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[t involves numerous steps (see pages 9-57 - 9-62):

. Media Preparation

. Filtration

. Ineubatior of filter for 24 hours at 35°C on Endo-type media

. Observation of colony growth for typical and atypical morphology

. Confirmation of potential coliform positive colonies in BGLB for 48 hours
at 35°C. A
6. A fecal coliform test using EC Medium for 24 hours at 44.5°C.

o Itisrecommended 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 9222:11 illustrates 93%
confidence limits). (page 9-61)

s A verification step on tyvpical colonies is required and verification on atypical
colonies is recornmended. (page 9-56 & 9-60) .

» The fecal coliform test uses an enriched lactose medium and an incubation
temperature of #4.5 + 0.2°C for 24 + 2 hours to differentiate between coliforms
found in the feces of warm blooded animals and those from other '
environmental sources. (page 9-63 — 9-63)

o EC-MUG is a specific procedure used to test for E. coli. (page 9-67 3-68)
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Polassium dilhydrogen phosphate, KH2POL Ll N 15 ¢
Sudium chloride, Nl e et aa s ... 50 g
4-methylombelliferyi- -B-p-glucuronide (7 (\AUG) ........ veers 003 ¢

pent-grade WaleT L e ! L

Add dehydrated ingredients to water, mix thoroughly, and heat
t dissoive. pH should be 69 = 0.2-after sterilizauon, Betore
stertlization, dispense in wbes that do not fluoresce under long-
wavelength (366 nm) ultraviolet (UV) light. An inverted twbe is
not necessary. Close twbes with metal or heat-resistant plasic
cups.

b. Procedure: Submit all presurnptive fermentation whes or
botes showing prowth, gas, or acidity within 4§ = 3 h ol in-
cubation 10 the £ coli lest.

1) Guntly shuke or rotate presumptive fermentation wbes or
buttles showing growth, gas. or acidity. Using a sterife 3- or 2.5~
mm-diam metal loop or sterife wopden applicator stick, trunsfer
growth from presumptive lermentation tbe or bottle w EC-MUG
brogh.

2% lncubate inoculated EC-MUG tubes in a wuter bath or in-
cubutor mainined at 445 = 0.2°C for 24 = 2 h. Place ail EC-
MUG wbes in water buth within 30 min amr inocuiation. Main-
win a suificient water depth in the water-bath incubutor
immerse whes to upper level of medium.

, MICROBICLCGICAL EXAMINATION {8000q)

¢ Inerpreration: Examineg all whes exhibiting growth for iy,

vrescence Using a long.wavelength UV lamp {preferably 6 W

The presence of bright blue Tuoreseence is considered a pusitive
response for £ cedi, A positive control consisting of a known £
coli (MUG-positive} culture, a negative control consisting of 3
thermotolerunt Klebsiefla pneumonive (MUG-negative) culture,
and an yninoculated medium contral may be aecassary W© inkerpres

the resulty and to avoid confusion of weak auto-fluorescence of

the medium as a positive response. I multiple wbes are ysed,
caleulate MPN from the number ol positive EC-MUG broth wihes
a8 deseribed in Secton 9221C, When using anly one wbe or
supculturing irom a single presumpiive bottle, reputt a8 presence
or absence of E coli
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g222 MEMBRANE FILTER TECHNIQUE FOR MEMEERS OF THE COUFORM GRCOUP”

9222 A.

The memibrane filter (M) techinigue s mghly reproducibie, Can
he used o test relatively farge sampie volomes, and usually yiclds
numericel results muore rapidly than the multiple-tube termenta-
ton procedure, The ME rechaique ix extremely usclful in moni-
woring drinking water and a vartety of natural waters. However.
the MF echnigue bas limiagons. particularly when esung waters
with high wrbadity or large numbers of noncotitorm (background)
bacteria., When the MF technique huas not been used previousty,
it is desirable to conduct parallel tesis with the method the lubo-
ratory s using currently to demonsirate applicability and com-
parability,

Cefinition

Az reluted w the MF technigue. the coliform group s defined
as those fucultative anzerobic, gram-nezative, non-spore-forming.
rod-shaped bacteria chat develop red colonies with a metailic
(golden) sheen within 24 h at 35°C on an Endo-typz medium
coniining factosa, Some members of the total celiform group
may produce durk red, muceid. or nucleated colonies without a
metaflic sheen. When verified these ure clussifled as atypical co-
liform ¢olonies. When purified culures of coliform bacteriz are

.pproved by Standard Methods Commuttes, {997,

introduction

ested. they produce ncwmw: Cytochrome exidase and positive -
sulactosidase test reactions. T Generzlly. pink (noa-mucoid, blue.
white, or coluriess Luhmu.a lacking sheen are considered non-
coltforms by this technique.

2. Appticanons

Turbidity caused by the presence of alyae, particulates, or ether
interfering muterizl may not permit wsung of a sample volume
sufficient W yield sipmificant resuits, Low coliform estimates may
be caused by the presence of high numbers of aoncolitorms or of
toxic substances. The MF technigue is applicuble to the exami-
nation ol saline waters, but not wustewaters that have received
unly primary treatment followed by chlodnation because of wr-
hidity in high volume samples or waslewdlers containing toxic
meals or Wi erganic compornds such ds phenols. For the de-
tection of stressed total coliforms in reared donking water and
chlorinated secondary or tertiary wasiewater effluenis, use 2
method designed for sirsssed orgunism recovery (see Section
9212B.1). A modified MF technique for fecal coliforms (Section
9212) in chlorinated wastewater may be used it parallel testing
over a2 3-month period with the muliipte-tube {fermenation tech-
nique shows comparability for each site-specific type of sample.

T ONPG is a subsize for the Bgalactosidase st
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The standard volume to be filtered for drinking water samples
is 100 mL. This/nay be distibuted ameng multiple membranes if
necessacy. However, for special menitoring purposes, such as
rroubleshooting water quality problems of identification of coliform
breaktheough in low concentrations from treatment hartiers. it may
be desimble to test 1-L samples. If particulates prevenc fiitering a

{-L sample through z single filter, divide sample into tour purtions”

of 250 ml t'ug analysis, Total the cofiform counts on euach
membrane o report the number of coliforms per liter, Smaller sam-
ple valumes will be necessary for source or receeational waters and
wastewater eftluents chat have much higher coliform densities.
Statistical comparisons of results obtained by the multiple-wbe
method and the MF technique show that the MF is more precise
(compare Tables 9220101 and ([T with Table 9222:0D. Data from
. each test yield approximately the same water quality information,
- although numerical results are not identical {see Section 9010B
for drinking water).
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MarorL, £ & L.F. Nasne 1978, Measurement evaluadion. in 5.0, Inhor,
ed. Quatity Assurance Practices tor Health Laboratores, p. 206
Ainerican Pughe Hezlth Assoc., Wushiavton, ©.C.

g222 B. Standard Total Coliform Membrane Fiiter Procedure

1. Laberatory Apparatus

For ME analyses use glassware and uther apparatus composed
of material Free fronn agents thut may affect bacterial growth,

w. Sumple buttdes: See Scction Y030B. 1S,

b Dilurion boedey: See Section 9030813

o Pipers and graducted cvlinders: See Secion 903B.9. Be.
fore sterlization, loosely cover upenaing of zraduated cyiinders
with metal Foif or a suitable heavy weapping-paper subsigimwe. Ln-
mediately after stertfization secure cover G prevent contaming-
tion. - —_—

d. Contuiners for culture medinn: Use clean burosilicate glass
flasks, Any size or shape of Aask may be used, buc erlenimeyver
flasks with metal caps. metal foif covers, or screw cips provide
for adeyuate mixing of the medium contained and are conveniens
for storage, .

e. Culiure dishes: Use sierile borosthente gluss or disposable,
preswrilized plastic petri dishes, 60 % 13 mm. 30 X 9 mm, or
other appropriate sizg. Wrap convenient numbers of clean, shass
culture dishes in metal toil if sterifized by dry heat. or suitable
Reavy wrapping paper when awtoclaved. [ncubate touse-lidded
glass and disposzble plastic culture dishes in tghtdy closed con-
Riners with wet pager or cloth o prevent moisture evaporation
with resultant drying of medium und to mainie a humid envi-
ronment tor optimum colony Jdevelopment,

Prestertlived disposable plustic dishes with tighe-firing lids that
Mg the specificutions ghove are available commerciaily and are
Used widely. Reseal opened packages off dispuxubic’dish supplies
for storage. ‘ ,

f Fileration units: The filter-holding assembiy (constructed of
glass, autoclavable plustic. porcelain, or stainless steel) consist
of a seamless funnel fastened to & buse by a locking device ur oy
Magnetic Force. The design should permit the membeane flter to
be held securely on the porous plate of the receptacle withuut
Mechanical damage and aflow all fluid o pass through the
Membrane during fileration. Discard plastic funaels with deep
Eratghes on inner surtace or glass tuanels with chipped surfaces.

