bacterial
groups (Figure 4). In the surf zone, however, levels of concern were seldom exceeded at all
ankle and chest depth stations for these indicators. The geometric means of the bacterial
densities at all surf zone sites were not significantly different from each other. Ankle depth
geometric means were not significantly different froin chest depth means.

2. Bacterial Densities in Runoff

The geometric means and 95% Confidence Intervals of bacterial densities measured in
runoff samples collected from the Malibu Lagoon, and the Pico-Kentér and Herondo storm -
drains are given in Table 2. Bacterial densities in the Pico-Kenter drain were approximately -
three to five times higher than the Herondo drain and orie to two otders of magnitude higher
- than the densities at the four Malibu Lagoon sites, This trend held for all three bacterial
indicators. In Malibu Lagoon, the densities were generally Jowest to highest from C-channel
to the breach to Upstream to Texaco.,

The geometric mean densities at the Malibu Lagoon C-Channel and Breach stations were
significantly different (P.< 0.5) from the other four stations for total coliforms and enterococcus
(Table 2). The geometric means for the Breach and C-Channel stations were not significantly
different (P.20.5) for all three indicators. The geometric meéans for the Pico-Kenter and
Herondo drains wére not significantly different from each other, but they were significantly
higher than all other samipling sites fof total coliforms and than the C-Channel and Breach sites
for enterococcus.

B. Viruses

10



1. Seeding Sfudiw

- . ‘Recovery of the seeded poliovirus generally was poor.-Results ranged from 6.9 to 30%

_for Pico-Kenter drain on four days, 0.0 to 18.0% for Herondo on three days, and 2.9 to 7.7%

for two days at Malibu Lagoon (Table 3).

{

. 2. F-Male Specific Coliphage

The geometric mean of the F-male specific coliphage densities at Herondo and Pico-

* Kenter drains were similar and they were approximately one order of magnifude greater than the

mean densities measured at the Malibu Lagoon sites (Table 4 | -Appendix 2). - The Malibu
Lagoon sites all had low to very low coliphage densities. Unlike samples from the Pico-Kenter
and Herondo drains, many of the samples from the Malibu Lagoon (approximately 39%) were

g below the method detection limits for coliphage.

3. Entenc Virus

Human entenc viruses were detected in runoff on at least one day at all six samplmg :
locations (Table 5, Appendix 3). Quantification of virus was completed for all ten positive virus-

samples (Table 5). Only three samples were positive in the plaque forming unit assay while

- seven samples were positive using cytopathic effect assays. The rough estimates of viral

densities ranged from 1 pfu/ 2.8 gallons to 1 pfu/ 141 gallons for the plaque assays and >1-

.infectious unit (Tu)/ 10.6 gallons to > 1 Iu/ 80 gallons for the cytopathic efféct assays.

Confirmed virus isolates were sent to Dr. Pierre Payment at the Centre de Recherche en -

Virologie in Laval, Quebec for identification. Identification by the Lim Pool antisera
neutralization technique was not -successful. Isolates were eventually identified using
monospecific antisera. Enteric viruses were identified in nine of the ten samples that were
positive for virus. Due to a laboratory accldent the virus isolate from the 6/5/91 “Malibu
Lagoon C-channel station sample was lost.

All isolates were identified as Coxsackio B. The isolate from Pioo;Kenter on 9/25/91.

contained Coxsackie B2 virus while the isolate from Pico-Kenter on 8/13/91 contained Coxsackie
B4 virus. The remaining seven isolates contained Coxsackie B5 virus. Coxsackie B viruses can

" cause gastroenteritis and on Iare occasions, poncardms and menmgms

C. Physxcal Measurements

Mean temperatures conductivities and pHs for mnoff from the six sample sites are
summarized in Table 6 (All data in Appendix 4), Mean temperatures were Similar at all sites
ranging from 20.1 to 21.2 C, while the pH at Herondo drain was more acidic averaging 6.5,

compared to the other five sites that averaged 7.7 to 8.2, The mean conductivity of runoff was -

low at Pico-Kenter drain (1.7 mmbhos), similar to brackish water at the Herondo drain and

~ Texaco sites, and nearly saline at the breach and C-channel sites. Other than at Pico-Kenter,
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~ the conductivity of runoff varied over a wide range from nearly fresh water to salt water.

~* The height of Malibu Lagoon above sea level and the tide height at the time of sampling
at the Lagoon are also listed in Appendix 4. Lagoon height fanged from two feet (the lowest
possible measurement with the measuring stick near the C-Channel station) to 5.4 feét above sea
level. Of the 26 days where samples were collected and analyzed for enteric virus, 11 occurred
when the lagoon was at its Jowest at two feet and nine occurred when the lagoon élevation was
over 3.5 feet. Tidal heights ranged from plus 1.2 to six feet during virus sampling at the

lagoon.

In general, the conductmty of the samples was high when the Iagoon mouth was open
and/or when there was a very high tide. The sample conductivity was seldom below ten mnthos
at the Breach, C-Channel and Upstream stations when the tide was higher than the lagoon
height. The Texaco station was less susceptible to the impacts of the tide because samples
collected there were predominantly treated discharge and runoff, and the sampling site was not
directly in the lagoon.

IV. DISCUSSION
A. Bacterial Dispersion
1. After Storm Drain Pipe Extension

Only 11 of the 17 sampling dates were ideal for assessing the effectiveness of the drain
extension for reducing indicator bacteria densities in the surf zone. The last six days of the
sampling period produced different results because a nearby sewer replacement project
contributed a large volume of witer to the Pico-Kenter drain. The flow from dewatering was
discharged into the Pico-Kenter drain where it then flowed across the beach and into the suff
zone. ‘

Bacterial levels of concern were always exceeded in the drain itself, but rarely if ever
exceeded at arikle or chest depth in the surf zone on days when the pipe extension was operating
as desxgned Because of the logistical problems of simpling directly from the Pico<Kenter drain
after the pipe extension, samples of drain effluent were only collécted on days during entéric
virus sampling. These dates were not usually the same days as the bacterial dispersion study.
Based on the results of the bacterial dispersion study, the runoff plume either did not travel back
to shore or the plume was diluted sufficiently to cause indicator densities to be low.

2. Compariéon with Storm Drain Before Pipe Extension
The results of the 1991 dispersion study were drastically different from the results of the
1990 dispersion study. In 1990, bactesial levels of concern were frequently exceeded at ankle

depth stations at distances of up to 100 yards from the drain (See figure 5). ‘Chest depth samples
also exceeded levels of coricern 10%, 30% and 40% for fecal coliforms, total coliforms, and

12



’
-

mtcrococcz, respectively. .In contrast, bacterial levels of concern were only exceeded a

- maximum of one out of 11 days at the 10 surf zone samples in the 1991 dispersion study. Also,

. unlike the 1990 data, there were no significant differences between the bacterial densities at
ankle depth versus chest depth for all three indicators.

'A comparison of the 1990 and 1991 geometric means and 95% Confidence Intervals over
the sampling grid further demonstrates the differences in the data sets (Figures 6a-f), For all
three indicators, the geometnc means at nearly every surf zone snc in 1991 were significantly
different than the means in 1990 (Table 7). '

Although the data were not représen!ative of conditions before or after the pipe extension
. was completed and functioning correctly, the geometric means and the percentage of times that
bacterial levels of concern were exceeded for six additional sampling dates are included in
Appendix 5. The predoxrunant source of the runoff during these six days was the dewatering
operation that was occurring in conjunction with a sewer replacement nearby.
It is clear that extending the Pico-Kenter drain 600 feet from shore was effective in
reducing the indicator densities of bacteria in the surf zone where potential human exposure to
_pathogens is highest, However, the drain extension was seldom functioning as designed because
of frequent blockage of the extension pipe inlet by debris, This situation caused ponding of
effluent on the beach and consequently, direct discharge to the surf zone. Overall, as a Best
Management Practice (EMP) to reduce bather exposure to undiluted runoff, the’ pipe extension
appeared to work well. However, the BMP would require some operational, mamtenance and
design changes to ensure that it works conszstently and effectively.

- 3, Bacterial Densities in Runoff

~ As in the 1989 and 1990 studies, indicator bacterial densities in the storm drains were |
“high. The geometric mean densities of the indicators at the Pico-Kenter and Herondo drains
were two to three orders of magnitude above levels of concern. The mean densities at the
Lagoon sites ranged from the low end of levels of concern to over twenty times the levels of
concern. ' ’ :

The mean densities at the Lagoon sites further from the ocean (Texaco and Upstream)
' were two to ten times higher than the densities at the sampling sites close to the beach (Breach
and C-Channel). This result was not surprising because of the salinity gradient in the Lagoon.
Sites closer to the ocean were more influenced by the tidal flux and usually had higher
" "conductivity than the sites on the east side of the Pacific Coast Highway (PCH) bridge. Sea
water dilution of bacterial densities probably accounted for most of the differences between sites
-in the lagoon, although the prevalence of waterfowl in the upstream portlons of the Lagoon

likely augmented thesc differences. :

: ~ For well over a decade, there has been an assumption that the Malibu Colony septic
system begins to experience failure if there is h&vy residential use when the water table is high
and the water level within the Lagoon channels is above 3.5 feet In this study, water level
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within the Lagoon appeared to have little impact on bacterial densities in the Lagoon (Table 1

and bacterial density data). In general, bacterial densities were high all the time throughout the

~ lagoon, regardless of the water level within the Lagoon, "These results do not-rule out septic
systems within the watershed as a potential source of bacterial contamination, but they imply that
- bacterial densities are independent of the water level within the Lagoon in dry weather, when
the water table is lower. These results support conclusions reached by Warshall et al.,(1992) on
Malibu Lagoon water guality.

Possible other sources of indicator bacteria to the lagoon are warm blooded wild and
domestic animals, vegetation and soil for total coliforms, numerous storm drains including three
that discharge into the Lagoon -and Jower reaches -of the watershed .and many other diffuse
SOUrces mcludmg campers, temporary residents, and picnickers within the watershed, Little
information exists regarding potential sources of indicator bacterial contamination in this
_ watershed. - However, monthly monitoring reports on water quality in Malibu Creek are
~ submitted to the Regional Water Quality Control Board (RWQCB) by the Las Virgenes

Metropolitan Water District (LVMWD)

A review of one potential source of bacterial indicators, the LVMWD's Tapia Water
Reclamation Facility, indicates that the plant could be discounted as a direct source because
levels of bacteria in the effluent during the study were very low; in.over 90% of the samples,
total coliforms were not detected (< (£ 1 Most Probable Number (MPN)/100m! (LVMWD, 1991).

The highest reported value during the study period was 4 MPN/100 ml. However, the isSue of |

bacterial regrowth in the watershed has never been investigated. In contrast to the Tapia plant’s
- effluent, bacterial densities from Malibu Creek and its tributaries were well above levels of
concern at the ten monitoring stations throughout the watershed in the Santa Monica Mountains,
Total Coliform densities were high everywhere, while fecal coliform and enterococei densities

were generally higher at lagoon stations than at upstream stations (LVMWD, 1991), It appears ..
that many of the sources listed above, especially non—pomt sources, are contnbutmg bacterial

indicators to the lagoon.
B. Viruses
1. F-Ma!e Specific Coliphage

I-ﬁgher densmes of male spec1ﬁc cohphage are expected in sewage oontaxmnawd waters
than in waters ‘without human fecal inputs (Cabelli, pers. comm., 1989). The trend predicted

by Cabelli was not supported by these results, ‘Enteric viruses were found at all five sampling i

locations despite the fact that mean ‘coliphage densities were approximately.an order of
magmtude higher at the Pico-Kenter and Herondo drains than the Malibu Lagoon sites. Entenc
virus was found at all three Malibu Lagoon sites, yet coliphage densities were always low in the
lagoon. The cohphage densities on the days that virus was found were comparable to the mean
densities. Also, virus was never found on days where coliphage densities were hlghcst for the
site. :
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'I'he purpose of obtammg the cohphage data was to further mvesugate the efficacy of
using this indjcator organism to indicate the presence of human waste without the disadvantages
of high cost, slow sample analysis, and extensive training -associated with human pathogen
detection. - Field sample coliphage densities from this study demonstrate that this indicator is not
~ a'reliable measure of human pathogen contaminatiori and underscores the need for better methods
to identify human specific organisms. _

2. Seeding study

Typically, virus recoveries of 20 to 30% are achieved during environmental sampling of

""" -water and wastewater (Rao and Melnick; 1986).: Recoveries from all sampling sites in this study -

were far below expected recoveries for environmental samples with seven out of ten seed studies
achieving recovenes of less than 10%.

One possible reason for the variability and low levels of recovery was that organic

- materials in the runoff may have hampered the efficiency of the filter, Oil, grease, and humic
acid in runoff can bind to the adsorption sites on filters in the virus concentrator, thus causing
the virus adsorbing filters to function poorly. Because most of the virus samples were collected
in the summer and -all of the seed studies were performed weeks later in the late fall, the
guestion of whether the organic content significantly varied from month to month or between

~ the seasons is an important consideration. The recoveries found in the seed experiments may

not have accurately reflected the method recoveries on days of field sampling.

Virus was detected at every site, so the seed data were not important in determining the
“presence or absence of human waste. The seed data were important because they demonstrated
that the procedure had a low precision under field conditions for poliovirus. However, the
method may have variable recoveries for different types of enteric viruses. With such low
precision in the method, it cannot be assumed that there was no human waste present on days
when samples were negative, If viruses were not found at a certain sampling location, one still-
couldn’t determine with o_e'rtainty the presence or absence of enteric virus because of the low
virus recoveries. The fact that virus was detected in the field with such low sample recovery
rates reflects on the prevalence of human fecal mputs to Mahbu Creek, Berondo and the Pico-
Kenter drains,

- 3, Enteric viruses .

Despite the low recovery of the virus concentration methods, enteric’ viruses were
detected at all sampling locations by either the PFU or CPE methods. This result meant that
water in the two storm drains, and the Malibu Lagoon, had been contaminated with human
sewage, Contamination was probably at a low to moderate level given that the bacterial
densities measured in the drains and lagoon sites were below those densities often seen after a
sewage spill or leak (Table 2). Typically, runoff contaminated with raw sewage will have
densities of total and fecal coliforms ranging from 10° to 107 cfu/100 ml with the ratio of
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Total: Fecal usually <10 (City of Los Angeles, Environmettal Momtonng Division, unpublished
data), :

Indicator bacteria are useful for sanijtary surveys ‘when there is gross or undiluted sewage -
contamination {e.g. large sewage spill or leak) in the storm drains. ‘In other situations, such as
_ the conditions seen at the two drains and Malibu Lagoon, ‘indicator densities provide little
information on the source of virus contamination, Even at Malibu Lagoon, where the
Total:Fecal coliform ratio was less than four at the virus sampling locations, indicator densities
provided little information on the source(s) of bacterial and viral contamination. However, the
intent of this study was only to determine if there was virus contamination, not to determine
'sources of viral contamination. - Studies designed specxﬁcally to trace the source(s) of human
fecal contamination to the drains are needed. \

The only type of viruses detected were the Coxsackie B viruses which are often found
in sewage contaminated waters: None of the positive isolates were poliovirus, so thers was no.
cross ‘contamination of the samples from the seed studies. In addmon, -any potential cross
contaminafion was eliminated because all field samples were collected prior to performing the
seed studies. Also, the virus concentrator used for collecting samples had never been used
previously for seed studies. :

-Sources of the contamination to the storm drains are unknown For the two drains,

. sources could include illegal connections fo the sewage system, illegal discharges (e.g. from
mobile homes or recreational vehicles), or leaks from the sewer system. The Malibu Lagoon
also could be contaminated by these sources in addition to discharges to the watershed from
septic tanks and diffuse sources such as campers and picnickers.

When the Lagoon was sampled, the Tapia Water Reclamation Plant was discharging
tertiary treated water into Malibu Creek, about six miles upstream from the lagoon, According
to the LVMWD, flows from Tapia durmg sampling periods in the lagoon were 1.04 MGD and -
ranged from 0 to 4.6 MGD (LVMWD, 1991) As stated earlier, levels of bacteria in the
" effluent were very low. A study of enteric virus: in water produced by the Tapia plant was
conducted in 1987 using similar virus sampling and analytical techniques. Orily a single virus.
on one sampling day (90 gallon sample when the chlorination unit was not functioning) was
detected out of 25 days of sampling (James M. Montgomery Engineers, Inc., 1990). However,
Tapia does not have an enteric virus monitoring program, so the efficacy of the tertiary filters
" in virus removal has not been determined in over four years. Although Tapia can not be ruled
out as a'possible source of virus, it seems unlikely that this facility would represent a source of
detectable virus in the Malibu Lagoon systemunless the tertiary filters were not functioning -

properly,

The amount of viruses per volume of water presented in Table 5 must be conmdered as rough
estimates given the followmg reasons: :

1. At low densities, viruses are not normally distributed throughout the séinple. 1t is not
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appropriate to exfrapolate viral densities based on an a.hquot taken from a sample having

low concentrations. Only 10% of the sample was used in plague screening. When that

10% was negative, the remaining sample was assayed by the more sensitive, but more
- qualitative CPE technique.

2. One of the basic limitations of virus testing is that no oell line can detect all of the
entenc viruses that are present in the sample.’

