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The variation of thiodiglycolic acid concentration in urine
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Objectives : It is the objective of this research to identify the variation of thiodigly-
colic acid(TdGA) in urine with vinyl chloride monomer{(VCM) exposure levels through
methylation.

Methods : After rats were exposed to vinyl chloride monomer of 4 levels, 0 mg/m’, 50 mg
/me, 150 mg/m?, 500 mg/n?, respectively, of which urine was sampled in each sampling time
of 0 hour, 2 hours, 4 hours, 8 hours, 16 hours, 24 hours, 36 hours, 48 hours, After urine
had been methylated with diazomethane in the preliminary experiment and the peak of
146 m/z had been verified, the main experiment was done,

Results @ In the variation of TdGA with sampling times, concentration of TdGA
increased rapidly in 4 hours and then decreased after 8 hours. When the variation of uri-
nary TdGA concentration in urine according to exposure level of VCM was verified
through Kruskal-Wallis statistical method at each sampling time, the significant incre-
ment with the exposure levels at 2 hours, 4 hours, 8 hours after exposure was clarified.

Conclusion : TdGA concentration in urine with increment of VCM exposure level
increased, especially significantly at 2 hours, 4 hours, 8 hours of sampling time,
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ME

A2 dZ3A (polyvinyl chloride, PVC) 9] €
729 93u]deEA (vinyl chloride monomer,
VCM) & #Edel -13.37¢Cela F74=7t
0.9106%1 71A47IA ol FMoz 254l gL

YL FEQ00 - 500 m/m)l N SED WAE
ATk E daAdE gaes 2 duskass 2
o FE/IAG 2718 WA D 29 47 A
e,

_—

197430 A3shEE dFe 3§ F2A AN 1h
dagFol sk dshde] Aol & &
Az FAsgen O olxake A&sM Ay
AN dahuidel debg of el At A
gelo] gk (Falk &, 1974). Lo et 48 F
AE Boto] PVCE # TEACAN & E
Aol e AHE & # dNen o= PVC
AdedE dder g o] Ay Aol Y

Fate

A vk ek ol 48 Al g Fu o
olFo] @auldel AW B4 /1AE geldm 1
=2EES WG S e e hesnn B

=
U QIZHE iAo R AYATE Alms] sith
olA7tx] Asl)del <A tiAidel s &
A WA AL glon ©x FEAPES B34l
a2 71AE Fske Sl HEY Uk 19761l
Bolt & FE dAoz 3 dPAFE oo
A wkgolA AFslarg-& B3 chlorcethylene
oxide¢}t chloroacetaldehyde® AAsta 124 vt
SdMe W glutathioned & 3he]
thiodiglycolic acid (TAGA) & FAstes Re=2 4
& Wl v gleh

#2& #ol Watanabe 5(1976) & d3lude] &
AU AMHEA S S-carboxy-methyl cysteine o=
FH e AFE Al=g vk glov o] Ex¥o] TdGA
o] Mgt AbHo]l WHAWHA o Fz F=2
TAGAE ©]&% A4t AYP=A=d dAsieida
TAGAS] F#Ae] Fgo] vepd dFe =E9ch
(Dramanski®} Trojanowska, 1981; Chen %,
1983).

2 AFelM = 4841200l A #F ] &AWL AlF
g F 71EY AT FEHEA FE ol&d
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silylation®d] thal Z2x4e] AW BEAo] Hol o
4% 7% 9] diazomethane - methylation®
o2 2y TAGAE B3] QA wi
FYLE Flstn ARMPER w27 3 HluE
Al 7t we WlE B2 JEE AR (A
W Rz 8 A3 AR %) A dshde
LE5F WE TAGA Fxo ¥WzE Bz
5

a3 AR BAATY (National Institute of
Occupatioal Safety and Health; NIOSH) ol A
AT TE G 729 40 me/mr (16 ppm) ©]
e &M 50 mg/me, 150 mg/me, 500 mg/mo.
h:%‘f‘vf‘% Aotal Bl=Erd A wE&Te 200
5 g9} Wister rat 3-& 2zt 10 =2y uii

