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(coliform bacteria), Wfalpanasukuaiitse (fecal coliform bacteria) wag E. coli

TanmuauNIndINIsuAserewInsgudivsiaalulsemalneey 3 uinsgu
FaUpNNUALAENUILNUNTNTINTURAYEUAD d1UNANENTTUNITOINITUALY T (B8.) NTENTI
A157500EY, AUNUINTTIUNENSUTTRAAIMINTTN (A19.) NTLNTNAAAMNTTU UAENTNBUTY NTENTI
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A157500EY BT wadunluleMVUARMAMUININLUATISBUANAISTY el

1. U58n1AnseNsea1s1sagy atui 61 (w.a. 2524)° uazadui 135 (w.A. 2534)7 1594
uslaalunvueussyUaaiin lnvuanunmumaLuafiselinadl
ladnesuuuaiiise  @eetdeendl 2.2 MPN/100 ml.

E. coli fogliny



2. Usgn1AMuuaNInsgIuNGnAneIgnaInnssuuIusian 119sgIuLaen 1en.257-2549 ¢
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I¢smuanmnimimsiuadiFel i
TrdvpsuLUATISY fosasndn 1.1 MPN/100 ml.
E. coli foansIalinu
3. Usznensueunsy Beq Lﬂmsﬁ@mmwﬁwszm?{ﬂﬁ nSNOUNLTY W.A. 2563°
TrdvesuLUATiSY fosasndn 1.1 MPN/100 ml.

E. coli feaosnin 1.1 MPN/100 ml.
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T dusstiyinnunmuasiinazems Wesanwuaiisenguiagnuluusuiunuinniigaunid
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a | < | a Y o aa a 1 a .
wnsuay J3Usraduuns aunsansylandluaniieifieendiaunazlifeandiau (facultative
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lugaviszvesaull £ coli Yulausy 107 -109 wadsonsu ' Und £ coli azlivindunsienie
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nMsnsamnuafielunduladnesy iunisesamuueiiFedduiudieuazenn
o9t FmspuililunsemaseudnauuaiiGenguladesy fo Bnsmiuuunaievaon
(Multiple-tube Fermentation Technique) {uni1snsiamladnesudeUSunaifionauvuiuiy
vosladnlefuuuafidelusegnshuazssdunariumsns MPN (ns1e 1) Saduriainnismeaes

warANUNaIsaiAUIUInisALadsvesladnesuluRI9819 (most probable number : MPN)

A15199 1 A1 MPN bagAIAINUiniud 95% aNvsuNauINkasNaauwlalfiIae9

10 18885 919U 10 viasn’

No. of Positive tubes 95% Confidence Limit (Exact)

(10 ml. Each) MPN Index/ 100 ml. Lower Upper
0 <1.1 - 3.4
1 1.1 0.051 5.9
2 2.2 0.37 8.2
3 3.6 0.91 9.7
4 5.1 1.6 13
5 6.9 25 15
6 9.2 33 19
7 12 4.8 24
8 16 5.8 34
9 23 8.1 53
10 >23 13 -
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3.1 nMsaseaouloeu (presumptive phase) Wudumeuiieusnlndnosunuaiiosonain
wueiiGesiinduitliannsolfthmananlngld Taethiedaildlunaonussgoimaidsniio Lauryl
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48 $lus ndnasunamTITRamingesthnauanlng udhnasaiiiaielunageusolunis

ASI9EDUIUTY
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3.2 N3MTIRERUTLELTY (confimed phase) Wumstudumsasanulndnesunuaiide, Hda
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LUUYADARDNADN ﬁmﬁlué’ﬁmwwwﬁa (incubator) 1gamnil 35:0.5 ssrnwaidea unan 48+3
Halua mwwamﬂimEJ@Jmiw%ﬁgﬁuaqL%@LLazLﬁ@ﬁ"wiumamﬁﬂﬁ”w Fusruiunasalinauan
Wisuiieufunnsns MPN (m15197 1) a¢ldnaladnesuwuaiiedudn MPN/100 ml

3.2.2 mansnaeviuduiidaladesunuaiise lnethideanvaenfiinfemnraonludu
presumptive test freadlunasnomisidente EC Medium (ECQ) wuuvasnsonasn vulugiei
AuAuANATl (water bath) figamail 44.5+0.2 ssrisadea Wuan 24+2 $alus anglu 30 Wi
MEINMSENETBRTIINALIN (positive) Imaamﬁl,ﬁﬁysuau%aLLazLﬁﬂﬁweﬁwaaﬂé’ﬂﬁ"w YUY
waeafilinauinuioufisufunisns MPN 1151391 1) agldnafidaladnesuwuafioduean
MPN/100 ml
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MdINMsEElensIarauIn (positive) Tnsdegnisiesuasnieliuas UV Afianuenindu 365-

366 UNULUAT
33 mamwaau%’uauyizﬁ (complete phase)

%umauﬁ/ﬁ]umimmmqmmwwamamaau Tnemsihideanuaeanaaesdilinauaniudy
confirmed phase 41 streak aauuDISAEUT D Endo agar LES #1390 Macconkey agar wdIULT
gaunnfl 35:0.5 asanuaifea Wunan 24 Halus Mnduilaladfvayuns fsuam Ssmadaandy
E. coli dwaﬂummmﬁwﬁa Lauryl tryptose broth Lﬁammaauwamwﬂﬂdaaﬁwmauaﬂima
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\L Ut 3520.5 °C, 24-48 wa..

Tsifivleafing (-)

hiW‘U coliforms,

fecal coliforms, E. coli
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M3 MPN

|

INYUNE coliforms
(MPN/100mU)

v

ATV NYD fecal coliforms

J
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2IUNANTSLANNY
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J
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(MPN/100ml)

v

ASIVNLB E. coli

J
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Yu? 44.5+0.2°C,
2042 A,

ruNan1sisewanela vy
fiflaue1edY 365 nm
YUTIUIUNADA positive

wahedilaluseuiieudiu

MN1919 MPN

|

FYUNA E. coli
(MPN/100mU)
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s foRnsiearniiunsnsisseunugnioseiinaaoutu q Mduisnaden
(alternative method) W3suIfisufUIsuInTgIUVEeT387984 ( reference methods ) martumenly
Tuwsgrudmiuasivaeuaugnees (validation of methods ) 38 n1sniuaeuaNuldlavedis
(verification) LileguuinisnaaeuiiviesufiRidenldilmumunzaniuinguszasdvasnisinluld
Tureulnnsseuiuiwanmadeuildiamunindefenudefivun 7.2.1.5 wesUfiRnisdewnu
aouinaunsnufoinuisldedugndes noutnisnisduanld Tnsdesiulaiianusadiiunisléd

Y Y ada

PIUTBNINUA WazdsdaiuTuinn1sniuasuly a1358nsunlalaenuleanuninviasdu

wesUfURnssewauaeulminuveuwaid iy fsluresujiRnisT o uaeuisviaisuinsgiu
A aavy 1 g < o v aay 1 & Y o = 1% a wa v
wso3slilunnsguiniy wazdmiuisliduninsgiu anuderivueil 7.2.2.1 viesufdinisdes
nyvdounulglaveisnliiluunnisiuinsguisiesu fuRnmsimuTuewazisnunnsgud
gnituenveutigiimualivielin1sanuuasisunnsgiu n1snsvaeunuldlnvedisiensounay

o & Y v g v v = ] 2
YDULVANUAINNINUU LW@TML‘UUVLUGHNF’TJ"IllG]'ENﬂ"IiSU@Qﬂ'ﬁi%\ﬂﬂ%i@@quaq'ﬁqsﬂE]Qﬂ"I{LGUQ']u
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4.2 1INTFIUNIATIABUANUYNABYDNTINNYATITNG

nsnsIvaeuANNgniemsenulilavedis enaaeuiTslumuneiuingUseasdnig
luldluveulwnnisgeusuimanmaaeuiinugnAeilofiold N139IEBUANUYNABIVEITD

I

AIUUIMIZIU ISO 16140 : 2003 - Microbiology of the food chain — Method validation LiJummgmﬁ

Y a

NE1T9N13A5IEDUAINGNFDINIIaTIINeN ITlereliviesufuRmannasuems fudnyanaaey
(test kit) uazmirsanuiiiendesiumamedeuensanusoi U duuummemuasuiSvaaeums
a3 ingTuielfuinmmeaeuld 1nsgIuAINEIRTEUARY 2 282 LALANTSANINSYIUEBUNIS
thlUld uazmsfinwimamudeunensewnsdemsul sentuseusenunlidaaudmiunsvudey
Tudsnmn uariineaoumadinetludsUina Tnssnesgiutiaansodlulduiunnsgudn 6
atu Feidupeudmiunsmuaeuisnishmiuegismamadenluuuuine Wurinpsguswiolui

1. 1SO 16140-1:2016 - Microbiology of the food chain — Method validation — Part 1:
Vocabulary. {Wusnasgiuiiivuadmdnisagdenudniniluiifeadesiuisnmmiuaeuanulils
M99aTTIneluilgams

2. 1SO 16140-2:2016 - Microbiology of the food chain — Method validation — Part 2:
Protocol for the validation of alternative (proprietary) methods against a reference method.
Lﬁummgmﬁizwé’ﬂmiﬁﬂﬂLLa3%’514@aumamﬂﬁﬂﬁm%’umuammmlﬂﬁmaﬁ%mimqLﬁaﬂﬁu
/N1591984

3. 1SO 16140-3:2021 - Microbiology of the food chain — Method validation — Part 3:
Protocol for the verification of reference and validated alternative methods implemented in
a single laboratory. uinmsguiiszymdnnisiiluuastuneuiivesufoimanandliifiuinanunse
fulunsnuisnnaeud validate udlognsgnios

4. 1SO 16140-4:2020 - Microbiology of the food chain — Method validation - Part 4:
Protocol for method validation in a single laboratory. L“f]U@J’]mgmﬁ%zqué’nmi%lULLaz%’umu
mawmallpdmsudmsunsmuaeunuldlimatiineluiiddemnsveioslf UAnmvnaeuiiien

5. 1SO 16140-5:2020 - Microbiology of the food chain — Method validation — Part 5:
Protocol for factorial interlaboratory validation for non-proprietary methods. L‘ﬂummgmﬁ
szyundnnisihluastuseunanadindwmiumsmuasuaruldldnmagadiineluiddomsves
o fuRnstaiuiiveaouiilifiniomnemanisé

6. 1SO 16140-6:2019 - Microbiology of the food chain — Method validation— Part 6:
Protocol for the validation of alternative (proprietary) methods for microbiological confirmation

and typing procedures. Lun193g1uAiszynann1siliiaz Tunouniunadadmiunismiuaeu

aa A o & N a | | = & aa Ao A v
'Jﬁﬂ'ﬁfJUEJcLW]'NLa@ﬂwq\if\]‘asﬁ'ﬂ'ﬂmEJWGLUVVNI‘U@"WVWGNLﬂu’)ﬁ%@lﬁ@‘UWﬂJLﬂi@ﬂﬁﬂqﬁwqﬂﬂqiﬁq
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'
a

ﬂ’mﬁaﬂ%y’umauﬁisﬂumiminaaummgﬂéfawaﬁ% SUAUIINATIABUINITNIT
naaeuTivesUfiRnndenduisiinelssumsnsaaeunnugnioweisudmield madslsiaed
MInTIFBUAINGNABIVETIBUINBUlAA LTI 1ISO16140:2003 %50 1SO16140-2 ueid1TWTT
filaeinisnsaaeuaugnAeIvadisuan mimi';aaaumfmgﬂé]’awaﬁ%fﬂﬁﬁwLﬁumimu
WM 1SO 16140-4 n3elyl dlillivieslfuRn1saiunisnsiaaeunIugnAeIvesisniy

UMY 1SO 16140-3:2021 Fadun1smuaeuiBwinuu dawandlunini 4

lunsAnwiadell §338dean15n519a0UAINNYNABIYRITN1TMIUTIlAG O SY

wuAFy AAalrdWeosunuaiitse waz £ coli (Multiple Tube Fermentation Technique) m1u
Standard Method for the Examination of Water and Waste Water 23" Ed. %QL‘TJ Y359199 9

