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• MF is a 1 to 5 ·day test. 
• It involves numerous steps (see pages 9-57- 9-62): 

I. Media Preparation 
2. Filtration 
3. In£ubation . .of filter for 24 hours at 3 sac on Endo-type media 
4. Observation of colony growth for typical and atypical morphology 
5. Confirmation of potential coliform positive colonies in BGLB for 48 hours 
at 35°C. 
6. A fecal coliform test using EC Medium for 24 hours at 44.5°C. 

• It. is recommended to read colony counts with 20-80 coliform colonies and not 
more than 200 total colonies. (page 9-60) 

• Membrane colony counts are not absolute (Table 9222:[[ illustrates 95% 
confidence limits). (page 9-6 i) 

• A verification step on typical colonies is required and verification on atypical 
colonies is recommended. (page 9-56 & 9-60) 

• The fecal coliform test uses an enriched lactose medium and an incubation 
temperature of !1-4.5 ± 0.2°C for 24 ± 2 hours to differentiate between coli forms 
found in the feces of warm blooded animals and those from other 
environmental sources. (page 9-63 - 9-65) 

• EC-MUG is a specific procedure used to test for E. coli. (page 9-67 9-68) 
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Pol:J.,_\ium Uihyi.lrogcn phmph~te, KH~PO •............. 
Sodium chloride. N<lCl ........................... . 
4-mc::thyturnhdl iferyl-\3-o-glu<.::uronide (MUG) .... . 

·:;•.:nt-br.J.dc:: water ...... . 

1.5 • 
5.0 b 
0.05:; 
I L 

AJd dehydr~ncJ ingredients to w;1tc:r, mix thoroughly, ::wd he:lt 

to dissolve. pH should be 6.9 ::: 0.2- aftt::r stc:riliz:.nion. Before 
steri!iz.:uion. dispense in tubes !.hat do not fluon:sce umler long
w:lvelen!!th (366 nm) ultnviDiet (UV) light. An inverted tube is 
nor nec;<;S.J.ry. Close tubes with metal or he:J.t-n:sistJnt p!Js:ic 

C:!pS. 

b. Procedure: Submit all presumptive ferment:.ltion tube:; or 

bottles showing growth. gas, or acidity within 48 :: } h nf in
cubation to tht: E. coli lest. 

1) G·.:ntly shake or rotJte presumptive fenne:1tation tubes or 

bottles showing growth, gas. or acidity. Using~ stcriie 3- or 3.5-

mm-diam mt:to.l loop or sterile wooden o.pplicJ.tor stick. transt'c:r 
grnwth from rresumptivc krment:.ltion tube or bottle to EC-,\tt;G 

broth. 
2) lncuhJ.!c: inoculated EC-MUG tuhes in o. WJter bath or in

cubator mJ.int:.lined at 44.5 :t 0.2°C for 24 ± 2 h. Place all EC· 
MUG tubes in w:Hcr bJ.th within 30 min after inocuLuion. ivbin
tain a sufficic:nt water depth in the water-barh incub:.aor to 
immerse mbe:, to upper levt:! of medium. 

MICROBIOLOGICAL EXAMINATION (90QQ) 

c. fntcr{?rewtion: E:cunim: all tubes e:<..hibitin,b: ,::ro,..,.·th for tlu
'orc"sc;:.nce 'Using a long-wavelength UV !amp ( prefcr'lbly 6 W). 
The presence: of brit;ht blue !lul)rcscem:e is considered J. rositive 
re:;ponse for£. coli. A positive control consisting of a known E. 
coli (MUG-positive) culture. a neg:uive cnmml con:,isting of a 
thermotalt.:r~nt Klehsidla pneumoniw! (MUG-ne;;auve) cuhure. 
and an uninoc•..1l:lleU mdium contra! mJy be nec::.ssary to intt.:rprt.:: 
the re.sul~ anJ to JVOtd confu::;iun of weak auto-tluore.sccnce nr 
the medium :::1.::; a positive response. If multiple rube.~ :J.re: used. 
C:::l.lcuL.lte MP:"' f;om lhe number or positive EC-i'v!UG broch tuhes 
as de~;cribetl in S<.!ction 92:::1 C. Wile~ using only one tube or 
subculturin:; from a singk presumptive bottle. repnn JS prc:sence 
or ~bSI.!~ce of £. culi. 
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:.md w:l\o;:r. ln A. Botlows o.:l ai.. t::Js .. R.iptJ Methods. and :-\utOmJ.tion 
in Microbiology and Immunology. Proc. 5th lm!. Symp_ on R.:~pid 

M~.:thncl.s .1nd Autom:Hinn in Mtcrohiolo~y & lmmuntJiogy. Florcm:e, 
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Cu11. 1. iHJcrohiul. ]7:90~. 

8222 MEMBRANE FILTER TECHNIQUE FOR MEMBERS OF THE COLIFORM GROUP' 

9222 A. 

Tht: mt.:mhr:Jnc filtt:r (MF) lt:t.:hniqtu.: i.'> ht:;hly rt:prutlucihit.:.l::ut 
he U.'>t.:Ll tn lt:st n:k1tively !a.rg-.: S'-lmpk: volum..::>. '-lnJ u.-.ually yi~.:IU:-. 

numeril::1l n:::-ull:. ml)re rapiJ!y th:..r.n the multiple-iuhe fcrmema
tion prm:~tlure. The Mf techniqul.! is t.::ttrcmdy useful in .!l'HJ!li
mrin:; drini..ing water o.nd o. nrit:ty of n.:.Jlural w:w:r.<>. HoWc·;er. 
the: 1"IF tet.:hnique has limit~Him~s. p:l11it:ular!y when te~;ting w:Ht:r.\ 
with high turba.lity or large numbers of nunculiform (bat.:kgrounJ) 
b;.~cterio.. Whe:-~ thl! MF te:t:hnique h:.ts not been used previously, 
it is Je::>irable to conduct parallel tests with the:: method the: b.bu
r.nory is using currently to demonstrate applit:ability anJ com· 

parJbility. 

1. Definition 

As related to the MF te(."hnique. the ~.:aliform group i.~ Lletint:J 
:l.'i tho.sc: f:.H:ultative anaerobic. gr:lm·nt;;;ative. non-spore-forming. 
rod-shapeli b;.~ctcrio. thuc develop red colonie:-; with a mc:tJ.l!ic 
(!?Olden) sheen within 24 h at 35°C on o.n Endo-rype mc:.lium 
C;nt.:.tinin!! bcto.se. Some members of the tOt:ll coliform group 
may prod-uce dark red. muccJid. or nucleated colonies without a 
metallic shet:n. When verified the:-;e are cl;.~ssifiecl as .:.llypir..:J.! c;o
liform colonies. When purified culture.s of coliform bo.ctl!ria are 

. ppru'leU by Stani.lard Methatis Cumm11tee. \':l'li. 

Introduction 

tc·.tcJ. d11..:y prorJu<..:L" llC_!;!:ltivc cytochwmc rl.\Jtl;i\C ;.trtJ ru_\ltivc (}
~~Ji..:clll\iJ,r.:-L tcq rt::.lC\Ion.\.t Gc:lt.:r;:lly. ptnJ.. tnrJn-tnucnJJJ. hlue. 
whit~;. ur culor\t.:s:, culllnit.::-. l,1cking .-.hccn :.~n: Cll!biJr.:n.:J nnn

colifnrm\ hy thi.-. techniljUI.:. 

2. Applic::l.tlons 

Turbidity causd hy the present.:!.! of alg:.1e. partJcul:..:.tl.!~ •. or other 
irHerfcring materiJ.l may not permit tesnng of a sample volume 
"ulf1cir.mt to yield si!;ndicam results. Low CDlifunn cstirnatc:~; mo.y 
be caused by thi! pre~;J!nce of hi~h numhers of noncoliform.s or of 
toxic sub:;tanc~s. The MF ter..:hniqut: is Jpplic:.1b!e tu the e.x.ami
n:.ltion Of Saline W:J.lerS. but !ll)[ W:.IS!I!W:.lters th<J.t h;.~ve received 
unl;; primary rre:.1cment fnllowet.! by chlorination bi!cause of tur

hidity in hi;h vnlur.Le s:.~rnpies Dr wJ.stew:ttcr<; L'Unt..1ining toxit: 
tnt:tJ.l.s or to.x.ir..: urganic cornpounJ:-. such ~s phenols. For the de
te<.:tion of stres:-.ed total coli forms in tre:.~ti::d drinking w::nt:r anJ 
r.:hl~1·rinated "e'-=ondary or tl!rtiary wastew:.w:r effluent:;. use a 
mc:thod Uesigneli l'~lr .... cres.seJ Or!;J.ni.sm recovery (see Sc:ctton 
9::!28.1). A mollified MF tet:hnique for fecal colifonns {Section 
':l2121 in chlorinJteU W:J.stewo.ter mo.y be used if p:1r:Jlle.! testin); 
over J J·mont.h period with the multiple-tube fermentation tt:ch· 
nique shows compar::J.bilicy for e::.ch site-spe-=itic type of sample . 
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The: st:lndard volume: to be ti!tercd for drinking water samplc:s 
b 100 mL. Thistfnay ~ tli:mi.buted among multiple mt:mbnnes_if 
necessary. However, for ~pt::c.:ial monitoring purpOses, such as 
troubkshooting w:ucr t.J.Ua!ity problem;\ nr idcntitic:Itlon of coli form 
brej.kthrough in low c:om:cnrracions from trc::.rmcnt barriers. ic may 
be: dt::sir:J.ble to test 1-L 5ampks. If p<.1I1iculares pn.!'lcnc fi1tcrin:; J 

t-L sample through a single ti!tl!r, divide: .sJ.mpk: into t'our pur1iuns · 
of 250 mL fu~ :.mJiysis. Tut:ll tht! coliform counts on e:.l.l..:h 
mt::mbrane to retJOrt lht: numbt::r of coli forms per liter. Sm:1l!er sam
ple volumt::s will be necessary fur source or recr~.::aitJnal watt.:rs :1nd 
wo.stew::uer c:ft1uents thJC hJve mut:h higher coliform densitit::s. 

Statistical comparisons lJf results obt::J.int:ti by tht: mu!tip!t:·tubt: 
methoJ :.1nd tht: ivlF cet.:hnique show that tht: iVIF is more pre:.: is<! 
(compJre Tabh!s 9221:11 and m with T:J.b!r.! 9'22:2;fl). Data from 

. t!ach test yie!J J.ppro:<imately tht! same WJ.Ccr quality infomution. 
although numerical results Jrc nm identical (se::: Sc:ction 90lOB 
for drinking wo.ct:r). 
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CL,\!IK, H.P., E.E. Gt.::LORr.lC:ll, H.L. lEn:R & P.W. K,\!lL!';R. !951. nlc 

mt:mhr::J.nt.: tilt...:r in su.nit::J.ry ba..:tcnology ._P:~.h. Hndtlt Rr1p. 6n:')5 [. 
K,,aLL:R, P.W. !95..j,. Wat..:r c.'::lminations by mc::nbr:mc t"iltcr :mtl \-IP!'-1 

rroc;;dun:s. Ama. 1. P:dJ. fle(tlt!t .W._J/1). 

TitoM,\S. H.:\. & R.L. \V,IotJw \IW. l'J.:i!l. Usc: uf m.Jlo..:o.;ul:.Jr !ilt..:r mo::m. 

hr::nc:. for w:1!t.:r pot:lhtlity ...:nntrlll. J . .-lma_ \Vu!r!r Works Assoc . ..j,,'): 
I JLJ I. 

/>.-kC.1RTIIY. L-\ .. J E. Dt:u;"-HOY -&R.I. C•L\SSIL liJI'Jl. lvk:.;~urin'..: t.:'lli. 
form;.. in w:.~tcr. Warer Sewa~r! Works 10~:2]~. -
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Am~.:ri;::;.:n Public H.::::.lth .-\.,sue .. W:.tsh1ngton. DC. 

9222 B. Standard Total Coliform Membrane Filter Procedure 

1. Labcr.J.tar; Apparatus 

For lv!F Jn:rly~..:.-.. u;..~ glass wan: anJ ollll.:r appautu:-. compo;..ctl 
of mato.::--i:.d r·n:e t"rom :r;;:o.:rus th:H may atlo.:ct b:Jct~.:rial grm~t!ll. 

u. Sump Lt.: hoa!es: So.:e So.:ction 90308.! X. 
/J. Diiurion bi)Uii:!s: So.::: Sc:ctitm 90JOB. 1 J. 
c. Pipets wui grwiuateJ cylin!lers: St:t: S~o:t.:[IUn 90JOB.!J. Bt:· 

fun; st-.;riliz:rtion, luo;..dy ...:nvcr upt:ning of gr:HJuatcd c:dinJ~.;r'i 
with m..:t::rl ~·oii or a suit;Jhlt: ht::1vy wr:;.pping·paper ~ulJ-..(ituto.:. [m. 

mt::JiJ.te!y aftcr :-.tcriiilatilHl sl.!t.:urc r.:ovcr co pn.:ve:1r conr:;.min:.J· 
cion. 

d. Conwinas jiJr crilture medium: u-..o.: d!.!:.Jn buro'iilic:Ho.: gi:l.\.'i 
thsks. Any size (Jr shape nf rb.-..k m~1y be u;..e:J. bu( erlen:no.::Jt.:r 
tlasks w1th me~al ~..::tp.-... mo.:t:d fqil covo.:r.'>. or ;;crew cps provtt.k 
fur Jtlelju<ltt! mi:<;in;; ut' the rneJium o.:unt;1ineJ JnJ an.: r.:Dnvenio.::lt 
for smr:1gc. 

t:. Cufwre dl.l"hi:!.\·_· U;;t.: stt.:rilo.: borosilicate g-IJss or Jispo:.;ahk. 
prestcri!izcJ plastic petri Jish~.;s. flO X 15 mm. 50 X 9 mm, or 
other :lppropri:.Ht.: sil.t:. Wr:1p l.:onv-enient numbers of o.:lc::1n. g!J.ss 
culture Jishes in metal t'uil if steriiizet! by Jr; he:.Jt. nr suitable 
he:1vy wrapping pu.per when autot:lavet1. (no.:ub;.lte loosc-liJJed 
glass :J.nd Jisposablr:: pb.•:tio.: cultt.:rc Uisht:.'i in r:ghtly t:luscJ ,;on
tJ.int:r:'; with wet p:;,per or doth to prevent mui-;cun.! t:v:.~poration 
with re:-;ultant drying of mt:Jium and to maintain a humid e:wt
ronmt:nt for optimum colony tlt:ve!opmenc. 

