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L lNlRODUCTION 

to total coliforros 1I'CI'r: grc:;tte:f tbm 1(0) eolOlly fOIUling 
tmiu per lOO_ml of wa%C' (cfullOO ml); or 

, 
b. ft:ca.I collfOnns wm:; PQter tfwl 200 cfW100 ml; en:: 

,_ CIlfI:roeoo:i were ~ thatt 24 cfuIlOO mJ.. 

;l;'~;nu:mc:ricallimils for ~ den$i%ies were 2pplicd.as iDdMdual V2.loes for C2cb 
of ~ me:zns for s;unpJes eollo::tI:d over ;t 30 4:ty period :u SIatI:d in the 

The iDd:ic:mIr b:X:te:ia SI2.Dduds in tile Ocean Plan m. pttdominmtly used for 
monifm:iIIg fer pe:mit2d ~ wbe:cu the ~ pc:rlonno:d by the, 

""IS lIOt dcsipcd to determine compii;mce. 

In ~ to SIltf %ODe So1lIIp1irIz, w.tIl:t in stmm drains wu malyza:I for deasUies of I. 
~ ... "!"- F-male specific colipbage. ~ are =tIy ~ com:idercd as ail 

pa%bogmic ~ JUrViv.Il in marine. ~ SWIda:n1s lave not been set fur 
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the n:1easc (Jf tb:: 1990 $l:Udy, U1c City af Sa!:JQ. Moaicl bu kI::pt the bo=b closed, 100 yanlf, 
oonb and. :south of !be Pk&Keatcr drain, and implcmallcd meas=s to reduce CIt t.lilninut 
poadin£ of runoff OIl the beach. . 

A llIIl:l:Ibcr of ~ ltilJ I:ICOi to be ~ prior 1:0 . 
~ ~ laqt: ~ ep:idc:miofogy S!lId:y. This UtIdy :shoul4 be 

ba1bcrs in Waters wi!b large \'ariahility in indicttar b:zcteria dcasi:tic!: '" ~=~::'illJ:;; 
dains.. 'I'bc= ClXiditicm ..-ould pro9ide illfctm:lIion OIl tbc bea.Ub. .tisb m,; 
~ ~ 0011 by tttbazt nmoff.. 

In this :report, lCSIllts arc ~ from two sttadia pcrftcmcd dutio~rme third yc:iI' 
project. Thq were dcsigDcd tD: 

1. FurtberevaltJaic di:spenion ofi:Ddicator" bac:tc:ti;r. around tbe Pioo-Kt:u:er storm 
after the ~ of the 600 foot pipe t:neDSicD; .2nd 
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~eb CQUmy Department of Public Wo:ti:s, .am the other by C~FJ)~.. DIy wcubcr floW 
IS ~y ~ 600 f= off share tbroagh a Pi?=: ~ When the pipe:li clogged, 
nmo1f f1aw.s ac:rou the beach. The storm dr.iin flews year round witt! 2. t}'pic.l dry flow of 
2pFOXimatcly 0.2 cubic fed: pa- scx::ond (Grtcoe, pc:tS. amun.. 1991). 

Th:. .Pico-Xa:!tcr =rm dRill was campb1 apjn rot h.unwl enterlc virus to> dc:tI:rminc If 
'rimses 'WIerl: p:resr:!tt fur tile third ~ ye;t;t. Sample5 of nmoff samp!e:s from me dnin 
were ccllecn:d 1rilcre the Promenade I:roSSCS tile $tDnn dl2in c:iw:mcl, at a poi.Itt ~)' 
200 yards from the sud" ZOIle. 

In August. 1991, a pipe: d:tcnsioo ~ activa:ted to c:xm::y d.ty wcal!lernmafffrcm tb¢dz:l:ilt 
to .t paint: 600 ft o:ffiibote. This ~ Wi! desi,gnco:I to prew:nt pooling of efJluem 011 the 
beach. ~ dmct di..darge of dry \\o=thcr flgw beycod the: tmf %OOC.. The dUtributioG of totlI 
2.Dd: fecal~.I.IId ~ bacteria in !he sud'~~ furtbet ~ III be:aa' 
~ &be distriblltion of ~ baeteria.. B:I.c::tcial ~ mxmd the dto:in prior In btU4fula: u:a ~ (Gold et n. 1990) will be ~ with dis:tribtttioc. pattcll$ a.fttr ~oa of lhe 
;-pc:; this "befo:e and after-~ will be ~ in the Disc:u.ulon scaion . of mil 

"""'" 
ll. ~ Storm Dx'liD. 

Tbeead of the dninisloQned at ... popubr sutfing beach wb=~Blvd. inttn:ec:u 
tbeoccanoa tbeHcrtnosaBeac:h-Ro:Iondo Beach b<mier (See figI= J). ~ ~ ~ 
at the ~~ of·B~ Blvd. .tQd Ha:bo:r Drive from a.m:.aahalc 011 !be: bike pa1b OQ the 
..-est side of lhrbor Drive.. The.sllJtnl dr.lia ~ cb:oti.ns a luge ~ in Hc:tmosa Bcaeh, 
Ro:ia:Ioo Be:d m:f Tornnce which has ~tly ~tial m::I cctztmen::ial.land U3CS. 

Flaw ems from a ucan c::caacte sttuctuIe 1oc:a.to:IllC:U' the mean higb tide line :md the:!! d:ni!u 
a::xo:ss the: bca:h. The poCdle that:fonn.s OQ !be beacb is bacl:isb wi1h alr:i$ive Iidal iDput. 
The stonn dnin iIowx intcrmittI:ntly thmug:hotn the: ycu (Mi!cllcl!, petS. comm.. 1991). 

C. MaIiba "'""" 

. . 1?e Malibu Crc:;k wat=bcd. to:D;Wning over Ins square miles,. is the lartest ~ 
cbiniD, lZIto S;..at... ~ Bay. P:ms oftivedtiesa:recoobined within ~ ~ Malibu, 
~. 'l'bousuId Oab, AgouQ Bills and WestI.ikc Vil.ltge. Milibu en.:\: h a toft 
boaDmc:d me:am teraJ.iJwiDi in. Malibu I..zgooa. 'IW hgooo is me !nJy ~ tnxkisb 
lIIatr:::r 1q\XZi adj;tc:clt 11) Sana. MOllica Bay (See fig1m: I). 

AlI baama md vims SUDple:s w= c:olkacd in me 13 act Ma1ibu ~, adjacent to 
o:mc of tbe most populaT su:dlo, !:>eaches m Califumia, SutfI:ida' &:!.cb. There Yom: four 
difti:=It ~ site$ in tile bpxl (See fi&ure 2): 
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Wficiilly by the ~~t ofP2tb and R.eercation (Brcacb); 

2) M. lbc: bridge eve: the C-clw:mel which is the WI:S!etc most cba::md of the bgOO!l, 
nc:u tlt tbe !b.IWu CoWny (C-c.I!annel); 

3) III tbe 10ft botuKncd rivulet (~y 150,(00 pIlons per day) formed by the 
disc:bzr&e Df tn:a:II:d cootmIiIlaI:ed 1,nlUDdwater from tbe Tcaco p.s stUioG trea:a:ncnt 
!icility andnmofffmm !hcadjaa::lu Cmss ~Road sbo9Pin&centc:parl:ing lot. The 
~ point ..-as three 10 .Iivc ymh IlCIl1.b of Malibu. CJttk. just cast of the ~c 
Coast Bilbway bridge: (T~); .and 

m.~G 

The study Will gpio::I 0Qt over <1 m: tnoaI.b period fmIn mid- May to mid-NO\'E:IIlber, 
Ideally, ~g would ~vc cc=:tJ:d during wcdznds whta .the mDSI: pcop1e wen: 

=in, tbc bc:acl1. However, bc:cawe of the logistical n:quiremc:nu of !he snicrobiclogy 
, ~ sampling was condu:cu.d dlI:rin&: moming boon Del weckda.ys. AU baatrial samplc:s 
wee Iz:sUrl witbin six hours at sampling. 

Samplln, iD tbesorizoae mnmd the Pico-Ketuer.min cx:cvmd 011 ~ mys 0Vtt 
. a five ~ pednd. Samples fur- bar;tcial .:anal)'Sl::S M:rC <:olleaed at the same tt:n :sites ;u tile 

:, 1990 sud %OI1C smdy (Figure 3): 

1. Seven mtiDDs wereposmoced 1:I:;ank!c depth aI O. 25, SO, and 100 yam ~ 
tbc "0. potitioa wu..located din:ctly w= Df the 4liin. 

1. 'Ibn:e lWioa$ wete ~ at. cbe3t ~ at O. and 2S yard lnt.l::lv.Us.. 

AIl s:arnpIei 'WI!'te ~ :from the ~g breaking surf.. The ankle do:ptb samplt:3 'WI!'te 
tbesmffoam Itadicd UIe sample bonIe at tbe beightoftbc $lIIIpler's ankle. The chest 
weR; taken '\\':he:: me bn:iling WllYCIi l:aChed the c:he:st height (~Ximately 3 10 4 

•"",,: ,;,;",;,;"sized adult. Cbest depth sampling lUUaiIy ~ between 30 and 50 yaros 
!he cb2iD. tha:a ankle depth~. 

~ of dr::lin dDueDt'M!le «111 c::oHa::ted for bacteti:ll ~r.;el OIl ea::h oftbe thirteen 
virus S2ll!pIiD.£: days. Bo::Itue of logistiaI pt'CIb1exl!s after the pipe was extmded 600 

tbal: _ DO $Impli:lI!: directly from. the Pfco..KtIltz:r dnia CD dlr.~ 'I'r'hI= J:fJd %/::1m 
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,~martitoringtookpZace. Likewi.se., ~ 2tIIpies wee c:ollec1ed during"""'''''''' 
vital ~ :It the ~ dra:in 2Jld. Malibu.L;igooQ. . 2._ 
boaIe:s. Mtr::r collc:::tioIl, Sllllpld; ~ pW:cxi aJ. .ice .1.!Id n:msft::cro:I' &mptt$ 'WI:re coD.cded:ill eUber 125 ml Of llitet, ~'~~~~:z=t; 
~ Divisioo,'l (EdD) m:icmbiolotY laboatoIy ~ me H)llC%ioo 

Detlsilic:$ of total and fecal allifonns were dcrt:nttiDed ac::crdizI&: to SWlda:d 
(Amerit:::aA .PuhlU: Bt:alth Auociari.on (APRA>, 1985) U$ing me IDdD.bnne ",,,',,,, '"",,,,,,'. 
~ 9(9). The autrieat earic:hmcnt pt'I:ICCdute used fer WQJ. 
t 101 in Standard MctbodsSo:tioa ma. Tc",,~o;;o.;';""'f.u;;;;,a;.,;;;,;;,;.;; 
~ l'rotea:ia1 4CDCJ' (USEPA, 19&5) proocdtacs using m-E ~ Esculin Iroa 
~ Results wae.re:poru:d in coJoay form:ing: 1Dtits (dUllOO ml). 

]I. y.-

A single s:ttople.w:u ct!llccted on tad! day. Field s:ampfuzg vas COJducad 
Hypc:fcD Btvirorunent:d Monitoring DMdoa (EMO):md 1IcaI tbella.y. , 

l. Seed Study 

Seed SIDdies were pc:;tfa{xat:d at the moo dr4ins ~ MUihu Creek 
cluti~ tedtD:iqacs desI:tibcd in Stllldatd Metbods, modifiod SectiOQ • -" ._,,,.,. 

ttUnimnm of thne ~ cxp:rimt;nh v.oc:re oompld:cd ;at c:acli "",'n.".;"", '" 
~ tempr:nl1y by ;t ntinimu:m of two weeks from field 

p=;bili'l' ",,,,,0,",'",,, "'fidd - - T~~"""'-2'~~~~~!! #IWlI;n:. tbe c:ffcctM:ocu (LC- pcrcc:oI ofn:cavcty) or 
furvinl$ 2Dd~, fOtestUXticdfectsofthe 
Ib:xed~~~mNovembet,l991mfthcsccd 
by ... ",""e COunty __ (OCSJ»)_, 
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Tw 3S pl ~ were filled with W;lrm tbin effIucaL The e:ffIs=t ~ adjtmcd to 
pRJoS, Ala, wu.a&kd lOa fuW c:oocetItt2l:ilXl cfO.OOS M. and & knawnamoonl or~ 
;c:tiovirm (YICI:hle m:a.iD) WJ.5 added 1:0 cacb~. 'D::i:pijc:atc znb s:ampl= 1i"I%e tili:n at 
the ~:ttId cad of tbe ~ pcciod. Each p2b ~ of 1 .ml of $I.mple dilllted 
..uh 9 m1 at SlI:::I:ili: HmI::'s BalaDo:d SaI1 Sobttioa (EJ3SS) 0;) mlmm:izI:: any rmic: c:ffu:t to the 
Yints by the d%ai:rt d11ueIu. 'Ihe BBSS ~ 2" fetal: borinc ~ ~ bc:lps. ~ 
Yints ~ MIen sampb ate Iroa::n Df tbn.ot:d. EmUClttln CIdJ caltliDcr tfJcc was run 
Ifaoa&Jl & ~ (desaibcd bdow). 

