
uw6mia 
ms~mui'i8nisitns1:iel5ui~ais5uw~u"srt~u9iutuu;ilu Tn~lu taBatuu;ilu lglu 

(saub%nii BTEX) bbar MTBE (Methyl Tertiary Butyl Ether) %ugaalar 6 h u b ~ ~ 6 ~  

tanatela-l.rrsntdaluTm3tondttwsnSu (HS-SPME) w u i i ? 8 n i s i i n a i u 6 i t w i r  n a i u l a  

m i a ~ t ~ n 6 a n u a r  n a ~ u t t u i ~ u n i s n  l6nsidu1mqiutElut8ums~.ria~naiu bdudu 1 - 

25 inTun?u/lms dibdsr3n~maiuZuv;uj (r) ua~tuuGh ln$u taBa~uu+u wm-, 

w151-~7l~u aa--%5-l'11su bbar MTBE bi1Eu 0.9930, 0.9960, 0.9974, 0.9970, 0.9953 

La:: 0.9968 muiiiih nnu~nnjqlums'i~ms~rSjidi~?u BTEX uar MTBE i i n ' ~ a ~ ' l u h s  

%uar 94.1-105.6 Ltar =Yauaz 97.4-98.0 miuiii6'u n1swnaauna1ut~dudiuaq'i8n7s 

n'it~wtuuu~ms;1uGuw"wS~a~nis?tns1ri~7el5uim BTEX uar MTBE l u 6 a o $ w r l a a i a ~  

a~"luda&auar 4.9-12.8 LbRr 4.6-5.1 @ 1 ~ 6 l h  n'liinh7$n%ums?i~ (LODs) t 4 1 5 1 1 1 ~ ~ ~  

l w i l u  ~aBa~uu;ilu tumi-, w i s i - b l u  aalrs-b;u uar  MTBE i in' i 4.3, 4.6, 2.5, 5.4, 

2.2 Lta: 3.6 fiTnnTu/sms miu616'u w a n i s ~ i d 3 u i m  BTEX sba:: MTBE luiYaa7araas 

a ia ia r ins  2 n4u wuiin~uwu~1~iu$di .r iu%uaniuu~ni~~i~tada~w~.r i id3uima1s 

MTBE uanuuau ~ ~ n h n ~ u ~ l d l n i i i ~ i u G u i a a i s 5 u w ~ i s r t ~ u i u  (vocs) a id3u ima is  
W 4 d  4 Y L :  9 4 4 d  Twcliu, taBa~uu8u bbar Znlu I d i i n a i u ~ ~ ~ n t i i ~ n ~ ~  ~ ~ u a ~ n i s u ~ ~ u ~ s f ; ~ i a ~ a ~ ~  i i u  

arnan uar Idu in tQu  ~. r l i is : : tE ludsr~ua~unis~~~~uwi~~af i iwaardsr t i iuna~u~~u~ 

n i s ~ u Z u i a a i s  BTEX trar MTBE lusrGuhisinnisrii~~u~%o~n~~rta~~au ~ d a ~ n w i  
w 

G n m i u ~ a n ~ w u a a ~ a i s t ~ ~ i i d a ~ a f i i w  
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QUANTITATIVE ANALYSIS OF BTEX AND MTBE IN URINE 

BY HEADSPACE-SOLID PHASE MICROEXTRACTION 

Tanasom ~unsarin~kam'" Panthira ~etkae w? Vannapa k3umchindaz Boofitiem ~heppitaksak' 

Abstract 

This research was to develop quantitative analysis of volatile organic compounds: 

benzene, toluene, ethylbenzene, xylene (called BTEX) and methyl tertiary butyl ether 

(MTBE) in urine by headspace-solid phase microextraction (HS-SPME). The method 

showed high specificity, sensitivity, accuracy and precision. The standard curve was straight 

line between concentration range 1 -25  ng/L. The coefficient of correlation (r) of them were 

0.9930, 0.9960, 0.9974, 0.9970, 0.9953 and 0.9968 respectively. The accuracy of 

BTEX and MTBE analysis were 94.1 - 105.6 and 97.4- 98.0 percent respectively. The 

precision of the method showed relative standard deviation (%RSD) range of urine BTEX 

and MTBE 4.9-12.8 and 4.6-5.1 percent respectively. The limit of detections (LODs) of 

benzene, toluene, ethylbenzene, xylene and MTBE were 4.3, 4.6, 2.5, 5.4, 2.2 and 3.6 

pg/L respectively. The results of BTEX and MTBE analysis of two groups found that MTBE 

and benzene of the gasoline station workers were higher than the control group. Therefore, 

this method is reliable, simple, convenience and non-invasive. It is a useful alternative 

method for biological monitoring and assessing human risk of BTEX and MTBE due to 

occupational or environmental exposures. 