Presterilized dbposahle plastic Uishe.::; with tighditting lid'i that 
meef the: 'i[Jecitlcltillll~ JhtlVC ~re available comm-err.:ia!!y ;1nJ Jre 
U.\etl v.iJe!y. Ro..:sc:.~l tlpent:d paL:kages nr Ji:.pus:.~biefish \upplteS 
r·or storJ!!O;:. · 

f nlt;ulifJn l.tltits: The filtcr-ho!Jing: :L.'iSt:mbiy tr.:onstrUI.:teJ of 
gl:.~s.'i, auroc!avablt: plasti~:. pon.:dain. or :;tainlc:;..s sc~:e!) consists 
of a St::.Jm!..:s:-; funnd t"astcn..:tl cu a base by a locking devit:e or by 
magnetic t"orcc:. The Jt:sign .shouJU. permit che membr:J.ne tilter to 
be h..:IU s<::curely on the pomus place of tht: rec:::pw.clc: withuut. 
mechanit.::.l! darno.!:(t: antl alluw nil tluiJ to pas:-> throu::;h th..: 
membr:lne Juring tilrr:.uiun. Oist.:artl pla!>tic t"unnels with Jeep 
·.crntches on inner surfa~.:e or glass funnds with ..;hipped s~rfJr.:t:s. 

Wr:.~p rt1o.: :.:s\cmbly (a.~ :1 whole or so.:par::t..: p:trts) in ilcavv 
\Vf;lpping papt:r or alummum t'Dil. st~.:rili,:t.: by JUCilt:laving. :mj 
'iWn: untd u.~l!. Alto.:m:.lllvdy l.!.'<:flllSC :..ill _\L:rf:lc:..::-. llt rll..: rn.:villl!-..ly 
clo.::..Jnctl a:-.~t:lllbly to ultr:!Vhl!o.:t nJi:mon 1'2 mu1 ..:..;pmurt.:) fur tht: 
initr:lJ S,lrliti/:.Hillll bt..:fon.: IL'iO.: in tht: tt:"( (!(IH.:..:JL:rt:. ll( ht..:(un; (!.!· 

u;..rng: unir~; hr:!Wl.:~n suo..:ct.:,~ivt.: tli!r:HJtHt 'i-.:n.;:,. r-icid unit;.. may 

be s:.J.nitrt:t:d by Jipprn:; 1Jr ~rrayrn~ wtth .lkoltol Jnd tht.::l ignitin;; 
or immo.:r·;ing in bmlin~ w:.~tt..:r for 2 mtn. i--\t't..:r ~ubmcr~ing unic 

in builin::; w:H..:r. t~U()I it !0 :oorn t..:mper:;.tun: before rcu;..e. Do n1H 
ignir..: pi:L'\(IL parts. Srcnlo.:. Jisposahk: tle!J ur:lts m:1y he u:.t..:J. 

F,lr til!r:triun. rnount re·.:::pt:u:k t)f t!lccr-htlidin~ a~sernhly tln :.r 
I -L filtt..:ring tl.;.:-.k willl a -;ido.: (ube ur urht..:r -~utt;lblo.: lk'IILO.: (ln:ln· 
ifu!J tu lltllJ thn..:•..: to ~i..; lilto.:r J:-..\Crn!Jirc:·) -..uch ·th:n ,l pro.:"sur~..: 

dilkrcnt:;d (J-l. ttr '51 !...P:1) ...::.rn bo.: t::<:o.::.'"t..:J llT1 tit~.; tiil!.!r lllt..::nhr:ulL.:. 
Cunnt.:U th;..k tu :t v:J.cuum lrno.:. :u1 ..:!t..:unc vacuum rump .. 1 i'iltt..:r 
pu1np IJ(JO.:fJtin::; un w:.~r..:r pn.:.\.\lH\:. :1 hanJ :.~;..pir:J.lllf. •rr utilo.:r 
me:J.ns of .\t.:curin;; :1 pn..:s.~ure Jit'f..:n.:nttal (I)~ :u 207 1-..P:.~l. Con
nt.:cr J tbsl-.. of :.~ppnn:imJte!y lht..: ;..Jme c:.tpacity be1wct:n filterin::; 
tbsk :.~nJ va\:uurn souro..; to tr:1p ...::.rrry-uvcr w;tt...:r 

g. il4em!Jru..ru: jiiter: U.\C membr:.we tilt-..:~'> ( iiJr :.~t.lJiuon:.rl -;peL· 

irio..::.~tions .. ~t..:::: Section 91120) with :1 r:rteJ pun.: Ji;.Hn.:ter -.;w.:h th:tc 
th..:~c: i.-.. compktt: rt:tt.:nuur. of culiJ'orm buctc:n:1. U.\t: nn!y those 

filter memlJranes Lh:..tC have been founU. thruugh :.JJ~:quJ.to: quJlity 
comrol te;..ting and cerrificwion hy the m{.lnuji.rr.:rtrrer, to t:.':llibit: 
full ro::::tentiun of th~ org:.J.nisms to bt: r.:uJti•,;.Ht:U. sw.hitrty in ust:. 
t"re~Uom fmm cho::::mic:.tl ~--,;tr:J.ctabks th:.tr may inhdJit huct~::ri:.Jl 

gnl\~tth antl Jo.:vo:lupment, a ~<~ti:,I'JL:tur:/ ~pe::d vf tiitrJtiun ( withm 
j min). no signitic.J.nc i·ntlu<::nce on mc:Jium pH rbc:yiJnJ ~ ().2 

units). :J.rir.J nD ino..:r~:.J:->c in number or' t.:llntluent t.:lllonic:.-.. or -;prc:.tU 4 

ers compared (0 r.:ontrol membrJn~ filters. u~e mt:mbr:.ln~s grid
market! in such J. mann~r that bacterial growth is nc::i(.ho::r inhihiteJ 
nor stimulated Jlong tht: grid lin-e'i when tht: mt.:mbr:.::.nes with 
::nrrapp(!t.i bJCtt:ri:.J ;.J.re incuhatcd on J ~uitJhi;:: mdium. P~;::ft::r:.tbly 
usl! fn:.~h 'ituck.'i or· ml!mbr:w~ tiltl!r-.. anJ if nc::::::ssar:; ;..tnr<: them 
in an -:nvironment without t::xtrt:rnt:•.; q( tcmpo.:ratur~ JnJ humiJity 
Oht:.Jin no mort: chan :.1 yt::1r's supply ac J.ny one:: trmt.:. 
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PreferJ.bly u!'e pre:-~tcrilized membrane filters for which the 
m.lnufacturer hJ.s certified that tht: steriliz:Jtion technique has nei
ther induced toxicity nor :J.!ten:d the chcmic:J.I or phy:-.it;:d prnp

·ie:-; of the mt!mbram:. If membranes are sterilized in the !:J.bo
.... tory. autoclave for I 0 min :u 121 oC. At the end of the 

steriliz:.uion period. lr!t the ste::un esc:lpe r:1pidly tn minimize ac
cumulation of water of condensation on filters. 

h. Ahsorhent pads consist of disks of tilter paper or other ma
terial certified for e:.~ch lot by the manuf:J.cturer to be of hi!.!h 
quality and free of sulfites or other subst:mces of a concemr:Hi~m 
that could inhibit bacteri:1! growth. Use p:..~ds :1ppro:~im:l!dy 4!::: 
mm in diameter and of sufficient thickness to absorb !.8 tu 2.2 
ml of mt!dium. Presterilized ab~orbent pads or pads subsCljuently 
Slt!rilized in the lilbOr..ltorv shou[d rele:J.se less than I ml.!: tot:!! 
:.H.:idity lcalculated as C:.~CO~) when titr::w:rl w the phenolph~hult!:n 
end point. pH 8.3. using O.O:!JV NaOH and produce pH leveLs of 
7 = 0.2. Stc:rilize pads simult;.tneously with membr~me filters 
avail:.~ble in reseaiablt! kr:J.ft envelopes. or s~i'lar:.1tely in vthe:- :>uit
able containers. Dry pads so they are fn::: of visible moisture 
before use!. Sc:e sterilization procedure described for memhrane 
lilters Jbuve :mt.l SeL:tion 9020 for ;.~Llditional spt:cif1catiuns on 
;.~bsorDt:m paJ.~. 

i. Forco'{'s: Smooth !bt forceps. without corru_g:.:tions on thi.! 
inner sides of the tips. Sterili7.e bef()n! use by dippin~ in 95'7" 
ethyl or :.:hsoluH: methyl akohol and thmirt!!. 

j. lnL'uhu/ors: Usc incubaturs to pmvide .a temper:l!ure of 35 
:::. 0.5"( :.mJ tu maint:1in J humit.! environmt:nt (601;'·0 rdi.li!Vt: 
humidity). 

k. Micruscr,rw und light source: Tu dt:lt:rmine: r.;olony counts 

on memhr:wc l'i!tcrs. U.\C a mng:nilic;.uion or 10 to 15 Jii.lmett:r:-. 
:1nJ :J coul white Jluurescl;!nt light sourc(! :.~Jjust~:d w giv(! m;Jxi

m she~n discernment. Optimally use i.l bmm.:ular widc-!le!J 
:-.cc..:ting microscope. Do not ust.: J microscope illumin;;tor with 

optic:1! system fur light conc:::mr:.ltion from :10 inc:ln{.k~;ce:m !i'.!ht 
S{Jurt:t.: fur Ji .... cemin;; coli[wrm colon4c.." on EnJo-typt: medi:.L ~ 

2. Materials and Culture Media 

The ne:!J rnr uniformi1y Uic1:.Jit:s the u:-.e of commercial lkhv~ 
drJtt:U media. Nev(:r pn:p:1re meJ.ia from t'lJsic in!!n:die-nts wh~n 
suit:.~blc dehydr:lle:d media ire av:.~i!ah!c. Fv!low ~:.:.nuLKwrer's 
directions for rchydration. Srore opened .supplies of dchyJrJtt:J 
medi:1 in a desicc:Hor. Commt:rciJlly prep:1red mc:di:1 in l1quid 
-form (sterile ampule or other) m:Jy be useJ if known to give 
equivalenr results. St:e Section 90'20 for media qu:1lity control 
speci fic:.uions. 

Test e:.1ch new medium lm against a previously accept:1blt: !ut 
for satisfactory performance a.s described in Section 90:208_ With 
each new lot of Ent.lo-type medium. verify a-minimum 10(.7(> of 
coliform colonies. obtained from no.tural s<lmples or samples with 
known additions, to est;.tb[ish the campar~tiv~: rewv~:rv of the 
medium lot. • 

!. Before ust:. test each batch of laburo.mry·-prep:.1red MF medium 
for performance with positive and neg:ntive culture c'onrrols. 
Check for coliform contamination at th~ be;;inning and end of 
e:J.ch filtration series by filtering 20 to 30 mL of dilution or rinst: 
w:.1ter through the filter. If conrrol.s indicate comaminarion. reject 
all data from affected sample~ :md request resample. 

a. LES En.do agar:• 

hydrated Difcn M-Endu Agar L.ES (No. 07]6), ~d'l;-'llrJtt:d BBL M-End" AgJr
(Nu. ! l~OJ), ur equi11alent. 
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Y l!:..lst extr.1ct 
(;JstlQne or tryptic:.....e 

TI11opc.ptonc or thiotont: 

Tryptost: .... ... ... . ... . . .......... . 
L;iclo.~e .................. . 
Dipotas:\ium hydrogen phosrh;a..:. K:HPO~ . 
P()tassium dihydrogl!n phosphate. KH"PO~ 
Sodium ..::h!oridc. NaCI . -

SoJium d~:mxycholate 
S\Jdium L.mryl sulfotc 
Sodium sulfite=, Na-:.SO, 
Ba~ic fuchsin . 

