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v a oy a J
NIINAIUNITAIINIILATILYE Benzo (a) Pyrene
Twhauuslae

AGKN FUNATU  LASNUDNS abgu
aninaamWuazaNNaaa g1 NININEMNFTATIITUNNE DUUGIIUUN YUNYF 11000

unanda leAnuaziwenniins9iaszy Benzo (a) pyrene (BaP) luihsiuudlnads BaP flu marker w04
a13nqu Polycyclic aromatic hydrocarbons (PAHs) Tuhsiuuslae diesnnessdmsamnsalanmmuaiiuas
nonzdedanysd Fiwantuhluldlumsisaiine BaP luhiduslaiismbelulsane §idelddnmuay
wwanldimaila liquid-liquid extraction 5I8AU solid phase extraction (SPE) a539tasnevniiauazusunn
289 BaP @18 HPLC-Fluorescence detector mﬂmimaaummgnﬁawaﬁ%‘ (Method validation) wu
flanumanzanasszuulasninn vl denusumzanzas fess BaP lWieiinm 15.3 nil Taglignsuniuann
g5au fenuduiugdudussninemududurasasazarsinaspuiuiuilaianasagieanaudusy 1-10
wlunduceiiadans wazanuduiuszasenudatumsnaspuiidusuamuduiuiiosnanuluzae 1-10 lalasnsa
ganlansu Tasflmdulssaniandunusiieddu (r) vhiv 0.9997 uaz 0.9996 MNMGU FATNAVEINIATIANY
(Limit of detection, LOD) i1nu 0.5 lulasnsuaailansy wazinanevasn1snidesusuia (Limit of
quantitation, LOQ winu 1.0 ulasnsuaanlansy wan1snadausasasnsAUNaUINNNSIATIEH spiked
sample NAMNENTY 4 520U szdUar 10 1 1@ mean recovery agludaihnusaeas 81-86 wazilaniies
(precision) W4 repeatability udaIs28A1 %RSD atlur193p88s 3.2-7.4 uaz within-laboratory
reproducibility (hnusaeas 86 msusziiumanulainiuauaeimsinlam relative standard uncertainty iy
15.6% Tasmanulauiuauyneduing (Relative expanded uncertainty, U) whiiu 31.29% fiathianwaun
dsaUsana BaP luhsiuuslne lughad w.a. 2551-2556 59 126 haths wuss BaP 34 dathe aaly
Sarow 27.0 Usinaiiiasanvagluhaiasnth 1.0 fa 21.6 Tulasniudanlansu Toedl o dhate Toun thium@en
Wi thifusewin wesihduilissyvdalinnusiio amanulbina BaP genhinesyulsinagigaiisan
14416 (Maximum Limit, ML) slmfﬂﬁ'uuazlﬂai’uu’%Inﬂﬁawqu‘[sﬂﬁmuﬂlfﬁﬂ%mm 2 lulasnsuaanlansu
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Development of Analytical Method for Benzo (a) Pyrene in Edible Oil Jitpaka Suntudrob and Kanokporn Atisook

UNUI

uannnnguasingiianudssdemstuiiousasnsusznaulungulndlandn aslawdn
lalasensuau (polycyclic aromatic hydrocarbons; PAHs) waqi™ mmi‘?;\aLﬁﬂmnﬂismummﬂigﬂ
siiaguAienudsadudandu wu hiuildvilneudouseims Fuilhdufisiunssuis (refined
vegetable oil) ﬁlﬁmnﬂi:mumsaﬁﬂimzuuqmmwmsu dasnnnszumswaadasldanudaunme
sunau laud msthwdafisnmuenuisy udueasden sfaniuasnnEaireIe hexane uen
mnaan 1 luszmels hexane Mntudia phosphoric acid tiamaneemiien (gum) udids sodium
hydroxide tiaminnsalusiudaszunaiin udrdndeh ihufisfithumssasiivh@aty Sedacldiaia
mqum‘ilm (centrifuge) mm‘fuﬁﬂﬂﬁ'unz?mﬁalémm%uﬁqmwgﬁ 220-230 aeFaded Mmealaanie
gyanmaiadlihduludaufedivdasaa nindunauuds hluandlesduiuduiigumgd
175 - 225 avenuaded Wniglulasiu WetlasdumsmiiuiuezddmiuisuanziaclunauwmAmiiug
ﬁqnujl,ﬁalﬂmﬂﬂszmumswﬁm u.a”ﬁqﬁmmssﬁgmmaamhmha wuly (19) TwSy [benzo (a) pyrene;
BaP] (Wuasusznaulungy PAHs wazldiilu marker “zlmm'iﬂuﬁjauwaqmsﬂejufﬁummi A989UN
sideRvludatnassmasszuy wu luny winlddumsillusnsdaias deauasiidnvasiond
vannilfafiiudassuugiiauiu lafunds Sivdafumeanugnssn (genotoxic) uazAanzi® msas
'3Lﬂiwsﬁmifﬁuﬁwﬁuu’%‘[mﬁmmmmiﬁﬂmﬁ'@uuﬁ%ﬁw'mﬂ;sﬂLLUUmﬂﬁﬂﬁiﬁdaﬂmﬂﬁmiaﬁﬂ (extract)
WU liquid-liquid extraction faw ugimdasssunuiwasdnlasld Solid Phase Extraction
(SPE)“" &4 packing %83 SPE fiwaeniia wiu alumina-N, Cs, C1s, florisil, silica wialinaiia Gel
Permeation Chromatography (GPC)® lag nandhathanuuslnafufhazasudEhuEh GPC column
FenzveiiouazUSinawes BaP lasmaia GC-MS®, GC-TOFMS® uaz HPLC-fluorescence
detector™ * ” fifalddnmuazidanmaiiaiiinzauiunissiiauazgunsoiiiogluias fiamadiundn
Aoy laaannalng19me liquid-liquid extraction 93uNU solid phase extraction (SPE) %ﬁl@i’ﬁmuﬁ%
mMsanauaznsidanld SPE TdwmanzaunumsiteszvenansaiuazlSunuwes BaP mMmsnadau
ANNYNAB9UesI5 (Method validation) las@nwznienziuazaniiuduass anudmnzaza
FanNareImsnTany dennazeamsmidainm anuies esasaasmaaundutazmsUszanaem
amwliiuinaurasmsiavedidienzd lahasinanniusn i nausmnamsiuiiousas BaP luthsiudis
unssuisfihmhelulssmalng feilagtudslifinsnudayauiinamstuiaueasmsdnam

msmﬁuazmimmgm

#151@d : acetonitrile, hexane Waz methanol (HPLC grade) NanAMI289 Burdick & Jackson
Laboratories, Inc., sodium chloride (AR grade) wannmsizag Merck, sodium sulfate anhydrous
(AR grade) wannum2ey Fisher chemical LLazﬁwﬂimmﬂﬁaau (deionized water, Type I) Wa®aIn
LA3DIDY Millipore

1519937 : benzo (a) pyrene (BaP) waanawi Dr.Ehrenstorfer mmu’%qw§ 99.5%

7 M5 INSNAINEN A FAS M SUNNE
e - .
T afudiies 3 ASNIAN - AUENB 2558




MINAUNIDATINNATIEA Benzo (a) Pyrene lurhiuuilng KM FUNATU UazNUNNT B5F

MIOIVNEITALAIUALTITAZAIINIANTFIY

MsazansaInsgIu BaP 100 lulasnsuaaiiadans : “Bquimmgm BaP 2.5 #aan3y azand
11 methanol USuuSinasillu 25 §adans 140y stock standard solution

1382818 acetonitrile NANGRIGIE hexane (m%aﬂminﬂﬂ%y'q) : ww3aulaeldn acetonitrile
250 Nadansuas hexane 100 Naaans ldlu separatory funnel 21U 500 NoAAAT LWEILTI ) wddanaly

Thuentu arsazaie acetonitrile (Fuan) Talumsana

m%iaqﬁauaxqﬂnitﬁ

LA3Da% ANMNBLLDEA 0.01 Way 1 Nadnsu (Sartorius), qmﬂémizmﬂqtyfywmﬂ (Buchi),
HPLC system (Agilent 1100 Series) Usenaume quaternary pump, autosampler, Apay PAH C1s
UG 250 NABNAT x 4.6 FAWNAT UIIPOUMAZING 5 [N1A3LMAT, column oven, \n3nea T innio
fluorescence, erlenmeyer flask 2116 250 #8889, glass syringe U1 10 ¥88893, hand pump Usznau
@8 syringe W10 20 U8dans waz plunger, round-bottom flask 2U10 50, 125 Way 250 HadaNs,
screw cap vial 2110 2 198893, seperatory funnel 2UIA 125 LAz 500 HaaanN3I, sep-pak e C18 plus
(Waters), syringe filter PTFE 0.20 lulastuas 2100 13 Jaduas

Mag
v acq ¥ 3 o & . 1 ° P
lumanegauanugnaaszaddslaniunsnanilly matrix blank dHumsérnamsduilouzas
BaP luindu leadeszvinsduuslaanuaanimelulssimauazinwnanandssmaantaulssyu
9551 — 2556 9IN 126 619819 lowun WU lwg nuelua) 1Nu NN UNKENINNUIILYFN
NNUABNAE DY WINUNDAMUAZIU WINUDIWEDY WNNUNFN WNNUENNENIIN UV NN UNLNDN

WNUNENIN NTUNEa 1hRusIM hNuadauazintuazlle

353529

Fagoene 1.0 n3u 1dlu separatory funnel 1@ 125 983035 LHin hexane 15 Aaaans
undan  Wudiudate afaseasazae acetonitrile 71HNGIRIE hexane U 2 A3 ATIAL
30 N08aNT WEILI9) 2 WIN e acetonitrile Ta5aulu separatory funnel 2110 500 NadanT @nth
100 {18333, 15928 sodium chloride NANGI 10 NAAANTUALFAAAIY hexane 25 NaAANT WEIL
2 W é’igqﬁﬂﬁlwﬂ%gu 1ﬂ§uéw (aqueous layer) aalu separatory funnel 21160 500 H8aa6T I‘U‘ﬁl 2 Ua
af0d8 hexane 117U 2 A%1 AStar 25 Hadans wehuy 2 i laRuaeie 5IH%Y hexane HlFaINMS
afam 2 asa hehefy Sudmehlunanndasy 25 19aans 2 A Taamsunian q ladnhing (Fuahs)
?\nﬂﬂ?uvlw‘iizu hexane a4lu erlenmeyer flask 2U10 250 Naaa63 ﬁﬁ%ﬂﬂjﬂﬂmau sodium sulfate anhydrous
uaInIaNansanasIunszmMunsadldly round-bottom flask 2w1@ 250 Hadans Wluseinaauuieee
Lﬂ%:aﬁzmaqmumgmﬂ Wi acetonitrile 2 fiadans iivemiiumsmanmssunmuiiudelumsatamats
¢e sep-pak C18 plus aald

L@38% sep-pak C18 plus loa@alinnu syringe 2U10 10 193305 8NA8 acetonitrile 5 1adans
wamnishuasiianalaanndagasll 19 flow rate Uszanas 2 weadaIund lalu round-bottom flask

a aa (4 T v 4 Y a . . a aa I o [
2110 50 F93a035 5¢ 19080 19 sep-pak U WAIAN acetonitrile 10 Faddns Uudne (eluent) thudsazane

N3NNI ENFASNTUNWNE
AUUNLAY 3 NINYIAN - NUENBU 2558
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duiiueanin ihlussmeauwiidiainisssziagayanne Hin methanol 1 18d805 N8I syringe
filter PTFE (Auly screw cap vial 2110 2 808803 d1msudinszialeinsas HPLC dalyd
dnMzn3ay HPLC

Column : PAH C18, 5 llastuas 2100 250 Nadun5 x 4.6 HaalNns
Mobile phase . acetonitrile: deionized water (80:20)

Flow rate : 1 Naddnsaaui

Column oven © 40 AT

Detector . Fluorescence ‘ﬁlmwtmﬂﬁ'u Ex 264 uWIuLNGl‘i, Em 410 i lNes

Injection volume : 10 lulasdas

AIVFDUANNANIZINYDITZUY (system suitability) lasmsiadisazarianinsgiu BaP
ﬂ'NNL?QIIN"ZTu 4 uﬂun%’miaﬁaﬁam 3 ‘2%}’] Lﬂm‘ﬁﬂBN%‘UV’hﬂ'ﬁGﬁTﬂﬂaUﬂU'\NLMN']’?JHN?I?]Q’SSUUGEI‘Q‘&I

%RSD 284 retention time < 0.3

%RSD 284 peak area < 2

tailing factor< 2

NINAFBUANNYNABIUBIIG
MINAFDUANININNIZLAIZAN (Specificity)

Teen53tA91¢% method blank wae matrix blank

method blank : #iasstaiinlFnauamuIiSenzinian

matrix blank : #f060ehaNTuNENBNMUITIANEH AR (3 651)

0 method blank, matrix blank waza 58105371 BaP anududu 4 nluniuaaiadans
whszuu HPLC tieasiagaumsienzadsns BaP snanssunuauludisthe Gedasilen retention time
UENNNAUTA LAY

MInaFauANNTuFEATILezENNTIATIEH (Linearityand working range)
AeasazansanasgIu BaP anuaudu 1, 2, 4, 6, 8 uaz 10 wlunsuaaiiaaans srennuinesgiu
(calibration curve) seWingaNuENTURURUAlARA Auaadulssansandunusuauiasduy
(Pearson correlation coefficient : r) %ﬂﬂj‘iﬁﬁiﬂﬂﬁlﬁm 1
nadauanuluduasessis leainasazaisanasgiu BaP Tushsfunznandiszauanausui
1, 2, 4, 6, 8 war 10 lulasniudanlandy Ienewseduas 3 21 FenNNsTIINANNENTUTIRNTY

ANNNIUNATIANY TamsHA InaLPen 1

MINAFAUIANNATAINIINIIANY (Limit of detection, LOD)
nadaulaa@uasazasanasgiu BaP Tuihdunznaniiszau o Aoz 3 41 a1 LOD whnu
ANNINTUYRIANTATAIBINAITIUN ITANTANNGNAY 3 1 signal to noise ratio MUIMANNTNIY

Tuaaeiululasnsuaanlansy

. NIANITATNINEAFATNSUNNE
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MINAUNIDATINNATIEA Benzo (a) Pyrene lurhiuuilng KM FUNATU UazNUNNT B5F

MINAFUTANNEUBINIHNBIUTHI (Limit of quantitation, LOQ)

nagaulasmaidnasazmenasgu BaP luihdunznaniszanm 2 whuese LOD Jiasiey
10 9 fnaUiina BaP Tudathe wienna wrecovery Fadnsaglusiedoeas 60-120 uaz %RSD
Factaqlaiiu 2 Predicted RSD, mu Horwitz’s equation

NINATEUS 8BNS AUNAULAZANINT B9 (Percent recovery and precision)

nagauiazazmsaunduLazaNuiswasmsitanzilugimsitenzdiduduase Toodnes
033711 BaP Tushafunznanissduanududu 1, 2, 5 waz 10 lulasniudanlansy Sienewseauas 10 o
W& I srecovery uaz %RSD Tagiitnamimssaniu® dail

gerecovery Frnaaxnsulaaadasas 60 — 120

%RSD, < 2 Predicted RSD, #a Horwitz’s equation

msdszanamanaliwivauyainisin (Measurement uncertainty)®

msUszanamenuliuiveurasmsialaaldasdlsznavaasanaliuiuauiifensas 1haneuim
aanuliutususin udrenamenuliwiveusenaiissauanuidoiu 95% Tawld coverage factor
WNNU 2

We

11303FAUANNHNIZANYDITZUY
MNMIROA IO BATTIUANNENTY 4 WlUNITNADNAANS 3 7 la@) %RSD 204 retention
time Waz peak area L¥NAU 0.917 Waz 1.254 MNAIAU Waza) tailing factor LU 1.086

MINAFIUANNIUNIZLAIZA
PNMIAATNTLAIBNIATFIY, method blank Waz matrix blank wulaifi peak suMUaIN
#5dulumiage laeas BaP 1van retention time AU 15.3 W (Mwi 1)

515348 Benza(alpyrene

3510
e
==

amidl 1 Tasanlaunsnzasansazaneanasyu BaP (A), method blank (B) wuag matrix blank (C)

N3NNI ENFASNTUNWNE
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mMnadauanNluduasiuazdamN ez
PNIMIFTNANNINATFIUTTHINANNDNTUSTABNA55IY BaP Auudnlane wunhianu
FUNUS BT U DDATNANNANTY 1-10 WIUNSNARNAAANT LeelA r NNU 0.9997 (MWD 2)

35.000 -

30.000 -

25.000

20.000

15.000 -

10.000 |

5.000 -

0.000 : ‘

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0

anuAntuasazatnIgIu BaP (n Tunfuseiiadans)

AWA 2 ANUFNNUS TR INANNENTUAUNUN LA WAUBIENTazNBIAIFIU benzo (a) pyrene

a < a i | %’ L4 q' [ Y Y [

nnmMieNzdliina BaP ludathaundusznaniiszduenaiangu 1, 2, 4, 6, 8 uaz 10 lulasnu

@oNlandnNszauas 3 71 WazdINNNNATIUSTHINANNENIUYY BaP Niduludmatnuanumingu
Nasranulenudunusdady Tagdie r Ay 0.9996 (MW 3)

Yy ¥ A v 1A @
ANULUUVUNATIINY (”liliﬂiﬂiilﬂﬂﬂiﬂﬂiil)

120 -
100 -
80 -
60 -
40 -

2.0

0.0 T T 1

0.0 2.0 4.0 6.0 8.0 10.0 12.0

anududuidy (ulasnsusenlansy)

AN 3 ANNFNNUSIEVINA NN NIUN AN VAN N NTUNATIANUYBY BaP luihsiunznan

. NIANITATNINEAFATNSUNNE
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MINAUNIDATINNATIEA Benzo (a) Pyrene lurhiuuilng KM FUNATU UazNUNNT B5F

NINAFIUAANAVDINIINIIAINULAZAAINAYDINIFTHITIUINO

uamsnagaulaa LOD fiszau 0.5 lulasn3udanlanin Tagiien signal-to-noise :MNMsIATIZN
2 3 A%1 WY 22.1, 27.6 Waz 27.4 MNTAU daue LOQ whiu 1.0 lulasniusenlaniu Tag gwrecovery
s Mnmstinasazarsinnsgiy BaP ludedahiunznan eiened 10 5hiy s1.29 uas
%RSD WNU 3.7%

MsNedauSagazaIMIAUNSULATANNTIE
msmaaus”aaa:msﬁuné’uu,a:mmLﬁmoﬁﬂmsLﬁNmimmgmaﬂué’aaﬂwﬁwﬁumﬂaﬂ

AeNuTuTY 4 SEAU SERUBE 10 1 WU gorecovery BgludN 80.5-85.9% waze %RSD, U 3.7, 7.4,

3.2 WoE 3.29% MU FlaiAiue Predicted RSD, 10 Modified Horwitz’s equation® (59 1)

AINN 1 WAMINeFaUsEEazMIAUNAULAzANNINENE BANEINNITIU BaP Nszaue o Tuihiuuilae

(n =10)
Spiked level %Recovery %RSD %Predicted RSD_
(lulasnsudanlansy) (mean + SD)
1.0 81.2 = 3.0 3.7 29.6
2.0 85.9 + 6.4 7.4 26.7
5.0 83.3 £ 2.7 3.2 23.4
10.0 80.5 + 2.6 3.2 21.1

msUszanamannliwivauainisin

asAUsznauamaliwiueuldud metuhwinzassethazaamnasmu luSusswwamsaauiiiou
LAF DI Tu%'maqmwu%qwéwaqmsmmgmuazmémLLfTﬁﬂﬂ%mmmﬁumsm'%aumsazammmgm
anulaiivauannmsynm (precision) MINAFDUSDEILYBINTAUNSY (recovery) wasANNINuUUDY
2a9a13 BaP luasazanadadaiisldan calibration curve Taguszanaanuliwiveuwainmsasa
ieedistau LOQ (annuwudu 1.0 lulasniudanlansn) lamanuliuivausenaduing (Relative
expanded uncertainty) Aszauamnuidaiy 95% @ coverage factor (k) Ny 2 laannu s1.29%
(m‘w*?i 4)

Sample weight (1.0 %)

Standard concentration

Precision (17.7 %) (2.9%)

Recovery (5.2 %)

T~

Final volume (1.4 %)

|
\
\
\
\

Calibration curve (71.8%)

\‘

NN 4 FadIurpIaNdUssnauuaea Ny N wiLaUaIMTIANEY BaP luihiuuslne

i
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AUUNLAY 3 NINYIAN - NUENBU 2558




Development of Analytical Method for Benzo (a) Pyrene in Edible Oil Jitpaka Suntudrob and Kanokporn Atisook

1381323053 BaP luinauuslne
NnMsiNsIa BaP Tuihiuuslaenanvihaludssne Tudl w.d. 2551 — 2556 U 126

Moea U adaNNKEae luUsENd 69 GaeN wazinnNNENUsEINA 57 G184 Tasthenanlssmeanss

v
SR

a o a N a ¢ o R A ? o ° Y
2019 EUU‘LI‘L! @50 WaLde §alUs du uwazanngaanans wuh Ny luan sueanamias 1suaan

9 q

v v
o v w o w

MUALIU NUFan wazihduazhanle s 15 maedn (Seear 11.9) avaldwumsUudlauves BaP
Ne druthiuinlng N hduewdss duhdn hlunznen duNENs DTuNaeN
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Development of Analytical Method for
Benzo (a) Pyrene in Edible Oil

Jitpaka Suntudrob and Kanokporn Atisook
Bureau of Quality and Safety of Food, Department of Medical Sciences, Tiwanond Road Nonthaburi

11000, Thailand.

ABSTRACT Benzo(a) pyrene (BaP) is a marker of Polycyclic aromatic hydrocarbons (PAHs) since
WHO specifies as carcinogenic to human. Method of analysis for BaP content in edible oil was studied
and developed. Liquid-liquid extraction and solid-phase extraction were used to purify sample and HPLC
fluorescence detector was used to quantitive analysis of BaP. The result of method validation showed
that the developed method is fit-for purpose. Specificity of chromatographic system was shown by
retention time of BaP peak at 15.3 min without interference. There are linearity of calibration standards
from 1 to 10 ng/ml and linearity of working range from 1 to 10 ug/kg were shown by Pearson’s correlation
coefficient (r) of 0.9997 and 0.9996, respectively. Limit of detection (LOD) and limit of quantitation (LOQ)
were 0.5 and 1.0 pg/kg, respectively. The recovery of method was studied by spiking standard in olive
oil matrix cover the working range, mean recovery was in the range of 81%-86%. Precision was shown
by %RSD of repeatability was 3.2-7.4 and within-laboratory reproducibility was 86. The measurement
uncertainty of the method showed by % relative standard uncertainty and relative expanded uncertainty
were 15.6% and 31.2%, respectively. From 2008-2013, 126 samples of edible oil sold in Thailand were
analyzed by the developed method, 34 samples (27.0%) were contaminated by BaP. The level found
was ranged from less than 1.0 to 21.6 pg/kg. The results showed that 9 samples (7.1%) of tea seed oil,
rice bran oil, raw coconut oil and unlabeled or unspecified oil were contaminated higher than European

Commission is Maximum Limit at 2 pg/kg.

Key words: Benzo(a)pyrene, Edible oil, Polycyclic aromatic hydrocarbons
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WanN@namMwiaalJUamsieszd azna uazuaadanluih

ATIWUN NHYAT) LazAME

M99 2 @1 z-score ABINANATIZHIIN 12 HavUHuAmsiEnunedaus ez Tuihluudasl

U w.d. Neiiuns

lab
2551 2552 2553 2554 2555 2556 2557
code
*=0.050 *=0.201 *=0.052 *=0.073 *=0.081 X*=0.055 X*=0.071
mg/L mg/L mg/L mg/L mg/L mg/L mg/L
S = 0.003 S =0.011 S = 0.005 S = 0.009 S = 0.0081 S = 0.0052 S = 0.0059
mg/L mg/L mg/L mg/L mg/L mg/L mg/L
% robust % robust 9%robust %robust 9%robust % robust %robust
CV =6.0 CV =55 CV =9.6 CV =12.3 CV = 10.0 CV =94 CV =18.3
09 0.00 -0.09 -1.20 -0.19 0.25 -0.38 0.17
12 0.33 -16.36 0.20 -0.98 -0.99 0.19 2.37
13 1.00 0.82 -0.20 0.15 -0.74 2.45 -0.85
14 -0.33 -1.91 0.00 0.00 -0.37 -0.19 -0.35
21 -1.33 -0.09 -1.40 -0.19 -0.37 -1.13 -0.68
26 0.00 1.73 0.00 -0.87 1.36 1.13 -1.19
32 -0.33 -1.00 0.80 0.26 -0.37 -2.83 -0.17
35 0.00 1.73 -1.00 -0.42 0.86 -0.38 -1.02
39 -5.00 -1.91 -0.40 -2.66 -0.49 0.57 0.00
41 -4.67 1.73 -1.20 -0.42 0.00 0.57 2.54
46 -0.67 0.82 3.00 0.60 0.00 0.19 -0.17
48 -0.67 -0.09 -0.60 0.00 -1.11 0.00 0.85
4 4
o @ Lab No.09 @ ' - Lab No.14
g ~m- Lab No.12 go -@-lab No.21
N —e LabNo.13 N —eLab No.26
2551 2552 2553 2554 2555 2556 2557 ! 2551 2552 2553 2554 2555 2556 2557
e
|
v ' @ Lab No.32 v - Lab No.41
§ 0 —&- Lab No.35 § ~#- Lab No.46
N —o-Lab No.39 N —e-Lab No.48

2551 2552 2553 2554 2555 2556 2557

2551 2552 2553 2554 2555 2556 2557

ANA 1 @) z-score UNHNILATZHIN 12 BaUHUams Nnsiwnedau azna Tuihluudaz
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namsUsziiiua z-score waanUHURMINEITINNATDUANNDINYMIIATTVLAALTHBY

Y 8 N Hudnms wuh 5 vWesdjUans (lab no. 21, 35, 39, 46 waz 48) N z—score ogfluLnouei

a a I v v a va P 1 ool 1 [
‘wmwahvgniau oLty sa8ay 62.5, 1 ¥eUuAmMs (lab no. 09) NAN z—score agiumfwmmmmaﬂ"luiau

usnuaztly outlier Tusaudi 2, 2 WoaUfidims (lab no. 12, 26) @1 z-score aglutnawiniaadely

59U7 7 uazIBUN 4 MNEIGU (N7 3) LA z-score 3 plot azlaukugil (MW 2)

P ' a s v a va A v g ~ H VA
G113 MNN 3 A z-score YANNIIILAINSHIAIN 8 WaQﬂ{]UﬂﬂjiwLﬂjﬁju‘ﬂ@aaU“’l LLﬂﬂLNﬂNSLuu{LuLW\azﬂ

U w.e. nendums

lab
2551 2552 2553 2554 2555 2556 2557
code
X*=0.0082 X*=0.0087 X*=0.0072 X*=0.0056 X*=0.0080 X*=0.0042 X*=0.0059
mg/L mg/L mg/L mg/L mg/L mg/L mg/L
s =0.0011 s = 0.0015 s = 0.0010 S = 0.0006 s = 0.0015 S = 0.00067 S = 0.00077
mg/L mg/L mg/L mg/L mg/L mg/L mg/L
% robust % robust %robust %robust %robust % robust %robust
CV =134 CV =11.2 CV =13.9 CV =10.7 CV =18.8 CV =16.0 CV =13.0
09 -2.91 6.53 0.70 0.17 0.47 -0.75 -0.39
12 0.18 -1.47 0.80 -1.00 -0.73 1.49 -2.21
21 0.45 0.07 -0.10 -0.17 -0.20 0.00 0.91
26 -1.36 -0.93 0.80 -2.50 1.13 -0.15 -1.95
35 0.09 -1.53 -0.20 0.50 -0.13 -0.90 -0.39
39 0.55 -0.07 -0.30 0.33 -0.13 0.60 0.91
46 1.09 0.73 1.20 0.33 -0.20 -0.45 -0.26
48 -0.55 -0.47 -1.00 0.67 -0.27 1.19 1.17
4 4
3 r 3
2 2 - -
g @ Lab No.09 - o A ~®-Lab No.21
¢ .0 -mlabNo.12 ~@-LabNo.26

2551 2552 2553 2554 2555 2556 2557

z-score
3 5 °
[

N

W

2551 2552 2553 2554 2555 2556 2557

Z-score
o

/.//. @ Lab No.35

e ® —#&- Lab No.39

2551 2552 2553 2554 2555 2556 2557

/ @~ Lab No.46

z-score

s g @ —&-Lab No.48

2551 2552 2553 2554 2555 2556 2557

a ' a s v a va A v P H v
HINN 2 @) z-score YNHNIILAIISHAINN 8 Waﬁﬂ{]u@lﬂ’]ﬁﬂlﬂjijuwﬂaaUﬂ LLﬂﬂLNﬂNo‘Luu{lULLWaZU
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maensdiunlingumwidasiasljiamslumsimnziosn wasuaadenluihlos PT
Provider 5@ assigned value (X*) war standard deviation (s) %ﬂtﬂumﬁﬁwmmmmﬂ robust
analysis: Algorithm A luudazsau azfieaas (X*) wiansnszas (s) waqﬁagaﬁumﬂ@hqﬁ’u il
wWisuiisuasuuudayauaiudazsauasy Standardized scores ¥38 Normalized scores nau lag@nim
Spoored (@UTBIVIINATTIUTIN) UAE 5, W s Tugns Ana z-score Tuusazsaulva then
z-score %1 plot ﬂ’iﬂwﬁlugﬂ control chart"” Ltazg’ha%ﬂu statistical control %35alai L‘ﬁ}a@uu’ﬂﬁ'ﬂ
(trend) fionafideizmsmuquanmwdug limansovanld Wumsaeanudeiuluammwaas
NAMIIATIZA UazEzNDUTNANNEINTO2DINaNUUAMS (performance lab) Tumsasaienzvinams
A5

wamsienziunlingumuudasiasl foamsliansiasmluh Tudsanalnsnnmadidm
wmaaummﬁwmmashwiaLﬁmmu 7 99U NIU 12 KaeUHUAMT wuh 5 e jiudms (lab no. 9, 14,
26, 35 LAY 48) ﬁNaﬂwiﬂs:Lﬁuaﬂiuaneﬁﬁﬁmuﬂ (control limit) ﬁaﬁmsnsxmaﬂ’ay}aa@aaﬁw central
line agheasniana, 1 WeUfudns (lab 21) wamsusziiiy 7 30 daLﬁaqagislﬂé' central line, 2 %o 1R
M3 (lab no. 12, 41) wamsUsziliu 1 99 aoNUBNINATITIMWLG B 1 90 BE52WIN warning limit uay
control limit, 2 ¥eaUfuAns (lab no. 32, 46) wamsusdiy 1 9@ aaﬂuamﬂmsﬁ‘ﬁﬁmum, 1 Wl uiems
(lab no. 13) Han13Usetiy 1 3@ 8g5¢WIN warning limit waz control limit, 1 WesU{uans
(lab no. 39) wamsusziiu 2 0 DBNUDNLNA (mswﬁ 4) LLa::Lﬁ'a‘Liwh z-score THNaN plot azl@i"l,mugﬁ
ﬁiﬂﬁmuquqmmw (mwﬁ' 3)

@390 4 @1 z-score ABKAINATIEHIN 12 Haslfuamsihsrumadaus aznluinegneaiiias

P R ¥
waenalesld rsd .
U w.e. neniiums
lab
2551 2552 2553 2554 2555 2556 2557
code
*=0.050 *=0.201 *=0.052 *=0.073 *=0.081 X*=0.055 X*=0.071
mg/L mg/L mg/L mg/L mg/L mg/L mg/L
s = 0.0045 s =0.0181 s =0.0047 s =0.0066 s =0.0073 s = 0.0050 s =0.0064
mg/L mg/L mg/L mg/L mg/L mg/L mg/L
% robust % robust 9%robust 9%robust 9%robust % robust %robust
CV =9.0 CV =9.0 CV =9.0 CV =9.0 CV =9.0 CV =9.1 CV =9.0
09 0.00 -0.06 -1.28 0.46 0.27 0.81 0.16
12 0.22 -9.94 0.21 -1.37 -1.10 0.20 2.19
13 0.67 0.50 -0.21 0.15 0.82 2.60 -0.78
14 -0.22 -1.16 0.00 0.00 -0.41 -0.20 -0.31
21 -0.89 -0.06 -1.49 -0.30 -0.41 -1.21 -0.63
26 0.00 1.05 0.00 -1.37 1.51 1.21 -1.09
32 -0.22 -0.61 0.85 0.30 -0.41 -3.03 -0.16
35 0.00 1.05 -1.07 -0.61 0.96 -0.40 -1.09
39 -3.33 -1.16 -0.43 -3.65 -0.55 0.61 0.00
41 -3.71 1.05 -1.28 -0.61 0.00 0.61 2.34
46 -0.44 0.50 3.20 0.76 0.00 0.20 -0.16
48 -0.44 -0.06 -0.64 0.00 -1.23 0.00 0.78
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@ Lab No.09
—8—Lab No.12
—e- Lab No.13

z-score
°

Central line

2551 2552 2553 2554 2555 2556 2557

@ Lab No.14
—@- Lab No.21
—¢--Lab No.26

z-score

2551 2552 2553 2554 2555

2556 2557

ucL

Central line

wL

L

@« Lab No.32
—&-Lab No.35
L) —e- Lab No.39

ucL

Central line

2551 2552 2553 255¢ 2555 2556 2557

@~ Lab No.41
—=— Lab No.46
—o--LabNo.48

z-score

ucL

Central line

AWA 3 @ z-score NWNILATIZHIN 12 VasUHudmsiEnHunedaus azmluihadwaaiiia

a ¢ v ' v a wa a o P S
WanNIII Lﬂ‘iw‘wLLu’JIuNQmﬂWWLLﬂazﬂBQﬂ{]UGlﬂTﬂLﬂ‘nzﬂLLﬂ@]LNEINIu‘m luﬂ‘jgl,ﬂﬂlﬂﬂg\nﬂﬂ']s

WITINNAFDUAN NN QYBEING DLUDNIATU 7 50U DU 8 WavUHUAnI1s wudr 7 Wasdjuans

(lab no. 12, 21, 26, 35, 39, 46 waz 48) NwamsUsziiuaglunaminimue (control limit) Aa HmM3

v ' v . ' s ) a wva a
N5EN8YDYABLFBIUN central line pENFNILEND, 1 WaNUHuamMs (lab no. 9) wamsUsetiiu 1 90

8835513 warning limit waz control limit waz 1 30 pNUBAAMUNAINUA (MTNN 5) Uas

d o . . v adq v o
t{a1he z-score Tnaian plot azlausuginldmuanaumn (nwi 4)

3NN 5 @1 z-score WNKAIATIEHNN 8 WavlfudamsiEnPuedaus wealsnluihagnaadio

A o v
wiaennalesly rsd .
U w.a. Neniiums
2551 2552 2553 2554 2555 2556 2557
X* =0.0082 X* =0.0087 X*=0.0072 X*=0.0056 X*=0.0080 X*=0.0042 X*=0.0059
mg/L mg/L mg/L mg/L mg/L mg/L mg/L
s =0.0012 s =0.0013 s =0.0011 s = 0.0084 s =0.0012 S = 0.00063 S =0.00088
mg/Lmg/L mg/L mg/L mg/L mg/L mg/L mg/L
% robust % robust %robust %robust %robust % robust %robust
CV =14.6 CV=11.2 CV =15.3 CV =127 CV =15.0 CV =15.0 CV =14.9
09 -2.61 7.54 0.65 0.12 0.58 -0.80 -0.34
12 0.16 -1.69 0.74 -0.72 -0.92 1.59 -1.93
21 -0.57 0.08 -0.09 -0.12 -0.25 0.00 0.79
26 -1.23 -1.08 0.74 -1.79 1.42 -0.16 -1.70
35 0.08 -1.77 -0.19 0.36 -0.17 -0.95 -0.34
39 0.49 -0.08 -0.28 0.24 -0.17 0.64 0.79
46 0.98 0.86 1.12 0.24 -0.25 -0.48 -0.23
48 -0.49 -0.54 -0.93 0.48 -0.33 1.28 1.02
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@ Lab No.09 @ Lab No.21
a : N #-Lab No.12 a —=—Lab No.26
3 3 ucL
g 2 UWL
ot [
] ] A
7 by a \
N O Central line N 0 = Central line
1 1 —
¥
P - % I .
®
3 memem L R Lo
-4 -4
2551 2552 2553 2554 2555 2556 2557 2551 2552 2553 2554 2555 2556 2557
@~ Lab No.35 .9 Lab No.46
. —=—Lab No.39 § & Lab No.48
R ucL 3 fomsmmmcmmmommccomecmcesssmccsscsmsmsccsceresseeSeesS s c s ucL
2 - uwL 2 == uwL
g 1 %’ 1 ° - . ) /’k\"l
0 g S
N 0 —is i — Central line N o — - - Central line
1 e 1 —u
—— —= LWL
2 2 a i L
--------------------------------- LcL
3 it LcL
-4 4
2551 2552 2553 2554 2555 2556 2557 2551 2552 2553 2554 2555 2556 2557

MW 4 A z-score YDIUATZHAN 8 VovUJUAmMsnEnINnedaus ueaisnluinsgneatila

a 4
AU

mimaaumm'ﬁwmmumﬁmiwzﬂamﬂlmﬁ Wumsdszdivanusunsavesljuanslaanis
Wisuiiisunasswisiasljiamsae g fratheiidldiiaslfianmsiaianuadydacienuiiuia
LAENNU u,mumimaaummﬁmwfﬁé’ﬁuﬁummLﬂutﬁmﬁmﬁunﬂmﬂmsTmamsmaauﬁmaaa One-Way
ANOVA wuhmnaemslifinnuuananeseninena (p>0.05) FaturaIA TN ENEN AT z-score>2
AlilaiennanuulsUsvuasiad

Tumsuszdfivnaanuaansazasiasljuiamsaansnlaada robust analysis: Algorithm A ¢
ISO 13528 Lﬂuﬂszmumsmqaﬁﬁﬁiﬁ'uﬁ'ﬂmmmmﬁwﬂ'w‘ﬁﬁﬂﬂﬂ& Toaldnsufias (rejection value) i
wanideawansznurasmaiiisuunndayaatuiissun wdhiimmamlsanamassiwasiivda ailai
azfinnunugs inzlilasunanssnuanmsil outlier

LHUMINAFRUANNENNYMINTITIATILHNMLAT] YNHUINAUMNLIEANNUFDANEDINNT
1a5unssusesanuansalialusunsunagauanNudNyNNNTNINENMFASUINMS Gaudy w.e. 2556
Fadlumdnussiuliamngniulaldhmsusmsiamadadn fayannace asfullmunasmuamnassun
ISO/IEC 17043:2010 uamnﬂm's%'fmé’uuuﬂﬁmmfam%ﬂLﬂuﬂ%gqmnua"a NFNFENITAFDUDIN
USnw vidalitaminaiinmsnsiadenzvle

Foyaildnndasfiamswuhaulnylfiziensiviameieimioutu visadeedsiu s

9198N5IATILHN Standard methods for the examination of water and wastewater (APHA) u@a

MN5ASNTIANNAFTASMTUNNE

AUUNLAY 3 NINYIAN — NUENHU 2558 <7



Potential of Analytical Laboratories of Lead and Cadmium in Water Kannika Jittiyossara et al.

1#wmaila atomic absorption spectrometry (AAS) %38 induced couple plasma optical emission
spectrometry %38 mass spectrometry (ICP-OES, ICP-MS) %ﬂlajwummLmneim:wdwwaﬁmswﬁ
ldnnmeiiafideiumanil Woslfiamaiiier z-score aglunmsiiilithwela wasidu outlier
Tusauusn s aansawannuamsanaiensilvedlunagmiiihwela @ z-score fagluinamilaivhwela
Tusaud 6, 7 LLamﬁqmwlﬁaﬁwLauawaqmim'sﬁmsw::vi“ﬁaqﬂﬁﬁ’amsﬁﬁwawﬂaaulﬂaawﬂﬁmﬁu
Waefiamedu msiasanmannaiinansznudemanaday ldud wisiia wiawudiilidasdissasnm
msdauiiiay Imsmuauaumwaanedasiia madweiashdasgndasmuiiimvue uaniuiidmiy
miAensilansFinam esamstuiiauiisdmanssnudawamsissd msldmand VERECHEANGN
FaeiannIgIususas Fnnnanudndurssnsnesudasienuminzan liguiuly maesenaiagn
fianuddny daandandoaslifianuduiuaglugrnnanaspuiieuldnneias fssuumuauammn
maly wu aiisldain method blank daslsitiudesiazesmsasiany (LOD) AMIFNS IO
atludhadhailamamsndudiu (% recovery) asiadaumsaunn mssalautayaliiianugndas
Fsnaseuiivaerunou andimaiagenndasinduguisanulifenumansouastssauman

mstszduenuaansoudazviasuudmsluszazeam Togthuad ez laan plot graph lugu
control chart Fuiuunugilumsmuauaamwmaanaiensy Tasivdnmsneadamansiuaas
control limit 289WNAUY upper control limit (UCL) Wnaan lower control limit (LCL) waztdunay
central line (CL) dhenitldnszneagmelduaueaudashuamsiensiagmeldmsauas (statistic
control) thehiildaguanmiladaifanisasudasimamsiinnsiagmilamamuay e iemsuisiuiu
spuaimwualagandendnmesds lusemsazia wuh 1 WanUfuams (lab no.21) Nuamsusziiiu
aglunawiiiwalannsay 1iethan plot graph lugu control chart iuldFauhwasftiamsiug
Armesiennt assigned values Nnasiatadaiiias 790 dlsiifluluew statistic control ananamlaims
ANzl fuamstiaenuiana1n (error) Foaananneiasiionls 353ee viean
fufTRnues msldiadesiodn (instrument) wazmaiiamsiafdianuadn Nndeyauamnadaunas
gangnwud Wesljuamsldinaiia (AAS) Flame nﬂﬂ%gﬂumsmaaﬁl,mwﬁ %{tmaﬁﬂﬁymmsﬁumq
ﬁﬁ@hmi@ﬂﬂﬁuum (absorb) 'ﬁgmazﬁh absorb fislgaasaei (ii9) udazmilans (absorb) o @i
sulasaliasiidaiumaeiendacudaddiionududunnwaiieldefig e absorb geanuinasi
figiiammun 35i5elimnziudeieiiianuduium 4 udanuamandauriiaiainsaihimadiagy
nluuddsaaanuamainiauld lunamsueaidisnwuiienljiansmauisinnesgulumsana
Sz Togmmedasd HU0amsn o imsiennmsanadensifidiuldacheany vaedesfiamsiden
Hesosiiaiifimaluladiszdugs 1@y ICP-MS, ICP-OES  indasiiawmanilazlinamsiensiiineid
wdniludasdaanug enudhlalumeiinfiasiamey wasiivssaumsaiashaiisswa fiddagufticnu
dasiianug anuinla lunuiiou e semsiensiilddalianugndas wive wazhizeds

manadgauanuinngg Wumslssiiunavmhenumeuan Jiianuhideda dWesmnunann
mstewden wazlFinaspudetu namsssiuiumsuendeenuaansavesiaslfiamsdileiisusu
W fiamssuiithumanagavlusauiiieniu wamsussinluudassey wisszarenasdliiiiui
AMNLaNeNsEnIdanliams uwasmadhimesauamudings addaiiadatuaniegunin
wazanasslumsufianu fanhlugmswaunvenlfidmade
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GRNL

9

msUsziiviasljiamaiansiasmussuandionluh luusanalng sewihad w.e. 2551-2557
wuhaslfiamaiensiasm wasuaadien dulvajinamsiiansieglunagiimiwela vaafidms
AfinamsUszdivlusauusn agﬂmnmsﬁﬁmmé’ﬂ w%alsimwahmm'mLLfi"ﬂmUm“?iLﬁmﬁuluﬁaqﬂﬁﬁanﬁ
wazannMIaTITINliianugndas wiudh mahwamsnedauanuiings vaeaisedudaiiias
wiengiiieguinlindumsiannaamwassudazias fiamslaald control chart Wunalnluszuy
AMMN UBNTNAMMN wazUsednSmMwueiasljudns (performance lab) Tusnamsasianiu g aeay
s gidmsinsuiuly wasianneddaidles mlduemsasalinnsiianugndss ideie
Frardanaliguslnaldiumsduasasnnmsuilnaanmsuasiuminloansds

maiflu PT provider dumsanaiansilavsluhuasdiinaumwuazenuiasadaeims
nawinenenaaimaunndiy Wueiasfiofiavhelumswandnamweasiaslfidnms iesmniivssy
30 uanudsuanudadiu viamsiarmenuua wisuduviaiidumnelrngnldfinson Feasily
ol jianmsaninsadsulpuasiannmsanaiensililaumnuazanasumiienny

anenssndszne

[

2BVAUANUNAYY) WNgu UnInemaasnsunnddnnamsnitay nganlimusne wuzi

o
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Potential of Analytical Laboratories of
Lead and Cadmium in Water
in Thailand during 2008 - 2014

Kannika Jittiyossara Pichaya Deesri and Sakorn Singsalasaeng
Bureau of Quality and Safety of Food, Department of Medical Sciences, Tiwanond Road, Nonthaburi
11000, Thailand.