Key Words: volatile organic compounds, analysis, headspace-solid phase microextraction, urine 

'~nstitute of Health Research, Chulalongkorn University, Bangkok 10330 

2~aculty of science, King Mongkut's University of Technology Thunburi, Bangkok 10140 

*To whom correspondence should be addressed. kalayanee.t@chula.ac.th, Tel. 0 221 8 81 56, Fax. 0 2253 2395 

Original Article 



uwG7 
dY 4 d  4 

uania:~i~aini~~uiu~~aniwaini~dinisdu~dau6auais~unsu~saaisa~~~~6 

dr i i~ 'umsiuds{?uiTuia dsz~n~lnuiiiltl?ni~iuuania:~i~aini~uin~mu~~wi~au'i~~~ 

~ ~ n e i n r n ~ d ~ a ~ a i s d b ~ u u a ~ u 9 i n u i u w i w u ~  b. rq iu$nwnnssu  n i s e s i e s ~ ~ a k d t ~ n e i n  
d Y Y 

m s ~ ~ r r i i u a u u i u w 1 ~ u z ~ ~ a : n i s a u d ~ a u ' i ~ s a m ~ 3 a  w d ~ w a d a y a m w a a ~ d ~ z ~ i ~ u w " ~ 3 u ~ ~ ~  

ai~Zun~&~:tnuiiu~iluaisdiC~lt?19aruIs~~iuq~ainnssudi~ 7 ~ d u  qna innssuwmnGn 
2 d 

unzqna innssu i iu i r  ~~ lu i l~pr iu in isdnui5~una iu~ i luG~aa~a iss :~nuh~  7 ~ n i i u  bwa 

mmqun~aua:anilqnidL~mdu;uBaniw ~tiu m s ~ R m u z ~ %  a i s 2 u n - i 6 s z ~ n a h u d i q  7 

a i u i s o ~ u b i a ~ q r n q w i u ~ e  n i q d i n  ua:ni.riianriq addau1nojez16?u~i~niu1euindy~ 

n1s?u~ueJ"ani~d1n~fime1nni~niij~<uainisTmul8;l68i~ia di~~uni~iianri~~n~fimdulu 
e w e  

ns~d i~ i i u ' u r rnsnumzd~um~ iu  rn~bn~bn i i$~u~ iup1 i~~a~ . ;d"~16  d a a i s b n i i d L G i i  

<iqrnu ~ms:aiu~~i~szuul~a~iuuTaiima~i~~~nifa e inn isBnu iaas  Ashley LLB:RN: 4 

d 4- %uq m.fl. 1996 ~ ~ ~ i ~ i 5 ~ ~ ~ ~ 6 5 : b ~ ~ ~ i ~ ~ ~ i ~ ~ ~ % ~ ~  (half-life) %ubzam 3 3:6u ;a 1.6 

ul; (initial half-life), 10  - 6 0 ~ l ( i  (intermediate half-life) Ua:: 2 - 4 $ 3 ~ ~ 4  (longer half- - 49 

life) dlM?U MTBE ~ :~F ; IR~P%~~~~ :u I  1.7-3.5 $a~u\1 ~ib~1n&il i3diq 7e:nszeiu 

ld@~-iuazii.r 7 l i ' ~ ~ n '  auap Gu I m  b n s z e n  u a z n h u d a  tilunir o i l 6 ? u ; i l u ~ a a i u i u m  

~ ~ i i ~ e : ~ n a : a u ~ u ~ ' ~ ~ a ~ " ~ ] G u  faua: 25-50 ez ;n~uaanm~au~ iu1 i l e  d~)t;ae:;n~uaan 

p1i~Induui6u3~a~a:ds:uimiaua~ 15-7 nisw"~pblui~45nis"a~m~i~. j ia i~~uw5~~:~~ui i~ein 