Ag:.tr 
Rt.::.tb:o;nt-gr:.u.le watt.:r 

1.2 g 
J. 7 s 
.1.7 s 
7.5 g 
9.; g 
L1 g 
1.0 

0 

3.7 g 
0.1 0 

0 

0.05 g 
1.6 g 
0.~ g 

...... I 5.0 
0 

I L 

RehydrJit: product in L WJtcr cnnt:.~ining 20 mL 95S: eth:.lnol. 
Do nm u.se den:.1turcd ethanol. which reUuc:::-; background ~rowth 
and coliform colony size. Bring to :1 nc:1r boil to dissolv~ O.!.!ar. 
thc:n promptly remove from he:tl :1r.d cool to 45 tc 50"C. Do -not 
.sterilize by :.lutocl:1ving. Fin;d pH 7.2 :::: 0.2. Dtspense in 5- co 
7~mL quantities into !ower section of 60~mm glass or plastic petri 
dishes. If dishes of J.ny other size are used. adjust quantity to give 
an e4uivalt:nt deprh of 4 to 5 m. Do n(ll c:xpose poured pl:.ucs to 
direct sunlight; n:friger:.~tc in the dark. prefcr:.1bly in :-;e: .. dd pl:.:.stic 
hags or other com:.tinc::rs to n.:Jucc moisrure ln'>s. Dist.:;Jrd unused 
mt:Jium :.~f!cr 2 weeks or sooner it' !here is e::viJcnc:: of moisture 
los.'>, mct.liurn corH:1mination. (Jr mcJrum dctc.:rinration (lbrl\!.!ning 
of the rnerJium). 

b. 1\d-Endu merliwn:l 

Tryrtmc ur pulypcrton~ 
TluupqlUlrtC (lr thiotunc 
CJ.,i['.lnc nr tryruc;J:-.~ 

Y r..::.:.,t r..:.ttract 
L;n.:ttJ'c 

SuJium dinridc:. NJCl 
Drp11t:J:;~ium hydro;;~.:n phu-.pll:lli.:. K;t!PO, 
PuiJ~.~IUHI Jihydro~,;~..:n rlul~ph.lll.:. KH:PO. 
SoJium bury! ~ulf'atc: 

S\1tlium Jc_'.\H;.'t.:hnl:.~Jc 

SuJJum .\ulfiu .. :. Na:SO, 
Ba~a; fuch.~m . 
Ag:1r {up!!Onal) 
R..:agcm-;;r.JJt: wat(!r 

[()_() 
~ 

5_() 

' 5.0 < 
1.5 0 

I :.5 

' 50 " -L.H." 
~ 

U75 < 

0.1!5 0 

0.10 < 

'2.10 
0 

1.05 
0 

... 15 0 " 0 

I L 

1) Ag:.t.r prep;Jration-RchydrJtt: product in l wJter contain
ing 20 mL ~So/r ethanol. Hi!Jl to near h0iling to dissolvt:: a:.!:.tr. 
tht::n promptly remove from heJt :1nd enol to herween 45 ;nd 
50"C. Dispense 5- to 7-mL quantities into AO-mm stt:rile !!l:1ss or 
plastic petri dishes. If dishes of :.Jny other size are used~ adjust 
quantity to give o.n equivalent depth. Do not sterilize by auto
c!aving. Final pH should be 7.2 ::!:: 0.2. A precipicnte i~ norma! 
in Endo-type mt:dia. 

RefrigerJte finished medium in the d;.rrk and discard unust:d 
:1g:r after 2 we:::k.s. 

2i Broth prepi.lntion-Prep:ue :.lS ahove. omitting ag:r. Dis
pense liquid medium (at le:J.st '2.0 mL per pl:1re) omo absorbent 
p:.:ds (se:: absorbent pad specifications. Se(;'tion 9222B.1) :md 
CJrefully remove e:<.c::s~ medium by decanttng the pl~te. The 
broth may ho.ve J precipitate but thl.' docs nU( interfere with me
dium rerform:.lnce if p:..~ds :lre ccrtitieJ rree of .'>ultite or other toxic 

t Ol!l'lyJr::lell Dd.co l\tl-Emlo Brmh III!F (No. U7-N). J..:hvtlr~retl BBL m·Cul11"urrn 
Broth (No. I! 1 \9). or ~4u1valent m.:.1y be u~ed 1f Jth<lrhe.rlt pJ<.ls :~.re u~ed. 
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agents :u a coocr:::nrr::nion th:J.t could inhibic bacterial growth. Rt.:· 
frigt::r::ueti broth may be stored for up to 4 d. 

c "'·4fered dilution rinse wu.tcr: St!c Sccrion 9050C.i. 

3. Samples 

Colh:ct S;J.mplc!~ as diret.:teti in Sections 9000A ami B. 

4. Coliform Definition 

BJ..:teriJ char proJuce a red colony wich a mcrJ.!Iic (gotdr.:rt) 

sht:::::n within '2..J. h incubation :1t 35"C on an Entia-type medium 
are consitkr::d mt:mbe:r.1 of r.he coliform group. The shc::::n may 
cnver the r::mirl! colony or may appc::u only in J c.:::mral J.r~a or 
on the: penpht:f'). The ..:aliform group thus detincd is basl!d on the 
production of Jk.lehydes from fennc:ncJ.tion of l:lc~ose. While this 
biocht::mic::l! ~.7h:..:.r::.cteris~i' is part of the mc:t:J.bolic p:uhway of g::.ts 
production in L'1t! multip!t:-tube tc:st. some: variJtions in de,:;rc:! of 
:nt!~:lllic she:!r. dc:ve!opment may be observed :1mong coliform 
scr::~.ins. However, this slight. diffen::nc:: in intlil.:::nor ddin~tiun is 
not considered c:iric:J.I ro cha11ge its public he:.lith signitic:J.nce. 
particubrly if suir:1ble sruUies hJvt.: bc:t:n conducrt::.! to c:stabii.~h 

the rcl:uionship hetwe::::1 rc:mlrs obr:J.int!LI by rhe NIF anJ thost.: 
obt:J.int:tl by the stantlanJ multiplt:·tube t't:rm~.:ntati\ln prncdun:. 

5. Procedures 

u. Sdl!Oimt '!( wmple si:e: Size nf sample will bt.: govemeJ 
by t!;{pcct~::d b:.t..:tcrial Jen:-.ity. [n Jnnking water :..~n:.t!y.~-=s. ~J.mp!t..: 

si:.::~.: will be limite:.! only by the tle_;;re~ uf turbidity t)r by tht.: 
non rrm growth on the meJium (Tabi-= 'J'2'2'2:[). F\lr n.::gui:Hiun 
purp ..... -.~. 100 mL is the oftidJl s::.mpk si1.e. 

An iJe:.J.l sam pit; volumt: will yidJ 20 {0 80 cnli hJnn colonies 
J.nd nut more th;.m ~()() colonil!s·-of all type:-.~on J membram:·tiltcr 
surface. Analyzt: Jnnking water.; by tittering 100 to [(}00 ml. or 
by tilrering repiic:t(l.! ~rn: .. dkr '>ample volum~:-. sut.:h :..~.s Juplic:.J.l~ 

50-ml ur fllur n:plit.::.Hcs uf 25-ml pwtions. An:.tly:.c 1Hher w:..~.ters 
':Jy fi.ltcring thrc..: tlirkrent volumt::s (JilutcJ or unJilutt::d), dc· 
~enJin:; on tht! c:.'(j)t.:Ctt..:i.l b:..r.t:tt..:rial dt::1~ity. Set: S..:".:!lon 9~158.2 

•~.1r prcpar:Hinn of Jilutwns. When le:~s th;,.m 10 ml l)f sampl..: 
Jilme::.J or unUiiuteLI) is to be ti!tt::rt!li. aJU Jppro.'t.im: .. w.:ly 10 ml 
;cen.lt: dilution w:.Iter to tht: funnd bt:fore tiltr:Hiun or pipet the 
;ample volumt: into a scenle: dilution bott!c, tht:n filter t.ht: ent1rl! 
li:ucton. This incre:..t.'it: in watt:r volume: aids in uniform dispt:!"'sion 

W:J.ter Sourcl! roo 50 [I) 

)rinking w::tter X 
;wimming: pool:; X 
Vdi.-;, springs X X X 
-ake:;, reservoirs X X X 
V:ltcr supply int::tkc X 
'aching be:K:h..:s X 
~iver w:u~r 

:hlo· d st!wJ.gt: 
: ... w .;-:= 
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of the bacterial suspt:nsion uvi!r tht: t:ntin: t:fft:ctivc tiltering sur
.t'Jce. 

h. Staile jilrratim1 w1its: Usc ste:ik tiitr~tian units :u the he
ginning of each tiltr:J.tion series J.S J minimum pn::cJ.ution to J.voiU 
accide:ntJI cont:J.min:.nion. A tiltr:.tinn .)cries is consiUercd to he 

int.l!rruptet.! when :.tn intt:rJJ! of JO min or longer t:bpses bt:nvt:cn 
sam pi!.! tiltr:J.tions. After sut:h iJUerruption. tn.::.~t :1ny further s:.tmplt: 
tiltr:J.Liun ~l:i a new ~ilt.r:lti(}n -.,l!rit::s :1nJ stt.!rilil.l! all ml!mbrJne tiltt:r 
ho!Je:;; in use. Sc::: Sc:::.:tiun 9-:.'.228 .If r·nr 'itcrilizJ.tillO proct:Uure:-: 
JnU St:(.;~inn 90'20B.2m :~.nJ n t'or UV c!t.!:..tning :1nJ s:.tr'cty guide

tines. 
c. Fiirrarion of ~wnpl.:: l'sing ::it!.!rilt.! t(m;t::ps, pl:.tcc a stc:rik 

mt:mbr:Int.! tilt.:r (grid sill!.! upl ove:- p()nltJ:> pLH!.! of rc·...:~pr:1cle. 
Carefully plac•.! m: .. uchl.!l! funnel unit \lVt.!:- rc·...:;::puck am! lock it 
in plac<!. Filter s:.tmple untie:- p:.;.rcial vacuum. With tilct.!r sui! in 
p!ac:.:. rins.: the interior surfJC.! of the: funnel by tiltl.!ring thr:.:= 20-
to 30-ml portitJns of sc-:rik Jilutl1Hl w:.~tl.!~. Altt.!rn~Hivl.!ly. rinst: 
funnd by J. tlnw or' .st:::rik Jilution wltt:r from J sque::::: bmtle. 
This is S:.ttisfJctory only if the squeeze bottk J.nJ its -:oml.!ntS dll 
nut become contJminatt:d Jurin;; U'>e. R1nsing bc:..:tw..:::n s:.tmp!o..:s 
pre•;::ms c:..trry1Jver ~o:DncJ.min:Hion. Uplln compktinn 11t' tina! rins..: 
anU rht: tiltr:uion proct:s.'i Jis..:ng::.~t: v:.lc:JuJTl. unil)Ck: :..~nJ rcmuve 
funn~::l. imm!.!Uiatt.!ly rcm1lVt.! me:nhr:Jne tlltt..:r wirt1 .~rl!rilt: t'un..:...:p~. 

anJ pl:tc:: it on sclcctt.:J m.::Jium with a roll1n::; rnuriun ro :tvu1d 
l!ntr:lpmcr~t of air. If rl1e :.~:;:tr·bas...:J rncdiulfl i.~ u.\ctl. flLn:c; prc· 
p:m:J tiller Jir.::et!y 011 :.~::;:.1r. invcr1 dt.~ll. :u11l tncuh:tt<..: t'ur ~2 tu 
'2+ h :..1( jj ~ ().)''C. 

It' liljllid llll!tli\Jin is U>et.!. plaet: :t p:td in :llt.: <.:ultun.: d1-.11 ,utd 
s::tur.Jle w1th :tt lea.~! 2.0 1r.l ,\(-[nd\l m...:diu1n .tnJ ..::m.:I1Jily rc· 
rTl\JIJt.! <..:.\u:.-,s medium by Uc:t...::Hllin:; lllc pLJ[c:. Pl,:c-.: prc:r:trcd liltcr 
Jin..:t...:t!y on p:tJ. ir:v...:n: Ji.>h. anJ im.:uh,Jtt.: r·ur 22 to .2-J. 11 .11 jj ::. 

11.5'C. 
Oitla~..:nti:..r.ti\)n Df SDmc cuior,tes from <.:ltllt.:r J~:tr or litpltd 1T11..> 

Uium suh:-.tr:Jt<..:s m:.ry bt.: lmt it' ..:ul!un.::-. :.~rc Jllcuh:..~t...:J ht.:yltrtU 2~ 

11. 
ltht.::"T J stL:rtk r.tts<..: w:tt...::- ~.trnpk ( 100 mU :.~!'r...:r t!ltr:ttHJn 11f 

a sent::: 11t. [() :,Jmplcs tu check hJr p1J-.:.thk <..:PJ~:.·CtJrtL.llntnatJtJrl 

ur t.:Dnt:.rrninatt:d rinst: w:H.::- Incubate the nnse w.Jt...:r t..:ontml 
mt:rnhrant: culture unJcr ttlr.: \J.Int: t.:tHtditi\HlS :t:-. rh...: .-.:unpk: 

Fur nonput:.:.bk w:.~ter :-;:unplc: .. prckr:.:.hly dcctHlt:.tmin:Ho...: tilter 
Ulll( :.tt'tt:r l!: .. H.:h satnpl<::: (J.S dcsc:-iho...:d ;i(')ove) hec:..tU:>t: oi' tht: ht::;h 
numht..:r ()r <..:\)lii'1lrrn b:JCtert:...; pr::-.,...:nr m tltc:.t: s:.tmpks. Altt:rn:.t· 
t.Jv!.!ly. usl! :..1n ~Jliitiun~l huftcr rin.~t! of rht: tilt....:r unll Jttcr tht: 
!!Iter i:. removl!d tD pr~vem <.:Jrryova bc:·..vet!n samptr..:~. 

Volume rXJ To B..: Filtt::re:J 
mL 

ll.l () 01 0.001 0.0()(]1 

X X 
X X 
X X X X 
;( X X 

X X X X 
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tl. Alternative enricftmerrr Iec:/uti41U: Bt~ce: J Sti.!rile absorbent 
pad in the-lid of a sterile culture dish :1nd pipet at le::J.st 2.0 m L 
'auryl tryptose brOth. prepared :1..-li directed in 9'2'21 B.l.a 1 ). to sac· 

·ate pad. Carefully remove :my e:tce.s:> liquid from Jh.sorhent pad 
oy dcc::mting plate. Aseptic:J.lly place filter thrnugh whit:h the sam· 
pie has bc:n passed on pad. lncuhatc filter. without ·l!lvi!nmg dish. 
for 1.5 to '2 h at 35 :: 0.5°C in an :1tm9sphac of at kJst 60% 
relative humidity. 

