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Baby Beach, inside Dana Point Habor, CA has had a higory of
impaired water quality rewilting in beach posings and closires Best
M anagement Practic es (BMPs) to red uce | evel s of fecal indic ator bacteria
have been imple mented. Weekly bacteriol ogic al monitoringdataind cate a
general decline in concentrations of fecal and total coliforms from 1999-
2002, siggeding ®mebenefit of curent BM Ps sich as Sorm drain plugs.
However, enterococci concentrations have increased during the same
period. Bacterial monitoring sudies to identify potential sources of
enteromeci such as storm drains, birds and sediments were con ducted from
July through October 2002. Enterococ ci lev els were determined in water,
Qull stool, and sediment sam pl es. Sediments were coll ected atsw ash zone
sites, up to 30 1t from the watedineand near stom drains Ten gams of
sediment were resuspended in 1% sodium metaphosphate solution and
sonicated for 305 at 30% output (B ronson Sonifier 450). Resuspended
sediment and w ater w ere anal yzed for enterococei using themEl membrane
filtrtion method (EPA Method 1600). Enterococci concentrations ranged
from 20 to 24,000C RU/10g in sediments and 10to 40,000 CFU /100 ml in
water. Up to 14 x 107 CFUIg were foundin = agul I stool s. The distribution
of enteomcci pecies in marine water, sedment, and seagulls were
compared. Isolates were speciated with API 20 STREP (Biomeriew,
France). E.faecalis was the mostcommon peciesin al sampl etypes from
the swash zone and gorm drain areas Notably, anumber of marine water
iDlates from the mE Imediaw ereidentfied as Strept oco cous spp. (225) or
couldnat bespeciated (17%) using A P 20 STREP. Theser esults are hi gher
than the 6% false positive rate reported for mEI. The marine recreational
water quality sandard fora sngle smple is 104 enterococc 100 ml, S0 a
20% or higher fal se postiverate cou d have significant implications with
regards to beach posting and closures. Accurate speciesi dentfication wil |
contii buteto determi ningthe so urces of enteroco cci

In 1999, the State of Califomia mandated statewide monitoring of
ocean waters for fecal indicator bacteria (FIB) at all public beaches with
more than 50000 amual visitors and edablished concentration stan dards
for these organisms in recreational water. High levels of FIB in water
indicate increased risk of illness from fecal contamination. The single
sample sandards for total coliforms (TC), fecal colifoms (FC) and
Enteroc occus (EN T)i nrecreational w ater, respe ctively, are 10,000, 400 and
104 colony-forming units (CRU) or mostprobable number (MPN) per 100
ml. W hen water adjacent to thebeachesisin violation with any of these
standards local health official s post signsto restrict beach access. Prior to
1999, Baby Beach was frequently posted dueto high level sof TCand FC.
Several bes manag ement practices were impleme ntal resultingin a gen el
decline of thew indicators. However, with the addition of monitoring for
ENT,increased p ostings have been duetoviol ation of enter cocci stan dards
as compared to TCand FC. Based on weekly monitoring datafrom 2002,
there were 76 exceedaces of ENT standards, 24 of which were al high
for FC and 4 for TC. Sinc e EN T are also present in soilsand pl ants, their
reliability as indicators of recent fecal contaminaiion in marine water is
Questionable. On the other hand, persidence of ENT in the envionment
may en hance thei r usef ul ness for sourcetracking. Thus speciation of ENT
may be useful fordetemining sources of water pollution, given that thereis
host speci ficity or diff erences in thedistribution of $ecies amongso urces.
Theobjectiveof this Sudy was (o evaluae the usefulness of speciaiion of
ENT a Baby Beach to help idetify Surces of fecal pollution using an
efficient and reliable speciation method The spaial and Peciation
differences of ENT isol ales obtained from marine waler were compared to
thow from potential sources of ocean water pollution such as seagulls,

storm drains and ediments. Iolates (N=150) from mEl cuture media,

typically ud 1o recover ENT from water, were iniially speciated using
AP 20 Sep. However, a number of isolates were identified as
Streptococeus speci es or could not be identfied (Table 1). Therfore, 263
additional isolate's from water, sediments and seagull stools using mEI were
also peciated using API 20 Strep, 28 of which were also tested with
M icroScan Gram Rositi vePC-12Panel and biochemical testing. Theresuts
were compared to detemine the reliability and efficiency of these three
methodsfor species ide i fication.

