nsuawIalel

ANSNIUEBUITNIINSIdaUUSUIULAAWDTULUATILSY

NAaalpanosunuaitse was E coli Tudusina

YD UNENINYINT WAIF198Y

ALY UNINIAIERsNISWWNE sEaU UJURNIS
Muaaud 2173
NENAYINIINIRAYIMEYT
NBINRIUUANITENSITUEUNTUNBUNY

ASUBUILEY
dl 1 g Y o
LNDLLAIASLARNTS

ALULS TNINSIANEATNITUNNG FTAU TIUIRYNS
A 2173
NHNUIVINITNIRAYIINEN

NaIBIUURNTEN51 TG UNTNBUNLY



(1)

UNANED

mamuaaummgméfawaﬁ% Multiple Tube Fermentation %38 Most Probable Number
MPN #ildlunisasiaaeuusunalaanesy, ffalaanosy waz £ coli Inensyiuaeudsdasuiu
A1l 1SO 16140-3 : 2021 Lflen1A1 (Estimate Bias) eBias 1u§1”;asimff1?wlumsa;mm uaztiUszU
Faduiedlunduihuilnafidsmsafunesies fifinsarsisuaunsuewidle @onszdunis
Juieu 3 szdu (5¢/Uge sEAUNAne SEAUA) 9 20 CFU/100 ml, 10 CFU/100 ml uaz 1.5
CFU/100mL #n eBias weatnfnlunwuzy 559Uaatinivinfu 0.00, 0.05 way 0.00 AUAIAU LazAT
eBias vatnaulutUszU iy 0.18, 0.05 wag 0.00 MUAIFU F9A1 eBias IINNITNIUABUR1DES
vnate 2 Usziam  SealadiAu 0,500, MPN/100mL uldaiudeulunisoendu wandliifuin
WosUURn1sanunsasmiiunisnssaeuUsinaledesy, idaladnesy uas £ coli lngldis Multiple
Tube Fermentation #1131 Standard Method for the Examination of Water and Wastewater. 23™

ed., 2017 ldnuiiBunsgiuiivun waziinanisnaaeugnies Wunundede wazanunsaldidudeya

UsznaumsturenssusesanuansaviesujuiRnisnaaeuniuunnsgiu 1ISO/IEC 17025:2017 la
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1. annudunuazanudrdgassdgm

nesesUftRnsassngunstowty dansiavdnde asI9es1e9 wasnaaeuanIIin
v3lna/gulna il wasihdssnndug lumssnaieseiuasnadey Ysenouden1snga
funenm nInsdiesziniaad-langniin uagnmeaeunagatninet Ingdegeinge
Anseiuasnaaeuilufietsaniniaisuazionyy evnansnaadeululisslenilunisi
se¥enuniminilag warUSuugsnanUssaAne iWleduases quagunwtasUsEITy Ml
NAN15ATIDIATIEsLATIAGE NS TRN ST apslinugndes wiudh 1Wetlels [Hufivensy
MNETUUINITaNIAY tenwu wasiifeades

nowieeluRnsansnsugunsueunde Feladnvinssuuamun iU uRnsnIuNInTgIu
ISO/IEC 17025:2017 \lewfindnenmvesiesufiRnisuagldfusesauainsaviosufifinsmaaey
ALNNTFIU ISO/IEC 17025:2017 Faduszuuiiliuseiliuainuaiunsovesiesy foAnasialan
iWodufuiniesjuinisvesnosiesy fiRnsarsisuaunsueunsis fmnuaiunsalunimaaou
wazkansnedauiinugnies wiugh undefoanmsatmansmaasutiululiussloni wazdned
molula

FefutiosfiRnismenugadaine nesfesfiRmsasisngunsuewnsy Seldduduns
Y93UT031INTFIU ISO/IEC 17025:2017 Ypuven1svesusesdeyaladnesy, iAaladnesy was
5. Tala ludhuslan Tneds “Multiple Tube Fermentation Technique #1174 Standard Method for
the Examination of Water and Waste Water 23 Ed. 98 9211B, 9221Euway 9211F”!

ndarmuainluindsanuaiusnvesveaios jiAnsuagesd fiRnisasuiiiey
49 7.2.1.5 fwuah wosjiRnnsfesmuaeui anmnsaufoanuisldedsgndes deutiisnistu
uld lnedesiladn ansoduiumsldnmdorvun uagdesdafutuiinnsmuasuld §1358s
ulalneviisauiidainisdu fesujoanisdomivasulninuvouindisiiu? faududeud
el URN15981135  “Multiple Tube Fermentation Technique 713 Standard Method for the
Examination of Water and Waste Water 23™ Ed. 48 92118, 9221Euas 9211F” u1ldlunis

AgoUANAINUIUSLAA AzApalinisniuaeuIBnauinuld tiewansliiiuinneslfUiRn1svenes

WeosUURn1sasnsagunsueudy auisauUiiniuislaeggndes uazadreanudulaun



FFuuinmahegldunammaaeuiifienugnies uazidedie Tneviosu fuansladudunmsmuaoy
AulElevaadBnIu 1SO 16140-3 : 2021 Protocol for the verification of reference methods and
validated alternative methods in a single laboratory)® Fadunisniuasuizsradeuazrisnig
yadeniiiunisnseaeuanugndesdmivnslidnuluiestfoaninie Tnglduumianismu
ApUTBF9WTINM 21nN1sAN Estimated bias (eBias) Tundusoegsiiuilan Téud ddslunivus
u3590nalin uagtUszUr FadudiegafinulunisnsraiinseiuasnnaeuUsediiures

Mo uRnIs

2. WUz
a v aal . . a a s
Wemuasuaulalauesis Multiple Tube Fermentation lun1snageumusunalaanes
Hfalaavlesy wae £ coli Tudwilaa ngn1smatduysalnuuanm1aewan1smagay (Estimate

Bias ; eBias)

3. Usglevunianndnazldsu
n1snuasuauldlaveisnisnsivaeuniUsuiulednesy, Ndaladnesy uwas £ coli
ldulaladn Wesuiinisvesnasissljuiiinisarsisaaunsuoutde aunsaaiunisnsig

AnzildmuiiSuasgiuinualiegisgndes wasiinanisnageuduinteds



UNni 2

N13AIIDNETT

1. Y1Uslann
1uslaa vuneds dnlday suvaline miswasiaTesny wuadu 2 Usenn @
Uselan?l 1 UssqlunsugussqUaaiin

sz 2 ladussgluniyugussy

[ 1 CY

Heannunuslaedmnudrgyseguaineundsvessznslunnussinaduogeds danuy

o 9

Tuslanazdosusrandalaulasuwazndusanliisssasavsadunuisaufea?