m s  k n & a a q i i q m u  (biological fluid) ~du damaz~mu~~~n~irnbamabd%-T%3mbda~u~m~ 
b a n 7 j b b n . j n z u ( ~ s - s ~ ~ ~ ) ~ - ~ ~  e:id~:~uau~uni~~j~~~~nis16~uiTuiaaisdi~ 7 d ~ ~ i i  
i ~ ~ m u ~ n u ~ s w i z a ~ s Z u ~ ~ & s : ~ ~ u ~ i u ~ ~ a : ~ ~ a ~ ~ u d a i ~ ~ m u  8 ~ ~ ~ G i i e : i d 5 u i m a i s a ~ l u  

w  4 w  

5:&Jdl Ini~n' iudu 6q~iluaisd<ma$lun~ua15n'arr:b3q~~ ma&mmGamw (biological 

monitor) i r n i u h ~ ~ ~ u r n s b ~ a u ~ u ~ ~ ~ d ~ u 1 6 ~ ~ i ~ d d u b ~ a u ~ u i ~ b b a m 8 a u ~ ~ ~ ~ ~  &r;irnis 
P . = I . = I C (  d ~~msi:Gai~~un5~~z~nuiiuludaaia:~diez~8ua~P;milua~ein~iu~~az~:manlunis~~~ 

Gaaeiiq u a n ~ i n ~ ~ ~ l 8 ; r i 1 % w " ~ R m m a i u n ~ a ~ 3 a ~ i m ~ ~ u ~ n i a u n i s ~ e i z ~ ~ 0 m  lnt.8waa"ua:d 

n~ui laa iazn 'aud~:~n~uaanein i~~n~ue:~f imania:a~~a (gas equilibrium) s z n i i q i i i v  

~ ~ u n s s z ~ ~ u d a $ ~ u t ~ a ~ n " ~ ~ " ~ ~ a ~ b ~ a a ~ ~ a ~ a a ~ a : d a ~ % u ~ n ~ i ~ w " d ~ u i m a i ~ d ~ ~  7dgngu  

uanuiw~auriuilnaia:imaiu~uw"u5"~ud~u1~nis~~?u~ueJ"aa1s~u 7 ~ n i . r b n n ~ a u " - "  
e w  26 

m~Wnma~uu~dumsw'~pblui5~ni~5~m~i:Gd3uimai~~uu;iiu Tncgu ~a?ia~uuau 

l%ih bba: MTBE %udaaia:~mu~~~nmCe,~ama~d%-T%3m~da~uTns~0n~~~~~n~u (Headspace 
d 

solid phase microextraction, HS-SPME) bb~zn5ae?h63fJbFl.j09 Gas chromatograph 9:bh 

ds:~uad~iu1~~uni~dnuini5?u~u~abba:~an5:nudayaniwaa~d~:%i"tlu~inai5di~ y l u  

~ ~ u a m ~ a u n ~ a o i n n i ~ 9 j i i ~ i u  
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%n '3 edfisd 'I uaCilnm 
a73~7~3z7u66655Cf736PlG 

~ I T U I B ~ ~ I U L U U + U  (benzene) lm@u (toluene) ~ ~ f k b ~ ~ + ~ ( e t h ~ l b e n z e n e )  bumi-, 

W l s l -  uat. a a i % - b h  (m-, p-, o- xylcne) 4 2 ~ r % n i l  BTEX aisulm5giu methyl 

tertiary butyl ether (MTBE) & a t . ~ ~ 5 d $ 0 i ) l 5 l ~ g h  (a,a,a-Trifluorotoluene) F ~ ~ I ~ I , $ % J $ W  

%iha:: 2000 luTnsniu/iia33ms aurmiuaa w~mcavf uasu?gw Supelco rumiuaa 
(Methanol, AR grade) T%bGpl~~aa l56  (Sodium chloride, AR grade) LbRr l%b!U~b i ) l%6  
(Sodium azide, AR grade) w ~ ( ~ ~ ~ N & E I ~ U ? ~ W  Merck 

r o ~ a ~ r i o u s ~ t l n m i '  

Solid phase microextraction (SPME) fiber holder, fiber "1IGl Polydimethylsiloxane 

(PDMS) %UlGl l00lulflsbums aadu?Gw Supelco b~%ld Gas chromatograph (GC) Varian 
d 