3. The results of the swdmg studies demonstrated that the densny of viruses in the
‘samples were underestimated. Poliovirus recovery at the three drain locations ranged
from 0% to 48%, demonstrating the large uncertainty in the accuracy of the sampling
method.

4, Toxicity to cultured cells was noted in the first year study at the Ashland Avenue

-~drain, so concentrates had to be diluted prior to assay. Toxic effects of the runoff
concentrate on viability of the enteric viruses could not be assessed. The viruses may
have been inactivated or experienced a loss of infectivity, so fewer, or even no viruses
would have formed plaques during the test.

5. A plaque forming unit may be either one smgle virion or an aggregate of the virus
(Bitton, 1980). :

Ideally, a risk assessment of the virus data would be completed and sent to decision
- makers and risk managers. The enteric virus data will be given to the L.A. County Department
- of Health Services to perform the risk assessment. The following is a list of the hmltatmns of
the results for the purpose of performing an accurate nsk assessment:

1, Problems wnh quantification of enteric viruses in the runoff (see above).
2. The virus analytical methods do not detect all of the enteric viral patliog.éns'.

3. Runoff is a flowing medium that is extremely variable. Physical (flow, pH, total

suspended solids, etc.), chemical (oil and grease, heavy metals, etc.) and biological
(bacterial indicator densities) parameters. vary greaﬂy over time. Virus concentrations
- are expected to vary over time as well. . N :

4. At low virus densmes, one can not assume that the viruses are normally dlstnbutcd
throughout the runoff or the surf zone after discharge. Also, there are large uncertainties
in developmg accurate dilution factors for storm drains and runoff in the ocean.

5. Without knowmg what types of viruses were in the storm drain, it is impossible to

estimate the minimum infectious dose for people exposed to sea water contaminated with
virus. However, for a conservative risk assessment one could assume that exposure to
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orie virus would result in infection (Bitton, 1980).

“+ © -6. Other than gene probes,turrent technigues ‘cannot detect some of the viruses
(rotavirus and Norwalk viruses) which could cause swimming associated ilinesses such
as gastroenteritis,

VI. CONCLUSION

Historical monitoring data were used to identify surf zone sites where indicator bacteria
~ densities frequently exceeded levels of concern. Human enteric virus samples were taken at
the sites with lugh bacterial densities in order to assess whether there was human waste present,

Because swimming associated ilinesses are generally believed to be caused by human viruses,
the presence of human waste at the sites would indicate a greater risk of swimming associated
illnesses than at sites without human fecal inputs (Cabelli et al 1979, 1982). The original intent
of the studies was to identify sites with high indicator bacteria densities caused by flowing storm
drains with no sewage inputs. These sites were needed for an epidemiology study designed to
determine the health risks from swimming in storm drain contaminated water.

Three years later, human enteric viruses were. found at various Iocations in Malibu
Lagoon, Herondo Drain, and three consecutive years at the Pico-Kenter storm drain, Human
viruses were not found in limited sampling at Ballona Creek, the Santa Monica Canyon drain,
and the Ashland drain, but that does not preclude them from occurring in those locations. In
terms of the original study design, the enteric virus assessment has done what it was intended
to do; to determine the presence or absence of human waste at the study sites. The study results
can not be uséd to provide accurate mfonnatmn on potential sources of human viruses {o the
storm drains. :

Human fecal contamination of storm drains is far more prevalent than originally assumed. -

Even though the sewer system in Los Angeles County is completely separate from the storm
drain system, the storm drdins are not free of human fecal inputs.

“The results of the last three years of virus monitoring in storm drains support the
following recommendations:

1) An investigation of the health risks associated with various levels of indicators of
water quality or with swimming at various distances from. flowing drams should move
forward.

2) A human specific indicator that oorrelates with the densmes and presence or absence
of human pathogens is needed. .

3) Too]s need to be developed for the easy detection and quanuﬁcauon of specific human
pathogens. Models could then be used to demonstrate health tisks associated with the
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speciﬁc '-pathogen

"4y A samtary survey nwds to be-developed and implemented to- trace low.to moderate
sewage contarination in addition to large sewer leaks and spills, A concerted effori o -
identify and abate the sources of pathogens to the watersheds should be undertaken -
immediately.

Three years of bacterial indicator monitoring have provided new information on storm

* drain effiuent plume dispersion behavior in the surf zone. When the storm water is discharged
dzrectly to the surf, bacterial densities are frequently above levels of concern as far as 100 yards
in either direction of the drain. Densities are especially high in shallow water. When the
effluent is discharged further off shore, dilution and near shore currents are effective in reducing

-indicator bacterial densities in the surf zone, Although drain extensions do not reduce pouutlon
loads to nearshore waters, a properly designed and mamtamed extension can prove effecuve in
reducing health nsks to bathcrs and swimmers.
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FIGURE CAPTIONS |

Figure 1. Map of the shoreline in northem Santa Momca Bay showmg the three storm
© drain study sites.

Figure 2. Map of the four sampling sites at Malibu Lagoon.

. F1gure 3. Station posmons for the surf one momtonng study adjacent to the Pico-Kenter
storm drain,

Figure 4. Percent of time levels of concern were exceeded at each sampling site around the
Pico-Kenter storm drain. See text (Introduction) for descnptlon of levels of concern,

!

Figure 5. Percent of time levels of concern were exceeded at each sampling site around
the Pico-Kenter storm drain in 1990 and 1991.

Figure' 6 a-f. Plots of geometric means and 95% Confidence Intervals for each of the
bacterial indicators measured in the surf zone at ankle and chest depths in 1990

and 1991, -
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B2 ualibu bacterfsl dats. Resilts of Tukey's starient:zed range test
nthod SAS 1990, Stesl and Torrie 1960) tomparing peometric means of the

&S,

Yhi‘s method controls the experimentuise type«1 error at P <= 05,
asterisk {*) indicates that the sites represented by the respective rows and

wt are significantly differant,

ERO~ US i
‘ LOWER UPPER
, BECMETRIC ROUND BOUND - PICO
E HEAN 5% L1 o08% L1 CH.U(NEL BREACH UPSTREAN TEXACO HERONDO KENTER
g 81.50 £5.94 144,58 * T
a 13.23 &.72 195.07 : " « o+
_EAR 677.01  384.88 19085+ » .
1o 804,38 484,29 336,03 » » *
W00 1137.83 46534 2507.09  * *
KENTER 683036 265348 1756211 * * . w
\'.I COL1FORMS
' LOWER UPPER
. SEOMETRIC BOURD BOUND PICO
£ HEAN 95% I O5% CI CHANNEL BREACH TEXACO UPSTREAM HERONDO KENTER
EL 277,65 155,07 487,68 ST .
o 566,12 . 318.75. - 998.4D .
\cb 948.28 422,56 2128.06  * *
TREAM | 1806.30 1157.32 810,19+
50 2511.40 695.69 9065.95
KENTER 7528.32  3185.32 1779276 * - -
" LOLIFORNS
. LOWER - UPPER’
GEOMETRIC BOUND BOUND . PICD
; ) MEAN 5% €1 Q5% CI  CMANNEL BREACH UPSTREAM TEXACD HERONDC KENTER
WNEL 1004.38 . 574,77 175,10 * * * *
ACH 1296.46 759,10 2214.22 : * L B
‘AN 520494 2887.55 9382.15 » . .
0 ¥STI30  3665.63 15646.66  * * . *
D0 17422062  27913.02  1087407.37  * . * *
0 KENTER 418451.75 147472.16 1476032.53 * * * *

Levels cf concern were exceeded whan.

&

b.

<.

total collforms were greater than 1000 colony formlng‘
units per 100 ml of water (¢cfu/100 ml); .

fecal coliforms were greater than 200 cfu/100 ml: and,

enterococci were greater than 24 cfu/100 ml.



Table 3. Seed Virus Recovei Experiments. L
Runoff was seeded with attenuated poliovirus.

dded =

E Pico-Kenter 3.4 % 105 7.9
Pico-Kenter x 108 6.9

H Pico-Kenter 3.8 x 10¢ 7.1
Pico-Kenter x 108 30.4
Herondo " 6.3 x 10° 2.2
Herondo x 10° 0 i
Herondo ' 2.7 x 10 48
Malibu Lagoon %x 108 2.9
Malibu Lagoon * 10° 7.7
Malibu Lagoon 2.9 x 108 16.9




TABLE 4. Ceometric means and range of densitles for F~male
- specific coliphage (coliphage/100 ml) collected
simultaneously with virus samples at Pico-Kenter

draln, Herondo drain and Malibu Lagoon.

i

. ' . s - . B . .
- SAMPLE SITE: MEAN COLIPHAGE ' | RANGE OF COLIPHAGE
: l : . DENSITIES DENSITIES
K IPIGO'KENTER o 1,040 25 TO 67,000 N
. 'HERDNDO : 990 Below detection
| . : ‘ _ linmit to 22,000
' BREACH A 100 : . Below detection
: limit to 1,700 -
HC~CHANNEL . ' © 60 ‘ Below detection
' - g : 1imit to 1,300
TEXACO - _ 1100 ‘Below detection
- - _ ' linit to 1,300
UPSTREAM C © 30 |  Below detection

o S ‘ - limit to 600 J



TABLE 5.

