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., ...&lárslh.w.~S..cutòff froU)'li4aJ. flÜShÜig;bythe.to(lst~ctiQQ..Öf-

Pacifc Coa.st Highway and channelizatioriortliesurrouriaii;g
.areafodloodcontroL As part of ahabitatrestor~tiónenQr.t;
tidal1üsh.ing in..the Talbe,rt.!v!arsl:iwasTesI9iedi.n.i-9ag ~tién
à'nèw tfdåftnlet.0as constrded:&Ihce itsrëst9tatiòn¡'raib~ft
Narsh.hasibecome .a'..tyical ."s?ttthenl:Ç~lifo,l'iàtlilai
sairw~term'arshwtth open wate.frwetfaría'r'add:iipl¡Ültl
habitatš\t13-15). Pkkie\'f:ed;(Sali~otJif ..' ca) i(tte

do:qiiiä~tInacróphytc vegetation..and the::, ',. ..... ..'s;gtilÆ~d,
bysevêralspecial-statusbi rds¡5eciesÜ1clutlin~tliég;~fÒQûâ
LeastTern,BJowl' Pêlican.andBeldingsSWa¡lÍi¡l SJ)ap:;pw;

. A'tthe ÖU~set of this study It was notcleaTwh~teffe~~~trie
Talbert Mars!i had on sur zone water qi¡ã1íty á('H4ritfrigton:
State and City,Beaches; On oneJiand,wetlanç1$i:l?áê~,ii\Üaty.
.~reshwater wetlands. are ria:tliiartre¡ttnt)n.Ls,ysr~i,a," ,r
ren)oy~chéqilcål al1d bIologj,câl:pøJ1Ùtaigs~l'9i.1,a:9fl
and"~gitcuftural wasttlwater 'ànd u(l)"an,.j:Ì';q.ft:~(ß~igq)
the oU1~r,l-and, coastal rnarshe$ aréanjjnip.Q:tait!Jiltd:ltìi
an.g: 9¡rdttc¡e~are'~ ..PQ te!it¡al;souJc~Q.fliN:g:fMi~:'~~h

" ,th"§;enillr9qr.ençal growt, of tl1.~se organ,isITaJi:,tl'e,:i¡

: .tn~~ts~dr;9nvfigetatlon(23~2al¡" ~"'..; ,
..;tM~ínø~it~;,J~~'Màterìals .', .'.,

'Ä's'&riè;'r~fÌnvêStjgàtIònsiNètttlittíi3'öiltltj¡"
ffów ofW'àteraIiö'ÊN1 ìh tó,thê'qi~å.hl'rodlDtth

it' ~Rili;i:lr,~ .
:d,tht~~J:YQ:;Y;stems.'( f:U1JoffiPJrds,veg'el

'.' ,ThésëdthieeddÜferentini.estigadO¡;$~tè' ". .....,
'. .¡thepaperas,tliedMarshCSt!1cly.;JieS.urf,7ZQii~¡,St

;~~~~~~:;~~i~:t:d~:;~~~:,e:'~l~~atl~~m)ø
- .Ml'sli;St:4(Jy,~hEl,goidoÐth...

'th.e.!1o\\"ofwalèr'änd:EN'l lrni

i¡~;iiii
s\thé/pimrp'5'tátiqn
~s:tJJ~P;Ü.irpjß~atio1'S
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. '. . . . ..' .' .' . . ...... .' ..... l"èd:àiô'
l-\li;thigtPnBeach) that converge neai:.rq..e oc~ail. ata .....:. .. . Ùt#'Strea¿bf.dg!!',(i3rp

..c,Q,nstrùcted'. weUaml knpwn. as the Tålbe#t~'lars);(FIgtre/' ~ ;'\~li~)JgrtijUitn:!(j¡ttbémåÌ'~hapildtl~òt~å
IAJ,qçe~nw~tElrf1oodds both Jh:,Tal b~~N1ii~r¥:,?pdtheIoVier' ., "F1iEiiS2~Y'atitlg~;(PGH',S:tati(,ln)lJ$~~:J~

. rea~lÙ:;s,of úl.ea:pen ~l)anneiSdiinng.tisingtl,neS,~llQodtlde~l' . sitè~ç¡alÐet.tS.t'4ti()ri.ånai:ô'tWt~ìif
and a braçkishmìXtlJie ofoce,anwate.r,and,tùr:otfdrains. . IA) :Wè'reri16riltrired. to. chara,êterii

. tron:the~ysteiiidi.ring faIlìng tides (èbb'(idt~i.". . thedi'àinåg~channeis rrdm' th~
'Tqe Talben Wàtershedis nearly U¡ii aÎ1doàJ&jáf.~tvJØe,t¥lafer . . . ;,here Ih,-erei;are,nö,-PUñ3,

äbov~seâdleveL This g\3ographicalsettiirg7ninité,Ì's;dtatri~~e' ,..lrgiù.... ...lhe-JIÓ;,øfW;ateränd.'¿ø

by,gát:0iyalorie, :SQasvstei- ÒltraJisfe:rSïanoì)s,isu'sed'Îi ;':f¡)Ütsftes"are'descdbed~héiow;.. .'
the iow~rr~achésot thèTaìbert Watersb,~§Ìtto,PUtnphiloff "fi1,6iUJVlitqsifreme"lts; The veIØ.(¡ttY,~~'
Hitö d thëoperLohannelsfrorrt . sto(mWAt~r:,dRI,pelirres, . Each. '. uriìt S:ta~'~!iÐ-rïd the peL. .

trisfer.stattøl'(;orplIrnp statìol1; CÖñ:sistsof-rØt~J:lay;.wl'ler~;' 'l~r v~1 eter~
;i:noff~aiï'Pa;~t!.nid;,i~~~~~:&~t' . ., . ~~n~!lt: . .

uCl:t.tsijrdUrirIg,s.
a 19 lì\3çtaie tß.mia$:

.::~~~t~~~:;hëttíâJ.
, . as dritÎi~td. âÚd 'fillêd6verth ..... . . . . .

;;à,gdtttlt_Í1L'a,tr~çlamaGon an,a .iirban (l~vé.ttil.iE~~l~ï~97,;'",jd;'.
wha:tdreinained o,fdie hrsidiicàl wetlaitd.iricliii:hgTå1b'ë'l
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HUNTlNGTOK

IlEACft

Huntington Bea(;hlthafCo.ive;t,g~ n~ear:,dthéöceâtiat a
constructed wetland kn(Jwna:&dthE¡*i!o~J:t,~Marsh . (Figu~e

1A), Oceanwaterfio.øds b0tl,tr~1!~&êtr: Miîsl\and:tliëJ9;tVt:(
'reaclae$, öftàe9lPêtit.bane1s;dl,trlbgpsìggiidi!s;(flóndt~t!e&J
and abiátlush:mfXture. o'fQcèàITwaté.r:an'ô.tunóff drains
ft01Jl the, SYstèrrdÜtingJallngtîa~si.tèl;1. tides). ..'

The-l'albertWaterslred~is neár!ý:fiht' . LY."aJe\x!rtJet,.,
abovesealevel:llíís.geoglål?hl.eiii\~éttfn '.' .... . ',... dl1s'q:rail'age
by giavitya1qne, 'soa $).~teIpdf:J1"ài~)t~r:st~tiôÚGis#seø' in
thelowèrreaches öf the'TMbertWi(térslied'ro:'puøP'i;lhoff
imö' the open . channels froir~stori~Yátèt"Ri~~lì:ne;.:EaCh
transfe.rstatîon,or'puni:st'!tìon,jÓ . ;fqre:9ay¡"'lt~ré'

runoffèatibe ~tored¡ and'Sevtrå!;' .,' intfgJruàoff

tó:me:c~~n~1S'~G.!"~M*~' '~w~o~t~tte:,
peHods.n.d,co.ntinu9USlY'

'TâloèÏ't'M~tsh¡s;a.iÒ;hc'
an' exr&i$íiie-"(¡l~ÒÒ.,ne.êt":",."..1 , .' '.".,"'.'ê_'c," _,$:-..',
~ystemÎQ\GoRstål( , ." '. ..... '., . .' ., .
sy~tein';,as ~dtaÎi:edai:tl;fiIte:df .... '.' . .;~tór
agtklÌIt4tahlkliuatio.nar:t!'¿u~:bIti:~èYãt . '." ...1:19£. '.

what'rnma.ned, oJ tlEj.historlGaIWl.è.lln:tI:,¡incl:UdñglTlibert:. .... ,, .
2408 · ENV1RONMENTAL SCIENCE '!l ìECIiNOLOGY I VOt. 35. NO,12. 2001
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Marsh. was cut offfroin tidal flushing by the co '

Pacific Coast Highway and channeJizaÜÓnOfthenstrUctioii 'l(
SUrround'

area for Elo0d control. As part of a habítatrestorati Irig

tidal flushingin rhe TalbertMarsh was restored in ign eflrin"
a new tidal inlet was constructed. Since its restorati 9?'Wlierl
Marso has become a tyical Southei:n Calif:i¡,r¡i~eÌ1 .
saltwater marsh with open water, wetland. and a tí~~i.'
habitats (13-15), Pickle weed (Salicornia liirginica)lt~iar\â
dominant macrophytic vegetmion, and the matsh is IS iHe

. i b'd '. !lbys.ever.alspecia -statUs ir speciesincludirig" the"i-'."
P i' . .. d' BId' . '. . . '-l otLeastTern, Brown.' e,ican, an, .e ..tnEsSa'iannahSpárr

At the ou ~set ,of this. stu~y it was not cle~r\vhat éffèct\1;ÜFL'ti
Talbert Marsh had on surfzone water qtYalityatHunt"1 "c'i,;':

, . .:1. O' h . d. ,....., ...ngtoa-~tate and City BeaC1es: none. an ,wetlands. panîcultiily'
freshwater w~t1ands, ar~ na~urai treatment syst"msÜi;ìi,
remove chemical and biologicalponutamsfrom,dam"'1,~i'.
and.agric.lrural wasiewater and urban nrnçff U9;'20e.Sl.:~
the ot~er hànd; coastalmars~es ~re:~ni:~~øI:ilt biS4:ha
and bird feces are apote.ntials0ur¡;e,ofENT(2.I.Z?l
thèenVÍro ninental growth of t!1éSir organisrcsiilthe.s

