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A membrane fiJter procedure i_.,. describ1!d fur the enun•erattt~n nf entemccJCci in 
marine waters. The procedure utilizefO a hi~hly se~cti~ and ~mewhat differen
tial primary isolatiun mediunt followed by an in aitu •ubstrat.e tesl for identifying 
coloniefi. of those or~anisms cn:pable nf hydn1lyzin~ e=culin. ThP p~ure f m EJ 
wa~ evaluated with known streptococci ~;trains and field umples with re.-ard to 
its accuracy, scnsilivity, selectivity, s.pecilicity. precision, and cnmparability to 
existing method5. Es..;entially quantitative recovery was obtained with seawater
stre.o;sed ce:ls or Stnptococcu.r; /af'cali." and S. foecium. Neither S. bouis, S. 
~quirw.s. S. miti.o;, nor S. soliuarius «rew on the medium. The selectivity nf the 
medium was such that a 10.000-fold reductinn in back~round ~anism" wa:r: 
obtained relative loa medium which contained nn inhibitors and was incubated 
at 35 C. About 90% of those typical colonies desi~nated as enterococci confirmed 
as such and about 12% of the colonies not so desi~nat.ed were. in fact. identified as 
enterococci. Plate to plate variahilit.v aci"05S sample;. approximated that ex
peeled by chance alone. ":dified recoveries of enterncocci from natural samples 
by the mE procedure. on the avera~e. exceeded thm.e hy the KF method by one 
ord_er or ma~nilude. 

Shortly after J.P. Law. and F. \11. Andrewcs 
first reported streptococci from the ~astrointesti
nal tract., Hnuslon noted that these ortani5m5 
appeared tn be characteri,:;tic of sewa~e and .Jni
mal fecal wastes. He sug~ested that they were 
indicative of dangerous pollution because they 
are readily demonstrable in recently polluted 
waters and seeminR"Iy absenr from waters above 
suspicion of contamination (18). Since that 
time, a volume of data has been accumulated 
categoricaiJy demonstrating that fecal !!;ln:pto
co<:ci are associated with the fecal wastes of man 
and lo~r animals and that they can be isolated 
rrom polluted water containin~ such wastes (H. 
20). Nevertheless, this group or organisms has 
not been generally a~cepted as an indicator of 
fecal contamination for at least two reasons. 
First, coliforms and coliform biotypes have been 
a more atLracLive means of identifying fecal 
contamination be:caur.e early workers found 
them easier to quantify and t-hey are present in 
larger numbers in feces. sewaae. and poiJuted 
waters. Second. there has been a 2ood deal of 
confusion concerning the iden11ty or the fecal 
streptococci, particularly as it relates to their 
ecological distribution. This i~ renccted in the 
fact that those streptucocci which can be found 
in the feces of man and other warm-blooded 

animal~ have hccn referred In Wlriou!';lr &!'i. 

enterococci, fecal ,;tnptococci and. more re· 
cent.ly, ~roup D $lreplococci. The Cflmposilion 
of th~ three ~up!' is shnwn in Fi~. I. It can be 
seen that l wn or~anisms not associated with 
human.o;, Strt'ptococc~D boui.. .. and S. ~quinu.~. 
and two otJanisms associated with humans, bul 
not exclusively with fecal WL"tft. S. mitis and 
S. saliuariu.s, are included in nne or more of fhf' 
~rour><. Ideally, the indicator should be limit.ed 
to the fewest number of spedes or biotypes 
which are ma!\t closely or exclusively as.o;ociated 
with the fecal wetes of man, i.e., S.faecolis and 
S. faecium. Facile met}w)ds to do this have not 
been available. Hence, broader rrou,-r; of strep
tococci have been used at timH, bea.use th~ 
were the biot)'J)e recovered by the proceduru 
available. 

66 

The taxonnmy and dist.ribution oft his ~troup 
of or,ani,;;ms hu heen reviewed by Hartman et 
al. (8), Kjellander (ill. and revi.~ recently in 
BerRey's ManuDl for DetermiMtiue Bocterioi
O/!Y, 8th ed. (2). 