If the a~:J.r·based End{l-type medium is ust::d. rcmuve enrich
ment culture from incuh:.Hur. lift filter from enrichment p:1J. and 
rull it onw the agar .~urf:.H.:e. which has bel.!n :.dlnwed to equil1hrat!.! 
to room temperature. lm:orn:t.:t lilter pl:..~cemt.:nt is :.l! once uhv1ntt.~. 
bec.tusc putL:he:;; of un:>tJ.ini.!J membr:1ne mJic:.He entrJprnt.:nl of 
air. Where such p:llches ocL:ur. CJ.r~fully re.se~t fil1e:- on ~~:.H sur

fac:::. !f the liquid m~dium is u.sed. prepare final cul(ure hy re

moving en:-i~o:hmt.:nt culture rrom incuhator and separating tht: Ji.~h 
halves. Pl;.~ce :.l fresh stt:rih: p:1d in bottom half of Jish :mJ s:;tur:.llc 

with :.11 lt::lst 2.0 ml nf M-EnJo mt:dium :.1nJ c:.lr::!t.u!!y remnve 
excess !iquitl from ahsorhent p<.~d hy decaming pi:.He. Tr:.:nsfcr 

filler. with ... :.~me prec:..:ution.') as ahovt:. 10 new pad. DtscJrJ usd 

enrichmt.::nt p:HJ. 
With eitht.:r th~.: Jpr or the liquid mt:dillm. invcn r.lish :u1d in

cuhut~..: for 20 to 22 h at 35 :: OS'C. Pn,ce:.;J to ~I e hc!nw. 
e. Cmorting: To dctt.:rminc colony coun!.s on mt:rnhr:tnt.: filtc:-~. 

usc :.1 lnw-rtJwcr ( 10 to 15 ma;;nific:.Jtitm:-.) hin(lcubr widc·l-tciU 

Jjy.;~.;c.:tin1,! llliL·ro~CllflL' nr other nptic:d Jcviec. with :1 ct1ui wh1t!..' 
tluort:.',(t:fll Jj~\lt '-UUrt.:l..' din.:CtCd !o pruviJt.: Ofl\irn.d vit:WIIl.~ OJ 

shc:.:n. Tilt: ty[lit.::li t:tllr!"{Jrm L'tlltHty Ita:-- a pink \\J J:.~rk·rcd L"tll!ll" 

with a rm.:t:dlic ~urf:tcc sht.::::n. Cllltlll hoth tyric:li :111d :ttyr1ul 

t.:olil'onn ~.;PIPnic;;. Tllt: o.;hcen :1rc:t m:1y v:..try 111 :;iJ.t: l"r(lm a '-lll:ili 

·.,b~..::uJ to c(lmrlctt: r.:ovt::-:J.!;t: oi' tilt: eolnny surf:Jce. t\typ1cal cP

,Jrm t:Diunic:-, C:.:n ht: c..l:trk n.:U. flllH.:oid. or nudc:l!d WttlltHII 

sht.:t:n. Gt:ner:dly pink. hiuc:. white, or coinr!~:.o.;s cCllnni~.::; lad-1n:; 
sheen ;Jrt: con:-.iJt.:n:d nllllC:olil"ornt.o.;_ .. T-hc l(lt:d count tlf coiPnlco.; 

(ccl!ifllfllt :11tJ ntlneolif\Jrml tlfl E:1Jt1-l'jflt:' nH:Jiu111 h:.t.'- m1 C\Hl'-.1'-
tcrtt n.:!::tion:;hip to tht: total nulllher (lf h:Ktcria pn::--t.:lll in the 
uri~tn:d s:unrk. r\ hi_!::ll coum or nonePIIi"<.lrm l·nlon1c.o; m:1y in

terfc:rc with tilt.: lll:rximunl t.kvclorment tJf culif~Jrm:;. Rt:!"n_::·-·r:rt

ing cultun::; i:ther 22 h inc'Jbattonl with hi~h dt::lsiue." ur non
coliform coiPnies for 0.5 to I h hdun: c:uunting may deter '>pn::.ll! 
or connut:nc:: while: :liJing sheen Ji:.;cc:mmem. 

S:.r.mpks u( disinfc:t.:teJ w:..ttcr or wasrewater c:fflue:1t m~lY tn
eluJc stn.:s:-.<:::d mg:.1nisms th:..t! ~row rt:I:HJve!y :.lowly ant.! produc~ 
m:.~.ximum .-.hc::.:n in 22 to 2-l. h. Or:::..tnisms from undi."inl"e::t:.:U 
:,{lurce:-. m:..y pruduce ~~heen at 16 to 10 h. and the: she:::n sub>-,~.:· 

quc::ntly may L.J.dt: Jfter 2-l. to JO h. 
f Cu(Jj"orm verification: Occasion;.tJiy. typical .sheen eo!onie~ 

may be produc:::d by nont.:lJiiform org:mism.s and arypic:..tl colonies 
(d:..trk rt:U or nucleated colonies withour shc:en) rn:.~y be coli forms 
Pre:fer:Jbly verify all typical and :Jtypic:..l colony types. FDr drinl\
ing w::lter. verify all suspect culonies by !"w:.r.hhin~ the: entire 
memhrane or pic!.:. ::ll least five rypic:..1! wlonit:s and five J.typical 
culonit!s from a givc:n mt!mhrane tiltt.::r culture. For W:.Jtc:-~; other 
than drinking w:.Jter, at a minimum, verify J! least I 0 sheen col
onies {Jnd representative orypical colonies of different morph1'-
1og_ical rypes) from :J. positive w:.~ter s:.~mp!e monthly. S.:e St.:ction 
9020B.H. Based on nt:ed and s:.:mple type. laboratories m:.r.y in

CO!l'orate more stringent qu~diry comrul measures (e.g .. vc:rify at 
st one -=Dlony fmm each typic:.~! or :uypiea! <.:oluny type from 
~iven membrane filtt:r culture, verify 10% of tht:: pusirive sam-
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p!c:s). AJjust counts on the b:.~si.s of vcrific:uinn results. Verifi
CJtion test.~ :J.re iisted be:!ow. 

! ) Lactose fermemation-Tro.nsfer growth from each calonv 

or swab tht! e:1tire mt:mhranc with a ste:-ilc cmton sw:J.b (for pre;_ 
ence-Jhsc:-~c:: rc.c.ults in drinking w:.uc:r S;.Jmplt:s) and piJce in l::lu

ryl trypros..: broth: incub:.~te the: bury! trypto:;~: broth Jt 35 ::: 

0.5''C !'or -l~) h. Ga..~ rormt:d in Iaury! tryptOSI.! brmh JnJ confirmed 
in brilli:Jnt green lactose: broth (Section 9221 B.2 for mdium ['Jrep
:..trJtiun) within -lK h verifies the coiiHlY as J coliform. Simulca. 
nt:t)us inocul:.r.tilln uf h;ltll mdi:.J ftlr ps proJuction is JCCt!ptable. 
lnciu.sion uf EC hrolh tnot.:ub.tion for -W.S .:: 0.2°C incubation 
wii\ proviJc: ini"urrnatiun ~Jn the pn.:scm:e \lf i"ec:..~l c:o!it"orms. Use 
tlf EC-tv-!UG with incub:.niun at .J.-!.5 = 0.2"C fl)r 2-1- h will pro
vide information un prc:;c:nc.: of £. coli. Se::! Sct.::ion 9222G for 
tv!F p:.~r.:iti1Jn prvc.:Jures. 

2) AltemJtive cwliform vcrific:.~tiuns-Appiy th1s alternative 
coliform ve~ificJtion pruc:.::Jurc l<l i.\ulate:J c:olnm-:.': 1Jil the 
mt.:mbr:.~nt: filtt:r culture. If :.1 mix..:d culturt.: is su.:;pectd or if col
tJny sc.:parJtinn i:-. !css than 2 mm, strc:J.k the growth lo l\-1-Endo 
mt:dium or M:.H.:Conkc:y a;;:.:.r to :.~ssure culture purity or submit 
tile mi:'..et.l growth tu the;: fermt:ntatiun tube: mt!:!Hlt.l. 

a·l R:..:pid te;;t-A r:J[Jtd verification or coiunit:s utilize.~ test rc:

:lCtilln.-. for cytochrome oxida:-.e (COl :tnt.l ~-:::~llactosJJa:--1.!. CDli
i"llflll n.::.~ctnm:; arc CO nc~:..tJIVt.: anJ ~-gJ!JetosiJ:.~sc po:;Jttve 
within -1. i1 lncuhattorl ol t\lht: culture 11r flllt.::-0 (.\putl le~a prot.:t:· 
durc. 

hJ Cumn1crct.Ii 111ult1 t~.:.'.l :-.ystcm.\-Venfy tht.: C(Ji()ny hy 
.~trt.:::f..:n~ ll l"w purrfi..::J:11111. ~ckt.:tlll!..: :1 we!l·l.'-lliJit:d cuiPll\. and 
illli~Ui:It~n~ mtn :1 multl-lt::,t idctllli-l::lii!Hl sy ... tcnt lor En:t.:~11hac· 
tcri:Jct.::Jc \I tat inc!mh;:. bl.'lti.\C l"cnncnt;:ll!'!l :1nJ/ur 0-:;:il:h.::u~ld:t'-:.! 
:tnd CO 1<..:.\t n.:::Ui11n.':. 

6. C.Jic;Jiatton cl Coliform Density 

Cll11tputc tile cuur1t. u:--irt.:;. lllt.:l11hr:rn~.: lilt<..'~.\ with 2() (I' SO co

ld"urm C\!111111<..:~, :..tnt.l m't mPrc tlt:1n :200 t.:()IPnit.:.\ 1ll. ~II tyrc~ per 
rue~11hr:;ne. hy tilt: r'11II\1Win:; t.:qu:Jtlllll. 

<.:<dlillrlll C!JI!Hil!.:.\ C(1UIIIr.;J /< 1()!1 

rnl _,;;nnplt; filr-:rcd 

lt' nu coliform colon1es :.1r1.: ohser11.;:J. n:pon the: colifurm c:ul
nnic.•. l.:\lUilld :.~s "< 1 coliform/ I()() ml.· 

For v~.:rifid wliform count~. adjust the: initial counc h:Jsct.i upon 

the po;,itive verdit.::.J.tiun pt:rc:nt~:~~ ~1nJ repon as "vc:ruieJ Ctlli

fvrm cuunU! ()() ml. · · 

X llJ() 
lllla! numher of colltorm ~.:oiPnlr.::. :-.ur<jc:;l:::J 10 vcri(i~.:::uun 

u. I,~V,.uer of Jnnl,.uts wu.ra qrrufiry: \Vhdc th~ EPA Toc::li Co
lit'orm Ruk for public water supply s.:Jmpit:s requires only J ret.:ord 
of c:oliform presence or absence in 100-mL S.Jmples. it rr:ay be 
:.r.tlvis:::b!e to Jetermine ccliform densities in repe:J.C sampling sir
u:.~tions. This i:-. of p:.:..nicu!ar imponance wh~n a coliform btofilrn 
pmhkm is suspt:ctd in the distribution syste_m. Quamit:.rti vc- ih
forma:ion may rnwidt: :.J.n indic:.nion of the ffi<.l!,.'nitudt: of :l CO!l

tJ!llln:.lllrl!; event. 
\Vith w:.:tt!r uf ~vuJ 4uality, the ue'~·urre:\ce of cvilfurms gen

c:rally will be minim:.1!. Therefore:. cnum all coliform colonic:;, 1Jis-



MEMBRANE FlL TEA TECHNIQUE (9=)/Total Colifonns 

reg:1rding the lower limit of 20 cited above) and use the formula 
given above to obtain coliform density. 

If confluent growth occurs. covering either the entire filcrntion 
1f the membr:J.ne or a portion thereof, and colonies :rre not 

<h~-·ete, report: results as "confluent growth with (or without) 
coli forms." If the total number of bacterial colonies. coliforms 
plus nonco!iforms, exceeds 200 per membr.J.ne, or if the colonies 
are not distinct enough for accurate counting. report results as 
"too numerous to count" (TNTC) or "confluent," respectively. 
For drinking water. the presence of coliforms in such cultures 
showing no .sheen may be confirmed by either tr.lnsferring a few 
colonies or placing the entire membr.me filter culture into a sterik 
tube of brilliJ.nt green lactose bile: broth. As an a.!temarive, brush 
the emire filter surface with a sterile loop. applic:aor stick. or 
cotton sw:J.b :lnd inccu!ate this growth to me tube of brilliant green 
lactose bik broth. Ifgas is produced from the brilliant green bile 
broth tube within ~3 h at 35 :t 0.5°C. colifonns an: present. For 
compliance with the EPA Tot:1l Coliform Rule. report confluent 
growth or T.'ITC with at !e::l5t om: Jetecublc: coliform colony 
(which is verified) a.s a total coliform positive sample. Rt:porc 
confluent g:-owth or TNTC without detectable califorms as in
valid. For invalid samples. requt:st a new sample from the .'\arne 
loc:ltion withln 24 h and seh:t::t more appropriate volumt:s to be 
fittt:red pt:r membrane:. observing the: requirement that the st:m
dard t.frinking watt:r portion is 100 ml, or choose another coliform 
mc:chod that i::; lt!ss subject to hett:rmrophic bactt:rial inct:rt"t:n:m:t.:s. 
Thus, tD rt:Uw..:;;- imc:rtC:rem:e from overcrowding, insrc:J.t.l of til cer
ing 100 mL per membrane. filter 50-mL portions through rwo 
sep;,tratt: membranes. 75-mL portions through e:u:h uf four mt:m 4 

br.:J.ne!'>. etc. Tot:.~! the: l.:oliform counts observed on a!! memhr:J.nc.'i 
and report as number pc:r tOO mL. 