CP 3800 bn5ad~ls29a"(il%Gcil bd~uk~  aa1u b%$u (Flame Ionization Detector, FID) na~uPdd%cm 
CP-SIL 5 CB 'IIUlGl 30 LUGIS x 0.25 G R % U W ~  x 0.25 Is.JTR~Lu(P~~ 51109U%Il Varian 

ssl"aau'w~aa7azw"%.a"3nw7 

I. r d a r i i n n d u ~ m ~ i u  
d c: ~6uilani~::uacla1aiaGns~~rdu~d'b~l6~i~iu$ueJ"aaisSu~~6s::~~pl~i~lu"11am~li 

l.rr~dplu~ala6dst.uim 0.1 ~a5niubdafla95ub~~ni~;pl d3uimsd~::uim 20 Ga55ms wau 
w w w  Iw~uinu br~-xfiud -40 a~ni raa~+un riauiiuiqrnsi::-i 

2. r d a l n ~ ~ ? u i ~ n i s  BTEX ua:: MTBE Iuniuaiaiaiins 
riiuilnni2t.9inaiaiaGns 2 n i u  l&ri n~udld l&i~ iubiaa i sSuw~6s: :~w~91~  

d i i u w  32 nu (n i jun2uy .~ )  uat. n i j u i r i i ~ i u i ~ ~ b j ~ ~ a i s ~ u w ~ ~ s ~ ~ ~ ~ ~ i p l  i i a  ~ l j n d i u n  
Y w  2 i i ; l i u lua~ iuu?n isu iuu~"~~a~~~~  i iuau  43 nduiaa9b~i~7~asi 8.00- 10.30 u. st.~iiq 

~ t iauunnnu  ii.r qumius' w.n. 2547 ~ i i ~ ~ ~ d ~ ~ u ~ ~ r ~ ~ u ~ a ~ ~ ~ ~ ~ ~ u i m  0.1 Cazniu ~ d a  
v v w  

illadn"wr~unir% d?uimsdsruitx 10 Ga55ms wadwruinu ui%bfiud -40 o;lnibas~+oa 

r i a u i i u i ~ ~ n s i : : ~  

n?s~7na?d817m~'7¶d 

16 $ r: v t  w d  msilnkii~~wEinmsuad Fustinoni LbaznN:: ~ m ~ ~ i ~ ~ ~ i a ~ n b n u ~ ~ m d ~ a ~ ~ m w ~ ~ w " a d  

waulw"~$15u uaicn 0.5 iia55m.i a~luu-muni  auin 2 iia%ms ~Guaisuimqiu BTEX 

us:: MTBE I G i n ~ i u r ~ u a t .  1 , 5 , 1 0  rra:: 25 uiluniu/Gols u a t . l m s d ~ a a l s h $ i u  
w w w  

(internal standard) 500 uilun?u/~ms ~~a : :~ i ?uTm~~unaa l s6  0.2 n i u  W ~ % . J ~ W L Y I ~ W L L $ Y ~  
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mwazaasln$as GC 

?bn51:~~15 BTEX aa: MTBE pin SPME l d b ~ ~ i  Infl thermal desorption q t u w ~ i j  

1?-~8na15 (injection port) 220 aqm~mdua  qtuwnG~n<aqm~3~<na~ FID 220 BWII 

bnabgua lZnai%~Pdd"~~ih CP-SIL 5 CB auin 30 ~um5 x 0.25 GaSbum~ x 0.25 IuTn~~um5 
da d ~ m ~ i m s l p . s a a a s u ~ a ~ ~ ~ u a ~  1 GaS~unsdauiB qor~~iiaasna$uunun 50 asrn~.aaiua 

uiu 10 uiB~~a:  ~~uqtuwqii1uiYmn 5 asmmadua d a u i i  ~ u z s  go aw-w.ia~+ua u h  

~ i u q t u w ~ ~ o i a t u 8 ~ 1  30 asHi~.aa~Zua d a u i ~  ~1uii.l 250 L)JFIII.~~I~UB i~a:nsI<uiu 6.67 

u l i  8ni774bbuu splitless %??b7a l%u~ l~~b~5 lzWi j5 :~ l tu  30 u l i  

n ~ f i ~ ~ a ~ ~ ~ a 7 8 ~ 6 ~ ~ ~ z a ~ ~ a a 9 ~ z ~ ~ ~ n ~ ~ ~ ~ m n a 7 ~  (Cbmatographic system suitabiLity) 

8nwsa:mudi~5un~id~im5~iunaiu~u"uu"u 10 uiIun%/lns niu~ndzasuna 

lnsuihnnd Tmu~naisa:aiuh 6 n:s ~iu~tu?aua:di~~a~~uuuim~~iu5uw"~d (a RSD) 

n 7 ~ ~ ~ a a ~ ~ a 7 8 ~ ~ ~ d 6 6 a z d a 9 ~ a 9 n 7 9 ? 6 n 9 7 z p l " ( ~ i o e m ' t ~  and Range) 