A} 3918 inhalation chamber® o] £3}<]

2LEHE 10vg e FFHE 4T B
VCM (Flukarb ol Z&2A1ZH T}, Chamber?]
Tolle I7IEHAE Adsded o] Hole
EHPEE o83t 1.5 | /ming] FEHOE 60 &
B2k 90 19 FE ¥ H EEAYEE VOM
TEE eV A w5 ALE Bote] Ad-g &
9] VCM7I2E AUAE olfste] FUAIHT 7}
248 FYFOE I YR wEERE e sl

N oo o

a g4 tulgt VOMZEAE FUAEY, 7kaa
Yol 3719 €82 57 fd fang MAR)sla
7t W E&Tole VOM7E2e 528 A3 sl f4
Al717]1 98 F7IXHBEE ddsle 4% &=
(11 /min) &2 F71& WEANAHT =& & A3 &
ko] Fr1EE A7) sl 150 Hol At F 37
g &z wghs] F9u(Figure 1).
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: b & VCMe 2417 &
L K R = A A P =
i RS dolEr] HE VCM
Z 2A1ZE, 4A1ZE, 16A13E, 24413, 36417,
8AIZE FpA o= Al&eiA 2RE W3

B b2

4, NEXZ H 24

7k <ol mESX| F|
FBEE W& QAX (B0 m)ol] Fole wBFAE
ol 73

Fe 5 JErAAE o gt Wadel ZU71A
& UErd 07 SashiEs Reds A7k
o % WEY] F4E derd A 2REE A%
M FUT FHE VR Mol 2 S

U
B W7 A Shgieh wlElel 2 & et
U oA 248 Jehd i E5SE AL
Ho v} Aeld Fole w4 nlx|ato g v
BEE ol EFART ] FEAIRl gl
A e WA AFART A Yol AzAZ

L}, Diazomethane2| %4

< EF0IM gatuid BB

2Z0| o2 AHW thiodiglycolic acid sx22f H3E}

‘ﬂ] 171“ diazomethane folo] Z=uke. Ax|}r]
2

=]

w‘zﬂig "ﬂEﬂE A&3) daieh SHFEFAIE 65
CZ 7H9E SEY) 9oz Helg o83t 130
m] Je2el 21.4 2(0.1 mole) 9] diazald® %
2 £98 25% Bk A Mgl Hlel o
H YA 20 mie] AEl2E v HHI) Bz FA
SHAE At old A WA vlolAYL F W
A wlo] AN FHFg §AE FFit AMEPT
(Boer$} Becker, 1950).

cf ol Alg
A8 B AFN S gt 2EEGE A
z3te] AuAPE S dAPen 1 FAHAEELS

Table 13 Zth AZTAE Blstr] #ste] vd
27 TdGAE °ol8&3td 10000 we/ml 5= ET
LS e F o8 FME] WhaM I A&
0.1 we/mi) & B3I HEFH & el HED
Aol 448 478 $=(0.1 we/ml, 0.3 wg/mi, 0.5

Diazomethane® Boer$ Backer? 4%  w/m, 0.7 we/m)E A3y ZFEHS AxF
(1950) & o] gatd FAATH 100 mel FHETGA  FH B4 AT 4 AlEe 10 o dle] g
Aol 589 FAFAES F § me FRFE F ©e FA] Eoi WA ceilling filme=E FE
o H nEE SV 42 o vl FE H T Ao Uk
2 Edle] F I 34§ Hlo|Ad AAAT = Zr AEE A B4E do] SAshES 715

indoor
chamber Jan
4+ /
11 +—
outdoor pump Air sampling pack

Fig. 1. Structure of inhalation chamber system

433



H 113 N4z 19994

2 tollA] gk A2=AIZAY, A3 A=z
|ozh Algg O Ao Bl wes 1 wE A7
ml2 diazomethaned 500 ng?] <