10557U (reference method) Taiiiun1smuaaudzany 1SO 16140-3:2021

P g | P— . T A,

START: Is the method validated '“.Pmmﬁr ['“ egal) L To validate alternative ~ Choose
I A e =t Wi} requirements given to use WO tary thod IS0 16140-2

[ performance characteristics are given)? L 150 16140:2003 or 1S0 16140-27 | L I \[rlrrl]'rru: ary) metho 5 k 1 f-f'

J

Ty, - .,
- To validate non- ,a"ﬂ Choose "--.;_
proprietary methods ""-M 150 16140-5

-
I \ —— i -~
| YES | I./f ™, - To doa single- s Choose
M |_\:ES_/| | laboratory validation | 150 16140-4
—— L =
To validate reference = Choose
- methods 150 17468
- - \ 4
| Is the method validated in accordance with IS 16140-47 | d Chaase s

{‘H._ 150 16140-2 _,-""}

.'/.. %
| YES |

o 1

Apply methdgd only in that particular |
laboratory fincl Loope extensgion)

15 the (food) category to be T
tested in the scope of MO ={ Far extengion of the scope of a reference method g :H |$:$::Ew ,:\"
validation of the method?
. | Far extension of the scope of an alternative [proprietary ) method validated " Choose H"\J
.-“YE;‘*-I "| imaccordance with 150 16144-2 . 150 161402 .~
\ —
A

__[ For extension of the scope of a non-proprietary method validated in accordance " Choose

T| with 150 16140-5 150 16140-5 "

-
r;"ur use of the (food) type in a single labaratory, in the case af: ]
a) an alternative (proprietary) method validated in accordance with 150 16140-2; or p—

b) a non-proprietary method validated in accordance with 150 16140-5; or ' >
¢} a reference method with performance characteristics; or -

d) a reference method without performance characteristics.

_ (verification] .~ ) r,

A7 Choose ~
< Isn16140-3 >

ot

I50 161404

AN 4 TUHBUNISLADNIDNIBLUNITNIUEDU
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4.3 MemuaeuitnaaeuiduizsnedwmdoIBuinssu muanss I 1SO 16140-3 PART 3 -
PROTOCAL FOR THE VERIFICATION OF REFERENCE METHODS AND VILIDATED ALTERNATIVE
METHODS IN A SINGLE LABORATORY

nMsmMudeUITMeae UL IuIEE9BwToTBunTs L MNLNASEIU 1SO 16140-3 PART 3 :
PROTOCAL FOR THE VERIFICATION OF REFERENCE METHODS AND VILIDATED ALTERNATIVE
METHODS IN A SINGLE LABORATORY? iflunuamslunismuaeuanyldlivefituassuiniunis
A5I9A0UAINNYNHBIY8IITNAADU (Validate reference methods) LilBLANIAINNAILTNYDS
voeUfuAnns lunsl#as i unisnsedeuamgnieadritlinaaenndesiunanis@nyiniig
Al NN P R PR DR RIS
4.3.1 wdnmsmnluvesnsmiuasus 1 2 uuu o
1) Implementation verification (mauaeunsinlulda) Wunsiansaauaunse
yowiaaUfuAmslunsld33dldsunsnsiaaey (validated) udalsiagnsgndos aonndosiunanis
validated
nssnILaaUIBIBIAMAIN (nu/linu) (qualitative method) iU iRnsazsas
nunuteya validation uazldenniuaauiied s 1 91ensfinsafiureutne validation uazeglu
youtefies §iRn1:luld drsrenisiiegludeya validation liegluveurieiiviesufiinasg
UlUld AU imnisdeedanifiag19518n19ANa1I0IMIudeULazAedlivuia (sample size)
WweniunsAnwiludeyanis validation
NIUNIUABUIBLTIUTNI (quantitative method) el fjURn1sidenniuasy
sog1aladld 1 senisfiegluvoutie validation Taglidndudeaduiedrafeadu uidesoglu

Yaueveslfuanisunluly

2) (food) item verification (N7UaBUAINTIENTT) LWUNITUAAIAIINAINITOVD
vesfuRnsfaziismaaeululdfiusedsiegluveuinevesiesl fiinislasnsvaaeudieged
ogluvoutneves validation saudaiegsiinaaeulunulsedivesiesufjiinig tilouans
AnuansaviesUtRnslunsmeaeu (food)item deogluveutiofivesufiinisenads uazthly

Uszgnaldlaegagneias
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432 wwamsmsmudeunnldldvediinegeu & 2 wwamaedl
1) Fnaouiiideyanisnminsvaeum ugniowesis (validate)
MNINABINITNIUABUTTLIIAMUAN (qualitative method) sl Implementation
verification wa (food)item verification ) T9n15%1A1 Estimated LODs, (eLODsy) @un1sniuday
51T 9UTua (quantitative method ) #1171 Intralaboratory reproducibility (Sg) T Implementation

verification wag Estimated bias (eBias) T (Food) item verification (mi’mﬁ 2)

M19199 2 uuImamamuaeuauldlavediinegeudniuitveaeuniveyanisnsivaeuaIy

QNABIYITT’
Method Performance characteristic Implementation verification (food) item verification
Qualitative | Estimated LODs, (eLODsy) 4 v
Intralaboratory reproducibility (S;g) v Not applicable
Quantitative
Estimated bias (eBias) Not applicable v

=

2) Tneaeunldliiidoyan1snsiaaeunnugnieswadis (non-validate)

Tunsdl 388135 1un303581984 (reference method) 4 lsiddeganns
MIIVHOUAIIUYNABIVDITT IHUJURA 1SO 16140-3 : 2021 , Annex F (Protocol for the
verification of non-validated reference methods in a single laboratory) Famvualiin 33
1A3gIUn3eIsE B eililldrinunnImvasunNgniesweiBunneulivihnismuaeumusens
((food) item verification) wirtiu Lifesaugeunisldau (Implementation verification) flesan

a

Liddeyanani1snsisgeuanugnaesreddslisiiluifisudes nsaln1sminasuIsidmanin

(qualitative method) 1% #1#1 Estimated LODs, (eLODso) Wag NSl NI Uad UL TIUTU 10

(quantitative method) 1#11A1 Estimated bias (eBias) L1y (37971 3)

M13199 3 uuImamsmuasuauldlavediinegeudniulsiliinismsvaeuanugniedves

Wneaev’
Method Performance characteristic Implementation verification (food) item verification
Qualitative | Estimated LODs, (eLODx,) Not applicable v
Intralaboratory reproducibility (Sg) Not applicable Not applicable
Quantitative
Estimated bias (eBias) Not applicable v
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4.4 n3UsgdaA Estimate Bias (eBias)

n15Uszu10uA" Estimate Bias (eBias) 1un1sniuasuideliunadniunisniuasuis
umspIuvseisendendilildnsiaaeunnugniesedds lnevesufiinsidendiedne 1 1ensh
livimeainnguiaegeiiegluveutisvedisindnaregluveuinonismaaeuvesiesujiinis
wazidendiogaenisiviniiieegiates 1 s19Ms91nuAaznguvesiieg1efieglureutienis
nedeuTesietUftRn1s svhmsmugeulaeusaremswsuialy 3 ganmnaeusl

1) doghaiifuie

2) Asavane e (inoculum suspension)

3) fegradiliiiuide (negative control)

sfunsuuouvendelusiiegne wavarsazangliidon 3 sefu (6 nans ) TasiFennade

Wiassunguusnainulummegeulunulsed wagviseduay 2 971 (Amd 5)

Expected = cfu /ml

/ \

Inoculation in the initial

suspension

= =

Uninoculated test portion Initial suspension  Initial suspension B
(negative control)

Method to be verified with (food)item Method to be verified without

2R +
OO O

O «a@r—
O «~a@ar—
R R < m—
O «a@r—
Q«.:Ig
O« @r—
SRS m—
Q<—.:Ig

Same method (plate, medium)

AN 5 TUMBUNITNIUADULNENNAN Estimate Bias (eBias)
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nsUszifiunanIsnadey guadiegisitliiiude (negative control) Hasldnaiduauwindy
mnduuanagiioinnsmagounseidanunsashunldld Srinaduaulitfuswaunasaiildnauan
Infegiiunde uazasazanefiiude (positive control) lUSsuIiBUAIT D8 LA MPN
wEathedldluduna log 91nA15197 4 MnbumAAILANANsUSINaR a5 Inedog 1Y

o uaraTazranelALteNs 3 seAvU Funaeiniseensunesdiamsiuliiiu “0.5 log,CFU/mL”

A15199 4 A1 MPN LagAn log,)MPN @%SUNAUINLATNAAULIBD Y8819

a a

10 98805 979U 10 wasn

No. of Positive tubes
MPN Index/ 100 ml. log;;MPN
(10 ml. Each)

0 <1.1 NA

1 1.1 0.0414
2 2.2 0.3424
3 3.6 0.5563
4 5.1 0.7076
5 6.9 0.8388
6 9.2 0.9638
7 12 1.0792
8 16 1.2041
9 23 1.3617
10 >23 NA

VeLYe) : NA - lianansamenle (Not Applicable)
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unil 3
Anliun133dY

1. gUuuunsAne

sUsuumsAnwidunmsfinei@smaass (Experimental Research) Weuiudnenmn1snse
AereiladviosuuuniiGe, idaladvosuuuniiGe uar £ coli Tuthuilna munamuinsgiugunm
thsznsueundle U w2566 TnemsvuaeuiBiieuium iiewAn Estimate Bias (eBias) Aal SO
16140-3 : 2021 Annex F (Protocol for the verification of non — validated reference methods in a single
laboratory) #regsiildlunsmiuasuluaddl Wusesrdlunguihuilnafidanmaasumyiana
InanesuuuAfY, WAalrdnesuuuaiise wag £ coli 728738 MPN (Multiple Tube Fermentation)
 nesesUfiRmsanssngunsueunsls Tnedondaegnnit 2 mems I thauusgmuedaainuae

Y1seih

2. fumsunisdnfiunig

2.1 \pesile
2.1.1 130993 2 fiumnls (Balance) §u ME-T3002T 8% Mettler Toledo
212 3esinmnudunsn - wa (pH meter) Ju S20 f9f0 Mettler Toledo
2.1.3 \eosiasinidle (Autoclave) u SX-700 8% Tomy aaundl 121 + 3 ayrmalgalTed
2.1.4 §Uaoaide (Laminar Flow) $u NU-543 Eife NuAire
2.1.5 fummizde (Incubator) Ju KB720 Bie Binder gamgd 35 + 0.5 asrawaLdoa
2.1.6 éwﬁwmmuqmmﬁ (Coliform Bath) §u TSCOL35 B0 Thermo

9aunQil 44.5 + 0.2 BarmaALALTYA

2.1.7 UV lamp AmENAdY 365 - 366 uiluiuns Ju CV-415 e Uvitec
2.1.8 Lﬂ%qgmwaﬁazmaﬁﬂuﬁ@ (Autopipettes) Usinms 10 fiaddns B3 Eppendorf
219 AFeagaingansaza1esalusl@ (Autopipettes) Uinms 1 fiaddns B¥e Eppendorf
2.1.10 \A3eanaNaNsazany (vortex mixer) U Vortex-Genie2 8t Genie

2.2 ¥an gunsal 1ATesuin
2.2.1 Ywa#d (pipette tip) vu1A 1 wag 10 UaaanS
2.2.2 viaeannaed (test tube)

2.2.3 vaanannig (Durham tube)
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2.2.4 pzunsdldnasnnaasy (test tube rack)
2.2.5 vhadeite (loop) Tumdusiugudnana 3.0 - 3.5 fadluns
226 UG (petri dish)
2.2.7 WIAKMVUIAUTTY 500 Tadans
2.2.8 AZINLNLANDIRA
2.3 pnsiasadouavansiadl
2.3.1 Lauryl Tryptose broth (LST) A2MuLINTU 2 11
2.3.2 Brilliant green lactose bile broth 2% (BGLB)
2.3.3 EC medium
2.3.4 EC-MUG medium
2.3.5 Tryptic Soy Agar (TSA)
2.3.6 Tryptic Soy Broth (TSB)
2.3.7 Plate Count Agar (PCA)
2.3.8 @1sazarevvies (buffered water)
2.4 MITENIMTABUTE wavansavaneTines

