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q

a ~
GERND
@589UatUU195 (Moulinex), t@58953lWihANNazBen 4 Aunle wazAIpIANLiUsan

Tognaiiansiin Direct mercury analyzer &8s Milestones :ju DMA-80 wide range

15010331 wazaIILAN

sazmenIUUTEN HaAnwies FLUKA anaudndy 1,000 Hadnindadns, 70198
DROM-4 (Fish protein certified reference material for trace metals) @9iaNULNTUBIUTDNNANA
o a a @ (=N [ 1Y Y a . P v v & a
 0.410 + 0.055 NaanJudanlaniu a9 1556b (Oyster tissue) FWIANNINTUVRIYTDNNIVINGN

0.0371 + 0.0013 NAFNSNADNLANTN WANIA LUASNANNANTUSPEAZ 60 AR Grade

MILHIINEITASAILNIANIFIU

1. @sazanaspulsananuduiy 10 Jadnsuasdns wisnles Yessazarainasgiu
1,000 183n5N60805 USH0s 1 Hadans UsudSmesme 1% (v/v) nsaluasn iy 100 T9d805

2. @sazaIulsanenuEny 1.0 fadnsudadas wisnles Ylasmsazarainnsgiu
1,000 Hadn5uaadns USas 0.1 Hadans USuuSinasads 1% (v/v) nsaluasn W 100 Haddns

3. &sezaganaIulsaneanuENdy 0.1 Fadnsuaadns wisulas Yueamsazaenasgiu
10 §8dn5uAadns USines 1 Nedans USuuSinesas 1% (v/v) nsaluadn W 100 §adans

4. @sezaseIPUUTaNeNNENTUY 0.01 NadniNaaas wisules Yaasazasannsgiu
1.0 §adn5NARANs USNAs 1 Fadans USudsinasme 1% (v/v) nsaluasn {du 100 Hadans

5. &sazangnesgIulIaneNuENIY 0.001 adninaaans wisules TeasazasunasgIu
0.1 faansuaans USias 1 §adans Usudsinesas 1% (v/v) nsaluasn du 100 Hadans

M9 ULAZNIILAITTNAIDEI

MpgNaININzE Llaun Ua vee 19 Y wazndin wsanmaindmsunadaulagaananuazen
fhathedameh @enamzdniaiiuslnale hinvueilulifluila@osudewiswatiuems hms
nagautSananlsenludiaganimue @andateisinansamiss (s 0.001 Faaniudanlanda)
({lu Sample blank gwumsanunluasail

ﬂ']iﬁ"lﬂ')"lﬂ»lﬂ%a"lﬂﬂ"l“lfugus‘i?ﬂqﬁ")ﬂihﬂﬂGlﬁi’]‘i.l
= L4 ] dl' a '3 a <~
Lﬁl‘jﬂNﬂﬁﬁUSUiﬁﬁ!ﬂ’JBHTQ (boat) 'N\ﬂ‘l!ﬂﬁﬂ“llﬂ\?Lﬂiaﬂltﬂiﬂﬁiﬁﬂ’i'ﬂ'ﬂ‘[(ﬂﬂL‘Vlﬂuﬂfn’iLN'] LN
4 o o . 4 9w ! d e o
dA12LA3IEIMIUNMIMNANNEZa1a (clean method) el ladsanfiandslumauzussyaineng
Clean method
Heat & Purge 650 C 180 Sec

MAeMzilSinasan
FGIBENNLINMINATIEA 0.1 + 0.05 NTU v luMBULUITTIIDENNEIUMIMANNEZI0 WD

ihldndlumezewnIaiensiusenlaamaiinnsin BanamIsesasdmsunsneday (test method)
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Test method
- Dry 200°C 120 Sec
- Heat & Purge 650°C 240 Sec
m’mm’mﬁ'u 253.7 uﬂuLum

MIMuaavIsiItes ey (Method verification)

1. nodsudiwasanuiuduaswaimslend Tasmsadeumsasmeanaspulsanilszeu
AMUTNTAU 0, 0.001, 0.005, 0.01, 0.05, 0.1, 0.5, 1.0 LAL 1.5 NAANIUADANT LAIBNANNINTUAL 6
il nsilsmnadseniamemeniadinnzisen adenmvinaspusswienudusuiiaiew
(U x) ﬁ'uﬁ'mumﬂmﬁl@i”mmﬂ%’mﬁa (W y) MuImENnsiduase wazadnlszandnsaadula
(Coefficient of determination: R*)

2. 'Vlﬂaaumeil’wqﬂ‘ﬁmmsnmaﬁmswzﬂﬁ (limit of detection, LOD) Ltazdwﬁwqﬂﬁawuﬁamsm
IeziUsinale s (limit of quantitative, LOQ) A5 NN0355)1U Iﬂﬂﬂﬁﬁmimﬁﬂgfﬂﬂﬁﬂ
ANATFIUBBN y-intercept FomaNuTaTUIYe MnuenudiiumgafiainsoanTienild (FLOD)

uazegaNaToaNIANlaauiug FLOQ) 1ngns

S /
LoD = 3 (—y")
b
S /X
LoQ = 10 ( Y )
b
¥ | 2Gi- 3’
W Syx =V TTmmz
Toa y; Ao MdaNUNIUNNLATINND
$i fo  edyananmady analanngums regression
@ y UU regression line 1M x 52AUAN 9
yi-y @8 y-residual
n-2 @8 degree of freedom 284 linear regression line
b A8 slope

A o ) A A a A o Y v oA v
duduanuudug wazanuiasi LOQ laamsidnasinasgiulseniiszauanuniuilaan
Msmuaadly sample blank (@38 10 7)) W lUAwNFUSINMdsen Mawdesaeay

MINAUAL (% recovery) uaziazaza uletuuNAIFIUTNNNS (%RSD)

C -C
Recovery (%) = (1T2) X 100
3

. A9 ANNENIUYDY Sample blank NidnaTAzBINATTIUUTEN

C, @
C, A® ANNYNTUYDI Sample blank
C, @

, A9 eanunduwrasEsnesyulseniinly Sample blank
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q

SD
%RSD = — x100
X

3. nedau Matrix effect Iﬂﬂn1i’3Lﬂ‘mﬁazmﬂmsmmgm NSLAUANMNANTY 0.01, 0.1 UDE
1.0 §88N5NADANT UazIlALY Sample blank Mi@nasazaIBINAITIUNANNTNTUEEIN TaaaIaw
v v I a ¢ & & a o v v ¥
ANNENIURE 6 TN TRy (24 Sample blank 6 ANEBDNITNATAUY 1 FTOUANNLANAU) FIN
o QJ o 1 L v v a" =
ANANNFNWUTTENINETNINTFIU (WAU X) NUANNINYUYBY Sample blank NONTITNINTFIU (WAU Y)

naFaUANNYUFUATUELNAFBUTNANNEDNY (confidential interval: CI) 2asanugy (slope) MnaNmM3
Confidence limits 284 slope (CI,.) = b=z t(n _ 2)Sb

Sy /x
[ ¥ (xi-%)
i

a P A a A v v
4.1 NAFDU % recovery MNNINLATIEW Sample blank NGNFITIEIYNINTFIUNINIU 0.01,

Tog St @8 Standard deviation 284 slope Sp =
4. VaFUANNUNY (Accuracy) lag

0.05, 0.1, 0.5 WA 1.0 NAANINADANT LAULASHNANNINTIURE 10 suitoih WA nsiUSnansaniiavue
(%1 Sample blank 10 A3 daMsNAFAURN 1 SEAUANNENTY) A1Ial % recovery

4.2 AFBUANNYNABY (trueness) NNNMTILATLHIFGBND ‘[ma%’ﬁaqaﬁ"nﬁaﬁfwﬁﬂ
0.1 % 0.05 N3y I lUAENUSINUINTINNG YIANTNAFBUTIUIY 10 T (%50'3’6615105\1 10 ﬂ%ﬂ) MU

M t NNFAI

. . Xw
(S/vn)

ARAYBINANITIATIEH

©

J a Gl Y a
MAN KNI NEN

AN TFIUUDINAM TIATIEN

B wm E K
Dk Dk Db Db
® ©

NUUANMIAER

©

5. amuiies (Precision) Tog

5.1 NAFBUANNTIENIINMTILATIZ (Repeatability) a1nn153t@51¢% Sample blank
fdnansazanganasIUNENTL 0.01, 0.05, 0.1, 0.5 Waz 1.0 Haan3udaans lasta3aNANNENTUSE 10 o
Lﬁ'aﬁﬂﬂ%Lmﬂzﬁﬂ%mmﬂsawﬁy’wm (%'q Sample blank 10 ﬂ%zwiami‘nﬂaauﬁ 1 SEAUANNINTY) AU
%RSD ttaz HORRAT

5.2 nagauaNMAssnnmMIiensimeluiesljidnsdelosginnsiaudes
ta3naiiatdien @eu (Within-laboratory reproducibility) :9nmMs3@512% Sample blank iGnasazas
mmg’mﬁtﬁuﬁu 0.01, 0.05, 0.1, 0.5 UAL 1.0 AaANTNADANT lagAIsNANNTNTUDE 6 TuitathlUSATE
USanalsanitaviue (%"q Sample blank 6 adidamsnaaaud 1 SLAUANNLINLU) A I A kel
Wunan 5 3 Mmus %RSD uar HORRAT
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6. MIUstAULBMIMUFBUANNGNADY
6.1 Uty matrix effect Toenagauanuiludunsauasnadaud e NNy (confidential

interval: CI) 229anN%Y (slope) MAaNMS 0 CL, 6w 1 waae il matrix effect

slope

6.2 Uselliu %recovery ¥pIMINAFDUANNUNUNTEAOU LOQ UazANNUIUIINMTIATIEN
Munas AOAC MuuUa (M151990 1)

MNP 1 LEANAIMANIYBIAMSDEALNISNAUAUNTEAUANNANTUAN 9

ANNTNTY (mg/kg) Acceptable recovery (%)
0.01 70-125
1.0 75-120
10.0 80-115

6.3 Ussfiuanugndasnnmalanziiandeds wWisuiisud t Aldnnmsinn (tea)
AU t MIEBANNMTN (tepitical) TIvAUANNHRNY 959 Tefildnnmasainm (tea)) Hasnien t
WNERANNINTN (tepitical) WIMNTANNLANGNAUBENTTHE AR IEHINNNMINAFIY NUAITI
ERLARRNEN

6.4 Usziiunaenuifipannmsauin %RSD (nain1s8au5umy Horwitz’s equation

(5199 2)

Horwitz’s equation &1%3U repeatability, %RSDr = 0.66 x 2C™*"°
Horwitz’s equation §%35U within-laboratory reproducibility, %»RSDi = 2C "
Lﬁla C ﬁa@hmml.ﬁ'uﬂ'uﬁﬁﬂm (Concentration of analyst)
Concentration of analyst (mg/kg) Expected %RSDr Expected %RSDi
0.01 21.1 32.0
0.05 16.6 25.1
0.1 14.9 22.6
0.5 11.7 17.8
1.0 10.6 16.0

MIND 2 LFNAAANNANUNNNNMIANUIN %RSD ¢ Horwitz’s equation
6.5 Usetiuanugennmsamiuiaua HORRAT

RSD

HORRAT . obs
RSDexpected

RSD g fa  %RSD fildannmanagau

RSDexpected #a  %RSD flaann Horwitz’s equation
naminseaniua HORRAT % AOAC mvuald fa <2
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q

We

] < v a r'd
239N ULEUATIVDINITILATIEY
NNMSANE WUNZNYBINITILATIEH HA 0.01 D4 1.00 NadnSNADN ANy tHBTIUIKNIN 0.1 NN
= 7 = Qo’ L = J
Tagdimandseansmsandulannnii 0.99; R® > 0.99

ANA 1 wanNNINEIFIUUTaNNING lUE9 0.01 - 1.00 FANTNADANS

Area Calibration curve of Hg

10.0

8.0
y =(9.3583+0.1052)x +(0.0785+0.0529)

60 - R’ =0.9965
4.0

2.0

Conc. (mg/l)

0.0 T T

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

ﬁhﬁiwqmﬁmminmaﬁtmwﬁlﬁ (limit of detection, LOD) Lmzﬁiwﬁqmﬁmmmmn‘itmwﬁ
USanalaasgrausingr (limit of quantitative, LOQ)

ﬁiwquﬂ*ﬁmmsamaﬁmswﬁlﬁ' (LOD) #i@ 0.001 fadnsuaanlansy Ltaz@iwhqmﬁmminmm
Jenzivsinalaatheusiugh (LOQ) Hid 0.01 Nadnsuaenlansy laadl %recovery Wwnnu 96.71 way
%RSD AU 3.85

Matrix effect

NAaNMINAFDU matrix effect Wud @ Confidence limits 289 slope (CI, ) #@) 1.00 — 1.03

slope

ANNuNY (Accuracy)
wuNAAade % Recovery N5eauUANU@NgY 0.01, 0.05, 0.10, 0.50 WAL 1.0 Naansuaanlansu

WNAU 96.71, 94.29, 90.25, 94.83 WAE 98.53 MNAIAU (AINN 3)

M511 3 UEANALRAYSDEALMSNAUAUYBINTNAFDUANNUNUNTLAUANNITNTUAN )

ANNINTY (mg/kg) %Recovery + SD
0.01 96.71 + 3.73
0.05 94.29 + 3.89
0.10 90.25 + 2.42
0.50 94.83 + 5.50
1.0 98.53 + 2.12

N3NNI ENFASNTUNWNE
AUUNLAY 2 NINYIAN - NUENEU 2558




Total Mercury Analysis in Seafood by Using Direct Mercury Analyzer = Khemikar Hemloha and Nirundorn Raekasin

NAaaUANNYNABY (Trueness) MNMTIATLWITBNBITUTBIN 2 IBEN NMINATBY 10

WU @ teg) NLANNMIMNUTMUDENT teg) NITAUANNETDNY 95% (MWD 4)

M50 4 LEMIAIRFEULAE t ﬁlﬁmﬂmswﬂaaﬁaqﬁwﬁq

Certificate Mean + SD teal teritical
reference material (mg/kg)
DORM-4 0.406 = 0.019 0.67 1.83
1556b 0.0370 + 0.0006 0.312 1.83

ANNLNed (Precision)
Repeatability Wun A %RSD N152@uaNadndu 0.01, 005, 0.1, 0.5 Uag 1.0 Naansuaanlansu
DU 10 T WA 4.09, 4.58, 1.21, 1.50 LA 3.23 MNNAU waziiam HORRAT whny 0.19, 0.28, 0.08,

0.13 (A% 0.31 MUMAU (MINN 5)

P Vv ' ~ v v ' ] 1Y) v w
BIINN 5 LFMNAIDYITFIULUBNLUUNINIFIUTNNNOLLISAD HORRAT NITAUAINNLYNYUAN ) YNNI

NAFAUANNNENNNMTIATEWE ANNENTUE 10 B

Concentration of analyst (mg/kg) %RSD,. HORRAT
0.01 4.09 0.19
0.05 4.58 0.28
0.1 1.21 0.08
0.5 1.50 0.13
1.0 3.23 0.31

Within-laboratory reproducibility wu? @ %RSD N5¢AUANNLINTY 0.01, 005, 0.1, 0.5 LU
1.0 Hadnsuaanlansy Mwu 10 B Wuszaznan 5 YU HA@A8WnNU 3.85, 4.13, 2.68, 5.80 WAz 2.15

MUY wazdi@m) HORRAT tWAU 0.12, 0.16, 0.12, 0.33 Uaz 0.13 MUSIAU (M5NN 6)

= ' a v ' ) v v ' P o v ¥
B3NN 6 LFMNAIRFYIDYISTIULUENLUUNINIFIUTNNND LasAn HORRAT 750 U@NMNLANAUNN )
a v a va ot 2 s ot 2 A A v v ¥
“ll'ﬂﬁﬂ']’i‘ﬂﬂﬂa‘UﬂT\NLﬂil\iﬂﬁilalu'ﬂBﬁﬂaﬂﬂﬂﬁﬂﬂﬂ’ﬂﬂﬂ@'}Lﬂ‘i']%i'ﬂﬂ'ul,ﬂﬂ? LAIDNNBLOYY ANNLYNIUIE 6 U

4 v
Wussazna 5 U

Concentration of analyst (mg/kg) %RSD; HORRAT
0.01 3.85 0.12
0.05 4.13 0.16
0.1 2.68 0.12
0.5 5.80 0.33
1.0 2.15 0.13
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TonmmsanuIsNazaIn 5210132 LummﬂaﬂwumaumiLmsammammaﬂmwmmuaa “Vl’ﬂ,‘ﬂ
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ANYBLFENANNINNTZUIUMSIATEN UaaaN86alinItaszVuasiuInaay 1iasnnUsanmvyanlaan
NFLUIUMTIANHALgNaNIULIN mercury trap lurusaugarezesmsieszyd lagdsainananso
a9IeNUIaNNIMNG laasauAgNMNNAIUsEMANTENTNITITMNEY ATUN 98 1389 NATPIUDINS

v v

nresUulauteamuualiimsluilautsanmivualuaimsnzale laiiy 0.5 Naansueanlansn® uaz

{ v

ilamudauanugndasadiditenninui Bihmsdnmiienuudui wezanaiisaglunasing
gonsu uannniveslfuamsladhiunaseurnuingmetastfjiinmsiu FAPAS (Food Analysis
Performance Assessment Scheme) lumsnaaau Metallic contaminants in canned crab meat;
May-June 2014. WU wamsmaauﬁﬁmﬂﬁﬂ’ﬁmﬁmmuiﬂﬂ&lfzﬁ%ﬁqﬂa'nﬁmmihLﬁ'aﬁa (1Z1 < 2)™
Misihmsdnm fdamsssls Aelddeiulumslinnsives Tasgiieveuaiasiiafldlumsinaey
wusihl¥dsdagne 0.1 ndu uazgunsaidmivlddedlumsiensifonavsnldgaei 1.5 nfu
Failunszrumsienesdieasssiassivlutuaounstedads wasilasisdenarfumsinned
MatlasasliiunszuIuNMseSENaIBEN T,amamiﬂmﬁauﬂﬁamzagj“lui?umauﬂszmumﬁLﬂ'ﬂzﬁ
Toawedasiioninun é’aﬁ?uﬁaumﬁLﬂiwﬁ%ﬁaqﬁmmuazmmqﬂmtﬁﬁm%ﬂéﬁaaﬂw mssuumeluaasiia
dalwiulahaunsaidsnanlifimsudaudsan Taamsihamuzdmsulddodnliimasnlalsan
wazlhiadasunlausentanuamelussuulaglifidhode Feadsennanuaiiiensdlaaaiianioaann
msanmluassiiaanasil3fitasnh 0.1 nlunSuwesdsen (Waanen LOD 2a9msnadau) Apufiazeiiiu
MIIANLHAIDE LLazmwé'qmﬂmﬁmezﬁéﬁaziwﬁﬁﬂ'%mmﬂsawﬁgwmgq (A Area AU 10) oW
sulaasufvacinansmmsmanlglaiundasasiihmsnasaunihiy mathwailaanmsdnsluly
TumsUfudnudsziniu asdaslimanaunumamuanaamulumsinssd sndamvuamnaeiluns
Usziiunamsmuauaamwlingay diaflumslssiuamumwaemsnaday Usslemifmanazlddumnn
msdnmluassiiaalfifuunmslumsmusavenuldlaredisimnsan 9 deld

GRNL

9

MINTVAATHUIDNNINAMELAIDIUTBNMNATAN LN T8 NDIENNN55 U U.S. EPA. method
7473 (2007) &NsaldmsaeNzilsnalsannivualuaimsnzialudn 0.01 89 1.00 Fadnsy

aanlansnldediivssdnsamu Tagfianuuiueg wazanuieseglunaringansu
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The Method Verification of Total Mercury
Analysis in Seafood by Using Direct

Mercury Analyzer Combustion Technique

Khemikar Hemloha and Nirundorn Raekasin

Regional Medical Sciences Center 11 Surat Thani, Amphoe Muang, Surat Thani 84100. Thailand.

ABSTRACT Nowadays, mercury contaminated in food could be analyzed by several techniques.
Direct mercury analyzer combustion technique was now in attention. This study aimed to verify of
total mercury analysis in seafood by using direct mercury analyzer combustion technique according
U.S. EPA. Method 7473 (2007). The analysis was subjected on range and linearity, the limit of
detection, the limit of quantitation, accuracy, and precision within single laboratory. The results were
shown the linear range from 0.01 to 1.00 mg/kg. The determination coefficient was greater than 0.99,
limit of detection was 0.001 mg/kg and limit of quantitation was 0.01 mg/kg related to 96.71 of average
percentage recovery. Accuracy test using certified reference materials were found that average test value
was not different than reference value significantly at 95% confidence level. The analysis precision in single
laboratory was accepted. Thus, this method appropriate to apply in the determination of total mercury in
seafood was concentration range of 0.01 to 1.0 mg/kg. However, in comparison this method is faster than
other method, because sample preparation procedure was not required and could be chemical reduced,

environmentally friendly and safe for human.

Key words: Mercury, Seafood, Method verification, Direct mercury analyzer combustion

technique
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msmnaaumwgﬂﬁawaﬁﬁuﬂ?]am%‘[ezm

a & =y = v s PV
al,aﬂTmT‘V\I'ieziasluﬂﬁmntaﬂaﬂumwmmmmq
Wani1ssnunzialylulaauaatauiuan

Fonnsel ganadedan!  Jwgen Wexwud  @edw agsiediun wasdanse Dzlwmawed
FNVUTITING NININENMFATNIUNNE AUUGIIUUT UUNYF 11000

unanda wellaa3laudidninslnida (capillary zone electrophoresis: CZE) Humeaiiaiil#lumsasiagau
Laﬂ5’nmﬁwaqm%ﬁmqtﬁann%’nm (biotherapeutic products: BTP) finaaanmalulaizamu wu ululaauss
waudved gasTuu waslalalarl mafnmilisldhmaenasauanugndasaddi CZE Tosldiedasdidninslnida
wuuuatlaand PA 800 plus (Beckman Coulter) ualam3uuyu neutral coated LLaxm’%mmaﬁmmu uv
#ANEIAAY 214 nm 1un1’smmﬁauLané’nmﬁwmm%ﬁmqLﬁ'ami%'nm (BTP) wuiidiiiianusnwes
mmLﬁmwaﬁ%ﬁ@iﬁaﬂa:wawhmmﬁ'mmummgmﬁuﬁwé (%RSD) vasasiiuanlaasnanluiiananiasniy
0.2 ﬁmmﬂwu‘ﬁ'ﬁmnmiwmaau‘[maLﬂ?l'ﬂu@‘imesﬁuasmiazmﬂﬁwW\Ia%w'%aLﬂ?llﬂmmﬂaaﬁﬁhiﬁmaﬂiwu
GaANINYNGBIVBNID Feladn %RSD wosiauantiies 0.2 waadlWifiuing CZE {hisimanzanlumsiainly

LY o v v Ao 2 d?l =) o
sLumsmamanmwmwm BTP i']ﬁ\lﬂ‘U']ﬁﬂ‘L!L'Wﬂﬂ'ﬁ%ﬂE]‘Uﬂ’]i?luVlBLUEluGl’ﬁ‘UEl']‘llENﬂ‘iﬁiL‘VIFII'VIEI
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v 4

v as a = a o =t (% o
ﬂ']i‘ﬂ(ﬂGE]‘UF]TISJQﬂG]EN‘ZlEN'JﬁLLﬂUaa'IiI‘ZqulLaﬂI‘VliIWi‘lfﬁiuﬂ'ﬁﬂﬁ’mLBﬂaﬂ’le}m annsal Qﬁﬁm’lﬁmmu UBZADIE

Y o o a a a
wendringiiemsinmalialululaauaausudivad

E2nD

UNU

wailauatas3laudianlnslnsda (capillary zone electrophoresis: CZE) 1{13ifmsuanans
Togodaanuuandnmuziiouenlszquasans Wawndeauiimealdaunuluihluauallaadiiussativivas
viamsazaedidninslad msfiiivazauin Uszau wasasilunaemsluihasiedouiisannnuailom3
dreanuiiiuandeiu Tasmslszaunazedauiideanuigigallduualnalasadamslrauuy
aidnnseaaludn (Electroosmotic flow) wazusaduganniiualng malszaauazadsuiidisanuidien
garilosmnniiusdsganiniualualuiienassiudu dumsiiflunaramaluihazedauiidisanui
sewinanuEasnslssannuasszaay msiiilszauandwiuludiagaaziadousennnuaiiaand
Tasardensivauvudianinssaaludn® Taail UV detector udasnaiausnums wazuaasuaiy
aaninsilsunsy (electropherogram) ﬁuammamsLleﬂmsmwﬂ'szaﬂvﬁhﬂizﬂauﬁaaﬁﬂwﬁmta:ﬁﬂﬁ'uﬁ
fanuuandmalszy waztSinamsiuandfumuanugaesiia Tasuaasnmiiasiadauaanin
(migration time: MT)tJuini mﬂﬁﬂfrmmsmiﬂﬂﬂsgqﬂm”l%ﬂsz‘[ﬂwu‘iumﬁmsw:ﬁmsﬂmﬂw‘[ﬂsﬁuwﬁm
6149 Teifluached vannniiu deaninsmbinlfifunilsliAimsenadauendneaiasniringiomsinm

(Biotherapeutic Products: BTP) Tagiawzaddaaianuaaloamalulagiimmwdaduenlusau®

Capillary Zone Electrophoresis (CZE) in neutral coated capillary

NN 1 vanmsuanaslaeSuailam3laudianinslusts™

BTP loun lalulrausauauivad lolalay aasluy i granulocyte colony stimulating factor
(G-CSF) ﬁ*ﬂ'aﬁﬁammimhNﬂ%‘luﬂﬁ%’ﬂuﬂiﬂlﬁashﬁwL‘ww‘[ﬂﬂ;j'ﬁlﬁ'%’umaxﬁmmsﬁ'wLﬁmﬁ'asl Uy
wenfuendnanduiumsTustuiinssuumswdonmerunau TuanadudauuasTassahaluanaimay
wasuldheinanssnunnufjitede g Minetududmsndnaudsswiamaiy Johlioudasiud
Tomafaziiluenafifisnunzuandniudnngiihmasguuun (isoforms) Tngamzanauandmanissy
(charge heterogeneity)® @ailiansznudanmsaangnalazaNuAIGILBIEN MsaTIaandnuwalaenues:
sudsfienuadnuaziniuadeis Sitexlfiensiluenaiiuanduiulasandevdnmsuenaslosiss

1y TIsoelectric Focusing (IEF) uuuwa® uaidadasdaldianny fienzvidediinyzna lumsneaauy
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uazdenzvina ulauszandldis CZE Taamslduallam3uuy neutral coated Hndaude polyacrylamide™
wazfiansildiie cross link lu running buffer Hafluseunylynmsuen mAb Wuwuy sieving
mechanism fiandeznazasluianainiulszgnuiuandiiu Huissaludanienlfinnlutlagiu®
ieusnuaziteneilsduiifianuuandraudiisadnipsraslssauuluanalumsanaenanwaiuasen
Tusudlalinnuisaumweas BTP uazamuaiauszasmandnduiudedduasaduiiolildemi
pamwenadamuua®® fiimslfnaiainiulsnundomuazmiAseildis CZE nagaugaumwaasen
mAb ¥a8%ie WU rituximab, infliximab, trastuzumab, tocilizumab® '
FeihpaUszasdunsmsnmililalszandds CZE wastmanedauanugndas anaiies uas
anuamuasislaanasaaasurauailons ussnasaudeiniensy 2 au mulimsldmsasmeiiadoy

ANIUNY

wa3asiiauazgunsel

te3neddnlnslWidauvunailaas (capillary electrophoresis: CE) '§'u PA 800 Plus
Pharmaceutical Analysis System (Beckman Coulter, USA) ﬂssnauﬁmqﬂﬂauﬁama{ uazlusunsu
Uszanoana 32 Karat Software version 9.1 patch ttaz PA 800 plus Software version 1.1 patch fita3a
TamMMIganauuaeziia UV 214 nm uasualas3uuu neutral coated 2inatdurgudnanamealy 50 um

#1750 cm tA389LENE1S (Vortex Genie II, Scientific Industries)

#1398a78 LLASFEIININIFIU

Washing/Running buffer: 40 mM €-Amino-n-Caproic Acid (EACA: Sigma # A-7824),
0.2% Hydroxypropyl methylcellulose (HPMC: Sigma # H-7509) pH 4.5

Blank: Formulation buffer (trisodium citrate dehydrate (Fluka # 71403) 7.35 g, sodium
chloride (Sigma # S9888) 8.77 g, 0.7% tween-80 100 ml, ultrapure water)

§53955 U : BTP #iflu mAD wiiaeha 9 1w 5 gila SmSuneseu mAb #iia A B C D was E

NNEHEANNIGU NN ULLAYIMIBENENTNINENATY

MaEN
fathaen BTP %4l mAb #9iaed 9 MU 5 51 #d mAb #iia A B C D way E #allumasa
naeNaUsznaumstunzdaumsuen
v o ] a = [ . Ao (a = v a v
AINFNTZHINATNAITULIZAIDENZUALEEINY (Co-mix) NHUSNalUsAunaazaiiainnu

feNungusy 0.5 mg/ml

NMILEIANAIDEN
= o 1 =l o ] YVt vV v =~
@3BNMBENUIZENINNAITIULAEM TN TINETTIULEzM BN IFTenuEndureslUsiu 0.5
mg/ml M8 ultrapure water
= . o [ a d o A Yy Y v a
@388 Co-Mix lagmsuanasinasgiutazmagnriia@enuinidaniienuwuduluseiv o.5
v Y a a ]
mg/ml Mg ultrapure water uadtilasnusunasaengas 100 pul
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v 4

v as a = a o =t (% o
ﬂ'ﬁ‘ﬂ(ﬂHE]‘UF]TINQﬂG]E]Q‘ZlEN'JﬁLLﬂ‘lJaa'IiI‘ZqulLaﬂIVIiIWS‘ZiEﬂMﬂ'ﬁGlS’NLE]ﬂaﬂ‘l‘:}m §(§l'1ﬂ3ﬂi Qﬁﬁnﬂmmu UBZADIE

Y o o a a a
wendringiiemsinmalialululaauaausudivad

35AH
an N lFlunmIaIIER
o d‘ - o e a
MUAENIzIaNLATaNNa lUMSuanas waztuinaslulusunsnnmsdiensvldsunsnissuiana

32 Karat Software version 9.1 patch (Beckman Coulter, USA) tialdlumsitansy (miwﬁ 1)

M990 1 dnMmezeaaasns CE (PA 800 plus, Beckman Coulter) Nlddusuieszyi CZE Tuaunau

NN
step# event value duration comments
1 rinse-pressure 40.0 psi 2.00 min s sazarstWines
2 inject-pressure 1.0 psi 10.0 sec ANEIDEN
4 separation- voltage 30.0 kV 15.00 min %umaum‘mam
5 stop data ﬁyuqmzumaum'suﬂn
6 rinse-pressure 40.0 psi 2.00 min 5’105’;81}”1
7 end 20.0 sec wﬁgumaumﬁmswﬁ

psi vanad wihenldlunmsialegldanuau

MINATAUANINGNABIZAIS (Method Validation)
1. MINAFUANININNIZYAND (Specificity)

NOFAUFITHINTFIU mAD %8I0 A (9819 mADb 21i0 A uaz Co-Mix 4aNaNINNIFIULEIBEN mAD
#ila A Pilenudniuzaddusiy 0.5 mg/ml TasdaRanuey 1 psi Wuna 10 3# muannzimnue
(sl 1) #iieaz 6 1 udFsudisunadiEninsillsunsy uar MT wesanshann 3 #ie FeeEnTnsiflsunsy
2a96maeheuay MT 299610eamsniaufiuasnnnsgy wasnaday blank fannzdeiu Fwaslivnng
wale 9 Tuddnlnsillsunswy

2. ManadaumINtiias (Precision)
2.1 MINaFaus lnudsnu (Repeatability)
NAFBUAIITNINTFIU mAD %1ia A 91981 mAD %iia A ey Co-Mix ¥aNE1INNIFIULSLAIDEN
mAD %0 A muda 1
2.2 MIINATLHTI19IY (Intermediate precision)
£ ) a Vv Id L = = v a I'd
NAFDUMBEN mAb #Ua A mude 1 una) 3 MU WIBUNaUANNFTaNAIBIYDINILATIEN

NALABLIU

3. MINAFIUMINAINUYBII0 (Robustness)
3.1 @nwnansenuzalsiadgsunawailaas
MMINAFBUMBEN mADb #lle A Muu 6 9 laglduatlaarsauiu 2 va ndluiiiawfenu
3] v a A vy P v v A v v A o o v ’~ =
uaeguUMIndn wadlanaslidanuuandassd MT dlannda 2 Weaiimswasuvauallaas
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3.2 ANIKANIZNUYB SN sinIAIsy

MMINAFDUMBLENN mAD B A NUIU 6 7 LASUNIATIEN 2 AU KaN LA LNNANNLANGIN
299A MT Nleanga 2 tiaimsulasuiniese

= A A P N v
3.3 ANYINANIENUYRIBLNalasuaIsazaran ldnagau
MMINAdaUMaeN mAb #8ia A U 6 7 leatlSauiisunarasmsldasazals washing/
. A o ° A vy vy 1 ' P v A o v

running buffer 3aNUI 2 40 Haf lagaslifienuuandeesd MT ldands 2 Wisiimsldasazae

ANNU

4. MSNAFAUNIBEIG

Ienehiienanualvesmadalululasusawaudivedanuiu 4 ¥iie #e mAb #iia B, C, D uaz E

1G]

ANNINNIE
NIMIaTIAFU blank wuhlddidale 9 Usnng lursasiansinessiu dedn waz Co-Mix 289
mAb #iia A #18EnlnsWlsunsuliuanimany waziien MT asanufad 8.98 il (MW 2)

Main peak
0.018
0.018
AU
0.014 =
0.013
0.019
Co-Mix AmAb
0.008} coot
0.008 A mAb -
|, ——
0.004 -
N A mAb standard
|, —
0.0034 -
blank
000l -
1 2 3 4 L] L] 7 s 3 10 1 12 13 14 1¢
Minutes

awi 2 aldnlnsillsunsuuesmsnadauanuanmwLBlanInazas blank, §15310557U, MBEN Uay

Co-mix 989 mAb #iia A Tesfiunuauiludmsganduuasuazunuuaudue) migration time

AN
NNTINFAUMBLEIN mAD #iia A %1 6 A9 Malwdudeniuasmseagaus Wuna 3 Tu
MWDz 6 A3 WU %RSD 2aINANaNNAILNES 0.06 LWaL 0.13 (MINN 2)
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v as a = a o =t (% o
ﬂ']i‘ﬂ(ﬂGE]‘UF]TINQﬂGlEN‘ZlEN'JﬁLLﬂ'lJaa'IiI‘ZqulLaﬂI‘ﬂiIWi‘ZiEﬂuﬂ'ﬁﬂﬁ’mLE]ﬂaﬂ’l?}m §mmn‘i Qﬁﬁm’[mmu UBZADIE

Y o o a a a
wendringiiemsinmalialululaauaausudivad

AT 2 NANMSNAFBUANNNLALMINTIFDUMBLENN mAD Zila A 2 6 59 Melududennuuas 3 u

Main peak migration time (min)

>
A Qe
=p.

FULHEINY ASIAFDUT) 3 U

IUN 1 UN 2 IUN 3

1 8.96 8.98 8.97 9.01

2 8.96 8.98 9.00 9.00

3 8.97 8.99 8.98 9.00

4 8.96 8.99 9.00 9.00

5 8.97 8.98 9.00 9.00

6 8.97 8.98 8.97 9.00
Mean 8.97 8.99
SD* 0.005 0.012
%RSD** 0.06 0.13

* SD = standard deviation

** 9% RSD = percent relative standard deviation

PNMINAFDUTNINTFIU M98 waz Co-Mix 71 6 A3 wazihuah leaniSeuifisunuy wuhen
MT 2a9Nananluladaza3auaansnadaudsiInsgIu a9 waz Co-Mix Aanuuanaienulaii

~ a
0.02 N (MINN 3)

MsNN 3 wanmsnagauaNNisslaamMsiiauiisunanmsnsadauasuIasgIu (mAb std.) @ed
(mAb %3ia A) uaz Co-Mix %) 6 A9 ULFANAANNUANGINYDY migration time (Diff)

g Main peak migration time (min)

mAb std. mAb A Diff mAb std. Co-mix Diff mAb A Co-mix Diff

1 9.00 8.98 0.02 9.00 8.98 0.02 8.98 8.98 0.00
2 8.99 8.98 0.01 8.99 8.98 0.01 8.98 8.98 0.00
3 8.98 8.99 0.01 8.98 8.99 0.01 8.99 8.99 0.00
4 8.98 8.99 0.01 8.98 8.98 0.00 8.99 8.98 0.01
5 8.98 8.98 0.00 8.98 8.98 0.00 8.98 8.98 0.00
6 8.98 8.98 0.00 8.98 8.98 0.00 8.98 8.98 0.00

Mean 0.01 Mean 0.01 Mean 0.00

AINNENNU

M51AFDUMBEN mAD ¥HA A MUIU 6 T) NULATINTINUIU 2 11D UNIATIEY 2 AU wazaIsazans
2 70 wuha MT nila ey laaideaauuinesgiu MT sasiiananiiaandd 0.02 (511 4)
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MINN 4 WANISHTIVFDUMNINAINULNBATIIFDUMDEN mAD %ila A 71 6 A59 watldsunawailaals

2 via loatindaeed 2 au waslogldmsazay 2 4o

, Main peak migration time (min)

&
AN
wataas 1 wataans 2 UNILATIEA 1 UNIATIEH 2 Fgszany 1 F5azany 2
1 8.96 8.98 8.96 9.00 8.96 9.01
2 8.96 8.98 8.96 9.00 8.96 9.00
3 8.97 8.99 8.97 8.99 8.97 8.99
4 8.96 8.99 8.96 9.00 8.96 8.99
5 8.97 8.98 8.97 8.99 8.97 8.98
6 8.97 8.98 8.97 8.99 8.97 8.99
Mean 8.97 8.98 8.98
SD 0.011 0.017 0.017
%RSD 0.12 0.18 0.19

* SD = standard deviation

** % RSD = percent relative standard deviation

113M329daUMIag 1N Biotherapeutic products
NamMInsIadaumade BTP siialululrausauauduad 4 #iia wuleaene mAb #iia B, C, D
wae E udaedidnlnsilsunsuuazm MT asenuasinasgIveasmatauaazsiio (mwi 3)

(n) B mAb
omm - (¥) C mAb
. 308 s
e Main peak P —
o= fouc
Allzz -
20a8 $
= -
333 =
s
Al 3023 fous =
o
& A B mAb N\ Cmab
saal” - 2020y -
e} = 20u]
e - 0w
Lo - 009 =3
. N BmAhsl.andird“ N CimAb stastdard
o o
1 ? 3 4 5 [] T & ] [ " ” [E]) 4 5 1 2 3 * s & 7 8 g w2 1w
Minutes Minutes
2209 =
Peats (8) D mAb il (4) E mAb
2.2 =
2.0 = e Peak 3
aan faara - il Peak 2
amg Peak o
a0
2.0 =
auoa L - A Peak 1 L
004 - DmAb 2008 E mAb -
| —
A = 208 -
220 -
e -
3 x4 =
b -
2.0 - E mAb standard
vl D mAb standard a - -
7 T 3 4 ] 7 [ I R (M A R TR 1 F] 3 & § & T &% § w012 w u
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v 4

v as a = a o =t (% o
ﬂ'ﬁ‘ﬂ(ﬂHE]‘UF]TINQﬂG]E]Q“ZlEN'JﬁLLﬂ‘lJaa'IiI‘ZqulLaﬂI‘VIiIWS‘ZiEﬂMﬂ'ﬁGlTNLE]ﬂaﬂ‘l‘:}m §(§l'1ﬂ3ﬂi Qﬁﬁnﬂmmu UBZADIE
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a o
AU

