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Abstract

The mgor method to determine the toxical benzene, toluene, ethylbenzene and
xylenes(BTEX) in the environment was performed by adapting air as sample
directly and measuring its volume. It only could tell us the concentration of BTEX
in the environment, but we had no idea about the concentration of BTEX in our
human bodies. In this study, a more convenient and less invasive method was used,;
it could determine the concentration of BTEX both in the environment and in human
urine. Solid-phase microextraction(SPME) has been used for sampling BTEX from
the headspace(HS) of urine and gas chromatography(GC) has been applied for
anaysis. The urine samples were from a print factory in middle-Taiwan, and the
relationships for concentration of BTEX among the environmental air, urinary
metabolites and urinary unmetabolites were inspected.

The HS-SPME-GC method showed a very high relative linear correlation of
0.999 and the limit of detection was to pg. The coefficient of variances of
reproducibility was less than 13.62%. Urine samples were stable for 30-day storage
a4 . Itisapracticable and convenient method for biological monitoring of BTEX,
which the workers were exposed to. In addition, it revealed that the concentration of
BTEX in air was 0.16~4.29ppm, and that of ethylbenzene was the highest among
them; the concentrations of BTEX in urinary metabolites were lower than BEls
vaue regulated by ACGIH; the concentration of ethylbenzene in urinary
unmetabolites was the highest among BTEX.

After satistical anaysis of correlation, it showed that the correlation of
concentration between environmental air and t,t-MA in urinary metabolites was 0.86
and had no significant difference; the correlation of concentration between
ethylbenzene in environmental air and MA in urinary metabolites were
0.56(corrected with creatinine, p<0.05)and 0.57(corrected by specific gravity,
p<0.05), respectively; the correlation of concentration between (m+p)-xylene in
environmental air and (m+p)-MHA in urinary metabolites were 0.77(corrected with
creatinine, p<0.01) and 0.56(corrected by specific gravity, p<0.05), respectively; the
correlation of concentraction between ethylbenzene in environmental air and
ethylbenzene in urinary unmetabollites was 0.60(p<0.05).

Keyword: benzene, toluene, ethylbenzene, xylene, biological monitoring,
solid-phase microextraction, headspace
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(volatile organic compounds, VOCs)
(benzene) (toluene) (ethylbenzene)

(xylene) ( BTEX)

(workplace monitoring)

( )
(

(biological monitoring)

BTEX



BETX

(workplace monitoring)

@ (biological monitoring) BETX
BTEX t,t-
(t,t-muconic acid) (hippuric acid)
(phenylglyoxylic acid) (mandelic
acid) (methylhippruic acid)
BTEX
Yy @(solid-phase microextraction,
SPME) Pg



(SPME)

BTEX



BTEX

(benzene) CsHs 78.11
0.8787 80.1 55 -1
562 (alcohal) (ether)

(acetone) (carbon disulfide) (carbon
tetrachloride) (chloroform) (glacial acetic acid)

(34

20~40%"
(leukopenia) (thrombocytopenia) (anemia)
(aplasticanemia) (
,lymphomas)

(chromosomal aberrations)

(67
(toluene) C7Hs 92.13
0.866 -94.5 110.7
4.4 536 1.27~7% (alcohol)
(ether) (acetone) (carbon disulfide)
(carbon tetrachloride) (chloroform) (glacial acetic
acid) (34)



40~60%
®)

©

(central nervous

system, CNS)
(CNS) (10,12)
(12,13,14)
(151617 Onet*® (4000-6000ppm)
(ethylbenzene) CgH1o 106.16
0.866 136.2 -95
15 432 59
(styrene)
(19)
(styrene)
(xylene) CgH1o 106.16
0.866 (isomers)



- (ortho-xylene) - (meta-xylene) -

(para-xylene)
B4
55~65%
70%
10% 20
BTEX
(phenol)
(total phenol) t,t-MA
phenylsalicylate
(tyrosine) (phenylaanine)
(phenal)
( 1ppm) t,-MA
(21,22) t t-MA
(phenol)
Gerhard S. @) 0.1ppm
t,t-MA
t,t-MA



