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Abstract

This study aimed to perform method verification for the detection of Total Coliforms and Escherichia coli
(E. coli) in potable water using the Multiple-tube Fermentation Technique. The evaluation was based on the
standard reference method from the Standard Methods for the Examination of Water and Wastewater, 24" Edition,
2023, and conducted in accordance with the ISO 16140-3: 2021 guidelines. The verification matrix included bottled
drinking water and drinking water from vending machines. Samples were spiked with the reference strain E. coli
DMST 4212 as the target microorganism at low, medium, and high contamination levels. Each contamination level
was evaluated using two test portions (A and B). Method performance was evaluated using the Estimated Bias
(eBias), calculated by comparing the spiked water samples against the reference culture suspension in 0.1%
peptone water. The results demonstrated that for bottled drinking water, the eBias values at low, medium, and
high contamination levels were 0.11, 0.00, and 0.00 logio0 MPN/100 mL, respectively. For drinking water from vending
machines, the eBias values were 0.15, 0.13, and 0.00 logio MPN/100 mL, respectively. All obtained eBias values fell
well within the acceptable performance criteria of less than 0.5 logio MPN/100 mL demonstrate that the method
is suitable for its intended use to implement this reference method accurately and appropriately for its drinking
water testing scope. Consequently, clients and stakeholders can reliably utilize the test results for the safety and
quality assessment of drinking water.

Keywords: Method Verification, Total Coliforms, Escherichia coli, Potable Water, Estimated Bias (eBias), Multiple-
tube Fermentation Technique, 1SO16140-3
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1i1u3lnA (Potable Water w3o Drinking Water) vanefia infifimnudaondouazimngandmiunsgulnauiloa
sufenshin mawdsnevnsuaznsliluianssuguoundiodiuyana InglineliAnanudssieguamannsuilnnnaes
P19%3nvasuyud (World Health Organization, 2022) auamvestindaduiiaduddyiidesdsunmsmunuuagnsnaey
ogsaiauelaslan e ugadine esnmndnsuud euvesqdunisielsa enadwmansznusequninves
Fusinauaziluglsafademadiuomsld lunsdisefiqunmiimisgadainewuafiFongulnanosusioun
(Total Coliforms) waw Escherichia coli (E. coli) lagnunuldiugdun3daail (Indicator Organisms) dwsuusziiiu
audnunizuazAmNIWI9gaTivewesiuiion

dwiukunafiisengu Total Coliforms Wunuaiisaunsuau guuis liasaves annsovsiminauaelnauasls
nsnsamfuufanielu 48 alus figumndl 35 - 37 asrniwaidoa uuaii3enquinuldvialulusssund Wy Au fiv 1 uay
yaduemsvesauuardniidonsy uihuueiiFelunguildnivajarlidelselnenss winsnsanuluth enaustisey
unnsssmasssuundntismndululdvenisund ougdunIgnelsndu 9 (Saha et al, 2013) ot slsAn
Total Coliforms ifuifissiavsdamnimi-luninsiu Feinsldgdunisifianusimesensudeunnganszannni
¥ £ coli iiteussifiuamnudaonsfovoniuslnadfisndu Tne £ col L‘tJuLLUﬂwLiwmﬂaag”l,uaﬂammﬂul,l,aUamLaamqu
TnehlulainelfiAnsunsne usuisanetugannsadelsalussuumaiuesld dafunisasany £ coli luhwslanie
Lﬂuﬁaﬂﬂ%ﬁﬁﬁmmmiﬂuﬁjaumﬂ?ingQavﬁaqamizLLazLLamﬁﬂmmL?ﬂﬂ@iamiﬂwflawumL%aﬁaiiﬂ%ﬁmﬁuﬂ (World
Health Organization, 2022) feimgiiessniseunelanuaznasinasguamnmihudlnalumaeUssmalsinuali fos
Liwuide £ coliludhuslaa esmnidedsnaniamudumedensiudeuningaaszannniuuaiieongu Total
Coliforms (World Health Organization, 2022) #eafdadiulssNIANTENTINEITITUEY 309 ﬁwﬂnﬂiumwzmiaﬁ%
alin FafmuanasiinasglitueiiSongu Total Coliforms wag £ coli disiiantiosndn 1.1 MPN/100 mL (n5e91539
A15190Ud, 2568)

Tumsineiiden au%gﬁ‘éﬂzﬂﬂawﬁﬂﬁl 35 Multiple-tube fermentation technique %58 Most Probable Number
(MPN) technique Lﬂui%‘ﬁumaamﬂsmmmhmmumi’atmwvmsnaaaumaiuaau Total Coliforms uaz E. coli 191
American Public Health Association (APHA), American Water Works Association (AWWA), Water Environment
Federation (WEF), Association of Official Agricultural Chemists (AOAC) & @ ¢ International Organization for
Standardization (150) {fudu Tngrhdregranideaaiinududusingg wmnsdsidieemsinuen (selective media)
routhluvsfigamgiiuazszeyiiandiimun udnhdnumaeaemsasadeiilinauinmssdudioniseiua1ainn s
MPN Ferunmseiamsnsann fsysuanuidetudesas 95 (Osman, 2022)

wiisfananesduitinesguiliiunseenuuasldesnaunsvans udnewhunldluresfjiRnisdndudesd
nsmuaeulitefuduinanunsaisneaeuinnspululinulfesigniesnielianinznisujifnueime o foans
(U3 Seauyna, 2564) il aaderimuames ISO/IEC 17025:2017 HosUfifimasoauandififiuiisnaaouiiu-l4s
Az anfuingUszasd nsldnuuazansalinaniamaaoudid efeld neldii eulvvesiesufuinsdu
(International Organization for Standardization, 2017) Iagn1sviuaeuITnAaeUN1RaTTINeNdeud 1t duNSIUkLImNa
Y9IUINTFIU ISO 16140-3:2021 Ferimunndninasidiniun1sniuasuizsnsds (Reference Method) uagidniaden
(Alternative Method) #isinunisnsaaaeuaaldlsudinouthuldaluiesufianns InedifngUszasdifiofuduin
o fuAnsanmsaddunsnaiinaasuldegegnaes uazlinanismaaeuiiianugndes wanzas wazaonadesiy
aussnugfisvunlivesimaaeuiiu (Intermational Organization for Standardization, 2021)

nsfnisldiiunsmuaeuidnaaeum Total Coliforms uag £ coli luiiu3lan Taedrdsisnaaouny
Standard Methods for the Examination of Water and Wastewater 24" Edition, 2023 57?&L‘ﬁﬁ%éjwﬁdmﬁ%@miaam%
Tuszdumna egndlsfnu esaninaaeudenavilifideyanisnssaeumnulflsvesis (Method Validation) feiunis
MuAU e TRA1L Annex F 494 1SO 16140-3; 2021 Fafiunisvmiuaeuianizsenis [(Food) item verification]
TnensUszanman Estimated Bias (eBias) 1nnaiUSeulfisunadwsvassosaiivuidlowdesduniditmune (artificially
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E. coli DMST 4212 Lﬂuv?'jyaqﬁuw%'ﬁl,ﬂmmsflumiﬁﬂm Waiiwanismuaeuitléazdisduduitfesu fUGnsannse
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1. ilevnudeuiBvagoumn Total Coliforms waw £ coli luthu3lnanudefwunues ISO/IEC 17025

2. Wefudumuansauazai1 s deshlunansmaaoumagaine1veniesuoRnsmuNnsgIu ISO/IEC
17025

sz1d8ulsIY
\n3asile Yanuazgunsal
- 9yl (Incubator)
~n3esiisghide (Autoclave)
- a'mfwmuquqmmﬁ (Water Bath)
- UV lamp 365 nm
- 1p30949 (Balance)
- YuausFannide vwm 10 Sadans
- Yoo (Loop)
- Na0AYIAABY

E]']W']itgﬁl\‘il,%attagﬁﬁimﬁ

- Double strength Lauryl tryptose broth (DLST)

- Brilliant green lactose bile broth (BGLB broth) 2%

- EC-MUG broth

- Tryptic soy broth (TSB)

- Tryptic soy agar (TSA)

- 0.1% peptone

nawieuemsdsadeililunmmasoy maﬁawﬁﬁamﬂﬁﬁwLﬁummw@m‘qmmwmaaawmiémL%am:u ISO
11133: 2014/Amd.1/2018

\Wa819B9NINIFIU : Escherichia coli DMST 4212

BN1IMARRY/IEN15ITY
nanTeudeqdunisnagey
wideqduniddmsuinadusedimaaeuiaziiendlildanududuiidonis neldaunididmnede
E. coli DMST 4212 tfusunuidelungy Total Coliforms wag £ coli Tnsaainqaunisidmneuudevlusresidlutg
1.1 - 23 MPN/100 mL fstfudunouniaiugdunisidmaneadlusesaiienuaouiivaaou fosiiadstardnagn
voudofiaeitazasanvluusazszdunsuitiou (Level of contamination) Inefmusliinisiugdunididmne 3
5E6U Ao SEAUM (low), s¥AUNAT (medium) wagszaugs (high) Fauandlunsei 1
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Expected count Inoculum concentration
Level of
L CFU/test portion
contamination MPN/100 mL No. of positive tube CFU/100 mL
120 mL
Low 1.1-36 1-3 3 3.6
Medium 51-9.2 4-6 9 10.8
High 12-23 7-9 18 21.6

Sunsumanisuuaznafuieqauridlugetng

1. Yo E. coli DMST 4212 910 stock culture 1 streak asunewns TSA auldlaladhien

2. maawﬁmauﬂammL?gaéh&Jmié’amﬁLLﬂimLaz@mauﬂamq%’;mﬁ (IMVIC test)

3. L:ﬁ"amamwmaauamauﬁﬁﬁumL%aaamﬂé’aqﬁ'ué'ﬂwmwm%’;Lﬂﬁéuaql,%aﬁgauw%'ééjwﬁq TvinAns subculture vu
95 TSA Bnass auldlalatiiien

4. %% loop Useanide Weieuu TSA 1 Talall sredeasens TSB 50 mL Uudl 35 °C iuaan 24 3lus (ne
ApiUSInanteSuduiildainnisul 24 dalus axflinuszanas 6x108 CFU/mL)

5. lensunaninisienade Imaam%@am TSB 1 mL 138919a4lu 0.1% peptone 9 mL azlaszauauLTe
997 107 wagThnsiFeassoidiosouds 102 agl@ideusina 6 CFU/mML dwmsuldiddlusiegnai dauandunmd 1

6. ¥maiuidogduadidhmnglussdunsuudeuiivesns fuandunissd 2

1 colony 1 mL imL 1mL 1mL 1mL 1mL 1mL 1mL

- e ' U Rk Vo Bk Ve Nk |

0.1%

Peptone
9 mL
Working culture TSA TSB 107 102 10%  10* 107 10° 107 10°
6x10° CFU/mL 6x107  6x10° 6x10° 6x10* 6x10° 600 60 6 CFU/mL

Actual count

Drinking water

A 1 Nswiseugegduniddmiuivluiiegian
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Inoculum concentration Inoculation
Level of contamination CFU/test portion Dilution 107 Sample
CFU/100 mL
120 mL (mL) (mL)
Low 3 3.6 0.6 119.4
Medium 9 10.8 1.8 118.2
High 18 21.6 3.6 116.4

N13ATAIRE1IAFRY

osfjdimstiveutheenisdaeglu other categories néu Environmental samples uazisdnsdslaiiifoyans
nsaounuldliveds duliidonsenismaaoy dd

1. endhetrenenisiilavime 1 dregs Tdun didslunmeurussylinain dadusosaiiglivinismaaoudu
HiusegdmsaduioljiRnas

2. Henfegumensiivime 1 :1ensldud thauangnath faduiedsiiglivinmmaaeududifuieds
dwms9daiesufusins

3. uslazsognsgniinlififuideiieau (homogenized) Tnsnsiwgmandiegnatiuas 25 ass

4. wiadegeandu 3 nau Ae

v
° a

- Uninoculated test portion e fegrsifiulunisusussglaainuasinauangnailaildiiudeqdunis
wWhnsnedmsuidu negative control

- Artificially contaminated (food) item o #28819u77 slunwuzusIgInadniasiif uaing nadiis
\deqdunadithmnelusziunisuuitiousag

- Inoculum suspension [without (food) item] Ai® miazmm%aqﬁuw%‘&hﬂmma‘[.u 0.1% peptone lag/lail
dutsgnouvenimulunmsurussylaainuasinduangnath

5. wusiegamaaaueanilu 2 test portion (A wag B) Ingliluday test portion uUSu1ms 120 mL

6. iuidofiwdeuldainde 1 adluusiar test portion muszuNUTouidun Fuansmunmi 2

Expected x CFLANL

Low Bledm Hagk Low Medmm High
==
Uninoculated test porion  Inoculated test porfion A Inoculated test portion B Inoculum suspension (0.1% peplone)
{Negative control) Method to be verified with (food) item Methed to be verified without (food) item

MPMN/AD0 il MPN/100 ml MPMN/1O0 mil MPMN/ 100 milL

AN 2 NSMIUEBUINUSUIUTD (eBias) Tnanisyinlvdulou
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suflumsnageum Total Coliforms wae £ coli lufetgeihuilng lneisnadeus1edamu Standard Methods
for the Examination of Water and Wastewater 24" Edition, 2023 lagusay test portion ﬁﬂLﬁuﬂﬂiwmaaUImaﬁgwmaaUﬁ
uaneaif Batch ewnsidsadefiuandneiy uazindesiefluandraiuy (Whilfesufofinisd) fail

1. Presumptive test feghetihudlaa (MPN wuu 10 wiaen)

wehwndieg1stua 25 ads TWaUTmnEegaiegnni Tdlu DLST 10 viaen iasnay 10 mL iwg1maon
avuaung It ﬁﬂﬂﬂuﬁqquﬁ 35+0.5 °C WJuaan 24+2 $alus dleasunan vnseruna Tnevaeaiiinisasy
(mmﬂgw,%aégiu) fufalunasndnuia wansitliinauin druvaendilifiufalivusieaunsu 48+3 dalua wdreuwalmidn
a%a dmaeniidnsiasysisweaisuarraenaiiinnasysutunsaaialunaaeudelutu Confirmed test

2. Confirmed test

thaeaiflinauinandu Presumptive test 1LY 9) wildhshedeunannidededennusas vaonas
Tuomnsideade feil

BGLB dmsuiudunisnsiany Total Coliforms Tneuafigaumad 35 + 0.5 °C 1uian 24 + 2 $alus wleasy
fuanan Iesadeunisiiaufialuvaeadnufia vaeafiiautadeiilvinauan mnldwunialihluvuseunsu 48 + 3
Falua udrenunagianads

EC-MUG Broth @w$ugudun1snsiany £ coli Imaﬁwmaamﬁwmﬂﬂuéwaﬁwmuquqmmﬁ (Water Bath) 71
44.5 + 0.2 °C \Junan 24 = 2 Falus leasuinuana Wasieaeunisiauialunasadnufauwaynisidosuaenieldua
Sanslalotan (UV) fienueadu 365 nm Maam‘ﬁ'lﬁmLLﬁ"aLLasLLamamiﬁmLLaanaaLialfzﬁuﬁﬁadfﬂﬁmaum

3, WUaNAINTNUABATIVRAUINANLAITI MPN Index lumiae MPN/100 mL

4. Yrdwiugduniginsramldlunsas test portion 111a8 uaziUasutdus log, 1l eAILINMIAN eBias

wazUszfiunasethusazdseiavlusazssiunsuuidiou Tne An eBias =[logio MPN/100 mL inoculum suspension

(without [food] item) - mean logio MPN/100 mL (artificially contaminated [food] item))

NsUTEiuNanIsNAgaU
LWNETINISERNSU Ao naansluwmazseaun1sUuUeuves artificially contaminated (food) items ABILANATNAIN
inoculum suspension [without (food) item] < 0.5 logio MPN/100 mL (eBias < 0.5 logio MPN/100 mL)

NaN133TY

Kan1TNAABLIN Total Coliforms uag £. coli luuilne Tnensvirliduidioudeqduniadmune 3 sefu iite
n13vuAeUATlngn1TUsEaINAT eBias Wuida0g9ATar a8 0AUNTE Mg inoculum suspension [without
(food) item] T 0.1% peptone liinansnaaeusuanslumsned 3 fe asanuideiissdumstudous, sedunansuas
JEAUgUIAU 0.34, 0.71 Uag 1.36 logio MPN/100 mL asddy Faduluaudsavessesumsuuidoudirvusls Tne
Tinunsuwdeuresdeluasavans 0.1% peptone ﬁlajﬁmmﬁuﬁaaﬁuw%‘&ﬂmma

A19799 3 wan1sVAdaUNI Total Coliforms wag Escherichia coli 3n@9gsasazatsitolinung

Result
Inoculation level Inoculum suspension [without (food) item]
No. of positive tube MPN/100 mL logio MPN/100 mL
Low 2 2.2 0.34
Medium 4 5.1 0.71
High 9 23 1.36
Uninoculated 0 <1.1 -
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nsnAdauM Total Coliforms wag E. coli mﬂm”’;asimfﬁﬂumﬂuuwaﬁﬁﬁmafm nranudelnsiadesyning
test portion A tlag test portion B Aszeun1sund eusn, FEAUNAUALTEAUES 1iNAU 0.45, 0.71 uay 1.36 logio
MPN/100 mL suigndfu dauandluntsafl 4 uagnsawuindiegaiauaingnai tnsiafesswing test portion A uay
test portion B ﬁizﬁumwuﬁjawfﬂ, FEAUNAGUAZIEAUFS AU 0.19, 0.84 Uag 1.36 logio MPN/100 mL auaAy
Fauandlumaned 5 laglimunsuudiouneadoluiilunusussyaainuasiduangnaillifininfudeqdunie
e Fafiwanismaaeutiesndn 1.1 MPN/100 mL duiuldidugnniunu uarlaldgninandiumean eBias iosnnld
Wietudumslivudewvesshegariiu

devwansmageutommninfiuiamen eBias wu*jwﬁy’qamswmimuaauﬁlunmzﬁumﬁﬂuﬁjauﬁﬁh eBias Uog
71 0.5 loglo MPN/100 mL Taesenisitldimedszaminalunivus U339Unatinile eBias Anmsvwdeuszaus,
i“’G]'Uﬂa’NLLa“’i“’G]'UﬁG WinAu 0.11, 0.00 wag 0.00 loglo MPN/100 mL snsaneu Lﬁjul,ﬂa’;ﬂuumu%’lﬂmmu’mL‘Uui’]ami
muaauwmmswum f1 eBias wmiUuLUauivm‘um ivmﬂammvavm‘uaq WirAu 0.15, 0.13 wag 0.00 logio MPN/100
mL Aaddy fauandlunsed 6 Fadulumunasinisseusu

M13199 4 wan1snaaau Total Coliforms wag Escherichia coli ansivegatadlun1vuzussaUaaiin

