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8 i S i -State. and Clty«Beaches On one. hand wetland 1) tig
rookiarst mt on "- . freshwater W lemds, are. natural tréatmen

Huntmgton Beac.b) th'\t converge near
.consttucted wetland known as. Lhe Talb

lxe fl ,oftheopenchannels unngmsmg
and a brac, sh mmure of ocean. wate, an

.»g,:gm it aljreclamanon and wurban develt
what'reimained of the Tistorical wetlarid, incliding Talbi
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- - :Marsh, was cut off from tidal ﬂushmg by the'co
mug,rt,u,!.\‘;.‘ o PacificCoast Highway and charmehzauOanth St[umm
[albmv,\%wv gy |- area for Boed control. As partofahdbltatr foun
Station™hg ST g - tidal flushingin the Talbert:Marshvia

Fountaid o anewtidalinletwasconstructed. Sincei
B G s
Statmrz

1@

salewater marsh with open water; v
= hahitats (13=15). Pickle weed (Salico
Huﬁh“’?m“ 1 ‘ £g dominant macrophytic vegetation; and:

JDEACH g " Fa . - by several special-status bird species
Least Tern, Brown Pelican, and Beldin

At thye outser of this study it was hiot¢

Talbert Marsh-had on surf zone water qital
State and City Beaches. On-one hand, wetangs, P
freshwater wetlands; are natural treatiment syste
TalbertMarsh remove chemical and biotogical: pollutants
: : g ~and-agricultural wastewater and ur
' -the ather hand; coastal murshes are;

[}
=

=~
e fropklxursi-Statial:

from ome

| the environmental growth-of thes
1 menta and o \«egetauon (’3~26

albert Watershed, (2) assess the mpac E
the marsh and watershed on local su Zone water'q
and.(3ridentify potential sources ofind
‘these rwo systems (rud
Thesethree dlfferent

four sites-are descnbed‘ below.
FlawMeasureme;m Thevelo
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ed bya aonde (‘z S1, \tellow Spnngi OH) posmoned
the probe was located '1ppxoumatelv5 em-abiove the

ndFountain Vallev channels was too low o measure
pustic Dopplertechnology. Consequently. flow rates

bvrecordmg the time 10 different pieces of submetged debris
taok to-travel a'fixed distance. Volumetric flow rates were
heri obtained by multiplying this average velogity by the
d cross sectional area of the ﬂowmg water.
“Nowiter was.discharged from the pump statio forebavs
the first'8.days of the Marsh and Surf Zone g
: of water discharged during-the la
timated fronyCity of Huntington Bea '
mes diverted into-the sanita C

tions that was runoff {i.e;, not ocean

R easuréd conduanvxty of samples fron the pump ‘stations.

" The Volume of: wno ff emmg the chan_n

tand Founiain Valley Stations were estimated:

' where Co and Cu are the conductlvxtv of ocean water and

in-a 97 well-Quanti-tray format}, pH, turbidity, and con-

;"«.duct‘iviﬁ (temperature-corrected to 20 °C). A total of 1416

samples were -collected using the automated. samplers,
Automated samplers were employed here ‘because they
alldwed:us tocollect hourly water samples ina reproducible

- mannér from precisely the same locations in the water

columin, 24 b per day, 7 days per week. One potential
disadvantage: of the automated systems is that the tubing
and. sampling system (e.g, strainers) are not sterthzed
between sampling events, so there is apossibility thatsaniple-
0 sample cross-Contamination might occur. Arecentstudv
of soureés of-£. coli in an estuarine systeém in Florida (26)
found' that autemated samplers -did not cause significant
Ccross- Contamination when a purge step was executed
berween ﬂmphng events, as was ' done here.