2.4.1 Lauryl Tryptose broth (LST) A2MULINTU 2 11

duusenay

Tryptose 40 N3y
Lactose 10 niu
Dipotassium Phosphate 55 nju
Monopotassium Phosphate 55 n3u
Sodium Chloride 10 niu
Sodium Lauryl Sulfate 0.2 N3y
dndu 1,000 Haddns

avangduUsenaunanualudinay 1,000 Haddns wudldvasnnnapiiivasnaning
(Durham tube) Adnegnieluvaen vaenay 10 fadans dewinden 121 wiu 15 uii JaAaudy

n3 - tua (pH) iegluy 6.8+0.2
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2.4.2 Brilliant green lactose bile broth 2% (BGLB)

dqulsenoau

Enzymatic Digest of Casein
Lactose

Ox Bile

Brilliant Green

YINAY

10
10
20
0.0133

1,000

[y

nsu
n3u
n3u
n3u

L GAIZE

arangdi1ulsenaunarualulingy 1,000 1ad3ans wudld@naannnassiivasnsn

unse - wa (pH) lrieglugas 7.240.2

2.4.3 EC medium
dulsenau
Tryptose
Lactose
Bile Salt No.3
Dipotassium phosphate
Monopotassium phosphate
Sodium Chloride

UINAY

20

1.5

1,000

fing (Durham tube) AT1RENElunABn ienas 10 Tadans delnied 121 Wiy 15 Wil dnAAy

N3

n3u
n3u
n3u
n3u
N3

L GAIZE

avangd@Iulsenauanualulinau 1,000 Haaans wusld@iasnnnassiiviaannn

unse - wa (pH) liieglugag 6.9+0.2

2.4.4 EC-MUG medium
duusznay
Tryptose
Lactose
Bile Salt No.3
Dipotassium phosphate

Monopotassium phosphate

20

1.5

1.5

fing (Durham tube) AT1RgNElunAen ienaz 10 Tadans Heinied 121 Wiy 15 Wil dnAAy

A4
N34
A4

AN
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[y

Sodium Chloride 5 n3y

MUG (4—methylumbeltiferyL—B—gtucuronide) 0.05 n3u

Yndu 1,000 #adans

avanduUsyneuneualutiingdy 1,000 fiadans wisldnasannassiiiinaendn
fe (Durham tube) Ad1egn1eluviaen vaanay 10 fiaddns duidedl 121 wu 15 unit Yadnennu

unse - wa (pH) Tieglugag 7.2+0.2

2.4.5 Tryptic Soy Agar (TSA)

duusznau

Tryptone 15 nu
Soytone 5 nju
Sodium Chloride 5 3y
Agar 15 nfu
ndu 1,000 #addns

avangdinUsenouavuAludINgy 1,000 faddns WanuSouawiuazaiy deiide
121 U 15 Wi

2.4.6 Tryptic Soy Broth (TSB)

duusznau

Pancreatic Digest of Casein 17 nju
Enzymitic Digest of Soybean Meal 3 nfy
Sodium Chloride 5 3y
Dipotassium Phosphate 25 nfy
Dextrose 25 nfy
dndu 1,000 Haddns

avangd@IulseNauanualulINay 1,000 Haaans wusldviasnnnassiiiviaannn
fing (Durham tube) AT1egnelunaen veenas 10 Iadans deinien 121 wiu 15 Wil daAAw

Dunse - wa (pH) Tieglugis 7.2£0.2
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2.4.7 Plate Count Agar (PCA)

dulsznau

Pancreatic Digest of Casein 5 nfu
Yeast Extract 25 nfu
Dextrose 1 niu
Agar 15 niu
Yndu 1,000 Hadans

avaneduUsznavualutingu 1,000 Seddns Wanufeuruiuazans duiide
7 121 W 15 undi
248 asavaretilines (buffered water)
2.4.8.1 stock phosphate buffer solution

Potassium dihydrogen phosphate (KH,PO,) 34 AU

(% '
o [

1nau 1,000 Haddns
&4 KH,PO, 34 n%u avaneluinndu 500 fadadns Usu pH 7.2+0.5 Taely 1
N NaOH wagU5ulsunasidu 1 dns
2.4.8.2 magnesium chloride stock solution
magnesium chloride (MgCl, %38 MgCl,.6H,0) 38 1138 81.1 nSY
thndu 1,000 Hagdny
#1 magnesium chloride avanelutihndu 1 ams
2.4.8.3 working solution
UvUm stock phosphate buffer solution 1.25 888/ 5 WAy magnesium

chloride stock solution 0.5 fagansasluuinau 1 ans Usu pH 7.2+0.1 wusldvasnniovinniu

J3U959999015 D98N 121 1 15 U
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3. NISATENYDNINTFIUAAU

1.1 Ui Escherichia coli ATCC 25922 910 stock culture 11 streak asuua1m1s Tryptic

a

Soy Agar (TSA) Uniilgaumndl 351 °C (unian 242 Falus

1.2 Fenlalafifeafildunnizidecacly Tryptic Soy Broth (TSB) 50 fiadans Uuidei
gaumgdl 3521 °C (unan 242 lus

1.3 loAsurnuni Tryptic Soy Broth (TSB) u1vin1sideasluaisazaadies
(buffered water) faust 10 aufle 107 wagvhmstuUsnadelurasnisideas femaia pour
plate luemsidiesdle Plate Count Agar (PCA) 1lduudl 35+1°C Human 24+2 Falus

1.4 fusnmolelaiiuu PCA szmsudinandeddu (CFU/mMU fuandlunnd 6

1:10 dilution

eg. 1 mlin 9 ml

buffered water

Overnight culture 10" dilution 107 dilution 107 dilution

bl

USUQUORIAY ©
3 x 107 cfu/ml

AN 6 LAAINITLATHUYRUINTTIUAIAY
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4. M3RNYIUNTFINAMTULAY (spike) adluddagnamagau

4.1 @89 Escherichia coli dnassluanziiuiastule

4.2 1399719300 U Ten- Flod dilution measazatevnwas (buffered water) U

I |

1:10 dilution
e.g. 1 mlin 9 ml

AMUTUTY 1078 (AN 7)

diluent

New overnight culture 10! dilution 10 dilution 10 dilution

Expected 3x10° cfu/ml Expected 3x10? cfu/ml

Expected 3x10° cfu/ml Expected 3x10" cfu/ml

o = &
AN 7 LL&@QM‘JL%@%’NL‘U@M’]@?@W

4.3 e Escherichia coli fiflnnududu 10® FefiuSunandenands 3 x 101 CFU/mL
wvhmaidentsie buffered water Woglutsiinulusuusedn 3 su 6h nane go) il
- sedunsuuieudn wsuansazanefifiusinandemeands 1.5 cfu/ml Tagisuain
MsTWAEaRIEUT 3 x 101 CFU/mL 111389191UU Ten- Flod dilution @28 buffered water Ui
Aty 109 9¢ldUSunande 3 CFU/mL anduidennssouuy 1: 2 Tnetiunidearnvasniinnii

fUsunaude 3 CFU/mL Usums 5 ml ldaslu buffered water 5 ml agldansazaefiiusunuiie

AARa 1.5 CFU/ml dauandluning 8

1:10 dilution 1:2  dilution

Expected 3x10! cfu/ml Expected 3 cfu/ml Expected 1.5 cfu/ml

AN 8 WANINISLIDANNTBSEAUNTUW U B lRlAUSINadDAIRNIa 1.5 cfu/ml
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- sgAUN1SUNIUaUNane WwSsNa1saraneNiuSuadaa1anda 10 cfu/ml taanis
LWBUU 1: 3 B5UNNNSUUSLLDAIAUN 3 x 10! CFU/mL Usu1ws 4 ml Tdaslu buffered water

8 ml aglpansaraeNnilusuadaannie 3 CFU/ml fakandlunIng 9

1:3 dilution

Expected 3x10' cfu/ml Expected 10 cfu/ml

AW 9 LAAINISIIBNNTBSEAUNSULaunanaiin il USunandiaa1ands 10 cfu/ml

- sEaun1sUUUBaUES W3sua15aza1eNiuSuNantan1nunds 20 cfu/ml Tneisuann
U

2 '
v Y ]

AU UMY BAIAUN 3 x 102 CFU/mL 111399196UU 1:3 #1e buffered water aglaaisazana il
USuaudoananda 1 x 102 CFU/ml 97nUutinanemawkuy 1: 5 nethlsaiaannrasnnainindusuna
W 1 x 102 CFU/ml USunms 2 ml Tdaslu buffered water 8 ml aglaansazareniusunaiie

AAnTs 20 CFU/ml slanansluning 10

1:3 dilution 1:5 dilution

Expected 3x1 0’ cfw/ml Expected 1x1 0’ cfu/ml Expected 20 cfu/ml

AR 10 Uanen1siRILdeTEAuNsUNUeugnielvlauinanien1ands 20 cfu/ml
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5. nsaseuRlae19luNIINIUAIUITIBIUSUIUlAEN1T1AIAT Estimate Bias (eBias)
nsAnwaded iunsmiuaeunusenis (food) item verification) ensen1sildluns
yuasuInnguiiegatiuilnavesnesiesufifinisnsueunds S1uau 2 :19n13 Ae tduly
AwurusUaain uazthuszl Insazutadu 3 nunmsvaaosisd
5.1 mawieusogsaulunrurusslaain Ysenoudae
- ghegnaihilunsurusslinain Uiuins 100 ml. lsifude (negative control)
- é’hasmﬁwﬁﬂummuzmsﬁg%aﬁw U3ums 100 ml. 313U 6 3N
Budefesenl3ii 3 szdu vamay 1 ml szduay 2 ¥am (test portion A uag B)
5.2 mMawiseushegsihUszn Ussnoudae
_ fhograiussln Usunes 100 ml e (negative control)
_gheghaiuszdn Usinas 100 ml §1uau 6 9an
Badeieaenline 3 sziu vanas 1 ml syduay 2 ¥am (test portion A ua B)
5.3 MswisnasaraneTHmeidmsutiusuaude Ussnausie
_ asazanetilled Usunas 100 ml Bidude (negative control)
- ansazaneUnmesUsuing 100 ml. §1uU 6 VN

WiemIanllne 3 s¥au vInaz 1 ml SgAUay 2 990 (test portion A lay B)

6. nMsnagaumUsunulaanasuluaiiisy, NAaladanesuuuaiise uaz E. coli A1875 MPN

Wowseudieg1slundaznguissuiasnad UrnmedeutiiamUsunaladnesuuuaiiie,
a) v a 6 a a . . . Y aa . . .
WAalranesuuuAiilsy wag Escherichia coli #1838 Multiple-tube Fermentation Technique
HTuneunnaliil

6.1 N1INTIADUTUAU (presumptive phase)

S89va0AR1YNSIABTE Lauryl Tryptose Broth dasdudwdu 2 win dednsay 10
gj 1 Y 1 Y Y v [l 4 e’.// P 14 [ dy al (Y] Y a Y 1

aen NUUEIINRIeE 1R Ueg1etes 25 ATY Welrraululemeiiy wartiundegns
nldlurasno1misidea®e Lauryl Tryptose Broth iasnag 10 ml auATU 10 %89 WEIRaDA

9111154884498 Lauryl Tryptose Broth Midindl0g19udu drldunluguiiniziiengungi

35+ 0.5 °C lauuAsu 24 = 2 1il9 YImMaenfiig 1 auvauIuiun g AnsIasyuedie
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ANSDIUNANISVIAZDU

