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W2 start 3.26 0.23 e Boogaard 5, 1995
&7 end 0.87
)2 NF 0.06(0.04 -
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________________________________ rEE o >16 2089(11.3)
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........ LT >038 0630004
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o -

2 vy Vit 0

NF : non-smoker, F: smoker, start: start of work-shift, end: end of work-shift, GM: geometric mean, ( ): standard deviation

* Dor 5(1999)°|4 A5 Aold



VLd B

U ZEAES o E Aszd W
WS B7181] 913 83 trans trans-
muconic acid®] 8442 <ol 17} 3}
on] Al MAF T slety
227 208 ke R s5in Ao
Z WAl =2HA A 207 iz
ToE ARsle] o 22 HEL &
Ark

Ippmelste] AEt WA =&
79 4928 § 2% tMAY) 3
I 7188 FEE 47 1990146476,
189.27+1.39ug/g creatinine®|31. o™ TjE
79 9% ttMATEE ZH 1967+
18.88, 12.44+290ug/g creatinine = F Fct
7H] EAEA o7 898 o] Y
o 7% WAEse A%ER & 2F
t-MA FE tele #F93 AJaAE
Ho 2F tt-MAE T E2AENAE
At WAll=2S Jrlslr| e et
BB 822 AME 7 T AR
ek

g 10
o

REFERENCES

Eh e 9 283 QA &
713 A A2002-8F). 2002

e ARIRFA RN, 2003

5T, AAG, 2AE el S5
o] @3 #lxl o)A} E2<1 phenol 2}
S-phenylmercapturic acidull’def ©]]
= 9% dighidestsiA] 2002
14(2): 143-153

AT, AE AEH A =E 2
] BE8E BUHEY AT
2% S-phenylmercapturic Acid®l] 33
AT SAAAAEEEA]  199;
6(2): 272-280

A AATY, FIHER w222
Zte] A7k gl ohgt A=y, Al
kE ZEA s, 2000 ATE

R WA 5% 13AY 8%

dE 8l 3y A vk AeRd
2003; 182: 21-30

449l o, $8EAY SN ug
TrIEES
12: 53-56

AN T 224 ARG A5
A3, 2000

ACGIH. Documentation of the TLVs and
BEIs 7th edition. 2001

ACGIH. TLVs and BEIs. 2003

Boogaard PJ, van Sittert NI. Biological
monitoring of exposure to benzene: a
comparison
capturic acid, trans,trans-muconic acid,
and phenol. Occup Environ Med 1995;
52: 611-620

Boogaard PJ, van Sittert NJ. Suitability of
S-phenylmercapturic  acid and trans,
trans-muconic acid as biomarkers for

between  S-phenylmer-

exposure to low concentrations of
benzene. Environ Health Perspect 1996;
104 (Suppl 6): 1151-7

Brondeau MT, Ducos P, Gaudin R, Morel
G, Bonnet P, de Ceaurriz J. Evaluation
of the interaction of benzene and
toluene on the urinary excretion of
tt-muconic acid in rats. Toxicol Lett
1992; 62(2-3): 311-6

Cocco P, Tocco MG, Tbba A, Scano L,
Emnas MG, Flore C, Randaccio FS.
trans,trans-muconic acid in relation to

environmental exposure to benzene. Int

Arch Occup Environ Health 2003; 76:
456-460

Dor F, Dab W, Empereur-Bissonnet P,
Zmirou D. Validity of Biomarkers in
Environmental Health Studies: The
Case of PAHs and Benzene. Crit Rev
Toxicol 1999; 29(2): 129-168

Ducos P, Gaudin R, Robert A, Francin JM,
Maire C. Improvement in HPLC
analysis of urinary trans,trans-muconic
acid, a promising substitute for phenol

in assessment of benzene exposure. Int
Arch  Occup Environ Health 1990;

62(TY. 529-34

Ducos P, Gaudin R, Bel J, Maire C, Francin
JM, Robert A, Wild P. trans,trans-
muconic acid, a reliable biological
indicator for the detection of individual
benzene exposure down to the ppm
level. Int Arch Occup Environ Health
1992; 64(5): 309-13

Ghittori S, Maestri L, Fiorentino ML,
Imbriani M. Evaluation of occupational
exposure to benzene by urinalysis. Int
Arch Occup Environ Health 1995; 67:
195-200

Inoue O, Seiji K, Nakatsuka H, Watanabe T,
Yin SN, Li GL, Cai SX, Jin C, lkeda
M. urinary tt-muconic acid as an
indicator of exposure to benzene. Br J
Ind Med 1989; 46(2): 122-7

Lauwerys RR, Buchelt JP, Andrien F.
Muconic acid in urine: a reliable
indicator of occupational exposure to
benzene. Am J Ind Med 1994; 21:
749-757

