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The objective of this research was to develop the extraction technique for metham

phetamine in urine sample by using organic extractant which was an easy, quick and efficient

technique. Dichloromethane, butyl acetate and hexane were studied as extraction solvents. The

optimum conditions for extraction technique such as, mixing methods, various concentrations of

sodium hydroxide solution and extracting times were investigated. It was found that

dichloromethane; vortex mixer, 5 M NaOH and extraction time for 1 minute revealed the best

result of the extraction. After extraction, methamphetamine was determined by gas

chromatography coupled with flame ionization detector (GC - FID). Rtx - 5 column (0.25 mm x 30

m) with 0.25 J..lmof film thickness was used. An Injector, detector and column temperatures were

250, 300 and 150 Celsius degrees, respectively. The calibration curve of methamphetamine was

constructed in a range of 0.5 - 50 ug/ml., The correlation coefficient (/) was 0.9996. Limit of

detection (LOD) and limit of quantification (LOQ) were 0.0315 ug/ml, and 0.0625 ug/ml.,

respectively Recovery efficiencies were determined by adding measured amount of

methamphetamine hydrochloride to the urine sample prior to extraction. The recovery ranged from

93.40 - 100.10% were obtained. The intra and inter-day precision were 3.41 - 6.73% and 2.81 -

7.43%, respectively. The developed extraction method can be applied for methamphetamine

determination in drug - addicted urine and be an optionalmethod used in forensic science.
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58
o 0

... "g ...

(1 'Ul'Y1)20 C Imin \l~ 260 C (3.50 'Ul'Y1)

57

4.11

4.9

4.10

~ QoiC!Io , d

0.8, 0.9 lm~ 1.0 lJ"",,~'j~{l'Ul'Y1

4.8 nnw Van Deemter Plot'j~'I1il'1V~'jlm':i1'11"'\Jtl'lutiff'Yll (flow rate) erme

9J!J/ til,. QI 1 Q QQ .d Q.I \ri r:oJ
t'\JlJ'\J'U 1 llJ lmmll~tJll"""~'j 'YItJ~'nm'j m"'\JtJ~unff'Yll (flow rate) 0.6, 0.7,

56"" .Unff'Yll0.8 mL/mm

4.7 1f1'jlJl1 'YIumlJ'\J{l~ff1'i"~mtJlJ1~'jii'UllJ'YIUtllJt.w~l1n'Uig i~'jf1"{l i 'j~~ml11

o
<v I c:. .:::::.Q ~.c:a 'Id Q

mlJ~VlJ"""~'j ffm1~nl'j'YI~"V~f1V f:lW'l1fJll'\Jtl'lff1'U~~ffl'j 250 C ~W'l1fJlJ
000

'\JtJ'If1{)i:1lJU150 C (1 'Wl'vi)20 C /min O~260 C (3.50 'Wll1)6mlm'j''I1'''\Jtl~

" .
4.6 ns lvlu ff~ '1fl11lJfflJoW'U-fi'j~'I1-jl~f:lW'11fJij'\Jfl~~1~ 'j1~1'~ tm~.w'W l1i~m 1.w

'\JV~ffl'j"~mtJlJl~'jill'UtlJ'YIUVllt.w~ln'W19 i~'jfl"V' 'j~~fl11111,rll,j''U 11111m..

55300 tm~ 310 C
o

54

ni'lJ~flij"~~m ffm1~m'j'YI~"{)'1fifl ~W'11fJij'\Jfl~ri1'W~~b1'ln50 C f:lW'I1fJij

~1~'j1~1'~ 300 0C 6~'jlm'j''I1'''\Jfl·mflff'Wl 0.8 mL/min

imlJl1 'YIUmlJ'\J{)~ff1'i"~"ltJlJl~'jjl\Hll'Y1U{)l1tvl~l1n'Ul~ l~'jf1"fl 1'j~
~fl1l11t,yll,y'U 1 ilJ 1f1'jni'lJ~{)ij,,~~~'j ~f:lW'I1fJijI>i'1~n\)1'~270,280, 290,

o

cv Q.I 4', Q QI fI ~ di jI •.1
n 'n.wub1'~~fl1llHnJ'YfUti'j~'I111'1'QW'11fJu '\J{)'1fl{)"lJUU"~'W'W'YI~n 'j1l"l'\J{l'l

ffl'j"~"ltJlJ1~'jil'WtlJ'YIU{)lJt.w~nn'W'ls imfl"{l h~~fl1llJt~lJ,r'W 1 llJ im

"flUl

IV ,

a'11'UftlfllCW «(7Jel)
tI

4.5

4.4

I...
fIl'W't1



.........., "" J d""rn l-WUff~~ fl11lJ fflJ'W'W1i'.i~1111~fl11lJ L'tIlJ'tI'Wa,,~'W'W'Yl !191m l-W'tItI 'Iffl'j lJll9l '.i! TW

tlJ'YlUtllJt-WlPllii'W ieThl'.ifl{1t) i'Jfl ~fl11lJtcU'lJcU''W 0.25, 0.50, tn'l~ 1.0 ilJ lfl'.if)i'lJ

~t)ii{1~~IPl'.i 1~tll~nml'Wm'Jffn~ i~uri 0.5, 1.0, 3.0 U{1~ 5.0 'W1Vi 65

u ff~~fl11lJt1J 'Wl-ff'W191'.i'l'tl tI 'lLlJ'YlUmH-WIPllii'W'l'Wi:]ffffl1~ 67

1mlJll 'YlamlJ'tItI~tlJ'YlUtllJLvJI9l1ii'W i'W~1'f)dl'li:]ffff11~ 70

64

(V Q.I 0' 1 "91 ~ dq 91
m TWa ff~~fl11lJ fflJ'VfW1i'j ~ 1111~fl11lH 'tIlJ'tI'WLn'l~'VfW'Yl~~f) '.iwJ 'tI5~ ffl'j lJllPl 'J~ 1'W

tlJ'YlU5lJt-WlPllii'W i~ 1~'jfl{15 h~~fl11lJtcU'lJcU''W 0.25, 0.50, a{1~ 1.0 ilJ lfl'Jf)i'lJ

~t)ii{1~~~'.il~tll~m1lJtcU'lJcU''WffT:i{1~mtll9f!~tllJ ieT~'.it)f) i9ffl i¢luti 0.5, 1.0,

2.5 tn'l~ 5.0 1lJ{111

v'tnn

4.15

4.14

4.13

4.12

,
.::tnrsn



d 0 QJ .c:. rI
'IJ~1l1n~'IJ~~ f11'J1lft 'J1~'H

ll~lJ1tu

ilJift'JnflJ~~iJC'l~~I91'Jug/ml,

rug/kg

LOD

LOQ

I '"fill 'UtJ~l'U1..1lJll91'J!ltJ

ijC'l~ni'lJ~~~I91'J

ilJ imni'll~~~m

'lJift'JnflJ~~fiiC'lnfll

SD

mg/L

J..lg/L

)lg/kg

%RSD

ppb

ppm

mg/g

M

mm ijC'l~LlJl91'J

ilJimLlJl91'J

iJC'l~ni' lJlPi~ ni'lJ
ilJC'l1~~

~htJ itHhw ffTW

ff1tJ 1tJ'WtJ~ltJff ..JtJ

fi lLfltJ~L1JtJlJll91'J!ltJ tYlJ'W'vl1f

J..lm

g

mL

'"~~ff1L9fC'lL9H.m

ni'lJ

c
o
em

· ....fl18fi1JlfJ



., .,
nl'IU'Yl'YlV(m11nl'IU'Yl'VW, 2542)

• .1 ... ..1 d ~I 40 w i '" <9 , "'d.'!ffl'j L1V1JLYl1l11JlJU"~11J'YlL1V111Yl1l111unn;ffl'jVvnq 'YlIifflflty lJV1U1Qn~fl9f11 ~flllJ

'YlHl~'UV1'H1'JU'fl~~fle]$11l~1~m~uffLi1ivflm~lillviiJ1Il'lJri1'U~1~'1 '\IV'I~l.:jmV VVflq'Yl~~ff'lJV~

'" !IIi] 1 . .... <!I 1"'~ ",!,.1",. i'"LflVlJ fllJ"l~V1~ I;;l 1V 'Ifl'l1'1l1mJ (Narcolepsy) 'I1'jV 'b'llJlJV1'flflfl1111V1lJ 'Yl~lJ1ItHVQfl1V 11

nl'j~lm'\ltHU'Yl'YlVV~l'l in~:jffl L1~'j~v~'I1~'1iim'IlJ 1, 'iJi i'lJVnL'I1'UV, il~nn111Q 'iJ'j~ff'1fli lJ'Yl1'1

• .1 ... ~ . .d1!J'~""".1 ""'1)"1111'YlUV111Yl1l111lJ(Methamphetamine) llJlJff1'j'Yll11 lflLnfl'\llJ1V~1I111lin11'lf11l 1~ ~V

... .,.1 ~!' .,j ':'1 1 '" '" "" .d..,j .II ~ 'I !II
"'~lm1t'l1'\1lJllJlJm'lmn l11Vu fl.ff.l919 ~tllJnLflff'b'1'Ylf..l1'lf11ty~lJ'lfV A.Ogata 9f'lllJlJ11m &n"
.q d ...1 A G.f 0',1 Q.I~ f "".1 Q Q I
lflV~'YlUV111Yl1l111lJ(Amphetamine) Qnff~lm1~11'\1lJ111 ff111J1I'\IV~ff1'Iml11UV111Ylm1JlJ'ilt11vm1lV

" .
1.h~ff1'Ylt]f11'Yl11'Yl~fl(Sympathetic nerve) -nl '1,rffl'In~11Ui ~lfllJVll~V-nl i ,r'l1m)~liiv~'\IV1V~1

" ;'lu fl. ff.1932 \ln~i;1Il~lJV1~11ri1 'I1i'mJ'j'j 1'Ylltllm'j'l11flri~ 'illqln v1uii q 'Yl~m ~~ lJ ils t ffl'Ylri1lJ

" . ,
l"nfli'~Yi 2 lflV'1<N'hJ~lla1'Yl'\lV~Vl11~m ~v1J11~nlJmh,m~1~'\I11~'1lJn~11~'li1J~'H')1J'I'Il'JnU'fl~

'IfllflVff1'I n~11fllJ~llJ '1lJmfltn'l;j1l'Im';j111m~fJ1IffT"m'I'j11 n~11U'j ~~llJU1Jm1111 n~11U'j ~~llJ~fl

" .,j ~ '"~ ,,"o~" .1 .1"'d"~' !'"VVV 1'YlmlJlJV1Un~1~ &'I1'Yl1'11lJ1fl'YllJ'Yl1lJ111n'\l'j.,llJVmllnlJV~11m';j 1'b'llJml11W11'b'lJ'Yl'lllJU'fl~

lJVnffmlJfYn'l;j1L~Vfl1111UlJl'n~ fl1111ff'4nffl,lllJ lflvtJ 'Yl.ff.2518 UV111vJ1I1iilJU'fl~111'YlUV111yJ1I1

iilJ ~fll~lJ111tJVvnq'Ylt~v~1Ilmnh~ff1'Yl'l.h~lfl'Yl 2 11111 'Yl5 .1J.111Q~Vvnq'Ylt~v~1IU"~

ihernn '1lJiJ 'il'ilUlJ~fll~lJff1'j lff'Yl~1I'111'1'Yl'l;j'b'i!~!lmlH'iJ'j~lfl'Yl~ 1 1I111'Yl'j~'j1'lfUWW~tl11ff'Yl. " "
~fll,rl 'Yl'l;jtJ'Yl.ff.2522 rm '1~V1'1lJ'j~v~U':im;11..ri1'1mmnflm'I~lJ~111'flVfll1m -n1'111'111hl~lJ

1~1 fl1111~lJ lm1111vt11 i'il5lJ lflv'I111flq'YltV1'il~11~1JU"~~VlJl'V'l~VH~'iJn~ ti'li<N~fl~VnlJl~lJ11"l

o
1J't1'Wl

.
""1J't1't1 1



" ,
11lJl~Uli1tJl~ltntl'U'ffl'j"~"ltJ~1~~'iJ lYllJl11' 1lfl1'jUf.Jn'ff11~1f.Jfl11 SPME l1niifil i ~~llJ'ff'ln11..

.. ~ III

LLE ~'1,rU~~ff1lJ11(l i~m1fftlf1H1J1J LLE l~UVlHl~fln'HiJ~'~ iU~lU1~VU~'1'~vr\PllU11VlfliJfl

rns 'fftlYl~1tJ11lms fftlYll1'U1J LLE 1f1vi ~~'J111"~mm~u ms 'fftlf11m~1l1 :::Qn~i ~IVlfliJ flUflff

lf11lJ11Vlml~~ii~1~11'il1f11vJ"lJ 'flfltl 'U1CJfiu (Gas Chromatography - Flame Ionization

detector: GC - Fill) 11llJlm1'il1f11lJVll1tJlJlyJ~lnuiuUffff11~ 'H~~'il1nfl1'jffnYl~';w~')'yh,,~cnv

- ! 0i" .,y"J 01 .,. dExtraction (SPE) 'UU~tl'Ufn1Vl1 'I1'ff11ffnf11'UlJ'UU'UUtll'ilVl1 f1f.Jmn:::1'I1tJ~1Vl1"'~mtJ msners

~~ CIod..::.d

(SPME) 1Ii Liquid Liquid microextraction, (LLE) 1Ii Pre o;I column H"~1Ii Thin Layer
~.. " v

Chromatography (TLC) C)f~11i~~flci11 ~tl~ i ~.u'iJ~tl'iJ 'lUfll)l~~ lJlJ~'Jtltl1'1'11cnV;JU~tlU i.~Ufl ;JU
" I"'" . II

~tlU rns 'ffflf1 ;JU ~ eu fll1 fh~f1ff '1llu tUeu .uU~ tJU rns l11'l11'1~lJ~U ntJUfl1111fl 'n~,.ru,,~.uU ~tlU
Q tI.J ~ 0 QI Q d d''' 0"'" Qd.

fl1nlm1~'11 C)f'liU'UU~tJUfll)m'il~ffl'jtJUVl1tJllU1UtlUff1lJl1(1Vl1i~ lf1Vi'If lIi Solid Phase

lmlJ11Vlml~ (Thin Layer Chromatography: TLC) lf11lJ11Vlm1~'U~'1l'11"1fflJn(lU~~-1 (High

Performance Liquid Chromatography: HPLC) 11fifflf11lJl1Vlfrn~ (Gas - Chromatography: GC)

'H~tlllli'ff 1mlJ11Vlm1~ HmHnllf'll~llJ~~ (Gas Chromatography Mass Spectrometry: GC - MS)

l~U~U ('VfY1Iifmn 'J)1'4f'J'nlfJ",2553)

iJ 11'il1jUfll1~1'J1l11m l:::,.rllJVlHtllJlvJ~liiulm:::UtJlJlvJ~liiu i uiJ 'ffff1d:::"YJU'mu'il::: i ~. """ .
LVlf'lUf'l-YlUlClWtl11fI1lJ11 Vlm1%m~uflff 1fllml Vlml~ 1'Yl11~1~U11ifl11~ 11'ilVUVU.u'\..J'wu!lufi

u",~'Ii 'Ufltl fl1l1fl~1-1fllt/l ~'HClllJVl1-11YllJmllll~\1n'li1Jtl~nlJ1Vl1~"lJ'H1lJ i 11 t'Hi~tm~u««11~ i U

f)1'l'~ 'l'1 'il11f'l'l'1~,.r 'ff1'l'umueulvJ~11jU'ff1lJ1) (I~ nll'fflJ'~iu~lmh~~lJ 1~lni l~f11lJ !'lfU !~tJf1

:" d i ~ w v efi" <VUl"lV tffU~lJU"~U'ff'ff11~ C)f~fl1lJU 24 'If'JllJ~ 'H"-11l1fll'ff'YW1'lJ1'ffl1tJtlflqVlli Utll'U1'il~\1n'U1J

m)f1Vl1~UtH"'1::: i U1l1lJ1t1! fitJU~l~ff'l f)1'l'I~m11fltl1'1iJ'ffff11~~'1l11l~~ltJfl11fll) 1'il1~I~tlf1 ms
'II

cl :' " (V ~ <IS ~ 9J V i 21 v 0' I
tfl'UU1mlJU"~!ffU~lJ f1~UU1l~UlJlJ~'j11l'l11~t«'VW1'U1 UlJ«ff11~YlllJ1VlflUfl~ N~ 1'lf'iJ ms
Vlf1'fftl 'U1if~H~U ~ 'Jtill nf11f.Jl1fliiH" ~Vl1'1niJ j{lJfiu 1Vlf.J1H":::~ 11 'ilVU VU f.I"~ 'JVlVl~1'Uf'l-YlU1'C1ltm1

"ell " •
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1~1Timl Lm~ffm1:; ffti~ ffl11i'11m:;11tl11:;"flf 1Lll'YIUflllL~911ijhl1'UUffff11~~ijtl1111
1'I1111:;fflJff:;~1n iitl1111\1n~fl'l mJ'Uih ijtl1~iY'YI~mVl 11fl1\1n Lm:;ffllJ11m.hlJ1 i~lurns
t1gu~nu'~ u,,:;t11:;~n~1 ~L'YItliJtl~-W9'lJ'U1'~ti11Yi1mjH'il1.:J

i.3.1 ffm:111Tim:;ffti~LlJ'YIUflllL~1Pl1ijhl'hIUffffl1:;Yi1mh'l~L91~ till ihl,rfl'ltlfi,j~m:;

~1tIL'YItliJtl'Unfflmll1 hln'nVJ~1t1Yi191l1,",1~'lfiJ~L~"lJlflflfl ihlLC)ft}f'ULm:;ffmnYi1utll (parame

ter) ~1.:J"l'lJfl'l1Tinnffti~

1.3.2 ffn'lHl11ff m1:;~1'I1lJ1~fflJ 'hi fln 1Lm1:;"fmLll'YIUtllJL~911ii'U'hiUffff11:;

~1t11'Y1tliJtlUnfflmlJ11 V1m1VJ~1t1Yi1\9l11,",1~'lfiJ~L~"lJitlflfl' 'ULC)ft}f'U1~tlm1 i~ffl11111Pl1j1'U
1.3.3 'lfiAfI'lJtl'lrJ1LffVl~fI~fl IlJ'YIUfllJL~911ij'U

1.2.1 L~fl'I11ffm1:;~1'I1111~fflJi 'Ums ffti~ LlJ'YIUfllJL~mii'U i hiUffff11~~1t11~fll1 ffti~

~1m~ff'IJ fl'l1'l1'"1 L'lf'U Ltl~fl'l r:-IfflJff11 'lfU~'lJfl'lYi1,.heeme tl11lJL.u'lJ.u'hI'lJfl'lff11",:;m til C)fL~fJlJ

'g~1fln 'C)f~nm~i~i'Um1ffti~ LrJhI~'U

1.2.2 L~fl111ffm1:;~1'I1lJ1:;fflJ' 'Uml1Ltl1.1:;"fmLlJV1UtllJL~1Pl1iihl'hlUffff11:; ~1tIL'YItl

iJtlUnff lm1l1l 'YIm1VJ~1rJYi1\9ll1,",1f1'lfiJflL~"'lJ'flflfl' 'ULC)ft}f'U

QI ..

IPlVl'U1l,2541)

i ' :II ~ .. i:ll QI ,d"" , :II '0 4 .o!I ,:11 4
nme hl11h11rJ'llhl'Y11'l~lhl1'Y1rJlfl'TMll11fmflll~11,",1f1'YllJfl1\1fWm'lUllhlrJ1U"':;L'IH)flfl ~LV'W

lh~lrJ'l1t1'thlV11'lfll'mVl'YIUU"'~'llhl~1'\J'W~1'Y1rJ1fl'lfflPl{~flhI (1~1'lfi' 'l-Jt)J'lhrJU"'~fl1'lVl~ flfiti'U

3
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gJ do' 91 \1]" t SIll] d.d OJ ,. <ldL:i ~ 91
~lflm~'Vl~J~ff11in\U~'lJH'ClJ lJ~1'11'W1t1911m1'W'lJ1t1U1l~Ufl mun n> 'VllJ9I1fJ1AflI'lV'IJ 'I1~fllJ1Hfl

.n'V.:j~fffJ~ii~1fJl il'l~rJ'Wvflc1i'W~~'W~t.! fJl1ff'V-I~1'\1'111'Vl'I:JiJ~~lfl'Vl3 iiiJ~~ 1t1'll'11''Vl1.:jfl1~u'V-I'Vl6u~~ii

1VI'I:J,rVfJfl11fJ11ff'V-I~1'I1'11'1'Yl'I:J~t.!"l

... 'I",) _ 1 I ').ci _.1 q d d d q ..
fJ11ff'V-I9l~!'I1A'Vl'I:Ju~~lfl'Vl1 t'b''Wlg!~fl'W llJ'Vll1VlJll1911lJ'WlVlJ~mlJ~V (tJ1V) U11ffl'lVl~

"1'11'1'Vl1:liJ~~lfl'VlijitJuiJ~~ 1t1'b'11''Vl1.:jfl1m'V-I'Vl6

~1'b'n ~~1'4111mn H~ 'ltJ 'I1lJ1lJfn llJ G.:jlJl 'ff111tlJiJ ~:: ~11!1'WlJ1~~1~1911u fltl'11lJ1v11~ JlJlJl~ iiuu'ff'V-I

~l'\l'11'l'Vl'1:lf.lfflJvQ tJ11ff'V-I~~1'11'1'Vll!uu.:ji~ 5 iJ~~U)'Vl (iJ~::fl1fl'm~'Vl~1.:jff11i1~\u~'u ~U11~ 135

('Ytft'. 2539) l~Vn~1J~VH'Cl~iJ~~lfl'VltJ1~'ff'V-I~1'I1,.rivl1l 19l1lJ'V-I~~~1'b'UtlJtY~fJ11ff'V-I~~1 'I1'l'Vl'l:J 'Vtft'.

2522 (Hiroyuki, 1. et aI., 2008)

"" .
11~ij 911lJVl1~lJ 'W911iJ'J:: fllft'1 'W

(Q1!11~ 2 'rut 2528 H~~~1!11~ 3 'V-I.fl'.2530) ~.:j'lnntJ~.:j 'ffl'Hflii'l1~trjl9l\J'b'iJl'I tl'l"l ~'Hrlm'ff'V-I~'li'l

~~h.:jfl1tJitJ·hil~11J'lh::'Vl1'W I'IlJ ~11 QI'I'I1~v~JlJ'lh::fl1~tl'l"l mlJ .yht'l1'lnl'lf.l~~V~l.:jfl1m~~~~19l
." .'l1)'l'W~fl'l:J\U::"hfitlJ~'lf'W ~ eN~~lJ'IJ'W1~fl1~~'ff'V-I.u'W~1j'W~1~11 iifl1~{)V'WlJ1~ijV'lJ11'\lJ1iifl11lJ~V.:jfl1~

" .
lff'V-I11.:j'Vl1.:j~1.:jfl1fJH~~~1'\1~vd1.:j~'WHHI'\~Vl'lnmH'Cl~"l,tl.fl1'V-1ll'1(Jl1J iiJ~~'Vl~1'I1'Vl~lJ~.:j n111 '11'

<9"1 "I' "Iddj "I'I3i .. dj "'IV,) "I '1V"?1J1lJl9l~fl~~~'V-I'b''I1'JVff1'W'lJV~'V-I'b''Vl~11'W'I1'H)!'11YHm'ClI9l~1J'WlJ11ff'V-I9l~!'11!'I'll! 'I1'JflV1~! 'b'rmI9l1u'WfJ1

, ,
""'lUetet ~

Aijmn·nUl~~1't.l1i)t1'Y1tfltl1'Uij~

,
et
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fJ1Vl ii5f1'l:1W~ln'UU11~YlflalJ1tU'U'tI'Ul~t~fl tff'U~lfj'U6flal.:JU';i::lJ1W 6 - 8 iJa~tlJ~';i
Ca .q : QI d .c:a c:t. Q.I odd 1 Q.I , d j)

mllJ'I1'U1U';j~lJ1W 3 lJaatlJm 'Wl'11'UmlJ~tJ1 UJ::1J1W 80 - 100 uaensu lJffm'l'l nu t'lf'U a'a'lJ

ftJll9l1a fflJ1.:J ff'lflJ~ ffml ft1'l1~V.:J 1ta::fft~Ud tn'U~lJ ii~ty~fl'l:lW~U';ilf1t]U'Ut~~fJl t"lf'Uw,
..,.., '" U .1 .., '".! '" ?I'" .l!' .J d?,M , PG, WY, a'tyafl'l:lWl ~11, lu ....'j:::~'U'Yl';jta'fJ1,99 'I1';jtlm~tu'Uafl'l:lW:::'tIU.:Jt"O'UU'lNt'lHtlJ~

.,i",,,, '" ,d' d"" ,J",Z " '" ?td .. ZCJf.:Jffty a fl'l:lWt'l1a llJ tll~U';j lflt]U'WtlJ~ Ul~ 1'W'~ ~1'U'I1'U.:J'I1';jtl'YI.:Ja'tl.:J~l'U '11J tlm~tu'U IlJYll';jfJU'Yl.:J

ffU.:J~l'Wn,~ (Kataoka, R., Lord, H.L. and Pawliszyn, J, 2000)

tlJ'YlUtllJt~iilJua:::1ttllJ t~~ 1ii'UtnlJ ms tlUflt)'Yli~ fflfl ty i lJtJ1U'l tJ1.:JtnlJfJ1tff....~~ i'l1'
l'Y1'l:1u';j~tfl'Yl~ 1 ~llJU',j~t11ffm~'Yl'j1'1ffl1il';iWq'tl ~,jU~ 135 (.....ff. 2539) t~tl,:j'l":::1J~mm:::

Ul::tfl 'YlfJlta' ~~ '1'11'1'Yl'l:l~llJ'Vl 1:::'l"l')$,jtytY~t.m a' ....~~ iM'1'Yl'l:lfflJ,j~'Y11\1tf'lii 1ta~'Yll.:Jf11Ufll'W'tItl'l

• .1 ..I ..?t .. i"'i .,;w ",.I 1" , 1 '"tlJ'YIUUlJtl1~llJlJ1ta~UtllJtl1~llJlJtUlJfJltff'Vl~~ '11&'YI1:l'YIa''Itt'l';il::'I1't1'U ~UlJfflJ g ~'l"m';iUu'U

?t "'. 1 1 . 1 " ... .,j.. '" 1 iv w ... ,lU'Utl'lf'lu';i:::fltlU lJlaQaUl~fltlU~dfJ1'1tU'U9f'Uua~t'lfUlJl9l~fllJ ~u ')$....'U1i~ C - C ua:::lJ'I1l.!1tl

11ifilJ mlnt)'YIifllui'W 30 'Wll1
.,_ ,,, J/ "

l~UffllJ1';j(ltJflflt)'Yli'~tldl.:JUld'Wl'W 8 - 24 il1lJ.:J ~.:JU'Wt11';jtff'W~l'l1alfJ'l f'li'.:Ji'W
.., ''I ". I"" • .1 ... i '" .1 •1 " .:, <S ..,1 1'W ~::a''Irla &'I1UJlJ1WllJ'YIUtllJtl1~llJ'W 'Wlatl~,,!'I'tI'U mt11';ju';j::a'l'Y1'11atl'Uua~f'l'llJf'la.:J ~'IlJf1

'ljJ4'1 'V .d:cv ~~ f ~ I

U';ilflt] &'I1111'U~lJ'I1lq!~lff""'YI1a'''''CJfl1'Ua::'I1alfJf'lHlu'Uff1'U &'I1ty(Lillsunde, P. and Korte, T, 1997)

cfrv q

VVflt)'YIli'YI'W'Yl

Vtlflt)'YlifllfJ1lJ 3 - 51lJll1

vVflt)'YlifllVi'W 15 - 30 1lJll1

Ultff ....~~ 1'11'1ml'u';j~lfl'YI 5 '~t1fi-W'lfnW'lfl-W'lfm~'Yitl1J-W'lf~lJtm~-W'lft~~~f'ldlfJ fJlu

Q g) .J'ltt Id tI rI rI I Q OJ CV"

lff'W~~h11 'YI1n.Jnafl'YI'WtlJlJlh:: lU'lflJ'YI1.:Jt11JU'W'YIfJ(d';il.:Jf'l 1Jty'lf1U ua~~1.:J""';j Vflfl'W~'Vl'W1i,

2541)

II •

Ultff ....~~ 'M'hl'm.Jn:u)'Yl 4 tih.nhUltt'liiVilJllJ1 ',*'lJt11',jrli1~tJltff""~~' M'1'Y1'l:1

lh::U1'Y11 '~UfiJltJl1t'lii mc)f~fl1tU'W'g'~',j~ mc)f~af'HW'';i~ luVii1~'U '~UWlH~'Y1 a'l';ilt)fl{lfl

nJ'YI~lJ 1ta~f'latlCJflYl~:h~Yl~'U uue ....~~ 'hn 'YI'l:11h~U1'Y1ifrid'Uh1ruhiiit11JlJllJ11<M'uJ~ lfJ'lfU1lJ
~ u
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ltlt! 'f QI:Q) ,." "I' ~d rI .d
t'iflCl~mf.J141Ut'l~V\9l'jl'lJV~14ln\JW'VI114VCl flClV1'.ivJv'nJ tlJCl::m(l mvl'VlV'i \9l1'j1~'VI 2.1 UCl'fl~

m'jCl~mtl'lJV~!lJ'VlUVlJtvJ\9l1i}14 '114~1'YllCl~Cl1t1'b'UflI9l1~'l ~llu\J\J~"hlJ1 '1~V1\)t~14 tl1t~fl UflUCYCl
~d 4!l fJJ:d d Q,lo' ~oQ,l ~QI

1'>4~(11 '11nHlI14 I'>4Cln '1Cl'flm (114lU 'lJ~ "ice" dJ14v14 '¥i141i'lJV~UVlJtvJ\9l1lJ14Cl'1'l1'j \JUV lJtvJ\9l1lJ14ClnlJru~..,
t~14I'>4~I'>4~nff'lJl1v~l14~1l~Cl!vJ\9lCl::m(l'l14'Il1 1 : 9 'l14fll'VIV{ 1 : 15 hICl~Cl1tJ'l14flClVhvJV{lJl1Cl::

.
~ 0 .qQ,l d

'lJV~tJ1!Cl'Vl\9lflUCl::tJl\)lh!TU 6 'b'14fl fl~fl1Vl'Vl 2.1

!lJ'VlUVlJtvJ\9l1i}h!5nlJru::t1~l14l'>4,miinff'lJ11 1,ji}n~14 i}'jCl''lJlJ v~l14~lltn~V i~ifl'jflClV

.,
i}'l..d"ll.Jfld~';w ~1vdvHY\9l'j lm'HY~l~ ff\9l'jllJ!Clm'1 "JTHUn llJ!ClnCl \)fl!~Vfl'l1~mlfl'mH)lJ!'HCl1

IV CU CU q q q q
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I "

ill'Yffi 2.1 ~m lfl'.i·HYfl~ "!~)l1JUlfJ" U111Ufll1JUlfJ" ~~!~t)~'I11t)~~mm)lJm"1'IJ~<lffl)
'" ...!ff'rl~~ C"lm'rl11W 'VlCJJ~"l'IJ,2548)

~~11"t)lJm",,1168 - 172 C
o

Fenfluramine (C12H16F3N)
"
U111UflllJUlfJ" 231.3

'il~11m)lJ!mn 130 - 135 C
o

...
~~t~t)~ 147 - 152 C

o

Brompheniramine (C16H19BrN2)
"Ull1UflllJUlfJ" 319.2

Br

o

Phentermine (ClOH1SN)
"Ull1Ufl Iumne 149.2. .

8

~~11"t)lJm"1154 - 158 C
o

Codeine (ClsH21N03.HP)
"Ul11Ufll1JUlfJ" 317.4

o

Benzylamine (C7H9N)
"
unn!flllJUlfJ" 107.15

'il~'tW~1Jllm1 191 - 196 Cq

o

Phenylpropanolamine (C9H13NO)

"unn!fll1JUlfJ" 151.2

OH



methamphetamineephedrine

OH

methamphetamineephedrine

HI, redP

OH

v
'I ~ '" ~ 11) v I ~ _.I d "l i '" _.I '" 9 ~2.5.1 Nagai method t'll'ffl'JI'l..:JI'l'W(precursor) t~U!f) tHn'fl';j'W'I1'H)~t'fltHn'fla'Wtm~ b'lf

t~ii.fiWcn~lttJ'W ~..:JttJ'WI'i'nhll~mtft1'W i~Hn m'fll~ i'fl'J itlltl~mtll~1'i1d..:Jufin5t11tflii l~Hn
vltlffvJtlfffH'fl..:J

Moscow method, Rosenmund method Ull::::Emde method

Chloroform

Diethyl ether

Ethanol

Water

Base Hydrochloride

i~~n~n1tf IOl't.HJtf n::mtf

eeme (1~mv

(1~(11tf hj(1~(11fJ

(1~llltf m:mfJ

~l'lH~ 2.1 f)l'H'l~(11tf'~'UtFHlI'YlU~lItvJl'llii'W (Forensic Science International, 2009)
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ihmCl~L1J'VlUV1JLvJl'l1ijlJ'il:::!~lJ~'I.J'~llJ1Jffff1'J:::.fl1fJllJnm 20 lJ1Vi 'Hi.:J'iJ1mff~ i~tJ..r'J 1tJ

,j~:::1J1tu 20 - 30% 'lIV.:J,j1"lJ1Wtn~i''l.JL~11,j UV1J!vJfl1iilJ'iJ:::\lfl'\l'I.J6tJfl1J11lJ~,jL~1JUCl~f1Jfl~~'I1~

L6iilJvtJfltJg'lJ~,j'\J6~m~g,j~1f1aC'l:::m~!'l.JlJ 1Cl16f1 UC'l~LtJgtJlJ~tJv~llJ lm~ff~N~iiflQlJ

Hydroxyl UC'I~conjugates ,j~:::1J1tu 25% 1~!lJVll'I.J6h", (Metabolic Pathway) '\J6~UtJ1JtvJl'llijlJ

(~hirfl~llJ ~tJ.:JOlJUC'l:::tJ11'I.JtJ111JtJltff~~~, 2553) ~~.fl1~~ 2.2 51'l~lff'JlJUCl~'\JlJ l~'\JV~fIl~.;r'I.J

LrltJ1'I.J,j1~'Vl1lJL1J'VlUV1JLvJl'lliilJ1lJ,j1lJ1tu 2.5 - 15 lJClilfl1lJ .fl1vilJ 2 i''J llJ.:J 'iJ:::'Y'f1J

llJ'WCl1ff1J1,j1111tuff~i1~ 30 - 170 lJClilfl1lJI9ltJilm UCl~fi1f1~~:j$1fl1lJ~Cllff111mJ1lJ'lh~ 8 i1~ 12
'" 'U

i'J llJ~ l~v..r'J ',jfl11lJ!~1J~lJ ilJtiitJ~~'}h '1lftilV;1fliifi1ff~fl';h 500 iJC'lilfl1lJl9ltJill'l1 UtJ1JLvJl'll
'"

ff1~~hvJ~~lJm'l:::C)l1~~!vJ~~lJ!1JlJ ff1'J~ii~l'l~ 11J!ClflCl!'l1ijtJlJOlJUl9liiffl'l'J1m .:Jff~1.:J
q,t 'lJ q cu

jI - I ,

'Vll~!fliiI9lNolJ (diastereomer) ~~irlJ~~tJ 11111",*U'VllJViolJ 'llJ tJ~n1V1'Vll~!fliiVi'l",*llJ fIl'Jf-lill'l!lJ'Vl

lItJlJtvJl'lliilJ (li1U 'VltJ.:Jh'iJU ~h:::ffflt ff1ii !tCl~lJ1tn tl1UfllJ,2553)

metham phetam ine

ephedrine

OH

'J} .:: 'J} "1 'J} '''' '" «! '" d '1 'J}2.5.4 Emde method 'l'lfff11Vl.:Jl'llJ (precursor) l~afl mvJmlJ'I1'H)~l~mvJ~~lJaCl~ lGJl'

~flii.fitucvl~l~1JlJ ~'H1JlJ~';l'vi1Cl~Cl1fJ5lJ 1~ttfl 1'VlhJ'WClflClV1~~aCl~~,;lti .:J,j~m tntflii i~url
lI'W'HCl!~fJlJ1ICl~U'tH~fJ1JcMCl!vJVl

methamphetamineephedrine

HCI04,H2,PdlBaS04

OH
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UtllJ!~ 19l1ii'U~~iJtJlJl9l'j 1" 'YI1~iJ b1'ffl1~

b1'l'jllJ'VlU'OlJt~\PIlli'U,,~t~lJ'W1JL~l'UiJffffl1~fl1tJ! 'U 24 i'11lJ~ 'I1~~"lfl~f1J,j'.i~'Vll'U

" ... .,f 001 d w ~ _ 1 '" 'I
eJl1J1'11'j tlb1'l'j tlflflq'VllHlJ'VlUtllJI1119l1lJ'W"~\lfl'lJ1Jtltlfl'Vll~u ffffl1~ u'j~lJ1W 44% "~\lfl'lJ1Jfl nn & 'U

~,jllJ'VlUtllJt~19l1ii'U1t~~1J1~~h'U\lfl'll1Jtlenl 'U~,j~ \lfll,j~ eJ'UU,j~'lti:J'UUtllJ I~ 19l1ii'U,j'j~lJ1W 4 -

6% U~~ 4 - 'g~l'.itlfl;tlJ'VlUtllJt~19l1ii'U lh~lJ1W 10% ffl'1111J~!~~~'U~I'lf'Ut~eJ1ti'U"~\lfl'll1J'O'Ofl

!'W'iU'lJtl'l~t~~~'U ,j'.i~lJ1W 55 - 75% ~h'U~1eJl~t'I1iitl":;~flI'tJ~fJ'UUU~~U~~'ll1Jtltlfll'U~U'lJ'O~<\ ~ ~

Ut){~I~~~'W m~!1J'W lG))'uf1u"~m~~,j~~f1 ~~fl1'W~ 2.3 !rltl!ff'Wtll!1J'WU'.i~~lffllJ1'j~\Pln"'Vl1J

b1'1'.i!lJ'VlUtllJ!~19l1li'Ul'UiJb1'b1'11:;~'j:;~1Jf111lJl.iJlJ.iJ'U'j:;w,h~ 25 - 300 LlJlmflflJ~tliJ~~~I9l'j

(11'VlTi1ml1 1'jl'l.4fl'fl1fJ~, 2553)

'JJ

anni 'Wl,j!~hJ'lJtFHt'OlJ!~19l1ii'W~'W'OgtimnllJl~lJm~ - ~1~'lJ'O~tJffffl1~ li'ltJ b1'b1'11~iib1'fl1'YH~U

~1~UtllJ!~19l1ii'W"~\lfl'll1J'O'Ofl ,j'j~lJ1W 45% ftlfJiU 24 i'11lJ~ u~~'Ogi'W~,jt~lJ 2% li'liJffb1'11~ii

b1'm'Wt~'Wm~U'OlJt~19l1ii'W"~~fl'll1J'O'OfllJli1~ 78% ftlVi'W 24 ~1 llJ~ ~~ 68% mltlJ'j,jt~lJ l~'O~~ ~ ~

"lfl U'OlJ!~19l1ii'W~ ~ fl'll1J'O'Ofl'YI1~tJffb1'11~1'W'j,jt~lJii,j~ lJ lW~ tl'W.iJ1~ff~ ~~,f'Wrns \PI'.i1" mrns~ ~ ~
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.
'" ""'" "1 tI •.1 '" 'I tImnn 2.3 11HlJIPllUV lf1IPl'\JV~tlJl'lUfllJtl"lmlJ'W l'W1J'IfiW (United nations, 1995: 61)

4-HO-Amphetamine

as Amphetamine

~NHCH3

V I Aromatic hydroxylation

Methamphetamine ~ NH2

as Amphetamine

~NH_2 _

Amphetamine

.:l .,,,,' "1 tI • .1 '" 'I tI
mrm 2.2 ltiU.J\9lllHllf1\Pl'\JV~UV1Jtl"llPlllJ'W t'W1JtfW:J(United nations, 1995: 60)

o

~_O_2H ~NHCH2C02H

Benzoic acid
Hippuric acid

4-HO-Amphetamine

Glucuronide and
Sulphate conjugates

Pheny lacetone

o+'.
1 Major metabolic route

~_NH2-:--- ___

V I Aromatic

A h
. hydroxylationmp etam me

Norephedrinei~_hYdrOXYlatiO~idation
Glucuronide and
Sulphate conjugates

~NHO_H __

12
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m':ifftl~ (Extraction) li1'Wm'i~~lVltYl'i~~V~m':ilJ1Vvi'U~1ffn~ 1~tJ\l:;~'Un'Uff11~Cl~ .
, "

'Uv~rn sns ~\lltJ~ 1'Ufl~~1\)n Cl~Clltf'i:;'I1'll~lvJ tY 2 lvJffViill'i 1111i1'U111m~tf1n'U L'YIflUflm'i ffn~ '1'U

;J\l~,j'Um\lutJ~~llJLv.Jff'Ue~~1fftl~ '~LtJ'U

(1) m'itYn~~1mvJff'Uv~l'I1Cl1 (Liquid - Liquid Extraction: LLE)

(2) m'Jfftl~~1mvJff'Ue~U~~ (Solid - Phase Extraction: SPE)

, " , t

ms ltJ~tJ'WUtJCl~'UV~Lt'J~Iuuu 1~~~ lntl'UVirY'YI1~nl'ilAiltJ'UVi(Field Flow Fractionation)

1mlJl1'Y1ml~ (Chromatography)

vl~n Ias lvJl'i~tY (Electrophoresis)

~"1 1vJeu vJ'JfI-H'U1'W'if'W

I "

Tl1111!1~nl'i l~'UV~m'i Cl~Cll tJi 'W'UV~L '11Cl1'lfU~Viill!i1'U111e
1~tJ1tl'U

mllJU~n~l~'UV~m ~m~-nl'UV~ ivvv'W'U'U

IlJ " ...tVVV'ULvn9f11'lf'W(Ion Exchange Resin)

ml11U~n~N'UV~V~':ilmilfl~V'U~'UV~ffl'i'U'ULvJtYA~~

fl1111u~n~1~'Uv~m'ilfliv'U~'Ufl~tYl'J i'U tY'U111'lvJ~l
A1111u~n~1~'UV~U'i~m:;-nl '1'Wnuunrs ~'I11V

fl1111ll~ nl'i 1~'UV~ms Cl:;ClltJ'UV-l tY1'iil'i:; n V'U
Tl1111ll~ nl'i 1~'UV~ms Cl:;ClltJli1'Ui fl'Ue~ffl'J il'.i::n U'U

m'.i~n~:;nfl'U

m'.iml'W

n1'itYn~

ctct
1Iifll'lUtifl

I ~ ,,".., ,,,': "_1 ~ .,;..1 .!t l.,j '" w "
tY1'U'I1'W~11tY~tY1'UtlJCl (L'WVtYl'i) 'UV~V~fllJ'i~ne'U'I1'W~l'Yl11'U'U('I1':iVlJlnml) 111VL'YItJ'Un'Uu~Tl

, "
tJ'i~nfl'U~'U'1 '1'W'Ue~~tYlJ~~~'W(fj'Wv'li'Vl.jCltY'Wl'YIrYm'iiitJfffl1iitJ11l1~'lfl~, 2553)

cv a..del 0 tV C. & ~
m~~~1~1~'Ul~L'YIfI'WfI'YIlJfl1111~11'Yl1~n'UtYl'i'lf'W~'I1'W~m\l\)m'UnTU\l1f)tYl'ifl'U'1

L'lf'Wrrnrumu (Interference) 'I11flLlJ'YI1nCJf(Matrix) ~lil'Ufl-lfitJ'i~nfl'U'1'UtYl'i~1ethn11i,ri~
'" 1lJ_1 .!t 9) 1lJ.1 & 9) .,; '1 dtYtytyl~nJ1n tlJ'I1'ie'U~w ru \l~~fl-lLwntYl'i'i'Um'Uflen\llntYl'i'YI1'iltY'U t\l (analyte) msuen flU

m::'U1'W m'i ~'Y'hi,r'Ufl~~tYlJUtJ~flflmil'Uedl~U V{JtYfl~ri1'W 1~tJiJv~fitJ'i~nu'U~l'il~n'U 1~tJ'1'W
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B = phase ratio; Vorg / Vaq

(2.2)
K/3

(1+KfJ)
E = norg = Corg~rg

no (COrgVorg +CaqVaq)

" " "3.19i~V1~H'1..rlvJff'l.Jfl..:!m~111..:!2IvJffIWf1tltlO\l1f1fi'U

2.7.2 1.h::~'tliill'l'f'UtHm·nJnVl (~'Vl1i:fm:11 1'j1~f'.!mfJ~, 2553) ,.h::ff'Vlnm~ 'l.Jfl..:!

f1ldfffilPl (E) 'I1~fl Recovery (R) ff1lJ1'j()fi1'W1Wi~~..:!fflJf11'j~ 2.2

o OJ GI 't" QlO ~ 1:1'" d.ffl'11'J1Jf11dfff1~ ff1'j~1f1'W1fl1Vm'Vll~::mfJfl'U 'VldfJm x, 'l.Jtl~ff1'j'Vl'lffl1J~::me
, "

'1'UI9i'TYh~~mtJv'U 'Vl~V~~~..:!011 ff1dVl'l1fl1J~~mfJ '1'UtJ 1
" "'Ii'UlPltl'Ui'Ufl1'jfffi~~1mvJff'l.Jtl~m~1ij ~~;:j

1. L~11I9i·;I'Yh~~me.i'l'Wffl'j~::mV~~fl..:!f11'jfffifl

(2.1)

,
~lfl~Vlff11~~'l.Jfl~f11'Jm::~lvIPi'1, x, ffld~::mvVl~::mvi~~'1'WI9i'Tn1~::~lfJ

~ ~ tI .et cv 'd ~ 91 " I

fl'W'Vl'W~::lJf1ldm::~l1fJIPl1fl~'Vl'l1'U organic lJ1f1f1'h~'WtJ 1 U~::'1'W'Vll~1PlNfi'W'u'llJ'1hH:f1Jffl'JVl
"~~mfJh.J'j.hi~~

~ d I1'd\r) lei ~

fl'U'VldtJ'Vl&1111'IJ1(organic: org)

2.7.1 flT'HJnVl~';1l1!-W0''UfFln1t11(l'fVl1ii'm:11 1d1~f'.!mfJ~, 2553)

flldfffifl~1mvJ"HJtNI'I1~1 (Liquid - Liquid Extraction: LLE) LtJ'Ufl1mfJf1ffld~

~fl..:!nrs~1f1ff1 'j~ ~~ 1fJ~1mvJ ff'l.Jfl~L'I1m ff11~~'l.Jfl~rns fls~~1fJI9i1'l.Jfl~19i'1\] f1~~ ~ res~'I111~LvJff
,~ ~

'l.Jfl~L'I1~1 2 'l1ijflVli";'j111ltJ'Ulil~1I~tJ1fi'U "i1'Uhyt\li~Ufh.11 (aqueous: aq) u~~19i'1.yh~~mfJ
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<N 'I' i ~I ~I ""... QIunff tfl11l1 'Vlnnl'~ (Gas Chromatography: GC) lu'iH'Vlfl'UfI'Vlmm~nlJf11'juvn U~~
.Q ",. dd 11]" ~ W<j Cj ideS 01 ~ docvltfl'jl~'I1ftl'j tllmfJ~t~n'Vl'j~n1 tJ t~ lmu-:)unft tfl'j1l1 t'VlmlWll'e:l-:)flll'j~n'e:llJ'Vl'iJil'U'Vlfflflty

3 ril'U '~Utl ril'Uuml1'J'iJti-:)lJ'j'j~Unft'Vll ril'iJ~ffV-:)L1'J'U-H'V-:)f1llJfJllf.Jru'l1fJiht1U~VlJ~iiri1'U~~
v

ftl'j (Injection Port) f1u"'mrUt'l~lPll\91'jl~1~~~IPl-:)U~flltl''U'Vl~'e:l1lIPllf1llJi'J1lf.Jrul1tJihm~ri1'U~~

q '"1'VltJlfl'lff\91'j,2553)

...
fl1'Vl'Vl2.4

QJ ~ ttY ~ ') ~I 31 ~ e1
2.8 't'Iimfll'J'VtU!lUUmUfI'1'IJH'fIn'Hn (Gas Chromatography: GC) (Ull'U U111ft'Vl1iUt'l:::

V111 L'Vl'lf'jftll,2553)

• v •
1l~1l1rui11l1nwhm'j ftn~t-w Vl.lfI5 I.IL~tJl~ lVIPl1111~:::m tJi1iill~1l1\91'j'j 111L'ViIn'U

QI liJ ,.1 QI 91 'JJ t 91 "I QI I

ffn~ Recovery (R) tll'U'UnlJmlllL'Ull'U'U\91.:j\91'U'UU.:Jffl'it 'Uffl'j~:::~1t1\911'e:lVl.:j

v. •
1Pl1801.:JUlm'jLii8nlPl"J'vht'l:::mvi11):::1l1ftfi~ '1cM'I1~nm'j "like dissolves like"1l~1l1ruftl'ji1\1nftfi~
.1 QI

'U'Un'Ux, Ut'l:::13
v

ms ftn~ 1~vm'jmhll~1l1\9'}'j1Pl1lh~:::~lVftn~'I1~lV"l f15.:J~:::ftl1l1'jfl ffn~ftl'j '~'1 'U

f)l'jftfi~~1myJft'U8.:J1'I1t'l1 iJtJll'cMftfi~ftl'j non - semi volatile organic compounds it'!

(2.3)E
• v

ff~ri1'U'U'e:l'Hn'ji1f1nftn~ (E) 'I1~.:Jm'jftn~ n f15.:J.,
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I " , ,
.d w " 'CI l.1 .. J..:!t q.d f Q,I''U8'1HffllOflt'l1'WtJ1'J'IlJ1fl'WVVU~f1~l'lf)'W ru LlJU'I1J1f)fl11lJ'ff1lJ1'jOt 'Wfll'j~~mt'J'VlU~fl~l.:jfl'W..

'ff1'J~'Iff11f1'j O~fltWfl8Uf)~1f)n'W 1~ ~'lff1'J 1fl~iifl11lJ'ff11f1'JO 1'Wfll'j~~mv '1'W1{)f11flfl'l~1f1f)

f)';hn'\)~ 'l'*nm1f1flf)':h 1'Wfll'jLfl~VlJ~ 1flVL1m~'ffl1UlPlrl::;'lfiJfl 1'*'1urns tfl~VlJ ~ ,\)lfl~flt~ll~'Wil'l

~fl ~fl ~ 1t'J1JlJ1{Jf11flfl'l~ '\)~u~ fl~l'l n'W1tl ~111~ f)ll ru::;1fl1 .:jff!l'1 'Vl1'1Lflii'U8'1ff1m~~::;'lfiJ flU~::;
- ..PI I , Q.I.d. d , d I ~ d QI ~

t1J'Wfl1m~1::;'UU'In1m~~~~1L'Wflt1m'W11nm'Vlfl'lt:J~11'jtJnmn'VllJ'lf'W (Retention Time 'I1'JU tR)

(h'J'j'JU! t~flfffJ~ 1'lftJ, 2548)

fl'J~'lJ'J'Wfllnwf)v'I~'lh::;fl8'lJ '1'W'ff1'JHfflJ~'JmflttJ'Ittfl'ff 1fl11f11 'Vlfl'J1YJ t~ll,\)lfl

Ufl ffV'll~ ,H11'11U'l~ t'tllJ 1{J.fllflLfi~ 8lJ ~ 1'11~V8fl~ If)t1'l'lJ 'j1 ~Uflff (Gas Cylinder) 1flViifl1111~ 'W~
•

fI'J1JfJll lflV~1f11'lJfJlJfl11lJ~'W (Pressure regulator) '11"'I'\)1flirlJUflffV'l 1'\)::;L'I1~~1'W~1fl'JV'I
I ",. , ,

(Filter) l-wmh~flfl11lJ~'Wu~~ii'll~mJ'W~'W~ rim.JVi,\)::;1'1i'1~ri1'W'U8'll1V'lfl1'lJfJll~rul1tJiJ li18'ff1'j

~'JUd1'l~f)~ flL'Ii'l1illu ff1'W~flff111fltJ i,*1~1l~ flff11~1Vd1'l (Syringe) ~fl~18d1'l~1'WL'ffV'll1lJ ~'I

fll'j\hff1'j~1Ud1,:j~ flt,r1 1tl'1lJlf1tU'IUflff 1fl11f11 'Vlfl'J1VJ l~m;lfll'j1Lm1~..rii11i~Ll~f)~1,:jntJ Ltl

utl' 1U~ 'lfiJfl'UV'l 'ff1'J~ 18d1'1U~~'lfiJ fl'U8'1flU"lltJ 1flV~ 11,j ff1lJ ~ fl 'ff11~::;ii!flt V'l 'h1'fl111l! U'W

(Heater) tl1::;flU'lJVd~1V l~m11'111'ffl'j~1Vd1'l'j~L'I1tJflmm~tJ LU lflUiil'ffV'll1mhHU'l~'1tJfll'J
'". .

i1t:J'ln u rn 'j f 1'U8'lUflffV'llU~::;'ff1'j ~ 1Vd1'1ann'\)1fl'J~'lJ'lJ tJ Ufl'\)l f)i!ff1tJ ~ flff11 1lJlI1J '\)UtJ'\)::;iivi8q

1t~1fl~ 1'1 (Liner) 8~flltJ ilJ 111'11U'l~t1~JlJ~Hffll'UV'lUflff!lrl~ 1 tl'ff11 i11'111lJLifVl~ tJ11m::;~tl'lnlJ ~ 'l

ernhn 1'lf'W~mff1:l1ffV'll11l~81'iJm:)flU8f)1l1 ~fl~'lI~Utl'W llJff11~1Ud1'l~hh::;t'I1mtJlJ 1tl 111itr

LoU1tifl8"lltJ 1flvviUU~1~'1fl~ 11iifll'J 8UflU 'lJ1J'1trii ltl'm '1lPl1'1~ ~t'I11f1::;ffll n1J ltlu 1J1J'lu rns ~ fl

ff11 ltlu 1J'lJ~~h,,;ty'Uu.:jfl1'J~ flff11 1~uri ff1'W~fl 'ff1'Jff1'11f'lJf111~ flrnsu 'lJ1JloU11111fl(Splitless

Injection) U~::;ri1'W~flffl'jU'lJ1J1Wflff1lJ (Split Injection) (1nnru l~flffflrl i'lftJ, 2548)

" I I I

-alJ~'Vl,j (Relative Solubility) 'Uu'l'ffnir'W 'llJU~~~1{)mfl djV'ffntl'j~f)fl1J 'llJ'UV,:jHfflltfl~VlJVi

I Q.I d ,. #:! Q.I Jt.d 0 1;1 • 1!J) I c,I.J ?t d'... 1 1
Hl'W1{)f11flfl'l'Vl tfltJ1l1{Jfll'fUfl~V'W'Vl'Wl il '\)~'Vll 'I1ff1'Jtl1~fl8'lJU~~~~1'VlL'1J'W8'lfllJ1~fl8'lJ lJ

l~w~1fl'J1f11 'Vlfl'J1VJ'Vlfl'J,jU1J1JL~tJd,rfl.:jn1Jfll'J Ulhff'l'I.J (Partition) '11~nmsu ~flU~.:j (Distribuq ..

tion) 'Utl.:jff1'J,j'J~flV1J'lfl~ 1'W1{JfI1fl (Phase) ~u~fl~l.:jn'Wfftl,:j1{JfI1fllflt'J1{JfI1fl'l1cl.:jl1lw1{JfI1fl

~fl.:j~ (Stationary Phase) U~~6fl1{JfI1fl'l1cl.:jL~'W1{JfI1flLfl~UlJ~ (Mobile Phase) f)1·W1].:j~llJ1'W
..I 'I I IV ~ , Q.I J IQ,I

U~~fll1 U~nu1J'l'UV'lff1'j lJ 'j~f) U1Jtfl~ 'j~'I111'l1{J fllfl'Vl'l 'tIU'l ,\)~U~ flm'lfllJ'UlJ U~fl1Jfll'j ~~ m v

2.8.1 m~'Ud'Utn'iUrJfl'tIl'i l~DU;l~ij.:u,n'tIIRnlllt1ml~

ufI'fflmm 1'Vlfl'J1Vh~'W1,jmJ1J'I1cl'l'Ufl'lfl'J~1Jd'Wfll·HWfl'ff11'Vl1.:jlfl'Jll 1'Vlfl'J1VJ.,

2.4
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.:t ,
2.8.3 m1il~il'11UtJ'lJ"tJflil'lU(Split Injection)

ff1'j,r,)fld1~~\!flii ~l.u1~ri1'W ii ~ ff1'J ~11fJ(lnf .fJiJ,,!~ 'ilg;'J:::mtJflftlfJI ~'W'lV1~_tld1~
'j,)~l~,) 1~tJitl'IJtl~ff1'JriTU 111q)'il:::Qn'Vl1vf~tlVfl11.11 'U'lJw:::~ltl'IJV~ff1'Jflflri,)'U11i1~Qn'Vm,h'U,.u1

~flV"1Jl.r "H'Wfl1'Vl'IJtl~fl1'Ji!~ff1m'lJtJ,.u1111J~"ff~'1 ~~m'Vl~ 2.6 vm1ri')'W l'Wfll'J1Wfl (Split
" "Ratio) ff11J1'Jt:ltli''lJ\9i~111 t'lf'W250 : 1 l1lJ1tJfl111J';h 'tl'IJV~ff1'J~:::Qfl'Vl1Vi'lvtlfl 1il 250 ri1'W ,.u1~

fltl~1J\r'WtJ~ 1 ri1'W rrn i!~'ff1'jUtJtJrl'1111J1:::ntJff1'j~iifl111Jl.u1J.u'Wff ~ ,~vilv'In'U ~hi1M''ff1'J1.u1ri
'" '"

..:t '.od dod ...1 cS v
iIl'W'fl 2.5 ff1'W~~ff1'J'YI1JtU"tJtJm'JQ~ff1'J"'lJ'lJ1'lJ1111J~ (Sheffield Hallam University, 2553)

2.8.2 m1.n~il'1'IU'lJ'lJ,.ul'tnJ~ (Splitless Injection)

"11m 'JtI~,)l" ')1 'U 'J::;11';h,m1'Jij ~'ff1'j ~,:nr'W'ff11,r 1tld1~ 1)::;mmJ1rJ'Witllm:::\! fl'Vn

t 91 f Q.I <I~ <iI do 1" Q.I .do tI ~ ,,~
f:'j1'W1'lJ1'fffltl"'lJ'WlHl1lJ~L'WI1"'TYlmm..l~ 1 11"'~~lfl11ftl'Y1ml1'W~11"'1'il::;lu~Vtlml"'1Uflff'Vl11)g;

'"
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'QI <lid I ~ Q,I" "'Q.I Q.I ,::,. Q.I .Jt
1mn 'W~~ 'Yln~ 'nu 1 llJV 11'11esn 'iJlnfl V~lJ'W 11'11'il~\l nVn1 'Ul~1'I '11'11'1'il'1~U~~1f1~ 11'tytylW 1'WV~ 'ill n

1..1~mtil'll V~ 11'111'W1911~11~rl~lm~ii n111J''WYinn111'1 V'U11''WV~'UV.:JI91'11'111'il1~lVitJ'Uti'Ul1m 1~w
ml'rlu11'~.:Jfl'11lJ-fflJ'W'W,r1~wh~thn11I'1V'U11''WV.:J'Uv.:JI91'1l'1n'iJl~~nm~h~'1 1~tln11 lfl1lJll'Yl

unsu (Chromatogram) ~.:JfIl'V'l~ 2.7 1~tI-fftyty1w~~n~11'iJ~\lnff~ 't1J~lfl~V~t11~lJ1~~"U~~ln'U·

". .
'11rr.:J'iJ1nlJ 'W11'111911V v1.:JVi11'1lJl'H11 ~1'HtIL~1'W~ W'HlJiJVi n1'H'W~ 'UV.:Jff1'Wil ~ 11'11 'il~\l n

. 'l v ''l .d ~I t>I 'l ' ... t>I 0 V "IA I' '" 0' 1 "I .d ,'Vl1 'I1V~ 'W11'fll1~'VlhJ'Wl1f111' 'W'lfV.:JQ~11'l'Hl~~\lflUmfvnWll'Ul L1J~flV~lJ'W ~tI LV'Ufl.:J11'11'Vl~l'W
"'''1 Q..It/.Q ,J ~ 1 ..A.cd CIt! 1 QI~~t

l'U1 lil'l 'WflV~lJ'W'il~lf1~n111Wn'U'W 1'WV.:J'iJ1f1l'1m 'Wn111fl~V'W'Vl'U'WflV"lJ'W 'UV.:J11'lm~ ~~m'W'W LlJ

il1~~ 2.6 ff'1'Wii~11'11~ijtt1m..J'Un11il~1I'U'U1WmY";l'w (Sheffield Hallam University, 2553)

'" ..tHlftlJtl

&~=========--t"~ l1n'ffYilLLft::9i':It!d l~~ \ln~~'1ri
t!t!mmllmhtl~~ff11
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" ,
(Peak Area) 'UtI'IffnU'WU'Vl'Wf111lJb!'1'UtI'I~tlJtlJlfll1J'WUf)'WY 'l'Wm~l~1rhU~Cl~tI'Ifi''lh~fltl1JVi

"uen iIPi'1l1fl!'VlfltlfllmlJl1 'VlmlVJ!~'Wff1'j 'l\Pl1l~~tI'IiiffljlJ11>1)~1'W'lftl\PlU'W"1 lJ1!mfJ1J!VifJ1J1~t:J

'tnfftl'l1~flf)l'j ~ 11 'ffl1')foW~L~hJ1tl'W'il~, ,r~hL1&l1~L'Vlui'W!vhtl'W!fflJ tI ~ffil1d~fl11'Vl~ &ltH!~entl'W

"

"" lI) 'j/ <I. 1 'j/ "" <:Y <r <r ~I "" '" '<r <r~Cl'Vl!~1l1flfl1mfJfltl'lfl1Jl~fltl1J~1m'Vlfl'WflUflft' !mlJl !'Vlmln nnerrn !flllJl!'Vl -

unsu ii~fl1:Jfll~!~'WmTVJmlmYm1'W£l~'yrh~nm (t) 'Utl'lf1l1!fl~U'W~'Utl'lffl'j1J'WUfl'W X UCl~

tl~1J1fll'Utl'l~tlJtlJlfll~iIPi'1l1f)~11>1'j11l1~ fll n"l'l1rl'l"1 1J'WUfl'WY 'illfl~1mh'llmlJ'l1'VlumlJ~

Uff~'1i.'W~tl2.7 nm~!'Vl'Wi'W (tR) 'Utl'lffl'j A fit!nm~ff1J A 'l,*'l'l:Jfln!fl~tl'W~1l1fl~~!~lJI,r'Wt)'1~~

,,!~~lfJ1J'W1tlfl1flfl'l~'Ut!'1fl U~lJtr "h'Wnm~!'Vl'W'l1'W'Ut!'1Utlff'Wl'11~tJ tM tit! nm~Utlff'Yn 'l'*''W

m'j! fl~ u'W~~'1mh1 ~'1tl~lJlW 'UtI'I~tlJtlJlru ~, IPi'mnrns 1>1U1Jrru t1'1'UtJ'I~11>1'j 1 'il1~ fll ne I'll d'l "1
es I ~"j 1 a.o ... I~ .a !II v .d Q.I

1J'WUfl'U Y 'il~lJmlJlf)'I1H)'UtlfJ 'U'WtJQfl1JUllJlW'l11tlm1lJ!'UlJ'U'W'UtJ'Iff1'j'VI~fll>1j11l1~ fll nm

"., <9. '1 'J) .,. • I"" <9 'J) 'J), '"
'U'U"1 'il'l'Vl1 '11ff1lJl'j tu'Vlt:J1J'I111J'jlJ1fll'l1'j t1m1lJ!'UlJ'U'W'UtI'Iff1j ~"1 'illflfl11lJb! '1'Ut1'1fftlJtlJ1fll1J'U

" .
Uf)'U Y 'UtI'Iff11U'W"1 iIPi' mh'l hfiI>11lJti1tJ'I1l1f)fllju'W'im~1l1t:J'UtI'If)~lJ llJ!"QCl'UU'Iff1j'lfij~

'11;1'1"1, 'W'j~'I1'h'lml !~'U'YI1'1fh'Wi tlI>11lJ1Qfl1f1f1'1~J'W!n~;f'WmlJU ~'1Vil1 ,rtfi~'lf'Nl~t:J~ncn' 'U

d ~ ~ , Q.I tl9J IQ.I Q,I" iI Z
'Ufll~n ffl1 'I1'W'I"1 !1lJ tIen 'ill flff1'Wtl Cl1t:J'UtI'If1UCllJ'U!'Ulb!1>111>111 'il1~ 'il'U !lJ!ClfJ""!~'Vl1t:J'UtI'Iffl j 'U'W

'" w ~ ..,; <I. 1 ~ '" & '" ""i 'J) 'i 'i &~f)l>1n'il1~ ~~'U'W!lJtlff11tl'lfl1Jj~fltl1J'I1'U'I"1 ~f)1J'W'Vlflft'tlJtlJlru HCl'Vl~1J'W!f11lJl !'YIUmlJll'l
" .

