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Abstract: A HPLC/UV method was developed and validated for the rapid and simultaneous determination of
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urinary metabolites of organic solvents, mandelic acid, hippuric acid, phenylglyoxylic acid, ortho-, meta- and
para-methylhippuric acid, using a monolithic column. The mobile phase was composed of tetrabutylammonium
bromide as ion-pairing reagent with a flow rate of 2.4 mL/min. The total run time was less than 2.5 min for
all six analytes. Good linearities were obtained for all the metabolites with correlation coefficients above 0.9993.

Intra-day precision, accuracy and inter-day precision was 0.01~7.32%, 83.9~116.3% and 0.01~7.16%,
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respectively. The method was validated and confirmed by quantification of the quality assurance samples of
Industrial Safety and Health Research Institute, Korea Occupational Safety and Health Agency.
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.M B

B9, ZdA, 2 5o f78ve =31, o
A, AEAA, F7138FE 2 AREATYE 5
Bol AFEE AL o, Apl 7] AR E Fol W
Hi Adrh! §7)18me F2 $F7)E Fate] Ho
A ANZ S5, A gald F7]18v+=
A7N2 A7 2AR o7 BAEG, §wAdel f7]8n)

F5o) ol U wiAdE L, F5E 78
& F2 A iAo} = Fo R ujdE T2
AHTH= 540] Eafe] wldle] tAEARE Bol
M-S = EFAL, A F4=H 7HlA o)
AbEe] 2 wg 7|7 AbslE o o vkl FElAlS
TYHo] & Foz wxAH60%)F ortho-, meta-,
para-AH Z(1%)2] FEl2 AR’ 24488 2 &
A7} ortho-, meta-, para-ZA A 2] o] JAAE 7}A] 2L
now, Ao F5Eo] tAEY F e wEr] F
g A7E AbstE L 2 thgel 2EAl X EY =
0.2 7Z}7} ortho-, meta-, para-H € v 4H(95%) 0.2
oAb T 2Bl ek, 4], §4 IR 9
71 He 47180 E, A S5E A ¥Evt
2bslE] o] A g FE o] ThAlAk85%), ddFe] S A4t
(10%) 0.2 thAtET), w38 ~Ee Wixao s A}

X ooz 2

&
=
=
(SRS

T
l

Rd

>

ol 2AlF 2, =% vhEaAte 2 wiAd e
o} whdakat Hd 2 A o g, SE
2ol F, ZEASALo| =, oA Edw=, FldFete]4],
ot d-otr| ot g4t T3 ZFo] §18h vt
H|S23k 2 50] HAbst® & Fof EAsteg F
o|7} H 8 3lth(Fig. 1).

E50, 24, 28 5o {7180 Ak 7]
Z1EMHoZE AR UV spectrophotometry’,
CZE(capillary zone electrophoresis)™S, HPLC(high
GC-FID(gas
chromatography-flame ionization detector)'*"'*, GC-MS

performance-liquid ~ chromatography)®!2,
(gas chromatography-mass spectrometry)'s, LC-MS
(HPLC-mass spectrometry), LC-MS/MS(HPLC-tandem
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T-Eo] git}.
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Fig. 1. Chemical structures of urinary metabolites of toluene, xylene and styrene.
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21. Algk & 717

vl 2H(Hippuric acid, 98%), R4 4FH(Mandelic acid,
99%), ¥'d 224 HPhenylglyoxylic acid, 97%),
ortho-, meta-, para-#| @ v} AH2-, 3-, 4-Methylhippuric
acid, 7} 98%)2] E=E I ©]5/dl ion-pairing reagent
2 AF&3} tetrabutylammonium bromide(TBABr, 99%)
£ 77} Sigma-Aldrich Co.(St. Louis, MO, USA)2]
A HRFS AFRSIATE )5 3] buffer A& THE7]
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213l AF8-3F potassium phosphate monobasic= Merck
Co.(Darmstadt, Germany)2] A]¥%&& AFE3F5oH,
HPLCE ™ €22 Fisher Scientific Co.(Fair Lawn,
NJ, USA)ZHH st AREsIih 718k Aok
S+ 2 15 AoFS A8 S/ 5= PURE-UP
(Chem-Science, USA)°ll Al 18 MQ/cm=Z o] 73k A&
AHEEHA T ST A B A (s LA
A|2004-175 )0l M2 {72 Rk Ax ] AW
A BE F=2kR] P T HKOSHA) AFst 2kl b B
AT AAYAFAE ZHE] Algghe 7

HPLC-% 3= Hitachi L-2130 low-pressure gradient
pump(Hitachi, Tokyo, Japan)E, 9% 7]+ Hitachi L-
2200 AHEFRP7E, 2 LE S 2+ Hitachi L-2300
<, UV H&7] 2% Hitachi L-2400 5& AHE-3F3I T
HPLC Z#-& Chromolith Performance RP-18e (100X
4.6 mm, Merck, Darmstadt, Germany)S A8} 0™,
o] A 2] Z+= EZChrome Elite(Ver. 3.1.3)2 A}
&3tdrt.