SalarRadzatwn “To assess possible relauonslups between

| sunlight and bactetial levels in:the marsh, hourly measure-

mé lar tadiation were recorded’ during-the 15 dav
using a thermopile radiometer (Kipp:&Zonen,
opilé Radiometer, Netherlands)located atthe
n Matsh, which is ‘approximately 6 km west of the
facsh.,

t i '< ge chan’nels (H“ 1tlngton
d Fouptain Vallev), thmugh th Tanen
In
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Bird Feces. To assess the amount of ENT presentin bird

feces. bird feces were collected, along with any attached
sediment from mud flats. in the Talbert Marsh where birds
congregate. The nature-of the feces {(wet or dry)-was noted
at the time of collection. Sediment that appeared to-contain
no bird feces was also callected (6 determine’ “background
levels of ENT. The sediment and feces samples were weighed

and placed in acid washed Nalgene bottles with 500.mL of

marsh water. The suspensions were shaken vigorously to
disperse the feces and sediment and then allowed to settle
for 15 min. Depending on the experiment, between 0.1 and
10 mL of supernatant was tested for ENT using the Enterolert
protocol desciibed in the Marsh Study. Control experiments
were conducted to rule our the possibility that chemicals
present in the feces and/or sediment might interfere with

the Enterolert system. Specifically, Enterolect analyses were
conducjed on gutoclaved suspensions ofsedimeéentand bird’

feces.

. tide: when ‘the tide range is mmnnal

settle for 15 min and then reshaken. A 100 mL sample of the
supernatant was analyzed for ENT using the MTF method
described in the Sutf Zone Study.

Results-and Discussion

Maish - Study:. Dyn.umcs The Talbert Marsh i5 4 highly
dynamicsystern, primarily because the flowofwater through
the marsh is domindted by the tides (Figure 2). Because
Southérn California bas semidiurnal-unequal tides (29, 30),
thereare fourdifferent tidal extrema each dayincluding high—
hlgh low~high, high—low, and low—low tide levels. Fur-
thermore, the tide range, which is the difference between
the high=high and lew—low levels, oscillates over a 14—15
day: period. The Marsh and Surf-Zone Studies were carried

| outavera 15 day period that hegan shortly beforesaspring

tide-when the tide range is maximal, passed through-a neap

Bird Census, To quantify the input-of ENT into-the marsh: | nea

from birds, a bird census was carried ot asfqﬂows Dlgital‘

cameras (kodakModel DC "90 Rochestcr NewX ork) were

toge[her, Lhev prowded a complete pxcture of the upland
wetland, and open water habitat areas. linages were shat

. hourly-ata resolution of 2240 » 1500 pixelsin "56 c¢alors, 24
h.per day, over the same period of ime when sam lés were .

beingcollected in themarsh and in the surfz
2000), The images were uploaded 10 a des]
they were analyzed withAdobe Phomsbo
California). The birds in each image

manually to obtain an estimate for the tofa umbe:r of bxrcLs

presem in the marsh each hour of the 2~weck studv

v Amencan I-alls [D) E.ach cme was cut 1

0aps: and trzmspcmed to Slerra Laborator Sy
Hﬂls, CA) ferbactenalanalysxs.’(]ponam

usmg the: Entemlert prorocoI desmbéd.mth
Sedzment and Vegewtzan 'Fo»assess t
_ ch leript

barrel (G)D 4. 4 cm) “and Butvrate pla .

added The.solution was shaken vigorously and. alfowed to
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was placédtn a ‘sterile con(amer towhicti 450 PBSWas |

-grd retimed back ta’
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Date-in'May, 2000. -

FIGURE'2: The dynamics of marsh parameters measuredwdurmg,the 15 ddy.stiidy period. The sofid and dashed linés (water level, flow-
velocity, tempetature. pane!s) correspond ‘fo the PCH and Brookhurst stati s, tespectively. The key-for: conducuvzty and ENT
indicated in: the figure. The dark and light Blue lines: denote the single'sa -And geometric mean standards for ENT Watep le o
reférenced toimeairsea level. Positive.and negauve Velocmes concspond o shoreward and lﬁndward ﬂow respectwelv giay vertical
smpes represent mght—ume conditions, A

" interval of I h. This condition; appears to besatisfied baséd”

on.a dye study conduicred on-the morning of May' 19,2000, -

whicly yand that: the tesidence | time of water in t"he fnacsh
during a weak spring tide i§ less than 40 min (27).