Uff~'1eenuu i:J'U~fl1:JW~.wfl (Peak) ms 1!f1s l~Mi;'1 tl~lJ lfll 'UtI'Iffll ~'1~fltl eu '1,*fll~'W Vi'l~.wfl

2553)

fIlVi~ 2.7 lmlJl huttl·nJi1hJ~iIPi'1l1flf1l~1!ml~...rIPi";ItJ!'Ylflijfl!!tlfflmlJl1'Y1ml~ tR fit!

ncn~!'YI'Wi'W tM fitl !_'Hn~Utlff'Yn'l,*i.'Wfl11!fl~U'W~ (lJ'I111mmlfJll'lffi'{]ffflCl'Wm,

CE: tR
~(""
r;;>
("" ..""s: ~
(""as:
'7
(0)
i?
'7
(0)

]\;:t
\C

tM;::I
(0)
s:
""r-C

L1ftl

•
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1ll'W~ 2.8 1P11~11'il1~U'lJ1JLl'lmJ'lese i'Wl9fcM'W(Sheffield Hallam University, 2553)

Column

HydrogenAir

Polarising Voltage

+300VCoil

Collector electrode
Flame ignition

JI cl o. ~ ~ ... "
'fl.:jtT'Wms 'Ylriuriu 1~ 11 A'Y1 'Wi''W'UtHffl'jLl1::m)'lJu~ ~::'lfij~ n ffllJ 1'j fI'Wll.J1m'lf'lf'WfI'UU'l ffl'j lfl

I~ z : 1 1 ~d" oJ 0'1" IU~U'WU'l~lnU1.:jm'll'lfl'IJU.:jffl'j'lJ'W mlJl l1umlJ'W'WlJ'U'Wl~f111.:j (Board) 9f'l'il::1111'Hfl11lJAUJ'W

rJl'IJu'Ifiln~11Al1'W'i'W"'fI~.:j fl1'jl1f1~U'lrl'~'1 '~L1'j::~nl'i'mflilflunff 1mlJl i l1mlfJ 1'Wfl11

11m 1::-HI9i1Utll'11lJl1UUlJ ll'l~l1ii'W1'Wi:Jffffl1:: 1lifl1'j 1Am 1::-H'Huu 'VlUUlJLl'l¥llii'W '1{1~un1 '*19i1

¥I 'j 1 'il1f1'lfilflll'l~lJ' UUU, 'WA9fcM'W LdU'I'illmfl 'W19i1¥1'j 1'il1f1~ m l.J1::fflJftl'Hi' urns 11fl11:: -Hffn.. .
fl'W1116 19i1¥111'il1f1U'lJ1Jll'lmJ 'UUU , 'WA9fcM'Wiiunff'~ 1fI'j L 'il'WLiJ'WL'Mun~il'lLm::U1fl1ffVi~l'WL.,j'un

o ".d I "'" C')I II) 1 I 'I" C')I.d , "" "'_I'" C')I'il::'V11'H'Wl'Vl'lf1{Jfl111Hlt'HlJ'UU'lUnff 1~ fl11"''WU~::'lf1{J111'Wlunff'VllHl 'HlJlm1UUnl unuunrrm

iflmfl~U'Iuti'ff 1mlJl111mlfJffiJ{J 1mJ1 ,*fl11~~ 'l'l~1tJ 'l'lvh Lrluff1119i1uUl'l~UUnl.J1'illnflu""lJ.u

1.,j'1~ILl~1' l'l'il::v'h l,rffl'j Ln~iuuu i 'Ul9fcM'Wil{lfl'Wfll~n¥l'ju'Wu~:: iuuu'W'lJ1n lf1tJ 'uuu'W'lJ1n'il::
~ ,_I'" .. d 1 0 'I "... ",.1 I 11]. I'" .. d '11'1 utJ'lumn 'Vl'j~ (Collector - Electrode) 'Vll1111f1'Wff~~lru'U'W Lm::'il::\jnff'llU{J'IUmnl'Vl'j

iiLI'lu{u~::Qnu'WYin~u ill ""nllru::'lJu'l19i1¥111'il1~'b'ilflll'lmj 'leae i 'Wl9fcM'WUfffl'l'fl'liLl 2.8 .,j'u
.. ..

tlBu~1 'Wms 1,*1P11I'ln'il1~'lfilflLl'l~lJ iuuu i 'Wl9fcM'W tT'Wfl1119i'lfJru11tJij'IJU'l19i1~'j1'il1~ 1,r ~ -mil
o • ,tJ tJ •

100 C l'wu11u'ln'W rns n",,'W19i1'UU'Iimh lf1m~'Wl::ffl11h::nu'lJfI",u1'Wfl1119i'l~ru 'I1.f1iiViff'I 1'W'n::" " " ..
H"'fl111Hl 'mr'il::vh 1,rlnflfl1'j~n~t:l'U '~~l{J lrJ'WH~l,rff.f11'Wi1'IJU'l19i1¥1l1'il1f11fftJiLl 'Wun'illnil

~1i'*fJru11tJij~l ffl1'lJl'11P11'il::lnflfl11 lHl i 'I1~,jfflJ\l·.jQ! v'h 1,rlnfll'IJ,jlfJ~I9i'Wll'l"'lJl'il'Vl

(lJ'!111'VltJ1""tJl1'lffi{}ffn~'WfI';j, 2553)
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,

V FtR

(2.5)V m + V,KdV m (1 + k'.)Vr

.. .
~1f1ffllfll'.iYl'W~1'Wffl'l1i'1Jf1'.i~1J1'Wfll'.ilmlJll~f1'.i1WVi!1fffl'lfl1111tlllVi'Wi'Ufl'lfi1

tJ1111191,)~l'Yl'W'M'W(Retention Volume: V,) n1Jfi1~'W'1 ~fl

Vm tJ1111~'.i'Ufl'l1tlfl1rHfI~fl'W~1'Wflfl~lf'W

[X]s ml111~lf~'W'Ufl.:Jff1,) X 1'W1tlfl1f1f1'1~

rxi, fl11111~1I~'W'Ufl'lffl1 X 1'W1tlfl1f1!fI~fltJ~

x, fi1f1'1~ 'l116 tl1JtJ'.i~~'Vltfll'.if1'.i~~1t1'U6.:Jff1'j X

(2.4)

.. . .
~1'W1'Wllfr:l~'1'l1l1f1'Ufl'l~l,) X 1 'W1~fl1f11f1~fl'WVi

.. .
k' = ~1'W1'Wilfm1'1'l111f1'Ufl'l~1'.i X 1'W1{)fl1f1f1'1Vi

, ..!I <=I ..... _I. ~ 1I)!lI~'';' ""2.9.1 m'HNOijlt'm'H't1'U'lf'U (Retention) fll'.iWJfl~~lJ'j~~1J~r:lffWH) t~fl\'l'emH) ~l'.ilf
, I I SI f(

~191,)1fl1,)1f1~fl'WvHlul9I f1vl1~n'Wfl1eJ1'Wflfl~lftr ~~t1'W~1f1ijeJ1lJ'Ufl~tlll'l1 s~~'Vl~fll,) f1')~ 'ill tJ

(Distribution Coefficient: Kd) ~fl fll'j1f1~i1~1J'U6'1ff1'.i 111'1 fflJlI~hrlrJ'Wff1,) X ~Qf1gfl'l11t)'vh 1..r

lf1~fl'W~l..r~lr:l'l 1'W'Vll'ltJ~,j~ml'1fi1tJ~itlfl111J~ (Capacity Factor: k') lrJ'Wfi1~n11J1~fflJ~t11lJl

l i1' .d1i1i i i oJ , I?J ",-1'lflf1f1f111 !1r:l~~1111')t1'Yl'l1111 ~tI~'.i'l~lf1 mlll 'Vl!1f1'.i1lC]f'lfflffll'.i'Ufl'lfl1 k l1J'WfI'I'W
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~------------------ tl------------~

" ,"
'1,h~1~ 'I1':h~lmu 't1~ffU~U{lU'I1111l1fJfi11lJfl~1~m ~ fJ'Utl~U{lU't1~ffU~ ~~Uff~ ~1'W,V 2.9

,
~ d 'Cil 'j)Q,I ~

2.9.2 rmuan (Resolution: R,) 'WfJl11'UtI~fl1mfJmwu 2 U{lU'VltlQ~flClfl'Wne 1~fJ::

n1tJ~11lflV1 ~ff'Vl~m'W'UtJ~rltJ~1IU min 'jm~~l'j ru1ill lllfltll91s 1fl1 'j'UmfJI'i1'UtJ~U{lU

(Band) 1,r fl~l~~ 'W lritJ U{lU.n'l1~ tJl'il{lflCl::m fJ'ci'lfi~u'W~ 'lV~ llJfiU~ lJU1lJlCl nrm fll'i1'il~1fi~ u'W~<u • •

51 ... d.d 'QI ... 1 ''I QI ~ ~ I ~ d <k
mfJtlI9111t'j1'YlU~n~1~fl'W fl1'jm:llltJ~l'IJtI~ 1ImflCl'il::tI~ ~'WClnfjru~t1J'W,IJ1fl1fflC)ffJ'W'I91n~nm~

~ ~ I I '<Q ck .c9 Q.I • d d Jt.d
'lJtl~U{lU'W'Ufitl f)1 k 'lJtl~fflm~Cl::'l$'W191C)f~'I1lJlfJmU~111111I91mllml'UtJ~fl1'HrlCltl'W'Yl'Utl~111lClnCl•

(2.6)

~lflfl1'm'Vl'W1il Vm UCl:: V, 1'Wff1lfl11 2.6 UCl~lritl~~ff1lfl1'j''I1lJ~~'llff1lfl1'j~

ffl1J11{l'l111il Ie' ill

tJ , • •

't1~'1nJ~'lJtJ~-jt1fll~Hrl ~tJ'Wvii 'Wrlmhl'u1 'W"lf1~11Clll1ill 'I1'W~ ,,r
titlnCl 1~ 111lClflCl'IJtI~1'i1'tilCl~mfJ~{l flQ~t~11V'I1~mh'l1 i'Uff1';i~ 'hln fl• <u <u

V~1fl1~'Uru~1~'W'Vll~~h'W1v1 'WrltJ~1IU

F
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l~tJfltl~lJ,r~ii~l H ~l'iltijtJ'jti1l1llfl1'W~f)ilf1tl~lJ,r~ij~l H ~'1 l1q'hl~1~fJ1n'Ul'W~~

<!j' QJ 0''';'''_1 ........ '" 3/ '" " 1" tV QJ f(m:n1f1Ui:'IlJ'U'VllJlJ';itffl11ifl1'W~'il~~tl'llJ N tl~lJ1f) fl1'\Jtl'l N ff1lJ1';imn ~'il1f)fl11lJfflJ'Vi'U1i

(2.8)LINHETPH

'" cjU~'Ilf111lJt'I1 (Rate Theory).
~~ v Q,I

2.9.3 lUl'lj~Ul[J'Jflm'W~V1 (plate Theory) (YfYl1imfJl 1'I1~f1fl1n.~, 2553)

l1qfJ·~I~cnn1J!'V'Hl~ '~!~lJ!ff'U tl '1~!,yttl tlll1J1{)mnh:n'U'\J tl'lms f)~'UUll1J '1~fW
, ",

~lJ,rU~~litl1Ltll'VlqfJ~i1lJ1 '1~!fi{)1n1J lmlJ11 'Vlm1wu1J1J'VnfVii'U (Partition Chromatography)
<!j 'i. '" lIJ3/
fltl Martin U~:: Synge t~lJU1J1J~li:'1tl'l'\Jtl'lt'Wi:'I~l1N'VlqfJ{] (Theoretical Plate Model) t~lJl~lf)

, "
'Vlq'hl~mJf)~'U l~ml'1fflJl.J~il'Uil fltl~lJ'U"'~'illf)f)1'Itl1ttl11'W~\9I (Plates) lJltJJ~f)tlllnt.l!'Ii'l U~

1:l::;1'VH1~~::;tn~fflJ~1:l'U'tl'lfll'Sm~~leJI'i1 \If)1:l::;1:l1V';j::;'H')N'!tlmi'li'l'l~U1:l::;1tlmi'lti'l~tJ'W~ l~Vril

.ck <I!!.t 0 ~ ~ 9) A I ...1 a ~ '1 d.d lfI",I!f.I
'\JU'I N C)f'lfltl~1'W1'W'\Jtl'l!'Wi:'I~111'1'Vlq'hl{]'U'UtIllJfl1lJ1f)lJ'I::~'Vl1ifl1'W 'UmJtWf)f)~::~~llJ llJ~1lJ

"
'VlqfJ~i1'~fflJl.J~i1f1tl~lJ,rmj'IUvmrJ'U lC)f'U<1'](zone) l~tJf)il l'W~19l'Vl1'1'VlqfJ~(Theoretical Plate)

i~tJfl11lJ~ '1'\Jtl'lU~~t 1C)f'U'H~tl~l~ fJf)i1f111lJ~ 'I~llifJlll'Vhn'U1'W~~'Vl1'1'Vlq'hl~ (Height Equivalent

to a Theoretical Plate: HETP: H) ff1lJ1J(l'H11~'il1f)~lJmJ

"9) t Q,I 1 Q,I Q,I IJ} 31... I 'j) .c:i

til RS rmnu 1 'HlJ1{)fl11lJ11 U(l1l'Vl'l~tl'ltWf)tltlf)'il1f)f)'U t~lJJ::lJ1WJtl{)~:: 98 uaenn
JI t JI I " 51

~tl{)~:: 2 U'UtrJ'Uri1'U~U(l1J,r'l~tl'l'l'i1Jn'U 1~{)~1 Rs V'lij~llJ1f1t'Vh 'l~U~~,:r:ilmJtwf)~Hj'U!'Vhu'U

'l'UmJWJf)~lJ 1~Vtl1I'1VL'Vlfli1m11'11mlJ11'Vlm1W ijfflml9J~l'1<1'] ~lhhrmmvf)'~r"m 1~~1'Jf'U
'~t1(l1lf)1'I !Wf)~ f)11 'I (Band Broadening) ~fI '~trJ'UU1J1J!mrl't91V'U 'Vlq'hl~~'il:: '1~tlll1J1m~eJ1nll

" . .
J~1l1lmci1i1'~tl~1'1~ijtl~ 2 'Vlq'hl~ ~U 'Vlq'hl~tfifJ1nllfVH~~ (Plate Theory) U~::'Vlq'hl~tfiV1nll

~ ~ t d Q,I

tlJU tl U~:: t 2 flU fl1n~l'H'Vl'U'lf'U'\Jtl'lW;)ll 1 uneunu 2

<!j "WI uae W2 fltl fl11lJf)11'1'\Jtl'lU(l1l 1 uneunu 2

(2.7)
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C'I d Q.I 11) ~'d d 0 GI" .d I ~ '4!:l QI cf',\
UflffVi1 'il~lIU~'.i1fl1'i m",,'UV\lUflffVi1m11lJ\I'VI"~'VI1t11H 1Jmm,,!~tff1JU fl",,11flUflU{l1J'Ut~'l 'il~

ijt1~ rims 'l11",,'UU.:jUnffVi1ri111i1-:j~.yhi"r ms tWflff11 ~ltJflU511tJ J'U"l ij,j 1:: ff'VI~.fllVi~ \I~,,!~.
~~ V Q.I d Q.I

2.9.4 nq'lJ.QUUJ1tl'I.Jtl(JI'.i1f1111Jl'.il (Rate Theory) (~'VI1i'Jfl'l:ll 1'J1~rr.fllfJ{l, 2553)

". ?I 01 dd <I 't"" , .d Q.Iuim HETP 'il~tlJlJl1{lflfl11'V11J,j'.i:: lo'l$lJtm:: 11'UUlqJ{lfl111'l tfltJlfl'Um~'Ul'U

rm tWflff1 jU~'VIq1:lQt~tllil'UtVi {l~ i1Jffl1J11 \l U~'UltJViq~ fl11l1'UU\ll fl11111 'VIm 1YJ1~tJth-!l

" .
,jj::flUUU'U'l ~lt1flUft1J1.rt~tJlil'U tllm.l11~·m1Jlt~tI'Uflnvh:m11-:jri1 H tVitJ'Un'UU~11fl1j 111",,'UU\I

triUt11'U1W111fll N '~um:;ffl1111Vl1'UU.:jflU51111nffl1111\lt11'U1W111ri1 H l~l~wl~
o '" dd '" 'l'JiQ , 'Ji '" 1tf <:11';".1 d

ffllfl11 2.9 ff1111'U'VIq'l4~tflV1fl'UtWCl~Uff~-:jt11t'11'Ul1 mU~11fl11 m",,'UU-:jUflffVi11Vill'U'UH 'il~1J

tiloW'Uun.:jU",,~t.i'1111fl'l11fln'VI~"" U-:j 1~ emnl i''UI,j~tI'U t1~ j 1fln'11""'UU-:jUn ffVi1 t~ UWJflff1j

W

(2.11)N

i 'Ji 1'Ji' v d d.9 .9 dms 'll'ffllfl11 2.10 ff1111Hl 'lfmfll111fllN'UU.:jVifl'VIfl1.:j11'U-:j'UU-:jfl1111~-:j'UU.:jVifl

"
(Win) ~-:jffllfl11~UI,ji1

(2.10)N

t;1U-:j"1 fl,j~1I1~ 1~ t'VI'U ci''U1¢{"1flYH'1flW'UU.:jt1m ~ t'VI'U-M'Uil 'Ut1~11ms 111",,'UV-:jun ffl'l1
'"

i'UVll-:j,j~,j~ trlui"rt1~11fl11'11",,'UU-:junffVi1fl.:j~ ff11111mll'U1Wrh N I~"lflffllfl11

(2.9)16(V/ W)2N

1::W:h-:j,j~1I1~'i5t'VI'U~'U (Retention Volume: V.) 'UU-:jff11il'Ufll111fl~1-:j'UtNVlfl (Peak Width: W)
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"Uf11

I " Sf
, 'Cl 4dd ,.." Col c:...::t.c:S "" 0 Q,I w Q

fl11lJU~n~1~1~'\111~111!1W'VllJfl11lJ!'UlJ'U'U~~n11111t1W'VllJfl111H'UlJ'U'U~1 ~~'U'U\)~m~rns

lf1~V'U~'UV~ffl1 (diffusion) \)lnU~nW ~iifl11lJt~lJ~'U~ ~, 11tr~u~nw ~iifl11lJt~lJ.,r'U~11uViff
OJ fI I Jc:a J G] Co' <i" Q,I dl lrI Yd Q.I

'Vll~~llJflVf1lJ'U m11tl'l1m~'i)lfJ1tUUum~'U'UL'U1~~ULlJmnf111f1~'i)ln'YIlJmnf11~lJm1'lf'Un'U• •

" .
mml'l~m~\)lVUUUTi11lJ~1 (Ordinary Diffusion) m~U1'Um1ih~'UH'Hi1v~lJl\)ln

!

, 11) Y ,
VVN t~un

2.9.4.3 mml'l~m~\)lm~1'1l1'Um.pnfl

2.9.4.4 'U'Ul~'Ut)~m.pnfl1f11lJll'VlumlJ~'~\)lnm·Hwnff1':iJ:-lfflJ
~jld"1'" .!.da~, ~ " ~

ffllJl1tl'lfh'H'l1'U ~~11m11wnffl1'U'U~'\11t)~lJHf1~VTiUlfJ'~'i)lm'\1~Hf12 1l1~m1 fit)

'i)~fftHj'nf11~'Ut)~~1tlnf1~mvuYif1~lCJfu!wnt)vmJ1nn'U~'\1~t)'1:1,] uf1~ul9if1~1CJf'U~uvnl~mi1m\'
It cu IU qJ

n'Ul'WfJ~l~ 1~fJm1~ul9if1~1CJf'U\)~lwnvt)n\)lnn'U '~lJ1mrflm~fJ~ ,~J'U VfllJ~'Uv~nUIP;1U'lh 3

2.9.4.2 mml'l~m~~l1fJ''Unn£jW~~11Wl1 (Longitudinal Diffusion) l'Ut'yh,.

,~ 1~11~tnDn (Hydrodynamics) 'Ut)~l-Wfflfl~t)'U~GluecKauf 1~ffn'l:l1ft1m~~ii~-HlYit)m~u1'U

m11f11lJ11'VlmlYJ4 iJ\)~fJ~1fJn'U~t)

2.9.4.1 m1u'Ydm~\)lV (Diffusion) l'U1~mfllf1~t)'U~\)lnlln~11l1'UViff'V11~m1
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II I "JI
(tailing) u~fl~h~n'U ffln1~i1Lijfl~lJl t;)lfl~~~ lfl1~ ln~ fflJ~"~ "fl~'i'I fl~lJU,r 'UU~fl~ l'ln'U 'Q~,r'U1'U
u~,,~ ri1'U'Ufl~'i'lfl~ lJUl1 ~61'W"~ VIq1:J~t;)~'WtlltlllJVi11~rln~ fflJ'l" ~1tJfl1Jlt1~tJ'U'i'l11lJl.,j'lJ,j''U~1~~

tl'U'U~N1C}f'U1'U1tlm'i'llfl~fl'U~ 1'lf'U1J1'1n"1'i'l11lJL.ulJ.u'UL~lJ~'Uu"~'U1'1nm'i'l11lJl.ulJ.u'U,,~,,'1 ~'1

n1JfflJ~(;'lI'Q'Wl~m1~ (Local Equlibrium) lrlfl'l.J~ntu'U~N 1lJl"fJ"'Ufl'l9i1\!fl"~mtl
.4~. Q.I",ei ",,, ,.d';'.d" I dd ~

lfl(;'lfl'Ul'I~l'U'i'lfl"lJ'U"~ lJ'i'l11lJL'UlJ'U'U'Ufl'lff1'U 'Vllfl"fl'UVIumnu ff1'U fl" l~ 1"'~ff1'U 'Vl1U'UI'V1""~

.,j "'91'1.1'1 "''' 1 .,j "''1Vd I WlV ILfl(;'lfl'Ul'IL'UlllJl'Uflfl"lJ'U 'UH lJ"'fJ"'Ufl~fflJLfl"6'U'Vll~LJ1n11U"~ 1~~~tJ~'Vll'llJlflfl11 'Ul~

1 .,j "'WI. Ill) 91 91 1Y Y l.,j "" '" of 1lJ"'fJ"fllt;)I'i'lml'Ul'IllJ l~'b'lL"'~ ~J~tJ~'Vll'l'UfltJmlLlJflL'VltJ'l.Jfl'l.J~~f!!'UtJfl"l~'IIfl~ C}f'U L'WJ1~
t , d.c::t d fI'

'Q~'U'Um~'U1'Un1J U'WJm~t;)ltJU'U'Ulfl~~ ItJ'Uf,mlJlt;)lfln1J 1'H(;'l'Ufl.:jfflJl'U'i'lfl~lJ'UVin~fl~':h~ ili

, d .d "Q.I tid. " .d.dn1JU'WJm~t;)ltJU'U'ULfl~~ (Eddy Diffusion) Cll'.llnflfl"lJ'UlJn1'WJJ~~1tJfl'\lfllfl'VllJ
f Q,I Q.I tI d I t -. Q.I tI t ~

'U'Ul~L'Vlln'U~llJflfl"lJ'Ut;)~lJ'b'fl,:nl~ (Void Space) J~'H11~fl'\lfllfl~ml~flfl"lJ'UfltJl~~lJ1L~lJ6

4 d °191 I 1"'Q,I'LlJfl'U'Ul~ 'IIfl~fl'\lfllfl'" n"~ m '11 fnn~ ems fl1'UfJ u 'II'Ul~ 'IIfl~fl'4 fllfl '11 Lmnu ~"fl~U"~ tJlm16

.'1 '" 1 "'I 91 i" Q.I ~, I d c:. J 1 Go' 0' "W! I ~ Jt Q,I'rmuesnu lJ L 'I1fl'UfIlflu~n ~ ~~'U'U'b'fl'l11~'VlLn~'U'Uunanuu t;)~ llJfflJ1LfflJfl LlJflffl~~1fltJl~•

.
~ I ~

~Trft1 2.10 n1'm'WJm~t;)lm1'l.n.JliJJlJ~l (Yj'Vlli'm1:Jl 1Jl'\l~fIlfJ'" 2553)

Mobile phase

1-' --= •. '- - - - - -,- ,,- - - - - - ' - - - - '-" - - - -' -'. '._' - ' - - - ' . ' , -. - - - - '. '- "- :: : : : - ~: : : : : :~ ,:-: : : : : : : : : : : : : : : . :-: : : : : : : >: : : : : : ! : : : • : : : : : - -: : : •

Sample
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tJmmtl~ (Open Tubular Column) U'Vl'iJflflt)mJUVlfl (Packed Column) li1fl'l'il1flnfl11 i~i~~~•
.::t I ~ tla.Q ~ ~ ," .d 4 ", ~ Q ....1
l1tJfl11111ffGJft'lfll GJf'lllJ'iJ'VlflUmflt'l1'1'Y11f1t'lfl1J~1tJ~fl1~h1ff (Wall Coated Open Tubular: WCOT)

~lfll.1'lJfll1 Van Deemter ff1lJ11t1111tl1 H ,~ ('Yl111J'II'iJl~fl11lJtJ11f1Vt)lJ'uut'l::fi1 N
" , ,

U~1) 1~tJfi1 H ~~ltJ'iJ.w'ln~'iJ'lJfl'lfi1 ii~'1't!'iJliJfl'l'i1fll1'Vl~~fl'llnfi1 iiVill1lJ1~~lJ'l'il ,,rfi1 H n

C

Q.I ~o<:::t;V ~ _ ,~ .....

V~ 111111'll''111.1''iJ'IIfl'lUflI.1'Vl1,lGJfl..!~&lJm~fl1'iJ 1'Vl

f:JtJff11f1'11V'Ifllnhm'VllJ1~ (resistance to mass transfer term),

ii

A
I c$ d

l'VlfllJ'IIU'Ifll1UVl1fl1::~ltJU'I.J'l.JW~~

(Eddy diffusion term), lGJf'iJ~llJ\Pl1

L'VlfllJ'IJfl'lfll1 UVl~fl1::~ 1tJU1J1J1i11lJ~ 1

(molecular diffusion term), 1'iJ1Vi~fl\Pl111'11tti'iJ~llJ~1

B

HETP, lGJf'iJ~llJ~lH

(2.12)
- -

A+Blu+Cu=H

nums Van Deemter (Van Deemter Equation)

z !.,." A, d ,'11' Jli'JI'Ul..!m~1J1l..!fll1'Yl~l1lJ~~~m~fl11lJ lJ~lJ~~'IJ'U il..!U~~~l'YH'I~'Yll~'Vlq'lltlU~::fl1~ff1tJ ~11tl1 11

., 11) IV .,j .d~.r ?! ~i'JI lIJ' "" ,f'JI
f)~11fll11l1~'lJt:J·ntlfl1mfl~V'U'YHVllJ'IJ'W ~~llJ'Wfll1&VllJ lHI11lJ ~lJ~lJ~~m~lJlfl'IJ'W~1tJ

" , "
~lflm::'l.J1'Wfll'n1~ffllJViflril1lJl'i'h~'1'WltJ'Ufll1UVlim::~ltJU1J'I.J~lJ (Random Diffu

"".ok " "sion) ";'Iff'U GJf'lm::'l.J1'Ufll1";'Il1lJ~ll1rilil ~iJ'I 'liffllJl1t1v1i1JltJVlq~m1lJ'l.Jl'1 mh:)'lJv'Il fI1lJl
dllJ'JIIV':: .<SlIJJI" ,f .,j

l'YlmlY1l~ ~'1'iJ'iJ Van Deemter ~'1l~lffn:jfflJfll1 Van Deemter (Van Deemter equation) 'IJ'WLVlU

i'JI "" c:Y 1 1 d.ok ,'11 ~ ... .1 '"'ll'V1i1J1tJm::1J1'iJfll1'11fl'lUflff fl1lJl 'YImlYJ GJf'l~lVllJl~lJ'IJ'iJ~lfl'Ylq'lltl'IJfl'l Gluec Kauf ~lJfll1
.:,,, '11 ,f ... d.1 ' ,
'U ~~11'1'11'iJ~lflfll1Vl~11ru1t1'1fJuffnfl~Ufll1(lltJL'VllJ1t'l (Resistance to Mass Transfer Term)
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A '4.c:!
I9Il'I 1-31C)f'UI9IllJl9I':i191U1'Wl'Yl

i1~~tJfl11lJ~ (Capacity Factor)

Q 'c..Id
1911';;1-31C)f'Ul'lllJl'l'I191U1'Ul'Yl

fllfl1';; u'Wi m::~ ltJ'IJ U-3vi1\jf)":;"ltJ i'WlvJfffl-3 ~,

(2.14)=H

.c:. q I Q

in the stationary phase, 1'Ul'YlI'lUl9ll'IH1C)f'Wl9lllJm

.c. d' ~

transfer in the mobile phase, 1'WTVlI9IUI9l1':i1-31C)f'Wl9IllJl'l';;

~tlff';;'IfI'lJU-3f)l'Hhm'YllJ1" 'l'WlvJfffl-3~ (resistance to mass transfer

(2.13)=H

fflJfl1'I Golay (Golay Equation)

... '"flU"lJ'WUUU WCOT

.::s"l)loCl t i Q t P d ~,
m'I 1~~ml1'YltJlJ A urrums Van Deemter tJli'UltJfl1':iU'W':im:;~ltJU'UUm~~'lJv-3unffHl'U

di 91 & liJ I '" .1 i ..." ... ::V'4fl1f1'Yl ')j''U'I'I~ (Packing Material) C)f-3~:;IlJlf)~'lJ'W 'UflV"lJ'WlLUU WCOT ~-3'U'WfflJfl1'j'\JV-3

Golay ~-3lbJikYlUlJ A UQ 1~tJiifl1'IlIf1J1.Jl-31'YlUlJ'lJU-3fl1'It-hm'YllJ1m~V iM'iiWlllJl11lJl::fflJtlU

.i tl'" tl .1 tl "'191'" ., '" '" ""Golay C)f-3 su l-3'lJ'W~lf)fflJfl1'I Van Deemter ':i::~f)~ ')ff)'UflV"lJ'WUU'U WCOT 'l1':ifHl'U'UUfI'W

\l)9J .d.d .Q Q Q IV II . i "d V QI

I~HfflH)'Ylfl1:ltl'YlVli1J1tJ1.h~t'Y'Yllifl1'W'lJV-3f1m1lJ'WIlUU WCOT ~tJtl':i~~fWI'Ylq1:l~ HETP nnnu

'i "''191., ., '" 'I d
eums Van Deemter l~tJfflJfl1'j Van Deemter 1.h::tJnl9ll'lfnufltJ~lJ'Wu'U'Uu'Wfi 1'W'lJru:;'YlfflJfl1'I•
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(I(em/s)

ill't'i~ 2.12 m1-wuff~~fl111Jff1Jvr'W1i'j~'I11Hft1 H n1J U ('Vj'Yl~i'mn 1'j1'4fJ'm~", 2553)

R term

- _ _ _---

Cterm
H(em)

ff11J1'l0 '111'~~1f)f)'HI,·Jt'lf'W&~tl1n'W1~{)i'Wffm1~~unffVl1n~~'j11~1t~~tff'W~1 t'Yl81JB ~~ii
V'YlnVlG'l1Pi8f11H mnn111'Yl81J C U,,~i'W'Vl1~~Hfi\.J,j11J t1'1'111mlnffVl1n~I'l'j1&~11~~lff'W~~1'Yl81JC

~~ii~'YlnVlG'l1Pi8f11H 1~{)i'W'Vl1~l1a,j~~~i,*~~'j1l~11~~lff'W'lJ8~UnffVl1~~~f)'11 f11 Uopt &~mj'8{)