ABSTRACT Bureau of Quality and Safety of Food (BQSF), Department of Medical Sciences,
conducted a proficiency testing (PT) program on analysis of heavy metals; Pb and Cd in water in order
to evaluate the competence of participating laboratories during 2008-2014, (7 rounds). Homogeneous PT
sample of water for analyzing lead (Pb) and cadmium (Cd) were delivered to the laboratories that would
send the results back within a designated time. The results were analyzed statistically using the z-score
to assess the ability of participating laboratories. More than thirty laboratories participated in the PT
programs each year. There were 12 and 8 laboratories that enrolled the Pb and Cd schemes, respectively for
all 7 rounds. It was revealed that there were six Pb laboratories and five Cd laboratories having
satisfactory results in every round, with the percentage of 50.0 and 62.5, respectively. Trends of
participating laboratories quality which their continual PT results showed by z-score calculated from
s value can be determined. The laboratories could perform continuous self-evaluation by calculating
percentage of pooled relative standard deviation (%rsd,,,,eq) of previous round which was subsequently
used to compute pooled standard deviation (Spoo]ed)’ resulting the z-score. For Pb scheme, it was found
that new z-scores of a laboratory were lower than the assigned values in all rounds. Although obtaining
the satisfactory z-scores, such laboratory should find out the causes and correct those problems. For Cd
scheme, all laboratories could maintain quality of their performance at satisfactory level. In conclusion,
the evaluation of successive PT results could indicate potentiality of laboratories by considering trends
in either direction of the results. This would enable water analysis laboratories in Thailand to improve

and develop their competence and to achieve the same standard.

Key words: proficiency testing, water, lead, cadmium
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Anwdoyarasrast fiansmemsunngildSunsasiaUsediivuezldiunsiuses
ANNEINIRlUANT auanassu ISO 15189 MadunNesgIuiasljuianms ludadsunnnen
WA, 2553 — LHDUSUNAN W.A. 2556 NUIU 76 Wil AeLilu 1009 wmﬁmﬂﬁﬁamsﬁwm Toauiai
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wasufudAnmsdinalseswening 61.8% ﬁﬁé’?qagﬂuﬁi’lﬁwi’m (65.8%) MNNNIUNFUNNY wazUSuama AW
UINMINPVIANZANMNANUHUAMS (76.3%) MnnaTatudunsadnINe (23.7%)
1.2 mauwSsuifisummisresssesnmudladaunnsawasudosnguiiaden o ndu (mand 2)
Teuadsil
1.2.1 szazlIaIun ldaunwsavasuaaznguiadeliuananiuadwilidsdragneada
(p-value > 0.05) fiszuanudesiu 95% laud Ussianyasmiheny fie #HaAaN U UANT Hillanas
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i 2 Uadeninadassaznamsud ludaunwissaiasd fUams i 76 uis

SLELOAILA LY p-value
e DU (%) Faunwsas () Nz

ANNTDNY 95%

tadamluzasiasufuidinns

1. Uszannienu 0.268
- MA3y 41 (54.0) 204 + 91
- MALNTU 35 (46.0) 226 + 85

2. 969 (Location) 0.758
- DFUNNW uazUSNaNa 26 (34.2) 210 + 85
- ANNIA 50 (65.8) 217 £ 91

3. glewawiadljuans 0.181
- dnalsanenug 47 (61.8) 202 + 68
- lddanalsawenua 29 (38.2) 234 + 113

4. FUAUDINTUINMST 0.254
- USMIATIVNATIEA 58 (76.3) 206 + 74
- AREUTURIBANENIY 18 (23.7) 242 + 123

5. dnlesumssuses )

MRdY =4 0.006*
<4 42 (55.3) 189 + 74
>4 34 (44.7) 245 + 96
davgpaan1ssusad
6. 2aUMENBNIIUTAN (MINAFTAU) 0.707
MR = 30
<30 39 (51) 186 + 99
> 30 37 (49) 218 + 77
7. FaUANIINLATUNNNTATIA 0.041*
Usudiusin (90)
Andy =23
<23 43 (57) 181 + 85
> 23 33 (43) 240 + 88

Vv U v a L VvV
8. YAUANWINOUUIWIFANNT (UD)

MY =6 0.172
<6 39 (51) 186 + 87
> 6 37 (49) 221 + 89
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a9 2 adehiinadeszaznaimsunlagaunwsasasiasUfudns vy 76 ums (da)

SLELAILA Y p-value
NIRRT DU (%) AoUNWsad (W) Nszau
ANNLTDNU 95%

9. YBUANIBIMUITINS (9D) 0.057
Auade =17
<17 41 (54) 181 + 90
> 17 35 (46) 245 + 83

o e ' o oA
* ﬂf\)ﬂﬂ‘ﬂi\lNEWIE]izEISL’Ja'lLLfﬂ?_I?IaUﬂWiaQ‘VI p-value < 0.05

1.2.2 sz8z8IWn ldaUNNI B92aIuAazngNTaTauanaINnuat i tad Ay neada
a o d Y 1 o oy v @ ° v Ay vw
(p-value < 0.05) NszAUANNTDNU 95% Laun NWUTNLASUMITUIEY wazUaUNNIINlASUIN
M0 T2 UTIN
= v o J U e v v v
2. M3AnwANNFNNUsTasianiinaraszaznaIud lutaunniag
2.1 Anwanudnnusreudaznguadedassazaiun ladaunnsas nedadeniliyes

WU udims wazthadeassmssuses lashinuSsuiisuamasvasszaznaimsudladaunwsawaeuaas
nandadens 9 ngyn Nnmsdnwmlude 1.2 wasihdadeduudaunnsasilaannnmsasradssiliveny
Famvua ISO 15189 11U 23 Ngn 93X 32 Naw leeldmsnadauuwuuniuu (Binomial Study) waz Odds
Ratio (1519 3) lananail

2.1.1 ngndadeniianudunuseaszezaiun ladaunwsssagwiliadriagnada
dl = o 1 v U ° = ld' Yo [ J v 1 kg a
i p-value < 0.05 HTIU 4 ngu laun PwUTNlaTUMsTuses Mwudaunnsas NI
NUIUTBUNWINNINTDMVUAT 4.3 MIMIVANLBNEIT UaENUIUTBUNWIBININTDMVIUAN 4.15 MINUNNIY
MIUTMSANMNS

2.1.2 vinsljuamsnlasumssusasnnnh 4 Uazldnamsunladounwsannunhvisslfiams
A va o 1 a o oA I '
nlasumssusaalaiiu 4 U 8 3.67 i fien 95% CT agfludae 1.43 - 9.41

2.1.3 vevnlfuamsilasudaunwsasaruimmsnuiuannni 17 98 azldnainsunly
v ' v a va AN v o ' Y a 1 a Y T
ApunwsasinunNiaslidmsnlasudaunwsasmudzmesnlitiu 17 98 & 2.60 i Aien 95% CI
agluza49 1.04 - 6.52

2.1.4 ¥auUuanisndannudaunnsesnndamnuei 4.3 A15AIVANLBNEITHINAT

Vv 4 Vv 1 J v a va l!' Yo v 1 Vv ° A!' 1T a v

2 9o azldnmlumsunladaunwsasinunhvasdjidmsilasudounwsasnndamvued 4.3 Ly 2 9o
94 3.58 1 Nien 95% CI aglugaa 1.32 - 9.69

2.1.5 WauUUAmsnINUIUTDUNNIDINNTDNNUAT 4.15 MINUMUMSUIMTAANSazld

v T v \ 4 a vYa ‘ﬂ' v Yo v 1 é’d \J lﬂl 1 ) 1

nawd lidaunwseandaaniniesdfuamsilulasudaunwsasilda 3.33 i 81 95% CI aglurin
1.22 - 9.09
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m3ni 3 Uadsdunusnuszaznmudladaunwsas (Asndengn 216 u)

. ONEIUDDN 95% CI
Uy p-value
(Odds Ratio) (Min — Max)

tlasam luvasvasfitinis

1. Uszanniiegany

1.1 MA3g 1.00 0.68 - 4.13 0.26
1.2 MALBNYY 1.68

2. fina
2.1 NFUNWI wasUSnama 1.00 0.53 - 3.50 0.52
2.2 GNWHIN 1.36

3. #ieaaeviadljuams
3.1 Tsanenuna 1.00 0.53 - 3.32 0.55
3.2 Waajiams 1.33

4. FUNYDINITUINS
4.1 USMSANIANES 1.00 0.54 - 4.35 0.43
4.2 O5HUIUVIDANBINY 1.54

5. MMHUUNLAsUMITUTN

51 <41 1.00 1.43 - 9.41 0.006*
=
5.2 >4 1 3.67
Uavauaini1ssusay

6. WDUANENYBNITSUTD
6.1 < 30 MINAFTDU 1.00 0.69 - 4.16 0.26
6.2 > 30 NSNAFDU 1.69

7. MUUTDUANTDIN LA SUNINNG
7.1 <23 %8 1.00 0.67 — 4.13 0.27
7.2 > 23 %8 1.67

8. MUNUTDUNNIBIMUUSINTAINMS
8.1 <68 1.00 0.56 — 3.34 0.50
8.2 > 6 U8 1.37

9. MNUTAUNNIDINUITINS
9.1 <17 98 1.00 1.04 - 6.52 0.04*
9.2 > 17 98 2.60

10. DUIUTDUANIDNNNTDMVUAN 4.1 DIANS

LazNISUIMS
10.1 = 0 2D 1.00 0.62 - 3.71 0.37
10.2 >0 98 1.51
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37 3 Tadsdunusnuszaznmudladaunwsas (Aandengn 216 ) (da)

. 2ONEIUDAN 95% CI
e p-value
(Odds Ratio) (Min - Max)

11. MNULBUNNWIBINNYDMAUAN 4.2

FEUVUIMITAUMN
11.1 =0 28 1.00 0.45 - 2.70 0.83
11.2 >0 28 1.11

12. MNULBUNNWIBINNYBMAUNN 4.3

MINIUANBNTNS
12.1 <229 1.00 1.32 - 9.69 0.01*
12.2 > 2 %8 3.58

13. MIULDUNWIDINNADMAUAN 4.4 MINUMIUTUAN
13.1 =048 1.79 0.56 - 5.88 0.33
13.2 > 0 %8 1.00

14, SNOUTDUANSDIINTDINNUAT 4.5
MInalaaiaslfuamssunsiade
14.1 = 0 %8 1.00 0.64 - 4.48 0.29
14.2 >0 %8 1.70

15. MuTaunwssInTamvuad 4.6
msdadauimameuanuaziag
15.1 = 0 %8 1.00 0.56 - 4.00 0.42
15.2 >0 %9 1.50

16. SNOUTDUNNIDIINTDMNUAT 4.7
MSAUSNMIAILLULIN
16.1 =0 %98 1.41 0.38 - 1.96 0.62
16.2 >0 U8 1.00

17. MUIUIBUNNIBNNNYDNMKUA 4.8

M3 ladasaasey
17.1 =0 %8 4.17 0.93 - undefined 0.06
17.2 >0 28 1.00

18. MUIUABUANIAINNYDMVUAN 4.9#
Ql dl 1 v o
msmuauanliduldandamrue
18.1 = 0 98 1.79 0.68 — 4.76 0.24
18.2 > 0 98 1.00

19. MNUUTDUANIBINNTDMUUATN 4.10

Ujuamsunly
19.1 =0 %98 1.00 0.35 — 3.72 0.84
19.2 >0 %8 1.13
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m3ni 3 Tadedunusnussaznmudladaunwsas (Asndengs 216 1) (d9)

. ONFIUDDN 95% CI
tade p-value
(Odds Ratio) (Min — Max)

20. MUIUTDUNNWIBINNIDMUAUAN 4.11
RN R RITRE

20.1 =0 %8 1.00 0.28 - 4.47 0.87
20.2 >0 %8 1.13

21. UILTDUNNIBINNTDAIVUAT 4.12
msﬂ%’uﬂ@mshwimﬁm
21.1 =0 %8 1.00 0.36 - 2.77 1.00
21.2 >0 %8 1.00

22. TNIUTBUNNIBINNTDIWUAT 4.13#
TuineNUAMMNWLLINMT
22.1 =0 %8 1.00 0.73 - 4.74 0.19
22.2 >0 29 1.87

23. TNIUTBUNNIBINNTDAWUAT 4.14
msaTdamumely
23.1 =0 %0 5.95 0.47 - 3.33 0.65
23.2 >0 29 1.00

24. TNNUTBUNNIBINN FaMVUAT 4.15#
MINUMIUMIUIHITINNS
24.1 = 0 %0 3.33 1.22- 9.09 0.02*
24.2 >0 99 1.00

25. TNIUTBUANIBINATDANUAT 5.1 yAaIng
25.1 <178 1.00 0.92 - 6.05 0.08
25.2 > 1 99 2.36

26. TNIUTBUNNIBINNTDIMWUAT 5.2 FoIURUAE
Funadan
26.1 <178 1.00 0.82 - 5.30 0.12
26.2 > 1 98 2.09

27. SNIUTBUNNIBINNTDAWUAT 5.3
i3asilawasficims
27.1 < 298 1.00 0.55 - 3.32 0.51
27.2 > 2 98 1.35

28. TNIUTBUNNIBINNTDAWUAT 5.4
sziigudfuanaumsanadenzi
28.1 < 2 %8 1.00 0.46 - 3.00 0.74
28.2 > 2 %8 1.17
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P v v o s % 1 1Y a v o v
519 3 Yadedunusiuszaznaus ludaunniag (MaNBNNGN 216 IU) (AD)

20EIUDDA 95% CI
Uy p-value
(Odds Ratio) (Min — Max)
29. SuUTaUNNIaINTamvuaT 5.5
Fumpumsnagau
29.1 < 378 1.00 0.50 - 2.99 0.66
29.2 > 3 98 1.22
30. TNIUTDUANIBINNTDANUAT 5.6
msUsznuguANWIsNadau
30.1 < 2 %8 1.00 0.83 - 5.18 0.12
30.2 > 2 U8 2.08
31. SNNUTBUNNIBINNTDINUAT 5.7
MIAMHUMTHAINIATININATIEA
31.1 =09 1.00 0.82 - 5.30 0.12
31.2 >0 %8 2.09
32. SNNUTDUANBINNADMUUAT 5.8 MFNENUNE
32.1 <178 1.00 0.47 - 2.98 0.73
32.2 > 1 99 1.18

o o a

*[E Ay Nade N p-value < 0.05

2.2 MINANWNMI00008NYladadn (Multiple logistic regression)

waanaadaniadaniu (Confounding factors) Fuladnwmenuduwusvasnntaiese

szasnmildunladaunwias logthdayann clued odds ratio imhhanmsmsnanaeawrladadn (a15197 4)

° oy A var o ° v ' Y ¥ o P
Qjﬂ)ﬂﬂﬂlﬂﬁ“ﬂjiiﬂiaq LLaSQ’]u')u?laUﬂWiaQ'ﬂlﬂﬂ’]ﬂﬂaﬂ’]wuﬂ‘V] 4.3, 4.9, 4.13 LA 4.15

Wutladsdunusnuszasinann ludaunwsas 1o model Hlddmsunswennsal laaiianylif 80.56%

LAZANNIILINIE 72.5%
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M 4 ANNFNNUSTNTRENT AR5z 8L AN 1F lUNSUA LT UNWI NN UANNEDNY 95% Lasls
MIeNziMInanasnyladadn (Multiple logistic regression)

o o o se Adjusted p-value
UeduWUS A USRI ILA LY [95% Conf. Interval]
Odds Ratio
NIUUNSUs
<41 1.00 0.012 1.42 16.69
>4 1 4.86
NUTBUNWIN L@NNTBMUAN 4.3
MIAUANLDNENT
<298 1.00 0.002 2.16 35.89
> 299 8.80
MUTDUNWIBIN LA NTDMAUAN 4.9
MITTYUazMIIUANET lidannaas
=099 4.54 0.038 1.09 20.00
>0 %9 1.00
DUABUNWI NN LANNADMVIUAT 4.13
MIMUANTUNN
=098 1.00 0.048 1.01 14.43
>0 %8 3.83
2BMUUAN 4.15 MSNUNMIUITZUVUIINS
24.1 = 0 98 4.54 0.028 1.18 16.67
24.2 > 0 D 1.00
PN 'l
AU

msnnluasiiildindayanmuazasianjiamsildsunnmsasalsaiuuazldiumsiuses
anuansovasludmsnnaiinanesgiuiaslfuams Turnd w.e. 2553 - 2556 iiaanANNEanaIn
fiennmsguiats

namsuisuisudmasuassaznaudlagaunniasasiladens o 9o Taeld pair t-test wud

1. wnisslfuamslasumssusaannnt 4 ¥ aldssaznanusladaunwsasinunhvasdjiams
ldsumasusasliiiu 4 T 7l p-value < 0.05 Fazdaandasfumamanuduiusszienguiladady
svznauiledaunnsas Toeld Binomial study waz Odds ratio Fauaasliifiuh weslfiamsilasums
Suseadu 4 U agldnaudladaunnseaununhie s.67 wh wasiladathdssumusanlagldmsinned
dum3 Multiple logistic regression faslaualudnvaideny Sudumsuaasmstiudunamsnmiih
mnasfuanmslasumssusasanuannsamnund 4 ¥ azilemaiazldamlumsudladaunnsas

Tawnuni 84 4.86 11 (Adjusted Odds ratio)
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2. winvanludnmslasudaunwiassinnnnni 23 48 azldnaun ladaunwsasuiunin
wonlfuamsilasudaunwsasliiiu 23 da 7 p-value < 0.05 udthadeillildfanuduiuslosasede
seaznailduslasaunnias 7 p-value > 0.5 MNMIANZHlAe Binomial study uaz Odds ratio uaz
wuhienuduiuglaensetuiaunnsoilesumudmmssIngs 2.60 Uh (p-value < 0.5) udlifany
FuiusTasasaiutaun e lasumuuimsiamsnu uaash

2.1 wniasUfudnmslasutaunwsasmimmsnuannuannaziinadaseaznaInsun lude
unwsas TaalildiRannthiedaunniassnimnmstaladonislasnme

2.2 Faunwissdruuimstamsluuadeasiianuduiuslosasidossasnaildudloda
unwsas Teglisududaslddaunnsasiviinunn leud daunwsasshuusmsiomsluda 4.3 msmuau
WONET UALYD 4.15 MINUMUSTUUUIMS lesviasdjudmsmnlasudaunwsasda 4.3 i 2 98 2zl
nawdladaunnssnnunhis s.58 wh wasmnlasudaunniasds 4.15 aaud 1 Faruly Weslfidms
azutladaunniaaldgBinhdesfiamsnlilasudaunnsasdaiits 5.33 uh

3. lasatdasssuniuaen lagldmsiesisvinisannsenyladain (Multiple logistic
regression) azwUhiitadamuusmsIemsan 2 98 NanadaszaznmMsutlagaunnsas laud sy
Founnsasilldfunndamuaduuimsiomslude 4.9 msmuaudeiilifiulumadaimue uazds 4.13
thufindunamwiasinms lasmnldsudaunwiasta 4.9 daud 1 datuly ¥asufiGmaasudladounwiag
I§En s 4.54 wh (Adjusted Odds ratio) wazwnlesutounniasda 4.13 eaud 1 Fasuly el
WU fuanisun ladaunwsasuiunii 3.83 1 (Adjusted Odds ratio) Toafianulfi 80.56% uaz
ANNNINIE 72.5%

PNNNANIANYIZY Bella Ho waz Eric Ho L%'EN the most common nonconformities
encountered during the assessments of medical laboratories in Hong Kong using ISO 15189 as
accreditation criteria® agwuhannudaunniasiildnnmsanadaagmasusasazianuipeniy
Faunmsasitldmnmsanadsadivluadusn udlildfimadnm@aszeznarlumsudly vanmniganuh
Founwsasil 4.3 (389 MIMUANENNS wardpunwiasil 4.13 (e mamuauiiuiin Wudaunwiasdu
uimstamsinuldgegalududuil 2 uaz 3 ewddu wazrnawamIAnmIBINEENTE 21TNdq
wozanz Faawnhisdaunwiasnnmsasalssiiviusasemuaminsavenljidmmasaudumsisoge
Faamhenumasguazensuiiliusmamesausm e mMauanasgiu ISO/IEC 17025: 2005 sewind w.a.
2551 - 2554 Wuhdaunwiada 4.3 (BasmsmuaNanas uazdaunwInedad 4.13 Gaamamuauiiuiin
Hhudaunwiasiinuldgeansudu 3 wasdudu 7 muddy dalumsdnnedsilfisanirhashedayuua
Tmi Auasdnsdusasmasudasiszng uazdasugidmememsuwnduasassuauiioglussuuammmw
WaeUfudns emuanasgiu ISO 15189 wiamuanasyiu ISO Bu< Mieades namaseiiumsmu
FTUUAMMW MNINAITIU ISO 15189 laaszmindauazihlufinrsanlunmswannszuugamwiasljians
aald
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Odds Ratio wuh daunwiasduudmsions luda 4.3 Bes mamuauanas 92 4.9 (Bos maszyuas
mamuaudslidanadas e 4.13 Bas mamuguiuiin 48 4.15 B MmanumuszuULINTIAMs
smfutaseresinudilasumsiuses fanuduiusaessernamsunledaunnsas dedlna iy
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MNTZUUAMMW 3055 ISO 15189 msthtadeasnanysznaumsiansanmmnuaianssuluunuwaw
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wHuMIAIRmMNTTUURMMWSENT iashsednmszuuaumwan fiamsmumasgiuana
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Factors Affected the Duration of
Corrective Action Time of Medical

Laboratory Assessment According to
ISO 15189

Natamol Tianmanee Suthon Vongsheree Surasak Muenpon

Panadda Vironboonyaphat and Chomchailai Sinthusarn

Bureau of Laboratory Quality Standards, Department of Medical Sciences, Nonthaburi 11000, Thailand.

ABSTRACT This study emphasized the factors that affected the corrective action time of the medical
laboratory assessment according to ISO 15189. This study was a retrospective studied of 76 laboratories
during January 2010 - December 2013. That were used descriptive statistics and analytic statistics
were showing the correlation of factors by multiple logistic regression and odds ratio at p-value less than
0.5. Factor affected the corrective action time include the number of accredited years, if more than 4
years will be spent more time than the other one that have no later than average four years to 3.67 times
were using 245 + 96 days and 189 + 74 days, respectively. Total numbers of total nonconformities if the
laboratory has got more than average 23 clauses will be spent more time than the other one that have no
more than 23 clauses were using a 240 + 88 days and 181 + 85 days, respectively. The correlation level of
defects, using multiple logistic regression was showed that 1) factors affected the corrective action time
faster completion include the defect of 4.9 identify of nonconformity clause and 4.15 management review
clause. 2) factors affected the corrective action time longer completion include the number of accredited
years, the defect of 4.3 document control clause and 4.13 control of record clause. Among the factors that
are related to the corrective action time were statistically significant at p-value less than 0.05. Most of
affected clause are documenting and monitoring systems. It should be taken into account in development
plans, activities and determine the audit criteria for monitoring the quality system in the annual quality

monitoring plan. To maintain laboratory quality systems based on international standards.