~and cytopathic
assays . for human

———— e e |

plague assay
effect

CYTOPATHIC .
EFFECT RESULTS

no CPE done
no CPE done 1
21 Iu/23.2 gal

P Iﬁ/79.5 gal
>1 Tu/26.2 gal f

>1 Iu/eo gal

no CPE done

21 Iu/10.6 gal

21 Tu/28.7 gal
=1 Iu/63 gal

Estimated densities of positive
(plague forming units)
(estimated infectious units)
entéric viruses in the Pico-Xenter drain, Herondo
drain, and Malibu Lagoon.
BAMPLE BITES: DATE PLAQUE ABSAY
_ . REESULTE
PICO-KENTER . 8/13/91 3 pfu/57 gal
9/25/91 1 pfu/2.8 gal
lo0/2/91 none detected
HERONDO 7/31/9% none detected
9/4/91 none detected
BREACH 6/17/91 none detected
C~-CHANNEL 6/5/91 1 pfu/14l gal
H 10/8/91 none detected
UPSTREAM 9~3=51 none detected
$-30-81 none detected
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TABLE 6. The mean and range of values for conductivity
" {mmhos), pH and temperature {degrees Celsius) of
samples collected simultaneously with virus sanples

at Pico-Kenter drain, Herondo drain and Malibu

Lagoon.

EsaurLE SITES: CONDUCTIVITY pH TEMPERATURE
PICO~KENTER ‘ 1.7 7.8 : ‘ 20.1
HERONDO 6.8 - 6.5 21,2

1.2 to 23.0 3.0 to 7.8 20.0 to 22.1
BREACH 22.9 8.1 20.3
. 1.6 to 51.5 6.5 to 9.2 17.5 to 24.5*
C~CHANNEL . 23.7 8.2 . 20.3
- 3.0 to 50.4 7.0 to 9.4 17.5 to 24.5
TEXACO : 6.9 7.7 . 20.3
) | 2.1 to 28.1 6.0 to 8.5 ' 17.5 to 24.5
UPSTREAM , ' 12.5° 7.8 : 20.3
‘ 0.5 t0.48.0 | 5.9 to 8.9 17.5 to 24.5.

* Pemperatures were only measured at one sample site per day
at Malibu Lagoomn.



................................

those in 1991, All data included. The symbols at each site indicate
the results of the t test as follows:

, wik p o< 0001
. ** P < 001
*p < 006
« P <05
blank P > .05
=  no test

To control the experimentwise type-1 error to P <= .05, use P < .005
(*) as the critical tevel.
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-APPENDIX i. Pertinent Information on £2 Bacteriophage |

The propr;etary aspect to this methodology lS the host strain of

- Escherichia coli which contains an F+ plasmid carrying resistances to

ampicillin and streptomycin. The host used in this study was the

V.J.

Cabelli host. Media and procedures were also from Cabelli et.

al. and they should be oredlted.}

i¢.

ll.
12.

£2 Bacteriophage"Water COnoentration Technigue

_.Allow sample to warm to room temperature.

In a 250 ml centrifuge bottle add 1 g Eowdered tryptone {Difco
Laboratories, Inc., betreit, MI) and 1 g Eowdered beef extract
(Scott Laboratories, Inc., Fiskville, RI). A

Add IOO ml sample to centrifuge bottle, and mlx.

Add 10 ml of host (F amp) culture grown 3-4 h in tryptone broth.

Incubate at 32 C.on a rotary shaker set on._ low (very slow) for
50 mlnutes.

Centrifuge at 5000 & g for lszmin. at 3-4 C.

'Asplrate all except 10 ml out of centrifuge bottle.

Resuspend pellat in the remalnang 10 ml volume.

Assay these 10 ml by adding 2.5 ml volumes to 2 5 ml amounts of _
double strength top (soft) agar,_tempered to 46-50 C, for each of
4 plates. . :

Mix 1mmed1ately, pour top agar on bottom agar plates, and spread

- over entire plate surfaces by gentle swirling.

Incubate 18-24 h at 35 C.

Count plaques and calculate £2 per 100 ml.

Note: Do not shake host-{F amp) culture vigorously. Vigorous mixing

‘of host strain cells will remove pili and inhibit £2 infeotion.

The 3-4 hour culture added in step 4 can be established by adding

a few milliliters of an overnight grown broth culture. The broth

used for the overnight culture should contain ampicillin and
streptomYCLn at the same concentration as bottom agar.



/

Note: Maintain the host strain on tryptone bottom agar slants
containing 15 microgram per ml each ampicillin and streptomycin
sulfate. Grow overnight at 35 €, then store in a refrigerator
‘(2-6) for up to several weeks. Use this working stock culture
to inoculate tryptone broths when assays are to be performed.

Stock cultures of the host strain must be maintained on
antibiotic-containing media to insure the cells contain the
F+ plasmid.
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Add antibioties:

Media for £2 phage procedure

 Tryptone Broth for 3-4 h host strain (F amp) cultures and for, all

dilutions involving f2 Bacterlophage.

Ingredient - Amount per liter
. Tryptone ' 10 g

Dextrose - ig

NaCl : ‘ 5 g

Note: Tryptone broth is used for dilutions because it helps to
- disperse bacteriophage and minimizes clumping of f£2.

Top Agar for £2 Bacteriophage Plague Assay

‘Preparé double strength (2 x) as follows:

'Ingredient BAmount per liter
Tryptone - . . 20 g
Dextrose s 2 g
NaCl , 10 g
agar . 14 g

"1 ml of 1 M CaCl? solution

' Yeat to dissolve and dlspense 2.5 ml volumes per tube.

Store frozen.
Autoclave 15 min., 121 C and cool to 46~50 C before adding equal

volume (2 5 ml) sample.

'Bottom Agar for £2 Bacteriophage Plaque Assay and Stock Cultures of

Host Strain (F amp).

ingredient | Amount per liter
- Tryptome 10 g
~ Dextrose _ g
KNaCl . _ | 5 g
agar 12 g

add magnetlc stirring bar to flask. Autoclave 15 min., 121 C.
Cool to 45~50 C. .

ampicillin © 0.015 g
streptomycin sulfate : 0.015 g

- Magnetically mix gently, then pour plates.
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APPENDIX 2

PHAGE ANALYSIS SUMMARY

Phage/100 ml.

Malibu Texaco 5/13/91 <5 piu

Malibu Texaco 5/15/91 <Sply 4
Malibu Texaco 5/22/91 <5 pfu | -
Malibu Texaco 6/3/91 35 pfu

Malibu Texaco 7/3/91 15 pfu

Malibu Texaco 7/22/N <5 pfu

Malibu Texaco 7/80/81 <13 pfu

Malibu Texaco 8/14/61 8x10° pfu

Malibu Texaco . B/20/91 6x10° pfu

Malibu Texaco ' 8/26/51 1.3x10° ptu

Malibu Texaco g/3/91 15 plu

Maliby Texaco ' 9/16/91 6.0x102 pfu

Malibu Texaco 9/18/91 3.0x10° pfu

Malibu Texaco 9/23/91 TNTC (>150/mL)

Malibu Texaco 9/30/91 70 ph *
Malibu Texaco 10/01/91 15 piu -

Malibu Texaco 10/08/91 SOt
Malibu Texaco 10/09/91 - Caoxittphe .
Malibu Texaco 10/15/91 3.2x10° piu

Mallbu Texaco 10/18/91 <5 pfu-‘

Mallbu Texaco 10/21 /91 1.1x10% pfu

Maliby Texaco 10/22/91 5.8x107 pfu

Mallbu Texaco o 10/23/91 20 pfu

Malibu Texaco - 100 yards East 5/13/91 <5 plu |
Malibu Texaco - 100 yards East 5/15/91 ‘ <5 phu J
Malibu Texaco - 100 yards East 5/22/91 5 pfu I
Mallbu C Channel ' 5/13/91 <5 pfu

Malibu C Channel §/15/91 <5 pfu

Malibu C Channel B/az/m <5 pfu ]
Malibu C Channel 6/3/81 § plu i
Malibu G Channel 6/5/91 <5 phu _l
Malibu C Channel 7/3/91 <§pfi __i
Malibu € Channel 7/22 /91 5 piu -
Malibu € Channel _ 7/30/81 __<18ply |




