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The aim of this study was to investigate whether the
exposure to vinyl chloride monomer(VCM) induces lipid
peroxidation in workers by evauating the concentration of
malondiddehyde(MDA) in the urine in order to assessworker's
oxidative sress dueto exposure of vinyl chloride monomer.

The subjects investigated in the study were divided into the
experimental group; 18 workers exposed to VCM, and the
control group; 19 workers unexposed to VCM.

A gas chromatography/pulsed flame photometric
detector(GC/PFPD) was utilized to anayze thiodiglycolic
add(TDGA), whichwasmethylated with trimethylslyldiazomethene
(2.0M in diethyl ether) in urine and the urinary MDA, the
product of lipid peroxidation, was determined by high-
performance liquid chromatography/ultraviolei-visible detector
&ter derivatized with 2 4-dinitrophenylhydrazing DNPH).

The concentrations of urinary TDGA in controls and VCM
exposure workers were 0.13(2.01)mg/g Cr. GM(GSD) and

A 2006 118 24, A= 2007 42 20
T IAIARR e AE (a5 BA Ui AlEE 134714,

0.35(1.96)mg/gCr. GM(GSD), respectively. The concentrations
of urinary MDA were 0.12(2.21)mol/gCr. GM(GSD) in
controls and 1.35(1.79)zmal/gCr. GM(GSD) in VCM exposure
workers

As aresult of Smple regressions andysis between urinary
concentration of TDGA and MDA in VCM exposure workers,
it was found that the R? vaue was 0.261 (p=0.03) and the
drinking and smoking did not affect their level.

In conclusion, the workers exposed to VCM have a
potentially to suffered by oxidetive Sressdueto VCM exposure
and the urinary MDA can be gpplicable to the marker of effect
to assesstheleve of worker'sVCM exposure.

Key Words : vinyl chloride monomer, malondialdehyde,
lipid peroxidetion
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AnkA 0 7 AESA A= wFF A% (markers of
exposure), 8k A 3% (markers of effect) 18] 31 7H7A A%
(markers of susoeptibility) = 7% THINASNRC, 1989). $-2
U} gl A= A sha)d (vinyl chloride monomer, VCM)
= WI=HADE 28k =272 AR 7B
#t 1ppmO. = 7g3stal glov feluete] VEM =% &E
Ao T2 59 AQGlA 2o] o] FoiA 1 & &
of upe} wFgFe] WMt 27] whitel] Jetet w& FrhE
el AeetA RUEE L F2/d0] 72 o CeAlE
5,1997). VCM O] =5 A FZE= T2 £H0 7 ujA e
Thiodiglycolic acid(0]3F TDGA) E o]4-3t] VCM =% 3}
TDGAS} e dof| st A7} 23 =] ek (37 8 &, 2000;
Cheng 5, 2001).

o= JIgRuZ AeA AEF A (oxiddive tress) &
A7 )= AW A A 2abske} ks o] kel dist
AT7F o] Z ] 1 Qle}. Akskd ~EH Ak A vell A
HESA] Ab7) o] W o 7 AbslA e} hakalA|7ke] o]
AFSHA| .0 2 293 el E 2v] k=t (Se 1991) o] 2 gt
A gk A1) st e oheksit ey
freeradical ke A A wilp- 22 AlRE djel etk
AtebA] Bz S A3 S| R ARk AEY
2o ) ke AxnES A3} sk vk AxE T
A A A aakelEo) kel mdondiddenyde(o] &t MDA) 9F
DNA2] &4HS 71 4] 0 2 Zvg k= 8—hydroxydeoxyguenosine
(8—OHdG) & ok o7 Bt

ol A=y (o] 97 5, 1998), 74l (o] A7 FAF,
1997), A7 =EZAHEVEE 5, 19%) ¢} of 284
A7, 1998) 2 thFo 2 Akskd AEg 2o Fek A7)
o=

MDAE A Ak & eHyst 54
A% kA HeyE| o] g wh o]
A AEYAY] FF WYY or o 3l
Cytochrome P450 2EL(CYP2ED) o]l 23l E4ds} o] tjate]
= WlAl0] A Ay 5 AksHA AEg A7) btk
H &k ¢l o (Pake 5, 1996), Georgieva 5 (2002) >
CYP2ELC] ]3] B3} == Bl 4% 2 o elullal 5
9 & LRAEAM €3 MDAZE S71ekar Bt 81
T} VCM 2] -5 CYP2EL] 93l &3} ¥vha B sk
9]¢} (Guengerich 5+, 1991; Koop, 1992) VCM =2 = 2| A7t
=4 MDAFE7F 57k 7Fs/do] itk Z12fu VEM =
Z ZEARE PO R o Ak AEY A gk dist AT
= 2o M 8-0HdG 55 o}t A7) A Y-o|th(