. ments tlnd on vegetation (23~26), . '

Metl1odsaiiMaterials . '.. .....
id. stiIiesof inire~t(gåtÍtins!w¡;rêsitl-le:q:,()i:tt()(llqû'a"
fiqwöfw.ate rand ÈNT.i.ti to .theocean £t()ttlhetalb~',
and'Taibert Watershed. (2) assess the'inpactÓf EN'
the marsh and watershed on local surf zone';arer~
and. (3) identify poten tialsources ofindicalPrb,äj.teriä
these twO systems (fLlï'gff,birqsi ve&eta~i()J',~r¡-d:~~Øi
These three dífferentinvestígation~¡¡rer~J(Wr~âtO;thro
the paper as the MarsÍi'Srudy.fhé$qrfZØti .....
s.our'ce StuÇly, respectiveIY"1.'heJ:n,ëtbQdS.em~lö '.'"
ínvestigatíopsaredès(:.riti~qb~I()W;.. ...., ..,'C.: . .
. . Mtii:síiSitidy"The.gQai91"thè1vá.ishSfÚ~Y.'i'¡¡Í~t

the flowo'f waië(anctdEN"l ftornthela,hei1¡wate
tlie i'cUbërtp;Iatshand fro in the T:abêrtNIûI-iÜhtQ,lllif

Measurements were carried out toel5 dayss(attî~g:oh

2,2000, Duringthe 1.5 d¡¡ystu¡jy. pumpstütionSiiidicTa
Watershed were operated in two differemmGdes:. dt
thefirst 8 days the pump siatioiis wereoffine,aijÇi

.' .rdnt)wíng7 days'the. pUÍlp StatíOriswereoriHiiEÍ~.\\i
pùmp stations weredffine; ninotftl:arwó~ia,t:o
.dîs¿harged';íntOthedrainagecnahnèis:'WÌìs~j~i-~
iritorher,egionalsanitary seiNet.,., .'. '....
s~àtibi~ fórebays. Wherith~p-i,im~'st~. " .'

'v~a.s intermittently díscharged'¡Mo'tpe'. -..,. ,
:;~.per~tt~niI' ChangenVasi1ouitQ
Ía:Í)êgoo, 0 fthe drai.iagt:charinè".,
tlie~r0bkhurstsireetbrid~e (Br(jò. . '.' .'
fhéjunêtion of the inarshand,tleoceal'i-a:t;t'
Higmvaybridge(PCHStation)(SeeP,igut#lf. ... d
. sitès(Talh ert, Stiliioh an a.F6uii ta:iti'Valle,y~Stagp,r¡i~~,

1M. ,wè're 'iilön i to red to chatactëri~~:tha: ;flo'Atdõ'f.
thé"''dr'inage d'tannelsfroÌi'rthe'.i.ppè't.
waterstiêdwhere.,tl1eie are. notJûmpstãt1i.W/.;:., 'ß
rnonïtoHngtheflo~'¡ofwàtetand'ENT coriceìiitârl9.ns.a~
four sites.are described below, ...... .'

. 'Fow Measurements, Ihevelodtj áij

BlookhutstSta:tion and thé,PCEfStaÙ6n .....
aco us'ticbo ppl et Ve locfrfeterso u t1ttedi,yÍtl: .~.

.;clu'cets (4ZS0 Area Veioci~PJow f.ete
11he:\ot¡n;etets""~es~wndít~ .
theSèdliteht Qed (Figuát'jB), .

. ;Døppler,cone. or are~ovefwh
¡,';\1as'poIi:t¡'ng.upwarCltali:~~fØa
';'.'tle"élodnieterswasël'ëbtrõnit.. .... .

årid døtvkICldedònWCl,latitopêqtn.... ..",
waterlevel dÌltawCreus'ed td,talibrateiihldl

!,fotilê.marsttàndchà.irnêlnetwotl(-t2~~f'i~'..
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""laS theii used to compute hourly average vah,res or the
yòlyrtetticfl9wrate atboth the Bïoflkhurst andPCR'Státîons
pvèrt,l'le. study period, Water temperature at the .two sites
wasrecorqedbya sonde (YSI. YeUo\vSprings"OH¡ positioned
$Ótfiat~heprobe was located approximately Scm,above the
s'edimentbed (F\gure IE), .

. .yheflôwofurbanrunoffinto the upstream reache.softhe .

TaibertandHiuntain Valley channels wastooloWto':i1easure

Üs¡úg'1cqustic Doppler technology. Conseqi.ently.flow rates

Ai tl1e Talbert andFo uriai n Valley S ta tia ns were estimated
byrecordingthe time 10 different pieces orsi,bmeçgeddebÖs
toôkto tràvel a'fixed distance, Volumetric flow rates ";vere
th'èij ()btained by multiplying this average veloçÎiyby ihe
estiínatedctoss sectional area of the flowing watè¡:.

NÓwrlterwasdischargedfrom the.pump stat¡otiJgreb~ys
durttikXlie first8-.days of the Marsh al1dSud ZOnè,St1.d:iei;,
'l!i.vQh.(meofwaterdischargeå'duringt\e;last7,daysofthe
,sti:dywas~i¡úmated fron'lCityofHuntingto:n Bea-çtLrècò rds

~fw~l~valume. divened into.the saQi t~i:¡;e'Wti¡,,¡jtl~ingthe
firsta'days of.thesiudy, The'Conductivlfyotfor.eb:aywaier.
at sèwralpttilpstationswaselevàted (30mStcml, reflêtting
thi! fact:tjiat so.me fraction of the fÒrebaywaterÎSqcean
wat~rt!1iJttnweicdupthe channels- cl.~.dugJJ,øo!(Jl~t.~sand. ~. ,,- l~~'

.t~tôtrp.tlt~dthe Yr~ttîon~fwatÏ'r dîscfiargen¡froQt,tle~pump
~atatitinsthàt wasrtndff (Le"not ocean water) aS~'r0:iiOWS

F=l-(C-C¡t)/(CO- Cn)

vihêreèoand CRare.the coriductivirv ofoc:eau water and
:iuiJoffltakenas .53.5 ;¡nd3mSlcm.res-pectlvéiyi arid/Cis the
ni~sure4êOndui:ivity ofsample~ (TO m the .pünip:stã(iÇP:s.

. ...'.... Tlievôlume oftlllOffexitiogthe chaJ'nel)1eJ;or~thrótigh
,tD,!t?ynetto the oëean was quiiritifièd from iJïa,z¡nagttituøe

o Hl1ec()ndnctivì~'.depres~loiisandthe vOh.trqêtôiflow.rate
.-'t~e PCEt Statio ñ:by numerically evaluàtin'gthlf9JIowing:¡ñt~'graJ . . .

lFCt)Q(t)tlt

¡wh~re- FUJr~PJ(te\Jtsthe fractiçin, of freshw,ate,(cQitputed

,,'bY'¡lip.~lYígeq"l withe conductivity sig~lålrjel'sùr'Cd;at th~
f'Ga.$t:atlÐ¡; and Q(t ,is the volul'etr¡¿tlØw.iate~t:,tb.ePCf.
Statióhcomputedusing,the calibrated liydtßd¥iaìnI~;fEj¡-Ier'"

.,.(~~e,.äb0y~r..:The.illtegrat was .taken. separt\çelyoveiiheûiS'
,,ß1ô,~ysJítld ,1,ast,7da~s.of,the: stu9Y. . ....

.' " jin?lJ#ll't-At both the~i;pqkttlSt¡S-.tatlgu¡a..c.

. '" . ........., ,tt!)n., pqt¥W¡itei::sa:inp.es.;V!(!tJizgg.,~s.~¡,rQni
.tlesu:í¡açe' and J;ottQm oX thè'iàteiooloinptlSlg;j'ir.glånic

.inapl.e.;sampliaguRit~,(J sCQ,ffodels3700and 6700,. MnèòIn,
NeoraskaJ (figure TE), SUrface snmpleS'wereo.h1taiiíed bY'

draråiagwàtèr øiigr tl'e. 1ipof,ana~!$~íçbn;.&JhaJ WaS
SJ.lq.i:ergeçl¡ip¡;r(¡idmately L c,ribe!o'ldth~:\yal~rsRña.i;e'and'

'¡S~R:pò4èdEýa~Qst~i;g'tlià:tfo.rmJFilWr~1B.1~Rì!ttomsamples.
'we..e,dç~wntlir(;)rgh.a siräiner§.us:pended'ap:p~òitmàrély 5.
'C11':atlpve,thesëditnentbeqbyapole.a.ttachedJ:a;t)ebl'idge¡.

. ,1Ii:d'ôÍi~¡i~.. aaJ;veragerreasin,e ,Q.f'1atef;a;icù~:çvèr . emih.
, l:Qut",lnngsampHrig,ince¡;al, tl;e a.utomát:édß,a,!1~Jttf,swere-' .
.p.i:ggrammeâ.tp'cqJ;lë,at .200,mLo fwatereyar. 15,:mintora
:tötãlS'n-pJitigv:ølurna;bf8QÒ mLperbott1e.~ét;I:n~r.saF£:ple
'btlttJès.gQns1st~Çl. of S ,(lisp (Jsiible, alastiç)i:at( (rS,tql?ctØ,l?lik;
Jlam~t~b:aflS) siJpp.()rteqbya.pl~stítca.gensc~'PÌnp~olC\ei); .

,~~~, . ,...~4~åe;~~l~iie:~\t~iJmt~1i~:
'S.fu'pli!i,gni1ts,'~etejìHe4wjth. Îeeto, ~edilcø:¡p.aCt~lûar:dje~.. . '. d ,. . . .li~~i:~~~Oòh~~~E:tg: . ....;~l~~i~d,

i;6¡uniY Sanitãtlorr District mo~ntaiIVâl$;y¡¡Q\L. : .... . d:&tiL~vaš:JrÌiinédíatelY anàly.zeí'l tii/Eff, U$íng,a

", . iÎetîe(l;s:U~strate;(~st .l~EilÙ!rGltrt.tes., ini~lerreilted

(1)

lina~7 well Quanti-tray formatJ,pH, turbidity. and con.