MnnsdfiunsiiedihsrfanunimiuilaalaedingunAuiasimisuaziin nsueuid
Tuseu 10 T fisusn (ne. 2554 — na. 2563)° Tasn1squithsr Tainmuamiuilnahussmaian
13,156 §29819 Wisuiisuinaugiuszunuls nsueuisle w.a. 2553 wuin Feudd WA, 2554 —
w.A. 2563 11uslnalunsriBeuresUsemdlnoniunusiuiussuiaald wasdevay 39.3 uadl
wunldushunasiinUsydiaulgiiuunniu Tnsaniglud we. 2560 tiuslnalundiSeudunas

Wusvpulaunnielesay 51.5 Awandlugun 1

60
50

40 A

Anade 10 U = 39.3
30

20
2554 2555 2556 2557 2558 2559 2560 2561 2562 2563

JUN 1 unugiuansfosazvasnanimuiusiaansiseululssinalne Al w.e. 2554 - w.e. 2563



dmsuanmaivilinan sl aluasiseuvessemalngliinunamiuiussunule
nsuawgley w.e. 2553 Uu 11ann1stuleuniswnukuaniselaeaisguinissesar 61.8 dauru

nennLavialiiiiessegay 26.3 wag 15.3 mudnu® dakandlugun 2

182N
25%

=
LAY

15%

JUN 2 wnugiiuansfosazvasnanimiiusinaniisouniiunusidunaitanve 10 Ydauna

(% 1%

nsnrnuamimauaiidaidudeifasddieuanusnveni esnuuaisevans
yiladineliiAnlsafsafuniaiueims wu neslesd 9a uazeiinianlsa arunsonsranuld
lugannsy ilegniudeuuideuasduvasiuazasiinansemulnsnsstegunm dwsunsnsvaey
aan i mskuaiiFediulng) asnsanuuaiiiFelunguladvesy Wud Tndwesuuuaiise

[y

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

TamIMuAAMAINYINIUATISEYeInsgIudIuSiaaludsemalvead 3 11nsgIu
FaUpNNUAlAgNUILNUNTNTINTURAYEUAD d1UNANENTTUNITOINITLALYN (88.) NTENTI
815715048, A1UNUINTPIVHEATUNRNAINTIY (AXD.) NTLNTIQAANNTIN WAENITUOUTY NTENTI

[

A157500EY BT waduAluTaMVUARMAIMUININWUATISBUANAITY el

1. U58n1AnseNsea1s1sagy atui 61 (w.a. 2524)° uazadui 135 (w.A. 2534)" 1594
uslaalunvueussyUaaiin lnmvuanunmumaLuafiselinal
lpdnesuuwunfiisy Aeatieundl 2.2 MPN/100 ml.

E. coli fogliinu



2. Usgn1AMvuANIRNI§INNEN A9NRRaIuNTTUUIUTINA UINTFIUATN UoN.257-2549 ¢

9

[
a

I¢smuanmnimmauaiFel s
TrdvpsuLUATISY fosasndn 1.1 MPN/100 ml.
E. coli foansIalinu
3. Usznensueunsy Beq Lﬂmsﬁ@mmwﬁﬁﬂszm?{ﬂﬁ nsNoUNLTY W.A. 2563°
TrdvesuLUATiSY fosasndn 1.1 MPN/100 ml.

E. coli feaosnin 1.1 MPN/100 ml.

2. Tadnasununilise (coliform bacteria)

lpdvlasununiise Aonquuaswuailiounsuau Juurie ldasades wiglaluanneniuay

a

Liiflean@iau (facultative anaerobic) @1u1saniindssuiniananlaaiommgll 35 asalwalua

Y

739 37 a9aAnwawlud walbinsawaznignieluian 24 — 48 9alus’ tneldauisanulaanesy

wuailiselaludswindon wu Au W1 Wy dn souvanulalugaaissvesuyvinazdniifongu’®

6 1

Tndvlosunuaiiisedrulnglaliadunidnalsa (non-pathogen) avUsuuvesladanasnuuaiLse

q

[ [y v a

T dusstiyinnunmuesinazems Wesanwuaisenguiagnuluusuiunuinniigaunid
nalsa (Enteric Pathogens) LaglAIMUNUNIUABAN1IZWINGONAN 9 tARNIT Enteric Pathogens

FHYLALALAINTILUIUINTIIATIEN L
Tnavasuuuaiie uiadu 2 ngu fe

nqufl 1 uau-WAaladnwasu (non-fecal coliform bacteria) Ainulaluunasuiniy

5ITUYIF Au gy laun wupiliSuana Enterobacter Citrobacter wag Klebsiella'?

naud 2 WAaladnasuuuaiiie (fecal coliform bacteria) Wunuailiefiondvogludld

a =}

YaAuLazdniliongu gnduaeesnuniugansy aunsandndestnananlaaiguuni 44 vise

Y

44.5 psmgalded lawn wuaiiseluana Escherichia’

Escherichia coli ( E. coli)
E. coli Ynaglunquildalaanesuuuniise dnegluied Enterobacteriaceae 1luuunailisy

a | < | a Y o aa a ] a .
wnsuau A3Usraduuns aunsanrsylandluanieiiieendiaukazlifieandiau (facultative

anaerobe) L uL¥ouuATFa U918 (normal flora) Inuldlualdvesaunazdnidiengu



Tugaanszwesaudl £ coli Yuidiouay] 107 -109 wadsondu 1° Unf £ coli a¢ldvindunsnevie
relsaiouss Woagludldazdrogosamsiiarusemudily uimnide £ coli anandrgszuy
fenveasnemefagsiliiAnlsefndesunss wulsaszuumaiuliaans lsadeviuauesdniay ua
nshaidelunszuaiden WWudu uasdl £ coli vnaeiusivilfAnlsagansedald Tnemsuuiieu
Tupmmsniethiu®

= =y v

3. N15As2vdaUUSHNlAdasULUATIS HAalaanasutuaiisy was E coli Tuluslaa

n1sesramsuaiielunguladvesy Wunsasamuuaiiseiduiiuad@tenuazein

va911 Fpumsgrunldlunisnsirasusununuafisenguladnesy As wallan1svdnwuunaney

waon (multiple tube fermentation technique) lun1saTIanladnesudsUTunaLiioniau

nuwluveslpanesuuuaiiseluiiegnainazUseiunanun1s1s MPN (115199 1) Gadumiain
[ aa | = 1 d‘ a 1 U 1

NsNRaBIazAUIMNaNNaIAUIanttAnasvedladnesuluAI9819 (most probable number :

MPN)

A15197 1 A1 MPN bagA1Audiadu 95% d1nsunauinkasiaautiloldmiagng

10 $88805 979U 10 e’

No. of Positive tubes | MPN Index/ 100 mL. 95% Confidence Limit (Exact)

(10 ml. Each) 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
a4 5.1 1.6 13
5 6.9 2.5 15
6 9.2 33 19
7 12 4.8 24
8 16 5.8 34
9 23 8.1 53
10 >23 13 -




75 Multiple-tube Fermentation Technique Usznausme 3 Junou’ Ao

3.1 nMsaseaouloeu (presumptive phase) Wudumeuiieusnlndnosunuaiiosonain
wuAfidsrdasuiiliaunsolfihmauaalaald Tnethiedraildluaeaussqemaidssde Launyl
tryptose broth niauvaaadnfng wdihluvumsdeiigamgd 3540.5 osrwaidea iuam 24 -
48 $lus ndnAsuRamTITRamsingesthnauanlng uduhnasaiiiaielunageusolunis

ASI9EDUIUTY

3.2 115952980 UTUEUSU (confirmed phase) WWun1sdudunisasianuladnesuiunaiiise,
daladviesuuuniiie was £ Coli lngldormsidestendmzdmiuladnesuiuniisengusieg

&
U

e

Y a ¢ A a 1 A a o &
3.2.1 nMInsvasviuduladinesuuuaiisy lneugeainvasniliinfiignuasaludy
presumptive test a1oaslunaesno1n1518 89139 Brilliant green lactose bile broth (BGLB)
Luunaeasenasn Unluguumiziiie (incubator) Ngaungil 35+0.5 sarnwaided Wuliad 48+3
U9 aTIANauINtAgANITRsyvessLaziAniglunasadniie duduluvasafilinauin
Wisulguiunss MPN (151991 1) aglanalaanesuwuaiiiseidual MPN/100 ml
A v oA v a s A a o & A a o &
3.2.2 nMsnsvasviuduiifaladvesuwuaiise lngtdndoarnvasaiiinfineynvaenluty
presumptive test anvaslunanne11siaeuds EC Medium (EC) wuunasnsnaviasn Uulusiin
AIUANEUYT (water bath) igaungil 44.5+0.2 sarwa@ed Wuan 24+2 Falus n1elu 30 w1il
VRAINNTAEITRATIAINAUIN (positive) lnganisiasgvedauasiininglunasadniing Tudiuiu
naonf bkauInUSeuauiun119 MPN (n1519% 1) aglanafifaladnesuuuaiisotduan
MPN/100 ml
3.2.3 MInsRasvduiiu £ coli Wneiweanvasaiinfiieynvasaludu presumptive
test 01989l UNAINBINITIABUTD EC-MUG Medium (EC-MUG) wuunasnneviasn Unlue19in
AIUANEUYIl (water bath) igaungil 44.5+0.2 sarwaded [Wuian 24+2 Falus n1elu 30 unil
o ! & . | a v Aa =
VRIAINNTABBNTIINAUIN (positive) Invdotnnisisouasnigliuas UV Nllauenindu 365-