Tushsen wu USP®, Ph Eur® ladimsszymsldmaiia CZE dmsunmsasaanansalyasen
Tusiuinaalaamaluladimwdaiiumsiensiidaumnly daiumsdnmilfahmsfnmenugndas
satislnanasouanzraaisiiamuiimuuailluduemusing enuiswedinaunemuamuzas
damzidlawasuudastiadauedne daghe mAb fithamagauii s siadludagnetdnndlszme
ahmtﬁawa%umsmm‘imeﬁqmmwLLazﬁmaMﬂszﬂaumiﬁumtﬁaudw%’umﬁﬁwmu“Ju BTP #iia
@uLUU (originator) ﬁﬁ"'\mﬁﬂﬁLﬂu‘[ﬂsﬁuLLazlna‘[ﬂ‘[ﬂiﬁuﬁTuLaqaﬁwmfwﬂ'ﬂﬂssmm 145 -150 kDa 1%
snlanene ) wiu Tsngila (Systemic Lupus Erythematosus) 13a3inaaed wz5anszgn sxGuiladanun
woznzushuy wasBewsih mAb asfhhuinlndideeiuding mauensslurieuallas3zila neutral
coated Felaifhlszquuinviefiaziufasenduiszquuliianasesasil uindmsuenlaglinahvinuasise
snuuluanalumsisludaasin Jsmnsoldanasouananualld

msdnmnsunhlanegaumusnalusiuiiminzauuds wuhienueudy 0.5 mg/ml Tagian
ANy 1 psi lunm 10 Snd mwaamsiifmueiimainsoseafuiiefidniigaldagedanu dululums
AnwilRudanldanududuinaaamsfinm uasiilasnne mAb udassiiafiinuipsuasnags Sahms
duidendies 1 #fia Ao mAb ¥iia A Wudunudmsunaseuanmsseunaialumsfnmnil wamanadau
damzradisnmvuaiinaluduanasimng anuies wazanaamuzediingan NNMIATINEDL
anuaumzlaaldanatie mAb #ile A 153105514 Lay Co-mix 209 mAb #iia A ladianinsilsunsuuas
A MT Tduaneady 3aianutiissnnmsienzdluiudetuuwazaaiu laa MT vasitananiidiu
\esuunasuiies 0.01 wazipenh 0.02 maEdy (MaNdl 2) uennikamInTRFEaUANNLTE
ToamaulSaudisum MT se9INNaNanaaeesinasgIuny mAb %iia A usza5aasgIunu Co-Mix T
19819 mAD 7ila A fiu Co-mix ™ 6 A% Mfanuuandiulasiien MT wanshafulsiu 0.02 1l
(94t 3) drumamsasadauaNuaImy (MN3i 4) NnmslFuatlandivadeiuudisiumsude
managaulagtindned 2 au maumamsly elution buffer fil3saudazasanuhmsiasundaamnailais
HanTENUABaN1zEaeds CZE i iflssnndiudevuuanasyuzesdr MT vasitandniivasni .02
wananil auEnTnsilsunsuilafisneaziily sharp peak waasliiiuibitiamsgadu (protein
adsorption) TUs@ununiisuaaansusanaiaaann

lonaandlihs CZE musnmzilanasauudinasadauenanyaies mAb #iie B, C, D uas E
wunadninsilsunsuilaflulumasiiovaten (mwit 3) Felsznausreiiennadnuaslvg Teefiaiien
magandunasgeiigaiiluiiandn Wafiaanandaudiu basic peak Tasil acid peak aanumeavds daeh
mAb #iia B uaz C l¥didnInsillsunsuiifiiendndanuuasiiadnagdumauazanuasiiandn daudidn
Tnsillsunsuwas mAb #iia D uaz E fielwaifidiudamusthaios 3 fin saunaiiandnil basic peak 2 fim
wasiiamnadndu acid peak duemn diode mAb Nariaiinasaulddidnlnsillsunsuiiden MT
warsnnuiiafiunngassiussinasgu delunmsiunsdeuasdeinthunasimsanaendnealom

2amuua®

1
A

wanNNIIS CZE faiizadfaldnaynmsnagauduiies 30 19 (a9 1) latiisunuisau

. =Sh.

i nziluenalusiunnanuuandngassy wu IEF wuuwaiidesldnamnmanagaude 180 wil
a1 Reversed-phase high-performance liquid chromatography (RP-HPLC) TFavhmsnagau
NN 60 W UBANUU CZE deanansammsienzicaenalane 4 maee malunaiies 1 53lus
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uazlnalalusiugs ldhandsadamnzdmsuihinldiduitinaspulunmsenadwnziaamwmuenansal

o v 2 o ' o oacd Y o (11)44' 2 ~ o 11
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Fonnsel ganaleTant uazane

Method Validation of Capillary Zone
Electrophoresis Technique for Identity

Testing of Biotherapeutic Products:
Monoclonal Antibody

Titaporn Pootipinyowat Wichuda Jariyapan Saiwarul Jadoonkittinan
and Teeranart Jivapaisarnpong

Institute of Biological Products, Department of Medical Sciences, Tiwanon Road, Nonthaburi 11000,
Thailand.

ABSTRACT Capillary zone electrophoresis (CZE) is one of the analytical techniques for identity
testing of biotherapeutic products (BTP) produced by biotechnological techniques for example:
monoclonal antibody, hormones and cytokines. Therefore, this study was aimed to validate CZE by using
PA 800 plus capillary electrophoresis system (Beckman Coulter), neutral coated capillary and UV detector
at 214 nm. The proposed CZE condition showed high specificity and percent relative standard deviation
(%RSD) of precision of main peak was less than 0.2. Moreover, the method was robust as shown in results
of 0.2 %RSD when tested by two different analysts and different lots of elution buffers or capillary tubes.
The obtained data suggested that CZE is potential for using as one of analytical methods for identity

testing of BTP for marketing authorization in Thailand.

Key words: CZE, biotherapeutic products, monoclonal antibody
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"3%"3mswﬁﬂ%mmwgaalsﬁsmﬁ’wamiumﬁﬁu
lasis GC-FID

@ I a [ a
anaanwal duniadl  uazgadan wiinag
FIMATaNEIaNUAINBUNTIE NTNINENAFATNTUNNE NTENTNASITNGY OUUGNUUY WUNY3 11000

UNARED 3§3Lﬂswzﬁﬂ%mzuw§aalsﬁswﬁy’wuﬂiumﬁﬁu TagiS GC-FID melaannzaaaniisila capillary
HP-1 2110 15 WA x 0.53 Aaauns x 1.5 lwlasiuas carrier gas (Wuunadidenlosldusalalasauuas
anmalli make-up gas Tusunsumasanmslnavasuiadudui s iadaasaawnd wazusudlu 45 fadansdownd
L3890 512307 1in Flame ionization (FID) USinasiae 3 lulasans qmwgﬁﬂmﬂaﬁuﬁﬁluﬁuﬁ 80 BNFLTALTEE WY
iiiaauda 280 avenualed Aeiitnu 2.5 1 gamgiund injector uazATaNNTIAIAINA 280 ua 300 aaFNiBATEd
auddu Mmmadeurnugndasads lagldmatendiuiinslndoululurgealsaaauazendiluiiians
Todianngaalsd log hydrolyse hsladanlulungaslswasmaes hydrochloric acid laWgaalsduazvnlvingaalss
talfiseniuas triethylchlorosilane (TECS) mﬂﬁ'ﬂmaznsmﬁmﬂuagﬁué @8 @9 triethylfluorosilane
(TEFS) laald cyclohexane 1flu internal standard anaaoe xylene LLé'?a@LﬁITLﬂ‘%'BQ GC Wu@ retention time
284 internal standard sz TEFS (¥1AU 2.6 Uaz 4.3 WH MUSOU HANUFUNUSITUTUANTZHINANNLTNLTY
209Ngaal3fnu peak area ratio M8aARNANNEANTY 0.05 B9 0.25 Hadnsnaaiiadans leadie) r vNAU 0.9993
Waze T uaMIANNENILSITTeMNE T I B s THNAUUSINadiaTIINULAY 0.9868 waY 0.9898 ANNENGY
wamsensiiinanlgealsdnutaaaludacha 2 xile Sensimeluudodulden %RSD whiu 0.56 uas
0.68 mMumeu wuhlifienuuandesaienzssningiy 5 Su Tagiien p-value Wiy 0.93 U8z 0.36 My
SeU Fudaedeanuiisadiienei uadesw spiked sample 1@@n recovery aglurdaeas 80.2 - 118.5
Uaz 81.4 — 106.9 MUNAU IANNALBINIATIANU (LOD) wazdninazasmieiziizealsina (LOQ) wnnu
30 waw 330 dnlududiunuadu enuliuiveusmnsduinsiniusasas 6.0 Fuamnagauanugndadas
sgaglunarizaniu mansnhluldfiensiusinagoslsdsammualusndiule
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UNUI

waealsdfuasddssnaviiadalumadiuhmhiedeviuliudusdunudansarilitlasiu
Huyld vannniiwgeslsddeinadanuaiidelasazaamasansauasuuaiite aamaimezaouasaunid
vuiume aghalsiou miﬁiwmﬂlﬁ%'uﬂ%mmwggaals@i(ﬁmnLﬁﬂﬂ%ﬁﬂﬁtﬁﬂﬁumnmz (fluorosis)
Tunsdiiguusiuazidadlusesdihos ffluasapssfurauasihenuasaialdmn aafimahedaiia
douh duiunngnawliudanszgniundsaulisansaedeulmld anududueslgeslsdiuusinld
Tunsilasnuitun@a 1,000-1,500 uludrudulashwin Tusaszmne wy Uszmeaaangu Uszimeauauno
wusih ldldendiunanngaalsdusinaniaanit soo drulumusnluendiudmsuanargisani 6 Y& »
MuUszmansznsnamssagamualinagigazasnlgeslsdlundadasiansagulibusasas o.11
Tagshuin® msﬂsxﬂauwmwQaal‘s@i’ﬁﬁﬂﬂ%‘lumﬁﬂu wu lndenvigaalsd (sodium fluoride), lodien
INIL!WQE]E]ITNE)HLWGI (sodium monofluorophosphate), aumuﬁfavslgaalsoﬁ’ (stannous fluoride) waztadu
Wgasalsd (amine fluoride) tWuau Tugndiulsznaumearsdany (abrasives) FrBrInasuaImsuUas
anuiiuuiiimzaguuitu mstaituitenls vy uaaidenwosmne, ueaexlululalosauraamalalawase
(Calcium monohydrogenphosphate dihydrate), uaatdaumsuaiua (Calcium carbonate), danau
loaanled (Silicon dioxide) Hudy uananiliisrsdrsantammsidoiy wu Tnunadeslumse
(Potassium nitrate), aumuﬂ’avxlgaalwi’ (stannous fluoride), lwunaBanaanzan (Potassium oxalate),
ansauLien aalsd (Strontium chloride) Wuau %aﬁwﬁuﬁmiLLuzﬁwmsé’ﬂwﬁﬁm%’umsa@mas
diavlulaiu IﬂﬂﬂalﬂnwsqﬂﬁuviaLf‘:aﬁu laun anseutdey aedine (Strontium acetate), wAaLdew
m{uaiue (Calcium carbonate) uazazaily (arginine) Fuilunsaaziluziionin®® S83enzvuUsum
Wgoslsdlugndiuivarameila wwu 35 fluoride ion selective electrode (ISE) Tosazanaendluluthuas
Wunsatlaseanin Lﬁaﬁﬂﬁiuiuﬂgaaiaﬂamﬂmﬁaau (monofluorophosphate ion) wan@Ldu
Wgaalsddaay (fluoride ion) LLaz‘fJ’mﬂ%mmﬂgaal‘sei’ﬁaauﬁaﬂméaq Ion analyser laglguannisues
potentiometry wazldansazaratininesaiia total ionic strength adjustment buffer (TISAB IV) ci’d;fl@i’l
pH 8.5 Lﬁ'aﬁ'aamuqumsiumuﬁtﬁmmﬂ ion 'é:u*] @y hydroxide ion tJuau® msiaszidsunn
Wyaalsddaauuazlulungaslseasnadasuluendiu Toe35 ion chromatography meldanzaaaui
%10 Ion Pac AS 18 analytical, 4 x 280 mm 14 potassium hydroxide {lu eluent wazp3nansiaionie
suppresser conductivity 35 ion chromatography éansaitenzviUsinamigaslsduazlulungaalsnase
lalumsiwnzvdanudenu™ 35 capillary electrophoresis aansninUsmnamngaslsduazlaulungasls
wWaaalalumsienzdenudenu lealdaaaniaiia capillary @1uen2 52 cm @uehugueanan
75 lulasiuns electrolyte Usenauale 10 mM sodium chromate wd¢ 0.1 mM cetyltrimethyl
ammonium bromide ¥ pH 9.7 @ voltage -15 kv u,axl,ﬂ'%'mmaﬁmﬁag’immmmﬁ'u 254 WNUNAT
(indirect detection)® 35 gas chromatography (GC) t@38u6ae19lagd5 head space solid-phase
micro extraction (HS-SPME) Tﬂmm%ﬂumgﬁ’uﬁ"waquaalsﬁei"aﬂmi triethylchlorosilane (TECS)
wazaTTIANRaBias GC melaane capillary column %ila HP-1 2110 40 105 x 0.53 NaaN03
(LD, wwdaunin 5 lulaswas 19 splitless mode gaungfiuas injector 200 avFizadad 80N lrares
WRadEEy 1.3 Haawasaow? 1A39051970%1ia flame ionization detector (FID) QNN 250 BIA
wauded wormuuaTsunsugumniines oven fidaanaene 1 Aimunsoinnsivinamgoslsdlumndilu
fifimsvsznaugaaladeans g wu weiluvgealsd waslndaululungaalswamualadars® uananil
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Total Fluoride in Toothpaste by Gas chromatography-flame

. . Kamonluck Intharatsamee and Suthida Meethong
Ionization Detection

MBnespwentsznanglstlumsiensiviinangealsdluendiu Toswianayiusueangaslsdaie
a3 triethylchlorosilane (TECS) Tuannznsauazanaaynusuesngaalsdaaladu (xylene) udritaszi
Usinamgealsdars GC-FID meldanzaaani stainless steel A113EN7 1.8 1uns x 3 Hadwas (I.D.)
support @# Gaschrom Q 10 949 100 mesh 1% silicone oil DC 200 {u stationary phase WHumaaNl
faduilgamgii 100 ssmnaided sanmsluasasuialulasiau 35 fiaddnsdenil tniasnsaioyiia FID
AUUNN 250 BeALEALdEd QUVNNYBIABANILAE injector NN 70 War 150 BAMIBABEMNAIAU
auddeSalananniziinnsiuinamgaalsdnunimualumdiu Teadaulasnnisinassuranlssnax
gl51 Tog33 GC-FID Fslddaulasannzaas GC walildisiensiiminzanlumaiensiviinm
Waoalsdmmmualundiuld lumsanmilanAdaldldmateendiuiinssznavuaganalsdnaniio
TndanvigeslsduazludenlulungaalswaaalumnasauanugndeswaisuazUssinmanubivivey
2935 ez weldldisiensifiaivssanimn dwmsuldfuitiensiresiasfiamslumsly

UimsuasthszammwHaa A ein1angrane

d13003FIUNASEIIAN

039U - @vezand fluoride 0.1 M wsanlususae HanAn9iaae Thermo Fisher Scientific,
cyclohexane ANuUansluvasniianas 99.99 HanSusiune Fisher Scientific

#3508 : hydrochloric acid (AR grade) wannmsiad Merck, xylene (AR grade) waans e
2849 Merck, triethylchlorosilane (TECS) nanAtusiaae Sigma — Aldrich, Thnaunsathusenndany

(deionizerd water)

m“"&aqﬁauaxqﬂnitﬁ

winaialasinlans vl (GC) wanAasiuae Agilent 31 6890 N Usznaudiolaiasdnassaluls
iu 7683B Series LLazLﬂ%mmi’Jﬁﬁﬂ"dﬁﬂ Flame Ionization Detector (FID), Capillary column HP-1
(100% dimethyl siloxane), 15 N5 x 0.53 NadNAT x 1.5 LNIASINGT, P30T IANNALLEHA 0.1 HaANSY
NanN9ras METTLER TOLEDO, A3 uENans (shaker) ﬂ'suqumimtiﬂé‘luﬁ'sq 10-300 stroke
Gawi HanAMwiues IKA Ju HS 500, Lﬂéaqmum%mmmlf%a 3,000-6,000 SAUADUNT HANNUIIYDY
Hettich g'u EBA 12, vortex mixer NAMNMI VDY Scientific Industries, volumetric flask WadAN2UIN

50 4998097, vial 2UIA 2 NadaNT Wae dropper WaIFAN

ansuadAIay GC

Column . Capillary column HP-1 2110 15 (4015 x 0.53 Fadluns x 1.5 lulasiuns

gaun9NYBe column Enduil 80 avrniaLded 1y 4 1l
Soningumndl 120 ssenalFeaceni aufaomgil 280 avenizaiFed
aalSiiunu 2.5 il

9aunNNYBY injector @ 280 BAALFALTEE

9eunnNYee detector : 300 BAFALFALTEH

Carrier gas . wnadden Hudalalaswuwazarmedy make-up gas
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Flow rate ©BNAUN 3 NAFANTEBUIN WU 4 W BRTIUNN 100 NadanseauIN
=1 =Y aa 1 = v =
U 45 18ANTEINN Al 2.5 W

Injection volume 3 lulasans

M3Le38Na158:a18 Internal standard solution
Utle cyclohexane 1.0 §a38935 LAz xylene 5.0 HaAdNT 1dlu volumetric flask 211@ 10 iadd03

1] Y v W
wen Iy

MILeIaNaIIazaIgNaNYad triethylchlorosilane internal standard solution
Uwla triethylchlorosilane (TECS) 0.6 §8dans warad1iazaly internal standard solution
0.12 §93an35 1dlu volumetric flask 2110 10 §adaas UsuUsunasme xylene wenliznnu (wosaulvd

NNAN)

MILHIENEITAEAILNINIFIU stock standard solution

Uleasazaraninsgiu fluoride 0.1 M (1.9 HadnIuGiadladdans) U 0.7 Nadans
alu volumetric flask wana@nzing 25 Fadans Uulsmnassehnau ldamuditurasansezanainasgu
fluoride 0.05 NadNINGDNAAANT

e

nadauANNgnaasndis losldmanuiidunauuadlndenlulungaslswaana 0.76 %w/w
wozendiuiifidunanueslzdeunganlsd 0.22 %w/w anauilungealsdlosau 1,000 lulasnFudansu
W 2 feeha u,as'anﬁﬂuﬁhjﬁwQaaliﬁl,ﬁaﬁnm%aﬁﬁ’mmmsmmwu (Limit of detection, LOD) uaz

AANNOVIMNIABIUTINY (Limit of quantitation, LOQ)

nanms

ansladenlalungaalswasinaazgn hydrolyse a8 hydrochloric acid lowgaalsduaswgaalsd
%Qmﬂﬁlﬂmﬂums triethylfluorosilane (TEFS) fisvivele ToaiaUfAsennuas triethylchlorosilane
(TECS) Tudnznsa wazld cyclohexane «{l14 internal standard anaee xylene (s liquid - liquid
extration) wanhdu xylene lUSinnziars GC UiAsenfihatu dail

’

PO,F* F

(C,H,), - Si - C1+ HHO ——> (C,H,), - Si - OH + HCl
(TECS)

(C,H,),-Si-OH+H +F — (C,H,),-Si-F+H0
(TEFS)
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maengitinangaalsdludiad

FedradreUszana 0.15 3w avlunane centrifuge WadANIUIN 50 NAAANT W@arinay
5.0 fiadans wihlifudaiiandu Tasld vortex mixer @iy xylene 1.0 §#93a05 16ix hydrochloric acid
5.0 N0aMT UazINEITaraIENaNYDN triethylchlorosilane/internal standard solution 0.5 Nadans
Hashvaaaudnhliwedhe shaker muaumseni 150 strokes daniiuny 45 il 1hlU centrifuge
fienua 6,000 saURBINT WU 10 W @Jm{?u xylene 728 dropper ld21a vial 2110 2 Jadans Uathuan
i luiadhieias GC

NMINAFBUANNINHBILANTIATIZHY
MINAFaUANNINNIE (Specificity/Selectivity)
= o v g P Aot a ¢ A a o
dassaneeyius TEFS Niwsannnasazaeanasyuinivsnamgeslsed 0.050 Hadnsu uas
w3gNnnasasaamednendiurlinaduniladeslulungaslsweamauazendluniladewngaslsdh
d‘ v a o 2 = ¢ = o '
383 GC maldannsimmuaiiansasdaumsuaniazesngas lsdanmssuniveasansduludedn log

@ retention time 2848y Wu5 TEFS 22uandNaINTIaULasNALeNIUaENTaLaY

MInasauANNUUTUATILEZE1BINTIATIZH (Linearity and Range)
mMsnasauaNuiutdunsIvaIsEUY (System linearity)