Gab S;aI:Ilple:s bdaR: m:f 2.fttr ~ wt:n:; an;ly%cd for dcmitics of 1hc poli<:Mrus. 
f ·001 of \'WI: in the fust Xl of p:D samples }icl&d b:ueIine amounts. Ally toxie 
c&= of me efUUCIrt tbcD CQIld be.as:w;ued by a!%D:pUiJI&: ~ iii vitti ~ 
bctwt:ta the fi:rst mf :It!C:CD:l .set of pab amplcs.. The pcn:cat of ~ was measured by 
c:ompaz:inc, 'IIiros lcvds in me fiml ~ with basdiDc ltvch. '!he mults of the :sec.:1 
saxIy 1tIt:n: tIXd to ~ tt:tlNerf ~ DOt to adjust the ~ of ezu:ric ~ 
~ fn:m 1idd amp1cs. L_"",,_ 
.. f-Malt Spacifk Colipbafe 

Grab samples 'M!re ciHa:iDcd 03 14 days aI tbe ~ deIio. 1Ivc dzys 21 the 
lh:IuIOo dr.aiA,. Z ~ 11 me !.blibtL UJoca bread! me. Z4 mys 11 dlc C-cbmDd .site. 2J 
GYI at me Tcraco lite, aDd 26 days 11 the upstrt2m site (from split:s of the ~ samples). 
Ncu:l.y all of me ~ were ailll:acd oa the same dues mat virus SWlplin&: oc::cm:rul The 
sampleS wee ~ furF ~ coliplla.ge by the 0t2n&e CDunty~Diurias.' 
{OCSD} vlmlOC'~. The F-1m1e spccifi.:: co1iplQge usay mctbods &lId.a. Wi best 
bIct!:Iit 'M:tC obt;tincd from Dr. V. 0Ibclli u described m Appo:xIi:( L .. _ ...... 

.Eatcric vin:Izs -=e s::ampIcd at tbe #anD 4:rzin sites n:s:mg a mo:fified ~ or 
~ l.IeIbod 9JJ..A (APllA, 1985) mel --r'bc USEPA Mattual of Metbods for VIwiogy.· 
19:14 (EPA-8XlI4-84-013. A.dso:p<:im ooadi!1cm ~ pB..J.5lYitb all Ala, maluityofO.OO:S. 
nc: ducatwas3~ bcc:fa:b:t Idjuned to pH 7.2.. A~y.so mlM) ~ofe:BIutnt 
t<m fibI:rrd pet SImple. A. ddIiIo:I ~ of tbe CZ1II:ric virus ~ ~ is in 
-ne USEPA}.hnuaI of Methods fnr y-~ (1984). 

1D::vd Xl up z:ad the la:l: new pro:es:sing time (appro:rim;u:cly 1.5~) ~ that 
~ be:pn ill me snamitI&: aIId CIXIt:i.nlICd.Imtil DOOn.. Only ODe sample 'tlIU WzD per dly 
It ad! rL me d:a:ins. 

0Dc-Hter chIatts m.a the field smrp1e wee dt1iYercd 10 the laboDrory zed 
_~;; ...... ;;.,. ill. tbt st'I:c:moor;I nsin&: an IXJ:#Iie !\ooec::ulIItb: ~ ~ et.u.... 
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1976). Fmal ... _,,_~~ ~ prlo:r to usay (Glass let Z:l.1978). 

....... ..­
~ul'irzJby 

from dIe~ tlask.. m:aD ~ 
CItitiml flask SI:IpCl1tlle as 'NI:II. u ~ 
for ceil cultm'e md virus amy is prc:sentrd by 

Ftactioos or ~Ies posi:tive far ectme vinu: were ~ to the ""= do"""" 
Vtmlogic ia La.val. Quebee for ~ by the ~ of Dr. Piette 
lde:ntificatiaI byJbe Lim Pool a:ntist:rJ. ~ tt'dmique wen: ax so::c:essftIL . 
were eYC2:ttltilly lde:I:ttified using :mconq:.cci6c ~ 

Co """aJ M_"",_ 

.95 

:':::;:;=~~~::~~~~'\Ir'U uso:I to test fet sitnific:w ~ mlool means 
~ E.id::I swiou mean 'noS alCUlaled from all d&ta gatheroj 

Zeomettic means from tbe 1990 baaeriaI disttibution Wdy ~ 
cS:Il:l u:=a ~ HIe$tS. 

ANOVA 'Irilh posteriori mtdlipla ~ were rn:tI to test fur site diffc:tel:lCeS in 
~,;, '~?': Tukey's studoitiztd nnte test (BSD me:tbod; SAS, 1m, S1CclllK!; Tonie. 

us _CZd for'tbe pomctric mc:m ~ . 

IV. BllS11LTS 
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. . ~ oftbe~ poliavi.tta gaaer.illy ""'P}:'OQr •.. R.esults: nnged fnml6.9 to301i 
for Pico-Kemer dnin OIl four days, 0.0 to 18,0," for He;oodo on three days, and 2.9 to 7.71i 
ir:tv.u days.lt Malibu Ugooo ('r.Ible.3). 

%. "..,.,. Spo;fl< ~ 

The ~ mean of the F-.maIe ~ ~e ~ at Beroodo and Pice. 
Xeoter dams were simil:u and tbey wt:!l: ~ ooe order of nugnitude ~ thaD !be 
ltIe2Il dc:Q:sUies ~ at the M:ilibu Ugooa. sites ('tib1c 4 .' AppeDdix 2). The Malibu 
lagooa. SiD:s 2!lbad Jaw to very low ~ cSdlsities. Unli.ke samples frot:a tIIe.Pico-Kcntcr 
and Hemodo d:ta:iIIs, I112ny of the ~ frcatthc Malibu LagQoo. (~J 39~) ~ 
bdDW 1be II:IeIhod. deto:tioa.li::nits for~ 

3. EzI:tedc V'mzs 

Hmnm c:uerie 'rirtI.ses ~ ~ .in nmo:ff" co. at. leut ooe day at an .sit sampli..ag 
Jocations (TableS, ~ 3), ~ ofvirus"W2S" c:omp!eted for alI '= positive.virus 
samp!es ~ 5). Only three :S:amples WI::t"e ~ in the ~ mmmg nnit usay while 
~ S11npies were positiw using cytepa%bic effect US;I.ys.. The roagh ~ of vinl 
cSe:o:smes ~ed from 1 pfuf 2.8 g:aI.locs to 1 pfu/ 1-41 pUons for the plaque:rss:l.YS and 2..1 
lnhc:tioos ucit ~}/I0.6 pIloas to 2:.. J Iu/ 80 pIIou for tbe C)1lJpalhic effect am~ 

Co:tfirrned"Vi:rus i!.oIa!es ~ sent to Dr. P:i:enehymcntat tile: Centre de:Rcdlc:c:he CII 

Vlrologie in l..av2l, Qucbo: for jdentifka6on. Ide!ttification by tbe Lim Poo-I antis= 
~ ~ was DOt S!.JCC:e$Sful.. b:Ihncs. v.ue cvemnariy ideati.fied usinz 
mconpeci5c amisen. Ec~ vintses. were ideaJified. ill. nme of me tea .umple1 that ~ 
posiave for vttu:s.. Due to a laboruoly ¥cidc:nt.. the"riru$ isola:e from. the 615191, Malibu 
l...agocII:I C-dIanoci. stuicm sample wu lost. 

An isolates "'M:%e identified as Coxsackie B. The isolate :from: Pico-K!mz:r a:J. 912S191 
c:octairIed Coxsackie B2 virus while tbeisoW:e from Pico-Koneroo 8113191 conta:ioed Co.ts1c:kie 
Bot. Wus.. The ~ seven lsolat.es conta:ined ~ BS virtIs... Coxsacl:ie II; vimso em 
QlISC~and OIl =~. ~4UJd.meaingitis.. 

~ ~ =ductiv:ities"* pHs fo!- nmotr fttnn the six. mnple sites :ue 
~ in rule 6 (AlI data in Appe:Idi:t. -'). Mem ~ "iIi'C:e simib;rn all lites 
:tangi:ng from. 20.1 tD 21.2 C. whiIt the pH at Ht.:r:oodo dr.Iin "WZS" ~ acidic avc:rzgiDg 6..5, 
COIl:Ipam! to tm cdJer five ~ that ~ 7.1 to 8.2. The toea.a ~ofnmoff 1tfIS 

krw at ~ drain (I.7 mmbos), similar to br.Jcl;;ilb WUI!:l" " the Hernodo da:i:n :w:f 
T~ $ites, IDd Dearly saline at the: bR2d:I. and Cchms:d.sites. C>tba:" th:m 11~, 
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1be CI::IIIductivir of nmc:dfvuicd over a wide no&e frmn:Dearly fresh <ntet to salt~. 

Th: beigb.t ofMalibtl I..agooa ~.sea level a:lld the tide height u the time'of sampling 
'.It %be I.aeoon &n: a1so .lbtcd in ~ -'. I.a:ooa bcight ranged frouI two feet (the lowest 

: '. potIibJemc:uat=xnt with tbet:DCUtll:ing stickllCU tbe.C-<.lJan:Dcl. statioa) KOS." feet above.sea 
level. or tbe2:6 days wbe:rc satDplcs: 111m: c;oUeaz:d. 2Xld amIyzed fer emr:Dc vinu.,. II oa:urt"IXi 
. "!'" !'; ~~'" .!~.~ ta..k/1ric:st at tM) fD:t and nine ~ wbc:a the lagoon dcvalion -...as 

'IirR1 bcightI ~ from. plus 1.2 ID sU. £te: ~ "riras samplin& .at: tile 

In pcral. tile ~ of the :sa.tDple$ "fn1 higb wbezI !be 1qooa I'DOU:tb was open ""I",,,,,, tbete w;u a very hiib tide.. The I:mIp1e coodnc::ttrity was seldom below ten mmhos: 
Btetc:h, CCbaztocl me! Upstream ~ wbeI:I tbe tide was bigbc:r than tbe Iz:oon 

The Teaco mtioa 1I'U leu smceptible to ~ ~ of !be tide because samples 
tbert were pn:domina:ltly trt:zto:I. dbdI&tge.w:l nmoff,.and thesampling si:b:; was not 

"--
IV. DISCUSSION 

'. A. ~ Dis:per:!;ioD 

. 1. Aft.co Stona: Dram; :8pe E:dtmion 

Only 11 oftbe 17 :s:amplillg dates"llr'eil: fdeal foras:sessingthe eff~arthc dr.ti.c 
, . ~ for tedDcing iodicuor baderiz ~ in the sud:teoe.. The lut six. days of the 
. sim¢nl period pnxhIced di1lc:reru: results bo:ause • ueuby ~ twpbo::meat project 
: tcI!!n"batcd voinme of ~ to !be Pico-Kentcr dnin.. The flCIW f:tom dcw=ering was 

.,""''''' ."",,, Pic:o-~ drain ~ it tbea flowed aaou the beach t.od i:ato the sud" 
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I. F·"", S""",,, """""'"' 

Riper deIuiries of male specific coliphage :Ile ~ in JC'NaIC mrt ....... $r<md ~ 
t!I:m In 'f4r= 'Witbcct hu:matI fecal :iDputs (C:WeI.li. petS. comm., 1989). Tbe trend prcdic:tc:d 

:, ,by CJbeUi wu DOt sappcxted by tbese. r=ults. Eatcric ~ Yo'I::7:e fu\md If: All five sunplinJ: 
< :loc:aticas despi!I: !be fad: tIw. mc:m tdipbzre deluitic 'ftle:appt "rm'rly u cmer of 
.~ ~2t the ~md Hernocbdrms tba:o. tile Ma1ibtt.I..agoon sites. Emcrlc: 
~ 'WaS fi:!Imd at all tMee MUibu. I..aroca sites, yet ~ dcmicies Tm'C ~ways low m the 
lqoon. The cdiphare densities 011 the mrs tbU 'rims -.zs futmd WC'e com:pzr.lble lo the ttIC.!I 

~ Abo. virus wu Dercr ~ oa days 'WbI::rc: ~ dcmities were ~ far the .... 
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. ~ URIIlly SI0 (Ctty ofLosAngeles:., Enviromneotal Moai:torlo, Divisioo, mlpUblisbcd ..,). 

IrdiI::uor~ an: useful farsanibay ~~ ~u; zrouor' undil.Ittcd ~ 
W"""'=cn (e.C.lqc ~ sp:ill or.ltU) ill tile $IOITJl maim. lD otbct situaliOM, 3IXb as 
~ a:adidocIs jICCQ at 1bc. two dains &ad l4IiIN ~ 'iDdicttor dcmirlt:s ~ lime 
iDfurmat:kxl on #Ie DlIa:: tIl vi:rm ........ IJMim..... EY= II: MalIbu I.agooQ. 'Iibco tho 
TOQl:FccaI c:01ifar:tD D:do was leu tbm. tom at tbe '\im. ~ klcI!ions., ~ 4c:nsities 
~little~OQtbe1Cllltt:e(S)o!~-.:IW:d "rr1tim However.the 
.Intmt of this 5I»dy was 0Dly 11:1 cIctetm:ioo if tbete was \'irtts """hmu'1tion DOt to d=:rntinc 
~ ofvh:al mnhmlmtj ..... ·Stadiadcs:igllcd ~ tJ.ttac:e &be sourt:e(,> ofbumaA 
fc::cd mn"mjnatim ID dJc dt:I:hu: ~ :oetded.. 

!be «tfy type ofvimscs ~ were tbe ~ B ~ ~ are ofteD fOlDld 
ht ~e ~ wali:n. Nmo oItbe: JIClSitM i.!olltcs ~ policMrns. so tl:Iere wu no 
c:ttISS ~ of !be ~ from tile ~ stPdieS. In addilicn. any pm:PtW cross 
~ 'ft5 elimiDated beQuse all. field samples were o:dlo::ted pIiQ: k) ~g the 
Je\!zI s!Ildies. Also, tbc virus 41W :JSed for colk:cI:icg SUllpics had ~ been used 
ptevicwiy for se::d $UId:iI:s.. . 

Soan:es of the ~ co tb::: stomI drains are IIIlbiown. For tbe two <bains, 
.~ c:otdI:I Dx:lude. ille¢ ~ 10 tho ~ systettt..IDqaI..dhchug!::s (e.g. from 
mabilt: bonIe$ or rccrcatiooaI vdticld.). «leah front the sewa~. The l4libu l8goott 
alJo ~ be c:oot:nninstrod by tbese $CIUIa!$ .in a.i£rioa II) ~ to the ~ (rom 
II:ptic QDb aDd: diflia: sources ~as a.mpen. aDd ~ 

When !he Lqoan -..as sampkd.. tbe TapU Watcf Rcclamatioo PWtt ~ cfi.sdwgirJg .. 
tenizry fIC31ed .met into lrb,ijbu ~ .oo..a. six 'I:We:s ttp$Ut:iIm f:tum tbe lqQoa.. Aa:xmli.ng 
kI tile LVMWl), naw:s fmm Tapia during suapling: pc:riods. ill tIle!JgooQ 1Ir'Ce 1.04 MOD and . 
l'iUlged !win 0 10 4.6 MOD (L"YMWD, 1991). AI: scued er:dier~ Jt:vels of b2ctcria. in the 
cffIucot ~ vt:tY low. A study of crueric vims in watU produI;cd by the Tapia plant wu 
~ itt 1987 ~ similar virus sampling and anaIytictI. ~ Only I. stngl:e YiIul­
on ODe ~ <by (90 ,plloa t:Ill:Iple ,.,ben the ch!orinal:iod m:dJ: was DOt fwc:tioniDg) 'WU 
~ our. ol2S <lays ofs;unpliag (1~M. M~ ~ .rn.;..l99O). Bcwcver; 
npi;l does DOt Mve aD t:Ilfrtic 'Vims: monitoz:i:IJ: ptogra.tD.. JO the eff5r::acy of !he =tiZry ~ 
III -rims temOVa1 hu DOl: been ~ in <Mr four:rem. Altboa&h Tapia. catI JKJt be rnled 
out&!.a possible:a:lUl'Ce ofvints, it seems unlil:dy that t!zU fIcilitJ would ~.1 $IOUtCC of. 
~Ie Ww: m the Malibu ~ sysxc:n unless the ~ fibet$ 'WC'ZC DOl: f1mctjoaiog -. 
The UDOtllIt of vints:es per volttme of wa1z:::t' ~ in T.able S mast be coo.sidcn!d :IS ~ 
cstima= r;iwA the fulk.nrin; ~ 

1. At low ~ mu-:.ue not normally dUttibwcd thro!lgbcut !he:sample:. It is DOC 
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~ to~...mI dc:ns:il:ies hued,,:, an.al.iqoot taken £mm a sample having 
low ec:ac:etIt:atIons.. Only 105 oftbe saznple _ used in plaqoc:. x:m:a;i;ng. Whm Ihzt 
101f was ~ the ~ sample wu assayed by !be mme ~ but mort: 
......... CPE_ . 

2. One at fhc basic limituiora of vinI$ ~ is tb;tt DO ccll1ine em detect :all of !he 
cu:ris; viroses :h:It m pzt:SCnt in lbe sample. 

3. The tt::suIts. of the xcding studies: d::moIIsttated thu the density 0[ vilw:t:s in the 
samples 'W'eR~. PoIitMrus: ncow::ry at tbe three drain l~ n.:tIged 
nom. O~ to 48$. democstnting the 1artc =cutIinty in tbe ~ or tbc: sampling 
mdbod. 

Ideally. a risk ass:essmcnt of the virus data WOt1ld be CQI:DPleted aM ~t to Ikcision 
mUm and risk: ~ The c:nteri.e vims datt will be &iv= to tbe I..A. County Departtncru 
of &z:Itb Scnic:es to perl"onn the rW:::assessmc:nt. The following is a list of £be limitat:ioos of 
me remits for tbe-pmpose of pc:d'cnnicg. an ao:::ame risk a.s:se:mDettt:: 

1. Problems.rob quutifu:ztion of enteric "Wiruscs in the nmoff (see above). 

2. The vims zmIylical Dtdbods do not detect all of tbc ermn: viW palhDgen!. 

3. RuDoffis a flowing medium t!At 15 c:nremdy vari:Jh1e. Ph~c:d (floW', pH, total 
suspeOOed $:!lids, etc.), cbem:ic1f (oil mel ~ .bc:lvy %I:Ietili. ere.) and bi~ 
(baal:rial ~ densities) pzramett:ts vuy tt=fy O\'C" time.. Yma c::ar.erur.tti0ll! 
an: ~ m '1m}' over time as wdl. 

4. At law Wus densities, .ooc: em CO( :wnme tbar the vimse:s ale l')Ot'I]J;ally distoOuto:! 
• ~.tbemnoffor~~:tOOC:aib:r~ Also.1here:zrelarge~ 

m devdcIpln: ao::mare diltttiOQ faaors fur sttttm th:ains and I1l:lJQff' in tbc oe:can. 

5. WdboItt ~ 'What types of viruses wete in tbe stem drain. it is impossibk to 
I!Stilmze the minimtttD mfcctious dose fur people =posed to sea wzrr:r aXII:a:mi::wc:d with 
virus.. Howm:t, fCI!:' a ~ rut J.13I:SSme!1t, CEIe coWd assume tb:tt exposun: to 
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one Yina WOUld 1=al1 in lnfeaion (Bittt!n, 1980). 

6. Other tl:Q gene probes,.cam;nr. ~'.gm,;x detect: some of the VinI.sc:3 
(rotlrirIu:al'l4 N~ vlt!J5e$) ~hid.t cou1d canso:. S'IIIimming associ21ed ~ sud:! 
as ~a:titis. 

VI. CONCU5ION 

IEstadc:al. mca:i1tIri:D& data ~ =xl to 1demify surf mae :silcs 'Nb=: iodie:u.or bactcia 
~ ~Uy ~ Ic:veb of c:otICem. :Bamm cntz:ric vaus sampb were !Uz::a at 
the S!les with biJh bIdcz:ial deI:uitics :In onkt to ux= 'A'belbc:rtbc:re was hnmaD W4.Ste ~ 
Becuse. S'I'I'im:miD& ~ ilbIcsses arc ~y bcI:ieYcd (I) be CIU5I!d by lmmID ~ 
tbe presc:oce of human. waste at tile sm::s 1I'OUid .tadIcatt: a pcw,:r tisk err sMmmm: associated 
iIb::stes thm at sit:s witbaut hut':rt&rI !ccaJ inputs (Cabd6 et III 1979, 1982). The oritirW iment 
oftbestodics us to idcI:Itify:silc:s with bigfI :ind:ic:a1orbadaiadc::rcitit:s camcd by flawme: =mt 
drDu; -with DO ~ iDpms. 'Ihez sitQ were Deeded for &Il ~ study designed to 
dI:lt:nniDe:!he heI1th ri:sb from ~ in Sb:m dma .: 'n1:I:r. 

'lbre: JellS later. hum:3:n cmcOc '¥in:tses were found at ..moos loo;;adons ill Malibu 
La&ocn. Bc:rr.xIo DRill. md three ~)'e:ttS 11 tile Pmo-Kcattt SlOnP draiD... Humm 
vlrmes ~ DOt fOUDd in Hmiro:I sampfiIl& u.Balloaa er=. tbe Smtt. MI:Juig Canyat miD, 
and the AshlmcI min. bot tbU doe! not pro:ludc them from 0I:CII%ring: in tbose locztiom. In 
temu; of tb: orlgiDa! study c\e:s:ig:D. 1hc enteric virus ~ has dooe wh&t it was iDlcndtd 
to do; to defmzzine the preseoce or zb$eDce.af!nmsu 1Ii'aSIt at tbc .study:si.1eS. The 'Study rcsulls 
c:::m. :QOl be ~ to provide accu:t;!e inftIrm:ia:z OIl potCIttial :.ourccs of Immm. YinIses to the ............ 

Humm fi:cIl coutamiDation of stanD drmts isfumore pteY'2lettt thmurigi;nal!yassumed. . 
EYOlIbougb: tbe se'WCI' system in Los Angeles Couoty is. completely ~ from the lttIt'm 
chain SJ'=IIl. die suxm drains 2le not fu:c of bttImD fecal i:Dpats. 

The tcSalts of !be last tlaD; jQtS of VirUs mDIlitotiIlJ in storm dains support !be 
fi:lUowia& I=-TUP·,"'ati .... w ' 

1) An ~ of 1fIe hezllh tiIb a.ssocW:ed 'With vmow 1cYels at mdia!Jln of 
~ qlDlity or wi1h ~ at ~ <!istInc:es !tom flowiDg dmn.s .should move -2) A lmmIn ipecine indicator tfw coacla.tes with tbt ~ Z!Id pIesencc or zbseo::e 
of1mm:m palbogt:Iu is »ceded.. 

3) Tools need to be deYdopcd for *' easy dero::tioc m;1 qu:antifu::uioa of specific h= 
pa1bogal$. Models o:IUld then be U2CI 10 ~ bezhh risks ~ Mth the 
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--4> A sani.Qry stIn'e)' nc::ch 10 be Oevclopcd and imp! I tel trnce low to tnOCIc!21e 
~ contaminarioa. in .additim tD large sewer kaks aDd.spills.. A c:onee:ted effort to 
idcJlify :and 2batc the ~ of JWhotCIIS to !be ~.3bou1d be unde:tab:n 
immedW:eI.y. 