366 UNULUAT
33 mamwaau%’uauyizﬁ (complete phase)

%gumauﬁ/@umimuammmwwamamaau Tnemsiidonnvasanaaeilinauinludi
confirmed phase 41 streak awuam*m??em%a Endo agar LES %38 Macconkey agar W&
gaunnfl 35:0.5 asmaiBea Wuna 24 Halus Mnduilaladdvaguns o Ssadandy
E. coli dwaﬂummmﬁwﬁa Lauryl tryptose broth Lﬁammaauwamw*ﬁﬂsiaaﬁwmaLLaﬂIma

LAZA TR UA N IV vRUR g N TaNARNTY



dmsuni1snsivaauledanasy (coliforms) Tudnuslaa Tafiunisies 2 Tunou Ao

presumptive phase wag confirmed phase wintiu lidewituneu complete test

IASLIDIVNSALAUTD DLST 91U 10 I88A LATUSTAF 19819

wervInUIIIRIRgnUTYINu 25 ASY

¥

J

TiUWngaiiegna 10 Iadans ldlunaeneimsiwieuld

\l/ ULl 35+0.5°C, 28+2 uA¥A8+3 .

Tsifivleafing (-)

13J"W‘U coliforms,

fecal coliforms, E. coli

NUNISLATEYaziine Y

v

ATIVNTD coliforms

J

BGLB

\l/ Unfl 35+0.5°C, 48+3 w1,

IUNANTSLARNNNY
TUUINUIUNADA positive
wantham el uiieunu

M1 MPN

|

INYUNE coliforms
(MPN/100mU)

v

MTIINTD fecal coliforms

EC medium

Uit 44.5+0.2°C, 24+2

2IUNANTISLANNY
TUAUIUNADA positive
warhanlaluiSeuiieuny

MN1919 MPN

}

FYIUNA fecal coliforms
(MPN/100ml)

’

ASIVNLB E. coli

J

EC-MUG medium

Yu? 44.5+0.2°C,
2042 A,

ruNan1siIewanela uv
fiflaue1edY 365 nm
TUUIMUIUNADA positive

wdhedlaluSeuiieudiu

MN1919 MPN

|

FYUNG E. coli
(MPN/100mU)

UM 3 MmsnmamiladvesuwuaiiiSe, idaladvesunuaiise uag £ coli Tusieg1aul



4. n1snsvdaunnultlduasisnagau

nsnsraeuauldldvesiinaaeu (validation) Wunszuaunisililunisnsiaasy
Auss0ULYeITNadey TvmzaniuingUszasdvesnisldaunioli eliiAaauiulain 357
vosUjuAnisidenldsiuiuaiesilowazgunsaisneg Tarmimunzausdonisvadeu wazlinans
naaoufiuszansain gndes ulud Wedeld vliAnaudetuuAiuuinig lasaniz
o URnsildunssusesanuainsaviesU RN snaaeumLLInTEIL ISO/IEC 17025:2017%
Foudenisiinsiniiuluamnudeanisvegnauazminzaudmiviiegmeaeulunsdliigndn

£%
v A

Lildszyisnaaeunliiesu juRnadentdisnageundutagiulviugnddisil

1. @enlditunsgiu dadudBuinsgiusenineUseme seaugiinig seaulsena wsenlu
ac o a s A Y o Y ' Y a P Y A
TBlud31 13a1IMIneIman singidesaiinissusedaenilsnusiuivinisiieiolanied
4 o
URIGER

2. @onld3slallunnnsgu (non-standard method) 357viosUjuRn sWauITWOAEATNS

A v

YILNIAALUAIIINITUINTFIU (Modified method) 53Nl RMIFINUBNTR U MUALT

'
[

A ada < 1 ' =) 4 <
ﬂiE]’JE‘VIWGN‘LJ’]LUU@@VI@&@‘U@U’NQ’]EJLLaz/ViiE]IMNﬁi’J@LTJ

(%
Y

&
YU

¥

aaUfURN e lunsnsIvdeuANgNdeweItnadeutiy q Mluisviaden
(alternative method ) W3eUEUAUITUINIFIUNTDTT01984 ( reference methods ) AUTUADY
luAsumsgudmiunsiraeuaugndes ( validation of methods ) 38 nMsmugeumuldlaves
aa > . A4 A& o 1 ad P a va & e [y, ¢

78 (verification) We8uguinignaaesuiviesujiadenldlanumunzauiuingUssasdveenis
ilvldluveuwaniseeusuimmanisnaaeuilaliauunteienudeniviug 7.2.1.5 #osujuanis

[ I

ARINIUaUIIEINITAUURA NS Aeg 19gnaes newi1Isnsdunnly laedesiuladnaiuise
FiuNsiamuTanInue wazdasdnnuduiinnisniuasuld a135ansudlulaenuieuninyinis
W WesufuRnisdesniudeulndainveuwaisndu dsluiesy jURn1s3sdoini uaouizais
w1nsgruniedshiiluuinsgiuiniy wardmsuisliluuinsgiu arudeminuai 7.2.2.1
v a wa v v aday 1 & A a an v a wa ) 1

ot URnsfenaaeumultlaveisnluluunisiunsguisvesuianisiauntuiesuas
an P P ' A o Y oA ) an 9
Fonuunnsgrungnlduenveuieiimualiviseinsdnuadizunsgiu nsnsvasuanuldlives
FBhenseunguvouwanuAudnly welndulunuaudesnisvesnisldnunienuaivives

A5 L9112
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nMsnuaeuITneaeuMiuizsnsdimieIBuinsgiu MaNInsgIU 1SO 16140-3 PART 3 :
PROTOCAL FOR THE VERIFICATION OF REFERENCE METHODS AND VILIDATED ALTERNATIVE
METHODS IN A SINGLE LABORATORY? iflunuamslunismuaeuanaldlivesitunasguiniunis
329A0UAINYNFDIY89ITNAABY (Validate reference methods) Ll o waAIAINAINITAVBN
voeUfuAnns lunsl#as i unsnseaeuamgniedritlinaaenndesiunanis@nyiniig

Al NI I R P DR RIS

4.1 ¥ann15N2kUYINSNIUEDUS I 2 wWUU A

4.1.1 Implementation verification (mauaeunsiluldeu) iWunsuansanuaiuse
yosipalfuinislunisléasilasunismsiaaeu (validated) udaldiognsgniies aonndasiunanis
validated

nsginILaaUIBIBIAmMAIN (nu/linu) (qualitative method) viBeUfjiRnsazsas
nunuteya validation uazldenniuaauiied s 1 91ensfinsafiureutne validation uazeglu
yautefies §Rn1:luld drsrenisiiegludeya validation liegluveurieiivesufoinsg
UlUld AU fuminisdeedanidieg1asianisninaiuiniuaauazfeslivuin (sample size)
Wweanunsfnyludayanis validation

NIUNIUABUIBLAIUTNI (quantitative method) el fURn1sidennIuasy
seg1aladld 1 enisfiegluvoutie validation Taglidndudeaduiiodiafordu uidesoglu