Wrap the assembly (a5 a whole or separate parts; an heavy
wriuppiny paper or alummum toil, sterilize by autoclaving, and
store unnd use. Alternatively expose all surfaces sl the previonsly
cleaned ussembly o ulizmvioler radianon {2 min exposure) fur the
il sanitzation belore wse in the test procedere, ur before re-
usty uai betwesn successive Slratan serics, Field vaits may
be sanitized by dipping or spraying walt aleohol and then igniting
or immersiag in bolinyg water for 2 min, Alter submergiag unit
in builing water, cuol 1 room wmpersture before reuse. Do not
ignite plastie parts. Steale. disposable field unis may be used,

For Hliration, mount recepracte of tler-holkling assembly on a0

1-U Hiltering Hask widy a side twbe oe other suitable device (nun-
told o hold three @ st liiter assembics) such that o pressure
ditferential (34 o ST AP cun be exerted on the Hiter membeane.
Connegt Husk o vacuwn e, an electric vacuum pumg, alier
puinp wperating on owaler pressune. 3 hand aspicaior, ur other
means of seeuring o pressure diftferenual (138 10 207 SPay. Con-
aeet a fusk of approsimately the same cupacity between Tltering
Hask and vacuwn SOURCs W Ip Crmy -over wittyr,

& Wembrane filter: Use membrane filters (o sdditonal spec-
iHcations, sew Section 9020y with a mited gure Jiameter such that
there s complete retention of colilorm bucteria. Use unly thuse
tilter membranes that fave been tound, through adeyuate quality
control testing and certificution by the munufucrurer, 0 exhibic
full retention of the organisms o be cultivated, stabiity in use.
freedom From chemical extractables thut may inhihic hucterial
arowih and development, o satistactory spesd of Fillzation (within
3 mini. so signiticand influgnce on medium pH (hevond = 1.2
uqits). and no ineredse i number of contluent colonies or spread-
ers compared w contrel membrane filters. Use membranes grid-
murked in such a manner that bacterdal growth is neither inhibited
nor stimulated along the yrid lines when the membranes with
entrapped hucterty are incuhated vn a suitable medium, Preterably
use feesh stocks of membrane filters and i aecessary swore them
irt an environment wihout extremes of wmpuerature and humidity.
Obtain no more than 2 year's supply a0 sy one ame.
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Preferubly use presierilized membrane fillers for which the
manufacturer has centified that the sierilization technigue has ne:-
ther induced twxicity nor aftered the chemical or physical prop-

“jes of the membrune, I membranes are sterilized in the labo-
dory. avioclave for 10 min at {21°C. At the end of the
sterilization period. let the steam escape rapidly 0 minimize ac-
cumuiation of water of condensation on filters,

h. Absortent puds consist of disks of filier paper or other ma-
terial cernified for each lot by the manufacturer to be of high
quality and free of sulfites or other substunces of 4 concentraton
that couid inhibit bacterial groweh. Use pads approximately 48
mm in dizsmeter and of sufficient thickness 10 absorb 1.8 o 2.2
mL of medium. Presterilized absorbent pads or pads subsequently
sterilized in the laboratory should release less than 1 mg 1wl
acidity (calculated as CaCO-) when ttrated tw the phenolphihaiem
end point, pH 8.3, using 0.02¥ NaOH und produce pH levels of
7 = 0.2, Swrilize pads simultaneously with membrane filters
available in resealauble kraft envelopes, or sepurately m other sutt-
shle containers. Dry pads so they are free of visible moisture
before use. See sterilization procedure deseribed for membrane
filters above and Section 3020 for additional specifications on
absorhent pads.

i. Furceps: Smooth flat forceps, without corrugations on the
inner sides of the ups. Stenlize before use by dipping in Y5%
ethyl or zhxolute methyl alcohol and flaming,

Jo Ancnburors: Use incubators W oprovide a temperature of 35
= (L.5°C and w maintain a humid environment (60% relative
humidity).

k. Microscope und light source: Tu determine colony counts
on membrane (Ters, use 3 magnification of 10 w 15 dismeters
and 4 coul white [Tuorescent light source adjusted 0 give masi-

m shesn discernment. Optimally use o binocular wide-field

seetny mcroscope. Do nol use a microscope Hluminaztor with
optical system for light concentration from an incandescent lighi
source lor discerming coliflurm colonics on Endo-type media.

2. Materials and Culture Media

The nezd for uniformury diciates the use of commercial dehy-
drated mediu. Never prepure media from basic ingredients when
suituble dehydrated media dre available. Follow muanutacturer’s
directions for rehydration. Store opened supplies of dehydrated
media in a4 desiccator. Commercially prepared media tn higuid
{form (swerile ampule or other) may be used it known to give
equivalent results, See Section %020 for media guality control
specifications.

Test each new medium lot against a previously acceptable lot
for satistactory performance as described in Section 90208, With
each new lot of Endo-type medium. verify a.minimum [0% of
coliform colenies, obtained from natural sampies or samples with
known additons, {0 establish the compurative recovery of the
medium lot. :

Before use, test each batch of taboratory-prepared MF medium
for performance with positive and negative culture conatrois.
Check for coliform contamination at the beginning and end of
each filtration series by filiering 20 te 30 mL of dilution or rinse
“water through the filter. If controls indicate contamination. reject
ail data from affecied sumples and request resample.

a. LES Endo ugar:*

‘hydrated Difee M-Endo Agar LES (No. 0734), dehvdraed 38L M-Endo spar
(Mo, 11207), ot cguivalent. T

MICROBIOLOGICAL EXAMINATION (sqq

Vst @RUTICT L. ottt e iieerae s iirer e e eirn e, [

2 g
Casilone oF trypicase ovvrvuiiriaseensenas e, I
Thiopeptane or thietone ... 3T
Tryptose ......... L et e e aaaannn 15
Lactose g
Dipotassium hydrogen phosphate, K-HPOL oo 33 ¢
Potassium dihydrogen phosphate. KH,PG, B P,
Sodium chloride. NuCt .o 3T

Sodium desoxycholate
Sudium lauryl sulfate
Sodium sulfite, Nu2SO,
Basic fuchsin ...
Agur ..
Reagenat-grade wuter

73

s i omEoa

Rehydrate product in 1 L water containing 20 mL 95% ethapol,
Do not use denatured ethanol. which reduces background growty
and coliform colony size. Bring o a near Boil o dissolve aear,
thes promptiv remove from heat and cool @ 43 6 50°C. Do pot
sterilize by wutoclaving, Finaf pH 7.2 = 0.2, Dispense in 5- o
7-mL quantities into lower section of 66-mm glass or plustic perrd
dishes. If dishes of any other size are csed. adjust quantity to give
an eyuivalent depth of 4 10 5 m. Do not expose poured plates
direct sunlight; refrigerate in the dark. preferubly in seuled plastic
hags or other containers o reduce moisture oss, Discard unused
medium after 2 weeks or sooner if there is evidenes ol moisture
loss, medium conamination, or mediom Jdeteqoraten (darkening
of the medivm).

b M-Endy medium:t

Tryplame or padvpeplone .o 0y e
Thaupeptone or thivtene g
Casifume or IFYpLUCase ..o -
Yeust CUFUCT L B
Lactose oo e e LS :
Sodium chioride. NaCl oo L T RV R
Dipotassium hydrogea phosphate, KGHPO, L 4375 ¢
Putussium dihydrogen phosphate, KH-PO, o0 137s o
Sodium Tsury! sullare L 005 ¢
Sadium desoxvehotuie VT A
Sodium sulfiie, Nu SO, 200 2
Busic fuchsin .o e 105 =z
Agur fopuonal) ... B DR 150 ¢
Ruugent-grude waier ! L