Thm;,.em ofbacrI:!:tW iI:Idiamr monttori:og;. hzve provided lIeW infomlation on SlCmI 
dnin effluent plume dispersiorJ bebaviar ill cbc surf 2OOe. When the stann w=r is dis:c:h;tgecI 
dirt:etlyto the sud". baaetial. densities an: ~y abovelevdsofCODCCm as far as 100 yards 
in citht:f din:ctioa of tile cIni.Il. ~ aft:! cspecilIly h4h in WIlow WM:t:'. When the 
f'filIIcat is ~ furtb:roff shore, dilittioa aDd DCIt :Ibc!re ctIm:!U:S are cffeaiveiD reducing 
i:Ddicatur bactt:tiaJ. de!ISities.iD the surf:mae. Altboogh 4:tain ~ do DOt ttdtx:e pollution 
loads to ~. 'Iatm., a properly designed and r=intaiDOd: ~ c:a:n prove dfoaive in 
rctur::in: hc3I1h ri.sk1 to bzIhm and swimmcts.. 
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EXECt1TlVE SUMMARY 

Based on the public's perception that recre;itional 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 5MBRP demonstrated that high densities of 
indicator bacteria were present in aIikle depth. waters were' found 100 yards from the Pico-Kenter 
stonn drain. In addition, human enteric viruses were found on two consecutive years in runoff 
from the same stonn drain. . 

This year's research was designed to further evaluate dispersion of indicator bacteria around ." 
the Pico-Kenter storin 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 stonn 
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 resul~ 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 designed and maintained extension can prove 
effective in reducing health risks to bathers and swimmers. 

Enteric virus prevalence - Human enteric viruses were found at all five virus sampling sites: 
Pico·Kenter. and Herondo stonn drains; and all three virus sampling locations within the Malibu 
Lagoon. The. only specifiC viruses identified were Coxsackie B virllses which can cause illnesses 
ranging from gastroenteritis to, on rare occasions, pericarditis and meningitis. The results confinn 
that human fecal contamination of stonn drains is far more prevalent than originally assumed . 

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

Based on the results of the virus studies, recommendations for further research include: 
1) An investigation 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 indicator 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 quantification 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 immediately. 
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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, 5MBRP 1990). Ultimately; these 
concerns could be addressed through an epidemiology study associating rates of illness with . 
swimming in the Bay . 

. A pilot 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 Pian 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 Pian. Levels of concern were 
exceeded when: . 

a. total coliforms were greater than 1000 colony forming . 
units per 100 rn1 of watet (cfu/1oo ml); or 

b. fecal coliforms were greater than 200 cfu/loo mlj or 

c. enterococci were. greater than 24 cfu/loo ml. 

The SWRCB numericcllimits 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 . 
. Oct:an Plan. The indicator bacteria standards in the Ocean Plan ¥e predominantly used for 
compliance monitoring for permitted dischargers, whereas the research performed by the 
5MBRl' was not designed to deterniine compliance. ' 

In addition to surf zone sampling, water in storm drains was analyzed for densities of a 
bacteriophage, .F-male specific coliphage. Coliphage are currently being considered as an 
indicator of pathogenic Virus survival in marine waters. Standards have not been set for 
coliphage. 

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 all' 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 specific to human waste (Lennette and Schmidt, 1969). Their 
presence demonstrated that Water in the drain had been contaminated by human sewage. Since 

.... - .. -
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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 measures to reduce or eliminate 
ponding of runoff on the beach. 

A number of questions still need to be addressed prior to deciding whether or not to 
conduct a large SCIile 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 bacteria around the Pico-Kertter stol'fil drain . 
after the completion of the 600 foot pipe extension; and 

2. Testing for the presence of human enteric virus in the Pico-Kenter and Herondo storm 
drains, 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 densities resulting from storIi1drain 
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 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 sampling locations . 

. from .previous studies, were chosen because they historically have been associated with high 
densities of indicator bac'leria 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 epidemlology study . 

n. 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 approximately 
200 yards from the surf zone. . 

In 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 a1., 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 this 
report. 

B. Herondo Storm Drain 

The end of the drain is located at a popular surling beach where Herondo Blvd. intersects 
the ocean on the Hermosa Beach-Redondo Beach border (See figure 1). Samples were collected . 
at the intersection of Heron do 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 intermittently throughout the year (Mitchell, pers. comm., 1991). 

C. Mahou Creek 

, The Malibu Creek watershed,contalning over ,105 square 1l1iles, is the largest watershed 
dniining into Santa Monica Bay. Parts of five cities are contained within the watershed: Malibu, 
Calabasas, Thousand Oaks, Agoura HillS and Westlake Village. Malibu Creek is a soft 
bottomed stream terminating in Malibu Lagoon. This lagoon is the only remaining brackish 

. water lagoon adjacent to Santa Monica Bay (See figure 1). 

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 sampling sites in the lagoon (See figure 2): 

1) The location near Surfrider Beach where the sand berm is .typically breached 
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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, 
~ext to the Malibu Colony (C-channel); 

3) In the soft bottOmed rivulet (approximately 150,000 gallons per day) formed by the 
diSl;harge of tIea\ed contaminated groundwater from the Texaco gas station treatment 
facility and runoff from the adjacent Cross CreekRoad 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 point on the north bank of the creek, 100 yards upstream of the Texaco discharge 
(Upstream). . 

m. SAMPLJNG 

A. Indicator Bacteria 

1. Sampling Design and Frequency 

The study was carried out over a six month period from mid- May to mid-November, 
199 1. Jdeally, sampling would .have ocCurred during Weekends When .the most people were 
using the beach~ However, because of the logistical requirements of the microbiology 
laboratories, sampling 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 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 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 incoming breaking sUrf. The ankle depth samples were . 
taken as the surf foam reached the sample bOttle· 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 
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 sarnpliilgdirectly from the PictrKentet drain on days where surf zone 
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, .·bacterial monitoring took place. Likewise, bacterial samples were collected during each day of 
viral sampling at the Herondo drain and Malibu Lagoon. 

2. Analyses 

Samples were collected in either 125 ml or 1 liter, high-density, sterile polypropylene 
bottles. After collection, samples were placed on ice 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 9(9). 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 forming units (cfu/l00 ml). 

'B.Viruses 

1. Sampling Design and Frequency 

The virus sampling period was from rune 3 to October 23, 1991. In addition to enteric 
virus, samples were analyzed for total and fecal coliforms, enterococcusindiC<\tor bacteria, ruld 
F"male specific coliphage. " 

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

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

2. Seed Study 

Seed studies were performed at the two drilins and Malibu Creek using adsorption and 
eluticm techniques described in Standard Methods, modifiect Section 913-A (APHA, 1985). A 
minimum of three seed experiments were Completed at each' study location, and these were 
separated temporally bya 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 stUdies were all completed 
by the Orange County Sanitation Districts (OCSD) staff. ' 
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. Two 35 gal containers were filled with storm drain effluent. The effluent was adjusted to 

pH 3.5, AlCla was added to a filial concentration of 0.005 M, and It 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 rnl 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 samples are irozenand thawed. Effluent in each container then was ron 
through a concentrator (described below). 

Grab samples before 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 effl\lent 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 
comparlngvirus 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·MaJe 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 F-male specific coliphage assay methods and E . .QQ)j' host 
bacteria were obtained from Dr. V. Cabelli as described in Apperidix l; 

b. Enteric Viruses 

Enteric viruses were sampled at the storm drliin sites using a modified version of 
Standard Method 913-A (APHA, 1985) and "The USEPAManual of Methods for Virology,· 
1984 (EPA-600/4-84-013. Adsorption conditions were pH 3.5 with an AlC1a molarity of 0.005., 
The eluent was 3 % beef extract adjusted to pH 7.2. Approximately 50 to 140 gallons of effluent 
were filtered per sample. A detailed description of the enteric virus sampling protocol is in 
·The USEP A 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 moming and continued until noon. Only one sample was taken per day 
at each of the drains. . 

one-liter dtiatesfrom 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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·1976). Final concentrates were detoxified prior to assay (GIass~ al.,1978). 

All of the samples were initially·analyzed for human enteric viruses on Buffalo green 
monkey lddney 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 
~ple was negative for Plaque 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 samples were positive in the PFU assay, then the 

.remainder of the sample was not analyzed by using the CPE assay. TheCPE 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). 

Fractions 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 monospecific antisera. 

C. Physical Measurements 

Conductivity, temperature, 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 bighand the lagoon height is over 3.5 feet .. 

D. Quality Assurance and Quality Control (QAlQC) 

The QA/QC protocols established by Standard Methods (APHA, 1985) and USEPA (1984, 
1985) were followed. Also, the ocsb' primary effluent was assayed for coliphage periodically 
for quality control pUIpOses. In addition the QAlQC project plan for the study was approved by 
Ken Kitcbingman, a QA officer for EPA Region IX. 

E. Data Analyses 

Geometric means and 95% confidence intervals 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 thelevel of concern, the day 
was considered above the level of concern for that station. 
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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. 

ANOV A with posteriori multiple comparisons were run to test for site differences in 
geometric means. Tulrey's studentized range test (HSD method; SAS, 1990. Steel and Torrie, 
1960) was used for the geometric 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 extremely high in the Pico-Kenler 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-Kenler and Herondostorm 
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-Channel and Breach stations were 
significantly different (P.s.. 0.5) from the other four stations for total coliforms and enterococcus 
(Table 2). The geometric means for the Bteach and C-Chiumel 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 
Jrigher than all other sampling sites for total coliforms and than the C-Channel and Breach sites 
for enterococcus. 

B. Viruses 
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1. Seeding Studies 

. . 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 andPico­
Kenter drains were similar and they were approximately one order of magnitude greater than the 
mean densities measured at the Malibu lagoon sites (Table 4 ; ·Appendix 2). TheMalibu 
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 
below the method detection limits for coliphage. , 

3. Enteric Virus 

Human enteric viruses were detected in runoff on at least one day at all six sampling· 
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 (Iu)/IO.6 gallons to > 1 lui 80 gallons for the cytopathic effect 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· suecessful. Isolates were eventually identified using 
monospecific antisera. Ente* viruses were identified in nine of the' ten samples that were 
positive for virus. Due to a laboratory accident, the virus isolate from the 615191,- Malibu 
Lagoon C-channel station sample was lost. 

All isolates were identified as Coxsackie B. The isolate from Pioo-Kenter on 9/25191, 
contained Coxsackie B2 virus while the isolate from Pico-Kenter on 8/13/91 contained Coxsackie 
B4 virus. The remalning severi isolates contained Coxsackie B5 virus. Coxsackie B viruses can 
cause gastroenteritis and on rare occasions, pericai:ditis and meningitis. 

C. Physical Measurements 

Mean temperatures, conductivities and pHs for runoff 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 mmhos), 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 ()f Malibu Lagoon above sea levelll!ld the tide height at the time of sampling 
at the Lagoon areillso listed in Appendix 4; Lagoon height ranged from two feet (the lowest 
possible measurement with the measuring stick near the C-<!!hannel 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 lowest at two feet and nine occurred when the lagoon elevation was 
over 3.5 feet. TIdal heights ranged from plus 1.2 to six feet during virus sampling at the 
lagoon. " 

In general, the conductivity of the samples was high when the lagoon mouth was oPen 
and/or when there was a very high tide. The sample conductivity was seldom below ten mnlhos 
at the Breach, C-Channel and Upstream stations when the tide was higher than the lagoon 
height. The Texaco station was less susceptible to theitnpacts 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 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 suff " 
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 rone on days when the pipe extension was operating 
as designed. Because of the logistical problems of sampling directly from thePico-Kenter drain 
after the pipe extension, samples of drain effluent were only collected oft 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. CompariSon 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 io 100 yards from the drain (See figure 5). Chest depth samples 
also exceeded levels of concern l()%, 30% and 40% for fetal colifotIns, total coliforms, and 
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enterococci, 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 differen~ -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 geometric means at nearly every surf zone site in 1991 were significantly 
different than the means in 1990 (Table 7). . 

Although the data were not representative 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 predominant 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 pondingof 
effluent on the beach arid consequently, direct discharge to the surf zone. Overall, as a Best 
Management Practice (BMF) to reduce bather exposure to undiluted runoff, the pipe extension 
appeared to work well. However,the EMF would require some operational, maintenance and 
design changes to ensure that it works consistently 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 densitie& 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 thim 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 portions of the Lagoon 
likely augmented these differences. 

For well over a decade, there has been an assumption that the Malibu Colony septic 
system begins to experience failure if there is heavy 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 

13 



within the Lagoon appeared to have little impact on bactCrial,densities ill the Lagoon (Table 1 
and bacterial densit): data). In general, bacterial densities were high all the time thI'oughout the 
,lagoon, Tegardless of the water level within the Lagoon. These resillts do nqtrole out septic 
systems Within the watershed as a potential source ofbacteria1 contamination, but they imply that 
bacterial densities are independent of the water level within the Lagoon in dry weather, when 
1he water table is lower. These results support conclusions reached by Warshall et al.,(1992) on 
Malibu Lagoon water qualit):. 