Receny, ®veral bacteral ourcetrackingmethods have been re ported
as being useful for discriminating human and nonhuman urces of fecal
pollution in water. The ENT isolates obtained in this study are being
archived for futwre Sudies using such molecular typing techniques for

further grain discriminationfor sourc id ent fic ation.

Sample collection. Water (N=121) and sediment (N=55) samples were
collected at nearsiore sites (Figure 1) and west stom drin outall area
(Figure 2) in 100 ml sterile, disposable bottes (ID EXX ). To character ze
ENT species distribution al the west sorm drain area and to compare
speciation methods, 20 samples each of marine and storm drain water as
wel as theunden yingsediments werec oll ected at same time of day for 4
consecutive days. A pproxi mately 100g of sedimentswerec ol lecta upto2
cm depths after collec ingtheoverly ing water. Seagull g0ols were coll ected
during the sameti me periodfrom acleantamp placed on the beach

Sample pr ocessing. 100 ml of 15 sodium meta pho sph ate w as ad ded 1o 10
g of sediment and sonicated for 305 @ 30% output with a Branon®
Sonifier 450, 50mIM gPO, buffer wa's ad ded fo stoo| mplesin centifuge
tubesand vortered. Sup ended sedments and $0ols w ere filtered usng the
menmbrane filtrtion method (Fgure 3) (2). Membranesw ere placed oo
mEI media as per EPA Method 1600 (9) andi ncubaled @ 41.02 0.5 7C for
24n

Speciation methods Isol ates from mE! including S.bovis, E. faecium, E
faecalis, unidentified species and ATCC control organisms [ E. faecalis
(#20212), E. faecium (+ 355667), S bovis (# 49147), A. vindans (¢
700406)] were speci ated usng API 20 Strep @ iomerieux), Mic 0 S anPC-
12Panel (D ade Befring), andbiochemical tedsusng various i dentification
charts (3-8). B ioc hemical tests included: gram stain, hemol ysson bl ood
agar plates (BAP), colonial pigmentation on BA P, motility, catalase (3%),
bile esuin, gowth @ 457C in brain heat infuson broh, modi fied salt
broth (6.5%), Moeller decarbocylase arginine, phenol red broth base
manitol, sobitol, arabinose, r@ffino®, andsuc 0. MicroScanpanel swere
tested using the |og-phase technique, as per manufacturer's instructions.
Antibi i ¢ susceptibility testing was also done using MicroScan. ARl 20
Strep was used as per manufacturer's insuctions, but without anaerobic
incubation.

Of 265 isolates from marine water, E. faecium was most commonly
isolated, followed by E. faecalisand E gallinanum (Figure4). The species

distribui on in sediment was similar to marine water. W hereasmos of the
isolates frommEl were speciated using API 20 Sre al one, 80 isolates from
the west storm drin area were speciated using AF 20 Step with
supplemental biochemcal tesing (Figure 5). Therefore, speciation resul ts
for sampl es collected at thestom drain areamay be slightly more accurate
than isolates from the nearshore aeas, since some species wuch as E
casseliflavus cannot beidentifiedusing API 20 Strep alone. E.faeciumw as
also the mos prevalent peciesin marne water and sediments below the
stormdrain. Therewasal© a higher percentage of S. bovisin seagull stools
collected in March (Figure 5) as compared 1o thos collected in the fall of
lasty ear (Figure4). In Sorm drain water samples E.casséifl avuswasmos
common, fol lowed by E.faeciumand€. faecalis.

