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EX SUY

.lI ci tl puli's pe iI niim ac il S3 Mci Bay iiti Jith ii, ti S3 MOl Ba Reon Pri: (S) ha de Il
qaon of tl Ii ii of sw il ii w. is a pr ar of Cl'.
Pr Il co ii tl au of di 5M de iI Ii de.ot,
ii ba we pr il ai dq -i we fc 100 yu f: iI Pi~Sl di Ji Id li CI 'r we fc 1X tw c: ya ii iiiiiilffr ii Sl si cI

'I yas -i wa de lD fa cw di of ii badaÎuroUl',.
tl PîKa si dn af tJ c:lc of a 60 f!l pi c=oa Al, fu ie:1b tl pr of hii ci 'Y wa co at tl PîKa mI Ba .si'
di ai Ma I.
Si _ iD ba clOD - Lo da of ii ba il ti su ZZd
ai tl PîKa si dn sd we fc wbc th 60 f!l pi c: wa1iClg as de TI ie we si di fi tI pæ ye's si1
el DI ba dion tl wa a:le Ii ii pi ei wa cml-
Wb ti dft wa died fa of! sh ci ai ii si =i we efw i)
ii rc DI ba ~ iilb su 2I AJgh cI ~ do DO m1UQ ".
pool Jo lD ii V4 a pry dc ai ai -ica c: pt,:cf ia md liib ii lD ii ai SW .
Ei 1' ~ - Hu eita vi we fll at al fMvi salîgsî /PîKa ai Heo st di and al tI vi sa 10c wi tI Ma.:'
la 1b oiy sp 'l id we 0w B vî wi ca ca.i1 .
øi fr ps lD, 01 i- oc pe aD mcgi 'I i- ci .,di li mi ca of st di is fa ii pmi ti ory -i" i'
Ev tI tl st dr sy ii Lo Aiel Co is coy sq fr li sca'f
n-ii si di ar !l me ofli mi ii. .'

lI 1X di ie of !b vi UU ie fo nr i- iill, ;
1) An iipl of ti Jith ii wo wU Ya 1e of iiea of _ qa
ar wi sw at -iii ci fr 11¡ di sI ii ft .
2) A li sp DI tl co wi ti dc ai pr or aI of Ii
pa is -i
3) Too ii lD be deop fo ii rz de ai ~ of ¡i
ii Mo cad tb be -d lD ci Ii ii as wilj.
i- ai
.) A SI mr ne lD be de ;i îi lD = lo lD ~. ...12.mri ii iilÎlD W¡ _li ai sp A c: ef lD id an .
ii -i m: pI lD di -i sI be Il ity.

L INODVC'ON

A pd pa of di Smia Mo Bay ReOl Prec (SMB) is lD quti di
ih.DS of sw in di Bay's =n wa The is of sa swg in the
Iibe qu by tl pu an eita maer ba 01 num ai

.' CI ii il aite lD sw in di Bay. ai fr -i of eI.íltiof li ba fr mi Sl di wl di efis eiti !b su Zl
",($ Ca As ii Go, 1988; Cï of to An Eita
'Ji Di (CL EM), 19, 199. 1991, 5M 199. tJy, di..' !. cc be ad ii an i:oJo st us r. of il wî

in di Ba.

A pi st cale of îi mk ii tl su ZI ii tw Sl di
ii ci Wu in di Sl di wa co du tl fi ya of ainulya

~ (Go eul., 199. Th si re tl în Il deó~in th su
". ii ~y =e Ca Oc Pl ba wa quty obji: (Sla Waæ .
ii Co Bo (SWCB), 199) in di vi ii bath ii J'Xmti and Asd

AW:si dt. In di ai suuet $l, ba "le of CX" we ba
,Íìtl wa qiiy obi: prte in ii Sla'S Oc Pl. Leel ii c: we'Øiwli

L ll c: we gr t1 100 c:oiy fom
ui pe 100. ml of wa (cfioo ml); or

.
b. re c:on we ¡r ti 20 cfl00 in or

c. ' ei we gr ti 20 cfl00 m.

'ne.SWCB ii1i fo 1i cI we aplied as indua vaue fo ea
ii ii ii ge Il fo sales co1l ov a 30 day pe as st in tJeOc Pl 1b in ba si in !b Oc Plæ _ pntly i- for~ tDg fo pe dî wI tJe re pe by tJe.
SM wa DO de lD cl co

'. In ad to su za sm, _ in Sl di wa -l fo ci of a
~ F-ii sp co Co ar =ty be coder as aD
Ii of pa vi si ii i- wa Sta Ii DO li se fo~ .

Oag tl fi siy, hui e: vi we fu in di J'Kt sm dr
li 198 CI 11 _ of 15 sali cI (Gold ei ai. 199) ai in 199 durg ii se swy.
â\tI,CI ii fo cI (00 et aL, 1991). Th'r ar pa cag il
Il ~~ ID ar sp ID li _ (L an Sc 19(). Th
'ii de tl _ in di iI Ii be co by bui xwe. Si
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1I æI of 1I 199 st, 1I Ci of Sata Mi ha kc1l bc clos, 100 ~ii an so of 1I PiKcie iI an imie me to æd 9t ~pC of rw on1l be'
A ii of qi si i- to be ad pr to deg ~ or ll.

-i a Ja sc ep st. 'I st sI be coUC on n:~ba in wa wi la vailty in DI ba dc ad to f1ow~cb 'I cocx wo pm inomon OI ti Ii ri fr rw"iiwa ~ cxy by ur ru . , "
II th rq re am pi fr tw $l pc dllllth iI ~ of ,¥,prci ni w. de 10: . .'...
1. Fu ewii dion of iica ba ar 1I Pi~ -i .,
úi 1I co of 1I 60 fo pi ex; an '. ,"

2. Tcs for1lpr ofJi civi ii 1IPiKAanHC si~di ai Ma ~ . ~.

There 1 s no text for th1 s page.

Fii wo wa do in 1I n- st 10 rc oukD 0i-1I~'
iica ba ar 1I Pixd'; dR. Gag an ui of ii ba '.
diut il 1I su -i is an csti c: ii de wi poOl of 1I li .'
ai 1I swg puli is ex 10 c:vc ii dc rig trm SI di."
c1 II th ca 1I PiKcie dr wa ci be of 1I liy Ii ~.:;of indi ba ii in 1I su ad to 1I dr. '1 dr ~ ll ....,
be it o!feR a im opty to te 1I c: of si dr Clon ÌDûi ba dc il.1I su zi .

II 1I sc sty, we coliiilD ~ va si dr cfurJor. ib
of hum eic vi '1 tw Sl dr ai Ia Sl li tlsafr piousi w. cb be di Iiy Ji bc ~ ~.
dc of iica li in 1I su zo wI 1I dr flow cIy 11 1I -.
yes VÌ st wa 1I ti ti th su a lae scOl of Sa Mo Bay _ co
'I ii fr th sty wi be us'lO ii dd 1I po si ai-l
an epolog sty .

n. STY SI
&. PkKm &o Dr

'1 PiK. dr is Io wl Pi Bo ii tI bc (S em
'1 si dn sy dr a br _ th ii i- of Sata Moi an pu of W,ij
L. an Brtw 'I ar tw dr iI di 10 1I bc: 00 is ci by t.
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ADgel Coty Dei of Puli Woi md ii od by Ca- Ti Dr wa floW
is usy ti 60 fee of shar tl a pi CZ Wb 1I pi is i:çi,
nmff 1l ii !b bc 'I si ll 1I ye ni wi a tyca di fl of
apy 0.2 cuic fi pe se (Gi pm co, 1991).

'I PiXa $l dr wa sa ag fo ii aiii Wu ID cleifvi -i ¡c fo ib di Cl ye. Sa of ruff sal= fr ii dr-i cclb wh iI Pi ai li sl dI di at a po apy
20 yø fr tI su -i

In Ai 191, a pi cz wa ac ID co cI we iu fr th ~
ID a po 60 ft ci 'I.m wa de 10 pri pcli of e1iii OQ th
bc md di di of cI -i fl be li su zo 'I diOl of -imd f= co an i: ~ ia tI su:z wa fi c: 10 bede li diii of th ba Ba de ar th ll pror to buii
1I pi (Go ci at, 199) wi be co wi diii pa ai :i0l of ii
pi 1I "li an af CO wi be prte ia !b Di sion' of di1l
B. Ba St Dr

.'I ca of tI dr is Io at a po sug bc wi Bi Bl. iili oc 01 tb He &.Re Be bo (Se fi I). Sai= wc ~
at ti ia=s of .Hei Bld. ai Ba Dr ftm a ii on ii bil pa oa th
we si of Ba Dr 'I st ll sy d: a lae = ÍD He ll,
Ba Bc an Tom wi ba prmit1y rcei md coiila us
Fl ll fr a si c: Sl io De th me hi ii ii an th' di
&: ti be 'I pu iI fo 01 th bc is bn wi eive ti ii
'I SI dr tI iDt1y tlgh !b ye (Mic, pe. co, 1991).

.Co Ma Cr
'I Ma Cr wa, cotag 0Y IOS squa mi is tI laes ~

dig iaID Sa Mo Bay. Pm ofúve ci an cota wiih li -l lå,Ca, 'I Oa A. Bi md wes Vi Ma ei is a J0
li st ici ia. Mau Ug 'I la is ii oiy n: im
- la adja lO Sa Møca Bay (S fi 1).

AD li an vi sal= wa co ii tI 13 ac M2u li, Idac ID
OD of 1I mo po su li in Ca Sui Be 'I M: fodi sa si in ti la (S fi 2):

1) 'I io _ Si &: wb ii sa be is tyy bi
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aiy by th Ca Dei of Pala an Rc0l (B);
2) At ii li 0Y ti C-d wlch is th we mo i: of !b laoo,
-i .. ib 1d Co (C-d);
3) 1i li Ilftli ii (ÇPy 150,00 pl pe day) fo by ii
dle of lR co i-- fr li TCD p. si 1r
t. an iu fi ti ad.ï Ci Ci Ro si cete pa lo TI
si po wa tl ID fi yø ii of 1d Cr jus ca of th 1'c
Co Biway brCfca): md

..l) Ata ¡i OI tb ii bWotllc: 100 yø up oftl Tc: die(U).
m. SAG

¿.1i Ba
J,Sa De ui Fr

TI st wa c: ou 0Y a si mo pe fr mi May to iiNovbe,. 19L .idy, sag -i hall oc clg we wli it mo pe we
'1Ia iI be. Ho, be of th log reeits of th miology
Ia sali wa couc il mog ii OI wcys. AD ba sa. -ila wi m ii of sa.
.' Sag in li su:z ar tl JlKe ll oc on _ days ov
l fi MC pe Sale fo ba aiysc wc c: at the sa ii siIC as the
199 mi = st (F 3):

.
1. Sc si wc pooned at ai dt at 0, 2S. SO, an 100 ym ii

lh "0" po wa lo diy we of li dr
2. 'I si wc ~ at cI dt at 0, an 2S ya inti

. An sa -i ia fr li iig lm su. Th ai deth sai= we
1I u ib w: fo re lI sa bo a1 ti bcgh of ti sa's ai. The ches
'$i M: lU wi the lmg wa na the ci hcbi (apiiy 3 to .l
: f1) of a me si adul CI de sa usy ~ be 30 an SO ym1' awy fr tl di tI ai de sa.
. Sa at di e1i wc oiy co fo ha aiy= OI ca of lI th
:.i 'l sag clys ll of lo prle ai th pi wa =i 60
. fe di wa ii sag diy mim ii PfKate ll 01 c!ya wi su :z
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,ba molDg tok pi Li ba saple we ai dlØ ci day of
vi sa at ti Hc dn an Mau La.

i. ÅD
Sa wi co ÌD ci l2 ml or l1i, ~, ~ pot. 'CW"Cbo Af c:, sa we pi ll ke an tr 10 ti Eiiicl

Mi DM's (E) ii ia at ti Byp T~ p~
Dati of io ai fi coor we ci -ig 10 Sia"".,(Ai Pu &a As (AP), 1985 us ti me 1i ~

(S 9(). Th in ai ¡i wa us fo IO ca ,ai~1l,. ii Sti Mc Se 90 Tcs fo ai fo~'"
Ei Pr Agei (USEA, 1985 pr= US iiE ad Es IiID ll we ie ii coy fig ui (cfl00 ml).
11 V'_

1. Sa Dc aa Ff
Tb vi saIï pe wa frm Jun 3 10 Oc 23, 1991. 1i ad IIvi sa - aiyz fo IO an fi co c:tm ID ~F-ii spc co ,
Vir sa1i¡ ci ll fi dicnl clys at B= dn, ii cl ai tI,i

Ka dr, an lWty si clys at Mau L; At Ma L:, _ Wi ii"ai _ ta at 1I C-clie ai 1I up Sl Ei ~ ~fr tI 1m loci '
A sigJ sa,wa c: on ai cly. F"ic sag Wa cx bÝ'

Byp :Eia Monio Divi (E) an He me Bay.

i. Se Stdy

Sc si _ pe at ti tw di an Mau Cr 1l ~
duoa ti de ii SI3 Me, ii Seol 91l-A (AP i~ 'iiam of ii se ea we cole at ca Sly Jo ,ii'
si tey by & ii of tw wc fr ñd Sl ii o¡ 10poilty of .."'",.ri.. of ñd sa 'i Ia vi 'l Sl ~.mc ti etCd (Le. pc, of n:) of tI pn 10 Clti 1D.
fo vi ai se, 10 le tm etec of ti SI dn efue OIWuS
ti -i c; wi co ii No, 191 ai ti ad Sl _aU
by di Ore Co Sala DI (OC) Sl.

193

-
Tw 35 pi Cl _ fi with SI dn cfL Th cfi wa adjus 10

pB3.5, Ala. _ad 10 añii:OlofO.OOM, ai a kn amtofatua
)l (va st) wa ad 10 ca Cl. Tr pa sa we im at
1l ii ai -i of ti ñ1 pi Ea gr co of i ml of -i diulc
-u 9 ml of -i Ba'lll Sa So (B) 10 ii lIy tm ef 10 th
mø by ti dn ef Tl BB CI 2" fi bo -= Mi Ii JII
'r ii wl sa an fi ai ti Efue ii ai call tb wa ni
li a .... (de bc).