Possible other sources of indicator bacteria to the lagoon are warm blooded wild and 
domestic animals, vegetation and soil for total colifqrms, numerous storm drains including three 
that discharge into the Lagoon 'and lower reaches .of 1he watershed, .and many other 4iffuse 
sources including campers, tel)lPOrary residentS, and picnickers 'withi)l the watershed. Little 
information exists regarding potential sources of indicatOr bacterial contamination in Ws 
watershed. ' However, monthly monitoring 1\\ports' on water qualit): in Malibu Creek are 
submitted to the Regional Water Qualit): COntrol Board (RWQCB) by the Las Virgenes 
Metropolitan Water District (LVMWD). " 

A review of one potential source of bacterial indicators, the LVMW})'s Tapia Water 
Reclamation Facilit):, indicates that the plant could be discOunted as a direct source because 
levels of bacteria in the effluent during the study were very lqw; in ,over 90% of the samples, 
total coliforms were not detected (.s.1 MostProl>ableNumber (MPN)/l00ml (LVMwD, 1991). 
The highest reported value during the study period was 4 MPN/lOO 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). It appears" 
that many of the sourceS list¢ above, especially non-poirit sources, are contributing baCterial 
indicators to the lagoon. 

B.Viruses 

1. F-Male Specific Coliphage 

Higher densities of male specific coliphage are "xpected in sewage contamiriated 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 were approximately. an oroer of 
magnitude higher at the Pico-Kenter and Herondo drains than the Malibu Lagoon sites. En,teric 
virus was found at all three Malibu Lagoon sites, yet coliphage densities were always low iri 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 
ste. ' 
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The pwpose of obtaining the coliphage data was to further investigate the efficacy of 

lIsiJlg this indicator organism to indicate the presence of human waste without the disadvantages 
of hlgh 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 COntamination and underscores the need for bettermethods 
to identify human specific organisms. . . 

2. SeedIng study 

Typically, virus recoveries of 20 to 30% are achieved during environmental ~pling of 
- .".-, 'Water and wastewater (Rao and Me1nick,.1986),~ Recoveries·from all sampling sitesin,this.study· 

were far below expected recoveries for environmental samples with seven out of ten seed studies 
achieving recoveries ofless 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 th,e late fall, the 
question 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 cerWo sampling location, one still, 
couldn'l determine with certainty 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 inputs to Malibu Creek, Herondo 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 MalibuLagoon, 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 containinated with raw sewage Will. have 
densities of total and fecal coliforms ranging from W5 to 107 cfu/lOO m1 with the ratio of 
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Total:FecaI usually ~10 (City of Los Angeles, Environmental Monitoring Division, unpublished 
data). 

Inc1icator bacteria are useful for sanitary surveys when there is gross or unqiluted sewage' 
contamination (e.g. large sewage spill or leak) in the storm drains. In other situations, such as 
the conc1itions 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 .. -5tuc1ies designed Specifically to trace the source(s) (.If 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 there was ne 
cross 'contamination oithe samples f!'om the seed studies. In addition,any potential cross 
contamination was eliminated because all field samples were collected prior to performing the 
seed studies. A:Iso, 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 SO\lrces 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.f!'oI\l Tapia during sampling periods in the lagoon were L.04 MOD and . 
ranged from 0 to 4.6 MGD(LVMWP, 1991). As stated earlier, levels .of bacteria iIi 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. Ortly 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 system unless the tertiary filters were not functioning 
properly. 

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

1. At low densities, viruses are not normally distributed throughout the sample. It is not 
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appropriate to extnyx>Iate viral densities based on an aliquot taken i'rpm a sample having 
low concentrations. Only 10% of the sample was used in plaque 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 cell line can detect all of the 
enteric viruses that are present in the sample.· 

3. The results of the seeding studies demonstrated that the density 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 mfectivity, so fewer, or even no viruses ' 
would have formed plaques during the test. 

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

Ideslly, 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 lil1,1itations of 
the results for the purpose of performing an acCurate risk assessment: 

1. Problems with quantification of enteric viruses in the runoff (see above). 

2. The virus analytical methods do not detect all of the enteric viral pathogens. 

3. ·Runoff is a flowing medium that is extremely variable. Physical (flow, pH, total 
suspended solids, etc.), chemical (oil and grease, heavy metals, etc.) arid biological 

. . '(bacterial indicator densities) parameters vary greatly over time. Virus concentrations 
. are expected to vary over time as well. 

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

5. Without knowing 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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OIie virus would result in infection (Bitton, 1980). 

6. Other than gene probes, 'cw::rent .techniques ''caIlIIot detect some of .the viruses 
(rotavirus and Norwalk viruses) which could cause swimming associated illnesses such 
as gastroenteritis. 

VI. CONCLUSION 

Historical monitoring data were used to identify surf zone. sites where indicator bacteria 
densities frequently exceeded levels of cOncern. Ruman enteric virus ~p~es wer~ ~en 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 caused by human viruses, 
the presence of human waste at the sites would indicate a greater risk of swimming !lSsociated 
illnesses than at sites without human fecal inputs (Cabelli et al1979, 1982). The Qriginalintent 
of the studies was to identify sites with high indicator bacteria densitiescallsed 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 l!\ter, human enteric viruses were. found at various locations in Malibu 
Lagoon, Rerondo DriUn, and three consecutive years at the Pico-Kenter storm drain. HU,man 
viiuses were not found in limited sampling at Ballona Creek, the Santa Monica Canyon drain, 
and the Ashiand 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 information on potential sources of human viruses to the 
storm drains. 

Ruman 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 dniins 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 swimmfug at various distances from. floWing drains should move 
forward. . 
2) A human specific indicator that correlates with the densities and presence or absence 
of human pathogens is needed. 

3) Tools !leed to be developed for the easy detection and quantification of specific human 
pathogens. Models cOuld then be used to demonstrate health risks associated with the 
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specific 'pathogen . 

. 4)A sanitary survey needs to be-deve1oped and implemented to trace low·,tomoderate 
sewage contamination in addition to Iarge sewer leaks and spills. A concerted effort to 
identify and abate the sources of pathogens to tile watersheds should be Ul)dertaken 
immediately. 

Three years of bacterial indicator monitoring have provided new information on storm 
drain effluent plume disperSion behavior in the surf zone. When the storm water is discharged 
directly 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 pollution 
loads to'nearshore waters, a properly designed and maintained extension can prove effective in 
reducing health risks to bathers and swimmers. 
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FIGURE CAYrIONS . 

Figure 1. Map of the. shoreline in. n~rthern Santa Monica Bay showing the three ·storm 
drain study sites. 

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

Figure 3. Station positions for the surf zone monitoring study adjacent to the Pico-Kel)ter 
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 description 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 Jntervals for' each of the 
bacterial indicators measured in the sulf zone at ankle and chest depths in 1990 
and 1991. . 
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All data fnc:lLded. Types are E :. Enterococcus, ,. • ".cal r.oo~ nQrlHIIo, 
T • Totat cotiforms. Depths Ire A :. rile depth, C • Chest depth. 
01ST is distance ~ or down coast froal Itorm drain, and OrR is the 
direction with I( • north or ~oastf and S • south or downcGast. 

LOIIER UPPER 
GECJ.!ETRI C llOOIID BOJND 

PE TEAR DEPTH PIR DIST II£AH OF CI OF CI 

* ••• - •••• ~~----.--~-.-••• ---.--••• --.~------~---•• ~-.~.-.--- •••••• -_ •• 
1990 A S 100 37.69 %1.16 87.33 
1990 A $ 50 134.60 82.14 334.01 
1990 A S ZS 162.33 91.11 439.19 
t990 A 0 109.57 65.20 230.22 
t990 A W ZS 39.76 24.27 84.80 
1990 A ·W 50 23.85 16.22 43.55 
1990 A N 100 21.11 15.87 35.81 
1990 C S ZS 12.97 7.35 25.39 
1990 C 0 9.66 6.80 16.55 
1990 C W ZS 12.72 8.69 21.94 
1991 A S 100 3.7E 2.59 6.70 
1991 A $ SO 3:08 1.62 7.75 
1991 A S 23 4.51 3.38 8.05 
1991 A 0 5.41 3.56 12.ZS 
1991 .A N ZS 5.63 3.50 14.36 
1991 A W 50 5.81 3.95 12.72 
1991 A N 100 5.96 4.64 11.64 
1991 C S 50 2.ZS 1.31 4.06 
1991 C S ZS 2.88 2.05 4.54 
1991 C 0 2.76 1.78 6.02 
1991 C N 25 3.50 2.54 6.07 
1991 C N 50 3.91 2.46 7.52 
1990 A S 100 49.89 24.48 120.04 
1990 A S 50 147.37 84.01 381.45 
1990 A S ZS 218.98 129.24 601.52 
1990 A 0 169.35 100.44 384.89 
1990 A N ZS 65.49 46.18 122.34 
1990 A N 50 54.35 38.46 102.26 
1990 A N 100 49.46 30.85 96.70 
1990 C S ZS ZS.18 15.42 54.15 
1990 C 0 15.50 9.30 29.71 
1990 C N ZS 28.55 ' 17.87 51.21 
1991 A S 100 8.13 4.40 23.88 
1991 A S SO 9.90 4.93 29.44 
1991 A S 25 10.56 6.24 27.59 
1991 A 0 15.77 10.77 44.49 
1991 A N 25 17.81 9.14 52.05 

.1991 A N 50 9.82 5.10 27.28 
1991 A N 100 10.58 4.83 31.02 
1991 C S 50 6.19 2.97 23.77 

1991 C S 25 6.18 3.33 17.80 
1991 C a 7.03 3.30 26.08 
1991 C N 25 11.39 6.20 32.09 
1991 C N 50 11.41 4.49 38.73 , 1990 A S 100 600.80 263.14 1932.16 , 1990 A S 50 2379.89 1237.72 8062.27 , 1990 A S 25 4592.05 2432.40 14028.80 , 1990 A 0 4069.56 2183.80 11285.89 , 1990 A N 25 835.66 501.7E 2117.67 , 1990 A N 50 439.53 275.65 1107.97 

r 1990 A N 100 476.35 303.69 1086.63 
r 1990 C S 25 280.37 145.02 958.43 , 1990 C a 190.15 118.77 460.76 

r 1990 c N 25 238.47 128.52 601.76 , 1991 A S 100 152.20 94.32 553.72 , 1991 A S 50 152.27 93.45 598.14 
r 1991 A S 25 189.36 123.85 710.35 

r 1991 A 0 193.32 112.67 792.04 

r 1991 A • 25 260.16 167.12 874.34 , 1991 A • 50 177.77 88.18 '99.98 , 1991 A • 100 209.82 128.15 841.93 , 1991 C S 50 173.79 88.45 1247.98 , 1991 C S ZS 171l.73 109.39 1095.52 , 1991 C 0 209.70 130.73 886.37 

'I 1991 C • 25 197.56 105.83 878.16 , 1991 C • 50 201.65 101.72 965;23 



··sz •. Mallbu bacterial data. Results of Tukey'. atu::lentized range test 
... thad; $AS 1m, Steel one! Torr I. 1960) ~ring;eometrlc .. ons of .the 

~S. Thfs .ethod controt~ the experfmentwfse type-' error at P c# .OS. 
asterisk (*) indicates that the sites represented by the respective rows .and 
'"l .re significantly different. 

LOWER UPPER 
GECJ<£TRIC IIOOIID IIOJI/l) PICC 

• !lEAH ~% CI ~% CI CIWINEL BREACH U!'STREAH TEXACO HEROIIOO KENTER 
.-.... -.................. -... ---.. ----.-.**.--.--.--~. ----_ ..... ----------------_ .. _--------_.--
.... " 

Ii 
__ £AM 

ICC 
'"00 

teNTER 

~ tOU FORMS 

al.50 
113.23 
677.01 
804.38 

1137.83 
6830.36 

GEOMETRIC 
!lEAH 

45.94 
65.72 

3S4.88 
4S4.29 
445.34 

2653.48 

LOWER 
8OONO 
~% CI 

144.58 
1~.07 

1190.85 
1336.03 
2907.09 

17582,11 

IJPPER 

" 
" 
" 
" 

" • 
" " 

* ... .. ... ... ... .. .. 