E:~rly attempt,; .,, quanlify fecal strept(JCOCCi 
reolied on enrichment tube procedure!> a!l.o:o<K'i
aled with thto UM! or l~ mmt JJrobtthle numher 
methucl. In 19-40 Mallmann f I~) !';U~2e!'Lerf th(' 
use of a1.ide lacf.f~ broth. Thi!i. "'"" l:~ter 
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Fac. I. DUtribuJ.iOil of aenptococ:ci IP«i~s onront 
thru troups. ThU study wa.s ~mnp/C't«< priM to lh~ 
n~ns~ of lh~ 8th ftlicion. of &r,ey's Manual for 
lht~rminllli.w Ba~teriolc:Y (2J. IDhich has cltlui/i~ 
S. ~ymQG~tws as S. /aftfll.U, a~·c~s aymo,t!'na 
ottd S. durol'&l o.s ~u.iual~nl to S. fo~cium. 

modified by Mallmann and Seli~mann ( 161 
using Roth's basic azide dextrose medium, 
rollowed by 1t confirmalion in ethyl violet azide 
broth as d!'5Cribed by Libi<y et al. (13). Tni< 
procedure has been evaluated in marine waters 
(3}. Hajna and Perry (7) developed Lhe SF 
medium; and Winter and Sandholzer (ZJ) de
scribed presumptive and confinnalory media 
which use sodium azide and/or hi~h concentra
tions of NaCI as inhibilon.. 

The quantifical.i.on or enterococci by a mem
brane filter procedure was first repotted by 
Slanetz and Bartley in 1957 121); and, in 1961, 
Kenner et al. (10) described the KF method for 
the enumeration of fecal streptococci. In 1966 
l.senber~ et al. (9) reported a platin« procedure 
(PSE) ror the quantification or «roup D strepto
cocci. This medium offered increased recoveries 
and easier dirrerentiation based on the use of 
the 6culin reaction. The recoveries by these 
and other procedures have been com1)ared by a 
number or "'<Jrker:;; ( 19. 22). 

Jmpelu5 ror the presenl invCSLIJ!<Uion ricve). 

Mt::MBIIANE t'll,'l11A.l10N 'n;CilNIQUt; G7 

o1>ed (rum a ("t'• .... nari!wn uf the J<\F lilt" I hud!'O aml 
PSE medium .,.,~d in n•njunc-tiun '"·ith 111<'111· 

brane filtration) fc•r the ~.latitlll u( fe-cal ~~~p
lfw:ncci (rom n1ari11e "':Iter.:. :al IK":IC""hCtO. in the.• 
vic-initv crt Neu.· \"nrk C:ih·. In thi~ prelimi1lM.\. 
invest~atiun., it wa!' ul~n.~ thai the nul
firmed recuwri~ eM rec;~l strC"plnc."'II("Ci by lhC' 
modUaed PSE pruc:«<ure exeft<l~l I hu~e hy the 
KF method h\' about one order of maJ!;nitude. 
H.,_,.r, Lhe ·mudir.ed l'SE P~""' a.• u<ecl 
was deficiC"nl in that Ovt'ftrrnA .. h h~· hAckJ!;rnund 
mi~anisms was a seriou!!i problem. The 
present report desCribes the e"·aluation oC a 
tnocedure ror the f'numeral tnn a( rnter"OC'O('C"i 
desi~ tn nhviAie t.he problem!' noted aho"-e. 
In addition. an attempt was n1ade to make the 
methnd more specific. i.e.. to elin1inate the 
recoYft)' of the viridam group (S. mitU. S. 
saiiHJT'ius) and the twa o~ani!.m!'. exclu$i\'tly 
associated •-ith animal reces (S. rquinus and S. 
bouir). The method (mE) was evaluated atainM 
the foUowilllt criteria: (i) accuracy. r«overy ar 
at least 75-., of the viable S. /aecali• and S. 
(at!cium cells (ollo";"l!: a strH.'io impa5ed h~· 
exposure to sea water ror <48 h at 4 C; (ii) 
selectivity. lhe reduction or back([r"Ound ort•· 
nisms in naturally pnlluted waters by at least 
three orders of ma~nitude (!,()()().fold): (iii) 
specificity. colonie!'. desi~natf'd a~ J)mitive 
should verify as 5uch at lea5t i5~ of the lime. 
and no more Lhan 1()'1. nf thn5e dt'$itnated AS 

ne~at.ive should verify a.or;. entemroc:ci; ( iv} prKi· 
sion ..... it.h field sanwle$, th~ D' (.C) ,-alue 
di~tribution ,.pprnximates that estimated by 
chana; and (vi comparability. the accurac~· 
and sensit.ivit~· of the method he equal to or 
Kreater than existi::..: membrane filter methods. 

