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1. 94 g4

VCM ® PVC Axed d4 <=4 6295 did e VOM k=i 7keh &M
Aas AFsdgen dzroz VCMA A8 w&5A o 9 AARA 94y
22 308 Ak

RE A A A7 GA AREAE o] 8ete] o], 2RI, A
AN AQEET FE FF

=

Nt
20

A 22 = (Body mass index, BMDE ZA}3sl%

2. 944 ¥4

7h 2W Alg A

VCM =%027459 2% ) TDGA WA 3 Sopuy] 93 39 F2

F 3 A9 A% A(TDGAD, 19 24FR F(TDGAD), 19 29 & thed %
9 W(TDGA3) 2¥& AFAAT £, d% =5 A 29 U TDGA W 44
s Fobus] Ad 49 AHTF F vhAY  AY F& F(TDGA4) F 4319 2
A ave AARAG d2Te 4YFE T &WS A9 (Figure D).



TDGA1 TDGA2 TDGA3

Urine
sampling
off M" duty
3 days 1 Off
| | | 14 hrs 2 3
ist- 2nd- 3rd-  4th- 5th—
VCM WA TWA  TWA  TWA wwj
sampling
VCM1(8h—TWA) TDGA4
Urine
sampling
off N” duty N” duty
1da 4
1 2 3 ]
1st- 2nd- 3rd— 4th—-  5th-
VCM, WA TWA TWA TWA TWA
sampling

%

VCM2(8h-TWA)

TDGA1, 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; TDGA3, concentration of urinary TDGA sampled before start of

the following-day shift after end of one-day shift; TDGA4, concentration of

urinary TDGA sampled after end of last-day shift among continuous four-day
shifts

Figure 1. Scheme of urine sampling and VCM sampling



MM & EH7](Gillian, USA)E o] &sto] #Ad&d T ddase VCM &
=8 34 ddH, A 21 2 242 Vs F949dd 895 4 (National
Institute for Occupational Safety and Health, NIOSH)2] &4 A & Method No.
10070l we} A Al sk

N AHAE 974 6m, WA 4m, Zo°] 70mm, 20/40mesh® 50/100mg activated

coconut shell charcoal(SKC, USA)& o] &3l 3 0.05¢/mino= 13 ¥ 3 A

T 10002 oto] 53] THAT. AR AFH F FA Ly, AFFse] ket
A AAA W Haegloh

AR 42 @AeEde] o, 5 F5 wdete] 44 vialdl @il o] gatea

(carbon disulfate, CS2, Merck, Germany) ImlE Y& 5 wg 2H3 3 &2i

Atk 9Ae 380 AE EEIFY MAR F 30

At
(o]

JWoll 7Fx2a3z2mE e
-52Z2 o]&3 7 %7](Gas chromatography-Flame ionization detector, GC/FID,

GC 6890 Series plus, Hewlett Packard, USA)e] #&# (Ultra-2 -capillary

flo
e

column, Hewlett Packard, USA)S A}§3F4] #4359t (Table 1). T894
A g dutt VCM EF7F2(Vinyl chloride 99.5+%, Aldrich, USA)E w& VCM
ETYAS ojFgsets S0z dA Fr 3 Adte AEEAT. = VCMS
gesty] A 7t ARvEOYREZ-AFEAHE7](Gas chromatography/mass

selective detector, GC/MSD, GC 5972 Series, Hewlett Packard, USA)S A}-& 3}



9 tH(Table 2).

Table 1. Gas chromatography/flame ionization detector operating conditions

for vinyl chloride monomer

Descriptions Conditions
Instrument HP 6890 series plus
Detector Flame ionization detector
Column Ultra-2 capillary column(25mx0.2mm*0.33xm)
Temperature Injection port: 200 C
Detector 1220 C

Column oven : 40 C

Carrier gas H2 : 1.1 ml/min
Make-up gas flow 25 m¢/min
Injection volume 2wl

Split ratio 10 1

Table 2. Gas chromatography/mass selective detector operating conditions

for vinyl chloride monomer

Descriptions Conditions
Instrument HP 5890 series II
Detector HP 5972 mass selective detector
Column Ultra-2 capillary column(25mx=0.2mm*0.33/m)
Temperature Injection port: 220 C
Detector 1300 C

Column oven : 60 C

Carrier gas He : 1.1 m¢{/min
Tonization Electron impact ionization
Injection volume 2wl