158 F<t BN & Jtxzm2utE s HEE
271 (Gas Chromatography - Mass Selective
Detector, GC - MSD) & ¥ gu},

2l 2Ay

AFEPH L ANARY Sdei AlgsE AXeF
% Hewlett PackardAte] HP-1 column& AM-
ol GC - MSDE EAgrt. TAGAY

Table 1, Contents of standard solution

Number  Urine (m!) IN-HCl(ug)  TAGA (ug)
1 1.0 0.2 0
2 1.0 0.2 0.1
3 1.0 0.2 0.3
4 1.0 0.2 0.5
5 1.0 0.2 0.7

m/z(=146) & FH=zsle] 2 W ANEE A &
scan mode& ¥FAE AAden d¥gzne
Table 29} 2t}

nf, EAEY

dahuide] wE4Eed wWE TAdGA W&o W
32 glalr] Q8 Alte] 4 wiA e Akl
AM AZE R AsiH|de] =E4ss P
Kruskal-Wallis 2% 2 4884 42130

Z
1. TdGA Z=

3] AWl TAGAS AHFEA ] (146 m/z)
& dAste EAE #AT 4 a2 (Figure 29
A ofgjell X =H) 7 HEAIZEE < 4,0380]
AT} (Figure 20014 9ol 913 =X),

2. Az A

oAUl AHANN TIGA F59 520 HAS o] &

Table 2, Conditions of gas chromatography for detection of thiodiglycolic acid

Description Conditions

Column 2 0.2 mx1, 50 m, HP-1

Injector split/splitless(initial 0.5 min; splitless, and then; split)
Gas He 0.5 mi/min 25psi(40 C)

Temperature detector : 280 C, injector : 200 C, column : 200 C

Table 3, Concentration of thiodiglycolic acid with vinyl chloride monomer exposure level and sampling

time
Exposure level (mg/m?)
Time (hour)
0 50 150 500
0 0.016+0.005# 0.014-+0. 004 0.016=%0. 005 0.019+0.004
2" 0.022+0. 007 0.186=+0. 045 0.276x0.077 0.524+0.103
4* 0.023%0. 008 0.542+0.148 0.647+0.132 1.220+0. 306
8" 0.020=x0. 009 0.210=x0. 069 0.316=+0.107 0.984+0.424
16 0.021+0.010 0.032%0.023 0.092+0. 056 0.116%0.069
24 0.025+0.011 0.016=x0. 007 0.016=x0. 006 0.015+0.026
36 0.018+0.005 0.014+0. 005 0.017+0.005 0.013%0.005
48 0.014%0. 004 0.014£0. 004 0.014%0.005 0.014+0.004

#: mean+S. D. (n=5)

*

unit : g TAGA/ g Creatinine
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: sampling time that shows statistically significant difference of TdGA with the exposure level
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Fig. 2. Chromatogram of TdGA in rat urine

sted 23 AR v = 1.08656 x 105 x +
0.01787, r2 = 0.99999°]%1c} (Figure 3).

3. VCM e&5FY & & MF Azl e
2HL TdGA 59| wis)

VCM =% T Ao wE Ay
TAGA ¥EE &%l =AY ol (creatinine)
BAE A8 5 VCM =2 2 mE TdGAY]
WHEekdE golBr] 98 AHAPER Kruskal-

=)

