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— Abstract —

Urinary Excretion of Thiodiglycolic Acid According to Sampling Time
in Workers Exposed to Vinyl Chloride M onomer

Hyun Soo Kim, Chi-Nyon Kim, Jong Uk Won, Bong Suk Cha?, Kyung Jong Lee?, Jachoon Roh

Institute for Occupational Health, College of Medicine, Yonsei University
Department of Preventive Medicine and Institute of Occupational Medicine, Wonju College of Medicine, Yonsei University?
Department of Preventive Medicine & Public Health, School of medicine, Ajou University?

Objectives: The study was performed to investigate the changes of urinary thiodiglycolic acid (TDGA)
concentration in workers exposed to vinyl chloride monomer (VCM) according to the time of sampling
urine.

Methods: The personal exposure to airborne VCM was assessed and urinary TDGA concentration was
sampled in 31 workers employed in a VCM and polyvinyl chloride (PVC) manufacturing factory.
Urinary TDGA was sampled three times: before the start of the shift after 3 days off (TDGAL), after the
end of the first-day shift (TDGA2) and before starting the following day shift after completing the one-
day shift (TDGA3). Urinary TDGA in 30 workers who had not been exposed to airborne VCM was sam-
pled after the end of the shift. A gas chromatography/pulsed flame photometric detector (GC/PFPD) was
utilized to analyze TDGA concentration in urine after the urine was methylated with trimethylsilyldia-
zomethane (2.0M in diethyl ether).

Results: The creatinine level was 0.179+0.271 mg/g in the control workers and 0.218+0.443 mg/g in
the workers before the start of the shift after 3 days off (TDGA1), showing no significant difference
(p=0.7035).

Urine samples were compared according to sampling time in order to investigate the change of urinary
TDGA concentration in the case of continuous exposure to airborne VCM. In VCM-exposed workers,
urinary creatinine concentration was 0.434+0.623 mg/g in TDGA2 and 0.767+1.056 mg/g in TDGA3,
which indicated a gradual but significant increase (p=0.024). In terms of the statistical correlation
between airborne VCM and urinary TDGA to evaluate exposure dose per day, of the three urinary TDGA
concentrations, TDGA3 showed the highest degree of regression (R*=0.4215) with 8h-TWA airborne
VCM concentration.

Conclusion: Based on this result, the excretion half-life of urinary TDGA was assumed to be less than
3 days, because the concentration of urinary TDGA at 3 days after exposure to airborne VCM was
decreased to the level of urinary TDGA concentration in the control workers. The concentration of uri-

(H==: 20063 63 1Y M= 20064 6F 20Y)
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nary TDGA increased in the case of continuous shift, due to the accumulation of residual metabolites of
TDGA. It was considered that TDGA3 can be applied as a useful biological index to evaluate the expo-
sure dose of airborne VCM during one day because TDGA3 showed the highest correlation with the
exposure dose of airborne VCM in the previous shift day.

Key Words: Vinyl chloride monomer (VCM), Thiodiglycolic acid (TDGA), Sampling time, Biomarker
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HAdE @389 (vinyl chloride monomer,
VCM)9] 4540 W¥7] wio] faiide] gle 2=

FoF9 o (Bolt, 2005). 19743 AAF iy A4
(Maltoni 5, 1974)9] g At =& 222159
D #EFo] RuEuA (Block, 1974: Creechs}
Johnson, 1974; Lee®} Harry, 1974) VCM<e] &
o] & #AE =AUt

= A ¢+ A El (International Agency for
Research on Cancer, IARC)?IME VOM<E M4
EAZ st e, m=o AGAYHEIIE 93
(American Conference of Governmental
Indurstrial Hygienist, ACGIH)9} 4tdetd®m A%
(Occupational Safety and Health Administration,
OSHA)M %= VCM& ‘?—-I‘]’:‘/‘J%Q(ADE T 3
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1 ppmoz At T3k A9dle] Ag IRgs
7V B4R st v
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HiEA] QB muUE el AA7F Fesith(Park &
1998).