8nm~a:aiudiw?un~1duim~~iunaiubGu~u 1, 5, 10 ua: 25 uiIun5u/Sm5 
4 d 
2 bn5l:Vf$l~l3lU LGWUYWR~ 6 flk b b ~ t ~ l ~ 3 7 ~ ~ 3 J w " ~ ~  6iu~tudi5ud~:~n~n~iu5uw"ud 

(coefficient of correlation, r) ~ : w i i s ~ m ~ i d ~ u & d ~ ~ ~ n a a ~ a i s u i m s ~ ~ u b b d a : : ~ ~ m d a ~ m ~  

d~aalslnp~u~un-nubGuGu~a~aisuims~iu 
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n~rn7ri7u'n hqnso~ms+En ( ~ h i r  ofaetection, LODJ 

'L&&nisuaq Miller LLEI:: ~ i l l e r l ~  0inns~du~ns;iud$inis"a~nsi::6di 6 n-% 

(inter-assay ) I h . J l M 1  61 slope (m) bbR:: intercept (b) 9lflaxlnlT 

bda y = relative intensity UEIz x = R ~ I u L $ u $ u I B ~ F I I T u ~ ~ R : : " I I ~ ~ ~ ~ ~ ~ ~ ~ ~ : :  

LOD, = (3 SE,+ b)/m 

d 
LWEI SE, = standard error of the intercept 

n7~nnnsun~7uann'a.r(accu~ac~) 66nE nnurrduiuh (Pecision) 

m s d s : : ~ i i u r i ~ n ~ ~ u ~ n 6 a ~ ~ ~ ~ z ~ ~ i u i ~ l u n i s 4 ~ n 3 i : : w " ~ s  BTEX ua:: MTBE l u  
ilaam I n u r n s t i u a i s  BTEX nag MTBE a.rIuilaw7rn?u?u dnnu~Cu$u 5 aa:: l o  
uilun%/sns %nn::M'd;n?7ub$a~$ua:: 6 n& *Iidw-niu~n6aq (accuracy) ~mui7u7mdi  

=bazmslun& (% recovery) ~ ~ ~ ~ i ~ ~ i ~ ~ a u a r 1 a . r d ~ u i m a 7 ~ d a " m 1 6 d a d ~ u i 6 ~ ~ i s d ~ ~ u  

aqld aa:mn'3nnuariu43 (precision) 1 u r n ~ i ~ n s i z 6  ~ n u i 3 ~ 3 0 l f ~ u a z ~ i 3 ~ d ~ q ~ u u  

~1~15_57~ i%.J~W6 (%RSD) 

i a u a z m s l u n 5 ~  (a recovery) = ( ~ u ~ m m ~ d a " m ~ ~  I fiuimmsd~5uwld) x 100 

n n u ~ d r r i i  (%RSD) = ( ~ ' I L ~ W L U ~ U I D ~ ~ ~ I U  I n ' i ~ i l i u )  x 100 

n73?6n37Et&73 B72X66nE MTBE 

~ i u ~ n i l a a i ~ z d ~ n l u u ~ m ~ l d i l a ~ ~ ~ : :  0.5 Zestins rlulnsdgjaalslngjiu 500 uilu 
v v  w 

niu /$ns  uaz~5u~nlalnn8aunaa~sei  0.2 nlwaul*Ioinu i i ~ d n ~ u ? u ~ m w ~ Z ~ u d i ~ ~ i d  
q m ~ ~ i j  40 B ~ P ~ L I F I L $ U E I  L!?UOBI 30 ~ 3 4  1 ~ ~ 1 5  SPME fiber ~ ~ ~ ~ I J ~ E I ~ ~ L H U I ~ ) . ~ F ~ S  (gas 

phase) ~ ~ a z ~ m ~ ~ i ~ n ~ a . ~ ~ ~ n a l n s u i l n n s ~ d  
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Eli3 

na7urrnu7z~uaes~zuufn~u7f1s)n~7~6rrazna7urr~~7~rr~7z~s~es3~ 

nisblunais BTEX lba: MTBE G3u~n+oq GC-FID Imu~wmGm HS-SPME d' EIIU15o 

n u n n s k n d i m  F I ~ I ~ I ~ ~ " U ~ ~ O ~ ~ ~ % F I  b ~ o d  (?dd 1) h f ~ i r i l  retention time (RT) LLB:: k RSD 