" " 

• 
" 

BOONb .Plce 
~X CI CHANNEL BREACH TEXACO UPSTREAM HEROIIOO KENTER 

~ _______________ ••• ______ ._ ••• _ •• __ ~. ___ R ___ •• ____ • __ • _____ •• _~ __ • ____ •• ___ :-----~.---------.---

'eL .... • 277.65 15S.07 487.68 • • 564.12 318.75 998.40 d • 948.28 422.56 2128.06 • 
rREAK . ·1806.30 1;57.32 2819.19 • 

2511.40 695.69 9065.95 
7528.32 3185.32 17792.76 " " " 

LOWER . UPPER 
GEOMETRIC BClJNll BOUHO PICO 

MEAN 95% CI 95% CI CHANNEL BREACH UPSTREAM TEXACO MERONOO KENTER 
.: .. ~-.. --.-.--.-.. ---.-.--.-.-.-----... ----------.---.-... --.... -----.----... --.--~.------. 

NNEL 1004.38 . 574.77 1755.10 • • • • 
\;:H 1296.46 759.10 2214.22 • .. • .. 

'OAM 5204.94 2887.55 9382.15 .. • • " ;0 7575.30 3665.63 15646.64 • " • • 
,;o~OO 174220.62 27913.02 1087407.37 • " • .. 
o KENTER 416451.75 147472.16 1176032.53 " • • • 

Levels of concern were exceeded when: 

a. total coliforms were greater than ~OOO 'colony forming 
units per 100 ml of water (cfu/100 mIl; 

b. feoal coli forms were greater than 2'00 cfu/100 ml; and, 

c. enterooooci were greater than 24 cfu/100 mI. 

, ..... ',.; 



Table 3. Seed virus Recover Experiments. 
Runoff was seeded with attenuated poliovirus. 

'i. ':!i.i1~~ti~n ~ViW~\).dd~~';B;j~~;i1.\ ;;:v,i'~¥'J~;;&g~~f;cf'T~'i~~'~~~iij'\ 
Pico-Kenter 3.4 X106 2.7 X 105 .7.9 

Pico-Kenter 3.5 x 106 2.4 X 105 6.9 

Pico-Kenter 3.8 X 106 2.7 X 105 7.1 

Pico-Kenter 2.5 X 106 7.6 X 105 30.4 

Herondo 6.3 X 105 1.4 X 104 2.2 

Herondo 7 .• 4 X 105 None o 
Herondo 2.7 x 106 1.3 X 106 48 

Malibu Lagoon 2.9 x 106 8.4 X 104 2.9 

Malibu Lagoon 2.6 X 106 2.0 X 105 7.7 
Malibu Lagoon 2.9 X 106 4.9 X 105 16.9 

", 

,'_. '\ 

i 
/ 
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~ABLE 4. Geometrio means and range of densities for F-male 
specifio coliphage (ooliphage/100 ml) collected 
simultaneously with virus samples at ,Pioo-Kenter 
drain, Herondo drain and Malibu Lagoon. 

SAKPLE SITE: 

PlCO-KENTER 

BEROlIDO 

BREACH 

C-CHANNEL 

TEXACO 

UPSTREAM 
. 

-_ ..... ~. _ .... ..' . 

:mAN COLIPHAGE 
DENSITIES 

1,040, 

990 

~oo 

' 60 

~oo 

30 

RANGE OF COLIPHAGE 
DENSITIES -

25 TO 67,000 

Below deteotion 
limit to 22,000 

Below deteotion 
limit to 1,,700 

Below'deteotion 
limit to 1,300 

Below detection 
limit to 1,300 

Below detection 
limit to 600 



TABLE S. Estimated densities of positive plaque assay 
(plaque forming units) and cytopathic effect 
(es~imated infectious units) assays. for human 
enteric viruses in the Pice-Kenter drain, Herondo 
drain, and Malibu Lagoon. 

SAMPLE SITES: DATE PLAQUE ASSAY C1'l'OPA'l'HIC 
RESULTS. EFFECT RESULTS 

PICO-REmER S/13/91 ~ pfu/57 gal no CPE done 

9/25/91 ~ pfu/2. 8 gal no CPE done 

~O/2/91 none detected ~l Iu/23.2 gal 

HERONDO 7/31/n none detected ~l Iu/79.5 gal 

9/4/91 none detected ~1 Iu/26.2 gal 

BREACH 6/17/91 none detected ~1 IU/SO gal 

C-CRANNEL 6/5/91 1 pfu/141 gal no CPE done 

~0/9/91 none detected ~1 Iu/l0.6 gal 

UPSTREAM 9-3-91 none detected ~1 Iu/28.7 gal 

9-30-91 none detected ~1 Iu/63 gal 

..• . '- - ... __ ._- - .. , - -- .. ...,- -.-~ . 



'l'ABLE 6. 'l'he mean and range of values for conductivity 
(llIltlhos), pH and temperatUre (degrees celsius) of 
samples collected simultaneously with virus samples 
at Pico-Kenter drain, Herondo drain and Malibu 
!.agoon. 

SAMPLE SITES: COHDUC'l'IVITY pH 'l'EMPERATURE 

PICO-KENTER L7 7.S 20.1 
0.5 to 2.9 6.6 to S.3 17.0 to 22.0 

HERONoo 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 t'o 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 

'l'EXACO 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.S 20.3 
0.5 tb·48.0 5.9 to 8.9 17.5 to 24.5. 

'Temperatures were only measured atone sample site per day 
at Malibu Lagoon. 
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those In 1991~ All data Included. The &yneols at each site indicate 
the results of the t test 8S follows: 

*** P < .0001 
** p < .001 
* p < .005' 
• P < .05 

blank P > .05 
no test 

To control the experimentwlse type-l error to P <= .05, use P < .005 
(*) 8S the critical level. 

TEROCOCCU5 

~TH 100S 505 255 o 25N SON 100N 
.-.------... -... ---.------~--.-----------------------
KLE ** *** *** *** ** ** ** 
EST ** * ** 

CAL COLI FORMS 

PTH laOs 50S 25S 0 25N SON 100N 
.----.. _----.-----------------.---_ .. _---------------
KLE * -* *** • .* • ** 
EST 

, COLI FORMS 

PTH 1005 50S 255 0 25N SON lOON 
------------------------------... _-------------------
KLE 
EST 

** *** *** • 
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APPENDIX~. ~ertinent Information on f2 Bacteriophage 

The proprietary aspect to this methodology is 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. Cabel11 host. Media and procedures were also from Cabel11 et. 
al. and they should be. creqHed. 

f2 Bacteriophage-Water Concentration Technique 

2. Allow. sample to warm to room temperature. 

2. In a 250 .ml centrifuge bottle add 1 g powdered tryptone (Difco 
Laboratories, Inc., Detroit, MI) and 1 g powdered beef extract 
(Scott Laboratories, Inc., Fiskville, RI). 

3. 

4. 

5. 

6. 

7. 
, , . 
9. 

Add 100 ml .sample to centrifuge bottle, and mix. 

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

Incubate at 32 Con a rotary shaker set on, low (very slow) for 
50 minutes. 

Centrifuge at 9000 x 9 for 15 .min. at 3-4 C. 

Aspirate all except 10 ml out of centrifuge bottle. 

Resuspend pellet in the remaining .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 e.ach of 
4 plates. . . . . 

10. Mix immediately, pour top agar on bottom agar plates, and spread 
over entire plate surfaces by gentle swirling. 

21. Incubate 18-24 h at 35 C. 

12 • Count plaq)les and calculate f2 per. 100 ml. 

Note: Do not shake host(F amp) culture vigorously. Vigorous mixing 
of host strain cells will remove pili and inhibitf2 infection. 

The 3-4 hour culture added in step 4 canbe established by adding 
a few milliliters of an overnight grown broth culture. The broth 
used for .the overnight culture should contain ampicillin and 
streptomycin at the same concentration as bottom agar. . 

••• __ •• : w .. ,-~-.~--:--.- ~--" ... --- --. --,~ ..... 
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} 

Note:· Maintain the host strain on tryptone bottom agar slants 
containing 15 microgram per 1111 each ampicillin and streptomycin 
sulfa!;e. Grow overnight at 3S C, then store in a :t'efrigerator 
·(2-6) for up to several weeks. Use this working' stock culture 
to inoculate tryptorie broths when a$says 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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Media for f2 phage procedure 

1'ryptone Broth for 3-4 h host strain (F amp) cultures and for, all 
dilutions involving f2 Bacteriophage. 

Ingredient Amount per liter 

Tryptone 10 9 
pextrose 1 9 
NaCl 5 9 

Note: Tryptone broth is used for dilutions because it helps to 
disperse bacteriophage and minimizes clumping of f2. 

Top Agar for f2 Bacteriophage Plaque Assay 

Prepare double strength (2 x) as follows: 

'Ingredient 

Tryptone 
Pextrose 
NaCl 
agar 
1 ml of 1 M CaCl2 solution 

Amount per liter 

,20 9 
2 9 

10 9 
14 9 

'>eat to dissolve and dispense 2.5 ml volumes per tube. 
Store frozen. ' 
Autoclave 15 min., 121 Cand cool to 46-50 C'before adding equal 
volume (2.5 ml) sample. 

Bottom Agar for f2 Bacteriophage Plaque Assay and Stock Cultures of 
Bost Strain (F amp). 

Ingredient 

T,YPtone, 
Dextrose 
NaCl 
agar 

Amount E!L liter 

10 9 
"1 g' 

5 9 
12 g 

Add magnetic stirring bar to flask. Autoclave 15 min., 121 C. 
Cool to 45-50 C. ' 
Add antibiotics: 

ampicillin 
strepto~ycin sulfate 

Magnetically mix gently, then pour plates. 

0.015 g 
0.015 9 
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... ".-. . APPENDIX 2 PHAGE ANALYSIS SUMMARY 

Sample Date Phage/l00 rt)L 

Malibu Texaco 5/13/91 <5 pfu 

Malibu Texaco ,5/15/91 <5 Pfu, ( 

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./91 <5 pfu 

Malibu Texaco 7/30/91 <13 pfu 
' , 

Malibu Texaco 8/14/91 axl0' pfu 

Malibu Texaco 8/20/91 SX10' pfu 

Malibu Texaco 8/26/91 1.3x; 0' pfu 

Malibu Texaco 9/3/91 15 pfu I 
Malibu Texaco 

, 
9/16/91 6.0Xl0· pfu 

MalibU Texaco 9/18/91 3.0Xl0' pfu 

Malibu Texaco 9/23/91 TNTC (> 150 /mL) I 
Malibu Texaco 9/30/91 70 Pfu 

, 

( Malibu Texaco 10/01/91 15 pfu ' 

Malibu Texaco 10/0B/91 ?Opfu /: , 
). 

Malibu Texaco 10/09/91 3.0Xle' pfu , 
, 

Malibu Texaco 10/15/91' 2.2Xl0'pfu 

Malibu Texaco 10/16/91 <5 pfu I 
Mallb'u TexacC) 10/21/91 1.1X10' Pfu 

Malibu Texaco 10/22./91 5.8x10' pfu 

Malibu Texaco 10/23/91 20 pfu 

Malibu Texaco· 100 yards East 5/13/91 <5 pfu I 
Malibu Texaco· 100 yards East 5/15/91 <5 pfu 

Malibu Texaco - 100 yards East 5/22./91 5pfu I 
Malibu C Channel 5/13/91 <5 pfu 

Malibu C Channel 5/15/91 <5pfu 

Malibu C Channel 5/22./91 <5 pfu 

Malibu C Channel 6/3/91 5pfu I 
Malibu C Channel 6/5/91 <5 pfu 

Malibu C Channel 7/3/91 <5pfu 
\', 

,...JI 
Malibu C Channel 1/22./91 5 pfu .. 

Malibu C Channel 7/30/91 <13 pfu il 
.. .. ~-~---,---- ..... _., --- ._-



. PHAGE ANALYSIS SUMMARY (cont J . , 
Malibu C Channel 8/14/91 <5 pfu 

''JIibu C Channel 6/20/91 .' 1.3X10' pfu 
.. 

.' MeHl)u C Channel ·8/26/91 9X10" pfu -
Io.. . ..,u C Channel 9/3/91 2X10" pfu 

Malibu C Channel 9/16/91 25pfu 

), ~alibu C Channel 9/18/91 25pfu 
" 
:' Malibu C Channel 9/22/91 1xlo" pfu 

: . ~alibu C Channei . 9/SO/91 55pfu 

r Malibu C Channel 
. 