VCMe F8 tAEdE 83
acid(TDGA)Z VCMe A &FHE
719181 VCM#} 8% TDGA®R] 7%

A=l sty Ao &FE IAETYE 8F
TDGA HZd gt dF7F F= o] Fo] zon
(Lauwerys®} Hoet, 1993:; Muller 5 1976, 1979:
Samcova %, 1999), VCM =3 2% TDGAS®H]
FHAgd dgd A3 dF o] Fo] 2 (Chen T,
1983; Draminski®} Trojanowska, 1981) g7 AA el
gk FEIF FES3T

Heger 5(1982)2% #243tH| 4] (poly vinyl
chloride, PVC) A<= 150 ez 1243
ok 243 7] 5 VOM ARSI Ay $85 &
2% TDGA s=9e] Zde] Atk B s on
| Chen 5(2001)°] A3 ZHolx= 5 ppmeld
o] EroA =EHE Z2EXEY 23 TDCGA &7}
A9 F Ho o 2 A9 do] %o 7] F VCM
o] #EE vt AT FUdlA Chang &
(2000)2 29 ¥8 & 85 TDGA 5=9 &F vpA|=
IAIZE Bete] VOCM Azt 7Fs] s2e el 71
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FHO 28 FFA 25 TDGAS] #AAS

5}71‘% ANEF7E AAY B4F He AE7F B3
1:‘r. gk 2 AlRANFH AZI7F ATteit 24 A Alst
3 Tk wEbA, 83 VCM =&371s Hslirie Al
FAF 710 wel 2% TDGA =9 Wals ZAlsid
VCM«] e H]'oﬂ%} T Ae AESH TUHY AR
2A 8% TDGAS &&3l7] S & AFHA7] 2%
o thgk A7t desit.
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TEAES gYeR AWAIE AFH7IA WE 8
TDGA &% ¥38tE dolHuz} 35t

-

i.: HHN'

o]

chat 2!

1. o7 oie
VCM % PVC Alze%d 34 224 314< dde
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A A A (body mass index, BMD S ZA}st4ith.

1) 2 AR R

VOM =22 2445e) 2 U] TDGA W4 23S
ohas] 98l 30 F4 ¥ 3 A4 A& H(TDGAL),
9 AQFR F(IDGA2), 19 A% & Theg 49
(TDGA3) &¥e AAsdon vare 49%s
ae AR

dob 22— nl

2) 37| & VCMe| &5 I S

THAAAIH B DA A
(National Institute for Occupational Safety and
Health, NIOSH)®| 3&A1@H Method No. 1007l
et s T WHer AAslt AlE AHe
9174 6 mm, WA 4 mm, Z°] 70 mm, 20/40 mesh
9] 50/100 mg activated coconut shell charcoal
(SKC, USA)< o] &ste] % 0.051 /mine.& 13] =
A NS 100802 ste] 53] IR Al A3
F 24 0R, Al $Wsa B4 A UE BB
stk AE BAE haazrkEad I8 ol edt
%7](gas chromatography-flame ionization detec-
tor, GC/FID, GC 6890 Series plus, Hewlett
Packard, USA)d #2]# (Ultra-2 capillary col-
umn, Hewlett Packard, USA)S& AM&-3to] A6

hy A 1=} [e)
NE £H W #He )

o BEgde ¥4 9dnitt VOM E£7H(Vinyl
chloride 99.5+%, Aldrich, USA)Z Y& VCMET
A9lS o|gsieta oo AF = HMsk] ALgd

AWAIE 3 mld A 7HRslE A7)V
2F 20 ME 713 T YREEFEARE 3.95M9] s-benzyl-

A& FHIEF (Na2S04) 1.5 g= H7kst & odolA|
HolE 3 mlZ 33] vhEsie] FEsiqith. o2 opAlE o]
Ed &% TDGA Al8E ¢4ds] AxAI F HeEs
300 ME #H7letdth. 102 % trimethylsilyl dia-
zomethane(2.0 M in diethyl ether) 300 42 7}3}]
st A7l & &Hs] ARA AT ARAIR T Eo
oA B0l E 500 ME THA] &Q1 & sfxa =2 nlE T8
/B2 EEF=AE7] (gas chromatography/pulsed
flame photometric detector, GC/PFPD, CP-3800,
VarianAt, USA)Z A tH(Table 1). AZE3HA
(limit of detection, LOD)= NIOSH (1995)¢l4 A
Algk Wl et AYs]AA e EFoAE ALk A
0.2 pg/ml °IAth. 7} Alg 8N ZA3= FeolEldsEz
wAsh vigsl® TDGAAEE GC/MSDE vidst

o 3 =]
We Belsg

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

Descriptions Conditions
Instrument Varian CP-3800
Detector Pulsed flame photometric detector