u e ~ a i ~ u ~ n l g i u  BTEX .a:: MTBE ~amisiad 1 

A. Standard BTEX, MTBE 

C. Urine sample 

I 

f l ' i  1 Chromatogram Vil.IR74UiW=qiu BTEX aaz MTBE luilaai3z 
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6115iqd 1 61 Retention Time (RT) ua:: ~ I L U ~ U . ~ ~ U U U ~ ~ ~ ~ ~ U ~ U W " ~ ~  (% RSD) !Unl5?lnsl~M'al5 BTEX 

ua- MTBE 

a isu7ns9 iu  Retention T i e  (MI;) % RSD 

MTBE 

Benzene 

a ,  a,a-Trifluorotoluene 

Toluene 

Ethylbenzene 

m-, p-Xylene 

o-Xylene 

ri?khernaasmsirns7,-n' 
d w a n i s f i ~ n s i ~ ~ i m s ~ ~ u ~ m ~ ~ u ~ G u " L I  I, 5, 10 LLR:: 25 ui1m?u/Gms ~ b a z i i u i  

~iiu~mn1riiin41 hXi4a lunisa"a  (LOD,) uer wui1ri1inhn'nXi~n1unisa"aillaa~uu8u, 
aar* r* 1 

lnciu, ~ a d a ~ u u Z u ,  ibu-,w"-I%Bu, 1 s - b l u  uar d u m a  uni 4.3, 4.6, 2.5, 5.4 vaz 

3.6 iiimniu/ams miuiii~u (m=iiaJF/ 2) 

mislud 2 d1~n~1~n!urnsnn.~ind~d~~3n~n~iudu~w51~n~~?"n BTEX ua- MTBE 

a15%lI~T~lM Limit of Detection, LODs (pg/L) Coefficient of correlation (r) 

MTBE 3.6 0.9930 

Benzene 4.3 0.9960 

Toluene 4.6 0.9974 

Ethylbenzene 2.5 0.9970 
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nmuancia~rraztrriuh 
d 

w a n i s t l s : : ~ ~ u n ~ i u g n ~ a g  (accuracy) W U ~ I  n s - b n 3 1 u r h a i r d  5 w:: 10 uilu 

n:w/Sms iaua::nis~un~u (% recovery) di~;U BTEX bra: MTBE a ~ s f l i l ~  94.1 z4 

105.6 LLBE<~~UEI:: 97.4 :.l 98.0 0 n ~ d l 6 ~  (Gl15149d 3) 

MTBE 

Benzene 

Toluene 

Ethylbenzene 

m-, p-Xylene 

o-Xylene 

d 
naiurriudi%unis"aansiz~ W U ~ I  ~nai~r$u$u 5 LLB: 10 0dilun?w/S(j;15 ie i i iauaz  

dirdw~uuuins~iu~uw"~5" (%RSD) &M?U BTEX LLB:: MTBE a ~ s z ~ i i ~ < a ~ a : :  4.9 

12.8 LLII:: 4.6 z.l 5.1 WL3Jd76lJ (m151.15/ 4) 

n7519Wd 4 d ina iu~~~u~~1un i~ ' i~n~ i : :w"a i~  BTEX bla: MTBE ~ u ~ a a i 1 : :  

% Relative Standard Deviation 
ai.suins2iu 

na7alk$alu"M 5 n g / ~  ~ai~t.LI"aliiW 10 n g / ~  

MTBE 

Benzene 

Toluene 

Ethylbenzene 

m-, p-Xylene 

o-Xylene 
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m s ~ i d 3 u i m w s  BTEX ua:: MTBE I ~ i h i i 3 : : % a d a i i l 7 ~ G n ~  2 ndu wu i id?u im 

ais MTBE 1un{uwlin~iudri1.nu1uaoiuu3nisdiGu~da~~S~is~~u;~nii~~n~iud~~~~ 

~ i ~ i u ~ u ~ a ~ a i s ~ u n ~ e J " s : b ~ u ~ i f l  (n{unauqu) a f i i~ i i r iuh6tymsaBR (p< 0.05) LLa:: 

~~uimms~uuiiu~un~uw~n~iudrii~iu~unoiuu~nisdiriutBa~w~~iau.ilriu;~nii 

w ~ n ~ 1 ~ ~ 1 n i i i c i u i i u i ~ n " u ~ l ~ ~ u ~ ~ ~ s : ~ ~ u ~ i u b ~ ~ ~ ~ ~ ~ u d 7 6 ~ ~ i 9 ~ ~ ~  h n ? u a i s h c ~ 8 u  