1~8.:j~lnl1'j~iY'Ylnfl1Vlm'jlWn'IJ8~fl8~1J11~'I9i'i''l_jff~8Qi'WtmU~~~8Qi'W'lJW~~l1(;l1~i,*i'Wm'j
~ ,,~
1&m1~'I1~~ff'W"~

i gJd " J IQlQI _I' ~QlId QJ'o'
nurns Golay Uff~.:j 'I1&'I1'W11f11'UtNH 'U'W6~n1J~1UlJ'j~N'l 'j11J'Vl~'jfllJ'U8~fltJG'l1J'W

• v
UG'l~fl111J'I1'W1'UtJ.:j~flfl1~&-WffVi&fli1tJ1.Jmjfl1{)i'Wfl8~1J1.r1~tlt1'TI11nIPi1U'lh";.:jfftJ.:jnf11(;l~M~~Vi1..
i~ '". ~.J 0 i ~_I '" '" ~,1 -1, d '" v'11 H 1JfI1(;l~G'l.:j~1t1C}f.:j'Vl1'I1lJ'j~ff'Yl~mVlnl'HWmVl1J1J1n'U'W 'W8n~ln'WfI1f1111J&n&'lf.:jtff'W'UtJ~

llnffVl1~l~'W1Pi1U'l_hri1tiqJ~ff1m'loVi1 i'I1'f11H G'l~G'l.:j'~lrl8fff1.:jm1-W~Uff~.:jfl111JYr'W1i'l~Wl1~

f11 H UG'l~U ~~n~l U f11'11i1.:j~i'l1'~1H n~1~1~~&ff1J8 f11f1111J&~1&~~&ff'W'1J8~UnffVl1ti.:jnri11

t1tJn11 U opt 1Pi.:jf)'.i1-W~112.14 1~{)ff2Jm'l Van Deemter UG'l~ff1Jm'l Golay ~~l~fl111Jff1Jvr'W1i
. . "

&~'WU1J1JlmVl6{1 um1~tI~1'U8.:j H \l~n~1IP11Vi~~ (B/C)ln 'W8f)~1f)ilf11'IJ8.:j&'Yl81JB U(;l~&'Yl81JC

29



il~~11::: 4 ~1~dl~ l-Hf-I~'Uln'illnmd\9l'Jl'iltJUiJU~" fl~iitJ1lJ1WLlJ'VlU~lJtvJ\9IliiulJ1nn-h 500 Ul

lUflrlJ~~i1~iiii\9ldtm:::u~lJtvJ\9l1iiUlJ1fln-h 200 ul1unflJ~~i1"i-'iii~'J

Manami, N. and et al., (2004) 1~~9'lIU11~1Lml:::,1'111U~lJlvl\9l1ijU'1UiJffff11::: l~tI'1,*

on column Im:::ufifflmlJl1'Vlml~ uuneuln 1'VlLlJ'Vl1(GC - MS) 'thm'Jffn~~lmjl~il~~11:::

~')tJ pre - packed 'illf) Extrelut um: 1Illfl~mJm{1J~HU\9l lvWU~lJlvJ\9l1ihJU"~LlJV1U~lJ!vJlflliiu'il~~~

,
'W1Jl1

10 %(~Lvl1Pl1'U) U":::f111lJU1iuiil'U~~1!i1If1'J 1:::,1 ij~ l!l1t1'1L1JUu 1\91djlU fflJ~'U ti1ilJlnn ':h
tI

rll'11r'UU~~:::~1t11'~tJl1~1lm1:::,1illJ11Iml:::,1~1~dl~iJffff11:::~1'U1U 10 ~lmh'l

lm1 nusu 1giV'l'J~ tJ1~ leJd1~ ~t~~ tllJl~um1'~u1i'i tJ'J:::m tJU-H~u~ 1 ~:::mtl '1umYi~fl:::~!~'Vllm:::

U~L.,j'lLf1~V~ufi~1f1'JlJ11'Vlm1vl m1vllJl~d!lUt~UlffU~H'1U'lb~ 50 - 250 ul1unflJ~~

i1~~~\9ld (u~lJlvl\9l1ij'U !m:::LlJ'VlU~lJLvl~lij'U) u~::: 100 - 250 ul1'UnflJ~~i1"i-'ii-'i\9l'J ~!vlV'l1U) ~1Pl

~lnlPl~T'l'~'IJ~'1m'J\9l'Jl'illlPl (Limit of Detection : LOD) t1~16.45 Ul1UflflJ~~i1"i-'ii-'i~d

(LtfllJtvl~lijU) 15.46 'Wl1'UnrlJ~~i1~i-'i~m (LlJ'VlU~lJlvJ~liiu) U~::: 22.21 ul1unrlJ~~i1"i-'ii-'i\9l'J

'~un WifflmlJ11'Vlml~, TLC, Immunoassay (l~'I!V'l'Vl~ffeJ'USurestrep) U~::: Color test YI'U11
v

"'1~ <!I"" 'I"'" ",d<!lml~dl~W1'U1 LU1Jffffll:::t'U~~~U ~eJ~ !'ll'eJtll~U~tI 2 Tfi f1~ Immunoassay U~::: Color test u~:::

~n'iltJuiJ'U~~~ltJ1~ufiff lmlJl1 'Vlml~u~::: TLC

'll'tyTWfYfl'li'tJ1il'll'l~ff (2001) 1~~\PlJtJ11~1tm1:::,1u~lJtvl~liju tlJ'VlUeJlJtvl~liiuu~:::

~tvl~1U '1Ui1ff~1d::: ~~!~Un~~ltJ l~tJm'J t~1tJlJ~1mh~ ~ ltlm'J~n~u'U1J i ~~vuu'W{u~:::

11m l:::,1~':W1~ufiff lf1dlJ11 'Vlml~ UlJffffttJn 1'VldtlJ~1 u'U'UUt~f1mvuulJu'Wf1'Vl'~~V' UICJfci1u

d d d 1IJ '" ~ 1 1 ~I " •.1 d '" " ~tm:::CJfmfU~~ ra~eJu lJV'Ut~~H 3',3",5',5" . t~~'J::: 'U'J lJ1"l'U~~1"l'Vll~UteJ'Vl~t~fft'VleJ'JtlJU~l'J

iiff~ii 1tJ'J~v'Wt~tn trlm;htJ5n~ ulnlWln~lJtwlJtvl~liju '1u~ln~l~'lJeJ'Im~l~ii rh-wteJ'll' 9.2 -

9.5 'il:::tn~ff1dtJd:::neJ'Ut~~~vu~iiff1il'lU~'l ~~~:::mfJ'1u '~f1G1V1 'Jiit'Vl'U tJ1'ff1'Jffn~ llPl f1G1eJIs
ijt'VlU~ i~l tJffn~n~1JU~l ~'1tJ 1i tJd:::mUU-H~Lm:::L\9l~tllJt-~'Uv'U~u1i' lV'ltl'1~L'W'U\9l:::vlG1eJVIs1'WdVi. .,-

'UYllfl'aU iJOJ~~ (2539) '~~9'lI'Ulf11d~n~V'UiJ'U(J1Ul1'Ui1~~11~~ltl1!i TLC hwlllu

: G.I ~ -. q.:k ~ Q " !J) Q.I

'Ult1l~n~'ll''U t~mHll dlJ1'V1'U9I~llJ'U~ldtJd~mn.H'll'~91~'U'U~~tI1'U1mJ~ld Tetrabromo Phenolptha
tI tI

_I"''''''' ..,,,,, 0 "'1 ~lein ethyl ester (TBPE) ~ln1J{]mtllm'J~'Jl'il'U'U~'U ~1t1"l.!'V'l'Wlt11ml\HJ1'Ul!'W1J~~11::: 'IJ~~mlJ

'" " " '" ,~ • I '" " • .1 '" <!I d ••1 '"d'VltllfYl~~'JnldU'YfVltllJlIWn'l11"lf'W~1111J'Uffld1Jd:::n~'U!'ll'~CJf~'U'illfUlJ'Vllt~lJt1"l~llJ'W'I1d~~t1"l~d'W

, "" ., .1'" "''''1IJ " d d <!I 1IJ"YI'Ull t'I1~H'l'll'~!'il'UffllJ1HI1J{]'U~ t~dl~tdlU~~l'll'~O~ L~

.1 "".1 '" "'" '" 1IJ"0 ~ ., , ~1Jmw 'W~tJ1Jd:::tffl! U~:::'ll'lU~l ~m'illqJ (2543) L~'Vl1mdfYm:l1~1~tJ1~1Jffff11:::'1.m~

'I1m1t1U ~1ll'~~'I1l ~ihuu~~~Onf11'Uf1lJtJd~Ylfl~ ~lU1U 373 ~l~dl~ 1~tI~dl'ilttJ1tJ'UIYitl'U 4 1~
~ q" ~ cu q QI
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41'Q.I "1.:1 Q.lQld'

'\Ju~m1\91'j1\l1\Pl rmnu 0.5 ug/L 11~:::1VtJ~~'\JV~mlUV~l'U'UJJ1~'l'il'WfflJ'W'Vl1i(Relative Standard

Deviation; RSD) UVVf1'h 5

.:::.'S Q.I ct'~ CIt.

llJ'Vl1electrospray tandem mass spectrometry (LC - ES - MSIMS) flU~lJ'U1IJ'U'lf'U\Plreversed phase

CI8 'i'mfl '\Pl1~VtllH):::C]f~f1 11l'Ul~fflfl~tl'U~ ds - MA 1m:::d, - AP 11l'Uinternal standard 'W'U11
"1 9} , .;ll • '"1f1fll % Recovery nn, 97 - 102.1 \PlllJm\9lU

Vi, H. and Youn - Jung, K. (2009) 'li''Yilf11111ml:::11''I111lJ'VlUtlJJ1~\Pllii'Uu~:::UVlJl~\Pll

ii'Ui'UiJffffl1::: 1i'1V1'VlflUflLLME l'1lJn'U '~1'WvlvJtllJJ1'Ui'~fll\911mJJ11'Vlml:W (HPLC) - UV

detection ll1f111 ffti~I'l'1tleh~1i'1v lC]fl~rJlJ'~fl1tlf1 'C]f~ Ua-n1'nfln,,'UIi''1Vmfl 'W'U11~\Pl~lti\9l~1,,!fI

11111tU l~mrfJ~ hw (2548) i~'Yi1fll1'Vlfl~tl~ hWl1.1gV'U~1~~'i"'Ufll1fftifllWfHJJ'Vl

UflJJ1vJI911ii'UtlVmll f1iJffen '1::: mn 1911~fJJJ'lHm\Pll~'U~1~Uril C]fl~VJJ'~Wjf.)f1 '91~ 'VItJ11fflJJ1'jO

ffti~1JJ'VlUVlJl~\9Ilij'Ulm:::tJ1thUflli)lJ~1V '11'lvilJJJ1f1~'U

Ming,R.F., Ti,Y.W. (2006) '~'Yilfll11'ml:::l1''I111lJ'VlUVlJl~\9Ilii'U''UiJffffl1:::~1V

t'VlflUflfll1ffnflU'U'U SPE U~:::\9I1'1'i111ml:::l1'Ii'1v'Utltl'Uu'Wl~fll\911mJJ11'Vlml:W mJffffl1.1fll'Vl1

.. ..1 .. ~ d ~ ~ d ~ dd "1 ""I d..,.d '" " " 'I1911lJ'UlJJ'VlUVlJlnI911lJ'UlVlJ\Pl1UJJ1U1VlJfl1VU~:::1VlJflU 1f1~'Um111f1CJ1f1'U'Vl1:::~tJTnllJ1'lJJJ'lJ'U1'l.J

iJffffl1~'~~10~ 90, 140, 120, 120 une 150 'Ull'Uf1i'lJvitlii{l~llJ\Pl'j \Pl1JJ~1~tJ ~~L'I1lJl:::ffJJ~'iI:::lh
, "?I ...."I .. 0' .,j ... "''' "'''I iJ ,". I" ..JJ1 "lflu'W11i~'Uf11'j\Pln'il'W".!'iI'Ul'WVV'UV'UCJ1tJ11m:::mVL'U ffff11::: 'Ul1tl~lJ{),:r\Plfll1\Pl11'i1ffl11ff'VI

~\PlI'iUL1.1

d dodd e:sd d ~" .d , oC::Io tI Q,I ~ Q.I tI 0 41

!VJJltl ltllJflltl une ltllJfltl H~fll'jfff11:l11f1ffm1:::'VlL'l1lJ1:::fflJ 'Ufll111ml:::'I1f1~'U TWmJ'Uffl'111tJ

uVf1ff1'Jl~'lJ'UfI HP - 5 (5% - Phenyl - methylpolysiloxane) 0.25 nun.id. x 30 m x 0.25 Jlm film

thickness ii'unffg'~mJ~1Vfl\Pl11'~1''YhtitJ 1.0 ij{l~~\Pl11'im.n1111.humlJfJtU'I1fJi1ff1'11i'tJUVf1ffl1

~tl fJW'I1fJiil~lJ~'U 120 U~ff1191~1C]fVff1U'iI'Um:::~~ 4 'Ull1 U~11viJJfJW'I1fJiil~'U 200 tl~ff1

lC]f~lC]fVff~1Vfl\Pl'j11vilJ 20 V~ffWlf~lC]fVffviu'Ull1 fl~H6 'Ull1 U~:::fJrul1fJii'lJV~,.h~fllm:::1'l1\Pl'j1'i1

1\Pl'lfU~''U1\Pl'jl'i1'U~Vff~tlrff11l'U 220 V~ff1191mC]fVffU~::: 280 V~ffW'lf~lC]fCJff\PlllJ~l~tJ 1.1~lJ1\Pl1

~~flL'vhntJ 1 LlJlfl'j~\Pl1 l1i~i~'Ul~'WJJ1ii~'W\Plv'U~~lV 11f11~11m:::fflJJ1'jO\Pl11'i11f1ffl'jUtllJlvJ

... ,.. .. '" , ... 0'.," . .1 '"91Utl~mTJWFf,)'lJtl~ Extrelut ''If propylchloroformate 'UTW~lJ'U'Vll 'I1UtllJ'n\PlllJ'UU~~'lJ'VlUtllJ

• .1 d ''1.1 'I ".;ll ' Iq" • QIIn\PllJJ'U tlQ ~'UtlJ'lJV~ free base t'lJ' ds - MA nluintemal standard 'WU11 t~ % Recovery ffl'11ltJ

l1f.)lJl~\Pllii'Uu~:::'lJ'VlUVlJl~\Pllii'Ull'hntJ 100 U{l:::102 \PllJJ

m'Wl 'Vltl~Ul:::fllVUff~ (2548) '~flf11:l11m:::i~'Ul11iunfflmJJ11'Vlml~:Wl~vfJ1ffV

1'l1\Pl'j1'i)')f)'lJ'U\PlL'Ul\Pl'H'iI'Uu~:::vJtlffvJtli'ff (GC - NPD) u~::a\Pl~vJJI'l1tldl~ 1\PleJffn\Pl~1VI'l1"'1

~:::~lV' 'Uffm1:::~ HU~:::'I11fffl11:::~1 '11lJ1:::au i 'Ums uen rrrsueu 1~\Pl1ii'U llJ'VlUtllJl~\Pllii'U 19lJ~
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"
'l ~ 10 "'iYP""" 0 ... "''' <:'I'WlJffff1l:; ~W'Vllf11~I'1~l,JtlJV-lI'1'W~ntllli immunoassay U"t'Yllf11~I'1'Jl~tI'WtI'Wr:-I"1'11VUf1ff

1mlJl1'VlmlVJ u1JffmtJt11'YlllJ'Vl1 'V'IlJ'h"'l'Ml1j'WUt!~'W1i'~lV extractive acylation ~1f1

pentafluropropionic anhydride 'Jl'U~t1n~lJ,r,1j'W microbore capillary f11'JUVf1t~n"lUUVf11l
" ,

3 'Wll1 u,,::nml1-l'l1lJl'1l1i'*i'Wf11'JI'1'Jl\l11'fl'n::11 6 'Wll1~U 1 911VV1\l

UUVf11lt'YhnlJ 2 ~{jtJ~'l'Wtnwcn~tlUlJrlJ'~ :U1'1~lnl'1~l~I'1'11tJ{jf11~ml~ll'1 (Limit of Detection:

LOD) iifllt'l'hnlJ 0.015 mg/mL U"t;jl'1~lnl'1'11U{jf11~I'1'Jl~11'1'~{jtJ1lJ1W (Limit of Quantitation:
"LOQ) iiflln';,nlJ 0.05 mg/mL 'Wumnf1iHr{j'~f1l'W1Wt111lJ'liuu'Wu'W'IIU-l1n

Adriaan, A.s., Marais, J. and Laurens, B. (2009) '~"'1f11'JI'1'Jl~t1'W~'Wp.mUUlJ'~1'11ii'W

"
'fl111JUli'W'IIfl{!1nfll % Recovery u~'l 'W'Jfl{! 102.48 - 104.01 U"t'Vll'1fffllJf11~"'1911 i~'Ufl\l1niifl1

alJtJ~tiY'Vlt'llfl-lt11llJUtJ~tJ~1'W (%RSD) UtlVf111 2 % U,,::f111.nWfll Horrat Horwit's ratio iifll

.. "'1~" ~ "1'V c:v Q.I 1 vIt'fl~lt'l1 fW1'lf diphenhydramine Hel tlJ'W internal standard tlJl'1fl-lfff1~ff1~1'11Utll-l1'11V

1 _.1 '" di?1 "'. ..: , 'I 31... w , 31'131 1 , 31 0 31t1"~ 'Jytfl'J1J C))'\l'lJ'W1'11'Vll"lV'Vlf1fl1'l1tMltJ'WI'1'J1{fUf1~1'lf ~w 1'1'Vl1f11'J'Vll'1fffl'Ut1111J\lf1I'1V{!'Uv{j

"1n 'Vl1'1ffV'U1'111uiuiu 'IIfl-l1n '1'11'1neu f11~Yi1911' ~'IIV{!1n '1'11'1ffV'U:U1'1~lnl'1 'IItJ-lf11~1'1sl~'V'IlJU"t:U1'1
~lnl'1'UU-lf11'Jl'1'J1~'V'I1J1~{jtJ1lJ1WU"::f11'WlW 'H1fl1t11111'liu U'WU'W'IIU-lin '1'Wf11~'1'11'1ffVlJt11111\lf1
9i'U\l'Ufl-l1n (Method validation) 'Vll'1ffUlJ'fll11Jt1j'Wrff'WI'1Hff~1-lm1~'H1'fll1lJa1JoW'W1i''Jt'Hl1\l

" ,
'vvvi'WtC))'i'W tI'11t1lJ911VV1-l"t"ltll'WUlmr'W 2 mgIL U~lt~lJff1~"t"ltl 80 % l'V'1u'VlfftCMtllJ

fllf'UV1'WI'1U~T";1f11~ffnl'1911VVVJ ~1t1'I'1t1"tJ liii1'Vl'W : 2 - l'V'1'V'1l'Wfl"(3 : 1 v/v) H'
diphenylmethane t1j'W internal standard flV~1J'lr'Jl'ij~ narrow bore capillary 'V'I'U';;'f1nUtlf1ff1'J

'" d d'lY d dff1J\!~WUm:lJfl11lJ~1I'1t~11'Jl'n"1''V'I{f{! 1.3 'W1'Vl

'W'V'Ii'1'1,r i'1'1'W1'J 1ns ru (2552) , ~ ..1lf11'J1'1~1~ 'H1tJ1lJ1W'lJ'VlUfllJt~ 1'11ii'Wi 'W~ ltJV1{j'lltJ{j
~ 1 <i " C\ rN 1 1 ~f ~ ~d 0 Q,I c:v C\ C\ ~f1m{!'W'W 1'1t1t'Jl'1'Vlfl'WflUf1ffmlJl 'Vlf1nn C))'{!lli'llfl{!ff1'Wf1fJ1U"tlI'1Qtff'V'll'1~mlJl'VlfJ1ff1ffl'1~

" ,
f11~U'V'I'VleJii-u'W1'1tJ'Wi'Wf11'Jtl'11fJl1911flV1{j~9i'V{!i '*t1"U h~vflJ 'l 'Wf11'Jffnl'1ff1~91';lfldl{j oW\PJJ'Wlin

Hiroyuki, I. and et al., (2008) '~Yilfl1~11fl'nt11'11l11J'VH1VlJl~Vllii'W U,,:; dimethyl

sulfone (OMS) ~lvt.h{!v~l'WltJ'IIV-l crytal ~lt11'Vlflijflunff1m1Jl1'VlmlVJ 9111'1~1~),)~'lfij~1~"1J

, ,
m~tll165.8

~ tlV I III'"
f)'IfV'l'Wli~lt1 pentafluoropropionic anhydride U,,:; pentafluoropropanol mrn t~m % Recovery

Takeshi, S. and et al., (2007) '~11fl~lt11'11l un-J~1'W, UVlJl~Vllihm":; 1fl~u'W 1'W

i1ffffll:;~,.ltJUnff1mlJll'nmlVJ U1JffffnJfl1'Yll1J'Yl1..1lfl1~ffn~~lVV1-l~lm'YlflUfl LLE ..1l'hfd:l'W
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, d QI f Q,I .::s .. .1 i' ~f" .d ""fIll1rt111'Yl'U'If'Ul'I'llfl'IJ3.360 'U1'VlflHnlJlI9l1!1'U 'U'jj'1-lfl11111u'Ulff'UlIH'Vlfl1111I'Ull'U'U0.10 - 50

ilJ lmflfll~oijrtrlrlll';j i11'fl1fflJU1~ff'Vliff'HtYllVf'Un (l) l'viln'IJ 0.9999 ~~~ln'fl~1"l'fl'U0~fl11

lI'n11l'fl iifl1 0.0123 'lJ lmflflJ~oijrtrlrl1l1 urt~~~~ln'fl~1"l'fl'U0.:Jfl11'H1U1lJ1WlJfl1 0.0409

1lJ imflflJ~oij~r1r1111 !mm~fl11 '~fi'Um)u (%Recovery) 'Ufl.:Jl11'YlUOlllvJ1I1ij'Ui'U'Virt1fflJ1~

d'l'Ul~fl1l~~ltJ l1~1~1 um:U1~'HV~ 1~'IJ'lJfl1llll1'ill~ i~flO~lJt1')j'lJ'fI HP - 5 (5 % diphenyl

silicone) 'U'U1'f130 m X 0.25 mm X 0.25 urn fl1lll';j1'ilnfl'IJfl11lJ\lfl~0-l'U0-l1~fl1l1~m1~," l'f1eJ

fill 19111n1 l~ ~~ 1tJlJ11l';ji 1'U~lJ'YlUOlllvJI9l1ij'U~-li 'U'Vimrun I'l~fl11'Yl~rtO.:J'ViU11 ~lJ'YlUOll IvJl9l1ij'UlJ

l11lJ1:; ff1'Hf'IJ11'O-lUij'l191fl11~ii ~ 1fld1-lU1111WlJ1fl U~ii1Jfl~lm ~1'U1'U~1n~
"Ifl'l:lft1'U'Vlf'Vi1tJ~lfifl u~~l';j~itJ ffirtJ (2009) 1ti'l'll111l'flllJ'VlUOlJlvJl'llij'Ui'U'VimnlJl

l'f1tJi oNUflfflmllll 'Vlm1VJ IvJrtlJ '000 1'Ult}f~'U U~~Vi1fl1';jnn~llJ'VlUOlllvJI9l1ij'Uti'1tJlll'Vl1'UO~

" "'il1flfl11;;1mnfl f -lU 'Vi'IJ11fl1';jl9ll1'ilV'UV'U l'l~llJ'VlUOlJ~vJ1l1ii'Ulm::lmlJlvJ1l1ii'U i 'UtJffff11~ l~tJl~

uflfflmlJ11'Vlm1vh~'IJutiI'l1'Wir91 ff1lJ11mhn'W'~mlflfl 24 i11lJ-lu~~i11'I'l~~(lfl~0-l uli'Uih.,

I I " ,

~1"l~Vin1lJ1';j~1'l';j1'ill~ 1ti''U0.:Jff1';j't1.:Jfffl-li'UtJnn11~i'Ufffl11~Vi 1 iifl11'vhn'IJ 0.07 u~~ 0.24

ill lfl';jflfll~flij~r1r1I9l';j i'Unm1~~ 2 ijf)ll'viln'IJ 0.06 u~~ 0.25 1lJ lmflfll~oij~r1r1I9l';j 1l1lJ"11Pi'IJ

" .
'lf1'! l.96 - 2.88 ill lmflfll~oijr.r1r1I9l';j 1'l~fl1';j'Vl~ntl'IJm111uli'Uth'UtJ-lff1';jn-lfffl-l i 'Unm1~.yj 1

i11'fl1tYllun:ff'Vltfl11lJUU';jU';j1'U!OtJ~~ 0.5 U~~ 2.24 i'Uffm1~~ 2 1.22 uae 2.97 19l111ihlPl'IJfl1

nm1~~ 2 'UtJ~urn UfllllvJl'l1lJ'Ui 11'fl1i.h~ff'Vlnm'Vi'UO-l~ U~~fl1f11111~~ tJ-lI'IJ'Ullll'lsi1'U odi 'U

'lf1'! 95.6 ± 0 3.5 - 100.98 ± 1.24 U~~UOlllvJl'lllJ'U 103.32 ± 3.71 - 115.81 ± 3.441fltJ'I'l~nfl'IJ

m1111oUlloU'U'U0.:JllJ'YlUOlllvJ1l1ii'Ui'U'lf1.:J1.60 - 2.40 111lfl';jflfll~Oij~r1r1I'l';j U~~UfllllvJl'llii'Ui'U

'l.h~ff'Vlnm'Vi'UO.:J1~U~~fl1fl1111~~tJ.:J~'IJ'U1l11'l';j!1'Uodh.!'li1.:J92.26 ± 1.57 - 92.32 ± 0.47 U~:;

UtllllvJl'llii'U 94.15 ± 2.16 - 102.40 ± 2.29 U~~I'l~fl1';j'Vl~nO'IJfl1111~fl~tl-l'U0.:J1~1~m1~,",'U.,

Ultra 1 (Crosslinked Methy Silicone Gum 25.0 m. x 0.32 ron x 0.52 !lm) (HP Part No. 19091 A-

112) 1Pl11l';j1'ill~'lfW~1'W11'l';j~'il'UvJonvJofn nm1~~ 2 ioNflO~tl1.rHP - 5 (Crosslinked 5% PHME

Siloxane 30.0 m x 0.32 mm x 0.25 !lm Film Thickness) (HP Part No. 19091 J - 413) ~11'l';j1'ill~

'lIlJ~lvJ~ll 100 01'Ult}f~'U 1~ tJfl1';jnn~~ll'VlUOlllvJl'lllJ'UU~~UOll IvJ1l1lJ'U~ odi 'UtJ nnl1~ti'1tJihYi~

...i I Y.... '"Y .d ~ 1 1 ~I •O::t}flll'Vluerme pH 1.J1flm1 9 U~1'U11111Im1~'H~1tJ1mO~Ufln mll1 'VlflHn mnmrm
; " "

'Vl~ffO'IJfl1111~fl~O~'t1tl~1~'VilJ'h fl1tYllU';j~ff'Vlnn'HtYllVf'Un'UO~n1';j't1~nO~'lflJ ~ '1'Un~ 2 n m1~ii
'II

I i Y Y "",.... "'i.d •.1 ... i" Irn fl~ 1.000 1'l~fl1';j'Vl~nO'IJfl1111~fllltl~'U0.:J11i1~m1~'H 'Uffm1~'Yl 1 'UO~lll'YlUOllh11'l111'U'Hfll...

U';j~flO~ 'W1~111u~~'U.fln'Vi~ 'jh~nij'Yl (2544) 1ti'Vf(ll1J'Ul1~fl1';j1l';j1'ilV'UVml~~1l'YlUOlJ

lvJ1l1lJ'UU~:;UOlllvJl'lllJ'Ui'UtJnnl'J:: lfwioNunn lmll11'Vlm1VJ 2 nm1~ nm1~~ 1 ioNmniml
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"d Q,I , '1 "...nl1~U"'Ufl.:lfj1f1'U9'l1VtJ1.:JVUl.:j n"'b'fl

Lillsunde, P. and Korte, T. (1997) '~l1mU1iim'jffnfltJ1iuilffff11~ ifltJm'jff~l,:j

l1"flflffnfl~.:Il'1 tln'h "Chern elut" U1lJ11,*uuntJ1U~,,~111::1fll'lulPi"~'b''I1flflflnmniJffff11~ LfltJl '*
, JI

l'Vlfl'l1fl SPE 1'i1VV1.:1Vj'~i1~\ln1l1 '111'1flffV'Uliiv.:I~'W~1tJii'Ul"1tID{1 mlJ111'1m1Vhm~U1 iUm1'IJ

...I .ct " ~d • QI 'I" , a tv
1111lJl'lUUlJtl1l9l1lJUfl1tJ1li color test, u,,~ EMIT UlfltJ,:jfl.:J111~"'U1nlflflfl1'j9'l'j1'IJtJUtJ'W1111lJl'lUVlJ

tvJ\9I1ij'U~1tJ1n TLC fJm~'Uilffff11~~t~1I~.:I~nvJvn~,,r~,,,,'UlPiflf11'jm1'IJ~1tJ1n TLC l~flt~'U

fl1'j11~m~tJ~ilty111~V1'IJtnfl'IJ1nff1'ju11"nu"vlJ m'jl~'UiJffffl1~1~v1l1lJ1\Ol'j1'IJ~~fl1'jt~mntJivi'

JI JI JI

lYl911ii'Utiv 1l111'UtlJ1n 1l1mft1.:J~1'U 111m~n~1'U11 ~NvJvn'U11U"::ff1'jfflJ ifltJii~"~flm'j9111'IJ

, JI

um: TLC rm t~lJ ff11 uile rnle UlJ911.:JCOJl1f1nll11'U nl'jl'lfl" U.:IUri1'U 1m!! 'liii~"91 Uf111\9111~111

tlJl'lUVlItvJ9'1liiu 1'Uilffff11~ ff1'j1t11"nu"vlJ'lJ1,:j911trlut~ml~ 1uiJffff11~ Uft1 ~n1:lru:~1 1 'l.J'lJfl-:J

21 .Id 11).1 ' c:$ 11)" '" ~... ilL I~ 21 ""'"lJffff11~~~tlJ"tlU wVtl1.:Jl11U lfl'lffl ff11Cjf,:jtlPllJ".:Iru1'WlJffffl1~U"1lJ~"\9IVfl1'j19l'j1'IJ111tlJl'lUUJJ

JI

GC iiij~.:J 111lJ1::,,'(lJ n'Ums 9ln~1fl111ff1'j llJl'ltWlJtYl911ii'U1'WiJ ffff11~
l'I.:Jll1'ml ff'1-urueYiIPllJ.:JfI" (2543) '~ffmn~"f11'j 111''Ufl11lJli:l'Wm fl~l.:J 'UU.:Jilffff11~

11~Un1'jt~lJff11~1~1 ~111 1~~1 111~vf11'jm1~1111lJl'lUUlJtYl\OlliiU 1uilffff11~~1U in color test,
. .J ~ ...""d~" ".1 11)

Enzyme Multiplied Immunoassay Technique (EMIT) lm~ TLC 9mlJ'W1lil'l1'b'U~ UlJ'j::tl'lff ll'ltl

ifl fJ1,*ilffff11~'U U~~~tffl'lU1,j' 11~ul'i 1vd1~fl1'UfllJ mnms ffnll1l'1'U'h m111 l'umun ~u mfl~l,:j~ .
JI

'IJ~Nilffff11~lu'lf1.:1 pH 3 - 11 uu'1iij~"~um'j\9l'j1i1111tlJl'lUUlJlvJIPl1iiu ~1U1n color test, EMIT

QI QI~l~ QI~.q, rlQI Q. d. Y
l'IlPlJUffnfl ll'1JJX1'U1'Jffnfl UUl'l'J'b'U lm::ffffli'J -qmCV11(2550) f1111'1flffV'Ufl11lJt;jn91U-:J

'UU-:J1l'lfl'l1f1SPME - GC ltJf11191'J1~1Vn~mlWff1'Jlll'Y1UUlJlvJ911iju 1uilffff11: ifltll'* SPME

Fiber Assembly 100 mm polydimethylsiloxane coating 1'Uf11'J~fl~'Uff1'j~ln'U~nru~';h,:j111uuI'i1

