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Abstract: [ Objective ] To evaluate the effects of methyl tert-butyl ether (MTBE) and its metabolite tert-butyl alcohol (TBA)
on comet tail moment of lymphocytes in human peripheral blood. [ Methods ] Employees (n=100) from eight gas stations were
enrolled in an epidemiological cross-sectional study. Serum and lymphocytes were isolated from the peripheral venous blood
sample (5mL) of each subject, and analyzed for the content of serum MTBE and TBA using gas chromatograph-mass spectrometer
(GC-MS) and the Olive tail moment (OTM) of lymphocytes by comet assay. Univariate and multivariate non-conditional logistic
regression analyses were used to evaluate the effects of MTBE and TBA on OTM of human lymphocytes. [ Results ] The results of
univariate logistic regression analysis showed that the contents of MTBE and TBA in serum, type of work, drinking, smoking, average
number of cigarettes smoked per day, and smoking index, were associated with the OTM of lymphocytes (P <0.05). The results of
multivariate non-conditional logistic regression analysis showed that serum MTBE content and type of work were associated with the

OTM of lymphocytes, and the values of odds ratio (OR) were 4.155 (95%CI: 2.279-7.577) and 6.949 (1.305-36.990), respectively
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(both P<0.05). [ Conclusion ] MTBE shows an obvious effect on the OTM of human peripheral blood lymphocytes, and may have

genetic toxicity to human body.

Key Words: methyl tert-butyl ether; tert-butyl alcohol; genetic toxicity; DNA damage; logistic regression analysis

R B LA R A G Yt AR R 5, 3R KR T 1997
AT 4R fF B 3L AT B Bt (methyl tertiary butyl ether, MTBE,
CsHipO ) B AR RS i 380 b i 7Y 2 36 850 MTBE 78 Tl | i
ST R BEAE A T L, Ry O 6005 B BOWR , AR A
9 88, AHNTEFE 0741, 5 5 55°C, BA BRI KIEN:, HAE
AR PR 57 24 R A A P L HL iz & e T O 3R
T MTBE 7] 3 E A R85 K A (A 455 H 26 /K K R K ), 4K
H MTBE B 5 5t ik 40~95pg/L BF, 7K 78 B MR A b
B A AU MTBE W] 3 o P W T8 L B Jk 0 9 A T8 32F AN
W, RSN S TER , MTBE K JUACE AL T 1 ( tert-butyl
alcohol, TBA ) X 5L 56 2h 4y 7= A= it AL w1k 12, 3+ MTBE
S TBA X N ()35 A% B PEAE T, AR R A 193 2 B0
R (4 500 B R, SR 8 AR I o MTBE S AR
YITBA F ) AN I bk EL A0 ES 22 Olive REAR IS4

1 ##R57H%
1.1 BE LA

QP2010 plus AR ETE - BTG T ( 3, HA); SPME
T ERETH . 50/30UM DVB/CAR on PDMS #£H3k ( Supelco,
FE ); 20mLiEWIBEIE A s 48 5 SRR R (CNW
Technologies, f5[E] ); 3-CCD A KGR AL (IVC, HA);
Mini-PROTEAN II Hi 3k 4% ( BIO-RAD, 25[# ); RCT basic 4 J14i
PR (IKA, 7H5[E ); IBAS2.0 4 H 3EI% 317 %4 (KONTRON,
TEE ); 37XAZ B B2 AT (B2 ER ); GS 156
FUIGHE 5 3 2 L ( Beckman, SE[E ),

MTBE H AR v 7 ( 2 000 pe/mL )( Supelco, £ ); TBA
PR ER (10 mg/mL )( Accu Standard, JE[H ); Sk A
R ER T R T s EZ-Sep A 20 43 259 ( h A
BERAF] o
1.2 ABRATIRFIAL

TEREAE R X BTNt TAEABY 100 24 R IRAXT S, tipeds
HRUL AT = B IO TA P R A I I DR P DR 10 A s i
HEATIA T IR AR B, Sl 4 IRy, TR
PS5 AR A X G AR 0« TR 00 . IR 00 . R
P 2 o MR CHR f B W Ar R R FIE ) A AR HE M ZEK
MIFREA NTEHATNEL . SMBE Bk . M RS0 M MR RS 5E 1
R o FlHCT JEG MR F KA S mL, AVEIRLE MTBE 1
TBA 2 S bk L4 DNA $5445 730
1.3 i, HEmies B

iz T EZ-Sep Atk U 240 43 25 X0 T A A 14 ik [ 248 ik
Tror 8y, R E UL 7 o
14 # 2K

2 SINGH' 7 45 1) £ BLI IO B A1 40 BRI A T 5 L R 43T
SR FH Casp BAFEA TS BLEUG AT, AEAFEASILER 50 -4l
O3 M- B LI Olive FRH o [, 1530 fg B A M 1 BF 1
X B Ho0, Y385 R AR BH 1 6 R4S 2173 o