Yweasarane stock standard solution UM 1.0, 2.0, 3.0, 4.0 LAE 5.0 Nadans ldluriaan
centrifuge WFANUUIA 50 FAAANT MNUIU 5 NHDA MUAAU LATTAZNBNIATFIY 0.05, 0.1, 0.15, 0.2
Waz 0.25 AAANINARNAAAASNAITY LANUNNSY 5.0 TadanS5 Lo xylene 1.0 488873 tHN hydrochloric
acid 5.0 88803 uaztdNaITazaUNFNYDN triethylchlorosilane/internal standard solution 0.5 88895
Vaehwaaailiizhiulesld vortex mixer udnihlwendas shaker AmuaNMsET 150 strokes
@ARINTIUIU 45 W7 @m%’u xylene Mg dropper ld22@ vial 2110 2 §85305 Yoshudrnhludadieiss GC

85190 91WA551U (calibration curve) UAAIANNFNWUSITHINANNTNTUYDITITNINTFIY
Waealadiu peak area ratio ¥P4@1TNATFIULAY internal standard AinmueNFszANSANNFNWUS
(correlation coefficient, r) Femsianlnaties 1

Peak area ratio = peak area 284 triethylfluorosilane/peak area 784 cyclohexane

manadauanuiudunsiyaais (Method linearity)
NPYANNMITNAFBUSBEAMIAUNGUYBNIS (Percent recovery) ManNWANNFNNUTIENIN
v v s a o ' . a o vy v v
anuinduzasgaalsadinludiag spiked sample fiszauanudNduSasaz 50, 100 Uz 150 Y9

g

Y ¥ aao = Y v v o Vv a Lo o ¢ v o
ﬂ')’]uL“ZlN?lu‘V]NIuaﬂaﬁuﬂUﬂ’nNL?lN“llu‘V]mi']g\]WU MINUITENTINNUS (I‘) ﬂ')'ﬂ,ﬂal,ﬂﬂ\j 1

MINAFDUANNLNEN (precision)

MINAFDUANNINENYDINMFIATIEVTNNFIATIE LN UP N LazMTILATITHETENINIY

repeatability
= Y v g o Ao % a a o =
daarsanaeyius TEFS Mwsennnasinasyuiiivinavgeslse 0.05 Tadnsn uase3anan
asazansaadendluniladenlulungaslswasnauazendiuniladewngaslsdn 5 o359 tiadnwm




ada < < & = [ s a v a o]
'Jﬁ'JLﬂ'ﬁ’]S‘Vi‘lJ’iN']mwgaaliﬂiﬁuﬂﬁﬂﬂﬂlug]ﬂﬂu ANIINWE DUNIAN LLa:SE!G]ﬁGﬂ NN

anumalavasszuulasinlonsdl muaadesuuanasgiudunns (»RSD) 289 peak area ratio
Falsimsiiusasay 3
a (%’ Y = % a g a I3 3 i ] o = = d'd
maenzin luiudsny maensiusnavgeslsdnunmualudatendiunioaIuni
Tndealulungealsneamauazendiuniladesvigaslsd logdnnsinegie: 5 a3 awnmadeauy
NAIPIUENIANS (%RSD) 2aeusmnangaslsdnasany »RSD limsiiusasas 3

Intermediate precision : between - days
a 3 v oa ¢ 1a ¢ & = A o Ao ~
MINANENIENINTY TenziuTinargeslsdrummualunmdiusiiaasuniladenluly
Waealswaamauasendiunilodenngeslsd Tagdnnsigndunm 5 4 Ysadiuanuuaneiees
NAIATIZNIN 5 U @8ddd ANOVA @1 p-value @a931nnI 0.05

MINAFaUIaeazaINIIAUNEY (percent recovery)
a g 1a 3 3 . v qy Y ] = a =
AwnzdUinagealsdnunivualussazans spiked sample 69il Fadpdendluniionia
niilydealuluvigeslsnamnauazendiuniludenngenlsd Ussann 0.05 n3u uenldaslunaaa centri-
fuge WaNEHN UM 50 HadANT LANEIALAIININTFIU stock standard solution 0.05 NaanINGaNadaNT
a9 luAIBENN 3 SLAUANNENIUAD BNUSINIAT 0.8, 1.6 WA 2.4 NBDANTAINAIAU WINFNAUBLIATNEH

ool @

MNIBMAAANINRN A pgasaaImsAunaunIsagludnsaeas 90-110

NMINAFAUAANNAVBINITNTIANY (limit of detection, LOD)
minaeUszanawad LOD ;MnamsasNunsWanessu Gail
LOD (mg/mL), estimated = 3 x standard error/slope

LOD (mg/mL) x 1 mL x 100%

LOD (ug/g), estimated = o o .
1000 x WIRUNMNIBEN (g)

w3anasazaNaIIungaslsduazasazaamad niinsazsasgIurgealsdasly
L7 1] Aﬂ' 1Ty YVt L4 vV Y o W 1 o =Y 1 = -7 o %
e lifingaslsdlvdiianudidulnaidessiuaUszananss LOD anfiumsuiudaiuuaziarsane
v - v o o o o v o < ¥ o v v s
e xylene INAAELATEY GC Fyanaanaisinsainssdesdunadiula snaenudnduresngas s
Tudadhaidlululasnsuaansy

MINAFUAANNALINTIATIUSHI (limit of quantitation, LOQ)
minaeUszanamad LOQ MAmMsasNnWiNe s Gail
LOQ (mg/mL), estimated = 10 x standard error/slope
LOQ (mg/mL) x 1 mL x 100%

LOQ (ug’/g), estimated = T o o .
1000 x W UNMIBEN (g)

= W | d’ a '3 = Aﬂ' T Yt Vv ¥
W3snasarmemag i sazanaspungeslsdasluendiuilifingaalsdlvfianandudy
Tndidesnuamlszanawes LOQ umenviwnzilinugealsdlumadn lagienian 5 a5 M
v 4 1T a k4 v = v 1L 1 4 ° v Vv
M %RSD davliiiusosaz 3 uazAmdpeasuaemsdunavegludnioeaz 90-110 MUIMANNETNTUYEN
Wgealsdlumainiululasniudaniy
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aanyliwivauaainsin?
urasnangasman liniuaurasmAenzilinangeslsdluendru Tasds GC Wy anu
n n = Q( 4 Ql/ i Vv
Livduaunnenuuigndaesasinasgin Mmadauiisuiaissss gunsalildedan asazareuasgu
¥ v @ v A v a a s ¥ .. ¥
aNudNTuraengaslsd luasararadagefioulannia3as GC M9ALeNzWY) (precision) Sa8az
YBIMIAUNAU (percent recovery) #BNMINAFBUANNYNABWBNIT hanammnaaanuliniuausiu

(combined uncertainty, uc) uarmnumaNyliwiuausene (expanded uncertainty, U) Nseauany
(B3l 95% Laalde coverage factor (k) Ny 2

We

MINAFDUANININNIZLAIZAN

nnMsdassanaayius TEFS w3snanarsnesyungeslsd (1a) wasoisnnnasazans
fadn endvurianiuniilzndsnlulungaslswaame (2b) wazendiuniludaungaslsd (3c) wuh
melaannenias GC @mnsousnans TEFS sannnansduludiadnlalosa) retention time w9

internal standard uazans TEFS Fulluayiusuaigaalsdiinnu 2.6 uaz 4.3 wiil muadu (mwi 1)

(1a)

1200 =

»

3

1
[=——2622- ISTD

[—4.319- TEFS

Y

o

mii

(2b)

(-3
]
= 2:622~-16TD

8
FORE YT SV FYre) D

0-—- T . s e
0 2 4 6 8 10 min

7 1 TasinInnsnlwasans triethylfluorosilane (TEFS) uae internal standard solution lushsazane
wnaspungenlsd (1a) saznamainiiasludanlulungealswasame (2b) uazarsludanngaalsd (3c)
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MsnadauanNluldunsiuazd9rainIsiezw
anauudunsevasszuy

NNNNNIATFIUIEWINAN VLT NTUYDITN TALIBNINTFIULSE peak area ratio WuIluzras
AMMINTY 0.05 — 0.25 HaANSNADNIAANT HANNFUNUS TUFUATU peak area ratio lagiimdulszans

FUFNNUS (r) AU 0.9993 (MWN 2)

1.6

12 R =9993

0.8 -
0.6 -

0 0.05 0.1 0.15 0.2 0.25 0.3

Muil 2 anndniusenuiuduassszninenudniuasansnasgungealsd uaz peak area ratio

anautdunsanasds
v ¥ v @ a A a o prpe P o
uammsaNNENRusTsTINanGNgaalsdlundduniludenlalungeslsvaaina uazendu
ld‘d = v a o’ldl = 1 L = ta( L g 4 1 L
waf[mﬂslNWQaalmﬂuﬂsmmwt@aalsﬂ‘wmmwu UM FNUIZENTINTUNUS (r) LYNNU 0.9868 (LAY 0.9898

MNIAU (MWD 3)

= 0.30 - segreediluniiilufenlulungeslsvasivn

3y

& 0.25 4

@

<

2 020 1 R = 9868

= 015 -

— L ad

G 0.10 -

<>

E

z 0.05

&

=

q: 0'00 T I ! T 1
0 0.05 0.1 0.15 0.2 0.25

Uiinavigealsdiiy (Hadniu)
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7018 1 Aaeg1eendiuniilefsungealsa

< 0.16
©

g 0 . . . .

0 0.05 0.1 0.15 0.2

UTinuwgeslsaiitin (Hadniu)

= v v g ) v v Y Y s a o v =
AMNNN 3 ﬂ'J'lNﬁNWHﬁﬂ'NNL‘lJ‘L!Lﬂ‘uGliﬁigﬂ’lﬁﬁﬂ’ﬂllL?lN“ZI‘LI’ZIENﬁ']iN'W\iﬁWHWQBBIﬁ@I LNE]LG]NB\?ELNG]’JBEHQEHH‘W‘N

uazUSinungenlsdnasrany

MINAFAUANMLTIE
NINMIRAITANAYNUS TEFS Niasenannasazasnnsgiuiasasacaefiad e dnuni
TndenTulurgaalswasnauazendluniiladenvigaslsden 2 ase wuhiianuamnsamanlazasssuy

Tassnlnnsil Teedian %RPD 284 peak area ratio (WnAUSpEaY 1.18, 0.01 WAL 1.36 MNAGU (15199 1)

M3 1 SDURVBIANUULANGNTNNUSUDY peak area ratio MNMIAAA 2 A

peak area ratio

Anasad 199z ENINITIY azanemathaiilade azanefaEaisl
Tulumgaslsvaane ladeuvigaalsd
1 0.7574 0.8680 0.6889
2 0.7664 0.8621 0.6796
A 0.7619 0.8621 0.6842
%RPD 1.18 0.01 1.36

nnmMensilinangealsdludmeendiuiniasladenlulungeslswamnauazendiuni
asludanngenlsd 71 5 assluludennu laa %»RSD iy 0.56 waz 0.68 MuAIAU (13N 2)
waznuN ldfienuuana e eIRa e NziInMAeNEE 5 U leaiia p-value AU 0.93 WAz

o W q‘
0.36 MINNAU (MTNN 3)

7 M5 INSNAINEN A FAS M SUNNE
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@37 2 wamsnagauaNuisslumAanzdin luiudeyediditnnzvngas lsdluendiu

Ly Usnanlgaslsd (lulasnSudandu)

a a
APNEHTIN

enFiluiiiTadenlulungoalswamma endiluiidladewviganlsd

1 1082 985

2 1089 988

3 1083 999

4 1093 998

5 1096 999
Wae 1089 994
SD 6.11 6.76
%RSD 0.56 0.68

P a a 2 v @ aata s =
G1131NN 3 ﬂ']'n\lL'VlEN&Luﬂ’]TJLﬂi’]zﬂ%’]izﬂ’)’m’)uﬂa\jjﬁjLﬂi’]gwwg'ﬂali@ﬂuﬂjaﬁu

Usnalgaslsd (lulasnsudansu)

o endiunilzdenlulungeslsoana enFiluiiiladeungoolsd
N & & & & o & & & A & & & & o
ANN ANN AN aRA AN ANN AN A%l AN A%
1 2 3 4 5 1 2 3 4 5
1 1082 1089 1083 1093 1096 985 998 994 991 999
2 1099 1086 1094 1085 1095 988 999 997 989 995
3 1093 1080 1096 1088 1098 999 992 985 993 994
4 1086 1094 1083 1096 1097 998 997 988 996 992
5 1089 1092 1095 1087 1090 999 993 983 997 988
p-value 0.93 0.36

NSNAFIUTBYALUBINITAUNAY
a ¢ v ' . Vv a o s a o '
NIMTIUATNWIDEN spiked sample WuNspzazuasmsAunauzasngeslsananludadn
endiugiiaasnniasladonlalungaalswsaanazendiundasladanngonalssd aglursanas

80.2 - 118.5 A% 81.4 - 106.9 MUMAU (MTNN 4)

M 4 SezazuimIfunavLedIitanzingasldluendiy

anuandungy  enauniladenlulungaslsnaame endiunilndonngaslsd

v ¥ Aﬂ' v ¥ Aﬂ'
FININIFIU ANNLYNYUN ANNLYNYUN

a_a v a a o 0 A A o 0
(Jadn5%) avany (Jadnsw) % recovery avany (Jadns) % Tecovery

0.04 0.1764 80.2-112.3 0.1521 83.8-106.9
0.08 0.2445 90.3-110.4 0.1998 92.9-96.4
0.12 0.3530 110.1-118.5 0.2409 81.4-94.1
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AANAVAINITATIANULAEAANINAYBINITIMTIUT I

PNMILFFUMS regression MIUIUA estimated IDL lolynnu 0.008 Hadnsunaliasans uas
A . J 1w a a o 1 a aa 2 J I Y v o 1 4
1iinf@ spiked sample WU IDL AU 0.005 Hadnsuaaiiasans wiammnauduanuduiuluaiegile
@ LOD tnu 30 lulasnsuaansy

PNMSIEFNNT regression MUIUAT estimated LOQ l@vnU 0.05 Hadnuaaiiadans
wiammanduanuwnduludiegiawntu 330 lulasnsuaansy laaiasaaazuaansAUNadunny 90

|l QJ l!! 1L 1 L Ve L4 v 4 1 4 1 k4 = v

waz %RSD whiu 3 Fagludweanduladannuduiu 330 lulasniudansy arsasazuasmsfunau

Mg lugie 80-120 uaz % RSD daslutiu 3

AanaliuiuauaImsin

matssfiucanalivivaunadisiensilsinuwgeslsdsammualumndiu Toeds GC fissdu
ANNEBaN 95% wazd k whiy 2 wuhmenuliwiveuensduing (relative expanded uncertainty)
WhAY 0.06 (5197 5)

9197 5 unasiiauazmsannaaanyliviusulumsiensiisinavgaslsdlusndiu Taads
GC-FID

Standard Relative
urasrae NN liulueu Value Unit uncertainty standard
uncertainty
a <

ANNUTINEURIF T0LLINATTIY 1903.8 ug/mL 5.48483 0.002881
UNUNEIBEN 0.1505 g 0.00007 0.00048
mmtﬁ'uﬁuwmﬂgaalsﬁ 0.1432 mg/mL 0.00169 0.01183
Tuasazanamasng
ANNLNEN 100 % 0.2190 0.00219
Recovery 104.85 % 1.0540 0.01005

anulauuausIN 0.03

k 2
AN laintiuauens 0.06

a 4
AU

FFenzilinuwgaaladnuiaualumndilu Taeds GC-FID ivanniuiidaulamnisiensy
wnaspuzaslssnanglsiiaudlaiam nsdiandiuiiisndafuniadiulsznauduilaufasendulsden
Tulugealsvaaandeladourgealsdudifadumstssnavitliasaa mlimsiensilasis
ion selective electrode uarinusanamgoalsdas potentiometer azldUFmnanipaniGunaiifiass
siwanniuilaslndealulungaslswamnaazgn hydrolysed @ hydrochloric acid langaalsd

#aztieU)N3eNNU triethylchlorosilane [ aqﬁ’uﬁ’ triethylfluorosilane wazl#% cyclohexane (flu internal
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standard F4gnanace xylene udriadiaias GC meldanmsivanniu nilanmssas GC Adaulag
nMsasgulszmnenglsy laun siievesnaaniiain packed column iy capillary column ufaaIw
wazaanmMsluadaudasnnuialulasiau 35 Jasansaewniduuiadideon wazldudalalosuuazorme
(U1 make-up gas lagUsudasnmsluaan 3 fadaasaewndi Wy 45 Taddnsdowil aumgiivesnaan
0 70 asenaidted WulusunsugamaiiGuduil so asriwaded uaziianiiu 280 asrnuwaides, gamgd
294 injector 1N 150 asFnaLed 1T 280 avrnuwalded uazguvgizaua3InieNAindauasn 250
parnwalBed Wy 300 asewades misnasidewhiuie 3 lulasans F9einsousnans triethyl-
fluorosilane lolag@1 retention time 284 internal standard way triethylfluorosilane AU 2.6 W8z
4.3 WH MU mnmswmaaummgné’mwaﬁ%ﬁ}m repeatability Mm@ FHuRTians
TodenluTungaalsaao 0.76 s%w/w uazendiluiifionsladanngoalsd 0.22 sw/w Aafiungonlsd
1,000 daulugruau Tashwinwuhile %RSD whitusaeas 0.56 uas 0.68 MNMAU Fanuisanasu
sostszenanglatlienanuuandiduins (#RSD) MAMsianedt 2 9 whiusasas s wanmnileasay
aamsAunaulunmsieszi spiked sample 1u€hazmﬁﬁ‘l}zﬂﬁﬂﬂu‘[umjaaTswaamlmazé’miiwﬁﬁimﬁﬂu
waaalsd whiusasas 80.2 - 118.5 uaz 81.4 — 106.9 waeY FliAunaniaaniu Aafienadudu
1000 laTASASHN tNaUsiEBNI UL %RSD Way %recovery Apnad LNIIUSDEE 3 UAZIDEAL 80-120 MNAIAU
wiuldhizensiivanniuifaueuiGuasmmeseuanugndasadisaglunasiaayiu Semuazann
70152 ansouaniialamealu 10 nH mangandnsumsidlumsanaiwnziluisaljuams

GRNL

9

FBansiinangaslsdsunamualundity lagldiaios GC meldanmsiimuuannmsmaday
ANNYNABIYBNITNUNNANNFNNUSBUFUN TN TNANNTNTUYIE TN ENNTTIUAUM peak area
ratio @I NAMMTNTY 0.05-0.25 fadnudaiadans malaneihluiudmiulie »RSD vasnh
1 uazlifienuuansszasuaiensilumsliensia 5 fu wuhssduamudutuigaiiaiasiiomansn
#5930 W (IDL) LLa:mmLﬁuﬁuﬁiwqﬂ‘ﬁ'mmsammwﬂﬂ"lué’l’aaa'wwhﬁ’u 0.005 Naan5NaaNadaNT
wos 30 lulasndudansu muddu Feensaiensivinamasgealsdlaad 330 luTasniudansy
fienamuliuiuausenaduing (Relative expanded uncertainty) ¥psni 0.1 383nneiiwanniuil
anumngandmiuldluias foamailaliumsanaiensiuasmaithsy Jaaamwadsasien diuii
dudsznavvadladenlulungeslsneasne uasludenngoalsdla

aeenssndszn e

v
[

2DYDUAN ANUINS DUUATUNS NAuuh datausuuzmsdneIdeauussauadzaluasail
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Determination of Total Fluoride in
Toothpaste by GC-FID

Kamonluck Intharatsamee and Suthida Meethong
Bureau of Cosmetics and Hazardous Substances, Department of Medical Sciences, Tiwanond Road,

Nonthaburi, 11000 Thailand.

ABSTRACT Determination of total fluoride in toothpaste was developed by using GC-FID technique
under the condition i.e. HP-1 capillary column of 15 m x 0.53 mm x 1.5 pum. Carrier gas consist of
helium together with hydrogen and air as make-up gas. Flowrate program starts from 3 ml/min and
increase to 45 ml/min. Using flame ionization detector and inject volume is 3 pl. Temperature program of
column is started at 80°C and increase to 280°C . The injector and detector temperature are 280 C and
300°C , respectively. Sodium monofluorophosphate is acid hydrolysed to be fluoride. Fluoride is converted
to triethylfluorosilane (TEFS) by direct reaction with triethylchlorosilane (TECS) in acid solution and
simultaneously extracted with xylene containing cyclohexane as an internal standard, then inject to
GC. The method validation result show the retention time of internal standard and TEFS of 2.6 and
4.3 minutes, respectively. The linear relationship between concentration of fluoride and peak area
ratio over the concentration range of 0.05 - 0.25 mg/ml with correlation coefficient (r) of 0.9993. The
r of relationship between added concentration of fluoride and found concentration is 0.9868 and 0.9898
respectively, Repretability was tested by replicate analysis of fluoride in toothpastes containing
sodium monofluorophosphate and sodium fluoride show %RSD of 0.56 and 0.68, respectively. There is no
different of analytical results between five days which p-value is 0.93 and 0.36 respectively, show the
precision of the method. Analysis of spiked sample showed percent recovery of 80.2 — 118.5% and 81.4 - 106.9%,
respectively. Limit of detection (LLOD) and limit of quantitation (LOQ) were 30 and 330 ug/g, respectively.
Relative expanded uncertainty was 6.0 %.The developed method with acceptable validation results could

be routinely used to analyse total fluoride in toothpaste.