Wong &, 2003).

b 2 = VOM k% ZEAES U O E VCM
ER 03 A AEY A9 odkS Hrtalr] 98 A4
ROl @ F MDA 555 H7)sto] VOM kZof| tjgh
A3t AEYAY A RE QF MDAS 4 7542 A
Sz 2o Stk
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VoM 3 Zelgisuld 23 A A 180 o
07 AHAIRE AFsIGoH X7 O VCMe| =&
A Sk ol ARA B TRA 1998 AgesT. BE
B 17194 A o) g3te] Lo, 2917k &
Qe 9 §Re AT AMA R A VM
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2. Sy

1) 95 TDGA 4]
tlotzHehs o] & mEglste] AAgshz 712 A
< 5, 1999 Wormhoudt 5, 1997) W& w3 so] AR
ALE 3nel] AF 7S A7) 71 918l K A 20ulE 7t
3 T R e T 395M 2] s—benzyl—mercapturic adid 30
g A7t FE2ES =o17] J8 FAAUHER
(NaSOs) 159 7}t $- o[ dofAEo] E 32 33] Hhy
sto] FZ310lth oEobAHo|Eof| %% TDGA AlEE
A3 AZA T WEre 300w S H7leAt) 108 %
trimethylsilyl diazomethane(20M in diethyl ether) 300402 7}5}
o WEsl A7l & k3] AZAALE AR &
o obAEO] E 500l & ThA] 591 § 7k E ke 89/
A~ E2F 5 71% 7] (Gas chromatography/pulsed flame
photometric detector, GC/PFPD, CP—3800, Vaiai|, USA) = -
At o FM2AE ¥ 13 72t} Q% TDGAS A% A
EEEde AMOE THEo] A5} B2 o R AA
st9lom 9= TDGAS AERE 738 79 13} 72t}
=31 (limit of detection, LOD)+= NIOSH (1995) | 4] #|A]
uh o] whe} A8 37 A ) QAR ARt A} 02ug/
o]t} 7t AlZ M A= Feoteld FERE HAES
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2) 9% MDA 4]
MDA ZEZ=A|0kS- 1,133 —Teramethoxypropane(TMP, 9%,

A3nld wF L2 A 2% Malondialdehyde 5% 5 83

USA) & ol g3lglom BFAE, Y ased 2 ANAR
+ B 24—dinitrophenylhydrazine(DNPH; 97%, Sigma, USA)

Sgma, USA) = LON HCI 2 A 2o A 1A 7HESE 7128 9} 3189 B % &R F A3} sto] EA It A
3] 3}e] 100mM 2] TMP hydrolysate(maondialdenyde, MDA) 2 3 2eEde] dAfe e aokehd AR 3mle]
Z AREERILE U252 2 propionddehyde(97%, Sgma, Y5254 1mM propionddehyde 104 2 -5 4 3} A] <k

Table 1. Gas chromatography/pulsed flame photometric detector operating conditions for derived
thiodiglycolic acid.

Descriptions Conditions
[nstrument Varian CP-3800
Detector Pulsed flame photometric detector
Photomultiplier voltage: 550V
Gatedelay : 6.0 msec
Gate width : 20.0 msec
Trigger level : 200 mV
Column CPSII5CB column(25m X 0.25mm X 0.2(m)
Temperature Injection port: 250 C
Detector :200 C
Column oven : 50 C for Imin
30 C — 288 C for 5min
Carrier gas Airl: 17.0 m¢/min, Air2 : 10.0 m¢/min
H: 14.0 m¢/m
Injection volume 1p
Split ratio 10:1
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Figure 1. Chromatogram of methylated thiodiglycolic acid by GC/PFPD
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Table 2. HPLC/UVD operation conditions for MDA-DNPH

Descriptions Conditions
[nstrument Alliance 2695 separation module
Detector UV-VIS detector, Waters 2487
Wave length 306 nm
Column Discovery C18 Column(5um particle size, 4.6 X 250mm)
Mobile Phase 5mM boric acid:Acetonitrile (65:35)
Flow rate 1.0 m¢/min
Injection volume 10 1l
w T
0.00451
> DNPH
0.00401
0.00351
0.0030
<D( 0.00251
00020 propionadehyde-DNPH
0.00151
000101 W MDA-DNPH
0.00051 W
0.00004
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Minute

