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— Abstract —

The Association between Trans, Trans-M uconic Acid asa
Biomarker for Benzene Exposure and the Platelet Count
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Kwan Lee?, Hyun-Sul Lim?, Heon Kim?

Department of Occupational Medicine, Soonchunhyang University Kumi Hospital,
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Objective: Recent researches suggest that trans,trans-muconic acid (t,t-MA) would be an adequate
metabolic biomarker for low-level benzene exposure. Few study have investigated the association

between the t,t-MA and platelet count, and thisisthe primary aim of this study.

Methods: From May 2004 to June 2004, 326 chemical factory workers took part in a questionnaire
survey and they underwent urinary t,t-MA and CBC assessment. The questionnaire covered genera
aspects of health and the occupational and smoking histories. Statistical analyses of outcomes were per-

formed using SPSS 14.0 for Windows.

Results: The subjects’ urinary t,t-MA concentration (geometric mean and geometric standard devia-
tion) was 0.28 mg/g creatinine (2.62). No significant differences between different occupations among
the chemical workers were found. The urinary t,t-MA concentrations in the smokers and non-smokers
were 0.32 mg/g creatinine (2.44) and 0.25 mg/g creatinine (2.77) respectively, and the difference was sta-
titically significant (p<0.05). There was no significant difference in the platelet count based on occupa-
tion and the smoking history. There was significant correlation between log(platelet) and log(t,t-MA)(r=-
0.116 p=0.039). The regression equation log(platelet) = -0.002x Age + [-0.029x log(t,t-MA)] + 2.436,
R2=0.032, was calculated from linear regression analysis with log(platelet) as the dependent variable.
Cross-tabulation between 2 subgroups that were divided by the 90-percentile level of the tt-MA (0.819
mg/g creatinineg), and 2 subgroups that were divided by the 10-percentile level of the platelet count
(175,000) was conducted. Higher distribution in subgroup with platelet count below 175,000 was demon-

strated in the subgroup with aurinary t,t-MA above the 90-percentile, with an odds ratio of 3.01.

Conclusions: The study may be limited by not taking into account factors such as smoking quantity
and sorbic acid, which may confound urinary the t,t-MA concentration as well as medication and infec-
tion that may affect the platelet count. Yet it is meaningful that the correlation between the urinary t,t-
MA concentration and the platelet count was found through linear regression analysis and the chi-square
test, and further, this outcome may be used as a basis for a study to establish the acceptable limit of uri-

nary t,t-MA in Korea.
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Table 1. The distribution of the subjects by the gender, age group, and type of job

Male Female Total
Age (years) Clerical workers Productive workers Clerical workers Clerica workers Productive workers*
No. % No. % No. % No. % No. %
<30 3 5.0 6 2.4 8 66.7 11 15.3 6 24
30-39 20 33.3 85 335 4 33.3 24 333 85 335
40-49 29 48.3 141 55.5 0 0.0 29 40.3 141 55.5
=50 8 13.3 22 8.7 0 0.0 8 111 22 8.7
Total 60 100.0 254 100.0 12 100.0 72 100.0 254 100.0