Key words: Total fluoride in toothpaste, GC-FID
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Exposure Assessment of Benzoic acid in Nam Prig Noom Patcharida Pichai and Naruemon Khanteekul

HPLC: Agilent 1100 Series, Column: ZORBAX Eclipes XDB-C18 (150 mm x 4.6 mm X 5 pum),
Column temperature: 30 °C, Injection volume:10 puL, Flow rate: 1.0 mL/min, UV detector
wavelength: 235 nm

Mobile phase: Solvent A: 0.01 M Ammonium acetate buffer pH 4.5 — 4.6, Solvent B:
Methanol

Gradient condition:

No. Time (min) % solvent (A) % solvent (B)
1. 0.00 82 18.0
2. 10.00 55 45.0
3. 12.00 55 45.0
4. 12.50 82 18.0
5. 15.00 82 18.0

d13LANUATEIININTFIY
&151@d : Methanol, Ammonium acetate, Potassium ferro cyanide, Zinc acetate, Acetic acid
9919337 Sodium benzoate (SIGMA-ALDRICH®, purity 99.7%)
R G AR GEGRL
1. 0.01 M Ammonium acetate buffer pH 4.5-4.6
92818 Ammonium acetate 0.77 N3N ephUszanm 900 Hadans USU pH danseasdin
g W16 pH 4.5-4.6 USudSanasensihiilu 1,000 iadans 584628 membrane filter
2. Extracting solution
asazagluda 1w 60 dau wanlinuny Methanol 31U 40 §1u
3. Carrez I solution
avang Potassium ferro cyanide 150 n3u fhenh USuUsanesidiv 1,000 93305
4. Carrez II solution

azan® Zinc acetate 230 N3N mg1 Usuusanasitlu 1,000 Hadans

ac a J I a_(6)
INIININAIIAIICHNIALUU LGN

a

#1019 5-10 n3u lulininasawe 50 Tadans araldneiadsues aue 100 iadans
LN extracting solution Ussana 80 ¥adang, carrez I solution waz carrez II solution aeNa: 1 HadaNT
UsulSnaslinelinee extracting solution wwenliiinnu el 15 1 nspedIBnTEMENIBNUBS 42

uaznIzaENIaeiia Nylon 66 Nigwiuong 0.45 lulaswas harsazmeilalunesaulsinansaunlydn
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Accuracy, %
Precision % RSDr
% PRSDR

95.35 - 100.00
2.25 (NSLAUANNTNTY 10.42 HaANSH/DLaNSH)
7.42 (N5LAUANNINTY 10.42 Taan5u/Nlansu)

Linearity, 48an3u/805 1.0 - 60.0
(r = 1.00000)
Working range, 888n54/8015 0.5 - 60.0

Uncertainty, §aansu/nlansu 4.90 (NSLOUANNINIY 166 Nadnsu/Hlans)
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Ysmnamsuslaawinny (n3u/anming 1 Alansu/iu)

Food consumption
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Exposure Assessment of Benzoic acid in Nam Prig Noom Patcharida Pichai and Naruemon Khanteekul

(K
v

Tudifien ADI = 5 Fananmsiwuadr ADI 289 JECFA aansawulsdnuazinaauulsion
agfl 0-5 fadniudatviingy 1 AlanFudeiu uhagegaanlddmuin uazd Risk fidnaldiia
NN 1 vaneds enadeasiiasianadedagamwguslg

5. swnalaswlassSinamslasuduiaiudasazansd ADI deiudmslaSududassiy

g 1009 ADI uaanhianudasnaznaliindunnadagumuweuilon

We

uansmagay Usinansawulgdnlnundnmin (ansnn 1)
MmN 1 wamseNensilsnansawuladnlunwinminninuanndesivag w.e. 2553 - w.a. 2556

NUNG 188 MIDEN

U w.a. NUIUAIDEN Snuaeed dadusasay
Tihanasgu
2553 86 41 47.7
2554 45 18 40.0
92555 40 12 30.0
2556 17 4 23.5

uazasnsUsziiumslasududaUsinansauulsdnluihwiavy (m195190 2 - 4)

= a Yo o o a a ° ' a a A o v
MMINN 2 ﬂimmm{lmuauwansmuu‘[‘ﬁaﬂ‘[mmam ﬂ']‘lnﬂmﬁﬂﬂ']LQﬁﬂ?lB\iﬂiNTﬂ!ﬂWﬁTiﬂU’iIﬂﬂLQW'ISQVI

uSlna (eater only) nanuilu margin of safety (MOS) %38 Risk

Yevjuan (19-35 1) Jee{lna) (35-65 1) w55 (>65 )
RUNDDY 58.28 NN. RUNRDY 60.37 NN. WIBUNRIY 54.53 NN.
. #RUTINUMS L. #2UTINUMS g Fnlsams
U w.e. v ARy v o ALRRY v o AR
lasuduea Tasuduna Tasuduna
2553 0.00 — 0.22 0.05 0.00 — 0.25 0.06 0.00 — 0.19 0.04
2554 0.00 — 0.10 0.03 0.00 — 0.11 0.04 0.00 —0.08 0.03
2555 0.00 - 0.36 0.03 0.00 — 0.40 0.04 0.00 — 0.30 0.03
2556 0.00 — 0.08 0.02 0.00 — 0.09 0.02 0.00 — 0.07 0.02
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Msuslnadusulseannsnaving (per capita) anuilu margin of safety (MOS) %38 Risk
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U .. v AR v AR v My
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W. 6. (eater only) (per capita) (eater only) (per capita) (eater only) (per capita)

2553 1.02 9.89 1.14 9.55 0.86 8.45
2554 0.63 7.46 0.71 7.20 0.53 6.38
2555 0.70 6.78 0.78 6.55 0.59 5.80
2556 0.43 4.17 0.48 4.03 0.36 3.57
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Exposure Assessment of Benzoic acid in
Nam Prig Noom Sold in Chiang Mai since
2010 - 2013

Patcharida Pichai* and Naruemon Khanteekul**
*Regional Medical Sciences Center 1 Chiang Mai Amphur Mae Rim Chiang Mai 50180, Chiangmai
**Provincial Public Health office Amphur Muang, Chiang Mai, 50000 Thailand.

ABSTRACT Benzoic acid and sodium benzoate are most popular preservatives used in Nam Prig
Noom (Green chilli dip). They are permitted to use in ready-to-eat foods, in from of benzoic acid,
for not more than 1,000 mg/kg. In 2009, it is found that more than 60% of Nam Prig Noom sold in
Chiang Mai contained benzoic acid higher than the maximum allowance. In order to protect the consumer,
Regional Medical Sciences Center 1 Chiang Mai together with Chiang Mai Provincial Public Health office
surveyed the use of benzoic acid in Nam Prig Noom between 2010 and 2013. The results show that Nam
Prig Noom contained benzoic acid higher than maximum allowance, in percentage of 47.7, 40.0, 30.0 and
23.5 respectively. All data are used to estimate the exposure assessment from the intake of benzoic acid
at the average of eater only and 95 percentile of per capita in 3 spans of age, 19-35, 35-65 and more

than 65 years. The estimation shows that all spans of age are safe from consumption of Nam Prig Noom.

Key words: Exposure Assessment, benzoic acid, preservative, Nam prig noom
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fagtuwihumslszmalulanfanuwmmuasnuadmsmamnniuioaamunemduas
mingUassamemad uilueasdnsulsamammiliionamenmuannasmsiasumemssanldinniu
wuiy  ieunilasgamunssumelutszne Tasmwzasivlulsunaiivannudy dagtumsdsznig
Uszndaldiimahememsiiensivionudnvasuwdodnd dudsifaaaumniudanly dueiasiia
Tumsiafumems mlisanalnglimansadedumluzunadoundosavidamhamiuguamunguans
gwdszindla 1% msesnngszilisuras REACH (Registration Evaluation and Authorization of
Chemicals) muualvdudynsiiaildmanidasaanaieou/ Usudiiu/eyane wazhdamsldmaaiion
30,000 %iin lundasasininehly European Union (EU) latiu dasnannmsinsidsaieiiunmsanias
ﬂﬁﬁ'amiﬁﬁisuuqmmw Organization for Economic Cooperation and Development Principles of
Good Laboratory Practice (OECD GLP) whily Gat mIwannszuuihensniseuesumnaasnai
Uszanduaiiludeiuiuiiodanalinamsideiidedawssiiuiiseniu  wihednnisednanazdad
FEUUAMMWMNYANIT OECD GLP Wumanilslumaudiymmsdeeanzasudazmenuahiiy ud
aslsAdmaiiuandnmasumiluszuumsseniuiinlutayamsusaiiuasiaiioes OECD damnniiiiu
nalnddnlumsmiuguaiiuvidesudazlssma fazidumuuaiamemasiiuny mswasuulad
dAauestarmuue OECD daidluanuimelussduuszana fazaaanuduudomaasughasazmasly
seeulanld Tasadamhaanadavenlsundlumsmiuguamasauiisuss OECD Fuaudawan ldud
HANAUIILNEN35H (pharmaceutical product) WAAAAILASEIEID1 (cosmetic product) WAASMIIA
An3Wy (pesticide product) endSudad (veterinary drug) a9U39uae@130Y (food additive)
a3U5eueNe1M a0 T (feed additive) wazansiailugnavingsy (industrial chemical)

nmauaninanUszmalneaiasinudumamaesunulumssaniusindayamslsziiiv
Maafiresasdmaiiarnuuiiawssiannmadsugia (OECD) Flsznoudsainin 34 Uszina Teud
paalAsEY paaSy walden wawm MosusgEn wwnsn Nuwaud dSues wosuil n3y a3
Taduaud losuaud dond gty anorsadgnma dnwandsn dindln wisasuaud infuaud uasing Tuuoud
Tsaina arsnsusgaladn awu dleu dlawasuaud g5 annzenandns ansgawinm dasea alavle
% worealoile Taguszasdvanlumafiuniidmiumsiasn viaewannnaunsenlomnemaesugia
29UsEINAFNIEN L*TJuLaﬁLLanLﬂﬁ'ﬂuﬁaﬁﬂLﬁuszmwﬂssmﬂam%nLﬁ'mﬁ’umﬁﬂmiﬂmmdwﬂ uuﬁvugm
apsmsdnive ilehlugdoagumszduulemneludnuns guidelines for best practices wazmssy
Lﬂﬁ'auuiﬂmﬂmﬂuﬂssmﬂam%fﬂﬁaaﬂﬂa"aqﬁ’uu,mmqm'salau%’uiaﬂuﬁagamiﬂizLﬁumimﬁ
(Mutual Acceptance of Data-MAD) ﬁamsﬁﬂajuﬂszmﬂ OECD azzaniudayamsusziiiuasiall
sasiunaziu Taglidasasnaaush uaz OECD muualimssaniudayamstsaiivmaaiidassiiums
Toeaafiamsn3afiGenh Test Facility #dulumamanufianavesiaslfiinms (Good Laboratory
Practice -~ GLP) waz Test Facility vugnasiasauuasiunsiieuhldciiumssanadasiundnms
OECD GLP Tagwihaasiagau (Compliance Monitoring Authority - CMA) Femagaiwuauas OECD
Usznaitlildifugangnass OECD sansadniweglussuumssaniuhndayamalssiiumsiaiiong
OECD ldlasdashumsanatsaiivnngidemamas OECD® masifiumsdsnanazlszauanudia
Idazdasiuindaue 3 ivdnuessana ldud wheasiadey mbeUssiiuasiail uazngransualszme
Tunsmnugua
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Gty nssnsnamsugalasnainenmansmaunngguiugihdumsiseginaspulussaulan
Idasenindedlymeainan Senduiidesediiumsihwdnideesianlficmsideses OECD inld
MelduInnuAa Mutual Acceptance of Data loafimsiunugnseansludumsiuniheasiaasy
soslssmalumstunsfisumhe@nnidesanadasiu OECD GLP figuahudasasiianuiaansisde
wywduazdaunadan  mslddayadenanliidulumungrinsrasudastssmalumsduasasuilag
Tudseina G’f%«,mﬂm'mmms%’usaqﬁmﬂﬁﬁ’ﬁms (Laboratory Accreditation) #aiilumagsiaslazas
ﬁla\‘iﬂﬁﬂ’am‘j mﬁmé?wmﬂmwaaw 23Usztnd (National Compliance Monitoring Authority — CMA)
aulutsznalng sauiigafildimhenulaldssuugumwanmdnljiafduesiasjidmsues OECD
e mlEmsaiiivnudananazdasnmelddenfanmelsenms fidesfimseniumsiifuszuy
Tumsimuazautnesaslszind wazdaunmsfnmmssuumsamaseuiivansay dmiumslimassensy
wastunsiiisumhanunadeuniadnuise Mannmeldusumiasnssnasamsuay eldifumadninmsgd
dauly masiiiunuiiihanessuiadissdumheesagauiidiuaundn OECD inl#lumsmiuguanie
Uszifiuasiedludseinelng
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1. nummnssanssuiisemslutazesume laud ssuumsasaseuiunadeou Tusunsy
MINTIVFDUNNUIBNUATIAFAUANY GLP ‘lunﬁiuﬂsxmﬂam%ﬂ OECD uazngssiiisu ngvisne
Tumstunzioundasasiassandlng wazau g Mfemos

2. FamszuuguMWMIATIAdaLTunsTaumihsnunadaundadnmite Nawnaasmie
#573d8U (Compliance Monitoring Authority) munantnesi OECD

3. endlumsnanndnamuwmisnunadounsadnisanasuszmelng

4. avndsuuarinmuUsaiiunambenunagaunseAnuIsendluuazaeUssng

MANITAHUIIU
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sdninemansmaunnduazmmandy delilanasasluau dil
1. wanImumInTIMNTINaRedasialuuazslssna
nnmslengilasaambeanaseuzassznaaandn OECD 1 34 Usand wu wuh
miraaaevaziufiseniumunaspussnindsamalaiu dasiinguanesasiulumsdiiiums
flazaninsohlasadauuaziFangdayean test facility ¢ ilasnnananmssasmstiaduld OECD GLP
Hudasiimmualasnguinedii Regulator mauld duiulszimaandn OECD dwlnaj3eil National GLP
Compliance Monitoring Authority agmelansznsn wisadmealanienuyes Regulator unUszma
duluanearreamatady (mandates) W14 voluntary wu ﬁﬂszmﬂﬂw%’gam’%m wo ludnuaneUseine
fenfiumsdumheansevrasszmalaiy agladumsuasaailumieanssvrassznaadaiy
memslidennamhiionunguane dudu Ussmaidweud dudu Tasudazdssmaimhaanagauies
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saedl diamuuezautevesszma  wudh nguanefiiedastiundnmaufiafiauesieslfians
(GLP) il 2 wouthe ¢aii
1.1 OUHANMIAEENITH TUNNUAMENTINAITOIMITUILE NTENTNANTITNGY HUszma
Rendumstunsdieudiuen asiuil 26 Sumen 2551 mnualidayamnenuuamsdnuninauye amud
fimansaienzidefifmamanzas GLP wia ISO/IEC 17025
1.2 UKAAN MG NY
1.2.1 nasnmunuasuazannasl  sanlssmedes matunsideuiagduens Juil 1
Suman w.a. 2551 mvualidayaimiuanuduivsasmsdudunaswdasanididag dasldinan
Worlfuansiiléns5usesnasgiu GLP (Good Laboratory Practice) 0nuanasgiy OECD®
1.2.2 UszmAnsaAmmanuas Tufl 14 anew 2552 (3aa MvuanNeazden vaninosi
wasismatunaiiion masanluddguazmadeagluhdny mstunsdsuiagiuans mvualidoya
Wenfuanuilufiveasnsidudunasudndarididagy dasldnnndaslfidnmsilddumsiusannasgu
GLP (Good Laboratory Practice) muana351u OECD®
aehalsfimudslaifinguaneglimhenussmsladisnnambii sufiumsanaseviunzden
muwdnms OECD GLP Falguszanuanuhimiiadudninnuanznssumsanmsuazen fingranataduld
GLP Tudssmsdnndanys Tumswannuiudynguane ngsuiisuiiddgpasmireasadey e
sausnamhitlifunadnnmaaimauwnglumsdhluanaseumhenageuviadnuide/wann uaz

v =

dayamsdniefiazihindunzidey luauwendadasindsnssy laglaudlyUszmeansznsraon gy
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309 ussnaninnumhiliUiTamuwsenatyaien w.e. 2510 wadiu aui 2 w.e. 2556
2. NamﬁmﬁﬁsvuQmmwmsmmaauﬁyumLﬁﬂuwmmm‘nmaauw‘%aﬁnwﬁﬁ'ﬂ/ﬁ'ﬁumwm
%180 323dau (Compliance Monitoring Authority) munantnasi OECD
AMFNUAMINEATIIdaUeIUsEnA (Compliance Monitoring Authority) faziluiigensu
Tétu dasiiszuumaanaseviunsiisulifinadidansudiumundninas Council Acts asaunqa
ﬁ’aﬁﬂ%uﬂﬁﬁﬁﬁ’ty?}m OECD Series on Principles of Good Laboratory Practice and Compliance
Monitoring: Number 2 (Revised): Guidance for GLP Monitoring Authorities, Revised Guides for
Compliance Monitoring Procedures for Good Laboratory Practice'® ﬁﬁﬁﬁ’ﬂ; imﬁgﬂmim‘i’sﬁlaaumﬁ'ﬁ
M51gaMyue Number 3: Guidance for GLP Monitoring Authorities, Revised Guidance for the
Conduct of Laboratory Inspections and Study Audits” waz Number 9: Guidance for GLP
Monitoring Authorities, Guidance for the Preparation of GLP Inspection Reports® W EMrue
Tusrgazideen wazlaaniiumsiesziadaae g Weudsesnulusunsy National GLP Compliance
Monitoring Authority wavUszineaunzn OECD temwnmeiiuanzan sardausludulaue
meshumsitlumbeanagaussnihelsamanadauaziienuisdastunlanemalsanalumsghsmd
MA MsgaNsUNNLUUENYsalplsznalng wazdaeszuUMsasadaviunziisuyaamhensasaudail
2.1 MINAUBNINITLUVUEHIMIATITAUT AR
miﬁwmLaﬂm‘sqmmWizuuu%wwiﬁiﬁ"luﬂﬂsmiaaaauLﬁ'aﬁyuml,ﬁﬂu AINNRANNIS
OECD GLP lgsavhaGaiiunsausn navine 34 atu dlummnsangs Ussnaude 1) nansgiialusunsuy
M3a53988u (GLP Compliance Monitoring Programme Manual) winiflunnavymudamuuazas

OECD Series on Principles of Good Laboratory Practice and Compliance Monitoring Number 2
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(Revised): Guidance for GLP Monitoring Authorities, Revised Guides for Compliance
Monitoring Procedures for Good Laboratory Practice Usenauaia uneeq nanie ulaueuaensy
whiuazzauiheTusunsumsasadauanaaanngasiunanms OECD GLP wangiuuaasanaiudiou
amuzmengrane Tassaduasdng matlasfuamudy duaaumadhiinTsunsy auautgomasay uas
msilnausn wnasilglumsasageau mseiiiunmsnsia Test facility was Study Audit m3shiiumsly
nsdiimuenuliganadasiunaninasi OECD GLP msdamaiiasmagnssnl mafiusnmndayanmsnsa
Judu 2) Farvue wazdaulamsasasaviunadeu (R) Usznaude Qmauﬂ'@wmwmmwuﬁﬁmms
TUsunsuMInTINEay uasdammuagu mﬁmmswawﬂammﬁwam‘smaaaauﬁumLﬁﬂuﬁaqﬁaﬂﬁﬂ'ﬁ
ﬁ'aﬂﬁﬁ'ﬁwé’ﬂﬁ'%’umiﬁvumﬁﬂu wazmsliaeauaaemsiunzdion 3) NaIFIUMIUJUANU (SOP) 64 )
10 aUU 4) Worksheet (WS) 13 atiu 5) Wasu 9 atu imﬁgﬂﬁﬁmuﬂmmgmmwsmaaummamhsl
Bioanalytics lagthiondamuuamalmmsmsanasauamugndasasisiriensiisansudumlan dud
Guidance for Industry Bioanalytical Method Validation atull 2001 28489@n1581915UaLEN
29ansgaNam (US FDA) mnienzvuazanvinilu checklist msnsiamuzieszy (Bioanalytical)

vy o v o a Yo a I = [ P
1VIﬂUt}‘\!Gli')7\'lﬁi>]1JG’l']Luuﬂ'ﬁl(ﬂﬂWLuuﬂﬁ‘iLﬂuNW@lﬁﬁﬂuLﬂﬂ?ﬂu (9NN 1)
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. GLP Compliance Monitoring Programme Manual

. Requirements and Conditions for GLP compliance test facility
. SOP for Registration of GLP Compliance Test Facility

. SOP for Monitoring and Training of GLP Inspector

. SOP for Preparation of Inspection Report

. SOP for Appointment of Inspectors

. SOP for Withdrawal of Registration

. SOP for Complaint of Registration

. SOP for Pre-inspection

- OECD Series on Principles of Good

Laboratory Practice and Compliance
Monitoring: Number 2 (Revised):
Guidance for GLP Monitoring Authorities,
Revised Guides for Compliance Monitoring
Procedures for Good Laboratory Practice
OECD Series on Principles of Good
Laboratory Practice and Compliance

Monitoring: Number 3 (Revised):

10. SOP for Bioanalytical Study Audit Guidance for GLP Monitoring Authorities,

11. SOP for assignment test facility registration and code number Revised Guidance for the Conduct of

12. SOP for the conduct of test facility inspections and study audits Laboratory Inspections and Study Audit

13. Worksheet for GLP application review OECD Series on Principles of Good

14. Worksheet for Document sending for test facility inspection Laboratory Practice and Compliance
and study audit Monitoring: Number 9: Guidance for

15. Worksheet for GLP inspection Checklist GLP Monitoring Authorities, Guidance

16. Worksheet for Document for inspection for the Preparation of GLP Inspection

17. Worksheet for Monitoring Inspector’'s Performance Reports

18. Worksheet for Inspector Evaluation

19. Worksheet for Planning of Inspector’s Training

20. Report Format of Inspection Report
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21.
22.
23.
24.
25.
26.
27.
28.