Ga sa bd aD af ci _ -l fo da of ti poliOY"--. of vi ii ti fi le of pa sale yi bu am Any tmcI of ti efue tb co be as by cag di Îlhira -i0l'* ti fi aD -- le of gr DI 1b pcl of æc wa ii by
-i vi le ii ti ñi -i wi ba J. Th rais of ti ad
Il -= us 10 pv i- cs ii 10 adjUS ti de of c:ti vi
-i fr 1i DI
i. Sa ~ Ai
.. F-M Spe C4

Gr sa Wi ob 01 14 clys at ti Pi dr, fi cl at di
lI di 25 cl at iæ Ma La0l br IÌ 24 days at ti C-d IÌ 23
~ys at ti Taa IÌ ai 26 cl at ti up si (fr sp of tl ba saes).
Ney aU of ti sa we CI 01 ti Ia da lI vi sa1 oc. The
am -= ai fo F ii coe by 1I Ore Co SataOl Di'
(O) Waoi Ia. Tl F-ii sp co &sy ll ai Eo gi hoSl
li -= ob fr Dr. V. Ca u ii ii App L

.. Ea V'in
'E= Yi wi sa at ti si dn si lIg a mo Ym of

$l ld 9il-A (AP 198 aD ~ USA .M of Me fa Vinlogy,'
Ii (EA-64-13. Ai Clli we pH 3.5 '¥th lI Ala. ii of 0.00.
TI c1uc wa 3" be CI id 10 pH 7.2 Appy 50 10 140 ga of efuelwa li pe ai A cl da of ti ci vi sa pr iJ ii
"I OSA Ma of Me fo Vin° (1984).

TøIe up ai ti li 1i ¡i ti (~y 1.5 bO) re l!
II be ii ti ii aD cæ imlI Oiy _ sale wa la pe cly
It ea ol iæ di .,/

0i ch fr ti fi sa __ dc 10 ti 1a ai_i. ÏD ~ af US aD cq ~i"' pn (1._,.. i: al,

i~'

r
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196). Y.i ~.o -= de pr to _y (Gl et a1,l97. "

Al t1 di su -= iiililly'-iyz fo ii_ Cllavi oili,
II ki c: (l by di pI as ti Tai pe ofll
ii iIlh _lD cI If di wa a qii D1 t1 vipnsiwa ii fo Pl Fo Uii (P, di di i- Qf_,
ai by 1I ti Ji CMy te Ii as ti ey i:"i(L aD Sd 196). If ti -ies wa po ii di Pl, ,as,
ia t1 di ai wa DO -iY. by ii ti CP asy. 'I CP,i-,
cI a p: ii t1 vi bu is DO qi... Sa ei (
-i as W2 by reiii: ai 1I ofBG ci wi. pc of...
fi ti or fl Ii aD CI CP pc 11 wa co by tai '
or1/ mp as we as pi in Ii ciy c: A dclaillcL
fo i: cu aD \/ as is pn by EPA (1984).

Amys of va (ANOV A) wa us lD le for Ji dien amoii: me
" ,.$ 11 ai ai cI de. Ea si me wa c:cu ftm al da ga,ii Sl peod. '1 geo me fr ti 199 ba iluli siy we
, " , to di 1991 da lI si He
ANOV A wi po mii co we ll lD le fo si di== ÍD
ic ii ' Tu'i ll ii le (H ii; SAS, 199, Slc ai Toi, _ ,us fo ti gc me co ,

IV.llTS

Fi t1 sales po fo ei Wa -= ta lD ti Cc de _ _'_
VJl ii Lava Qu fw idem by ti Ia of Dr. PiPa~"T.rifi""\Îoi by',ti Li Po ai ii ie we DO si ,.,'"
_ -iy id usg ~ II

II of iD ba _ lo at al ai ai c: dc Sl ÍD th si
._ (ll) -i ciy ii ii di Pi elUCI (Tab 2). Dug ea salig'. .. ii de ii ii elual c= Ie of Cl for al lI ba

(l 4). In di si -. ii, le of Cl 'W sidom ccc at alai cI cI Sl fo ti ii The pm _ of th ba
III al -l 2I si 'W ii ~lly dleri fr ea ol. Ai dep
. me _ DO siy dül fr di de me

C. PI,s Mi~
Co,lI.... ai pH t1th iiwe me wI wUUUlpiesc: La 1i wa me li di is a c: pe,diif .

di pc fo se sy fa ii ti ii Mau Co _ wi di wafilli ai di 1a Ii iI øv 3.5 .. ·
D. Qa As aD Qa Co (QAlQC

'n QAlQC pn esli by Sta Mc (AP198S1a US A (
19 wa fo. Al, th OC' pr ef wa as fw co . .",
fo quty co pi Ii id _ QAlQC piea p1 fw _ Sly wa
Xc lCitiC"n, . QA of fo EPA 1t0l IX

L Di .A
Ge 1I aD !I" CO ii -i ca fa ba iGe ii we ca fa F-ii sp cce. Val ti -ai,ci le iJ ti Co ia wa DO ii lD c: pm _ of,li"

ii Ar _ wa ca fa pH ii-.. ai ai
'1 pe t1 da wl si -i DZ ex le Of ci

c: wi aD i- da If øy n: Cl øy day ex tb1e of ~ diwa ca aI tI lc of CG fo ti IW

11 ¡e _ md 9S" Ca li of ba ck ii in
-i co fr di .N ui, ai _ PìKt ai Hen Slam pYe ii Table 2. ll de ÍD di PicoXc dr we apy ,
II 1M li ii li _ Hi dr II oi lD tw or t1 ii 1i

dc at _ fo .M!.Ol SÎ 1' tm Iid fo al di ba
i. In Mau i. lI deli WI i-Y i- lD higl fr C-d

,ÏÍbi lD Ups lD Tca.
,

1l po ma ci at ti Ma La C.Q an Bi SlDI we
:iy di (P,S 0.5 fr !bllfo ii fw io coliforniuii CIti
2). '1 po _ fo ti JI ai C.. Sl we DO sigically
(Pl.O.5 fo al lI ii '1 gl ii fa !b PiKeii an__di wa ii si diert fr ea ll, bi di WI silly

iI 11 od -i si fo lD co la tI ti C.Q aD Il si
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L Se S1di 11 ca of rimo1huii ov a wi 1Ie fr iiy fr wa lD sal wa.

Th bål of M.u L1 ab se ie ai tI ti Iit at ti tÎof sag
'IUIi la am a1 1i in Ap 4. LaOO Ji -i fr i- fe (ti lo
, . pô ii wi ti ii si ii ti (X st) lD 5.4 fe ab se
: ,'im Of ti 26 cl wi iale wa c: ai aiyæ!D øiti vi 11 oc
" 'wl th ia wa a it io at i- fe il ii oc wI ti Ia e1on wa
:. 3;5.f Tili ii fr pW 1.2 lD $I fe ci \' sai at ti
.. Ja

In gai, ti city of ti sa wa Ii wI ti .l 1I wa op
, fJac wI tI wa a vt ii ti Tb ai Clty wa ae bd te mios
., at JI Bi, C-c il Upsa lU wI ti li wa Ii dw ti taOO
',iì 1b Tca st wa le sule lD th ii of ti li li sale
CI tI wa pry ii die ai riff, md ti sag si wa DO
diy in di b¡

1l of !b -i poli gmy wa po.-, Re DIgc fr 6.9 to 30lI
fo PilC di OI fo days 0.0 lD 18.0" fo He 01 ti days, ai 2.9lD 7.7'1
fo i- da at M. LI crable 3).

i. F-M Spoe CG
1b ~ me of !b :Fma sp cae d: at Be an i'co

Xaær di wa si ai li wa apy OD or of matu gi ii tb
- da II ai !b Mau LI SÎ (table 4 ,'Ap 2). 'ß w.u
1. SÎ al Ji Ja to vt low co de Uii sa fr tb l'coKaai Be dr. muy of di sa fm iI Ma la (apy 39") ~bd di me ci It for oo ,
3. Ez Vi

Hu en vi we ci in ri 01 ai la oi day at an $I sa
.Ici crableS, Ap 3). Quti ofmu wa c: fo al te po 'l
sa crab 5). Ony ti sa wa ~ in ti pl fog 1I asy wbi
- su er po us cy ef _ys Th rogh es of vi
de iaed fr i pf 2.8 gaci lD i pf 141 ploi fo ti pl _ys mc ~i
ii 1I (W)/ 10.6 p1 lD ¿ 1 Ii 80 pl fo ti cy ef asys

Co \' is 'N se lD Dr. Pi Pat at th Ce de Ri, ci
Vuoog in La Qu for idli Idtion by di Li Po :mii
ii ll wa DO su' Is -i evtuy id ii
mo ai Eill YÎ -i id in iu of !b te iale: ti wa
potM for vi Du to a 1a a: tI \' is fr ti 6/519, Mau
LaOO C-c si sa wa lo

Al is 'W idti as Co B. 'ß is fr PiKa 01 912191
c:ia Ca B2 \' whi the is fr PicoXaic 01 811319 COta CoeB4 vi 1l ra -= is c: Cc BS vi Cc B vi,ai
CI g: an 01 me oc pc 3D ii
C. P1ys M-

IV. DlSON
A.lI Di
1. AfSt Dr PI Ei

Ony 11 of tI 17 sag da we ide fo asg ti cfi: of ti di
ei fo te inca ba deii in tI su zi Th la si days of the
, -i pe pm diert re1S be a iiy se rw1 prectOliiibu a 1a vo of wa lD th PicoKcll il 1l flow fn de wa
, iI ÌD tI PiKc dr wl it tI flow aa tI ii ii inlD th so,.

Mc te cavi :m pH ft imft fn tI $I iale siie ,ii
...."" in 'ble 6 (Al da in Ap 4). Ma ti 'W si ai al, si
DD fr 2O.1lD 21.2 C. wi ti pH ai Hc dr wa ma ac avg 6.,
-i lDdi Ol fi SÎ tI av 7.7 lD 8.2. 1b mc CI of ri waJa It Pi dr (1.7 ii), si lD lm _ It tI BCI cl aiT_ si an oey sa at tI bm ai C-c SÎ Otth a Pi,

Bale oC c: we al..ys ci in the dr il. bu imy if CY
: a- ai ~ or di de in tI su zo 01 days wli di pi cm wa cig
.,' ai dc. Be of di loca prlci of ialig diy fn di PiKcær di
'" Ifll pi c: su of dr ef we ony c: on days dug ei
, 1Û sa. t1 da wa DO usy tI sa da as tI ba dl Sly.: Ba 01 tI ie of ti ba cI Sly, tI ri plum ci di DO tr ba
: lD,lI or tI pl wa cl siy 10 _ ii deii lD be lo.

".2:.Oia wl St Dr War PI Emn
',,' , 'ß relS of tI 191 cloa Sl we dIy dierl fr tI rets of tI',l9 di SI. In 199. balc of ai -i fR ci at ID
;,' ¥ SI ai dl or up lD 100 ya fr di cl (Se ti 5), Cl de sales
:"'ii =: Ic of co 10". 30" aD 40" fu fe co1ü, lDl: ii
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-, 'EX SUY
it

Ba on the public's petion tht retiona activities in Santa Monica Bay increa
/ 'their 'heath risk, the Sata Monica, Bay Restoration Prject (SMBRP) ha .decided that

quatication of the heath,ri of swimmig in neahore 'waters is a priority area of concern.
Prvious stdies complete under the auspices of the 5MBRP demonstrte tht high densities of
indicator bacte were pret in aíe depth wate were'found 100 yards from the PicoKenter
strm dr. In addition, huma enteric vise wer found on two conseutive yeas in runoff

frm the sae strm dr.

-:

"

¡

, Ths yea's rech was designed to fuer evaluate dispon of indicator bactri around

the PicoKenter storm dr afr the completon of a 60 foot pipe extension. Also, fuer tetig

for the presnce of huma entec vis was complete at the PicoKenter and Herondo strm
drs, and Maibu Laoon.I ,
Surf zone indicator'bacteria diribution - Low densities of indicator bacteri in the surf zone
around the PicoKenter stom dr seldom were' found when the 60 foot pipe extension was
functionig as deslgned. These results were, significatly different from' the previous yea's study
on indicator bacteria, distrbution that was, complete before the pipe extension was complete.,
When the effluent was discharged furter off shore, dilution and pea shore currents were effective

. in reducig indicator bacteri densities in the surf zone. Although 'dra extnsions do not reduce

pollution loads to neashore waters, 'a properly designed and mantaed extension ca prove
effective in reducing heath risks to bathers and swimers.

'(

:( -
Enteric vin prevalence - Human enteric vises were found at al five vis saplig sites:

PicoKenter and Herondo storm dras; ~d ai three vis sapling loctions withn the Malbu
,Laoon. The, only spific vises identified were Coxsackie B vises which ca cause ilesses
raging from gastroenteritis to, on rae ocions, pericaditis and menigitis. The results confi

,that human fec contaation of storm drs is fa more prevalent than originaly assumed.
' Even though the storm dra system in Los Argeles County is Completely 'separte from the sewer-
system, the storm drs are not free of human fec inputs,

Ba on the results òf the vis studies, recmmendations for furter resech, include:
1) An investigation of the heath ,risk assoiate with varous levels of indicators of water quaity

or With swimmig at vaous distaces from .flowig dras should move forward;

2) A human spc indicator tht correlates with the densities and presence or absence of humanpathogens is neeed; . - ,
3) Tools nee to ~,develope for the ~y dettion and quatification of spc huma
pathogens, Models could then be use to demonstrte heath risks assoated with the spfic

pathogen; . and , .
4) A sata survey nees to be develope and implemente to trce low to moderate sewage
rontaation in addition to lage sewer lea and spils; A concert effort to identify,and abate'
the sources of pathogens to tle watesheds should be undertn immediately.

2

..:;.~v

/.

/
..~



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

,L INODUCTION

A primar goa of the Santa Monica Bay Resration Project (SM:RP) is to quatify the
heath risks of swimig in the Bay's retiona waters. The issue of sae swmig in the
Bay ha be questioned by the public and envinmenta maers bas on numerous anecota
rert of ilesse attbute to swmmg in the Bay, and frm m,eaurments' of elevate
densities of indicator bacteri from arund storm drs where their effuents ente the su zone

(Southern Caorn Assotion of GOvernments, 1988; City of Los Angeles Envinmenta
, Monitorig Diviion (CLA EM), 1989, 199, 1991, 5MBRP 199). U1timaly~ thes
concerns could be addrese thugh an epidemiology stdy assoiatig rate of iless with '

swmig in the Bay.