Photomultiplier voltage: 550 V

Gate delay : 6.0 msec

Gate width : 20.0 msec

Trigger level : 200 mV
Column CPSII5CB column (25 mx 0.25 mm x 0.2 #m)
Temperature Injection port: 250 C

Detector : 200 C

Column oven : 50 ¢ for Imin

30 ¢ — 288 ¢ for 5min

Carrier gas Airl: 17.0 ml/min, Air2 : 10.0 ml/min

Injection volume
Split ratio

H, : 14.0 ml/min
1
10:1
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BE A5EHL BA AZEH S SAS v8.01E O]*‘l

stel BAsklth. tlE} wEwe 2% TDGA &
Aol & BN ttestE AAlBIGl o =2 th}
we] Aol

o] AWAE AHA7 WE 8F TDGA =

st Y8l repeated measure ANOVAE 44|
stk 371 5 VCM & % TDGA Fx9] ##
9E LISl DEATLAE ANAR,

Qon iz Fad
E 1Ale1R o wZite 37.81+6.354 2
T gt A®e] Aol AATHp=0.047). <]
A BIE 40A] ool 17TH(56.7%). 404 ulgto]
139 (43.3%) 010 om w=Z7S 404 ool 157
(48.4%), 40Aw]¥re] 167 (51.6)°] AT}, %Wb rﬂ
Zte] it 25713l 10.70+7 75L4°l°i£>_Uﬂ

< 13.57£5.73de82  F aEzte] 25F7)1te] Polh
$ATHP=0.107). Ewe] 771 Bxe 159 o3
o] 78(6.7%), 15'd mIvto] 239 (76.7%)°1R oM ==

T2 154 o]}\Po] 169 (51.6%), 159 w|qto] 159
(48 4%)°19th. FAAe] 75 dixte] 4% (13.3%),
Zo| 10”4(32 3/)°i T I3t TR ] Apol
7} uRnem, SFAe Afole txato] 27%(90.0%)
EZTo] 287 (90 3o Aol7t AT (Table 2).
VCM =& 42452 VCM % PVC Azx3% a4
izket 2 2R AU 224 31% BF &

Table 2. General characteristics of study subjects

T B35}

235 thiodiglycolic acide| =

& 22AEe 38 F4

(TDGA2) 2 1¥ X—}Od 3l
FE=(TDGA3) 7z} Ztef

gxz77 VCM =&
2+ A 2% TDGA ¥=(TDGAD+= 7zt Z+ 0.179+
0.271 mg/g creatmme, 0.218+0.443 mg/g creati-
nineZ zel7F 912 (p=0.7035), 14 2 5 %
2% TDGA s=(TDGA2)E 0.434+0.623 mg/g
creatinine. 19 ¢ g th5d A9 2% TDGA &
Z(TDGA3)+= 0.767+1.056 mg/g creatinine>z ti
Z79 8% TDGA % zol7h e 19 &4
gt ggd A9A 8% TDGA F=(TDGA3)7F 7
=Skt

zbzte] QA7 mE 85 TDGA =9 zol&
AH 7198 repeated measure ANOVAS A A3
A3 95 TDCGAFTEZF W AFHA 70 we}t g8 =
Ao 2 Yetutth(Table 3).

3. VCM & +&o| mE 2F TDGA s&

VCM =% <2489 37 $ VCM HT T&&
2.57+2.75 ppmelen, VCM =% F+< High
(Obppm), Moderate(l ppm<, <5 ppm), Low(1
ppm)E & SIS A 39 74 F A AR A 8

% TDGA #%=(TDGADS ztel+ 1AvH(p=0.8345).