MA'n:RIALS AND METHODS 

CuJ&ul'ef aM Cteld umpla. T1w ft~ry and 
accuracy &lud~ •-ereo per(ormfll with cuhura ft( S. 
{oceola. S. farcium, S. bouis. S. ~uinu1, S. mili.t, 
and S. aolivoriw prnYtdfod by R. Facldam fCen1~r ror 
Di~- Control. Atlanta. Ga.). and with a Mrain q( S. 
{o~colis i.olated rrom New Vorlc. Habor. ~uspenaions 
of the. orcanism5 were prepared rrom brain-heart 
in(usion bratb (8HI, Di(coJ cultures incvbeted at 
37 C rar 20 h. Ar1er incubatton, the orxanisnu. -.~re 
washed t.hrft tames in . Merile. pho.pha&.e-buffered 
saline (NaH.PO .. O.S8 a:; Na.HPO .. 0.251~ NaCI. 0.95 
a:; ddlilied Wlller, 100 mO. Ahquou ol the resultant 
suspe~Biom were deli.\-eM into nu~ts o( Na water 
p.IISK'd throurh a 0.2-nm membrane filter. T~ •-ere 
ht-ld at 4 C and umplt'd periodically by the mE 
n1et.hnd anci a cnnlrn( f'lrnttdU~ (~J11"CtU1 rJiaiC'S n1l 
BHI qar) tn de1c-rrni1w IlK' nunlbC'r of rt"CO\'erable 
tM"~!IInt!U'II!.. 

F1dd Mfnl•lr--- wert' C"UIIC't"h.·d rrunl ma.rinC' ami 
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C$tuarine watenc. i~ sterile contain• -. ~ld at ol toG C 
and asu~ within 12 h or cnllection. 

Membrane filtration. Apprnpri•t.e vnlumnc althe 
te5l SU$pc:Mions or w111.er s:~mfllo UM'Ci in .,,·aluati~ 
tM eaperiment.:tl medium we~ p-.:sed thmu,-h mem
brane falters (<17-mm d&amew. 0.45-nm pore size). 
When the pnrtion u( the water sample lu be Cille~ 
-.•as less than 20 ntl, it was broucht lo at least that 
volume with phosphaLe-burfered saline to •·ash raid
ual Of'l•nisms onto the membr~~ne. 1lte a:lass filLer 
hnlden were sterilized rnr 2 min in an ultnviolct 
sLerili%inc ap,.,..lus (Millipore Filter Corp.). The 
membrane filters were obt.ained presterilized (rom l.he 
manufacturer. 

Recovel")' media: mE. ~ formuiH and methods 
of preparation of mE medium and the e'$CUlin·iron 
apr substrate used in LM in situ esculin test are 
ch·en in Table 1. After a bas.l medium cont.ilinin~t 
peptone, IIOdium chloride, yea~l u:tn.cl, aculin, and 
ferric ammonium citrate wa shown to quantitatively 
reCOYer the ottanisms, a se~~rch for approprUte inhibi
tors was initiaLed. A number ol c.ndidales were 
acreened for this purpose initially by u,;inc a modirN:a
tion of the cradient plate method of Szybalski as 
described by Levin and C.belli (12). NaJidil:ic acid 
and sodium uide are u.~ to inhibit cram~~at.iw 
orcanisms and aclidione to inhibit funci. Triphenyl 
t.etrazolium chloride in the concenl.tation used colors 
the colonies:. differentiates enterococci (rom other 
streptococci based upon ill: reduction, and has a ali«ht 
inhibitnry effect on snme IH!dc.vound mic:ront'lra
nisms. Esculin is included to induce t~ enzyme 
cat.alyzina: ita hydrolysis. The mE plates ane incu~ 
bated for 48 h at 41 C; t.he elnat.ed incubation 
temperature also inhibits some of Ow indJ«enous 
microbial flora. 