NAUIN ﬁﬂ’]iL’wﬁQJﬂJaﬂL%’@LLﬁ%Lﬁﬂﬁ’]ﬂuMa@ﬂﬁﬂﬁW‘d
waau  : ownsiasatolifirruuuaslifefelunasadnineg
tvaendilinauinlunageuseludufudiu (confirmed phase) dauvasaiilvinaay il
feauAsy 48 + 3 Falu Wevuasu 48 dalus sumadnads Fmuinswdyveandeudliiafaly
vaonsnAng Iseruraduuinuasinnnageuseludududi (confirmed phase) #ae
6.2 N1sRTIERUILEUS (confirmed phase)
6.2.1 nMadauMUTIIalAaNasTILUATILSY
g mannomsaste Lauryl Tryptose Broth ilsinauanaindudy (presumptive
phase) fentausung 1 @Jﬂﬁau’mﬂ’mmmwiawaam adluemsidieate Brilliant green lactose
bile 2% broth (BGLB) wuuwasasianasn fedslasnits (Aseptic Technique) ﬁu‘Lué’ﬂmwwﬁaﬁ
gaumgdl 35 + 0.5 °C 1Junan 48 + 3 Falug ety 48 Falua @JﬂﬁL"\]%iUUGUENL%E]

ANSDIUNANISVIAZDU

Wauan : lafglunasndning
waau : Linamglunasanning
Fudrurunasafilinauin wWisuifisufunisie MPN azldnaladnesuwuaiise 1Wuen
MPN/100 ml
6.2.2 MInagsuUsInuilAaladnesuLuASY
e MaeneMsEeLTe Lauryl Tryptose Broth ilsinauanaindudiu (presumptive phase)
fedausung 1 Ay ANuAaznaen aduemsideate EC-Medium wuunasasevasndeia
Uaani¥e (Aseptic Technique) ¥ilutalugsinaruaugungdfl 44.5 « 0.2 °C (Huiian 24 = 2
Falus aelu 30 wiiindaenmsanede Wevuasu 24 Falu UN1ABARIBENILYENUY ANISIaTEY
Lavnsadeingveate

ANSDIUNANISVIAZDU

HaUan : IeMglunasnfnfieuaziinsas Qs
waau : lifnfelunasesniglagliifiinisiadgyvente
Jusuruvasanlnnauln Wisueuduni1snes MPN azlonaddalranosunuaiise 1uan

MPN/100 ml.
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6.2.3 MsnadeunIUIM E. coli
WEMaDAEMSIABTe Lauryl Tryptose Broth Mlirauana1ndugu (presumptive phase)

deeuing 1 gu Mnusiaeviaen adlueaidisnds EC-MUG Medium wuuviasaseviaandag
FUanaide (Aseptic Technique) tnluuslugrsimuauguugiifi 44.5 = 0.2 °C 24 + 2 Flus
aelu 30 wiiivdannisdede euuasu 24 Falus desgmaiFesuaseseinasatonield
uas UV Aiflanugnindu 365 nm.

HAUIN : WUNISIS8aasdnln (bright blue fluorescence)

HaaU  : ldnunisiTesuasdin

TuTIUraaaNlNauln WisuWeuiua11e MPN aglewa £ coli iWua1 MPN/100 ml

7. n15Uszd1uA1 Estimate Bias (eBias)

n15USEU1UAN Estimate Bias (eBias) Imaﬁm%mm%ﬁwﬂéﬂugﬂmm logio MPN/100ml

[ L4 1 v

1NANFUUTUANN WA NANYIUS NG BN Tusag 19t uUSUaluasazate Ui es Tuknayseeu

Y

AsUuUau

v Y

INUINNITEONTU (Acceptability limits) A1 eBias NiAululaluLAazszAUABIlAlULAY 0.5

log1oMPN/100 ml.
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uni 4

NaN1SANE

=

1. nan1snagdaurdsunaladnasununiiise, Aaaladnasununiiise was E coli

1.1 dregreinnlun1vuzusIRUaaln

NANNSNAABUMNUSINalAAN S UWUATISY, WAalAaNasUuwUATISY wag £ coli Tudiegnainfy

[

lunwurussyUnatin luwsavseaunsuulouiinanmsnaaaunsdl

111 szeumsdudoush (1 CFU/mU)
- test portion A Tiinauan 1 wiaen dUsunaladvesunuaiiisy, Ndalrdnasuwuaiie
way £. coli 1.1 MPN/100mL.
- test portion B linauin 2 viaen Jusinalednesuuuadise, iRalaanes

LUANLSY Ay £, coli 2.2 MPN/100mL.

1.1.2 szsumsdudaunans (10 CFU/mMU)
- test portion A T¥inauan 6 wiaen dUsunaladvesunuailisy, Afaladnesuwuniie
Wy £. coli 9.2 MPN/100mL.
- test portion B liinauin 5 viasn duUsinaulednesuuuadiise, ARalaanes

LUATISY WAy £. coli 6.9 MPN/100mL.

113 szé’umsﬂmﬁauqa (20 CFU/mU)
- test portion A Tvinauan 8 waen dUsualadvesununaiiisy, Aralrdnesuwuaiise
wae E. coli 16 MPN/100mlL.
- test portion B Tinauan 9 nase duTualadnesuuwuaiise, WAaladwesuuuaiige

wag £ coli 23 MPN/100mlL.

1.1.4 fegrahhulunivuzussyUeainlidiiuge (negative control) linunasnlvinauin

=

JUsualednesuwuniiise, AAaladnasulkuaiiise way £ coli windu <1.1

MPN/100mL. viSensaalany (m15797 5)
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M1319% 5 wansegeumUsnalaavlesukuanise, iAalaavesuwuaise wag £ coli lusegaiaulunisusussyUnaiin

IZAUANN Fecal
Uszan o v X Test Positive Positive | Coliforms Positive Positive E. coli
v . bUUIULYD Coliforms
29814 portion | tube of LST BGLB MPN/100 ml | EC Medium EC MUG | MPN/100 ml
(CFU/mU) MPN/100 ml
i A 1 1 1.1 1 1.1 1 1.1
(1 CFU/ml) B 2 2 2.2 2 2.2 2 2.2
‘. A A 6 6 9.2 6 9.2 6 9.2
UIANUTTY
- . (10 CFU/mU) B 5 5 6.9 5 6.9 5 6.9
MBULUAFUY
GN A 8 8 16 8 16 8 16
(20 CFU/mU) B 9 9 23 9 23 9 23
NENES (negative control) 0 0 <11 0 <11 0 <11
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1.2 A2981911Us2Un

a

NANISNAABUMIUSUIUlAaNBSULUATLSY, AalranasuwuAyiise way £ coli tu

[

fae19uUsEUN TusazseaunsULauliNan1snadaunall

121 szdumsduidousdr (1 CFU/mU)
- test portion A Tvinauan 1 waen dUsualadvesununiiisy, Adalrdnesuwuaiise
wag £ coli 1.1 MPN/100mL.
- test portion B liinauin 1 viasn Jusinalednesuuuadise, iRalaanes

LUANLSY Ay £, coli 1.1 MPN/100mL.

1.2.2 sgaumsuudeunars (10 CFU/ml)
- test portion A T¥inauan 6 wiaen dUsualladnesunuaiiisy, Ndalrdnasunuaiie
wag E. coli 9.2 MPN/100mlL.

- test portion B luinauin 5 viasn Jusinaulednesuuuaise, ARalaaneosy

LUATISY WAy £. coli 6.9 MPN/100mL.

123 szé’umsﬂmﬁauqa (20 CFU/mU)
- test portion A T¥inauan 8 waen dUsunaladvesunuaiiisy, Afaladnesuwuniie
way £. coli 16 MPN/100mlL.
- test portion B Tinauan 8 nasn dusualadnesuwuaiiise, iRaladnesuuuaiise

wag £. coli 16 MPN/100mlL.

1.2.4 segrathusslilifuie (negative control) liwunaealinauln dusunaladvesy
WUATLSY, TAalAANDSUWUATILSE way £ coli wnfu <1.1 MPN/100mLl. “isensialinu

(miwﬁ 6)
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AN5197 6 LanananIsaaaurUsunaladneasuwuaisy, Aalerdnasuuwuaiiise way £ coli Tuseg1ainusedn

ZAUAY Fecal
Uszan v v & Test Positive Positive | Coliforms Positive Positive E. coli
. bUUYULYD Coliforms
39814 portion | tube of LST BGLB MPN/100 ml | EC Medium EC MUG | MPN/100 ml
(CFU/ml) MPN/100 ml
i A 1 1 1.1 1 1.1 1 1.1
(1 CFU/ml) B 1 1 1.1 1 1.1 1 1.1
RAGMN A 6 6 9.2 6 9.2 6 9.2
duseln | (10 CFU/mU B 5 5 6.9 5 6.9 5 6.9
6N A 8 8 16 8 16 8 16
(20 CFU/ml) B 8 8 16 8 16 8 16
3o (negative control) 0 0 <1.1 0 <1.1 0 <1.1
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1.3 @1sazangviines

a

NANISNAFBUMNIUSUIULAANDSULUATILS Y, NAALAANBSULUATILGY way £ coli lua1sazaiy

[

Jrlas Tuwmarsyaunsuulaulinanisnaaaunadl

13.1 szeumsdudausi (1 CFU/mU)
- test portion A Tvinauan 1 waen dUsualadvesununiiisy, Adaladnesuwuaiise
wag E. coli 1.1 MPN/100mL.
- test portion B liinauin 2 viaen dusinalednesuuuadise, ARalaanes

LUANLSY Ay £, coli 2.2 MPN/100mL.

1.3.2 sgaunmsuudeunars (10 CFU/ml)
- test portion A T¥inauan 6 wiaen dUsunaladvesunuaiiisy, Adaladnasuuuaiiie
wag E. coli 9.2 MPN/100mlL.

- test portion B luinauin 6 vasn dusinaulednesuuuaiise, ARalaaneosy

LUATILSY Ay £, coli 9.2 MPN/100mL.

133 szé’umsﬂmﬁauqa (20 CFU/mU)

- test portion A Tvinauan 8 waen dUsualadvesunuaiiisy, Aralrdnesuuuniie
way £. coli 16 MPN/100mL.

- test portion B Tinauan 9 nasn dusualadnesuwuaiiise, inaladanesuuuaiise

wag £. coli 23 MPN/100mL.

1.3.4 fegrahnulunivuzussyleatnlidiiuge (negative control) linunasnlvinauin

[

JUsualednesuwuniiise, AAaladnasulkuaiise way £ coli windu <1.1

MPN/100mL. vi5ensaalany (m15797 7)
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lranasunuAise was £ coli luansazataunmas

IZAUAN Fecal
Uszinn o v X Test Positive Positive | Coliforms Positive Positive E. coli
o . bUUIULYD Coliforms
79819 portion | tube of LST BGLB MPN/100 ml | EC Medium EC MUG | MPN/100 ml
(CFU/ml) MPN/100 ml
i A 1 1 1.1 1 1.1 1 1.1
(1 CFU/ml) B 2 2 2.2 2 2.2 2 2.2
AR A 6 6 9.2 6 9.2 6 9.2
@1sazany
. . (10 CFU/mU) B 6 6 9.2 6 9.2 6 9.2
UNLeT
GN A 8 8 16 8 16 8 16
(20 CFU/mU) B 9 9 23 9 23 9 23
Luiifuide (negative control) 0 0 <1.1 0 <11 0 <11
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2. Nan15useunauAn Estimate Bias (eBias)

2.1 dnamyBnanderiiuluusazssfuanmanisneaeuluaisazanatilves udaunm
ALaaY (mean) T9IMANSAABULAALSERUAMAIT LT DLAL LA log,e Fawanslumsedi 8
- szdunsuudeus (1 CFU/mU)
fifn MPN 1288 1.65 MPN/100 ml fuinudn logMPN gy 0.22
- sysumsUuilounans (10 CFU/mU)
fifn MPN 1288 9.2 MPN/100 ml fuinidn log,MPN éivinfu 0.96
- spiunsuudougs (20 CFU/mD)

flen MPN 1a8e 19.5 MPN/100 ml fuaauen log;oMPN lgiuiniiu 1.29

o | = ] a a s A a
A919N 8  LLEAAIALRAYLLALAN lOglo GUE’NNﬁﬂ?i%@ﬁ@UﬂTﬂiMqﬂﬂﬂﬁW@ﬁJLL‘UF’W]LiEJ,

ealranesuwuaiitse waz £ coli Tuansazatavnwas

sefuANITITuYe Test NANISNAADU
(CFU/ml) portion | MPN/100 ml Mean log;; Mean MPN/100 ml

