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BENZENE(4)

ouchern =ziciorel ma / 21 K| U

[==] [
CAS HS : 71-43-2
E=9|04: Benzol; Phenyl hydride
=Xt (Molecular formula): CgHe
BEI®AT
SHMCIASE AlZAHE BEI Notation
A8 = S-Phenylmercapturic acid UAERE 25 ug/g creatinine B
A = t t-Muconic acid in urine P ==l 500 pg/g creatinine B

2 F S-PHENYLMERCAPTURIC ACID(S-PMA)

O] Z0l|Al, AHAIRO] THet EAEREAIC] ThQl= G814} 110/ O T BABIYTL, AIYE E0] thel Brh=
neg/g creatinine®] THRIZ RIAISIITE ZXIOIA AFESH= 1g/g creatinine®] BI9l= A HiAQ] HE
Jeks 20171 2I6 AFESIYCE 1211 A0 BTk 1 g/LE 7FEEIN ule] =5 HEke 9] 1

ug/L=1 ug/g creatinined} 2l ZVESIICE

AJar(Analytical Methods)

HT

B

% S-phenylmercapturic acid(S-PMA)Q] H71E Qsiile BES NATIF QT7E 0] AndH
HATERHO] L Qsith WA =EE AR HIEEE AREQ] 4O 2 HlEdEE S-PMAQ] Erlol=
SN A ZRRE TE(HPLO 79} GC-MS B 997 o] Egu]oigirt

H

]:1

Maestri £70] 435t HPLC e o H3510] Juel Alsalold AMgsiolie Hgksial ek
HESHAR= 05 1g/LOIAL, S-PMA9 Sl=&2 90%0IH, HEAIFCV)= 38%OICt

GC-MSE O|&% HEAI0] ASE=H 1 olfe UdEY Solrt &2 WHo]7] ot




AETH= WBEEEEZZ S-benzylmercapturic acidE 0188 wf] 1~5 pg/L urineO|tl ASTHA=
AHIRIC] PSk(matrix effects), Ol ATE] AE7]9] ZA(on selection detector) T12]71 BAIRIQ] ZSo]
o3 HEE 4 ACE o)F ATt BYsH ATRIEL] FF HT0] oSl WREFEEZE 44
A&k S-(pentadeuterophenyl)-mercapturic acid® AMESIYLCE 0] WEZFEZS AlRSH= 4L

AETAE= 1 pg/LOIEEY AISIA] BAJQ] HOAGE= 212t 13130} 501 ne/LO] BL0IA 2.5%2} 35%01Ch

Z=Q0] ‘Analysis of Hazardous Substances in Biological Materials' $1¥3]"olAl= GC-MS 24 Al
S-pfluorophenylmercapturic acidE WEBEEEAZ AlRSH= AS skl Yo o ASsH = 1

1g/L urineOIC} ACGIHOIAT= GC-MS BHE HskT Tk

28 AlZXF 9 X (Sampling and Storage)

AH AlgE Ejolgd Hol 227} Buk= AL AiFIshl Qe 715H0] pH2RZ APSSIAIACK
SITE 48 5 S-PMAS] QY ATtollA], 4 °CE2 AHE AFSIHE F4 ¢ & 59 S-PMA %7}
HEIK] = 202 Hleiry?

HIZIQIE] mZ0IM2] S-PMAC] 55

HPLCE #IA0] ZGF 0= LeELX]| F2 FHAIES BAI5H A, Bt 94459 ug/g creatinineO]a1
HIEWA= 1.541.2 ug/g creatinine@E B AHQUCE"® van Sittert SY9] ¢37tof] wiEH 411}
HIFUAES HETolie £ £ S-PMASTYt TIRR 1~5 ug/LE HESH Olsiitt £A1-H0)
SHAIE GC-MS H Oz B8 420 B S-PMA B2} 3889 HIEHIRIONM 1.99+0.29 ng/g
creatinineOIR 1 14O SRRIAI= 361+0.57 ug/g creatinine®]UCE 38H O] HISHA = 2001}

= ORI AHHOAE S-PMAYHEE 7HsEH s & E7HEUCE
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Kinetics
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Stommel S 0F 09%9] =& WSS WAFIYC) TR0 2Z2KIoAAE= S-PMAE single phase®
HIA SRR W 2R oAM= bi-phasic B0 EAEIQT 7H 2 S-PMA 5= 22 59

AFE AR ASEITE

2 Z2ARS0IM 7H 2 S-PMA skt The 25 AR AFoA] 2ATRICt of2igt Rtol=
TEARES] WA TFL-E0ILL toxicokinetics®] 7HQ1 AFOIZ FFSIACE 40| Bt v =
NZHOICHEZEHAHSD) = 454171, B Z2ZAFEA= w9 HRA7|7F 45A17HSD=4ARDO 2
H7IEQeE Al 29| viV|2HE UE S-PMAI6~30%)= T2 25 AIZAIEOA AF S
AHAIROIME AESEACE

2H F S-PMA Z-740] DiXl= 221

EAUE A A=HF 20

sletede) EAdih= BAER0l Eeigl] mizo] BAHO] ATei0] £Q51TE S-PMAS] GC-MSEAE
HEs A7 Q7% AESHIE 1 ug/L urineolth HIAQ] kineticsE ATEH AIEAIF AlZHO]
£ I/ EQH= A & 4= QUTL S-PMA= ZAE0lA EAIGH] &7 TR0 AHAIE AF]