~ a i a ~ u u 8 u  u.a::I~:u ~uaiaia&s~aa~n~u~~j~naiubbmndi9n"u ( m ~ s i ~ d  5) 

MTBE 

Benzene 

Toluene 

Ethylbenzene 

m-, p-Xylene 

o-Xylene 

4 -  2.5 msa~uu~dum~w"muinis~id3uim~~~u~u i n g 8 u  ~ a 8 a ~ u u 8 u  b 3 u  (BTEX) ua:: 

MTBE Iu4aaiJ7a: %us::6unaiu~$u$u~~ufi6nn~udaGaSSms w u i i  n i s l ~ ~ a i u j a u d  

q m q s  40 a w i ~ v a d a a  I~L~~I~LMUILFIU 30 uif! 9 ~ f i i . [ ~ a i s  BTEX LL~:: M-E ~ ~ L H U  

uia;h2du ~anflmdml:8u?an79Bapdfl78m< (kinetic equilibration) s r ~ j l ' l  gas phase 

SPME l d ~ u a i  ~ ~ a : : ~ ~ n d n s u i i m n s i d  T ~ u a i ~ ~ n p ~ i u  (adsorbed) 6x1 SPME l d rue fw8 . r  
w d  

amau?an i rsaumad ~ k s i n l i u w a i h  SPME i d ~ u a i  ~$7 GC injection port ~::t.flmm=i 
4' 

m u a l s  (desorbed) 91nldlu ai~ik1l65'unaiuiau~~"11u ~ & d n a & ~ % a ~  GC" (three phase 

system) U ~ ~ B ~ ~ ~ ~ I ~ L B U L ~ B ~ I ' I I L ~ ~ ~ B J R ~ ~ I ~ A  a~ ld i l : : d i~~~ f lmms~d~uu~~da~  pH ua:: ~ a u  

m s ~ i u  ionic strength ua9aisaraiu ~ i ~ ~ a m m s a ~ a i ~ u a ~ a i ~ d 6 0 ~ n i s ? b ~ ~ i : ~ " b 0 d ~ a a i a ~  

1 ~ ~ u ~ d ~ ~ " ~ ~ d u a ~ ~ a ~ i 1 ~ a i u i s o a n ' n a 1 s d ~ a ~ n 1 s ? ~ n s i : ~ " % u ~ a a i a z ~ 6 ~ d u  ua::id$ 

~ ~ 5 1 d a u u ~ 9 d u d 1 ~ ~ ~ u a ~ a i 5 d ~ ~ 9 n 1 5 ~ L h 4 l : ~ b ~ ~ :  internal standard ;.1& LLarYin 

~ i s ~ n w a a r r L $ u u n a a l s ~  0.2 ~%.l 13'16 ~ G U R ~ T U J ~ ~ ~ I J ~ ~ : : ~ L ~ ~ ~ B J I ~ "  ~ ~ ~ 9 l ~ ~ ~ l ~ L % f i l Y ~ F l  
J ai~niafii~~::~ii~nauqu~m~~~riil*iaisd6a~nis?~nsi:~a~lu~d"11a~lauin~u~~az8~~~ 
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. f & S  w z  d 
auqam~9au~iams~saau ~ ~ U U I U  a~flmania::a~~awis~au~iam5aa~laaisn"u SPME l d ~ u a 5  

-a::vii~$~$ u nai u ~ a i d u a  aqais~unisq 6 u ~ a  SPME ~ r h u a i  ii wadil&$u chromatographic 

signal caa 

nis4~nsi::w'ais BTEX ua:: MTBE 6auni'ian"mbbuu SPME ~ r ~ a i ~ m s i r w ' G a u r n ~ a ~  

unahsui lnns id  bulliLsl~~aviia::aiu5uw3dan"m (solvent extraction) B amiumaulu 
C: 16 nm2bnsi::G bba::vil%$aisddasni~~bn~i::w'inaiub~u~u~uniu"l~aai~amb9a ua::aiuisn 

iwuilv~~nsi::~'ln~uiasnaiu~GuGuRi ~nhn"m'ndi;muasnisnsa~a"m (Limit of detection) 

