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QUANTITATIVE ANALYSIS OF BTEX AND MTBE IN URINE
BY HEADSPACE-SOLID PHASE MICROEXTRACTION

Tanasorn Tunsaringkaml' " Panthira Ketkaew’ Vannapa Khumchinda® Boontiem Theppitaksakl

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.
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NINATIIUUUTU (benzene) TNgaU (toluene) (BRALUUTU(ethylbenzene) Laa-,
W19 uar 805l5- 158U (m-, p-, o- xylene) $IM38n31 BTEX &158105571U methyl
tertiary butyl ether (MTBE) uazlaswgaalslngdu (o,o,0-Trifluorotoluene) @Mt
#iinaz 2000 lulasnsu/fiaddas luamusa waaAme 289055 Supelco  LIMUDA
(Methanol, AR grade) l#idannaalsd (Sodium chloride, AR grade) war luidayialyd
(Sodium azide, AR grade) WANAMUAUBIUIEN Merck

ia3aviiauazaunsal

Solid phase microextraction (SPME) fiber holder, fiber %1 Polydimethylsiloxane
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NsWIAIAG1§AY8IN15IA (Limit of Detection, LOD,)
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y=mx + b
liia y = relative intensity U8 x = AN NTUYRIESUdazaTialutlaa:
WA LOD; 1INgAs
LOD; = (3 SE,+ b)/m
Lf;a SE, = standard error of the intercept
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wlunu/aas Sesevdanudniuas 6 as MAANNYNADY (accuracy) los@IudInm
$8arMIAUNGY (% recovery) FumfudasaraaslSnaasiialadausinauasiibs
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WNIFIUTNWND (%RSD)

Sa8asMSAUNAY (% recovery) = (USinausnsiiale / USinashsidualy) x 100
ANNLANUEN (%RSD) = (AITENIUUINATIY / AIRaY) x 100
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aoungil 40 avenaded Wuna 30 Wil Tagld SPME fiber gadulaszineuaaans (gas
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»1379%9 1 A Retention Time (RT) Lag mwmmummsgpuauwwﬁ' (% RSD) lumsiIwsreviars BTEX
e MTBE

150033 Retention Time (¥111) % RSD
MTBE 2.88 4.6
Benzene 3.62 6.5
o, o,o-Trifluorotoluene 4.30 =
Toluene 5.64 5.2
Ethylbenzene 9.73 5.0
m-, p-Xylene 10.35 8.5
o-Xylene 11.60 T2

ANNATINASTNYBINITIHATIEH

NNMIFANTNATU BTEX uaz MTBE tilarnnwmnasgiunuhanmaduiug
sewhesanduuildiaueauuiy, Tngdy, hauudy, wem-,w9-lgdu, aasls-
lodu uar MTBE dalasvigealslngdu fu anududursauudy, ngdy, whauudy,
wo-, win-lgdy, a9sls-lodu uar MTBE Smdndszanianuduwus () whiu
0.9930, 0.9960, 0.9974, 0.9970, 0.9953 LA 0.9968 MUAMAU (M1 2)

ﬁ?ﬁmﬁvqmwaamﬁmswﬁ

° P v v [ a °
Nﬁﬂ'\‘i‘}’nﬂTW\'N'Wﬁﬁ']u'ﬂﬂT]NL?JN’Uu 1, 5, 10 w9z 25 uﬂuﬂsu/am LacUIN

AMnammdannamgalumsia (LOD,) waz wuhedaiinamgalumsiaveauudy,

Tngdu, wiawuduy, Bn-,W-lgdu, To-lydu uay (Buids fid) 4.3, 4.6, 2.5, 5.4 uas

3.6 AlANSN/AAS MUMAU (9199 2)

P - o as =4 v o o
M1 2 mvﬂmEgﬂ'lumsmﬂmmauﬂsxﬁnﬁmmauwuﬁ'lumsm BTEX wae MTBE

#ININIFIU 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
m-, p-Xylene 5.4 0.9953
o-Xylene 2.2 0.9968
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ANINYNADIUALUNUE

HaNIUsHUANNYNABN (accuracy) WU AszduanuEatui 5 waz 10 wlu
N3N/805 3988EMIAUNAU (% recovery) dmTu BTEX udz MTBE 8g5:%IN 94.1 B4
105.6 uazSauar 97.4 i 98.0 MUY (MW 3)