1y Agar preparation—Rehvdrate product in | L water contain-
ing 20 mL 95% ethanol. Heat w near boiling to dissolve agar,
then promptly remove from heat and cool to berween 43 and
50°C. Dispense 3- to 7-mL quantities into 60-mm sterile glass or
plastic petni dishes, If dishes of any other size are used. adjust
quantity to give an equivalent depth. Do not sterilize by auto-
claving. Final pH should be 7.2 = 0.2, A precipiate is normal
in Ende-type media,

Refrigerate finished medium in the dark and discard vnused
agzr after 2 weeks. )

2) Broth prepuration—Prepare as above, omining agar. Dis-
pense liquid medium {at least 2.0 mL per plate) onto absorbent
pads (see absorbent pad specificauons, Section 92328B.1) and
carefully remove excsss mediom by decanting the plate. The
broth may have a precipitate but this does nut interfere with me-
dium performance if pads are certified free of sulfite or other toxic

t Dehvdraied Difco M-Endo Seoth MF (No, U744), dehvdrated BBL m-Culifurm
Broth (Ne. 11119), ur equivilent may be used if ubsorbent puds are used.
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agents af a concentration that could inhibit bacterial growth. Re.
frigerated broth may be stored for up to 4 d.
¢ “effered dilution rinse water: See Section 9050C. L

3. Samples
Collect samples as dirscted in Sections SO60A and B.
4. Coliform Definition

Bacterts thar produce a red colony with a metallic (goldzn)
shesn within 24 h incubation at 35°C en an Endo-type medium
are considersd members of the coliform group. The shesn may
cover the entire colony or may appear only in 3 caauai ares or
un the genghery. The coliform group thus defined is based on the
production of aldehydes from fermentation of lacrose. While this
biochemical characteristic is part of the metabolic pathwuy of gus
production in the multiple-tube test, some varations in degres of
metallic shesn development may be observed among coliform
strains, However, this slighe difference in indicator defininon s
not considered cotical to change s public health signiticance,
particularly it suitable studies have been conducted to estabitsh
the refationship between results obtined by the MF and those
gbtained by the standard multigle tube fermentation procedure.

8. Procedures

a. Sclection of sumple size: Sire of sumple will be governed
by expected buctertal density. [n drmmking water anulyses, sumple
size will be limited only by the degres of wrbidity ar by the
non rm growth un the mediem (Tubie Y222:0). For rcezulation
purpe. -, 100 mi is the officisl saimple size.

Aa ideal sumpic volume will yield 20 w 80 <oliform eolonics
and nut more than 200 ¢olonics-of all typeson @ membrane-filwr
surface, Analyze deinking waters by filterimg 100 to 1300 mL. or
by filrering repiicate smafter sample volumes such as duphcate

50-mL or four rephicates of 23-mL porticas. Analyze uther waters

by filtering three different velumes (diluted or undiluted), de-
sending on the sspucted bagterial density. See Secton 921582
“or preparation of diluttons, When less than 10 mL of sample
dilutad or undiiuted) 15 to be fHtered. add approximately [0 mL
senile dilution water to the tunnel before filtration or pipet the
sumple volume into 4 stertle dilution bottle, then filier the eatire
fifution, This increase in water volume aids in uniform dispersion

- T 9-38

of the bacterial suspension ovér the entire ¢ffective filterinyg sur-

face,

b. Sterile filtration units: Use stenle filtration uaits ac the be-
ginning of each filtration sefies a3 a minimum precadtion W avaid
accidenal contmination. A filtration sedes s cunsidercd t© he
interrupted when ant interval of 30 min or fonger elapses benveen
sample Qiltrations. After such interruptioa, treat any turher sample
filtration a3 a aew Filtration sertes and sterilize all membrane tilter
holders in use. Sze Section 9222817 for sterlization procsdures
and Section 90208.2m and # for UV cleaning and safety guide-
lines,

¢ Fiitration of sumple: Using swerile forceps, place a sterile
membrane tilter (gnd side wp) over porous plate of recepucle.
Carefuily place matched funne! unit over reseptscle und lock it
in place. Fiiter sumple under parial vacuum. With filer saill in
pluce, Anse the interior surrace of the funnel oy filteriny thres 20-
to 30-mL portions of sterile dilution wuter. Alternatively, e
tunac! by a tlow of sterile dilution water from a squezze bodle.
This is satisfactory only if the squeeze bottle and it contents do
nol pecome contaminated during use, Rinsiag betwesn samples
prevents carryover con@mination, Upoa completion of Aol rinse -
and the filtratton process disengage vacuum, unlock and remove
tfuncel. immediawly remave membrane Bler with sterile forceps,
and placy it on selected medivm with 4 rolling mation o avowl
entrapment of air. i the agar-based medivn s used. place pre-
pared filter directly on gzar, fnvert dish, amd meubaie for 22 10
24hua 33 = 05C

[ Diguned medinn is used, place @ pad in the culieee dedt ol
satupate with at least 2.0 mL M-Codo medium and carctully re.
move excens medium by decanting the plate. Place prepared liler
direedy on pad. invert dish. and fncubaie tor 22w 24 h w33 =
0.3°C.

Ditferentiation of same cofonies from erher auae or figuid me-
diwim subasteatey may be fost iF cuhiures are mcubated heyond 24
f1.

fitsert u stertle fose water sampie (100 misy afer Altraton of
a serten of T samples o cheek for possible eross-contamination
facubute the aAnse water ¢ontrol
membrane culture under the swme conditions as the sample,

Fur nonpotable water sampies, preterably decontmminate titer

ur contammnated rase wuter

umit atter cach sample (as deseribed above) because ot the hich
number of colitorm bacteria prasent i these samples. Alterna-
wvelv, use an addicoaal butter riose of the tilter wmit after the
filter is removed W prevent carvaver between samples,

. TasLe 92221 SuGqesTED Samers VoLunmas Aor Memeraxe Frumer Toral Courora Toast

Yoiume (X7 To Be Filered

. mL

Water Source 110 30 1n 1 0l 091 AV 1.4001
Irinking: water X
wimming pools X
Yells, springs X he - X
-akes, reservoirs X he X
Vater supply intake X X X
tuthing beaches X X X
tver wuter ‘ - X X X X
‘hlor d séwage ! X X
Luw g X X X X

2
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d. Alternutive enrichmeni technique: Pruce a sterile absorbent
pad in the lid of a sterile culture dish and pipet at least 2.0 mL
Taury! tryptose broth, prepared as directed in 92218, 1.al). to sat-

ute pad. Carefully remove any excess liguid from absorbent pad
oy decanting plate. Aseptically place filter through which the sam-

_ ple kas besn passed on pad. [ncubate filler, without inverting dish,
for 1.5t0 2 hoat 35 = 0.53°C in an atmgsphere of at least 60%
relarive humidity,

If the agar-based Endo-type medium is used. remove enrich-
menl culre from incubawor, Lift filter from endchment pad, and
roll it onto the avar surface, which has been allowed w euilibrate
10 room lemperature. Incorrect liiter plucement is a1 once ubvios,
because putches of unstained membrane indicate entrapment of
air. Where such patches occur. carelully resear filter on avar sur-
face. M the liquid medium iy used, prepare final culivre by ce-
moving enrichment culture from incubator and separaling the dish
halves. Pluce a fresh sierife pad in bottom hall of dish and suturate
with ai least 2.0 mL of M-Endo medium and caretully remove
excess liquid {rom ahsorbent pad by decanting piate. Transfer
filter, with sume precuutions as above. w new pad. Discard osed
enrichment pad.