(20 %)

(methyl)
(carboxyl radical) (glycine)
(hippuric acid) ( 19%)
(hydroxylated) (0-,m-,p-cresol)®
(benzoic
acid) (benzoate)
3 18
( )
(25)

(20)

(mandelic acid)

(phenylglyoxylic acid) _

(20)

(methylbenzoic acid)

(glycine)
(o-,m-,p-methylhippuric acid, -MHA)

(20)



(27,28)

(American Conference of Governmental Industrial Hygienists,

ACGIH) @) BTEX
tt- (t,t-MA)
(HA) (PGA)
(MA) (O_lm_lp_MHA)
(30,3132
(ACGIH)
(creatinine) BTEX
() (corrected for specific gravity)
1.020~1.024

x (SG 1.000)/ (sg 1.000)
SG ( SG  1.020 SG  1.024
1.016) sg
(1.020) 1.010 1.030



() (creatinine)

creatine  creatine phosphate

creatinine
creatinine
creatinine 50 ~ 300 mg/dl
BTEX
(invasive)
(
)

0.1%~0.29%%) ¥



(34)

Pezzagno G.
(thermal desorption)
7.2
Ong C.N. (39 /
(GC/PID)
t,t-MA phenol catechol hydroquinone
(r 076, p 0.001) (r 064, p 0.001)
t,-MA(r 0.53, p 0.001)
( 0.25ppm)
Asakawa F. (26) /

(headspace solid-phase microextraction, HS-SPME)

/ (GCIFID)
1
( ) 5
r 0.820 r 0.614
(coefficient of variation) 4.5 %
0.5u g/L Fuyu G.

37
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(dinitroaniline)

Ghittori S.
/

0.5 ng/mL

(solid phase extraction, SPE)

(38)

(GCIFID)

0.559 (p 0.0001)
r 0.763 (p 0.0001)

0.450 (p  0.0016)

mg (tar)
5719
I.F. (40)
/
7.3%
BTEX

(39

(nicotine)

(GCIMYS)
0.05 ng/mL

(thermal desorption)

0.05 ng/mL

16
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(thermal desorption)
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(solid-phase microextraction, SPME)

Pawliszyn J. @
(fiber)
( )
(41,42)
(matrix) (coating stationary phase)

(equilibrium partition)

(injection port)

(direct
SPME) (headspace SPME) ¥

1, @) o @9 3

64D 4, “ 5
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(4950515253 ¢ (5455

(865) g (88:59)

extraction) (solid phase extraction)
(purge and trap)
( , Solvent free)
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BTEX
BTEX
(  0.1~02 %)

Y

BTEX BTEX

()
(benzene assay 99.96% TEDIA)

(toluene assay 99.8% Fisher)
(ethylbenzene assay 98% Fluka)
- (ortho-xylene assay 99% TEDIA)

- (paraxylene assay 98% Fluka)
(methyl alchol HPLC/Spectro TEDIA)
(carbon disulfide ACSgrade TEDIA)

1
2.
3
4
5 - (meta-xylene assay 98% Fluka)
6
7
8
9 (acetonitrile  HPLC/Spectro TEDIA)
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(

)

10.

11

14.

(phosphoric acid 85% HPLC grade Fisher)

. sodium 1-decanesulfonate(purity 98% TCI)
12,
13.

t,t-

15.
16.

17.
18.
19.

20.
21.
22.
23.
24,

> 0w NP

G N o O

(potassium dihydrogen phosphate SHOWA)
(phenylglyoxylic acid TCI)
(trans, trans-muconic acid TCI)

(DL-mandelic acid TCl)

(hippuric acid TCl)
(ortho-methylhippuric acid TCl)
(meta-methylhippuric acid TCl)
(para-methylhippuric acid TCl)

(creatinine SIGMA)
(sodium carbonate HPLC grade Fisher)
(sodium chloride ACS TEDIA)
(potassium chloride ACS Fisher)
(sodium sulfate Anhydrous OSAKA)

PYREX 15 mmx110 mm

SIBATA 05mL 1ImL 2mL 3mL 4mL 10mL
Hamilton 10iL 50iL 500i L

SIBATA PYREX 10mL 25mL 50mL 100mL

250mL  500mL  1000mL

CLR screw thread vial 12x32mm  NSC)

Bd-Art Products 10x6 mm 40x8 mm

Drager
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[ SKC Inc. personal air sampler, 40~200
mL/min, model 222-3°
I SKC AIRCHECK sampler model
Gilian P/N D800286
HANNA Hi 9017 Microprecessor pH meter
AND ER-182A electronic balance
CORNING PC-320 dtirrer/hotplate
VORTEX-2 GENIE Scientific industries
Ultrasonic cleaner  BRANSON 8200
Shimadzu corporation Model DGU-2A

© O N oo g b~ WD

Supelco solid-phase

microextraction manual holder(No. 5-7330)

10. Supelco SPME fiber 100i m
polydimethylsiloxane coating(No. 57300-U)
11 NOW No0.503 hand refractometer P.U.R.1-12%
12,
i. (LC-9A)
(SIL-6B) (SCL-6B) (CTO-6A)
i. TSK gel ODS-80™ 4.6 mmOx150 mm

i, - Shimadzu SPD-10AV (UV/VIS)
iV, SISC-LAB(32)

[ Shimadzu GC-17A gas chromatograph

i (flame ionization detector, FID)
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I J&W Scientific DB-1 0.53mmx30m  film
thickness 3.0im
v Shimadzu GC workstation class-GC10
14. HITACHI 05-21

() BTEX
(1)
BTEX
# 1903 ( BP 80-140 ) #
5032 ( ) 20/40 mesh,
100mg, 50 mg, SKC Lot 120, cat. 226-01 USA

( 4 )
8:00~12:00  12:00 ~ 16:00 8

( )

(personal air sampler, 40 ~ 200 mL/min, model

222-3° SKCInc.) 50 mL/min
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B. (SKC
Aircheck sampler model)
(Cat No. 224-26-CPC, SKC Inc., PA 15330
USA) 50 mL/min

Gilian Inc. PN D800286

+ 5%
(2)
4
1 mL (CS)
BTEX
# 1903
/ (GC/FID)
1
()
(1)
(prior to shift) (end of shift) 6
8 ( ) 2 ( ) 6
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24 (spot urine) 3 (

) 40 ml
BTEX
5SmL 10 mL
BTEX
4
(2)
A) BTEX
(60)
D
4 3000
(rpm) 10 50%(v/v)
100 HPLC/UV
)
(ion pair)
(creatinine)
pH (acetonitrile)
20 mM KH,PO4 (pH=3.2) 2 mM sodium-1-
decansulfonate (acetonitrile) 85 15(v/v)
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0.7 mL/min 30
10iL 225 nm

(ODS 80™ 4.6 mm x150 mm)

2 ( 1

©)
8 50 % (vIv)
(  1000ig/mL)

PGA 0.53~127.75
ig/mL tt-MA  0.52~127.00ig/mL MA  0.52~126.88
ig/mL HA  0.52~126.33ig/mL o-MHA  0.52~126.63
ig/mL (m+p)-MHA  1.04 ~ 252.88 ig/mL creatinine

0.53~127.63 ig/mL

r 0.995
(4) (Limit of Detection, LOD)
(American Society of Testing
Materials, ASTM) !
3

LOD (3xSD/mean pea area) XCONCENtIation

)
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B)

(6)
50%
PGA tt-MA MA HA o-MHA m-MHA  p-MHA

(7)
(matrix effect)
(61)
50%(v/v)
(8) (QA/QC)
12
BTEX
BTEX
(Headspace Solid Phase Microextraction,
HS-SPME)

(fiber)

-21-



100 p m
(polydimethylsiloxane, PDMYS)

/ GC/FID

D

50 Ml 10 mL

(stock solution)

(2)

/ GC/FID

3)

(correlation coefficient, r ) 0.995

(4)
21.20 ng/mL 20.89 ng/mL
20.89 ng/mL - 20.95 ng/mL -
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21.23 ng/mL - 20.78 ng/mL
10 mL 20 mL

teflon/silicon

a.
( 25+1 ) 30 40 50 60
70 30
b.
( PDMS
280 )
170 190 210 230 250
C.
( )
01
2 3456789 10
d.
(salting
out)
(sodium
chloride)
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(potassium chloride) (sodium carbonate)

(sodium sulfate)

0 1 2 3 4
e
()
(6) (Limit of Detection LOD)
7 BTEX 7
LOD (3xSD/mean pea areq) XCONCENtIaLioN
(7)
10.61 ng/mL 10.46
ng/mL 10.46 ng/mL - 10.49 ng/mL
- 10.63ng/mL - 10.40 ng/mL
40 mL
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BTEX

( 25%+1 ) 4 )
6
3 6 9 12 15 18 21 24
27 30 20 mL
0
(8)
(matrix effect)
(62)
(pool ruine)
(urine blank) BTEX
9) (QA/QC)
12
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) Excel 2000

(missing data) dbase |1 SAS 6.12
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()

BTEX /

(GCIFID) r
0.9998 3
- ( + )- 103.3% 99.5% 103.9%
98.9% 102.8%( -
) 4 - (
+ )- 234ng 142ng 1.15ng 114ng 222
ng
216 (
)
( 25 )
(break through)
6.05 % ( 5
() BTEX
0.21(x0.12, n=17) ppm 0.43 (x£0.31, n=24)
ppm 1.13(x0.83, n=35) ppm -

0.72 (£0.49, n=15) ppm ( + )-
0.44 (£0.21, n=26) ppm
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- ( + )_
198% 31.8% 46.9% 13.0% 35.4%

BTEX
( ) BTEX
BTEX
() BTEX
A.
BTEX 9
(HPLC) -
(UV-VIS) PGA
254nm MA 225nm HA 225 nm
o-MHA 222 nm m-MHA 238 nm
p-MHA 238 nm creatinine 237 nm
225 nm
sodium-1-decanesulfonate creatinine
pH acetonitrile
[ 20 MM KH,PO, ( pH = 32 ) 2 mM
sodium-1-decansulfonate] (acetonitrile) 85 15(v/v)
0.7 mL/min 30 10i L
(ODS 80™ 4.6 mmx150 mm) m
p-MHA
1 2
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B. BTEX

BTEX
6 0.99999

ASTM
7 PGA 053ng tt-MA 0.77 ng
MA 045ng HA 034ng o-MHA 056ng (m+p)-MHA
0.57ng creatinine 0.65ng

8 0.35%
5.01% 3.41%

PGA t,tMA MA HA o-MHA (m+p)-MHA creatinine
PGA
95.0% tt-MA 97.3% MA 97.2% HA 100.4% o-MHA
96.7% (m+p)-MHA  98.5% creatinine  98.6%
6.5%

(61)

PGA MA HA o-MH (m+p)-MHA creatinine
50%
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50%

S50%

6. (QA/QC)
266

12

2.0% 9

C. BTEX
HPLC 2
PGA
MA
creatinine t,t-MA
44.78(+ 32.8, n=12) mg/g creatinine HA 298.12 (+ 163.1,
n=69) mg/g creatinine MA 34.60 (= 28.8, n=24) mg/g
creatinine o-MHA 58.75 (£ 34.4, n=39) mg/g creatinine
(m+p)-MHA 42.67 (x 22.56, n=66) mg/g creatinine
ACGIH (Biological exposure
indices, BEIS)( 10 ) tt-MA  45% HA
259% MA 92% o-MHA 147% (m+p)-MHA 248%

Mao®

HA 354 mg/g
creatining(n=16) MHA 95 mg/g creatining(n=16) MA
355 mg/g creatining(n=8) PGA 56 mg/g creatinine(n=38)
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(65)
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BTEX