A A 1.1

1.65 0.22
(1 CFU/mU) B 2.2
naNg A 9.2

9.2 0.96
(10 CFU/ml) B 9.2
G A 16

19.5 1.29
(20 CFU/ml) B 23
uninoculated <1.1
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a

2.2 wamsUszanaue Estimate Bias (eBias) Tutifsussqlumausfidnain
AnmAads (mean) YesranIsadeuusaysedunuuduoLazAImA logyo
Fauandlunnsnedi 9
- sydunnsUudews (1 CFU/mU)
fifn MPN e 1.65 MPN/100 ml f1wasudn log,MPN ey 0.22
- syumsvuddounans (10 CFU/mD)
fifn MPN ade 8.05 MPN/100 ml A1waaua log,MPN lewiniu 0.91
- szﬁ’umiﬂuﬁjauqq (20 CFU/ml)

flen MPN 1a8e 19.5 MPN/100 ml fuaauen log;oMPN lgiuiniiu 1.29

=] ! a ] a a s ANa oA a 3
A1919N 9 LLARIALRAYLLAZ AN Loglo GU@QNaﬂqﬁ/]ﬂﬁ@UWﬁlﬂﬁll’]mIﬂawaigJLL‘UWV]LSEJ, ‘V\Iﬂﬁiﬂawaim

LUATISY wag £ coli TusiregraaulunivusussyUnadin

sefUANITITuYe Test NANISNAADU
(CFU/mL) portion | MPN/100 ml | Mean Log;o Mean MPN/100 ml

A A 1.1

1.65 0.22
(1 CFU/ml) B 2.2
NAY A 9.2

8.05 0.91
(10 CFU/ml) B 6.9
G A 16

19.5 1.29
(20 CFU/ml) B 23
uninoculated <1.1

LagIANFUYTAIAIULANAETENING A7 LogmGUENNaﬂ’li‘l/lﬂﬁ@“uMWU%&J’]EUL%EJIU@]J’JEJEJNﬁﬂH
aurusTUaaintunanmsnageumuiinaidslumsaranetiisled fuandumsned 10
- sydumsuuidoush (1 CFU/mU) fidn eBias Wiy [0.22-022|=0
- szdumsumidounans (10 CFU/mU i eBias wiiu | 0.91 - 0.96 | = 0.05

- wﬁUﬂ'ﬁUuLﬁauqq (20 CFU/ml) A" eBias winfu | 1.29 - 1.29 | = 0
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M13197 10 Uanee Estimate Bias (eBias) luinnussglunivueiUnaiv

A B
SEAUANULTUUUY Han1sVAdUMUTINaATe Y NANSNAFUMUSULT D LY eBias
GUGQL%@ W?QEJWQUWIUQW‘UUSUiiﬁ!UWﬁUVI aqiagaqaﬁ’wLwag | A -B |

(logio MPN/100 ml) (logio MPN/100 ml)

A1 0.22 0.22 0
AGEN 0.91 0.96 0.05
6N 1.29 1.29 0

2.2 Han15UseunAn Estimate Bias (eBias) Tuinusein

AunmAads (mean) YosranisnadeuusaysdunuududoLaz i log1o
Fawandluansned 11
- sysumsuuidoush (1 CFU/mU)
flin MPN 1@y 1.1 MPN/100 ml fuauen log,oMPN leisinfiu 0.04
- sysunnstuddeunans (10 CFU/mU)
fifn MPN @de 8.05 MPN/100 ml A1wasua log,MPN leiwinifu 0.91
- 3zé'fumiﬂul,ﬁauqa (20 CFU/mU)

fifn MPN wde 16 MPN/100 ml f1wanian log,MPN léilviniu 1.20

A15197 11 LansAaasuaze log,, Y8snanIsnagaumusunulaanasuLuaiise,

Araleanesuwuniilise way £ coli Tusagrsiiussdn

SefuAMITITUYe Test NANISNAADU
(CFU/mU) portion MPN/100 ml Mean Logip Mean MPN/100 ml

A A 1.1

1.1 0.04
(1 CFU/ml) B 1.1
naNa A 9.2

8.05 0.91
(10 CFU/mU) B 6.9
G A 16

16 1.20
(20 CFU/ml) B 16
uninoculated <1.1
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WAEMANAUYTIANWANAIITENT AN Logloﬂuaamaﬂ’mnmaaumﬂ%um%jaiuéffsasiwﬁwﬂizmﬁu
NansnageUTUSnanteluansaranetied suaadlumsedt 12
- syiumsdudeoudh (1 CFU/mU i eBias Wi | 0.04 - 0.22 | = 0.18
_szdumsumidounans (10 CFU/mU e eBias wiriu | 0.91 - 0.96 | = 0.05

- szé’umiﬂmﬁauqd (20 CFU/ml) A1 eBias AU | 1.20 — 1.29 | = 0.09

A1519% 12 uaneen Estimate Bias (eBias) Tuiuszn

A B
seumududy | manisvegeumdsinandely | nanswadeumyUsinandely eBias
NG fFrognatlsyin asazargUinines | A-B|
(logyo MPN/100 ml) (logy, MPN/100 mU)
i 0.04 0.22 0.18
NN 0.91 0.96 0.05
6N 1.20 1.29 0.09
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una 5

ayUuazdatauauue

1. ayunan1sALiiuey

nnsmiuasuaultldveisnaasulisUTunuvesladnesy, WAaladnesu wag £ coli
#1875 Multiple Tube Fermentation #1135 Standard Method for the Examination of Water
and Wastewater. 23 ed., 2017 lusheghafuussgnisusdaainuaziitszd Tnedegnaii
thurldlunmanaaeudufesiidufvanussnming 2 siadredu dmsuindoauniossds
deldlunisniuasuanuldldveisuariuiunisniuasuiiaiy 1SO 16140-3 ; 2021 Annex F
(Protocol for the verification of non - validated reference methods in a single laboratory) lag
N15M1A1 Estimate Bias (eBias) Wuin

—Tuﬁaas;i'mfﬁwiia;ﬂw%uz%aﬁw fisvummuituduveadon, nans wazge 161 eBias

0, 0.05 Az 0 MIUANU

- lushognailseun fissduanududuveadesi, nans uazg fien eBias 0.18, 0.05 uag
0.09 AuAPU

A eBias AilsvianundianliiAunaminnseensy (Acceptability limits) 0.5 log;MPN/100 ml.

FawansliiuimeluRnmsaunsasiiiunsauisainanldedisgndes Inanismageunusuiu

1%
a o

WelumegranaulunsusussyleatinuasinUssnlalndifesiuUSunandeaseiiiy
wandlmiuINIsNNsIAs1EAsananausat lUgdieningeds Coliforms, Fecal coliforms
wag £ coli lusegnarnuussalaaiinuaziiuszun Wildnadinsievingnasswaziniaie

L HOANATOIAUNINYDIUTEVIVY

2. UDLEUDMUY

2.1 Tarauaiduleung
nansnTIEeULarn LAy ldlivesisnaaey Wutuneunildunsussiunmnm
YOIHANTNARBUANNANATFIY ISO/IEC 17025:2017 lelvgSuuinmsiineadesiulunanisvaaey
fefurosfiRnsineiuazmaaumsiinsnisamageunazmamuasuauldlivesinaasy
fnlflunnsenmagey Weldunsuansanuansavesiesufiinsiamnsoldisvaaey

9198 unsguldegsgnieiarinan ATz ikasnaae uklug ez etie
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2.2 YelauaiieufuRng

14 a a

- nsAnwluaSslildumsiaundneninlunisnageusiugadiinen lusienisnageu

q

[ [ '
(% v v A

ladvlesuwuniiie, NAaladvesuwunilise uag E. coli Wiy dsluielviiesljimnisaiuise
neaeuldnuasgiu mvauliaseunqun BN IAde U IR LRAT INe AT INaLAT
- prstwasInnIsmIuaeuNIdailudsnsandunisuinsgu (Standard Operation

Procedure ; SOP) dielfidudunelunsufifnuusesh

2.3 forauedmiunuitendedely

mslsnGsranismaaeutigndesuazindetio uenanmamaaeuidusEanEnmuazgndeudn
fagfoaiinismuauaan1naiely (Internal Quality Control) 1 n15AIUANANUTILAYAA Y
ndouiifinasionsnaaey N15UsHEILANNAINITIVBEMAGOU NNIAIUANANANYBALATEE
MsmUAUAMAMTBNATELAT N1IMUANALAINEMEEENTD WWallunisusefunmuaInadHa
AINAdeUYDINesosl fUANTa s 1ugunsNeunste d18AuwsIu (accuracy) AAALTTEY

(precision) wazilAuUTeTe auNT0aaUNaUL AMEN1TATUANAMAINYNTUABUNITNAZDULND

Wawlugnsiduiesuufinisdnedamnuuinsgiu ISO/IEC 17025:2017
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S18N15NAGDU l w9 mmgﬂuﬁﬁmuﬂ FBnsnagau
NNAIBATN
1. & (Colour) gugln Taifiu 20 Spectrophotometric-Single-Wavelength
2. AU (Turbidity) @ann) laifu 5 Nephelometric
3. Audunsa - #19 (pH) - fD908581I19 6.5 11 8.5 | Electrometric
4. ndu (Odour) - laifindu

wilsisaufendunassy

nAd
5. USunasansviaviun (Total Solids) (un./a.) laiiAiu 500 TS Dried at 103-105°C
6. AUNTEAIIMUA (Total Hardness) wn./a.) TlaAu 100 EDTA Titrimetric
7. @159y (Arsenic) wn./a.) iy 0.05 ICP
8. wui3sy (Barium) wn./a.) laAiu 1.0 Icp
9. wAnly (Cadmium) wn./a.) laiAiu 0.01 Icp
10. aaslsn (Chloride) wn./a.) laAiu 250 lon Chromatography
11. Taswlen (Chromium) wn./a.) TaliAiu 0.05 Icp
12. neauas ( Copper) wn./a.) laAiu 1.0 Icp
13. wéan (iron) wn./a.) Tadiu 05 IcP
14. aym (Lead) (un/a) Ty 0.1 Icp
15. wawsn1ila (Manganese) wn./a.) A 0.05 Icp
16. Usow (Mercury) (un/a) laiiu 0.002 Icp
17. Tumsw (Nitrate) Arwdandululasiau wn./a.) Ty 4.0 Auto-Cadmium Reduction
18. #Wuwa (Phenol) (wn./a.) laiiu 0.001 Distillation & Colorimetric
19. #Allew (Selenium) wn./a.) Ty 0.01 IcP
20. R (Silver) wn./a.) Tadiu 0.05 IcP
21. Fawla (Sulfate) wn./a.) Ty 250 Turbidimetric
22. dnzd (Zinc) wn./a.) Ty 5.0 ICP
23. W@jaaliﬁ (Fluoride) (wn./a.) laiu 1.5 lon Selective Electrode
"193a%2nen
24, Tpanesuuuaditsy (Coliform bacteria) (Bufitdu/100 1a.) fownin 2.2 Multiple-Tube Fermentation Technique
25. 8.1ala (E.coli) - lainy Multiple-Tube Fermentation Technique
26. auanilafenda sadua - Tainy Membrane Filter Technique
(Staphylococcus aureus)
27. galutuaan (Salmonella) - Tlaiwu Membrane Filter Technique
28. AaRER3LALY IwosWsuaud - Taiwu Membrane Filter Technique
(Clostridium perfringens)
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SeMsNAdaU e wAsgILiitvun FBnsnedau
P9NYAIN
1. & (Colour) gugln Taifiu 20 Spectrophotometric-Single-Wavelength
2. AU (Turbidity) @ann) laifu 5 Nephelometric
3. Audunsa - #19 (pH) - fD108581I9 6.5 89 8.5 | Electrometric
4. ndu (Odour) - laifindu