, .1 ' " , ..; W i i ~I~ " '" ..VUl,:jlm::lJ"Vtlff1'jl'U1~m:'U1'Uf11'J'lJV.:Jlf1'jV.:JUnff fI'jlJ1 l'lnnn t'b'flU"lJ'U Ultra 2 (Crosslinked

5 % PHME Siloxane) 9l'j1~1fl~1U''U i~'jl~UvJUffvJU1fff11'jl'lflffU1Jfl11JJ~11l'll::'lJU-:Jinff1lJ1'j\l

lwnff1'jtJJl'lUUlItvJ\9I1ij'U, UUlJtvJ~liiu, 3,4 - tlJi1,,~'U 'fluunC)}tlll'lUUlItvJ~liiUtvJuvJ\l'j 1iiu, tYl'U

tl'lu{iju, ttl ifl~hvJfl'1ulm::fi~lii'U ii~fl~lnfl~1-qfl'IJU.:Jf11'j~n~1fl111tlll'lUUlJtYl~lij'Ul'vhn'U 50

'U1i'U n111 f11'J1111111,*~'j1~i1f1'j1~-H ff1'jtlJl'lUUlJ1Y1~liiu 1Uilffff11~'lJU.:J,ru,:j11au~nl'j iflfJnl'j
JI

\9I'j1~ ffu'Utii U.:J~Uifl tI'l!fll'l fl ffU'Uff11"::'l!fll'lfl ffU'Ul1~ nm 'j lJii~JJ n'Ui1'1fJ1 1Ums ~fl mU.:J1'i1mh,:j

~1,r~'m'U1n 9l'j1i1{j'WV'WtmU'UtVjU1Jinl~lJ TLC ffUflflftU,:jnmm'IJU.:Jf11'j\9l'j1~~1t111'1fl'l1f1SPME-

fn1lJlcUlJcUU 0.1, 0.5, 2.5, 10, 50 'lJ ifl'H11lJ~Uii,,~~~'J ijri1u~1U'lf1.:J 80.65 - 108.95 % ri1f111lJ
d I!::! ~, QI d QI , w <it ,..
l'YHN'UV.:jfl1nlfl11:11fl1U U1UlflU1ntJ (intraday) U":'J:1111.:J1U (interday) Ufffl.:Jl'UphmJ":

'IJ~Nri11~U.:J1U'UJJ1\Ol4i1'UfflJl1lnrijri11WlfJ,:j 1.66 - 8.95 % 11": 3.91 - 8.68 % 911mh~'U
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,
d ..

nmtY:lJ~"''IIfl~tYl';jl1 30 'l..tll1

• ''I ' '1 SI d.d " " .. 1t) tI.dtJ1fl~ llJ'lf1.:j 1.4 - 6,6 % fI1U I'ltYfI11:;'Vi!tJ'lfl112.4 fI11:lJI'UlJ'1.1'1,1'1.1fl.:jIt}1l~UlJfI'''fl t';j~ l1 30 % u"'~

", ,
VlJYI~V lfil'lfftytylru~lJVi'j1Jm'l..tl.h 'l,r~1~~~ln~'IIfl~f11jl'ln'il1~Ufl:lJtvJl'llii'l..t I:lJYlUtJ:lJlvJ~liilJ

1m:; 'IPlI:lJl1Ufl:lJtvJ1IliilJ ~j:;~U 10,10 lm~ 1 'l..tl1'Uni'lJ~fliJ",~~IPl'j 1'l1:lJ~1~U U",:;'l,r~lflJl:lJul.]'I..t

Vilms m d'il1~UtJ:lJl'V'll'llii'I.J llJl1UtJ:lJl'V'llPlliiuu",:;i~I:lJl1UtJ:lJt'V'llPllii'l..t1u iJ fftYl1~ tl'll U:lJ~1mh~

1~utilUtYtYl1~lJl 3 ij",~~IPl'j 'lri'llJ'II1~ 1~:lJ 5 'lu lm~IPl'j 'IItJ,:j 5 1:lJ"'1{ 1'ViUYltY1CMeJlJig~'jfln

lC)f~ um~ 0.9 n1:lJ 'IIfl~1C)fI~tnJfI"'fl h~fllJ'l,rl.ulnlJ Vilf11'jtYfi~~1eJ!Y1flijfl SPE l~tJ Fiber lfliifllJ

~1tJ PDMS '11'1,11100 1lJ 1m tlJl'l 'j ~lJ"',:j'lUI1i1tJV1~UfftYl1~ fllJ~JV Stirrer Ul'1..t 30 'l..tlViffl'j~

~tJ.:jf11'jllml:;,.(,)UtJQUlJ fiber til hll!fI'n:;,.(~1tJunff lf1nJ11'Y1f1dlVJ lvJmJiflflfl iUlt}li'u 'ViU11

n11 fffi~~JmYlflijfl SPE 1~'l..t1li~~lmm~1Ifl'jl~'I11~n~I~1 1~tJ i1i~ll~'I..t~fl~ 'l,*~1Vil"'~mtJ

, ,J) ,

m~flfl"':lJuVi'l,*lijU'lfij~lvJtYfl~ij~ i~ii.uJ glPl'jlnl1 l'11"''Ufl~untYil~tJ:lJ Vi 1 ij"'~~1I'j~flU1Vi

fJru'l1iJij'UtJ~ri1U~~ffl'jVi 250 - 280 tJ~fI'11t}l~ICMfJfffJru'l1fJii'UtJ~9i11Pl'j1'il1~ 250 - 280 tJ~fI'l

.. .,." .d, .. .k 'l SI?t 1- 1 .,.tt}l"'lt}lVtY Im:;fJru'l1iJlJ'UtJ~~tJUYI'lf1~ 90 - 280 tJ~fI'11t}lmt}lfJtYt}I~'il:; 'lfllJU 1Jmf1dlJfJru'l1iJ:lJU"'~
J '''' _ ~ tI
'IIlJflQn1J'lf'U~'IIfl~fltJ"':lJ'I..t

" ""~1'W1'W2.5 ij",ilillPl'j till tJl'UV1U",:;i]U 'l ,ruvni'utili'U'Ufl~~TYh"':;meJvUYI~Vl~lJ~1tJffl'j"':;meJ

J:.ItY:lJl:lJl11'1..tfl'": f1d~ ig 1~dfl"'fl7n (9 : 1 v/v) ~1'1..t1'U50 i:lJ lf1'jilm til itJ'j:;mVU,r~U~111fldl~,.(

~1VUnff 1f1d1l11Y1f1dlVJ IvJ"':lJ'leee i 'Ult}li'uu~:;unff lf1'j:lJl1Y1f1dlVJ iu llPldI'l'UvJfltYvJfli'tY fIlil",

" "~7n l.u:lJ.uU 0.5 1:lJ"'1{ ~lUJ'W 2 ij",ilillPl'j tilitJl'IIV1Im:;uuh1'lwni'u tilriTU1JU:lJl~lUJU 15

ij",ilillPld 1~:lJ1t}11~tJ:lJiglPl'jflnlt}1~ l.u:lJ.uU 1 llJm{ ~lU1U 1 iJ",ilil~'j lm~I~:lJi~fI"'fl hiilYl'U

"'l... SI C'I d d,!d tI '" tI
tJlJtJ'Wp"''1~dtltmtY1m:lJl1l1ml~ U:lJtYtYltJfl1~H:lJl171::UUU:lJtJ7:: ltJ'lfu'lum7~11"'I11len~n'l:JW

, Q L1 gil d ~ d .& I lfJ Y
'II~:mnu~"'~'lflJ~ !~,nmm:::lJtYfI1'Vi n (sensitivity) ~ t}I~tYl:lJl'H11ln"tJl~1,:jC) !~'I1mn'l1meJu~~

1t)Slo<!! .,. 1 Q _I tI'!"'! _I 0fl'H1Ufl'l:lJffld !~lm)U 300 'lflJ~ ~VlJl:lJl1Jd~qn~ 'If lJ~llJ1Jd~~l1

fl~flmdtY'I1tJ'j:;'lfl'lfl~ (1995) i~im;lnld11fldl~,.(llfl:lJlvJ~liJlJtm~I:lJYltW:lJlvJ~liJlJ

~1mYlm1f1~VlC) t'lflJffn~~1eJtvJtY'Ufl~m"'J 1~eJtill1i';lflVl~UtYtY1J~:lJl 2 ij",~il~'j t~:lJtYl'j"'~"'leJ 2

- Methyl phenlyl ethyl amine l.u:lJ'Ii'lJ8 i:lJ 1mni':lJ~flij",ililm ~l'I.JTU 0.25 ij",ilil~'j1~:lJIt}11~V:lJ
" ,

i~~'jfln it}l~ 1'li':lJ.ulJ1 1:lJ~1{ ~1'I.J1lJ 2 ij~ilillPl'j tiln"'lJ ~ltnU 5 ij~ilil~'j u",::a~:lJ i~fl"'fl Is
"

iimu ~lU1'I.J 20 ij",ililm tilitJl'llVl11J1C) uru 5 lJ1Vi i'UridlJU'W.y;~itJ ihitJtYn~~fl~1tJf1d~i'",
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, v
u'W'YI~Vlgf)1G]f'WUCl::Wl1Cltl::Clf19'l'YIViVim'b'9.0 utJni''W~11'llCl::Cll{JVU'Y1~6 iriCl~i'W'U1m::1l1 tJ''Ii'

'J/ 'J/ I ~ 'I 'J/ "'I .I.d.... d '" JI ....
Ul1~'fI1Vm'S'~l14unff N2Ll1fl'l1111tl14L'W1g~ffllJff'YIfJtul1IJ1l 200 tl~fl'11G]fCl1G]ftJffffn~~l1m"'fl'Wfl

'I I Q ,q QI ,~" QI .!i ~ Yd ~ Qd d , d
L'W'lfd~0.38 - 0.82 llClClm1l9'ltlCl9'l1 1tlrJCl::mlmtUfl14 L9'ltI~81% mt::l1J'Wdti'Y1~ltJ 1'J9'l1n 1'11111::

tium'I 11fl11::", ff1'jm::~ 'Wi14Uffff1'J::UCl::~:: ili iifffl 'Utl~ ff1'jg'W1un1'W

Sterk, U. and Kulpmann, W.R. (2000) L~Vi'\PlJ'U1m::1Jd'Wmlffti~ff1'j lum19'11'J~

.... ~ 'J/.... 1 'I 'J/ .... 0 'I 'J/'l A '" I
d1ml::l1fJ1~dm'YIfl14fl SPME ~tJ L'lffJtul1lJll~~'l U11111'b'1um'j19'l1tJ1l9'ldtltl1~'Utl'lm19'1'j'J~

11m 1::"'V11ff'V'l~~'lUUffffl'J::1 m:: 'l14Clff11 19'1~fJll~dtlti1~ L~ fJU1Uffff1'J::ffti~ ~ 'Jv~'J-n lCl::ClltJ

;j'W~ 78 % UCl::lrJ'W1~~l'HlJ1::fflli'li'ffm'V'li1 (sensitivity) iifl1111~lt'V'l1~l~1~~'I~ (selectivity) L~rJ

~bJiiVifl~'U11Jn114 i'li'~lfl:J111Uli'Wtj1~~1 cutoff 500 111lmni'lJ~tJft9'l1

Kataoka, H., Lord, H.L. and Pawliszyn, J. (2000) i~Vi'YlJ'W1m'ji,* SPME -nH1'W-i'Jll

tiu LC - ESI - MS (Liquid chromatography - electrospay ionization mass spectrometry) i'Wm'j

9'I'j1~i~l11UtJlll~9'l1ii'W 111'YIUtllJ1~9'l1ii'WUCl::ff1'j tl14Vi'14{'Utl~l11'YIl1Cl~14'l~tltlnClfi 14Uffff11:: ~ dfJ•
,V ,

1'Y1fliJflm1ffti~ i'Wl1Cltl~ SPME 1~'Wm'jffti~ff11fJ'W'YI~vi14~1tlti1'1nl~14U1 U~'JU1ff1'jViffti~ i~

1'1i1~l1Cltl~milClCl17":hnni~U1lln9'lf1 ffm'Jd~l'Hll1::fflJ'UtJ'Il1CltJ~milClCl11 SPME fitJm1~~
v ,

m'jtl~tlVff11 15 flf~'Utl~'jtl1Jff11~dmh'l 35 ill Lmft9'l'j i'W 50 iiClftLllm{ Tris HCI ViVhtl'lf8.5

t19'111m1il1Cl'Utl~lvJfflfl~tl'W~ 100 Lll lmft9'l'jl91tl'UlVi L~vii'miJClm~fltl"lJtf'lfiJ~ Omegawax
.d Q ~ lilY Z I <d 0 cv Q.I ,

250 G]f'll1Cltl~SPME 1 l1CltJ~ffl111'jm1m1::l1ffl'j L~ 500 m~ 'V'IU11'U~~ln~'Utl'lm'j9'ln~'J~tl~

, v

iiClftft~1 'Utl'l 0.5 % NQS 1'llml~fflJff11Vi~tul1lJii 70 tl'lfl'11G]fCllClfrJff'W1'W20 'W1n Y1'1i'li'lg14l~ll

~'JfJ 1 iiClftft9'l'j 'Utl~flCltlh~tl{ll lh 't111m1~11~'JfJLgl~tl{~tl{lJ1wt1ftfl1~ imlJ1L'YIm1~ l~fJ

i~~ 2 m111fJ1'Jfl~'W 260 141L'Wlll9'l1 tl~i tJ'lf'J~ 60 - 75 ill Lm n rll 191tlft9'l1 UCl::fl1111fJ11fl~'W~

450 'W1L'Wl1l9'l1tl~i'W'lh~ 90 - 135 ill Lmni'1lI91tlft9'l'j lm~i'li'~1~~~lti~'Utl~m'jl11,.HlJ1tu

11m1~"'~fl1111fJ11fl~'W 260 'W1L'W1119'11tlgiWlh'l 115 - 155 ill Lmni'lJl91tlftm UCl~~

fl1111{)11fl~'U~ 450 'W11'Wl1l9'l1tl~i 'U'lh~ 210 - 330 ill imni'll91tlft9'l1 i'li'~l~~wCl~'IH)'Im'jf)"1J

~ 91.t!!!l.Q4 .Q tI
Talwar, D. Watson, D. and Stewart, M.J.(1999) L~fl'n1J11tim19'11'H)'llm1~'Hnl

Umjl~9'l1ih..I111'YIUtllll~9'l1ii'W MDMA MDA mt~ MDEA (3,4-Methyllenedioxy ethylarnpheta

mine) 1~fJ'I.h.i1mh,'j1l11'l1tl'tfyr'W{~1rJ NQS (Sodium f3 - napthquinone - 4 -sulphonate) lh~1tlth~

i1ffff11~111 3 ilClftft9'l'j l~ll 10 ill lmft9'l1 'Utl'l dimethylamine l'tJ'W internal standard ~m1111,rll

,r'W 10 nrlll91tlft9'l'j ffti~~'ltJff1'jCl~mrJ~ff111tl'YI114tlCl : f)'j~ 19l~'jflCltl~n (6 : 1) ~l141'W 20

illimft9'l'j \hlt11G]f'W~vbff'W1'W 2 'W1ViUrJn~1-n1Cl~Cl1rJfJ14'YI~th.h~1'I1rJu'li''I~1mlliff N2 ~ 50
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, I , "

vlPI'nfll'ii'l1ft'llfl'll'Y'lfflf1ilfl'WYi'\Jfl'l A une B YllJ11fl'fl ifl'llfl'll1Hm::Vi1'llfl'lff1':iYiilJ'lJ'tllJ'l.J1nlJ

1'V1fffl~nlJ~lij::Vill ,rn'fll~ff1':i ft'l fl~l 'WfIU~lJ,r'W1'W~'W1f1gfl'W~flflfllJ1'fl~'fl'l ff1'Wfi11llffllll1lPlj

'llfl'loWft'i)::~f)fl1lJt:!lJmjtlftm'JJ~tJ'W 1flflfl'WHft::~'W1j:: i~ i~j 1'O'W'1'W1-Wfflftgfl'W~

" "modifier 'lu fl::t]filPl''Wi'Yl~nlJih (50 : 50) VlPlj1fl1':ii'l1'fll'i'l'l1ll~ 2 iJ'fl~~m~fl'W1Yi llft::tllPl'i1fll1

i'l1'fl'lltJ'Il-Wfftflgfl'W~ C 'i)::'JJsULvilJ~'W 25% 'i)lfltllPl'i1fll1 i'l1mr'l'l1lJ~ i~tlfl11lJt,rlJ,r'W amine

modifier e~~ 25 iJft~lll'fl1{ VJflfll':i'Yl~fffllJH'fl::flll'JJflJt'JJ~tJ'WoW1fl'}j'~::Yi1fl1j'JJfUL'JJ~tJ'W~lfl

" , ,
1nuii,rfl~fifl 1lJiifl1':i':ilJfl1'W'llfl'lffl'iVWl Yifl~i'W1Pi'1fld1'l

Kiel, I.S., Morgan, S.L. and Abramson, R.K. (1985) Vi1fl1'i'JJ1::dJ'W1::lJlJ~~::iif-lftlVifl

ms lflii'W 15 '}j'ij~ 1~ernj 1'JJ~tI'Wll'JJft'l'lle'lldm~ ff11 1ftgtl'W~tlflfllJ1 llft::ft 11lJfflJlJ11P1'j 'lltl'loWfi

'\Jfl'l primary , secondary Itft:: tertiary amine l~mhf)l1'JJflJltJ~tI'WoWLU'}j''lltl'lt'Y'lff~lflgfl'W~'

(mobile phase) i'W'lh'l 2.5 - 8 LLft::fllj'JJSmugtJ'Wfl11ll1,rlJ,r'W'llfl'l sodium ion i'Wl-Wfftft~fl'W~
, ,,,, I

lft U~flft' fl'\Jfl'l111'1m::Vi1'll U'Iff1'iYiilJ'}j'fllJ'l.J1nlJl-Wfffl~nlJYifllj U'flm'JJ~ fJ'W1 flflfl'WII'fl::~'Wli::

,~ im1~'W 1l1VI.~t'Y'lflf-Wfl{lll'Wc{~fl1~ lmlJ1i'Vlm1~ l~m-Wfflf1gtJ'W~'lltJ'I A lfl'W 0.1 ill'fllf

phosphoric acid i'Wfl::clfllP1'lu i'Yl~nlJJl (50 : 50) l-Wfflftgfl'W~'llfl'l B lfl'W 0.1 llJ'fl1{ iClf1~tlll -
" , .

1~~'jtJfl iClf~ l'We::clfllP1i'Wi'Yl~nlJtJ1 (50 : 50) LL'fl::1-Wff1f1ilfl'WYi'llfl'l C 1~'W 0.1 ilJ'fl1{ Amine

" ,I' I

% Im::i,r~1~fltlft::fl11n~lJfi'W!1'1nfl'WUft::'I1~'Ifl11ffn~l1 107 ± 8 % l11::~lJfld1llt~fliJ'W 95 %

dd - "1 d' .c::t. ~ 0 QJ" d
coil 'YllJfld1lJtI11 11 IlllPI'j ttl''Wf-I1'W,!'Wtlnm'l 0.8 lJftftllJ~1 'YIlflll1~ff11~1t1 fluorescence 'Yl

ft11lJtI11f1g'W'lle'l emission 277 'W1i'WUJIPI':iHft::ti'fl11lJtJ11f1g'W excitation ~ 260 'W1i'Wlllm l'llJ

11 t ,rfh~~~ln~~lff~'\Jfl'lml~ n'i)1~'llfl'lUVlll-W1Pl1ii'W~ 0.3 iJft~ni'lJ~fl~1PI1 1,r ~l~~~ln~'llfl'l.

"
'W1'W60 1'W1Yi mU'I1Pi'1mh'l~1tJm::~l'hlmU'I tJ11Pi'1UV1'l1,r11::lJlJ1~tlii'tJlJ''WtllPl':i1fl11i'l1ft 2

iJft~~IPI'jlVifl'W1Yi~1'Wi'JJv'l six port valve Vi1fl1jf-lfflJIPi'1flv1-llnlJ~I'Ylflfm'1~1'W i'JJv'l extraction

'I v Q.I Q tV .t::::& fI " C"J,. 1 ~I 0 Q.I

1'lJ'batch une flow injection mfftH'Ylft'Wftfl11ffn~ LLE 11m1::'I1~1tJllnff lmm 'Ylnnn 'W1~1

uth'ltJffffld::lJ1'JJflJ~1tJ iClft~tJlJfI1{lJU''W~~lJIPi'1i,r,~ i"iIU'}j' 13 ffn~~1tJ'~leVlft~l'Y1flf t'\Jfh

SPME l~wfiber tflavlJll-w polyacrylate Hft::n1ll1tn~fI'ljV'4vr'W,rIl-:)fJ acetic anhydride pyridine

'W1'W10 'W1l1 Vi1flllfi~t,r1Hfi\,.lmlJ1l'Ylm1~ LtlJfI'fI't'JJfll~tlJ'Yl~ ~~ru'l1iJiJ 320 e-llffWb'ftl~m,.

'Wl'W45 'W1Yinl1J1HI~n~l'llJn1'jnrilJUVlJt-W~lii'W 200 Ih.lltnni'lJ~V~m fl'llnrilJtJ1fihm~. . "
500 ilJ if1jnflJlVie~~1 n1m~lJllJ'W iClfi~v::cnJ'W 100 ilJ lf1mflJlViv~~1 llJ'WClfmHftftin 1'W 150

1lJ if1jnslJlVifl~~1 tlJ'Yl'Y1li~ 100 1lJ imni'lJlViu~~'j uft::lJUf~'W 200 1lJ imni'lJlViu~m

Mauri - Aucejo, A.R. and et aI., (2001) Vi1nTlWi1'i)'j~'I11UUlJl-W~lii'Wl'WtJnfl'11:: l~tJ
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Q Q.I w .,,ci ~ 0 0 .c:a91 <Clio ~

Lil'U3 1'1..1,1,2,4, 12 Ufl~ 14 fftlfl1'H 'YI~W'H1JlJ0 C ,4 C, ~W'H1JlJ'Htl.:lUfl::~W'HfJlJnCl1.:1U'O.:IHfl
t, 0 0 I

f111'Y1f1fltl.:l'Y'l1.J11Lijf.lt~l.JVi~Wl11Jil0 C Ufl~ 4 C ~'UO.:l24 nVfl1"y '1M'Hflhhl91n~N~1f1l1m~llJ
91 .dI.f 91 d. d " ...1Pl'U m1ffnll1'UU ff~.:I'111111'1..111m 11f11.Jm11.J'UV.:Itlnn11~ '1'UlVUl1.:1t1.:1f1.:191:i11l'Y'l1.Jff11LlJ'YIUVlJLvl

.. '1 ~ 1IJ9I .dI e. 1"· d"'''''' ".19l1lJ'U'Uft:i11.JlJnn11~ lfl 'U1'U(l.:l24 fflJ~l'H n1'Um1Lf11.J'YI~Wl11JlJl1f.).:IUft~nfl1.:1U~'1'Y'l1.J11ff11

~lJ'YIuvlJ~vlmii'Uflflfl.:l19l1lJ~11i1.J'1'U1::tJ::nm 24 ntlfl1"yLrtml1t1l.Jnl.Jfl111JL,rlJ,r'U~~lJ~'U (p< 0.05

"ltn'Y'lnw Vi~::"l'U (2548) i~ffnll1Ufl::-WWJ'U111iilm1::11'111VllJ1Wff11Lff'Y'l9ifl~lJ'YI

1lf.)lJ~vlI9l1ii'UUfl::UVlJLvJI9l1ii'U'l'UUffn11:: i~tI'oM~'YIf1l1f1l~~ml1n unn innn I'YIm1~ ~1tJ\Pi1

91n~1f1'lf-Ufl~vlfllJ 'leeei'ULClfcM'UUfl::itJ 1m l~'Uvlvnvlv1ff lf1t1'1,*fI1t1ftfl1~flV"lJUtJ11 30 LlJI9l1

ltf'U~h'Ul!f\Jvnm'l 0.32 ilflilLlJl9l:i lft~Vl.J~1tJ 5% phenyl polysiloxane 'H'U10.25 ilJ imLlJm (BP -

.dI ..." 91 '1 ~ 'iTsuchihashi, H. and et aI., (1989) ffnll1fl1~m1~1~m1~'1HnHl~~lPlhl hllJffff11~ t~tJ

fl1n11fJ'4-w'U,r~1tJ TFA mn'l'UftfJ"'1J'lrlhfl1~1~~1mft~fJ~ ~~~'Cntln unn imm hm'j1~ ilwi1

fJdN1jnn11~lJ1 ~1'U1'U 5 ilfl~~91~ '1ri'IJ1~'IJ'U1~ 20 ilfl~~91~ 19i1J1vm'YInl~tllJfI1{Uf.lthl91 3.5

n1lJ '1M'fl11lJffJ'U~ 80 fJ.:IffW)ffll~tJn 'U1h120 tJ1l1 il1ri1'U~l;lu lm,r1~tfl~fJ''lUnn 1mm1'Y1m1

"~ '1Utl1lJl91~ 0.8 ilfl~~91~ 'Y'lffJlJ"".:IYi1fJ'4-w'U,r~1tJTFA i~tJm5il1n1:ifl~mtJ MBTFA (N -

methylbis [trifluoro acetamide) ~1'U1'U 1 ilfl~~m iri'1'U'lJ1f1'UU1~ 10 ilfl~~91~ ~h'Uunff N2 fl~"U

'U1~ t191:ilfl11l11fl 20 ilfl~~91191f.l'l.J1Viu~1il1ri1U~t'I'J'Uunn'UfJ.:I MBTFA ~~l,r1~ sample loop
... ...i • 'i '191 191 "'i 0 .,,, 'I ?f '"'YIl'Jl'fJlJ91fJ91Hsix - way valve l~tJ 'Jl' switched l1n11m~IPl'U lf1tJ'YIlfJ'4'Y'l'U1iflltltUUftlJflm1

ftfJ"lJU fI1t1flm~'Jl'iJ~ DB - I ft11lJtJ11 30 UJ911tff'U~htJtT'U6nm~ 0.32 ilfl~tlJ91:i fl11lJ'H'U1'UfJ.:I

~~lJ 0.25 ilJ lmllJ911 iM'fi1f111lJl1:ltJlff'Um.:ll'UfJ.:IllJ'YIUfJlJlvJ911iitJi~i~1f1ftfJ 11~lm~alfJlJlvJ911

iiWMfllvJ91fJV'1'U'lf1.:10.04 - 50 1lJ ifl:in1lJ91fJil,,~il911 lm~fi1;j~~lfifl~ln~'UfJ.:Ifl1191n~1f1'IJfJ.:I~ .
llJ'YIueJlJ~vl\pnii'U'~lf1:iflflfJ' :i~lm~UfJlJlvJ911iiwMfllvll9leJ~~1~1iu 0.03 1lJ lmn1lJ~fJil"il~911

"ltn'Y'l1 "l1'U 'YI11'lf (2549) 1~m 111'H1V11J1Wnl'HlJ'YIUeJlJlvlIPl1ii'U'1'U\Pi1VV1.:1iJffffl1::
"1fltI1m mnViuufi'U1::1111.:1'1'1..1il liJ ffff11~ Ufl::'1'Ufl11uiJnffl1: u'U ~lnvmlfl~ ns~~111m V.:I 1I1n

\Pi1vVl.:1iJffnl1:ri.:l9111~ 'Y'lUffl1llJ'YIUVlJlvl911ii'U ~1'U1'U 10 :i1t1 nfi~~1tJfl1:ifl~mtlm1U
" , ,

iJnn11~ 1 ilftilil911 ~1tJil1n~'U 8 ilflilil911 ~m:LL"liH'U1'U 1 <M1ilJ.:I i'Uf1111~m1~"y'1,*11i

immunoassay ~1mft~f.).:1 TDx ~lnn~1'Y1f1flf.).:I'Y'lU11ms 1~fi'U1J1'Uf.).:IllJ'YIuf.)lJLvJmiiuuum1u

'" • 'I 91 "" ~1.. .k ...11191.1'UV.:Im~fl111mf.).:IlJ1J1nn11l'UH1nf.)ff (p<0.05) Ufl~ lJU91n911.:11l1ntlnn11~ Clf.:l1l1nHfl'YI1~'Um~
" "illl VV1::~n~'1,*L~l.Jtlffff11~ '1'1..1lV'Uf.).:Im11.Jtlffn11~U'YI'Ufl11!~l.Jil1t1nff11~ i~ 'Uvn~lnij '~Yi1

f11191111l111ff1'illJ'YIUm.HvlI9l1ii'U'1tJft 'i 1UiJnffl1: U'U~lnVnllft::m::fI Tl:ln1fJ.:I~1niJnff11::~ri.:l
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d.c:i dy,';'.c::td
sample loop 0.05 urn tm~n"1'Ylffl'l''01fl sample loop ~t1L'Ul~tfldtl.:J 2 'W1'YlC)f.:J'illflfil'l'~'l'1'il~tllJ

fl11lJ ~ fl~v.:J'lJv.:J1n'YilJ11 1nif~1";iifilnlJfl1'W 'illfl~l':ig'IJ ~iitl~' 'lJ1Pi1tltll.:J<Jf1.:Jfl111JL~'lJlff''IJIPl'l'.:J

'lJtl.:J1Pi1m 1'0ilPl'll'UIPlL-W"~itltltl 'l'lJtC)f~'IJ'lJtN111'Yl11VllL-W~lii'IJLm~U v1J1-WlPllii'IJ''lJtI ~~11~tl~' 'W

<Jf1.:Jtl11111,j'lJ,j''IJ1 - 20 1111m fli'l1~tllj"~~m dl'Hi'mhffll'1.1':i~iY'Ylt~mYll~'lJn flV 0.9990 -

0.9993 1m:; <Jf1.:Jtl11lJ1~'W1ff''Wm ~'lJV~1Pi11il':i1'ilifl 'll'Ufl , 'W1~':i1'il'W-Wtl~-w Vi'~'Utl~tlJ'Yl11Vll1-W~lii'IJ

Ufl:;WJllt-Wlillii'W''WtI~~11~ tl~''lJi1.:Jtl11111,j'11,j''IJ 0.025 - 20 111lmfli'l1~tlij,,~~~':i d1'Hi'mh

ff1J1.h:;ff'Yltff'Hffll~'lJn fiv 0.9988 - 0.9995 fl11lJ~fl~V~'lJV~11htfflPl~' 'W~'I.1!tltJ"~'Utl~flldmtlJ

fi'W'UV~~l'l' llPlm~11'IJtl.:J~1:i1JlIil'l'il'W"~''lJ1Pi1vtll.:J 'YilJ11'11'fh 99.49 - 101.78 % 'UV~1Pi11Pl':i1'ilifl

'll'UlPll-W"111VVvi'IJtC)f~'IJtm:; 99.39 - 101.82 % 'Uv~1Pi11Pl'l'1'Oifliulm1'ilU-WVff-WVi'~ fi1~fl~lfifl

~1,,!1Pl'UV~f1l':i1Pl':i111ilPltm:;fi l~ fl~1filPl'IJV~fil':iIPl':i1'il1111JlW11m 1::"y'UV~tll'YlUVll1-W1Pl1ii'W'u
tI~~11~~1V~11Pl':i1'ililPl'll'ulPlt-W"11ivvv' 'lJtC)f~U1m::i'IJ11Pl'l'l~Ul"lV~-Wvi'~ v~'U"lb~fl1111t,j'11,j''W

0.004, 0.002 uae 0.025 - 0.01 111lfl'l'fl1lJ~tliJ"~~m IPllllti1~1Jtm::11tlllt-WlPlliiului1~~11~~i'1v

1Pi11Pl'l'1'ililPl'lfUlPlt-W"lJivvv' 'lJtC)f~'lJ1m::' 'IJllPl'l't~'IJ-wtl~-wvi' ff V~~<Jf1~fl11lJt,j'lJ,j''IJ 0.03, 0.006

tm:: 0.1 - 0.025 ill lmfli'lJ~vljfl~~m IPlllJth~lJ 'illflfil':ifffl'l:lltm:;~WJu1fl11lJ~fl~V~'lJ6~1ii'YilJ
" .