() BTEX
A.
(1)
21.20
ng/mL 20.89 ng/mL 20.89 ng/mL -
20.95ng/mL ( + )- 42.01 ng/mL( -
3
4
70
251 )
(36)
2
GC
21.20 ng/mL
20.89 ng/mL 20.89 ng/mL - 20.95 ng/mL
( + )- 42.01 ng/mL GC
5
230
230



3)

ng/mL 20.89
2095 ng/mL ( +

20.89 ng/mL

2095ng/mL ( + )-

21.20
ng/mL 20.89 ng/mL -
)- 42.01 ng/mL
6 2
8
9 ( + )
9
(4)
21.20 ng/mL
20.89 ng/mL
42.01 ng/mL
7.1 7.5
- +
3
(5)
21.20 ng/mL 20.89 ng/mL

-32-
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B.

2095 ng/mL ( + )-

1200 rmp

20 mL headspace

teflon/silicon

- SPME fiber

fiber
-9 fiber
SPME fiber GC

fiber

BTEX

1n 0.9995

42.01 ng/mL
8

(36)

BTEX



ASTM

12
pg/mL 203 pg/mL -
246 pg/mL
(38,51,55) pg
13
6.71 %
( 251 )
+10%
30
(£10%) 14
(
BTEX

279 pg/mL 145
153 pg/mL ( + )-

0.61 %
6.16 %



0099 ( 9 )

(a =
0.05, p-value 0.05)
6. (QA/QC)
266
( )
12
13.6 % 15
C. BTEX
3
(25+1 )
9 230
10
BTEX creatinine
(3840)
5.21 (x 6.93, n=9) ng/mL 0.78 (=
0.88, n=24) ng/mL 9.84 (£ 20.29, n=44) ng/mL -

1.20 (+ 1.21, n=17) ng/mL ( + )-
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2.90 (£ 4.85, n=24) ng/mL 34% 90% 16.5
% 90% 64%

BTEX
BTEX
BTEX
( 16)
BTEX TWA
0.21 ppm 0.43 ppm 1.13 ppm
- 0.72ppm ( + )- 0.44 ppm
BTEX
r 0.84 057 ( + )-
0.91
BTEX t+-MA HA MA o-MAH
(m+p)-MHA 1.010
1.030 65%
creatinine creatinine
83%
BTEX
(log)
SAS
t,t-MA( creatinine ) 0.86(n = 3)
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(p=0.3411)

t,t-MA
HA( creatinine )
HA ( BEls )
MA( creatinine
) 0.56 (p=0.0370) 0.57
(p=0.04911) ( +
)- (m+p)-MHA( creatinine )

0.77(p=0.0001)  0.55 (p=0.0111)
- o-MHA

BTEX

0.60 (p = 0.0003)
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/- (HPLC/UV)

BTEX
50% 100
14
(solvent
free)
3 (251 ) 9
BTEX
0.999 pPg
( BTEX )
teflon/silicon
4
BTEX
BTEX
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t,t-MA(  creatinine)
( + )
MA  (m+p)-MHA

K awai®®
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BTEX

Shimadzu GC-17A
(FID)

230

250

2 BL

4.5 mL/min

J& W fused silica megabore column
DB-1, id 0.53 mm x 30 m

65 ,24mins___ ¥ ™" | 180 , 1min

Shimadzu, GC workstation class-GC10

25+1
230

1200 rpm
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BTEX

Shimadzu
LC-9A
SIL-6B
SCL-6B
/ (UVIVIS)