, A pilot stdy .on levels of indicator micrrgansms in the suñ zone nea two strm drs
and human enteric vise in the storm drs was complet durg the fit yea of a multi-yea

study (Gtld et al" 1990). ~s stu?y reveaed that indi~tor microor~ans~ de~sities in the surf
, zone frequently exceed CafornaOc Pla bactenal water quaty objectives (State Water

Resources Control Bod (SWRCB), 1990) in the vicinty of both the PicoKenter and Ashland
Avenue storm dras. In ths and subseuent studies, bacterial "levels of conCtm" were bas

, on thee water quaty objectives presente in the State's Oc Pla. Levels of concern were
, exceed when:

, a. tota coliforms were greater than 100 colony formg ,
units per 100 m1 of water (cfu/100 mI); or

b. fec coliforms were greater th 200 cfullOO m1; or

c. enteroci were. greater th 24 cfu/lOO mI., '
, The SWRCB numerica limits for bacterial densities were applied as individua values for each,
saple inste of geometrc meas for saples cOllecte over a 30 day period as state in 

the ' ,
Oc~ Plan. The indiçator bacteri stadads in the Oc Plan are predomiantly use for
complice monitorig for permtt dischargers, where thereschperformed by the
5MBRP was not designed to detenre complice. '

In addition to sud zone saplig, water in storm drs wa anyz for densities of a
, bacteriophage,F-male spifc coliphae. Coliphage are currently being considered as an

, ' indicator of pathogenic Vis 
survval in nie waters. Stadads . have not ben set for

coliphage.

Durig the fist study, human enteric vise were found in the PicoKenter strm dra
in 1989 on 11 out of 15 saplig dates (Gold et al,. 1990) and hi 1990 durg the send study,
on thee out of four date (Gold et al., 1991). These vise are pathogenic, causing ilesse
li gastroenteritis', and ar spc to huma waste (Let and Schmidt, 1969). ,Their
preseCt demonstrte tht water in the dra had ben contate by human sewag~. Since

3



the relea of the 199 study~ the City of Santa Monica ha kept the bech close, 100 yards

nort and south of the PicoKenter dr, and implemente meaures to reduce or elimiate

ponding of run()t1 on the bech.

"A numbe of qüëSons st nee to bè addresse prior to decidig whethet or not to

conduct a lage sce epidemiology stdy. 'l stdy should be conducte'òn retional

bathers in wate With mge váilty in îndicatorbacteri densities adjacnt to flowig stetm
drs. Thes conditions would provide informtion on the heath risks. frm sWimng iI
waters contate only by uran ruoff.

In ths J,eprt, reults ar prete frm two studies peñormed durig'the thd yea of the

project. They were desgned to:

1. Furer evaluate disprsion òf indicator bateri around the PicoKentet swrt dra .
aJlr the completion of the 60 foot pipe extension; and

2. Testig for the presence of huIi êiiteric vis in the PicoKenter and Hetondo storm

drs, and Malbu ~goon. .

..

Furter work was done in the fist study to"refie our knowledge on.the distrbution of..,
. indicator bacteri around the PicoKenter dra. Gaig an understading of indicator bacteria
distrbution in the suñ .zne is an ..sential component in .deciding which porton, of the bech
and the swimmig public is expose to excessive indicator densities resultig from stòmidra
effuent. In ths ca, the PicoKenter dran was chosen beuse of the historicaly high levels
of indicator bacteri meaured in the suñ adjacent to the dra. The dra was also ëhosen
beuse it offered a unique opportnity to test the efficacy of storm dr extensions in reducing
indicator bacteri densities in the suñ zone.

In the send study, we contiued to survey varous storm dra effluents for the presnce .
of human enteric Vises. The two storm drns and lagoon studied, lie the saplig loctions "

. ,from l)revious studies, were chosen beuse they historicay have ben assoiate With high
densitiés of indicator bacteria in the suñzone when the drs flow directly to the oc. Ths
yea's vis study was the fist time that such a large setion ôf Santa Monica Bay was covered.

The information from this study wi be use to help determe the potential sites and nee for
an epidellology study .

n. STUY SIT

A. Pico-Kentër Storm Drain

The PicoKenter dra. is locte where Pico Boulevard meets the bech (See figure 1).

The storm dra system dras a lage' area that includes much of Saita Monica and pa of West
L.A. and Brentwoo. There are two dras that discharge to the beh:one is owned by Los

,
i
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Angeles County Deent of Public Works, and the other by Ca-Tras. Dry weather flow
. is usuay trsprt 60 feet off shore thugh a pipe extesion. When the pipe is 

clogged,

runoff flows acss the beh. The strm dr flows yea round with a tyica dr flow of
. apoxitely 0.2 cubic fee per send (Gree, pe. comm., 1991).

The PicoKete strm dr was sapled ,agai for huma enteric'vi to determe if
, . vise wer prnt for the th cônseutive yea. Samples of ninoff saples frm the dr'

, were collec where the Prmene crsse the strm dr chael, at a point aproxitely

200 yads from the sur zone. '
~ ~ -.

, In August, 1991, a pipe exteion was activate to convey dry weather, ruoff frm the dra

to a Point 60 ft offshore. Ths strctue was desgned to prevent polig of effuent on the
,beh, and diect dischage of dr weather flow beyond the sur zone. The ditrbution of tota

and fec coliforms and enterocus bacteri in the sm zone was fuer chari to bettr

defie t1e distrbution of thes ,bacteri. Bacteri densities around the. dra prior to buiding

ths pipe (Gold et al" 1990) wi be cOmpared with ,distrbution patterns afr activation of the
pipe; ths "before and afr", compason wi be preste in the Discussion setion of ths
rert.

, B. Herondo Storm Dra

The end of the dr is locte at a popula sUIg bech where Herondo Blvd. intersets

the oc on the Hermosa Bech-Redondo Bech border (See figure 1). Samples were collecte '
at the intersetion of 'Herondo Blvd, and Haor Drive from a maole on the bike path on the
west side of Haor Drive. The storm dra system dras a lage area in, Hermosa Bech,

Redondo Bech ,and Torrce which.has predomiantly residential and commercia1lad uses.
Flow eXits from a smal concrete stcture locte nea the mea high tide lie and then dras

across the, bech. The puddle that forms on the bech is brackish with extensive tida, input.
The storm dr flows intermttntly thoughout the yea (Mtchell, pers.comm., 1991).

c. Mahôn Crek

, The Malbu Creek watershed, 'contag over ,105 squa iies, is the largest watershed
drg into Santa Monica' Bay. Pa of five cities ar contaed with the watershed: Mabu,

Caabas, Thousad Oa, Agoura Hi and Westl Vile. Mabu Crek is a soft
bottmed stea termtig in Malbu Laoon. Ths laoon' is the, only remaig brackish

"wate lagoon adjact to Santa Monica' Bay (See figue 1).' '

, All bacteri and vis saples were collecte ,in the 13 acre Mabu Laoon, adjacent to
one of the most poula surg beches' in Caorn, Surfder Beh. There were four

,diferent saplig sites in the laoon (See figue 2):

1) The loction .n~ Sunnder Beh where the sad berm is ,tyicay breacheq
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arciay by the Caforn Depaent of Parks and Rection (Breah);

2) At the bridge over the C-chael which is thewestem mostchael of the laoon,
.iext to the Mabu Colony (C-chael);

3) In the soft bottmed nvUet (aPPTOxitely 150,00 galons pe day) fòried by the
dischage of tr~ conta grundWater from the Texaco gas station treatment

failty and ruöff frm the adjacnt Ctoss CreekRoa shoping center pakig lot. The
saplig point was th to five yards nort of Mabu Creek, just eat of the Pacifc
Coat Highway bridge (Texa); and

4) At a point on the nort ban of the crk, 100 yards upstrea of the Texa discharge
(Upstr).
I ID. SAMLIG

A. Indicator Bacteri

1. Sampli Deig and Fruency

The study was caed out over a six month period from mid- May to mid-November,
1991. ldeay, saplig wòuld have ocurred durig weekends when the most peple .were

using the bech~ , However, beuse of. the logistica reuirments of the microbiology
laboratories, saplig was conducte durg morng hôurs on weekdays. Al bacterial saples
were teste with six hours of saplig.

'..

Sarplingin the surf zone around the PicoKenter dra ocurred on seventen days over
a five week period. Samples for bacterial analyses were collecte at the sae ten sites as the
1990 surf zone study (Figure 3):

1. Seven stations were positioned at ane depth at 0, 25,50, and 100 yard intervals;
the "0" position was locte directly w~st of the dra.

2. Th stations were positionec at chest depth at 0, and ~5 yard intervàls.

Al saples were taen frín the incomig breg surf. The ,ankle depth saples were
tan as the surf foa reched the saple bOtte' at the .height of the sapÏer's aIe. 'te chest '

saples were taen where the breag waves reched the chest height (approximately 3 to 4 '
ft) of a mëdum siz adult. Chest depth saplig usuayocured between 30 and SO yads

fuer away froni the dr th ane depth saplig~ ' ,

Samples of dr effuent wer only collecte for bacteri analyse on each of the thn
enteric vis saplig days. Beuse of logistica problems afr the pipe was extended 60

feet, tlere was no Säpllgdirectly from the Pico-Kenter dra on days where surf zone
f
l
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, .. bacterial' monitorig tok pla. liewi, bacteri saples wer collec durig each day of
vi saplig at the Herondo dr and ~bu Laoon. '

2. Anyse

Samples wer collecte in either 125 m1 or 1 liter, high-density, ste polypropylene
bottes. 'Afr collecon, saples were pla on ice and trsferred to the Ervinmenta

, Monitorig Divi~n's (E) micrbiology laratory at the Hyprion Tretment Plat.

Densities of tota and fec colionns were determed acrdig to Stadad Methods
(America Public Heath Assiation (A.~), 1985) usg the membrae fitrtion tehnqu~s

(Section 90). The nutrent enchment prour was us for tota colionn anyse as
remmended in Stadad Metods Section 90a. Tests for enteroci followed remmended
Envionipenta Protetion Agency (USEP A, 1985) procur usig m-E and Esul Iron Agar

meda. Results were reprt in colony formg units (cfuIOO ml). "

, B. Vir
1. Saplig Deig and Freuency

The vis saplig period was from June 3 to October 23, 1991. In addition to enteric,

vis, saples were analyze for tota and fec colifonns, enterocus'tndicator bacteria, 1Ud

F~ma1e spific coliphae. '

Virs saplig ocurred on five different days at Herondo dra, thn days at the Pico

Kenter dra, and twenty si days at Malbu Lagoön, , At Malbu Lagoon, nie vis saples
each, were taen at the C-chael bridge and the upstrea stations. Eight saP1.es were 1aen
from the breach loction. ' ,

/0

A single saple was collecte on each 'day. Field saplig was conducte by, the'
Hyprion Environmenta Monitorig Division (EMO) and Hea the Bay.

2. Sed Study

See studies were perfonnedat the two drs ana Malbu Creek using adsorption and

eluti~n tehnques desribe in Stadad Methods, modifed Section913-~ (APHA, 1985.)~ A

mimum of. th se expriments 'were eomplete at each, study loction, and these were,
sete temporay by ,a mium of two weeks from field studies iI.order to prevent the
possibilty of contaation of field saples with ,laboratory vis.' These studies wer done to
meaure the effectiveness (i.e, percent of revery) of the procs to concentrte aÌd anyze
for vis and senday, to tet toxic effects of the strm dr effuent on vis. Samples for
the se experiments were collecte in November, 1991 and the se stidieswereal complete

by the Òtge County Santation Distcts (OCD) st. ' '

7

".



...

r
...

/
t

- ,-' -'-- ~ '_:_':_:. ~ ',_~-_:C_'-'~~~:'~ o:-,;",_c:~",':~~,.: ,:..: ":':'-:":'.,.:..,... .~.-,i.:"'-:.-_,.._"_

. Two 35 gal contaer wer fied with strm dra effuent. The effuent was adjuste to
pH 3.5, AlC13 wa added to a fi concetrtion of 0.005 M, and a known amount of attnuate
poliovis (vacine str) was added to eah contaer. Triplicate gra'saples were 

taen at
the begig and end of the fitrtion period. , Eah gr consiste of 1 ml of saple diute
with 9 ml of sterie Ha's Bace Salt Solution (HS) to mimi any toxic effect to the
vis by the dr effuent. The HBS contaed 2 % fet bovie sem which helps prevent
vis invation when sàples:ar ifrzeand thwed. Efuet in eah contaer then wa ron

thugh a concentrtor (desbe beow). .

Gra saples before and afr concetrtion wer anyze for densities of the poliovis.
Concetrtions of vis in the fit set of gr saples yielded balie amounts. Any toxic

effects ôf the effueIit then could be asse by compag. dierce in vi ëoncêntrtions
beeen the fit and send set ôf gr saples. The percnt of rtvery wa'ineaur by
compag vis levelS in the fi concetrte with baslie levels. . The reults of :the se
study, ~ere ùse to give rever estimate, not to adjust the densities' of enteric vises
revere from field saples. ' , ,

3. Sampli and Anysis

a. F-Mae Speifc Coliphage

Grab saples were obtaed on 14 days at the PicoKenter dra, five days at the
Herondo dra, 25 days at the' Malibu Laoon brech site, 24 days'at the C-chael site, 23 '

'days at the Texaco site, and 26 days at the upstrea site (from splits of the bacterial Saples).
Nealy al of the saples were collecte on the sae dates that vis saplig ocurred. The
saples were analyze for F mae-spific coliphage by the Orge County Sanitation Distrcts'

(OCSD) viology laböratöry. The :F~male spific coliphage assay methods and E. &Q"host

bacterià were obtaed from Dr. V. Cabellas describe in Appridix I.

b.EDteric Vin

Enteric vises were sapled at the storm, dran site using a modifed version of
Stadad Method 913-A (APHA, 1985) and -The USEPA'Maua of Methods for Virology, II
1984 (EA-60/4-84-013. Adsorption conditions were pH 3.5 with an Alei, molarty of 0.005.,
The eluent wa 3 % bef extr adjuste to pH 7.2. Approximately SO to 140 galons of effuent

were fitered per saple. A detáed desption of the enteric vis saplig protocl is in

-TheUSEP A Maua of Methods fôr Virlogy. (1984)'.

Travel set up and the lóng field ptosing :tie (approximately 1.5 hours) reuir tht

saplig begaI in the roomig and contiued unti noon. Ony one saple was tan per dayat eah of the drs. '
:'

1'/

One-lite e11ite frm the field saple Wer delivere to the laboratory and

rencentrte in the afrnoon using an orgäncf1oculation' proure (Ktznelson et al.,'
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. -1976). ,Fin concetr wer detxied prior to asy (Gla~ &:.,1978).