In situ esculin substrate. The hydrol~ of esculin 
is used in the charact.eriution of enterococci. Ini
tially, the esculin indicator system was induded in 

TABLE 1. Preporation of mSD medium and ElA 
IUbstrate 

.. so EIA 

J"«ftdienu:• Ill' iter lncMM'nt.r' oil• .... 

AJar 15.0 Aoa< 15 
Peptone 10.0 Esculin 1.0 
NaCI 15.0 Ferric calrate 0.5 
Esculin 1.0 OistiUed 1,000 ml 

water 
Yeast uttact 30.0 
Actidione 0.050 
Sodium azide 0.150 
Distilled water 1,000 Dll 

• Autoclave at 121 C for IS min. After autoclavirl«, 
add nalidixic acid, 0.24 &; and lraphenyl lettazo&ium 
chloride; O.H» g. Adjust pH lO 7.1 * 0.1 and pour in 
3.~-m1 amounts to 50-mm membrane £ihn plales. 

•AdiustpH toi.l :~: 0.1 beforeautoda,·inJall21 C 
for IS min. Pour m 3.5-ml amount..s to :,0-nlm nl~m
brane filter plat~. 

Arn.. MacROBIOL. 

the prima')' rncdium. This r~ltcd in dark n!d 
cnlcm~ apprnaimatcly 2 mm in diameter with black 
hat. in t.he mt'dium ""'ultirtt fmm the n!actinn nl 
cumarin wilh the ferric ('hlorid~. \\'hen more than 20 
colonie~!. were pm~enl. ~- the zone5 C"Oai~. 
makina: it impn!'!'iblc tn dc:terminto •·hich of tlw
et•lunie ll'tD ~ilivc. 1hft. rwnhlcm --~~renin(' '"" 
&.he use of an in Kitu lft.l in which, afLrr incub:~taon. 
t.he membnne i!l. lr-.nN"ertftl tu an e.culin-in•n az.ar 
plate O"able l). After 20 to :tO min at 41 C. !'mall 
black spota appear under tht ~itive colonies. per· 
milling enumeration ol at Wast 80 enlemcnccus roln
nia per plate without problem~ of roal~nce. 

Coa.trol taeclia. KF (Oifcn) .and l'SE (Pfizer) 
medii~ were prepared and UMd fnllowin,: in.o;truct.inm. 
from the manufacturas and Slondard Mdh.otls f• 
th~ .£rom &nation of Wo!er ond Wo•tewo!rr (1). As 
nowd earlier. the PSE medium was used in a mem· 
brane filter procedure. 

Verirte~~tioa o( colonies. Verification of cnlorti:s as 
enterococci was aecompliMed b~· u~in,: the bi~
esculin medium ol Schwan in combination with a 
modification of the procedure nC Facklam and Moody 
(5}, i.e .• (i) a:rowth at .CS C in BHI broth: (ii) a 
nqalive a.Lelue Lest.; (iii) esculin hydrolysis; (iv) 
(P'OWLh on 4()'1. bile-blond qar; (v) an acid ruclinn in 
lit.mus milk.; and (vi} a positive Cram sLein. 

RESULTS 

The accuracy of the mE met hod was deLer· 
mined by comparint the recaverieto nhtained by 
this procedure lo t.hnoe oh""rv<!d when ei~hl 
species of streptococci were spread plated on 
BHI •ar- The suspensions, whose initial cell 
densities varied between 101 to 10' per mi. wert 
prepared in filtered estuarine water and held al 
5 C (or periods up to 9 days. The avera:~ 
relative ~very of S. frucalls and S. faociwn 
over tho 9-day period was 102'1.; S. bouu, S. 
~quinu.s, S. mitis, and S. solivariu.s recaveries 
were 0.0001'1. or less (Table 2). 

The selectivity of the mE method was such 
that a 10,000-fold reduction in background 
organisms was obt..ained relative to that ob
served when the inhibitors "'·ere omitted (rom 
mE medium and the plates were incubated al 
35 C. This 99.9941. reduction was obtained with 
samples whose initial background densities 
were 10• to 10' cells per JOO mi. 