Split ratio 10 © 1




. 8% TDGA ¥4
1) 284 =

HeEs X4 AL Trimethylsilyldiazomethane(2.0M in diethyl ether,
TMD, Aldrich, USA)& A839 1, 55289 TDGA(Sigma, USA)9} WHEF
EAZ  o]43% S-benzyl-N-acetyl-l-cysteine (S-benzyl-mercapturic acid,

BEMA, Acros, USA) & 4% 53522 A&3%0

Holzu e ol § Wdgstel AAss /129 AFE(EFFA 5, 1999 3
4 $ %, 2000; Wormhoudt %5, 1997)8] W& WHstel AA S FAsAch A
Ael gwe v 2

AWAE 3ue] A AFERAE A7) A6 A B

42 395M9 BEMA 30uE #H7betdch +&
(NapSO4) 1.5g% H7bgh & odolA gl E 3m=E 3
ofAlH o] Eo] FZ¥ TDGA Al5E $Hs AxAZ F wae 300us 7 7hst
Atk 10 = TMD 300utE 7Fste] widst Azl § d3s] dxAAT dxA2
ZHoy Eo o€

A% 7](Gas chromatography/pulsed flame photometric detector, GC/PFPD,

b E 500 = A =9l F hiARVE 1eu /A AR ERE

CP-3800, VarianAl, USA)Z 2] & 9 o} (Figure 2).



Urine 3ml
H,SO, 20ul
S—-benzyl-mercapturic acid 3.95M 20ul
Na,SO, 1.5
% Extract 3 times with ethyl acetate — Dry

Dissolve in 300ul MeOH
— methylation with 300ul (Trimethylsilyl)diazomethane
- dry

@ Dissolve in 500ul ethyl acetate

Figure 2. Overview of urinary TDGA measurement

3) #43

M

AE+ GC/PFPDE #A3st9 o XA S+ 05ue/ml, 1pg/ml, 3ug/ml, Sug/ml,

10pg/mt =2 2ol zAsto] AFGstlth(Table 3). &4 d3= AdcotEds

=1 .

=2 HAEAY. wWEsl® TDGAA Z+ GC/MSD=E wWeEs ¥8-8 2els gt
(Table 4).



Table 3. Gas chromatography/pulsed 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 CPSil5CB column(25m>0.25mm x0.2/m)
Temperature Injection port: 250 C
Detector : 200 C

Column oven : 50 C for 1min
30 C — 288 T for bmin

Carrier gas Airl : 17.0 m¢/min, Air2 : 10.0 m¢/min
H: : 14.0 m¢/min

Injection volume 1wl

Split ratio 10 1

Table 4. Gas chromatography/mass selective detector operating conditions

for derived thiodiglycolic acid

Descriptions Conditions
Instrument HP 5890
Detector HP 5972 mass selective detector
Column HP-1 capillary column(50mx=0.2mmx0.33xm)
Temperature Injection port: 250 C
Detector 1280 C

Column oven : 120 C for 10min
10 C — 200 C for lmin
40 C — 288 T for bmin

Carrier gas He : 1.0 m{/min
Mass range 50 m/z - 200 m/z
Injection volume 2

Split ratio 10 1




A% 34 (limit of detection, LOD)= NIOSH (1995)ol Al A Al g whol] u}
+o

2 g 71 gk(y)3 EF 2 A (standard error of regression, sy)E F3}o]

E

L

=

ofr

At Aewd g WAt AR (Y=mX ¢ b)& A
of

w}
ofef o 22 Aow HEIAE T, 2).

DE AZENE 5A 2ZEg o] SAS v801E o] &3t w4 ALY HET
I =EF7 8F TDGA F% Aols Q57 9a] t-testE HAstR oY ==
At ARAE A b2 2F TDGA ¥% AAolE HAF7 94
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7}. VCM 9 GC/FID #4

NIOSH A A @l wa} F7] & VCMS GC/FIDE EAs 9o X431

HIEE A 7FS 1.850% o] A tH(Figure 3). &2 255ug/mlol A 255.6ug/ml =
ARSI TF AFHAL F39tHFigure 4). VCMY A& AE 718 42 A=
9o ¥l 255ug/mlo] Tt

Y. GC/MSDE o] &3 VCM &2l

VCMS  #ed7] Y&l A82 GC/MSDE  EA3dte]  TIC(total ion
chromatogram) “goll A #F& A+ 1564% ] Ao (Figure 5).
el EAS FA5A

Mass spectrall Al = molecular ion(M' ") 628 A=

(Figure 6).