, Al of the saples were intiy"anyz for hum entec vises on Bufalo grn
monky kidney cells (BGMK by the plaue assay tehnque. :Ten pent of the saple wa

tete iI th maer to detee if ther was a quatile numbe of vise prnt. If the
ample was negative for Plaue Formg Units (PFU, then the remader of the saple wa
anyz by usig the liquid overlay tehnque knoWn as the cythc effect assay (ePE)
(Let and Schmdt, 1969). If the saples wer positive in the PFU assay, -then the
.lemader of the saple wa not anyze by usig the CPE assay. The' CPE assay genery

detts a' grter number of vise but is not quatitative. Samples exbitig CPE were

confied as vi by reinfectig another fl of BGMK cell with a porton of the supte ,
frm the origi fl. In al cas, CPE positive flks were confed by tetig some of the

origi flksupmate as well as pasae into liquid overlay cutu. A deted desption
f()r ce cutu and vis asy is prente ,by EPA (1984). '

, lractions of saples positive for enteric vis were set to the Centr de Recherche en
Virologie in Laval, Queb for identification by the laratory of Dr. Pierre Payment.
Identification by. the Lim Pool antisera neutrtion tehnque were not succsfuL. Isolates
were eventuy identified usig monospc antisera.

C. Physical Meareents

, Conductivity, temperature, and pH C?f the runoff were meaured when vis saples were
collecte. Lagoon heights were m~ured beuse there is a common. percetion that there is
the potential for setic system faure in the neay Malibu Colony area when the water table
is high ,and the laoon height is over 3.5 feet. '

D. Qualty Asrace and Quality Control (QAlQc)

The QA/QC protols estalished by Stadad Metods (APRA, 1985) and USEP A (1984,

, 1985) were followed. Also, the OCSD' prima effluent was assayed for coliphage periodcay

for quaty control purpses. In addition 'the QA/QC project pla for the study was approved by ,
Ken Kitchigman, a QA office ,for EP A Region IX.

c
,

E. Data Anyse

Geometrc meas and 95 % confidencç inteals were caculate for bactri indicators.

Oëometrc meas were caculate for F-male spc coliphage. Values that wer grter than
or less than the countable rage were not use. to caculate 

geometrc . meas of indicator
micrrgansms. Arthmetc meaS were caculte for pH, temperatu, and conductvity da..

/

.1The perctae of days wher su zone saples exceed leVels of conce wa
caculate with al raw data. If any relicate on any day exceed the.level of conce, the day
wa consider above the level of concern for th ston. ,. ,

./
£'
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Anysis of varce (ANOV l\) was use to tet for signcat difference among meas '
from stations at ane and chest depths. Eah station mea was caculate from al data gathered
over the study ~riod. The geometrc mea frm the 199 bacteri distrbution .study were
compaed to the 1991 data usig ~te t-tets.

ANOV A with posteriori multiple compasons wer ru to tet for site diernces in

geometrc meas. Tuy's studeiti rage tet (HSD metod; SAS, 1m, Stel and Torre;

1960) wa use for the geometrc mea compans. .

IV. RFULTS

A. Bacterilidicators

1. BacteJ Disbution

Densities of indicator bacteri were low at al ane and chest depth stations in the surf
zone (Table 1) and extremëly high in the PicoKenter effluent (Table 2). Durigeacn sapling
period, indicator densities in dra effuent exceed levels of concern for al thee bacterial
groups (Figure 4). In the surf zone, however, levels of concern were seldom exceed at all-
ane and chest depth stations for thes indicators. The geometrc meas of the bacterial
densities at al surf zone sites were not .significatly different from each other. Ane depth
geometrc meas were not signfiêatly different from chest depth meas.

2. Bacteri Densities in Runoff

The geometrc meas and 95 % Confidence Intervals of bacteri densities meaured in .
runoff saples collecte from the Malbu Lagoon, ,and the PìcoKenter and Herondo -strm '

drs are given in Table 2. Bacteri densities in the PicoKenter dra were approximately'

thee'to five times higher th the Herondo dr. and one 'to two orders - ()f manitude higher

. ,than the densities at the four Malbu Laoon' sites~ This trend held, for al thee bacterial
indicatórs. IiMalbu Laoon, the densities wère generay lowest to highestfromCo;hanel

to the breach to Upstrea to Texaco.

The geometrc mea densities at the Malbu Lagoon C-Chanel and Breah stations were
significatly different (P~ 0.5) from the 

other four stations for tota coliforms and enterocus

(Table 2). The geometrc meas for the Breach ard C-Ch3elstatiÔris' were not signicatly
different (J~O.5)for al thee indiCators. The geômemcmêas fdr the, PicoKenter and
Herondo dras vièI'e notsignificattydifferent from each other, _ but they were significatly
higher than al ôther saplig sites fot tota, coliforms and than the C-Chanel and Brech sites
for enterocus.

B. Vir

('
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1. 'Sedi Studies

~. 'Recvery of the seed poliovi genery wa por.,:.Results raged frm 6.9 to 30%,
,for PicoKenter dr on four days, 0.0 to 18.0% for Herondo on th days, and 2.9 to 7.7%

for two days at Mabu Laoon (Table 3).
(

2. F-Mae Spec Coliphae

The geometrc mea of the F-mae'spc coliphae densities at Herondo and 'Pico
,Kente drs were si and they were approximately one order of matude grter_ th the

mea densities meaur at the Mabu laoon site (Table 4 ~ 'Appndi 2). : The ,Mabu
Laoon site al ha low, to very low coliphae densities. Unl saples frm the PicoKenter
and Herondo dras, many of the saples from the Mabu Laoon (approxitely 39%) were
below il method' detetion limits for coliphae. ~

3. Enteric Vin

Huma enteric vise were detete in ruoff on at leat one day at al six saplig "
loctions (Table 5, Appendi 3), Quatification of vis was complete fOTal ten positive vis'
saples (Table 5). OnY' thee saples were positive in the plaue formg unt assay whie

, seven saples were positive )ising cytpathc effect assays. The rough estimate of vi
.densities raged from 1 pfu 2.8 galons to 1 pfu141 galons for the plaque assays and ~l
infectious unit (Iu)110.6 galons to ¿ 1 Iu/ 80 galons for the cytpathc effèct assays.

, Î

Confued vis isolates were sent to Dr. Pierre Payment at the Centre de Recherche en
Virologie in Laval, Queb for identification. Identification by the Lim Pdal antisera
neutrtion tehnque was not ,succssfuL. Isolates were eventuy identified using
monospific antisera. Ente~c vises were identied in nie of the' te saples that were
positive for vis. Due to a laratory acident, the vis isolate from the 6/5/91, -Mabu

Lagoon C-chael station saple was lost.

Al islate were identified as Coxsckie B. The islate" from PicoKenter on 9/25/91,

contaed Coxsakie B2 vis whie the isolate from PicoKenter on 8/13/91 contaed Coxsackie
B4 vis, The remag seven isolate contaed Coxsackie B5 vis. Coxsckie B vises ca

" cause gastroenteriti' and on ra ocons, pericaditis and inengitis.

- "

c. Physical Meareents

Mea temperatu, conductivities and pHs for ru~ff frm the si saple sites are
Summar in Table 6 (Al data in Appndix 4). Me temperatures were simi at al site
ragig frm 20.1 to 21.2 C. whie the pH at Herndo dr was more acdic averg 6.5,
compaed to the other five site tht averaed 7.7 to 8.2. The mea conductivity of nioff was
low at PicoKenter dr (1.7 mmhos), si to brackih water, at the Herondo dran and
Texaco site, and ,nealy sae at the brech and' C-chanel sites. Oter than, at PicoKenter,
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.. 1he conductivity of ruoff vared over a wide rage frm nealy frh water to sat water.

The height o.f Måbu Laoon abve se level atd the tide height at the time of saplig
at the Laoon are' also liste in Appedix 4; Laoon height iaged from two feet (the lowest
possible meaurment with the meaurg stick nea the C-ehael station) to 5.4 feèt above se
leveL. Of the 26 days wher saples were collecte and anyz for enteric vis, 11 ocur

when the laoon was at its lowes at two fee and nie ocured when the laoon elevation was
over 3.5 feet. Tida heights raged frm plus 1.2 to si feet dung vis saplig at the
laoon.

lI generá, the conductvity of the saples wâs high when' the laoon mputh was opn
imd/or 'when there was a yery high tide. The saple Conductivity wáseldom beiow ten mmhos
at the Breah, C-Chaël and Upstr stätions when the tide was higher th the lagoon
height. (fe Texaco station was less susctible to theiipacts of the tide beuse saples
collecte there were predomiantly treate dischage and runoff, and the saplig site was 'not
directly in the lagoon.

IV. DISCUSSION

A. Bacteril DisperSion ,

1. After Storm Drain Pipe Exension

Ony 11 of the 17 saplig dates wer~ idea for assessing the effectiveness of the dra
extension for reducing indicator bacteria densities in the surf zone. The lat six days of the

sapling period produce different results becuse a neay sewer relacement project
contrbute a large volume of water to the PicoKenter dra~ ,The flow from dewaterig wàS
dischargèd mto the' Pico Keiiter dra where it then flowed across the bech' and intò the surf
zone.

Bacterial levels of concern were always exceed in the dra itslf, but raely if ever

exceed, at ankle or chest depth in the surf zone 'on days when the pipe extension was oprating
as designed. Beuse of the iogistical problems ofsàpling ditectlyfrmthe .PicoKenter dr
afr the pipe extensioIl, sapies of dr effuent were only collêcte on days durig entènc

vis saplig. Thes date were not usuay the sae days as the bacteriäl disprsion study. '
Ba on the reults of the bateri disprsion study, the runoff plume either did not trvel back

to shore or the plume was diute sufficiently to cause indicator densitiesw be low.

2. Comparion with 8torI Dra Betore Pipe Exilion

The results of the 1991 dispsion study were drticay dierent frm the reults of the

199 disprsion study. In 199, bacteri levels of conce were fruently exceed at are
depth stations at distaces öfup to 100 yards from the dr (See figure S). ,Chest depth Saples
also exceed levels of concern 10%, 30% and 40% for fec coIifotis~ tota èólifonrs, ard

.-
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enteroi, retively. . In contrt, bari levels of concern were only exceed a

, mamum of one out of 11 days at the 10 su zone sapies in the 1991 dispsion study. Also,
, ,une'the 199 data, there wer 'no signcat dierCt -btwee.the bari densities at
'ane ~epth versus chest depth for al th indicators.

A compan of the 199 and 1991 geometrc meas and 95 % Confdence Intes Over
the saplig grd furter demonste the dierece in the data sets (Figur 6a-f). For al
th indicators, the geometrc meas at nealy ever surf zone site in 1991 were signcatly

dierent th the meas in 199 (fable 7). '

Although the data were not repntative of conditions before or afr the pipe extension
was complete and fuctionig correctly, the geometrc meas and the percentae of times tht
bacteri levels of concern were exceed for si additiona saplig date are included in

AppndIf,5. The predomit source of the ruoff durg thes si days was the dewaterig
opratiom that was ocurrg in conjunction with a sewer relacement neay. ,

It is clea that extend4ig the PicoKenter dr 60 feet from shore was effective in
reucing the indicator densities of bacteria in the sur zone where potential human exposure to

,'pathogens is highest. However, the dra extension was seldom functionig as designe4 beuse
of frequent blockage of the extension pipe inet by debris. Ths sitution cause pondingof
effuent on the bech ard conseuently, diect discharge to the surf zone. Overa, as a Best
Management Prctice (EMP) to reduce bather expsure to undilute runoff, the pipe extension
appeed to wòrk well. However, the BMP would requie some operational, maitenace and
design changes to ensure tht it works consistently and effectively.

..,

3. Bacteri Densities in Runoff

As in th 1989 and 1990 studies, indicator bacterial densities in the storm drs were.
'high~ The geometrc mea densities of the indicators at the PicoKenter and Herondo drs
were two to thee orders of magnitude abve levels of concern. The m~ densitie!ì at the
Laoon site raged from the low end of levels of 

' concern to over twentY times the levels ofconcern. '
The mea densities at the Laoon sites furter from the oc (fexa and lJpstrea)

, were two to ten times higher than the densities at the saplig site close to the beh (Breah
and C-Chael)., Ths reult was not surrisig beuse of the saty grent in, the Lagoon.

Sites closer to the oc were more influence by the tida flux and usuay had higher
. 

conductivity than the site on the eat side of the' Pacic Cot Highway (PCB bridge. ,Sea
water diution of bacteri densities probably acunte for most of the difference between sites

,in the laoon, although the prevalence of waterfowl in the upstea portons of the Lagoon
lily augmente thes dierence.

For well over a dece, ther ha ben an assumption that the Mabu Colony setic

system begis to experience faiure if there is heavy reidenti use when the water table is high
and the water level with the Laoon chaels is abve 3.5 fee. In ths study, water level
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with 'the Ütoon ~pp to have litte impact on bactedensities ip the Lagoøii (Table 1
and bacteri density data). In genera, bacte densities.were high aU the tiniethoughout the

,laoon, Tegardless of the water level with the laoon. 'Thes relits dò nqt. nile out setic
systems With the watershed as a potenti sour ofbacte contatiöIi, but they imply that

" bacteri densities are indepdent of the water levelwiththe~oon in dry .weather, when

1he water tale is lower. Thes reults supprt conclusions rehed by Warsha ei al.,(1992) on
Mabu Laoon water quaty.

Possible other source of indicator bacri to the laoon ar wa blooed wid and
domestic anmas, vegettion and soil for tota colifarn, nunierous storm dras including thee
tht discharge into the Laoon 'an lower rehes .of 1he watershed, -ad niany other diffse
source includig capers, teipponr reidentS, anclpicnckers' with the watershed. Litte
informtion exists regarding, potenti source of indicatór bacterl contation in ths
watershfd. ' However, nlonthy' monitorig rert' on water quaty in Malbu Crek are
submitt to the Regional Water Quaty Control Bod (RWQCB) by the La Virgenes
Metropolita Water Distrct (L VM),. "

I.

A review of one potential source of bacter1 indicators, the .LVM's Tapia Water
Reclamation Facilty, indicates tht the pÏat Còüld be discunte as a direct" source becuse
levels of bacteri in the effluent durig the study were very low.; in ,over 90 %' of the saples,
tota coliforms were not detete ~ 1 Most Probable Number (MN)I100ml (LVM, 1991).