·varer of urher than drinking water qw.1iiry: A.-; with poc::~blc 
w._ . samplt:s, if no fi!ret h:~ .. s a coliform count f:~.l!ing in the: iJt:~! 

r:::mge, tmal tht: coliform counts on J.lt tilters and report as number 
per 100 mL. For enmplt:. if duplic::ue 50-:.mL portions were t:X· 

a.minc:d and the two membr.:J..nt:s had tive and three coliform col
onies. respectivt:ly, report the count as t:ight coliform colonic::-; pt::-

100 ml. i.e .. 

[(5 + ]l X IOUJ =·a califormd!OO mL 
(50 + 50) 

Similarly. if 50-, 25-, and \0-mL portiom were examint:d and 
che counts were !5, 6. anU <I coliform colonies. respe~tively, 
report the count as 25/tOO mL, i.e .• 

[(15 + 6 + 0) X 1001 
= 25 coliforms/100 mL 

(50 + 25 + 10) 

On the other ha.nd. if 10-. LO-. and 0.1-mL portions were e:'\
amined wich coums of 40. 9. and <I coliform colonies. respec

tive!~, select tht: t_Q-~L!portion on!~ for calcu!~ti~g t~t: coliform 
de:nstty because thts t1!cer had a coliform count tallmg m tht: ideal 
range. The result is 4001 I 00 mL. i.e .• 

(~X 1001 . 
= 400 cohforms/100 mL 
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In this last e:t.:lmplt:. if tht: mc::mbr::1ne with 40 l.:oliform colonies 
Jl,. '•ad a tota.l bacterial colony coun1 greater lhun 200, report 
r.t. ,iform count as 2::400/iOO mL. 

T,...aLe 922:!:!1. Cor.~Roeta: LlMrT'S FOR MEMnRAl"E FtLTU. CoUFORM 

RE.suLn Ust!'IC 100-ML SAMPLE 

Number of Coliform 
95% ContiJence Limits 

Colonies Counted Lower Upper 

0 0.0 3.7 

I 0.1 5.6 
2 O.l 7.2 
J 0.6 8.3 
4 1.0 10.2. 
5 1.6 II. 7 
6 2.2 ll.l 
7 2.~ 1-t-4. 
3 H 15.3 
9 ... 0 17.1 

10 4.7 18 ... 
II 5A 19.7 
12 6.2 2 !.0 
IJ 6.9 :!2.3 
14 7.7 23.5 
15 8.-l 2-1..3 

16 9.2 26.0 
17 9.9 27.2 
18 10.7 1~A 

19 11.5 21J.6 
2.0 12.2 JO.i"l 

R..:port conflut:nr growth or mt:mbr:.tne.-.. wHh culumt.:s tuo nu
merou:-; to count ;,t:-; lk:scribeJ in l.I above. R-:quest :.1 nt.:w samph..: 

:.tnt..l st:kcr mort.: appropri:ue volumes for tiltr:.~tion nr uttli1.1.! tl1c 
multiple-tube ft:rmcntatiun rechniquc. 

c. Swristicu.i reliubiliry of m~mbrune ji!ter r~sulrs: Although 
tht: prcci:-;iun of t.h.: MF tc::.:hni4ut: is gn.::.Ht:r \h;m thJt of th~ 1'vtPN 
procet.lun:. mc:mbr::lilt! counts may un<.lerestim:ltt: tht: numb(!r of 
vi;.~blt: coliform bactt:ria. T:.~blt: 9'22'2:ll illwi(r.:Ht!~ somt: 95% cun
fi<.le:'lce limit-;. The;!! valut:s art! based on the :1ssumptiun th~t 

b~~.:r~.:ria J.n: di.scributt:<.l randomly anU follow J. Poi:;son distribu
tion. Fur results with counts. c.:. grc;.Itl.:r rh;.~n 20 org:misms, cal
culace tht: appro;<.im:..ltl! Sl5% cuntit.!~.;nc~.: limits using the: following 
norr:1al distribution t:quations: 

Upper limit = c + 2/-:: Lower limi' 
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9222 c O&!ay&d-lncubation Total Coliiorm ProcedL:re 

Modific:.uion of the standard 1\.-IF technique pe~mits membr:me 
shipme:-:.t or trJ.nspur.. after tiltration to <.1 di.•aant bhoratory for 
crJnsft:::- to ;.mucher substrate. incubation. and completion of the 
test. T11is dc!ayed-irH . .:uh;Jtion test may be used where it is im
pr:~ctical to apply convencional procedures. It also m<.1y be used: 
(a) where it is not possible to maint:.~in the dcsin:.d sam pi!! tem
pe:-:.~cun; durin_s tr~m-~pon: (h) when tht: e!apsed time hctwc::n s:.Jm
plc colk:ction :.~nJ :.m:.dy .... is wou!J execct.l tht: arprovt:d time limit; 
or (c) whcrc tht: s~mplin;; !oc:..~tion is remote rmm !:.Jbor:Jtory 
~crvices. 

lnJepr.:mknt stuUics usin_!; hoth fresh· :.JmJ s:.dt·W:.Jtcr s:.Jmpks 
h;tvc shpwn r.:nnsistent n;suhs hetwt:t:n the dd:.Jyetl im.:uhJtJun :.Jnd 
SIJndJrd direct lest. Determine the Jprlicahi!iry or tilt: (.k!aycd· 

ineuharinn tc.\1 fur :..l spccific w:l!er :murc:.· hy comp:tnrl_.; With 
results ul" l·nnvcmion:d i\·Jr:" Int.:! hot!.'>. 

Tu com.luct t!1L' dc!~tycd·incuhi.ltion test. filler S:.Jmrle in tt1c fieli..l 
immcdi:.ue!y :..tftl!r colkulon. pl;1ce filter on the tr:..~nsron meJiurn. 
:.Jnd .~hip to the lahor:.~tory. Complete the culifnrm dctcrm1n:tuon 
in the lahuf:.~rory hy -1-ransfi..:rrin£- the mt:mhr;.Jnc to st:.Jnt.l:.~rJ tv!

Endo pr LES Endo mt:Jiurn. incuhattng J.t 35 ::: O . .'i"C fur 20 to 
22 h. ~nd cnunting typical :.1nd atyrical colifnrm wlon1es th~ll 

devclor. Fnr Jrinhing WJ.ter s:lmplt:s culkocd ror CCJmriiancl.! 
with the EPA Tot:.J.I Colifnrm Rult:. rcporl the pn.:sencc or :..thsc:1cc 
of vcc·.!icd t:oli(orms in ·100-ml samples. Vt:rify colonie.-; as out· 
lint:J pre:•:iously in S(!ction 9"222B.5f 

Tr:.~n~:pon medio. o.re designed to keep coliform org:.mJ...;ms vi~ 

able :1nJ gent:r .. d!y do not permit vi.~ible: ;;rowth during tr:.Jnsl! 
time. Bactt:nmratic agt:nts in ho!ding/preservntive media suppress 
growth of microorg:mi~ms en route but allow normal cnliform 
growth after transft:r to a fresh mt:dium. 

The delayed-incubation test follows the me~hods outlined for 
the totJ! coliform MF procedure. e:tcept a."i. indic:Hed below. Two 
alternative methods are given. one using (he M~Endo preser'.·Jtive 
medium and the other the M-ST holdin~ mt:dium. 

1 · Apparatus 

a. Culrure dishes: Use di~posJble. sterile. plastic petri disht:s 
(50 X I 2 mm) with tight-fitting lids. Such containers are light in_ 
weight and are less likely co break in trJnsit. [n an emergency or 
when plaslie dishe:} are un<Jv~i!able. use sterile gl"Jss pe~ri dishe~ 
wrapped in pla.stic film ur simiiill' m~teriul. St:e Sec~ion 9222B. I e 
for specifications. 

b. Fidd filrrarion unils: See Section 9222B.l/ for specific::~~ 
tions. Disinfect by adding methyl ;.dcohol to the filtering ch;J.mbe:-, 
igniting lhe alcohol, and covering unit to proJuee formaldehyde. 

L'lt:-Jviolet li::;ht disinre~t1on abo m::1y be used in the fie!d if an 
Jppropn:.ue power sourc:= is av;.]iLtble (1 !5 V, 60Hz). Glass or 
mc:tal tiitrJtJUn unics m:.~y be :)te:ilized by immt:,sing in boiling 
water for 2 min. Usc a h:.~nlL :.~sptrJ.wr !0 ohtain ne~:=ssary VJ.cuum. 

2. Materials and Transport Media 

u. ~1-EwJn mcrhnds: 
I) AI-F:11do prcsl'n-utivt' mediJIIII." Pn:p:m~ M·Enclo medium ::1:\ 

<.kscriho.:d in ScctirHl (J'22.::8.2h Aher conling to below 45"C. 

a.'>crrtc:dly ;:dU ~.S-l :-; .~udium hen/.tl::lte (USP ~r:.:Jc)/l or 3.2 ml 
12<;-;, sodium herv.uate .~!lluti(Jn tn 100 ml mediurn. /"v!i.~ ingre
r..licnt:> :.tnt! Ji'>flt:n'>e in )· t11 7-rnl.. quamirie~ ro )(). X 0-mm pr:tri 
ri.ucs. RL"frrl_!cr:!lt: fHiurt.:d pf;Hc:: Or:-.c:.:rd unused ntl:Jium at'ter Yo 
h 

?:1 Sud/11m hn1:-nate .wlurion· 01:-.soive 12 g N:..~C 7 H~O: in suf~ 
ficit.:nl re:.J~cnt water tn m~ke 100 ml. Scerili·le hy auroelaving (lr 
hy tiiterin:; thrnu~h a 0.2"2-f..Lm pore sin: mcmhr:.Jnc filter. DrscJrd 
after 6 month.\. 

)) Cyr:fohc.runide:" Ortion:.1il:' ~HJd cycloho.irnidc: to 1\.I-Endo 
pn.:sert:.:tivc medium. It mJy he u.~ed for S;.Jmp!es th:.J.t previously 
h~1ve shuwn nvcrg~owth by fun.:;i. including yt:J.Sts. Pn:p:.1rc by 
Jsepnc:.~!ly :.~JJing 50 mg cycioht:ximidd!OO ml to tvf-Enr..lu pre
sr::-v:.uive medium. S!Ore cyclohc.v.imuJe solution in refnger:.:tor 
JnJ Ji~c:ml Jfler fl month.~. Cycloht:.timtdt: is :.1 powerful skin 
in-it:..tnt; hanUie wuh c:.~uuon :..tccording to tht: m:1nufat:tun::-"s di~ 

rc·.:uuns. 
b. M -ST method: 
M -ST fu:fding medium. 

Sodium phosphate. monobn..~ic. N;JH:PO.._·H:O 
Dipot:J..S.sium hydrogen phosphat<:, KH:?O ... 
SuJLmi!;.~midc: 

Ethanol t9 5'7o} 
Tm thydroxymc::hy!_) ;.~mtnometh:.~ne: 
Rt::.lgc:nt·;;r.Jde wuter . 

0.1 g 
3.0 g 
1.5 g 

.iO mL 
3.0 ~ 
I L 

Dissolve ingredients by rehydr:uing in wate~. Sterilize: by au
toc!aving at l :2l 0 ( for 15 min. Fin:1! pH should bt: 8.6 = 0.:2. 
Dispense at le:.Jst 2.0 mL to tight-lidded piJ.Stic culture dishes 
contJining un :Jbsorbent pad and c:uefully remove c:xcess liquid 
from pad by decJ.ming place. Store in refrigerJ.tor for use within 

96 h. 

• Acrrdionc:-•JI. milnuf;.~crure!l hy lhe' Upjl)hn Col""!l["lJny. K-1IJma:tt111. M!. or ~qulv
alenL 
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3. Procedure / 

a. St..1mple prt!Sefilation and shipment: Pl:.u.:r.: absorbc:m pad rn 
bottom of sterik: petri di.sh and s:nur.ne with .se!e:cte:l coliform 
holding medium (sec Sc:ction 92:!2C.2 :~.bove). R~movc mt!mbr:mt: 
tiltt:r from tiltr:J.tion unit with sterile forceps and roll it, grid .sidt: 
up. onto .surf:1~e of mediurn-sJ.turJted pad. Prote~t membr:mt: 
from moisture tuss by tightly dosing plastic petri di.sh. Sc:arloose
titting dishes with an :1ppropriace se::~.ling t:J.pe to prc•;enr 
membr::mt: dc:hydration during tr::J.n.sir. Place culture dish conrJin
ing mt:mbr.lne in :1n appropriate shipping: container am.1 send to 

the lubor:.uory for cesr completion. Tht: sJmple cJ.n bt! he!J. wtrhout 
visible growth for J m<1x.imum ofi:2 h on the holdingfprcser;Jtive 
medium. Thi~ usually al!ow::; use of the mail or a common c:mier. 
Visible growth oc:.:asionally begins on t!1t: transpor1 medium when 
high temper.::~.mres are en~ountered during transit. 

b. Transfer arrd incubation: At tht: labor.:. tor:". trJ.nsf<!r 
membrJ.n~ from holding medium on which it WJ.<o shippd to a 
second ~terik pecri dish conc::1ining M~Endo or LES Endo mdium 
and incubate ac 35 :t: 0.5''C for 20 tO 22 h. 
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4. Estimation of Coliform Density 

Proc~ed as in Section 9:2228.6 abovl;!. R~cord tim!;!:; of co!\c:c
tion, tiltration. and labor:uory e~amin:Hion. and calculate tht: 
t:lapsed time. Report elapsed tim~ with coliform results. 
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9222 0. Fecal Coliform Membrane Filter Procedure 

Ft.:t::J.! colifurm bac:t~ria! densities may be Jd...:rmint:J t:ithcr by 
the multiple-tube prot:t:dure or by tht! 1\.IF tt:c:hnil.{UI!. S..:~ S..:c:cion 
9225 fur Jifferemiation of Eschaid1ia coli. tht: prcUominam t"c·.:Jl 
colifurm. If th~ iviF pro~I!Jurt: is usc:U for chlorin;..ttt:J e~tluc.:ms. 

Jernun::.tr:.uc th:J.t it givt!s c:umparablt: infurm:J.uun tu th:J.t nhcain
:tbli! by the multiplt:-tu1k te:-;r bdZWc lCCt:t:ting it :ts Jn Jltcrn:.uivt:. 
Tht! ft:cal coliform NIF prot:l:t.lurc uses :.tn t:nric~...:J bc:to.~c m:::
dium :wJ inc:ubarion tt:mperJ.tun: of -H-.5 .::: 0.2'lC fur sdo.:ctivity 
B<::c:.tuse incubacitm tempt:r:ltun: 1::. critic:.:!. submer;;l..': 
waterproofed (plastic: bag t:ndo:-;ures) MF cultures in a w:.Hl!r bath 
for incub:uiun at the l!!t:v:.ut:J tempt:r:tcurc or usl.! ~n appropriate 
solid he:.:.c sink im:ubacar or otht:r incubator th:J.t is documentt:t.! to 
hold the:: 4.5''C temperature within 0.2.<lC chroughuut the chamber. 
over :.1 2-+.~h perioJ. Are:J..'i of :tpplicJtion for tht.: t"l!:.:Jl coliform 
mechoU in genr:::r:J.! .1re stated in tht: introduction w tho:: multipk· 
rube feo::Jl coli fonn pro~;cJures. Section 9221 E. 

1. Matena!s and Culture Medium 

a. M-FC medium: Tht: nt:ed for uniformity di<.:t:ttes tht: use of 
dt:hydrateU mt:dia. Never prepare medi;J. from basic ing:rdit!ms 
w"ht!n suicablt: dehydr:J.ceJ mt:Uia :tre availab:e. Follow m:.wuf:Jc
turer's directions fur ri!hydraciun. Ct>mml!rci:.llly prcparetl mdi:.~ 
in liquid t"orm (srerik ampult! or other) also may bt: us~;d if known 
to give equivalent results. So::t= Section 9020 for <.JUalicy con (fa[ 
specitications. 

M -FC medium: 

Tryptosc or bio~att: 
Proteose p~~Hont: No. 3 or pulypt:pmnc:: 
Yea:a <::ttr .. u.:t 
Sdtlium chloride, NaCI .................. .. 

10.0 g 
..... 5.0 :; 

3.0 ;; 
. ... s.u.:; 

L-11.:1P~<.:. 

Bil..: ~:J.Ib Nu. J ur bdo..: ~;ilh m1.tt\ln.: 

Am line blu..: 

A:;ar {np!i<,m:lil 
R..:;rg•.;nt-:;r:.~tk w:.Hcr 

12.5 ::; 
! .5 ~ 

.. 0. I g 
15.tl :; 
I l 

Rehydr:w.: proJI.!~..:t in I L ware~ cont:.~inin:: 10 ml \'}- m~olic 

:1ciJ in 0.2:V N:.10H ... Heat to nt::.lr boding. pmmrrly n.:m1lve from 
llc::H. and COIJ! !O bdtJw SOUC. On nur 'itt:rilizt: by J\!((H.:I:Jving. If 
:.~gar is ust:lL dispt:nsi.! 5~ w i -mL <.JUamiW!.'i co 50~ X 12-mm 
pt:tri pbtl!s anJ fe~ solidify. Fin;_t[ pH should bt: i_J. -::: 0.2. R..:

frigt:r..ltt.: finished mi!tlium. pn:fl!r-:.tbly in se:.lit.:d plastit.: bags or 
otht:r c:onr:.int:rs co reduce m1li~tun: loss. :.~nd Jis<.:JrU unused bro(h 
after 96 h or unusi!J :.~g:1r after '2 we::ks. 

Te.~t t:ach m..:Jium Jut ag:.~inst a pre·1itmsly :.lt.:c:ept:.!h/t; lilt fur 
so.tisf:.H.::tory perfnrm:.lnt.:l: as dt!~cribed in St:ction 90208. hy mJk· 
ing: dilutions of a cuhurl! of £. co/1 (Sc:.:tion 9tl~.r)) anJ ~lltcri.-;~ 

Jppropri:.1te volumes to giv~.: 20 tu 60 cnl .. mH.:s p~r filtt.:r. With 
t::J.I..:h m:w lot of medium verify I() or murc colonies \Jbtaint:d t"rom 
sevl!ral natur:J.l samplt:s. to establish tht: absence nf f:.tlse pusi(lvl!s. 
Fur muse :;amplt:s M~FC mt:t.!ium may be ust:d withuur tht: l% 
rosolic ::~.cid addition. pruviJe:J thi!re is no intert">!rt!nce with back
ground gruw(h. Su...:h iftc.:rfc:r..:nct: m:.1.y bt.: e:'(pl!ctt:t.l 1n • .. turm,v:Jt:-.:r. 
samplt:s c:o!!t;crt:ti J.unt'tg the tirst runoff (initi;JI tlushing} after <1 

lun~ dry period. 
Bdore use. test e:J.ch batch of !o.bor:.ttory~prepared l>o!F medium 

for perforrnanc:: wich positive ami nl!g:ttivl! t.:ulture controls. 
Cht:ck fur coliform contamination at tht! bl!ginning· and end of 
~:1ch filtration seric:s by filtl!ring 20 co JO mL uf dilution nr :inst: 

• Rusulic J.Ct<.l r~::l!;t:nl w1ll Jt:t.:nmp<>~c if\rcnl1tct.l hy .JIJ(!~<..I:..ving. R~t'ri~,;'!r.Jr<:.>U~<.;k 
solurton in the .Jark ;~rul Ji.~c:.~rU Ji'!t:r 2 "'t:O.:k~ ''r -;nont:r 1f ot\ .;ulor ~ll.Jn!j:t:!> lrom 
..Wrk rt:!lto mu.UJy bruwn. · 
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watc:- through filter. If ~.:ontro!s indi~.::J.le contJmin~.Hion. rcj~..:ct :.~!I 

<.br/i·rom atfccted samples and request re:-;amplc. 
h. Culture dishes: Tight·titting plastic dishes Jre preferred bt:

Juse the membrane ti!ter cultures are submergt:d in a water buth 
during incubation. Place fecJI coliform cultures in pla.•aic bag:-; or 
;-;c:.1l individual di:-;hes with waterproof (rrcezer) t::J.pc to prevent 

lc:Ibgc during submt:rsion. Specific:uions for pt.1stic cu!ture 
dishes are given in Section 9:2~:!.8.1 e. 

c. lncuhawr: The spe:::ific.:!ty of the fee:..~! colit"nnn test is rclJtcU 
directly to the incubation temper:lture. St~Hit: :Jir incuhation m:Jy 
be a prohlcm in some types of im:uhaturs h~.:c:Jus.: of potcnri~l 
heat Llycring within the chamher, slmvcr hc:1t transft:r from :.1ir to 

tht: rn~:Uium, :.1nd the slow recovt.:ry uf tempc:-:.~wre c:.~c!-1 tirne th~ 
im:ubator is openeJ during dJily oper:.ltion;.;. To meet the ned for 
grc:.Jt::!r temper:.Jture comrul use a wate:- b:.Hh. a he:.tHink incuha~ 
tor. or u prnperly Jesignd and constru~.:ted in~.:ubator shown to 
:;ivc l!quivaknt results. A tt.:mrcr:.~ture tole:-:.nct.: ol· -+-!.5 :!: 0.2'-'C 
c:.~n he (Jbtainct.J with most typc:s of wutcr bat.h.o., that J.J...,o arc 
e4uipped with a g:.1bie Wp for lhe reduction of water and ht::.lt 

loSSl!S. 

2. Procedure 

u. Sc!ecrinn of".wmpfe .\·i:e: s~lt:ct vulume or W:.l[t.:r sample to 
he c:t:.Jmind in accon..bm;e with the inl"ormation in T:.1hlt! lJ"22:2: 
!ll. u..,c s:~tup!c volumes th;tl Will yidt.J t.:llunts hctwecn 20 and 
60 fl.!c:..<l C(llit'unn !..:\Jionics pt!r mcnbr:me. 

Wht:n the h:.Jctc:i:.~J (.k:l.\ily of tile S;.Jrnplc is unknown. filt~.;r 

sevt.:r:.ll voltnnes m diiutiuns to achic·~t' :1 t'(JUnl:lh!c tknsity. r:,~ 
tim:Jit: volunH.: :uHJ!Ilr Jilutinn l.:'fl!.:CicU l(l yiclt.J :J CllUnt;~hk 

'lnbrane and sdcL:t lwo <HJUitinn;J] (..jUalltitic:-. n:pn:s~.;min~ une
,th ant.J tr.:n tune:-. this volume. n.:srt:cuvt:ly 

h Filtrution of .WIII[7fe: Follow the S;JnlC procedure and rre
c;lUtions JS pn.:scrih~.;U und_~r Set.:tinn_~2~~8.5!J :1hove. 

c. PrC'eurnrion of' (."l.drurl! dish: Place a .\lt.:nie ah~urht.:nl p~:J i11 

t:":Jch :..:ultun.: Ui.~h :1nU ript:! :lt lt.!:Jst 2.0 mL l'vi-FC medium. rn:
pJreU :IS t.lin:ctd Jhove, to .\JIUr::lc p<ld. C:1rc!ully rr.::npv~.; :.tny 
e:u;css Jil.{UiJ from CUlture d1.~h by Lkt:anting the f)fJll:. A.\t:[lti

t,:;J]Jy. pLlce prep:.ueJ filter pn me:Uium·impn.:;;n:.~teU p<1J a." Jc
scribc:J in Sc:c:ion Sl~228 abuve. 

As a substr..lte substitution for the nutricm-satur:.ltt:d absurhent 

p;.nJ. :1JJ .5iJ(' J~:tr tn M-FC brnth a., dt!~;erihcd in 5-::..::ion Y222B 
ahuve. 

W ,Llt:r Suurct: 100 50 Ill 

L:.Jk<.:~. rcsc::rvuir.. X X 
W~.:lls. spring:-. X X 
Wat..:r :-;urply intal..t.: X X 
Natural bathing w:.uc::rs X X 
St:wage trt::.ttntt:nt rl ;:nt X 
Farm ronds. rivt.:r; 
Siormw:..~l..;r run~>ll 

Raw mum~.:ira! scw:..;;r.: 
FeeJlol runoff 

St:wagc ~luJge 
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d. fnc1dwrinn: Ptact: prepared dishes in waterproof pl:.lstic ba'o!s 
or se:.ll. invert. :md suhmerge pe:ri disht!s in water bath, Jnd j;_ 
cubate for ::!4 :: 2 h Jt 4.5 :: o.:<lc. Anchor dishes bdow WJter 
~urfJ.t:e to rnaimain critical temper::uure requirements. PI<Jc:: a!! 
pn:pan:J cultures in the water bath within 30 min Jftcr fi!tr:Hi<Jn. 
Altcmati\ie!y. use an appropr.:.lle. accur:.ne so!iJ heat sink or 
e_quivalent incubator. 

r:. Counring: Colonies produced hy fecal colifllnn bacteria nn )..-t~ 
FC medium Jre various shades of blue. Nonfc::c:JI coliform colonies 
an: gray to cre:J.m~culorcJ. Norm;.l]ly. few nonf...:c:.~l 'oliform colo. 
nics will be obs...:rveJ on M-FC mcd:u1n hecau"e nf st.:!et:.tive J.c:ion 
of tht: e!ev:Jie:J tt.:mpcr:.~ture :md a<.lr...litiun or rosol1c acid :;;J.]t rt:Jger.t. 
Cuum colonie.<; with :.l low-power ( 10 to 15 m:..~g!li!icat1ons) b1nuc
t.dar wide-fie!d dis:-;c:..:dng microscope or oth~r optical Jeviu:. 

f V~.:rijica.tiorr: Verify typi:..:al blue colonies anJ any <J.typic:J.i 
grey to sre-en colonies as describd in Section 9020 ror fec~d 

coliform analy:;is Simult;.:,neous im1cui:J.tion at both tempt:rJtures 
1\ acct:ptabk 

J. Calculation of Fecal Coliform Density 

a. C11nf'ra/: Comrute th~ density from the s:.tmplt: qu:1mities 
that protiuLd :-.IF counts within the dcsirt!d r:.~n,;;c of 20 to 60 
fecal colif(lfm c:olonies. This colony (.knsity r:1n:;t.: is more restric
tive than the 20 (0 X() lOla) culif(lrffi r:1n_;;~.; ht:L':.JUSC o( l:.trg,.:r co]. 
ony st"!.c tln i\1-FC medium. (:.Jicui:ILC ll::..::J.I col1form dcnsny as 
Jin;t.:ld in .Secuun 1)2:2::?.8.(1 :.~httv~.;. Rt.:l.:()rd \.k!lsltic:; a:--. ft.:c:.:l co
li forms per 100 mL. 

h. Sn/inwnr unci bto.wfitl su.mrJ/,·.r: Fllr tut:.~J ~oliJ (t.Jry weight 
h:L~i:--.J 'it.:c Scct1w1 2."-HJG 

C:ilni!~:IC fct:~Jl ~..:uliftt(nl\ rcr ~r:un Jry wci_;;iH lur hiusolid :Jn:ll
ysi.~ :1.<> follow•;: 

F~.:~..:al t:lliilurrm pt.:r gr:.:.m dry wet~!\! 