wilsisufendunassy

nAd
5. USunasansvianun (Total Solids) (un./a.) laiiAiu 500 TS Dried at 103-105°C
6. AUNTEAIIMLA (Total Hardness) wn./a.) TlaAu 100 EDTA Titrimetric
7. @y (Arsenic) (wn./a) s 0.05 IcP
8. wui3sy (Barium) wn./a.) ladiAu 1.0 Icp
9. wAnlax (Cadmium) wn./a.) laliAiu 0.005 Icp
10. aaslsn (Chloride) wn./a.) laAiu 250 lon Chromatography
11. Taswlen (Chromium) wn./a.) TaliAiu 0.05 Icp
12. neauas ( Copper) wn./a.) laAiu 1.0 Icp
13. wéan (iron) wn./a.) Tdiiu 03 IcP
14. pzm (Lead) wn./a.) Taiu 0.05 IcP
15. wwsn1ila (Manganese) wn./a.) A 0.05 Icp
16. Usow (Mercury) (un/a) laiiu 0.002 Icp
17. Tuwsw (Nitrate) Arwdandululasiau wn./a.) ladiiu 4.0 Auto-Cadmium Reduction
18. #uwa (Phenol) (un./a.) iy 0.001 Distillation & Colorimetric
19. #Alley (Selenium) wn./a.) Ty 0.01 ICP
20. R (Silver) wn./a.) Tadiu 0.05 ICP
21. Fawla (Sulfate) wn./a.) Ty 250 Turbidimetric
22. dinzd (Zinc) wn./a.) Ty 5.0 ICP
23. W@jaaliﬁ (Fluoride) (un./a.) Ty 15 lon Selective Electrode
24. agiluilus (Aluminium) (wn./a.) Livdiu 0.2 IcP
25. danaiuuudalniun (ABS) (un./a.) laifiu 0.2 Extraction & Colorimetric
26. lawnlug (Cyanide) un./a.) ldiAu 0.1 lon Chromatography
"199a%2nen
27. Tnanesuuuadiisy (Coliform bacteria) (DuftdU/100 wa.) founin 2.2 Multiple-Tube Fermentation Technique
28. 8.1ala (E.col)) - lainy Multiple-Tube Fermentation Technique
29. aunnHlafenda sosua - lainy Membrane Filter Technique
(Staphylococcus aureus)
30. g1alutuaan (Salmonella) - Taiwu Membrane Filter Technique
31. AADERSLABY INOSNI AU - Taiwu Membrane Filter Technique
(Clostridium perfringens)
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MR g ‘ NAITIAIUAZER Wnmegau
NINNYATN
1. & (Colour) (wwadithy - lausas) 5 Spectrophotometric-Single-Wavelength
2. AU (Turbidity) (tBuily) TaiiAu 5 Nephelometirc
3. anudunsa - e (pH) - 6.5 719 8.5 Electrometric
4. ndu (Odour) - Tidunsaies -
5. 5@ (Taste) - Tidunsaies -
nAd
6. Usunauansiazaeviavan (Total Dissolved Solids) (un./a.) 500 TDS Dried at 180°C
7. wén (Iron) wn./a.) 03 Icp
8. wanila (Manganese) (un./a.) 0.05 ICP
9. nasums ( Copper) (un./a.) 1.0 ICP
10. dnzd (Zine) wn./a.) 3 ICP
11. AMUNTEANINNA (Total Hardness) 100 EDTA Titrimetric
12. Fawla (Sulfate) (un./a.) 200 lon Chromatography
13. Aaslsn (Chloride) (un./a.) 250 lon Chromatography
14. ‘V\lqaﬁﬂ,iﬁ (Fluoride) (un./a.) 0.7 lon Chromatography
15. lwmsm (Nitrate as Nitrogen) (un./a.) 4 lon Chromatography
16. Alusoanatuududalviiun (LAS) wn./a.) 0.2 Extraction & Colorimetric
17. Wudnguaunus (Phenolic substances, as Phenol) (un./a.) 0.001 Distillation & Colorimetric
asiluiy
18. Usan (Mercury) (un./a.) 0.001 ICP
19. pgm (Lead) (un/a) 0.01 ICP
20. @131y (Arsenic) (un./a.) 0.01 ICP
21. Aoy (Selenium) wn./a.) 0.01 ICP
22. psidigs (Chromium) wn./a.) 0.05 ICP
23, lawlug (Cyanide) (un./a.) 0.07 lon Chromatography
24. uAgidles (Cadmium) wn./a.) 0.003 ICP
25. wuiey (Barium) wn./a.) 0.7 ICP
N19989ME1
26. lpanasuluAdiisy (Coliform bacteria) (BuHU/100 1a.) fosnin 1.1 Multiple-Tube Fermentation Technique
27. 8.1ala (E.coli) - Tlaiwu Multiple-Tube Fermentation Technique
28. aunnladenda eai3ua (Staphylococcus aureus) - Tainy Membrane Filter Technique
29. alutuaan (Salmonella) - Tainy Membrane Filter Technique
30. papansLALal LaIW39aud (Clostridium perfringens) - Taiwy Membrane Filter Technique
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wiiaes iein ANATFIU Wianei
frunIenIn
AUYY (Turbidity) Wiy Taifu 5 Nephelometry
dU31ng) (Apparent color) unandtulauoan TaitAu 15 Spectrophotometric-single-
wavelenght,visual comparison
method
ANudunsaLazans (pH) - 6.5-85 Electrometric method
Fruadinalu
Ypeudeavaneiiavun (Total faansurodns ladvAu 500 TDS dride at 180 s waLied,
dissolved solids) Gravimetric, Electrometric method
AUNSEANS (Hardness) fadnsusedns (as CaCoO,) laiiAin 300 EDTA titrimetric
Fawln (Sulfate) fadnsusiodns TalAiu 250 Turbidimetry, ion chromatography
paslse (Chloride) fadnsusiodns TlalAiu 250 Argentometry, ion chromatography
luwsn (Nitrate) fadnsusedns (as NOy) ladiAiu 50 Cadmium reduction, ion
chromatography, spectrophotometry
Tulmssd (Nitrite) fiaansusiadns (as NO,) T 3 Cadmium reduction, ion
chromatography, spectrophotometry
geslsd (Fluoride) fadnJusdodns ladiAin 0.7 ion chromatography, SPADNS
colorimetric method, ion-selective
electrode
auwail (lavigwiin)
wén (Iron) fadnsusiodng lalfiu 0.3 AAS (flame), ICP, spectrophotometry
uusnila (Manganese) fadnsusiodng lalfiu 0.3 AAS (flame), ICP, spectrophotometry
N93uAs (Copper) Jadnsusiodns TaitAu 1 AAS (flame), ICP, spectrophotometry
Fingd (Zinc) N8dnSuUnodng T 3 AAS (flame), ICP, spectrophotometry
gruadl (aventinfiduiie)
neit (Lead) fadnSusiodns laiiu 0.01 AAS (graphite furnace), ICP
Tasuleusau (Total chromium) fadnsusiodns TaltAin 0.05 AAS (graphite furnace), ICP

uAAlzy (Cadmium) fadnsusodns Taifiu 0.003 AAS (graphite furnace), ICP
a3y (Arsenic) fadnsusiodng laiiu 0.01 AAS (vapor generation technique),
ICP, graphite furnace
Usan (Mercury) fadnSusiodns Taitiu 0.001 AAS (vapor generation technique),

ICP, Automatic direct mercury

analyzer
Fudiann
Tadvlasunuaiiise (Total fo 100 Janans Tlalny Present-Absence Test
coliforms bacteria) WBufiLBu sla 100 Jadans Hounii 1.1 MPN method
8lala (Escherichia coli) M9 100 dadans Tanu Present-Absence Test
Buiidu s 100 faddns Hounin 1.1 MPN method
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AsnsnedaumUsunalaanesunuaiitse a1y Standard Method for the Examination of

Water and Wastewater 23rd Edition : 2017 ; Part 9221B

9221 B. Standard Total Coliform Fermentation Technique

1. Samples

Collect samples as directed in Section 9060A, using sample containers specified in Section
9030B.19. Follow the QC guidelines for sample bottles described in Section 9020B.5d. Ensure

that samples meet laboratory-acceptance criteria upon receipt.

2. Quality Control

All phases of the fermentation technique (9221B-G) require adherence to the quality
assurance/quality control (QA/QQC) guidelines presented in Section 9020, including, but not
limited to, analytical QC (Section 9020B.9), instrumentation/equipment (Sections 9020B.4
and 9030B), and supplies (Section 9020B.5). Refer to Table 9020:l for key QC procedures.
Also, note the sections pertaining to appropriate storage and preparation of dehydrated
culture media and water quality (Sections 9050 and 9020B.5).

Use commercial dehydrated media when possible, and ensure that their formulations
match those specified here because commercial formulations may vary. Prepared
fermentation media can be stored in tightly capped tubes or bottles for up to 3 months in
the dark, if temperatures are between 1 and 30°C and evaporation is less than 10% of the
original volume. If the tubes were refrigerated after sterilization, they should be incubated
overnight at room temperature (20°C) before use and those showing growth or bubbles
should be discarded to avoid false-positive results. To demonstrate acceptable medium
performance, positive and negative culture controls should be tested before first use and as
otherwise specified (see Table 9020:VI). Sterility, volume per tube, and pH should also be
verified and recorded. To demonstrate comparability between batches of media, perform a
use test [Section 9020B.5/2)].

If a laboratory is switching to the multiple-tube fermentation technique, analysts ideally
should first conduct parallel tests with the previous method to demonstrate applicability
and comparability. The results of many coliform performance studies are available in the
literature, and the rates of false-positive and -negative results can differ among various

media. Users should carefully select the medium and procedure that best fits their needs.
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3. Presumptive Phase

Use lauryl tryptose broth in this phase of the multiple-tube test, following the QC
guidelines cited in 9221B.2.

a. Reagents and culture medium: Lauryl tryptose broth:

Tryptose. . .. o 20.0 ¢
Lactose .. ... 50¢
Dipotassium hydrogen phosphate (K;HPOy). ... ... .. 275¢
Potassium dihydrogen phosphate (KH,PO,) . .. ... .. 275 ¢
Sodium chloride (NaCl). .. ......... ... .. ... ... 50¢
Sodium lauryl sulfate. . ............. .. ... . ... .. 0.1¢g
Reagent-gradewater.............. .. ... ...... 1 L

Add dehydrated ingredients to water, mix thoroughly, and heat to dissolve. Before
sterilization, dispense enough medium into fermentation tubes containing inverted vials (also
known as Durham tubes) to cover the inverted vial at least one-half to two-thirds after
sterilization. Alternatively, omit the inverted vial and add 0.01 g¢/L bromocresol purple to
lauryl tryptose broth (to determine acid production, an indicator of a positive result in this
part of the coliform test). Close tubes with metal or heat-resistant plastic caps.

Prepare in accordance with Table 9221:, making lauryl tryptose broth concentrated
enough that adding 100-, 20-, or 10-mL portions of sample to the medium will not reduce
ingredient concentrations below those of the standard medium. Autoclave medium at 121°C
for 12 to 15 min. Ensure that inverted vials, if used, are free of air bubbles. Medium pH

should be 6.8+0.2 after sterilization.

TABLE 9221:I. PREPARATION OF LAURYL TRYPTOSE BROTH

Amount of Medium Volume of Medium Dehydrated Lauryl Tryptose Broth
Inoculum mL
in Tube mL Inoculum mL Required ¢/L

1 10 or more 11 or more 35.6

10 10 20 71.2

10 20 30 534

20 10 30 106.8

100 50 150 106.8

100 35 135 137.1

100 20 120 213.6
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b. Procedure:

1) Arrange fermentation tubes in rows of five or ten tubes each in a test tube rack. The
number of rows and the sample volumes selected depend on the quality and character of
the water to be examined. For potable water, 100 mL must be tested. Use five 20-mL
portions, ten 10-mL portions, or one 100-mL portion (a single bottle). For nonpotable water,
use five tubes per dilution (of 10, 1, 0.1 mL, etc.).