10/01/91 25pfu . 
I ,Ialibu C Channel 10/08/91 SOpfu 
I 

I Malibu C Channel 10/09/91 4x1o"pfu 

L .Iallbu C Channel .10/15/91 50pfu 

I Malibu C Channel 10/16/91 <5 pfu 

Malibu C Channel 10/21/91 1.2x1 0" pfu 

"Malibu C Channel 10/22/91 45pfu 

I Malibu C Channel 10/23/91 25pfu 

, MalibU C Channel Pipe 5/13/91 <5 pfu 

..:!BllbU C Channel Pipe 5/15/91 <5 pfu 

I' Mb .. ..,u C Channel Pipe 5/22/91. 5pfu 

B Malibu Breach 5/15/91 <5 pfu . 
I Malibu Breach 5/22/91 <5 pfu 

n Malibu Breach 6/03/91 <5 pfu 

i . Malibu Breach 6/17/91 not recorded 

H Malibu Breach 6/19/91 6pfu 

n Malibu Breach 7/3/91 <5 pfu 

(I Malibu Breach 7/22/91 135 pfu 
. . ........ 

R Malibu Breach 7/30/91 <13 pfu 

~ Malibu Breach 8/06/91 <5 pfu 

g Malibu Breach . 6/14/91 <5 pfu 

~ Malibu Breach 8/20191 1.7x10· pfu 

ft Malibu Breach 8/26/91 4x10" pfu 

U Malibu Breach 9/03/91 20pfu 

lalibu Breach 9/16/91 4Opfu' 

~M 
, 

J Breach 9/18/91 25pfu -
d Malibu Breach 9/23/91 2X10" pfu 

II Malibu Breach 9/30/91 60 pfu 
I 



. '-111"'\""'" ,r, ...... _. _._ . __ .......... ~ .... . ,------, 

Malibu Breach 10/01/91 15 pfu 

Malibu Breach 10/08/91 40pfu 

. rlfallbu Breach 10/09/91 1Xl0' pfu 

Malibu Breach 10/15/91 axl0' pfu 

Malibu Breach 10/16/91 <5 Pfu 
Malibu Breach 10/21/91 6.4Xl~ pfu 

, 
Malibu Breach 10/22/91 2:Sxlo" pfu 

Malibu Breach 10/23/91 BOpfu , 
Malibu Station £l 5/13/91 <5 pfu 

Malibu Upstream 6/03/91 5pfu 

Malibu Upstream 6/10/91 <5 pfu 
~ . 

Malibu Upstream 6/12/91 <5 pfu 

Malibu Upstream 7/03/91 <5 ptu 
, 

Malibu Upstream 7/17/91 <5 pfu 

Malibu Upstream 7/22/91 <5 ptu 

Malibu Upstream 7/30/91 <13.pfu 

Malibu Upstream 8/05/91 <5pfu , 
.allbu Upstream 8/14/91 <5 ptu 

Malibu Upstream 8/20/91 <5pfu 
.(~'-." 

, .-." 
Malibu Upstream. .. 9/03/91 10 ptu 

., ". 
! 

Malibu Upstream 9/16/91 15 pfu 

Malibu upstream 9/18/91 . 55pfu 

Malibu Upstream 9/23/91 axl0' pfu • 

MalibU Upstream 9/30/91 lX10' ptu 

Malibu Upstream 10/01/91 65pfu 

Malibu Upstream . 10/08/91 50pfu 

Malibu Ustream 10/09/91 4X1o" pfu 
. 

Malibu Upstream '10/15/91 20pfu . 
Malibu Upstream 10/16/91 <5 pfu 

Malibu Upstream 10/21/91 lx1o" pfu 

Malibu Upstream 10/22/91 10 ptu 

Malibu Upstream 10/23/91 10 pfu 
, 

i lerondo 5/15/91 1000 pfu 

Herondo 7/1/91 2.2icl0· pfu 
'". 

Herondo 7/10/91 Not recorded Ji 
\ 

Herondo 7/31/91 2X10'ptu 



. 
Malibu Breach 

Malibu Breach 

. r.1a1ibu Breach 

~ u Breach 
r--

Malibu Breach 

Malibu Breach 

Malibu Breach 

Malibu Breach 

Malibu Station B 

Malibu Upstream 

Malibu Upstream 

Malibu Upstream 

Malibu Upstream 

Malibu Upstream 

Malibu Upstream 

Malibu Upstream 

Malibu Upstream 

.allbu Upstream 

~ uUpstream 

Malibu Upstream 

Malibu Upstream 

Malibu Upstream 

Malibu Upstream 

Malibu Upstream 

Malibu Upstream 

Malibu Upstream 

Malibu Ustream 

Malibu Upstream 

Malibu Upstream 

Malibu Upstream 

Malibu Upstream 

Malibu Upstream 

( lerondo 

H' "!do 
~ 

Herondo 

Herondo 

.-" '" ,-.... , , •• -••• v "' • _ ' __ ""."" .'.' ••• ' ••••• 

~nAUC: An"" ... , ~,I.;r ~UIYIIVI""'n I \\;IJI .... / 

, 

, 

, 

--..... ~.-... -... - .-.~-'- - .... ... .. - ,- - -- ... - . -- . __ ... __ ._ ..... _ ....... __ . 

. 

:. 

10/01/91 

10/0a/91 

10/09/91 

10/15/91 

10/16/91 

10/21/91 

10/22/91 

10/23/91 

5/13/91 

6/03/91 

6/10/91 

6/12/91 

7/03/91 

7/17/91 

7/22/91 

7/30/91 

8/05/91 

8/14/91 

8/20/91 

9/03/91 

9/16/91 

9/18/91 

9/23/91 

9/30/91 

10/01/91 

10/08/91 

10/09/91 

10/15/91 

10/16/91 

10/21/91 

10/22/91 

10/23/91 

5/15/91 

7/1/91 

7/10/91 

7/31/91 

15 pfu 

40pfu 

1X10' pfu 

axlO' pfu 

<5 pfu 

6.4Xlo" pfu 

2.9xlo" pfu 

80pfu 

<5 pfu 

5pfu 

<5 pfu 

<5 pfu 

<5 pfu 

<5 pfu 

<5 pfu 

<13 pfu 

<5 pfu 

<5 pfu 

<5 pfu 

10 pfu 

15 pfu 

55pfu 

6xlO' pfu 

1X10' pfu 

65pfu 

. 50 pfu 

4x10" pfu 

20pfu 
. 

<5 pfu 

1x10" pfu 

10 pfu . 

10 pfu 

1000 pfu 

2.2X10· pfu 

Not recorded 

2xl0' pfu 
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- APPENDIX 2 PHAGE ANALYSIS SUMMARY 

Sample .. Date 

Malibu Texaco 5/13/91 

Malibu Texaco 
, 

5/15/91 

Malibu Texaco 5/22/91 

Malibu Texaco 6/3/91 

Malibu Texaco 7/3/91 

Malibu Texaco 7/22/91 

Malibu Texaco 7/30/91 

Malibu Texaco 8/14/91 

Malibu Texaco 8/20/91 

Malibu Texaco 8/26/91 

Malibu Texaco 9/3/91 

Malibu Texaco 
, 

9/16/91 

Malibu Texaco 9/18/91 

Malibu Texaco 9/23/91 

. Malibu Texaco· . 9/30/91 

( Malibu Texaco 10/01/91 

Malibu Texaco 10/08/91 

Malibu Texaco 10/09/91 

Malibu Texaco 10/15/91 

Malibu Texaco 10/16/91 

Malibu Texaco 10/21/91 

Malibu Texaco 10/22/91 

Malibu Texaco 10/23/91 

Malibu Texaco • 100 yards East 5/13/91 

Malibu Texaco - 100 yards East 5/15/91 

Malibu Texaco - 100 yards East 5/22/91 

Malibu C Channel 5/13/91 

Malibu C Channel 5/15/91 

Malibu C Channel 5/22/91 

Malibu C Channel' . 6/3/91 

( 
6/5/91 Malibu C Channel 

Malibu C Channel 7/3/91 

Malibu C Channel 7/22/91 

Malibu C Channel 7/30/91 

-- - .-- -.. .:----. ----_. "--'._-... --~ .. 

Phage/100 O)L 

<5 pfu 

<5 pfu 

<5 pfu 

35pfu 

15 pfu 

<5pfu 

<13 pfu 

8Xl0' pfu 

6Xl0' pfu 

1_3xl0' pfu 

15 pfu 

6,OX10' pfu 

3.0xl0· pfu 

TNTC (> 150/mL) 

70 plu 

15 pfu . 

50 pfu 

3.0Xle" pfu 

2.2Xl0' pfu 
. 

<5 pfu 

1,lXl0' pfu 

5,8Xl0' pfu 

20 pfu 

<5 pfu 

<5 pfu 

5pfu 

<5pfu 

<5 pfu 

<5 pfu 

5pfu 

<5 pfu 

<5 pfu 

5 pfu 

<13 pfu 
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j , 

Note:. Maintain the host strain on tryptone bottol!l agar slants n 
containing 15 microgram per ml each ampicillin and streptomycin LJ 
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 perforl!led. !,' 

Stock cultures of the ,host·strainmust be maintained on 
antibiotic-containing media to insure the cells contain the 
F+ plasmid. 

n I., 

"J' ", . I 

t-1 

r) ! 

r i 
.L) 

"i •. \ 
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-- ... ~~~ -in-1991:-All data Included. The syn-bols eteach site Indicate 
the results of the t test as follows: 

( 
*** P< .• 0001 
.. * P < .001 
* P < .005 
• P < .05 

blank P > .05 
no test 

To control the experimentwise type·1 error to P <= .05, use P < .005 
(*) es the critical lever. 
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~ABLE 5. Estimated densities of positive plaque assay 
(plaque forming units) and cytopathic effect 
(estimated infectious units) assays. for human 
enteric viruses in. the Pico-Kenter drain, Herondo 
drain, and Malibu Lagoon. 

SAMPLE SITES: DATE PLAQUE ASSAY CY'l'OPATEIC 
RESULTS EFFECT RESULTS 

PICO-EEN'l'ER 8/13/91 1 pfu/57 gal no CPE done 

9/25/91 1 pfu/2. 8 gal no CPE done 

10/2/91 none detected :a1 rU/23.2 gal 

HERONDe 7/31/91 none detected :a1 Iu/79.5 gal 
. 

9/4/91 none detected :a1 Iu/26.2 gal 

BREACH 6/17/91 none detected :a1 Iu/SO gal 

C-CHANNEL . 6/5/91 1 pfu/141 gal no CPE done . . 
10/9/91 none detected :a1 Iu/10.6 gal 

UPSTREAM 9-3-91 . none detected :a1 IU/2S.7 gal 

9-30~91 none detected. :a1 Iu/63 gal 

.~~ ._-'- ,'---_ .... _.--.". -'--'- '-'--'-,"--' 

n 
i] 

II 
I, ... , J 

r ' d 

,. , 

I \ 

U 
. , 
" I 
I, ; 

, 
'~ J 

, , 



( 

t. 

. , .....• , •..••••...••••••••• ",. ,»".>~.o" M~ __ ' __ ' __ .. _, ••• ~_.". _ ...... _.v ... ...... . 

~able 3. Seed Virus Reoover Experiments. 
Runoff was seeded with attenuated poliovirus. 

·'i?df);¥i¥i~ri·jlliJ1vi;;ii~\~aa4~{;;f;!li;i;1\ ';#t~ij\:t~itgb'i~'fjcti{~;~i;~g~~':! 
Pico-Kenter 3.4 X'106 2 .• 7 X 105 7.9 

Pico-Kenter 3.5 x 106 2.4 X lOS 6.9 

Pico-Kenter '3.8 x 106 2.7 X 105 7.1 

Pico:"}Center 2.5 x 106 7.6 X lOS 30.4 

Herondo 6.3 x 105 1.4 X 104 2.2 

Herondo 7.4 x lOS None o 
Heronoo 2.7 x 106 1.3 X 106 48 

Malibu Lagoon 2.9 x 106 8.4 X 104 2.9 

Malibu Lagoon 2.6 x 106 2.0 X lOS 7.7 

Malibu Lagoon 2.9 x 106 4.9 X 105 16.9 
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Alt data included. Types .re E ~ Enterococcus,-F-~ 'ec~l~~tifoMm$# (--

T • Toul colfforms. Depti'ls ,re A • rit_ depth, C • Chest depth. L-OtST fs di.tance ~ or down coast frDIII atl)rm drain, and OIR is the 
dfrection wfth If • north or '4Xoast, and S • sOl1tI1 or 'dr:»n:oast. 

r'" 
! 