Malibu G Channel 8/14/91 <5 pfu
" alibu C Channel 8/20/91 1,3x10° pfu
" Matiby G Channel 8/26/9 ox10° pfu
" fa..u C Channel 9/3/91 2x10% pfu
‘Malibu C Channel 9/16/91 25 phuy
. Kallby G Channel 8/18/91 25 pfu
 Mallbu C Channel 0/23/91 1x10% ph
I‘ Aalibu C Channel 8/30/91 55 piu
{ Mallbu C Channel 10/01/91 25 pfu
r' Aalibu C Charnel 10/08/91 30 pfu
| Malibu C Channel 10/08/91 4x10% pfu
" dallby C Channel " 10/15/81 50 phu
{ Malibu € Channel - 10/16/61 <5 piu
" Malibu C Channel 10/21/01 1.2x10° piu
| “Malibu C Channel 10/22/91 45 phu
" Matiou C Channel | 10/23/9i 25 pfu
| allbu G Channel Pipe 5/13/61 <5 pfiu
_4ghby C Channel Pipe 5/15/91 <5 pfu
§ Ma..su C Channel Pipe 5/22/81 5pfu
¥ Malibu Breach 5/15/91 <5 pfy
p Malibu Breach - 5fe2fa1 <5 pfu
* Malibu Breach  §/03/01 <5 pfu
§ ‘Malibu Breach 8/17/91 not recorded
H_Maubu Breach . B/18/91 6 pfu
n Mallbu Breach 7/3/91 <5 pfu
H.Maﬁbu Breach 7/22/91 135 pfu
p Malibu Breach C7mopet <13 piu
r Malibu Breach 8/06/91 <5 piu
+ Mallbu Breach 8/1 4791 <5 plu
A Malibu Breach 8/20/91 1.7x10" pfu
p Mallbu Breach 8/26/91 4x10% ptu
K Matibu Breach 8/03/61 20 phu
.+ dalibu Breach 6/16/91 40 pfu
I ‘M 1Breach " 9/18/91 25 ph
- Malibu Breach 6/23/91 2x10° pfu
! Maiibu Breach 9/30/91 _ 60 pfu

i
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Malibu Breach 10/01/91 15 phu
Mallbu Breach 10/08/91 40 pfu
" wiallbu Breach 10/09/91 1x10° pfu
Malibu Breach 10/15/91 8xi0'plu
Malibu Breach 10/16/91 <spu |
Mallbu Breach 10/21/91 " 6.4x10° pfu R _
Matibu Breach 10/22/91 sexitip |
 Mallou Breach 10/23/01 80 phu 1
Malibu Station B 5/13/01 <5 pfu '
Malibu Upstrearn 6/03/901 Spu
Malibu Upstream .6/10/9‘! <5 pfu o :
Malibu Upstream 6/12/01 <5ph 4
Maliou Upstream 7/03/01 P
Malibu Upstream T/17/81 <8 pfu
Malibu Upstream 7/22/91 <5 pfu
Malibu Upstream 7/30/91 . <13 pfu
Malibu Upstream 8/05/91 <5 pfu
atlbu Upstream 8/14/91 <5 pfu
Matibu Upstream 8/20/91 <5 phu
Malibu Upstream 9/03/91 10 piu “
Malibu Upstream 9/16/91 15 pfu
Malibu Upstream 8/18/91 55 pfu
Mallby Upstream 9/23/91 6x10% pfy
Malibu Upstream 9/30/93 1X10° plu
Malibu Upstream 16/01/91 €5 pfu |
Malibu Upstream . 10708/ 80 plu
Mallbu Ustream 10/08/91 £A0° plu
Mallbu Upstream 10/15/91 20 phu
Malibu Upstream 10/16/9% <5 pfy
Malibu Upstream 10/21/81 1x10° phu
Malibu Upstream 10/22/91 10 pfu
Malibu Upstream _10/23/01 10 plu
erondo 5/15/91 1000 pfu
Herondo 7/1/8 22010°pfy -
} Herondo 7/10/81 _Notrecorded * /|
Herondo 7/31/91 210° phu
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Mallbu Breach 10/01/81 15 pfu L
Malibu Breach 10/08/81 40 ptu .
 wialibu Breach 10/09/91 1x10° pfu H
N U Breach - - 10/45/91 8x10’ pfu
Malibu Breach 10/16/91 <& pfu H
Malibu Breach 10/21/91 " B.4x10% plu .
Mallbu Breach 10/22/01 2.9x10° pfu H
Malibu Breach 10/23/91 80 pfu .
Malibu Station B 5/13/91 <5 piu D
Malibi Upstream 6/03/91 5 pfu
Malibu Upstream 6/10/01 <5 pfu TT}
Malibu Upstream 6/12/91 <5 phu
Malibu Upstream 7/03/91 <5 pfu : ﬁ
Malibu Upstream 7/17/91 <5 plu
‘Malibu Upstream 7/22/91 <5 plu Q
Malibu Upstream 7/30/91 . <13 ph ]
Mallbu Upstréam 8/05/91 <5 plu ' ﬂ
alibu Upstream 8/14/91 <5 plu -
b U Upstream 8/20/91 <5 pfu i‘ j
Malibu Upstream 5/03/91 10 pfu .
Malibu Upstream 9/16/91 15 pfu '{’
Malibu Upstream 9/18/91 55 pfu
Mallbu Upstream o/23/0% 6x10% pfu \L\
Maliby Upstream © 9/30/01 1x10% pfu - . 3
Mallbu Upstream_ 10/01/81 65 pfu. - ’ﬂ
Malibu Upstream 10/08/91 50 pfu
Malibu Ustream " 10/09/01 4x10° pfu -’U
Malibu Upstream . 10/15/9% 20 piy ' _'
Mallbu Upstream 10/16/91 <5 pfu |1
Mallbu Upstream 10/21/01 1x10° pfu w
Mallbu Upstream 10/22/91 10 pfu |
Malibu Upstream 10/23/91 10 pfu - "
terondo - 5/15/91 1000 plu i
| H o 7/1/91 2.2x10* pfu ”
¥ Herondo. 7/10/9‘1 Not recorded '\J
Herondo 7/31/91 2x10® ptu B
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APPENDIX2  PHAGE ANALYSIS SUMMARY B
i samoie ~
Malibu Texaco 5/13/91 <5 pfu 3 I
Malibu Texaco 5/15/91 <5 piu '/ﬂ%’“‘f
Malibu Texaco 5/22/91 <5 pfu LW
Malibu Texaco 6/3/91 35 phu | ‘ \
Malibu Texaco 7/3/81 15 pfu ' m
Malibu Texaco 7/22/91 <5phu I
Malibu Texaco 7/30/91 <13 pfu lfw !
Malibu Texaco 8/14/91 8x10° plu -
Malibu Texaco . 8/20/91 6x10° pfu F_ i
Malibu Texaco 8/26/91 1.3x10° pfu »
Malibu Texaco 9/3/N 15 pfu
Mallbu Texaco ' 9/16/91 6.0x10° phu
Malibu Texaco 9/18/91 3.0x10% pfu mj‘
Malibu Texaco 9/23/91 . WC (> 150/.1'_nL) _ -
Malibu Texaco - 9/30/91 70 pfu ] ]
Malibu Texaco 10/01/91 16 piu - . -
Malibu Texace 10/08/91 50 pfu i I
Malibu Texaco  10/08/91 3.0x10° pfu E
Maliby Texaco 1b/1 5/91 2.2x10° pfy J{i
Malibu Texaco 10/16/81 <5 pfu )
Malibi: Texaco 10/21/01 1.1x10° pfu ’E
Mallbu Texaco 10/22 /91 5.8x10° pfu
Malibu Texaco 10/23/91 20 pfu 1
Mallbu Texaco - 100 yards East 5/13/91 <5 pfu '
Malibu Texaco - 100 yards East 5/15/91 <5 piy —J‘
Malibu Texaco - 100 yards East 5/22/91 5 pfu
Malibu C Channel ' 5/13/901 <5 pfu . 1'
Malibu C Channel 5/15/01 <5 ph !
Malibu € Channel 5/22/91 <5 pfu i
Malibu C Channel- 6/3/91 5 pfu | J
Malibu G Channel 6/5/91 <5 pfu .
Maliby C Channel 7/3/91 <§ pfu k___i"'i
Malibu C Channel _7/22/91 5 pfu e }
Malibu € Channel _ 7/30/81 <13 pfu J”

!
i
.



" Note: .

)

i

Maintain the host strain on tryptone bottom agar slants
containing 15 microgram per ml each ampicillin and strgptomycin
sulfate. Grow overnight at 35 C, then store in a refrigerator

'{2-6) for up to several weeks. Use this working stock culture

to inoculate tryptone broths when assays are to be performed.