. The highest report value durig the study period was 4 :MN/IOO mI. However, the issue of

bacterial regrowt in the watershed has never been investigate. In contrt to the Tapia plant's

effluent, bacteri densities tTom Malibu Creek and its trbutaes were well abve levels of
concern at the ten monitorig stations thoughout the watershed in the Santa Monica Mountans.
Tota Coliform densities were high everyhere, whie fec coliform and enteroci densities

Were generay higher at lagoon stations than at upstrea stations (LVM, 1991). It appes ",
that many, of the sourceS lis~ abve, espially non-point sources, are contrbutig baèteriindicators to the lagoon. '
B. Vir
1. F-Male Speifc Coliphage

Higher densities of mae spific coliphage are ~xpete in sewage contate waters
than in waters 'Without hUinan fec inputs. (Caell, pers. comm., 1989). The trnd predicte

by Cabell was not supprt by thes results. 'EntericvÎses were fQundat aU fivesaplig

loctions despite the fact that mea',coliphage densities :were approximately, an or'der of

magnitude higher at the PicoKenter and Herondo dras than the Malbu Laoon sites. En,terlc
vis was found at al thee Mabu Lagoon sites, yet coliphage densities were always ¡ow ii the
lagoon. The coliphage densities on the days that vis was found were compable to the mea
densities. Al, vis wa never found 'on days where coliphae densities we~ highest for thesite. ' ' ,
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The purse of obtag the coliphae data wa to fuer investigate the effcacy of
uslg ths indicator organsm to indicate the prnce of human wate without the disavantages
of .hgh cost, slow saple anysis, and extensive trg :assoiate with huma pathogen
detetion. ' Field saple coliphae denties frm ths study demonstrte' tht th indicator is not

~ "a'relile meaur of huma pathogen contatioIi and under the-nee for bettr ,methods
to identi huma spfic oransm.

2. Se stdy

Tyicay, vis reeres of 20 to 30% ar achieved dUMg envinmenta ~plig of
- ",,,.-. -Water and wastewá (Ro and Melnck.,;1986);~Recveries.frm al saplig site:in,ths.stdy,

were far below expete reveries for envinmenta saples with seven out of te se studies
achievig reveries of.less th 10 %.

cbe possible ren for the vabilty and low levels of revery was tht organc
, materials in the runoff may have hapered the effciency of the fiter. Oi, gr, and humic

acid in runoff ca bind to the adsorption sites on fiters in the vis 'concentrtor, thus causing
the vis adsorbing fiters to fuction porly, Beuse most of the vis saples' were collecte
in the summer and ,al of. the se. studies were performed weeks later in the late fal, the
question of whether the organic content signficatly vaed from month to month or between
the sens is an importt consideration. The reveries found in the seed experiments may

not have acurately reflecte the method recveries on days of .feld .splig. '

,~ Virs was detete at every site, so the se data were not importt in deIermg the
: presence or absence of huma waste. The se data were iriWrtt becuse they demonstrte
that the proCure had a low preision under field conditions for poliovis. However, the
method may have varable reveries for different tys of ' enteric vises. With such low
precision in the method, it caot be assumed that there was no human was present on days

when saples were negative. If vises were not found at a ceru sapling loction, one sti.

couldn't determe with cety the presnce or absence of enteric vis beuse of the low
vis recveries. The fact that vis was detete in the field with such low saple recvery

rates reflects on the prevalence of huma fec inputs, to Mabu Creek, Herondo and the Pico
Kenter dras.

3. Entenc vi '

Despite the low revery of the' vis concentrtion methods,' -enteric' vi were
detete at all saplig loctions by either the PFU or CPE methods. Ths reult meat tht

water in the two storm drs, and the Mabu ,laoon, ha ben contate with huma
sewage, Contaation was prbably at a low to mOderate level given tht the bacri

densities meaur in the drs and laoon sites were below those densities oftn sen afr a

sewage spil or lea (Table 2). Tyicay, ruoff contaate with raw seage wi have
densities of tOta and fec coliforms ragig frm 1 Cr to i 07 cfu/loo ml with' the ratió of
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Tota:Fec usuay .s10 (City of Los Angeles, Envinmenta Monitorig Division, unpublished
data) .

. 4o. J

Indicator bacteri are usefu for sata sureys..when ther is gross orunq.ilute sewage,"

contation (e.g, lage sewage spil or lea) in the storm drs. In other sitution~, such as
the conditions sen at the two drs and Mabu Laoon, 'indicator densities provide litte
informtion on the sour of vis contation. Even at Mabu Laoon, where the
Tota:Fec coliform ratio was les than four at the vis saplig loctions, indicator densities
provided litte informtion on the sources) of bateri and vi contation. However, the
intent of ths study was only to determe ü there was vis contation, not to determe '
.source of vi 'contation. . Studies ,degned Spcay.to.tr the source(s). øf Jiuman

fec contation to the drs are neeed.

lhe only ty of vise detete wer the Coxsakie B vise which ar Qftn found
in sewage contaate Waters. None of the positive islates were poliovis, so there was ne .
cross 'contaation of the saples from the se studies. In addition,.any potenti cross
contation was elimiate beuse al field saples were collecte prior to performg the
se studies. Also, the vis concentrtor use for collectig saples had never ben use

previously for se studies. ' ,
'Sources of the contaation to the storm dras are unown. For the two drns,

, sources could include ilegal connections to the .swage system, .iegal discharges (e.g. from
mobile homes or recreational vehicles), or lea from the sewer system. The Malbu Lagoon
also could be contaate by these so~rces Ìi addition to discharges to the watershed from

setic ta and diffuse sources such as capers and picnickers.

When the Lagoon was ~pled, the Tapia Water Reclamtion Plat was dischargi,g,
tertar treate water into Malibu Creek, abut six mies upstrea frm the laoon. Accrding
to the LVM, flows.from Tapia durg saplig periodS in tle,lagoon were 1~04 MOO and .
raged from 0 to 4.6 MGD (LVM, 1991). As state ealier, levels 

of bacteri ii the

. effluent were very low. A study ofe.iteric vis in water produce by the Tapia plat was
conducte in 1987 using similar vis sapling and analytca tehnques. OIy a single vis

on one saplig day (90 galon saple when the chloriation unit was not functioÌig) was
detete out of 25 days of saplig (James M. Montgomery Engineers, Inc., 1990). However,

Tapia doe not have an enteric vis monitorig progra, so the effcacy of the tertar fiters
. in vis removal ha not ben detrmed in over four yeas. Although Tapia ca noi bè ruled

out as a'possible source of vis, it sems unely that ths facilty would reresnt a source of.

detetable vis in the Malbu Lagoon system' unless the tertar fiters were not functioning
properly.

The amount of vises per volume of water prente in Table 5 must be considered as rough
estimate given the foUowigrens:, '

1. At low. densities, vises ar not normaly distrbute thoughout the saple. It is not
"
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approprite to extlate vi densities ba on an alquot taen frm a saple havig

low concentrtions. Ony 10% of the saple was use in plaue scnig. When tht
iO% was negative, the remag $aple wa assayed by the more sesitive, but more
quatative CPE tehnque. , ,
2. One of the basc litatiQns of vis tetig is tht no ce lie ca detet al of the

enteric vise tht ar pret in the saple. -

3. The reults of the seg stdies demonstrte tht the density of vises in' the
saples were underestimate. Poliovi revery at the th dr loctions raged

frm 0 % ,to 48 %, demonsttig the lage uncety in the acurcy of the saplig

metod.

41 Toxicity to cultu cells wa note in the fi yea stdy at the Ashand Avenue
dta, so concentrtes had to be diute prior to assay. Toxic effects of the runoff
concentrte on viilty of the enteric vises could not be assese. The vises may
have ben inctivate or exprience a loss of iIfectivity, so fewer, or even no vises
would ~ave formed plaues duri~ the tet.

5. A plaque formg unt may be either one $ingle vion or an aggrgate of the vis

(Bitton, 1980).

Ideay, a rik assesment of the vis data would be complete and sent to decision

makers and risk managers. The enteric vis data wi be given to the L.A. County Dearent -
of Heath ServiCes to perform the risk assessment. The followig is a list of the li~tations of
the results for the purpse of performg an' accurate' risk assesment:

1. Problems with quatication of enteric vises in the ruoff (se above).

2. The vis analytca metods do not detet al of the enteric vi pathogens.

3. 'Runoff is a flowing medium tht is extemely varble. Physica (flow, pH, tota
suspnded solids, etc.), chemica (oil and gr, heavy metas,etc;) and biologica
'(bacterial indicator densities) paeters- va greatly over time. ' Virs concentrtions
~Har expete to var Over _ tie ~well. H ' '

4. At low vis densities, one ca not assume tht the vises ar nory distrbute
thoughout the runoff or the sur zone afr dischage. Also, there are lage uncertties

ìn developing åCurate diution factors for storm dras and ruoff in the oc.

5. Without knowig what ty of vises were in the strm-dr, it is impossible tò
esmate the mium infectious dose for peple expse to ~ water contate with

vis~ Rowever, for a conservatve risk assesment, one could assume tht exposure to
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OIe vis would reult in infecon (Bittn, 1980).

, . 6. 'Oter th gene probe,' .eunt .thnques 'anot detet some of .the vises
(rota vis and Norwal vise) which could cause swmig assote ilesses such
as gastrnteritis.

VI. CONCLUSION

Historica monitorig data were use' to identify sur zone 5,te where indicator pacteri
densities frequently exceed levels of cOncern. Human, enteric vis $Uples wer~ taen at
the sites with high bacteri densities 'in order to ass whether there was huma wate pTent.
Beuse swimmig assoiate ilesse ar generay believed to be cause by huma vise,

the pre~nce of human waste at the site would indicate a greater risk, of swimmig' ~søate
ilesses than at site without huma fec inputs (Caell et al1979, 1982). The opginaHntent
of the studies was to identify site with high indicator bacteria densitiescau,se by flowig storm

drs with no sewage inuts. These sites were neeed for an epidemiology study designed ,to

determe the heath riks from swimmig in storm dr contate water.

Thee yeas later, human enteric vises were, found at varous loctions in Mabu
Lagoon, Herondo Dri, and thee conseutive yeas at the PicoKenter storm dra. H~man
vises were not found in limite saplig at Baona Creek, the Santa Monica Cayon dra,
and the Ashland dra, but that does not preclude them from ocurrg in those loctions. In

.. terms of the original study design, the enteric vis assessment has done what it was innded
to do; to determe the presence or absence of human waste at the study sites. The study results
ca not be use to provide accurate infotmation on potential sources tif human vises to the
stonn drs.

Human fec contaation of storrdras is far more prevalent th~ originaly assumed. '
Even though the sewer system in Los Angeles County is completely sepate frm the storm

dra system, the storm drãs are not. free of human fec inputs.

,The results of the last thee yeas of vis monitorig in storm drs support, the
followigtemmendations:

i) An investigation of the heath risks assote with varous levels of indicators of
water quaty .or with swmmig at varous distaces from. flowig drs, should moveforward. .
2) A huma spifc indicator tht corrlate with the densities and presnce or ,absence

of huma pathogens is neeed.

3) Tools !\ee to be develop for the eay detetion and quatification of spc human
pathogens. Models, còuld then be 

use to demon,strte heath risks assoiate with the

r
,
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sPc ~pathogen.

. 4) 'A sata survey nees to be-develop and implemente to. tr low"to ,moderate

sewage contation in addition to l8ge sewer le and spils. A conce effort' to
identify and abate the sour of pathogens to Uie watesheds .sould be undertn
imedtely.

Thee yea of bacri indicator montorig have provided new infonmition on strm

dr effuent plume dirsion beVior in the suñ zone. When the storm water is dihaged

dieCtly to the suñ, bacterial densities ar fruently abve levels of concern as far as 190 yards
in either dition, of the dr. Desities ar esy high in show water. When the
effuent is dischaged fuer off shore, diution and nea shore curts are effective in reucig

indicator bacteri densities in the sm zone. Although dr extesions do not reuce pollution
loas to'ieahore'waters, a'prorly designed and mataed extension ca prove effective in,
reucing heath risks to bathers and swmmers. " ..,
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c.: FIGUR CAYONS '

Figu l. Map of the. shorelie in nonhern Santa Monica Bay showig the th . storm
dr stdy site.

Figue 2. Ma of the four saplig site at Mabu Laoon.

Figre 3. Station positions for the surf zone monitog stdy adjacnt to .the PicoKenter
strm dr. .

, ~

Figure 41 Percent of tie levels of concern were exceed at each saplig site .arund the
PicoKenter storm dr. See text ~troduction) for descption of levels of concern.

Figure 5. Percent of time levels of concern were exceed at each saplig 'site around

the PicoKenter storm drain in 1990 and 1991., ,
Figure 6 a-f. Plots of geometrc meas and' 95 % Confidence Intervals for' each of the

bacterial indicators meaured in the sulf zone at ane ,and chest depths in 1990and 1991. ' -
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All elta lncluc. Typ are i: . Enterococ, r · recaL lõL nlõi-,
T . Total colffori. Depths are A . rile deth, C · Chest deth.
018T fa distance up or do coast frCl ItOMD drain, an DIR ii the
direction with II . north 01" upoat, an S . souh or dooast.

LOWR UPPER

liCJTRJ C BOD BaND

PE TE DEPTH DIR DIST ME OF ei OF ei

------ -- _..- ---- ._~_...-. --- _. -- ----- --- ----- ------~-- --- -------------
199 A S 100 37.69 21.16 87.33
199 A S 50 134.60 82.14 33.01
1990 A S 25 162.33 91.11 439.19
1990 A 0 109.57 65.20 230.22
1990 A II 25 39.76 24.21 84.80
1990 A . II 50 23.85 16.22 43.55
199 A II 100 21.11 15.87 35.81
1990 C S 25 12.97 7.35 25.39
1990 C 0 9.66 6.80 16.55
1990 C II 25 12.72 8.69 21.94
1991 A S 100 3.78 2.59 6.70
1991 A S 50 3;08 1.62 7.75
1991 A S 25 4.51 3.38 8.05
1991 A 0 5.41 3.56 12.25
1991 .1. N 25 5.63 3.50 14.36
1991 A

1
II 50 5.81 3.95 12.72

1991 A N 100 5.96 4.64 11.64
1991 e S 50 2.25 1.31 4.06
1991 C S 25 2.88 2.05 4.54
1991 C 0 2.16 1.78 6.02
1991 C N 25 3.50 2.54 6,07
1991 e II , 50 3.91 2.46 7.52
199 A S 100 49.89 24.48 120.04
1990 A S 50 147.37 84.01 381.45
1990 A S 25 218.98 129.24 601.52
1990 A 0 169.35 100.44 384.89
1990 A II 25 65.49 46,18 122.34
1990 A II 50 54.35 38.46 102.26
1990 A II 100 49.46 30.85 96.10
1990 e S 25 25.18 15.42 54.15
1990 C 0 15.50 9.30 29 . 71

1990 C II 25 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 If SO 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 0 7.03 3.30 26.08
1991 C If 25 11.39 6.20 32.09
1991 e II 50 11.41 4.49 38.73

r 1990 A S 100 600.80 263.14 1932.16
r 1990 A S 50 2379.89 1237.72 8062.21
r 1990 A S 25 4592.05 2432.40 14028.80
r 1990 A 0 4069.56 2183.80 11285.!Q
r 1990 A II 25 855.66 501.78 2117.67
r 1990 A If SO 439.53 275 .65 1107.97
r 1990 A II 100 476.35 303.69 108.63
r 199 C S 25 280.37 145.02 958.43
r 199 C 0 190.15 118.77 460.76
r 1990 C . 25 238.47 128.52 601.76
r 1991 A S 100 152.20 94.32 553.72
r 1991 A S 50 152.27 93.45 598.14
r 1991 A S 25 189.36 123.85 710.35

r 1991 A 0 193.32 112.61 792.04
r 1991 A . 2S 26.16 167.12 114.34

r 1991 A II 50 177 . 77 88.18 599.98
r 1991 A II 100 209.82 128.15 841.93
r 1991 C S 50 173.79 88.45 1247.98

r 1991 C S ' 25 170.73 109 .39 109 .52

r 1991 C 0 209.70 130.73 B8 .37
r( 1991 C II 25 197.56 105.85 878.16

r 1991 C II 50 201.65 101.72 96 ~23
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__'S i. ...libu bacterial data. ResùL ts of Tukey's atudtized i-e test

,.thod: SA 199, SteeL an Torrie 1960) COrinsgectric _en of the
is. This _thod cotrols the exrfæntwise ty-1 error at P CI .05.
asterisk (*) indicates that the sites rereented by the repetivero an
''l are significantLy different.