11 inijrrum \lVi'll1, 11tH1 'IJfllllPl ':i1 'il1tfl'l'l~M'H 1ff1:i tff'Yi~1PlUJ'YlU6111-wmii'Wu,,:;um.u-W mii 'IJ '1'IJ
tI~~11~

'" 1;'/ "1 '" d " "''' I '1fl'W'Utl.:JUfl~t'U1'W'lJ1fl 0.2 'W1'Yln"1'Yl~1'l't'U1 sample loop 0.01 'lJ1'Yln"l'IJtl.:J~l':it'Ul~~l1~" t'IJ

t I I I 0 1
~.A Q.I ... f .d "1 ~ d CIIod dct ~

ttl':itl.:J 'Ylfl1111fl'IJlJ':i~111W25 psi nm'Yl~1'l't'U1~~11~" t'IJ 30 urn fJW'HtJll'Yl 90 C nm'Yl mfl1111

<iI Q <C:io.<'=t, .c:." 1 d d' 0 QJ ?I Q
t'IJ'U1fl'IJ'lJlfl 10 lJ"""~'l' t~lJ 'YiU'Yl~tC)ftJlJm'l'lJtlt'IJ~'il1'IJ1'IJ 2 flnl tlJ'W salting out U,,~t~lJtlJ'IJ. "
cMmvii'W 100 '11 lfl':i~~'l' t~'W internal standard illL'I.11tm1::M~·;W1fl~VWJflfft'l.1~IPi.:Jffm1::'lJtl.:J

mn:J 0.32 lj"~nJ~'l' tfl~tllJ~1tJ dimethyl polysiloxane 'H'lJl 0.25 111lfl'jl11~'l' (BP - 1) dl'Hi'm;1

~d 1~ifl'll'U fl , 'IJ1~'l' t~ 'IJrltl ffrltli' ffttft~l'i1 fll'l'ffmnfffll1~~mlJl~ ~lJ'Utl.:Jtfl~tl.:Jtg,H'1.1~'1'IJms

~fiflIPi1mh.:Jttft~tI'il.ijtJ~1.:J'l ~ii~m~v1nfln~fifl lfltJ'll11Pi1tld1-!ltlff~11~111 3 ij"~~~:i lJn,,,.:J
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Q : d
3.2.11 m:;91n'U1U'\J,:j

'j) ""3.2.10 '\J1~un1ff~1

" '"3.2.6 ~fl'UlOlnffl'j (Spatula)

3.2.7 Ul'i'lU01ft'Uffl'j (Stirring rod)

3.2.8 'M~fl~~~ffl'j (Dropper)

3.2.9 '\J1~1~-U~lJllOl'j (Volumetric flack) 'U'Ul~ 5, 10,25 um: 100 ii~~~m

d
3.2.5 '\J1~1Jn~ffl'j'\J'Ul~t~n (Vial)

d tI Cl ,Q,Q

3.2.1 urunns (Beaker) '\J'Ul~ 5,25, 50 U~:; 150 lJ~!;l~IOl'j

3.2.2 m:;1JflnIOl1,:j '\J'Ul~ 10U~:;50 jj~fifilOl'j

3.2.3 1lJ lmilt-u1Ol (Micropiptte) '\J'Ul~ 0 - 20, 20 - 200 U~:; 200 - 1000 1lJ lm~IOl'j

3.2.4 'M~fl~'Yl~~fl.:J

.. .a ~ -4 0 "3.1.5 lmfl.:J~.:J'Ylff'UtJlJ 4 IOll11'M'U.:J~'U LA 230s '\Jfl,:j Sartorius
'j) Q/'"3.1.6 ~~~ft1'UYl1:l (Hood) '\Jfl,:jFLEXLAB FUME HOOD

3.1.7 ~fl'lHft~fl.:JU011'U Gravity Convention Oven '\Jfl,:j Precision
'j) d •

3.1.8 ~W'U ~'U Climatro

.<!I ,

3.1.4 tft'jfl'lt'\JtJl (Shaker) '\Jfl.:JCrest

.<!I, ,
3.1.3 Ift'jfl.:J!'\JtJl (Vortex) ~'U GENIE 2

a ,,, 9)

3.1.1 Ift'H)'l Gas Chromatography - FID ~'U GC - 2010 YI'H)lJ~1tJ Auto sampler

1'U AOC - 20i (SHIMUDZA)

3.1.2 Ift~fl'liJ'Um~tJ'llOlfWI:;n'()'U (Centrifuge) '\Jfl'l Hettich

,
.:tunn 3



& ..:::..c:t d Q,I 1~ • <t ~ "3.4.4 fl'f)1I111im'j tlPl'jtJlJIPl1tltJl.:J1J ffffl1:: 'illf1dltl.:J1UIPl w1 &\PltJfl'f)'lJltm::'J 111 'J1lJ'lJtl

l.J~'lJtl.:jm'Jffil\Pl~ 1tldl~ tlJ'YlUtllJtvJlPllij'W i'W iJffffl1::U~:: m'J1tml::,.y~ 1tJ11iun ff '[ fInnl nn 'JlVJ

t-W~lJ'UUtl iUt9fcMU

", 0 "'''U'I1.:Jf)t)'WUllJl &'if.:jl'W

3.4.3.3 ~'fltlPl~tJlJffl 'Jtflij ~ 1't;,,,,::mmt~::ffl'J~::mf.JlJllPl'J 11'W 'Utl.:JtlJ'VlUtllJtvJ

d. v 91 ... 1.e:.Q.loC:l ~ ~3.4.3 LIPl'J f.JlJfl11lJ'Vl 'J tJlJ'U tJ.:J'11tJ.:J1JU1JlPlm'j U~::Lm tJ .:JlJe:J

3.4.3.1 1PI'J1'ilfftl1JlfI~tl.:Jjjtl9iW1 vit oM1'Wm'J'Vl\Pl~tl.:J 111tl~1 'Wfffll'Vl'VlltllJ 1<M.:Jl'W
I I " ,

.. ~ "" ~ "" 0 " ~ Pi"3.4.3.2 m'JtlPl'JtllJLmtl~Um~1.:jlfl'JtJ.:jUf)1'fl1tlUltl1m-3tmtl.:JUtl1 'I1ff::tl1'fl 'illf)
", " I "

u'Wihlfl~tl~uf{111lucMi 'WtJlf)~'WU"'1,h' ileu hJl9i'tl1JlfI~tl.:jUf{1VitJW'I1fliJ 60 tl~fl'lt9fm~tlff i"r
<u 0 <u

. .
& ".c:SQI Q.I~ cI

3.4.2 fl'f)1I1U"'::'J 11J 'j 1lJ'UtJlqJmf)tl1f)1JfJ W fflJ1JIPl'Vll-3men TVHm::'Yl HtfllJ'lJtNLlJ'Yl

UtJlJtvJlPllij'W

acSd 4 d
3.3.10 Uf)ff~L~tllJ (Helium) f111lJ1J'J"!'Vlli 99.999 %

" .
3.3.6 tJlf)~'W

3.3.7 unffutJCifi'J (Air zero)

"" ~ 'i "" ",f3.3.8 unn &'WllPl'Jt'il'W (Nitrogen) tl11lJ11'J,,!'Vl15 99.999 %

3.3.9 unffl~ i'fl'Jt'il'W (Hydrogen) f111lJ11~,,!'Vlt 99.999 %

3.3.3 t~fU9fW (Hexane) AR grade 'lJtJ.:JMallinchrodt
~ ~ Q Ct. ~

3.3.4 1J1'Yl~tJ::9HIPl'Yl (Buthyl acetate) f111lJ1J'Jtl'Ylli 99.5 % 'lJtJ-3 CARLO ERBA

3.3.5 19fL~tllJl~'fl'JtJf)'9f~ (Sodium hydroxide) 'lJtJ.:JCARLO ERBA

~ ",f
Hydrochloride) f111lJ1J'Jtl'Ylli 99.0 % 'lJtN Alltech

3.3.2 1'flfICH) i'Jij!'Y1'W (Dichloromethane) f111lJ1J~ff'Ylt 99.5 % 'lJtJ.:JCARLO ERBAo

<:t
3.3 tll"Slflll
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" .
U"'1L'Y1'ri'IJ1~r)'fltl1lJl91'.i 'lJU1~ 25 ii~iliil'l'.i U~~tJ11Jtl1lJl91'.i~Uii~~~~1tJ'I11flJ:tU

3.4.5.3 t915UlJffl'.i~~mfJ1CJft~fJlJ'~I'I'.itlfliC])'~ f111lJt.ulJ.uU 0.51lJmf
, " ,
i'.:JlC])'L~fJlJ'~~'.if)fl iCJfIPl0.5 fl1lJ ~~mlJi'WlhflJ:t'W t1~lJl91'.i 25 iJ~~iil'l'.i

3.4.4.4 LI'I~tJlJffl'.i~~~ltJ lCJfL~tJlJi~'fl'.itlfl 'C])'~ f1'lllJL'li'lJ'li'U 1.0 IlJmf
, " ,

ci1~lC])'L~ulJ'~mtlfl 'C])'~ 1.0 fl1lJ ~~~ltJi'WUlflJ:tU t1!lJll'l'.i 25 iJ~iiill'l'.i

3.4.5.5 L91~tJlJffl'.i~::~llJ lCJfL~tJlJi~fl'.if)fl 'CJf~ f111lJL.ulJ.u'W2.5 IlJmf
, " ,
ci1~lC}1L~UlJ'~mf)fl 'C}I~2.5 fl1lJ ~::mfJiu'I11flJ:t'W tJ~lJ1I'1'.i25 iJCliiiim

3 .4.5.6 LI'I~tJlJfflnl::~lfJ lC])'L~UlJi~'fl'.itlfl iC}l~ f1'lllJL.ulJ.u'W5.0 llJ~lf
, " ,

ci1~lC])'L~tJlJi~~'.if)fl'CJf~ 5.0 fl1lJ ~::~llJiUUlflJ:t'W ,j~lJlm 25 iJ~~~m

" .d fJI 0 QI

'U1'I~1tJUlfl~'W (stock solution)

tl'l~tJlJffl'.i~::mlJlJll'1'.i!l'WLlJ'VlUtllJLl'l~l1JU i~ 1~ '.ifl~tl 'l'.ilPlffl'111U
spiked urine sample L'li'lJ.uU 1.0 ilJ lf1'.ifl1lJ~tliJ('l~~I'I'.i 1I'1lJ'I11ffl'.i('l~~llJlJll'1'.iilUtlJ'VlUtllJLl'l1'l1

" ,
- 1JUi~ 11'1'.ifl~tlh~ t.ulJ.u'U100 1lJ lf1'.if11lJ~tliJ~iiiil'l'.i tJ~lJ1I'1'.i 0.25 iJ~~~91'.i ~::mlJiUUlflJ:tU

old 0 Q.I c:v
3.4.5.2 ms tl'l'.itJlJff1'.i~::~ 1fJlJ11'1'.ijlU ffl'11'.i1Jms fffl~

tl'l~VlJffl'.i~~~ltJlJll'I'.ijl'WLlJ'VlUf)lJbl'll'll1J'W 'le11'1'.ifl~f)hlPlffl'1111J
spiked unne sample t'li'lJ.uU100 ilJ lmfl1lJ~tliJ~iiiil'l'.i l~fJi~tlJ'VlttOlJtl'll'll1J'U 1~ 1~'.ifl('lf) 1 '.i~

" .
0.0031 fl1lJ~~mfJi'WlhmlU Lttl1L'Y1iri"tJ1~11'11l!lJll'1'.i "tJ'Wl1'I25 iJ~ii~I'l'.i U~~1l11J1l~lJll'1'.i~Ut).:J

'" •• 1 '" "I 1 "I"" "LmVlJff1'.i~::mtJlJ11'l'.i!lULlJ'VlUtllJLl"fl'lllJU t~ mfl~f) t'.i~ L"tJlJ"tJU1.0

ilJ lmfl1lJ~tliJ~~iil'l'.i 1~Ulhff1'.i~~mfJlJll'I'.ij1'ULlJ'VlUtllJtl'llPll1J'W i~ l~'.ifl~tl hlPl L'li'lJ'li''W100

ilJ lmfl1lJ~tliJ~~~I'l'.i ll~lJlm 0.25 iJ~~~I'I'.i nemelu i~f1~tl h1JL'Vl'W Utl1t'Vliriiri"tJ1~1~

ll~lJll'I'.i "tJ'Wl~25 iJ~~iil'l'.i U~~1l11J,j~lJ1·91'.i~Ut)~~~~1lJi~f1~tl h1JL'Y1U

(stock solution)

'" •• 1 '" "I 1 "I" " vLmVlJff1'.i~::mfJlJ11'I'.i!lULlJ'Y1ttf)lJtl"fl'lllJU H1 ~'.ifl~f) t'.i~ t"tJlJ"tJu 1

ilJ lf1'.ifl1lJ~f)iJ~~~I'l'.i l~u~~LlJ'VlutllJLnl'll1Ju i~ l~'.ifl~tl i'.i~ 0.0031 fl1lJ ~~~lfJiU i~f1~tl 15
lJL'VlUUtl1L'Y1iri"tJ1~1~,j!lJll'l'.i 'UU1fl 25 iJ~iiiil'l'.i U~~1l11J,j~lJ1I'l'.i~Ut)~~~~1fJi~f1~tl h1JL'Y1U

c:I
3.4.5 m''HVllt11JtTl'H1~illtl1J1V1'l'!lU

3.4.5.1 n1'.iLI'I~tJlJffl'.i~::mVlJl91'.i!1'Uff11d'1Jliunff lmlJ1l 'Y1m1~Ln~lJ if)
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~ Q AI ~o\'f~ .d ~'l" dQ,l c:l 'd3.4,8.11lJ'W11111 1 'Ul'Vl'H1I.:J~lfl'U'U'Ull'l1lJ'Ul'H'1t.J41VHl'I1~fllPl::fl8'U 'Ylt'l1Pl1WJd3,500 1t'l'UY'lt'l'Ul'Vl

.d "ffm1::'YlmlJl::fflJ1l1fl'\lt'l 3.4.6

3.4.8.2 fffl'l:l1'l11ffl1ffn~~l'l11Jl~ff1J 11lmt.l~v'Wut.lCl.:J'lfiJ~'\It'l.:Jffl'Jffnll 1~un

11lflCl8hiit'YI'W, ihY;Cl8::cU~Vl'Yl~tCl::l~mcu'W IlltJillI9i1mh.:Jilffffl1:: 3 ijCl~~Vl'J 1Jl~Vl~tJ1JltJ'W

spiked urine sample l~tJtht.lVlffl'jCl::mtJ1Jlmll'W ~lfloU't'l3.4.5.2 t.ll1J1~'j 30 11Jlmi1~'J l~1J 1

l1JCllS 19f1~tJlJ1~1l1t'lfl '9f~ t.ll111Vl'J50 111lm~~'J vortex ltJ'WldCll 10 1'W1Yi~~l1ffl'jffnll~fffl'l:ll

11)"', ld ......... ., ,SI"'d .d "tllUfl ~flClt'l 'jlJl'YI'W, 'U1'YlClt'l::9f~~'YlUCl~l~m9f'W LlltJ 'lf11im'j~ffllffl'j'Ylm1Jl~fflJ ~lfl'\lt'l

,
IV tI ....1 cu _I.::::t.ct I _I ~.c::.. Q,.I

fll "aa'flYlYI1m 1"1a''\I0.:J~l1tll &&tl~Yll&&lJ"a'tlUNtlYlOlJ'l~ tT'tl1irn 'W'\I0-1fll '1tl'flYi

3.4'.8.1 fffl'l:l1'11111iflnfH"lJffl~~m1Jl~ffll hWlt.l~tJ'Wut.lCl.:Jl1ifll'Hlff1Jffl'J 1~

un 11h'\lth~-;W~fI~8~ shaker UCl~~fI~t'l.:)vortex 1~tJillI9i18dl.:Jilffffl1~ 3 ijCl~i1m 1J11Vl~V1J~tJ'W

spiked urine sample 11ltJthllVlffl':iCl~mtJ1J1Vl'Jll'W 1l1floU'83.4.5.2 t.ll1J1Vl'J 30 111lf1~~·Vl~ ~~lJ

1 l11CllS 19f~~tJll1~~'j8fl'9f~ t.ll1J1Vl~ 50 i1Jlfl'Ji1Vl'J vortex 10 li.nYi l~1Jl~flClt'lhiil'Yl'W

t.ll1J1Vl'j 1 ijCli1i1~'j 11ltJ'tl1im'J~ff1Jff1'J~1mfl~t'l.:J~fffl'l:l1 1~un lfl~t'l~ Shaker UCl~Vortex ltJ'W
" , ~ , ,

rim 1 'Wll1 mr~1l1flt!'Will1tJil'Wm1tJ.:Jl'W8'M'VlflVl::fl8'W YigVl~1~~1 3,500 'J8'U918'W1YiltJ'Wnm

'15 'W1Yi ~~fflnl~ClltJ'd1'W~'ffill it.l~~~,rl1fl~8.:JUnff lf1'J1Jl1 'Ylml~ ~vlCllJ't'lt'lt'li'Wl9fi''W ~11J

, " ,
'W111ill j:·Hlllm l~lfl1 1~1Jlffrl.:Jmlvl ~~'I1-;h':)~'Wl1MWfI n'UfJtl.!'11fJij911,:)"l

3.4.7 a'h~mlvlulYl"ailU (Calibration curves)

d ••1 "" "I 1 "I" ... " "lVl'jtl1Jffl'jCl~mtJ1J1Vl~ll'W~lJ'YlU81Jll"4Vll1J'WL~ ~~flCl8 L'j~ 4 'j~~'Ufl111Jl'\l1J'\J'W

1l1fl 0.5 - 50 11Jlf1'jflr1J91t'lijCl~~Vl~ ill1Jl11ml~lfl~mfl~8.:)unff lf1'JlJl1'V1ml%vlCllJ 18t'lt'l 1'W~CJf

i''W l~tJ'i'ffm1~~m1Jl~ff1J'l1fl.u't'l 3.4.6

.d. ~ ~ 0' f 0

It.lClV'WLlt.lMfJtl.!'l1fJ1J'\I8.:J8'WlllfllVl8~(injector: t) 'j~'l11l.:J 230 - 280 C

.1"" .1 ... "''''' 1 , "llJCltl'WUlJCl~fJtl.!'l1fJ1J'\I8~flt'lCl1J'W(column: tc) 1l1tJ temperature program lItl 'If
• 0 0

fJtl.!'l1fJijll1J~'W100 - 200 C 11ltJ'M'fJW'l1fJij"lllillm~'W 260 C
.d 4I'!l, A tI I 0

It.lCltJ'Wut.l~HfJtl.!'I1fJ1J'\lt'l.:J~l'Ylfll~8'j(detector: td) ~~'l11l~ 280 - 310 C

~t.l~tI'WUt.lCl~gVl~lf11'ji'l1Cl'\l8~Unff'V'l1 (flow rate) vm 0.6 - 1.0 ijCl~~Vl'j918

~.,j ••1 """1."1 SI3.4.6 flfllll a'.fl11~'tlnnn~tTU'\le-1fll'l1WflUl sum 1&0U11"1VIlUU ~UlJtn'lTJ:: YIlt!

una'11'1'aUlt'tlfl'nf.l 1vltlu'fJeO'U1CUcUU

illffl'Hl~mtJ.u'o 3.4.5.1 ~ll~.u'llfl~o'mnff lf1'Hn hlfrnYhvlm/lt'lt'lo ii.H9fi''W.. "
11ltJm'jt.lr'Ult.li1V'Wffm1~m'j'YIllClt'l.:J'\It'l.:Jlfl~8,mnff lmlJ11'Y1ml~ lvlmJ 1t'l88 1 'Wl9fi''W~.:J{j
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I I , SI

f.lfflJffl'j~dm~~~-:jVi1l1lJl:'fflJ ~lfl'li'~ 3.4.8.1 1~unmVi1l1lJ1:::fflJ ~lfl'li'~ 3.4.8.4 ~lmr'WUl ltl

~U1l1~tI-:jl~tllM'9lfl'fl:::fl~U~~dllJl~d 3,500 1~1J~tl'W1Vil1J'WrJ"l 15 'W1ViUlffl1":mtlff1U~1 ff

itlU1l1'1i'11~~~-:junffimlJ1i'VIml~l't'l"lJ 'laee ''WtC))'i'W ~fffl11:::1~~tl-:jUn'ffimlJ11 'VIfl11VJ1't'l"lJ

V Qlct~ 4

3.4.9 n~tn)1Jfl1UJ~flVlM'UtH1fi1'f111:::11 (Validation method)
• ~I" • ~I"3.4.9.1 mmllJllJ'W!'ff'W'fl1~(Linearity) U":::'Jl'1-:jf111lJl1J'WlffU9l1'l(Linear

range) ~,)11111J'Wr~'W\'ll~19l~tllJilltJfl111~11'ffl'j1J19l1il'Wtll'V1UtllJl't'l9l1ii'Wi~ ill'j~"tJ' 1,) 1'W~')

U~l-:jtJ'ffffl,):::lU4)h~~11lJl'1i'lJ'Ii'U0.5 - 50 'lJ i~1fli'lJ~uiJ"~~911 5 1:::~1Jml111'1i'lJ'Ii''WU"'1111fl11

ffn1l191tJfl1119l~tllJ~d~~1-:jtJffffld: 3 iJ"~~9l1 U"'d spiked urine sample i91tJilltl91'ffl1,,:::mtJ

lJl9l'JilUllJ'VIU~111't'l9l1ii'WleYi91'j~"~ '11,) ~lfl'li'~ 3.4.5.2 tl111191130 'lJ im~911 ,,~itll~lJf11111

l";lJ'Ii'U'UtJ~ffl'j":::mtllC))'l~tlll'~1l1f)fl iC))'~~1l1111:::fflJ~lfl'li'~ 3.4.8.3 tl1lJ19l1 50 111im~9l1

vortex l1JuLdm 10 1Ull1 1~lJffl1ffnll~1l1lJl:::'fflJ ~lfl'li'~ 3.4.8.2 tlllJl9l1 1 iJ"~~9l1 U"'1111fl11

"mlJ1:fflJ~lfl'U~ 3.4.6

3.4.8.4 fffl'hl1l11n"1~1l1lJl:::'fflJl'Wfl11ffnll l~mu~tJ'Wuu"~n"l '~Ufi 0.5,

1.0, 3.0 U"::: 5.0 '1.,1111illtlUl~dV~1~tJ'ff'ff11: 3 iJ~~~9l1 lJ1191~UlJl1J'Wspiked urine sample i~tlil

lU9l'ffll,,:::mtJ111911i1'W ~lfl'li'~ 3.4.5.2 tl1lJ19l1 30 '11lm~911 1~lJ~dllJl'1i'lJ'Ii'Uffl1":"ltJ

lC))'l~eJlJ'eY911~fl'C))'')~1l1lJ1:::'fflJ~lfl'li't:I3.84.8.3 U1lJl9l1 50 ilJ im~911.vortex l1Junm 101'Wll1

1~lJ'ffl'j'ffn91~1l1lJ1:::ftlJ~lfl'li'tl 3.4.8.2 IlltJl,*1nfl11~fflJ'ffl1~1l1lJ1:'fflJ'i)lfl,r~ 3.4.8.111J'WrJm~

fffl1:n i~un 0.5, 1.0, 3.0 U,,: 5.0 ulVi 'I1"~~lflifuUl 'tl~'Wll1~tI~l~tJ lM'9lfl9l:::flVU~e)9l111~1

3,500 1~1J~~'W1l1l1JULd"l 15 Ull1 ~1l'ffl'j(1:::mmh'W~1'ffUl\ltlU1l1'1i'11f1~tl'mn'ffimlJ1i'VIfl11~

l'Vl"l1'~~rii'WL9fi'W91111fffild:::~1l1lJ1:::fflJ~lfl'li'tl3.4.6

d ~
enu fffill: 'YJ!'I.1lJ1:mnn fl'UtJ3.4.6

oS ~" ld~ ~ ...d 13.4.8.3 fl'fl'hlll11mllJl'IJlJ'IJ'W'ff11,,:::mtJ"lfllltJlJHJ1l1~flL"lf1l'VI1l1lJl:::'fflJlltl

lU~tJ1.JUtl~~~11lJl'1i'lJ.uU'UV~'ffl1":::mtJl"lft~tJlJ'~llHlfl '9f~ '~Ufi 0.1, 1.0, 2.5 1m::: 5.0 llJ~l{

11ltJ'lh~lVrh~tJ'ff'ffll::: 3 iJ"~~911 lJ1191~tJlJl1J'Wspiked urine sample IlltJihtl91ffl1~:::mtJlJl911

" • I"" IiJ i Q Q " " i d IiJ 1iJ" d!1'W ~lfl'll~ 3.4.5.2 lJllJl911 30 LlJ m"'fll 19l11ml111'11lJ'IJ'Wffll":~ltJ9fllltJll L~1l1VflL9f~ 'VI

ffm:n l~Uf) 0.1, 1.0, 2.5 U"::: 5.0 ilJ~n{ tl1lJ19l1 50 '11im~'fl1 vortex t~Un"l 10 1'W1Vi1~11

... d " 1 '1""'d d " ?I'ffl'J'ffflll'VI1l1111:'fflJ~lfl'll~ 3.4.8.2 lltJ &']fdtifl11~'fflJ'ffl1'V11l1lJl:'fflJ~lfl'llV3.4.8.1 l1J'WrJ"l 1

ml1 '11"·Hl1mr'Wth itl~'W1l1~tJ~1~VlM'91fl91:::fl~U~e)9l111~d3,500 1~1J~~'W1l1l1JUrJm 15 'W1l1

~1l'ffl1":::mtl'd1U~1 'ffUl 'tl~1l1'1i'11f1~V~UnffimlJ1 h1ml~lyJ"lJ ivvv ,'1.,119fi'W 9l1lJ'fffild:::~..
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"., ....,,"
Lf1tuCl1f)15fJVmtJ Recovery (mlJ1'Yltnfflffmf)1'.iU'V'I'YlfJ, 2549)

The AOAC Manual for the Peer Verified Methods Program (1993) '~nll1'UflU'U1'Yll~

ri111i'1Jf)15~'1l15tulf)15fJVlJi'tJ % Recovery 1~fJ~1 1'11~llJfl111~~ 3.1 ril'1111J~1'.il~~ 3.2

"" " "flV fl11lJ!'UlJ'U'U'UV~matrix blank

Cl

C2

C3

(3.1)
(CI - C2) x 100

C3
% Recovery

." Q,loI!t\'i" 4Cll tI d*3.4.9.4 fIl1VfJCl::;f)11f)Cl1Jfl'Ulf1 (% Recovery) (mlJl'Ylf.J1ff1ffmf)1'.iU'V'I'Vw, 2549)

!~lJffl'H,::;mfJlJlmjl'U!lJ'YlUVlJ!-WflliJ'U,g lf1'IflClVh~ 4 'I::;~tJfl11lJ!'Ii'lJ'Ii''U,,~ i 'U~ltJ(h~

,
.csoQlo cv .csOQl

3.4.9.3 'I11'U~'1l1f)~~lfffl'UV~f)1lfl'.il'1l1f1 (limit of detection: LOD) !W::;'UfI'1l1f)fI•
'UV~f)1'.i1!fl'.il::;,1'11~1J1W (limit of quantitation: LOQ) 1!fI':il::;,1~1vth~1Jffffll::;~!~lJffl'.iCl::;meJ

lJlf1'.iil'U'Utl~!lJ'YlUtllJ!-WflliJ'U 'le lf1'.ifl"V' '.i~ ~'.i::;~tJfl11lJ!'Ii'lJ'Ii''U~1'l ~1.:J'l ~1!iJ'Uf)1'.i1!fl'.il::M

!'If'Ul~fJ1t1tJ'Ii'V 3.4.9.1 '1h~.m1!fl'.il::;,11J11VifJtJt1mltyqjlW'U~~ffl'.i~'~ (S) t1tJfttytylW'.itJf)1'U (N)

~fI ~lt1~~ 1ff~ 'Utl.:Jf)1'.i1~'il::;i~nrun 'li'lJ'Ii''U'UV~ff1'.i~1,rftrurulW! 11'U 3 !'vil'UV~ftrurulW sumu
q u u u u

(LOD = 3N) !W::~~~1~~'UV~f)1'.i1!fI'.il::;Mtl~lJ1W!'tl'Ufll1lJ!'Ii'lJ.u'U'UV~ffl'.i~i,rftqjqjlWf)1'.i

"1!fI'n::;M!-tJ'U 10 !,V;"\Jtl~fttyqj1ru'.i1Jf)1'U (LOQ = ION) (Yilf)111!fl'.i1::;M 7 CJfl)

.d. d gJ 0"::' "01

Rtx - 5(30 m x 0.25 mm. x 0.25 urn) 'Ylff.f111::'Yl!'l1lJl::fflJ'1l1f)'U[)3.4.6 'Yllf)1'.i1!fljl::ln::~tJfl11lJ
tJ , I " I

" " 0 "''' 0 , ...~"" _.I 'i 'I'" d "" ...i" ..1!'UlJ'U'U":: 7 9fl 1!fljl::'I1~,mf)1'.i'Yl~"V~ 'Ulf1l'Yll~ff'.il~mlnlJ1m!l'U l~fJ L'Jj'fIlm"fJ'V'I'U'Yl~f)nrc

d , """ ~.l .J'l" ?I" v'UV~!lJ'YlUVlJ!-W~llJ'U''UU~"::fl11lJ!'UlJ'U'U' 'I1Uf)'Uy l1J'U'V'I'U'YlL~mlvhw::uf)'U x !1J'Ufll1lJl'UlJ'U'U

3.4.9.2 'lf1~fll1lJt~'U!ff'U~'.i ~.yhhWf)1'.il~hjffl'i "::mfJlJl~'.ijl'UUj'YlUVlJ!~~l

"'~'i "I"'1""~ "".% 0 .... "" "'d "'''lJ'U 19 lf1'.ifl"V 1'.ifl"~ 1'U~1Vf.J1~lJffffll:fl11lJ!'UlJ'U'U"l ~'U'U fll!'U'Uf)1'.i1!fI'.i1::111'Jj''Ulf1fJlf)1J'UV

3.4.9.1

lmJ'fll'U!9fcU'U 1'U GC - 2010 'V'Ifmj~';w Autosampler 1'U AOC - 20i (SHIMUDZA) u,,~ Column
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..