Figure 2. Chromatogram of worker's urine by HPLC/UVD



A3nld wF L2 2% Malondialdehyde 5% 5 8
gz 9 wE T B gl on gzl Bl 2. 25 TDGA X MDA s
2 3889£5884|0|% 0 w=E - 4268171042 F I
7ke] A7 o] zjoli= Q131 Th(p=0105). T2 Het 57| =7 9 VOM =% 22219 29 £8 Al 9% TDGA
7H2 1051592 O] 0m wET-E 1448150000 % F 59l QF MDA FEE U ATHEES aha gt
T 717 Aol SlltHp=0192). FAAe] 7 273 VCM =& 22419 2% TDGA 7]6H i 55

T ool 4, o] TEOR I 1 FAAk 9
Apo) 7k a0k o (p=0033), 54 7ol thzaol 16

+ 7} 7} 0.13mg/g credtining, 0.35mg/g credtinine=. VCM =%
249 2F TDGA s57F =34tk 25 MDA 78+

Y, lwEro] 166 0% fol7h gIHHE 3). VOM =& FEE= 7+ 7} 0.12pmol/g cregtining, 1.35:mol/g cregtinine=
RASE VCM B PVC Al 23 A atel 294 2 VCM =% 224 2% MDA 557k BT 4, 17
Az AT} TEAF 18 B A A ek Aa S A8 3.

2 TDGA L& AARIANE AEH T 01 7]9)
& ol4 WA ksih 71 AFelA BARld) %

Sk 2R AR $lsiT

Table 3. General characteristics of the VCM-exposed workers and control.

Variables Control Exposed p-vaue
Number of subjects 19 18 -
Gender Mae Mae -
Age(yrs) 42.6817.10 38.39+5.88 0.105'
Work duration(hrs) 10.51+5.92 14.48+5.00 0.192
Number of smokers 14 7 0.033"
Number of drinkers 16 16 0.677"
Mean®SD
“t-test, control vs exposed
“7=test, control vs exposed
1.40 — 5.00
(A) (B)
—~ 1.20- ~
Gé % 4,00
T 100 g *
5 * 5 T
o0 T oo 3.00—
& 0.08— =
£ g
<
S 0,06 é 2,00
=
00  — &
& £ 1.001
= 002 =
_ 1
000 o =
T | T |
control  VCM exposed control  VCM exposed

Figure 3. Comparison of urinary TDGA(A) and MDA(B) concentration by subjects. 1p<0.01 by t-test
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TDGA 5%+ 08%0.2xg/ml (Hofmann 5, 1991), 0.83*
056ugml (Chen 5, 1983) 12|31 05-0.7ug/m (Muller 5,
1978) M SITE & AFelM = 2T 25 TDGAS &
5= 04£05ugmiSl o™ Muler 5(1978) o] w73} AL
a3l

w35k ukole] thEk 9% MDA FE 012(2.21) xmollg
creatinine 71518 (7] 8 # WA © % Godart 5-(2005) 3}
Hueng --(1999) ] Awkelell ek @5 MDA = 081+0.26
mol/g credtinine¥} 0.94+0.40xmoal/g cregtinine th= thh ot
A AZH T o st A= A3 o Aol 2 1
BB 02 MDA E414 & 2—thiobarbituric add(TBA) £} Wt
5217 HPLCUV (538nm) = 480 gk o ) TBAZF A Al A
S e ARSI E HEEo] & dojubr] wiEe] TBA #4]
S MDA So]lo]#] 3-61H (Janero, 1990) S pHA:
713} 100 o] a2ykgo] FQahy] wite] v FAk
E5o] wo] WAEHA BT 2 (Yeo, 1994) Wre pH 2! 259
Hh3-Z7o] F Qg & Ao A o]&-g DNPH 4] o

nlal 108 = i 7k A Qe Aoz A AT (Deng,
1998: Guichardant, 1994: Korchazhking, 2003; 2004). DNPH £-4]
WS o] &3k Korchazhkina 's-(2003) ©] R 8t ARkl 2%
MDA 5%+ 1921 +1243:mol/mol creatinine® = = <17+ 4
e} FAFsFSAT.

VCM 3 22210 @2 MDA £5o] teia s 71& o
TF7F Qlo1M Bl 4= QU9iTh Hueng 5 (1999) 2 67 A&
TELEAL] 8F MDA 7} 2241054umollg credtinine
O F B o TBAS} WH-A|A MDAE w48t A7 =2
2 A5 A3 v wahr]E o He.

3. 2% TDGA 52} 2% MDA sko| thes|H 2A
VCM +Z79 8% 9= TDGA =59 &% MDA &%

o) T3l R4S AN A} R= 02617 LERde (1
4.

Table 4. Descriptive statistics of urinary TDGA and MDA by subjects.