.' Suzf Zone Study: Dye: Experlment The above 'ma1y51s

i demonst atesthat the Talbert Matsh is anet source of ENT,

tcigarthat ENT;,ene.rawd bythe'marsh. negativelv

urf zone warer q\mhry To characcenze how cbb How

flood tides (Figure3C, D). These data were £
mese_d‘onv wberher the samiples were. ¢

ct nducted inwhichdye (Rhodam1
e outlet of the Talbe;r tarshe

cases, water enters the marsh belew the geametnc; mean
standard-for ENT (35 MPN/100.mL; dasheddi
andexits the marsh in exceedence of the'st
cascs, the ENT concentranons measured

resxdenee»um e of waterin the m arsh s less maﬂ OUF: samphng 4 F
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Ebb Tides B vop - FloodTides ¢
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Geometric Mean of ENT
(MPN/100 mL)

15 =

Single Sample Standard

. % of Samples Exceeding

' - e 0 -a
! g  ©F  BF B8 &
: 6 8., &8 .. E& 8
2o e @ ~ ~
gu By % % g
2% 8. ;‘g B 5
@ Ty o a pa]

AENT (MPN/1OO ML)

'CT approx
cross: section before reachmg the sux:f zone (31). Taking this

Teamp. I 8-y
study or the last 7 days of the study (mdmated in the fi gure
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ENT.
MPN/100 mi

durmg 1alling. {hlue. hackground) and nsmg
0 ;

were collected at ankle or waist depth and ‘whether the
samples were -collected during rising or falling fides. As
described in fmore detail in the Meéthods dand Muaterials
section, all of the ENT data ploted in'Figure 5 were obtained
by -performing MTF analysison grab samples while the ENT
da llgcted. for the Marsh Scudy Wwere - obtained by
ing an Enterolert anafysision plessei

by th MTE/graby
samp}e method' appear to be lowpr This d{fference could

B auseallof thedata presen:ed'm i
and analyzed” using the same - procec
‘samples),.we.can. difectly eompare the
the marsh. durmg ebb udes vmh the

mean of EN'F measure& at'the surf:

S

i - B
ON BN - ON oM 3N . 3 3N 3N
Wkl Wk2 WK1 wk2:wkt wk2 wki wk2

appear to- be met based on the results of the dye'srudv
described above. Based an wave aziriuth'da
~‘Huntington Beach during the 15 day: srudy'(é‘]),
How in: the surf zone was directed inan upcoa d

as “wk:1" and “wk 2", IespecuvelyL whether the samples :

. May 4and 8 and-again between May 12:and y 1

was: fromdryweathersources mcludm
- streetcleanma car washmg. and at

m__ ns:of: ENT' at thaBm

es.(Fj Y :

. ‘géme online, Likewise, ‘the geometiic means

- surfzongsstations- (Biguté .5) were eihar-ung

- the pump stations went fmmcofﬂtne to onlm
: shgh]:ly

:s appr(m 0 aiety tvio times htgher; mpzu;ed ro th ; eomemc'

. zonednzectedm%m upeaastxdmecuon Theﬁrsc cﬂvcmorxdmensa

I o - S
PCH PCH FCH PCH OGN ON  ON ON
WK wk2 Wkt wk2 wk1 wk2 wk1 wk2

‘F ~ Location-on Beach and Time Frame
IGURE 5. Geometric means and 95% confldence intervals of ENT concentrations (MPN/100 L) at the PCHand. surf.zoné; statmns neasured

: kground) tides: The Stationsare displayed; from dorifi {Jet
n,-th geomemc Mieans.are shown far the first 8'days’ and Tast