29.

30.

31.

32.

33.
34.

Worksheet for A Subject for Withdrawl of Registration
Worksheet for Report of Withdrawl of Registration

Worksheet for Declaration of Withdrawl of Registration

Worksheet for Complaint of Registration
Complaint Log Form

Form for Consent of Appointment of Inspector
Form for Financial and Conflict of Interest
Application Form No.5 Application for GLP
compliance test facility

Application Form No.6 Specific information for GLP
compliance test facility

Application Form No.7 Self evaluation complying with
OECD GLP

Form for Record of Inspection

Form for Inspection/Study Audit Visit Report

Form for Summary Report of Inspection

Form for Opening and Closing Meeting

- OECD Series on Principles of Good

Laboratory Practice and Compliance
Monitoring: Number 2 (Revised):
Guidance for GLP Monitoring Authorities,
Revised Guides for Compliance
Monitoring Procedures for Good
Laboratory Practice

OECD Series on Principles of Good
Laboratory Practice and Compliance
Monitoring: Number 3 (Revised):
Guidance for GLP Monitoring
Authorities, Revised Guidance for the
Conduct of Laboratory Inspections and
Study Audit

OECD Series on Principles of Good
Laboratory Practice and Compliance

Monitoring: Number 9: Guidance for

GLP Monitoring Authorities, Guidance
for the Preparation of GLP Inspection
Reports

2.2 MIHAWINTEUVIUMSATIAdaUUNzTioy msauasumsaiunuiianzas

WszUUGIMWA 1 Usznaudae

2.2.1 msanasahTINIsunsN mhsnuiiansiumuafiumhenagaunsadnuive,/
Wannnslulsemauazinalssme ﬁﬁ%’m&?ﬂLLasdeﬁumsmuﬂgwmﬂLLaziTaﬁ'qéTmamimﬂﬁy'u 9 waza iy
msnagaunEaAn¥ITe/ Nannsasuudiathaias 1 Tasams vhld 3 ma de 1) msturalesanuaasla
NnmhenadauviadneITe/ Wann w3 2) mhenuiiiennamhiimunguanstunstoundosuisase
Tieiiumsesa e 3) miheanasaumeusamasae isdiumsenadlunsdifies laamhenunageau
WiadAnwie/ ManndinanaasEusuansiaday waztanasisznaumuamuuwuy Application form no 5:
Application for GLP compliance test facility was Application form no 6: Specification information
for GLP Compliance test facility a8z Application form no 7: Self evaluation complying with OECD
GLP waznavamnalvidgunu 1 au luszauanla nnssauudmsnsaimnms lunsdedaniumihensa
dou warfumsanaaauluiuiimadomsszuuasmstionsiszgy

2.2.2 Maninsaniuama wdiiumslddaiiomhsnudinaniingazdeassuuamummn
wazmsenfiunuasudiumagamuuatazdoulurasmheasagey winldansaujualemalu 180 Tu
fansaudsenianaale

2.2.3 msnumuenas umsasreaauenssmednmsidisedy wu ANaAMMN
(Quality Manual %38 Site Master File) 1nasgiumsufuaau (SOP) uuunwasu uuums@nniveg :1eu
3N Iae Taseaseamheny wauranheny yeains iudu iR sanaNNSNYaIMhELRIN Y
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Establishment of Inspection System for Non-clinical research  Sitaphaisith Ekachampaka and Chomchailai Sinthusarn

Establishment of Inspection System
for Non-clinical Research
in Medical Sciences

Sitaphaisith Ekachampaka and Chomchailai Sinthusarn
Bureau of Laboratory Quality Standards, Department of Medical Sciences, Tiwanond Road,

Nonthaburi, 11000 Thailand.

ABSTRACT Nowadays Thailand has joined in the Mutual Acceptance of Data (MAD) system in the
assessment of chemicals as provisional adherence to Organization for European Economic Co-operation
and Development-OECD System. Facing its national challenges, Thailand has established the inspection
system for non-clinical research and development test facility regarding all public health (health products)
and medical studies according to OECD GLP. However, many factors effecting the system has been
considered seriously such as Thai law, OECD requirements and possibility of the quality system developement
of the facilities in Thailand. Therefore, the Thailand GLP Compliance Monitoring Programme was set
up. It was found that 16 facilities, 7 in Thailand and 9 in India have met OECD GLP which made the
registration of drug possible. However, this is still new for the country. The system should be further
developed and the participation of government and private sectors should be promoted so that Thailand

can become full non member country adherence to OECD Council Act on MAD.

Key words: Inspection system, Provisional adherence to OECD system, MAD, OECD GLP
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NNLEaN BN LENITNTINILATIER NG
Amphetamines Tudaane

s NUUYR A5 NENE55N Ltaséaﬁwﬁ a6

ﬂo'lif!wﬂfl'lttaa‘:;ﬁt;ltﬂw&?ﬂ NSNINENMNENSAITUNNE DUUAIUUT uuny? 11000

UNARED NENUNANMINTINIANVENGN amphetamines Tutlaans Tfundnguddymeassond dads
msanaiensidideutiasiiusansmngs uasiiduyudemies dninsuazinguawdaldWannuazasvaey
mmgnm“'awaﬁ%maaﬁmswsﬁﬁﬁmmgﬂﬁm udue wazsIaE) SmSuaTgUMNLazUINIMEING N
amphetamines lutlaamelaamaiia uialasinnasmil Mmasiiasiie und (GC-MS) wisumatlagmaiinms
afaeigmazasuie (SPE) uazmaile Tasinlnanilsiiaveamvailszaninmwgs Mmanaiaziiound (LC-MS)
w3zNagmaiamsanamieigmevsiusuuusaulall (online SPE) :1nM3ns198auaNNgneasuadds wulh
weafla GC-MS 729ms5ld9u amphetamine w8z methamphetamine @1 100-4,000 WlunSuaaiiadans
Fuuszandanduwus annh 0.99 Waddud recovery i 289 amphetamine a8 methamphetamine i@
75.40 UAY 76.80 MUY AaNuAiusz Ty fien Tuze 0.34 -17.23 %RD  eanwilsssswieiuiidnaglu
929 3.84-12.57 % CV ehenwliwiueurasmsda nszduanudeiuiosas 95 M 2.00 +0.35 lulasniuaa
198905 waz 2.00 £ 0.39 lulasnsudaiiadans Muaau dwsuwnaia LC-MS 7219m515u amphetamine uae
methamphetamine fi@ 300-2,000 W lun3udafiadans duUszanSananNwus Feannnh 0.99 ManuiusEwig
Su fierluzae 2.22-16.11 %RD eranudisaiianlugae 2.36-10.43 %CV aranulaiuyuauzasnisse
fisvauanudaiudosas 95 fiem 2.00 + 0.24 lulasnSudaiiadans uazildn 2.00 = 0.27 lulasniudefisnans
NG AUNUADNIEERNIZAIFE (material cost) 289M305IVIANH L8 GC-MS was LC-MS i 628 11
was 438 UM IEMINTINANWEINGN amphetamines log GC-MS waz LC-MS Lﬂﬁ%ﬁﬁﬂi:ﬁw%mwgq
MnsaaRlenzinangudananldasauaquaunguinahvue Gulumhenuiifsdasmmnniisnaena
”3Lﬂswﬁﬁv’qaaqmﬂﬁﬂlﬂlﬁtﬂuiﬁmmgmiumsmaﬁmswzﬁmﬂa;u amphetamines Tutldannz muanumINzay
UAZANNUNIDNYDILADZWUIBNIY
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N

fagtuamumssisnandaduiigmrdyrasisane waziivunlinfiazeeaddanuguuss
wnnduasgaiiias Tosawislungadnuesiensy Fudunguiiilamadldenandaldhe gnaeaas
mstlasfunguiilamadluifsdasfueniandio w.e. 2558 - 2562 Iujaiumsaapiiduiuuaziasiu
gnando” MnadanamsUnulnueandaluil 2556 wuh sieenawdefindyduiiunduduia sanh
enled wazialsdu® daandasfunamsasaasandalulaanzess nsninenmansmsunng Tudiad
fananumsanda annhipeas 90 #o wmueiWiiy (methamphetamine) Fudumsddamasenth
uazenlad

wizngUnafeanialilng w.ea. 2522 Jald arsnguuantioiiy (amphetamines) 1ilu
gLandn ilnwlseion 19 wsenatnaailasnuuazynudnueniando w.e. 2519% wazldsemeaaaznssums
Hlasfunazunulnueniawio Gasmwuavdninas Fimsuazdaulamsanavdenaseuhyaaaviands
yanalafimsandaaglusemeviali mvueismaenail 2 dueau da maenadasdudeganaday
iasduy Waunnghliuouin IWdvasatuduna o snuasaigaimumdauznisumatlasiunay
Unulnueniandio Fasmuuasanuanaiga weslidanasidadunamsasaiignihdudismsenioad
Tusume Weamanuhiimsdananagluilaansaud 1 lulasniudafiadanstuly

Methamphetamine wae amphetamine Lﬂuaﬂiﬂisﬁi’uﬂ’ismﬂiuﬂéu amphetamines aanqw§
lihameiudegaaannal wazananuemnems Inadassuuilauazviesaidan douiuenudulaio
wozrh i laulidudon:  e1msiaUndiiiennmsian methamphetamine giawaziianmswasin
aneld AuesInhuUnG thviindhan fividasaninnn it TeBuuanfummmoay vaulingu ladu eauld
e Wauds Mudu nszaunszne fngdnssndndnuasihans muauadlild TunsdifawAuanaea
fomenladuiiound enudulafiogs dusu #n viavuasdld e1msinen (addiction) wulugiiiaw
luvSinamnn Wuszazomuu g azdienuiiaundineauss iesimsmedadszannuasy yudr fens
ymessnudanhhediewierau mmammiasnslulddaddmmmeduony viisnmedou Tasawe
TugtheiilawinagnaEass msiaw methamphetamine azvhliAanmstold fanwazdaaiinyzinann
dudanq taliAewaniewala amsaauen (withdrawal symptoms) %Lﬁﬂﬁy‘uLﬁawqmaw"luﬁ’uﬁﬁﬂﬂ
Togaziionmanganio $anliawns duse smnawnsuniu Fu e Aifes lidesifiGeuss auead
wanssnudamhiimsnuudelifmnslumadeu mmamaiafinniasdiaslaiuagiuiueies
USinaiiaw mMs3nen (treatment) TogldenngueueImsuieds (antidepressant) len imipramine,
desipramine, amitriptyline, trazodone %38 fluoxetine s?;qtnl,wéwfr%l,ﬁﬁuﬁ’ums serotonin U&NBY
LilanIMsTUEd LazINMIDENNEN nanensziulszanm (sedatives) laun flurazepam, chloral hydrate,
chlordiazepoxide, phenobarbital 38 diazepam gnldsnwamsianina viaanmsusulainay way
NaN3NHIBINMINNAN (antipsychotic) laun haloperidol, chlorpromazine ﬁﬁaaﬂ%’uwa1uauqa1ﬁ'ﬁ'uaWi
dopamine Wilaussmaimamsaa uazdniawelalaglimathdasnmniimeheme wasialamudiulds®

Methamphetamine Wilaidhgumeazagluhame 1-4 Su vdooadudlani Jufuanuioasms
wan lawwlasfulssmu gadusanmatlasizlugl methamphetamine $a89s 30-54 UAzaNS
metabolite fid1@ny#in amphetamine fagas 10-23 nanlaamsdadvasaidaagniuaanmatlaans

11431_] methamphetamine 988 45 W8y amphetamine 5888z 7° N15LAA metabolite 29

methamphetamine (MW 1)
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H H
@/\I/N\-QH3 — /(j/\r N\cHa
CHj HO CHs

Methamphetamine 4-Hydroxymethamphetamine, MW 165.23 OH
NH,

MW 149.23 B NHz

CHg CH;

HO HO
4-Hydroxyamphetamine / 4-Hydroxynorephedrine
MW 151.2 OH MW 167.2
NH, NH,

Amphetamine, MW 135.2 Nonephedng, MW )51.2

o o]
OH
CHy CHy OH NHY
o T —_—— —— o
HO 2

4-Hydroxyphenylacetone  Phenylacetone Benzoic acid Hippuric acid, MW 179.17

MW 150.17 MW 134.18 MW 122.12

MWA 1 metabolite 289 methamphetamine

nszIUMIRTImBENdEaluTNME G899 TaINIRIduLazas metabolite AaUIEMIATI
fifuasiilszdnsmw dassansousnaacinan Figaslassailndidssiumnnaananniuld uazdasdl
anwhgianinsaasaldlulznum dasmnuemsanannisslfiaman il iumsnguddalums
953008 nsInenmaasmsunng lasaineuaziogande laldanudagylulszauaing Falawmn
BMsamsuaIRUMWLazUIINeINgy amphetamines lullaanzlagmeaiiaudalasininnmil-una
anTnsund (GC-MS) wardnaialasinTnnnil-wwasnTngund (LC-MS) sunadszanaeanyly
wiveurasmsia Usziiumdunudamie Wisuisumemsinnsinnmeieai wasdagaiinuem
aqUdaiidadasmasaaunaiia wailludeyamadenlififedasldidenl@fuitnaspulumsana

ATHEINGN amphetamines TuaadNUaaIzMNANNMINZINULALANNNSDNYDILADZUILN

1. miﬁ'muﬁ%mm‘itmwﬁmnéjm amphetamines luilagnzlna GC-MS waz LC-MS

a a

o o ant a o ' . P Yot A o P
V]’]ﬂ’lswmuj’lﬁ(ﬂijﬂjLﬂi’lgﬂﬂjﬂf‘iu amphetamlnes Lwaiwvlﬂjﬁﬂuﬂisaﬂﬁﬂﬁwgﬂ Iﬂﬂﬂiul,ﬂaﬂu

dgnmemsnagaulumdade g wu  #9e column #ia SPE #0Memsanads JuaaumsiasaNaIngN

FUATSUBLENIZMS derivatize UALFNMZNMITNATIUYBNLATDN L‘ﬂuﬁ'u

2. msmmaavmwgnﬁawaﬁ%’mﬂﬁmswﬁ EI’]ﬂEiN amphetamines luilaanzlag GC-MS waz LC-MS

N3RTIFTIUANINGNEAAIVBIITATITIATILHEINGH amphetamines Tuilaanz
MNINTINFDUANINYNABIYBIITATINIATEH methamphetamine uas amphetamine lagil

phentermine (i internal standard MuUWNNNMIATIRFBUANNGNGBNLBNITIMSUMBENT I

N3NNI ENFASNTUNWNE
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WYaMInNIFaUUsENaUMIE ANN@NIZLAILAY (selectivity) ANNUNULazANULNEY (accuracy and
precision) carry over M5NAFDUANMTULFUATIUILTIVDIMTIUATIEH (linearity and range) matrix
effect ANNAITNNWADIFITALAENINTFIULAZENTOLAEAIDEN (stability of standard solution and

sample solution)

mimmgmuazmsmﬁ (Standards and Reagents)

19016937 : methamphetamine HCl; DMSc reference standard; Control No. 04A54164;

a

ANNUSENSI08 8 100.08, amphetamine sulfate; DMSc reference standard; Control No. 01A55202;

q

ANNUSENSI08aT 99.78 WaY phentermine HCIl; DMSc reference standard; Control No. 01A53158;

q
s

ANNUSENSI08L 99.90

q

o

§15103 : AR grade Usenau@ae methanol, phosphoric acid, ethyl acetate, ammonium
hydroxide, pentafluoropropionic acid anhydride (PFPA), trifluoroacetic anhydride (TFAA)
heptafluorobutyric acid (HFBA), ammonium formate, formic acid, certified drugs free urine,
negative urine 3N 6 WHAY

HPLC grade Usznaumig methanol, ethyl acetate, acetonitrile, purified water

Matrix blank (negative urine): flasnzanngifiguamwd lifuussmusnnaiiodunm

2ENNUDE 7 U wazlNEWESLENAR

Lﬂ%aﬂﬁattaxqﬂﬂiﬁ (Equipment and Supplies)

\A3D9% 6 eunie HAAAaTuae Mettler-Toledo UszinAanizaiu3nm ju MTs, (a3a9 GC-MS
HAnAaa0e Bruker Daltonics Inc Uszindaniaiudm Ju scion SQ uaz GC 436 1A3p4 LC-MS
35UV 2 dimension (SPE online) Haasioi2ae Thermo Scientific Ussinaanigainsnn Ju ultimate 3000
waz MSO plus LA3DUA3ENGIAE19alUNG (automate SPE) wanAmeivas Aurora Biomed Inc.
Uszimauminan 'éu Versa 1100 SPE, vertex mixer, evaporator, heating box, micropipette (o2
micropipette tips 2410 50-200 lulasaas uaz 1-5 faddans, positive pipette Wwae pipette tips
219 10, 50, 100, 250, 1000 lulATAMS, solid phase extraction (SPE) %% OASIS HLB cartridge
3 HaddnNI0D 60 NaanNIN Wz Bile strong cation-exchange cartridge 3 88805619 60 NaaNIN column
GC %1 HP-5ms 2u79 30m x 0.25 mm ID DF=0.25, analytical column %1 Acclaim trinity P1
21N 3 um 3.0 x 100 mm ez Accliam polar adventage IT 2U41@ 3 um 3.0 x 100 mm, guard column
#1i@ Acclaim trinity P1 2116 3 pm 3.0 x 10 mm, SPE Online %il@ Dionex Solex HRP 211 2.1 x 20 mm

woe Acclaim trinity P1 2116 2.1 x 20 mm

2.1 MINTINFDUANNYNABNIZATINIANLYWEINGN amphetamines Tutlaanizlos GC-MS
2.1.1 MLEITNEITNINIFIY © ENEINNIFIUN LU matrix blank 1 {88805 LA internal
standard (phentermine) ANNNTU 100 lulasnSNGAaNadans DWW 10 lATHNT way 1 HadaNS
28N 4% phosphoric acid analag solid phase extraction uaz derivatize mg PFPA

7 M5 INSNAINEN A FAS M SUNNE
e - .
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2.1.2 MILHIENEIDLEN : 7I9eN9 1 NedanT LN internal standard ANNENLY 100 LulAsATH
aafiadans M 10 lulasdes waz 1 §addns 289 4% H,PO, dnaleg solid phase extraction uaz
derivatize o8 PFPA