225 nm

TSKgel ODS 80Tm, id 4.6mmx150mm

0.7 mL/min

10p L

30

[20 MM KHPO4(pH 3.2) 2 mM sodium-1-
decanesulfonate] [CH3CN] 85 15(v/v)
SISC-LAB




BTEX

(mg/m) (%)
benzene 0.01~840 Y =30585147x+197760 099989  103.3
toluene 0.01~834 Y =31549054x+427801 0.99995 99.5
ethylbenzene 0.01~8.40 Y =32199128x+630704 0.99995 103.9
o-xylene 0.01~8.31 Y =32224469x+722086 0.99995 98.9
(m+p)-xylene  0.02 ~16.85 Y =31913804x+870677 099995  102.8
r
4 BTEX
(igmL) (D) v (g
benzene 1.7 335863 16990 5.06 2.34
toluene 1.7 379958 11652 3.07 142
ethylbenzene 1.7 405254 10130 2.05 115
o-xylene 1.7 409088 10057 2.46 114
(m+p)-xylene 15.4 801693 19275 2.40 2.22
a n 7
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r

5 BTEX QC
benzene  toluene ethylbenzene o-xylene (m+p)-xlyene
291 331 351 3.56 3.63
(CV%)
3.77 4.70 572 5.93 5.68
(CV%)
3.68 4.99 6.05 5.81 5.85
(CV%)
* n=18
6 BTEX
(ig/mL) r
PGA 0.53 ~ 127.75 Y=16361x 3284 0.999999
t,t-MA 0.52 ~127.00 Y=26489x 3247 1.000000
MA 0.52 ~ 126.88 Y=12008x 687 0.999998
HA 0.52 ~ 126.33 Y=44766x 517 1.000000
o-MHA 0.52 ~ 126.63 Y=24036x 1239 1.000000
(m+p)-MHA 1.04 ~ 252.88 Y=34448x 3472 1.000000
creatinine 0.53 ~ 127.63 Y=25498x 4756 0.999997
PGA phenylglyoxylic acid
t,t-MA trans,trans-muconic acid
MA mandelic acid
HA hippuric acid
o-MHA ortho-methylhippuric acid
(m+p)-MHA (metatpara)-methylhippuric acid



7 HPLC BTEX
(ng/mL) (D) (evm (ng)
PGA 512 5866 204 348 0.53
t,t-MA 525 32993 1609 4.88 0.77
MA 527 5181 149 2.88 0.45
HA 525 18970 412 2.17 0.34
o-MHA 523 9564 340 3.55 0.56
(m+p)-MHA 1036 28399 522 1.84 057
creatinine 515 9472 398 4.20 0.65
a n 7
PGA phenylglyoxylic acid
t,t-MA trans,trans-muconic acid
MA mandelic acid
HA hippuric acid
o-MHA ortho-methylhippuric acid
(m+p)-MHA (metatpara)-methylhippuric acid
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8 BTEX
PGA t,-MA MA HA o-MHA  (m+p)-MHA  Cresatinine
(1 gmL) 051 053 053 053 052 1.04 0.52
(CV%) 027 013 011 0.07 011 011 011
0
(CV%) 348 488 288 217 355 1.84 4.20
(CV%) 116 341 1.32  0.99 1.09 0.89 2.03
0
(U gml) 473 470 470 468 4.69 4.73 9.37
(CV%) 014 011 012 015 015 0.22 0.35
(CV%) 266 423 501 183 251 1.26 2.30
(CV%) 0.97 1.04 099 072 057 0.46 1.00
PGA phenylglyoxylic acid
t,t-MA trans,trans-muconic acid
MA mandelic acid
HA hippuric acid
o-MHA ortho-methylhippuric acid
(m+p)-MHA (metatpara)-methylhippuric acid
Ccv (coefficient of variation)
n=10
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QC

PGA t,-MA MA HA o-MHA  (m+p)-MHA  Cresatinine
(CV%) 036 073 109 090 092 0.81 1.10
(CV%) 254 653 48 134 209 3.20 1.94
(CV%) 117 397 187 071 074 1.38 0.77
Ccv (coefficient of variation)
n=25
10 BTEX @)

a ( ) BEIS
benzene trans,trans-muconic acid 12.0 5001 g/g credatinine
toluene hippuric acid 3.0 1.6 g/g creatinine
ethylbenzene mandelic acid 3.6 1.5 g/g cregtinine

phenylglyoxylic acid 7.0 350 mg/q creatinine
xylene methylhippuric acid 4.0 1.5 g/g cregtinine
a
b (Biologica Exposure Indices)
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1 BTEX