Stock cultures of the host.strain must be maintained on
antibiotic-containing media to insure the cells contain the
F+ plasmid, '
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those in 1991. All data included. The symbols at each site indicate
the results of the t test as follows:

wh* P < L0001
( ** p < 001
: * P < .005
- P < .05
blank P > .05
- no test

7o control the experimentwise t&pe-i error t6 P <= .05, use P < .005

¢*) es the critical level,
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TABLE 5.

Estimated densities
forming units)
{estimated infectious units)

(plagque

of positive plague
and cytopathic
assays . for human

assay
effect

enteric viruses in the Pico-Kenter drain, Herondo
drain, and Malibu Lagoon.

BAMPLE BITES:

DATE

PLAQUE ASSAY
. RESULTS

——m e S

CYTOPATHIC
EFFECT RESULTS

PICO-KENTER

- 8/13/91
19/25/91
10/2/91

i pfu/57 gal
1 pfu/2.8 gal

none detected

'no'CPE done
noc CPE done |

21 Tu/23.2 gal

HERONDO

9/4/91

7/31/91

none detected

‘ncne detected

>1 Iu/79.5 gal
>1 Tu/26.2 gal

BREACH

6/17/91

' none detected

21 Iu/B0 gal

C-CHANNEL . -

6/5/91

10/9/91

1 pfu/141 gal

| none detécted

no CPE done

21 Iu/10.6 gal

UPSTREAM

9~3-91

9-30-91

| ‘none detected

none detected.

21 Tu/28.7 gal

>1 Tu/63 gal
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Table 3. 8eed Virus Recover Experiments.
Runoff was seeded with attenuated pollovirus.

Al:

Pico-Kenter

Pico-Kenter 3.5 x 10° 2.4 x 10° 6.9
pico-Kenter 3.8 x 10 2.7 x 10° 7.1
Pico~Kenter 2.5 x 10° 7.6 x 10° 30.4
Herondo 6.3 x 10° 1.4 x 20 2.2
ﬁerondg 7.4 % 10° None 0
Herondo 2.7 % 10° 1.3 x 10°% 48
Malibu Lagoon 2.9 x 105 8.4 x 10° 2.9
Malibu Lagéon 2,6 x 108 2.0 x 10° 7.7
Malibu Lagoon 2.9 x 106 4.9 x 10° 16.9
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T s T Ged. Types are E ® Enterococeus, F = Fecal Col {forms,
T = Total coliforms., Oepths are A = ankle depth, € = Chest depth.

D1ST {3 distance up or down coast fr
direction with K = north or upcosst,

om storm drain,
and § = south or downcoast.

snd DIR iz the

e
“ H

o

{ LOWER UPPER !
. GEOMETRIC BOUND BOUND I
YPE YEAR DEPTH DIR pIsT ~ MEAN oF C1 nF .1
E 1990 A s w00 . 37.69 21.16 £7.33 ("
E 1990 A s 50 134.60 82.14 3401 b
£ 1990 A s 25 162.33 91.11 439.19 -
E 1990 A o 109.57 - 65.20 230.22 _
3 1990 . A N .25 39.76 24.27 84.80 -
£ 1990 A N 50 23,85 16.22 43.55 1
E 190 - A 100 21.11 15.87 25,81 b
E 1990 c s 25 12.97 7.35 25.39 A
E 1990 t 0 9.66 6.80 16,55 -
E 1990 ¢ H 25 12.72 . 8.69 21.94 b
E 1991 A s 100 3.78 2.59 6,70 - P
£ 1991 A S 50 3,08 1.62 © 7.T5
g 1991 A s 25 4.51 3.38 £.05
E 1991 A Q 5.41 3.56 12.25 I
3 1991 A X 23 - 5.83 3.50 14.36 i1
t 1991 A K " 50 5.81 3.95 12.72 )
3 1991 A ¥ 100 5.96 4.64 11.64
£ 1991 c. S 50 2.25 1.31 4.06 .
: 1991 c $ 25 2,88 "2.05 4.54 i
: 1991 c 0 2,76 1.78 6.02 ;
: 91, € A 25 3.50 2.54 6.07 e
: 1991 ¢ K50 3.91 2.46 7.52
F 1590 A s 100 49.89 26,48 120.04 e
f 1990 A s 50 147.37 86.01  381.45 Li‘
f 1990 A $ 25 218,98 129,24 401,52
P 1990 A 0 169.35 100. 44 384,89
¢ 1590 A X 25 65.49 46.18 122.34
: 1990 A X 50 54,35 38.46 102.26 ]
P w0 A N - 100 4545  30.85 56.70 |
' 1950 c s 5 25,18 15,42 54.15
| 1996 C 0 15,50 9.30 29.71
. 1990 c ¥ 5 28.55 17.87 §1.21 o
; Wl A s 100 8.13 4.40 25.88 g ;
' 1 A s 50 9.90 .93 29.44 g
¢ 1991 A 5 25 10,56 6.24 27.59 :
: 1991 A 9 15,77 10.77 44 49 .
: 1991 A N FL O P -1 2.4, 52.05 i
: 1991 A 'E 50 9.82 5.10 27.28 [ i
' 1991 . N 100 10.58 2.8 - 31.02 At
: 1991 ¢ $ 50 6.19 2.97 25.77
: . w91, C s 25 6.18 3.33 17.50 AN
] 1991 £ 0 7.03 3.30 26.08 -
¢ w1 ¢ W 25 11.39 §.20 32.09° |
: w91 . T X 50 11.41 4.49 38.73
! 1990 A s 100 600.80 . 263.14  1932.16 ;
r 1990 A s 50 2379.89 12337.12 _BOGZ.2T i
[ 1990 A s 25 4592.05  652.40 14028.80 1
f 1990 A 0 4069.56  2183.80  11285.59 =
r 1950 A X 25 . 855.66 501,78  2117.67
' 1990 A X 50 439,53 275.65  1107.97 O
S A N . 100 476.35  303.69  1086.63 P
! 1990 c s 25 280,37 145.02 958.43 J
! 1990 t 0 190.15 18.77 440,76
! 1990 z N 25 238.47 128.52 601.76 _
r 1991 A $ 100 152.20 94.32 553,72 P
; 1991 A s 50 152.27 93.45  598.16 b
roooie A s 25 189,36 123.85 710.35
r 1991 A 8 193,32 112,67 792.04
! 1991 A X 25 260,16 167,92 BT L
' 1991 A ¥ 50 172,77 818 555.98 [
T 1 A % 100 209.82° 128.15 241.93

1991 c s 50 173,79 88.45 1247.98
: 1991 c s 25 170.73 109.39  1095.52 ,
: 1991 c 0 209.70 130.73 886.37
i 1991 ¢ ] 25 197.56-  105.85 878.16 ;
; 1991 t " 50 201.65 101.72 965,23 -
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Virology. EPA-600/4-84-013.
USEPA. See United States Environmental Protection Agency.

Warshall, P. and R. Coats. 1992, Malibu Wastev;vater Lﬁmgement Study. Prepared by
Peter Warshall and Assoc. and Phil Williams and Assoc. for the city of Malibu.
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one virus would result in infection (Bitton, 1980).

-. - 6. Other than gene probes, -current techniques “cannot detect some of the viruses
(rotavirus and Norwalk wmses) which could cause mmmnnng associated illnesses such -
as gastroenteritis. -

V1. CONCLUSION

. Historical monitoring data were used to identify surf zone sites where indicator bacteria
densities frequently exceeded levels of concern. Human enteric virus samples were taken at

~ the sites with high bacterial densities in order to assess whether there was human waste present.

" Because swimming associated illnesses are generally believed to be cansed by human viruses,
the presence of human waste at the sites would indicate a greater risk of swimming associated
illnesses than at sites without human fecal inputs (Cabelli et a1 1979, 1982). The original intent
of the studies was to identify sites with high indicator bacteria densities caused by flowing storm

. drains with no sewage inputs. These sites were needed for an epidemiology study designed to

- determine the health risks from swimming in storm drain contaminated water,

Three years later, human enteric viruses were. found at various locations in Malibu

Iagoon, Herondo Drain, and three consecutive years at the Pico-Kenter storm drain. Human'

viruses were not found in limited sampling at Ballona Creek, the Santa Monica Canyon drain,
and the Ashland drain, but that does not preclude them from occurring in those locations. In
terms of the original study design, the enteric virus assessment has done what it was intended
to do; to determine the presence or absence of human waste at the study sites. The study results
can not be used to provide accurate mformauon on potential sources of human viruses to the
storm drains.