Characteristics control (n=30) VCM exposure (n=31) p value
Age(years)
>40 17 (56.7%) 15 (48.4%) 0.047
<40 13 (43.3%) 16 (51.6%)
Duration of Employment
>15 7 (6.7%) 16 (51.6%) 0.107
<15 23 (76.7%) 15 (48.4%)
Smoking
yes 4 (13.3%) 10 (32.3%) 0.015
no 26 (86.7%) 21 (67.7%)
Alcohal
yes 27 (90.0%) 28 (90.3%) 1.000
no 3(10.0%) 3(9.7%)

unit, number (%)

141



cietatdelstalXl M 18 H M 2 = 2006EH

19 &9 8 ¥ 95 TDCGA ¥=(TDGA2)$ 19 %
43 e Y A 2% TDGA ¥=(TDGA3)E
VCM =% F3o wet I7kske Fdez veyd
(Table 4).

4. A2 MFAZ|H 2F TDGA sE=°f 371 &

VCM sE9| thes|HEN

19 A9 £8 § 2% TDGA #=(TDGA2)¢ 1¢
A4 dad A9 A 8F TDGA F=(TDGA3)<

o] R=0.4215% Jelstth(Fig. 1).

VCM

3l Ak obA B AR of A

=% A% 2EAEY AU
S ML x_wzl

e Fgeka dek, 2 418

A=z J;‘7}~ AVER 2ol D}Eﬂ =

A= AA

g o =

o wkedalx] et Eﬂ%o], VCM

2}
27] Z VOM =Eoko] thes] 784S A A3ttt el wet =Eee] Wt BE & 3;\3“1 Aol =
19 29 8 ¥ 9% TDGA $%=(TDGA2)9 371 AAZAHL A7 AZIEHFNE F8l] ) Eol
T VCM&sZe] R2=0.3405, 1¢€ &< g thsd A4 T Fgd Aol A BAFH 59 nEEo =&Y
A 83 TDGA $%(TDGA3)9 ¥7] ¥ VCM 5% L Ao tieix s Hrlslr| 7t o)),
Table 3. The concentrations of urinary TDGA by subject group
Groups n Mean+SD Range p value' p value!
Control 30 0.179+0.271 0.024~1.491
VCM exposure*
TDGA1 31 0.218+0.443 0.005~2.822 0.7035 0.024
TDGA2 31 0.434+0.623 0.030~2.588 0.0430
TDGA3 31 0.767+1.056 0.021~3.697 0.0051
unit, mg/g creatinine
* TDGAL, concentration of urinary TDGA sampled before start of shift after 3 days off
TDGA2, concentration of urinary TDGA sampled after end of one-day shift
TDGAS3, concentration of urinary TDGA sampled before start of the following-day shift after end of one-day shift
' T-test, control vs VCM exposure
' repeated measure ANOVA
Table 4. The concentrations of urinary TDGA by airborne VCM concentrations
No. of samples Mean+ SD Range p value
TDGA1*
High ¥ 1 0.080 0.080 0.8345
Moderate 11 0.157+0.126 0.018~0.428
Low 19 0.261+0.626 0.005~2.822
TDGA2
High 6 1.062+1.028 0.186~2.588 0.0148
Moderate 15 0.334+0.374 0.030~1.403
Low 10 0.208+0.393 0.030~1.309
TDGA3
High 6 2.094+1.379 0.243~3.697 0.0005
Moderate 15 0.597+0.819 0.021~3.261
Low 10 0.225+0.267 0.302~0.914

unit, mg/g creatinine

* TDGAL, cocnetration of urinary TDGA sampled before start of shift after 3 days off;

TDGAZ2, concentration of urinary TDGA sampled after end of one-day shift
TDGAS, concentration of urinary TDGA sampled before start of the following-day shift after end of one-day shift
' High: VCM>5 ppm, Moderate: 1 ppm<VCM <5 ppm, Low: VCM<1 ppm)
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AF}E AASHA =
VCM =& W 25%9% of3l
3 Ay 2RZRE 1.21+1.8 &
2.57+2.75 ppmOE ¥ 2Rz ol 2Rzl
Fiol A1zt 91em (p=0.025) & <
Hol7h & AL gRlstsitt. ek B gd VCME
T Hrketr] YsiM e AEE RUHA S 53t
7} %ﬁé}‘:‘r