60-120

70- 120

70-110

70-110

50-120< 1 ug/kg

> 1 ug/kg < 0.01mg/kg

> 0.01mg/kg < 0.1mg/kg

> 0.1mg/kg < Img/kg

>1 mg/kg

% Recovery
v v

fll1lJl'UlJ'UU'Ufl~ Analyte

. .
.c::I 0 IV Q Qld. "".,m'1H't1 3.2 Analyte %Recovery "ffl'l1')'Um'j~~1'Hul~e11'j'U'Vlfl,)1111'U11'U'Um~1-3C"]'Ue-3"ffl'j~f)

~1'Hnf)(J1CJ,hu11"'1U"~U1ffVllVlf)~1'1 i'Um'l11'J (Vll11Codex) (U'U1uij,j~m'J

'Vl11ffflUfi1111\1f)~ fl'l 'IJfl'lTI11fl'.i 1:::11'Yl1'1tflii111V~ e '111ij,j~ rn 'J1~U1,2549)

v v
fll1lJl'UlJ'UU'UM Anayte % Recovery

100% 98- 102

> 10% 98- 102

>1% 97- 103

> 0.1% 95- 105

100ppm 90- 107

10ppm 80-110

1ppm 80-110

100ppb 80- 110

10ppb 60- 115

1ppb 40-120

~ 0 qI <CI q,I .,J "" t~l".iH't1 3.1 Analyte %Recovery n1'11'JUm'.i~~l'HU1fJ~lJ')U'Vlfl1llJt'IJ11'IJ'UVll'l'l (flllJ AOAC)

(U'UTtl U ,j~m'J'Vl11 n~Ufl1111 \1f)~~N'IJfl'l1~11f1 'J1~11'Vl1'11flii111V~ ~'111ij1T~f)rs
1~{J1,2549)
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(3.5)ffl'115'U Repeatebility: HORRAT =

,
'Ylfl",e~ (RSDobs) nUfll RSD Viril'W1W'illfl Horwitz's equation (RSDeJ(pectd)

(3.3)

(3.4)

Horwitz's equation

ffl'115U Reproducibility: % RSD = 2!Hl.Slog C) = 2C-O·lS0S

ffl'115U Repeatebi1ity: % RSD = 0.66 x 2(1-O·510gC)= 0.66 x 2C-O·150S

lfltJ C Ifl'Wconcentration ratio (iliiim.htJ)

m'itl'.i~lfi'W~1tJ Horwitz's equation U"'~ HORRAT Horwitz's equation d~I'Wff1Jm'.i~
'" J'., .,,,.1 ...... <1 I '" ""'V-I\>lJ'Wl'lJ'WLfltlDr.Willium Horwitz tfltJffjl.:j'U'W'illflfl111Jff1J'W'Wti'.i~'I111~% RSD fl'Ufl111J1'U1J'lJ'W

tI ~ d <Q tI tI
If)ruCVlm'jtJ~1J'nJ fl111Jl'VltJ~(m1J1'YltJlfflff~'H11m'V-I'YltJ, 2549)

m)tlj~lfitJmj Ufl1J5Uffl1J1Hll11 '~"_,mtJ11i 1'l1'Wmw~ hJlhl1)tll'11'W flfll~tJe1J5U
11191111" I... tl "" 191 ., "~d '" l.d. 111"lfll1fltJN'lffll~'W'il~ )~I1J'W fl lfltJm'ilu)tJUI'YltJUfl'Ufll'Vlfl1'W1ru tfl'illfl Horwitz' s equation

Im~ HORRAT (Horwitz ratio) \9l11J~j~1J'l'WThe AOAC manual for the Peer Verified Methods

program (1993) 'I1~fl'l'Wmw~iimjlmtJuIVitJufI111JI~tJ~'lJfl~fffl~11i~'l,* F - test 'l'Wflntl'.i:aiJ'W

i~

(3.2)
SDxlOO= ---=--

X
%RSD

, ",,"" 9191 ...(repeatability) 'Vlfl111J1'U1J'U'W'W'W~

Q tJ' 0' d I 9J "1Lml~'I1~mm)'Ylflm)'Hm~m'W1tlHmUU~IU'W (Standard Deviation: SD) 'Ue~U\9l"'~ml1JI'lJ1J'lJ'W

Im~n1'jt11'W1ru~hlrltJ'mJ'W1Jl\9l'i!1'W-a'1J~'Y11i' % RSD mnil'W1w % RSD ~~'~ml1Jl~tJ~

.c:i .Q""3.4.9.5 fl111Jl'YltJ~(Repeatability) (m1J1'YltJ1fflff~'jn1'HL'V-I'YltJ,2549)

~11ih.ln1)1Iml~,.rl·lh.Jl~U1nU.ue 3.4.9.1 lflUl11m)'Ylfl",e.:jmtJ'ltJ1"_Jt~u1n'Wlm~)~'wh:r)'W
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, Sf

UH'Ufl1'Yim'jnnflun~.:j~.:jfl1'YiYi3.1 nfl11::i'Um'j'YI~"v~fi~il TlV.rllU''lfij~ Rtx - 5 Tl111JeJl130

L1J~'jtff''UP-h'Utr'U6ml1'10.25 ij~~l1J~'j fl111J'I1'Ul'IJ8'1YJalJ0.25 ill lmllllWl 'Pi1191'j1'illl9l'lfijflLyJ~1J

" • t , ,

ij,,~~~'j 111'tJ vortex 1 'Ull1 ~l1mr'U111hlU'Um1eJ.:jl~V,,r~fl~::f1V'U l1T1111Jl~13,500 'jfJ'U~V

'l.nl1 li1'Un~l 15 'U1Yi~flnl'j"::mmh'U~'ffii~t,rlLTI~fJ.:jufi'ff 1m 1J11'Y1mlVltyJ~1JlfJVV''U1C)f~'U

Sf

tJ~1Jl~'j 50 illlm~m 111'.,j vortex li1'Un~l 10 1'Ull1 'illflU'Ul~ll'~TI~8hiit'YI'U .,j~1Jl~'j 1

<Q "fV I3.4.10 m'j11ml::'I1~1VeJl.:j

~dmh.:jilffffl1::.,j~lll~1 3 ij~~~m 1~1J5 l1J~l{ lC)fl~eJll'fJ~'jVf1 'C)f~

<2

<2Codex,EU

AOAC

, .J IV

TIlHORRA T 'flfJ8lJ1'UReference

Sf

~.:jil (U'U1'l1~,j~mnl~ff8'Ufl111J\1f19l'~H'lJV.:j1n1I,fI'jl~~'YI1.:jtfliil~eJMV.:j.,j~U~
d

m11~eJd, 2549)

Expected %RSD

0.66 x 2 x (0-0.1505 = 1.3

0.66 x 2 x (0.1)-0·1505 = 1.8

0.66 x 2 x (0.01)-0.1505 =2.6

0.66 x 2 x (0.001)-0·1505 = 3.7

0.66 x 2 x 0-4) -0.1505 = 5.2

0.66 x 2 x (1-5)-0.1505 =7.4

0.66 x 2 x (1-6)-0.1505 = 10.5

0.66 x 2 x (1-7)-0.1505 = 14.9

0.66 x 2 x (1-S)-0.1505 = 21.1

0.66 x 2 x (1-9) -0.1505 = 29.8
<!:I

0.001 ppm 'I1'Hl1 ppb

<!:I
0.01 ppm'l11V 10 ppb

<!:I
0.1 ppm 'I11V100 ppb

0.1

0.01

0.001

Ix 10-4=0.0001

l x 10-5=0.00001

lx 10-6= 0.000001

lx 10-7= 0.0000001

ixro" = 0.00000001

lx 10-9= 0.000000001

100% (100 gl100g)

10% (10 gl100 g)

1%(1 gI 100 g)

0.1%(0.1glI00 g)

100 ppm (100mg/kg)

10 ppm(10 mg/kg)

1 ppm(1 mg/kg)

'II 'II
fl1nU'UlJ'lJU'll8~ analyte C

J. do d "Y fm1H'fl 3.3 TIl expected % RSD 'YIfI1'U1tlHl1f1Horwitz's equation 'YIfl11ll1'IJll'IJ'U~1.:j'1

(ll'U1'l1~,j~f11'j'YI~ffV'Ufl11ll\1f1~V.:j'IJV.:j11j11T111~~'YI1.:jlf1iil~eJ...rv.:j.,j~,j~f11'j..
1~eJ1,2549)
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,
ill,..n 3.1 fl1'j1Lml~"rLl.I'YIIIUl.ILvJ911ii'W'1'Wtlftftl1~

Centrifuge 3,500 HI'lJ~'Cl'Wli1i

~ uld1'W~'lft

""Vortex 1 'Wl'Y1

~1mh~t1ftftl1~ 3 iiClili191'j

~ 1~1.I5 1ml1{ 1CJfI~tllJ19~'jflfl lCJffl50 l1.l1mil91'j

Vortex 10 1'Wli1i

" 0 tOO I tI~.:9 e!l <jI (V Q ~.4 .c::s Qa!, Q

UW'MfllJ'IJ'W'il'Wtl..:l260 C ~1t1fl91'jlfl1'Hi"IlJ 20 C /'WTVl'il'Wtl..:l260 C iN'YI ru flru'MfllJ'U 3.5 'Ul'Y1
4 ~ q ~

o
~ru'MfJiJ'lJfl..:l~191'j1'il1~ (td) 300 C umlfl1'jlml'IJU'lUnft 0.8 mHl~91'j~fl'W1li flnU~ftl'jU'lJ1J

splitless 1l~1.I191'j'l'Wfl1'jU~ftl'j 1 l1.l1mi191'j 'j11.111m 10 'Wl11

, 0 I " " ,

~ruMfJiJ (temperature program) 'l~~ruMfJii!~lJ~'tJ 150 C rHll W ~WMfJiJi11 l-!111 'illfltJ'W!'rllJ

o

ltHlU l'UICJf~'U fJru'MfJ1i'IJU.:Id1'UU~ftl'j (t) 250 C fJru'MfJ1i'IJU~f1fl~lJU (tc) uuuItlsumu
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o. ~ " , "
fJWli iJjj'U~.:jrid'U~\9lffl';jVifJW li iJiJ 250 C t{j~.:j~lfl~WliiJiJiil,rVi'UVi't~m l'WVilJlflVi~\9l

" 0

ff1':il\9lr.J~.:j~wlifliJ'U~.:j"h'UQ\9l'ffl':ii,rijfh 230, 250, 260, 270 lm~ 280 C HClfll'jflUfffl'l:n. .,
I , ", ,

fJWliiJiJ'U~.:j"hW~\9lffl'j Uff\9l.:j~.:jfl1'Y'lVi4.1 lljmhVi'UVil~ml'WVii~~lflfll'j'Vl\9lCl~.:jlJl'Y'lg~\Plml'W

fiUfJrulikJjj'U~.:j"h'UQ\9l'ffl'j ml'W~i;{u'ff\9l.:j~.:jfl1'Y'l~ 4.2 ~lflmlyJ'Y'lU':h fffl1d~~lmJl~fflJ ti~

gas

fll'jffmnfffl1d~~t'I1lJl:fflJ'U~.:jlfl~~'mnff lmlJlll'1fl'nfJ l'Y'ICllJi~~~ ilHCJfi'U 'lurm

11ml~'I1'ffl':ilJl\9l'jil'UllJl'1U~lJlyJ\9l1ij'U igl\9l'jflCl~ '':i~ fll':i\9l'jd~1\9l1\9ltJUn'fflmlJlll'1mlVl l'WmJ

i~~~i'UtCJfcF'U l'*flmilJ"j''')fu\9l Rtx - 5 r.Jld 30 tlJ\9l';jtff'U~,h'Uey'U6flCll.:j0.25 iJCliitlJ\9l';j~m:fldllJ

li'Ul'U~.:jVJrl'lJ 0.25 ilJ lmtlJ\9l';j l,*unff~tilr.JlJ (He) l~'Uunff'Y'll un'ffi'U l\9l';jt~'U (N2) ltJ'U make up

•.r::t
'U'YIl1 4

..