EROI -"'

r:

GECMTRIClI
LOWR
ICND

951 Ci

UPPERBO P I CO
95X CI CHANEL BRCH UPTRE TECO HERONO KENTER

...-----_.. ...........--- _.... .__.. _.._~_.- ._----- ~- -~-- .__.--_._.-.._-------- -- ----_._----- .--

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

~NE1. 1004.38 ' 574.77 1755.10 * * . *

~CH 1296.46 759.10 2214.22 * * * " *

'EA 5204.94 2887.55 9382.1S .. * * ..
(0 7573.30 3665.63 1566.64 * * * ..

;,1'00 114220.62 27913.02 1087407.37 * * * *

o KENTER 416451.75 141472.16 1176032.53 .. * * *

Levels of concern were exceeded when:
'.'

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

fecal coliforms were qreater than 200 cfu/100 ml; and,

enterococci were qreater than 24 cfu/ioO ml.

b.
c.
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~able 3. Seed virus Recover Experiments.
Runoff was seeded with attenuated polievirus.

r-', \

','~:i/:\::;~~i tió;t'
' "

:::;tt~~:'::;;¡~~b~~~~.:å-':\ :;:~::::~.i:g:g~~¡::d::;:':'.:.':=:"::::
:vj¥iÜl:/:~,~dé'a':::::~t:::;::j::::;:::::;::¡J:..,

.'

106 105Pice-Kenter 3 . 4 x 2 .7 x ,7.9
Pice-Kenter 3 . 5 X 106 2 . 4 X 105 6 . 9

Pice-Kenter 3 . 8 X 106 2 .7 x 10S 7 . 1
-

Pice-Kenter 2 .5 x 106 7. 6 X 105 30. 4

Heronde 6. 3 x 105 1.4 X 104 2 . 2

He rOlld 0 7.,4 x 105 None 0
,.

Herondo 2 .7 x 106 1. 3 x 106 48

Malibu Lagoon 2 . 9 x 106 8 . 4 x 104 2 . 9

Mal ibu Lagoon 2 . 6 x 106 2 . 0 x 105 7 .7 ,

Mal ibu Lagoon 2 .9 x 106 4 . 9 x 105 16. 9

'-

".
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~ABLE 4. Geometric means and range of densities for F-male
specific coliphage (coliphage/100 ml) collected
simultaneously with virus samples at ,Pico-Kenter
drain, Herondo drain and Malibu Lagoon.

SALE SIT: DE COLXGE RAGE OF COLIPHAGE
, DENSITIES DENSITIES

PICOiæ 1,040 , 25 '1 67,000

BEHD 990 Below detection
limit to 22,000

BRF ioo Below detection
limi t to 1.,,700

.

BelOW. detectionC-c 60
, limit to 1,300

TJCO ioo 'Below detection
limit tó 1,300

UPSTR 30 Below detection
limit to 600

, -,

,\. "

:;

.
.-~-_.. -- -,. -.' ...
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~ABLE 5. Estimated densities of positive plaque assay
(plaque forming units) and cyopathic effect
(estimate4 infectious units) assays. for human
ehteric viruses in the Pico-Kenter drain, Herondo
drain, and Malibu Lagoon.

SAMPLE SITES: DATE PLAQUE ASSAY CYTOPA'lIC
RESULTS EFrEC~ RESULTS,

pi:CO-JæN'ER 8/13/91 1 pfu/57 gal no CPE done

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

10/2/91 none detected ~1 Iu/23.2 gal
,

HEROND . 7/31/91' none detected ~1 Iu/79.5 gal

9/4/91 none detected ~1 IU/26.2 gai

BREACH 6/17/91 none detected ~1 Iu/80 gal

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

10/9/91 none detected ~1 Iu/10.6 gal

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

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

_...... -- -:-----.
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~ABLE 6. The mean and range of values for conductivity
(mmos) , pH and temperatUre (degrees Celsius) of
samples collected simultaneously with virus samples
atPico-Kenter drain, Herondodrain and Malibu
Lagoon.

SAM Srr: CONDUCTIVTY pH !rERTU
pi:CO:K i.7 7.8 20.1 .:

0.5 to 2.9 6.6 to 8.3 17. 0 to 22. 0
"

HEOHO .6.8 6.5 21.2
. 1.2 to 23..0 3.0 to 7.8 20.0 'to 22.1

BRba 22.9 8.1 20.3
1.6 to 51.5 6.5 ,to 9.2 17.5 to 24.51C-c 23.7 8.2. 20.3
3.0 to 50.4 "7.0 to 9.4 17. 5 to 24.5

TEXCO 6.9 7.,7 .20.3
, 2.1 to 28.1 6 . 0 to 8.5 1,7.5 to 24.5

,

UPSTR 12.5 ' 7.,8 20.3
0.5 to .48.0 5.9 to 8.9 17.5 to 24.5.

!.,

,\

1 Temperatures were only measured at one sample site per day
at Malibu Lagoon.

p _. - - ~.
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'tose in 199'-. All data included. The syils at each site ;iiïcate
the results of the t test as follows:

,~
1I* P c .0001

** P c .001
* P c .005'
. pc. 05

blank P ~ .05
no test

To control the experimentwise tyP-' error to P c= .05, use P c .005

(*) as the critical level.

"

TEROCOCCUS

F'TH 100S -50S 25S 0 2SN 50N 100M
---------------- --- -- ----- - ----- ----- - - - ._---- -------
KLE ** ..** *** *** ** ** **

EST f
** * **

CAL COL I FORMS

PTH 100S 50S 255 a 25N SON 100N
-------------------- --- - ------------- ------------- ---
KLE * *** *** . ** * ** .
EST .

. (
.. eOL I FORMS

PTH 100S 50S 25S o 25N SON 100N
-------------------- -----_.-- ..--------- -----_..- ----
KLE

EST

** *** ***
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APPENDIX 1. ~ertinent J:nformation on .f2 Bacteriophage

The proprietary aspect to this ~ethodology 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. Cabelli host. Media and procedures were also from Cabelli et.
ale and, they shoùld be credited.

f2 Bacteriophage-Water Concentration Technique

i., Allow, sample to warm to room temperature.

2. In a 250 ,mlcentrif~ge bo,ttle add 1 9 powdered tryptone (Difoo
Laboratories,' Inc., Detroit,MI) and 1 9 powdered beef extract
(Sc~tt Laboratories, Inc., Fiskville, RI).

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 C on a rotary shaker set on, low (very slow) for
50 minutes. . .
Centr ifuge at 9000 xg for 15 ~in. at 3-4 C.

Aspirate all except 10. ml out 'of. centrifuge bottle.
Resuspend pellet in thè remaining io ml volume.

Assay these 10 ml by adding 2.5 ml volumes to' 2.-5 ml amounts of
double strength top (soft ) agar " tempe're,d to 46-5'0 C', for e,ach of4 plates. . .

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

11. Incubate i8-2~ h at 35 C.

i2.Count piaq~es and calculate f2 per. 100 mI.

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

The 3-4 hour culture added in step 4 can be established by adding
a few milliliters of an overnight grown broth culture. ~h. broth
used for .the overnight culture should co,ntain ampici11in and
streptomycin at the same concentration as bottom agar.

.'.__ __._____ ..__....~.___ _____._'OM' ., .~.__. . . . .. . ~.__... . . .
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Note:, Maintain the host strain on tryptone bottom agar slants
containing 15 microgram per 111 eaèh ampicillin arid streptomycin
sulfate. Grôw overnight at 35 C, then stote in a refrigerator
,( 2-6) for up to sev~tai weeks. Use this working" stock culture
to inoculate tryptone 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.

1



Media for f2 phage procedure

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

-_. (

..\'.

,Ingredient

Tryptone
Dextrose
NaCl

Amount per liter

10 9
1 9
5 9

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

I Top Agar for f2 Bacteriophage Plague Assay

Prepare double strength (2 x) as follows:

. Ingredient Amount per literr,

"
.¡

Tryptone
Dextrose
NaCl
agar
1 ml of 1 M CaC12 solution

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

,20 9
2 9

It) 9
14 9

-ï

",
,

Bottom Agar for £2 Bacteriopháge Piague Assay and Stock Cultures of
Host Strain (F amp). ,

\

,\.

Ingredient

TryptQn~ .
Dextrose
NaCl
agar

Add magnetic stirring bar to flask.
Cbol to 45-50 C. '
Add antibiotics:

Amount per liter

It) 9
. "l'g'
5 9

12 9,

ì
!

Autoclave ,15 min., 121 C.

ampicillin
strepto~ycin sulfate

Magnetically mix ,gently, then pour plates.

0.015 9
0.015g

. ...._ ._.._ ____.. h.
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APPENDIX 2 PHAGE ANALYSIS SUMMARY.

Sample . Date Phage/100 rnL

( Malibu Texco 5/13/91 c:5 pfu
. -~-;:~

Malibu Texaco 5/15/91 c:5 pft ,
, '

Malibu Texaco 5/22/91 c:5 pf
"

Malibu Texco 6/3/91 35 pfu

Malibu Texaco 7/3/91 15 pfu I

Malibu Texco 7/22/91 c:5 pfu

Malibu Texaco 7/30/91 c: 13pfu
, ,

8X102 pfuMalibu Texco 8/14/91 '

Malibu Texaco' 8/20/t¡1 6x102 pf

IMalibu Texaco 8/26/91 1.3x1 03 pf

, ,

IMalibu Texaco 9/3/91 15 pf

i
9/16/91 6.0x102 pfuMalibu Texco

Malibu Texco 9/18/91 3.0x102 pf

Malibu Texaco 9/23/91 TNC (~150/mL)
I

Malibu Texco 9/30/91 70 pfu i

Malibu Texco '0/01/91 - 15 pfu '

Malibu Texaco 10/0B/91 SOpfu
,

-
Malibu Texaco ,'0/09/91 3.0xtd pf ,

Malibu Texaco 10/15/91 2.2X1 03 'Pñ

Malibu Texaco 10/16/91 c:5 pfu
I

MalibÜ Texce 10/21/91 1.1x102 pfu

Malibu Texaco 1Ö/22/91 .. , 5,Sx102 pf
I

Malibu Texaco 10/23/91 20 pfu

Malibu Texaco - 100 yards East 5/13/91 c: 5 pf
I

.'

Malibu Texaco - 100 yards East 5/15/91 c:5 pfu

Malibu Texaco - 100 yards East 5/22/91 5 pf
I

Malibu C Channel 5/13/91 c:5 pfu
..

Malibu C Channel 5/15/91 c:5pf

Malibu C Channel 5/22/91 c:5 pf

Malibu C Channel
"I." 6/3/91 5 pf

I

Malibu C Channel 6/5/91 c:5 pf
,

" Î.

Malibu C Channel 1/3/91' c:5 pil '
~I

Malibu C Channel 1/22/91 5 pfu

Malibu C Channel
7/30/91 c: 13 pfu II

'..~~___.__.____ ..._.....4__..__
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Malibu C Channel 8/14/91 c: 5 pf

"

,

L.slibu C Chnnel 8/20/91 .' 1.3x 03 pf
. ,

Maliliu C Channel ,8/26/91 9x1 rf pfu-
~o.,..u C Chnnel 9/3/91 2x1 rf pf

..

Malibu C Chne 9/16/91 25 pf

,; Aalibu C Chnnel ,
9/18/91 25 pf

"

l Malibu C Chanel
9/23/91 1x1rf pf

!d - .1a1ibu C Channei
9/30/91 55 pfr '

r Malibu C Chnnel
10/01/91 25 pf

r 10/08/91
I y'a1ibu C Channel

, 30 pf, ' -
¡ Malibu C Chnnel 10/09/91 4x1 rfpf

( ,10/15/91 50 pf
, ~~a1ibu C Channel

I Malibu C Channel
10/16/91 c: 5 pf

l, 1.2 rf pf
lvalibu C Channel 10/21/91

--
,

I '-Malibu C Channel
10/22/91 45 pf

i Malibu C Channel 10/23/91 25pf

~ Malibu C Channel Pipe 5/13/91 c: 5 pf

.Asllbu C Channel Pipe
5/15/91 -c:5 pf-

K' Mb....U C Channel Pipe
5/22/91 , 5 pf

BMalibu Breach 5/15/91 c:5 pf

R Malibu Breach
5/22/91 c: 5 pf

n Malibu Breach 6/03/91 c: 5 pf

ii - Malibu Breach
6/17/91 not reorded

H Malibu Breach 6/19/91 6 pf

1\ Malibu Breach
, 7/3/91 c:5 pf

t1Malibu Breach 7/22/91 135 pf
....". -.. .. ~ -- ._- . .. ... -~ ~, .. -- " . .... , ....

li- Malibu Breach

....

7/30/91 : .c13 pf

a Malibu Breach 8/06/91 c: 5 pf
"

i. Malibu Breach
8/14/91 .c 5 pf

M Malibu Breach 8/20/91 1.7x0' pf

ii' Malibu Breach
8/26/91 4x1 rf pf

Q Malibu Breach 9/03/91 20 pf

,

4a1ibu Breach
9/16/91 40 pf ,

. H'
/

M J Breach
9/18/91 25 pf-

~' Malibu Breach
9/23/91 2x1 rf pf

II Malibu Breach 9/30/91 60 pfu

i

PHAGE ANALYSIS SUMMARY (Cont)
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Malibu Breach 10/01/91 15 pf

~Ibu Breach 10/08/91 40 pf

, wialibu Breach 10/09/91 1x10\! pf

Malibu Breach ,
10/15/91 ëx101 pf

..