Yauveveslfuanisunluly

4.1.2 (food) item verification (M3u@aUA11518n13) LTUNITUAAIAIUNAILITAVD
viesfuRnsiaziismaaeululdfiusedsiegluveuinevesiesfiinisiasnsvaaeuiiegnad
ogluvoutneves validation saufaiegrsiinaaeulunulsedivesiesujianig tilouans
AnuansaviesUtRntslunsmeaey (food)item deogluvautiofivesufiinisenads uazthly

Uszgnaldlaegagneias
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[

4.2 A15LABNITNIYIUNITNIUEDU 3 2 WUIN9Ral

4.2.1 Bvaaeuiifideyanisnisnsiaaeungnieuedds (validate)

NINABINITNIUABUIT TR AN (qualitative method) Walu Implementation
verification wa (food)item verification ) T9n15%1A1 Estimated LODs, (eLODsy) @un1sniuday
1513 9USual (quantitative method ) 1 1@ 1 Intralaboratory reproducibility (Sg) 11

Implementation verification tag Estimated bias (eBias) T (Food) item verification (P54 2)

1599 2 wmen1smiuaeuanulslivesisnaaeudmiuisnaaeuiiivoyan1snsiadeuniy

QNABIYBITT’
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

4.2.2 Fneaeunldliidoyan1snsiaaeunnugnieswsdis (non-validate)

TunsalNITUINTgIUNTeIT91984 (reference method) MlgliifiTeyan1snTIvaeUAIY
Qﬂéfaﬂsuaﬁ% THUURRIN 1SO 16140-3 : 2021 , Annex F (Protocol for the verification of non-
validated reference methods in a single laboratory) aimunali31 3Fu1nsgIunseisesdilila
H1UN19A5I9d8UANNYNARIYRIBN ABUlYIINITNINADUAINTI8N1T ((food) item verification)
Wil laldeaniuaaunisldeiu (implementation verification) Wesnlifideyananisnsivaeuy

Y acg v ° = a = ad a . . v '
AugNARswedlslls i lueuAes nslin1sMIuaeUTBIAMAN (qualitative method) Tviven

Estimated LODs, (eLODsy) hagnSeinIudauiIst¥susua (quantitative method) 19n1an

Estimated bias (eBias) Wit (15747 3)

A5 3 wmen1smivaeuanuldlivesisnaaeudmiuisnliinisnsiaaeunlugnieswed

Weaou?
Method Performance characteristic Implementation verification (food) item verification
Qualitative | Estimated LODs, (eLODs,) Not applicable v
Intralaboratory reproducibility (S;g) Not applicable Not applicable
Quantitative
Estimated bias (eBias) Not applicable v




12

4.4 n15UszunauAn Estimate Bias (eBias)

n15Usu104A1 Estimate Bias (eBias) Wlun15miuaeuidavsuiadmsunismiuasuis
umsgIuviesensdendaliildnsaseunugniewe’ Ingesufjiinsidensdaogns 1 919015
livimeainnguiaegeiiegluveutisvesisindanaregluveuinsnismaaeuvesiesujuinis
uazidendieg1ssensiviivnesgtios 1 en1saInusaznduvesiiesfieglureutionis

nAdoUTRIiIUJURNMS uvinsniudeulnsufazsen1sIskULTu 3 YANTVIAFeUAIT

1) 98 1NNLHULYD
2) @1sazaefilfiniae (inoculum suspension)

3) feg197lillALTe (negative control)

v -&j d’lj 0 ! Y A LY ° A dglj
szaunsuiouveudeluiiedns uazgansazagliiden 3 seau (M1 nans a9) lneleanaie

IaasupguUsuannulunmsmageuluaulsedn wazvinseauas 2 91 (JUN 4)
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Expected x cfu /ml

/ \

Inoculation in the initial

suspension
Uninoculated test portion Initial suspension A Initial suspension B
(negative control)
Method to be verified with (food)item Method to be verified without (food)item

v i
OO O

O« @r—]
O« ar—
O« a@ar—
O « a@ar—
O e @r——
O« @r—]
SRS m—
O<—.:Ig

Same method (plate, medium)

U 4 T8N1smudauLievnen Estimate Bias (eBias)

a o ' A e & . v 1% I3 )
nsUsEluNanTIsnAaeU guaiiog19ililAuLe (negative control) Aadlanaiduauiniiu
[ N { & Ao o Y Y a ) A g v
mniluvanaghieinnsvadeuassilliaiunsadunldls drduauavlvivinuiunasailinauin
INADYNNANLTD Lazasazatel@niye (positive control) LUTHULBUATITILNDEIUAT MPN
¥ o U dl o U dl 5 U 1 a dgj 1 LX 1 dl a
udtAAlaluAuIaaT log MNANTNT 4 NUUMAIAIIULANASUSNILTDIEINR 198 19T AL

o uaransaranelAuTeNs 3 seAu Funaeiniseensufpsiiamsiulaiiu “0.5 log,CFU/mL”
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A1519% 4 A1 MPN WagAl log,,MPN dsunaulnuiasnaauiilaldfiesis

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

VU : NA - Wiaansamenlsl (Not Applicable)
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unil 3
/N1sAnEN
N15NIUADUITLITIUTUIUIABAITRIAT Estimate Bias (eBias) 13 1SO 16140-3 : 2021
Annex F (Protocol for the verification of non - validated reference methods in a single
laboratory) Fudunisniuaeuidisdandelidlinsivasuainugniewedids lngazniuaeuianiz

[%
1w

518N15nadaU ((food) item verification) WNUY

¥
< & Y 1

Areganldlunisnivasuluasell WWudegrdlunguunuilaandewimaasuniusunn
Iadlasunuaiige, AAalaawesuuuaiilse way £ coli Ae3s MPN (Multiple Tube Fermentation)
 nawesl fuRnisansnsugunstewnde lagiiendiagel 2 599013 lawA dinuussynivugle

[

advkariiuszun Tneddumnaunisniuaausall

1. MINFHUTIUINTFIUAY

1.1 Unie Escherichia coli ATCC 25922 910 stock culture 11 streak asuue1m1s Tryptic

Soy Agar (TSA) Uniilgaumgdl 351 °C 1unian 242 Flus

1.2 Fonlaladiiendldunnizidesasly Tryptic Soy Broth (TSB) 50 fiaddns uided

gamndl 35+1 °C 1uan 24+2 Fla

1.3 Wiaasun1uunul Tryptic Soy Broth (TSB) w1vin1sideansluaisazargiwines
(buffered water) @sigl 107 9Uds 10° wagyinsHuUsnareluYd19n1siean aruwata pour

plate Tuomsiasada Plate Count Agar (PCA) tluuuf 35+1°C Huran 24+2 Falus

1.4 sfudrulaladiuy PCA agnsuuSnandosiadu (CFU/mD) fauandlusui 5



16

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

buffered water

Overnight culture 10dilution 108 dilution 107 dilution

o

USINauRRIRY :
3 x 107 cfu/ml

SUTN 5 Lanen1sn3eNTaNInTgIuRImY

2. N15RBANYNINIFINEMTULAY (spike) adludlagamagau

2.1 W@898 Escherichia coli dnassluannziiuiasuule
2.2 1399719300V Ten- Flod dilution Mmeasazatevnwas (buffered water) U

Aty 102 (U9 6)

-1 1 1

1:10 dilution
eg. 1 mlin 9 ml

diluent

New overnight culture 10% dilution 107 dilution 108 dilution

Expected 3x10° cfu/ml Expected 3x10! cfu/ml

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

JUT 6 4anIN19LT891ABNINTIY
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2.3 UWB Escherichia coli NEAMMUNTY 10° FediUSuraidean1ania 3 x 10' CFU/ml

[

WWN15138919Me buffered water Tiglutieinuluaudsedn 3 seau (A1 nans ga) Al

- sydunisUuiliounn wlsuansazarefitiusunandenants 1.5 cfu/ml Tngiduain
AsUWMT R LRt 3 x 10! CFU/ml 1ideanauuy Ten- Flod dilution #38 buffered water aus
mnududu 109 agldusinanie 3 CFU/ml annduideassouuy 1: 2 Inedwndoanwasaiininin
fiUsinande 3 CFU/mL Usuns 5 ml ldaslu buffered water 5 ml azldansavanediivsunande

mands 1.5 CFU/ml fauaaslusud 7

1:10 dilution 1:2  dilution

Expected 3x10* cfu/ml Expected 3 cfu/ml Expected 1.5 cfu/ml

JUN 7 wamansiennaieszaunisvuiousiielilauSunandeaiania 1.5 cfu/ml

- 52AUNISUNIUBUNAY LAS8UANSAZANeNLUSLIaLTaAIAnId 10 cfu/ml Tneni5138919

(% '
=) L =

Uy 1:3 L?MﬂﬁﬂﬂﬁiﬂLU@L%@&gamum 3 x 10" CFU/ml USu1es 4 ml Tdaalu buffered water

8 ml agldansavarenivsunanionanis 3 CFU/ml dauandlugun 8

1:3 dilution

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

JUN 8 waninsidennadieszaunisiuiounataiialilausunandeniania 10 cfu/ml
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- izﬁ’umiﬂmﬁauqa W3suasazaneiiuSunandenans 20 cfu/ml TneEuannnnsd
Wadadadudl 3 x 102 CFU/mL 1ni30919uuu 1:3 §ae buffered water agldansazanefidusunande
A1t 1 x 10 CFU/ml a1ntiut3eansdenuy 1: 5 Insiladeainuasaiininiifivsunaide
1 x 102 CFU/ml U31ms 2 ml Tdaslu buffered water 8 ml agl@ansazareiilusunandoniands

20 CFU/ml fauansluguil 9

1:3 dilution 1:5 dilution

Expected 3x10° cfu/ml Expected 1x10° cfu/ml Expected 20 cfu/ml

JUN 9 uaninsiennaeszrunsvudougaiiailausunaudenianis 20 cfu/ml

3. N15M38UAIBENNUNITNIUEBUASTIUSUIULABN151IA Estimate Bias (eBias)

= = . . . = «:4'
nsAnwIASeH Wun1smuaeuausens (food) item verification) lensien1snldlunis
MUABUIINNGUAIDE 19U InAYRINaaIUfURNINIHaWITY T1u7u 2 518015 Aw Unduly

1Y

NMyurUTIUaain uazihuseln lnsazuunlu 3 ngunnsvnasadisil

3.1 mswssusiegahulunvurussleaiin Usenause
- fegunulunvuzusIgUaatin Usuns 100 ml. Lidiaie (negative control)
- fegnanAnlun1vuEUIIUeaEn Usung 100 ml. 91u3u 6 I

Wilemsanlie 3 seau 9nag 1 ml SgAUay 2 970 (test portion A Uag B)

3.2 NM9M38UAIBE1UNUSEUN Usenaume
- mwgneUszl Usums 100 ml. lidnie (negative control)
- Mg 9uUsEUn USHms 100 ml 97U 6 930

Wageim3sullne 3 seAU vanaz 1 ml. szAvay 2 97a (test portion A Lag B)
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3.3 MsmsgRansazangUnmesAusuTUII UL Usenaumig
- @1savareUvimes Usuing 100 ml. ldiRute (negative control)
- @1sarasUNesUsuIns 100 mL 91UIU 6 N

Wageim3eulive 3 seaU vInag 1 ml. szAvay 2 97a (test portion A Lag B)
4. nsnadauysunalaanasunuaiitsy, ARalaanasunuaiiise was E. coli A2835 MPN

Wawmseudieg1slundaznguissuiasuad WrnmeaauiiamUsunaladnesuuuaiiie,
WAaladWesuuuniitse wag Escherichia coli #1835 Multiple-tube Fermentation Technique

[
Y

fYunaunasallll

4.1 NINTINABUTUAU (presumptive phase)
Se9vaDn1YNSIABYD Lauryl Tryptose Broth 1aandudwdu 2 wih fedrsay 10
& ' Y ' Y v o ' v & P v 3 & o ) Y a o |
“aen ndug1vIndngslmdiusgetey 25 A% e linauluilofsaiu wartiundiegia

i ldlunasno1misidea®e Lauryl Tryptose Broth wiasnag 10 ml auATU 10 ®aen WEIRaen

a

9111154884498 Lauryl Tryptose Broth Mifinddag19udaiu drldunluguiiniziiengungd

)

35+ 0.5 °C WauuAsyU 24 + 2 ki YIMasnfiog 198 mauInUYY ANSASYUeYe

NaUIN : dnslasgueadetaziinigluasnaning

Haau e mnsidsatelifinnuguiasliifeigluraondning

Umasailinavanluneaeuseludududu (confirmed phase) dunasaiilinaau WrlUvy
ADAUATU 48 + 3 FLa9 oUuATU 48 T71N3 91uNadnATY amuiinissyuestsualuifnfiiely

Y] % < o | & a Ly . 1Y
nanang lussnunalluvinuaziiumageunslutududu (confirmed phase) fng

4.2 mspsredeuTuBuiu (confirmed phase)
4.2.1 nManegdeumUsinaulednasuwuaiise
\wEManneMsIaBTe Lauryl Tryptose Broth Alsinauanaindudy (presumptive
phase) feLToUsNg 1 Qﬂw%ammdﬁmmwiawaam adluemsideade Brilliant green lactose
bile 2% broth (BGLB) wuuvasasianasn fedslasnide (Aseptic Technique) ﬁﬂuﬁﬂmwwﬁaﬁ

gl 35 + 0.5 °C e 48 + 3 F3lu WieuuAsy 48 Tla gNsaSeyradie
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NAUIN : LARRElUNaanRNANY
Naau liiedslunasnfning
JuTuIunasaNlvnaulIn Wisumeudun1s1e MPN azlanaladdesunuaiise tduan

MPN/100 ml

4.2.2 manedoumuTuailAalaanesuLuaiisey
WwEMaDABMSIABNTe Lauryl Tryptose Broth liHauna1ndugy (presumptive phase)

f1eLgeUsuIng 1 au Anusiarviaen adluomsidsaide EC-Medium wuunasnseviaandieis
Uaani¥e (Aseptic Technique) ﬁﬂﬂﬁmluéwﬁwmuauqmmﬁﬁ 44.5 + 0.2 °C WWuran 24 + 2
Falus anelu 30 wWiindwinmsanede devuasu 24 Falug UN1ABARIBYNNYELNUY ANISIaTEY
wazmsadeinevente

NAUIN : Lﬁmﬁwsﬂuwaamﬁ’ﬂﬁ"wuazﬁmm%mmLﬁ'?fya

woau : llinfelunasasniouwarliinseiyvende
fuduaunaeadlinauin Wisuifeufunisns MPN agldnafidaladvesuuuaiie Wud

MPN/100 ml.

4.2.3 MINe@UMIUIUINU £ coli
e MaeneMsaeLTe Lauryl Tryptose Broth Alsinaunandudiu (presumptive phase)

fedousung 1 au nuAaznaen asluemsiasade EC-MUG Medium wuuvmasasionasnsie
FUannide (Aseptic Technique) tnlUuslugrstmuangugiifi 44.5 + 0.2 °C 24 + 2 Flus
melu 30 wifindsainnsdiede devuasu 24 Falus daq@mﬁﬁaaLLaﬂsuaammiLﬁymLs??aﬂwiéf
was UV Aiflannuenmdy 365 nm.