2.1.3 @NzYa9LA3849 : Column: HP-5ms 30 M x 0.25 mm ID DF =0.25 w3aiiauwh,
Flow rate: 1.0 ml/minute He, Injection: 1 ul, split mode 1:10, MS mode: EI scan 50-300 amu,
Oven temperature: 90 C - 280°C

2.1.4 NINAFAUANINYNABIUIID (Method validation)

2.1.4.1 MINOFUANNLANIZLANEAN (Selectivity)

Ji52e88ne matrix blank 119U 6 WWST Az 298N matrix blank RHNES
35U methamphetamine W8z amphetamine sz lower limit of quantitation (LLOQ: 100 wlunsu
Aofiadans) laeRasanan response 7ML retention time (HiegiufyU methamphetamine waz
amphetamine falusnnnifasas 20 294 response 152U LLOQ waz @ response fienusitis retention
time (@gnfufy phentermine gasliannniideaas 5 AszduanuENTy 1,000 wluniudaiadans

2.1.4.2 Carry over

3A91¥Y matrix blank NaULELHAY N5RA upper limit of quantitation (ULOQ:
4,000 Wluniuaaiadsans) Taaasana response TN retention time HenfuAU methamphe
tamine U8z amphetamine #a3lainn3a8az 20 7949 response H526U LLOQ uaz M response e
retention time (fiegnfuAU phentermine aaslaisnnnndasas 5 294 response NFEFUAMNTNTY 1,000
nlunSunaliadans

2.1.4.3 MINAFUANMTUTUNTIUALE1VBINTIATILY (Linearity and range)

WNFITNINTFIY methamphetamine 18z amphetamine Tu matrix blank fiszau
ANNEINTU 100, 300, 500, 1,000, 1,500, 3,000 LA 4,000 W UNSUADNAAANS Waz phentermine Ti5EHU
ANNENLU 1,000 W IUNSUABNADANT 3LﬂiwzﬁmiaﬂaaﬂLmuﬁﬁaamﬁaﬂﬁqﬂ (least squares regression
analysis) 284 calibration curve 171 plot 5% peak area ratio 284 msﬁ%mswﬁ wae internal standard
FuanuENTuasansiieNzd munae dulssansawduiug (correlation coefficient, r) @15 linear
regression War back-calculated value 2B9UAazsEAOUANNIINTY lag@) r 6a4lN1BeNIN 0.990 waz
@ back-calculated value 2a9udazszauaNNENTL dacliifiudosas 15 2a9mase sniufiszau LLOQ
ldhuseeas 20 voemaZa

2.1.4.4 msmaaummuﬂuuazmmLﬁlm (Accuracy and precision) (intra-day tae
inter-day)

nagauanNwiy wazanudisdludiemsiened i udunss Toat@nasunasgiu
methamphetamine (La¢z amphetamine AszauanuEuTy 100 wlunsudeiiadans (LLOQ) 250
nlunsuaaiadans (QCL) 2,500 wlunsuaaiiadans (QCM) 4,000 ilunsuaaiiadans (QCH) uay
phentermine sz uANNENFY 1,000 Tunineaiiasans aslu matrix blank Stazszduas 5 91 ¥ms
NAFBU 3 I WNTANAIANNLNULAEAUINAT %relative deviation (%RD) lutiuseeaz + 15
Tunnssduanuduiy sniiu fissdu LLOQ Litfusasas + 20 dhusamaiies waasdaem % coefficient

of variation (%CV) litiusagas 15 Tunnszauanududu anciu szau LLOQ liiusasaz 20

N3NNI ENFASNTUNWNE
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2.1.4.5 M3AUNaU (Recovery)

LN INI9997U methamphetamine U8z amphetamine Aszua NIy 250
wlundudaiiadans 2,500 Wluninaaiiadans 4,000 wluniuaaiiadans uaz phentermine fiszAu
ANNENIY 1,000 W IUNSNABTAANT 891U matrix blank tUSauLieu response Aaudn® (response in

standard) WazWaIMsan® (response in extract sample) A % recovery NlaaaeiimMINANNIBEAE 75

2.1.4.6 ANNAIFMNYBIANTAZANHNNIFIUUAZATAsA8DENN (Stability of standard
solution and sample solution)

Jeeidanthe QCL uaz QCH 310w 3 11 meldanzlumsifivinmens 1 laud
short term stability, autosampler stability, long term stability w82 dry extract stability

Short term stability: t@38uaeN QCL war QCH LLaz(ﬁ"’qﬁaHﬁqquﬁﬁamﬂuLam
s 1lae  anafmathauazienziaiumuiuaay munumenuEiures QCL uay QCH Waufu
calibration curve Tag@h % RD uas % CV sasanudaduimmnals dacldifuiosas 15

Autosampler stability: (@3aua10819 QCL waz QCH ynmsanaaulaaisazans
wionda aenelily autosampler Wiuna 18 #las Sanzvtethemaiiunoy munamanuEiEueg
QCL waz QCH (fisusu calibration curve Tagen % RD uas % CV apsanuwwsuiisnala dasliiu
Sagay 15

Long term stability: 1038u6ae 679619 QCL waz QCH nul3lugitiu (amumgi
5w 2-8°C) Wlunm 90 Su afamsthauazieneimathamuiiuaey MuumenuEiTure QCL
war QCH (fieuiyu calibration curve lage % RD waz % CV apsanuwsufiennla azaaslaiiv
Sogaz 15

Dry extract stability: 03sn618819 QCL waz QCH nmsanauaziiudatalugy
dry extract lugifiu (aamgii sswis 2-8°C) ifluszazinm 1 Yu hmsiemnsinudueay Mo
AnNENTuras QCL war QCH Wisuiy calibration curve Tagd % RD uaz % CV waaanususudi
mnale azaaslaitiusesas 15

Stock solution stability: laamsiSaulfiaua response 2WINETBLAIBNINTFIU
ﬁm%w’lwajﬁuaﬁasmﬂmmgmﬁﬁuﬁﬁqmwgﬁﬁm 12 %l LLasmsafzmﬂmmgm*?itﬁulﬂugi”tﬁu
(aunH 513N 2-8°C) 88208 3 LHDY waneennasazansanasuiimselualdifiudesas 20

2.1.4.7 Dilution integrity

WNFITNINTFIY methamphetamine 8¢ amphetamine Tu matrix blank ﬁ'ﬁ::é'fu
ANNENTUT 10,000 W TunSuAafiadans MMsEEN fageeIna1IRe matrix blank Nsz6U 1:1, 1:9
war 1:39 AamanNENEuiisudy calibration curve @ % RD was % CV 2a9anadaduiieon
wnasliiiusaeas 15

2.1.4.8 Matrix effect

(@384 matrix blank, QCL war QCH anueaz matrix blank 31U 6 WHaN Uaz
1638 spiked extracted sample euIIA Matrix factor (MF) uaz@) Absolute matrix factor 2269
i % CV laiiusasar 15
~ NIANSATIINENAFTATNITUNDNE

J oo A o
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2.2 msmnaavmwgnﬁaﬁﬁmuﬁmswﬁmnajm amphetamines Tutlaanslae LC-MS

2.2.1 MIEIINEITNINIFIY & ENTITNN3FIUAN LU matrix blank 1 Jadaas LHN internal

standard (phentermine) anuEngy 100 lulasnsudaiadans s 10 lulasans tudisiaias

centrifuge fieNnE Lo 4,500 saudawnd Wunan 10 i aadula 200 lulasans ldlu insert vial

2.2.2 MSIASLNAIBENN : GI9EN 1 Hadans LAY internal standard anudutu 100 lulasnsy

dafiaaans suau 10 lulasans tudeaias centrifuge nanuElichni 4,500 saudamnilflunam
10 il gaaula 200 lalasans lalu insert vial

2.2.3 @AMzYauAIas LC-MS: Analytical column: Acclaim Trinity P1 3 ym 3.0 x 100 mm,

Guard column: Acclaim Trinity P1 3 pm 3.0 x 10 mm, SPE Online: Dionex Solex HRP Cartridge

2.1 x 20 mm, Column oven: 35 C, Injection: 0.5 pl, Flow rate: 0.40 ml/min for transferring

and 0.50 ml/min. for loading, Mobile phase for transferring: water/acetonitrile/50 mM ammonium

formate pH 4.0, gradient, Mobile phase for loading: 0.20% HFBA in water/acetonitrile (90/10),

MS Mode: positive ESI SIM, Probe temperature ('C ): 600.00, Cone: 45.00 volts GaANNAUDIENS

sim no. 1 ﬁmaeiaﬂizag (m/z) 136.20 + 0.3 §1%5U amphetamine Waz sim no. 2 i WanaUseq (m/z)

150.20 + 0.3 §1%5U methamphetamine (as phentermine ‘[ﬂﬂéjﬂﬂi WNINEINSU transferring programme

(MNN 1)

#1997 1 Transferring programme ﬂaﬂﬂﬁﬁmijﬂﬁLﬂiﬂzﬁﬂﬁﬂdN amphetamines log LC-MS

time (min) flow rate transferring ratio (%)

activity
(ml/min) water acetonitrile 50 mM CH,NO, pH 4.0

0.00 0.40 12 80 8 inject sample

1.00 0.40 12 80 8 valve switch 1_2

1.50 0.40 16 80 4

1.80 0.40 16 80 4

2.30 0.40 12 80 8

3.50 0.40 12 80 8 valve switch 6_1
10.00 0.40 12 80 8 end

2.2.4 MINATBUANNYNADIYBIIS (Method validation)

2.2.4.1 NMINAFDUPNINRNIZTLANEN (Selectivity)

e We0ENe matrix blank 1Y 6 UNEY UAZGIAENN matrix blank TIANES
03311 methamphetamine tlaz amphetamine fi526U lower limit of quantitation (LLOQ: 300 wilunin
faladans) Ussliunaudednumaiian GC-MS

2.2.4.2 Carryover

A5 matrix blank NAULELHAY MAA upper limit of quantitation (ULOQ:
2,000 W luNSuARNEaanS) Usuliunauidennumaiin GC-MS
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2.2.4.3 MInadauaNTudunsIazdreIMsiaey (Linearity and range)

WNENTNINTFIY methamphetamine a8z amphetamine i matrix blank fiszéu
ANUENTY 300, 700, 1,000, 1,300, 1,700 WA 2,000 WIUNTNADNAAANT WAy phentermine fiszau
ANNINTY 1,000 WNTUNSNABNNFANT Useiliukaupennunaiin GC-MS

2.2.4.4 msmaa‘ummLL:JuLLa::mmLﬁm (Accuracy and precision) (intra-day tae
inter-day)

v

nadauANNLNY wazaNuieaslurdemsenzdniuiduass Teaduasuasgiu

" a

methamphetamine (a2 amphetamine N5eaUANNLINTY 300 WlUnSUABTEFANT (LLOQ) 800 10luUn5N

@aladans (QCL) 1,000 wlunsuaaiadans (QCM) 1,500 inlunsunaiadans (QCH) uwaz phentermine
HseduanuuTy 1,000 W UNSHARNAAENT 89lY matrix blank Usziiunaudeinumaiin GC-MS
2.2.4.5 @NNNFTMN (Stability) waz Matrix effect
aiiums wudennumsienzials GC-MS lagmsAnanuasdmMwaniums

Tunda autosampler stability 91 35 #2lug

3. mMsUszdivaanulinivauaimsin

MinuAANN LY URINSIAMNLLINNYeY EURACHEM®® wuuuuadan (top down
approach) lagenilafisunaszasanuliuiusunnunas wu NNLAIDNED §1318055)U L3I uaz
standard curve :2umanu Liwiuauvue wazimnaumanliuiueumnefissauANNEDIY 95% (k=2)

4. msfFauiiisunaiudaiense uasmadniinnuline Tas GC-MS usz LC-MS

AnnsiTetaiiiiainmuaziaguEwdaldsunnmhsnunsmsuaziansy 10U 35 et
UaTMIDENNAFIUANNTIUNIQAN United Nations Office on Drugs and Crime (UNODC) finsruen
DU 2 MIBEN @A. 2014/2 sample BS-1 uaz 2013/2 sample BS-3 a19@neiaaiduasanne
mnagey BamTIATienngy amphetamines luilaanzlos GC-MS Wisuiiisuwadildnnmsnasouy
MRENLEEINULAEITNTUAZENIEMINATOUMNIZTATINIATNLHEINGN amphetamines lulaanizlos
LC-MS

5. MIANNUAUNUGBRING

Wumsdnwidanssannuuudauna (retrospective descriptive study) 1143@3490@15"1.@71’15
(provider perspective) Lﬁuﬁayaiuﬂwﬂsgmm 2557 (1 aNAN 2556 — 30 AuEN8Y 2557) %ﬁLﬂuﬁaga
nngudayadiannssiinduazuvunasuiiudays wazUszanamsiihmanadiaglull 2558 druau
4,700 $NBEN MEITAUNUIANA (micro-costing) ™

Funuiiansilsznaude 3 du ldud

1. dunueuss (labor cost, LC) vansdwaldlugushiuniuaiiyaainslasu wu Gudau
afaamaminmmnenng msldheglumsausy sfianuainm nufuiudaugndilsmennaneas

2. dunueniag (material cost, MC) Usznausne eniaqaiinau eldaeamly Tagmsuwne
manssgyulne (wu amlwih 1iseih Tnsdwd)

. NIANITATNINEAFATNSUNNE
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3. GunuMaINY (capital cost, CC) Usznaumaamidansmainm uasmidanainaasn
AMNUAFDNTIMAEITNNATEFAENS (economic approach) l¥dnnaanilaspeas 3 ergmsldnuwes
asnaeiudasyilafinnuuandnnulasdamunmuua lilugudeyangiusivesdninenuazingranda

6. MIFsuiisuizniianzviengy amphetamines lutlaanzlas GC-MS uaz LC-MS

Wisuiieudafiuasdanasaadisnaieneiengs amphetamines luilasnzlos GC-MS uaz
LC-MS Tuudnaene ) 1y uan1sn3iasdauanugnead2eds 4292e9n93teseyd anngeenlums
w3znmagnmenuliuiusulumsia wazdunuaemiaiudy

We

1. MINaNIBTNTIIATLEINgy amphetamines luilaanslos GC-MS uaz LC-MS

mMaWaAFiATEA19engn amphetamines Tutlagnzlas GC-MS wuhaamsiimanza
Tumsnagau Aa 1% SPE #iln OASIS 210 3 iadansda 60 #9ansy nszLIuM3 wash § 2 Junau
USnauasansu elute @a 3 T93ans dnzms derivatize Ao PFPA auau 50 lulasaas diluent
1w 150 lulasans q'w?iqmwgﬁ 65 aarnwaEes Wunm 25 il wdanty ssvewi wezazanendy
M8 ethyl acetate Usanas 100 lulasans

MINANITATINIANLENNGN amphetamines Tutlaanzlas LC-MS wuh aamsiivansau
Tumsnaaau Aa 1% online SPE %fia Solex HRPcartridge 211¢ 2.1 x 20 #adua3, guard column %iia
acclaim trinity P1 aymazwe 3 lulaswns 3.0 x 10 3885 uas analytical column #iie acclaim
trinity P1 ayme2ue 3 Tulasiuns 3.0 x 100 §adLAS mobile phase &1%3U elute Aa water 6ia 50 mM
ammonium formate pH 4.0 @852 UU gradient Wag mobile phase d§%35U loading @8 0.029% HFBA

Tu water 68 acetonitrile 8@51dU 90 @8 10

2. N1IATIAFAUAMINYNGB9YAIIEATINILATIHEINGN amphetamines Tudlaanzlas GC-MS
waz LC-MS

N3A9INFDUANINYNEA DIUBNITNIIINATILYEINGN amphetamines luddaanzlos GC-MS
HAMSTIREBUANNERMNzIIZas WU Liflas5unuan matrix blank W 6 unas retention time (RT)
229 amphetamine phentermine 182 methamphetamine ﬁ'nm 4.54 4.67 WBE 5.72 MUNAU NMUAN
mass ﬂ%\i‘ﬁl 1 289 amphetamine qen mass/charge (m/z) 190, 118 k8¢ 91 phentermine de m/z 204,
132 48z 91 methamphetamine % m/z 204, 160 uaz 118 (MWH 2) wamsnagauANNTUEUATY
LAZBIMTIATIZT Ff 100-4,000 MNTUNSNGBRAFENT dNUszANTandNRLSYBY methamphetamine
uaz amphetamine 3@1 0.9972 Waz 0.9961 accuracy Wag precision MaluiulfeInuuazaIIudl
Afissuuiasnidonas 15 NNANNTNTY recovery NINNINTBEAL 75 Wz autosampler stability

U 18 AN (N9 2)

NININTHINNANFASMIUNNE
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MCps

400

300

phentermine
amphetamine

200 \

methamphetamine

100
. ) I
35 alo a's 5.0 5.6 .
min
10 0% 118.0 _ 10 0%~ 2049
7 5% 1900 7 5%— -
91.0
5 0%—| - 50%— -
1.0
2 59— - 2 5% 1320 n
80 35 30 75
1 1 1 1 i 1do 135 140 1¥s 29‘2
amphetamine 190.0, 118.0, 91.0 phentermine 204.0, 132.0, 91.0
10 0% 20484
7 5% -
160.0
50% 1180 .
2 5% -
0%
130 140 160 180 2(!!611

AINH 2 chromatogram (&2 m/z 289 amphetamine, phentermine a2 methamphetamine 2943560523

AN2YEINg) amphetamine luilaan: lag GC-MS

. NIANITATNINEAFATNSUNNE
1 e - .
B auuiildy 2 nInmAN - nuenau 2558
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M9 2 WANIIATINEDUANINYNEH B9YBIITNTINIAILHWeINgN amphetamines lutlaaizlag
GC-MS

1M W UNOAFY

ANURNIEIANZAN Selectivity 13l peak SUNIU 20 matrix blank M9 6 WA - @1 response NENUWWYY RT @enniu
Nuns RT 2a9asMIeziuaz internal fiu amphetamine waz
standard methamphetamine li3nnni 20%
2049 area N52U LLOQ
J d‘ 3 1] = £
- @ response NMLKHUN RT t@gny
iU phentermine LimnAnSaEaz
5 9949 area 28N phentermine

fszauaNNTNIY 1000 WTUNSH

GaNaanIN
Carry over 1341 peak sumulu matrix blank #asann - @ response NONUKUY RT tHennu
mssaa ULOQ iU amphetamine waz metham-

phetamine 13310731 20% 284
area ﬁizﬁu LLOQ

~ @ response e RT 1ieniu
fiu phentermine ldannni1 5% 2a9
area 284 phentermine fi5zuUANH
WNZ 1,000 IUNSHARTNARANS

anudludunsuazdiees UM TIUATIENR : 100-4,000 W lunsu - Correlation coefficient (r) > 0.990

MINAeY (Linearity and  @9iiadans - @1 back-calculated value (%RD)

range) Correlation coefficient (r): YDILADETEAUANNLNIY Laithiu 15%
Amphetamine: 0.9961 YDA ﬂm’?u‘ﬁ'szﬁu LLOQ
Methamphetamine: 0.9972 Taithiu 209 waeeada

back-calculated value (%RD):
Amphetamine: -4.96 84 14.51
Methamphetamine: - 5.76 84 3.36

ANULNY Intra-day Inter-day @ %RD 2IUAZIZAUANNTNTY

Accuracy (%RD) (Amp/Meth) (Amp/Meth) Taisnnn 15% sniuiiszedu LLOQ
Tdsnnnin 209

LLOQ (100.0 ng/mL) 13.55/8.53 17.23/-6.82

QCL (250.0 ng/mL) -1.27/4.04 3.52/-6.16

QCM (2,500.0 ng/mL) -11.18/2.39 -0.34/-1.57

QCH (4,000.0 ng/mL) 10.30/8.54 9.08/2.77

ANNLTES Intra-day Inter-day i 9%CV 1agsIudazsTAuANNENTY

Precision (%CV) (Amp/Meth) (Amp/Meth) Taithu 15% anuiissdu LLOQ
Tdsnnnin 209

LLOQ (100.0 ng/mL) 2.48/0.87 3.84/12.57

QCL (250.0 ng/mL) 9.11/3.92 9.52/8.79

QCM (2,500.0 ng/mL) 2.45/1.54 10.04/6.79

QCH (4,000.0 ng/mL) 5.25/6.30 5.23/6.32

a 4 4
NIANINTNINIANTAINTIUNNY 570
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M7 2 KAMINTINFDUANNYNADWBNITATINIATYENGN amphetamines Tutlaanzlag GC-MS (dd)