(ng/mL) r
benzene 1.06 ~ 105.59 Y=2735.4x+7734.5 0.9995
toluene 1.05 ~104.05 Y =6885.2x+14607 0.9996
ethylbenzene 1.05 ~ 104.05 Y =15235x+31432 0.9997
o-xylene 1.05~104.35 Y =19916x+46752 0.9994
(m+p)-xylene 2.10 ~ 209.25 Y =15525x+61484 0.9998

r



12 BTEX

(ng/mL) © (SD) (CV%) (pg/mlL)

benzene 1.06 3229.6 283.2 8.77 279.18

toluene 1.05 10501.5 487.3 4.64 145.57

ethylbenzene 1.05 20311.0 1319.1 6.49 203.74

o-xylene 1.05 7340.8 1337.9 4.89 153.96

(m+p)-xylene 2.10 45515.2 1780.3 391 246.76
an 7
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13 BTEX

benzene toluene ethylbenzene o-xylene  (m+p)-xylene
(ng/mL) 1.06 1.05 1.05 1.05 210
(CV%) 0.32 0.54 0.49 0.61 0.25
(CV%) 3.24 4.98 5.88 451 3.29
(CV%) 211 3.97 4.21 247 1.98
(ng/mL) 10.61 10.45 10.45 10.48 21.02
(CV%) 0.20 042 0.55 0.59 0.56
(CV%) 523 6.71 5.57 4.15 4.93
(CV%) 3.71 4.24 3.28 2.59 6.16
CVv (coefficient of variation)
n=10

- 56 -



_19_

14

(%) °
benzene toluene ethylbenzene o-xylene (m+p)-xylene

(ng/mL) 21.20 20.89 20.89 20.95 42.01

0 100.0 100.0 100.0 100.0 100.0

3 100.5 100.9 102.3 104.6 103.3

6 93.8 94.0 95.3 97.7 95.6

9 91.6 96.4 96.8 974 96.1

12 93.8 93.5 93.5 96.8 94.0
15 96.0 97.1 97.6 105.3 96.4
18 97.6 97.2 97.8 101.9 97.6
21 990.1 97.7 98.1 100.1 98.1
24 108.2 100.4 102.0 105.3 101.2
27 96.3 92.0 91.3 92.5 90.4
30 107.0 103.3 106.6 107.9 105.5

a 4 n=3




15 QC

benzene toluene ethylbenzene o-xylene (m+p)-xlyene
0.75 0.57 0.65 0.67 0.66
(CV%)
13.62 10.28 10.02 9.37 9.77
(CV%)
9.53 10.03 8.84 8.87 9.02
(CV%)
Ccv (coefficient of variation)
n=25



_69_

benzne toluene ethylbenzene (m+p)-xylene o-xylene
t,t-MA HA HA MA (m+p)-MHA o-MHA
creatinine 0.8599° -0.1725 -0.0440 0.5607* 0.76735** -0.1363
n=3 n=24 n=33 n=14 n=25 n=15
-1.0000 0.0852 -0.1379  0.5656* 0.5550* -0.4009
n=2 n=20 n=27 n=12 n=20 n=12
-1.0000 -0.1924 0.6010** 0.2321 -0.4735
n=2 n=16 n=31 n=19 n=11
a (log)
* P 0.05

** P 0.001



Relative intensity(mV)
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Retention time(min)

BTEX
PGA phenylglyoxylic acid( 473 p g/mL)
t,t-MA trans,trans-muconic acid( 4,70y g/mL)
MA mandelic acid( 470 p g/mL)
HA hippuric acid( 4.68 p g/mL)
o-MHA ortho-methylhippuric acid( 4.69 p g/mL)
(m+p)-MHA  (metatpara)-methylhippuric acid
( 9.37 y g/mL)
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