A
-

ol

i

£

oM PEiH|Y 224z mE AHY thiodiglycolic acid &%2] #&f

Wallis 4S AA& 23 =& F 2A1, 447
gAIZH Gl BAG AR foldk AelE HIloH
(p<0. 05) (Table 3, Figure 4), F&EA & AAIE
A 4A A 0.8772 7 B8 BAHoR
Fol3 ABAFE B FATHP0.05).
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Fig, 8, Calibration curve of TdGA
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Fig. 4. The variation of thiodiglycolic acid excretion amounts in urine with vinyl chloride

exposure level and samping time

b 24A1%F oo Ao R HEEW Frldos
1.7%7} 24 - 48717t AA WiEH e AoR U
A A} Bolt 5, 1976), AF 7ol Aol
JE VCME| 1/20] 4417F ool thabAe] e
MEE s 2371 9t (Watanabe 5, 1976;
Baselt, 1995).
dapdetgae EE 53
FdEH Ao Eol2 A5y
cytochrome p-450 monooxygenase?l #4-& £
Bho] ArElETh o] EaE VOME FAde] 7a o
Zabolon) gsieg WsAlgled dat
DNA, RNA, w3 53 Aggsta Fxte A
7€t o8] BHET Aste] WolE doxit)
AR Bag upe] elatd olg EHEL

ufs
£ N
fu
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S e 219 glutathioned A3t F53
TAGAS FH2 Az w5 glutathione©]
A7) AlFSEA el WAL FEFE
AHow d4HA vk (Jedrychovski &, 1984).
olgfgt A& olsiela 1 HFANES vhot
glo] felEdole] wEYEE Atsle WHoRE
oo} WS o] 48 AEEH RUER] o] &
g}, sAlgk dale] A, ZERAEe] 27t o
t A%7r g AdFelM =

oA =

< ’\‘*hﬂ Ur]/\}%—rl =9le] A4aA
Z o)) 19784 e g B gle
AE g ABAAIN dE AR B MY
(Muller 5, 1978; Muller &, 1979). 2L & o] &
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dEsiEle SEAH] AN 1981dd =
2529 TAGA WE%ztd o4 AJRaAZ g
A} (Dramanski®t Trojanowska, 1981). o} <

ToAE FES e dap)durae Z2A4]
21 5 Aol TdGAE silylationdte] 213817
Alaaglom 1 T2 o] B A ol
g FEuPHE o83t (Jedrychovsky$t Sokal,
1984).

BlA 9t o] WL methylatione ol
Wiiel Hla]l 1 A=r A3 WolAl=
et Silylationd] 7%, 7=e] &4
WExY AsiddFEAd FRHe FE
AAEste dol| AU methylation™H
Amrt vlnd g2 W] duiEes ZR4E

2 ZEAe] 2WE AAEsE dd F2 ]88
$thH(Chen 5, 1983). & A4 Y5 S840
e &yt ALEr B2 APARE FRr3) 9
diazomethane - methylationWH-& o] 43},

79 TFFS 1] PEE o8] 4 &
o3 F7|e} dshuidrtae] SRS FUAIA
o} 7t Qb FRF Ehe Aol EAVE HA
o, dElgba g ol gsle] F71E AAS Bl %
o} dzlude] 840 B offE dyAAR
o) F&E& felsle ol& AR&dte] eksfrt. ol
Zheddel #dd wxe] s drtAE B3AT
71 g8l 71 F7 Bl 5718 dol 3719
w8 AR AR Y =t fAHAE
A AFHE AT F itk Ho| 29
A gz o] =t

2A1ZY, 4A1ZE ol FAE] aWo] Vg AL -
#sle] 2uielE & FoE Hol g /)9 AWMAH
o) 22 7 UFYAZHE T 4847 ) HA LWL

g}, e AL ulg YEae Hikdie]
X gl o83t e FAo) o7}
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3 oz R FHFTE Fol 43
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F TdGAS} F=WslE Au A 3t9ich

g8 BFE 47HR] £E(0, 50, 150, 500 me/
) &) VCMell 4A17F 59 34120 3 AF A7,
2, 4, 8 16, 24, 36, 48 hours)ol ut& &¥HY
TAGA F=e W3l dE s Bl
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