When making dilutions and measuring diluted sample volumes, follow the precautions
given in Section 9215B.2. Use Figure 9215:1 as a guide to preparing dilutions. Shake sample
and dilutions vigorously 5 s (about 25 times). Inoculate each tube in a set of five with
replicate sample volumes in increasing decimal dilutions, if decimal quantities of the sample
are used. Mix test portions in the medium by gentle agitation.

2) Promptly incubate inoculated tubes or bottles, any culture controls, and/or sterility
blanks at 35 0.5°C. After 24 2 h, swirl each tube or bottle gently and examine it for growth,
gas, and/or acidic reaction (shades of yellow color) and, if no gas or acidic reaction is
evident, re-incubate and re-examine at the end of 48 3 h. Record presence or absence of
growth, gas, and/or acid production. If the inner vial is omitted, growth with acidity (yellow
color) signifies a presumptive-positive reaction.

c. Interpretation: Detection of an acidic reaction (yellow color) and/or gas in the tubes
or bottles within 48 3 h constitutes a presumptive-positive reaction. Submit tubes or bottles
with a presumptive-positive reaction to the confirmed phase (9221B.4).

The absence of acidic reaction and/or gas formation at the end of 48 3 h of incubation
constitutes a negative test. Submit drinking water samples demonstrating growth without a
positive gas or acidic reaction to the confirmed phase (9221B.4).

4. Confirmed Phase

a. Culture medium: Use BGLB broth fermentation tubes for the confirmed phase,
following QC guidelines cited in 9221B.2.

Brilliant green lactose bile broth:

Peptone . ... .. ... 10.0g
Lactose. . ... 10.0 g
Oxgall . ... 200 ¢
Brilliant green. .. ... ... ... 0.0133 ¢

Reagent-grade water. .. ....... ... ... ... ..... 1L
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Add dehydrated ingredients to water, mix thoroughly, and heat to dissolve. Before
sterilization, dispense medium into fermentation tubes with an inverted vial, ensuring
sufficient volume of medium to cover the inverted vial at least one-half to two-thirds after
sterilization. Close tubes with metal or heat-resistant plastic caps. Autoclave medium at
121°C for 12 to 15 min. Ensure that inverted vials are free of air bubbles. Medium pH should
be 7.2+0.2 after sterilization.

b. Procedure: Promptly submit all presumptive tubes or bottles showing growth, any
amount of gas, or acidic reaction within 24+2 h of incubation to the confirmed phase. If
additional presumptive tubes or bottles show active fermentation or acidic reaction at the
end of a 48+3 h incubation period, promptly submit these to the confirmed phase. To
confirm presumptive coliform colonies growing on a solid medium using fermentation
media, see Section 9222B.4¢.

Gently shake or rotate presumptive tubes or bottles showing gas or acidic growth to
resuspend the organisms. With a sterile loop 3.0 to 3.5 mm in diameter, transfer one or
more loopfuls of culture to a fermentation tube containing BGLB broth. Alternatively, insert
a sterile wooden applicator at least 2.5 cm into the culture, promptly remove, and plunge
applicator to the bottom of fermentation tube containing BGLB broth. Remove and discard
applicator. Repeat for all other presumptive-positive tubes. Analysts may simultaneously
inoculate BGLB broth for total coliforms and EC broth for thermotolerant (fecal) coliforms
(see 9221E) or EC-MUG broth for Escherichia coli (see 9221F). However, if using the same
loop or wooden applicator stick to inoculate a culture into more than one medium,
inoculate the most inhibitory medium (BGLB broth) last.

Promptly incubate the inoculated BGLB broth tubes at 35+0.5°C. Any amount of gas
formed in the inverted vial of the BGLB broth fermentation tube at any time within 48+3 h
constitutes a positive confirmed phase. To estimate the coliform density, calculate the MPN
value from the number of positive BGLB tubes as described in 9221C.

c. Alternative procedure: Use this alternative only for polluted water or wastewater

known to produce positive results consistently.

If all presumptive tubes are positive in two or more consecutive dilutions within 24
h, then only submit to the confirmed phase the highest-dilution tubes (smallest sample

inoculum) in which all tubes are positive, along with any positive tubes in still higher
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dilutions. Submit to the confirmed phase all tubes in which gas or acidic growth is produced
in 24 to 48 h.
5. Completed Phase

The completed test as described here is not required for drinking-water compliance
sample analyses. For nonpotable water samples collected under the Clean Water Act, the
requirement that 10% of all total-coliform-positive tubes be subjected to the completed
test on a seasonal basis no longer exists. The completed test is included here as a QC
recommendation and for use when testing results are uncertain. As additional testing for
thermotolerant (fecal) coliforms and/or E. coli is required of positive coliform tests, further
testing using EC and/or EC-MUG broths is considered a completed test. For QC purposes, if
no positive drinking-water samples are received within a quarter, then analyze at least one
positive source-water sample to confirm that media respond appropriately.

To verify the presence of coliform bacteria and to provide QC data for nonpotable water-
sample analysis, use the completed test on at least one positive sample per quarter. If no
positive sample occurs within a quarter, perform a QC check using a known positive sample.
Analysts may simultaneously inoculate presumptive-positive media into both BGLB broth for
confirmation of total coliforms and EC broth for thermotolerant (fecal) coliforms (9221E) or
EC MUG broth for Escherichia coli (9221F) as long as BGLB broth is inoculated last. Positive
results from incubation in EC and/or EC-MUG broths at elevated temperature (44.5+0.2°C)
can be considered a completed test. Parallel positive BGLB broth cultures with negative EC
or EC-MUG broth cultures indicate the presence of nonfecal coliforms. Parallel positive EC or
EC-MUG tubes and negative BGLB broth cultures indicate the presence of thermotolerant
(fecal) coliforms or E. coli, respectively. Alternatively, the completed test for positive total
coliforms may be performed as follows.

a. Culture media and reagents: Follow the QC guidelines cited in 9221B.2.

1) LES Endo agar—See Section 9222B.2a. Use 100-15-mm Petri plates.

2) MacConkey agar:

Peptone . ... .. .. L 17 ¢
Proteose peptone. . ... 3¢
Lactose . ..o 10 ¢
Bilesalts . ... ... .. 1.5¢
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AGar . . 135¢
Neutralred. .. ... ... .. i 0.03 ¢
Crystalviolet .. ... ... o 0.001 ¢
Reagent-gradewater......................... 1L

Add ingredients to water, mix thoroughly, and heat to boiling to dissolve. Sterilize by
autoclaving for 15 min at 121°C. Temper agar after sterilization and pour into Petri plates
(100x15 mm). Medium pH should be 7.1+0.2 after sterilization.

3) Nutrient agar:

Peptone . ... .. 50¢
Beefextract...... ... .. . .. . . . 30¢
AGar . L 150 ¢
Reagent-gradewater........... ... ... ... ...... 1L

Add ingredients to water, mix thoroughly, and heat to dissolve. Before sterilization,
dispense in screw-capped tubes. Autoclave at 121°C for 15 min. Medium pH should be 6.8
+0.2 after sterilization. After sterilization, immediately place tubes in an inclined position so
the agar will solidify with a sloped surface. Tighten screw caps after cooling and store in a
protected, cool storage area.

4) Gram-stain reagents—Reagents are commercially available as prepared solutions.

a) Ammonium oxalate-crystal violet (Hucker’s)—Dissolve 2 ¢ crystal violet (90% dye
content) in 20 mL 95% ethyl alcohol. CAUTION: Flammable. Dissolve 0.8 g (NH,),C,04 H,O
in 80 mL reagent-grade water. Mix the two solutions and age for 24 h before use. Filter
through paper into a staining bottle.

b) Lugol’s solution, Gram’s modification—Grind 1 ¢ iodine crystals and 2 ¢ Kl in a
mortar. Add reagent-grade water, a few milliliters at a time, and grind thoroughly after each
addition until solution is complete. Rinse solution into an amber glass bottle with the
remaining water, using a total of 300 mL.

c¢) Counterstain—Dissolve 2.5 g safranin dye in 100 mL 95% ethyl alcohol. Add 10 mL
to 100 mL reagent-grade water. CAUTION: Flammable.

d) Acetone alcohol—Mix equal volumes of ethyl alcohol (95%) with acetone.

CAUTION: Flammable.
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b. Procedure:

1) Using aseptic technique, streak one LES Endo agar (Section 9222B.2a) or MacConkey
agar plate from each presumptive positive tube of BGLB broth as soon as possible after gas
is observed. Streak plates in a manner to ensure the presence of some discrete colonies
separated by at least 0.5 cm. To obtain a high proportion of successful isolations if coliform
organisms are present, use the following approach:

a) Use a sterile 3-mm-diam loop or an inoculating needle slightly curved at the tip;

b) tap and incline the fermentation tube to avoid picking up any membrane or scum on
the needle;

c) insert the end of the loop or needle into the liquid in the tube to a depth of
approximately 0.5 cm; and

d) streak a plate for isolation with the curved section of the needle in contact with the
agar to avoid a scratched or torn surface. Flame the loop between the second and
third quadrants to improve colony isolation. Incubate plates, inverted, at 35+
0.5°C for 24+2 h.

2) The colonies developing on LES Endo agar are defined as typical (pink to dark red
with a green metallic surface sheen) or atypical (pink, red, white, or colorless colonies
without sheen) after 24 h incubation. Typical lactose-fermenting colonies developing on
MacConkey agar are red and may be surrounded by an opaque zone of precipitated bile.
From each plate, pick one or more typical, well-isolated coliform colonies or, if no typical
colonies are present, pick two or more colonies considered most likely to be coliforms.
Transfer growth from each isolate to a single-strength lauryl tryptose broth fermentation
tube and onto a nutrient agar slant.

If needed, use a colony-magnifying device to provide optimum magnification when
colonies are picked from the LES Endo or MacConkey agar plates. When transferring
colonies, choose well-isolated ones and barely touch the colony surface with a flame-
sterilized, air-cooled transfer needle to minimize the danger of transferring a mixed culture.
Incubate secondary broth tubes (lauryl tryptose broth with inverted fermentation vials) at
35+ 0.5°C for 24+ 2 h; if gas is not produced within 24+ 2 h, reincubate and examine again at
48+3 h. Microscopically examine Gram-stained preparations from those 24-h nutrient agar

slant cultures corresponding to the secondary tubes that show gas.
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3) Gram-stain technique—The Gram stain may be omitted from the completed test for
potable-water samples only because Gram-positive bacteria and spore-forming organisms in
drinking water rarely survive this selective screening procedure.

Various modifications of the Gram stain technique exist. Use Hucker’s modification
(as follows) for staining smears of pure cultures; include a Gram-positive and a Gram-negative
culture as controls.

On one slide, prepare separate light emulsions of the test bacterial growth and
positive and negative control cultures using drops of distilled water on the slide. Air-dry, fix
by passing slide through a flame, and stain for 1 min with ammonium oxalatecrystal violet
solution. Rinse slide in tap water and drain off excess; apply Lugol’s solution for 1 min.

Rinse stained slide in tap water. Decolorize for approximately 15 to 30 s with
acetone alcohol by holding the slide between the fingers and letting acetone alcohol flow
across the stained smear until the solvent flows colorlessly from the slide. Do not
overdecolorize. Counterstain with safranin for 15 s, rinse with tap water, blot dry with
absorbent paper or air dry, and examine microscopically. Gram-positive organisms are blue;
Gramnegative organisms are red. Results are acceptable only when controls have given
proper reactions.

c. Interpretation: Formation of gas in the secondary tube of lauryl tryptose broth within
48+3 h and demonstration of Gram-negative, nonspore-forming, rod-shaped bacteria from
the agar culture constitute a positive result for the completed test, demonstrating that a

member of the coliform group is present.
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9221 E. Thermotolerant (Fecal) Coliform Procedure

Traditionally called fecal coliforms, thermotolerant coliforms (those that ferment
lactose to produce gas at 44.5°C) have been documented in organically rich waters or
tropical climates in the absence of recent fecal contamination. So when looking for evidence
of fecal contamination, testing for E. coli—a more specific indicator—is recommended.
Nevertheless, regulations may require that thermotolerant (fecal) coliforms be identified and
enumerated.