Human fecal contamination of storm drains is far more prevalent than originally assumed. *.
~ Even though the sewer system in Los Angeles County is completely separate from the storin

drain system, the storm drains are not fre¢ of human fecal inputs.

The results of the last three years of virus momtonng in storm drains support the
following recommendanons _

1) An investigation of the health risks associated with various levels of indicators of

water quality or with swimming at various distances from. ﬂowmg drmns should move

forward.
. 2) A human specific indicator that correlates with the densmes and presenoe or absence
- of human pathogens is needed.

3) Tools nwd to be developed for the easy detection and quannﬁcanon of specific human
pathogens. Models could then be used to demonstrate heaith risks associated with the
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Total:Fecal usually < 10 (City of Los Angeles, Environmental Monitoring Division, unpublished
data),

Indacator bacteria are useful for sanitary surveys when there is gross or undlluted sewage.
contamination (e.g. large sewage spill or leak) in the storm drains. In other situations, such as
the conditions seen at the two drains and Malibu Lagoon, ‘indicator densities provide little
information on the source of virus contamination. Even at Malibu Lagoon, where the
Total:Fecal coliform ratio was less than four at the virus sampling locations, indicator densities
provided little information on the source(s) of bacterial and viral contamination. However, the

_ intent of this study was only to determine if there was virus contamination, not to determine -
“sourcés of viral contamination. - Studies designed’ specxﬁcally to trace the source(s) of human .

* fecal contamination to the drains are needed,

The only type of viruses detected were the Coxsac]de B viruses which are often found
in sewage contaminated waters. None of the positive isolates were poliovirus, so there was no
cross ‘contamination of the samples from the seed studies. In addition, any potential cross
contamination was eliminated because all field samples were collected prior to performing the
seed studies. Also, the virus concentrator used for collecting samples had never been used
- previously for seed studies,

‘Sources of the contamination to the storm drains are unknown. For the two drains,
~sources could include illegal connections to the sewage system, illegal discharges (e.g. from

mobile homes or recreational vehicles), or leaks from the sewer system. The Malibu Lagoon .

also could be contaminated by these sources in addition to discharges to the watershed from
septic tanks and diffuse sources such as campers and picnickers.

When the Lagoon was sampled, the 'I‘apm Water Reclamation Plant was discharging ...

tertiary treated water into Malibu Creek, about six miles upsiream from the lagoon. According

to the LVMWD, flows from Tapia during sampling periods in the lagoon were 1.04 MGD and -

_ ranged from 0 to 4.6 MGD (LVMWD, 1991). As stated earlier, levels of bacteria in the

“effluent were very low. A study of enteric virus in water produced by the Tapia plant was
conducted in 1987 using similar virus sampling and analytical techniques. Only a single virus
. on one sampling day (90 gallon sample when the chlorination unit was not functioning) was

detected out of 25 days of sarnphng (Fames M. Montgomery Engineers, Inc., 1990). However,

Tapia does not have an enteric virus momtonng program, so the efficacy of the tertiary filters

" in virus removal has not been determined in over four years, Although Tapia can not be ruled -
outasa possxble source of virus, it seems unlikely that this facﬂlty would represent a source of
detectable virus in the Malibu Lagoon system unless the tertiary filters were not functioning -

properly.

The amount of viruses per volume of water presented in Table 5 must be conmdered as rough
estimates given the following reasons:

1. At low densities, viruses are ot normally distributed throughout the sample. It is not
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within the Lagoon appeared to have little impact on bacterial densities in the Lagoon (Table 1
and bacterial density data). In general, bacterial densities were high all the time throughout the
- .lagoon, Tegardless of the water level within the Lagoon. These results do not rule out septic
systems within the watershed as a potential source of bacterial contamination, but they imply that
- bacterial densities are independent of the water level within the Lagoon in dry weather, when

‘the water table is lower. These results support conclusions reached by Warshall et al.,(1992) on

Malibu I..a,goon water quality,

Possﬂ:ule other sources of indicator bacteria to the lagoon are warm blooded wild and
domestic animals, vegetation and soil for total coliforms, numerous storm drains including three
that discharge into the Lagoon -and lower reaches ‘of the watershed, -and many other diffuse
sources including campers, temporary residents, and picnickers within the watershed. Little
information exists regarding potential sources of indicator bacterial contamination in this
~ watershed. - However, monthly monitoring reports on water quality in Malibu Creek are
~ submitted to the Regional Water Quality Control Board (RWQCB) by the Las Virgenes

Metropolitan Water District (LVMWD)., _

A review of one potential source of bacterial indicators, the LVMWD’s Tapia Water

Reclamation Facility, indicates that the plant could be discounted as a direct source because

levels of bacteria in the effluent during the study were very low; in.over 90% of the samples,

total coliforms were not detected (< 1 Most Probable Number (MPN)/100m! (LVMWD, 1991).

. The highest reported value during the study period was 4 MPN/100 ml. However, the issue of
bacterial regrowth in the watershed has never been investigated. In contrast to the Tapia plant’s

- effluent, bacterial densities from Malibu Creek and its tributaries were well above levels of

concern at the ten monitoring stations throughout the watershed in the Santa Monica Mountains.

Total Coliform densities were high everywhere, while fecal coliform and enterococci densities

- were generally higher at lagoon stations than at upstream stations LVMWD, 1991), Ttappears.
that many of the sources hste_:d above, especially non-pomt sources, are contnbutmg bacterial

indicators to the lagoon.

B. Viruses
1. F«Male Specific Coliphage

I-Ilgher densities of male specific cohphage are expected in sewage contaminated waters
than in waters without human fecal inputs (Cabelli, pers. comm., 1989). The trend predicted
by Cabelli was not supported by these results. ‘Enteric viruses were found at all five sampling

locations despite the fact that mean coliphage densities awere approximately an order of.

magmtude higher at the Pico-Kenter and Herondo drains than the Malibu Lagoon sites. Enteric
virus was found at all three Malibu Lagoon sites, yet coliphage densities were always low in the
lagoon. The coliphage densities on the days that virus was found were comparable to the mean
densities. Also, virus was never found on days where coliphage densities were highest for the

site,
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- the conductivity of runoff varied over a wide range from nearly fresh water to salt water.

- The height of Malibu Lagoon above sea level and the tide height at the time of sampling

at the Lagoon are also listed in Appendix 4. Lagoon height ranged from two feet (the lowest
possible measurement with the measuring stick near the C-Channel station) to 5.4 feet above sea

level. Of the 26 days where samples were collected and analyzed for enteric virus, 11 occurred -

when the lagoon was at its Jowest at two feet and nine occurred when the lagoon elevation was
over 3.5 feet. Tidal heights mged from plus 1.2 to six feet during virus sampling at the

- lagoon.

In general the conductivity of the samples was high when the Iagoon mouth was open
and/or when there was a very high tide. The sample conductivity was seldom below ten mmhos
at the Breach, C-Channel and Upstream stations when the tide was higher than the lagoon
height. The Texaco station was less susceptible to the impacts of the tide because samples
coliected there were predominantly treated discharge and runoff and the samplmg site was not
directly in the lagoon.

IV. DISCUSSION
A. Bacterial Dispersion
1. After Storm Drain Pipe ﬁnemion '

~0ﬁly 11 of the 17 sampling dates were ideal for assessing the effectiveness of the drain
extension for reducing indicator bacteria densities in the surf zone. The last six days of the
sampling period produced different results because a nearby sewer replacement project

contributed a large volume of water to the Pico-Kenter drain. The flow from dewatering was
discharged into the Pico-Kenter drain where it then flowed across the beach and into the surf

zone.

Bacterial levels of concern were always exceeded in the drain itself, but rarely if ever
exceeded at ankle or chest depth in the surf zone on days when the pipe extension was operating

as desxgned Because of the logistical problems of sampling directly from the Pico-Kenter drain

after the pipe extension, samples of drain effluent were only collected on days during enteric
virus sampling. These dates were not usually the same days as the bacterial dispersion study.

Based on the results of the bacterial dispersion study, the runoff plume either did not travel back
. to shore or the plume was diluted sufficiently to cause indicator densities to be low.

2 Companson with Storm Drain Before Pipe Extension
The results of the 1991 dispersion study were drastically different from the results of the

1990 dispersion study. In 1990, bacterial levels of concern were frequently exceeded at ankle.

depth stations at distances of up to 100 yards from the drain (See figure 5). Chest depth samples
also exceeded levels of concern 10%, 30% and 40% fo; fecal coliforms, total coliforms, and
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- Anglysis of variance (ANOVA) was used to test for significant differences among means
from stations at ankle and chest depths. Each station mean was calculated from all data gathered
over the study period. The geometric means from the 1990 bacterial distribution study were
compared to the 1991 data using separate t-tests.