The specificity of the mE procedure was 
examined by determinintt: (i) the percenta.Je ol 
typical colonies which did not verify as mem
ben; of the enterococci J<Oup (fal.., posiliYeS) 
and (iil the percent.&J~ of other colonies, thor.e 
which did not possess the typical colonial char· 
acteristics which, in fact. were enterococci ((al~ 
ne~alives). The 2.231 colnnies examined wert 
isolates from pollut~ marine and Htuarine 
water samples collcc1ed at ~tx loca.tiuns alonJ!: 
the east coat or the Umted S1ates. Most or thf 
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TAni.E 2. Tl•~ rrcourry of tt.lrt:!l.<c~ j~tolstr~pltX"octi 
on mSV mrdium 

"'. R«-etR"'l't)·• ar•~r ... 1 -..ur~ 'do11~1 
Or~:~ni~1 

n I ' • • 
S./o~coli:c 107 Nl)• ~ 12.1 87 
S./orcium 102 Nil 12G il 109 
S.forciumc ... Nll 108 <6 100 
S.farcoli.s 117 NO 118 NO 113 

suh!;p. 
zymof{~f1t:s 

S.boui.-c 0.001 <0.0001 NO NO NO 
S. cquinu5 <0.0001 NO NO NO NO 
S. saliuoriu.-c <0.0001 NO NO NO Nil 
S.miti.s <0.0001 NO NO NO NO 

•Suspensions held in seawater al 5 C rnr number or 
days a~ indicated. 

• Relative In recn~ry on BHI:'IiJnUd plate=r.. 
c Obtained in 1973 rrom R Facklam asS. durutU. 
• No datol. 

isolates came from samples collected at beaches 
in the vicinity of New York City.ln J!eneral, all 
the colonies on a Jiven plate were examined. 
Ninety percent of the typical colonies and 11.7% 
of the other colonies were enterococci (Table 3). 
Neither S. boui.s, S. ~quinu."l, S. mitis, nor S. 
saluarius were encountered. 

The precision o( the mE method was deter
mined from D' values for assay variability 
calculated from the followin~ equation as ttiven 
by Ei,.,nhart and Wilson (4): 0' • NIXI' -
(IXi) ::/XXi, ..-.·here IXi is the summation of 
the plate counts X 1, X 1 · ·-X •. and N (the 
number of replicate plates per sample) was 5. 
The D' values calculated from the eumination 
of 15 polluted, marine. and estuarine water 
samples are displayed in Fi~. 2 a1o~ with the 
e:.:pectcd 0 1 control limits for p - 0.005. 0.025 
and 0.5. In the event of exceuive variability 
among the five replicate determinations 
(plates), hence, poor reliability of a single 
delermination, the observed 0 1 values should 
have exceeded the control limils more fre· 
quently than expected by chan~ alone. By 
chance alone, one 0 3 value in .CO would have 
been expected to exceed the P • 0.005 lim1t 
However. it can be seen that none of the values 
e1.ceed the limils, and that they are evenly 
distributed arnund the P - 0.5 limit (Fig. 2). 

Sixteen water samples collected from a vari· 
ely of wurces were assayed in parallel by the 
KF, PSE, and mE methods. Typical colonies as 
described for the various procedure~ were veri
fied a~ ~latcd in Material~ and Mcthnd~. Thu~. 
the data presented are dert\"cd from vcrif1ed 
rtcovcriC"!'.. A5 can be ~een frurn Tab!C" -4. ne1thcr 
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the PS£ nor · ,• J<F recm.·eries Blli"'Jr0..1ched 
t he'$C obtained with t h(' mE method, all hough 
lh<~ by the I'SF: and 1\F method~ did apprnxi· 
n1ale each other. The :wt'ra~e number c•f t"uln
niet on the filt('MC in lh~ 1:1 lrial~ w;l~ 70 . 
r:mtin~ from 9 tn 110. In 1111 !!Oe("Ond. mnrc 
extensive set nf triah;, fecal streptococcus densi
lin obtained by the KF method were compared 

TAN.£ 3. SMcificity of th~ mSD ,.-o«durr for the 
~numf!f'"Gtion of *roup D at,.ptoc-oui 

Nn. al comnnW!I and .-.. ,-erifical tnn 

Ce-ralumpk T~IC'I'Innies Ot Nor con&nnies 
itlc-altnn 

No. 'FaiN No. '1-falw 
•••mined r-iliYf' n•miM"d .net:ath-,. 