Lee BL. New AL, Kow PW, Ong HY, Shi
CY, Ong CN. Urnary trans,trans-
muconic acid determined by liquid
chromatography :application in biologic
monitoring of benzene exposure. Clin
Chem 1993; 39(9); 1788-92

Marrubini G Coccini T, Maestri L, Manzo
L. Effect of sorbic acid administration
on urinary trans,trans-muconic acid

excretion in rats exposed to low levels

of benzene, Food Chem Toxicol 2002;
40(12): 1799-806

Melikian AA, Prahalad AK, Hoffmann D.
Urinary tran,trans-muconic acid as an
indicator of exposure to benzene in
cigarette smokers. Cancer Epidemiol
Biomarkers Prev 1993; 2(1): 47-51

Melikian AA, Prahalad AK, Secker-Walker
RH. Comparison of the level of the
urinary benzene metabolite trans,trans-
muconic acid in smokers and non-
smokers, and the effects of pregnancy.
Cancer Epidemiol Biomarkers Prev
1994; 3(3y. 239-44




164 @4 - A - 455 - JdF - FFE

Melikian AA, Qu Q, Shore R, Li G, Li H,
Jin X, Cohen B, Chen L, Li Y, Yin §,
Mu R, Zhang X, Wang Y. Personal
exposure to different level of benzene
and its relationship to the urinary
metabolites  S-phenylmercapturic  acid
and trans, trans-muconic acid. J
Chromatogr B 2002; 778: 211-221

National Institute for Occupational Safety
and Health(NIOSH). NIOSH manual of
analytical method(method 1501). 1984

Ong CN, Kok PW, Lee BL, Shi CY, Ong
HY, Chia KS, Lee CS, Luo XW.
Evaluation of biomarkers for occu-
pational exposure to benzene. Occup
Environ Med 1995; 52(8):528-33

Ong CN, Kok PW, Ong HY, Shi CY, Lee
BL, Phoon WH, Tan KT. Biomarkers
of exposure to low concentrations of
benzene: a field assessment. Occup
Environ Med 1996; 53(5): 328-33

Panev T, Popov T, Georgieva T, Cho-
hadjieva D. Assessment of the corr-
elation between exposure to benzene
and urinary excretion of tf-muconic
acid in workers from a petrochemical
plant. Int Arch Occup Environ Health
2002; 75(Suppl): S97-S100

ol

« A

}

Popp W, Rauscher D, Muller G, Angerer J,
Norpoth K. Concentrations of benzene
in blood and S-phenylmercapturic acid
and tt-muconic acid in urine in car
mechanics. Int Arch Occup Environ
Health 1994; 66: 16

Rinsky RA, Smith AB, Hormung R, Filloon
TG, Young RJ, Okun AH, Landrigan

leukemia. An
epidemiologic risk assceement. N Engl
J Med 1987; 316(17): 1044-50

Ruppert T, Scherer G, Tricker AR, Adlkofer
F. transtrans-Muconic acid as a
biomarker of non-occupational environ-
mental exposure to benzene. Int Arch
Occup Environ Health 1997, 69:
247-251

US. Department of Health and Human
services. Toxicological profile for
benzene. 1997

Valentine JL, Lee SS, Seaton MJ, Asgharian
B, Farris G, Corton JC, Gonzalez FJ,
Medinsky MA. Reduction of benzene
metabolism and toxicity i mice that

PJ. Benzene and

lack CYP2E] expression, Toxicol Appl
Pharmacol 1996; 141(1): 205-13
van Sittert NJ, Boogaard PJ, Beulink GD.

Application  of the wurinary S-

phenylmercapturic acid as a biomaker
for low level of exposure to benzene in
industry. Brt J Ind M 1993; 50:
460-469

Wiwanitkit V, Suwansaksni J, Nasuan P.
Urine trans,trans-muconic acid as a
biomarker for benzene exposure in gas
station attendants in Bangkok, Thai-
land. Ann Clin Lab Sci 2001; 31(4):
399-401

Wiwanitkit V, Suwansaksri J, Neramitraram
P, Prancesrisawasdi P. A note on
urinary trans,trans-muconic acid level
among Thai press workers. Biomarkers
2003; 8(3-4): 339-42

Wiwanitkit V, Suwansaksri J, Soogarun S.
The urine trans,trans- muconic acid
biomarker and platelet count in a
sample of subjects with benzene
exposure. Clin Appl Thromb Hemost
2004; 10(1): 73-6

Yu R, Weisel CP. Measurement of the
urinary benzene metabolite trans,trans-
muconic acid from benzene exposure in
humans. J Toxicol Environ Health
1996; 48(5): 453-77