Malibu Breach 10/16/91 c:5 pf

Malibu Breach 10/21/91
.

6.4x1 rf pf
" ;

Malibu Breach ,
10/22/91 2:êx1 d pf ,

Malibu Breach 10/23/91 80 pt
'-

I

Maibu Station e 5/13/91 c:5 pf

Malibu Upstream 6/03/91 5 pf

Malibu Upstreamn

, '

I6/10/91 c: 5 pf ;
,.,

Malibu Upstream 6/12/91 .. ;¿S pf

Malibu Upstream 7/03/91 ë:5 Pfu

"

Malibu Upstream .'
7/17/91 C:5 pf

Malibu Upstream 7/22/91 -c 5 pfu
!

.'. ...

Malibu Upstream 7/30/91 -c13. pfu
I;

Malibu Upstream 8/05/91 -c 5 pf f:

,

(.

.aibu Upstream 8/14/91 - c:5 pf

Malibu Upstream ..
8/20/91 c:5 pfu

',' -'; ",'

Malibu Upstream , .....,. ... ,"
9/03/91 10 pfu

:., '. ", !

Maibu Upstream
9/16/91 15 pf

. ,

Malibu lJpstream
9/18/91 55 pf

,"

Malibu Upstream 9/23/91 6x102 pf :

Malibu Upsteam 9/30/91 1 x102 pfu

10/01/91
"

Malibu Upstream
65 pf

Maibu Upstream ' 10/08/91 50 pf
¡

Malibu Ustream 10/09/91 4X1d pf
, ,

, , ;

Malibu Upsteam '10/15/91 20 pf
"

r

Malibu Upsream 10/16/91' c: 5 pf

Malibu Upsream 10/21/91 1x1d pfü

Malibu Upsteam ' 10/'1/91 10 Pf

Malibu Upsteam
10/23/91 10 pf'

r

lerondo .. , 5/15/91 100 pf

Herondo
7/1/91 2.2104pf ..

7/10/91 Not recrded
), ..

Herondo
/ i

7/31/91
l

Herondo ,
2)1011 pfu

'-llri'-'" ".wr:_. ...~ ............--... ,-----..,

,I

. ,)

\
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Malibu Breach 10/01/91 15 pf

~ibu Breach 10/08/91 40 pf

, wsalibu Breach 10/09/91 , 1x103 pf

h u Breach
~ 10/15/91 ax1 ci' pf

Malibu Breach 10/16/91 c5 pf
¡,

Malibu Breach 10/21/91 6.4x1 ri pf

Maibu Breach 10/22/91 2.9x1 ri pf

Malibu Breach 10/23/91 80 pf
-

Maibu Station B " 5/13/91 c5 pf

Malibu Upstrea 6/03/91 5 pf

Malibu Upsteam#. " 6/10/91 c: 5 pf
,

Malibu Upstream 6/12/91 c5 pf

Malibu Upstream 7/03/91 c5 pfu

'"

Malibu Upstream 7/17/91 c: 5 pf

Malibu Upstream 7/22/91
"

c: 5 pfu

Malibu Upstream , 7/30/91 c13 pfu

Malibu Upstream 8/05/91 .: 5 pf
, '

, ,

.aibu Upstream , 8/14/91 _c5 pf

, "

~ ,u Upstream 8/20/91 c5 pfu

Malibu Upstream ,
9/03/91 ' 10 pfu

, Maibu Upstream 9/16/91 15 pf

Malibu lJpstream 9/18/91 55 pf'

Maibu Upstream
9/23/91 6x102 pf

Malibu Upstream 9/30/91 1x102 pfu

Malibu Upstream 10/01/91 , 55 pf

Maibu Upstream
10/08/91 , 50 pf

Malibu Ustream
: 10/09/91 4x1 ri pf

:1
, ,

Malibu Upsteam ' "'0/15/91 , 20 pf

Malibu Upsream 10/16/91'
., c5 pf !

Malibu Upsream 10/21/91 1x1ri pf

Maibu Upsteam 10/22/91 10 pf i
,

Malibu Upsteam 10/23/91 10 pf

lerondo
. , 5/15/91 100 pf ~,

Hr "'o ,
7/1/91 2.2104 pf

'-
Herondo

7/10/91 Not recrded ,

i

Herondo
7/31/91 2x103 pf

i-
ï i
\:.~

f)
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ri

ri
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APPENDIX 2

Sample ' ,

Malibu Texco

Malibu Texaco

Malibu Texaco

Malibu Texco

Malibu Texaco

Malibu Texco

Malibu Texaco

Malibu Texco

Malibu TexacoJ

Malibu Texaco

Malibu Texaco
l

Malibu Texco

Malibu Texco

Malibu Texaco

.Malibu Texco,

( Malibu Texco

Malibu Texaco

Malibu Texaco

Malibu Texaco

Malibu Texaco

Malihu Texco

Maljbu Texaco

Malibu Texaco

Malibu Texaco - 100 yards East

Malibu Texaco - 100 yards East

Malibu Texaco - 100 yards East

Malibu C Channel

Malibu C Channel

Malibu C Channel

Malibu C Channel' '

Malibu C Channel

Malibu C Channel

Malibu C Channel

Malibu C Channel

PHAGE ANALYSIS SUMMARY

Date

,

5/13/91

5/15/91

5/22/91

6/3/91

7/3/91

7/22/91

7/30/91

8/14/91

8/20/91

8/26/91

9/3/91

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

5/13/91

5/15/91

5/22/91

5/"3/91

5/15/91

5/22/91

6/3/91

6/5/91

7/3/91

7/22/91--
1/30/91

,

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

- --,~-- """,~,,~""r.~ ~-'''''-~''-''~V''-'~' ..

Phage/100 mL

c:5 pfu

c:5 pfu

c: 5 pf

35 pf .

15 pf

c:5 pfu

c:13 pfu

Bx102 pfu

6X102 pf

1.3x1 03 pf

15 pf

6.0x102 pfu

3.OX102 pf

TNC (::150/mL)

70 pfu,

- 15 pfu ' ,

50 pfu

3.0x1 ~ pf

2.2X103 pfu

..

c: 5 pfu

1.1x102 pfu

5.Bx102 pf

20 pfu

c: 5 pf

c: 5 pfu

5 pf
c: 5 pfu

c: 5 pf

c:5 pf

5 pf
c: 5 pt

c: 5 pf

5 pfu

c:13 pfu
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Note:, Maintain the host 'strain on tryptone bottom agar slants
containing 15 microgram per ml each ampicillin and streptomycin
sulfate. Grow overnight at 35 C, then store in a refrigerator
'(2-6) for up to several weeks. Use this working'stock culture
to inoculate tryptone broths when assays are to be performed.

S'tock cultures of the .host ,strain' must be maintained on
antibiotic-containing media to insure the cells contain the
F+ plasmid.
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-_... .i~~-in";991:-,.ii data included. The"synls at each site indicate
the results of the t test 8S foL lows:

(
** p ,C ,.0001
.. p C .001

* PC. 005
. PC. 05

blank P ~ .05
no test

To control the experimentwise typ-1 error to P c= .05, use P C .005

(*) 8S the critical level.

ITEROCOCCUS

:PTH 100S 50S 25S 2SN 100No SON
._-----_..- -- --- ---- - - -- ~- _. -- -- - --- - - - - -~- - - --~------
:K1.E -* ,*,** ,*** ** ** ** **
:EST l-

-* * **.

:CAL COL I FORMS

:PTH 100S 50S 25S 0 25N SON 100N
- _. - - - - - - - - - -- -- - - - - - -- - - - -- - ~ - - ~ - - -- - -~- - - - - - - ~ - - - --

:K1.E

:EST

* 1H *** . -* * ** ' .

L
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l ~ABLE 5. Estimated densities of positive plaque assay
(plaque forming units) and cyopathic effect
(estimated infectious uni ts) assays. for human
enteric viruses in, the Pico-Kenter drain, Herondo
drain, and Malibu Lagoon.

l-
.1

~ i...;

l--~
l.J

(

SAKPLE SITES: DATE PLAQUE ASSAY CYTOPATHIC
RESULTS EFFECT RESULTS

PICO-DUTER 8/13/91 i pfu/57 gal n~ CPE done

9/25/91 1 pfu/2. 8 gal no CPE done
I 10/2/91 detected ~1 IU/23.2' galnone

HEROND 7/31/91 none detected ~1 IU/79.5 gal
, .

,. 9i4/91 none detected ~1 Iu/26.2 gal

BREACH 6/17/91 none detected ~1 iu/S.o gal

C-CHAL ' 6/5/91 1 pfu/141 gal no CPE done ...,
, ,

10/9/91 none detected ~1 iu/10.6 gal

,

UPSTRE 9-3-91 'none detected ~1 Iu/2S .7. gal

9-30~91 none detected, ~1 Iu/63 gal
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~abie 3. Seed virus Recover EXperiments.
Runoff was seeded with attenuated poliovirus.
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Pico-Kenter 3 .4 x 106 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 10,6 7 . 6 X 105 30. 4

Herondo 6 .3 x 105 1.4 x 10' 2 .2

Herc;ndo 105
,

, 7.4 x None 0

Herondo 2 .7 X 106 1. 3 X 106 48
.

Malib~ Lagoon 2 . 9 X 106 8 . 4 X 10' 2 . 9

Mal ibu Lagoon 2. 6 X 106 2 . 0 X 105 7 . 7

Mal ibu Lagoon 2 . 9 x 106 4 . 9 X 105 16 . 9
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one vis would reult in infecon (Bittn, 1980). r
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,6. Other th gene pro,-cunt -thnques ''aot detet some of .the vises

(rotavi and Norwal vise) which could cause swmig aste ilesSes such'
as. gastrnteritis. í!

'.._J

VI. CONCLUSION
i"i
'I I

i i

, IDstorica monitorig data were use to identify sur zone site where indicator bacteri
densities frequently exceed levels of concern. Human enteric vis saples were tan at

the sites with high bacteri densities 'in order to ass whether there was huma wate prent. ,
Beuse swimmig assoiate ilesse ar generay believed to be cause by huma vise,
the pre~ce of human waste at the site would iidicate a greater ri of swmmig assoate
ilesses than at site without huma fec inputs (Caell et al1979, 1982). The originallntent
of the studtes was to identify site with high indicator bacteria densities cause by flowig storm
, drs with no sewage inputs. These sites were neeed for an epidemiology study designed to

determe the heath nsks frm swimi1g in' storm dr conta water.
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Thee yeas later, human enteric vises were, found at varous loctions in Mabu
Lagoon, Herondo Dra, and thee conseutive yeas at the PicoKenter storm dr. Huma'
vises were not found in limite saplig at ,Baona Creek, the Santa Monica Cayon dra,
and the Ashland dra, ,but that does not preclude them from ocurrg in those loctions. In

.. terms of the original study design, the enteric vis assesment has done what it was intende4
to do; to determe the presence or absence of human waste at the study sites. The study results
ca not be use to provide accurte information on potential sources of human vises to the
storm drs.

r-'!
l:::J

Human (ec contation of storm dras is far more prevaent than originaly assumed. "
Even though the sewer system in Los Angeles County is completely sepatè frm the stori

dra system, the storm dras are not free of human feèinputs.
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,( i

The reults of the last. thee yeas of vis monitorig in storm drs support the
followig remmendations:, '

1) An investigation of the heath riks assote with vaous levels of indicators of
water quaty or with' swmmig at vaous distaces from. flowig drs should moveforward. '
2) A huma spifc indicator tht corrlate with the densities and presnce or absence
of huma pathogens is neeed. '

3) Tools Ilee to be develop for the eay detetion and quatification of spc human
pathogens. Models could then be use to demonstrte heath risks assote with the
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Tota:Fec usuay .sio (City of Los Angeles, Envinmenta Monitorig Division, unpublished
data). '

IndicatOr bacteri are usefu for sata sureys when ther is gross or undilute sewage,
contation (e.g. lage sewage spil or lea) in the 

storm drs. In other situtions, such as
the conditions sen at the two dr and Mabu Laoon, 'indicator densities proVide litte
informtion on the sour of vis contation. Even at" Mabu .Laoon, where the
Tota:Fec coliorm ratio wa les.'than four at the vis saplig loctions, indicator densities
provided litte informtion on the sources) of bari and vi cOntation. However,' the
intent of ths study was only to determe ü ther was vis contation, not to detee .

- ':sources of vi.contation. . Studies designed. spcay 'to.tr the' source(s). pf human

fec contation to the drs are neeed.

'leonly ty of vise dete wer the Coxsakie B vise which ar oft found
in sewage contaate waters. None of the positive islate were poliovis, so there was no
cross . contaation of the saples from the se studies. In addition, any potenti cross
contation was elimite beuse al field saples were collecte prior to performg the
se studies. Also, the vis concentrtor use for collectig saples had never ben usepreviously for se studies. '

.~

, 'Sources of the contation to the storm dras are unown. For the two drns,
, sources coul~ include ilegal connections.t the .swage system, ilegal discharges (e.g. from

m~bile homes or recreational yehicles), or lea from the sewer system, The Malbu lagoon
also could be coiitaate by, these sources in addition to discharges to the watershed from

setic ta and diffse sources such as capers and picnickers.

When the lagoon was sapled, the Tapia Water Reclation Plat was discharging. '..d
tertar treate water into Malibù Creek, abut six mies upstrea frm the laoon. Accrding .
to theLVM, flows from Tapia dung saplig periods in the lagoon were 1.04 MOD and,

ragedfroni 0 to 4.6 MOD (LVM, 1991). As stàte ealier, levels of bacteri in the
. effluent were very low. A study of enteric vis in water produce by the Tapia plant was
conducte in 1987 using similar .vis. sapling and analytca tehnques. Ony a single virs

, ,on one saplig day (90 galon saple when the chloriation unit was not furictionig) was
detete out of 25 days of saplig (James M. Montgomery Engineers, Inc., 1990). However,'

Tapia doe not have, an enteric vis monitorig progra, so the effcacy of the tertar fiters

. in vis removal ha not be,determed in over four yeas. Although Tapia ca not be ruled '
out as a'possible source of vis, it sems unely that ths facilty would reresnt a sourCe of.

detetable vis in the Mabu lagoon system. unless the tear fiters were not functioning
prorly.

The amount of vises per volume of water prente in Table 5 must be considered as rough
estimate given the followig rens:

1. At low. densities, vises ar not normaly distrbute throughout the saple. It is not
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with" the Laoon ap to have litte impact on ba densities in the Lagoon crable 1

and bacteri density data). In genera, bacteri densities,were high al the ti~e thoughout the

.laoon, -regardless of the water level with the Laoön. -Thes reults dò not,rule out setic
Systems With the watershed as a potenti sour ofbacte contation, but they imply that

-- bacteri densities are indepdent of the water level with the ~oon in dry ,weather, when
"te water tale is lower. Thes reults supprt conclusions rehed by Warsha et al.,(1992) on
Mabu Laoon water quaty.

Possible other Source of indicator bari to the laoon ar wa blooed wid and
domesc anmas, vegettion and soil for tota coliform, numerous storm dras including thee
tht discharge into the Laoon 'an lower rehes-of 1he watershed, -ad many other diffse
Source including capers, tempora reidents, and picnckers with the watershed. Litte

informtion exists regarding potenti sources of indicator bacteri contation in th

watersh!d. ' However, monthy' mOIUtorig rert on water quaty in Mabu Crk ar

submitt to the Règional Water Quaty Control Bod (RWQCB) by the La VirgenesMetropolita Water Distrct (LVM). "

r
, I

l
r"
I¡ ,

r ..

i

r-
II., '

A review of one potenti source of bacteri indicators, the LVM's Tapia Water
Reclamation Facilty, indicates tht the plat could be discunte as a direct source becuse
levels of bacteri in the effluent dunng the study were very low; in .over 90% of the saples,
tota coliforms were not detete ~ 1 Most Probable Number (MN)/l00mI (LVM, 1991).

, The highest report value durg the study period was 4 MPN/100 mI. However, the issue of

bacterial regrowt in the watershed ha" never been investigate. In contrt to the Tapia plant's

effluent, bacteri densities from ~albu Creek and its trbutaes were well abve levels of
concern at the ten monitonng stations thoughout the watershed in the Santa Monica Mountans.
Tota Coliform densities were high everyhere, whie fec coliform and enteroci densities

, were generay higher at lagoon stations than at upstrea stations (LVM, 1991). It appes ""
, that many of the sources liste abve, esialy non-point sources, ar contrbuting bacterial '

indicators to the lagoon, "
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B. Vir
1. F-Mae Speifc Coliphage

Higher densities of mae spfic coliphage are ~xpete in sewage contate waters
than in waters 'without human fec inputs (Caell, pers. comm., 1989). The trend predcte
by Cabell was not support by thes results. 'Enteric "vises were found at al five ~plig
loctions despite the fact tht mea ,coliphage densities :were approximately, an order of,

magnitude higher at the PicoKenter and Herondo dras than the Malbu Laoon sites. En.teric
vis was found at al thee Mabu Lagoon sites, yet coliphage densities were always low ir the
laoon. The coliphage densities on the days that vis was found were compable to the mea
densities. Al, vis was never found "on days where coliphae densities were highest for the

site.
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.. the conductivity of Iuoff vared over a wide rage frm nealy frh water to sat water. r-
/,

i

-" - The height of Mabu Laoon abve se level and the tide height at the time of saplig
at the Laoon are-also lite in Appedi 4. Laoon height raged from two fee (the lowes
possible meaurment with the meaurgstick nea the C-thael station) to 5.4 feet above se
leveL. Of the 26 days wher saples were collecte -and anyz for entec vis, 11 ocur

when the laoon was at its lowes at two fee and nie oced when the laoon elevation was
over 3.5 feet. Tida heights raged frm plus 1.2 to si feet dung vis saplig at the
laoon.

r-

r-
\

j,
I

In genera, the coductivity of the saples was high when the laoon mouth was opn
andlor'when there was a very high tide. The saple conductivity wa seldom below ten mmhos
at the Breah, C-Chael and Upstr sttions when the tide was higher th the lagoon
height. pe Texaco station was less susctible to the -impacts of the tide beuse saples
collecte there were predonuantly treate dischage and runoff;' and the saplig site was 'notdiectly in the lagoon. --

í'

I

IV. DISCUSSION

r--

r-

'C
A. Bacteril Dispersion

- Ony 11 of the 17 saplig dates were idea for assessing the effectiveness of the dra
extension for reducing indicator bacteria densities in the surf zone. The lat six days of the
saplig period produce different results becuse a neay sewer relacement project

contrbute a large volume of water to the PicoKenter dra. The flow from dewaterig was, _

dischaged into the PicoKenter dra where it then flowed across the bech and into the surf
zone.

( ,-

- ,1."

r-
i
!\._-

1. After Storm Drain Pipe Exension -

f" ..'j

I

Bacterial levels of concern were always exceed in the dr itslf, but raely if ever

eX,ceed at ane or chest depth in the surf zone on days when the pipe extension was oprating,
as designed. Beuse of the iogistica problems of saplig directly frm thePicoKenter dr
afr the pipe extension, saples of dr effuent were only collecte on days durig- enteric

vis saplig. Thes date were not usuay the sae days as the bacterial disprsion study.
Ba on the reults of the bateri disprsion study, the runoff plume either 4id not trvel back

to shore or the plume was diute sufficiently to cause indicator densities to be low. .

i

i

t_

2. Comparion with Storm Dra Berore Pipe Exnsion

'Te results of the 1991 diion study were drticay dierent frm the reults of the

199 disprsion study. In 199, bacteri levels of conce were fruently exceed at ane
depth stations at distaces of up to 100 yards from the dra (See figure 5). Chest depth saples
also exceed levels of concern 10%, 30% and 40% for fec coliforms, tota coliforms, and

,.
i
:"_.J
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Anysis of varce (ANOYA) was us to tet for signcat diference among meas
from stations at ane and chest depths. Eah station mea was caculate from al data gathered

over the study ~riod. The geometc mea frm the 199 bacteri ditrbution .study were
compa to the 1991 data usig sete t-te. '

ANOV A with posteori multiple compans wer ru to tet for site dierences in
geometrc meas. Tuy's studenti rage tet (HSD metod; SAS, 199, Stel and Torre,

1960) wa use for the geometrc mea compans. .

¡ -

r

r-

r-
j

IV. REULTS
í

A. Bacteri Indicators

1. BactJri Disribution

r-'

I

Densities of indicator bacteri were low at al ane and chest depth stations in the surf
. 'zone (Table 1) and extremely high in the PicoKenter effluent (Table 2). Durig each saplig

period, iidicator densities in dra effuent exceed. 
levels of concern for al thee bacterial

groups (Figure 4), In the surf zone, however, levels of concern were seldom exceed at al,' ,
ane ard chest depth stations for thes indicators. The geometrc meas of the bacterial
,densities at al surf zone .sites were not .significatly diferent from .each other. Ane depth
geometrc meas were not .signcatly diferent from chest depth meas.

l-
1.

r-

. L

r
i,

2. Bacteri Densities in Runoff ¡-.

t.

The geometrc meas and 95% Confidence Intervals of bacteri densities meaure in..
run,off saples collecte from the Malbu Laoon, . and the PicoKenter and Herondo strm
drs are given in Table 2. Bacteri densities in tht PicoKenter dra were approximately'

thee to five times higher th the Herondo dr. and one to two orders of manitude higher

. . than the densities at the four Malbu Laoon. sites, Ths trend held for al thee bacterial
indicators. In Mabu Laoon, the densities were generay lowest to highest from C-chanel
to the breach to Upstrea to Texaco.

.r
)

L

. r:

The geometrc mea densities at the Malbu Lagoon C-Chanel and Brech stations were
significatly different (P ~ 0.5) from the other four stations for tota coliforms and enterocus

, (Table 2). The geometrc meas for the Brech and C-ClWelstations were not signicatly
dierent, ~ ~ 0.5) for al three indicators. The geometrc meas for the PicoKenter and
Herondo drs were not significatly different from each other, but they were signicatly
higher than al other saplig sites for tota coliforms and than ,the C-Chael and Brech sites
for enterocus.

B. Vîn

10

. .



_:;...:~.~,.::,-o;...-.:.,...._:~:_.-.--.._.-:_.:..;_~. .... '" -_:

".

Two 35 gal contaer wer fied with strm dr effuent. The effuent wa adjuste to
pH 3.5, AlC13 wa added to a fi concetrtion of 0.005 M, and ~ known amount of attnuate

poliovis (vace str) was added to eah contaer. Tnplicate gra saples were taen at
the begig,and end of the fitrtion peod. , Eah gr consite of 1 m1 of saple diute
with 9 m1 of stee Ha's Bace Sat Solution(HS) to mimi any toxic effect to the
vis by the dr éffuent. The HBS contaed 2 % fet bovie sem which helps prevent

vis invation when saples ar frze and thwed. Efuet in eah contaer then was nin

1hugh a concetrtor (desbe below).

Gra saples before and afr concetrtion wer anyze for densities of the poliovis.
Concetrtions of vis in the fit set of gr saples yielded balie amounts. Any toxic

effects of the effuent then could be asse by compag dierce in vi concetrtions
beeen the fit and send set of gr saples. The percnt of rtvery wa meaured by

compag vis levels in the fi concetrte with baslie levels., The reults of the se
study wfje use to give rever estimate, not to adjust the densities. of enteric vises
revere from field saples. '

3. Sampli and Anysis

a. F-Mae Speifc Coliphage

Enteric vise were sapled at the strm dra site using a modified version of

Stadad Method 913-A (APRA, 1985) and "The ,USEPA ,Maua of Methods for Virology,"
1984 (EA-60/4-84-o13. Adsorption conditions were pH 3.5 witl an AlC13 molarty of 0.005.'
Th~ eluent wa 3 % ~f extr .djuste to pH 7.2. Approximately SO to 140 galons of effuent

were fitered per saple. A detaed desption of the enteric vis saplig prtocl is in
WThe USEP A Maual of Methods for Virlogy" (1984)'.

Travel set up and the long field prosig tie (aproximately 1.5 hours) reuir that
saplig began in the morng and contiued unti noon. Ony one saple was tan per dayat eah of the drs. '

One-lite eluate frm' the field saple wer delivere to the laboratory and

rencentrte in the afrnoon using an organc floculation proure (Ktznelson et al.,'
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arciay by the Caforn Depaent of Parks and Recon (Breah);

2) At the bridge over the C--hael which is the western most chael of the laoon,
~ext to the Mabu Colony (C--hael);. .
3) In the soft bottmed rivilet (approxitely 150,00 galons per day) formed by the -

dischage of trte conta grundWater from the Texaco gas station trtment
failty and ruoff frm the adjacnt Cross Crek-Roa shoping center pakig lot. The
saplig point was th to five yads nort of Mabu Crek, just eat of the,Pacifc
Coat Highway- bridge (Texa); and '

4) At a point on the nort ban of the crk, 100 yards upstrea otthe Texa discharge
(Upstr) .
I ID. SAMLIG

A. Indicator Bacteri

1. Sampli Deig and Fruency

,

The study was caed out over a six month period from mid- May to mid-November,. -
1991. Ideay, saplig would have ocured durig weekends when.te most peple .were

using the bech~ However, beuse of. .the logistica reuirments of the microbiology
laboratories, saplig was conducte durg morng hours on weekdays. Al bacterial saples -
were teste with six hours of saplig.

Samplig in the surf zone around the PicoKenter dra ocurred on seventen days oyer
a five week period. Samples for bacterial anyses were collecte at the sae ten sites as the

, 1990 surf zone study (Figure 3):

1. Seven stations were positioned at ane depth at 0, 25, 50, and 100 yard iitervals;
the .0" position was locte diectly west of the dra.

2. Th stations were positioned at chest depth.at 0, and f5 yad intervals.

Al saples were ~en frm the incomig breg surf. The ,ane depth saples were
.tan as -the surf foa rechëd the saple botte' at the heìght of the sapler's ane. The chest
- 'saples were taen where the breag waves reched the chest height (approxiately 3 to 4 '
'ft) of a medum siz adult. Chest depth saplig usuay ocurred between 30 and 50 yards
fuer away from the dr th ane depth saplig.

Samples of dI effuent wer only collecte for bacteri analyse on eah of the thn'
enteric vis samplig days. Beuse of logistica problems afr the pipe was extended 60

f~t, there was n~ saplig diectly from the PicoKenter dra on days where surf zone

f
,
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the relea of the 199 study~ the City of Santa Monica ha kept the bech close, 100 yards

nort and south of the PicoKenter dr, and implemente meaures to reuce or elimite
pondig of runoff on the beh.

A numbe of quesons st nee to be addresse prior to decidig whether or not to
. conduct a lage sce epidemiology stdy. Th stdy should be conducte on retional

bathers in wate with lage,vailty in indicator bacteri densities adjacnt to flowig storm
dr. Thes conditions would provide inormtion on the heath riks, frm swimmg in

waters contate only by uran runoff.

'In ths ~rt, relts ar prete frm two studies penormed durig 'the thd. yeå of the
project. They were degned, to:

L

r

r"

r'

f
1. Furer evaluate disprsion of indicator bateri around the, PicoKenter storm dr .
alr the completion of the 60 foot pipe extension; and '

í-

, ¡.

.r

r'

~

2. Testig for the presence of huma enteric vis in the PicoKenter and Herondo storm
drs, and M~bu Lag~n,

Furter work was done in the, fist study to'refie our knowledge on-the distrbution of...
, indicator bacteri around the PicoKenter dra. Gaig an uiderstading of indicator bacte~
distrbution in the sun .zne is an .esenti component in -deciding which porton of the bech
and the swimmig public is expose to excessive indicator densities resultig from storm dr

effuent, In ths ca, the Pi~Kenter dra was chosen beu~ of the historicaly highJevels
of indicator bacteria meaured in the surf adjacent to the dr. The dra was also chosen
becuse it offered a unique opportnity to test the efficacy of storm dr extensions in reducing
indicator bacteri densities in the sm zone.

r
i

In the send study, we ,contiued to survey varous storm dra. effluents for the presnce .
of human enteric vises. The two storm drans and lagoon studied, lie the saplig loctions .

. . from previous studies, were chosen beuse they historicay have ben assoiate with high
, densitiés of indicator bacteria in the sun zone when the drs flow directly to the oc. Ths
yea's vis study was the fist time that such a large setion of Santa Monica Bay was covered.

The information from this study wi Qe usé to help determe the potential sites and nee for
an epidemiology study .

i

'/..

, í

n. STUY SIT

A. Pico-Kenter Stonn Dra

The PicoKenter dra is locte where Pico Boulevard meets the bech (See figure 1).

The storm dra system dras a lage'area that includes much of Santa Monicå and pa of Wes
L.A. and Brentwoo. There are two dras that discharge to the beh: one is owned by Los

4 '