¡.ctuctiylt'ý (temperatun.'"corrected to 20 0C). A totalof 1416
sampleswerecolIected L\sing the automated. samplers.
AuttiíJatedsamplers wereem¡.loyed here becaÙ'se they
.aIlöwed'usto'coUect hourly water samples ina reproducible
manner from precisely the same locations in the water
cÓ,umn,. 24 b per day; 7 days per week. One potential
disaa.v!ltiageóf ileautomaied systems is that the tubing
andsainpling system (e.g" strainers) are riot sterilized
p~twee,llsâ.Pling events, so there is apossibilty that sa11ple-
tø~samplecrossccoJltaminatidnmigbt occur, A recent study
ofsourcèsofE, coU in an estuarine sysremin Florida (26)
found that automated samplers did nol causeosignificam

qoss-~t)ntaniination when a purge step \;¡as executed

betweènsamplih¡fevent$. as was done here,
SalarRadìt:tion,Tò assess possible relationships: between

sunlight and bacieriaI levelsin,the marsh. hburIymeasure-
rr~.Q.l's-'ofsoiart~ldîatlonwere recorded duríngthe 15 day
slilâypetlQ(f1Üsing athennopiIe.tadkimeter (K:lpp&ZonetÍ.

. QN13 T~erITQpHeRadiometer, Neiherla,llds).loCatcdanhe
Sán)oaquin Marsh. which isapproximàtely6lcmwestofthe
Ta1n~Í't'Marsh.

.SlárfZ~n,~stuø)',byeexperimen ts~mnn tenslve Su tft.oité
'dW-a trd.c¡~a,Y".¥~ontn 10, -, " i._ ,.'

t, qfENTfi.d.íi t1ui l.àlbertmarsh anti:Watershedo n
. ...,.lje.watëtquà'Uty.. at Hllntiiigt6i:. snÜe'. Beach.. The

ll~tj9ôs.etnployèdfor this elèment ofllestÜdyaredescrìbedÇ¡'èlow,. . .
DYfrStiídy. During ebb tides, waterttom the Talbert

Wat~Jf~b:ed nòws into thedruinage channels (Hüiitlngton

B~ä~4,Talhef:t,.,¡;çld¡:oqmaii1 VaHey). through .Ute Tàllierl
M¥sh.,antUntÖ.Qieoc.eaÍì., To determine how ehbflowfro('n
tHe Tiiø~r:fn)arS;I+andwatet;sheô:.iÚte¡:nCtswiththë siirfz~ne,

~e'parå'te;,ayeeXplàtitnerits were concluctedtin May i arid'
May,iÓÚ!OÖOia~,f9nPWS;-RhOd.aminêWrdye(:Kèystone,Sarita
F~Sp:rii'ß,ä. Cà;1rq,riii:¡\J was\':cêledfQra.ppro:(ímat.eJYõPl'i.n
,t0ieff Ùent;fioiÌ;,tfie T~ b:trtJ'ars:hd,udngai:ëtib'tide;The
spatiaJdíStäliUtiOpöfthe (Iýe.was ¡'ëêòrded3ta series of
t¡1'~:PJll\tteie~seliy afo.urcM¡l.nèjratlïor;ieter'rJ)1\sv MK-.i
- . . '. .' ,. .S;'¡~,~dJand~1 At1stra;ia:¡l1ovaa:r~PBrqximar~ly

. '" . a~:(~:\~::st:itdleitëi.The'cd~e;¡fiE:lâ:i£l'thèsè;'ltÌ1-ages was

.vi,?i!¡i!Iz~dpW:fp.r¡:Jlgthe ra~toö ferrrs$ioll:lr;tt:al:sQ'rpdon
nylki,~~;Ç?70~.J)A.Sqo,nrii¡çes.pectiveJif¡'ofRhoaiufne:vlt ,
'.' ~íl?$fn.aMoJiHóring;T'Q' assesS?the',tmpattofi:ENTfroti

:t,e'tIarsii~~qdW:a.tersfieii'Oi'su rf;zóne watètiq üa:IJw,houdY
':s,al'l;l . . .'còJlectèKl¡tttbePGH SlaH~n' (tochãi:acrerí.zèd :"', :._' ! - - : ' d lila';1ng tI'ie.mars.h)

and ttttlff,èe:lìscatjons tn the sìJr£,zone (stàtìons O. 3N. anèÍ

9,N,-se:è~FÎgire'lA)¡!l'( .Surf Zàri.e 's'(UÕy"Wäs Garri~dou(

g:~r.g:thd~saID~d:peii9d of timefMay2'-16, 2000'¡.asthe
. ;&falsh.Stù9y(.sg~above). tIiowever,. die me.thods used to
'. '!løU~criidanal¥~~'sánPlesJn the StiIJZOi1e'Stiiìy difïer.~d
"fto:m,thQše Ô~Së.cbedåbo'veJ0r thê":~faishSt\l:ly;Förthè

Silif"ZOIle. Sttrdy.lioudygräbsii¡;pl~s (tciraJvolume tlf
#.ppr,'9tifJ~tely,:n::)-Wçre. c;òHê.cted in 'stèrÎ1èNaJgene bottles
aF;lb~"lQH'Ìlndtle~~irfZ'oue$ta.tíöns Zit hi:pèrday-;7 days
p~r.w.~ek,JÒif:i 'We!lks;~'NWn,6h oi coUeÒÜoQisan:pfes were

.tt¡iflsp,#frtecttò,Síerra Läbòratòtjes, Iitc. (LagunaHiIs, Cali-
fo'np1kL9P ii;e WJ1ë.rglO '(jLtlfaaçil,sample\\'yaš.irnmediately

.' . ,.... ~~T \.Sin.gni1:1ti~1~ tiibeferrni:~i~atic¡n (iVITJ?J. 

B.); To,çhiiNctèr1Ze cross-s!iöteval'iahmry
J:tsamp'ißsweri~coliilGted.Iromankle

'.. ........ .. '. . h;s~lit~óne"s~aiil'::\Atëafl"~öf2021

",~tkb,~~a.fIB-Ig~'Wi:r~ 'coÍleiited'fQr. thi.:elêi:entof,ltestuly..

',4qd1d . 's~were.carr¡eaout tø
:qi'èê$:,¡' , .. .iitlMatlirsfiÚi,

,Sjl~.' . .!fur¿ë$jcxa:iiied\inèludéèhultìaiiimooffibiråJéces
,j'O:¡'Ulit"p¡stš.l¡y.r¡arlnê:vege,tation, arid'marshalld st(rf zone
s,edinie.tS¡'aS';â~'fåbed:~bëltlw.;

(2),
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Bird Feces. To assess the amount of ENT presentin bird
feces. bird feces were collected, along wìth any attached
sediment from rmldJlats, in the Talbert Marsh wliere,birds
congregate. The naiureof the feces (wet or dryJ'wasnøted
at the time of coHectîon. Sediinentthat appeat~dtoco,rtain Resullsi~.Ì1dmSCQssíon
no bird feces was alsCi collected tódétermïri'background Marsh Study: Dynamics. Tllè TaIbe.rt Marsh is a highly
levels ofENT. The sediment and feces samples wèrc l!(eigned d~ri¡amicsyslern, primarily becaiisetheflowòfwater through

and placed in acicl washed Nalgene bottles with 500 inL of the)iiarsh is dóminaxed by the tides (Figur.e2).Because

marsh water. The suspensions wère shaken vigorously to Sollthèrn Caliornia bas semidiurnal'lInequal tides (29,30),
disperse rhefecesandsedimem and then allowed to senle there(l.re fourdiferenttìdal exteinaeach dayindudinghigb-
for 15 min. Depending on the experiment, between D.land high,. low-high, high-low. and low-low tîde le~iels. Fur-
10 mL of SlIpcr.natan twas lested for ENTusing the Emdrolcrt thenDore, the tide range. which is me difference befIeen
protocol descrioedin the Marsh Srudy. Cotittolexperiments the l;igh-high and low-Iowlevels,osc.ULates over a 14-15
were conducted to rue oiirthe possibilty that dieniicas daypèri'öd. TbeMatsh andSurf-ZoMStudieswerecarried
present in the feces and lor sedìmentmight interfere wiih mltovera 15 day 

period that began shortly before. a spring
the Enterolert system. Specifically, Enterolert anàlyseswere tid~Vihenrhe tideTarigeìs i:ø.-dmal.passeq,th.töugha neap
condUCr' don autoclaved suspensions ofsedin.lènfand bird' tidewfíen tlie tide range lsriinjnja:J,al'dretúred back to

feces, ä$pr,og,tIdê.a.gaín.Th,e. four'aa:U)'iidestagesandthe. spring-
BirdCensus, To quantif the input of BNTíittCithe märsh ne:a)'Sprip:$.'minsi::ti911 aree~tidem Ïi the w.aterlevels

from birds. a bird censiis wascarrled'out as;fôlloWs,'Pig$tal :igä.stÍradat-heBroôk1Ùrstandl'GH StàtiOns (top,panel in
cametaSTKodak ModeIDC-290, Rcìchester, Ne'wYorkl were FigureZ)..., ' .'. a. ",. ..,....~.n . " t c 'n ti
margin ofihe marsh, l'h~se camerá.s werepòSÎtìpned:s6.:tfÜl.t; .secondigtiiÎølofFigire 2)"thewátel ievêtsannè~roCikhtli:št

together. ihe~i provided a complete pkture:of; the Upiand; and POfj-St:timrisinQi'ease llS Waier:Od~,iT6m;l!leoCl~an.
wetland, and open w,lter habitat areas_ Iinages w~re shot through,themarsh.and inlandal911gtJJêcnanhei network.
hourlyata resolutionof2240 ;~ 1500pixelsín156 Mlors, 24 Dudngabb tides:(indícatedbyposítive.v:e:laeirìesJthe water
hper dar. over ùie sanie períod i:if time wheIl'S:ampiéswerelévelS'àttlietWost~tlotis decreasea.s ':"a'têr-fl:owsout of the.
being.conected in . llie. marsh amUn the surfzou.e ('NHiy2~1G¡ . chaiel'n.~tWQrktÒ)o qg!ì tlemafsh;.äf4.;tnt(;HJie.óee~m,;
20001, The imageswereuploacled,to adesktQp17C wl;ere "WIet1yepb~l'G~tlcpurdliringpilylighthQ~~p;,,iolai'lfe,atf!1g
they Wereanalyzed~th:Ado bePhotòsbQp..(*4qpi!:, San;Jo~e, Qf,watyr; .t1o¥'ng:ol:t ..of the .(¡hann,el;llotwo.1ik . cau.sés.a
Califôii:ia). The birds.. ineach image ,'\,ere eniie,rated sigl1it1¿~a:ntlncrease\rtiÙle le.inp.erà'Uureo'Îthe.Ht1a:røb.:water'

manuaUy to ohrain anestimatefor the tútiirnumbarof bînts (èÖmp~re.Jirst,ilird.an.dfol.ll,pan.e.liiJ;:Th~è'?,I1~~CH\!ty
presentín the marsh each hour ofthe2-week study; measutedat.the:B"røokhurst ardP'CH Statioris'(f.:ft~;paMi)