22, BEHZEM =Y

np Ak gkl o d ZFE] 24 A ortho-, meta-,
para-F| 2t EEEFS AU At S5l
o], T} 2+2b 125 ppm, 45 ppm, 25 ppm, 25 ppm,
25 ppm, 25 ppm®] HEE ZFENE ZA AL 9]
EEEYE THTE Ao v =7

5
1~125 ppm, THdARS 0,72~45 ppm, 3 F2]3-2 4k

o
1~25 ppm, ortho-, meta-, para-Fl € v}z 2t o] &A=
7} 1~25 ppm, 0.2~25 ppm, 0.4~25 ppm<] ¥ =4 97}

5 A8 BF8AE 2AskL ET F, 20
uULE HPLC/UVY FY &ttt o7]ol 4 72+ %
T8N T O I3 "HOE HIFAE A
=3

23. HPLC =7 X3 ¥ EMYE #S

= F 7180 AR vl il wd 2
S24F ortho-, meta-, para-1 @ vrliz4ke] E412 o]n]

3L HPLC #A4W¥S Faste ol 24, 4

B

I A4 L5 58 WA HA sk 2 A
AAYE = A v A B8t o
FHoRE 5.5 g3}
potassium phosphate monobasic 1.5 g& S5~ 1 L]
Q1 %, WekE 0.6 Lo &9tste] 2AS A& A
3tdtl. 23S Chromolith Performance RP-18e(100
X4.6 mm)E AHESIR o™, f4-2 2.4 mL/min, Z¥

tetrabutylammonium  bromide
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e FIARL, YT AFES Yste] A AL S Sk 4000 rpmol|A] 5 27 AEEE 3N 20
T8ttt ULE F 3t HPLC/UVel T3ttt dojxl I =2m}
EOROZRY nfuil, A4 dd 2 SAA,
24, Mz M2 X2 ¥ sE A ortho-, meta-, para-"| @ rlxAite] ZF 3|35 &lstar
AP e Abel AFAAH B AATY A A 93 WAL Faton, s|MuE Atste] HdFde
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Fig. 2. Representative HPLC chromatograms of urinary metabolites standards of toluene, xylene and styrene (A), a normal
urine sample (B), and a quality assurance sample of Industrial Safety and Health Research Institute, Korea Occupational
Safety and Health Agency (C). (1 : mandelic acid, 2 : hippuric acid, 3 : phenylglyoxylic acid, 4 : o-methylhippuric acid,

5 : p-methylhippuric acid, 6 : m-methylhippuric acid)
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Table 1. Regression line and correlation coefficient (%) for
urinary metabolites of toluene, xylene and styrene

Regression line

Compounds - r
" b
Mandelic acid 1247.1 1955.2 1
Hippuric acid 4675.3 2866.5 1
Phenylglyoxylic acid 2105 2208.7 0.9998
ortho-methylhippuric acid 2268 7108.2 0.9993

0.9999
0.9999

meta-methylhippuric acid 5498.4 6235

para-methylhippuric acid  3494.3 6703.9

“slope
“intercept

Table 2. Accuracy and precision of HPLC analysis for urinary metabolites of toluene, xylene and styrene

Compounds Nominal Conc.

Calculated Conc.

Coefficient of Variation (%)

Accuracy (%)

(mg/L) (mg/L, mean) Intra-Day (n=5)  Inter-Day (n=5)
0.72 0.64 2.08 5.74 88.3
1.8 1.76 1.49 427 97.7
Mandelic acid 3.6 3.63 0.50 3.59 100.7
9 9.13 0.35 0.36 101.4
45 44.98 0.01 0.01 99.9
1 0.94 7.32 3.26 93.8
2 1.92 2.35 5.05 95.8
Hippuric acid 10 10.05 0.32 247 100.4
25 25.13 0.32 0.57 100.5
125 124.97 0.01 0.01 100.0
1 1.13 226 3.06 112.7
2.09 1.87 454 104.5
Phenylglyoxylic acid 5 4.92 0.95 1.80 98.4
10 9.77 0.28 1.66 97.7
25 25.10 0.06 0.18 100.4
1 1.09 1.08 2.76 109.0
st 2.05 0.86 6.18 102.6
mothylhippuric acid 5 4.88 1.24 3.15 97.7
10 9.71 1.14 1.22 97.1
25 2528 0.34 3.62 101.1
02 023 2.34 3.14 116.3
eta 0.4 0.42 4.01 6.23 105.3
mothy hippuric acid 2 1.96 1.84 5.88 98.2
10 9.48 3.57 7.16 94.8
25 23.83 3.14 4.97 95.3
0.4 0.34 0.77 1.22 83.9
1 0.96 1.76 5.41 96.3
:fer;ylhippuric weid 2.01 0.52 4.58 100.7
5 5.08 1.03 3.97 101.5
25 24.57 1.01 3.63 98.3
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Table 3. Quantification of the quality assurance sample of Industrial Safety and Health Research Institute, Korea Occupational

Safety and Health Agency

Compound Sample Calculated Conc. Standard Value Acceptable Range
No. (g/L) (g/L) (g/L, standard valuex3SD)
1 0.709 0.63 0.54 - 0.72
2 1.370 1.29 1.11 - 1.47
Mandelic acid 3 1.760 1.58 1.34 - 1.82
4 0.564 0.47 0.32 - 0.62
5 0.962 0.87 0.72 - 1.02
1 1.444 1.37 1.19 - 1.55
2 1.747 1.67 1.49 - 1.85
Hippuric acid 3 1.318 1.22 1.01 - 143
4 1.121 1.03 0.88 - 1.18
5 2.182 2.06 1.85-2.27
1 0.339 0.34 0.31 - 0.37
2 0.213 0.22 0.21 - 0.22
Phenylglyoxylic acid 3 0.746 0.75 0.63 - 0.87
4 0.557 0.55 0.46 - 0.64
5 0.443 0.44 0.41 - 0.47
1 0.661 0.69 0.51 - 0.87
Total 2 0.930 0.95 0.83 - 1.07
N}’ei‘hylhippuric weid 3 0.489 0.49 0.46 - 0.52
4 1.227 1.19 1.07 - 1.31
5 1.435 1.44 1.17 - 1.71

*S.D.: standard deviation
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