LMR IJ!>P£R 
GECM£1RIC JIOONO BOO1IO 

i . .J 

YP£ YEAR DEPTH DIR DIS1 M£AI/ OF CI OF CI 
......... ---.... -................................................ ---........ -~ ................................ r 

E 1990 A S 100 37.69 21.16 !S7.33 ' . 
E 1990 A S 50 134.60 82.1~ 334.01 i j 
E 1990 A S 2S 162.33 91.11 ~39. 19 

E 1990 A 0 109.57· . 65.20 230.22 

E 1990 A N 25 39.76 24.27 &4.80 
(--'< 

E 1990 A -N 50 23.85 16.22 ~3.55 
1 [ 

£ 1990 . A N 100 21.11 15.87 35.81 
I. .1 

E 1990 C s 2S 12.97 7.35 25.39 

E 1990 C 0 9.66 6.80 16;55 r; 
E 1990 C N 2S 12.72 8.69 21.94 

E 1991 A s 100 3.78 2.59 . 6.70' 
j , 

E 1991 A S 50 3;08 1.62 7.75 
.,.1 

E 1991 A S 2S 4.51 3.38 8.05 

E 1991 A 0 5.41 3.56 12.25 n 
E 1991 .1. H 2S 5.63 3.50 14.36 

1991 A N . 50 5.81 3.95 12.72 
I J 

1991 A N 100 5.96 4.64 11.64 

1991 C S 50 2.25 1.31 4.06 r -

1991 C S 25 2.88 . 2.05 4.54 I , 

1991 C 0 2.76 1.78 6.02 
, 

1991 C 25 3.50 2.54 6.07 
'. .-. 

·N 
1991 C N 50 3.91 2.46 7.52 

F 1990 A S 100 49.89 24.48 120._04 
(-- ., 

F 1990 A S 50 147.37 &4.01 381.45 L_: 
F 1990 A S 25 218.98 129.24 601.52 

F 1990 A 0 .169.35 100.44 384.89 

F 1990 A N 25 65.49 46.18 122.34 '-1 
F 1990 A N 50 54.35 38.46 102.26 

F 1990 A N 100 49.46 30.85 96.70 i ' 
F 1990 C S 2S 25.18 15.42 54.15 

,,_ .. ) 

r 1990 C 0 15.50 9.30 29.71 

1990 C N 25 28.55 ' 17.87 51.21 (j 
"91 A S 100 8.13 4.40 23.88 

m A S 50 9.90 4.93 29.44 

1991 A S 25 10.56 6.24 27.59 

1991 A 0 15.77 10.77 ".49 
1991 A N 25 17.81 1>.14. 52.05 

,,( 1 
.1991 A H· 50 9.82 5.10 27.28 L! 
1991 A' N 100 10.58 4.83 31.02 

1991 C S 50 6.19 2.97 23.77 

1991 C S 25 6.18 3.33 17.60 
,. 

1 

1991 C 0 7.03 3.30 26.08 
, 

~ 

1991 C N 25 11.39 6.20 32.09 - I .• i 
F 1991 'C N 50 I I .41 4.49 38.75 

r 1990 A S 100 600.80 .263.14 1932.16 

r 1990 A S 50 2379.89 1237.72 .8062.27 1 r 1990 A S 25 4592.05 2432.40 . 14026.60 

r 1990 A 0 4069.56 2183.80 11285.89 

r 1990 A X 25 855.66 501.78 2117.67 

r 1990 A W 50 439.53 275.65 1107.97 < ! 

r 1990 A N 100 476.35 303.69 1086.63 Ii 
r 1990 C $ 25 260.37 145.02 958.43 lc 

r 1990 C 0 190.15 118.77 460.76 

r 1990 C • 2S 238.47 128.52 601.76 

r 1991 A S 100 152.20 94.32 553.72 .. 

r 1991 A S 50 152.27 93.45 598.14 I 

r 1991 A $ 2S 189.36 123.85 710.35 
' .) 

r 1991 A 0 193.32 112.67 792.04 

1991 A •• 2S 260.16 167.12 814.34 

1991 A N 50 177.77 88.18 599.98 

1991 A N 100 209.82' 128.15 841.93 

1991 C S 50 173.79 88.45 1247.98 

1991 C S· 2S 170.73 109.39 1095.52 

1991 C 0 209.70 130.73 886.37 I 

1991 C N 2S 197.56- 105.85 878.16 ' ) 

1991 C H 50 201.65 101.72 965;23 

, .. ~' 

; :1 
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Virology~ EPA-600/4-84-013. 

USEPA. See United States Environmental Protection Agency. 

Warshall, P. and R. Coats. 1992. Malibu Wastewater Management Study •. Prepared by 
Peter Warshall and Assoc. and Phil Williams and Assoc. for the city of Malibu. 
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Relationship of Microbial Indicators to Health Effects at Marine Bathing Beaches. 
AJPH. V.69(7):690-696 

c8.belli, V.I., Dufour, A.P., McCabe, L.I. and M.A. Levin. 1982. Swimming Associated 
Gastroenteritis and Water Quality. Am. I. Epidemiology. V.1l5(4):606-616 

City of Los Angeles, Environmental Monitoring Division. 1989. Santa Monica Bay Annual 
Assessment Report, 1987-88. Report submitted to EPA and RWQCB (Los 
Angeles). Department of Public Works, Bureau of Sanitation, Hyperion Treatment Plant, 
Playa del Rey, CA. 189 pp. 

City of Los Angeles, Environmental Monitoring Division. 1990. Marine Moriitoring in Santa 
Monica Bay: Annual Assessment Report for the Period'Iuly, 1988 through June, 
1989. Report submitted to EPA and RWQCB (Los Angeles). Department of Public 
Works, Bureau of Sanitation, Hyperion Treatment Plant, Playa del Rey, CA. 215 pp. 

City of Los Angeles, Environmental Monitoring Division. 1991. Marine Monitoring in Santa 
Monica Bay: Annual Assessment Report for the Period Iuly, 1989 through Iune, . 
1990. Report submitted to EPA and RWQCB (Los Angeles). Pepaitment of Public 
Works, Bureau of Sanitation, Hyperion Treatment Plant, Playa del Rey, CA. 220 pp. 

CLA EMD. See City of Los Angeles, Environmental Monitoring Division. 

Glass, J.S., van Sluis, R.J., and W.A. Yanko. 1978. Practical N:ethod for Detecting 
. Poliovirus in Anaerobic Digester Sludge. Appl. Env. Micro. 35:983 
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Drains. A technical'report prepared for the Santa Monica Bay Restoration Project. ... 
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District. 
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one virus would result in infection (Bitton, 1980). 

. 6. Other than gene probes, -current techniques ''Ca!IIlot detect some of the viruses 
(rotavirus and Norwalk viruses) which could cause swimming associated illnesSes 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 high bacterial densities in order to assess whether there was human waste present. 
Because swimming associated illnesses 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 al1979, 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 swimining in storm drain contaminated water. 

Three years later, human enteric viruses were. found at various locations in Malibu 
Lagoon, Herondo Drain, and three consecutive years at the Pico-Kenter storm drain. Human' 
viTuses were not found in limited sampling at .Ba11ona Creek, the Santa Monica Canyon drain, 
and the Ashland drain, .but that does not preclude them from occurring in those locations. ill 

• 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 information on potential sources of human viruses to the 
storm drains. 

Human (ecal 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 drains 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 swimmiitg at various distances from· flowing drains should move 
forward. . . . 
2) A human specific indicator that correlates with the densities and presence or absence 
of human pathogens is needed. . 

3) Tools I\eed to be developed for the easy detection and quantification of specific human 
pathogens. Models could then be used to demonstrate health risks associated with the 
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Total:Fecal usually .,S..lO (City of Los Angeles, Environmental Monitoring Division, unpublished 
data). . 

IndicatOr bacteria are useful for sanitary 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 MallbuLagoon, 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 detennine if there was virus contamination, not to detennine ' 
'SOurces of viral contamination. "Studies designed Specifica11yto ,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 there was no 
cross contamination of the samples from the seed studies. In addition, any potential cross 
contamination was eliminated because alI 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 contarnimltion to the storm drains are unknown. For the two drains, 
. sources could include illegal connections .to the .sewage ~ystem, 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 theLYMWD, flows from Tapia during sampling periods in the lagoon were 1.04 MGD and ' 
rangedfrorri 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 galIon sample when the chlorination unit was not functioning) was 
detected out of 25 days of sampling (James M. Montgomery Engineers, loc., 1990). However,' 
Tapia does not have an enteric virus monitoring program, so the efficacy of the tertiary filters 

, in virus removal haS not tX:endetermined 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 system unless the tertiary filters were not functioning 
properly. 

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

1. At low densities, viruses are not 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, ·regardless of the water level within the Lagoon. These results do not rule out septic 
Systems Within the watershed as a potentW 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 quality. 

Possible other sources of indicator bacteria to the lagoon are wann 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' moilitoring 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)/100mI (L VMWD, 1991) . 

. The highest reported value during the study period was 4 MPN/100 mI. 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). It appears" 
that many of the sources listed above, especially non-point sources, are contributing bacterial ' 
indicators to the lagoon. 

B. Viruses 

1. F·MaIe Specific Coliphage 

Higher densities of male specific coliphage 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 meailcoliphage densities :were approximately, an order of 
magnitude higher at the Pico-Kenter and Herondo drains than the Malibu Lagoon sites. En,teric 
virus was found at all three Malibu Lagoon sites, yet coliphage densities were always low iIi 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. 

14 

r 
L 

[ 

r 
! 

[. 

L 

1 

I. 

I 

L 
L_ 

, 
,~ 



, , ., '," •• ,.,',. '.' • ','" •• ,.. ,0. "", •• '.'_"_._.": •• , • L"L":."-",'O "~"""""".:,,_ •• 

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

In general, the conductivity of the samples was high when the lagoon 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 
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 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 designed. Because of the iogistical problems of sampling directly from the Pico-Kenter drain 
after the pipe extension, samples of drain effluent were only collected on days during entenc 
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. Comparison 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% for fecal coliforms, total coliforms, and 
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Analysis of variance (ANOYA) 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. 

ANOYA with posteriori multiple comparisons were run to test for site differences in 
geometric means. Tukey's student:iZed Iallge test (HSD method; SAS, 1990, Steel and Torrie, 
1960) was used for the geometric 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 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. 

1. 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 orie 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-Channel and Breach stations were 
significantly different (p ~ 0.5) from the other four stations for total coliforms and enteroci>ccus 
(Table 2). The geometric means for the Breach and C-Cbimnel stations were not significantly 
different· (p ,;::..0.5) for allthiee 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 
for enterococcus. 

B.Vlruses 
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Two 35 gal containers were filled with storm drain effluent. The effluent was adjusted to 
pH 3.5, AlC13 was added to a final concentration of 0.005 M, an.d ~ 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 m1 of sample diluted 
with 9 ml of sterile Hank's Balanced Salt Solution (HESS) 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 samples 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 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 ~very 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-MaIe 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 F-male specific coliphage assay methods and :e;. ~ host 
· bacteria were obtained from Dr. V. Cabelli as described in Appendix I. 

· 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 USEPAManual of Methods for Virology,· 
1984 (EPA·600/4-84.Q13. Adsorption conditions were pH 3.5 willi an Alel) molarity of 0.005. 
The eluent was 3% beef extract adjusted to pH 7.2. Approximately 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 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 duates from the field sample were delivered to the laboratory and 
reconcentrated in the afternoon using an organic flocculation procedure (Katzenelson et aI., 
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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, 
n.ext 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 CreekRoad 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 point on the north bank of the creek, 100 yards upstream o{the Texaco discharge 
(Upstream). 

m. 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, sampling was conducted during morning hours on weekdays. All bacterial samples· . 
were tested within six hours of sampling. 
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Sampling in the surf zone around the Pico-Kenter drain occurred on seventeen days oyer 
a five week period. Samples for bacterial analyses were collected at the same ten sites as the . ·1 . 

. 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 75 yard intervals. 

All samples were taken from the incoming breaking surf. The .ankle depth samples were 
taken as the surf foam reached the sample bottle· at the height of the sampler's aiude. 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 yards 
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 still need to be addressed prior to deciding whether or riot 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 ~rt, results are presented from two studies performed during 'the third 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 virus in the Pico-Kenter and Herondo storm 
drains, 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 {ieciding 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 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 sampling locations . 

. . from .previous studies, were chosen because they hisioricalIy 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 • 

n. 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 

4 

I 

r 

T 

r 
I .. 

{ 

I. 

,'j 