%&3t315 BTEX U.3:: MTBE ilulud3.1 5.0 % 71.2 %b~fl?~/h~~ ~ 3 l ~ ~ f l 6 a ~ ~ ~ f l l 3 ? b ~ 3 l % w '  
d l  9) d 
umsauaruaumsZunZu (% recovery) atI.uiasiaua:: 94.1 l iq 105.6 ~ a ~ i u ~ n m p i ~ f i u d  

uau?uln" (iaua:: 90 84 110) d i ~ ? ~ d ~ ~ a i ~ ~ ~ ~ u ~ i  (% RSD) a $ u ~ n ~ w ' l J ~ f l u i a ~ ~ : :  10  
4 d 

unriu~uufluu,a:rum-, w is i -  b f iuds~ i 'u  5 uilun5ueialims asumtuuubuuuims;iu 
4 4  1 4  

iaua:: 11.4 Lba:: 12.8 miuiiii'u ~umi - ,~ i~ i -~v~u~f iua isY;u~ i21m~i~m1un is~m;~n i ia i~  

h i u  7 du~Eiu~n"uwanis i inwi lur~~mr~a: :n is~nwi lue i i~e ls : :w~~~~~  $qa79rSuld1~1lri 

aiuisnbrunlalatui;Ji aas bumi-t.t.a:: w is i  - l a f i u o o n ~ i n h  

~ l a f l i 5 ~ ~ n s i r ~ a i s  BTEX uar MTBE %ui laaiaraasalaIa~ns 2 n~uil::~i;uiiniu 
w w  2' 

dtfiuw;n~1u1uaniuu5nis~iuuraa~wZ~9::iel5ui~ais~uuflu ua:: MTBE ;qniini=$ 

m u q u  lnus::n'u MTBE uesn~uwr in .nu~~n i in~unauqua i i~ iGuRi6~wi~aGG (p< 

0.05) ~~arljdi~~ni~d~Bm41n"mAi;maa~nismsa~a"m (LODS) u a n ~ i n $ d 3 u i ~ a i s e i i ~  7d 

%nn::v~n'iis::~iu;sn~~diimAi~mua~nismsa~a"m~~a~~m&i;~a"m~~uimai~w"u 7 kw"uirwa 

n i s d n ~ ~ ~ ~ a m ~ % ~ b ~ u ~ i ~ a d a " m w ~ ~ ~ a n i ~ ~ b b u a ~ ~ u ~ r b a m s ~ ~ b ~ u ~ ~ n i s ? u ~ u ~ a a i s ~ u n ~ f i  

5::b~u~iu BTEX rba:: MTBE ~~LUU~~ULL~ :MTBE 419::~9u~a~q%nis?uiu~aaisdiq 791n 
d4. ~~uam$au~3anis~1~iu~~einasinisi in~i i~ulun~uw.;d"n~~u~~a::n~umauquwu~iuauuin 

~u~dae::aiuisoa~dl6au'is~mr~uwisa~~ 

k ~ u a s d n i s v i d i u i m b u u ~ u  l n g j u  ba%abuu+u lvfiu ua:: MTBE lu i laa~admu 

'I&wnGnrsna~da -I~~mrdalulnsranCrr"bbwsnZu (HS-SPME) ~ i u i s o r i i ~ m ~ u s ~ ~ u A i ~ ~  
d d  4 d 

s::i'uuilun?udaZms hu i ln is i~ns i : : v~aaneIk  u ' na iuh~w i r  n-nu;n$aq na::uriu$i .as 

~n~~~ds::1ua~di~?u~iu~%~unis~nwinis5uiuer"aaisaa~n~umuds~du~danis5uZuGa 

a 3 s ~ ~ i 3 $ 9 i n & u a m ~ a u ~ * ~ ~  ~ u s : : i ' u ~ ~ s n i i ~ i i m ~ i ~ m A i ~ m u a ~ n i s ~ m  v a : : a i u i s o l i ~ l d ~ u  

n i s t i n w ~ ~ 8 a u 1 u ~ d ~ w a n s : : ~ u d a ; a n i ~ l c l ' ~ ~  uan~7ndai0ii1~ds::~nm"bflunismsa~ 

7tmsi::~aisdu 7 luwsniad iq  v'ialu matrix 41s 7 ~,du 97~1s u i  ~ ~ i a i ' i  ~ n u ~ f i u i ~ n i s d  

i i u  aman l~~~%~~avi ia: :a~u~uw~~~ra: :amu"umaunisan"ma~s6au 
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