Cnn~y l~land. 1.22.5 II IC7 18 
N.Y. 

Rii!\ Park. 577 10 1114 II 
N.Y. 

Miami. Fla. IG 0" IG o· 
Boston Harb .• 59 3.0 NO' NO 

Mas.o;. 
,...,nn«licut 67 <.0 20 0" 
Rhode h;land 30 0" 10 0" 
o~rall 1.9i4 10.0 257 11.7 

• No ralse-nuative or positi''t! colonie:'li. 
• No data. 
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SAMPLE NUMBER 

F1c. 2. Pr~ciston of lh~ msD pruc('dur~ for rn· 
tt"rococe~ Ol t'rt~nd~d from di.-c~rsion of D' loalur$. 
Symbol.~.- 1e1 0 2 uolut' cnlculnt~d /ram /iu~ r~pltrolt' 
plalcs ol t'ntiJ poult. co11troll•m•b u•hrn prt~bG· 
b1l.ty •~ o.~ ~lal~d 
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TARLL .C. Comporisol'l n/ r...:ri!ird rc · ~"rics of trou.p 
D •t~ptococci b"· the mSD. PSE anti KF mdhod.s 

onE ._m~IJ 

l...nc-111tnn i 1"ri•l 
........,. ~·lJ:.t 

tcnkwlinl 
I f'l••el I'SE KF 

Pro,•idence River ' I •s 82 6'2 
2 23 70 74 
3 90 I G8 58 
4 55 78 94 
5 70 49 73 

Coney Island I 110 59 61 
2 82 60 11 
3 21 48 61 

Boston Harbor I 89 88 75 
2 97 I 59 70 
3 7J I 47 73 

Miami I 9 NO• 66 
2 107 NO• 33 

Stonin«ton I 9 39 75 
Harbor 

I New London I 61 25 38 
Harbor 

M~ostic Hart..or I 85 G8 9 
A,·a: 70 60 63 

• Values obtained £rom the nera«e of triplicate 
plate counts. 

• No datil beau~ the PSE plate~ were nvcrvnwn 
with backcround oq::anlsms. 

directly to thOR by the mE procedure (Table 5). 
In only three instances did the KF recoveries 
exceed the mE r«o\'eries; on the avera~~:e. the 
mE recoveries .. -ere about 10 times treater than 
th~e by the KF procedure. The samples re
ported in Table -4 were obtained durin~ the 
winter months and those r•oorted in Table 5 
were obtained in July and Au~ust. 

DISCUSSION 

The mE procedure has satisfied most of the 
predetermined criteria for a primary, selective
differential methnd for the enumeration of en
terococci in marine "'aters. The only exception 
was the rate of (al!oe·netative colonies. 

Essentially quarititative recovery of S. 
faecalis and S. /atcium was obtained wilh 
unstressed and ~tressed cells. Although this 
approach is ba!-ically artificial in that the work 
was done with pure cultures rather than natural 
samples, it is not l~istic:aiJy feasible to perform 
such experiments with natural sample5. S. 
bovi.s and S. ~qumu.~ were not recovered in 
si2nificant number.:; of mE medium. nor were 
they isolated from natural samples. Therefore. 
ll may he as..c;ur.::E>d that these two spcc•e~. whose 
origin is amrr.al feces. are not mcludcd in 
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densili~ of enterncocci a~ obtained hy the mE 
procedure. ltclal ive 1.n nther melhod~. this in
crea~ the !II;J)ecificily nf I he mE ftrnccdure f(1r 
enlerocncci of human oriarin. Huwevcr. S. 
faecal is and S./acocic.m do nccur in animal fccC'S 
(21. In addition. bicM.ype< of S. /aocalis have 
been reported (-4. 15) a~ bcinrr: Lo;.sociated with 
,-e.eLat.ion unpolluted with human fecal wastes 
and with imecb. The former are differentiated 
by theic ability to hydrolyze •un:h, a chacact.or
ist ic which could be performed as a suhcoequenl 
in sit.u test. 