1.5 o7& MTBE #= TBA 43 &

S HEHNGIT k i8 TIOR3 - S ( GC-MS ) Bk
FHECAIM AE 135 MTBE F1 TBA ¥ . 135 H MTBE 5 TBA <&
WEARXN: C=(4-b)/k, K. C-17EH MTBE 2 TBA H#k
£, ug/L; A-MTBE B TBA 1 0% 6] #1; b-MTBE 5 TBA 5 1f il
LRATREE ; A-MTBE 2 TBA bRuEfh 2 A1
1.6 %itzEoHr

HOR ERER FI SPSS 12,0 GE TR R4 AL B, 32 FH AR 2
2 H 2 (1 logistic [1IH 43 BT LR L HE MTBE K& HLAR ™
P TBA 7PN 4 13 />R 2005 LR AR AR . A58 7KE 0=0.05

2 #R
2.1 —f&AER

AR LR #40R) 4 100 14y . BPE61 44, k39445
TR (27622 6.36 ) %5 T T (5.04 £4.25) 4 SMH
I35 MTBE 75 1 V- 2 {8 4 (5.82 £2.33 )ug/L; 4N 1L 3 TBA
B Y R (185.38 £ 175.02 ) ug/L; Olive JB 45 F {8 Ky
(0.052 +0.044 ) pum, [FIBAVEXT BRALATEL , BAB R E A 1 o
22 FHeER

L) Olive FEARSEAREAE Al S8, 25 FEAS 2 (540 h
05k 1 (/NF R TG A ) 9 oA (N AE i ), R4 logistic
[l JEI A TR (1 SR, e — o 38 4 O FRKE DI R A 1 AT R S e TR R
( AZ8 5 )b Fa b, IR LR 1,

£ 1 Olive EEHINEZ logistic B3 4 2 L&
At AL E
Olive B4 AINTEEIE =05 RTFHME =1
I F AT ek (pg/L ) B4R [

MM TEETBA (pe/l)  BUR AT E A

(L) TR R E

P P =0; %=1

TR ;{;?;i%;;iéﬂ* =2; WP )=3; KL
T A ATBCL JRENAG =15 T I ZE AL =2
TS CAE) HUEHR{E

P AP =15 (BRIE =2; 28 10 =3
TR (4 ) TR AR B

S H A R S A HUR A

DIGEER A A =15 <100=2; 100~=3; 300~=4; 500~=5
A TGRS To=1; 41=2

A NBdPE it () Jo=1; MB/RIME=2; 2L =3

23 #pEE logistic = )2 SHT

LA Olive AR /328 o0 AR B AR 8, 435 LA 3A 134N
F AR, SRR 20 Enter ) #5475 2 19 logistic [211H
SrMT, BEREIL, IMTE MTBE & & | g TBA &r& . TR, Kl
R . AR T2 R AR S 50 W AR 5055 R 2% Olive 22
PRI R (P<0.05), HFHAE R AN S AIE



< 222 - SNV EESE 2014 45 3 A 25 31 555 3 8] J Environ Occup Med, Mar. 2014 Vol.31 No.3

PSR AR IR B P it , BT L = RS54, WAk 2.

2 Olive BN EZER B E X logistic B3 T4 R

Ap it b S, Wald OR P
17 FR R T ik 1.392 0.279 24.943 4.023 <0.001
LT AT T 0.013  0.003 18.434 1.013 <0.001
AR 0.018  0.033 0.300 1.018 0.584
PET 0378  0.435 0.756 1.459 0.385
ZHE R -0.112 059 0.035 0.894 0.851
TH 1421 0.490 8.423 4.142 0.004
T 0.012  0.039 0.101 1.012 0.751
YT L 0.671 0.270 6.194 1.956 0.013
A 0.184 0.093 3.926 1.202 0.048
ST K 0152 0.062 6.077 1.164 0.014
W% 0.045 0.019 5.535 1.046 0.019

2.4 % B E logistic B )3 5

X R AT LR T A B R T Z R 1 logistic
58T, SIAPME R RER B, 0.2, T FR DM E S R 1
0.1, B REACREE N 20, 45, [MLiE MTBE &, T
2 A R R RS AAFE(OR>1, P<0.05), W3,

%R 3 Olive BAE M E Z# % E = logistic BT # 45 R

A b Sy, Waldp OR(95%CI ) P
MG PR T 3EEE 1424 0307 21.591  4.155(2.279~7.577) <0.001
TAh 1.939 0853  5.164  6.949(1.305~36.990) 0.023
WAL ~13.012 2.848  20.877 0.000 <0.001
3 itig

AR, PMES N MTBE B30 58 75 Y 1 HL 75 PEAE A
2 X o MTBE 7€ Tolb 1l 5 19 B ER Ak A i Bk, S o fa
BIWAR, BABGRGEEM A A SR AT,
MTBE 38 % 28 WERGE | T Ak AR JRsE AP, JHe e DAIRE IR 3
HEAMR YA do RS, AEUR N FE B A0 TR D >
. MTBE e Py 322558 5 41 (28 P450 AR 2 F ik Az g
TBA ., FEEM o- BALT TR,