Key words: ISO 15189, Factors Affected the Duration of Corrective Action Time, Medical
Laboratory Accreditation, Odds Ratio, Multiple logistic regression
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TgdnmTlasmsinzdaamhil dunu 37 eu winily 2 ngu da naulddudansedsuansluiosians
Tu 20 au (Sevaz 54) wazngubiladuaansiaiisuangluiacljidms Srwou 17 au (Sewaz 46) wuh
M3ATRMANNINYI0EBaEaA (Complete Blood Count: CBC) lunsmsnsiansvuaagluziaind wazAads
mm?{mstﬁmlﬂmﬁamﬁﬂaanﬂmaeﬁﬁ(ﬂLﬁamnwmmjuhﬂﬁﬁuﬁ'amamﬁé’ummiuﬁ'mﬂﬁﬁamsgj@nﬁmzjulé’é’ur;Ta
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BN cell Muaau danuuanaNnuad NitadsynNeda (p < 0.05) Femanuamsiialulasiiedsannuad
diadaaumuasissasnguliiiumuniuasenuidmaiialulasiinedes f#a agluz 0-5 cell/1,000 BN cell
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hydrogenphosphate KanAn9uae Carlo Erba, Potassium chloride, Potassium dihydrogenphosphate,
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Glacial acetic acid way Feulgen stain wannawizas Merck, Sodium hydroxide wannmwizas J.T.
Baker, Formaldehyde nanntusiaag Lab Scan, Penicillin #8anus2849 Sandoz, Steptromycin NANN U
299 X-GEN, Ultra pure water, RPMI 1640 Medium ‘ﬁ'fl L-glutamine wazlaifl sodium bicarbonate,
Phytohemagglutinin (M form) waz Fetal bovine serum WanAa9i289 Gibeo, Mitomyein C HAN A
284 Bedford, Cytochalasin B uaz L-glutamine G 7513 WanN9209 Sigma

JRP3HNEITATAN BUAZ TR ENTAE

Hypotonic solution %38 0.075 M potassium chloride aza8 potassium chloride 2.81
N5 @8 ultra pure water 500 N335

1 N Hydrochloric acid 1393 hydrochloric acid 17 §88a®5 @28 ultra pure water 200
UoaanT

1 N Sodium hydroxide aza# sodium hydroxide 8 N3 628 ultrapure water 200 Na8803

Fixative reagent (038N )1382a)18NaN2DY methanol 15 §a8anT acetic acid 5 NadaNT
w3snlanuianelu 1 u

RPMI 1640 Medium #i L-glutamine wazlsiii sodium bicarbonate azans RPMI 1640
1 %89 me ultrapure water 1 805 U5U pH 14l@ 7.2 M@ 1 N hydrochloric acid uaz 1 N sodium
hydroxide waz¥mMssndalaemMsnseaEhunsEaEnsee cellulose nitrate filter membrane uldgiei
4-8 ANFNLTALTEE

Phytohemagglutinin solution #2818 Phytohemagglutinin 11!31] lyophilized Me ultra
pure water frhumssnde 10 Tadans WIBLATINUALNUMNAIUUNTNMIUL U

Mitomycin C solution a8 Mitomycin C 2 §88n5% ¢ ultrapure water *?ivhums
shie 5 iaaans lunauidn arldanududueas stock solution 0.4 lulasnindalulasans wazidoas
Tilaanudugu 0.5 lulasnsuaaiiadang

]
a1

Cytochalacin B solution azan# Cytochalacin B 5 §88n3u aag ultrapure water N
Ms2NEe 5 Nedans lannududy 1 Jadnsunaliadans

Fetal bovine serum L638NUAZNUMNAUULNTNMTUZUTI]

o egge = < o o v (% ] g v . a aa

Penicillin (03gnuastiumuauuzihimuusussy loadandunlyd 100 Units/iadans

Steptromycin ta3zuuaziumuauuzihdemauzussy lagdanduild 100 lulasniu/
NEGRIR

2Imstaegaas Usznaume RPMI 1640 Medium 4 383805, fetal bovine serum 1 883305,

penicillin 100 lulA5809, steptromycin 100 lalAs8a3, phytohemagglutinin 100 lulAsans

IamMInadau

msnadaululasineded (micronucleus test) A9 MINNINAANNTUNYTLAOULIFVDILDS
Hodanemaiadulnlyd Tashideamnamaiae 2 gy auaz 0.5 fadans Tdlunadsugediiams
deagagmely nniuhly incubate figaumadl 37 aseaaides Wunm 72 Flu datenadili
fl 44 1@ cytochalasin B solution 91171 30 lulAsaAs uaz incubate ﬁqmwgﬁ 37 BNFNBALTEE AUATU

72 %1l MNUY havest cells lagyneadliuinme hypotonic solution UIU 10 Hadans MMM
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fixative solution 311U 5 FAdAAS LREFNALENYATEDNNT 1NLASTLANEAIUHUTaGREZaNAULAUI
wanhldandhe feulgen stain wu 10 it ilildusiigamgiiviesnauhluinnsinadendasgansaa
1A1LRNUIU micronuclei Tu binucleate cell MUY 1,000 LHAE

nsmuanaunn minedeululasineded (micronucleus test) 6iaav 2 2 NNOIBEN Uaz
#8971 positive control laaNstAN mitomycin C solution ANNNTU 0.5 lulasnSudiadans I
0.5 fiadans adlumadsarasiedenllumieiinesey Fufivnedsurediisetadan Fudanan
fhathadaniaaimsnagausnh Taswdndinm 24 $laanau harvest cells

msmwﬂ'wmwaugsiﬁwa\uﬁam (Complete Blood Count: CBC) wavaananasisznauee
MIATIAUNIULAF LNALE A2 (White blood cell count; WBC count) MSUUINNUNNEDALA
(Red Blood Cell Count; RBC) m3snsiaUsinadlulnadu (Haemoglobin) mM3nsiavsunaudinidanuas
90wy (Haematocrit; Het) mM3nsiadnuiumnanidon (Platelet estimation) wasanuiinUn@ives
(ndaLaan laua Lymphocyte, Eosinophils, Monocytes, Basophils, MCV waz MCH (fludu Taamsih
dudennna o lswenwagiesil Tniagiesi

mﬁmswﬁﬁ'aa&a Taeldlusunsu SPSS  wisuisuanauanadanisanuinisiio
lulastihedzannadiilaidananssninngulaauiaasiaiisunnaluiaslfiamsuazngulalaauds
astedouangluiasljuans

W

nquthasaiudmhiiufianusesgudinenmansmsunndi 3 uasassd S 37 au
Tosudsaaniu 2 ngu Ae nguladudamsiaiiouanaluiaslfidnms Sau 20 au (Sawas 54) iy
\WezE 5 AU onavidla 15 e 81genn 35 T 14 au a1 35 Taull 6 au wasndulallddudanaaiisuane
Tuaedfianms wau 17 au (Gosas 46) Wuwens 7 au mends 10 Ay ogand 35 U 11 Ay
e 35 Yuly 6 au (5299 1)

M3 1 anwaemldyesnguaiatng

nauililadueaansieiisunns nauladuiaasiaiisuase
doyan TudasUfuams TudasUfuams
(AU/5088%) (AU/5088%)

Bt 17 (46) 20 (54)
21gnd 35 U 11 (29.8) 14 (37.8)
angaaue 35 Tauld 6 (16.2) 6 (16.2)
LNAZE 7 (19) 5 (13.5)
(WA 10 (27) 15 (40.5)
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TUNA NSNS wazADLL

M990 2 mamsmmmmaugs'sﬁwaqL?mm

nauliladuriaarsed nawladuriaasidl
suangludasdjiems  duengluvasufidams mund
(Mean + SD) (Mean + SD)
Haemoglobin (g/dl) 13.81 + 1.87 13.32 £+ 1.63 %8 13-18
YN 11-16
Haematocrit (%) 41.11 + 5.67 40.70 + 4.70 %8 35-49
YN 32-42
Complete WBC (x 10°cell/ul) 6.70 + 1.74 6.79 + 2.19 4.5-10
Blood Count RBC (x 10°cell/ul) 5.03 £+ 1.22 4.86 + 0.55 %8 4.7-6.1
N 4.2-5.2
Lymphocytes (%) 36.48 + 7.04 34.98 £ 7.79 20-35
Eosinophils (%) 3.42 + 2.92 4.08 + 6.97 1-3
Monocytes (%) 7.10 £ 1.91 6.82 + 2.44 2-6
Basophil (%) 0.46 + 0.30 0.74 + 0.47 0-1
MCV (fL) 87.39 £ 8.70 83.33 £ 8.70 %8 82.2-99.5
YN 80.0-94.5
MCH (pg) 28.71 + 3.07 27.29 + 3.18 26.5-31.2
Platelets 265.12 £ 63.36 398.28 + 612.46 140-400

(x 10°cell/ul)

KAMINTIINNNENYINYBILABA (Complete Blood Count: CBC) WUNMANNENYI0IUBUEDN

NNTEMIVBINGNEIDENTN 2 Nga aglugrwasmund (57 2)

wuhmwaganudmstialulasiedsannuadiadseumzaenguladunauaz liladuedaans

wiiauanaludasUfuams (mean + SD) AU 1.35 + 1.87 cell/1,000 BN cell uaz 2.47 + 1.56

cell/1,000 BN cell muaeu HanuuanadNnuagniiednynNada (p < 0.05) aIUUNMNIE WU

Nax@IEMND 35 U (mean + SD) tMNU 1.37 + 1.82 cell/1,000 BN cell uaz 1.82 + 1.72 cell/1,000 BN

cell uazngnargaue 35 Vaul (mean + SD) Wi 1.82 + 1.72 cell/1,000 BN cell uaz 2.10 + 1.20

cell/1,000 BN cell mua1au uanaInil wu twdzne (mean + SD) AU 1.17 + 1.58 cell/1,000 BN

cell uaz 2.31 + 1.65 cell/1,000 BN cell uaztwaAnaN (mean + SD) t¥AU 1.37 + 1.92 cell/1,000 BN

cell Wag 2.47 + 1.50 cell/1,000 BN cell (91599 3)
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M9 3 WisuauammasraInsne e asaNNEadLNaLEanz)

AMaaamMsiialylastihedggnnastiaEanun

Mean + SD (cell/1,000 BN cell) p-value
nawliladueaansiafisuass  nauladuiaaseidunse
TudasUfuams TudasUfuams
ARdETIN 2.47 + 1.56 1.35 + 1.87 p = 0.015
angpend 35 U 1.82 £ 1.72 1.37 + 1.92
g 35 Vauly 2.10 £ 1.20 1.82 + 1.72
WA 2.31 % 1.65 1.17 £ 1.58
(WA 2.47 + 1.50 1.37 + 1.92
a 4
IV

MANNENYINIYDUEEA (Complete Blood Count: CBC) ﬁmmaaunﬂsmm’mmﬁgﬁamﬂeju
degagludrund waashngudeeaglugieg 20 - 60 U Fgumwudeuss wazliilsauszare

Andganuimaialulasinedssnnzadifiodaennuasngulildduiamsiaisuanely
waslfiamaganhnguldduiamaeisunnaluiasfiams slisanadasiuiicsasiiu fa nduldduds
maeiisuaneluianljiamaestisuaiamaialulasiinedsagainhngulildduidamsadsuansly
el uans u,awhLaﬁﬂmm?{wmmitﬁmlﬂmﬁamﬁﬂamnL‘ziaﬁl,ﬁﬂL?\a@wnwmﬁgmmnéulmﬁu 5
cell/1,000 BN cell #enindnasdnadsamuinmsifalulasinedsanneaddiaidananagluing o-s
cell/1,000 BN cell™”

adlsfmungululddudamsindsuansluiasfiamsudiidinisanudlulasiindeags
adlasmnmsldsududanntadeau wu dudansiainedan msduuaanasad maguyvd msldiuas
azmnnmamdnmnhudeu nnnssuiug msldsuamsieiiiiiiuivlumsdensse msififivdamsnas
wwad viamslasuSidnnmaanasd® wasievmasaumuiluneyasawuh wens nguangeaud
35 Tauly fimstuuaanasad maguyvd wasmslasumsfisnnmadudsednsenusudanhnuiulse
$afuluau The National Institutes of Public Health #psiszmatausnsn ldvihmsdnmnwud
msduueanssadiiuaNdsIdamafanzd® uasmadnmmaialulasinadsanndeynsefaudua
iaulumgulaglddinsaaiiutssizns Ozkul Y. uasear wuhnguiiguyvalilddnsasiienuimaia
Tulastiadsaganiingugguyniilddangas (mean = SD) AU 1.99 % 0.30 uax 1.86 + 0.26"
ey waashmsguyraiudssihliielulasiiiedeafisiuiasionudsdamaialsausdale
nnmsanmenuimsialulasiiedesiiiulusedifiodammiannsemudswemaialsausds
lunywdaae Bonassil S. wazanz lagldmsAnmanuiniudanmsenalulasinedsaiiadiu
Biomarker daanudewasmaialsauzilusanaias 10 Ussina $1uau 6,718 A 20 WU ueams
wuhmsanalulasinedeslusadifiodaniiy Biomarker tu mansonsanudassdaniaiia
TsauzGala™
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a5

9

v

FayaanudguMwrsnmhnnamslimseisuengludasljuidmsvasguainemans

£}
]

MUNNEN 3 UATENITIA LaBNINTINANANNENYI0WUEan (Complete Blood Count: CBC) wuilu
NeMsaaneNeaglurednd  wazmsasiaanudnaialulasiiedsaiaminganuidsadansiie
Tsanzse wuhamwasenwamsialulasiedssnnwadiiodaeuzaamnguliladuiaanseisuans
lwisslfudmsganhnguladudaansiaiisuaneluesfidns é'z?qlsiaaﬂﬂa”mﬁ'uﬂmi%l,ﬂmﬁmmnmiu
TilasudunaasieiiouaseluiesufiamsimsSududaanniadadu vellnuhamdsanudzeinsiiae
1NIﬂiﬁ’JLﬂ§EIﬂmﬂL‘ZiaﬁtflﬂLﬁﬂﬂ?ﬂ’)‘llm‘ﬁﬂammj:u Taifuandndzasemasanydnmsiie lulastiieassan

< < = L4 a’ £ = I s o [ ¥ v c{' Y % Yy o L
waala@danzm dayailannmadnmasiulsslamidmsumbnlumsihszTaaznsilasiuiies
AaMSLAFNNFF T UNHNNNATUAEIND N TMDENUAITHININTMIMIeLTUNSLENTE N Na Ll
3 4:2’:4 = a o 1 U -:4' a a = < < = < a a
mifinmsansIvenunmenudmsiie lulasiwasaluwasdiadaemidumniwaslumsnsiafams
M3tAanzi39 (Cancer Risk Biomarker) 16 wwfigniuaanuanysoizadan (Complete Blood
Count: CBC)

Aeenssndszne

KIEUPVAUAN WUFIAN INSTUNMT HNUENSAUNINNAFASMSUNNED 3 UATEITIA LUMS

u 9 U u

SUUEYUNITIVE WNENMITNAM  BBUNTN JEN1NENINBILKHUNIULELITINT Tumsliamdinmn v
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Health Risk of Laboratory’s Staffs
of Regional Medical Sciences Center 3,

Nakhon Sawan in Using of Hazardous

Rames Koranee Anusorn Ditsawan and Siriporn Pomyai

Regional Medical Science Center 3, Nakhon Sawan, Amphur Muang Nakhon Sawan 60000, Thailand.

ABSTRACT Factor effecting to Thai people health have been realized as environment contaminated
with chemicals and more carcinogens. In 2012, a study of health risks of of laboratory’s staffs using of
hazardous chemicals in the laboratory of Regional Medical Sciences Center 3 Nakhon Sawan were
performed in order to protect and monitor the health of the staffs. Blood samples were from 37
staffs which are divided into two groups i.e. 20 persons (54%) of exposing to hazardous chemicals in the
laboratory and the other group of 17 persons (46%) not exposing to hazardous chemicals in laboratory.
Check for all items of Complete Blood Count (CBC) of both groups blood samples showed the results
which are within the normal range. The average frequency of micronucleus from white blood cells of the
staffs not exposed to hazardous chemicals in laboratories were higher than those of the staffs exposed to
hazardous chemicals in the laboratory, which significant difference (p <0.05) form each other i.e.
(mean + SD) were 2.47 + 1.56 cell/1000 BN cell and. 1.35 + 1.87 cell/1000 BN cell, respectively,
However, the average frequency of micronucleus from white blood cells of both group were within the
normal range, i.e. normal cell should have the average frequency of micronucleus in the range of
0-5 cell/1000 BN cell. High average frequency of micronucleus from white blood cells of the staffs not
exposed to hazardous chemicals may be due to other factors, such as indirect exposure to chemicals,
toxic surfactant or carcinogens, drinking alcohol, smoking, exposure to lead paint from hereditary or
exposure to radiation from x-ray which are toxic to the cells. Results form the study could enable staffs
to take care and protect themselves from exposure to toxic substances, both directly and indirectly.
The authorities should to conduct ongoing surveillance. In the future, it is likely to take the micronucleus
frequency as a parameter as well as the integrity of the blood (Complete Blood Count: CBC) to monitor

cancer (Cancer Risk Biomarker).
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40500 viinas uaznuadnual AunIAd
FNIMATNAINUALTNQIUNTIY NINTNENMANTMTUNNE NTENTNTITITNGY BB TWIAUUNYS 11000

unAnga mssusssenuEansaalfiimsmumnasgy ISO/IEC 17025 1 mhenuinemsiusesasdas
HdaNansanmMInNINNaFaUANNTINYNNY BTGNS (Proficiency Testing Program) a7 dnine3psaan
wazINgIUATI NININEFATNTUNNE Tesauliusmanasauanuinngmeiss fiimsinnsimstliosiu
wsuaa lunEn SsiadaadaenauetauUsEanal W, 2548 Tﬂﬂﬁwﬁaasiwﬂ%'ml,az‘[a%"uﬁﬁqﬁ'amﬂﬁaqmmmmtﬁums
e dumstlosiuusunn 2 iia tfenlFluuszmalng Téun benzophenone-3 was octyl methoxycinnamate
ieldiiludoeluuwunasauanuingudiilesdelinnugasiuiidaay Saldudnsasintaumwliuiueu
wazilanuasdaon eatulutlaudszana we. 2553 ﬁqlﬁ'ﬁmmgmﬂ%uﬁmmmﬁﬁmiﬂmr’fuumummﬁalﬁlﬂu
daienfunaziienuasi 4 #iia wazihudszana wa. 2556 lawannuindn 2 wiie sy 6 #iia laun
benzophenone-3, octyl methoxycinnamate, butyl methoxydibenzoyl methane, octocrylene, homosalate
waz ocyl salicylate Fuilanagavanuiuiaiientiu nmsusziivaranudswvumeludod Tagds
Cochran’s test uazUszfivanuidsauuszuedagi Tasmsienzianuulsusiu one-way ANOVA fsvau
anuEaiuagar 95 'ﬂu'ﬁzwmaaummmﬁaﬁqquﬁﬁm (25+5°C) Wuh e3ufuLaaiedenduiianudiy
ity wariienuasinmmnsanansuldluunununassuamuinnymedas foamsiensdasiaeiu
LENLA
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ga3MSUATHNULAAINTULKUNUNAFBUA NN WY gadm wines uasnuaansal Bunsadl

UNU

Usznalnedaagluwedauiusuaaiafaunsant wansasitlasiuusuaeduihduiulums
Unflasfimfannusiwan asmnsuanennieddansnlilaan (UV radiation) Tuzrenueniadu
a9 fu anavh Iinwiadiendudaude i lndvsavniifuss Seiimsla®

wamﬁmﬂﬁi’]mﬁ’uumummLﬂutﬂ%f'aqzhEmmuQumuﬂssmﬂﬂszmnmﬁﬁmqw (atuil 6) astud
25 NINHIAN 2552 sanmMuNsENIT I AeIesEans w.a. 2535 HuanRaaemuanUnuasieny
u,mLmoﬂ,uwﬁmﬁmﬁnﬂﬁgumaumswﬁm?qLwi'*zhmﬁmﬁmsﬁsamsag FEWINUITY waskdndmriansagy Fratiy
Wasl fiiamsmuaugumnedasuriiasiuuaiuaaildfunsiusesnnu@mansaanunasyIuang
ISO/IEC 17025: General requirements for the competence of testing and calibration laboratories
azdaeiimaUssiuganin laamsinsiumagauanuinyneiesdfidnis (Proficiency Testing
Program) vﬁaLﬂ%auLﬁﬂuwa’?Lﬂiwzﬁsw'jwﬁmﬂﬁﬁ'ﬁms (Interlaboratory Comparison)

Lﬁaqmﬂiuﬂssmﬂlwaﬂ'ﬂﬂﬁwmmmﬁiﬁﬁmsmsmaau@m:J?:hmagmqﬁaqﬂﬁﬁ’amsﬁ’mmaa
Ainnzianstiasfunsuanlundosarilosiuuauan driudiineiasheussingsuanedeldianlinEms
nagauANNTINYNNRasl juamenziastasiuuaiee luthudssanm w.a. 2548 Toghesuuas
Taif"uﬁmﬁamnﬁ'awammLaumi"ﬂmﬁ'ul,l,mmeﬁﬁﬂﬂ%‘luﬂimﬂlwﬂ 2 %1l A8 octyl methoxycinnamate
uas benzophenone-3 iiiasnnanstlasiuussuaniaaauitazansluluiy lissmaluh udaduuasladu
fizainliszysanduzasgasiiuiunlilduaasasitlasiunasuaainumwlinsiuazianuasinios
Fdassn@nununuluuned

goanluthulszana w.a. 2553 ﬁqlﬁwumiﬁgﬁ'mim?}ﬂuﬁaashqanﬂei’ﬂmﬂﬁﬁ"'\zzjm@h%'uLﬂéaqﬁwa1q
#iaasne " %ﬂtﬂuﬁﬁa%'uﬁﬁmwwﬂﬂgq (Snuaieudia) eiidiulsznavaasarswanlauia (waxes)
wazlydy (fatty acid or fatty alcohol) Fehaiivenuvilaiinila 0/W war W/0 asuilanuviianh
Todummeivsinaigmehiugenhdstsanasasa: 35 - 75 ududenunilafidosmslasldmsii
[{iaA3n (bodying or stiffening agent) Wy lasfuuazloudadanan pjﬁ%’a?iqﬁ’wmgmwh%u‘[@ﬂ%ai’mqau
@19 9 NRENNUENIUDINUUENULA® 4 %1 @D benzophenone-3, octyl methoxycinnamate, butyl
methoxydibenzoyl methane Waz octyl salicylate wuiaauilasfuuasuaaiivannienudluilo@ensu
(homogeneity) Wazianuasia (stability) snnu luiluuszane w.d. 2556 Selatnsuuasilaei
wasauaen 4 sy 6 a5 @8 LANSS octocrylene uar homosalate wazUSuanuENTUBRIANIAINGT
Touaneefu waswuh gasmiuiimanndufsasienuduiodaniuuasdanuasdmndrnmmasay
aansaldifludieddmsuunumsnagauanuiingmevessujuanmsle warl@lagadaiilasaoud
Youvszana w.a. 2556 Hudun uarlasumssusesmuanasgiu ISO/IEC 17043 aty waassitlasiu
wauaailausulsuaswanniifdanautaminzauiaddid udaddmiunasauanudingua
W fiimaiadesdananadenzdansiasiuusuee Humlaieuaununaaauanusnglums
Uszgualfliimsnaaauiainsdionsandeu (ASEAN COSMETIC TESTING LABORATORY
COMMITTEE) adai 5 o Uszinadealus dWasui 26 WOHMAN W.6. 2558 BNENY
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d130033IUASEIILAN
1901033 U