1lle selectivity crilerion for the evaluation of 
mE method!~!. aNumes that c.he marine recrea· 
lional waters t.o he examined for enterococci 
cenerallv -.uld conLain (.,.. than 10' back
.,round ;,rl('anisms per ml (those bacteria which 
grow in <48 h on the mE medium when the 
inhibitors are omitted and the platet arc incu· 
bated al 35 Cl. The required 1,000-fold (99.9'1·1 
reduction in the level nf these or«anisms. to be 
achieved by the combination or inhibitors and 

TABI.£ 5. Comparison of wri/it:d ruowri~s of fecal 
at~Vptt-nrri and oth6"-.at1Um• by the mSD ond KF 

methods 

R~perJOOmlby 
...-up •nd tMt hod 

Loc:ahnn Trial F~nl ou ••• 
-~ptocwci colon in 

-<m KF mSD KF 

Corwy l~land, I 38 <I 54 13 
N.Y. 2 38 NO• 35 TN' 

3 210 6 190 <I 
4 660 NO TN TN 
5 610 NO 240 TN 
6 310 20 430 <10 
7 10 4 123 <I 
8 1 I • <I 
9 10 • 10 <I 

10 1.510 6 310 <I 
Rockaways, I 170 12 940 <I 

N.Y. 2 230 17 1,090 <I 
~ 440 8 TN <I 
4 51 5 450 <I 
5 25 61 56 <10 
6 <9 62 24 <10 
7 31 2 <I <I 
8 16 8 12i <I 
9 :rl 5 100 <I 

10 41 2· 53 <I 
II 36 8 1 <I 
12 12 5i 89 <I 

• No data. conOuent t!rnwlh o( b:tcktmund nrJa· 

•Tun nunteruu~ tu count. 
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the elevated incuhation temper:tlure. would 
re.<cult in 50 cnlnnies I"<"' filler ¥.·hen n flO-ml 
water "':tmple j,., aAA."t)'e'l. The differt'nlinl ('hnr
ACieri!i:.tia; uf the medium then 5hould J>ermil 
the detection of a !i:.ill:!IC" xruup enlerncncCU!i:. 
colonv un !C;;UCh A filter. The actunl reduction 
(99.9in-.J e:w::ceeded thi!> requiremt"nt. thereh~· 
perm itt inK the detect inn uf J!ruup D 51 reptococci 
in the presence of 500,000 hack~und orga
nisms depmoited nn lhe filter. 

AlthouKh the rate of fal!i:.e-ne~ative colonies 
(11.7«1,) sliKhtly exceeded the specificity crite
rion (l<rJ,). the false-pm;.iti\'e rate (lQI:.l was 
markedly lcs.co than the 1ipecified lin1it (2.')~). 
Therefore, it mav he a..._c;.umcd that verification 
of a number of .typical and nther colon in is 
neces....ary only when an operator is l~in~ 
trained. ln the absence of "·erificalion, estimates 
of enterococci den.coilil!$ 10hould he desi~nated as 
presumptive. After verification, the ~timate!' 
would be con.coideced as cnnfirmed. 

The result..c;. demonstrate CFiK. 2) the precision 
(repmducibility) of the mE procedure. The 
plate to plate variability over th~ samples 
examined was that expected by chance alone; 
that is. the 0 1 estimates distributed equally on 
both sides of the P - 0.5 limit of 3.2 and none 
exceeded the P - 0.025 limit. 

The recovery efficiency of the mE method i~ 
comparable to, or better than, that hy the KF 
method for the examination of enterocncci in 
estuarine water.;; in addition. it provides hi~her 
confirmed recoveries. The difference between 
recovery ratios (mE/l{f) ob!~>en-ed al Cuney 
Island in the summmer months (1.5; Table 4) 
and winter months (&t; Table 5) may be a 
function of a seasonal \·ariation (water tempera· 
lure, rainfall). A..co noted previously, the method 
measures a more specific portion of the fecal 
streptococcus population and one that appears 
to be a close association with the fecal wastes of 
humans. 
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