With either the agar ur the liqeid medium, invert dish and in-
cubute for 2010 22 hat 35 £ (0.5"C. Procesd o 4 ¢ below,

¢. Counting: To dewrming colony counts on membrane Dlters,
use o ow-power (H) o 15 magmficanons) binocutar wide-Nedd
dissecting microscnpe or other opuead device, with o cool white
Auorcscent ighn source directed o provide optimal viewisg of
sheen, The typicui codiformy colony has 4 pink w dark-red color
with a metallic surfice sheen. Count both typical and acvpicad
coliform celonies, The sheea area may vary nt sive Iroen o smll

Tahead Ky complete coverier ol the colony surtuce. Atypical co-

arm colunics gan be durk red, muceid, or aucleated withio
sheen, Generalty pink, blue, white, or colorless colonies luching
sheen are considersd romeolilorms ~The otal count of colenes
(cofitorm and noncolitorm? en Endo-type medium has no consis-
tent relationship o the total aumber of bacteria present in the
ortginal sample. A high count of noncoliform colomes may -
terfere with the muximuin development of coliforms, Refrigera-
mg cultures tafter 22 hoincubaton) wath high densines of non-
coliform colonies for 0.3 1o 1 h before counting may deter spread
of confluencs while aiding sheen discernment.

Samples of disinfected water or wastewater effleent may in-
clude strossed organisms thul grow relanvely slowly and preduce
musimuin sheen in 22 w0 24 h Organisms from undisinfected
sturees may produce sheen at 16 w18 h, aad the shesn subse-
quently may fade after 24 to 30 h,

[ Coliform verificarion: Qccasionally, tvpical sheen colonies
may e produced by noncoliferm organisms and atypical colonies
(dark red or nucleated colonies without sheen) may be coliforms.
Preferably verify ail typical and atypicul coleny types, For drink-
ing water, verify all suspect colonies by swubbing the eniire
membrane or pick at least five typical eolonies and five atvpical
culonies from a given membrane filter culure. For waters other
than drinking water, at @ minimum, verify at least 10 sheen coi-
onies {and represertative arypical colonies of ditferent morpho-
logical types) from 2 pusitive water sample monthiy, See Section
9020B.4. Bused on need and sample type. luboratories muy in-
corpuraie more stongen: quality contrul measures (e.g.. vertfy ot

st one colony from each typical or atypicsl coluny type from

aiven membrune filter calwre, verify 10% of the pusitive sum-
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ples). Adjust counts on the basis of verification resulls. Verifi.
cation tests are listed helow, .

13 Luctose fermentation—Transfer srowth from each colony
or swab the entire membrane with a sterile cotten swab (for preg_
ence-ubsenue results in drinking water samples) and piace in jay-

“ryl tryptose broth incubate the lauryl ryptose broth ar 35 <

0.3°C tor 43 k. Gas formed in kiaevi rvplose broth and confirmed
in briiliant gresn lactose broth (Section Y221B.2 for medium orep.
armion) within 48 h venifies the colony as a cobiform, Simuic.
neous inuculation of hoth media for 2as production is sceeptable,
lnciusion ot EC broth incculation for 4.5 = 0.2°C incubation
wiil provide informuition on the presence of fecal coliforms, Use
of EC-MUG with incubativn at 4.5 = 0.2°C for 24 b will pro-
vide infurmatiun on presence of £ cofi. Seg Section 9222G for
MFE purtiion procedures.

2) Altemative colitorm venficattons—Apgply this sliemnative
colitorm  verification  procedure to solated colomes on the
membrane flter culiure. 1§ @ mixed culture 15 suspected or if col-
gny separation is less thun 2 mm, streak the ¢rowih o M-Ende
medium or MacConkey agzar 1o assure culture purity or submit
the mixed growth W the fermentation ube method.

a7 Rapid test—A rapid venficaton ol colonies utilives st re-
actions for eytochrome oxidose (CO) and B-zalaciosiduse. Coli-
form reactions are CO nesative and P-paluctosidase posiive
within 4 hncubation of” whe colture or mucrn (spot) est proce-
dure.

by Comunercial muli-test svsiems—Verty  the colony by
streabhing 1 for punlicanon, selecting a well-isolated colony, and
i:ul'cui::{m-__' it o mudt-test wentlcntion system for Enterobac-
terfucene that inciudes laciose fermentaion und/or §-oalaciosicdioe
wd CO test reuctiony,

& Calcutation ¢f Coiiform Denaity
Compute the count, using membrane Olters with 20w 80 co-
Elarm colonies and not more than 200 eolonies of all tvopes per

membrune. by the following cquanon:

califor cotontes couned x 100

{(Tuotadd colilorms/ HR) mL = -
mb sample Lirered

I o colitorm colonies are observed. report the colitorm col-
onies counted as <L colilform/ 100 mL”

or verified colitorm counts. adjust the initial count bused upon
the pusitive venfication percentigs and report as “veridied coli-
form count/ {00 mL.

Pereentage verified coliforms

number of vertfied colonizs
= . - ; - — < L0
ot numbers of cohtorm colomes sunjesied W verbcaton

u '-Wu!c!‘ of driing wurer gualicy: While the EPA Tol Co-
liturm Rule fur public water supply samgles requires only a record
of colitorm presence or absence tn [0U-mL samples. it may be
udvisatle 10 Jetermine coliform densities in repeat sampling sit-
sations. This is of purticular imporance when a coliferm biofilm
prublem is suspected in the distribunion svsem. Quantitagve n-
fuormution may provide an indication of the magnitude of o con-
taminuting event.

With water of guod quality, the occumence of colifurms gen-
erally will be minimul. Therefors. count all coliform colonies (dis-
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cegarding 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 fiitration
1 »f the membrane or a portion thereof, and colonies are not
di_.te, report mmsults as ‘‘confluent growth with (or without)
coliforms.”” If the total number of bacterial colonies. coliforms
plus noncoliforms, exceeds 200 per membrane, or if the colomes
are not distinct enough for accurate counting, report results as
100 numercus (o count’’ (TNTC) or “‘confluent,”” respectively.
For drinking water, the presence of coliforms in such cultures
showing no sheen may be confirmed by either transferring a few
colonies or placing the eniire membrane filter culture into a stenic
tube of brlliant green lactose bile broth. As an altemative, brush
the entire filter surface with a sterile loop, applicator stick, or
cotton swab and incculate this growth to the tube of brilliant green
lactase bile broth, If gas is produced from the brilliant green bile
broth tube within 43 h at 35 = 0.5°C, coiiforms are present. For
compliance with the EPA Towl Coliform Rule. report confluent
growth or TNTC with at least one detectable coliform colony
(which is verified) as a total coliform pesitive sample. Repor
confluent growth or TNTC without detectable coliforms as in-
valid. For invalid samples, request a new sample from the same
location withia 24 h and select more appropriate velumes w0 be
fiitered per membrane, cbserving the requirement that the stan-
dard drinking water portion is 100 mL, or choose arother coliform
method that is less subject o heterotroghic bacteral interferences.
Thus, to reduce imerterence from avercrowding, inswead of filer-
ing 100 mL ger membrane, filter 30-mL portions through two
sepurate membranes, 25-mL portions through each of tour mem-
branes, ete. Tot! the coliform counts observed on all membranes
and report as number per 100 mL.

Yuter of uther than drinking water qualicy: As with potable

w.. . samples, if no filter has 1 ¢oliform count falling in the ideal
range, toral the coliform counts on all ttlters and repurt as aumber
per 100 mL. For example, it duplicate 50.mL portions wers ex-
amined and the two membranes had five and three coliform cof-

onies, respectively, report the count as eight coliform colonies pt:'

100 mL., i.e,,

[(5 + 3 x 1o

G0+ 50 = 'R coliforms/ 100 mi.

Similarly, if 50-, 23-, and 10-mL porticns were examined and
the counts were {3, 6. and <1 coliform colonies. respectively,
report the count as 23/100 mL. i.e.