E.\:.Hnpk l: Tht:n: wert: 2::! colunie.' ub\1.!:-vd on the t ·1 (J ll()t) 

Ui!uti11n p!Jtt: uf a bi,Jsolid with -l.':r t.lry sul1t.h. 

If no l"ilter has ;; culirorm count f:lilin:; 1n L1e idt::J.l r:.~nge (20 

Vulumc:: C'O TQ Be Fillen:tl 
mL 

lJ.l 0.01 0 ~0 I O.UUOI 

X 
X 
X X 
X X X 
X X ;( 

X X X 
X X X 

X X X 
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to 60). totJ.l the coliform counts on all countJ.b!e filters ~d report' 
:15 fcc:J.I coli forms pt:r gram dry weight. 

E:<amp!e 2: There were 13 colonies observed on the I: I 0 000 
dilution p!:Ite and 2 colonies observed on the ·1: I 00 000 dilution 
p!J.te of ::1 bimolid samplt: with 4% dry solid!->. 

(I~ + 2\ 
=4.5xiU" 

(ll.OOU I + 0.1\!\0ill \(0.1}1 \ 

To compute ::1 geomt:tric mt::.m of sampks. convert colifnrm 
dt:nsities of e:::.ch :;Jmplt: to \og111 value:\. Oetcrmint: thi.! gl!Offil!~riL 
me:J.n forth!! giv!!n number of sJ.mplt:s (usually sevt:n) by avr;:r
aging tht: 1og 10 valu>!s Or the coliform densities anJ t:::.kin~ the 
antilog rJf dlat nlut:. 
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9222 E. Delayed-Incubation Fecal Coliform Procedure 

This lkbyed-incuh;~_tion pn1c~~un.: is sirniL1r to tht: d-:I.Jyt:J
im:ub;J.ttnn totJI enlihmn procL:Uun: (So.:ecion T~~:2CJ. u_,c tho.: ck:
l:lyc:U-int.:uhaunn t-:st \)nly when tht! sr:mJanl imrno..:Ji;Ht; t'i.!C:ll Ctl

lir"orm tcsr cannot be pcrt'ormo.:d (i.l.! .• wl11..:rc thc :.1ppmrn:Hc ficiJ 
im.:ub.:tmr is not o.v:1ilabk. or when:. unUt.:r ecn;1in circurnst:tncl!s. 
a "pet.::J.Iizt:U labor:~.tory .~t.:rvice is advisablo..: [(J -:.umim.:. cuntinn. 
or spe,__;i;,:te tht: suspect ~.:u!unies). 

Rc:u•[s obtainl!tl by this delayed method have been cnnsistcrl! 
with re·.ults from the st:InJJrd fecal colit(Jrm i\IIF tc .... :: untlt:r v;J.r
iuus l;;.buramry anti tie!J ust:: cuni.litions. However. Jetermino..: tt:.';t 
applir..:::blity tOr a specitlc water sourct: by comr<1rison with tht: 
Stand:.:.r:j MF tt::-;t, especially for .'ialine W;J.tt:r:-;, chlmin:.m.::li wastt:· 
watc:rs. :.nJ wacers containing to:<.ie subst:uH.:t;::-;. 

To conJw.:t the Jdayed-im.:ub:.uion test tilter samplt: in tht: tieJd 
immt!di<.~tely aftt::r culle~.;tiun. piJt::: tilter on M-ST holding me
dium he-:: S>!ction 9'2'2'2C.2h bdow). anJ ship to tht: b.borJtory. 
Compie:r: fecal coliform test by trJ.nsfc:rring: filter to M-FC me· 
dium. incub<.~ting: at 4-+.YC for 24 :!: 2 h. anJ t.:nuntin::; t't!c:.tl 
calitOrm colonies. -

The M-ST meJium ket::p~ fl!~al ~.:oliform urganism:--. viablt: but 
prevt!nt::> visiblt: growth Uuring trJn.sit. MembrJne tiitt::rs: t:J.n be 
ht!ld for up to 3 Jon M-ST holdin~ mc:dium with liuk et'fect on 
tht:: ft::cal colifurm counts. 

1. Apparatus 

a. Cdttmt dish~t.s:· St:":t: s~~.:tion 9222C Ia for spe::t.::itkacions. 
h. Fitt!dfiitrution ur.irs: See Sa:tion 9222C.Ib. 

2. M.:Jterials and T ransoort 1'vledium 

u. tH-ST me:lillnr: Prepare: a:--. LlL: .. :crihcU in S..:t::iDn lJ222C.2!J. 
/J. JYI-FC medium. Prc;Jafl.: .1:--. Jo.::;cnh.:J in So..:cuun ()~:2:!0.1o.L 

3. ProceC:ure 

(/. ML·mhrarrejilta {f'W!.\'{Jf!rr: P\act:: .Ill ahsurbo..:nt r:;J in J ti:;!ll
liJ p!:.l:--.tic p~.;tri Ji.,h anJ s~tturatc with l\1-ST ht!IJ1n:; mo..:Jium. 
After filt~.::-in:; s:Jmplo..: n:mt1vc m'.:tnhr:1ne tiltcr fnHn tiltr:ttilln unit 
anJ placo..: it on mo..:Liium-..;:uur<.~t..:J paJ. U:--.~.; \lilly ti:;ht-lid tlishes 
CO prt:vt::-tl mDi.--.tun.: lo_..,_..,: hDwcvcr, :1void h:.1ving e:tc:.::--..~ liljuiU in 
tho.: Ui:--.h. P!:.H.:~.: culture Ui_,h cont:;ining m-:mbr:lne ir. an appropri· 
au: shipping cunt:.1ino..:r anJ ..,o..:nJ tu lahqr:.1mr;. i\llemhr:tnc:--. r.:an bt:: 
hdJ nn th~.: transp(ln: me:lium at ambit!nt temper:.uun.: r·()r a mJx
imum of Tl h with lirtll.!' effc:t.:t un ft:•.::.d coliform coums. 

h. Tru.mfer: At lhl!' l:thuratory n!tT1ove mo..:mhr~ne from holding 
mditrm Jnrl pbce it in :tntlfho.;r Ji,h cnnt:tining 1\1-FC rnt.:dium. 

c !ltc:tb~ail)n: ,·\ftc tr:.~n:--.fc::- ul· lilt-;r tu t'-1-FC tnt!dium, place 
ti:;hr-!itl Ji.~hc:s in w;,tt.:-rpruof pla-..;tiL· h:•g'. invert, anJ .-;ubmt=rg•:: 
in a w:.~ter b<.~th ;It .l..l-5'C !: 0.2''C fllr 2-i. := 2 h ur ust: J solid 
ht:<.~t sink ur Ct.juivalt!nt im.:ub<.~tur. 

d. Cowrriitg~ Culonit:s proJuct:U by t't::cal culit'orm b;1ctc:-ia ;J.rt: 
various sh:llks u~· blut:. Nunfc:c:<.~l culit'urm coll1nil! . .., are gray to 
crcJ.rn-r.:D!ord. Count •.:oloni~s with J binucui;J.r wiJe-tielrl dis
~cetln'! mic:nJscooe at 10 tn 15 m<.~:!nitlcatluns. 

;; ~'enjicatiwt': V(."tify rypic:.1! hlul.!' eui(Jnil.!'.'\ anJ :1ny atypic:~.! 
!grey m g:re-;::nJ eo!unit= . .., as Jc;r.:riht!U in Sr.:l.:tion !}1!20 for fee:.~! 
t:olifurm :ln;J.Iy-..;is. 
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4. Estimation of Fecal Coliform D~nsity 

Count a,o; directed in Sc:ction 9222D.2c ::1b0ve :md compute fe
cal coliform density as described in Sc:ction 9'2:!20.3. Record time 
of collection, fi!LT:Jtion. and !abor;.~tory e:t<Imination, :md calculate 
and repo11 elapsed time. 
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9222 F. Klebsiella Membrane Filter Procedure 

Kit'hsic:llu bacteria belong to the: family EmerobJctcri:H.:cac anJ 
are induUeJ ir. the tOl:.ll coliform group. The: oute:mo~t layer of 
Klcbsid!u bacte1ia consists of a large: po!ys<.~t.:charide capsule, a 
characteristic that distinguishes this genus from most otht!r bac~ 
teria in this f:1mily; this c.:.:.~psuk: provit!c:s some mt:a.surc of pro

tection from disinfectant.'>. Kli.:!w·c:lla bacteria are commonly as
sot.:i:l!cd with colifonn regro\~o:th in l!.lrge w:aer supply distrihution 
sysrcms. 

Klebsiellae m:ty he opponunistic.; pathog•.:ns that can give rise 
w hac.;tercmia. pneumonia. urinary tract. and sevcr:.ll other types 
of hum;m infection. Approxim:1lt:ly hO to HO% of :.~II Klcl>sil'lla 

from fece:s and fnun clinic:.~! spe:cimcns. are positive: in the fec:..~l 

coli(orm test :.md arc Klch.l·icllajJIU'IIIIllllliat•. 

1\ll'bsirl!rt hactcri:..t aho ;JfC widely distrihutcJ in n:.Jturc. nct:ur
rin!; in soil. water. gr:.1in, vegct:ttion. etc. Wood pulp. paper miils. 

tcxti!t: tini:-.hing pl:mts. ant.f su~:..~r-c:..~ne processing operations Clln

l:tin I:Jrgc numht:r.~ of klch:-.iciLic in lht:ir cfflut.:nL\ ( l()...t to 101
'). 

and Klr/Jsicl!a sp. arc oflt.:n the predominant t.:nlifunn ·in SUI.:h 

eftlucnts. 
RJpirJ tluandt:Jtion m;1y De ;H.:hined in the i\IIF procedure hy 

motlifying M-FC :..tg:1r hasc through suhstifU!ion of inositol for 
l;.tctost: <..~nt.! ;,tllJinl:! c:trhcni.c.:i!!in or hy u~ing M-Kh:h Jg:..~r. These 
nKthods reduce thc._ncccs.<;;it,Y- t·or hioc.;hcmiL·:!I testing of pure 
strJins. Prclimin:.:ry vcritication of diffcrcnti;ur.:rJ wi(Jnit:.\ i."i rcc
omnH.:nJcJ. 

1. Apparatus 

a. Ctt!tl!re dishi!x: St:e Sc:ction 92.2'28 lefor .specific:Hions. 
b. Filtrurio11 units: See Section 9:::22B.lf 

2. Materials and Culture Medium 

f.!. Modified M-FC ilt;l..ir(M-FCJC agar): This medium m:.~y not 

be avail:..~bk in dehytlr:.ued funn and may require: prep:.lrJtion from 
the basic ingredient5: 

Tryptost: or bio.~<.~lt: .. .. . . . ........... . 
Proii..:O.'i.L' pertonc No. :1 or po!ypcpwm: 
Yc:.st c."ttr:.~ct 

Sodium chloride. NaC! 
Inositol 
Bile salts No. J or hi!e .~ult:-; mixture 
Aniline blue ................. : .. _. ..... . 
Apr. 

10.0 g 
.... 5.0 g. 

. 3.0 J; 

. 5.0 ~ 
10.0 g 
1.5 g 
0.1 g 

!5.0 g 
. . . I I. 

Heat medium t0 boiling and <Jdd IU mL ! C.:·C rosolic :..tcid dis
wived in 0."2N N;,~.OH. Cool to bdow -t5''C ;;,nd add 50 mg car~ 

bt.:nicillin ... Oi~p~ns~ J:-.~ptit.:ully in 5- to 7-mL quantities into 50-
X 9-mm pl.J..stic pt:tri disht:s. Rdng•:::-:.He until needed. Disc.J.rd 
unust:d agar medium after 2 weeks. Do not sterilize by autoc!av~ 
mg. Final pH should be 7.4 :: 0.:!. 

h. M-K!eb agar: 

Phenol red :.~gar 

AJonitol 
Aniline hluc! ... 
SuJiurn l:.~uryl su!f'arc: . 
Ri.!:.:;;cnt-;;r:.~l.k w:.l!cr 

. 3 J .0 g 
. 5.0 ~ 

. ........... O.J g 

. .......... 0.1 g 

I L 

Steri!izt: hy autoclaving for !5 min :tr 12!"C. Aftcraurocl<lvin!.':. 
enol lo ."iO"'C in .J. w;llcr hath: add 20 mL 95 1.~' ethyl :..~lcuhol (n~t 
dcn:!lurcd) :.tnU 0.05 g filter ste;ili1cd c:..~rht:nicillin/l. Shakt: thor
ntl~llly anJ dispcn."c :.J.<.;cptic: .. dly into 50~ X l}-mm pl:.,qic culture 
rlatc.o.;. The rin:..~J pH should he 7.-t ::!; 0.2. Rl!!'ri~~r:..~tt.:d medium 
c:m he ht.:IJ ftlr 20 J a! ~ tu X"C. 