4 of the time; includinglong stretches:

NT gmerate 'n:t,he mar:,h app

-f-our study d
bact downstreamwarer .qualit

~There are several possxble reason&
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} - : ) k L. ; :-» He]
TABLE ! uahty of Water That- Emers the Chanpel Network fmm Either Uncontmlled Sources: of Runoff (Talhen (1.) and Fountain . o uni
Valley {F.V.):Chiannels) or from Pump Stations {p.s)? : : S ard
, ENT (x10%) E unj
© source conduct. [mS/cm] pH:f=l turhidity INTU) geometric mean [MPN/100 ml] mean {MPN/10§ mL] x :;’
Adams p.s. 4.5 (£1:3) 77(£03) - 10.2/(x5.1) 1.6 (+1.7/-0.8)) 3.6 (£6.0) res
Atlanta p.s. 32.3 (£6.9) 7.3 (£0.3) 221 (£4:8) 1.6:(+0.75/-0.51) 2.04{%1.3) e
Banning-p.s. 36.3 {+3.8) 7.4(£0.3) 9.3 (2.0} 0.7 {+0.7/—0.3} 1.8{£3.2) f : an
OC Adams p.s. 3.010.8) 7.6(£0.2) 247 (£11) 2.87 (+2.8/—1.4) 5.2 (+6.1) thi
Fiounder p.s. 3.5{x2.4) 7.4 {£0:4) 13.8 (£19.8) 1.9{+6.1/—1.5) 12.5 (+£17) e thi
Indianapolis p.s. 11.1 (1.9} 7.6 {x=0.4) ©  11.5{£5.3) 0.023 (+0.06/—0,02)) 0.012 (£0:02)
Yorktown p.s. . 8.0 (£2.6) 7.4.(x£0.4) 27.2 (£9.9) 2.2 {+5.1~1.8} 9.7 (£11}
Naéy){lar,id'p.,s. 19:7 (£4.5) 7.5::£0.3} 10.4 (£4.9) 1.2 (-i‘-'l.‘ll‘—O.G)‘ 2.1{%2.4)
F. V. channel n 3.1 {£4.8) 9.0-(£0.5) 2.7 (£0.8} 3.5(+2.0/—1.3) 5.2{%6.3} I
T. channel 2.5(£4.9) 8.8 {£0.5) 3,22 (£2.0) 0.5 (+0.4/-0.2}} 0.9 {(1.1) : B TL )
a S'an:iard devistions dnd 95% conﬁdence intarvals are glven in paren(heses for mean and geometric mean values, respectnvely : 'a§
— ' - N

in the channel network due to the tidally driven oscillation’ L : =
-of water flow in the drainage channels. ‘ j =
tegratmg‘the conduc(mry depre:,sxons e\ndent in

dunn hie 'ﬁrsr ;3 days and last 7 days was 3000 m3 and 4000
m3 respect_wely Furthermore, wé esnmate the. amgunc of

Fouritais, Valley dnd Talbert Smtxons to ‘be approtmi:itelv B
8000 m? (f‘rrst 8Vda\'s) and ’OOO m? (hst 7 days), nd we

growth of-certaln - straifis of ENT in -\Iew Aea[and. a.nci B
: ’estuanne sedunents can; apparently sup OIT. the gmwth_grof

000 and 4000 m3 respectwely) These volume. estxmates _
econclusxon that the ma)omy of the pump stahon

Ly:-Se rdent a.nd Vegetation. Sechment
erercollected from May 22 to'Tune 6, 2000: aJeng d set
oh riseots (do ed hnes in Fxgure lA) Iocated both m the~

1:=96). wereposxuve forENT cnmparedte
samples from ‘the surf zone (iz = 121) A

sédiment cores (50 000 MP'\J/ 100 g was from ;
mple collected from the northea ;
Sedir A