Variables Groups No. of sample GM GSD Range
Urinary TDGA Control 19 0.13 2.01 0.03-0.38
(mg/g creatinine) VCM exposure 18 0.35 1.96 0.12-1.27
Urinary MDA Control 19 0.12 221 0.03-0.41
(4mol/g creatinine)  VCM exposure 18 1.35 1.79 0.58—-4.84
5.00 4 Urinary MDA=0.511 urinary TDGA+0.787 .
R*=0.261, p=0.03

. n=18
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Figure 4. Regression of urinary TDGA and urinary MDA in VCM exposed workers



WA, w3t 9 Bt T Q1Y) AL = AkehA
AEY 2o tekstA dFe mlE F dem(

1999), 4F8}A| 91 superoxide dismustase(SOD) 2] B4 ol =
V&S A= 2o sty luke]drl & 1998). 2
Oi;Loﬂ/qL o] 8k AkglA AEg Aof TS u];d ol
90ls aEfskA] Fatal AL thi 7t Z*Oi sAHCEE
9 oWﬂJ Rigko] sk 71 0 2 Az},

AT AHAZ AN AR FAT Sl HE FF
= oley AF =F 2EAE 2 E o Huang 5
(1999) ©] Ao M= 2% MDA ko] 3 &5+ 99
o] QISItt. 1t FFofl= 1ksd AE# A Oﬂ%k% T
gk a3l A ¢ superoxide dismustase(SOD), glutathione
peroxidese(GPX) 4 cadase(CAT) 52 S/d=< 719l A%
FEfol] thg AL EAof] o] FofxjoF H Al o0 A7t

VCM E41Rlo] S = A4 9lom ARt o1+
A% s o] Tl THGin 5, 1995) #-] Aol A
+ VCM =Z1 2 A-=2] DNA single strand bresks7 | 5715151
or o]gjdt Ayj= Ak3t4 &ako] VOM wE3 By
DNA &AFS g = gkl Alekskar QItHDu 5, 1995
Awara 5 1998). Parke 5 (1996) & w4l o] tjAtaHy =
cytochrome P450 2E1(CYP2ED) o) &J 8t 4k} &7 w7k &
= AljkstSi o Georgieva (20022 WAl S5, A4
oAl 59 wF LEARSAAN 83 MDA7} =78t
Thal B askel)

VCM-2 cytochrome P450 2E1(CYP2ED) of] ©J3f €493} &
tHGuengerich %, 1991; Koop, 1992). A 14+ ¥k-S-of| 4 CYP2E
o Abglatg 0 7 27 2o e dllLAko] = (chloroethylene oxide,
CEO) &} 2 & ZolH| E | s}o] = (2—chloroacetal dehyde,
CAA) & w5} CEO2} CAAX= DNA 93719} 71415 94
it

oA, VEM eE 2 Qs Abshd] &4 7Fs/d0] gloH
B o3ro] Aufo| e 9% MDA 57} i Bk =9
on VCM =& L2AE] 25 TDGASH 2% MDA &
T3 ARA AN Ttk e ekl Ao
VCM l=E 2 Q18 Akl A=A 4 7P5A S A8
=07 daH,

£ M= 85 MDA 57}t EHZELEE} VCM ==
ZEAPIA ko Q% TDGA 559 2% MDA 55
o HAA NN F7lekes AFC R L}E}kkv}. olejst A}
= VCM rZof tf3t Aksy ~Eg A0 A%Z 25 MDA
o] &go] 7sstttar dke )

o

V. 28

A3vld & L2 A 2% Malondialdehyde 5% 5 87

FFI

AT VOM o ZEAES gOR VOM =57

A kA AEAA GF= Frke] A At

=9l 85 MDA 5125 7ksto] VOM el gt 44

REYA ARRAN 27 MDA &4 7FsAS siotsta
ARkl om thsat 22 A2 A9l
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LVCM &35 pelapr| 98] &5 TDGA 58 tx
T VOM =% Z2AF 7 ARRIon 2% TDGA 7|
SPE T 5= ZF 2 0.13mglg oredtining, 0.35mg/g creatinine=
VCM =% %EZH % TDGA 557} =9k} (p<0.0D).

2. WE79 VM =& 22210 25 MDAE 25 MDA
7188 FE= 7 7} 0.12umol/g creatining, 1.35#mol/g
cedinine® VCM =% 2419 2% MDA F57} =90t}
(p<0.01).

3. VCM =%7-9] 25 TDGA 559} 25 MDA EE}Q
3] A S AAj g A} R= 02612 L}E} Jon] &

o} FA2 Fo] gl

2 A7 A7g FRNEE VOM F ZEAEA
VEM 13 Qlsfo] A AEg A0 ggo] glov 2wAt
S VOM =% EE G7kely] 1% A Y A EE
% MDAS] gHg-o] 7Fs5}tt.
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