M 3 Aanugnaeslumsileians BTEX uaz MTBE ludaans

% Recovery (ﬂ")m?l.il + SD)

F1ININIFIY — —
ANNLBNYN 5 ng/L ANNBNYY 10 ng/L

MTBE 98.0 £ 5.0 97.41+ 4.5
Benzene 95.3 £10.9 102.8 £ 6.7
Toluene 99.6 + 8.3 104.9 £ 5.5
Ethylbenzene 95.5 + 8.9 98.7 + 4.9
m-, p-Xylene 103.4 £ 13.2 105.6 £ 9.0
o-Xylene 96.4 £ 4.7 94.1 + 6.8

) o o v a} Vv Vv L =3 = 1 4
AU lumsiesed wuh Aenuudu 5 war 10 WluNTN/a0s iaTasas
AMUEUUUINATTIUTNNNS (%RSD) dWm3U BTEX uaz MTBE ag5:niNsaeas 4.9 i
12.8 Uaz 4.6 4 5.1 MNSIAU (MINN 4)

MM 4 manuwius lumAieanzvas BTEX ey MTBE Tudaame

% Relative Standard Deviation

13003 U — o
ANNLYNYU 5 ng/L ANNLUNYY 10 ng/L
MTBE 5.1 4.6
Benzene 11.4 6.5
Toluene 8.3 5.2
Ethylbenzene 9.3 5.0
m-, p-Xylene 12.8 8.5
o-Xylene 4.9 7.2
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msmuSinuas BTEX way MTBE lutlaanizaasananaias 2 ngn wuhl3mnm
o5 MTBE lunguwiinauiouluaouuimaiiudamasissduganiwinnuilailed
Mnudndanua sBunIdssveds (NguAIUAN) aeNINs@AYNNEHH (p< 0.05) uae
Usinamswudulunguwinauihoulusouuinsidudamdsiivuhivgant
wiinnuitlildvhnududarumnssunidsemsnsud lifidad dnmeada dwiumsTngdu

fiaiwudu warladu lumaminsmaasngulifienuuandraiu (a9 5)

N 5 520U BTEX (az MTBE 'lummaﬁ'ﬂsmjumuquuazﬂiiuwﬁ'mmluamuu%msﬂwﬁ’mﬁmwéq

aNuLNYY (A1Rds + SD), ng/L

d1INIAIFIU , — _
nqumuqu ﬂQquﬂQ']uﬂﬂ'luU'iﬂ'li
MTBE 152z 9:4% 9.9+9.9*
Benzene 0.5+ 0.6 1.9+5.5
Toluene 2.4 +1.6 2.4 £ 3.8
Ethylbenzene 1.0’ +0:5 1.0t 1.0
m-, p-Xylene 5.6 19.8 4.3 £ 8.1
o-Xylene 0.7t0.5 0.7 £0.7

*UONUULANANBENIUSHIAYNNEDA (p<0.05)

J5al

mHpiumsRanmsmUsinauudy Ingdu efawuudu lodu (BTEX) uaz
MTBE lutlgan:z luszduanudaduilunlaniudafiadaas wui msldanuioud
aoumndl 40 asenwaiea Tunmfinzan 30 w# s lias BTEX uaz MTBE stig
wagluglzasls waziiaannzanaannaaumans (kinetic equilibration) 53N gas phase
SPME Tiwas uazunalasilonau loaasgngazu (adsorbed) 6e SPME IWiuasaudi
nanganNIaumand waanniuioda SPME Trwas 18 GC injection port azifiams
M5 (desorbed) mnlvlmaﬁﬁalﬁ"%’umm%’augﬁu 1Z1gAaaNUYEY GC'* (three phase
system) wannnimsiiundaludaueaslsd asluazsviliifianmsuwasuutas pH uaz 1{u
M3UAN fonic strength 2B9ENsAzANY Yhliaamsazarzuasssnasamsianesilutlasis
Tndulaglugtaaslamimunsoasamsiidasmsiansilutlaanz1ddnu uasili
Somnduzasiiuiildiaaasa sildaan s eiuay internal standard 99U WALAIN
msannildlmianeaslsd 0.2 niu > dnadlutlaansiiwionly vannniimswding
Msdeszuiumuguaumgiilimsidaimsiensiaglususslamniunasige
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