[(15 + 6 + Oy x 100
(30 + 25 + Oy

= 25 coliforms/ 100 mL

On the other hand, if 10-, 1.0-. and 0.|-mL portions were ex-
amined with couns of 40, 9. and <! coliform colonies, respec-
tively, select the |0-ml. portion only for calculating the coliform
density because this fiiter had a coliform count falling in the ideal
range. The result is 400/100 mL, i.e.,

(40 = 10D
to

= 400 coliforms/100 mL

In this last example, if the membrane with 4 coliform colonies

ale ~ag a total bacterial colony couns greater thaa 200, report

& siform count as =400/100 mL.
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Taau—: 9222:11. Conmpence LiMrTs ForR ‘v[E.Mﬂn WNE FILTER COLIFORM
Resucts Using 100-mL Samps

95% Contidence Limits

Number of Colifarm

Colonies Counted Lower Upper
G 0.0 37
[ a1 56
2 0.2 72
3 0.6 3.3
4 1.0 102
3 1.6 1.7
8 22 13.1
7 23 4.4
3 34 153
9 4.0 17.1
16 ' 47 8.4
1t 5.4 19.7
12 6.2 21.0
13 6.9 3
14 7.1 235
5 8.4 248
16 92 26.0
17 99 272
13 0.7 244
19 11.5 9.6
N 172 10

Report coafluent growth or membranes with colomes too nu-
merous W count as descrbed in g above, Reyuest a new sample
and select more approprivte volumes for Aliration oe utitize the
muiftiple-tube termentation technique.

c. Seanistical reliabidity aof membrane filter results: Although
the precision of the MF technigue s greater than that of the MPN
proceduce, membrane counts may underestimate the aumber of
viable coliform bacteria, Tabie 9222:01 iltustrates some 957 coun- |
fidence limits, These values are bused on the assumption that
bactera are distributed randomly and follow a Poisson distribu-
tion. Fur results wich couats, ¢, greater than 20 organisms, cai-
culate the approximate 95% contideace limis using the following
normal distibution equations:

Upper limit = ¢ + 3.,': Lower limit = ¢ — 2,¢
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8222 C. Delayed-Incubation Total Ccliform FProcedure

Modification of the standard MF technique permits membrane
shipment or wansport after filiration o o distant laborawory for
transfer 10 another substrate, incubation, and completion of the
test, This deluyed-incubation test may be used where it is im-
practical to apply conventional procedures. It also may be used:
{a) where it is not possible o mainin the desired sample tem-
perature during transport: {4} when the elupsed time between sam-
ple collection and analbysis would exceed the approved time limit
or (o) where (he sampling locaten s remowe from luboratory
SerVices.

fndependent studies using both fresh- and sal-waler swmples
have shown consistent results between the deluyed incubution and
standurd diregt est. Determine the applicabifity of the delayed-
incubation st Tor o specific water source by camparing with
resuls of conventional MEF incthods,

To conduct the delayed-incubaton test, filer sumple in the field
immediaiely after collection, place Niwer on the trunsport mediom,
und ship o the laborawry. Complete the coliform determination
Endo ur LES Endo medium, incubating at 35 = (.5"C for 20w
22 n, and countnz typical and arypical coliform coloenies that
deveiop, For drinking witer samples collected for compliance
with the EPA Total Coliform Ruie, report the presence or absence
of verfied coliferms in " 100-mL samples. Venify colonies as out-
lined previously in Section 923728 57

Trunspor media are designed to kesp coliform orgunisms vi
able and generully do not permit visible crowth during trunsic
time. Bactenostatic agents in holding/preservative media suppress
growth of microargamisms en route but allow normal enliform
growth after transfer o a fresh medium,

The gelaved-incubuasion test follows the methods outlined for
the touwal coliform MF procedure, except as indicated below. Twa
alternative methods are given, one using the M-Endo preservative
medium and the other the M-5T holding medium.

1: Apparatus

a. Culture dishes: Use disposable, sterile, plastic peurt dishes

(50 x 12 mm) with tight-fitting lids. Such continers are light m _

weight and are less likely to break in transit, [n an emergency or
when plastic dishes are unavailable. use swerile glass petrt dishes
wrapped in plastic film or similar material. See Section 912118 .1¢
for specificatons, ) " -

b. Field filtration unirs: See Section 9222B.1f for specifica-
tions. Disinfect by aduing methyl alcohol to the filtering chamber,
igniting the alcohol, und covering unit to produce formaldehyde.

Ultraviolet Heho disinfecuon also may be used i the field if an
approprate power source is available (113 V, 00 Hz). Glass or
metl flitranon units may be steniized by immersing In bailing
water for 2 min. Use a hand aspiriior 1o ohiain necessary vacuum.

2. Materials and Transpont Media

u. M-Endea methods:

D) M-Ender preservative medicon: Prepure M-Endo medium as
desernibed in Section 92228250 Ater cooling o below 45°C.
aseprically wdd 384 ¢ sodium benzaate (USP srade /L or 3.2 mL
2% sodium benzoate solution o 1) mL medivm. Mg ingre-
dicnts and dispense in - 1o 7-inl. quantiies to S0- % 9-mm perrd
plines. Refrigerute poured plates. Discard unused medium atter 96
h.

'_’} Suu"z'um !!N'rr:'_uu{(: sofucion: Dissodve 12 g NHCTHﬁO: iI‘: .‘i‘uf-'
ficient reagent water to make 100 mL, Sterilize by autoclaving or
by fillering throwgh o 0.22-um pore size membrane filter. Discard
after 6 months,

3y Cyelohesinude:* Optionutly udd cycloheximide to M-Endo
preservative medium, [t may be uvsed for samples that previously
huve shown overzrowth by funct. imcluding yeasts. Prepare by
asepucally adding 30 mg cvcloheximide/ 100 mL to M-Endo pre-
servative medium. Store eycloheximide solunon in refrigeraor
and discard after 6 months, Cycloheximide is o powerful skin
iritant; handle with caution according o the munufacturer’s di-
rCelons,

b. M-ST method:

M-ST hediding medium.

Sodium phesphate, monobasic, NaH.PQ,-H.O
Dipotassium hydrogen phosphate, KH2204 L
Sulfanilumide
Ethunol (95%) .
Trs thydroxymethyly aminomethuns o
Reapent-zrude water .o P

Dissolve ingredients by rehydrating in water. Sterlize by au-
toclaving af 121°C for {3 min. Final pH should be 86 = G.2.
Dispense at least 2.0 mL to tight-lidded plastic culture dishes
containing an absorbent pad and carefully remove excess liquid
from pad by decanunyg plate. Score in refrigerator for use within
96 h. ‘

* Actidione®, manufactured by the Upjohn Company, Kalsmazoa, ML, or eyuie-
alent.
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3. Proc_edure s

a. Sumple preservation and shipmene: Pluce absorbent pad
tottomt of starile petri dish and sawrate with selected coliform
holding medium (ses Section 9222C.2 above). Remove membrane
filter from filtratiun unie with sterile forceps and woll it grid side
up. onto surtace of medium-sawrated pad. Protect membrane

from meoisture loss by tghtly closing plastic getri dish. Seal’loose-

fiting dishes with an approgriate sealing tape to grevent
membrane dehvydration during transit. Placz culture dish contain-
ing membrane in an approprizte shipping container and send to
the luboratory for test completion. The sample can be held without
visible growth for 2 maximum of 72 h on the holding/preservative
medium. This usually aliows use of the mail or a commen carrier.
Visible growth pceastonally begins on the transport medium when
high temperatures 1re eacountered durng transit.

b. Trunsfer and incuburion: At the lubocatory. transfer
membrane from holding medium on which it was shipped to a
second sterile pewd dish concaining M-Endo or LES Endo medium
and {ncubate .35 = 0.5°C for 20 0 22 h.

9-63
4, Estimation of Califarm Density

Procesd as in Section 9222B.6 above. Record times of collac-
tion, filrration, and laboratory examination, and caleulate the
clapsed time. Report elapsed time with coliform results.
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9222 D. Fecal Coliform Membrane Filter Procedure

Fecal colifurm bacterial deasities may be determined cither by
the multiple-tube procedure or by the MF technigque. Sez Section
9773 tur ditferentiation of Excherichia coli, the predominant tecal
coliform. I the MF procedure is used for chlurinated eftluents,
dernonstrate that it gives comparuble infuemation to thit obuin-
abie by the multiple-tube test befife accepting it as an alternative,
The fecal coliform ME procsdure uses an enriched lactose me-
dium and incubution temperature of 445 = 0.2°C far selecuvity
Because  incubativn  temperature  is  cntical,  submerge
waterpenoted (plastic bag enclosures) MF cultures tn 2 water buth
for incubation at the elevated temperature or use an appropriste
sofid hear sink incubator or other incubator that (s documentad to
hold the 23 3"C temperature within 0.2°C cthroughout the chumber.
over a 24-h period. Areas of application for the fecal coliform
method in general are sared in the introduction w the mulupfe-
tebe fecal coliferm procedures, Section 912{E,

1. Materials and Cultyre Medium

a. M-FC medium; The aeed for uniformity dictates the use of
dehydrated media. Never prepare media from basic ingredients
when suitable dehvdrated media ars availubie. Follow munutue-
turee’s directions fur rehydration. Commercially prepared media
in liquid tform {stertle ampule or vther) aiso may be used if known
to give eguivalent results. Sex Section 5020 for quality conwol
specifications.