FIL A, (050915-1800480401.0)
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Figure 3. Chromatogram of vinyl chloride monomer by gas

chromatography/flame ionization detector

J00 |

y = 2.7979x + 5.9075
R? = 0.9999

AREA

o 50 100 150 200 250 300
concentration{ug/ml)

Figure 4. Calibration curve of vinyl chloride monomer

by gas chromatography/flame ionization detector
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2. 8% TDGA & A
7}. 8% TDGA® GC/PFPD ¥4

8% TDGAE oHolAHER FZ3 T TMDE #FEA3AA GC/PFPD
EAe A3 vEdstd TDGAS w5 Ak (retention time) 5.889 ] &
g3l®l BEMAY HWFE AIZFL 9.500% o] 9l vk (Figure 7). 3
HHE ATEEE aWoR 3459 02ue/moll A 10pe/mt 2 A4 TDGA}
WHEEE 42 AHE T BEMASHY] da Wbz F I& A=FAHE e
(Figure 8)
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Figure 7. Chromatogram of methylated thiodiglycolic acid by GC/PFPD
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Figure 8. Calibration curve of methylated thiodiglycolic acid



o

=
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g7l Hstel fFEAS] WIARES
GC/MSD& 243} %t}

We 3 E TDGAY TIC(total ion chromatogram) Aol A ®HIEE Al 7+S 1564
ol ¢ th(Figure 9). Mass spectracl A &= w|© 3% TDGA®] base peak 146(M
-HOCH3)¥} molecular ion(M' ") 178& #HZE3ste] w23 w3S& s
(Figure 10).
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VCM :=Ea & 62% T dubAQl w57k obd 3192 A elA Al9fstal

9

B BXE 404 o]Ao] 179 (56.7%), 404 mwko] 13W(43.3%)01 ) o =E i
o 40A) ©]do] 157 (48.4%), 4041 kel 167 (51.6)0] A t}.

SH7IE dEzTY Hi ZH7IZkel 107077501l =&t
1357573 0.2 % aFzke] SRV Aol (T (p=0.107). HETe] 7
71k BEE 15 o]do] TH(6.7%), 158 wRro] 23M(76.7%)0] Y oH =&
154 o]7Fe] 169 (51.6%), 151 wwko] 157 (48.4%)0] %1 tH(Table 5).

FAA AL dEiel 4% (13.3%), =Ewo] 108(323%) 02 F 1EI}
A F2o ZFol7b AN (p=0.015), SFAe] A$olE o]l 279 (90.0%)
Z 0] 280(90.3)22 2ol 7k 812 tH(p=1.000).

ook

s



Table 5. General characteristics of study subjects

control VCM exposure

Characteristics (n=30) (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%)
Alcohol
yves 27(90.0%) 28(90.3%) 1.000
no 3(10.0%) 3(9.7%)

unit, number(%)

4. VCM =% 22X 59 awd 54

VCM =% <225 VCM ¥ PVC Alx34 342549} 2AHY 2542
Ippmeo]’¢ 5ppmolste] FXol w=EFEH = L2A7F ofH R FoA 157 (48.4%),
R F A 197 (61.29%) 02 7 Wokom IppmmulRhe] ofF i Fe A 10
H(32.3%), W IFFA 119 (35.48%), bSppmeolsdo]l o} LR Fo|A 16T
(19.4%), B F oA 19 (3.23%)°] A T}

AFod =2 31% BT AYA wEnaas Aeete SEAE e
BMIZ}F 250]74F0] 157 (48.4%), 251 %ko] 16 (51.6%)°] A th. HAA AME vA &=
TL2AE 23%(74.2%), 5AE vlAl = S22 109 (32.3) 0] Yl tH(Table 6).



Table 6. Basic characteristics of the vinyl chloride monomer exposure subjects.

Total(n=31)

Variables

n %

Age(years)

>40 15 48.4

<40 16 51.6
VCM exposure

High (>5ppm) 6/1" 19.4/3.23

Moderate (1ppm<, Sppm=>) 15/19 48.4/61.29

Low (<lppm) 10/11 32.3/35.48
Duration of Employment(years)

>15 16 51.6

<15 15 48.4
Smoking

Yes 10 32.3

No 21 67.7
Alcohol drinking

Yes 28 90.3

No 3 9.7
Protective equipments

Yes 0 0

No 31 100
BMI

>25 15 48.4

<25 16 51.6
Tea drinking

Yes 10 32.3

No 21 67.6
Coffee drinking

Yes 23 74.2

No 8 25.8

* “Morning” duty/”"Night duty



Tk

. 2% FHd & VCM =&
<% e wE VCM F=%& obx H X7l 257+275ppm, W THFZ7)
1.21+1.84ppmo & o} TH 27} =%t (p=0.025).
ol TR ZFoME E F A MA A87F 359£622ppm o2 7HF E ko
W 2R F A= oAl HA A 57} 1.59+4.85ppm S 2 71 =kt (Table 7)
Table 7. VCM concentration by duty.
TWA (ppm)
Duty n
1st 2nd 3rd 4th 5th 8h-TWA
3594662 1.84+2.26 2.15+2.47 252454 2214641 257+275
001~729 (0.01~746) (0.01~3244) (0.01~3546) (0.01~9.63)
121+1.84

1214140 1.44+314 0.96+1.57 0.50+0.65 1.59+4.85
001~1626) (001~677)  (0.01~2.22) (0.01~2564) (0.01~9.15)

001~672)
% "Morning"duty; "Night"duty; **, mean®SD(min~max)

M 31
(0.01~29.27)




4. 85 TDGA &%

7. 273 VCM =& 2239 A5 AAdFHA 7] & 8 F
TDGA s %

=
b
e
1>

VC TRAE9 34

=
N
M
o,
B
hind
o\
ki
>
ko
off O{N
;%
)
D
>
off
kl
S
oF

Ly
a

=(TDGAD), 194 A4 F8 F 2% TDGA
(TDGA2). 194 # & tsd #Add &F TDGA FX=(TDGA3) % 49 <

4
ru

T F vpAvd 49 Fa

o

-

8% TDGA ¥ %(TDGA4) z} Zto| s 9 x
o] & H| w3}t

Wz VM =& 22259 34 §4 §F 44 A8 4 25 TDGA =

(TDGAD)= Z+ 7} 0.179+0.271mg/g creatinine, 0.218+0.443mg/g creatinine® X} 9]

7 9oy (p=0.7035), 19 &Y F& FT 9% TDGA FTE(TDGA2)E
0.434+0.623mg/g creatinine. 1¥¢ 2 3 o =AW 2F TDGA F=

(TDGA3)E 0.767+1.056mg/g creatinine 131, 44 A& F mpxugd =29

8 ¥ 9% TDGA ¥ % (TDGA4)E 0916+1.074mg/g creatinine & & o] % 9]
2% TDGA H=9 zol7t dReoew 49 AR F oixu & 9 8 F
8% TDGA ¥ % (TDGA4)7} 7}4 =9ktt.

zt 7+ AF A7) wE 2% TDGA Fx29 AolS AAT7] Y8 repeated
measure ANOVAE AAg A3 39 F24 & g9 A2 A 8F TDGA +%
(TDGAD), 1¥ & 8 F 2% TDGA s =(TDGA2), 19 z¢ 3 o3¢ =

9 A 2% TDGA HE(TDGA3) ¥ 49 d%o% 5 npAvd 49 28 A &

=

% TDGA

off

= (TDGA4)¢te] H3te] AFo] LA TH(p=0.024, Table 8).



Table 8 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 exposurel)

TDGA1 31 0.218+0.443 0.005 ~ 2.822 0.7035

TDGA2 31 0.434£0.623 0.030 ~ 2.588 0.0430

0.024

TDGA3 31  0.767+£1.056 0.021 ~ 3.697 0.0051

TDGA4 31 0916+1.074 0.104 ~ 3.905 0.0008

unit, mg/g creatinine; l)TDGAI, 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; TDGAA4,

concentration of wurinary TDGA sampled after end of last-day shift among

continuous four-day shifts; DT test; 3)repeated measure ANOVA
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Y. VCM =& & &

g

oy
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M

il
A

o3}
VCM =% 4% High (>5ppm), Moderate(1ppm<,<5ppm), Low(<lppm)=

RTAG

TDGA s%& H

p
R

7ol

TDGA ¥ %(TDGA1)<9]

aF

NH A

ol
B
—_
o

i

10

2L A TH(p=0.8345).

=
TE

e A

w} A

8% TDGA F=(TDGA3)

Gl

2}

=3
=

A

VCM =

p
R

2% TDGA #X=(TDGA4)

e
T

vk t}h(Table 9).



Table 9. 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 ~ 2588 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
TDGA4
High 1 2.610 2.610 0.0118
Moderate 11 1.468+1.419 0.157 ~ 3.905
Low 19 0.507+0.530 0.104 ~ 1.994

unit, mg/g creatinine; 1)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; TDGA3, concentration of urinary TDGA sampled
before start of the following-day shift after end of one-day shift; TDGAA4,
concentration of urinary TDGA sampled after end of last-day shift among
continuous four-day shifts; “High: VCM>5ppm, Moderate: 1ppm<VCM <5ppm,
Low: VCM<lppm)



5. 8% TDGA %% ¥F7] T VCM sx99 #A

7t A2 AFAA 71 8F TDGA EX¢% VCM FAA 7] 99

}1%1\

19 74 £8 F 2% TDGA ¥ X(TDGA2), 19 #d3 e 2 A 2
% TDGA % =(TDGA3) ¥ 4% dA&£ZHF T wAw @ A F85 F 8%
TDGA &%= (TDGA4)%t VCM ZA 17199 FaAAAE &4 it VCM =4
A71E st 2Fske ¢ F 53 AT VCM A7ts s R S, 3 fA AL
7t E = (1st-TWA), F WA A7tF s E@2nd-TWA), Al ¥A A7tFss
Brd-TWA), dl WA AT EE@Ath-TWA), oA WHA AT ss
(5th-TWA)SF F ZAATESY A7t =@h-TWA)R T3 85

TDGA Fx99 H#AAAS 4353t (Table 10).
19 &4 28 ¥ 95 TDGA HEZ(TDGA2)Y 7% 5th-TWASL a4 o]

N
N
o
o

£ 9k 01 (r=0.629), 8h-TWASFe] a4 o] thd o] Athr=0.584).
19 2% oY 2 A 2% TDGA FX(TDGA3)S 7% 8h-TWASH 4
HA ol 7 FX oM (r=0.649), 1st-TWASte] A o] thg o] Ak (r=0.575).
49 A&ETE F oA 3 2B F3 5T 2% TDGA FE(TDGA4)Y 7%
8h-TWAS} ool 7} %o (r=0.628), 5th-TWA92] Aol the 0]
91t (r=0.545).

<

I 9 VCM FA4A7Id & 7] 5 VCM F%¢ 8% TDGA FTE9% A
1'}6] 0] MM‘:}(Table 11)

i



Table 10. Pearson correlation of TDGA2, TDGA3 with VCM concentration

lst-  2nd-  3rd-  4th-  5th-  8h-
TDGAZ TDGA3 1 ywa  TwA TWA TWA TWA TWA
TDGA2  1.000
TDGA3 0154  1.000
ISt 0133 0575 1.000
TWA : '
2nd-
wa 0060 04317 0415 1000
3rd” 0080 0.429° 0316 0.608°  1.000
WA . . . . .
Ath= g sor 0450° 0157 0.383° 0165  1.000
wa O . . . . .
Oth™ 629" 0084 0012 -0.028 -0054 0041  1.000
wa O . . . . . .
Bh™ ssaT 06497 0673 0631 0473 0.624°  0462°  1.000
wa O . . . . . . .

* p-value<0.05; *xp-value<0.01, TDGAZ, concentration of urinary TDGA sampled

after end of one-day shift; TDGA3, concentration of urinary TDGA sampled before

start of the following-day shift after end of one-day shift



Table 11. Pearson correlation of TDGA4 with VCM concentration

Ist- 2nd- 3rd- 4th- 5th- 8h-
ThGA4 TWA TWA TWA TWA TWA TWA
TDGA4  1.000
1St_ *
TWA 0.445 1.000
21’1d— #ok *
TWA 0.494 0.366 1.000
Srd_ #ok ok
TWA 0.339 0.463 0.213 1.000
4th- 04577 06057  0.6897  0.615" 1.000
oth- 0.545™ 0.264 0.315 0.456" 0.435 1.000
8h- 0.628" 05927  0.6737 06407 07777  0.847" 1.000

* p-value<0.05;

after end of last-day shift among continuous four-day shifts

#x p-value<(0.01, TDGA4, concentration of urinary TDGA sampled
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30007 TDGA = 0.1324VCM + 0.0938
R2 = 0.3405
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Figure 11. VCM in air concentration of urinary TDGA sampled after end of
one-day shift



Urinary TDGA (mg/g creatinine)

4,000 TDGA = 0.2496VCM + 0.1242

R2 = 0.4%15

n =31
3000

95% Cl
2000
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0.000-
10.00

VCM in air (ppm)

Figure 12. VCM in air versus concentration of urinary TDGA sampled

before start of the following-day shift after end of one-day shift



4.000 o TDGA = 0.3669VCM + 0.4739
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Figure 13. VCM in air versus concentration of urinary TDGA sampled after

end of last-day shift among continuous four—day shifts.



S99 W7t S oo dAAY AAAAFAHE AL AT H A A
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B7ret7] Wl &g e

8% TDGA E4 A &% TDGAE AH EAds A2 Az dAA- Y
Aol FA7E LA mEtA  TDGAE #Ab#Fe] