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8.05 Uar 1.15 MNMGU Madnmaamwinaugueaniagiinan Sedunaspumanhuilaalumous
ussyitlaainananlssmeanssnanmssaiga® ussunsdnldinasasanasavatnsheillinnasaugammi
dasnndalifiinaspumuauaumwihaugreaaudsgiialddidumunguing glivimaieiilanad
avazias wiamarnu laldlumslivdmaihauiissain Uaanseudgislne faellafvssmannsnssums
héesamnatudl 31 (w.e. 2553) Fae Tiguhauveaawissaluiaiiududinuauaan® wdlald
AsaUARNMIMUANAMMWINGNguaaamdey Tuil 2555 diinnuaanssumInaLaznldianinoe
nuudladamammwenissaseranhudlaeiindenneaashmhesaludiuuuasunes waslssad
wmmuamnasuRzilamuguammmhangrsaamien Tuhanmidaduil nswinanmansmaunmg
Ia3arlasmalsafiuanulasafenannaugueaamdsglasvihsnunsludiunauazdiugiing
aaziRYesuiaraumiulasimsluedimianana 93 5 Jaia laun ngamwamnuas wuny3 Unusil
wizuasAdaysen uazassyd Jaguaradraslamaiialiladayanaiinnsihangweaamisgdmiu
Ussifiuanudesasfuilnannduaneifinanssnudaguam wasldudayaaivayumsmmuamasgu
muaNamMWhaNgrsanmisnuanlsuma nunslfiupudayadmiumbenuiiuieseumaithss e

anNUaaafeavEuslaanannNngraanrsay

MIUTEEUINIUUIZI UK

Aoz Isaaunumasaiiivnumuinglazasdaslasemsludiuiuiisufiosau 5 Savda
fa ngunmamuas (nw.) wuny3 Unusil waruasaiagsen uazassyd losUssnunuiumhenuiiifedas
fa dfnnueeiui o, dninnunssageimiauuny Unusil wesuasedegse uazassy et
TASIMIUBLINUNUMSLAUIDEN

N5ASNTHANNAFTASMTUNNE
U 57 atud 1 upaN - Jueu 2558




Risk Assessment of Drinking Water From Vending Machines Ladapan Saengklai el al.

e
1. MsuMatI

sErnamey fagmaw 2555 AaERauazEmhiasdinnuee nu. dinnussIuE
FanTouunys Unusil wazuasaIegse uazaszyd sanduiiudadninaugueeamIsyuuy
Lihemuazmamdmhuasnablanaiumatheiui Waliladmaiednuasdanduhiguilaenld
U3MSs AU 1 @eehe/g szuihanuimegnlaaatuiindeyaadlunuudmadayadismssing wazaaunu
Wraasgudadaus dayaiiiu dud souiins anmwuadenlassey dnunsuasginy uwwanhauiitudg
sruunsashuazanida mathgesnm angmsldnu uasaan Nntuhdsiemsllanalinnsiiivenjia
maasdhiinaumMnLazaNNaa AN NININENMFnIM LI T aETaEY 430 daehe utaiiu

- gunwamues guiudeganszneluituil 15 e wesz 12 G 1dud waandns
qda Uszina Unuiu e aeumas vinenlvg aasy AT 19U 1w Auues sansels fuys
waznanzll I 180 e

[~ (g 1 v ¥

- Fandouums3 Unusil wszuasadagsen wasassyd duiiudadlunnsune idgiau
WHBAVIERS TINIEY 250 Ga9eha
2. MINTININATIEH
mullanduasiail
- anudunsa-ma (pH) Sashoedasiaenudunsa-ema (pH meter) 35mutanansanda
APHA (2012)” %98 4500-H'B
_ ANNNSER1IananNe (Total hardness) MM18HINATINYDILADLTENLAzULNNTIT Y
mnaiuwea@eumsuawe Jniheduiiadnsunadns n513eLrmeds Titration MNLBNENTD1ND
APHA (2012) %8 2340 C
- ﬂ%uwmaﬁﬁ”’qwm (Total solids) LﬂuwasammmsumuaaaLLazmiﬁazmmfwﬁmm
m’m”?Lm’]::vf[mamasxmaﬁwuuﬁmﬁ'sawiaﬁ'qmwgﬁ 103-105°C auhwiinasdi fmheflufiodniudedns
FBeutanaseede APHA (2012)™ 98 2540 B
MuadUNIe
- ﬂ%mmaﬁuﬂ%t‘fﬁ%wm (Heterotrophic plate count, HPC) wangdeuSmnauuaiiGed
msatalagldmsdunddiduermns Smbeadlu CFU daiiadans @5133t0518%meds pour plate mutanans
87999 APHA (2012) %8 9215 A-B
- Coliforms A5IANLHMEAT 1BNNLBU (MPN = Most Probable Number) logldansa
MPN fifmwuanasnenmsiaeada 10 vaan udazvasaldiiothai 10 fasans senumaiiiud MPN
68 100 Jadans IDMULBNTTONDI APHA (2012) 98 9221 A-C
- Escherichia coli ¥i38 E. coli mawwﬁaﬂﬁﬁﬁiaL‘ﬁmmﬂmsmn Coliforms MNLBNFIT
#1959 APHA (2012)7 %8 9221 A-C, E, G uaz 9225 C-D enunai wuvdalainudaih 100 185805
- @ﬁum%ﬁ‘ﬁ'ﬁﬂﬁl,ﬁﬂiﬂ viagalsnomsiflufiy 051331051:Yde3% Membrane filtration
senunai wunseliwu derh 100 fadans laud
e Staphylococcus aureus 38 S. aureus 35 ATNLHMUBNFIT21Y APHA (2012)
70 9213 B
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e Salmonella spp. 3@ NziMuLENaS ISO 19250 : 2010
e Clostridium perfringens %38 C. perfringens 35@5eimuana581989 EA (2010)©

LN NIATFIU

auzandundde falifinespummnzdmiuinangruesamisgy Jendunaspuiuilae
Tumausussynlaatinenadszmanssnsnassugy (RUui 61) W.a. 2524 WNTDMVUAGAIT

AuantAuNEnduaziai

- aenudunse-en doeegsening 6.5 9 8.5

- YSinaansnanue (Total solid) laitfiu 500.0 Hadnsy dauuslan 1 aas

- anunszanmirae lesmwanuueadaumsuaiua Laidu 100.0 iadnsu deuuilne 1 80s

AuaNtAUaUNTE

@ a a . v U 1 H a a aa an N &

- @9anulaLe3ziie Coliforms Wasnin 2.2 @auuilne 100 HadanslasIdanidu
(Most Probable Number)

- aaldwutieedsiia E. coli

I A aed 0o g Ya Y A _aa
- lusiqdunignmviialse daun 100 Haddas

o

(Uszmeaiiui 61 (w.6. 2524) f':hiﬁLﬂmeﬁﬁwwuﬂﬁm%’uﬂ%mm@ﬁuw Wanae)
mMsUssiivpa

fnamadieneviiiuamianay (%) winniaan NN NNLTNLEAINEIATdaEN
15486 Chi square’® nagauaNNFNNUSIznITILlsiszautadfn 0.05 wazUsudiudanuides
waqQ’U%Tﬂﬂ@iamﬂﬁ%’uﬁummmnL%ya‘[sﬂmm‘st,ﬂuﬁu 3 #liaAa S. aureus, Salmonella spp. Was
C. perfringens salusunsuan3agy “Risk Ranger” nasu 200 3% Microsoft® Excel spreadsheet

software lumsAIUIN

Risk Ranger
ulusunsudisaguiannlos Ross and Sumner wauniasausnluil a.a. 200202 faytiuwann
Hhunesiu 2 Mdwiulssdivanudsdumsifalsannmsuilaaemsriianil Tusunsuasszanataya
uainniiaum udlswadumenudsaieing lasldmsdanameadiomansiduiusiu
Fayafituiinsiniuiladae g Afuansznuiuenudssaaudiunaumsuanauiguilog Tadedanan
sudenuguusaimaialia anumhasiiurasmaialsennmauilae uaslamauasmslasududiaie
Tunilgrnm glalusunsudaniuiindayaatlundasdoya (List box) lu Microsoft® Excel spreadsheet
7 11 28 Mele 3 Widananne Dose and severity, Probability of exposure to food was Probability
of infective dose TUsunsuasldtayansnualumsmnnuduaasmasnsiiumenudes laun
1. Risk estimate (Gi’]ﬂ'i::mmawmm?im) Usenauae
- Probability of illness per day per consumer of interest (mmﬁmuﬂuﬁa‘[amawm
msiialsadaiufany)
- Total predicted illness/annum in population of interest (ﬁhmum‘sﬁuﬂmﬁmmw
aufalunguisznnsiihvanadst)
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- Comparative risk in population of interest (mmLﬁmLﬂ%ﬂmﬂﬂﬂumjmﬁxmm

thwane) Tusunsulden Comparative risk i lumseuan@ Risk ranking (§rduanudes)
2. Risk ranking (§¢uanuiden) (fu log scale fienagszving o - 100 1ile 0 wanads Lifianu

e i 100 Hemuidaegege dudagusTnanneulundusznnsithmneieamaduthennessiiuslng
23 dduenuidesii o vanedsenuidseasmsifalsaduguilae 1 auly 10 Wudwelusau 100
waztiieuwh Comparative risk Aieaanhudauhiu 2.75 x 1077 TusunsuazAmmaERuANNEsEIN
aums Gail

Risk ranking = (100/17.56) x (17.56 + LOG,, (Comparative Risk))

Risk ranking figetiu vanefsuslnafienudssdamaifalsnnniu uasemduanudes
figatunn 6 du vanefenudsdamaifalsainniu 10 oh W Sduiiasuan se W 48 mansemah

ANNLFIIALLANNINYY 100 L1

MIFHUAYUMTIBUAMNINTFIU
Ya v I~ 4 | 4 '

Azl ugunurastieny whnamUssguuuuysanmsaulassmsud dymammn
ANNUaandBzeunUslnANNGIANYEBAWIL KBMIRNTANMUUMINATTIUMUANAMMNINANGVERA
wisy o ddnnuAMENIINNTEIMISWae) (88.) luhauliuan wauMAN wazNINYIAN 2555
WA NNl U UKAILATIZH RN ANG NE DLW B LAY BAINULUUEITIINEAZLBEAYBIG U

o aa ¢ PRI a & v o A4 99
luwamanan nufurenguiinenanaasmsunndiudayanadnnsinalssmalvun se. iivaldsznau

maﬁmummmg’m

We

HaYANNUUUEI TGN ANREAAMTIY 1IUIY 430 T
1. aauiae  gindnsesas 76.9 avaguinalamammhaimsvann/NnuMm uassesaz 10.2

u
=

aagnaussluudnaanivinadamasda/ame Tusoufimailiiginy deegsuouniifsosudey
3988 52.6 LATUANUANHBNANTDEAE 69.3

2. ammwwindaxnlagsau amwuadeniailiiuniauns wudsldue:/iavaszosas 10.9
fhduarsaugiasas 9.3

3. dnumzEaIgin- wuarlasihluunadasiehuasiivie os ¢ Aeiflufasas 22.8
Tusnnuil Wugignusuandasis 65 ¢ warlignuasuaadasis 33 § wumseadennhiehomas 3.5
Lifiussgilagasiehianas 8.6 fuszglladashendosas 91.4 Tuinnuiiivszgila wuhissaige 11 ¢

4. uwdnhivy fwﬁuﬁmmﬁ'n@' ahuunLﬂufwﬂizﬂmmwmqLLaxQﬁmmm%'aﬂaz 81.4 szuudseth
wjthu/manadasas 14.6 Ussinhunmadosas 2.1 uashinnuuvanhiasas 1.9

5. ssuunsanhuassinida fivelddayenngouaussliaansaidagiy ilaenadeussuuiados
nsashmeluldiaue nndayaild 206 § wuhgihiiaunanuasnu 280 gudesasaz 94.6 liszuunsas
1Uwuy Reverse osmosis (RO) shuuniflu szuu RO adhaidien szuu RO Auuassans hlaian
(Ultraviolet, UV) 52Uy RO nu Ozone wazs5zuu RO nu UV uaz Ozone Aatlusasay 49.3, 30.1, 14.2
Uae 1.0 MUY dauqﬁw #masld UV w3s Ozone aehatiien (Sasas 4.4 uaz 1.0) (Mwit 1)
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RO+UV+0OZONE
1.0%

RO+0OZONE
14.2%

RO

\ 49.3%

DS |

MUA 1 szuumsnsasuazznieluginauveaawsan (RO = Reverse osmosis, UV = Ultraviolet)

U

6. mahyednw Imshenuszaaeiasnsennmaludasas 23.7 uasasiimsidsuldnses
3089z 42.3

7. agmslion Hislisunsossunumgmsldnmasdiny nnggua viennamndadiag
Iavanne dayaidnaldinu 190 ¢ wugihm fases 60.0 Fogmsldnuliviu 2 9 giha Aifeams
TFnufaanhvdeundu 1 1 fisnuanniigeda 69 ¢ Aalludesas 36.3 wasdanugidengldnuds 10 7
wazannnd 10 1 (M 2)

3.29% A 10 U
0.5%

v A} -
Hounvio
minu 11 \

36.3%

v ¥ A

a v P2 ~
AMNNN 2 a’]i!ﬂ']'{[ﬂq']uwa\j WIONKEALVIEEY

LY
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v

1 a v %’ $4 L4 4 ?’l = v
8. aan liinainlaq Gavudinm 152 ¢ (Sezaz 35.3) uaswugi 3 ¢ lamnasudiu
muUszMAAzNIITNNMINMERaIN AUUN 31 (W.A. 2553) NNNUIUNIVNG 69 GNcasdaaanlignaas
[ = nlwu [ a ) v & « H v a (4 v S e
mevaslssmea2 dualdteau (Aadusasas 4.3) uanINT WuaMNlABIN “UIUSTITNNANS NN

PR AT roos €d W oo Y a & v v ¥ & v
UILIWNFUINLNLAINT e “UILLIWILLNLYAN T 53N 28 Q ﬂ(ﬂtﬂu‘iﬂﬂag 6.5 ?IEN@L!T"I WNUANG 430 @

ua’itmwﬁqmmw%

Punuhiugveaamiagnsdy 430 Ma likanesgu 121 dedwdaiudasas 28.1
(miwﬁ 1) Mwundlu ldsumnasgrumuail 43 Grehavsasaeas 10.0 SUNANNAIANNNTENAUD A
WAIIIU 28 AN (Sp88T 6.5) USsnasansmavaeiiy 7 e (3asaz 1.6) wazAanuiiunsa-ea
(pH) et 15 GaeEhs (59892 3.5) mﬁ'aasiwﬁlﬂsimmm%ﬁwmmL*‘ﬂuﬂ‘m—dw depend 6.5
(REFEWIN 5.8-6.4)

dmiunaiensidugaunid wulishuanasgu 93 deshedadiusasas 21.6 smgitlirugsge
iesnwuda Coliforms AUNASEIY 88 My savaNINAawy E. coli 16 Mot Aallusosay 20.5
Waz 3.7 MuTeU asranudalsanmsiiiuiivsiy s dethviadanas 1.9

wa’iLm’]:ﬁﬂ%mmgauw%ﬁﬁgﬁwm (Heterotrophic plate count) wumeadaiuluaisesas 45.1
ﬁﬂ%mm@ﬁuw%ﬁﬁ%wmazui'i::ij 1,001-10,000 CFU/#88805 wazwunnn 1,000 CFU @aliadans
Tushatedagas 71.8 (MW 3)

ol v )

HAIATIIIUUNINTINIG (MW7 1) wudh Fandeaszydiicnegliiiuanasgiugge As

9

39882 43.9 IDINNADTINIANITUATAIDYSEN WUMBEN LEUINAITIUSDEAL 41.3

i a Y4 v
9199 1 Na')Lﬂi']%ﬁ)uﬁG]N(ZIT‘HEIaﬂLM%EIilﬂuL‘ZI@lﬂ’]ﬂﬂa’N'i'JN 5 WKIN*

e ahmuﬁmfhaﬁlajshummgwLLanmamzmﬁ‘immw’"
o degnlisy - ] N -
X et ey Wl A audy  Uon swlishu Coliforms  E.coli S aureus Salmonella  C.
fowe e () NS A ase-dn @sioe s spp.  perfiingens
(TTC I N adud
w3 51 6 (11.8%) 0 0 0 0 6 6 1 0 0 0
Uil 53 13 (24.5%) 3 3 0 1 10 9 1 0 1 1
WzUASATALSE 80 33 (41.3%) 14 11 2 4 2 2 4 1 1 0
aiwﬁ 66 29 (43.9%) 13 12 9 2 21 20 7 0 0 0
NI 180 40 (22.29) 13 2 11 0 31 28 3 1 0 3
it 430 121 43 2 15 1 9 88 16 2 2 4
TRURLLBIIY 2.1 100 6.5 3.5 16 216 205 37 05 0.5 0.9

DENINTNG (430 G8EN)

* 8@ 1¥ Heterotrophic plate count (HPC) i luuaaslumwi 3
> uAaziIae NN HALATILY LIUINASTIUINNAT 1 TIEMS
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45.1%

24.0%
21.4%

4.7%

1.1% 0.6%
ey D r—
N 3 N O S N D
L ‘\Q QQ QQ QQ QQ

L N O & & &
N G N Y )
& & . N
A \@ K )
&

MWD 3 W@ IANUIINRAUNIENNG (Heterotrophic plate count) Tuinduguaanmiesny

HANAFAUANNENNUSIEHINMLUsTIszAuBd1AR 0.05
1. @9 nevedlunusiuaedasds ludenudunusnumsnwuazlasinluusnadasiisiiuasy

1
LY U
v
t%

et NNtssaynNada (P > 0.05, P = 0.4673)

2. eheanunszdeninae Usinamsnmualuh wasnaiwazidugaunidlidanuduiug
ﬁ’umqmﬂﬁmuwm@fﬁumamm‘%slfyaehqﬁﬁ’ﬂﬁwﬁfquaﬁﬁ (P > 0.05, P = 0.6799, 0.5829 Waz 0.7753
auadu) (idelddayaegeasging daud 2 Tawn uazannnh 2 Tlumamageu asmndnnudaa
fgasszauillndidaa)

3. walensaLAunEEi e lifenuduiusiuging dasedluamwinadan
ﬁlﬁgﬂqwﬁnwms (ﬁLﬂwamazﬁﬁmaﬂﬂﬁﬁ) pgnNuaE AN (P > 0.05, P = 0.9377)

1. wadenziudundilihunaspuienuduiusiuging idussgTauaslifivssqTladas
aimﬁwatiwﬁﬁﬂzhﬁmumqaaa (P < 0.05, P = 0.0281)

mMstszidivenndsssamsialsaamsiuiiv

ﬂ'nmmL?iawiamil,ﬁmisﬂmmstﬂuﬁﬂunaju@'u’%‘[nﬂiummmﬂnmﬁm 5 dawda Nenwaan
ﬁaa&aﬁﬁuﬁﬂ"lu‘[ﬂmﬂiu Risk Ranger (mswﬁ 2) wuh enwhaziluvsalamazesmsiialsasaiunanu
Lf‘immnmiﬁuﬁwmﬂﬁwﬂaﬂm’%amﬁﬂmﬁaul,%a S. aureus, C. perfringens waz Salmonella spp. LNU
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ayanuiinlu List box

S. aureus

C. perfringens

Salmonella spp.

Dose and severity

1. Hazard severity

2. Susceptibility

Probability of exposure to food
3. Frequency of consumption

4. Proportion consuming
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Minor hazard
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Some (25%)
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Some (25%)
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a a
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Risk Assessment of Drinking Water From
Vending Machines in the Central Area
and Support of Establishment of

the Quality Standard

Ladapan Saengklai Piyamas Jamsri Kanya Puksun Karuna Teerasamit
and Kannika Jittiyossara

Bureau of Quality and Safety of Food, Department of Medical Sciences, Tiwanond Road, Nonthaburi
11000, Thailand

ABSTRACT The drinking water from vending machines greatly increased in the urban community,
in particular, in 2011 Bangkok had more than 20,000 machines. During 2008-2012, data of many agencies
showed that the quality of drinking water from vending machines failed to meet the standard based on
the regulation of drinking water in sealed containers. As a result, consumers are vulnerable to hazards
from the vended drinking water. In 2012, the Food and Drug Administration (FDA) intended to establish
a certain quality standard of drinking water from vending machine. Consequently, a risk assessment
of vended drinking water in five provinces in the central region of Thailand including Bangkok,
Nonthaburi, Pathum Thani, Phra Nakorn Sri Ayutthaya and Saraburi was carried out during January to
October 2012. The objectives were to obtain analytical data of vended water quality used for assessing the risk of
foodborneillness and to support establishment of the national quality standard. Survey results of the water vending
machines revealed that 76.9% of the machines were located in front of buildings and 69.3% were exposed to
sunlight. Unhygienic surroundings of the water vending machines were found due to trash buckets/garbage
and dirty water around the machine base at 10.9% and 9.3%, respectively. It was found that 60.0%
of the vending machines were used not over than two years and only 3 (4.3%) from 69 legally enforced
machines showed complete labelling conforming to the Commission on Labels No. 31 (B.E. 2553). Most water
filtration systems inside the machines presenting 94.6% were reverse osmosis (RO) type. The analytical
results showed that 121 (28.1%) of total 430 water samples from vending machines failed to meet
the standard. For chemical results, 43 (10%) samples failed due to total hardness, pH and total solids
presenting 6.5%, 3.5% and 1.6%, respectively. For microbiological data, 93 (21.6%) samples failed mainly
due to Coliforms at 20.5% followed by E. coli at 3.7%. In addition, food poisoning bacteria were found
in 8 (1.9%) samples and the heterotrophic plate count (HPC) greater than 1,000 CFU/ml was found at

71.8%. The Chi square test results showed that water vending machines upon sunlight exposure were not
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significantly related to the algae growth in dispensing chambers (P > 0.05, P = 0.4673), the analytical results
of total hardness, total solids and microbiological data were not significantly related to working time of the
water vending machines (P > 0.05, P = 0.6799, 0.5829 and 0.7753) whereas the poor quality microbiological
results were significantly related to water vending machines with and without dispensing-chamber doors
(P < 0.05, P = 0.0281). The risk of foodborne illness was calculated by the "Risk Ranger” program and
the results indicated that the probability of illness per person per day among consumers in 5 provinces
due to vended drinking water contaminated with S. aureus, C. perfringens and Salmonella spp. were
7.50 x 10, 1.50 x 10™° and 7.50 x 10°°, respectively. The expectation of illness incidents among 1,690,000
consumers in five provinces in the central area because of those three food poisoning bacteria were 14, 27
and 133 times per year with the risk ranking of S. aureus, C. perfringens and Salmonella spp. at 28, 29
and 39, respectively. The data and survey results were subsequently proposed to the FDA and in 2013, a
notification of the Ministry of Public Health (No. 362) B.E. 2556 focusing on quality control of the drinking

water from automatic machine was launched and was initially effective on 16 October, 2014.

Key words: water vending machine, risk assessment, quality standard
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