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ABSTRACTS

This study investigated urinary metabolites of polycyclic aromatic hydrocarbons (PAHs) in the urine of smokers
and non-smokers by liquid chromatography triple quordrupole tandem mass spectroscopy (LC/MS/MS). Com-
pounds analyzed for urinary biomarkers of PAHs were five mono-hydroxylated PAHs metabolites; 1-naphthol,
2-naphthol, 1-hydroxypyrene(1-OHP), 3-phenanthrol, 2-fluorenol. Urine samples were pretreated by enzymatic
hydrolysis and solid phase extraction method. Smokers were composed of 17 men and five women; non-smokers
17 men and 16 women. Smoking increased urinary concentrations of five PAHs metabolites significantly higher
than those of nonsmokers. Statistically significant correlations among the five PAHs metabolites were shown.
The results suggest that LC/MS/MS technology should be useful in the environmental health discipline.
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371 S BAAITRe] sl dojXit). AR
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A )3} aL, 2-naphthol(2-Na), 3-phenanthrol(3-
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1-hydroxypyrene 1-naphthol 2-naphthol
(1-OHP) (1-Na) (2-Na)
OH
SNe®a%
I ;
3-phenanthrol 2-fluorenol
(3-Phe) (2-Flu)

Fig. 1. Chemical structure of 5 monohydorxy-PAHs.
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Table 1. Mass spectrometer operational parameters

Precursor ion Daughter ion

Compound QI Mass (mz) Q3 Mass (m/z) DP CE CXP
1-Na 143.00 }g:g ] 22 ] ig . 151
2Na 143.00 Lléﬁ ] 2(5) ] 38 ) 191
2-Flu 181.07 1;?3 ] 2;(5) ] i? i 2
3-Phe 193.08 }23:; ] 22 ] ig . 191
1-OHP 217.00 éf?g ] §3 ] §3 i ;

DP: Declustering Potential (V). CE: Collision Energy (V). CXP: Collision Cell Exit Potential (V).

meter’} ©]-&-F$ITh PAHs tHARA| 498 ESI (elec-
tron spray ionization) negative mode®l|A] ©]Fo]H
S Harvard apparatusE ©]&¢t F-%F 10 w/min=
Fodste Aol ot AHFH FH#sk(quantitative
optimization)& AAl3te] FFEA S 915k A
7] 271 ERsI8th. 492 MRM (multiple reaction
monitoring) W2lo|A] 3 Slom FPE AR
A Z7e S Table 13 7t}

AE2A719] parameter= £49] A=E FHAFOS
Z fA87] 93t curtain gas 15 Mpsi, GS1 40
Mpsi, GS2 60 Mpsi, detector temperature 400°CE
ol &3t o EE EAU/FEZS] EP (entrance
potential)= —10.0 VE 54311t} Ton souce= elec-
trospray ionization (ESI) negative W42 ©]83}
21 jon source energy= —4500 VE x5} t}. ion
source®] FE U XA|(collision energy)s X HsI=
CAD (collisionally activated dissociation)= 5eVZ=

IA A,

4. BEMYHol ElEY TIL

2H F PAHs IAHAIE #4871 gk & A+
ME Xu 52004701 AA R S FAS
stttk A=A 2Ae v AFol ok ok
(FDA)o] el #Ad=te] 2
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TANE A EE dAFY Foto] T 2
Al E(pooled urine sample)s A|ZskaL o 7]e] A
Fo] FFEES AU F AEE 24T W
2 e dAe|et E4e Fsta WA

9] IA4E Hr1sk7] Hsied "olAIS(CV, coefficient
of variables)E ©]-838t AU % (precision)?} 3|5

(recovery)S ©]8-3t 3= (accuracy)E Al4FslATE
ML o7 ZHu}

28 & PAHs CHAMES EM
A dEde] HEHIE Table 20049} 72o]
0.025~ 0.4 pg/l= Ve L3 717 E
223k Onyemauwa 5'29] Aol M H} Thi &
AEIAIZE UERIAY. ©]Z& Onyemauwa 5
m/®] A FEE AREE Ao HlE] & AFolA= 1 m/
AEE AHEEIoH, AEAE =T W A
FAIZEe] EolAl= A Eol
s117] e FE)
Y aNAR I3
HHE 540 IS Fds=

3 Table 29F ¥o] Wbt &
73

o=

W N

op e 1o

2ol A& 2-Naphthol®] 739 W&zl 4
OS2 CVael 57k Blo] AE o) st ¥

A= Zo] FRIFAT}. 3]FE (recovery)S ©]-&-3}
of B7ist =] 79, 1-OHPE Al¢J8HH 50%
2o o g yedth o|Re A GFEIA
A AMgEE FHERIR S FEE 0] =4 ¥%oH, I}
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Table 2. method validation results for analysis of PAHs metabolites