UrbanRurroff To. characterize theconqmtlati0ll ofENTcoi;res,p9JtiSt~,p-ux(;.oi;eànW:~t~t; duting' ,~oon:d;,tiI;M'J5~;¡:
ìn ur~an rUúC:tr, dail5'grab sanipJeswereuo'llßctedfrtriÜ mS1cinY'. andanráê1csh nib.'Utreofoteà.rvWate(án¡jUtb~n
1 i P\H~l sta'tions.. i'ii.the Tai~eJ. Wåtershedànq,fr()milierui:ø'ftart~~en~;pfcle eQ bt¡'d~(ßcincliictivÌ;ty'depte"stnmil;'
upstream réa¡;hes oCtlle w¡itersjiedattheTalb~rtând Thelll$,'p~~i 111!,igure, 2ìságlctt oftheENT
FollntaJp.ValleY',Chaon~latationS(F'igyr,elA) LRl'lQoff;s~m. CQ.nce,l~tranó,ris,meas1#ed..ø.r(l)e,£i'o(i.ktfqrs:t ..aM PCHS:tf,
pliu&,OèÇiit~è.d,oYer the same periQdot time'itI~t,tI1èMtlJsh '.~.hi0..:e"".~â.,S,.'. ~Et:e,.'.N:.'c:".,...,..~...:..;.'f;.;.f.:.J,.;..S~.'c:....e.:..¡..,:.n..t)l(tiO. n.Ð..;.Ms.l.i/:o....'Ð~.i,....'...,..n...:m.~.v.',.).:....tr.~.~.". h.a. ....~~.... gnh.~.e.'. .,do..:.'ffr...,.zoi..,..,4..m,......;.. ........b.'... ..... .'1."

and s.urfZon,e Studies w:ere carried ou t:May:2t;,l?",2QQO). ~.~. "'. )'N"" ~.." ..'( 'lo '" L,UU.u. . ' ~

Priorto'saoiplipg tne:pÜmp station Jo:r,eb~y~ Wa'r~~iatl1~ ,lòOit;,k,'; .. ". .'. ..f~5%la'rd.G5q(4€i%~'oftlie'inar~h

forebay W,llS mixed by.c,YclÎ.g( thestatio.n, ~.tl '. Rf¡d.off, $aIì' ..' j~i;lièli~li'esÌngì:El~Såúiiple and'¡geOù'Îett~nl~1a

SterHeNalgene bøttleswere.lQwered,¡rit, .," ....l:J1\toiii; 51 . ':~tl~NllOOmk.Iiiô.~s..ifN!tlQ,Q;ril¡,

foreRaYSian.dapp.r9~m.aleiy 1,L ófwaterwas col¡\:t~â.;ltyit;.8'." '. lilil~lines lii;tÎif!J?lo~~,,,e~We.di.v:ely,
hiin~edtt:C$arnpl~s ofnino,ffat the TálJ;ei:a:nq'~.9W1t~in At~:~~';P ~"'!f~s,~."sa~~I~s)rêIl'~~fg1j~£\

-igterlt~-Nalgéñtbottle çIl¡;e~aY'jri .thè¡fÌ~~R~;~:t~ni;l\1 ... ';tli'~m'. ~.d..,...I,:"", . ....' '.". 6.....:.'.ir..,.!i. ..:6,..'...;l....'.......iL..-...........""..:..s.'..t';". ..mt:.tad.ff:.;E;...,.~....'"..~.s, :':"h~:g.'.'".' :~e.de.'..:d.::.,'.i~..~:f..~.'a'..,.:.:'..l~.:...~.d..n..~...,"_.s..fe;'.,..".....~'.c........t".u.:.,.o.~f.n-.'e;_.~..::;t

sampleswerest9tedoniceimH~eäjátelyaftei,çgllectiöaand L """'!"" "!b ...., '-'" " .He "-"" ..." .~ "', ~ Y".
tra nsporte~'tp the OrangeCOitTlY Saiii tattôriD~štriêtwnerett;pa:n(l' iióttnm;;iÌ:ttbce water coltiinn.: -1m:;tle, :rn'3tsli. are-
they'wereanalÝ,red:fó-i,pH, .turbidity; c~m&ucttYio/'ianôENT ,cQtteI~t~¡:':(r:;9,;ta:nGf=Q.ll a(ìfi BÌ'~ølduiistand'PG~~
tlsing ihe EmeiÓ¡gtt protocol dèsctibetUntljel\ai;s!:rStüdy.$tatîôi¥So;', ... . ' . V,~ìyi,;COfl:rpatñg'UÚièQn:duêtIVityandENl

Sèdimetit litidVegetnøn, TO;1lsessthg.:Jev'~I:$øfBN .., ..o.......'c..,..,....'c'.,... '. ..'. ." . .... .... ..,.I....~,'....."g...t..fi....p'..'."2.~.t.~ ..'.'8.'I~.:b..l~.f.lj',..s,,,a,.-....i...~...~........&....,~E...;...;~N...e.T....:.~..va...:.1:.,...:...',..'...:....:. . .'. ...,...,..,f..,u,.f.....'....ê.I'.....n".~,....,...~ro..,.~.ì.......

preseritjn~edimentsicOTes w.erQÇ.oiiê.~aftøin ,~htl'~1;arsh .. "' u. ...L:..... ..1' . ~~u
aoçl&ltr,f zone,wilhâ Br-alJd;oi:d 5044 P',l(ii:fnaticYibt!ator ,thø:4Ja¡.i;u~g~'fcIián)lei.$!das'indícateq,by .thé;''coriQ,íictivity ·

(BraÜdföidCo,.New Brîtåin,.GDolltfltteawìth,a~,5:. nl.(l'eblføssiqn$jd~n~tprese.nt. . . ..... '.' . . "
batrel(QD4A em). aQd Bun~ate pJa.sticJi)l~rs..(AMS,Jnc,., .... .1'li~'Jãst.iliil,al~û;Éigute'Zís;a,plGtofthetq1álÌ)n-~erof
Aièrlcan FailS, r-P. Each cOre \\'ascuthit6 tlree15èti bir4S':~1¡it\?jS.lté~~tl)iJl;ëttM~,r*cl,ù.JiiOg¡tl;a'.cOIlts~,(iE 941
segin;n't~\~hich.weri. . seahicf at tne .ënclswit.h:t~m;m itnë~. sltiaY~'The..liU:a.s,ftU9.Y¡edja. ..(:aUy',rn;Rtine'iiìWhiQli' ttwir
c~psan~l. ttaustl0rte:pto: SlewS:. La1?oía:ori~s¡ rnì:. '(:~pgar¡l!rql,llrS' ~ta;tte~r,~ÜtJqW'in theiti.Q,lnhïß,.,peåkedia th,é

Hils,.CA).fo.rbactena! anajy,sis/Ùpon:aval.at'!ha'liiborlltÐry,. . .aftempQn,and:t~p'él.eclófHn, tltee,en,ing;'Gi;Us a'nQ¡~lëga):V

,50. tt. 9r eaçh CQr.~ section. wass~penclelÍdi:1.i!tSP\l, 'Qf maiptlty f8U%) .ot Dirgs in, rlie
pnosphate.õuffered §åm& (R.$) (0;3 -nNi '~04' ,2 -rW '. ...., ~..dtV~Fi..~.'o..,..!,'..:.'~.........'."":;.:......d;t...'...:...;,;.i_,._~,'.-,~¡.,~.....:'.~... .,.' .'"~~~

iv~GiiJ!i#;~~~8,r:q~~Ù;ithd$l"~~~r~Mgtl~g'" '.¡::....'.. CJ~t~i~~: . " . "M:.V~~~,'~_
Thec!aM~iisiil?eii;atant~~:alJalí%~d.f¡ .
ddJQ.Wi~g'Ùe.Iil'ótoçqk..Qlt#neit\in'itfY-
Šeå~~ééd'såml'lès weie';èdnettet:ftblith'é .' .:i,

ciispn,sàbltipJastiè,E¡ags¡, a:riGtl\:hspnit!l~níi. .. :#
LiI?ò¡'lit~i!es; Inc. tIpc¡niirrtv!llattiiela:ak~òg:;QfV~K,atc\tiqG,'
was pracedih àste.rte cQniaitiertGwhícti tj'$a int.OfimS;wå~
added.. The solution was shaken Vigoioi.slyandaUowedio

senle.for 15 minand thenreshaken. A100 mL samPle 01' the
supematantwas analyzed for ENTusing thélvlTF method
described in the Surf Zone Study.