Artificially contaminated (food) item

Result

Mean result

Inoculation Test . Artificially contaminated  Artificially contaminated
Total Coliforms
level portion (food) item (food) item
No. of positive tube  MPN/100 mL  No. of positive tube ~ MPN/100 mL (log1o MPN/100 mL) (log1o MPN/100 mL)
A 2 2.2 2 2.2 0.34
Low 0.45
B 3 3.6 3 3.6 0.56
A 4 5.1 q 5.1 0.71
Medium 0.71
B 4 5.1 q 5.1 0.71
A 9 23 9 23 1.36
High 1.36
B 9 23 9 23 1.36
Uninoculated 0 <11 0 <11 - -
M19199 5 Han1snaaeumn Total Coliforms wag Escherichia coli 3Mn#38e19U173NANALY
Artificially contaminated (food) item Result Mean result
Inoculation Test . Artificially contaminated  Artificially contaminated
i Total Coliforms . .
level portion (food) item (food) item
No. of positive tube  MPN/100 mL  No. of positive tube ~ MPN/100 mL (log1o MPN/100 mL) (log1o MPN/100 mL)
A 1 1.1 1 1.1 0.04
Low 0.19
B 2 2.2 2 2.2 0.34
A 5 6.9 5 6.9 0.84
Medium 0.84
B 5 6.9 5 6.9 0.84
A 9 23 9 23 1.36
High 1.36
B 9 23 9 23 1.36
Uninoculated 0 <1.1 0 <1.1 - -
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A15197 6 NsUSTEUNANNSMIUARUISNAABRUNT Total Coliforms way Escherichia coli Tutinusinm

For comparison

Mean result Result
. . . i X Conclusion
(Food) item Artificially contaminated Inoculum suspension eBias <051
< 0.5 lo
(food) item [without (food) item] $10
(logio MPN/test portion) (log1o MPN/100 ml)
L Low 0.45 0.34 0.11 Accept
iAnlunuzussale
- : Medium 0.71 0.71 0.00 Accept
adun
High 1.36 1.36 0.00 Accept
Low 0.19 0.34 0.15 Accept
ihAuangnath Medium 0.84 0.7 0.13 Accept
High 1.36 1.36 0.00 Accept
A3UNaN1337

MNMImuaeuiBvAgaumn Total Coliforms uaz E. coli Tuinalnadaeds MPN §198amu Standard Methods
for the Examination of Water and Wastewater, 24" Edition, 2023 Taggun1sIuaaunIuLuInigmwes 15O 16140-
3:2021 wuhiegnitulunsuzussydaainiadunensmuaeuilidmenssiegieifunngnathdadumens
yraudeuTime 1 eBias Tuynsedumstuiou tieendt 0.5 logie MPN/100 mL dseglureuisnmsseusy wandliity
el URnsanunsatisnaaeunnsguanldlunimeaeuldegravansan gndes fldusnisnaaeuaunsaudnanis
noaeululdlunisussdiunuamihuilaaldodsindede

afuTNan1TIdeLasdalauaLuY

INNsMINdeUIaagaum Total Coliforms waz E. coli Tuiuslaadaeds Multiple-tube fermentation Ay
mmgwué’w@waq Standard Methods for the Examination of Water and Wastewater, 24" Edition, 2023 %ﬂﬁ’uﬁumi
NIUADUAUKUINIGYDY 1SO 16140-3: 2021 (Annex F) Ingimualiuszliiunan1sniuaausigen eBias 310318015
yudoU 2 ndu e Fregretaludlme ldur didsluneuzussgDnainuasiaegaiine THud ihinaingnmin
WU mamimaaﬂummugumzjﬁﬂmﬁuL%aﬁgauﬁétﬂmmUiuaﬂiazawﬁama (0.19% peptone) waztu3laatia 2
nau linunsiasgyueade Total Coliforms wa £ coli Sasiulalainen eBias #ldidunasinusinandefiiivadiatng
INOEN Iﬂlﬁﬂuwamﬂﬁ;auw%‘éﬁuﬁu (Background microflora) funanniegrahmiensuuidouannssuaunsnadey

dlofiansane eBias mmfﬁﬂummuwﬁ@maﬁwﬁm eBias AN 0.5 logio MPN/100 mL lunnseau
nsvudou denndownumgud iesndusegndlaimefiusentafesumuiiendsesomaaiyrendeqdunid
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