WA N UK SZBG RS & B, MTBE 7] D15 | #5256 5h )
HH S R B PR RN 0, HLA HE AR MTBE ¥ 5 a8t 4% 8 80y
FAAER - O e R, 2R H 31, MTBE RS4RI ol fig 5
HAER P AR 4 TBA 25 i SL R VR A 56, ilk— 4
& MTBE 2 PEAE FI 09 T A T3 2= R A , AR 92 %o 85 1) 422 i
MTBE s ¥R T 617 TR A, 32 H GC-MS ik, X
AR N BESME LS MTBE S HACHI TBA & 50k 1 e arar, xb
FEAS NI EL 4 i DNA B9 15 B EF 46, 9 DA Olive FEHRAE
3 DNA B4 102 248 05, T3 1 A2k EL 40 DNA 35345 1 B 2=
A HRE, WO AT RERIR 28 R 3R BE AT T I A5 1 A, I DL
EMZH E logistic A Hr T HERRIR 22 I Z 19520, #RR
MTBE K AR TBA X Olive B8 B 541, 81K 2% logistic [1]
AT B 7R, ML7E MTBE & & . 1075 TBA & . TR0 KNS
B, RS | PR R S B R AR AR 5 7 AR KT Olive [
FRESZIR I (P <0.05), BIZ 7 X Olive R4 AY TRk A4 3¢
K, AW, MTBE &% TBA Jij 4| Jhy st A% 45453 T )5 A il A% 1 B

PN Z, Z 0 E logistic FIH M & B, 182 K2 )28 BAE
Hr, I MTBE 25 fR1 AP 2 A5 ma P 3 e 20 5 AT Ry
M, SR, ML MTBE FTEE R 51 B4 1 MLk 2 401 DNA 5
i) EEER R Z —

TR R R E I, FL7E 2005 4F gl ) 1 n] FRAE R
REBRUE(RES ), 2511 MTBE /E R PIM B s 4k 2068, 767
H L L EE AU MTBE A28 % 480 59 . KAtk MTBE A: 7725 & fil;
SR, s T sk T AR A, A 2006 4, 58 FE A
MTBE Bt 177 A8 S 7 e 10, J gt b e e g
TFREFYER CFEHAR , FARWAT vh B IE M 2T 4 R 2 Bt
BB, BHEA AR, XA A = H R T RE 2 S
SRR 2R, 8 MTBE 1 222 S R i B2 40
UL, AP TR 24 | SEHI MTBE B8

F T A A TR 8 2 v AR JR R , i B9 B 4 R 2
P, RAROAT 1 it A% B 500 1) DR 3SR R AR v ol s e v
KE 2, ik, MTBE i AR (5 d PR b A 15 T ik —4

AEE BRI L FREGE R 5,

S0k

[ 1 4per, FLEk, BRI, 45 P T JRmEBC DNA S5 1 (A A A4S
BFgEL T 1. spAEss g ARG AE , 2005, 23(5): 362-365.

[ 2 NI, BR/heg, J7 B 58, 46 UAERCT SEREXT /I BUA T ] bk 2 4
Nk feaprk[ ). TAERTST, 2011, 40(3): 391-393.

[ 3 JipLr, BRI, msnih, &5 . HVRRUT BT M TP EE L Yy 52
BWisEl T ] BB OB, 2003, 200 1): 38-40.

[ 4 ]JBERMUDEZ E, WILLSON G, PARKINSON H, et al. Toxicity of
methyl tertiary-butyl ether ( MTBE ) following exposure of Wistar Rats
for 13 weeks or one year via drinking water[ J ]. J Appl Toxicol, 2012,
32(9): 687-706.

[ 5 JBURNS KM, MELNICK R L. MTBE: recent carcinogenicity studies
[ J 1. Int J Occup Environ Health, 2012, 18(1): 66-69.

[ 6 JSGAMBATO A, TAVICOLI I, DE PAOLA B, et al. Differential toxic
effects of methyl tertiary butyl ether and tert-butanol on rat fibroblasts in
vitro[ J ].Toxicol Ind Health, 2009, 25(2 ). 141-151.

[ 7 JSINGH NP, MCCOY MT, TICE RR, et al. A simple technique for
quantitation of low levels of DNA damage in individual cells[ J ] .Exp
Cell Res, 1988, 175(1): 184-191.

[ 8 IBOWDEN RD, BUCKWALTER MR, MCBRIDE JF, et al. Tail
profile: amore accurate system for analyzing DNA damage using the
Comet assay[ J ]. Mutat Res, 2003, 537(1): 1-9.

[ o gy sus ke, 4% . GC-MSMIE A M Hh BRARIE S IR 5575
Bepyl) ] AR fEoEsbt, 2006, 42(2): 115-119.

(10 FH#M, XUNHAA . RERCT Sl M 4 S a3 oy b B il [ 1.4k
STk, 2011, 29(9): 12-15.

CLUI AT . MTBE 17 357 BUR K % #i [0 ). 55 & A e T, 2011, 39
(4): 352-355.

(WHEH: 2013-06-26)
(Lo VRISl BT Ko digh)