M-FC medium:

Tryptose 0F DIOsalE .. 10.0g
~  Proteose peptone No. 3 or puiypepione Lo 500
YUSE SXIMIEL Lovietvirasvaseaneenemeane e eerae e

Sodium chloride, NaCl

Loctose Lo e U 123
Bile salts NMu. 3 or bele saits mixure L L T e
Aniine blue BRI
Arur foptionl) L e 1500
Reagent-grade water I L

Rehydeare product in 1 L water containing 10 mL 17 rosolic
acid tn 0.2 NaOH.* Hear w near hailing, promptly remove from
iweat. and cool to below 3°C. Do aot sterilize by auntociaving, {F
aguar is wsed. dispense 3- w T-mL quantitics w 30- % 12-mm
petrt plates and et solidify, Final pH should be 74+ 0.2, Re-
frigerute finished medium, preterably in seated plasue baws or
gther containers (o reduce moisture boss, and discard unused broth
after 96 h or unused agar after 2 wesks,

Test each mediom for against a previcusly acceptable fot for
satisfactory performance as described it Section 90208, hy mak-
inyg dilutions of o cubure of £ cofi (Scotion 9020) and Vlering
appropriate volumes w give 20t 60 colomies per flter. With
each new lot of medium verity 10 or more cofenies obtained from
several natural samples, to establish the absence of fulse positives.
Fur most samples M-FC medium muay be used without the [%
rosolic acid addition, provided there is no interference with back-
ground growth, Such fhterference may be expected in stormwatar-
sumples collected duriag the firse runoft (initgal fushing) after a
ung dry period.

Before use, test each bateh of {aboratury-grepared MF medium
for performancs wich positive and aegative culture coatrols.
Check for coliform contamination at the beginning and end of
euch tilteation series by fleering 20 @ 30 mL of dilution or finse

" Rusofic acid reagent will decosmpose i steediced by autociaving, Rafrgerae stk
solution in the dark apd discard afier 2 weoks oF soongr i sts culor chunges from
dark red to muddy Brown, N :
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water through Nlter, IF controls indicate contamination. rejeet all
duty from atfected samples and request resample.

b, Culture dishes: Tight-fitting plastic dishes are preferred be-

oxe the membrane filter cultures are submerged in a water bath

during incubation. Place fecal coliform cultures in plastic bugs or
seal individual dishes with waterprool {Treezer) tape o prevent
leakage during submersion. Specifications for plastue culture
dishes are given in Section 52228 1e.

¢. Incubator: The specificity of the fecal colitorm test is related
directy 1o the incubativn temperature. Static wir incubation may
be a problem in some types of incubaters because of potentiul
heut layering within the chumber, slower heat trunster from air o
the medium, and the slow recovery of emperuiure each time the
incubutor is opened during daily operations, To mest the nead for
greater lemperature control use 4 water bath, 2 heat-sink incuba-
tor. or a properly designed and constructed incubator shown (o
aive equivalent results, A emperatwre wlerance of 4.3 = 0.2°C
can be obtained with most types of water baths that also ure
equipped with 1 gable p Tur the reduction of water and heat
losses.

2. Procagure

w. Sclectinn of semple sizes Sclect volume of warer samplie to
be examined in accordance with the fnlormation i Table 9222:
1. Use smuple volumes that Wil yield counts between 20 and
60 fecal codifurm colomes per membrine,

When the bucterial denasity ol the sumple is unknown, filler
several volumes or dilutions w achieve 2 countahle density. Es-
limate volume andfor dibution cxpected 0 vicld o countable

“ibrune and select two additional guantiies representing one-

JAhoand wen tames this volume, respeclively

b Fitration of sumple: Follow the same procedore and pre-
cautions as preseribed under Section Y2228 .50 shove,

¢ Prepuration of cultare dish: Place a sieriie ahsorbent pud in
each colture disn and pipet at Teust 2.0 mL M-FC medsum. pre-
pared as dirccted above, 1o saturite pad. Curctully remove any
excess liguid fram culture dish by decantng the plate, Asepti-
cally, place prepared filler pn medium-impregnated pad us de-
scribed in Section Y2228 above,

As a substrale substution for the nutrient-saturated absorbent
pad. add 1.5% agar o M-FC broth us deseribed in Section 92228
abuove.

MICROBICLOGICAL EXAMINATION (8Ccq)

d. Incubutinn: Place prepared dishes in waterproof plastic Dugs
or seal, invert, and submerge petrt dishes in water bath, and jn.
cubate for 24 £ 2k at 4.3 % 0.2°C. Anchor dishes below wages
surface o maintain cntical temperature requirements. Plaga )
prepared cultures in the water bach within 30 min after filtragion
Altermatively, use wn appropriate, accurate sobid heat sink op
eguivalent incubator, '

e. Counting: Colonies produced by fecal coliform bacteria on M.
FC medium are various shades of blue. Nontecz! coliform coloniey
are gray o cream-culored. Normally, few nonfecal coliform ¢oig-
nics will be observed on M-FC medium because of selective actign
ot the glevated temperature and addidon of rosalic acid sab reagent,
Count colonies with a low-puwer (10 0 13 mugnifications) inue.
ular wide-field dissecting microscope or other optical device,

Fo Ver(ficution: Verify typicul blue culonies and any arvpical
urey o greea colonies as described in Section 9020 for fagq)
coliform analysis. Simultaneous inoculation at both temperaturas
is seeeptable.

3. Catculation of Facal Coliform Density

a. General: Compute the density from the sample guantities
that produced MF counts within the desired range of 20 © 60
fecal coliform ¢olunies. This colany dunsity fangd is more restric.
tve than the 20w 80wl coliform rangze because ol lurger col-
any size on M-FC miedium, Caleabue teval coliform density as
directed in Section Y222B.6 sbove. Revord densities ax tecul co-
Biforms per 100 mL, :

ho Sediment und beospdid sampies: Forwia! solid (dry weiphe
hasing see Section 25300,

Calantute fecal coiifurms per sram Jdry weight lor hiosalid anal-
ysis us foitows:

Fecal gobiforms per gram dry wetzht )
volomies counted

{ehilution chosent X (% dry sohids)

where ditution and 9 dry solids are expressed sdecomal form.,

Exumple |: There were 22 colunies observed an the [HH) DO
dilution piute of a bosolid with 4% dry sulids.

el

—_— —— = 55 x {0 Tecu! cobifornmie dey weighe
10LL00T (0.0 R

I no lilter has @ cotiform count fatling in the ideul runge (30

Tante 9222: 1L SuccesTod SamrLes Votusmes for Masrang FiLrek Feoar Cousorm TEST

Volume () To Be Fillered

ml
Wider Sourge 100 0 1 1 . 0.01 0001 (.
Lakes, reservairs t X X )
Wells, springs X X
Water supply intake X X X
MNatural bathing walers X X X
Sewuge treatment piunt X X X
Farm ponds, rivers X X X ;
Siormwuter sunoft X X ;
Ruw mumuipal sewuge X X he -
Fezdlot runoff X he X

Sewage sludge
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to 60, total the coliform counts on ail countable filters and report
as feeal colitorms per gram dry weight,

Example 2: There were 13 colonies observed on the 1110 GOU
dilution plate and 2 cofenies observed an the 1:100 000 dilution
plate of 2 biosolid sample with 4% dry sulids.

(g +
=45 x 10
(0.000¢ + 0.00000(0.04

To compute a zeometric mean of samples, convert coliform
densities of each sample o log,y values. Determine the geometric
mean for the given number of samples {usually seven) by aver-
aging the logie values of the coliform densides and taking the
antilog of that value.
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9222 £. Delayed-Incubation Fecal Coliform Procedure

This defaved-incubation procedure is simifar o the delayed-
incubatton toal goliform procedurne (Seution 9222C). Use the de-
layed-incubation st ooty when the sandard inunediate fecal co-
Liform est cannot be perfurmed (Lo, whore the appropriate field
incubatoe i not availuble, or where, under certuin circumstanees.
2 specislized luboratory service is advisabie t cxamine, continm,
or speciate the suspeet colunies),

Resuits ubtained by this delaved method have been consistent
with results from the standard fecal cobitorm MF test under var-
wus luborawry and feld use conditions. However, determine test
applicanility for u specitic water source by comparison with the
standurd MF test, especially for saline waters, chlurinated waste-
waters, and walers containing tokic subsmnces.