% TDGA 44 &

A AlESl g golut FEe
TDGAE &4l 23 o] Sle B4R
A1#A GC/FID, GC/FPD £+ GC/MSDZ
gt} H o= Dlaskova 5(2003)°] A%
7](Voltammetry) 2 #A43H= WY A|AISHATH
AFe 9% TDGA A& Hong 5(1999)3
Wormhoudt 5(1997)¢] ©]&3t wEs} w5 ALEs
Ak 22y, wEste] ARSshe tlopxmee 34t
AbgEfof st ©dol o ACGIH(2005)94= AMs
ANAAN Ld7beAd BH(A2)Z FAstn doh. B AT
A el fla WEs) w3l AMg-ete AAl Al
=l trimethylsilyl diazomethane(2.0M in
diethyl ether)& AHgstdlon fF=AS WH-g= &<l
s7] fl&l GC/MSDZ <13t Ax wesle TDGAS]
7%~ mass spetradlll M+ 1783} base peak 146°¢] 1t
et 71 d39] A3 (Hong 5. 1999: Muller %.
1979: Wormhoudt 5. 1997)¢} EL3sA Yebgtt. &

% TDGA® A& A EFEZAS AHoR thEo] A7
of 22 o7 HAgste] ATt

o e e frooab ofy

B BN e

o
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AT

==09

FE&2 AA

3.000 TDGA = 0.1324VCM+0.0938
R? = 0.3405
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Fig. 1.
end of one-day shift.

95% CI

2R A ZAFAIZ|0] wE

Urinary TDGA (mg/g creatinine)

I

25 thiodiglycolic acide| s& #3

p=h

3} 2 AFdA G 9 A E
(Na2S04) 7} & ool EHo|ER FE31% S ul %
T FE&°] 62.9+4.6%(4 ug/ml, n=5) °|%Uc}.
8% TDGA wWiAd-E HAAdAAE & F si=dl 7]
Q& obF geA|A] ekskrt. Bl 2% TDGA &

£ 0.8£0.2 ug/ml(Hofmann 5. 1991), 0.83+0.56
ug/ml(Chen %, 1983) 28]z 0.5~0.7ug/ml
(Muller 5. 1978) M. B AFoME dxTe

% TDGA® =+ 0.4+0.5ug/mlsie™ VCM =

= 2EAEY 39 F24 F A9 AR A 2F TDGAY
FE(TDGADE 0.4+0.6ug/mlZ 23} xpo]7} ¢l
Rom Muller 5(1978)9] iz} AR o]
g Azt VOMel =29 3Y Folle AolA Ay
o] 93 aMoz AR T Ada 2= o)

VCMe F8 tixEZQ 25 TDGAZ VCMe] 24|
He =2 S Hrisy] 98 VCM#F 85 TDGA
13“3 o B3 A7t HPEjo] gt HAdE &
Hoie= 8% TDGA #HZd tg a7 F=
_U% (Lauwerys®t Hoet, 1993: Muller %,
1976, 1979: Samcova &, 1999), VCM =3 8%
TDGA<®FS] #AAo gt A+ dHF o] Fo] oy
(Chen %, 1983: Draminski®} Trojanowska, 1981)
AT AAle tiek A EIF T35S

Heger 5(1982)5< PVC AME2AE 1595t
o7 12A7ERt S B T VOM A7 9k &
4 TE $ 8% TDGA sxte] Aol vt B
&t en 2T Chen 5(2001)0] AFe AxdHe=
Sppmel’de FxdM =EHe ZE2AEY 8F

2 skon

o

a5

TDGA = 0.2496VCM+0.1242

R2 =0.4215
n=31"°

4.000-

w
o
S
S
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1.000-

0.000-

400 600 800 10.00

VCM in air (ppm)
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VCM in air concentration of urinary TDGA sampled (A) end of one-day shift (B) before start of the following-day shift after
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TDGA =7} 24 FET thd 2 &y o] &3tom
37 & VCM#Y #EAE =va(R=0.65) AAEHS
T} aelu o] dFdAE 2% TDGAS AZEo| Yol
(1678 = 77} LODel3}l) Sppmelste] o =24 &
TEAEY 8% TDCGA Fie A2t 9ojxta st
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TE HgE Yol Ay 3d F2 ¥ FY AR A 8
TDGA F=(TDGAD), 14 A T8 T 25 TDGA
TZ(TDGA2) 2 1¢ Y 3 v
TDGA F=(TDGA3)7} x4 o=
HAHp=0.024).