3. Procedure 

u. St:t: Sccrion ~:!"228 . .5 t'or sdc~..:tion o( s<..~rnple size :llld til~ 

tr:..llion proc:.:Jurc. Sd.::t.:t sarnp!t.: volumes that will yield counts 
hctwccn 20 unrJ 60 K!chsici/U colonies per nlcmhrJnc:. Pl:..~ce 
mcmbr:..~nc !i!ter on "Jg"Jr sur(; . .a:c: int:u:hatl! for 2.:t ::= 2. hat 35 :: 
0.5nC. 1\/r.:hsiclfu colonic~. un iVI-FCtC :.~g:..tr :.1rc hlut.: or bluish
gr:.~y. Most atypic:.~! colonies arc brown {Jr browni.\h. Occasion:.~! 
blse positive occurrences arc t.:Ju.~cd by Entaohucrer species. 
1(/ebsid/u culunie:-. on i'vl-Kicb :.l!;ar :.Jre Ut.:t=p blue to blue gray. 
whcreas other colonit.:s mo:-.1 oflc:n ar-c pink or occ:..~sion=d!y pale 
yellow. Count colonies with a low~ power (I 0 to 15 m:..tgnitic:J.
tiuns) binocuL.1r wide field Ji:-.:.;ecting. microscope or other optical 
device. 

h. Vcriflcution: Verify Kh·hsie!lu !.;olonies from tht: firs: set of 
.'::..~mplcs from ambient waters unJ t::fllUI . .:nts and when Klr.:bsiellu 
is suspect in w:ner supply distribution systems. Yt:rify a minimum 
of five typic.J.l colonies hy transferring growth .from .J. colony or 
pure culture to a commerci;J.] multi-te::a system for gr:..tm-negutive 
speci:..~tion. Key te.SL'i for Kfeb.rie!!a arc citrate (positive), motility 
(negative). lysine decarbo~yl:.1se (pusitive). omithir.e decarboxyl
ase tneg:Hive), and ure:.1se (positivt:). A]Klt>b.'iiel!a strJin that is 
indolt:-positive. liquefies pectin. and demonstr:..~tes o. neg:uive fec.J.l 
coliform response i!i most likely of nonfec:.~! origin. 
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9222 G. MF Partition Procedures 

1. escherichia coli Partition Methods 

a. Applicacions: Escherichia coli is a member of the fecal CO· 
liform 'group of bacte:ia; its pre.senc:: is indicative of fecal con
tamin:uinn. RJ.pid quantitJ.tion and veritic:uion may be achievl!d 
wich che MF prot.:etlurc by tr::J..nsferring: thl! membro.ne from a toea!. 
coliform· or fcco.[.(:o[iform-posicive samp!t: to a nutril!nt agar sub~ 
str:.He concaining 4·ml!thylumbd1ifl!ryl·~-o·;;lucuronidl! (lvlUG). 
[n this m~.:rbod £. mfi is Jdined as any cnlifikm that prm..luces 
che emyml! ~-glUl:urunillusc and hydmlyzes tht: ~lUG suhstr:Hc 
co prm.lut.:L! a blue tluorl!scem:l.! around the pt:riph~..:r:l o( thl! -:olony 

[n thl! c::uminarion of drinking war(!r $umpl1!5. use 'this mt!thot.l 
to vl.!rify thi.! prest:n~..:e uf £.coli from a tor~l·colifurm-posirivt: MF 
on EmhHypt! mt:diJ. [n the examin:uiun uf w;lStt::w:uer ant.l otht:r 
nor.ptHJbll.: WJ.ta .'iJmpk:). u.'i-: 1hi.~ prqcdure m v~:rify posiriv~.: 

ti!ters from mFC medium u:;cd in the: ft:ca! coliform MF proct.:· 
durc. 

h. AppLlrarw,:: 
I) Culture disfre.\·: SIX Section 9222B.1 e. 
2) Filrrution. u.mt.\·: Set: Sc:ctian 9222l3.\f 
3) Forcep.r: Sc:::: Section 92"2"28 .I i. 
4.) fnc!Lhawr: St:e St:~tion 9222B.1j. 
5) Ultraviolet lump. lung WJVt: (]66 nm). preft:r:.~bly 6 W. 
6) Microscope und light .wurce: St:e St:crion 9:22:28.1 k. 
c. iHu.terials and culture medium: 
[) Natrien.t agar with tO,fUG (NA-i'vlUG): 

Pcptcno: 
Bc:cr" <!:ur.n:t 

Ag:u ·······•······················· 
4-m.:chy\umbdtif.:ryl·fl·o---glucuronitic: ... 

.. 5.0 g 
. 3.0 g 
15.0 g 

. 0.[ g 
I L 

AJU dehydrated ingredients to reJgt:nt·grJde water, mix thor
oughly. Jnd hc:at to dissolve. Steriliz:: by aucoc!aving fhr l5 min 
ar 12 t a C. Oispen:;;e a.septic:lily into 50·mm plastic culture plates. 
The tina! pH should be: 6.8 ::: 0.2. Refrig'!r::lted prepared medium 
may be held for 2 weeks. 

2) EC brorh wirh MUG ( EC-MUC): 

T ryptose or ttypncase 
Lacto~c .......... _ .... . 

20.0 g: 
. .. 5.0 g 

Bile: salt.s mixture: or bik s::Jlts No.3 ............... ,. 
DipmJ.ssium hydro!,;en phosphate. K,HPQ_. . 
Pota..'>sium dihydrogen phosphate. KH!PQ_. 
Sudium chloride. N'<lCl ..... 
'"'-·mo..:~hylumbd! iferyl·fl·o-glucuroniJ.: . 
R:agent·gr:::u.Jc: water ..... 

..... 1.5 g 
. 4.0 g 

.. 1.4 g: 
. 5.0 ~ 

0.1;; 
I L 

AJd ddtydr:;.retl ingreJicncs to re:.tgenc-_;;rJlk w:l!cr. mix thor. 
oughly and heuc to tlissulvc. pH shoultl bl! 6.lJ ~ 0.2 after st~:r
ilintion. B.:ft)re stc:ri!iL~tlun. di.-.;p~.:ns!! intll .:ulcun..: tuh.:.'> anll c:.~o 
with mt:tul or hl!:.lt·resis!:J.nt pbstic .::.:rs. ' 

d. Pro1:1!du.re: Sc:~ St:t:tinn 1.):22213.5 for sckt.:tiun uf sumpk size 
anll t"iltrJtion procedure. Fur drinking watcr .~umplt:.'i u:~ing Endo· 
type mt:diurn. caum anJ record the ml!t:J.llic gulden she~n t.:ulo. 
nics. Bet"ore tr::~nsfer of th.: memhran.:. tr:H:sf..:r a sm:1ll port1on uf 
c::.tt.:h tJ.f!:;t!! coluny to tht: appmpriatt: to1;1l co!it.tlrm vcrific::.~tiun 

rriet.lium. using .:1 sterik net:d!e. St:t! Sc:t.:tion 92:228.5 fur CmJJ 
colit.urm ve:it"ic:1riun pnx:::Uun:.•;. 

Altem~Hivt:ly . .1fter transfer :.1nJ incuhJtinn nn NA·1'viUG .. ~wab 
the surf: .. u.:t: _growth on the tiltc:r anJ rr:111sft:r to thl! Jppropri:He 
tmul coliform verific~tion medium. Asepcic:.~J!y trunsfer the 
mt:mbr:.:n~ from thl! End1Hypc: mdium to NA-lvlUG or EC·MUG 
medium_ [f Jiffercntiution of the !Ot:J.l ca!ifonns is dt!sirctl using 
NA·MUG medium. mo.rk each sht:l!n colony with a tine-tipped 
m:.~rker or by puncruring a hole in the: membrane adjat.:em to the 
colony with a sterilt: nt:edk_ [ncubare NA-MUG ::J.t 35 :::: 0.5...,C 
for 4 h or EC.MUG at 4-+-.5 ::: 0 .. 2 for 24 = 2 h. Ohserve indi· 
vidual colonies or tube!) u:-;ing J. hmg·w:J.Vt:-kngth (J60-nml ul
traviolet light suurce. prcft:rably conc::~.ining a 6-W bulb. The: preS· 
enc~ of a blue tluore:>cence in tht: cube::. on the pt:ripher; (outer 
edge) of J. colony. or obser,eJ from the buck of the plate is 
can:>idt:retl a positive response for E. coli. Count and record th~ 
number of LJrget colonies. if qu:mtitic:uion is desired. or just rec
ord presence or J.bsence of tluorescince. 

Fvr nonpmuble wJ.ter sarhplt::i, use mFC medium for initial iso
lation bdore transfer to NA·MUG or EC·MUG medium. The 
procedure is the: same as the above. wirh the exc::::ption of the total 
coliform veritic:uion process. 

F1Jr the EC-MUG method. a positive control consisting of a 
known £.coli {MUG.positive) cuiture, a negative. control CCH1-
sisting of <1 th!!rmOto!erJnt Klebsi~llu pnewnoniue {Mt!G·nt:g.J· 
tive) culture. and an uninoculated medium contr.ol may b~ ne:::-
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cs~a.rJ to interpret the re:mlts and to avoid confusion of we:1k, 
:>.utofluorescenc;e of the medium a..; a po~itive response. See Sec
tion 9221 F. 

2. Fecal Coliforrn Partition Method 

a. Aprlications: Further partitioning of tot:J.l coli forms from the 
originul MF co!iform-pmitive culture in J pre::;ence/J.bsence 
search fur fec:.li colifonn in a drinking water sample may be 
achieved within 14 h. This procedure provides additional infor
m:>.tion from the original sample. 

b. M(.Jterial.s and culture medium: EC broth. See Section 
9221 E. I ci. 

c. Prncedure: S!.!e S!:!ction 9111B.5 for selection of sample size 
:wd tiitrJ.tion procedure. Fur drinking wJtcr sample::; using Endo· 
rype meUia.. coum and record the metJ!lic (golden) sheen colonies. 
Before transfer of memhr::me or swabbing of plate, tr:.:nsfcr a 
small portion of c:ach target Cl)lony to the appropriate total coli
form verification media using a sterile needle! (see Section 
9'.!'22B.5j). Use a sterile cott<Jn swab to collect hacteria from the 
membrane :mrface. ur pick discrete colonies with a 3-mm loop or 
stcri!c applicator stick. or tr:wsfcr the entire membr::me HJ inocu· 
!:.He a tuhe of EC medium. Incubate inoculatetl EC broth in a 
w:.~tcr b:.~th at 4...1.5 ::: 0.'.!°C for :2-l :!:: 2 h. Place all EC tuhe=' in 
water hath within 30 min after inm:ubtion. Nbintain a sufficient 

MICAOSIOLOGICAL EXAMINATION (9000) 

water depth in water hath incubator to immer.;;e tubes to upper 
level of the medium. Ga=' production in an EC broth culture in 
'24 h or less is considered a positive response for fCc:.1l coliform 
hactcria. 
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9223 ENZYME SUBSTRATE COLIFORM TEST" 

9223 A. 

The cnzyn~t: suhstr:.~te tc!>l utili.-'.CS hyJro!yz;.~hlc: suhstr:.Hcs !'or 

the simultaneous dt:tL'Ction of total ~.:olil'orm bacteria ami Erdwr· 
iclriu coli enzymes. When the enzyme techniljUC is uscJ, the toi;;,l 
colifunn gruup is dclim:d as all bacteria possessing tht:: c:m:yme 

~-D-g.jLJcwsiJase. which· dc:Jve:" the chromog-::nic substr::ne. re
sulting m re!e:.1se of the chrornot:en. £>eherichiu. coli are defined 
as bacte:-ia giving, a positive tow.! coliform re:->pon.se and possess
ing the e;,zyme [3-glucuronidase, which cleaves a fluorogenic sub
str:.tte. resulting in the release of the Ouorugen. Tne te:n can be: 
used in either a multiple·!ube. multi-well, or ::1 presence-Jbsenc:! 

(single J 00-mL samplt:) format. 

1. Principle 

1 a. Totu.f coliform hacreria: Chromogenic substr.J.tes, such as 
'·ortho-nitruphenyl-~-o-g:::J.tactopyr::moside (ONPG) or chloro
phenol red-[3-n-galactopyr::moside (CPRG). are used to detect the 
enzyme f3·o-g:.tlactosidase. which is produced by total colifonn 
bacteria. The l3-o-g;1Jacm.sidase-enzyme hydrolyzes the substrJ.te 

and produces J color ch<~.nge. which indic:ues a positive test for 
total coliforms Jt 24 h {ONPG) or 2~ h (C?RG) without a.dditior.JI 
procedures. Noncolifonn bacteria. such as Aeromonas and Puu.-

• Appn,lVed by Standard Me!hud!'l Commiw:-e. 1991. 

Introduction 

domo,ws :->pct:it:s. may produce sm:.~ll amounts or the en:.:yme [)· 
o4pbctusit.l:.~:.;e, hut are ,~uppre ........ ed ;md g'!m.:r:.dly will not proUuce 
a positive response within the incubation time unless more th;;,n 
I O" culony-for:ning units (CFU)/mL ( 1 01

' CFU/JOO mL} are pres
ent. 

h. Escherichi'a coli: A fluorogcnic subs[rate. such as 4-methy!

umbd!iferyl-S-o-g!ucuronide (MUG). is used to detect the en
zyme S·glucuronida.se, which is produced by £. coli. Tht: ~4g!u

cumnida:-;e en1.yme hydru!yze:; the ;.ubstr.Jte ar.d produ:;es a 

tluon:scent product when viewed under long-wavelength (366-
nm) ultr::xvioler (UV) light. The presence of tluoresc::nc:: indicates 
a positive test for£. coli. Some strains of Shigdla spp. also may 
produce J positive fluorescence response. Bec.::mse Shigella spp. 
are oven: human pathogeos. this is not considered a detriment for· 
testing the sanitary quality uf wJter. 

2. Applications 

The enzyme substrate coliform.. test is recommended for the 
;.tn;,.dysis of drinking J.nd .~ource WJter S<~mples. Fom:tulations aiso 
an: J.vJibblt: for the anJ.lysis of marin!! w;:xtcrs. Initblly. labo~
turie:; planning to use this procedure should conduct paralld quan· 
tit.Jtive lesting (including seasonal variations} with one of the 
standard coliform tests to assess the effectiveness of the test for 
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