To conduct the defayed-incubarion test tilter sample in the figid
immediutely after collectivn, place tilter on M-3T hoiding me-
dium (se2 Sectivn 9222C.25 below), and ship to the [aboratery.
Compiete feczl coliform test by transferting filter w M-FC me-
dium, tncubuting at 44.5°C for 24 = 2 h, and counting feval
coliform colonies,

The vI-5T medivim keeps fecal coliform vrganisms viable but
prevents visible srowth Juring transit. Membrane fliters can be
held for up w 3 d on B-ST holding medium with fittle effect on
the tecal colifurm counts.

1. Apparatus

a. Culture dishes? See Section 9222C la for specifications.
b, Field flitrution urits: See Section Y222C. 15,

2. Materials and Transport Medium

a. VST medionn: Prepare as deneribed in Seetlon 9222C. 20,
b M-FC mediwn: Propace an desertbed o Scetion Y2220, 1,

3. Procedure

u. Mombrane filter transporr: Place an absorbent pud in atight-
lid plastic petri dish and satwrate with M-ST holding medivm,
Alter filtering sampic remove membrane fltee from Blration unit
and place 1t un medium-siturated pad. Use ondy oehe-lid dishes
to prevent musture loss: however, avoid having excess liquid in
the dish. Place culture dish contiining membrane (o an approgri-
ate shipping cuntainer and send o laboratory . Membranes can be
held on the ransport mediom at ambient wmperature for 2 mag-
imum of 72 h with little effect on fecal coliform counts.

b, Transfer: Atthe aburutery remove membrape from holding
mediem and pluce it in another dish contuning M-FC medium.

e frcubacion: Atter rranster of tilter ta M-FC mediam, place
tghi-lid dishes in waterproof plastic bays. invert, and submergs
ina water bath at 44.5°C = 0.2°C fur 24 = 2 h or use o solid
heut sink or eyuivalent incubator,

i Counting: Cotonies produced by feval coliform bacteria dre
vartous shades of blue, Moatecul colifurm colunies are gray o
cream-culored. Count cofonies with a hinocular wide-tizld dis-
secting microseope at 10t 15 magnifications,

e Vierdgivation: Verify typical blue colonies and any atypicul
(grey W green) colonies as deserihed in Section %020 foe tecil
coliform analysis.

,




9-66

4. Estimation of Fecai Colifarm Censity

Count as directed in Section 9222D.2¢ above and compute fe-
cal coliform density as described in Section $222D.3. Record time
of collection, filtration. and laboratory examination, and calculate
and report elapsed time,

W MICROBIOLOGICAL EXAMINATION (5000
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2222 F. Klehsiella Membrane Fiiter Procedure

Klebsiclla bacteriz belonyg to the family Entercbacteriaceae and
are included in the towal coliform group. The outermost layer of
Klebsietla bacteria consists of @ large polysaccharide cupsule, a
characteristic that distinguishes this zenvs from most other bac-
teria in this family: this capsule provides some measure of pro-
tection from disinfectants. Klehsiella bucteria are commonly as-
saciuted with coliform regrowth in large water supply distribution
systems,

lehsiellae may be opponunistic pathagens that can give rise
t¢ hacteremia, pacumaonia, urinary tract. and several other types
of human infection. Approximaiely 60 w0 0% ol all Klebsiella
from leces and from clinical specimens are pusitive in the fecul
colilform west and are Klebyiefla preumoniae.

Kichsiefla hacteria also are widely distributed in nature. oceur-
riny i sorl, water, gram, veeetation, ctc. Wood pulp. paper miils,
wxtile finishing plants, and sugar-cane processimy aperations con-
win furze numbers of Klebsicllae in their efluents (107 o 107,
and Klebsielia spooare often (he predominant coliform in such
efflucnts.

Rapid quantation may be achicved in the MF procedure by
modilying M-FC agur buse through substmution of inositol for
tuctose und adding cirheniciliin or by using M-Kleb ugar. These
methods reduce the necessity for bischemical testing of pure
strains, Preliminary verification of differentivied colonies is ree-
ommended.

1. Apparatus

a. Culrure dishes: See Section 9222B.1e for specifications,
b. Filiration units: Ses Section 922281/

2. Malenals and Culture Medium
¢, Mudified M-FC agar tM-FCIC agar): This medium may not

be availuble in dehydruied form und muy require greparation from
the basic ingredients:

Tryptose of BIOsalE o
Protcose peplone No. 3 or polypepione

Yeast extract s s
Sedium chioride, NaCl ..o 0 g
HORIOL Lo e 0.0«
Bile salts No. 3 or bile sults mixture .. FR 15
Aniline blue ..... . T, Qlg
AZD L e e 150¢g
Reagent-grude waler o.ovoiiiie s oL

Hear medium (o beiling und add [ mi 1% rosolic acid dis-
solved in (.24 NaCH. Cool w below 43°C and add 50 myg car-

benicitlin* Dispense asentically in 3- 10 7-mL quantities inw 50-
X 9.mm plastic petri dishes. Refrigeruie entil nesded. Discard
unused agar medium afier 2 weeks. Do not sterilize by autoelay-
ing. Final pH should b2 74 = 0.2,

b, M-Kleb ugur:

Phenal red agar ...

AJOmILOL o e
Antline Blug o e s e
Sadium tauryt sulfate o,
Reasent-orude water

Sterilive by autoclaving for 13 min ar 121°C. After auroclaving,
coul 1o 50°C in a2 water bath: add 20 mL 95% cthyi slecahot (ﬂgﬂ
denatured) and 0.05 g fiiter sterilized carbenicillindL. Shake thor-
oughly and dispense aseptically imto 50- X 9-mm plastic cylture
plates. The tinal pH should be 74 % 0.2, Retrigerated medium
can be held for 20d a4 w0 8°C.

3. Procedure

a. See Section 9222B.5 [or selection of sample size and fil-
tration procedure. Select sampic volumes that wil yield counts
hetween 20 and 60 Klebsiella colomics per niémbrane, Place
membrune fifter on wear surfoce incubate for 24 = 2 h w 35 =
0.5°C. Kiehsiclla colonics vn M-FCIC agar are blue or bluish-
eray. Most atypieal colonies are brown pr brownish. Occasional
false posiuve occurrences are caused by Ewfervhucter species.
Klebsieftu colonies on M-Kleb avar are deep blue 10 biuve gray.
whereas other colontes most often are pink or ocuasionally pale
yeliow. Count cotonies with a low-power (10 0 {3 magnifics-
tiuns) binocular wide field dissecting mucroscope or other optical
device,

b, Verification: Vesify Klepsiella colonies from the firse set of
sumples from ambient waters and effluents and when Klefsieliu
is suspect tn water supply distribution systems. Verity 1 minimum
of five typical coionies hy trunsferring growth from a celony or
pure culture © a commercial multi-test system for grum-negutive
speciation. Key tests for Klebsiella are citrute (posttive), motility
{negative), lysine decarboxylase (pusitive), omithine decarboxyl-
use (necative}, and urease (positivel A]K!ebnei[u struin thart is
indule-positive. liqueties pectin. and demonstrates a negative fecal
coliform response is most likely of noatecat origin.

4. Bitfiography
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* Availuble from Geopen, Roerip-Ptizer, lac, Now York, NY,
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ez22 G MF Partition Procedures

1. Escherichia coli Partition Methods

a. Applications: Escherichia ¢oli is 2 member of the fecal co-
liform ‘group of bucteria: its presencs is indicative of fecai con-
tamination. Rapid quaniitation and verification may be achieved
with the MF procedure by transferring the membrane from a total-
colitorm- or fecal-coliform-posiive sample to a augrient agar sub-
strate conining d-methylumbelliferyl-@-p-stucuronide {MUG),
[n this method £ colf is detined as any colithrm that produces
the enzyme Beslucuronidase and hydrolyzes the MUG substrate
to produce 2 biue Nuorescence around the periphery of the colony.