I

"'

;14'9'" ENVtIH)Nl"ENJl\L SCIENCE &TECHNOLOùY I VOL, 3.5, Nt)'¡ 2, 20.0.1



~~~.~r..-.",_~....~.-.""u."'''-''''.~~'':l,..:o''4'..~~~..-l",-",,''_~'~..6'1,;''',:''t'"~__.._.J........''..''.;''''",''~~''..''~''A'''_''õ.''...;~~''...._''.......;.,....~..,;'''\-........~...,........,;.......~;.V~..~;.Q~o,,,:;:;~-.~~..;o:i...;~;...:;~~~;.;,..';.;.;~';~Ò::~ '-..~r..,~ ~.--..,.~' ., ,..... ........ ¿-" ~.i:..

"'1F"

.i
I

'-i

r
..-.,.

,,¡
,¡
.¡

J
,I ..'

:.J- .'~, '.,

"4-;'q

';~.1

::;t.
~.~T:'

~7l

. ~i~liì '. .

~,..

:~~::,\t.~~~j:.

,~~,
:i't'(.

;';t:~':;.'.:;.

:,,~.:.,,"
,

~ c-:~~~

"::~:,Y.~~:'

"1tl:'
:~~":::?:iE; ,

~.~

: "::~~~:,f,
':i,~'

¡.:

IN,t~r L~~le¡ (m) . \
:iv\rJ\~j\rtl\¡J~\rtv'V'J\I\f\fifV\iV\\¡,1 -1 ,

Flew Vc,¡cÖty (¡n/s) \.0.$ ,..
, 0.0

-05 QJVV\~a ..,,~w12~ '. -
Conductivity (mS/cm)

800
~OO

';3

so

, 100

H) .

~oj

Q I

2

If iN-" .
i

4

,Â iV'.);.), j.."....,ty;f,j\) Jo;Ai '. ., I' .1 ..' .' I I ... I. ,68 10 12 14 16

Total Birds

",. (

DatafnMay,2000

FIGUREZ; .The dynamics ofmårshparilmeters mea;;ured.d~riii~.thê'1S d~YstU'.dypêriod. Tliesolídandda~hed lines (""aterJQvel;tfliiw
velì)cityi!enijierature.,pán~lsl è~rn:spond :tò'the.'PGH a'~dcafØQkiiúi' .statjoris:Ì'e:;pectlyely. tlie. key foreonducJ.ivitV;éd;~ì'fijr~cii~'is "
lndi eated' in.. theligllte.' l'lìedii r.kaì1íl light bJiielines'i1endte.thes1nglesiillp.'ê.andg e~ltetr¡¡;níean .stândards for Erf.".ater 'tlvef-iS'
refèreflceo to'meaïi:¡ealeve f, PositivcalJtl negativelfêlqc itl eii'Cortespondio sl1örewa rdand In iidwärdfl ow, respective liTh eg ray vertica I
stripe.srepriisent.nighHimeeondition:¡; , , . '

tlOQd tides (Figure3C;D), These dannverefiutlJ, sègr~gated
basediònwlietherthe i¡ampleswerecoUe~ttëâ; pi(rÎl1f(tfil?
.frst a åay.i of thestady (when tQeptimpstat¡QiiS:~Ýeí:e otfM)
ötthelast7 days of the study (When'tlieplÚ,g i;tat'tons were
online) and based Öfi the vertical locatIondfsainptesin the
wateti;olum.(mp orbøtto mhPoi; eachsuQg~ø.r.tp'o-fdat¡twe

cømpÜted.,ageo¡netJfctlean.and' tabi:i.faté,i:lth~'¡ri,*cei:Cage'
.of.sairi.lesdthatexceededrheSingrè~sam~lestanâ!atdforeNT'¡ ,
The tesuU~oft:hisanalY$is idériífy 'th~F'rhafs~;l1Qiilrbari
ÍtGofffromihe Tà!bert.Watershed; as-t~èpriinàli'sr;)tn:eof
El'jhthe warel'UQ'\Ning'Lnto-tlie 'øc,eàii.Î)'tlt-lng'~bbtides;"

,...:~f1egeotlétt!Cnif:~nöt E~(Fiitr~~A) ,~atn.~d ". . tagê '

"atëÎýdõ:i:~lëaii'thêlWittêrf1öws;tf' . .., .' ... '.
fr t~edBrookhuI'SHÒ-l?CHSt¡ition.'Fhe'..,. 'Vetsêâ
dtirina'.(oè'¡1tìdesWhéh tnegeomêtiipineà.n:ot;ENT CFtw;e
3Ç)ai!id,'petèênni;ge ofsiagle.sanlecexcee'deqç\,s. . (Fl.g?
~PJ.ia:crea:ëas.Wå.ter.flows tl.roughthemarshfiøm.the;POH
'.to Bródk!if(Stati6if; ''Ç\i¡th.th~'e.xceptjòn!òf'twötloø¡¡~tide

cases., water .enters-the marsh bêløw lhe geometiîCrnean
standardfor ENT (35 'NIPN 11 OOmL; dashed'lil1eint-Ìe.figure)
andexitsthe l1arsh in e':ceedence of the staldàrd;Ji\$eVeral
clÙes;theBNT' concentratins measured aÙliê'tnp öftÍle

water cqlumn are higher than the ENT eÖÏleentrations
rrieåsU1èd at. the bøttoniofthe wateccölurrn. . .

'Jh~;idaa 'tlatthe rnarsh Is an7t sotlfce ,pfENT is also
Sl.PRØ.íé'd:QYfigi~13E, wl:ërewe plïifilé'liöu.t..Qy-uóüï:'

. lice~'betw.eeiithe£N:rconcei:qati'l$i . . . 'ed

tøn~an:;~g~d'~~:a~;O~:',~=:~2V"' ..'
IJ:ea'r,'C;29 :E7MPN/l00'irit) and
~tO~St~Mlöh.d~iJ,f,g',flfiÔdt1d~~'~-eiì' ..... ..., ......
6 ~NltOØinl:): Adirectc'ompa.s9ri ó~ tl:eiNetl:h(¡errfrà~
tiOns:äftriè'Brøöklurst'and:PCWSfutiöns.:¡sv.filìd~onlyil'tltë:
rèsiqe,nttetÎn'ie ofwate in the marshisclëss'fuat:oursampljng-'. '

interval oft h, This conditionappears'to be satÎ-sfiedbasêd
ona(iestuåycohêlücred ònrhe nwrningofMa)!19;200Ò,

'Nhicli'fg(tnd tWattll.êresidéncêHrre oLwaterintlie madh
duriniLa w~ak springtide iSlessth¡in4"O niin(27).

SuttZoneStudy:.oyeExperim~nt. The above analysis
demOh'swriesthàttheT¡ilbertMàrsh is anetsourceofpNT,

. ,l:lltJt;*Ìî~t cleattl1at ENTgeiierÌited byihemarshntKat(vêly
iin;¡)ae:"satfz:ón èwater quaÍi (y. To charàcterí:ze .tøw'ebbDow
fr~mthe'TåibertMarshinteracts \Arlth the oc'eån, a: sëtdf
exp-erimerìtswerétonducreâ in which dye .(Rhodaínine;WTl

was Ipjecte:chíntothe outlet of the Talbert MarskdüI1ngrwo
'.se:paratéè'~ottdes..oneon Mayl ¡md theothetoii¡ìtayJO" .....

'. .- -.. .':' :: .- :",. ..'",,,,;'... '.~.,..,.- ~- . '. '.-..." .. ,..- .. '., . .C..'... . .: ..c.. .-., "~. .. ..... , ,. ,',_,
,._, ,".', '~:":~".:: ,.-: ,::: ,c.:',:. . :"":..'~,,d l:_. ,d: c...:. _' _ ,:. ..' s.".: ,. "':'/',' ... .'.:, '"" .~,:.r/'_

Mar.slt;i;íÄ'-irgstheMayl expêiiment isdis¡;låyed'infÌtgtÌrë:
4;rrl;e'dy,tptilse' splft Úi:to' twö'pluinesas .jttlowetfìi1'tò. th'e,
OC~ap.Çípeplumewas entrained in the surfz.one wher~it

'raeidit:àlt"écte'qupc;oastarvelodtIesexceedíngO,2 mts; a
P8(tio'n;,otthis'p!~lrteWas subse(1ùently takenoffsho:re. by à
rip;.ca¡-:ent:1Jhe 'siicondpl uméwas carded; directlydffsn'otè';
bya móinentúrtJetJócatedar the mouth of fhemmsh: 'Thè

P9rtioaof the dye ennained in' the surfzone ori"~fay 1 was
. 'aavectediiialit¡pCQí\stciirectionbecause, on that:Øay.ocean'

w*vøswi.th n'veragesignificant hefghis of O. 7 niw~re fi~m
theso.uth(31).During the second release on MáyJO, ocean
wa~'esW:thSi~nific?rit heilšhts of lA rowere ftömthe'w~st,
an:' . ,'portion or the dyè entrained in. thesurfzonel'a~
a4Y: . tåp.îdly(O:3 mls) in a dOLVr coast dírectioñti.¡ita

'Hénce,water tlow.agout of ihe,ina- .a41tlii~&
. ". '. ...,. ," .... ....d'... ß~sÜiif;zöriè'WatèFqùaUtytï(tt'øt1

¡,;:Stat~arl~':ct\oBéiiclíes.dîrèct!'ýl\Pcoasi,Qf'(tt~ T
, ü\Îtlet, .províd'ed'tlia tocemTwaves'sirIi(etheeac.i'ttiíÌn
'(¡Bi'qâS~'d'¡te:Cbloti.i,~lntéreslinglYi wà)/econôitidnsšìinWit:lÄ
tIose'öbs'ëWêd"ôhfirig ...the '¡yây'l" experiinent: werë'.~ìš~;'

. pi:ësetitûudng.¡thesummer'Qfï999:when large'sttetGhe:50fl
HunHn~onState andCjtýBeaclies \'eredosed totlieIlubllc
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Date in May (2000)

F.GÙg,E:~,$.eril1ètlÌoinl!an$;.òfENT¡n~aD1PIe.s.,co!ÎèÇ.te.d ~1,ringèlibtid~1'(Ai.or duriiill n~Jtdes ie). The dashed line in the,se figures

:r?i:~~.at~t~øie~~.~tJiß¿m~~!1;~t~.n~,ard:f?r)E,~i¡:;(~~1'N/iOO"inll;Also;§Jí~~~dlfr, v'. ãiie ~f'~nq,ples G~ii~:9ted:durin~ eiili tides

iat., ", iPttlatt~,:êè'efèdthé single s~inp'e staoìlarílforENt (104lVP .. ..' '.' '., .~~tltlldd!ff(t'teirce inËf (;

..... B'rii . ,i'q E). 'Èrr'orliarSl'epre-senN/5"/. oonfl õèn'c e'Întervals;;ifinum'b¿r~.ofs¡jiritl~sU:sed tocfiÎttilàte-!iê;òmøIra~¿4t~d~iÌftie; figure. . . "
observa.tíol),jnto'accou:ilt. we tstpna.tethai'the.it'Ühù,dilUrion
ofthè'cl)'èplumeiato . the' marshëffb:èntstrea¡pw¡is'
Rp~rø~niätèlY'7:;Ox'lPS((Q~flhM'flë2.)lQd)'eJ.,T:h~vöhli-e. of.
th~g~'øfield,atll~s.lR!pi"(thelintéá.twhÎch thê:BM$Vll1ffge '.
ktí;FìgQr.e,~;~r~i~h~~)it'\iás .apptô-Ximat~hi V.*.104.i~'ássúllîn~
a 1:5 m.mligîì'g;:dØP.lh; l1V~refoteithe tlilutiöii Òf'the\pItn~e

atii,:$r'.pD$~ . c .1ndes~øth'th'eil1îti~a;ài:P.t;h~,surf

zòn.~äjlÚ... '.' .' . ...... .Jtî~edòrtl'ie'dy~;nêIGlç7x)lQ4m~t
'tlMite-q"byilïß'ví)ll.l'qf:(p-e',Hye release4"('6:51x' i:Ö"2~m.~); .
- '.";h-~::j"?,~-'..,¿,:,''':''',:¡J;c_~.~"., '.", -'.. ~'~,,-:'~;,':'õ~;''/\"''':'.'' ",:;:(:';'

~~~i~J:~:!1..~. ',' )a'ititêd;bY:äfl:~:t.r::;~~f~~~."'"
entraìned'inrhRsu~fzone;'R't$ncej:~ffuentI7avirrs,tht,Tälb.eÍ'
Marsh dü¡i( "è&ö.IRles sufrérsippiqiiïjatêiý~factQrtwo
dflùtiünas .... ..,.Iled\in';$e;sutfilopè; ....., . . ... ..