NAUIN : WUNISISeaLasdn (bright blue fluorescence)

HAAU : LIWUNITISaaeET

TuuIUaealvNauIn WSsueuiunis1e MPN azldna £ coli 1ua1 MPN/100 ml
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5. n15UszUauAn Estimate Bias (eBias)

n15UsEINAAN Estimate Bias (eBias) lagtuunangefinilaluzuves log,, MPN/100ml

L L3 1

1AL UTIANLLANANIYRIUS LN U pg 1N uUS U aluansazateUves Tulmazseau

Y

MsUuUau

INUIINITEONSY (Acceptability limits) A1 eBias NiAuulalunfazszaudoiialiiiu 0.5
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uni 4
NaN1SANE

=

1. nan1snagdaurdsunaladnasununiiise, Aaaladnasununiiise was E coli

1.1 dregreianlunvuzusIRUaaln

NANNSNAABUMNUSINalAAN S UWUATISY, WAalAaNasUuwUATISY wag £ coli Tudiegnainfy

[

TunwurussyUnatin Tuwsavseaunsuulouiinanmsnaaaunsdl

111 szfumsUuidieusn Trdlesununiite, idalranedunwuaiile uay £ coli 910
- test portion A T¥inauan 1 wiaen dUsunalladvesunuaiiisy, Ndalrdnasuwuaiie
wag £ coli 1.1 MPN/100mL.
- test portion B linauin 2 viaen dusialednesuuuadise, iRalaanes

LUANLSY Ay £, coli 2.2 MPN/100mL.

11.2 sesunsvuideunans Taawesuuuaiise, fidaladnesunuaiise way £ coli 910
- test portion A T¥inauan 6 waen dUsunaladvesunuaiiisy, Araladnasuwuaiie
wag E. coli 9.2 MPN/100mL.
- test portion B liinauin 5 viasn duUsinaulednesuuuadiise, ARalaanes

LUATISY WAy £. coli 6.9 MPN/100mL.

1.1.3 szé’umsﬂmﬁauqq TadnasuwuAiisy, WAaleanasukuaTise way £ coli 910
- test portion A Tvinauan 8 waen dUsualadvesununaiiisy, Aralrdnesuwuaiise
way £. coli 16 MPN/100mlL.
- test portion B Tinauan 9 nase duTualadnesuuwuaiise, WAaladwesuuuaise

wag £ coli 23 MPN/100mlL.

1.1.4 fegrahhulunivuzussyUeainlidiiuge (negative control) linunasnlvinauin

[y

JUsualednesuwuniiise, AAaladnasulkuniiise way £ coli windu <1.1

MPN/100mL. visensaalany (m15797 5)



M1319% 5 wan1meaeumUsInalaavesukuaiie, iAalaavesuwuaiise waz £ coli lumegwunulunsugussgUnaiin

23

IZAUANN Fecal
dszian o v X Test Positive Positive | Coliforms Positive Positive E. coli
v . bUUVIULYD 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
Yy BN A 6 6 9.2 6 9.2 6 9.2
UIAUUTIY
- - (10 CFU/mU) B 5 5 6.9 5 6.9 5 6.9
MBULUAFUY
2 A 8 8 16 8 16 8 16
(20 CFU/mU) B 9 9 23 9 23 9 23
Liade (negative control) 0 0 <11 0 <11 0 <11
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1.2 A2981911UszUn

a

NANISNAABUMIUSUIULAaNBSULUATILSY, Aalranasuwuayiise way £ coli tu

fae19uUsEUN TusazseeunsULauliNan1snadaunadl

121 seunsvuieus laavesuuuaiise, fidaladnesuuuaiide uas £ coli 90
- test portion A Tiinauan 1 waen dUsualadvesununaiiisy, Adaladnesuwuaiise
wag £ coli 1.1 MPN/100mL.
- test portion B linauin 1 viasn Jusinaulednesuuuadise, ARalaanesu

LUANLSY Ay £, coli 1.1 MPN/100mL.

1.2.2 szaunisuuilaunad laanasuwuaiisey, Hralranasuwuailise wag £ coli 310

=

- test portion A T¥inauan 6 wiaen dUsualladnesunuaiiisy, Ndalrdnasunuaiie

way £ coli 9.2 MPN/100ml.

=

- test portion B luinauin 5 viasn Jusinaulednesuuuaise, ARalaaneosy

LUATISY WAy £. coli 6.9 MPN/100mL.

1.2.3 sgaumsvuileuas Tadnesuwuniise, HiAaladnasuiuaiise wag £ coli 910
- test portion A Tvinauan 8 waen dUsualadvesunuailisy, Araladnasuuwuaiise

way E. coli 16 MPN/100mlL.

a

- test portion B Tinauan 8 nasn fusualadnesuwuaiiise, iAaladnesuuuaiise

wag £. coli 16 MPN/100mlL.

1.2.4 segrathusslilifuie (negative control) liwuvaealvnauln dusunaladvesy

WUATLSY, TAalAANDSUWUATILSY way £ coli Winfu <1.1 MPN/100mLl. “isensiablinu

(miwﬁ 6)



A15197 6 BEARINANITNAFBUMNUSUNLAANBSULUATISY, TAa

25

lravasunuaiise wag £ coli Tusmag1ainuszun

STAUAIY 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
A 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
ARKEN A 6 6 9.2 6 9.2 6 9.2
duseh | (10 CFU/mY B 5 5 6.9 5 6.9 5 6.9
6N A 8 8 16 8 16 8 16
(20 CFU/mU) 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 d@15azanaunines

a

NANISNAFBUMNIUSUNIULAANDSULUATILSE, NARLAANBSULUATILSY way £ coli Tua1sazaiy

[

Tias TunsarseaunisUulaulinanisnaaausail

1.3.1 syaumsUuieusn laanesuwuaiisy, HAalaanesuwuaiise way £ coli 910
- test portion A Tvinauan 1 wiaen dUsunaladvesunuaiiisy, Adalardnasunuaiiie
way E. coli 1.1 MPN/100mL.

- test portion B luinauin 2 viasn duUsinaulednesuuuaiise, ARalaaneosy

LUATILSY Ay E. coli 2.2 MPN/100mL.

13.2 sesunsuuieunans Taawesuuuaiise, fidaladnesunwuaiiss way £ coli 910
- test portion A T¥inauan 6 waen dUsualadvesunuaiiisy, AAaladnesuwuniise
wag E. coli 9.2 MPN/100mlL.
- test portion B linauin 6 viaen Jusialednesuuuadise, iRalaanesu

LUATILSY LAy £, coli 9.2 MPN/100mL.

1.3.3 wé’umiﬂmﬁauqﬂ Tralesunuaiise, Aaladnesuiuaiitse wag £ coli 970
- test portion A Tiinauan 8 waen dUsualladvesunuaiiisy, Ndalrdnasuwuaiie
wag E. coli 16 MPN/100mL.
- test portion B Tinauan 9 nasn dusualadnesuuwuaiiise, iAaladnesuuuaiise

wag £. coli 23 MPN/100mlL.