In the examination of drinking water sumples. use this method
to verify the presence ot £, cofi from a total-coliturm-positive MF
on Endo-type media. lo the examination of wastewater and other
aorpotzble water samples. use this procedurs © venfy positive
filters from mFC medium used in the fecal coliform MF proce-
dure.

b, Appurarus:

) Culture dishest See Section 92228 e,

2 Fiitration wriy: See Seetion Y2228, 1f

3) Forceps: Sez Sectivn Y222B. L

4 facubator: See Section 922284,

5y Ultraviolet lump. lung wave {366 nm), preterably 6 W,

&) Microscope und light source: Ses Scection 922281 &,

¢. Mareriuls and culiure medium:

Uy Nutrient agar with MUG (NA-MUG).

Beptone o .. 504
Beel axliull oo e Jdg
AL it et e aaans 15.0 2
d-methylumbeliiferyl-B-o-glucuronide ... Olg
Rengent-arade waler .. ..ocooiueiiieeiniiiieeni s v UL

Add dehydrated ingredients to reagent-grade water, mix thor-
oughly. and heat o dissolve. Sierilize by autoclaving flar 13 min
at 121°C. Dispense aseptically into 50-mm plastic culture plates.
The final pH should be 6.8 = 0.2. Refrigerated prepared medium
may be held for 2 wesks.

2y EC broth with MUG (EC-MUG).

Tryplose ar WYPUCESE .o iiiiiii e cran s 200 ¢
LaGT0SE ..o s 50g

Bile salts mixture or bile salts No. 3 oo 133
Dipotassium hydrogen ghosphate, K HPQL Lol 40 g
Potassium dihydrogen phasphate, KH.PQL L l4g
Sudium chlaride, NaCl ... 3
d-muthylumbelliferyi-g-o-glucuronide g

AN - SIAUE WUTET L e e L

Add dehydrzied ingredieats o rengent-grade water. mix thor-
oughly and teat to dissolve, pH should be 6.9 = 0.2 alter ster-
tization. Before sterttizauun, dispense into culture tubes and cap
with metal or heat-resistant plastic caps.

d. Provedurg: See Section 922283 for sehection of sample size
and filtracion procedure. Fur drinking water samples using Endo-
type medium, count and record the metallic zulden sheen colo-
ates. Before transter of the membrane, traesfer a small portion of
each target colony o the appraprinte tofal coiifurm verification
medium, using a sterdle aeedle. Ser Section 9222B.5 for weal
calitorm verification grocedures, ’

Alternacively. atter rransfer and incubation on NA-MUG. swab
the surfave growth on the filter and transfer  the approprace
wial coliform  verfication medium,  Asepticatly transfer the
membrane from the Endo-type medium 0 NA-MUG or EC-MUG
medium. [ differentiation of the total coliformy is desired using

'NA-MUG medium, mark ezch sheen colony with a fine-tipped

marker or by gunciuring a hole in the membrane adjucent o the
cotony with a sterile nesdle. [ncubate NA-MUG at 35 = 0.5°C
for 4 hor EC-MUG at 44.5 = 0.2 for 24 =2 h. Ohserve indi-
viduai colonies or tubes using a long-wave-length (366-am) ul-
traviolet livht source. preferably conaining a 6-W bulb, The pres-
ence of a blue flugrescencs in the wbe. on the periphery (outer
edge) of a colony. or observed from the buck of the piate is
considersd a positive response for £. coli. Count and record the
number of target celontes. f quantificazion s desired, or just rec-
ord presence or absence of tlucrescgnce.

Fur nonpotable water sumiples, use mEC medium For infual iso-
fation before transter o NA-MUG or EC-MUG medium. The
procedure is the same as the above. with the exception of the toral
coliform venfication process. '

For the EC-MUG method. a posidve control consisting of a -
known £, coli {(MUG-positive) culture, a negative control con-
sisting of a thermalerant Kiebsiellu prewmonive (MUG-nega-
tive) culiwre. and an uninoculuted medium controf may be nec-
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gssary to interpret the results and to aveid confusion of weak
autoflucrescence of the medium as a positive response. See Sec-
tion 9221F.

2. Fecal Coliform Partition Methed

a. Applications: Further partitioning of otal colifortns from the
original MF coliform-positive culture in a presence/absence
search for fecal coliform in a drinking water sample may be
achieved within 24 h. This procedure provides additional infor-
mation from the original saumpie.

b Materials and culiwre medium: EC broth. Sez Section
G22IEda

c. Procedure: See Section 9222B.5 for selection of sample size
and fiitration procedure. For drinking water samples using Endo-
type media, count and record the metallic {golden) sheen colonies,
Befors transfer of membrane or swabbing of plate, transfer a
small ponion of each target colony {o the approprate ol coli-
form verification media using a sterile needle (see Section
9222R.57). Use a sterile cotton swab (o collect bacterta from the
membrane surface, or pick discrewe colonies with a 3-mm foop or
sterile applicator stick, or Uransfer the entire membrane © inocu-
fute 1 whe of EC medium, Incubate inoculated EC broth in a

water bath ot 445 > 0.2°C for 23 * 2 h. Pluce ali EC whes in |

waler hath within 30 min aller inoculation. Maintain o sufficient

MICRCEIOLOGICAL EXAMINATION (3000)

water depth in water bath incubater to immerse tubes to upper
level of the medium. Gas production in an EC broth culture in
24 h or less is considered a positive response for fecal coliform
bacteria,
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9223 ENZYME SUBSTRATE COLIEQORM TEST”

N 8223 A.

The enzynie substrate lest utilizes hydrolyzable substrates for
the simultancous detection Of wowal coliform bacweria and Echer-
ichia coli enzyines. When the enzyme technigue s used, the ol
coliform group is defined as all bucterda possessing the enzyme
B-p-guluctosiduse, which- cleaves the chromogsnic substrate, re-
suiting in release of the chromouven. Escherichiu coli are defined
as bacteria giving a positive toizl coliform response and possess-
ing the enzyme B-glucuromdase, which cleaves a fluorogenic sub-
strate, resulting m the miease of the Nuorogen, The test can be
used in either a muitiple-tube. multi-well, or 3 presence-absence
(single 100-mL sample} format.

1. Principle

| a. Tewd coliform buacreria: Chromogenic substrates, such as
‘ortho-nitrophenyl-B-o-ralactopyranoside  {ONPG) or  chioro-
phenol red-B-p-galuctopyranoside (CPRG), are used to detect the
enzyme B-o-gulactosidase, which is produced by total coliform
bucteria. The 3-o-galaciosidase enzyme hydrotyzes the substrate
and produces a color change, which indicates a positive test for
total coliforms at 24 h (QONPG) or 28 h (CPRG; without additional
procedures. Noncotiform bacteria, such us Aeromonas and Pseu-

* Approved by Standard Methods Committee. 1997,

introduction

domonas species, may produce small amounts ol the eneyme -
v-gafactosidase, but are suppressed and generally will not produce
4 positive response within the incubation time unless more than
10 colony-forming units (CFUYmL 1* CFU/ 100 mL.} are pres-
ent.

b. Escherichia coii: A fluorogenic substrate, such as 4-methyi-
umbeliiferyl-B-o-giucuronide (MUQG). is used w0 detect the en-
zyme B-glucurenidase, which is produced by £. cofi. The B-glu-
curonidase enzyme hydrolyzes the substrate and produges 2
fluprescent product when viewed under long-wavelength (366-
nm) ultraviolet (UV) lighe. The presence of fluorescence indicates
a positive test for E. coli. Some strains of Shigefla spp. also may
produce a positive flucrescence response. Because Shigella spp.
are overt human pathogens, this is not considered a detriment for.
testing the sanitary quality of water.

2. Applications

The enzyme substrate coiiform. test is recommended for the
analysis of drinking and source water sumples. Formulations aiso
are available for the analysis of marine waters. Initially, laborz-
tories plunning to use this procedure should conduct paralie! quan-
titative testing {including seasonal variations) with one of the
standard coliform tests 1o assess the effectiveness of the test for