S.t:ZøItifstì4~"'Bact~rli;~~t8dfig!Toll'eägurlè,ile'
actt~inip¡¡tt'õr~l1ti':tlbW. ftøll'tl~'lì atSll.o.llSn.ftqiie, ,.,afecr
qUiiit\l-¡¡ 'i~te .',...,. . '. o11ertnnìtöiiifgsprøgtam' ~Cl~
aatri~dt'utin'Paral~J5,dilY M:iish.Stîdý.de~ë:cbé.!i
apo;\i,*ÆlIïfea~lf .... ..... ,. 'tM,S\Riørie,vaë&frÒita~lôW
detebtiølt!îtnlt (1fu~N'!ln.Ori1JJrn:áhígh'ØfS:rÒO. MPNlfùO
tlj'.:;.:A:ttî,tR-ør' 69,;(g%).ànd2!l.St(5%)stirfzanesam.p)e~
'exCee.ä~~':th~singlè~sãnlp'le'ånci;g~ôg:emc ,i'ean stai;datd '
fÓl''êN1j(ièSpetti#ely:~A,dtí:tiiOf't'ø(iì'(Sã%)'Qf#la'sui¡'~ne

;â~!~~!~!:!i!Si:~l!~'~S ~tlt" .~.'v'alúè",' " .I~~~6Ê!9 . . .,~. ....,...,
.:ñ$:Ì;ÌfediaMti l~'~'t . .... . .. . . . and,. . ...... !r~~)a'Qtl~'tlíél?~$ia1lbiNÎür¡ngéifl~éi'r¡s¡i;g

otfa.lÌ~tI4es: ïhé-s~datâ:ate1itis9i.$'agtëgatèd..;bM~d'oh

, .. W:nellîer/$lilplè54vëtè'ctinØcd''in..'tn~;ñrsrtìi¡daý&,tjf''tlíe:
study or the last 7 day.s ofdle srudy(índìcated in the figure

.tlt~

.(J

A7dXI.;¡fdëji~tfu;g,~'~h~W¡~~tbe,îtø~tT~I;órij.;~:#f~liuti~!¿,of
..' '. ,....... ...'11~~1;pQTiapiii:øiiím¡itøl'l)?j1ììi"ntøärl!li!ase

i~lb'eit1pUp~tdiiiiñgi,~Ií~itìdø;oíi: MàyilI2000."

'(p,~rsöniù: cominunicatioii City öf Hùntingtón,Beadilife~.
.~ärd~¡2.QØÔ),
\dIg,lcái;liiaoii:tq .providingquälita,tive. ìrtgritatÎon about

'tfe.1~eil:fmål'sli ;èfuemas. it:énters, -the -oeean, the dye
'. ',' m:~~are.n:'åo'btiisedto'estimáteihe.'~ilutióntlat

. ',~'nòw;'frinlhê.:marilh¡l:eêotn6s¡ertiIDediii'ie".
ø.:Gpp.çeiiatéddye'Wlsrefease:diinto,.tbe Talbert'

. .' . tä~teòî QiI' "' 8 )(IO;'Q:.l1~fS:Ër()n:the
ß.Wa:è .. . ;'We,estjaÍ;e!\tbat~the\iolU..
J~:øútdd .e:marshidurîii;tii'ädyesiudy

jrf;la.ttv.c;ly s'te~4Y'.id.';~qllät,taQatll""(~ ï?i ,6..
. . .aph$,öfdtheßý-e' reJ.eas~,i.Aèll.çaJe~t1Mliedye'

" . . ':'ad :Q\!arap.PfCXlt(arelý O:Ilß"h¡¡'Q!t;taë¡:èLianuøl'

ciøsssection before reaching the sud'zoi1e'($iJ.1'akgth1s

~
s
,t

j
:1

.f

j
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as "wk 1" and "wk 2.". respectively). whether the samples
wetecòllected at anke or waist depth,and\vhether the
siunpleswenecollected during rising or fallng ties. As
described in more deta.i in the Mèthods anq .Mátetials
section, aU of theENTduta plotted in'Figure 5 were obtained
bypedoníingMTF analysis on grab samp.Les. whUethe,!;NT
data. collected fOr the MarshSrudy were obtained by
pe'\tOrpinR an'Ehtetolertanalysís:óns¡¡:tnpJe~::" Jleçte9'v,ith,
~iratttoinated::àa:nPlillg~rstem::çoni:p~png ." ..' ...ûon:
data in Figureat\.with thaPCH Statidtiâåtfi U1t'iglrQ 5" we
,fin'è"ihaf duringebb tìôes the geòffdrìC :rneangfENT
esi:måte&ùsingthe'Bnterolenl auromareâ.,sampIingsystem
is,llPpto4Íl1atEl.1y 60jYIPN;/ 1'ÒmL, comp,aretic':to ~Ò'NWN 1100
tnL us-íng'NJ'tFIg-tabsinnples. ENTv.iìu:esestifatèâ by the
rwo.¡1p'proaèhes 'are . wt:akycoi;i:ela.ted(r'= Ü.5)¡ but the
ma,ghíttii:et()fthe:ENT values 'es:tinated'bythe"'MTE/cgrab
s¡irnp.l~ .ineÙlod.appearto be lower. This difference coufd
àr,iseque't' diffe¡;ences in:the an1\lytìcålt~,~n:que emp toyed,
("¥J:F veisusEIî,tei;olert-)al'd/grø.i~.sam~1i.ll ine~hO,Âql'Ogy

em.ployed., (grab '. veL'iiS:' '-lUto niateQJ; çtirr~ra tioD' .

~!i~;,:¡::;$wø~iilt~ .
..t-he'Mal'~.l an4:tfie SurfZon:e Stogies,' . ". .

B~cause ailoUhetla.tapresètite.dJnEtgtfeiSwere coll~cted .
and aralyz~d/using the ,sameprpèed,ure (NlrF;QtJ::gra'b
S8ples),;we,can..dire.ctIy!:omp¡ie' tbii~\lT;:slgøaìJ~avig
theniars!l duringe.bh,' t:id~s witli t.he:'EJ:tlSi.gnii,measi.red

i,n thl' sur,fzqneove.bthesàine pe-iiotÌøhjtie;:fJgure 5rev:eals

nlatQ.i.in/ttå1ini~,ttqes,'when tÖbbt:o'Nfi9Jn.tlie,n'lrsh en.tets
Hie Q,èé.àfì'tl'e ggømetrìl.;,mean'of..ENT .atthePCff$tätion.
is,approxnm,CltetytWtIt~s highei;~Q1'ptleiftø tlfJ:gé9rnetfit
lJean ôf BN1',measU;e(f, t¡ttle.~suG:zoaestitiQns~Wtth~olÌe.

exceptiOil. the g~oi:etric means of ,st!r1zane ,s!lmples

con!.ú::teti;~waist~eRihare sl!ghtl¥jo:w;e,r,t:han.tl~.g~u,i;etriç

ire-R.()f:sampJes,cQ'llectedat.'ankled~pai".aas~q ..otith~se
'. ii':,a,~~~tt?ii~)Q;~a:~;,tl,d~~;~;~Yei
'.. . ' \1fowfr4¡llJ.the: æ.ab~, Ma¡:S '.' ded

, thaVthe'f611oi;VlnjfcoI1!tons 'Wer.e rf~fr Xl) neat't-01lpletê;
;s~tt6':~~ . . ' .øHlieiniib:. .' ìt.tlØy.s¡o:V!:f
~;:eàGh.. . .. e':oc~afd.'á ides. (ZHio'
'nÏre:tMTta~tør',l!f2 ,diUtiOnas. .;,..' '~-amà,rSh,
isentie.dJh:.testli;f:ane,. and,(3l 'Ut'-ò1'ìil n:owin;.tle,sud

zone~cte£iìrullup(joastiditectiGtiæ,e.fitstt:w(Ù;,ondiQ.ns,

':--;,- ;:~:'

appear iöbeniet based önûie resuhs gfile dy:e;iStudy
described above, Based onwaveazirri:Hidàt.ã,reõora~dàt
Huntington Beach du rÎngihe15 daystud,y,(ôl);-W!lve~jndiiêeçl
Jlowin,the surf zone wasdirccted iÙ ålH.lpCQasfdJrecfion

60% of (he time, including IOrig sti:etGhesg£ tîme',b~tif:en
M.i,y4and B andagaio berween ivray .12,al1dMayJ6,;.E~ihc(o,
ENTgenerat~dintiei:¡ii:Sli appçattö,; ','
i~~Wt?Cg~rJt~~~~~të ...'.,.. ,~:~

levelSofråiilfàIl'Neí:ètì1ßl1sú,r . .... o'R'
ctúÍ'ng.or14days' prlorto, oÚr'ISdàys
runoffgenerate'd: byileTalbenW atersI1e,... .....
Wasfrdnldryiíeather$ourlZes;Înc!ueHngJ;¡;ïldsc:
streetcJeànirlg, car Washil1g,and otllèE-'activtf ", ...., .'tô
surfaccwatertlow, To detetiuine¡f".tileTalberfWafèi~hed
ml~t bea)~¡gnificant sOuiee.ofENT:sarnpl.e,sÆ¡:l)ttl~lfw~re
cQJlëcted:tt()lÎ;pu~nfrstatìöl! fo.re!;,a,ySà,tid,:n " ,'. tat~ê