*p<0.01 by chi-sguare test

Table 2. Smoking rate by type of job

. Smokers Non-smokers
Type of job
No. of cases % No. of cases %
Productive workers 139 54.7* 115 453
Clerical workers 28 38.9 a4 61.1
Total 167 51.2 159 48.8
*p<0.01 by chi-sguare test
24 EI‘
Table 3. Urinary t,t-MA concentrations by type of job and
smoking
1. Yty 54
Contents Urinary t,t-MA concentrations*
Type of job AT A AIGAY 22X = 326™o|H o]F dx}
ggcﬂ,wc’”‘aj gzgggg £ 314%(96.3%)°193L, A 1290 Atk ARz
uctive workers . .
L ™ 9/) O =z} ol o s o
Handling of benzene € 40th7F 1707 (52.1%) 22 714 Bokon ,ﬂhixu
Handler 0.31(3.63) Wit AR 40.9+6. 7903, AR Hi A
Non-handler 0.28(2.54) (41.5+6.0:)°] AFFAS] i A% (38.8+8.51) Bk
Exposure of benzene FrolstAl =t (p0.05). AFHZE AYitalo] 2547
Exposed workers 0.29(2.92) (77.9%)°1A3L, Azxhks 5% AHFo|tH(Table 1). 4
%NET"EXF’O%"WO”‘HS 0.28(2.52) Ao BE 2R 16,146,440 AA o) B
0KINg o517} + 1=R=k O 0] _f-_:O]— 1 1]
Smokers' 0.32(2.44) 24]T:1LE_13.5;7.7:) i};’:’J o}ﬂ]?ﬂ oq—(p;o on.
Total 0.28(2.62 eI
° 28262 A ey} 26 16T2(51.2%)°0 e
*Unit : mg/g creatinine AR ] FoA o] KA. T% R AFF-A ] TAL 38.9%KH
"p<0.01 by t-test 0 olsl] ol e
o}t fol st :%U}(p@ 01, Table 2). WA FAS] &
A& (54.2%)3 HHFTAS] FAE(51.0%)2 Aol A
3, WAxE7sd e A F9e(52.9%)% ==
v ol& AR, danret fod FHdAlE B 7Fedol e AdAH50.6%) = 1}01 7F 9131
RS SHHs RSt tesA RS AAlsiT 87 T4 VI E(Vlst A sEe 0.28
mg/g creatinine(2.62)°1% 3, AY2HAE 0.28 mg/g

o
creatinine(2.68) AFF-%2 0.28 mg/g creatinine
(2.42)2 zpol7} glith, WAHAF Fiok WA=ZAd
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Table 4. CBC* results by type of job and smoking

CBC Clerical workers Productive workers Smokers Non-smokers
Platelet' 233.9(1.3) 233.1(1.2 ) 232.8(1.3 ) 234.7(1.2 )
WBC' 6.58(1.26) 6.25(1.27) 6.91(1.27) 6.11(1.24)
RBC' 4.95(1.07) 4.89(1.09) 4.92(1.07) 4.96(1.08)
*Complete blood cell count, "Unit : x 10%xL, *Unit : x 10%/uL.
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2.60- r . ___Catgory 1
) o Catgory 2 20T1E~764
et & 3&‘ ory 3 2.)?4(1.26~6.00)
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S . 1035(856 2.97)
S — Calgory 6
2.20 1.34%8.?%2 68)
Catgory 7
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2.00 o 1650.37~725)
Fig. 3. The odds ratios by cross-tabulation between each cate-
-200 -150 -1.00 —0.50 000 050 100 gories and 2 subgroups divided by the 90-percentile
Fig. 1. Relationship between urinary log(t,t-MA) concentration level of trans, trans-muconic acid.
and log(plt).
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< 2900/ oo 2208 2280 7150 log(t, t-MA)# 98¢ SPuSER 3tef AAF G543
193.0 M
& 200000 "o AR e -0.002¢] 44, log(t, t-MA)E 4
=Rl B % -0.0299) £l HANS AZAATHR=0.032). &
50:0_ || AT Hdesle] FAVIHE SHHSE log(platelet) S
oolit S BB BB B B N s5um @ aaRadiE 0.0048) 458 A4 3
percentile A& AFESIATHR™=0.034)
Fig. 2. Cutoff value of platelet by each percentile. 4SS 74 BYeEHE FToR o mAENE
AT, 102959 ghe 1TR5ARAE ©f @
ZVEoew ZI|F, o FTLE UFa oE
Fio] W2 g% FEA BT aole gtk FAAe Category 12 AoJatgirt. 2& WAooz 2089+E
7% 0.32 mg/g creatinine(2.44) 2.2 u]&A Z} 0.25 199330l an, o] & 7IFEo R olgt, I T
mg/g creatinine(2.77)e ®vla] F<JatA =Skt

(p<0.05, Table 3).
AP B A 2ol WE E
7]°P4;f ZFol= gl E1r WA 5
ol mE Aol
RBC WBC 71814 i} 1= 1tk (Table 4).
FE dpaxe AAEHAA log(t,t-MA)<}
log(WBC), log(RBC)= ®elgt Z&#A7E sl
log(t.t-MA)<} log(platelet)2 r=-0.116(p=0.039,
Fig. 1), 933} log(platelet)e r=-0.130(p=0.019) &
=9 ABAAZE ATk HZ 1043 F FAFY
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Category—g ‘ﬂt—g‘}i‘?}(Fig 2).
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Fig. 4. The odds ratios by cross-tabulation between each cate-
gories and smoking.
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