‘ lation as »fo]laws

. ; e suggests that
" these orga!ﬁsmsare surviving, andperhape ever growing, in e C’ & . i 3
© the marsh environment. Marine vegetation supports the °“‘Q°“‘ ‘“Q‘“ @
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Here G is the rate of generation of bacteria in the marsh with
units of [IMPN/T}, Cou and Gy dré the céncentrations of ENT'
at the sutlet and infet of Talbeit Marsh,respectively, with
units of [MPN/13], and Qou and (i, are- the-volumetric flow
rates of water at the outlet and inlet of Talbert Marsh with
units [L3/T], where L and T represent lennth and-time scales,
respectively. - 0

During ebb tides, in-situ measurements of flow velocity -

and water eleva,tion at Brookhurstand PCH Stationsindicate
that the flowin and out of Talbert Marsh roughly balance so
that Qou = Qi and-eq 3 simplifies as follows:

G= QA0 {4)

The parameter AC s the increase in ENT measured in water ‘

as:it' flows through Talbert Marsh.

Using average ebb tide valuesof AC= "9 MP\II 100°-mL -

{sge Figure 3E) and Q = 8:37 m3/s from the cahbrated
‘1¥drodynamic model, we estimate a generation rate for ENT
1n the-marsh-to be G ~ 10" MPN/h: Assuming each bird

dropping has 10 MPN/feces (the. geotnetiic-mean for-wet
~birdfeces), then 10%wet feces/h' would be needed to accoiint
forthe; ésnmated ‘generation rate. Our bird cénsus ridic

~thatl, ACTosT, T

vmud ﬂats iy Talbert M1r3h may’ remaln e;
‘nde eycles, llowingthequantity of bird fec

corresponds 1o a2 deposition tare of moge-than fe(,ea per

bird every six minutes. If instead we use the madmum . |

number of ENT liberated from the wet bird feces (108 MPN/
fecesyand the average number ofbirds presentin the marsh
duting'the day (228 birds), the deposition tdte required
decreases to apprommatelv 1 feces-per bird every 3 h. This
latter deposition rate is companble 1o rates obsewed for the
‘same bird'species in captivity, typica ’

3t {personalcommuinication, J. Paviat, W]ldhfeCareFacihty '
‘Huntington Beach, CA).

Thé above analysis does not conmdcr the’ potential

-éonmbuuons of older dned bll’d feces, Wi 'h were: 'dso R

ASE: Dunn}gw springtide; when
6§ occur, these older feces mwbecome suspended
‘a:sh watec and Lhereby mcrease the ‘coneentration
ent -with thig

iBea;:hes exgeed stzufe bathmg water standai;ds ‘This &

Tid5 are. present 10 e marsh, Whieh |

marsh outlet, the marsh is probably not the oaly sousce of
ENT at Huntington State and City. Beaches, During the
summers of 1999 and 2000, for-éxample; surf zone:station
9N {$ee Figure 1y'was frequently posted or‘closed (totai-of - :
70 days) dueto elevated levels of ENT, even during periods
of time when the concentration of ENT at st'\uom fiéarthe
Talbert Marsh outlet were relatively low (31}, Given thisspatial
distribution of ENT, it is unlikely that the bacteria at 9N are
coming solely from the Talbert Marsh, and their exactsource
- s a matter of-ongoing investigation. Indeed, we anticipate
that the impact of marsh effluent onsurf zone water quality
willbe relatively localized, giveri the factor two-dilutionithat
. -Qceurs as the marsh water mixes into tlie surf zone, and the
" fact that ENT die-off in ocean water (34; 35,

Based on' the resuits presénted in this paper, thére may
be a tradeoff between the re§toration’ of ¢oastal wetlands
and compliance with masine water contact standagds, This

| tradecff could be ameliorated by specifie esigning
i wetl;md:. to reniove b’lC[&lm fioii the Wwate column ‘For

nce of hoth benign and nmibe
-At epidemiological st
human health risks assoclated ‘with

: and repofting, of coastal water qud
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