Talb.~ttaia:f.Q'iintiiin;:y,~lgyG,. .
i~~k' ,:)~~~'~~t~~/g~~

)
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TABLEJ.Uualíty .of Water ThatEliters the.channel~etworkfrom Either Uncontrolled Sources of Runoff (Talbert(T. and. fUiintain
Van~y(F:V.)Cliannels)or ffomPump Stiltions (p.s.) ,

ENT (x1ß)

source conduct. lmS/cm) pl-thl turfidity INTUJ geometric mean lMPNI100 mtJ meanlMPNI100 mt)

Adams p.s. 4,51:il:3l ,7.7 (:!0.3) 10.2 (:!5,11 1.6 (+1.7/-0,8))1) ~'~ ((:~'~~
32,,3 (+_6,9) 7.3 (:10,3) ,22.1 (:1,8) 1.6 (+0,75/-0.5 ' '" _ ;Atlantap.s. . ) 1 8 (+3 2)

aannirigp.s. 36,3 (::3,81 7.Hî:O.3) 9:3(:1,0) 0.71+0.7/-0.3 , ,_.
OG AClams p.s. 3.0 (,:10.81 7,6 (:10.2) 24,7 (:11) 2.87 1+2,8/-1.) ~'; ~7~://
FI d 35('24') 7,4(+0-;) 13.8(-:19.8) 1.9(+6.1/-1,5) 1~. :i.'. oun erp.s, : -:. - 0012 (+o.,?)
li1iaiiapo!is p,s. 11.1 (:f1,91 7.6 (:10.4) 11,5 (:15,3) 0,023 (+0.06/-0.02)) . _ , ~
Yòrktown p;s, 8.,Ob1:2.61 7,H:lO.4) 27.2 (:19,9) 2.2(+5.11~l,61 ~,~:~~ld)
N,è)kiandp.s, 19.7 (:1.5) 7.5(:10.3) 10.4 (:f4.9) 1.2 (+1.1/;-0,6) , (-6'3)KV.channel 3.1(:1.8) 9.0(:10.5) 2,1(:10.81 3.5'(+2.0/-1,3) ;';(;'-11T.channel 2.5 (:f,9) 8.8 (:lO.5) 3:22, (:12.0) 0.5 (+0.4/-0,2)) . . '.

. Stanclard deviaiions and 95% confidence intervals are given in p,mmthe$esfor l1ean and geometric meanvahies, ri;spectively,I . '.
in the cha1nel net\-voi~k due to the tidally drven oscilatio.h

ofwatedlow iii thedraina&e channelS.
'.. 'fy: tnJe&i~tinR- the c(-!riduCtivi~Ydepressi~l1s eyidênt in
,l'._"',':_-: ~:~(';-~'-"-- ',' ',-"'j-."" '-~-; --. ' -. -- -,--', .,: ,.~.. ,,' ','-'-,-....,.._-':.,~. :.-',"

',;6lume óLrnnôttH1o\-t.gìntoth.e 6ceanatt~e ppr Stati~n
dÌiring.:thefifst tfdays and last 7 days w~s5ÖOO,In3and40ØO
in3, rèspeëtively, Furthem)ore, wè estimateÙieamQunt of
tloweÎ'ië'rng the, upper reåches ofthecbanuelsat the

FoulííaÍ1),ya:Iley and TalbertStations;to ;be ap¡Jrcndmárely
800Cfrn3.(ftrit8 däys) and 7000 m3 (l;ist 7 days). and we
,estimate,theainø,untof runoffdischargedfrq,npl;liipstatlons
tfvdàÛ 7 aaY&Onliestudy to be 16 ÒOO in3, Rence, the .mit

irttl(Ï'!a-miQutföW of ¡unoffroiighly balance, dUt¡ng the first
8dayi'(8UÒOÌid5(lOO m3, respeç(ively), whiJeilc,ï:et Jnfiow
àbiroiitløw of runoff db not bilaìice dUring thelást 7 da)rs
(Q2'OÒOand 4000mB; respectively).IThese volurie,esti~~~es
~4p~ol~:gi7c?ncI~s¡? n,thai themajority of tJ:lepuwp.~tation

WaterdrscliargedrntheJasr7 days ofthesuidywastrapped
intheehànneinetWörk.)n1 portantl,y; the 7000, ma'per.we,ek
o(i:.IØffc.qiitln ilouslye:pteFingtbedl'aìtiagt cha,m:iels fr0IT

, ÚJe;.gppet.,i~acltes öf'tl~TaJ~~:~Wà't~rs,~ed)t,a(i;t~i~t~\~èIY
Ilt,tleirtpact on'dçiwiiStreamwater;qo.alrty,a.t'eastcompared
iolile-:ËNæsignal~en(!rilt~d by the Tatb'èrtlvãl'S'ljjJje'-o,ff-of
ENT'andithêitelativelyloqgteside:nce tie('..iwe~kJofl1noff

in, thedtâíi1áge'charrels maylünt thedormstr~a:m. hripact
ot'urß\l1l'mP9ff,tKa,"3Sl. Tb'è'fate, aiidtrahsportQf òaderial'
"~fiìlûi-~~j~ th~di2lÏiÌlage' ~y~tertiit Huiithigtori 'B~ach1s,a,

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

,.." ~T~¡;~çé¡S.tuc.Yl;S'tdinféntandvëgetatlpn;sed,1i;ne¡,n
Cdl'êR,wetê'öollìictedlrôinMay22 to'June6i, 2000aJpliga set
Ôf1i:iitisèÒtS(dÖittdt'lÜi:esinFtgure lPíl lbc.ateô,bátb in the:
irat~h ¿rld,stirf,;zone, ENTleiielsin theS'éd'iméiitcorè$ àre
tónSist.entWidltheJJarsh being às igÜifican'Ìiòl!rce of'these
oâ(ltetØ:, N"i:èteel1percent of sedillennàinptt.il'fróm the
tli.r§h, (It =96) werèpositive"for ENT. comp;.ed:t02'rö:of-the
sëcflIneùt¡samples from ;~4e' surf 'zon~. (ii =:,12. it- A,tptal of
.aS~\¿lthe,su~ac;esedùient~ampl£ls. in.. th.El'Dlarsh were
'p,ósíiWel-õiËNT, Verticalptd$les ç¡fEN'l 'f::thf;i"l1à'rsh
's~lI~mén;tsifdi~are that the baßteriaare'cotreenttatèd..n...the
itpl? I,cÌÎ'Qftle:eores (FLgure6;). The largest cQocentratÍùu
õfEl'Titd:~sèdiinent.coreS(5Ö, OØO'MPN 110~~)was.from

,a)¡uit,rç,È. Sãmple ,colleèted from. theuorlieast.to,retøftlie

..nt;lt¡¡. p,ttliesedimem collec.t~,dJr.l!ll~hf:løP.~9uly
i:,~aW~l~arl~Ìtëa1Jl~als~fEN?;(S ,,' ,,'i-ftOQ:1'""
"~Wtn,~.'i;~;lliSi.rfå:c,es¿tniPle'tõUeòted:li~d.IY"l;peQasr :of,théT~J.bèrtMát$Iiòutlet, . .'. .' . d '. . '. '. '
,".'. " . ';'ôt1SW1\!iis4" ..~~gg.~1~~!:~~~;~;g .,' '

, ". , le:bted.(to.i,tlie;m¡p$);."rne'faßt::tl'Ìal

vegéiatióiÌ ar~~nrìdie(Hn ENT:'siiggeststhaî;
these''åi;¡t , sms aiksurvvìl1g;ànltperhaps~eveÚ g'6Wìng¡m
the marsh envfronment.l\'1arine vegetation supports the
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FI(iU,RE 6. T~e vattical!listi:jbU(ion nfêNTin m~r~h,~~e,diments.
E~rirr6adrsrepté:~eiif95o/cltnfideòcejlÌtervàl.s. Thê 'nt¡mliar orcores
U$èd;'tocålcullítetbe. gë.ø-qlètric 'meaò;vaf.ùesareÎridj,o.ate~ê,

gTol'\h ofcertainstmins ofENT .in New.Ze,aland;¡ aid
eSl1)wine sec,im~pts canàppaten,tly si:ppOl'r rfieg+'o\\id,Qf
ENT'irÏiròpj;q,¡¡settiïigs,such.. as Hawâi.haUcdG i., (~J, 22),

,alth,oiÚ~li .thei:e.ara 11O~Ul?Î¡sitedrep,ortsGfthisloccurríligjn
Medli:'enàn "c!imãt¡!ssucbassoutbe.in.Calif(¡rriia,..