, 0

1 'lJ lfl'jni'lJ~'Vn~i1i1I9l'j~~W'l1iJnff1'WU~'ffl'j230,250,260, 270 U~::280 C

m in
3.63.4

o

500

m I.
9 ••3.<

500

oi
i

m In
3.63 <

500

o

-l---- ~_~ Tj = 260 C

3.63.4

o

~

500

min
3.63.4

o

500
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4.1.2 Y4€lfl1'.ifffl1l1~m'l1JJn'IJtJ~l'ltJ~lJ11 (tc) ~lflY4€lf11'jffm':l1~Ul.l1IJn'IJtJ~fltJ~mr l~fJ

~~~Ul.l1IJnltlmmll'IJu~fIt)~lltJ l~lJ~'Ut,riifil 100, 120,-150, 180 H€l~ 200 °c Ul. ~Ul.'I1IJnt1j'U
.cd 'j) ~ & c:"9 ~.d 0 Y OJ - dOd del ..:::.nen 1 urn a€l'J!l'lll'IJ'U'O'UmVWl1fllJ'Yl 260 C ~lfJVml1'WlJ 20 C /um U€l~fI~'Yl'YlVUl.'I1fllJ260

q qJ q IIU

oC dj'Unm 3.5 'Ull1 Y4Llfl1'jffml1~Ul.'I1fJn'UV~I'lU~llUUfffl~\P)~.fl1l'l~ 4.3 lrttJ'lhi~''Uvitl9i'ml~~1~

'01flfl1 'j 'Yl~ LltJ~llll'l ~ tJl'1m 1~ n1JtJUl.l1n n'IJtJ~I'let)lltJ m 1~~ 1¢luff~ ~~~ml'l~ 4.4 t~tllvill tJUl.'11fln
q IIU q IIU

cv ,,~ 'J) , ....1 .-=t w ~d J .,; d ~
'lJtJ~I'ltJLlll'Ul'j 111'1'U 'W1Jl111l'Yl!WlJ!-n1'11lJ'U~~VVfllJ l'illflfl ULllJ'Ut'.ll'U'U UI'1mmue tu 11fllI'IJtJ~

• <u

fltJ~1J'ir1J1mn'U 111 t'lf'U 150 °C t~'U 180 °C ULl~ 200 °C -Wfl~'¢I~~ii.!1'UWfl~fl11~~'U (broad)

°1 'llll'l'Jfl:illY1Ufi€lilTII'1'J ff.fl11~fl1'j'Yl~€lU~ ;lu ~Ul.'I1IJfi'IJu~l'ltJ~mr 150 C (1 'U1Vi)
, 0 0 0

-a1'1'Jl1-YIll(heating rate) 20 C fmin O~260 C (3.50 'inVi) ~Ul.'I1lJfi\P)ll'1l1')')~ 300 C

-a1'1'.ilf11'.i1'11€l'IJtJ~Uf)ff'W10.8 mL/min

o
Injector temperature ( C)

280270260250

550

r--.>
::!..._, 500
<D
til
I=l
0
0..ene 450
'"
~

400

350

230
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.fl1'W~ 4.3 1fl'nnl 'Y1UmlJ'lJfl'HnH'~"ltJlJl\P1'l!1'UtlJ'VlUfl1JtvJ\P11ijlJ leTl~'lfmfl 1 'l~~fl11lJt~1J~'U
" 0

1 llJ lf1mflJ~fllj,,~~\P1'l ~fJtu'H1JljmHr1Jtft1lJ~'UtrJlJ 100,120,150, 180 uae 200 C

o

Tc= 200 C

500

i 0I T= 150 Cc

3 2 •• • • ••
min

~

500

i•l o _

T= 180 Ce

3 .0 3.2

m In

min

4.6•••. 2• 0

T = 120 Cc

I
!

o

500

m I.
5 •5 25 0...

Tc= 100 C
o

SOD
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Cl Q Q,I Q,I -=9 C\ Q,I

4.1.3 f:-H'lfll'l"fffl1:J1fJtu'11iJlJ'lJfl.:j\Pl1~j 1'iJ1\Ol(td) 'illflj:-.j~flljfffl!J1111fJtu '11iJlJ'llfl.:j\Pl1\Plj1'il
V 0

1~ 1~tJ~.:jfJtul1iJiJ'lJfl.:j~1\Plj1'iJ1\Ol1,rij~1 270, 280, 290, 300 U~~ 310 C j:-.j~flljffmnfJtul1iJiJ

'lJfl.:j~1\Plj1'il1\OlU ff\Ol.:j~.:jrn'V'lVi 4.5 Lrifll.Jllf'W~1~ m lvJ~ i.~mnms 'YI\Ol~fl.:jlJl'V'l~fl\Plfljl'Vhi'lJ

fJtu'l1iJiJ'llfl.:j~1\Plj1'il1\OlmlvJ~i~Uff\Ol.:j~.:jfll'V'l~ 4.6 'illflflllvJ'V'Iir:il fffll1~~mlJl~fflJ fifl
I 0 I JI " , I

fJtu'l1iJiJ'llfl.:j~1\Plj'J'il1\OlVi 300 C li1fl~'illflfJtul1iJiJi1'hr-w'WVil91flllvJlJlflVi~\OlU~~ Inssn i'YIUfll:JJ
I I I 0 0 SI ,

Vii~ijfl11lJfflJlJlm lljfllVilJfJtul1iJiJ'llfl.:j~1\Pl'l"1'il1\Ol:JJlfl1n'W itll<Jf'W 'illfl 300 C 1~'W 310 C ~'WVi

1~mlvJ~\OlM

~ Q l.e:t QQI Q.I

ffrn1~fll'l"'YI\Ol~fl.:jflfl fJtu'l1iJ:JJ'lJfl.:jff1'WQ\Olffl'l" 250 C fJtul1iJlJ~1~'l"1'il1~ 300 C

e)\Pl'l"lfll'l"il1~'llfl.:jUnff~l 0,8 mL/min

oo

o

Column temperature ( C)

~ QlQld' I ~ Qld' ,l.d"
IlWf't1 4.4 mlvJm"\Ol.:jfl11lJfflJ'VfW1i'l"~'I111'HJtu '1UJlJ'llfl.:jflfl~:JJ'W u~~~'W'YI1~ mlvJ'llfl~ff11~~~lV

lJlmil'WLlJ'YIUfllJLvJ~lij'W 19 l\Ol'l"Tl~fl1'l"~ ~fl11:JJL,j'lJ'Ii''W 1 1lJ lmflflJlPifliJ~~~~1

550

> 500::i.._..
4)

'"d
0
0.. 450
~
'"4)-< 400

350

100 120 150 180 200
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• 0

1 111lmfli'l1~~ij~iiii~'lYi~rul1flij~1~'l1~r)~270, 280,290, 300 U~:: 310 C. ..

min
• •s .«• . 2

f
1 o

.00

min
3 •3 •3 2

500

3 •3 •3 2

i
1

500

min

3 •3 43 2

E
1

.00

o

m In
3 ,S3 •a 2

i
t o

'00
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"Un'ff'Vll llf1t1~~fl~11m1'1'11,,1,riitll 0.6, 0.7, 0.8, 0.9 U"~l.O ·iJ"ilil~191m.nVi f.mfl1jfff)1:l1fl~jl

l'11"'lJfl~Un'ff'V'llU'ffIf1~~~m'Vi~ 4.7 LrleJ'VlgeJ~mlvJ~l1J'ffllf)l'.i Van Deemter Plot j~"dl~-e)~11fl11

1'11"'IJeJ~LLn'ff'VilU"~filf11111~ ~~ LViuuoi In'UL'Vi''~'Yll~'Ylq1:l~U'ffIf1~~~m'Vi~ 4.8 'Vi'U11'ff.fl11::~

L'I1111::'ffllflfl flmlfl11i'l1"'lJeJ~Un'ff'Vil~ 0.8 iJ"ilil~1~mJ1Vi 1,rfil H ~1'ff1f1•

d ~ , a d ~ ~
4.1.4 H"m'HI'f)1:l1eJIf111fl11 'I1"'lJfl~Uf)'ff (Flow Rate) ~1f)H"fI'f)1:l1eJ~11fl111'11"'lJfl~

o • 0 0

150 C (1 tJ1'vi) -e)~'nm'H~1J (heating rate) 20 C Imin i)~260 C (3.50 1.J1V])fl~11

m~ 'hnt'IJeJ~Un'ff'Vil 0.8 mL/min

o
Detector temperature ( C)

310300290280

540

,.....,
> 520
:i.
'-"
CI.l 500CIl
!::
0

~ 480...
'"CI.l 460.<

440

420

270
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.c::::.. A.A f d

0.8, 0.9 une 1.0 lJl;'ll;'ll;'ll'l'JI'lU'U1'Y1

iI1'fi~ 4.7 lm11l1'Y1umlJ'lJU'HnTf1~cntllJll'l~il'UllJ'YIUm,J1'rJl'llii'U'~ l~~rH'IU 1'J~~fl11lJ

loUlJoU'U1 llJimni'lJI9iBlJl;'lilill'l'J ~fll'l:iln1'j''HI;'l'IJU,mnl;'l''Yll (flow rate) 0.6, 0.7,

s a 0

S
i

Flow rate 0.9 mUinin

3 a 3' 5 • a
m ,.

S ••

S
t

Flow rate 1.0mUmin

·5 0 0 2 ,. • .o ...
m ,.

." 04 .03 s• ,0

Flow rate 0.8 mUmin

S 0 0

• 0 0

~
i Flow rate 0.6 mUmin

• 0 4 2 . .
m ,.

soo

I Flow rate 0.7 mUmin1

3 •
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,
.m'rft1 4.8 mlY1 Van Deemter Plot 'j~l1'hHr\9l'jlf11'ji'IH'I'\Je>~tlnff'Wl (flow rate) U~~~1fr;mJbH

<u
o

d .:::::i I QI do o£!:t ~ I d

<m<VW'U!'Vllm.H'W~\9l'Vll~'Vlq'lol{}'C1'fl11~fl1'j'Vl\9l~fl~fle> tJW'l1tJ1J'\Jfl~'C1'TW\!\9l'C1'1'j 250 C
.q Q;I tI 0 dOeS 0 d

tJWl1tJ1J'\Jfl~fle>mjlJ 150 C (llJl'Vl) 20 C/min ()~ 260 C (3.50 lJl'Vl)

IT centimeters/second

1.10.90.80.70.60.5
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Conc.(J.!g/mL)

mVf~ 4.9 ml~1Jlm!l'1..!'Ufl"'~1':i~:::meJ1J1V1'.ijl'1..!t1J'Ylltfl1Jl-WVl1ii'U Lel'l~':ifl~fl h~

605040302010

y = 3521x

R2= 0.9976

200,.-_
~o.....
x
;>- 150
:::t
'-'
Q.)
ens::

1000
0-en
Q.)...
<':I
Q.)

50...-<

0

0

10.00 30978.00± 755.93

50.00 177184.00±2212.14

328l.33 ± 36.47

0.50 Y = 3521x

/ = 0.9976

436.67 ± 29.150.50

2.50

Mean±SDJ.!g/mL

. .
'JI ~ QJ "" '"~1J~lfl'Utl 4.1 f-mfl1'.iMfl1:l1U~~"'~"'Vll':il'1'Yl 4.1 H"~flWl'Yl 4.9

'1 '" ".1 '" liJ 1 1lJ '" OJ 91 'JI~~mVl·HJlJ~1'.i~~meJ1J1V1':ijl'1.mJ'YlHt!1JtY'lVll1J'U ~eJ mfl~t! t ':i~ 4 ':i~~'lJml1Jl'U1J'U'U

"I • "" "''1..\ '1 i91 dflt! 0.50, 2.50, 10.00U~~50.00 Jlg/mL 'Ul1Jl1tfl':il~'H t~t1tfl'HN GC - Fill ~~tI 'lf~f111~'Yl1'Hm~

4.2 fl"HrhJ1Vl'l'~PU (Calibration Curves) u,,:;1j~;hfl~'\I6"'m"aVl'l1'il1~(Detection Limit)
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728.50 ± 25.86

1110.63 ± 51.43

2033.50 ± 47.45

771.00 ± 22.54

1204.27 ± 44.29

2222.47 ± 30.87

0.25

0.50

1.00

Mean±'SDMean±SD

ShakerVortex

fll1lJ&.fi'lJ.fi'U'UMtlJ'tU&tllJ&1"!VI lilu

'EJ1~1f1tm'1~ (l-lg/mL)

Vll11..:j~ 4.2 rI'C'l'tlfl-3'1fiJ~'tIV..:jtfl~fl..:jrlfflJffl'.i~'"*''Wfl1'.iffti'~ffl~ 'C'l~mmlJ'VlUfllJtrll'llii'W i~ 1~'.i

fl'C'lfli~~''W Spike Urine Sample

'J/ •
'I ~"'! 4'] ~ •.1 'I ~ ~ .., •.1 '" 'I " '" 'I ..,
t 'I1'Y'fW 'VItl'lfl1111\1-3t 'W'VJflfl11lJt'tllJ'tI'WffllJl'.i(lfffl~llJ'VIUVlJtl1l'lllJ'WUi;1::;mN'C'lfll'.iI'1'.i11)1~t 'W'.i::;~'U

fl11lJt,rlJ,rlJ~1 it{ ~~J'W msNfflJffl'.ili'Jmfl~fl-3 vortex ~~l1J'Wlf1~V-3r1fflJffl)~mlJl~fflJ~ff~ i'w•

'J/

'C'l-3''Wilffffl'J~ 3 f111lJl,rlJ'l~'Wl~(Jffti'~f1JllJl,rlJ,r'W'C'l~ 7 ~l fifl 0.25, 0.50 uee 1.0 ilJ lmflflJ~fl

ij'C'lilill'l~ lriflmJ1)1~,,rflHVhWflVtlfllJl~nm 3.460 'Wl'l1 ~.l'C'lfll~ftfl'l41fll'.irlfflJffl'j~mlJl~fflJ

4.3.1 ~H'IflT~ftfl'tnl111li 'h..!fll'H.J'1.llJens~nun::;fflJ 'tfl '11 i''Ufll ~ff ti'~ 11i'mi fll ~rlfflJ ffl'J
I , 91 , ,

~1ml'l~~N vortex Ui;1::;lfl~~Nshaker lf1lJ1f1.wlJii'19lflHW'lJtNtlJ'VIUtllJll'll'llih..! i~l~~fl"'tll d~Yl&~lJ
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w "".,j 'I y Y '" •. 1 '" 'I Y w 'I '"
'C1'n~'lfW\9lVUtUVJflfl11lH'lJlJ'UU ffllJl'H)fffl~!lJ'YIUVlJ!l"llPlllJUU'fl::: t'HI~"''flfl1':i1Pl':i1\l1~ tU':i:::~Ufl11lJ

t" I I

1,j'1J<U'W1911ifi' ~'lU'W i~flt'lf.ll 'j 1J!'Vl'W~'l!~'Wffl':iVlm1J1~t'l'llVlffll 1'Wm'jt'l'n~A1J'VllHl1JlvJl9ll1J'W 1 'W•

" ." gJ <j Q,I 'j) 9J 0 ~ lit <t Q,I I Q~.c:a ~

3 f111111'U1J"'U L~tJffn~fl111Jl'U1J'U'Wt'l~ 7 Clfl f1fl 0.25, 0.50 1!t'l~ 1.0 t1J tmf1'j1Jl9lflllt'l{lt'!I9I'j l1Jf.l

19I'j1'irl~ 1,.rn'JlvJAWnf.lf.ln1J1~nt'l1 3.460 'W1Vl l).It'lnl':iffn'ln111t'l'lnHl~~m1J1~t'l'1J!tffl9l'l~'l19l1'jl'l~

- " , I

f.l~~!I9I'VlHt'l~!gfW:lf'W 1~e.l'1~.w'WVl1~f1'jlvJ"f.l'l!1J'VlUf.l1JAvJl9ll1J'Wig l~'jflt'l tli 'j~ Vl!~llt'l'l 1 'WiJffffl1~

cf ...I QI IV d', "" ~ dGJ j/ ....1mnn 4.10 n'Jl11!tff~'lfl1111t'n.Jl'l'W1i'j~111Hfl111JA'U1J'U'Wm'l~l'fW'Vl tl9ln'Jl11'Ufl'lffl'j1Jll91'jjl'W

!1J'VlHfl1J!vJm1J'Wiff l~'jflt'lfl h~~f1dl1J!,jll'li''W 0.25, 0.50, !!t'l~ 1.00 11Jlmni'll

1.000.50

Conc.Iug/ml.)

0.25

shaker

vortex

35,.......
N
0

>< 30
>::t._.. 25OJ

'"c::0c, 20'"Q)...
'"OJ 15...<:

~~10
!!.

5

0

;:;
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OJ' Q.I" I 91 1j) ~ dl'"f)'n-wu fflPl-3fl11lJfflJ'WUn'l'::'1111-3fl11ll!'lJlJ'lJU !m::'W'W'Yl IPlm l-W'Ufl-3ffl'J lJ l\P)'j~lU

IlJ'YlUfllll-W1911ii'Uiff l~'Jfnlfll'J~ ~fl11lJI'lYlJ'Ii'W0.25, 0.50, um: 1.00 ill ifl'Jf)flJ

IlJ'YlllfllJ!-wmiiu iff 1~'Jflrlfll 'J'fi'~fl111J1'IYlJ~'W0.25, 0.50, ml:: 1.00 llJ 1fl'JflflJ
~fliJ"iiiim l~(Jl<H'ffl'JffnlPllllun Ifffl!CJf'U,'~flrlfl hii1'Yl'W u,,:: ;J1i1rlfl::ctlllPl'Yl

.,;
mnn 4.11

1.00

Hexane

Butyl acetate

Dichloromethane

Extractant35
~
NO 30
x>:l. 25 -'-'
C!)

'"t::
0 200..en
C!)...
til 15
~

10

5

0
0.25 0.50

Conc.Iug/ml.)

ND = hiffllJl'jfl\91'j1'il1~ i¢i' (Not Detecable)

1204.27± 44.29

2222.47± 30.87

ND

ND

ND

535.10 ± 12.85

834.80 ± 11.88

2055.10 ± 17.69

771.00 ± 22.540.25

0.50

1.00

Mean±SDMean ±SDMean ±SD

HexaneButyl acetateDichloromethane

(ug/ml.}

!II !II
fllnl!'UtI'Uu'UtH!lJl1H6tJ

!-flvlliiu'~ l~';ifl'j~t8'';i~

Vll'iH~ 4.3 ~"''l'IJfl-3fll'jifl~flrlfl hikvl'w ;J1i1rlfl::ctlllPl'YlUrl::Wfl!CJfUIrJUffl'Hl'n~ iUfll'j

bl'n~fflnl::rllmlJ'YlUfllJl-WlPlliiu leYl~'jflrlfl h'fi'lu Spike Urine Sample
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v v V V 1 .:j ~ 'l drfl V 1 dA1UU'U)J'UU'Uf),Ul.JYI A11)J''U)J'UU'Uf)~tT1'l1:l:::i;mJC)f'V1~)JelVl1f)fl C)fIilYl'If ( )J1:I11).. , ,
ue)J ,-w VI1iju1EJllil'l "'-I mv -w ' .:j'¥fUYIV1fl11 (Al!'i11:1~± SD)

A1:If)'1~(f.lg/mL)

0.50 1.00 2.50 5.00
"

Mean±SD Mean±SD Mean±SD Mean±SD

0.25 455.57 ± 19.08 771.00 ± 22.54 1088.47 ± 22.64 1215.60 ± 8.49

0.50 616.10 ± 7.70 1204.27 ± 44.29 1617.87 ± 57.37 1921.50 ± 23.33

1.00 1051.60 ± 35.87 2222.47 ± 30.87 2999.60 ± 50.00 4443.70 ± 58.69

.J ... Y 91 i d ~ ~ <I" 'I
VIl'lHYI 4.4 ~f1'U6,:jfl1'Jl~lJfflH'~mflfl11lJl'UlJ'lJU ttll~WlJ ,glPlnlfl 'ttlflfl1~l.:J'1 M tUffl'J

ffnlPlffl'Jf1:::mmlJ'VlU6lJlvJm~U'~ llP1'Jflf16' 'J~i'U Spike Urine Sample

91 91"'; '1 <I i 91 ~ ..,;, 91 'I 91 91 ...:: v v '1 d

mllJ!'UlJ'U'W'Vl 5.0 iums 'I1'Yj'W'Vl~mlvJ~.:j t'W'VJflfl11lJ!'lJlJ'IJ'Wfl.:J'W'Wfl11lJl'IJlJ'IJ'W'UV.:jtC}fllP1fllJ

Lgfl'J6fl ittl~~ 5.0 llJf11{ ;~lrJ'Wfl11lJ!'Ii'lJ'Ii''W~111lJl:::fflJ~fflPliUfl1'JffnflllJ'VlU6lJ1W~lijuiu•

4.3.3 ~f1fl1'J fYmn111f111lJL,j'lJ'Ii'tJ'Uf).:j~1,mnl ttI!~tllJL~fl'J en i ttI~~111lJl~fflJ ffl11i' 'U

f11'Jffnfl '~un 0.5, 1.0, 2.5 uae 5.0 llJf117 lfltl11P1~'W~t~ml'Y~'Uf)~&lJl1UVlJ&vJ~1~'W'~lfl'Jflflv-

~ .. ..,;... '1 ~ 91 91 'I'" 91 91 -: ~
~'Jfl l1&~lJfl~ !'WlJffffl1~ 3 fl1UH'lJlJ'U'W!fltlffflflfl11lJ!'UlJ'IJ'Wfl~ 7 ttll flV 0.25, 0.50 Ufl~ 1.0

llJ lf1dfli'lJ~f):iJfl~~~'J !rlvvl'J1 'il1fl,,.rflHYhWflVVfllJl~L1m 3.460 'W1Vi~f1fl1'Jffm:ll111mllJ!'Ii'lJ

'Ii''W'UV.:JiC}f!~fllJ,glPl'J6fl 'ttI~~mlJ1:::fflJUfflPl.:j ~.:J~Tn.:j~ 4.4 Uf1:::fl1'W~ 4.12 'illfl~f1fl1'J'VllPlmN
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I , v ,
U":i:.fll'V'lVi4.13 ~l'f)F-I"mj'Yl~~H)~Yinm 1.0 l-nYi '..r~'UVi'1ilmlyjff~'1'U'Ylf)fi11lJt~lJ'I~'t.!erurno.. .

QI d 'j/ Q.lG} G.I Y9}~lfl"Q.I~ 4eSG
fffl'PlllJ'VlllfllJlyjl'lllJ'WUft~ '1'11N~fll'Jm'J'il1'Pl A'W'J~'PlUfl'J1lJl'\flJ'\flJI'l11191191'1lJlJnm 1.0 'WTVIM1U'W

nm~mlJ1~fflJ ~ tr'Pli umr ffn~tlJ 'VlUfllJl'Wl'lliilJilJ1Jffff1'J~

" .91 1 Q.I !J) 91 0 ~ III 1 Q.I I .c::r..c::r.oC::Io ~ Q,I at Sf
'\f'W I91fJfffl'Plfl'J1lJl'\flJ'\f'Wft~7 CJ11fit! 0.25, 0.50 unei.o AlJ mmlJl91tllJftftftl'l'J llJ'tlI'l'J'J'il'J191A'l1

m1yjUfJflflflfllJ1~nft1 3.460 lJ1Vi N~fl1'Jfffl1:l1'l11nmfl1'Jffnl91~mlJ1~fflJ!Lff~'1~'11'l1'Ji'l~ 4.5

4.3.4 Nftfl1'Jfffl~TI11nmfl1n,.nl91~mlJ1~ffmhl1i'ufl1'Jffnl91 illwi 0.5, 1.0, 3.0 Uft~
" , ,

5.0 'W1111~(Jl~Yl'W111I?i'fi'J1yj'\ffl'lllJ'Vll1fllJlyjl'llii'Wig l~H1ftfl i'J~111~lJft'l ''W1J''Hn'J~ 3 fI'JilJl~lJ

~ QI Q.I rI , iI" ~ dGl vfIlvrn 4.12 fl'j1yjm,.~'1 fI11lJfflJ'YllJ 1i'J~ 'l1'J1'1f1'J1lJl'\flJ'\flJ!L~~'YfWVl.191m1yj'\f ~Nff1'JlJ 1191'J~ l'W

llJ'VlUtllJ1yjl'lliilJ 19 1191'JfI ee h~~m1lJl~lJ~lJ 0.25, 0.50, Uft~ 1.00 1lJ lmfli'lJ

~fliJft~~I'l'J 1191(J'1~fI'J1lJl~lJ~\'HnHl~ft1(J lCJ11~fJlJigl91'JflfliCJ1~illm) 0.5, 1.0,

2.5 U~~ 5.0 llJm{

NaOH
50

45 5.0M
.........

40N
0- 2.5MK 35>::!.

30--C!.)
I.OMrn

25I::
0
0.. 20'"~
«I 15~ O.5M~ 10

5

0
0.25 0.50 1.00

Conc.tjig/ml.)
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,J QlQJcI I YY ..:~"mnn 4.13 mlvJm"~'lfl11lJfflJ'Vl 'U1i'J~'H11'lfl11lJ!'IIlJ'II'UU"~'Vl'W'VI'1~m1vJ'II tN ff1'JlJl~ 'J!1'W

!lJ'VIUfllJ&vJIPl1ii'W'~l~'Jflm) i'J~~f111lJ!,rlJ'lj''W0.25, 0.50, U"~ 1.00 'lu lmnjlJ

IPlVlJ"ilftlPl'J1~eJ'l,*nmhm1'JffnlPl i~Ufi 0.5, 1.0, 3.0 um~5.0 'W1Yi

Conc.Ijig/ml.)

1.000.500.25

~o'mm
~ 3.0mm

"'- 5.0 min

1.0min

50

45

'b 40
>( 35>::l 30'-'
II)

'" 25I::
0
0.. 20'"~
i'3 15...
<C 10

5
0

Extraction Time

-
Urine Sample

I

" " ntnm,nUfll'i~tlVl ('Ulfi)~1nU'UlJ'UWUtl.:jllJfI
.. I I

utllJ&'VIvnilu'eJ IV11 ~ fil" 'VI I ""'ft'UfI nrm (rmmUJ± SD)

f>Hlfl'1~(Jtg/mL)

0.50 1.00 3.00 5.00

Mean±SD Mean ±SD Mean±SD Mean±SD

0.25 832.95 ± 1.34 1215.60 ± 8.49 691.50± 3.53 819.85 ± 8.84

0.50 1145.80± 61.66 1921.50± 23.33 934.80± 8.91 847.35 ± 32.74

1.00 1937.05± 45.33 4443.70 ± 58.69 1433.50± 47.38 1355.60 ± 39.31
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4.5.1 Linear range U~:::Calibration curve 1I9lfJfl1'JI~.11~1'Ji;l:"lfJlJll9l'Jj1'WllJ'V1Ut11J1-W-

19l1ii'W19 1191'Jfl"U , 'j~"~ 1'Wil~~11: 5 m1llt'li'1J'Ii'U fiv 0.25, 0.5 11";:: 1.0 III lmni'lJ~vlJ"ii~I9l'j

1~fJ~til9lfll1lJl,j'1J'Ii''W,,::: 7 i1 \Jlnfll11J11'l'Wlff'W91H'~ril~lJtJ'j:::if'V1n"ffl1~lJ~'V1; (r2) l'vilti'lJ

0.9996 ~~11ffl9l,:j''Wfll'W~4.14

II I • I I

tJ111119l~1 lJi;l~~I9l~ vortex d~J'Wnm 1 'W1Vi\J1ntT'Wt11'tJil'iH111fJ~lfjUl9lnl9l:::nm...!Vifl11lJl~13,500

~U'lJ~v'W1Vi~l9lffl'J~:::mmh'W tffQ19l1'li'11fl~tl~Unff 1fl'Jll11 'I'ln'J1Vll-Wi;llJ'lees l'iH9Ici''W

.,j '"4.3.2 ~fl11:'I'lLl1lJl:~lJ'lJU~fl11~fWl

'i11~1Udl~tJ~~11:::tJ1lJlI9l1 3 lJ~iiiil9l~ t~lJ~11~:::mtll911~tllJ 'g~~Un I9I~

m1lJl~lJ~'W 5.0 llJm{ tJ1lJ1m 50 III lmiil9l~ vortex lilwnm 10 1'WTVll~l1ffl~'~f1~U hiil'l'l'W

0.8 mL/minFlow rate

300 C
o

150 C (initial temp.)
o

250 C
o

Rtx - 5 (30 m x 0.25 mm x 0.25 JlmColumn

Optimum conditionParameters

4.4.1 ~fl11:~t'I1lJl:~lJ'lJV~tfl~V'mn~! fran! 'YIml~ 111~fl11:~t'I1lJ1:~lJ'lJtJ~ n11

1tfl'n:li'~1u&f1~V~un~lmlJ11-l'lml~U~~~~~\Plln:j~ 4.6

..
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.q «Y ~ 1 1 ~I 'Q 0 Q.I .. IQ Q tI Q.I1L'fl'jl:;lf~dtlUf1"" 'fl'jlJ1 'VlnHn l'jUdl~~'iJlf)~f)1'JI'1'jd'iJ1J'jmrudlfl'jl~11~B~m'JI'1'i1"'il1~~e~!lJ'Vl

Ufl111vJI'11ijlJ'~ffm:ni~B~llJ'J:;~u1.0 'lJl'fl'Jni'lJ~tlil~~i1I'1'J (Moore, K.A, 2003) lrlB1U1UU

111fJu~m.!~l'ju'h11i~-nlf)1'j11ml::lf"',r"".fl1l'j~b(sensitivity) ~~ l~v':JJ~B~-nlB'4~lJli'lJB~""1'J~

cv ltJ <] Q,I f ~ ~-C:k Y 0 Q,I tI tq 9;'.-:1
5!!:~'lJ 0.03 L:I.JL'il5fl'):l.J1'18:I.JeH'l'019l5WlVf115'V118'1frl'WYi TFA (United Nations, 1995) uae l~:l.Jf115

~n~~l'J~dm'Vlfli!fl1'1'l~~e~llWd 11ml::M~dtlufi""lmm l'VlmlYJ l'jlJ'h~~~ln~~l~~~e~f)1'J

I'1n'iJi~~e~llJ'VllWlJl'1'l1'11ijlJ'~ffmnHv~tlJ'j::~U 0.3 llJ lmf)i'lJ~Bil~~~Vl'j (Moore, K.A,

2003) lrlmmtlut'Yitlu~m.!~l'ju';h1i~-nlf)1'i11ml~lf"',r sensitivity ~~ l~tI':JJl'1'e~-nle'4~lJi

~B~""1'j~I'1'B~m'j11ml:;MU~::~~~ltl~~V~f)1'j1'1'j1~l1.l~lJlru1tml:;M~~'~tfltJiim'jfff1lJlf)1'j

1!fl'jl:;M~1m'Vlfli!fllfJVl""!U"",,rfil~~~ln~f)1'jVl'j1'ili~u~lJ1ru11ml:;M~B~f)1'jm1'ili~llJ'VlUBlJ­

lvJI'11ijlJi~fff)lJli~mjllJ'j:;~u 1.0 '11lmf1i'lJ~eil~~~m '~ijf)1'jffn~""1'j~1lJ!vJ""'lJB~mm..

l~wnm.l~i,rfil~~~ltl~~e-'lf)1'iI'1'Jd'ili~llJ'VlUelJl'1'l1'11i}u'~fffrYl' ~e~llJ'J~~u 0.5 'lu lmni'lJ~e

il~~~I'1'J(~~l'j'J,2548) U~~'~ijf)1'Jffmnfil~~~ltl~m'JI'1'Jd'ili~llJ'Vll1elJlvlI'11ijlJ'~ffml1 '~e~llJ

Cone. (ug/ml.)

605040302010

y = 4247.8x - 4148.2
R2;;; 0.9996

~ 250

200.--.
"'0......><:> 150
::1.
'-"
4)

~
1000

P..
C/J
4).....
ell

50
~

0

-50
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100.185.4150.09 + 2.7150.00

96.506.749.65 + 0.6510.00

93.404.284.67 + 0.205.00

93.603.422.34 +0.082.50tlJ'VItttllJt 't'l~lii'U

i~1f11fl"tJ'l~

0/0 Recovery%RSDMean +SD..... SI SI
'l!:YI'Ufl111Jl'U1J'UU

~l~hJil~'t1(ppm)

V ... -'i 'V4.5.3 'Hw,,::m'HH1'Ufl'U fI (% Recovery)

• ... " V ... "1'" 'I'Y11mntfl'n::'I1fl11lJ~fWm'l'IJtJ.:Jmntfl~i1::'I1 flmlPllJffll"::"lttlJlIPl1!1'l.,m.:J 1'U

QI I QI V" 0 ~ 0': I Q./ " " ~ d'
fflllPl1tJtJl.:J 4 l::fI'Ufl11lJt'IJlJ'IJ'U 'VI1m11tflll::W1flLt~m~)~fI'Ufl11lJt'IJlJ'IJ'U":: 7 flH Hm111ft'fllll

... .,; .li II) V od <9 ... "Y ~ 1 1 -::\111)Y<9 II) V ,~
Ufffl'lfl'llPll11'l'VI 4.8 9f.:J1f1tflttlJmlft'fllllml1tflll~'I1f11UtLflff mlJl 'VImll1 1f1fffllll nt:J~ 1'U

l~fl'U 80.65 - 108.95 % (mlJ1'V1tJlfflff~{m1U~'VI6, 2549) if1'iifl11ffnflf1'1tJ SPME Vil.:Jl'U~1lJ

... ~ Y<9 iV ''I'" Y w -'i II) Y , V"l II) V ''I ...nu LC - ESI -MS 1f1ft'fllll 1tl~ 1'Ul~fI'U 81 % 5fW"~fl11fl"'Ufl'U 1f1 flfffllll ntl~ 1'Ul::fI'U 78
V • ..." Y V ... <!! II) Y II) v~

% fl1ttfl1l'VIltl'4~'U1ifl1tt NQS (Yi, H. and Youn - Jung, K, 2009) 5mm::fl15fl"'Ufl'U 111IflMfllll
~ -

'¥i'lntl'Utm~mr'lfl11ffnfl Htl~1'U5::fl'U 107± 8 % lf1m'VIfli1flfl11fffiflf1'1m't'lff'IJtl'lm"11tml~tT

f1'1t1tfl~tl.:JunfflmlJ11'V1mlVJ (Moore, K.A, 2003) trl·mmtJ'UtVitt'U.u'tllqJm'i'U'h 11i~Vilfl11

'" «11) v, ";"'1 11)' "0 Q.I tI d " ~ rI1tml::'11l'11ff.fll~ 1 (sensitivity) 'VIfi fltt IlJ~tl.:J'VIltJ'4~'U1i'IJtl'lffll'V1~tl.:Jfl151tml~'I1

0.06250.0315

LOQLOD

SI SI
fl1UU1J1J1JU (ppm)
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<v V V
Mean + SD %RSD Horwitz's HORRAT«1"l "l~911Jfl1nJl'IJ"''\J~

~lVi",tH'tJ (ppm)

llJ'YIUUlJLvJ9l1ii'U 2.50 2.34 +0.08 3.42 9.29 0.37

iglY1';jfl~tJhfi' 5.00 4.67 +0.20 4.28 8.37 0.51

10.00 9.65 + 0.65 6.74 7.50 0.90

50.00 50.09 + 2.71 5.41 5.86 0.92

. ,
Q d ~"'evVl1"lHfl 4.10 fl,)llJl'Y1t1~'lJU~fl1ntml::'\1';j::'\1,)1~1'U(interday)

.., y y

Mean + SD«1"l "l~Yl1Jfl11"'1'\J"''\J~ %RSD Horwitz's HORRAT

~IVimH'tJ (ppm)

tlJ'YIUUlJtvJlIlii'U 2.50 2.76 + 0.11 3.99 9.06 0.44

'g191';jfmu'';j~ 5.00 4.98 +0.14 2.81 8.29 0.34

10.00 9.69 + 0.72 7.43 7.50 0.99

50.00 54.33 + 2.73 5.02 5.79 0.87

,
I '"4.5.4 fl1';j'\11f11ml1H'YItI~

vilfl1';j1tml~""ffl';j~~~1t1lJl91';jil'UtlJ'YIUtJlJtvJ9l1ii'UiglY1';jfl~tJ'';jfi'~ 4 ';j~fi'U
"" f "Yd: ~ 0 Q tI GJd cvfl11lJt'IJlJ'IJ'UU9l~~fl,)llJl'IJlJ'IJ'U~Y1C)f17 flH lY1t1'Y11fl1';j')tml~'\1fl1t1''U1'U1Y1t11f)'U(intra day) U~::.

I Q,I .& cv c:i 0 Q.I

';j~'\111~1'U(inter day) H~fl1·Hil·f)'l:I1Uff91~91~9l1';jl~'YI4.9U~::4.10 9l1lJ~191'U
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5000

~ooo

3000., m eth~.,
'" 2000.,.,
Q.

1000

0

3.0 3.5 ~.O

min

l'i rn 1dffnlJ T111U1lJ 1m n'ld tlJ'YIUt)lJtyj~liitJ' tJ~ 1vdNlI tHn1~~1n mlJl'YI {Jlmt1'llf

fll';iUi'f'YIV ~'n1l~nnHn1'lf1i1i1~T\'!dl-! 42 ~dmh~ ~df)dl~ 1fl'jlJl1'Y1umlJ"lJf)-1p.jaf11d'YIfHHNUtYfl~.
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71

~11H 4.11 ':'HHll11Lm1~,..ytl1lJlf.lHn'j tlJ'YlUVlJt~fllii'W,.\.,I 'fi'J~~l~iJ'ff'ffl'J~
~

o ..,

GC-FID o Q.I GC- FIDt;11~'U t;11~'U
0 0... .., I ... .., I

't1~16fJH t).J't1U6).J&vfYllih~(ppm) 't1Yl16fJH &).J't1U6).J&oWYlliiU (ppm)

1.65 22 2.54

2 2.67 23 1.02

3 ND 24 4.66

4 1.15 25 10.35

5 3.60 26 1.55

6 1.28 27 11.26

7 10.24 28 4.04

8 5.12 29 5.87

9 5.57 30 12.59

10 1.10 31 4.19

11 ND 32 1.16

12 ND 33 3.47

13 ND 34 1.28

14 1.59 35 4.59

15 4.82 36 ND

16 4.41 37 5.09

17 2.12 38 4.62

18 2.43 39 1.45

19 3.74 40 1.08

20 7.63 41 1.05

21 11.05 42 1.75



ivvv'W'Uv-:J!lJ'YlUVlJ!vI'flliilJ ~-:JffllJl~f1U'flnfi'1 '~~''Wffl'i''::mtl~ pH ~111~Vfffl11::!tJ'Wm'fl ~.:J

'til' ,r!n'flm~ ~ty!fftl hJrlUf11~ffrl'flUtl::LlJ'YlUVlJ!vI'fllii'W~::u'flnfi'1 '~Cl'flCl.:J''IJffl'iCl::ftlU~ pH ~-:J

'" .d~ .,;,.1 ~ "" 'I'" 11) 11)" 'I "''I''11'iVfffl11::'Yl!U'IJ!Uff!'VllJ'U'IJ~lnf11'Hm'l:l1f11llJ!'UlJ'U'IJ'UV-:J!'11!'flrJlJlS'fl'iVn !'11'fl5.0 !lJftl'i !l1r1ft

. . .
.!I d.'I jiG( Q.I a ,Q CIt. .Q 0 ,,~

Cl::tllUV'IJ'l 'Yl!')f!'lJf11'iffn'fl flV U1'YlftV::'11!IPl'Yl!m::um!C)$'lJHCl::'Yl1f11'ir1fflJffl'i'fl1u!fI~tl.:Jvortex

, ,rr1ftf11'i'Yl'flClV.:J~~~'fl~lnf11'iffmnl11nffl'itl::mu l'11!~UlJ1smvn 1'11~~!~lJCl-:Ji,.jiimllJUH ill
'" .,,, 9).'&Q.I t z: Q.I,! Q.I ""Il'W.:J'VlV ~::'V1111rJ11J1ff1'IJ11'IJ.:JtI-:Jft:: Cllt1VQ''IJ')f'IJ'IJliJffffl1:: 'fl-:J'W'Wf11'i,.j'i umun 'UlJ'U'W'UV.:Jffl~

, tI I I

ft::"lt11 '11L~eu is'fl 'i en , '11~l1i'*,'IJ'll'W9'lV'Wrm ffrl'fl!1'J'WiY.:Jffl1'iru liltl.:l~l nii r'm~Vf11m'flnfi'1!tJ'W
"

, ~ t I ,II "

ii'IJ!1'J'IJffl~l1 tlVnq'Yln~hh1'ity' 'lJUloUl ruV.:I ~ In!lJ'YluvlJ!vlmii'IJ!1'J'IJ ffl~ l1ii'li'1Cl::ClltJ'W11~~~.:I \In

'llUVVnillnuilffffl1::'~ ~.:Il'1'v.:Ivhh1V~''lJt,.j'UV-:J~H6ff~:: (free base) fitlf11~!~lJ l'11!~u's'fl'iVn
.. • " "&

1C)$'flL-Wfltl'flfl1llJffllJ1'ifl1lJf11'iCl:;mUUl '\oh111!lJ'YlUfllJLvI'fllii'IJ,,::mu 1m1''IJ1'flfl"V 1 'i lJL'Yl'IJ'11-:J

!n'IJ ffl'iV'IJ'Yl~ 6~i '*,'IJrm ffrl'fl!lJ'YlIIVlJIvllPllii'IJi 'IJiJ ffffl1:: 1~~ rav.:J ~ln!1'J 'IJen 'i~ hlii~1 ~-:J

ffllJl'i fIIwnmm ~lnil ffffl1::UCl:: 1Pl'i1~ 1'fl'l~!m:: i,r r1"f11m ~Ufl'IJ~ ~ ~'fl !rlV!m eu I'YiUUffl'i

'"'lJl'Yl

o d at ~ ~ t ~ ~J.e9 0" QI ~ 0
150 C fI.:I'YlW f;!tl!l1f,JlJ'IJ1 urn ~ln'IJ'IJ!'VllJtJWl1f,JlJ'U'IJ~'lJfI.:I260 C 'fl1UVIPl~1f11~!'VllJ20 C ~'IJ

o I II 0

~.:I 260 C fI.:Il1W tJWl1f,JiJu 3.5 'lJll1 f;!tl!11f,JiJ'UV-:Jfi'1'fl'n~1'fl(td) 300 C vlPl'nnn'l1tl'UV-:J!!nff

0.8 iJ~~~IPl~I9iV'IJ1l1 f11~Q'flfflmUU splitless ,.j1lJ1IPl'ji'IJf11~Q'flffl~ 1 'lJlm~lPl~ ~1lJ!1m 10

o ,

250 C ~WlUJiJ'UV.:Ifltl"lJU (tc) IIUUl,.j~lJumlJtJw'I1f,JiJ (temperature program) tJWl1f,JiJ!1lJl'1''IJ

~J1nf11~ffnrnfffl11::~l'mJl::'Utl-:J!fI~V.:IUnff lm1l11'YlmlYl (Gas Chromatography)

~1m1~1'fl')fU'fl!vlCllJ 'leue ''IJ!'11ci'IJ (flame ionization) flV"lJ1r')fU'fl Rtx - 5 fl1llJtJ11 30 !lJm

!ff''IJ~1'IJ~'lJ6nCll.:10.25 iJCl~!lJm fl1llJ'I1lJl'Utl-:JYJ~lJ 0.25 ilJ lm!lJ'fl~ 1'fltJ'ri1'IJ' mYffll!lJ'YlUVlJ

!vI'fllii'IJ ~::\ln'\juvvn1l1''IJ 'lh~lJ'Yll.:1iJffffl1:: !~V'I1lfffl11::~!'I1lJl::fflJ' 'lJf11~!wn'Uv.:I1mlJ11 n

umlJ !rltl.w~l~tl!lYifl~i~~lfh".:I''lJf11~!Wn (resolution) UCl::!1Cll~H"'lJnn1!ml::M 'VlU1l

fffl11::~mlJl::fflJ''lJf11~!wn lmlJl1 'YlUmlJ'UV.:ILlJ'YlUVlJLvI'flllJ'IJfitl fltl!'I1.fliJ'UV.:I~1'IJQ'flffl~ (t.)
" ., I

,
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'¢iu~lU'lfd~ 93.4 - 100 % fld11H~tI.:j'UU.:jf11'j1tm1~,.( 1l1f)f111ftmnvhf11'j'YI~ml~fllVluiUt~V1

nUU"~1~'H':i1.:jiui,r¥llf111lJL~tI.:J'UU.:Jf11'j1Lm1~,.(1U'1f1.:J 3.41 - 6.73 1m~ 2.81 - 7.43 1PI1lJ~1~1J

tm::fhu1tU~1f) Horwitz's equation U,,:: HORRAT (Horwitz's ratio) 1PI11J~'j~'41'U The AOAC
6i'" t d Q d'Gf'manual for the Peer Verified Methods program (1993) ~'Hmfl11lJL'YItI.:J'U.U.:Jf11'j1tfl'j1~'H~U'lf1.:J

5.85 - 9.25 U,,:; 3.13 - 9.00 1PI11J~1~1Jtm:;HORRAT U~lU'lf1.:J 0.37 - 0.92 1m:: 0.34 - 0.99 1PI1lJ..

.d <Q tI
U"~fl111H VItI.:J'tI8.:Jf1111Lf111~'H

1U f)11 fff)'lll'H 1fl11Wi'JUtffU 1PI1.:J'lf1.:Jf111lJt i'JUtffU 1PI1.:J'UU~tlJVlUUlJLvllPl1iiUI@J1 ~ lfl" U

11~ ~fl11lJt'li'lJ'li''U 0.25 - 50 11.1 lmf)llJ~uiJ"~~m ~hfflJ,.hd1'Y1(fflJ~'YI1i' flU 0.9996 ¥ll~~

~ln~~1"l~'tIU~f11'jIPl'.i'd~i~'Uu.:JtlJ'YIUVlJt141P11iiU'~ l~'.i'flm) 1'.i'~ ~f1111Jt'li'lJ'li''U 0.0312 1lJ lfl'.i'f)l:IJ

~ uiJ" ~~IPI'.i' ~~~ 1n~'U V.:Jf11'.i'1PI'j 1~UllJ1tU 1tf111~,.( ¥ll~~~ 1n~ 'UU.:Jf1111P1'j1~ UllJ1tU 1Lfl'.i'l~,.(tlJ'YI

UVlJt141P11ij'U~f1111Jt'li'1J'li'U0.0632 1lJ lf11f)llJ~eJiJ,,~~IPI'j !m.m:;f11'.i'f)~1Jti'U1~ fl111J\1f)~eJ.:J'tI~N

v
~lU1~rJij~:;fff)'lllfl111J\1f)~~N'U8~1~1Lm1:;,.(1~eJ'Yhm1V1~fl8.:J11l'lh~ml1Hi'JuLffU

m.:J ~~~ln~~1"l~'tI8~f1111Pl11~i~ ~~~ln~'U8.:Jf111m1~tlll1ltU 1tm1~,.( !UV"~f111f)~1JtiU l¢i

f111ffn~~~~~u":;nm~1,*luf111ffn~ 'VnJ';h~ 1.0 Ul'Yi ,,rfmf111V1~m)~~~"l~tm::arl~Hl4lJnm
• v v

1Uf111ffn~H~lJ;ju'Y'I1J'h ffl'.Hfi~fliJ"ciu illff1mHUWf)oMu i¢i
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99.0%

0.8034 ni'll

= 149.2
149.2 x 1
185.7

"t11VlUtllltl'lmih/lg l~'Hl'C1t1h~~~~hU'C1fl'C1CIOH1sNHCI111'HUn l11n1fJ'C1185.7

l11VlUtl11ll'1~lii'\.J'~l~~fl'C1t1'~~ 'Hun 185.7 ni'll 1h::ntl1J~";Wl11VlUtlllll'1~lii'\.J

Methamphetamine (CIO H14N)
"111'HUn111n1fl'C1149.2

illflN'U1fl



\,

?VI100.0 ill lmflflllPltliiCl~~~)

1.0 ill lmflf1JlPl~ii~~~~d

fl1)L~~(JlJtlld~~~lmlJ'Vltl~lJL~~lii'U Lg l~dflCltl 1d~ L,rll,r'U 1.0 ill lmf)i'lJlPl~

iiCl~~~d ~l'W1'U 25 iiCl~~~d ~lf)tll'J~~~lmlJ'VlU~llLvlmii'U ig lmfl~~ L'J~ ,.u'll,r'U 100.0

'lllf1'Jfli'lllPl~ii~~~~)fil'U1W1l1f)

91 " ~ "Ifl11lJL'lJlJ'IJ'U'IJ~.:ttll) Cl~CllV'I1~-:JL~~1l1.:t

ll~lJl~ 'Jtll)~~m(J'I1 ~.:tL~tl1l1.:t

91 " '''I.fl11lJ ~'lJlJ'IJ'Ums Cl~m(Jf)~'UL~tl~l.:t

tl~u l~) tll)Cl~Cll(Jfl~'UL ~tlll N

(f). I)

•

y •

~.:tU'U i'-:JLlJ'Vltl~lJ~~~liilg lf1'JfI~~ h~0.0031 fli'lJ ~~mv~';wl~flCl~ hiiL'Vl'U triM

hl'IJ1~1~tl~m~)'IJ'U1~ 25 iiCl~~~d

tll)Cl~CllVm~)il'U~lJ'VlU~lJL~~lii'U Lg l~)flCl~ 1)~ nl'l1i''U spiked urine sample
• v •
i'.:tLlJ'Vltl~lJL~~lii 19 lf1'JfI~~ h~ 0.0031 fli'lJ ~~m(J~1(Jthmr'U lri~-:J1'U'lJ1~1~

ll~m~'J'IJ'Ul~ 25 iJCl~~~)

v y

~·n:r'ULlJ'Vltl~lJL~~lii'U 19 l~'JfI~~ h~ 'I1Ufl 1 fl1lJ ~~iiLi1~tll'JLlJ'VlLL~lJL~~lii'U

0.8034 x 99.0
100

0.7953 fli'lJ

~lJ'Vl~WlJ~~~lii'U 0.8025 fli'lJ iitll'J~lJ'Vltl~lJ~~~lii'U 19 l~'JfI~~ 1d~ 1 fli'lJ

~l~~.:tfl1d~lJ'Vltl~lJ~~~lii'U 0.0025 fli'lJ ~~~~.:tiitll'JLlJ'Vl~WlJL~~lii'U 19 l~'JfI~~ 1'J~

0.0025 xl
0.7953

0.0031 fli'lJ

79



"""'W2.50, 2.42, 2.36, 2.25, 2.44, 2.39, 2.23 ltCl~ 2.31

fl1'J111% recovery '\Iv'!1~11m1~,..ylfltJ1~lJff1'JCl~Cl1tJlJ111'Ji1'WtlJYllmlJl-W1l1ii i~lfl'J
~ cr'.d Cl.I v 'J) ... <) GI' Q QQ 0 CIo ",: .c::i 41

flClD''Jfl'Yl'J~fl'lJfl,)llJl'IJlJ'IJ'W 0.25 LlJLfl'Jfl'jlJ1IDlJClClClm 'Yl1fl1'J1tm1~11 7 911 lJ~Clfl1'J'YlflClD'Ifl.:J

Cl = fl,)llJt~lJ~ll'\lV.:Jff1'Jlll spiked metric blank

~ " .d~ f CI!C2 = fl,)llJl'IJlJ'IJ'W'YlLlJl11lJff1'JCl~Cl1tJlJ111'Ji1'W(blank)

= (Cl - C2) X 100
C3

%Recovery

4. fll':;ph,nw % Recovery

. " .
lCJfl~tJlJ~1~fl'Jvfl191~ 11lJm{ 'If'!ff1'JlCJfl~tJlJi~fl'JvfliCJf~ 4 flllJ Cl~Cl1tJl'Wtl1f1~ll

100 iJCl~~m

"lCJft~tJlJ'~fl'JVfI i91~ "!1I'JllJ1ClfJClNaOH tl111irflllJ1ClfJCl 40 flllJ

"tl1'1n! fl'\JV.:Jff1'J(fillJ)

"
tl111irfl hHClfJCl

(1.0 ilJ lmflllJ~vlJCl~~1I'J)(25 lJCli1i1m)

(100.0 ilJ lfl'mllJ~vlJCl~~1I'J)

0.25 lJCl~~1I'J
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~1""~1J d ibili 0/ RSD 2(Hl.5logC) 2C-O,I505
~I rl. repro UCI I ity: /0 = =

~.... b')' 0'- RSD 066 20-0.5logC) -- 0.66 x 2C-O·150~ll'l1)1Jrepeata 1rty: /0 =. x

l\P1VC trJ'Uconcentration ratio ('liihnhv)

Horwitz' s equation

5.2 f>l1'U1 ru ~ 1f) Horwitz's equation uCl~ HORRAT (Horwitz's ratio) 1P1111AOAC

manual for the Peer Verified Methods program (1993) Horwitz equation

3.41

0.08 x 100
2.34

%RSD

SD x 100
X

5.1 % RSD

.o::::t..d. 0

l1ifll'U1W

1'Um)'YI\P1CltJ~1~Nrlf)U1tf1'n~11'~~rl' ~1f111lJt.u'lJ.u''Um~V~1tf1)1~11' 7 cil tiv 2.34

111imf)rll~tJiJCl~~\P1mCl~~ll~fm1J'Ull1\P1)jl'U tiv 0.08 111lmf)rll~viJCl~~m

93,6 %

(2.34 - 0) x 100
2,50

% recovery

!II !II 1 ~~QI'oC:l.C1 = ml11t~l1'\l'U'\lV~ffl) 'Uspiked metric blank = 2,3411ClClmll\P1Vrl\P1)

C2 = f11111t.u'mj''U~1lil~mn)Cl~mVll1m!1'U (blank) = 0 iJCl~f)111~vil\P1)

(Cl - C2) x 100
=

C3
% recovery

. .,
fhm~V~V~~H'Im)1tml~11' 7 cHl = 2,34 111lmf)rll~viJCl~~\P1)
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..
A

~lnfflJm'.i y = 4247.8x - 4148-2

39356 = 4247.8x - 4148.2

x = 10.24

3.41
9.25
0.36

RSDobs

RSDexpected
ffl'l1i''U repeatability: HORRAT

,
m'.i'Ylfl"'V~(RSDob)nmh RSD .yjfiltJ1ru~ln Horwitz's equation (RSD.xpectd)

9.25

5.3 HORRAT 'I1~vHorwitz's ratio t)V tl~:i1ri1tJ'.i:;'I1'hUh RSD ~iiltJ1ru1~~lnH'"

0.66 x 2 X C-0.1505 (C =2.34 x 10~)

0_66x 2 x (2.34 x 10-6)-0·1505

%RSD

Horwitz's eqation1
t
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~ Q 4' ~ a'. Q.I 'IV IIV

'Uf11Vltllfl'lff(Pl'i(ffU I) Yl~1JtnH'nll'U 1J.:.I111fl

~UC'111'b'Ti1ii iVl'iffYll1 (045)244495

414 fI I .cSQ
2549 tJn1Vltflfl'lff(Pl'i(ffU I )f)~lJ.:.IltJ(Pl'i'H)ffm'UVltf)fl

1l1V1UC'1::01t1fllYl1Vltllf111 L'U(Pl22•
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