1.3.4 fegrahnulunivuzussyleatnlidiiuge (negative control) linunasnlvinauin

[y

JUsualednesuwuniiise, AAaladnasulkuniise way £ coli windu <1.1

MPN/100mL. vi5ensaalany (m15797 7)



= a a 3 A a =
AN 7 LLﬂﬂ\‘iNaﬂ']im@ﬁ@U%']UiﬂJ']ﬂﬂﬂaW@ﬁ@JLLU?’]VILﬁEJ, nea

[y
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lAanasuLUATISY way £ coli Tuansazaraunmas

S2AUAY Fecal
Uszin o v X Test Positive Positive | Coliforms Positive Positive E. coli
o . bUUIULYD Coliforms
#7819 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/m\) B 2 2 2.2 2 2.2 2 2.2
AR A 6 6 9.2 6 9.2 6 9.2
@13azany
. . (10 CFU/mU) B 6 6 9.2 6 9.2 6 9.2
UND9
G A 8 8 16 8 16 8 16
(20 CFU/mU) B 9 9 23 9 23 9 23
lﬁ,JLanL%a (negative control) 0 0 <1.1 0 <1.1 0 <1.1
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2. Nan15useunauAn Estimate Bias (eBias)

[y

2.1 e Usuinandeniuluwmasseauainuanisnagauluaisazaisunmes waiuiu1m

ANRAY (Mmean) TBINANISNAADULARYTEAUANUITNTULIDUAEAILIAT log,, Aluandlun1s199l 8

AT 8 LERIAIRAILATAT Log,, YasNan1suadeurnUsinaladnesuLuaiilsey,

Aralranesunuaiise waz £ coli TuansazateUnwas

sesuANITITuYe 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
NAN 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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2.2 HamsUsENAn Estimate Bias (eBias) TuiauussglunyueiUaaiin

AUIUARAY (Mean) VBINANITNAADULARL TEAUANLTLTUADUAEATUIUAT logy,

al' ! a' ! a a 3 a
AT 9 LARIALRAYLLAZ AN Logm GUENNaﬂ']iV]@a@U‘Vi']ﬂill'mﬂﬂaW@illLL‘Uﬂ'VlLﬁEJ,

HFalpanesunuaiise wa £ coli lusmeaganulumyuzussyUaaiv

SsesuANITITUYe Test NANISNAADU
(CFU/mU) portion | MPN/100 ml Mean Log;o Mean MPN/100 ml

i A 1.1

1.65 0.22
(1 CFU/ml) B 2.2
NAN 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

LAZAFNYTAIAINLANAI9TENINN A Log; YeInanIIAaRUUSIau e lusag ety

AMurUsIUnaiviuranIsnaaeumUnanteluasazanedilines duanslunisnei 10

M1349 10 wansAn Estimate Bias (eBias) Tuthanusslunivusitaain

A B
sedumudIdy | wenmedeumUTinandiely Nan1sAFUMUSIaATe Y eBias
W8ede fegatlunvurussgUnain ansazatstviies | A-B |
(logyo MPN/100 mU) (log;o MPN/100 mU)
i 0.22 0.22 0
AGEN 0.91 0.96 0.05

a9 1.29 1.29 0
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2.2 wan1sUszanuAl Estimate Bias (eBias) Tuiuszi
AUIUANRAY (Mean) VBINANITNAADULARL TEAUAMNLTLTULAIDUAEATUINAT logy,

A9 11 LansAlRaslazal log, I8sNan1sageumUsinaladnesununaiiisy,

NAalranasulkuniise way £ coli Tudagneuiuszun

sefuANITITUYe Test NANISNAADU
(CFU/ml) portion | MPN/100 ml Mean Log;, Mean MPN/100 ml

A A 1.1

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

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

16 1.20
(20 CFU/ml) B 16
uninoculated <1.1

LaEMANFNYTAIANNUANGANTENIN A1 Log, YeaRaNTNAF UM USInateluitegrainUssUaiu

NaNIsNAEaUMUSuNanteluasazataunes Aakandlunns1en 12

M15197 12 wanaAl Estimate Bias (eBias) lutiuszun

A B
sefumuduty | mamsveadeumUsinandely | wamsvedeumuUsinaately eBias
NG frognatsyin asazagivines | A-B|
(logyo MPN/100 ml) (logio MPN/100 ml)
i 0.04 0.22 0.18
RAGEN 0.91 0.96 0.05
o 1.20 1.29 0
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nnsmiuasuaultldvesitnaaeulisUTunuveslaanesy, WAaladvesu way £ coli
#1875 Multiple Tube Fermentation #1135 Standard Method for the Examination of Water
and Wastewater. 23" ed., 2017 Iu(;l"saﬂﬁﬂﬁﬁauUiiﬂﬂW%uzﬂﬂaﬁ%LLﬁzﬁ’l‘U'i%‘U’l lagALlunIg
NIUADUIDAIY 1SO 16140-3 : 2021 Annex F (Protocol for the verification of non - validated
reference methods in a single laboratory) Ingn1511A1 Estimate Bias (eBias) U3

-Iuﬁaaéﬁaﬁwﬁmiif\gmmus%aﬁw ﬁswﬁ’ummﬁwﬁmmﬁwﬁ"m nana Lagge dlA1 eBias
0, 0.05 LAz 0 AUANU

- lushegnailsstn fssduaududuvesdion, nate uazga e eBias 0.18, 0.05 uay 0
AR

/1 eBias Mdauaiiatlaiiunasiniseeusu (Acceptability limits) 0.5 LogiMPN/100 ml.

FawansliuimeslfuRnmsaunsasiiunisauisainanldedisgndes Inanismageunsuiu

WeluiegranaulunsusussylaatiniasinUssnlalndifesiuUsunaudeaseiiiy

2. VoLAUDLUY

ns3deluadaiuansdiiiudn fosuiRn1s9aiainet nesesujoinsarsismae
NSNBUNNY @u1TansIvdsumUsuialadnesy, WAaladnesu wag £ coli arumailan Multiple
Tube Fermentation #1734 Standard Method for the Examination of Water and Wastewater
Edition 239: 2017 énamsnmaaeuiigndeuaziidefionusnnsgiuaina usegslsnm nisldan
Fsuansvaaeuiigniesuaziniedie uenanmsmaasuiiuszavsamuazgnieuds Ssdesinig
muAuAuAMAElY (Internal Quality Control) 1y NMsAIUANANTUTILATAN I IINdoL T HAsD
MIMAdEU NMIUTHILANNAILNTIVEIEMABY NMIAIUANATNNYBAATBITTE NTAIUANAAIN
yoaATeui MInuuALAINeIIEsute Welunsussiuamnnaman s madeuTeInes
osUURNsas1sugunsueunsle 31diainuusu (accuracy) A9NTBA (precision) waxiiany

Undefie awnsaaeunduld drenisaruguamnImyniunaunismadeutiiewmuilugnisiu

Mo URN15198991NIM g1 ISO/IEC 17025:2017
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NA9IN1TATIRIATIZRAUN NIV INATUNYULUTINIUAETEN MINUTZNIANTENTNAITITUEY AUUN 61 (W.A.2524)

UNIINAFIU ‘ e u’mig'mﬁﬁwuﬂ F’/Nagsu
N1NYATN
1. & (Colour) gy iln laiiAiu 20 Spectrophotometric-Single-Wavelength
2. AU (Turbidity) @dn) TaiiAu 5 Nephelometric
3. awdunsg - f1a (pH) - fosegsening 6.5 114 8.5 | Electrometric
4. ndu (Odour) - Taifinau

wilsisnfendunasdu

LUNIGE
5. USunauansviaviun (Total Solids) un./a.) TaiiAu 500 TS Dried at 103-105°C
6. AUNTZAIMLA (Total Hardness) (un./a.) i 100 EDTA Titrimetric
7. @3y (Arsenic) (wn./a.) laiviu 0.05 IcP
8. wuiseu (Barium) wn./a.) ladifiu 1.0 Icp
9. wpadley (Cadmium) wn./a.) ldiAin 0.01 Icp
10. aaslsn (Chloride) wn./a.) laAiu 250 lon Chromatography
11. Taswlen (Chromium) wn./a.) TaliAiu 0.05 IcP
12. no3uns ( Copper) wn./a.) laiAu 1.0 IcP
13. wian (Iron) wn./a.) Ty 0.5 ICP
14. gz (Lead) wn./a.) Taiu 0.1 IcP
15. uusnla (Manganese) (wn./a) laifiu 0.05 IcP
16. Usaw (Mercury) (wn./a) laifiu 0.002 IcP
17. lumsm (Nitrate) Awianfululpsiau wn./a.) laiAu 4.0 Auto-Cadmiurm Reduction
18. #uwa (Phenol) (un./a.) laiiu 0.001 Distillation & Colorimetric
19. @Alley (Selenium) wn./a.) ladiu 0.01 ICP
20. (u (Silver) wn./a.) iy 0.05 ICP
21. Fawln (Sulfate) wn./a.) ey 250 Turbidimetric
22. dinzd (Zino) wn./a.) laiu 5.0 ICP
23, V\Igaaliﬁ (Fluoride) (un./a.) ludu 15 lon Selective Electrode
199a%29nen
24. Tpanesuuuadiisy (Coliform bacteria) (Bufitdu/100 ua.) fownin 2.2 Multiple-Tube Fermentation Technique
25. 8.1ala (E.coli) - lainy Multiple-Tube Fermentation Technique
26. aunnlafenda sadua - Tainy Membrane Filter Technique
(Staphylococcus aureus)
27. alutuaan (Salmonella) - Taiwu Membrane Filter Technique
28. AapERsLAEN WasWILaud - Taiwu Membrane Filter Technique
(Clostridium perfringens)