185 Wa DO ATU
MINIUAY Amphetamine: 75.40% @ gsrecovery filaaasiiensnnnh 759
Recovery(%) Methamphetamine: 76.89%

Phentermine: 91.88%

Short term stability (sh) Amphetamine: %RD: 1.01, %CV: 2.76 @ %RD uaz %CV 2a3aNuadNdY
Methamphetamine: %RD: 4.68, %CV: 1.61  figuiad Lty 15%

Autosampler stability (18h) Amphetamine: %RD: -7.36, %CV: 5.51 M %RD waz %CV yaanuniu
Methamphetamine: %RD: -11.2, %CV: 2.8 i Liiu 15%

Long term stability (90d) Amphetamine: %RD: -6.79, %CV: 5.42 @ %RD way %CV 289NNy
Methamphetamine: %RD: 10.55, %CV: 2.29  fienuias laitiu 15%

Dry extract stability (24h)  Amphetamine: %RD: -8.19, %CV: 4.49 M %RD waz %CV yaanuuu
Methamphetamine: %RD: -10.41, %CV: 4.90 Aen laidu 159

Stock solution stability (90d) Amphetamine: -14.69% wW3suiaua response 52139 RQC
Methamphetamine: -3.38% Meseululuaznszaznaane g danw
uaneenulaiiy 20%

Dilution integrity amphetamine: %RD: 6.50, %CV: 5.22 @ %RD waz %CV 2a3aNNdNIY
methamphetamine: %RD: -0.73, %CV 2.66  imuiad Lailiu 15%

Matrix effect Amphetamine: 13.56% @ %CV 284 absolute matrix
Methamphetamine: 12.51% factor 30 6 LWWENYAY blank matrix
fienlaitiu 15%

M13019I980UANNYNAB9YDIITAFININATIZHEINGN amphetamines ludaanzloy LC-MS
HAMIATITBUANHERMZIZA WU Liflas5unIuan matrix blank 1 6 unas A57930 amphetamine
#i RT 4.46 W#l m/z 136.04-136.35 methamphetamine 71 RT 6.46 1l m/z 150.04-150.35 Was
phentermine ‘7'1' RT 5.73 W m/z 150.04-150.35 (mw*?i 3) HAMSNAFDUAN N ULFUATILIZE D
MsIened e 300-2,000 lunSudafiaddns duUszansanduwus 289 methamphetamine was
amphetamine §f1 0.9928 uaz 0.9971 accuracy uaz precision maluuldmfuuazasiuien oy

Waaninivgas 15 NNANNINTU uas autosampler stability WU 35 2ILNe (015199 3)
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SIM 02
100,000+ rts736.04-136.35m 72 700,000 150.04-150.35m/Z
E i phentermine - 5.734
l 500,000
50,000 AMP - 6.46 il
| 250,000+
| ] METH - 4.941
: l \/\I
-21000_ —r Tt Tt 1 T T 7 -"-'I‘-In -100’000 T T T T T T T T Imlin
0.00 5.00 9.99 0.00 2.50 5.00 7.50 9.99

2WH 3 chromatogram Waz m/z 289 amphetamine, methamphetamine (8¢ phentermine Waz

2993505191 TeVENNgy amphetamine ludaanz loag LC-MS

MINT 3 HANIANTINFDUANINYNABIUIITATINIATIZVEINGN amphetamines luilaanslos LC-MS

NUMS W NUNANFY
ANURINZLIZA Selectivity 18Il peak SUAIU 20 matrix blank ¥4 6 W¥a9 - @) response NENUKUS RT
Nunis RT 2a9a9Ieziaz internal (@8N UAU amphetamine waz
standard methamphetamine laiannni 20%

ADN area ﬁizﬁ’u LLOQ

- @ response fiumia RT @enfiu
fiu phentermine Tdsnnni
58882 5 U84 area 2049 phentermine
fiszauanudny 1000 wTunsw

fadaanIy
Carry over il peak sumuly matrix blank ¥asa1n - @ response NunUs RT t@ennu
msia ULOQ iU amphetamine a8z metham-

phetamine ldannni1 20% va4
area ﬁs:ﬁu LLOQ

- @ response figumia RT @enfiu
iU phentermine Tdsnnnin 5%
28N area 284 phentermine N52AU
ANNTNTY 1,000 WAy

fAaNadans

anuiludunsaaziiees ANUBIMITIATIZA: 300-2,000 W lUNSY - Correlation coefficient (r) > 0.990
MNAY (Linearity faNadans - @ back-calculated value (%RD)
and range) Correlation coefficient (r): 2DIUABLITEAUANNINTY Laitfiu

Amphetamine: 0.9971 15% ¥9Aa39 an3ufiszeiu LLOQ

Methamphetamine: 0.9928 Taifiu 209 28933

back-calculated value (%RD):

Amphetamine: -3.92 94 1.49

Methamphetamine: -10.35 4 3.81
AN Accuracy (%RD) Intra-day Inter-day @ %RD “uamwia:szé'fyﬂ’amtﬁ'uﬁ'u

(Amp/Meth) (Amp/Meth) Tdsnnni 15% snduiissau LLOQ

Tsimnnnn 20%

LLOQ (300.0 ng/mL)
QCL (800.0 ng/mL)

-12.90/-14.44 16.11/-9.26
2.26/3.59 3.75/4.93

NININTMINNENFASTUNNE
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MINT 3 HANINIATINTDUANNYNEDRBNITNTINIATVENGN amphetamines Tuilaanzlag LC-MS (da)

UM We LNUAN T

QCM (1,000.0 ng/mL) 9.01/7.43 -2.22/6.17

QCH (1,500.0 ng/mL) 6.28/4.42 2.26/3.59

AMNLTES Intra-day Inter-day M %CV (RBHYBIUAZSTAUANN
Precision (%CV) (Amp/Meth) (Amp/Meth) v T 15% enciuiszau LLOQ

Tdsnnah 20%

LLOQ (300.0 ng/mL) 2.26/3.59 10.42/6.37

QCL (800.0 ng/mL) 4.53/3.86 3.60/2.36

QCM (1,000.0 ng/mL) 4.29/3.13 10.43/3.12

QCH (1,500.0 ng/mL) 2.02/2.53 2.36/2.39

Autosampler stability (35h) Amphetamine: %RD: 4.14, %CV: 0.97 @ %RD waz %CV ya9anudusu

Methamphetamine: %RD: 4.44, %CV: 1.84 A Ty 15%

Matrix effect Amphetamine: 1.89% @1 %CV 294 absolute matrix factor
Methamphetamine: 2.48% 0 6 WASIYDS blank matrix Hen
Taivdiu 15%

3. msUszdivaanalinivauaamsin

msUsziinemenuliwiveuasimsie Tesmuwaanylivivaufiiennudazunas muim
ANu L uausIN (combined standard uncertainty) wazminmmaNnuliuiuauens (expanded
uncertainty) RszduanuEany Jasaz 95 (k=2) manuliwdusuamalumsiwneiilos GC-MS
28IN5ILASILH methamphetamine #@1 2.00 + 0.39 IulASN5HABHAAAS amphetamine H@N
2.00 + 0.35 lulasnsSuaaiiadans aenuliuiueuzenglunsiesnzilas LC-MS 289m53tasey
methamphetamine #if 2.00 + 0.27 lulAsn5NAaNadans amphetamine M 2.00 + 0.24 lulasnsude
finaans Wamnadaduasedsenauumssenyliuivaurasmsin e methamphetamine lutlaane
Toe GC-MS (mwil 4) uazdasurasasddsznauunasanliwiueueeimsitaszs methamphetamine
Tuilgamslas LC-MS (mwil 5)

preparation of sample weight of standard
0.33 0.76

purity of standard
0.07___

dilution of standard
235

41.21
55.48
precision

calibration curve

i 4 deduzesesdlsenauurasnnyliuiueuresmsnsIaiesIey methamphetamine lTutlaane
Tos GC-MS

7 M5 INSNAINEN A FAS M SUNNE
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preparation of sample

0.02
. weight of standard
purity of standard &
1.55
0.14
\\
TR dilution of standard
58.43 FEE
precision calibration curve

MW 5 dadiueedeeAlsnauurae NN lNLLUBUYBINTATINATILY methamphetamine Tutlaane
T LC-MS

4. MslSsuisunanumIagIease uazmaansudsina Tes GC-MS waz LC-MS
MINTIAIBENINNHENEUazInENAALaSU T 35 628N (MWD 6 Uaz 7) KANMIATIA
fMatgfinmuman UNODC Zailummuuenngaifiunmsurunagauanugding (assigned value)

PUIU 2 MBEN (TN 4)

—4—LC-MS
Amphetamine —B-GC-MS
2.00
1.80
1.60 ]
~ 140
E 12 ﬂ
g 1w ’
£ om0 I
8 0.60 - ! -
oo M\ |m n
SSEAVAEFAVAVS .o W
0.00 - ..p ‘ . —
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33
Sample No.

7NN 6 WANIINTIVIATEN amphetamine lTudlagntdaanzlas GC-MS waz LC-MS

N3NNI ENFASNTUNWNE
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——LC-MS

Methamphetamine —B—GC.MS

6.00

5.00

4.00 ~

3.00

sip A R

1.00 +—

Conc. (ug/ml)

O.m_ T T T T T T T T T T T T
1 3 5 7 9 11 13 45 17 19 21 23 25 27 29 31 33

Sample No.

MNN 7 WaNINTIVIATEY methamphetamine ludadrtaanzlos GC-MS waz LC-MS

MINN 4 KHaMIaAMBENNINIUUSINN Tes GC-MS waz LC-MS

BN GC-MS (ug/ml) LC-MS (ug/ml) a1 UNODC (ug/ml)
A M A M A M
1 - 2.00 - 1.75 - 1.73
2 1.04 3.85 1.11 3.41 1.15 3.45

5. MIANNUAUNUEaINY
° Vv N M Y Y d‘ly = et \ o T

msmnaauuaemhelagldayenumuluthulszann 2557 uazUssann 670e4 4,700 o8N
muthuinglul 2558 lagmumaunuaIn 3 S1UAD AW MIFEO LAZAIANTIY NINNATUASN NN )8
BMIMALATHFMENT (economic approach)”” Uszanaargmsldnuuasngiaminvua 10 Y wamsmuin
AUNUGIBVMINEYBINTIATILEINGN amphetamines luilaanzlag GC-MS ) 3,980 1IN MINATIEH
#1nqy amphetamines Tutlaanizlas LC-MS fif1 1,889 1M udmnAa@mzaunuamIas aunuaaniig
YBIMTIATIEVEINGN amphetamines Tutlaanslos GC-MS uasmaitaszwenngs amphetamines

Tulaanzlag LC-MS fif 628 U9 wag 438 1IN MNUMOU (MW 8)
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GC-MS
Unit Cost

(Baht) — mLC-MS

4000
3500
3000
2500 1889

2000

1500 1067

816
1000 628 438

500

0
LC+MC+CC LC+MC MC

MUT 8 FUNUABNINEYBININTITIATIZWEINGY amphetamines Tullaanzlags GC-MS was LC-MS

6. Maf3auliisuiznsaIenziieIngy amphetamines lng GC-MS uaz LC-MS
M338UliguNanI305I93LATIEVEINGN amphetamines 19y GC-MS waz LC-MS wum
HOMINTINTDUANNYNABNYBIBTNEDIUNATIAENUN IMUANNTIYTD 2unauMsIeIaNdgNlaamailn
GC-MS danudeennniunaiin LC-MS  aunudawibezaunailn LC-MS Waand wmaila GC-MS
o 4
Neazden (MINN 5)

M7 5 WiBUHEUITNIIANLYEINGY amphetamines lag GC-MS waz LC-MS

UM GC-MS LC-MS
MINTINFDUANNYNG BNYDIID EUN N AUANNIITD ENUNIMBUONN LD
292NN IINATIEH 100-4,000 W UNSUADIAAANT 300-2,000 W lunSuGaladans
FumaumaaieNag d9enn Tnaneduaay Taieiaenn
ANNRIIZAIZN N N
HaMI0TIAUTINUAIBEN Woand) Seeas 13 Woand) Speas 3

Nnuem (sdifference)

d‘ a z = | v = | v
2audeiiiannzunau JSunaas JUsunaan
MINANER
meanuliuiuau Amphetamine: 2.00 + 0.35 ug/ml Amphetamine: 2.00 + 0.27 ug/ml
2BNNTIN Methamphetamine: 2.00 + 0.39 ug/ml Methamphetamine: 2.00 + 0.24 ug/ml
AunuaaNg LC+MC+CC = 3,980 U LC+MC+CC = 1,889 U

LC+MC = 1,067 U LC+MC =816 UM
MC = 628 U MC = 438 U
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a J
VI

Tumsnannisnndeneianangy amphetamines Togs GC-MS maidan SPE fwanzaulas
W3suiiisu SPE %ila strong cation-exchange cartridge Faianusimze 2aN5N4N amines NU OASIS
cartridge Hamsnagay 1Wan srecovery uas sensitivity lnatieseiy duiudadanld OASIS cartridge
ilasnnmsldnuheuazazan waznmdavihefignnh dwdumsiulsinssuiums wash wos elute
tialwle recovery uaz repeatability figay Taglusunaums wash 1iil# methanol Lf‘immﬂminaju
amphetamines 8¢ a6 1 methanol dutunaums elute @78 methanol M3tinUSINM N 2 Hadans
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New Approach for Analysis of

Amphetamines in Urine

Orapin Tanunkat Sumate Thiangthum and Rungtip Jeotee
Bureau of Drug and Narcotic, Department of Medical Sciences, Tiwanond Road, Nonthaburi 11000
Thailand.

ABSTRACT Analytical results of amphetamines in urine are significant evidence of the legal
proceedings. The methods used in the analysis must be highly effective. Bureau of Drug and Narcotic
developed two fast, accurate and precise gas chromatography-mass spectrophotometry (GC-MS) and
liquid chromatography - mass spectrophotometry (LC-MS) methods for qualitative and quantitative
determination of amphetamines in urine. Amphetamines were extracted from urine by solid phase
extraction method. The proposed method proved to be specific and selective without interference
from urine matrixes. For GC-MS method, the linearity and range were 100-4,000 nanograms per
milliliter for amphetamine and methamphetamine with correlation coefficients greater than 0.99. Mean
percentage recoveries for amphetamine and methamphetamine were 75.40 and 76.89, respectively.
Inter-day accuracy for all drugs range from 0.34 to 17.23 % RD. Inter-day precision for all drugs range
from 3.84 to 12.57 % CV. The uncertainties at a confidence level of 95 were 2.00 + 0.39 micrograms per
milliliter and 2.00 £+ 0.35 micrograms per milliliter, respectively. For LC-MS techniques, the linearity
and range were 300-2,000 nanograms per milliliter for amphetamine and methamphetamine with
correlation coefficients greater than 0.99. Inter-day accuracy for all drugs range from 2.22 to 16.11 % RD.
Inter-day precision for all drugs range from 2.36 to 10.43 % CV. The uncertainties at a confidence level
of 95 were 2.00 + 0.27 micrograms per milliliter and 2.00 £ 0.24 micrograms per milliliter, respectively.
The unit cost of material cost for the analysis by GC-MS and LC-MS are 628 baht and 438 baht,
respectively. Therefore, the developed methods are applicable for analysis of amphetamines in urine with

in the assigned level of narcotic acts.

Key words: Method Validation, Amphetamines, Methamphetamine, GC-MS, LC-MS
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KRNI Mg niaTawy
N WANNIUG Aspergillus niger, Cladosporium cladosporioides, Phialophora verrucosa
ULNAMILALHE Absidia corymbifera, Aspergillus flavus, Cladosporium cladosporioides,
Penicillium solitum
DONDUG Cladosporium sphaerospermum
UL Cladosporium sphaerospermum
wamzle Cladosporium cladosporioides

DINEN (mixed nut)

DIAFINDN

v J
3

0296407

fhasueaau
fhaseau
fasede
fasaUNNan

YUNFUAU

ordaatu

Syncephalastrum racemosum, Rhizopus arrhizus, Rhizopus microsporus,
Aspergillus niger, Penicillium expansum

Aspergillus fumigatus, Aspergillus niger, Aspergillus flavus,

Trichoderma longibrachiatum

Aspergillus niger, Curvularia lunata, Penicillium citrinum, Non sporulating
mold (Hyphae septate, hyaline without conidia production)

Acremonium sp., Aspergillus niger, Aspergillus flavus

Acremonium sp., Aspergillus niger, Aspergillus flavus

Aspergillus niger, Lecythophora hoffmannii

Acremonium sp., Aspergillus niger

Aspergillus niger, Aspergillus flavus, Aureobasidium pullulans,

Rhizopus microsporus

Aspergillus niger, Aspergillus flavus, Aspergillus terreus

Aspergillus flavus, 30°C, 5 days

#131 : Deanna etal. 1998

Aspergillus flavus 460x
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Fungus & Aflatoxin Contamination in

Ready to Eat Nuts Products

Sasithorn Thitipetchrakul* Kanokpan Somyoonsup* Kokeiat Sattarin*
Prapasri Boonyaprapapan* and Nanthawan Mekha**
*Bureau of Quality and Safety of Food, **National Institute of Health, Department of Medical

Sciences, Tiwanon Road, Nonthaburi 11000, Thailand.

ABSTRACT Ready to Eat Nut Products including peanuts products and pistachios, almonds,
macadamia nuts, peas, broad beans, chestnuts, half and half green beans, and cashews from retailer,
supermarkets, fresh and community markets, surrounding Bangkok Metropolitan, 266 samples were
collected for determination of fungus, aflatoxin and water activity (a,). Various kinds of fungal
contamination in a sample and a total of 67 samples (25.19%) were found with the concentrations of
10-520 CFU/g whereas aflatoxin an amount of 1.02- 204.90 pg/kg in 12 samples (4.51%) was analyzed.
Only seven among twelve samples (58.33%), their aflatoxin above the standard criteria of 20 pug/kg as
claimed by Ministry of Public Health Standard no. 98 (2529) were detected. In addition a, of all
samples are in the range of 0.09-1.00. Statistical analysis showed that correlation between a , and fungus
concentration and aflatoxin were 0.41 and 0.34, respectively while the one of 0.18 did between fungus
concentration and aflatoxin. In this study aflatoxin and fungus contamination were found only in peanuts

products such as crispy baked peanuts, peanut cake and ground peanuts.

Key words: fungus, water activity, aflatoxin, nut products
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Operations and the Quality of Services of the Bureau
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of Laboratory Quality Standards
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The Achievement of the Effectiveness of
Operations and the Quality of Services
Based on the Performance of the Bureau
of Laboratory Quality Standards For

the Fiscal Years 2011-2014

Amornrat Tatsanakit and Chomchailai Sinthusarn
Bureau of Laboratory Quality Standards, Department of Medical Sciences, Tiwanond. Road, Nonthaburi
11000, Thailand.

ABSTRACT The Bureau of Laboratory Quality Standards, a service-based unit under the Ministry
of Public Health, offers the standard accreditation and external quality assessment of medical and
public health laboratory services for the public and private sectors and also promotes the establishment
of public health laboratories network. The study, conducted to assess the effectiveness of operations
and the quality of services based on the Action Plan of the Bureau of Laboratory Quality Standards for
the fiscal years 2011-2014, illustrates the results as follows: According to the study, the effectiveness
of operations was quantitatively analyzed by the Bureau’s performance based on indicators of
the Action Plan for the fiscal years 2011- 2014 and the results were shown by the fiscal years 2011,
2012, 2013 and 2014 respectively. The results of the study indicate that 157, 138, 138 and 193 percent
of medical and public health laboratories have been accredited by international standards,
that 174, 88, 110 and 100 percent of medical laboratories have been accredited by the Department
of Medical Sciences standard, that 123, 132, 132 and 113 percent of medical laboratories participated
in the external quality assessment and that 115, 119, 120 and 109 percent of laboratories have been
improved for the standardization system. Furthermore, the results of the quality of services were
evaluated by the percentage of customer’s satisfaction for the fiscal years 2011, 2012, 2013 and 2014 respectively.
The results of the study indicate that 82.70, 83.40, 84.80 and 85.36 percent of customers have been satisfied
with the process of medical laboratories accreditation and that 83.00, 82.75, 84.11 and 84.11 percent
of customers have been satisfied with the process of medical laboratories external quality assessment.
However, the customer-satisfaction survey of medical laboratories network establishment was
not carried out. The results of the study can be applied to the development of the Action Plan of
the Bureau of Laboratory Quality Standards for the fiscal years 2016-2019, the promotion of the
Bureau’s integrated program and the major function of the Bureau in providing people quality services

as determined by the policy and objectives of the Department of Medical Sciences.

Key words: Effectiveness, Quality of services, Bureau of Laboratory Quality Standards
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