Compounds LOD (mg//) Linearity (r*) Precision (%)" Accuracy (%)
1-Naphthol 0.200 0.9987 9.05 55.1
2-Naphthol 0.400 0.9968 14.24 42.8
2-Fluorenol 0.150 0.9993 12.63 50.7
3-Phenanthrol 0.025 0.9996 6.68 483
1-OHP 0.140 0.9991 3.14 95.9
'CV = (standard deviation)/mean.
Table 3. Concentration of PAHs metabolites in human urine
Smokers Nonsmokers
Compounds Male Female Subtotal Male Female Subtotal p-value”
(N=17)  (N=5 (N=22) (N=17) (N=16 (N=33)
1-naphthol 13.60+£2.92" 9.03+4.57 1243+3.19 236+342 142+292 184+3.19 <0.001
2-naphthol 739+£239 1049+283 7851244 0.77+7.17 081+£349 0.79%5.05 <0.001
2-fluorenol 0.53+2.08 0.50%+3.13 0.53+£225 0.07+£197 0.12+234 0.09%£2.20 <0.001
3-phenanthrol ~ 0.17+1.75 0.16+294 0.17+197 0.05%£2.01 0.07+223 0.06+2.16 <0.001
I-hydroxypyrene 0.49+1.58 0.51+£1.52 050£155 021+1.84 030+£1.70 0.25+1.80 <0.001
Ymean £ SD, pg/g creatinine. ?Difference between smokers and nonsmokers by t-test.
EfR Y] AHz ZAWHEE] §& o]&F & 718341 0.13 pg/iet frAket s=5 eI

ol o3k Zlow dAtEn

2-fluorenol (0.36 ug/))2] 73-F- Aquilina 5'30] AA|

3k 0.28 pug/l ¥ NHANES 1999-2000 #AF&.'92] 7]35}

Bkl 0.46 pg/ieh Hl=g =2 UERSTH
HFAA &¥ F 1-0HP $5v 5% GerES ¢

o1 | =

e v E9F 2ok BAU 552 PAHs thAk T(0.10~0.14 ug/l), 8=+(0.13 pg/l) 2 7=+ NHANES
A T BF 8FAART FAxke] Aol o 1999-2000 17-(0.07~0.11 pg/Holl A BT} =& 7kl
= AEHNoH, FAHORE {ogh Ajolg Ho 0.37 ng/i= JepASAT
FA A A BF FAAe] &AW F PAHs ZE BAYEEEL] FEE Atele] TofE Al
WHH b A YRGS, ttest A 49 TE Fote] s Wrtekith &AW F PAHs
S gidAke] F7F A7) wie] FAxke vlgd A S Alole] ARAIFE ALk A3} 044 <
ZP AW T FRe] Aot BAKHOE felahA] & r<0.862% SAXORE {3t S UERI
o}, HAF A4 RS B4 49 RE B TH(Table 4). 2 FAWFEEE 7H] dadol =
2] zpo] 7} BAA 421292 B THTable 3, Fig. 2). 3 BAAHCE fofsA veRd 21 PAHs| tigh
olf gt A= AW O E WiEE = PAHs thARA 9 A =Edo] EAgthe AE ougitt 1-
o] FA #He] rke Ag BoFErh £ OHP?] 74%- TFZ 4%2] PAHs tiAlA|ete] g7

=

Ao AFUEA A F FE HAES Wilhelm
0] AR ZUo] Il et oJAdFAR}
B T%9 H|WSPE  l1-naphthoke FAMFA oW
(13.97 vs. 13 pug/l), 2-naphthol F=7} W& 7+& W
ATH(5.55 vs. 17 ug/l). 3-phenanthrol (0.14 pg/l)4]
FX Schulz 5] A|AISE 0.16 ug/l 2 Aquilina'®

[y

5] AAIE 0.22 ug/l, NHANES 1999-2000 A-5.2]"
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= Hggko]l 0.532.2 yER} 2-fluorenol 0.69, 3-
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PAHs =2l tigh BAAEZ 7P &3] o]&H
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Fig. 2. Box plots for 5-monohydroxy-PAHs urinary concentrations for smokers (1) and nonsmokers (2). The concentration
unit of y axis is log[ug/g creatinine]. The points outside the box represent the outliers which exceed the probability
0.95. The horizontal lines represent from top to bottom the maxima, 75th, 50th, 25th percentiles and the minima.
The asterisks in the boxes represent the arithmetic means.

Table 4. Pearson corr

Compounds 1-Na 2-Na 2-Flu 3-Phe 1-OHP
1-Na 1 0.5683* (<0.001) 0.5514 (<0.001) 0.4817 (<0.001) 0.4576 (<0.001)
2-Na 1 0.7068 (<0.001)  0.6632 (<0.001)  0.4392 (0.0046)
2-Flu 1 0.8553 (<0.001)  0.6588 (<0.001)
3-Phe 1 0.5470 (<0.001)

1-OHP 1

Elation coefficients among age and 5 PAHs metabolites. * Correlation coefficient (p-value).
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