TEAEAA VCME AT e 357 =& Al &5
TDGA®] #| 1% (initial phase) 4 w712 <F 54
Zb olgka AAISt 9oy Al 27 (secondary phase)
A w7 Welrt AX AFEs] odHua skt
(Watanabe 5. 1976a, 1976b, 1978). wtd 2%
TDGAS] i w2715 #1278 wjAdAIZHE 12ishd 54
b oldog AEd 4 gom B AF Ao 1Y #
4 TR FEO 19 A9 ¢ s A9 H 8F
TDGATE7F 713 AdE vehd Aoz Alzdt)

27l & VCM F&=9 83 TDGASIe T3 AEN
dAE 14 Y £5F 25 TDGA v=52t} 19 2
gt o5d A A 2% TDGA F=(TDGA3)<e] #
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A Artoltt, mEbA A 2 1Y FYGe g &
d A 2% TDGA F=(TDGA3)+ A &F3l= &
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2 AT 2% TDGAFESY 9%, =59 2 A
AFA 59 #FHAAHL 999, Draminski®t
Trojanowska(1981)¢] AFollx= SFo] 71l
et 2% TDGA %7t S7kivta Basigiovt &
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2HE AFAT. 37 T VOMe 4 2 24
NIOSH &3 A18H No. 1007 we}t AAsth £
TDGA BAL 98kl 2HS trimethylsilyldia-
zomethane(2.0 M in diethyl ether) 2.2 w€&3s} W33}
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da: VCM == T 93 TDGAZ} wjAdso] 7+438f
e A7E 2AP8E g2y VOM =% 224
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creatinine, 0.218+0.443 mg/g creatinine & %7
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o =EdS Wrkel] flal 371 & VCM = &
% TDGAS] @3l 23 19 A3 v %
Y H 9% TDGA s=(TDGA3)S 371 & VCM &
Toto] #HEAAL R=0.42152 194 #HAFEE T 2
TDGA =(TDGA2) Rt} =94t}

4B VOCM =% % 3%do| Astd dxae] &
TDGA T& o2 Hadte] 23 TDGAS sjAd
27178 34 oluiQl Aoz HekEth T I 2

PR )
e ox
=

il

N

—
e

oh o o
o

ofy

1 Ob T ofy

American Conference of Governmental Industrial
Hygienists(ACGIH). Threshold limit values and biological
exposure indices. ACGIH, Cincinnati, Ohio, 2005

Block JB. Angiosarcoma of the liver following vinyl chloride
exposure. JAm Med Assoc 1974;229:53-4

Bolt HM. Vinyl chloride-A classical industrial toxicant of new
interest. Crit Rev Toxicol 2005;35:307-23

Chen 2Y, Gu XR, Cui MZ, Zhu XX. Sensitive flame-photo-
metric-detector analysis of thiodiglycolic acid in urine as a
biological monitor of vinyl chloride. Int Arch Occup Environ
Health 1983;52(3):281-84

Cheng TJ, Huang YF, Ma Y C. Urinary thiodiglycolic acid lev-



Z1
=

o

els for vinyl chloride monomer-exposed polyvinyl chloride
workers. J Occup Environ Med 2001;43(11):934-8

Creech JS, Johnson MN. Angiosarcoma of liver in the manu-
facture of polyvinyl chloride. J Occup Med 1974;16:150-1

Dlaskova Z, Navratil T, Heyrovsky M, Pelclova D, Novotny L.
Voltammetric determination of thiodiglycolic acid in urine.
Anal Bioanal Chem 2003;375(1):164-8

Draminski W, Trojanowska B. Chromatographic determination
of thiodiglycolic acid - a metabolite of vinyl chloride. Arch
Toxicol 1981; 48(4) : 289-92

Heger M, Muller G, Norpoth K. Investigations on the correla
tion between vinyl chloride (VCM)-uptake and excretion of
its metabolites by 15 VCM-exposed workers. I1.
Measurements of the urinary excretion of the vem-metabolite
thiodiglycolic acid. Int Arch Occup Environ Health
1982;50(2):187-96