Benzophenone-3 (Symrise) mmu’%qwé%’aaaz 101.3 Iﬂﬂfmﬁ’n, octocrylene (Neocosmed)
mmu’%qw%’aaaz 98.8 Tﬂﬂfmﬁ'ﬂ, octyl methoxycinnamate (ISP Technology) mmu‘%qw%aaas 99.9
Taghwtin, butyl methoxydibenzoyl methane (DMS) mmu‘%qw%’aaaz 98.5 Tagnhwiin, homosalate
(Symrise) mmu‘%qw‘é%’aﬂaz 99.4 Tﬂﬂfmﬁﬂ waz octyl salicylate (Aldrich) mmu‘%qw’é%’aﬂaz 98.7
Taenhwiin

GREINGEY

’mqﬁwﬁm cosmetic grade: Ceteareth 6, Ceteareth 25, Glycerylmonostearate, Mineral oil,
C12-15 alkyl benzoate, Bisabolol, Diazolidimyl urea, methyl paraben, propyl paraben, propylene
glycol é’)ﬁ’laza'ltll,wal,ﬂalauﬁ : glacial acetic acid (AR grade), methyl alcohol (HPLC grade)

tﬂ’éaaﬁauazqﬂﬂsiﬁ

a'wﬁwmuquaqmw{]ﬁ, MBUAAUAT 2100 1 805 uar 2 805, wasenaNnianlodaud
(103998 12), taasily homogenizer, W3peHafiinMNaZEEA 0.01 N3W, W30 HPLC (UPLC®; WATERS)
Toeldnadui Acquity BEH C18 2110 10 em x 2.1 ecm x 1.7 um, 1038905733010 photo diode array

ZNANNLNIATU 250 D4 450 nm HIANNENMIATUMINTINIAN 310 nm

25mMs
1. MINTANAANUNUBNAULAILAR ETIANAAN U U BINULAILAALABLAUINNETINEUM
TuwangamwamuasuazUanama Tuthudssanm w.a. 2556
2. OMINQAU
daondudmiuniondiuain Tosdadangasaduiunuiiiigmeathiuaadusasss 30
(ndisstushnasgasiissyigmeniudesas 35-75) fasznaudeigmehduiiiiueasman 2 «ia da
mineral oil 58882 10 way C12-15 alkyl benzoate $p8ay 6 WA¥YDIUIY 4 #ila A. ceteareth 6
Sauaz 3, ceteareth 25 $a8az 1, glycerylmonostearate 38882 6 Waz cetyl alcohol 58882 4 (miN‘ﬁ 1)
USugaslasmsunuil mineral oil $o8az 10 uazunuil C12-15 alkyl benzoate $ptay 3 dhaasilaafiu
UWENLOR 6 BUA (61131\‘1“7; 2)
3. MIOIYNATUAULA
1) Nﬂui’gmﬂﬁwﬁu (ﬂij'ﬂd“?; 1) eharenulumsuzanuas 21a 2 aas i lulvenusau
‘ﬁqmwgﬁ 70 £ 5C 1u€iw1f”|ﬂmquqmmuﬁwwaauLﬂuwmmm
2) waui’gmﬂﬁ’w (ﬂzjuﬁ 2) whareiulumauzaouad 210 1 805 i lulvenudaui
a0l 70 + 5°C FehmUANRUNAT
3) 1h 1) uar 2) wanwdansululodwiuily nntutludeedseila TagldenucEihunas
ugamgianasend 50°C
4) Lﬁuﬁmmaunejuﬁ' 3 aaziludhaiadasildauwamarianuazduiiuaiu
~ NIANSATIINENAFTATNITUNDNE

J oo A o
F AUUNLAY 3 NINHIAN - NUENYU 2558
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v v

MmN 1 gasaIuiugiumiy

v

2 a I ] v o P
dad1y AaudunanTaa: MBUIN

#AABIINNA aouy
it Ceteareth 6 2T 3 Emulsifier
(g 1) Ceteareth 25 2D 1 Emulsifier
Glycerylmonostearat 2D 6 Emulsifier
Cetyl alcohol 2D 4 Thickener
C 12-15 alkyl benzoate  ¥a3t1an 6 Emollient
Mineral oil DYDY 10 Emollient
13"'1 Popylene glycol VDALY 2 Humectant
(nqa 2) Deionized water RNNIGE) 67.3 Usudsunes
Lauﬂﬁlﬂmﬂqmw{]ﬁ 50  Methyl paraben oz VDIV 0.5 Preservative
NGV propylene glycol
propyl paraben in
(nejuﬁ 3) Bisabolol YDIUIN 0.2 Anti-
inflammatory

d' o = L dl o L o w = IQ'
MIINN 2 Qﬂi@l’]i‘u@]ﬂdﬂuuﬂ(ﬂ‘V]‘INGNL!’]LL'QSﬂiU‘LIEQ‘ﬂ’lﬂéj(ﬂi(ﬂ’l’iuﬁluﬂQUﬂizﬂ’lm W.F. 2556 I(?’lEIﬂW‘JL‘WN

M3nuuanily 6 #ia wnui mineral oil So8az 10 WazunUN C12-15 alkyl benzoate $a8/as 3

Ysuilszana
#euDIINMA Foes W.A. 2553 - 2557 il
Aolludrunausosas
Ceteareth 6 3 Emulsifier
Ceteareth 25 1 Emulsifier
‘lj”lﬁ'u Glycerylmonostearat 6 Emulsifier
(ﬂzi&l 1) Cetyl alcohol 4 Thickener
C 12-15 alkyl benzoate 3 Emollient
Benzophenone-3 1.5 = 5.0 sunscreen
Octocrylene 3.5 — 6.0 sunscreen
Octyl methoxycinnamate 1.5 - 1.0 sunscreen
Butyl methoxydibenzoyl methane 2.0 — 5.5 sunscreen
homosalate 3.5 -5.0 sunscreen
Octyl salicylate 2.0 - 5.0

NININTHINNANFASMIUNNE
AUUNLAY 3 NINYIAN - NUENHU 2558 <0
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d‘ o 7 = % d‘ -7 7 o % = Q'
i 2 gasisuasunuuaaninannuazUsulwangasasulutudszinm w.e. 2556 Taanmsiin
asnuuaally 6 #ia WU mineral oil 59882 10 wazunud C12-15 alkyl benzoate Sa8as 3 (79)

Yauilszanan
#iauaeinMa Foes W.6. 2553 - 2557 whi
Aalludunansosas
1}"1 Propylene glycol 2 Humectant
(naw 2) Deionized water 60 - 70 Usudsunes
LANNSIIN Bisabolol 0.2 Anti-flammatory
qnmgﬁ 50 Methyl parabenttas propyl 0.5 Preservative

2NABaLTed  paraben in propylene glycol

(nauw 3)

nanawe : Hunanasansilaaiuusiuaans 6 sila nuaaaliiusasas 13

5) naalatlusshEunahudonayszanm tuadudonias homogeneizer Uszanms 5 1l
gannasilu Tdwmaauliiiriu haan 3 sevasldaduilaiiouasden

6) anasxldmzuzwnaraintash gﬁﬁqlﬁwﬁqﬁﬂﬁﬂ%mgé’a

7) UTIANABANNEAN 210 30 Hadans Yarhlvatin

4. managauanuiluiladendu (homogeneity test)

Tosmaduaduiuuan 910U 10 ¥aan NaFaUVaanar 2 9 BIATMIAULAAMAAE
’“Jm'sw::ﬁ*?;ﬁwﬁfnLﬂ%qa"wmmazi’mqé’ummlﬁﬁwmﬁu wazlasumssuses ISO/IEC 17025 wad (SOP
06-02-0210; Determination of Sunscreen agents by LC (UPLC™))

4.1 thuadeneiiildUssiivuamesda® aail

- noagauenubewuumeludiodgs (within sample variation) tiaAnN®IANNLTIES

(precision) #auilan3ulunaazvanalagld Cochran’test

D2
ratio (C) = ===
ZD§ 4 H
log D = MANNLENENTIM AN luudazanigy
Dpnos = @1 D; ndaanninge

Wisuiisue C denalasuainge (critical value) luams19 Cochran’s test fiszduamnuiais
Zowar 95 Sennaldiasnheings waashluiianuuandssimsinngin

NAFaUAMNTBIUUSEHINGI8EN (between sample variation) L BNAFDUANNLANEITENTIN
matalagly one way ANOVA minalaglyd Microsoft Excel spreadsheet

lea MSB = mean square between sample variation

MSB

——; P-value = 0.05
MSW

F-value =

7 M5 INSNAINEN A FAS M SUNNE
e o
T afudiies 3 ASNIAN - AUENB 2558
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MSW = mean square within sample variation
ghen F fisnmnaldisaniadngaissaueanuidaiudasas 95 (p-value > 0.05) UdAINGIBEN
flenaudluiladenny
5. MINAFIUANNANGILBNATNAULAG

Togguasunuuae 1w 6 vase Melilugumgiivies (qamnil 25 + 5 pvmaded)

5.1 Anmemuesiuasauiuuaalosdudiatenises 3 vaan wmaday 3 %1 Tasassi 1
nagauilawIanataEse A3 2 wos 3 nadaudatwduiuliiaamgivaaiiunm 20 Su was 40 u
MNEITU LaZINMSNAFaUWaBRaE 2 9 SezilSnamnstastuusnaauieiumsiensianudi
ooty

- e nziudazananthinlssiiunaanuesi TaswSsuisuiummaganmsann
emudluiiadoniu muandessnineemasusinamslueiufuuaaudazanaiumimassassnams

Wadnmenudhuiladenudasliiiv 0.3 G, Hldan Horwitz’s equation™ 64l

Predicted RSD; (RPDy,) = g9p0slosC
Tog C = mwdsUTnussluaiunuuenaglugises concentration ratio
uuda 0.3G, = 0.3RSD,

0.30, 0.3 (2780

W

M3 NAAN T UaInULFIUAR

FuHANA TN UL NN NETINFUAM TN FUNNNINUAT LazUTHUNATINIU 44 (IDEN
Tagduunamunugasmsundadarilasiuuasuanld 19 a3y wiadugasisunanmsilaaiuuaian
s 1 a3u DU 8 MeEN wuugasmIuranaslesiuusiuaa 2 @15 7 M3 NuY 17 MeEN
gaswanansleeiuusiuaa 3 3 6 MU MUY 14 MBEN gasmIunanasUaaiuuauan 4 a5 4 M3u
NUIU 4 IBEN FATNSURINANTUBNAUUEIUAN 5 815 1 6ITU I 1 pEN (M5 3) wazaiinued
anstlesiuuaalugasensu 91U 6 ¥lia Aa benzophenone-3 11U 8 GI8EN octyl methoxycinnamate
UIU 30 MIBEN octocrylene MUIU 21 MBEN butyl methoxydibenzoyl methane MUIU 25 AIBEN
homosalate 31U 4 29819 Uax octyl salicylate S 17 FI9ehe (15197 4)

msnagauanuiluiia@eiy (homogeneity)
naeNeviUSInaasienuuen 6 #ila Ae benzophenone-3, octocrylene, octyl methoxycin-
namate, butyl methoxydibenzoyl methane, homosalate a2 octyl salicylate 8158 10 926 ¥ionas
2 2 sailu 20
1. e C 299815090817
- U 2553 la@  0.355, 0.423, 0.307, 0.179, 0.386 WAL 0.234 NAIOU
- Y 2554 la@  0.295, 0.355, 0.387, 0.245, 0.333 AT 0.303 ONAOU
- Uw.d. 2556 1@ 0.344, 0.390, 0.414, 0.309, 0.221 WA 0.310 GNAIAU
- Uw. 2557 la@  0.226, 0.176, 0.196, 0.355, 0.202 WA 0.250 GNAIAU

N3NNI ENFASNTUNWNE
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[

MINN 3 NUIUFNINTUKEAN MU 2N ULENUAA

gasehduiificdunaumasnsilasfuuduan IMNIUMBEN
Octylmethoxycinnamate 8
Octylmethoxycinnamate + octocrylene 3
Octylmethoxycinnamate + butyl methoxydibenzoyl methane 6
Octylmethoxycinnamate + octyl salicylate 1
Octylmethoxycinnamate + benzophenone-3 1
Octylmethoxycinnamate + octocrylene + butyl methoxydibenzoyl methane 3
Octylmethoxycinnamate + benzophenone-3 + octyl salicylate 3
Octylmethoxycinnamate + homosalate + octyl salicylate 1
Octylmethoxycinnamate + octocrylene + octyl salicylate 1
Octylmethoxycinnamate + benzophenone-3 + octocrylene + butyl methoxydibenzoyl methane 1
Octylmethoxycinnamate + octocrylene + butyl methoxydibenzoyl methane + homosalate 1
Octylmethoxycinnamate + benzophenone-3 + butyl methoxydibenzoyl methane 1

+ homosalate + octyl salicylate

Butyl methoxydibenzoyl methane + octyl salicylate 2
Butyl methoxydibenzoyl methane + octocrylene 3
Butyl methoxydibenzoyl methane + benzophenone-3 + octocrylene 1
Butyl methoxydibenzoyl methane + octocrylene + octyl salicylate 5
Butyl methoxydibenzoyl methane + benzophenone-3 + octocrylene + octyl salicylate 1
Butyl methoxydibenzoyl methane + octocrylene + homosalate + octyl salicylate 1
Octocrylene + octyl salicylate 1

590 (A9EN) 44

M5 4 NUIUMDENULNMNEHAYIEN 5T DIN ULENULAR

Faemstastuusuan PUIUGIDEN
Benzophenone-3 8
Octyl methoxycinnamate 30
Octocrylene 21
Butyl methoxydibenzoyl methane 25
Homosalate 4
Octyl salicylate 17

. NIANITATNINEAFATNSUNNE
1 e - o
Y aUuUnLAY 3 NINMAN - NUENBY 2558
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2. MUIA) p-value BDIEIAINEN
- Uw.d 2553 1@ 0.07, 0.18, 0.16, 0.56, 0.26 WAL 0.50 NMIAU
- YU 2554 le  0.64, 0.24, 0.18, 0.05, 0.18 WAL 0.06 NAAU

I
2

W.A. 2556 1® 0.12, 0.05, 0.10, 0.25, 0.35 WL 0.43 UMOU
- Uw.e 2557 1@ 0.05, 0.08, 0.05, 0.17, 0.09 WAL 0.05 MUMAU

3. AUINAT 0.3C, YDINTHNNTN a1 funasilumsuananunaiiasnsuiuuen
- Uw.e 2553 1o 0.05, 0.04, 0.04, 0.21, 0.03 WAL 0.05 ENAOU

I
d 3

W.A. 2554 @ 0.02, 0.04, 0.06, 0.03, 0.05  UdL 0.02 MNNOU
- Y 2556 e 0.02, 0.03, 0.04, 0.02, 0.03 WAT 0.03 MNAIAU

= k4 o s dl
U w.e 2557 la@  0.03, 0.05, 0.02, 0.03, 0.04 WAL 0.05 MNAIAU (MF1N 5)

510 5 HamsUssiiuanuduiia@enny (homogeneity testing) 289A3NAULANTINSULNUNUNAFDU
anunluthulszana w.e. 2553-2557

@ C*cal< 0.602 p-value** > 0.05 0.30,***

FaFURINULELAR
2553 2554 2556 2557 2553 2554 2556 2557 2553 2554 2556 2557

Benzophenone-3 0.355 0.295 0.344 0.226 0.07 0.64 0.12  0.05 0.05 0.02 0.02 0.03

Octocrylene 0.423 0.355 0.390 0.176 0.18 0.24 0.05 0.08 0.04 0.04 0.03 0.05

Octyl methoxycinnamate 0.307 0.387 0.414 0.196 0.16 0.18 0.10 0.05 0.04 0.06 0.04 0.02

Butyl methoxydibenzoyl 0.179 0.245 0.309 0.355 0.56 0.05 0.25 0.17 0.21 0.03 0.02 0.03

methane
Homosalate 0.386 0.333 0.221 0.202 0.26 0.18 0.35 0.09 0.03 0.05 0.03 0.04
Octyl salicylate 0.234 0.303 0.310 0.250 0.50 0.06 0.43 0.05 0.05 0.02 0.03 0.05

* @ Ceal A Cochran’s test — NOFDUANNUUSUTIUYINAN INAFDULBNUABEAIDEN @) n = 10, Cerit = 0.602 fszu
anNEaNudanaz 95

** one-way analysis of variance (One-way ANOVA) ‘nmaaummLuJiiJ'nuwmNamswﬂaaummL?Jul,f:mﬁmﬁ'uwm
fhatha e p-value g4 0.05 fisvauenudaiusanas 95

»x ghildanmsmuaman Horwitz's equation tiafhunasilumsudanannuasiueeniuiuuan

MINAFAUANINAIN (stability testing) luannsaamgiivias
HAIANlUAMZANN)IVDY (Al 25 + 5 avmwalded) 2esd3naamsnuuee 6 oila @p
benzophenone-3, octocrylene, octyl methoxycinnamate, butyl methoxydibenzoyl methane,
homosalate wag octyl salicylate lngnaaay 3 ¥aan Wanas 2 65’1 syl 6 M (Gl’l‘j’N‘ﬁ 6)
1. wauade %) LI AIANNLANANSEHIIAIRRsYasUSIN NS UA AL aTA R UAIR A YD
USinaians x 1 ianasauamauiiuiiodeniu
g-m & -9 U w2553
naFaUASIT 1 (03w) 1@ o0.00, 0.01, 0.00, 0.01, 0.01 AT 0.00 NAIAU
naFaUASIT 2 (20 7) la 0.04, 0.03, 0.02, 0.20, 0.01 WA 0.00 INAIAU
naFaUASIT 3 (40 ) @ 0.00, 0.02, 0.00, 0.14, 0.03 AT 0.00 INAAU

N3NNI ENFASNTUNWNE
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- & -3 w.a. 2554
noFaunsail 1 (0 51) 1& 0.00, 0.00, 0.01, 0.00, 0.00 AT 0.00 MNEITU
NATIUASIN 2 (20 T4) 1@ 0.00, 0.02, 0.01, 0.02, 0.05 LA 0.02 NSO
neaaUAsH 3 (40 31) 16 0.02, 0.01, 0.01, 0.00, 0.01 UAZ 0.00 AMNTIGU
- M & - w.a 2556
NOFIUASIN 1 (03) @ 0.01, 0.02, 0.02, 0.01, 0.00 AT 0.00 MNMAU
neaaUAsH 2 (20 51) 16 0.02, 0.02, 0.02, 0.02, 0.00 WAL 0.01 MUTIGU
neaauUAsR 3 (40 51) 16 0.00, 0.01, 0.03, 0.01, 0.02 UAZ 0.01 MUTIGU
- & -9 w.a. 2557
nagauasafl 1 (0 5u) 1 0.01, 0.04, 0.00, 0.00, 0.03 WAL 0.03 MNEIRU
naaauasadl 2 (20 3u) 1& 0.01, 0.04, 0.03, 0.02, 0.01 AT 0.05 MNEIRU
naaauAsafl 3 (40 3u) 18 0.02, 0.03, 0.02, 0.02, 0.00 UAT 0.05 MNEIRU

M50 6 HamsUsziiiuanuaei (stability testing) 2a9A3uNULAANTNFISTDINULELAN 6 A0

udszanai] w.e.

) 2553 2554 2556 2557
I
FaaTUaN UL A
NAFAUATIN NAFUAIIN NAFaUAIN NAFDUAIN
0.36p O.3Cfp 0.3Gp O.SGp
1 2 3 1 2 3 1 2 3 1 2 3
Benzophenone-3 0.05 0.00 0.04 0.00 0.02 0.00 0.00 0.02 0.02 0.01 0.02 0.00 0.03 0.01 0.01 0.02
Octocrylene 0.04 0.01 0.03 0.02 0.04 0.00 0.02 0.01 0.03 0.02 0.02 0.01 0.05 0.04 0.04 0.03

Octylmethoxycinnamate 0.04 0.00 0.02 0.00 0.06 0.01 0.01 0.01 0.04 0.02 0.02 0.03 0.02 0.00 0.03 0.02

Butyl methoxydibenzoyl 0.21 0.01 0.20 0.14 0.083 0.00 0.02 0.00 0.02 0.01 0.02 0.01 0.03 0.00 0.02 0.02

methane
Homosalate 0.03 0.01 0.01 0.03 0.05 0.00 0.05 0.01 0.03 0.00 0.00 0.02 0.04 0.03 0.01 0.00
Octyl salicylate 0.05 0.00 0.00 0.00 0.02 0.00 0.02 0.00 0.03 0.00 0.01 0.01 0.05 0.038 0.05 0.05

a Jd
AU

gasmnsuasuiunaailaliuiguesianniy dwaduduuuulumsuiadasdmiuuaums
'ﬂ(ﬂaaumwﬁwmmu'zlmﬁ'mﬂﬁﬁ'amiﬁﬁul,ﬂ%"mﬁwawﬂsmwNﬁmffm‘ﬂi’lmﬁ'uuamﬂm ianauduY
AN BINM TP U U AR 8901528M55U5B9ANNEINTAMNINATIU ISO/IEC 17025 Liiaean
Tudssinalnedalaifigliumsluuwunuil waslusslssmaliusmanasaumsilasfuuasuaniiies 2 §e 3
sy uasmaiasandniinemgs gasmiuainiuuaaildwanniuanil mansoUsuiiiaviaaniiny
sslasunsuen uazUSuusinamnudnsuled Tageduiuuaainlaginadenudiuiaiionsy (homogeneity)
FeUsuiiunaianeilagda Cochran’s test wuth f Ceal Wagni Cerit ienudasiudasas 95 waaeh
Tifianuuaneaasmsiieneie wazan one-way ANOVA 1vif p-value > 0.05 Udoa KaIANER
sudaznaliuaniafy wazannmsUssdumanyaai (stability) LEAIMAANNUANAISEHTNAREE
23U s ) uiazafinfuminasasSinaens X) i ilanagauanuihuiisdendunuie -3
-, NSNINTHINENENFAINMSUNNG

J oo A o
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apsudazansiientioand 0.36, Mnmsldgasimivainiuuaaiiianniududagmasauamudingms
WoaUliims daudtlautszanm w.a. 2553 & 2557 IddiSaauauuniluudas?) Taglafidamauassn uas
Wil lesumssus NNNNNIFIU ISO/IEC 17043 97 National Association of Testing Authorities;
NATA Uszinapamasiae Tudl w.a. 2553 wazlasumssusasmumnasgu ISO/IEC 17043 daiijpsunay
asanga lauil 6 iaugman 2557 unsldsumssansuluniissaunidauliifugliusmanaseuana
Fungmaienlfidmslinnsinstesiuusuan Hiineiasdoruaziagduansdaiiithrinssmnsny
Tusmsnagauanangrasissljiimsdelufalsamasandnandeu iesnszaurnaaljidnig
muasssdenanIlenziastasiuuauaalifinaspuuazldiumssusesanuainsawasl fians
MuINassU ISO/IEC 17025 Hasdpsiimswanniufulssgasiiuliannsasasiumstiasiunsiuan
yiialvaiuiinay

a5

9
gashiuasuiuuaeildusulpuasiannduiifaamnidminsalasfanuduilaidaiues
flamuassa sansolfidudedrdmiunaasuanuinnymeieslfuanmseesdniniaiasdarauas
Jogauanala

aeenssndszne

2DYBUAMINGY ANNNE wdzEInunnuihelienudaiiuuazanneanuazainlums
a3asfigdiansildmsmniiivnudisaganluded

@NENTDNDY

1. diinmuguieiasdouaziagduans uinnuamensIIMInIMaLesE. wnManmfurdasasiesiunsuan
(Fmsudsenan). nRmn : TRANWTNNUNSENNSMENLE; 2555.