ANOVA with posteriori multiple comparisons were run to test for site differences in

geometric means. Tukey's studentized range test (HSD method; SAS, 1990, Steel and Torrie,
1960) was used for the ge:ometr.tc mean compausons. :

| IV. RESULTS
A, Bacterial Indicators
1. Bacterial Distribution
Denéiﬁes of indicator bacteria were low at all ankle and chest depth stations in the surf

_zone (Table 1) and extremely high in the Pico-Kenter effluent (Table 2). During each sampling
period, indicator densities in drain effluent exceeded levels of concern for all three bacterial

groups (Figure 4). In the surf zone, however, levels of concern were seldom exceeded at all”
ankle and chest depth stations for these indicators. The geometric means of the bacterial

densities at all surf zone sites’ were not significantly different from each other. Ankle depth
geometric means were not significantly different from chest depth means,

2, Bacterial Densities in Runoff

' The geometric means and 95% Confidence Intervals of bacterial densities measured in

runoff samples collected from the Malibu Lagoon, and the Pico-Kenter and Herondo storm

drains are given in Table 2. Bacterial densities in the Pico-Kenter drain were approximately

three to five times higher than the Herondo drain and one to two orders of magnitude higher
- than the densities at the four Malibu Lagoon sites, This trend held for all three bacterial
indicators. In Malibu Lagoon, the densities were generally lowest to highest from C-channel
- to the breach to Upstream to Texaco.

* The geometric mean densities at the Malibu Lagoon C-Channe] and Breach stations were

significantly different (P< 0.5) from the other four stations for total coliforms and enterococcus
(Table 2). The geometric means for the Breach and C-Channel stations were not significantly
different. (P>0.5) for all three indicators. The geometric means for the Pico-Kenter and
Herondo drains were not significantly different from each other, but they were significantly

higher than all other sampling sites for total coliforms and than the C-Channel and Breach sites f

for enterococcus.

B. Viruses

10



Two 35 gal containers were filled with storm drain efﬂuent The efﬂuent was adjusted to

- pH 3.5, AIC); was added to a final concentration of 0.005 M, and a known amount of attenuated ‘

poliovirus (vaccine strain) was added to each container. Triplicate grab samples were taken at
the beginning and end of the fitration period. . Each grab consisted of 1 ml of sample diluted
with 9 ml of sterile Hank’s Balanced Salt Solution (HBSS) to minimize any toxic effect o the
virus by the drain éffluent. The HBSS contained 2% fetal bovine serum which helps prevent
virus inactivation when samples are frozen and thawed. Effluent i in mch container then was run
through a concentrator {described below),

Grab samples bcfore and after concentration were analyzed for densities of the poliovirus.
Concentrations of virus in the first set of grab samples yielded baseline amounts. Any toxic
effects of the effluent then could be assessed by comparing differences in viral concentrations
between the first and second set of grab samples. The percent of recovery was measured by
comparing virus levels in the final concentrate with baseline levels.. The results of the seed
study were used to give recovery estimates, not to adjust the densities of enteric viruses
recovered from field samples,

3. Sampling and Analysis
a. F-Male Specific Coliphage

Grab samples were obtained on 14 days at the Pico-Kenter drain, five days at the
Herondo drain, 25 days at the Malibu Lagoon breach site, 24 days at the C-channel site, 23

" 'days at the Texaco site, and 26 days at the upstream site (from sphts of the bacterial samples).

Nearly all of the samples were collected on the same dates that virus sampling occurred. The

“samples were analyzed for F male-specific coliphage by the Orange County Sanitation Districts’
(OCSD) virology laboratory, The F-male specific cohphage assay methods and E. th host
. bacteria were obtained from Dr. V. Cabelli as descnbed in Appendlx I ' _

: b. Entenc Viruses

Enteric viruses were sampled at the storm drain sites using a modified version of
Standard Method 913-A (APHA, 1985) and “The USEPA Manual of Methods for Virology,"

1984 (EPA-600/4-84-013. Adsorption conditions were pH 3.5 with an AIC], molarity of 0.005..

The eluent was 3% beef extract adjusted to pH 7.2. Approximately 50 to 140 galions of effluent
were filtered per sample. A detailed description of the enteric virus sampling protocol is in
*The USEPA Manual of Methods for Virology" (1984),

Travel set up and the long field processing time (approximately 1.5 hours) required that
- sampling began in the morning and continued until noon. Only one sample was taken per day
at each of the drains.

One-liter eluates from the field sample' were delivered to the laboratory and
reconcentrated in the afternoon using an organic flocculation procedure (Katzenelson et al.,
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artificially by the California Department of Parks and Recreation (Breach);

2) At the bridge over the C-channel which is the western most channel of the lagoon,
next to the Malibu Colony (C-channel);

3) In the soft bottomed rivulet (approximately 150,000 gallons per day) formed by the -

discharge of treated contaminated groundwater from the Texaco gas station treatment

facility and runoff from the adjacent Cross Creek Road shopping center parking lot. The
sampling point was three to five yards north of Malibu Creek ]BSt east of the Pacific

Coast Highway bridge (Texaco); and

4) At a pointon the north bank of the creek, 100 yards upstream of the Texaco discharge
(Upstream).

| Ol SAMPLING
A. Indicator Bacteria

1. Sampling Design and Frequency

- The study was carried out over a six month period from mid- May to mid-November, . -

1991. Ideally, sampling would have occurred during weekends when the most people were
using the beach.  However, because of the logistical requirements of the microbiology

laboratories, samplmg was conducted during morning hours on weekdays All bacterial samples - -

were tested w1thm six hours of sampling.

Sampling in the surf zone around the Pico-Kenter drain occurred on seventeen days over

a five week period. Samples for bacterial analyses were collected at the same ten sites as the

1990 surf zone study (Figure 3):

1. Seven stations were posmoned at ankle depth at 0, 25, 50, and 100 yard mtcrvals,
the "0" position was located directly west of the drain,

2. Three stations were positioned at chest depth at 0, and 25 yard intervals.

All samples were taken from the mconung breaking surf, The ankle depth samples were
taken as the surf foam reached the sample bottle af the height of the sampler’s ankle. The chest

' -samples were taken where the breaking waves reached the chest height (approximately 3 to 4 -

" ft) of a medium sized adult. Chest depth sampling usually occurred between 30 and 50 yards
further away from the drain than ankle depth sampling.

Samples of drain effluent were only collected for bacterial analyses on each of the thirteen

enteric virus sampling days. Because of logistical problems after the pipe was extended 600
feet, there was no sampling directly from the Pico-Kenter drain on days where surf zone
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the release of the 1990 study, the City of Santa Monica has kept the beach closed, 100 ya.rds
north and south of the Pico-Kenter drain, and implemented measures to reduce or eliminate
ponding of runoff on the beach, ‘

A number of questions stil! need to be addressed prior to deciding whether or not to
~ - conduct a large scale epidemiology study. This study should be conducted on recreational
bathers in waters with large variability in indicator bacteria densities adjacent to flowing storm
drains. ‘These conditions would provide information on the health risks from swimming in
'waters contaminated only by urban runoff,

‘In this report, results are presented from two studles performed during‘the thxrd year of the
project, They were designed to:

1. Further evaluate dispersion of indicator bacteria around the Pico-Kenter storm drain -

after the completion of the 600 foot pipe extension; and

2. Testing for the presence of human enteric vu'us in the Pico-Kenter and Herondo storm
drams, and Malibu Lagoon. :

- Further work was done in the first study to refine our knowledge on the distribution of

-mdlcator bacteria around the Pico-Kenter drain, Gaxmng an understanding of indicator bacteria
. distribution in the surf zone is an essential component in deciding which portion of the beach
and the swimming public is exposed to excessive indicator densities resulting from storm drain

effluent, In this case, the Pico-Kenter drain was chosen because of the historically high levels -

of indicator bacteria measured in the surf adjacent to the drain. The drain was also chosen

because it offered a unique opportumty to test the efficacy of storm drain extensions in reducing

md1cator bactena densities in the surf zone.,

In the second study, we continued to survey various storm drain effluents for the presence
of human enteric viruses, The two storm drains and lagoon studied, like the sampling locations

- .from previous studies, were chosen because they historically have been associated with high
+ densities of indicator bacteria in the surf zone when the drains flow directly to the ocean, This
- year's virus study was the first time that such a large section of Santa Monica Bay was covered.

The information from this study will be used to help determine the potential sites and need for '

an epidemiology study .

10 STUDY SITES
A. Pico-Kenter Storm Drain
The Pico-Kenter drain is located where Pico Boulevard meets the beach (See figure 1).

" 'The storm drain system drains a large area that includes much of Santa Monica and part of West
L.A. and Brentwood. There are two drains that discharge to the beach: one is owned by Los
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