Al9] Q€€ 1l67| {5t S FO1= WQSIK] LUt

L=

MESHE S-PMA 550 Feks T QRIO0Z = ulHL-E, toxicokinetics®] 7191 X10], A S0] ULk
Boogaard®} van Sittert®? £ S-PMAS] &430] HIA 019]0] LI HISHE EXslAAY] BAIL-ESRE Haks
S 4= QIrla] F=ESIQIE

A = S-PMA H710| EFEHY

LS

r,

9] &30} A1F0IAC] S-PMA HiE tO] TS SE B(field study)olA] B7IEI0] SiTh SHlE
At AlEold At F80IA] Rt 371 & WAl skot USSR T AWAIRS S-PMA STok=
T

=
e BRo] BRERC 008




van Sittert 5% £ 12719] 748 AToA MESHE K F(biomarkeNZE S-PMAQ] EFHES SHIQICE
st AASE, AE7A AHloA ikt |A] Ae she s WAl ARFeE LEH
T2RHE0] that G377} 1989E10] AIRFEIQICE 1 ppm HIFIO] 8AIZE L-E & 46 11g S-PMA/g creatinine[95%

MEE(CI) = 41~50 ug/g creatinine] o YXISIACE. HFAIELS 0] HHO] MIAL7}E Qa1 HAY]
ARPYEEH 0.3 ppm9) =EAE Bt 7hssitial Aottt 271 & HA s 05 ppm(TLV-
TWA)OIAS] LB A F S-PMA HIYO0] 25 pg/g creatininest LRSI AL HAISIIC,

B PTAIES t+-MAQ} S-PMAY)] QIRIE ZSISH RAISH H7LE SaSIICEY 448 5 S-PMAS)] QIRH=

G AR 7} Qa1 S BATHO R ARSE(O] It BATHE Hlulsl| Plol, 471=2) 21d 87140l
12219] ATE 199295 1994971A] F7HA AAER], FRIZE, SiEtEEoM, Ax B fARETE

Sh= S0 Hidlo] AEOE EH I2AES INOE +Halt 21 S5 = XFISH AHAIS A
tt-MAS} S-PMA == 710] G330] =A] LR O WHeE 7] 5 WAl sk APOPIME &2
HTES B WA ARV FEBHsE(TWA) 1 ppmSE 8ARESOH =2 Z=ARE0 tidl, AiSs
= 4HOIA BosEE 47 ug S-PMA/g creatinine Q2 AAMERICE o] =F 2 O A9l Aot
FAISHA B7H=IRICE

A WA TLV-TWA 05 ppm &0 BlEle A & S-PMA & 25 ug/g creatinineOlC} O]
Ao WA 2 ZRI5] I8t S-PMAS] Bg 7R, Ml =271 0.3 ppmlE WA SRILRICE
ARES A = S-PMAT} =& EO|EE Ho1l Hid 87171 7] ti2o]] A8 £ tt-muconic acid(tt-

MAYETHE A=l Q1T HiZiet AEE ARl AGIST), &

Zn 235
1. Ghittori, S.; Maestri, L.; Florentino, M.L.; Imbriani, M.: Evaluation of Occupational Exposure to Benzene by Urine Analysis. Int. Arch.
Occup. Environ. Health 67:195-200 (1995).
2. Jongeneelen, F.J.; Dirven, HAAM.; Leijdekkers, C.M.; Henderson, P.T.: S-Phenyl-N-acetylcysteine in Urine of Rats and Workers
after Exposure to Benzene. J. Anal. Toxicol. 11:110-114 (1987).
3. Maestri, L.; Ghittori, S.; Grignani, E.; et al.: Measurement in Humans of Benzene Metabolite Urinary S-Phenylmercapturic Acid
(S-PMA) with HPLC (ltalian). Med. Lav. 84:55-65 (1993).
4, Stommel, P.; Muller, G.; Stucker, W.; et al.: Determination of S-Phenylmercapturic Acid in the Urine An Improvement in the
Biological Monitoring of Benzene Exposure. Carcinogenesis 10:279-282 (1989).
5. van Sittert, N.J.; Boogaard, P.J.; Beulink, G.D.J.: Application of the Urinary S-Phenylmercapturic Acid Test as a Biomarker for Low
Levels of Exposure to Benzene in Industry. Br. J. Ind. Med. 50(5):460-469 (1993).
6. Boogaard, P.J.; van Sittert, N.J.: Biological Monitoring of Exposure to Benzene: A Comparison Between SPhenylmercapturic Acid,
trans,trans-Muconic acid, and Phenol. Occup. Environ. Med. 52:611-620 (1995).

7. Angerer, J.; Schaller, K.H. (Eds): S-Phenylmercapturic Acid. In: Analyses of Hazardous Substances in Biological Materials, Vol. 5, pp.
143-162. DFG -German Research Foundation, VCH - Verlagsgesellschaft, Weinheim, Germany (1996).

S AR

EUIIE 93t BEIQ| 2

Lyl

<]

39|