B-Nt:Sp .. .Stud'y'::I:Ur~pec~,~,B(¡,!ÍfecesClitea~tgn¡ficant,

source ,.. ..' ..... ip:th~ m,llrsh,e....' d.entT:!iìsPoric;h;sion.'
was"attt\Í~m~t'PYlìeasi;hi~dìe' " leve.lsinthefoUowingL

(1-) matsli:water; '~10,!:~,(2)t500 ir1. Qfmar~hwater afte,
addiäPìíbf å.HIiÇlXImatélý. 10görl1ai:slisedi.inep,t;a,nc!Jø)
5Oo;íriof ....." éff$:eç addftion Qfapp.r~it,aJ~lyJO
gÖ'f;~r~b;g4t~iiyi;g ;~irq feces:tn~t~e,rè;itier
we' . e:09f,cqIlettion. Ti)e.C:Çl1ßetlUatipn .qf, .., "",,,.. ;"_.' ..~; ::.:' , - ,... - i',.-' .. '-'" '_,' . ',. " '

'.' ,- - ,~_ '~,,'- , _' ',. ,:' . _. ',d'" ~ ','" _, ,', -",
.~tèpan!i.iiiÜiar$li:wat.ercontait.lhg
Óweyéi. \",h~:ll'.' i:a'sh .\Na;er~as

~hi'tÍlìn;g feCeS t!iat,were.wetaulie

ENJ'c,C!Ïlciëntta,tì,o!'~langecifrbn1',9090 '
'(~L~;ílt,.:: .rö)."iikewise,:l)ar$hwat~r
'. "~lt¡Äg Jøe(1s;. thåt~;ete: d:i5'cit';~me.,

timeofèo '. .'. ..¿i:mceríi:äonStêÜigingfrom,lQO
tö t~J920'1vl.N:l::.lnQmL t't£;=. :ti~Tht,geÌ?mètr!cmealiand
9S'r¿oidenë~iñtervaJs.Qf theiEïnaasuted,ìnma,sh wpter
expqge~io'\\-e(~ñi:i.dry;ftlces:Werè ,di x .l0'+6.2,x l051: ~ 1.4

.x ìöfand6,a';x lO~ + 3.3xl03/~5¡6 x-i02 MPN/lOO mLI
respe6t¡v~ly: ExpressÍuK thesegêQfiietrcniea,i:s andeol1ñ-,

de' "alsonllp~.rfecesi)asis,we obtain,§.9~.IO' +
3.í It9i jp5á.ii.d3:4:-du4 + 1.6 x, io"¡.è2:8 x 103

. ., !~,¡,=;~~~
rl . .'. '. a1'eGMcd~p~slled-

ai~ê;aiiaí .i::'f;~;=~';tf~

G= ëoulQöUl - CinQ¡n
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A Here G is the rate of generation of bacteria in the marsh \\itli

units of(MPNiTJ. Com and en are the cóncehtratiol1sof ENT
at theotìt1erand'ìnlet of Talbert Marsh,respectively.~~ith
units of l~!PN/i)i, and Qo"t and Qin are'thêvolumetric t1()w

rates of water atthe outlet and inlet ofTalbert Marsh with
units tUfT). where Land T represen t length and time scale,s.
respective'lt

During ebb tides, in.situ measureinents of flow velocity'
and water elevatIon at Brookhurst and PCHStationirindicate
that thef1owin, and out of Talbert M,arshroughiy balance so
that QiiU! '~Qin andeq 3 simplifies as fo~löws:

,,;,' ?,
;;"':r

,','

,;l

~;:i

,,:~
~' :;"'1~:.:, G= Q(6.C)

,.,:,o,:;:t, .

,'11,

The parameter Ó.Cis the increase in ENTmeasured in water
as it flows through Talbert Marsh,

Using average ebb tide values of ùC = 29 MPNI LOO,niL
(s,e Figure 3E)and Q= 8mm3/$ from th~ çatibrâted
: i1drodypamic model, we estimate a generation rate fórENT
in the marsh to be G"" lQIO MPNII¡¡ ASS\iming each ni.rd

dropping ha.s 106 ¡YPN i feces (the geometticmeàn for ,,,et
cbiHHece¡;l,then 1Q~wet feces/hwotlldbeneeded to accOunt

lor the;èstimiitedgeI1e:iaticmrate, Qur bJrdcënsus indici,otes
ta ,:a ethOS, ir s are presenln ,le ma.s 1;' W;TIC 1

corre:¡pondstoa depQsitionrate of more, thari i f~(is per
bird every sL~minutes. If instead we uSe the rIia.:dinuni
number ofENTliberated frnm ihewetbirdfec~s ClOo MPNI

tec:s)andthe average number of birds presé.ntin the marsh
dj:,ringthe day (228 bitds) , the deposition rate required

decreases to approidmately I feces per bird every 3l1.This:

latter depoSilioniate is còri pa.ablé:,tô .f¡Hes ob~erved for th~

samebfrd weçies in captivity, .l:t,icaUy øneô.rõppirig every ,
3U (personäI'cóirmunication, l. Pavlat, Wíll'lìe (:areFacrttY.
Huntingt9nBeach, CA).

The,åbove anaJysisdoes not consider lhepotentì¡i!
êonttoûtIorisof ó1ßer. diied. birdfècesi whiCh wetéalso
foÙnd tocontáin sìg'nifcanr levelS' off;Nl',P'oJtlöu$of the
fftièi'l1åtS!frTälpert M¡¡rsh"mayremithi~"pöse¡;rÓ¥érmánt¡
'ri,ç!ecydes, -ROwingthê'clj,anÓty Qt b'frdfecg~âeiigst(e!i,therè,
.((in oréa¡¡ei ~lDÚIÎn~:a sprInttid~, \vhen:l¥gh~'HhaI1âvei:ãße','

. hIgh, ääes oècur; these older feces ii¿w'becoh1ê suspended
in ùiemarshWate'rand tlerebyìIicrèáse the-:concènrratiòÌ-
of.ENìn the ''l\rárercolu:in, ThJs ideais'¿on.s'Stent'with thê
f~cfthafthehjghe.stlevclofENit recorded,at t1:eBröøkJiurst'

.àrd)Pgr Stations' occurted diití~g::sprtMitdesvvhen. tliè
my;à'if!iltsà.re.:jjpst l"ikély t.o be: wàsMd!py tlãßl' acHòn (sèe
, , 'itithé1ialbJ~rtMa.s,' . . ,

'ci'fil~~è:6~' iijsiis.~~:~~;~::i~:lêrêffté' ,

gröWtàtthësed.ment/watèr înterfáce:ls',st.ppott~dby.'ibe
qisttibutionöfEN'l 'in cotes'tàkèn ftom''Tí:lhèlt\Yáishtsée

FiglU'e'S). Vvnit&blrd droppings aredèatlÝ''a,*ìgnlficantsóutce
ofBNTiu,tfie :inarsh. otl1tr s'ourc.e;sII'ay alsQ: conti:bute to
th~:'g¡meration øfENt' in 'the mãrsninëlt¡dfu-g1itbainÙnöff;
sedimètlt;ar.dyeg,etatìöl1, ' . . '.' " " .'

fn(I'UcaUons. ENT geneta ted in the Tâ!p'errMarsllappeat
tooe:at I'ensf.¡:ar.tìàllyresponsible'fotiliefreq'uenöy with
wl1Íöhstitf ~one slirnple.slnHunr\ngtd.n Stale'and' City
'Beàclesexce~d~tatedbathing watEir aláDda:ds. This tö"ncla-
sìQn. lsba.sèd O'f tWÒfindihgs. ftoí: 'oursLudy:(ì)' ENT
cønÖi:iittâtjppsare . increased 'abö:veEN1;standatds(böth ' '.
stlìgJé.:satòplè andgeøInetri&meah) aSWat~lrpassest\1Ii' ' .'i~¡n~, lJ~~~é~rs, ~~. ' .....'.";'

, hel'éBNIt standàtds,r àre"'rd
~çe~d-~d¡ '1heJ~NT . 'tOisilte¡;.:t~':mR~sQ¡lfi. .',

p,étñat?~av6ß" ..lön\mat:Ç~it~:6ir'.',"""'..,~..., ,.

'Wl1i!e EN Oowtng Üito 'the su.d' zone"duiì'ù,g 'eöbiidés
mayipRlespo.nslò:efor .fueachpo.stings,thlrrQ(Ìötir .n'èar,;ttë.$,:..'

(4)

marsh outlet, the marsh is probably not the only SO\lrCe of

ENT at Huntington $tuteand CilyBeacbes, During the
Suirne'rs oJ 1999 and 2000, for ~:tani¡;le¡ $11,£ ¡qne s tRtion
9N(see Figure 1) was frequently posted o'r'elosedÚotaiof'

70 days) due to eleyated levels orENT, even during periods
of (Ìmewhen the concentration ofEt'-l at stations t'éanhe
Talbert Marsh outletwere relativeiyl.ò'w(31l.G1ven thsspatìal
distribution oCENT, it is unlikely tliatthe bacteria at 9Nate
coming soJelyl'om the Talbert tvarsh,å,ndtheire,xaCtsource
is a matter of ongoing investìgauon. r:ndeed. we anticipate
that the impact of marsh effuent onsurfzone water quality
wUlbe relatively localzed, given the factor two dni,l.on thät
(lccuts as the marsh water mLxcsinto thesuifzöne, and the
fact that, ENT die-off in ocean water (,3,1. 35), .

Based on the results presenredinthis ,paper. thère rriay
pe a tradeoff between the restoration' ofcoastal wetlaiids
and compliance with mar;inewater contactstandat:ds. 'this
tratleoff eoold be ameliorated by spe;ciãc~n;y:iTesígring:
Wetlands tQ remove bacte.Tiafrom fJié ~0iterçoiÙmn,fôr
exampi~ifreshwater weilandsremove bactê,dalpoUl.!a,rÙs
mqst êtfêfently when thefIowvèiqcft . ,. c"w( ~O.7:rtrs)

andtTei;~s.(lepce tlmeofwateiis,lö . .' ,/s7);V1'Jie

t~efl~w :v~?clties. in " the Tálb'étt 1£ :al~l1,::arewitÌi¡~t:il:e
.', -. .,', -~ _,~ , ',',", -. .', '..... ,,-' -,;-,-"._.,_.~~"". '-'':~~~ ,,-,'~~ 1'- .~_~-:l,\ '/.:~., '-,: ~ " -, ,- " ' , -- _:- - - ' ,., ',- -.. -' ~ ,- , , , ' -:' - -' ' ,---: ,,-- - -",' ",--".~ , . - - . , - ,-:' :_,,'

,:iqt lJritñéotherhûud; if thereare:na hûiUhn;IieäJ,tl1trìsks

assoctat~d~th EN1'Troih weda~deflue'ntj;dìéd rtÍÛ~twÄtêr
: eÒntaçCstarIdards.'!Iày nesd-itobedirodícted tOiÍ(¿ê.piitIfor

the e;qi¡rlinceof both' benjgua:ll!Ínórtbf!l'lgns'oui~is?9hilëse'
'bacteriâ':'Ail ~pidènlioiogjcâ.'st1ldycouid'heip':t~aët(hl'tQe:" ",
btiman healtH. risks associated Wîth'i1an1d~ii e~í-ö-aÙ¡;e ti:l'
nonanthrøpogeiiicsourèesofENTSÜtii~ as W1a'i~l'tderoue~t:
Thesers'sÚes are especially ti Oltly, :àa: ,~J~ij~läl.r~Yi\íi~s
'feCal1 tly'oe,e ri 'emac.te d'Üi atrh'andatcs na~tqijir'P'oi:ìtci~ID'g
år:d repoíiingöfcOasraI wilterqi.ality(3Ø);' " ", ':
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