2. wirnotygAniasden w.a. 2535 Ussmansznanmsangy (aUuil 46) w.A. 2550 Bee wAaSuieTasdan
fiinsilaafuuaunn MERINLUNK 1ENT 124 aoufiey 88 9 (a9Tufl 25 NINIAN 2550).

3. wmild nsvaudiqe, wissun sussd mawanne3ulatuihgin [Wiyapndseaaastadiol. malnndansa,
AUNFYAENS. NTUNN | WINENFENTND; 2549.

4. RuAWSID ANENYND. NENMIANFUBLITINLOHAZDINIDN. NTUNWE) © ARANFIANEAS NAnedaniion; 2533,

5. s avuaduna. sdadmumAlensimuaiivasmameseuanudnng. uunys : diinedasdhoruaziagiuans

AsNANENENFASNTUNNE NITNTNIIBDIUGY; 2551.
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Developing of Sunscreen Formulation for

Proficiency Testing Scheme

Sudthida Meethong and Kamonluck Intharatsamee
Bureau of Cosmetics and Hazardous, Substances. Department of Medical Sciences. Ministry of Public

Health Tivanon Rd., Amphur Muang. Nonthaburi 11000.

ABSTRACT Participation in appropriate interlaboratory proficiency programme is naormally
required by accreditation body to comply with ISO/IEC 17025. Since 2005, the Bureau of Cosmetic and
Hazardous substances, Department of Medical Sciences had provided proficiency testing scheme for
sunscreen agents. The commercial sunscreen cream and lotion adding withtwo sunscreen agents,
benzophenone-3 and octyl methoxycinnamate, that were mostly used in the sunscreen products in Thailand,
were used as the samples in the proficiency testing scheme for sunscreen agents. Because of unknown
formulation of those commercial sunscreen products, the quality of prepared samples for proficiency
testing was not consistent and their stability was not good. Therefore, in 2010, sunscreen cream
formulation adding 4 sunscreen agents had been developed in order to get the homogenous and stable samples.
The formulation with 2 more sunscreen agents were developed in 2013. Totally, samples for 6 sunscreen
agents were developed. The samples were tested for homogeneity by assessing within sample
variation using Cochran’s test and assessing between sample variation by the analysis of variance
(ANOVA) at a 95% confidence interval. Test for stability of the samples at room temperature
(25+5°C) was also done. The results showed that the sunscreen samples from this formulation have
appropriate homogeneity and stability to be used as proficiency testing samples in determination of

sunscreen products.

Key words: sunscreen cream, sunscreen agents, formulation, homogeneity, stability,

proficiency testing
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PN (Y] S v PPN d' o ¥
AMINHANN M daNaLUUERAIINIIHINE
Tudszwnealngd w.@. 2555 - 2556

dws vasdsemauss  nuaanwal aunsAN  wasdSa MeNE
SinASNEDNUAZINQEIUNTIY NTNINENAFNTITUNNE DUUGIIUUNT WUNY3 11000

unAnga MIdIRUMWRANS T aNNNLUUERNITIENINT WA 2555 - 2556 WU 237 GIpEN T4
wiasmnemse Taauvady 2 Nax MINQUILANA UM INATINLBINTINNUANENITNNITANINIUAZEN AD ﬂzjuﬁ 1
tilpasramanstanunnlyd 3 %l @9 mPDA oPDA U8z 0AP 511U 113 $298he 56 tA3ansngmMsa Fadlu
HanAaeifinaalulseind 11U 71 §19819 37 LAPININENISET wAzHARAMTNENUSEING 42 a8
19 AR BIMINEMISA mjw?; 2 WianmamUSinaEsdannnsay 3 7iie Aa pPDA, RES uay pTDA $112u 124
ot 59 tedasmnemsim dundesasifiudalulseme 1w 77 §r9ehe 31 03paMINEMSA LazneeUszne
47 $En9 28 LA3BIMINEMA A18NATlA Thin layer chromatography (TLC) udaiiuduuazmusmnadamaie
High performance liquid chromatography (HPLC) wuihasiawuasgauuunulslunaas asigaumauwuu
fodonsfiazidhinsimhsnnlszmaiuuazinmmasum 4 daeths dadludesas 3.5 Tasasdanunnlinasa
WUAD mPDA uaz oAP uaznuhiindasamidannuuuudinonsiusmnamsdaunilaildnaspusn s2 fath
dadusesas 41.9 ‘[mﬂﬁmmqmﬂﬂ%mmmsﬁaummigwmh ganh g@uazw%a@i’miﬁ LLaﬂﬁmﬂﬁmﬁuﬁamﬂszq
U 28, 15, 3 waz 6 e Anlluspear 22.6, 12.1, 2.4 WAT 4.8 MNAGU Hutsinaansgauiinmnanuiy
28flu4 0.02 - 12.98% w/w bk MaWaNTaanuanInzasianjliamsliaeasufudamuuauszamudaims
sesgidnlddudsuazmaiannssuuihss inammwuazanulaanstuasndnsasiniusansmmiuiadadhan
fazaeamuinlaliiguilaa
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UNUI

waosaidannniinehmbelulssmalng fhunuuasienuanuaadumnniunlsaan e
mamai wasunaskdadeiineiinaalulssmauasihidnnelssme fdagiuiisuuulnilumsmhe
Y9550 e-commerce WarM3MBATY (direct sale) uananiigaimsliuimstouuumuuaiume
Fomldmmnsadhienguiualnanniu wasiiuslnasununaifaisnhmsdounmimaaiuyadnmmn
aaanaunszuauniuihdny lvudedusideuniuiiienldfudaunsnmeninauasynngais
wansauridanwuiiihmheluiasamatagiuiundy 3 ndu ldun sdasuridaumuuwuudionnns
(permanent) HAAAMIEDNNNULULFAATINTI (temporary) UATWANAMIEaNHNLUUFAANID1IS
(semi-permanent) uazndnsasigonunuuudinonssuluaiisnlddeandadu (oxidation hair dyes)

nssnumsdenwndiulfizeneaniasuussmnsnguaslandnioiiud uazarlsmndndiluaa Fuily
doand Lﬂ"fibu (oxidation hair dyes) %ﬁa’li‘ﬁﬁﬁmlﬁﬁl A p-phenylenediamine (pPDA), resorcinol (RES)
uaz toluene-2, 5-diamine (pTDA) deillassarnanmataiiindrandaiy (mui 1) muasennu
sslalaswunadeanlys ey Quinone diimine auldanseanaeilufia (Leuco Intermediates) uaw

sihUfAsndatumsdaiu (coupler) Wailuluanagaeiifiaadone | usgfuyiionas coupler was
szazoan lumsdaesliliadjisen (Mwi 2) msgimw?iﬁﬂﬂﬁlﬁufi 3-aminophenol, resorcinol wag
a-naphthol®? i{ludu udiilasnnmsnduaslandniaiiug wasarlandndiluse vsiadnanuhoane
1ﬁtﬁﬂﬂ$l§ﬂLLazﬁamiﬂmﬂﬁué 15U o-phenylenediamine (0PDA), m-phenylenediamine (mPDA)
ez o-aminophenol (0AP)® ¥ ﬂs:‘vmqmﬁﬁmqﬁqlﬁ'ﬂs:mﬂL‘fJumiﬁ'auwuﬁmslﬁﬁlul,ﬂémé"uaw“’ »
widmiumsilideunuuasvdelfiilumsgmuiiianudssiiasdiuduansdogummne maldsulsanmugs
o liAamsuld Wy pPDA, RES uaz pTDA (fiudu daiulszmanssnsnamsngaldmunun
mslalaslvuanlalinudosazlaothmin whiu 2 (WSIMSWEN) 5 Uaz 4 (WEIMIHEN) MNEIFU®
uannnilfafivszmanszmanmssageildmvuanuisaniumamaindausasudnamsdidalu
i3asdhan Fseniuliamawmaauldiasnilihudosa: 15 wiamnnhlbihuasa: 18

n. nauasdanwuiioyanalvldleamuaiuna

HoN CHs

pPDA pTDA RES

HzN

U 9 Y 4
V.NQNAITIOUNN YN ?"If

HzN\O/NHQ @:NHZ @fOH
NH, NH

mPDA oPDA 0AP

il 1 gaslassaseasansdannnnayanelildlesmuauisnn (n) wasasdaunnvinly ()
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NH
STEP 1 - Oxidation of precursor Oxidation S
to give radical semiquinone
dimime mtermediate Z
NHa
Precursor Semuquunone Dumine
Radical Intermediate
MNH
STEP 2 - Further oxidation Oxldatlon | |
to give quinonedimmine
(QDI) mtermediate
NH
Sem.lqumone Diimine Quinonediimine (QDI)
Radical Intermediate Intermediate
NH NHp
e = B ; = Cnupllng
STEP 3 - Coupling reaction | | 3 |
between the QDI and the oxidative i
coupler to give a lenco dye OH
NH CHs
QDI Coupler Leuco Intermediate
NH CH, 7 N CHY\
STEP 4 - Oxidation of the leuco = Oxidation i
form to give the final reaction | P TR
product H:N HaN OH | HN H:N o}
Leuco Intermediate '\_5 Final Reaction Product /

Al 2 nalmljisenmsiiadues oxidative hair dye Au coupler®

wanmniiasesiumaiulssmeanadelulaet we.2sss i Ussnalnaldaanuludannas
fazlfungssisuduaiasdanlisanndosiulundulssinasngnenideu (Agreement on the ASEAN
Harmonized Cosmetic Regulation Scheme) laguszindlnalaiil ASEAN Cosmetic Directive 1ang
duitlidatunssneduafniasdon w.a. 2535 m‘lfi’lumiﬁﬁ"ugu,aLvﬁ'md’wawﬁawﬁmﬂwﬂuﬂsxmﬂlwﬂ
wazdinsusungszidisuan g lvdanaaasnudannasainan” u ﬁmuﬂﬁ'm%aqﬁwmmnwﬁmﬂu
i3asdhomuaNiigdauasiihiiasdeanuddayaduiifuaasmsndannnamsdanssninmesge
Aouilazkdaviarthun® [y

Pnmenurnssanssswuhlusey 10 Pshundslinumsnsnusnumsoifieduaumm
apawdaSarigounnasdiinaiasdeauasingauanauazrasdinnuAaLAIINMTIMSILALEN @8
anuaszvindeenuidsuassuaneianaiadiuglindosaridonuddonldiuaghaunsvans Seldsusu
Fayadnnsuasduanziuamnasaumaiasl jiamseendo danidauwuuuudioonsiiamie
Tutszmauazihdhnnndalsunaiidinnuanznssumsannsuazenidugdin ensnuguslng

LY

P2 Y a v a (Y a o ¢ Y vy a a a &
LLa::Lwaimﬂuwaa&amsmmswmiwamﬂmwauwﬂwuﬂiza‘nﬁmwmwu
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d13LANLAEIININIFIU

d15300337% : pPDA, pTDA uaz RES lduaaswiuay Merck uaz oPDA, oAP uaz mPDA
HaOt9iY9 Sigma-Aldrich mmu’%qw%wmdw%’aaaz 90 wianluiuses

aaed : asedildndndneizas Merck (AR grade) laun methylene chloride (CH,CL,),
ethyl acetate (EtOAc), ethanol (EtOH), acetic acid (HOAc), acetone, sodium sulfite, sodium
carbonate, p-dimethylaminobenzaldehyde, 2, 6-dichloroquinone-4-chloroimide, 8% ammonium

acetate, acetronitrile (HPLC grade) tag methanol (HPLC grade)

Lﬂ"fs'aaﬁauazqﬂniiﬁ

Thin layer chromatography (TLC) Usznausie louf (TLC tank) uazwsiu TLC sHaazgiiies
WIBLAING 10 x 20 HURNAS NAFaufneunileme silica gel GF254 v 0.25 NaalNng, P304
’[ﬂsm‘[wﬂsw\lﬁﬁmwaqmaaﬂigaw%mwgq (High Performance Liquid Chromatography, HPLC) waanoui
289 Water §u Alliance Usznaueae \A3890 5937070 Photo Diode-Array uazgalszananalusunsy
Empower 2.0, Ton Analyzer n3aAa77289 Thermo Electron Scientific, ta335aanuaztaon 0.1 dadn3u
NanNMI2a9 Mettler Toledo, dwqﬁwﬂawﬁ'gq (ultrasonic bath) nannmwizas CREST, Lﬂ%}awsgmﬁm
AN 3000 59UGBINT WAGAMIwY Hetich 31 ERA 12, wanadgmsunsaswuuthuuenyiin PVDF 21na
50 {93303, YANTRINTDNUKUNTDITTA PVDF 21010 0.45 Iulasines dusnugudnan 13 uaz 47 Tadiuns,
capillary tube U@ 1, 2, 5 Waz 10 laﬂmﬁm, N5eMENIEY Whatman (U8s 1 waszIaunlde

W3aNELNAENYUN 4 NADINS

Mad

wAnAaridannuunuudinoons Adninnuansnssumsamsuazanfunounasiiming w
Waassndum uameddnuazaneds wraskdamalulszmalungamwamuasuazinama wazan
FuaIMIUazeN wanaesznINg w.e. 2555 B9 W.A. 2556 NUIUTIN 237 e Tagudsdagaiy
2 nanmaIngUszanduINsthas fa nandnzimasdannninuldinuu 3 oila #e mPDA, oPDA
wae 0AP MUY 113 MBEN u,a::ﬂaju%nﬂs’lzﬁﬂ%mmmsﬁauwuﬁaqagmﬂlﬁﬁmmuquﬂ%mm NI 3
%1 A pPDA, pTDA waz RES uaz 91U 124 @agN

I8msnadau aNVeNeEmasdannnnyldlundasasigdennnuuudinoiseiewmaila Thin Layer

Chromatograph (TLC) #9#idadna lumsasianudunsuas mPDA, oPDA wag oAP 1Al 0.0005 0.003
o ) g Vv 44' 1 a < a v

Uar 0.003% w/w MUY wazasadudulegldiedes HPLC dumsasiaimnsdiusanaarsdanu

nmvanUsinamsladenies HPLC aidadnne lumsasaiadinauniu 0.025% w/w lagiineasden

[

2AIMIMEIUNMTANNIAEY 7l

fmazmeaiauiidmiu TLC
solvent system 1; CH,Cl,: EtOAc: 95% EtOH: HOAc Tusasndi 70 : 20 : 12 : 4 lagd3unes
solvent system 2; CH,Cl,: Acetone: 95% EtOH: HOAc luaasdiu 70 : 20 : 12 : 4 lagd5unas
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aaafinldiujase
detecting reagent1 : 1% p-dimethylaminobenzaldehyde Ty ethanol
detecting reagent 2 : 10% w/v sodium carbonate &tUsguAI8 1% w/v 2,6-dichloroquinone-

4-chloroimide 11 methylene chloride

dnnzuaatnIas HPLC
Column: Hypersil C18 2110 4.6 JadluAs x 150 Jaauas, 5 WIASNAT
Mobile phase: acetronitrile: methanol: 0.02 M ammonium acetate buffer, pH 7.5

Tudasai 2.5 : 2.5 : 95 laalsunas

Flow rate: 1 488805017
Detector: DAD 200 - 400 nm, lambda max 280 nm
Inject volume: 20 lulasans

MInsIatanansaiasaanuinlilaeis TLC?
MILEITNFIIAAIIAIBEN

Haghoehalszanas 2 N3N WinaN5azan 5% w/v sodium sulfite 1 7adans Wufl (in 95% ethanol
5 Hadans uamanlidniy uansasansarmadiensemuensatiuas 1 mnmetailuaduwiisnazareenn
Tithelanasadmiunsasuuihwenuazinluiudeeiamumies fumsszasildlumeumndmsiu
IANLraeds TLC

NIAIANTIINZAIINIAIFIY

Ww3sNasarmeasgIUansaanninNly 3 #iia lawn mPDA, oPDA uas 0AP Tma%’qmsmmgm
unazriia 0.0250 N5y ldlu volumetric flask d2we 25 Hadans naEsazas 5% w/v sodium sulfite
1 f8da035 azanauazdSulsnnasee 95% ethanol azlaanuduturssaisarasnasyIuLaazsiionu
1 lulasnsudalulasans

MAANLEMamaiia TLC

O38NUEY TLC 21160 10 x 10 ¥38 10 X 20 WHUALNAT DU 2 UHY WIDMNANNRINZEY
Sumnumatheiiasienedluudazase ihasarmedagaiings 2 lulasans wazaNIATMENINTFIUT
daununuld 3 #ile A mPDA, oPDA uas oAP USinauniinay 0.5 lulasans spot uuwsiu TLC uad
1wy TLC luualu solvent system 1 uae solvent system 2 88198 1 WHY Nty TLC swsd
e detecting reagent 1 Uuiinwameamsmamwudy TLC uazatlsdnuae detecting reagent 2 Uufin

NAAIEMSENLMNNDNATI

nsautazmIulana

271120 spot 138 band avEsAIefisunumsNaIIUUULEY TLC lagdasian Rf iy
wardidviaunu ‘[mﬂmimmgmﬁ% 3 wile awl¥FndeeRy detecting reagent 1 warliidihmadeddu
U detecting reagent 2 pthainsanumssanunulddanihluasniuiudemaiia HPLC
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MmAeNsiUSnamsdanunlagis HPLC®®
MIAIVNEITALAIININTFIY

%Lqmsmmgm pPDA, pTDA sz RES wuaazasiin 0.0250 N3N 1dlu volumetric flask dnuune
25 188805 AN 5% w/v sodium sulfite 1 1855035 aza18M8 methanol 10 Fadans wazdsuUsnasae
mobile phase ssazaEINasIURENTlaTaMTNTY 1000 TulasnSuceiiadans iandanadalila

a

v v 4 v aa d‘ Y o
ANNLYNIY 2, 6, 10, 20 AE 30 1u1ﬂiﬂsumauaaami LWEI“D"V]’]ﬂ’i’]WN’WﬁﬁWu

MaLeIaNEIIaZAIBAIDEN
d o v @ = vy v v Il v
08 NUszIM 0.1 - 0.5 N3N WIamNANMUIIzaN TR AN NTUIEsag lugn I
103537141 volumetric flask d221U00 25 183805 AN 5% w/v sodium sulfite 1 F9AANT uA1BzNHAIN
@ v v a aa Id o P = o A v a . A
MBE a8 methanol 10 Hadans mauasuwmilenrsaasunazaaennlilda mobile phase (Wazgazang
Apuh lU sonicate IUNTENIATNUAN HIDBTNBNNN UAIUSUUIUNATME mobile phase d5araafIDEN
faaimsdsanmuanummnzanlagdads 5% w/v sodium sulfite 1 §88305 NNATI NTBIEITATAE
£ ] £ v 1 = 1 Y o o | v d‘
MaehameganIsansanuiunsassiia PVDF 2mna 0.45 lulaswas lalumeuddndwiuidaweies
HPLC laginsnevicadeas 2 %

MIRIAITDYAZABINIIAUNAUABIMIBDEN
WIMDENLazANTIaraIBNNI3IU pPDA, pTDA uwaz RES us@aaadudsinunmsiaiay
asazanadagnlaglienuddugaresgludnnnuinesgu

MIIATHMELAIa9 HPLC
o . e = v v ¥ 1 a _aa v
M system suitability lesReasazaamnesgriuenuudu 2 lulasnsuaaliaddns Tvlaen
system suitability aglunaEsiNMUIUAMNINATTIUAING LAINAATALHINATTIUNTNANNINTY 2, 6,
-7 1 = aa § o 1 4 = Qﬂl L %
10, 20 waz 30 lulasnsuaadaddns wamnnwmespulilamauussandanudunus (r) =0.995
nasnnuulvidemsazasanasgruanuniu 10 lulasnsuaaiiadans muaiaasazaaIndgi 2 4 uae
asazae spiked sample 2 74 MWAIGU UazRaSITIzAIBINAIIIUANNENIY 10 lulasnIudaiiaaans
UNINNNMIAA 10 A uaztladugansIeczy lWsunsumsUszanana Empower version 2.0 28tA384

HPLC azmnaany@yduuasulasvivheily sow/w vasansdanunluaiae

N3AIUANAUNINYBILANTIATIEHE
' . e v P o vd & o A v v Ao A
- ¢ system suitability aglunasineansuld Faununanlannmnesauanulslauads wie
mamuaaunaunaziisainldlumsiwenzd
- ldasazarsanaspuanuaindu 10 lulasniudeiiadans Wudadilumsmuaugunn
TagMsRAaa1sNATFIUAINENIUAINNGTNNNUINGTHIY uazdaunsnnn g s 10 AT wasLiladuge
a ¢ o ' v A g v s & o o 1 A dy va A e
ML Mme %RPD zaseiuiilafiazasnsioudazasufisuiumiunlaiaiiamnnnvinasgu
Zeapalaiiusazas 3
J a I3 Vv Ql ] a n’%’ g; 4 1T a
- @ %RPD zasuaiesiasdanmaludiadnanmsinasdn 2 a3 davlufiv
Jo8az 3

-~ @M % recovery MNNNTIATIZH spiked sample apvagluresasaz 90 - 110
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MseBUTUEITaNNNIN]TA8IT HPLC
L |l d' v v ac Y o = | = % =3 d a v
MBENNATANUANITaNKNNIFLeeNS TLC Tvaiiumsudennumsiensilsinaasaanu
v = . . A v AN W vy v v 1w oA o w
A uUMsLe38N spiked sample laams spike ssanasgiunessmstudulviienududurnudeang

waqmimwwuL%mmmwwaﬁ%"il,mwﬁ (Limit of detection, LOD)

mMsauaznsulana

W3aULHiEUA retention time WA spectrum YANHIDENUATEITNINTFIUA DUWRDUNY

We

nnmsdnwwdadaridonnuuuudaoonsiianineeshanuariagduansanaienismig
T WA, 2555 B9 W.A. 2556 T 237 GABENN 74 LAIEIINEM A wiadly 2 nanmaagUssandlums
dasrmasdiinnuannsumIanawazenihas ldud nguil 1 Husdadoridouwuuuudioonsidaims
asamnanstionnnynly 3 #iin e mPDA, oPDA uaz 0AP 110U 113 (19804 56 LAIMINEMIAY 39
Husdasaeifinaalulszma 510y 71 §9ehe 37 W3samanemse hghansmheaneelssmeasuy
6 698N 4 LASBIINENIM wazazthEINAINeIUsEINALRBTIMNETIIY 36 I8N 15 LATDIVINENSAN
ﬂ'sjuﬁ 2 Wuwdesasidanunuuudfonnsngasmsliasamisinasmsdonus s oiia @ pPDA, pTDA
uaz RES s1uau 124 doehe 59 tadaaanemse duflundasasidannuuuudioonsindalulszme
1Y 77 GRENN 31 1ASBIMINENSA TNBNINTIMIheTINEUsEmEsIIY 24 2989 12 3RIMINEM AN
wazazthEhaNNNENUsEINAR BT MNETIUIL 23 (IDENN 16 LAPIMINEMNTE WA TS DNHNLUUTAN
amsithdhnndslssmaiidnmnassinuinihdinnn o Ussma Tasihidainannlssmaduanniige
(msm“?i 1)
Tudrusasnguudofnsidaunsuuudioonsianamasdanuuiuldluananunsdauus
winld 4 drethe dadiudesas 3.5 Tasarsdannuuldiny @a mPDA uaz oAP Fasrawulundesasi
FanuNLUUEAnansHazthEhanUsemeauLasmwalawhi
dwdungumdadasidannnuuudfoonsinnamuBnumsdanntiunuhiindo Sasidouns
ilaldanaspusnn 52 degn dadudosar 41.9 Teedundasasidounuiindalulsand hidhansmhe
PNENUTENALIZILUNINIINUIEIIUIU 34, 10 LT 8 HIDENMINAIAU Fuilundesaeifinanan
ﬂssmﬂ%umﬂﬁqﬂ (miwﬁ 2)
mamﬁmsﬁﬁaumJu,uu?{ﬁﬂmasﬁmnwuhﬂ%mmmsﬁauwulﬂlé’mmgm%aﬂaz 41.9 (5210 124
dhaene) wuh fhusdeSaridaumuuuudiaonsiidinnuanenssumsamataznsayhiduinannudnfosi
finssmieluieassnauduazuar Mnunsswdamealulszinauazausmsuazeaaaiuiosay
31.4, 1.6 WY 8.9 MNEIAU (AN5197 3) Ehummqﬁﬁﬂﬁmﬁmﬁm%ﬁmdnhilﬁ'mmgmﬁ"'uwmhﬁwamﬁm%
ildasdounnlionfuamnuazivsnamsdounnildliosnduiianinssy 10y 6 uaz 46 davd
ey Tasfiusinamsdannilundnsasidounaini gan u,asm;wLtas/w%agqm'wmuﬁisﬂuamn
Lﬁummsﬁﬂ'mmﬂLﬂﬁ'aumNﬂszmﬂﬂ‘ssw‘mmmsmqmwmu 28, 15 Wae 3 Made Aallusaeay 22.6, 12.1
U 2.4 MO %ﬂuﬁwmuiﬂﬂuwﬁmﬁm%ﬁaumJLmuﬁaﬁmasﬁsﬁmsﬁauwnﬁmuquﬂ%mmmﬂ%’mnniw
1 3UANUIU 15 ﬁaaziwﬁhﬂﬁmmgm (miwﬁ 4) Iﬂﬂﬁﬂ%mmmsﬁ?ﬁaﬂszwhqﬁaﬂmfﬁ 1 29NN

4% w/w (03NN 5)
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P = o o ) v VoA oy v v v VoA
MINN 1 5’]833[@8@%337‘“7“&3@Gl')ﬂﬂj\?ﬂﬂﬂt‘ﬂl’kuqLﬂuﬂQNWmaQﬂ’ISGﬁ?QH’ISﬂaNNNW’]NI“Zf LIsNFNNOBNNIT

avRssfannNiauaNUIINus Ty

NANNABININTINET NANNABININTINE e DN
. . dounnnuley wuiimuuUFInumsls
Nneemade - p - p
PUIU {AIBNTIINE DU LAIBNTIINE
ABEN M3 faeN M3
1. waasainnaelulszme 71 37 77 31
2. waRATmNEhNENUsTING 6 4 24 12
MR
- Ju 0 0 13 7
- 1uaLe 0 0 0 0
- iy 2 1 5 3
- BuLde 0 0 2 1
- anmwnglsy 1 1 4 1
- AWIFOLNEM 3 2 0 0
3. waaseinazhEhanan 36 15 23 16
dhalszineitasvhe
- u 12 1 4 4
- (mMuale 4 2 3 2
- iy 2 1 5 2
- Buhe 8 5 2 1
- annwglsd 5 2 5 5
- ANIFDLNEM 4 3 4 2
- WA 1 1 0 0
I 113 56 124 59
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M15191 2 HAMISATIANANA N DN KN

r o dsdanunnuly awsﬁauwuﬁmuquﬂ%mmmﬂ%’
Nnvesmade - -
DU PUIY M o
L Wy L Talawnasgu
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Quality of Permanent Hair Dye Products

in Thailand between 2012 — 2013

Siriporn Thongprakaisang Kamonluck Intharatsamee
and Jumrern Duangngnamying
Bureau of Cosmetics and Hazardous Substances, Department of Medical Sciences, Tiwanon Road,

Nonthaburi 11000, Thailand.

ABTRACT Between 2012 — 2013, the quality of totally 237 samples of 74 brands of permanent hair
dyes products were surveyed. The samples could be divided into two groups following different objectives.
The first group is 113 samples of 56 brands which comprised 71 samples 37 brands of locally manufactured
and 42 samples of 19 brands of products from abroad. The first group is for identification of 3 prohibited
hair dyes i.e. m-Phenylenediamine (mPDA), o-Phenylenediamine (0PDA) and o-Aminophenol (0AP).
The second group is 124 samples of 59 brands which comprised 77 samples of 31 brands of locally
manufactured and 47 samples of 28 brands of products from abroad. The second group is for quantification
of 3 hair dye of restricted use i.e. p-phenylenediamine (pPDA), resorcinol (RES) and toluene-2,5-diamine
(pTDA). Thin layer chromatography (TLC) and High performance liquid chromatography (HPLC) were
used to identify, confirm and quantitative analysis of hair dye. The results showed that prohibited hair
dye i.e. mPDA and oAP were detected in 4 imported permanent hair dyes from China and Korea (3.5%). It
was found that 52 samples (41.9%) were not conformed to the Notification of the Ministry of public health.
It is due to the found amount of restricted used - hair dyes are lower, higher, higher and/or lower than
the acceptable criteria for the deviation from the labeling and the found hair dye is not a kind of the list
on the label for 28, 15, 3 and 6 samples or 22.6%, 12.1%, 2.4% and 4.8 %, respectively. The concentration
of hair dyes were found in the range of 0.02 - 12.98% w/w. Therefore, the laboratory’s capacity should
be developed to support the law’s requirements in order to support in monitoring the safety of consumer

products, accordingly.

Key words: hair dye quality, p-Phenylenediamine, Resorcinol, m-Phenylenediamine,

o-Aminophenol
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o andsznmdaduayuliidaanassznindszmea Mwuadutuwamemsiuundssianuas
msdanansstaiiniduszuuderiumlan (Globally Harmonized System of Classification and
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Labelling of Chemicals - GHS)"® ﬁlamimmLﬂué’ummﬁmamﬂLLa:ﬁagammﬂaamﬁ'ﬂmsmﬁ
anenumgaulumsnasavuazmsussiivenuflusuanesasansed Taawmmemslddainaas

. ﬂmxﬂssm%msawmwﬂsﬂ (European Commission) 19i”ﬂsxmﬂmuqumi
ldasiaiionasziisuasnivasanninglsy REACH (Registration, Evaluation REACH

Authorization and Restriction of Chemicals) I@lilflL‘i,leN'lilbluﬂ’l'ifl’\‘lﬁviﬁ'a’l’il,ﬂﬁ‘vgﬂﬁ‘ﬁﬂ o X e

mnfiaguad wazazndezulvad daslidayaneiyineuasriiumsaansidow msUsadiy

* *
* ek

wazmsayae lildasiadl

COMPLIANCE

m3taduld REACH #ailufins1ui “No data, no market” dofutladeadny
snUszmsuiaimlilumsmagaumafivding imsdanldianadaumadannaunumsldainaassanniu
dlasmndalFheiaenihmslddninaass Taeiidammuadail

1. Registration msaanziisuasiai ‘[ﬂﬂ%’uLaua‘*zTaQatﬁmﬁugmﬂuﬂ'ﬁwmmimﬁ anailu
514@151&1LLa::ﬁwiaqwmwLLazémmﬁau swdamsUssiiuenudsaaimsldansiaiitu Lﬁﬂiﬁ'ﬁjﬂssﬂaumi
aomnssuiitayaiindumsiadiinantuuanihinldudodud warmansolddayamaiududayausznou
msseamsaseiitieanadasas

2. Evaluation msasadauLaslssiunsnumsanmisuansuazanudsdumsuaauss
TFmaniiigiuaanadoumheue Weliulahgussnaumsiitayauanidayaiiuanldslomilumsioms
Msaillunszunumsuaavsaldasiaiilaadralasans

3. Authorization m'i°z|amétymwamw‘%ai%’awiLﬂﬁﬁlﬂué’ummmn (very high concern) g4
fidauly LﬁaaﬂmmL?%msiaqwmwuax?humﬁau

4. Restriction m3nfamsuda m3lduiesmhemsndusuanenn Waianusndudss
Tﬁmiﬁ?uﬁ'sﬂmqwamﬁmuuammwgﬁa Ltasr;jﬂizﬂaumshimmsammw’%aiﬁﬁu‘ﬁ'mmsauu’ﬂﬁtmulﬁ”

wananii REACH fiimualiiimssaniusinludayamanadauduivinguasarsinidl
(Mutual Acceptance of Data - MAD) sewinuseimamaves OECD ‘[mwi"mLﬂuﬁagaﬁmumimaau
93 OECD Test guideline 1nwasUfuansiilasumssusesmumnasgiu OECD Good Laboratory
Practice (GLP) 8naneg

msanwanyldlavadidmadan (Validation of Alternative method)"®
mawanaNusazmaluladeudinmmmsunmduasndaine nlvTiEmadanivanniu
Tyai Tosandemadanau q swmsulFifidanageumeiivininaunumsnagausiodainaass asiiudas
hunszunumsanmeanulglaweds weliiulaiismadenivanniiienuldlemdnmmans wazms
nadauiielilddayameivinendeismadenildiumsseniu uaniulumadamuuazaamhanurio
aeAnsg{iannalunmsmnugua (Regulatory authorities)
FBMadeniiazdataninsasanssinmnenansnuneaIuEIneidnwla msanwanuldle
20938 UnsEUIUMSTRaiiuan MsMBnmansiminzay IHssunaumsnaasidasamnialilasan
@odald (Reliability) ﬁmﬁaﬁ'mﬂﬁﬁamnﬁmﬁu %3938 INYaNUHUANS (within and among
laboratories) 1#nszunumsnagauiiieniuil lutanmes g axdsslduamsnagauiianansanle was
HhaaRmansanfiensas (Relevance) #n msnagausiedsmadaniiu Sanuduiussunansenuluatizd

Yy . aa & & Id 4 vy o 4
wWhviane (target species) wazigmudaniudulsslenivaclvdayanannasauasamuinguszaad




MINAFBUMUNYINENMEITMEDN gI5san (Beseans

@RI NTUMINAFTaULIU Tagdimaszydadnnee il Tesmlumsanmenuldlawasdzsuuniy
2 jUuuy @Ad Prospective validation (mui 2) Falsznaudis 6 Fumeu Lﬁaslw”lﬁ'iaga“lmi wag
Retrospective validation 6‘?;0LfﬂumiﬁwﬁagaLau'ﬁ'ﬁagjtnﬁamﬁnmﬂsmﬁuﬁﬂﬂ% (re-assess) Fevaintiu
Fofandumil darhaustayaiieuszdiuanuldldnedis

AanaaEansalunsinneis (Predictivity) wazanadasiy (Reliability) ﬁmsmmnﬁagadalﬂﬁ

o anuly (Sensitivity) fiansenandosazuesnanagauiusdmsiaiinliuanasauiiivuan
(positive chemicals) Iﬁgﬂ(ﬁl N

o AMNINME (Specificity) sanNipeazasnanadauiiidasaiinliuanageudivay
(negative chemicals) lﬁgﬂé’l’aﬁ

o ANMUFINTO UMY ﬁmsmmn%aﬂaswENwawmaauﬁv‘hmﬂmiﬁwu,uﬂmimﬁmwwsm;ju
lagneiag

o ANl (Accuracy) Wansanandpeaznanuafiswunsiings (classifications) lagneias

wniiwaday 9 ilssdiulasinianalussuiemsanmenuldlaueds laud

. ﬂmm‘h%’ﬂﬂuluﬁ'mﬂﬁﬁﬁmstﬁmﬁ’u (Reproducibility within laboratories) mM3UUN%iia
ashldnnuamsnagau (independent runs) 3 A% wisannnh Toavasufuamaiiennuaasiinny
F0APABNNY

. ﬁmuﬁw%ﬂﬁswdwﬁmﬂﬁﬁams (Reproducibility between laboratories) MsNUUNTLA
msﬁlﬁmﬂwamswmaauwaqﬁmﬂﬁﬁ’amsdw6’| NNANINTDARSDINY

o eanuhazdurasmsiuunsiiaaslagneas (Probability for correct classification)

Understanding basic toxic or biological 1-5 years
mechanisms and pathways
C New alternative method for specific
: application/purpose (1 laboratory)
Optimised transferable protocol 1-2 years
C (2 and more laboratories)
Establishment of reliability and relevance 2-5 years
C (3 and more laboratories)

2-5years

4

© Independent scientific peer review 2-3 years

¥

Regulatory agency decision on 1-3 years
acceptabllity for specific application

M 2 wuuukumsanmenulElauasiduuu prospective validation study™”
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Wadsnaunumslddainaasshumsnasauanuldlavaisud) azsdhgnszuumsinsaniuses
PIMNBNURR WA lUNMIMAUQUS WazMIEaNSUINKUININMINAaaUINld (regulatory acceptance
and guideline adoption) 31 ECVAM, ICCVAM waz OECD e Tﬂﬂﬁﬁmsﬁmimmawﬁammr;j’ﬁ
malumsmauguameludssine wazudazdszmanaiionuuananniuld fsimsdszanulilananms
msnadauanNlglaraiitndannasinuseing ECVAM, ICCVAM waz OECD @aanniu OECD laan
Mienas OECD GD 34 szywmnmumsnagauanuldlavaisiviviaidnlasumsusuls smsudszdiv
anuiluduaneniimsanassansuniunuszrinlsemd  aetu Bnedaunirusaumsuiifsaanssnu
#anmMsae g Nszyly OECD GD 34 vzthaiinlamalvlasumssansuisini wiaidaaudasldannauy
MINN 1 wdaesIEMsIonadauneumsisansusadlas ECVAM, ICCVAM, JaCVAM (Japanese
Center for the Validation of Alternative Methods) waz OECD wayhianulglemeinenenans

= a-:lq' Yo [ Y < ac =~ 4 3 T v ac
wazdivnasnlasumseansulilaiduitnesaumadanle wiazlimunszuiumsnagauanuldlavadis
MuAunauUlnG

ANaa & aca 1% o & . aa 1

fsmadennaeisnehumsnagauanuldlauaisluzunauusn (pre-validated) wazu9Isuu
inaminsumULA Nanansathinlinadau naunumslddainaaselaunediuvsaninug Wy Mmedauany
(Wuiisaaszuunugnssn (Genotoxicity), manaaauanuluiimamzauniy Wy MnanIauwazms
szMedaeraiIvil wasmsnasauannlasaneradniasdandizagl Wudu wannmsdnmanuldle

act =d ) Q'J N~ U YU A =d Iq ac lﬂ' 1 3 k4
2aI5madannnranenienumlanudasliiivihainseldidmadeniuitnedeundieaenuiunmsls
v ¢ = Y g ad Y ¢ v & &1 = v =] v ] 1
dainaass vialBihAsnaunumsladainaasle il lumsdnmursmuaadenldmsnadausinsening
ac & aa] ¥ [ K] Y aa - . . ° R
ABmudanuaeisle lowun msnadaumeismadenlurasanaass (in vitro), Msihwaansadudiule 9
PNFNTNABINNNTNAdBIMEUDN (ex vivo) UBZMINABBIUULAIBNABNNIGDS (in silico) (Hu
MINMU software WaEITENN ) SNSUNUMU predictive toxicology 16 uannil awainidmadan
NassdnwyegfiniwInenigudau (Complex toxicity endpoints) Anludasdnmanauaumsnauauag
lussauwad FudlaiinssumuiieanaazaninsomliiionansenuaaguaIn (toxicology pathways)
waznalnnsiiaieele lTuaazidednunandudesiarsananuaunsalumsimuanannuiuiy
NMBEMInedaumMedainaassuuudnaanndssnuransenuiidenanulunyeduiala daRnsanday
WA NANINEINN T UM ITWAUITNMUENNHANNAEITBY (relevant) uasiinnNBaNUgY
aansanngransENUGagaMWNyEe e

2AYBINITNAFAUMBITNINLFDNUUY in vitro
o NTNMUANINNIEMINATOU 80ANNLUTUTIUITHINMIMAasIraE 9 A53le
o imsneaaulagliinasyiussaug
o Lifinansenuannszuusame (Systemic effects)
e MINSNAFDUAISLAN LANUIUNIN FIAFT wazA lFeuds 10U MITHTIILVUAANTAINH
ANNNANTIFILaIUNAN (High w82 medium-throughput screening assays)
u
Yo <~ a v
o 1#7aq viaasnaseuludnmise
o Y a =Y =Y Vv
o MIAavezielulsnanias
4 o .:3’ .:4' o o‘d‘d g U w . d! =
o sansaldigaduaziiioiBonyd wazimaaNinIinaamNugnIIN (Transgenic cells) #4dl
Bunywddmsunadaula

e AAMSNAFIUMETNTNADDI

. NIANITATNINEAFATNSUNNE
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P aa - P olvlw ao dvlelcu @ ¢ o (20)
MIINN 1 IWDYNLPDNNNIUNINAFTDUAININ LT LAYDNIT BIDELAIUNIAUDNIUMIULDUNNIVUR

: Test End t of Regulatory Acceptance
End-point and Method Name i n n o_r Semen, (,) g ; y P :
Type Scientific Validity | National/ Regional International
Acute mammalian toxicity (oral)
Acute toxic class method Invivo | ESAC(2007) OECD TG 423 (2001)
Fixed dose procedure Invivo | ESAC(2007) OECD TG 420 (2001)
Up-and-down procedure Invivo | ICCVAM (2001), ESAC | EPA OPPTS OECD TG 425 (2006)
(2007) 870.1100 (2002)
Normal human keratinocyte neutral red | 15, vigro® | ICCVAM (2008), OECD GD 129 (2010)
uptake (NHK NRU) assay JaCVAM (2011)
Balb/c 3T3 neutral red uptake assay Invitro' | ICCVAM (2008), OECD GD 129 (2010)
ECVAM (2011),
JaCVAM (2011)
Acute mammalian toxicity (inhalation)
Acute toxic class method In vivo OECD TG 436 (2009)
OECD GD 153 (2011)
Carcinogenicity
Syrian Hamster Embryo Cell Transformation | 75 j-0 | EURL ECVAM Draft OECD TG (2013)
Assay (SHE CTA): SHE CTA performed at Recommendation (2012) OECD Detailed Review
pH 6.7, SHE CTA performed at pH 7.0 Paper No. 31
Bhas 42 Cell Transformation Assay In vitro | EURL ECVAM Draft OECD TG (2013)
(Bhas 42 CTA) Recommendation (2012)
Chronic toxicity
Ending 1-year dog studies of pesticides | [ vivo | ESAC (2006) Revised US EPA
Pesticide Data
Requirements
Dermal absorption/ penetration
In vitro skin absorption methods In vitro | OECD Expert Group OECD TG 428 (2004)
(2002) OECD GD 28 (2004)
OECD Guidance Notes
156
Ecotoxicity
Acute aquatic toxicity: Upper threshold |75, viveo | ESAC (2006) OECD GD 126 (2010)
concentration step-down approach
Acute avian toxicity (oral): Sequential e OECD TG 223 (2010)
testing procedure to minimize numbers
of birds used
Fish embryo (Zebrafish) toxicity Invivo | ESAC (2013) OECD TG 236 (2013)
Endocrine active substances
Androgen receptor binding assay (rat Ex vivo OPPTS TG 890.1150
prostate cytosol)’ (EPA, 2009)
Aromatase in}libition assay (human In vitro OPPTS TG 890.1150
recombinant) (EPA, 2009)
Estrogen receptor binding assay rat Ex vivo OPPTS TG 890.1150
uterine cytosol (ER-RUC) ¢ (EPA, 2009)
H295R steroidogenesis assay’ In vitro OPPTS TG 890.1150 OECD TG 456 (2011)
(EPA, 2009)
US EPA Tier 1 Screening Battery Invitro/ US EPA (2009)
In vivo
BG1Luc ER TA test method for estrogen |In vitro | ICCVAM (2012) OECD TG 457 (2012)
. . 4 Draft Performance Standards
agonists and antagonists for TG 457 (2012)
Eye corrosion
Fluorescein Leakage Invitro | ESAC 40 (2009), OECD TG 430 (2012),
OECD summary
JaCVAM (2012
: ( ) document no.180
Hen’s egg test-chorioallantoic membrane | /n vitro EU Competent
(HET'C AM) Authorities for
Dangerous Substances
Directive
Isolated rabbit eye test Ex vivo EU Competent