Based on species identification of 28 isolates using API 20 Srep
MicroScan, and biochemical tesing, AP 20 Srep was found to be more
reliabl ethan M icroScan based on sp ecies id entif call on using bio chemical
test reactions. The antbiotic resistance profiles obtained using MicroScan
was not useful for dscriminating D urces of speci es, how ever this was
based on thelimitednumber of sampl es tested in this study. Interesingly,
noneof theENT isolatesw ere found to be vancomycin resistant,

Colonies of species other than ENT such as Sreptococcus,
Leumnostoc, and Aerococous appear identical to ENT on mEl SincemEl
mediaisprepared in our laboratory, the abi ity to recov er i fferent species
of Srepococcus and non-entemcoccal Pecies was verified using mEl
prepared at another local laboratory usng the sime forulation. Identical
isolates of S bovisand other non-entew coce al species grew on both media

andthec olonies appeared largeronmEl prepared attheother labortory.
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To date, mo e than 2 0 speci es of En teracoccu s have been identified In
Chis s dy, €. facium w as h e m ost preval ent species i n marine water and
Sedi ments while €. fa ecali s was mo 4 com man in ® agull stool s €. facca is
faccium are commonly found in human feces E. feelis is
commonly found in cats and dogs with E. faccium occurring les.
froquently. €. fascium, €. fascalis, E. hirae md E. durans are freg uenty
found in farm animais. €. faccalis, € faccium and €. cassellavus are
present in insects. E casseliflavus s also aswciated with plans (1)
Although the same  ecies o 1EN T canb e found in several d ifferen th osts
hore i 4l p oten tal Tor usn g  ecies info m atlo n 1o id m ty % ur cos of
focal pollutionin wate . The species | dentified in sedime nis at 8 aby B each
may ind icate speci es that are m ore resistant to envi an mental cond il ns
Futu e stud ies are need ed to d stermin e whath er ENT accur in the water
o nly in association with fecas o rwh ether th ey perd & and grow in ® dime nts
and on plants independent of a fecal contam ination event. O eary,
ad diti onal suud ies on specie s distribu tion and ho 4 specificity will establ ish
the reliabi ity of ENT as ind icators of fecal poll utio n in water. A sn gle non
entero coceal CFU of nonfecal o gin coul @ h ave ser ous | mp Icatio ns as to
beach podings, espec flly It small volumes (L0 m 1 or less) are used (o
determ ine ENT level s since the sin gle stan dard exceed @ ce for ENT is 104
CFURDOMm I
ThemEl mediaumd o isolate ENT co niain & ind oxyl -6-D- gluco 3 de ta
it oren tate these orga nisms 1o m focal €rep 1oco cel. How over. up to 20%
of the imlaes were eiiher Strep toco cars spp . could not be ident i ed or
wete non-m terocaccal  ecies comm only found in the envim nm mt that
may o may no tbe dinicaly dgn iticant
M 0 stent eroco ceal isol ates can be rapid Iy 1g eni ied using AP 1205 ep
406 M ler oS can 10 enif icai on system s, ath ough M icr S can had bio ehemi cal
tes dimrepancie’s when compared o routine biodemical test For
complete and accurte identfication, we recommend the foll owing
Sup plem ental testin g in addition o API 20 S gram stain . p ig ent, m ot iy,
cataase, and growih Tudies at 45°C and 6 5% Nacl Some | laes
i enified as €. faecium by API maybed entitied as €. cassl ia vus usin g
biochem ical teging, however, E. cassd il svus may bea sub ecies ol €

Taccium

% E faed umvasthemost revd et entercocd pedesfound in nerine
ad sadinert sanples using mE, wheeas E. cassdiflaws was the
nost prealert pedesin sarmdrin weter. E. faecdi swas dso the
nost common spedies in eagull sools, hawewr there may be
differerces in pedes disribution die to saondity. The spedes
disiibution in mai re water, strm rain weter, sed ments ard seegul

10 bespexf wige to eech o
? The d s bution of ENT spedies in sedmentswassimil a to that of the.

oerlyingwater, siggesingthet coatd edments maybean i npartat
re®noir andpehaps sourceof theseorarismsin vater,

2 Futther sran disoiminaion o E. faiun o E. famalis wsing
molecuar techriqes may be tseful for idertifyingsources of ENTin
veter and sed nents.

2 The API 20 Strep and M icroSean idlertif cati on systemswerefound to
e gnedly ®idle for idetifiction of E. faecalis fram
envionmenta urces, althouwgh API 20 Strep hed nore comperabl e
b ccheni cal reectionswhen compered to rout rebiochemical testirg

2 Up 10 2% df the i DlatesfranmEl ney be species aher then ENT
thamay o mayndt indicatefecal catamination
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