To test for thermotolerant coliforms, use one of the multiple tube procedures
described here or the membrane-filter methods described in Sections 9222D and E. In the
multiple-tube fermentation technique, thermotolerant coliforms are identified by their
ability to ferment lactose to produce gas at 44.5+0.2°C within24+2 h.

1. Thermotolerant Coliform Test (EC Medium)

The thermotolerant coliform test using EC medium is applicable to investigations of
drinking water, stream pollution, unfiltered raw water sources, wastewater treatment
systems, bathing waters, seawaters, and general water-quality monitoring. Do not use EC
medium to directly isolate thermotolerant coliforms from water; prior enrichment in a
presumptive medium is required for optimum recovery of thermotolerant coliforms. (To test
presumptive coliform colonies growing on solid media, refer to Section 9222G.3c)

a. EC medium: Prepare EC medium following QC guidelines cited in 9221B.2.

Tryptose or trypticase . . . ........... ... ... ... .. 200 ¢
Lactose . ... 50¢
Bile salts mixture or bile saltsNo. 3 ................ 15¢
Dipotassium hydrogen phosphate (K;HPOg). . ... ... ... 40g¢
Potassium dihydrogen phosphate (KH,PO,) .. .. .... ... 15¢
Sodium chloride (NaCl). .. .......... .. ... ..... 50¢
Reagent-grade water. . .. ... ... ... ... ... . ... 1L

Add dehydrated ingredients to water, mix thoroughly, and heat to dissolve. Before

sterilization, dispense sufficient medium in fermentation tubes with an inverted vial to cover
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the inverted vial at least one-half to two-thirds after sterilization. Close tubes with metal or
heat-resistant plastic caps. Autoclave medium at 121°C for 12 to 15 min. Ensure that
inverted vials are free of air bubbles. Medium pH should be 6.9+0.2 after sterilization.

b. Procedure:

1) After incubation, gently shake or rotate fermentation tubes or bottles showing gas,
growth, or acidity to resuspend the organisms. Promptly use a sterile 3- to 3.5-mm-diam
loop to transfer one or more loopfuls of culture from bottles or tubes showing growth with
acid and/or gas production to a fermentation tube containing EC broth. Alternatively, insert a
sterile wooden applicator at least 2.5 cm into the culture, promptly remove, and plunge
applicator to the bottom of a fermentation tube containing EC broth. Remove and discard
applicator. Repeat for all other presumptive-positive tubes and incubate at 44.5+0.2°C.
Simultaneous inoculation into EC broth and/or EC-MUG broth along with BGLB broth is
acceptable, if the most inhibitory medium (BGLB broth) is inoculated last.

2) Place all EC tubes into a circulating water bath (preferably with a gabled cover)
within 30 min after inoculation. Incubate inoculated EC broth tubes at 44.5+0.2°C for 24+2 h.
Maintain a sufficient water depth in the water bath incubator to immerse tubes to the upper

level of the medium.

c. Interpretation: Gas production with growth in an EC broth culture within 24+2 h or
less is considered a positive thermotolerant (fecal) coliform reaction. Failure to produce gas
(with little or no growth) constitutes a negative reaction. If multiple tubes are used, calculate
the MPN of thermotolerant coliforms from the number of positive EC broth tubes, as
described in 9221C. When using only one tube for subculturing from a single presumptive
bottle, report as the presence or absence of thermotolerant coliforms. If heavy growth
occurs with no gas production, subject the culture to a thermotolerant coliform or E. coli

test using a different medium.
2. Thermotolerant (Fecal) Coliform Direct Test (A-1 Medium)

a. A-1 medium: This medium may be used to directly isolate thermotolerant coliforms
from unfiltered source water, treated wastewater, and seawater, but not drinking water.
Follow guidelines in 9221B.1 for sample collection. Unlike EC medium, A-1 medium does not
require prior enrichment in a presumptive medium for optimum recovery of thermotolerant

coliforms. Use QC guidelines cited in 9221B.2.
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Lactose . . .o 50¢
Tryptone . ... ... 200 ¢
Sodium chloride (NaCl). .. .. ... ... .. 50¢
Salicin. o 05¢
Polyethylene glycol p-isooctylphenyl ether* . ....... .. 1.0 mL
Reagent-grade water .......... ... ... ... ... ... 1L

Heat to dissolve solid ingredients, add polyethylene glycol p-isooctylphenyl ether, and
adjust to pH 6.9+0.1. For 10-mL samples, prepare double-strength medium so the final
concentration of ingredients after sample addition is correct. Before sterilization, dispense
sufficient medium in fermentation tubes with an inverted vial to cover the inverted vial at
least one-half to two-thirds after sterilization. Close with metal or heat-resistant plastic
caps. Sterilize by autoclaving at 121°C for 10 min. Ensure that inverted vials are free of air
bubbles. Store in the dark at room temperature for not longer than 7 d. Ignore precipitate
formed during storage.

b. Procedure: Inoculate tubes of A-1 broth as directed in 9221B.3b. Incubate for 3 h at
35+0.5°C. Transfer tubes to a water bath at 44.5+0.2°C and incubate for another 21+ 2 h.
Interpretation: Gas production in any A-1 broth culture within 24 h or less is a positive
reaction [i.e., thermotolerant (fecal) coliforms are present]. Calculate the MPN of
hermotolerant (fecal) coliforms from the number of positive A-1 broth tubes, as described

in 9221C.
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9221 F. Escherichia coli Procedure Using Fluorogenic Substrate

Escherichia coli is a member of the indigenous fecal flora of warm-blooded animals.
The presence of E. coli in water is considered a specific indicator of fecal contamination and
the possible presence of enteric pathogens. Tests for E. coli are applicable to the analysis of
drinking, surface, ground, and waste water. Testing for E. coli can be performed using the
multiple tube procedure described here, by the membrane filter method described in
Section 9222G, or by the chromogenic enzyme substrate tests described in Section 9223.
Other E. coli procedures are presented in 9221G.

For the E. coli test using EC-MUG medium, E. coli is defined as the species of coliform
bacteria that possesses the enzyme -glucuronidase, which can cleave the fluorogenic
substrate 4-methylumbelliferyl- -D-glucuronide (MUG), thus releasing the fluorogen within
2412 h or less when grown in EC-MUG medium at 44.5+0.2°C.

1. Escherichia coli Test (EC-MUG Medium)

The use of EC-MUG medium to detect E. coli is applicable to investigations of drinking
water, stream pollution, unfiltered raw water sources, wastewater treatment systems,
bathing waters, seawaters, and general water-quality monitoring. Do not use EC-MUG for the
direct isolation of E. coli; prior enrichment in a presumptive medium is required for optimum
recovery. (To test presumptive coliform colonies growing on solid media, refer to Section
9222G.2.)

Use EC-MUG medium to test for E. coli in a total coliform positive culture, following QC
guidelines cited in 9221B.2.

a. EC-MUG medium: Prepare EC-MUG medium following QC guidelines cited in 9221B.2.

Tryptose or trypticase . . ... ... 20.0 ¢
Lactose . ... 50¢
Bile salts mixture or bile saltsNo. 3. .............. 1.5¢
Dipotassium hydrogen phosphate (K2HPO4). ... ... .. 4.0 ¢

Potassium dihydrogen phosphate (KH2PO4) .. ... ... 1.5¢
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Sodium chloride (NaCl). . ......... ... ... ....... 50¢
4-Methylumbelliferyl- -D-glucuronide (MUG) . . . . . .. 0.05¢
Reagent-grade water .. ......... ... ... ... ...... 1L

Add dehydrated ingredients to water, mix thoroughly, and heat to dissolve. Before
sterilization, dispense in tubes that do not fluoresce under long-wavelength (365-366 nm)
ultraviolet (UV) light. An inverted tube is not necessary. Close tubes with metal or heat-
resistant plastic caps. Medium pH should be 6.9+0.2 after sterilization for 15 min at 121°C.

b. Procedure:

1) Gently shake or rotate fermentation tubes or bottles showing growth, gas, or acidity
to resuspend the organisms. Using a sterile 3- or 3.5-mm-diam loop, transfer one or more
loopfuls of growth from the fermentation tube or bottle to EC-MUG broth. Alternatively,
insert a sterile wooden applicator stick at least 2.5 cm into the culture, promptly remove,
and plunge applicator to the bottom of a fermentation tube containing EC-MUG broth.

2) Place all EC-MUG tubes in water bath within 30 min after inoculation. Incubate
inoculated EC-MUG tubes and negative controls for 24+ 2 h in a circulating water bath
(preferably with a gable cover) maintained at 44.5+ 0.2°C. Maintain a sufficient water depth
in the water-bath incubator to immerse tubes to the upper level of medium.

c. Interpretation: Examine all tubes exhibiting growth for fluorescence using a 6W, 365-
366 nm long-wavelength UV lamp. The presence of bright blue fluorescence is considered a
positive result for E. coli. Growth in the absence of bright blue fluorescence is considered a
negative result. To help interpret results and avoid misidentifying weak autofluorescence of
the medium or glass tubes as a positive response, include in the assay a positive control [a
known E. coli (MUG-positive) culture], a negative control [a thermotolerant Klebsiella
pneumoniae (MUG-negative) culture], and an uninoculated medium control. The distance
between the UV lamp and the tubes should be such that the E. coli positive control shows
distinct fluorescence while the MUG-negative and uninoculated controls do not. If using
multiple tubes, calculate the MPN for E. coli from the number of positive EC-MUG broth
tubes, as described in 9221C. When using only one tube, or subculturing from a single

presumptive bottle or colony, report as the presence or absence of E. coli.
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2. Simultaneous Determination of Thermotolerant Coliforms and E. coli

The presence of thermotolerant coliforms and E. coli can be determined simultaneously
by including an inverted vial (Durham tube) in tubes of EC-MUG broth. Prepare EC-MUG
broth according to 9221F.1.

a. Setup: Before sterilization dispense, in fermentation tubes with an inverted vial,
sufficient medium to cover the inverted vial at least one-half to two-thirds after
sterilization. Close with metal or heat-resistant caps. Medium pH should be 6.9+ 0.2 after
sterilization for 15 min at 121°C.

b. Procedure:

1) Gently shake or rotate fermentation tubes or bottles showing growth, gas, or
acidity to resuspend the organisms. Using a sterile 3- or 3.5-mm-diam loop, transfer one or
more loopfuls of growth from the fermentation tube or bottle to EC-MUG broth.
Alternatively, insert a sterile wooden applicator stick at least 2.5 cm into the culture,
promptly remove, and plunge applicator to the bottom of a fermentation tube containing
EC-MUG broth.

2) Place all EC-MUG tubes in water bath within 30 min after inoculation. Incubate
inoculated EC-MUG tubes, along with positive and negative controls, for 24 +2 h in a
circulating water bath (preferably with a gable cover) maintained at 44.5+ 0.2°C. Maintain a
sufficient water depth in the water-bath incubator to immerse tubes to the upper level of
medium.

c. Interpretation: Examine all tubes exhibiting growth and/or gas for fluorescence using
a 6W, 365-366 nm long-wavelength UV lamp. Growth with gas production is considered a
positive result for thermotolerant coliforms. The presence of bright blue fluorescence is
considered a positive result for E. coli. Tubes with growth and/or gas and fluorescence are
considered positive for both thermotolerant coliforms and E. coli. Tubes with growth and/or
gas but without bright blue fluorescence are considered positive for thermotolerant
coliforms and negative for E. coli.

Due to indigenous autofluorescence of media or glass tubes/ inserts, use caution in
interpreting results. To help interpret results, include in each assay a positive control [a

known E. coli (MUG-positive) culture], a negative control [a thermotolerant Klebsiella
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pneumoniae (MUG-negative) culture], and an uninoculated medium control. The distance
between the UV lamp and the tubes should be such that the E. coli positive control shows
distinct fluorescence while the MUG-negative and uninoculated controls do not. If multiple
tubes are used, calculate the MPN for E. coli and thermotolerant coliforms from the number
of positive EC-MUG broth tubes, as described in 9221C. When using only one tube, or
subculturing from a single presumptive bottle or colony, report the presence or absence of

E. coli and thermotolerant coliforms.