Authorities for
Dangerous Substances
Directive
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P ax o A v 19)191 oo A quzu o ¢ o (20) '
AIINN 1 IDVNLEDNVNNIUNINAFTIUAINN LT LOYDNID I LAITUNIFHUDNIUMNLDUNII AU (Gl’ri])

End-point and Method Name Testl E.ndo.rsemen.t (.)f : Regu.latozry Acceptan.ce
Type Scientific Validity |National/ Regional International

Eye irritation
Reconstructed Human Cornea-like Invitro | EURL ECVAM Draft OECD TG (2014)
Epithelium (RhCE) Test Method
Eye corrosion & Eye irritation
Bovine corneal opacity permeability Ex vivo | ICCVAM (2007), OECD TG 437 (2009;
(BCOP) test ESAC (2007), revised 2013)

JaCVAM (2009)
Cytosensor Microphysiometer modified Invitro | ESAC 40 (2009), Draft OECD TG (2012)

ICCVAM (2010)
Isolated chicken eye (ICE) test Ex vivo | ICCVAM (2007), OECD TG 438 (2009;

ESAC (2007), revised 2013)

JaCVAM (2009)
Short Time Exposure (STE) test method Invitro | ICCVAM (2013) Draft OECD TG (2014)
Routine use of topical anesthetics, systemic |75 vivo | ICCVAM (2010) Updated OECD TG 405
analgesics, and humane endpoints (2012), OECD GD 19
Sequential testing strategy for eye irritation |In vitro /| ICCVAM Updated OECD TG 405
and corrosion Ex vivo/ (2012)

In vivo
Genotoxicity
Bacterial reverse mutation (Ames) test In vitro OECD TG 471 (1997)
In vitro cell gene mutation test In vitro OECD TG 476 (1997)
Draft updated (2014)
In vitro mammalian cell gene mutation In vitro Draft OECD TG (2014)
assays using the thymidine kinase gene
In vitro chromosomal aberration test In vitro updated OECD TG 473
(2014)

In vitro mammalian micronucleus test Invitro | ESAC (2006), updated OECD TG 487

ICCVAM (2014)
In vitro sister chromatid exchange test In vitro OECD TG 479 (1986)
In vitro unscheduled DNA synthesis test In vitro OECD TG 482 (1986)
Saccharomyces cerevisiae gene mutation In vitro OECD TG 480 (1986)
assay
Saacharomyces cerevisiae mitotic In vitro OECD TG 481 (1986)
recombination assay
Phototoxicity
3T3 Neutral Red Uptake Phototoxicity Test |In vitro | ESAC (1997) OECD TG 432 (2004)
3T3 NRU Phototoxicity Test: Application | /n vitro | ESAC (1998) OECD TG 432 (2004)
to UV filter chemicals
Pyrogenicity
Human whole blood IL-1 Invitro | ESAC 5(2006) ICCVAM | European Phar-

(2008) macopeia; FDA
Human whole blood IL-6 In vitro | ESAC (2006) ICCVAM | European Phar-

(2008) macopeia; FDA
Human cryopreserved whole blood IL-1 Invitro | ESAC 5(2006) ICCVAM | European Phar-

(2008) macopeia; FDA
PBMC IL-6 ESAC (2006) ICCVAM | European Phar-

(2008)’ macopeia; FDA
MM6 IL-6 In vitro ESAC5(2006) ICCVAM European Phar-

(2008) macopeia; FDA
Limulus amebocyte lysate (LAL) test In vivo/ ]JEU, US a;ﬁ

. apanese ar-
Invitro m:copeia (2005)
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P aa = P olvlw aat dvlelcu o ¢ o (20) '
MIINN 1 /NN DNNNIUNIINAFTDUANN LY LOYDNID I EOIUNIIYDNIUMINLNUNNINUN ((ﬂa)

End-point and Method Name Test1 E'ndo.rsemen.t ?f . Regulatory Acceptanf:e
Type Scientific Validity |National/ Regional International
Reproductive & developmental toxicity
Extended one generation reproductive Invivo | ICCVAM Udated OECD TG 443
toxicity study (2012)
Skin corrosion
EST-1000 human reconstructed Invitro | ESAC (2009) Udated OECD TG 431
epidermis (2014)
Membrane Barrier Corrosivity Test Invitro | ICCVAM (1999), OECD TG 435 (2006)
Method (Corrositex®) ESAC (2000) Draft Revised (2014)
EpiSkin® human skin model Invitro | ESAC (1998) ICCVAM OECD TG 431 (2004;
(2009) revised 2013) Draft
Revised (2014)
EpiDerm " human skin model In vitro | ESAC (2000) ICCVAM OECD TG 431 (2004;
(2009) revised 2013) Draft
Revised (2014)
Rat skin transcutaneous electrical Ex vivo | ESAC (1998) ICCVAM OECD TG 430 (2004;
resistance (TER )assay (2002) revised 2013) Draft
Revised (2014)
SkinEthic  human skin model In vitro | ESAC (2006, 2009), OECD TG 431 (2004;
ICCVAM revised 2013) Draft
Revised (2014)
Vitrolife-Skin' " human reconstructed Invitro | JaCVAM (2009) OECD TG 431 (2004;
epidennis revised 2013) Draft
Revised (2014)
SKkin irritation
EpiSkin® skin irritation test (with MTT | In vitro | ESAC (2007,2009), Updated OECD TG 439
reduction) JaCVAM (2010) (2013) Draft Revised
(2014)
OECD Background
Document 137 (2010)
EpiDerm™ skin irritation test (with Invitro | ESAC (2007)° EU test method
MTT reduction) B.46 in COM
regulation
440/2008/EC
EpiDerm™ SIT Model (EPI-200) Invitro | ESAC (2008), Updated OECD TG 439
JaCVAM (2012) (2013) Draft Revised
(2014)
OECD Background
Document 137 (2010)
SkinEthic RHE model Invitro | ESAC (2008, 2009), EU test method |Updated OECD TG 439
JaCVAM (2012) B.46 in COM (2013) Draft Revised (2014)
regulation OECD Background
440/2008/EC Document 137 (2010)
LabCyte EPI-MODEL 24 SIT Invitro | JaCVAM (2013) Updated OECD TG 439
(2013) Draft Revised (2014)
OECD Background
Document 137 (2010)
Skin sensitization
Local lymph node assay (LLNA) Invivo | ICCVAM (1999) ESAC Updated OECD TG 429
(1999) (2010)
Reduced LLNA: rLLNA In vivo ESAC (2007) ICCVAM Updated OECD TG 429
(2009) (2010)
Nonradiolabelled LLNA: DA Invivo | ICCVAM (2010) OECD TG 422A (2010)
JaCVAM (2012)
Nonradiolabelled LLNA: BrdU-ELISA | /n vivo | ICCVAM (2010) OECD TG 422B (2010)
LLNA for Potency Categorization of Invivo | ICCVAM (2011) UN GHS (2009)

Skin Sensitizers
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P ax o A v 519)191 oo A vlqzu o ¢ o (20) '
AIINN 1 IDVNLEDNVNNIUNINAFTIUAINN LT LOYDNID I LAITUNIFHUDNIUMNLDUNII AU (GIB)

End-point and Method Name Test1 E.ndo.rsemen-t (-)f : Regulatory Acceptans:e
Type Scientific Validity |National/ Regional International

ARE-Mrf2 Luciferase Test Method Invitro | ESAC (2002) Revised Draft OECD TG
(2014)

Direct Peptide Reactivity Assay (DPRA) |In ESAC (2000) Draft OECD TG (2014)

chemico
Human Cell Line Activation Test (h- Invitro | EURL ECVAM and Revised Draft OECD TG
CLAT) JaCVAM (2014)

(daasann URL: http:/alttox.org/mapp/table-of-validated-and-accepted-alternative-methods/)

1 All in vitro and ex vivo methods listed; in vivo methods proposed to reduce or refine animal use also listed

2 National and regional regulatory acceptance is not fully documented here

3 Replaces animal use for initial dose setting, but in vivo test required to complete assessment

4 Screening assays to be used as part of a broader testing strategy

5 Subject to product-specific validation to demonstrate equivalence to the rabbit pyrogen test (RPT)

6 Recommended as screening test or as part of sequential testing strategy; only positive test results accepted in the 2007 endorsement

AANNAYBINIINAFBUMBIDNINLFBNUUY in vitro

o lidmmnsonadouufdunusseviaiiodiauazaion:

o Lismnsammenudunuszesmsnauauainulsinaiiunlesulusemevesdidizia (in vivo
Dose-response relationships) wiumsdssiliuanadasanysd

o lLisunsoUseiliunansenuannszuusNNe

o lisansoUseiiumandraaumans (Pharmacokinetics)

o lLisnansonedaunamsnafieisase (Chronic effects)

o fdadrdamamaiia laud anwansalumsazans  UfAsendunaralin  neqaantGves

% 3 = 1 l:' N . . . .

nianuEdaulus9mMe2eededizia (in vivo-like barrier)

syifigalinnaunenenuageaaiiag lumsnauItmadannaunumslidainesss Tagwmwe

& v a a ° v W a ' . . . .

TugunaumsnagauamuiiuwdIngr Srusunawensioluy Wyss Institute for Biologically Inspired
Engineering, Harvard University® lawain “@denzuuusiuiy” (Organs-on-Chips) lagumnzides
wasNyBiuuianan (hollow channels) waziiaymswma lnarudasluwiviudefianwaziugunsel

aa ¢ . T < = ¥ wva P @ o v °
lulaswgddnd (Microfluidic) 2waian filassasuazquanifmiausienzNaains wazmnmeasd
wunimseauausamiisuaizzuyed Jagiuimswen “Usaunuwsiugl” (lung-on-chip) uaz “alduu
WHuBYU” (gut-on-a-chip) (MwH 3) le5Us193a5uslad London Design Museum Mt w.d. 2555 wazil
W.A. 2558 ANAIOUY uanngalinmsnainlueandenzdu g vuwsudUdn wu lo waziila 2199
-:1' ac = 1 .:%’ ] v ac Y 2 Yo w 3 R ac
Waddmadanwailthumsnadauanuldlevesisua Jazlasunmseansuuazainsaihanldliisnesau
Uszanle

H k4
gl o =

i 3 wagnna ldanyaany g MhanmnzEe
(u gut-on-a-chip Lﬁawﬂaauﬁmmsnsxﬁu
fminzay wuhiimseaususadiuaiu villi wilay
ﬁ’lvl.ﬁlmgmf (scanning electron micrograph wag
loazunsnluguluranan) a1n http://wyss.

harvard.edu/viewpage/484/
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wnMNMSWaNRasUjuRnmesauiivInenasIdmatdanuasdszmdlneg
ndmumsalszaulaniimsvensdaveduieiinyesdayanmsnagauanuiufivyasudn ool
Puiiegiuty Ussmaiwannuaiinaaidenannidl 9 wazihmasnesavanuldlaveads wuaiiy
Bmaidennaunumslidainasssedndaiiies wazlasumssansulas ECVAM liiilvisinassiuains
o P Y & v o v a v = < Y o v Y
mbiianulawsaulumsasdamuuainaspiumsazasdumluniilan wasaradudaianumamsaian
sUwuunin uanaInil damvuezes REACH lusmumssansuiinludayamnasaumunyingnzas
astaisznilszinam@ OECD lasdauiudayanichumsnagaumu OECD Test Guideline 310
woslfuamsnilasumssusasanuanasgiu OECD GLP uu Uszmelne Toadinnuanasgiunandui
AATINNIIN NIzNINGAANNNTIN Lasiasidniumazes OECD ud Toaluaududumauuu Provisional
Adherence wazagszuinzuaauaiiumsielilaidumauuy Full Member Adherence Zdnilund
o 1 v a IS Aﬂ' YV v a va Yo o
auszuumszansunNludayamsuszlivansed tialddayannvasl juamslulszmalnglasumssansu
N

s vasdfuamsiu g deaslasumsiusasanuanesgiu OECD GLP Jufluanuaniuilszmdlnasas

v
=

LNWAU A
1. Wanyaansluamurinee maiia wasanungmsUidnudumanagay in vivo
Tqud Mawnsiassaduazibain auMINAgay ex vivo laud msusnuazifiuinmeld, o 189
NNININTNT UazEIUNMINATIU in vivo LAUA MIDUUNLBLAALEBNAETNAT MIIUKANATIU Loz
MsneFaUMuUNEIN@IEIdMudan @y OECD Test Guidelines (Hludu
2. WannWaslfufims uaziadasiie wisnanunwdaudmdummesevanmiuiiy Taeldis

odaumy OECD Test Guidelines u,azﬁmmﬁ'mﬂ,ﬁﬁ'ﬁmﬂﬁ'lﬁmi%'mmmummgmmﬂa loun NAIFIU
OECD GLP &%3U in vitro tests Waz ex vivo tests uaz GCLP (Good Clinical Laboratory Practice)
§ WU in vivo tests M9l maWanwasufiamslusuiuuy Gail

2.1 JUuuUAUETIN

waslfuamsludszmalvadnluaionuimngemzdn msnunuginagoau sud
msdawdaavas fidmamasauliiienuwiaamndiu andhachs wu windalumsiansguanadaundn o
#iiacna 7 Wy udnsaeieiasdaneasninmasuiion talvineuheaseuagununadaudumenn
(& ndu enuasamn) @il Tavewin arsvald 21a0) waEaTIINN (f\;auw%s‘fﬂm‘ﬁau ez Challenge
tests) sInDINSNAFRUANNUdRANY wazUszansnnunaaiasdans aaildasinaludssdr1dde
Tumsasmuianaianljinmauazenldnelumsumaiomags uasdadasiiaiennudue uazanudu
NuBneY

2.2 UkuULATEY

Hatulsznalnedshifivasufidmanesauiuivinailddumsusasmnunasguang
OECD GLP §%3U in vitro tests usz GCLP @ %3U in vivo tests vihedadnwuazwannmuanuiiy
fiudadainaans quidainaassuriend wninndeniios agsswintunraumsuaiusas OECD GLP
muisIneduuvusnzaslseimalne ms%’@v‘hﬁ'a\‘lﬂﬁﬂ'ﬁmsmwwﬁmmsmaaummL‘ﬂuﬁwﬁﬁswu
aaumwanadiusiuuy Sududadldanui wiselie wasBuamuinnumnnlumsuimsians msld
suuaiaieusiasniimslaisnasaumadanilunuduiiuguagud Taud mheitednwuas
Wannauanuiuiivdadninasss guddninaaasuamd wingasuiina vesljidmsenulssanis
manlumalulad gudinlumaluladuiing dnnuianInenmaasuasinaluladiuiend (§any.)

N3NNI ENFASNTUNWNE
AUUNLAY 3 NINYIAN - NUENBU 2558




Alternative Toxicology Tests Suwunna Tienungoon

amU1Idennsal nsAIneMmanimsunng WInenasee | wasvisaljiamsianyy asmnlansean
Haymil wazanansavamnmanasulundondiule

3. Wanwihasusasiaslfudnmsmuanasgiu OECD GLP Tudsznelng Tithumsusziiiule
Sums5useean OECD Committee l¥iillumiiasusas Compliance Monitoring Authority (CMA)
yaUssing Fwasinsuinemansmsunnd Togdinnumnasgudasdjuans masaiiumslvru
matszfiuily cMA meludounsngiau 2559 nasnniulsznalnedsasldidniy Full Member
Adherence 2e9Usztnama OECD

a3

9

msl#dayammaseuanuiuiivassnsaiiuazingdu uazdeysrnuiaaastuesndadmiald
nnmanadaudieiimudanishunszuumanasauemalildvadisuasimasaniulussdumnauda wu
OECD Test Guidelines u,asehLﬁumiwﬂaauTmaﬁaqﬂﬁﬁ'amiﬁlﬁ%’umﬁmmmummgmmﬂa
Tagmwizanasgy OECD GLP laguUszinalneazdauily Full Member Adherence 289Ussinana
OECD uah dayamanadauanuiuiiveasndasamideazlasumssansunveiaiiunemsnniszme
aungnlungy OECD uazgansumndamvuazasviihenuvsaasdnsgionnalumsmiuguazesdssma
MA OECD suazflumsandafiatumamsd wasiiindnasmwmaudsiulunianaliudgusznaumslng
T@anmanils

L@NEITD N

1. aniveurisnd. assenussamslddaiienumdnmemans paulasl]. [Fudu 23 w.a. 2558]; [10 wihl. whaelen :
URL: http://www.nrct.go.th/th/Portals/0/data/2558/07/w_297.10.pdf.

2. Using animals in cosmetic testing [online]. [cited 2015 Jul 19]; [3 screens]. Available from: URL:
https://www.dspca.ie/media/UsingAnimalsforTestingCosmetics1.pdf.

3. Ban on animal testing [online]. [cited 2014 May 2]; [3 screens]. Available from: URL: http://ec.europa.
eu/growth/sectors/cosmetics/animal-testing/index_en.htm.

4. European Commission. REACH and animal testing [online]. 2015; [cited 2015 Jun 26]; [1 screens].
Available from: URL: http://ec.europa.eu/environment/chemicals/reach/animal_en.htm.

5. UK REACH competent authority information leaflet number 18 — minimisation of animal testing.
[online]. July 2014. [cited 2015 Jul 19]; [6 screens]. Available from: URL: http://www.hse.gov.uk/
reach/resources/18animaltesting.pdf.

6. Regulation No 1907/2006 of the European parliament and of the council of 18 December 2006 con-
cerning the registration, evaluation, authorisation and restriction of chemicals (REACH). Official
Journal of the European Communities 2006; 49(1.396): 1-849.

7. Nixon GA, Tyson CA, Wertz WC. Interspecies comparisons of skin irritancy. Toxicology and Applied
Pharmacology 1975; 31(3): 481-90.

8. Abbott A. Animal testing: more than a cosmetic change. Nature 2005; 438(10): 144-6.

9. Russell WMS, Burch RL. The principles of humane experimental technique. London, UK: Methuen;
1959.

7 M5 INSNAINEN A FAS M SUNNE
e o
T afudiies 3 ASNIAN - AUENB 2558




MINAFBUMUNYINENMEITMEDN gI5san (Beseans

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

European Commission. Council Directive 86/609/EEC of 24 November 1986 on the approximation
of laws, regulations and administrative provisions of the Member States regarding the protection of
animals used for experimental and other scientific purposes. Official Journal 1986; L 358; 1-28.
Kandarova H, Letasiova S. Alternative methods in toxicology: pre-validated and validated methods.
Interdiscip Toxico 2011; 4(3): 107-13.

Commission Regulation (EU) 2015/282 of 20 February 2015 amending Annexes VIII, IX and X to
Regulation (EC) No 190772006 of the European Parliament and of the Council on the Registration,
Evaluation, Authorisation and Restriction of Chemicals (REACH) as regards the Extended
One-Generation Reproductive Toxicity Study [online]. 2015; [5 screens]. Available from: URL: http://
eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OdJ.L_.2015.050.01.0001.01.ENG.
Spielmann H. FRAME Annual Lecture. International Cooperation: an essential requirement for
replacing animal toxicity tests. Altern Lab Anim 2001; 29(6): 637-46.

Spielmann H. Collaboration between ZEBET, FRAME, and ECVAM: FRAME’s contribution to
establishing the Three Rs in Europe. Altern Lab Anim 2009; 37(Suppl 2): 23-7.

Frazier JM. Scientific criteria for validation of In vitro toxicity tests. Environment monograph No.
36. Baltimore, MD: OECD; 1990.

ENV/JM/MONO(2005)14. Guidance document on the validation and international acceptance of
new or updated test. methods for hazard assessment. OECD series on testing and assessment No.
34. Paris: OECD; 2005.

Directive 2003/15/EC of the European Parliament and of the Council of 27 February 2003 amending
Council Directive 76/768/EEC on the approximation of the laws of the Member States relating to
cosmetic products. Official Journal 2003; L 66: 26-35.
msnuunUssanuarmsanaanasieiidussuuieniumlan (Globally Harmonized System of classification
and labelling of chemicals - GHS). aﬁuﬂ%’uﬂ'gm%ﬁ' 1. N3N : NINTTNURATININGTN; 2549.

Toxicity testing in the 21* century: a vision and strategy. Washington, DC: The National Academy
of Sciences; 2007.

Alttox.org table of validated & accepted alternative methods: validation & regulatory acceptance
status of alternative test methods & testing strategies [online]. Sep 2014. [cited 2015 Jan 30]; [20
screens]. Available from: URL: http://alttox.org/mapp/table-of-validated-and-accepted-alternative-
methods/.

Three ‘Organs-on-Chips’ ready to serve as disease models, drug testbeds [online]. 2012. [cited 2015
Jul 30]; [3 screens]. Available from: URL: http://wyss.harvard.edu/viewpage/484/.

Medical technology that could eliminate need for animal testing wins design award [online]. Jun 2015.
[cited 2015 Jul 30]; [6 screens]. Available from: URL: http://www.independent.co.uk/news/science/
medical-technology-that-could-eliminate-need-for-animal-testing-wins-design-award-10337887.
html.

N5 INSNAINNAFASMSUNNEG (7,
AVUNLAY 3 NINYIAN - NUENHY 2558 0



Alternative Toxicology Tests Suwunna Tienungoon

Alternative Toxicology Tests

Suwunna Tienungoon
Bureau of Cosmetics and Hazardous Substances, Departiment of Medical Sciences, Tiwanond Road,

Nonthaburi 11000, Thailand.

ABSTRACT Toxicity or safety testing of product and raw materials before being used with human and
environment are inevitable. In particular when REACH (Registration, Evaluation Authorization and
Restriction of Chemicals) was implemented into the legal framework of European Union. All chemical
substances imported or produced in the EU must provide toxicity data for registration and marketing in
the EU. Alternative methods following the 3Rs principle i.e. Reduction, Refinement and Replacement
must be considered in performing Toxicology tests. Such alternative methods must be scientifically
validated to ensure that the toxicity information is reliable and relevant to organ specific and the
end-point toxicity of interest and being accepted and conformed to the regulatory purposes. In addition,
internationally accepted toxicology methods such as OECD Test Guideline shall be selected and performed
by OECD GLP accredited laboratory so that the toxicity information will be accepted in regarding to the
Mutual Acceptance of Data — MAD for the Organization for Economic Co-operation and Development
(OECD) countries. Therefore, there is an urgent need for Thailand to develop technical personnel, OECD
GLP accredited laboratories including the Compliance Monitoring Authority (CMA) in order to cope with
the Technical Barrier to Trade (TBT) and enhance the competitiveness to the Thai exporters and help

expand Thailand economics.

Key words: Alternative toxicology Tests, Alternative Test, Experimental animals, Laboratory
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