WraaniEn : UsenAlussfiaanuuny @y 98 moudl 157 Juil 24 fuenew 2524
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NA9IN1TATIRIATIZRAUAINUIUIINATUNIYULUTIYTIUAETEN AUUTENIANTENTNAITITUEY AUUN 135 (W.A.2534)

UNIINAFIU niae u’mig'mﬁﬁwuﬂ F’/Nagsu
N1NYATN
1. & (Colour) gy iln laiiAiu 20 Spectrophotometric-Single-Wavelength
2. AU (Turbidity) @ann) laifu 5 Nephelometric
3. Audunsa - A9 (pH) - fD908581I9 6.5 11 8.5 | Electrometric
4. ndu (Odour) - laifindu

wiiliisnfendunaeiu

Al
5. USunauansvisvum (Total Solids) (un./a.) laiiu 500 TS Dried at 103-105°C
6. ANUNTEANanUA (Total Hardness) wn./a.) laliu 100 EDTA Titrimetric
7. @159y (Arsenic) wn./a.) iy 0.05 ICP
8. wui3sy (Barium) wn./a.) laiAu 1.0 Icp
9. wAnly (Cadmium) wn./a.) laliAiu 0.005 Icp
10. Aaslsa (Chloride) (wn./a) laifiu 250 lon Chromatography
11. Tasiley (Chromium) wn./a.) TaliAiu 0.05 IcP
12. noauas ( Copper) wn./a.) laAiu 1.0 Icp
13. wian (Iron) wn./a.) Ty 0.3 ICP
14. gz (Lead) wn./a.) laiu 0.05 ICP
15. uuenla (Manganese) (un./a) laifiu 0.05 Icp
16. Ysow (Mercury) (un./a) laifiu 0.002 Icp
17. lumsm (Nitrate) iwiandululpsiau wn./a.) laiAu 4.0 Auto-Cadmiurm Reduction
18. #uwa (Phenol) (un./a.) laiiu 0.001 Distillation & Colorimetric
19. FAdlen (Selenium) wn./a.) Ty 0.01 ICP
20. [u (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. agiiilon (Aluminium) (wn./a.) Livdiu 0.2 IcP
25. SafaluuTuLalniug (ABS) (un./a.) laifiu 0.2 Extraction & Colorimetric
26. lawnlug (Cyanide) un./a.) ldiAu 0.1 lon Chromatography
n199a%3nen
27. IpanesuuuAdiisy (Coliform bacteria) (Bufitdu/100 1a.) Hownin 2.2 Multiple-Tube Fermentation Technique
28. 31ala (E.coli) - laiwu Multiple-Tube Fermentation Technique
29. aunnilafenda sadua - Taiwu Membrane Filter Technique
(Staphylococcus aureus)
30. galutuaan (Salmonella) - Taiwu Membrane Filter Technique
31. PADARSLALL LNOTNI AU - Taiwu Membrane Filter Technique
(Clostridium perfringens)

UMASIN  MUUTENIANTENTIEEITEY Uil 135 (W.A.2534) 1583 ihuslaalunvurussanUaatin @Uui 2) Fausemalussfiaaiyung

W@y 108 faufi 61 ufl 2 wwneu 2534
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NAFIN1IATIIINATIERAUNMUIUTINA MUUTENIANTENTIAATINNTIN UIATFIUAVN UBN.257-2549

MR g ‘ NAITIAIUAZER Wnmegau
NINNYATN
1. & (Colour) (wwadithy - lausas) 5 Spectrophotometric-Single-Wavelength
2. AU (Turbidity) (1Buily) TaiiAu 5 Nephelometirc
3. audunse - e (pH) - 6.5 719 8.5 Electrometric
4. ndu (Odour) - Tidunsaies -
5. 5@ (Taste) - Tidunsuies -
nAd
6. Usunauansiazaeviavan (Total Dissolved Solids) (un./a.) 500 TDS Dried at 180°C
7. w@n (ron) 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. #udnguaunus (Phenolic substances, as Phenol) (un./a.) 0.001 Distillation & Colorimetric
asiluiy
18. Usan (Mercury) (un./a.) 0.001 ICP
19. pgm (Lead) n/a) 0.01 ICP
20. @131y (Arsenic) (un./a.) 0.01 ICP
21. Aoy (Selenium) wn./a.) 0.01 ICP
22. lpsidigs (Chromium) wn./a.) 0.05 ICP
23, lawlug (Cyanide) (un./a.) 0.07 lon Chromatography
24. uAwdles (Cadmium) wn./a.) 0.003 ICP
25. wuiey (Barium) wn./a.) 0.7 ICP
N19989ME1
26. lpanesuLuATiiSy (Coliform bacteria) (BudU/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

wnaeiian : Usenialusaiannuune atdudseniawazaunily dy 123 naui 649 Juil 6 nsngiau 2549
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nasiauniUszUnuld Ussniansuauidiy w.A.2563

wiiaes iein ANATFIU Wianei
frunIenIn
AUYY (Turbidity) Wiy Taifu 5 Nephelometry
dU31ng) (Apparent color) unandtulauoan TaitAu 15 Spectrophotometric-single-
wavelenght,visual comparison
method
AnudunsaLavans (pH) - 6.5-85 Electrometric method
Fruadinalu
Ypeudavanerivevun (Total faansurodns ladvAu 500 TDS dride at 180 s waLied,
dissolved solids) Gravimetric, Electrometric method
AUNSEANS (Hardness) fadnsuedns (as CaCoO,) laiiAin 300 EDTA titrimetric
Fawln (Sulfate) fadnsusiodns TalAiu 250 Turbidimetry, ion chromatography
paslse (Chloride) fadnsusiodns TlalAiu 250 Argentometry, ion chromatography
luwsn (Nitrate) fadnsuredns (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
auadl (Tavigwiin)
wian (Iron) N8dnSuUnodng laiiu 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

uAAly (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) WBufiLdu sla 100 Jaaans Hounii 1.1 MPN method
8lala (Escherichia coli) M9 100 dadans Tanu Present-Absence Test
Buiidu s 100 faddns Hounin 1.1 MPN method

wndafiun : Ussmensueunsie w.a.2563. Seanaeigunintiussuaule (aeiun 13 nsngiau 2563)
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AsnsnedaumUsunalaanasunuaiitss 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 90208.5/).

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. . .. oo 20.0 ¢
Lactose .. ... 50¢
Dipotassium hydrogen phosphate (K;HPOy). ... ... .. 275¢
Potassium dihydrogen phosphate (KH,POy) . .. ... .. 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




51

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 ... ... 10.0¢g
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 . ... ... .. 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.

¢) 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.



55

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.3¢)

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). . ... ... ... 4.0 ¢
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 . . . 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 suidelines 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.