Hofmann U, Eichelbaum M, Seefried S, Meese CO.
Identification of thiodiglycolic acid, thiodiglycolic acid sul-
foxide, and (3-carboxymethylthio)lactic acid as major human
biotransformation products of S-carboxymethyl-L-cysteine.
Drug Metab Dispos 1991;19(1):222-6

Hong JY, Kim CN, Jung JH, Chang JH, Roh J. Pretrement
method of urinary thiodiglycolic acid as metabolite of vinyl
chloride. Korean Ind Hyg Assoc J 1999;9(1):23-40(K orean)

International Agency for Research on Cancer. Overall evalua-
tions of carcinogenicity: an updating of IARC monographs.
IARC Monogr Eval Carcinog Risk Hum 1987;7:373-376

Lauwerys RR, Hoet P. Industrial Chemical Exposure:
Guidelines for Biological Monitoring. 2nd ed. Boca Raton,
Lewis Publishers, 1993

Lee FJ, Harry DS. Angiosarcoma of vinyl chloride in a vinyl
chloride worker. Lancet 1974;1:1316-18

Lingg RD, Kaylor WH, Pyle SM, Tardiff RG. Thiodiglycolic
acid: a major metabolite of bis(2-chloroethyl)ether. Toxicol
Appl Pharmacol 1979;47(1):23-34

Maltoni C, Lefemine C, Chieco P, Carretti D. Vinyl chloride
carcinogenesis. Curent results and perspectives. Med Lav
1974,65(11-12):421-44.

= - g3Hld =& 22X AlZMF[AZ[0f T2 2F thiodiglycolic acide| =& #3t

Muller G, Norpoth K, Eckard R. Identification of two urine
metabolites of vinyl chloride by GC-MS-investigations. Int
Arch Occup Environ Health 1976;38:69-75

Muller G, Norpoth K, Kusters E. Determination of thiodigly-
colic acid in urine specimens of vinyl chloride exposed
workers. Int Arch Occup Environ Health 1978;41:199-205.

Muller G, Norpoth K, Wickramasinghe RH. An analytical
method using GC-MS for the quantitative determination of
urinary thiodiglycolic acid. Int Arch Occup Environ Health
1979;44:185-191.

NIOSH. NIOSH manual of analytical method 3rd ed. Method
No. 1007. Cincinnati, OH, DHHS(NIOSH), 1994

NIOSH. A NIOSH Technical Repost: Guidelines for air sam-
pling and analytical method development and evaluation.
Cincinnati, OH, DHHS(NIOSH), 1995

Occupational safety and Health Administration(OSHA). Code
of federal regulations. part 1910, 1017, 1990

Park YJ, Lee SH, Kim CN, Won JU, Roh J. The effect of tem-
perature on the breakthrough of charcoal tube during vinyl
chloride monomer sampling. Korean Ind Hyg Assoc J
1998;8(1):115-123(K orean)

Samcova E, Kvasnicova V, Urban J, Jelinek |, Coufal P.
Determination of thiodiglycolic acid in urine by capillary
electrophoresis. J Chromatogr A 1999;847:135-9

Watanabe PG, Gehring PJ. Dose-dependent fate of vinyl chlo-
ride and its possible relationship to oncogenicity in rats.
Environ Health Perspect 1976a;17:145-52

Watanabe PG, McGowan GR, Madrid EO. Fate of [14C] vinyl
chloride following inhalation exposure in rats. Toxicol Appl
Pharmacol 1976b;37:49-59

Watanabe PG, Zempel JA, Gehring PJ. Comparison of the fate
of vinyl chloride following single and repeated exposure in
rats. Toxicol Appl Pharmacol 1978;44:391-9

Wormhoudt LW, Commandeur JN, Ploemen JH, Abdoelgafoer
RS, Makansi A, Van Bladeren PJ, Vermeulen NP. Urinary
thiodiacetic acid. A selective biomarker for the cytochrome
P450-catalyzed oxidation of 1,2-dibromoethane in the rat.
Drug Metab Dispos 1997;25(4):508-15.

145



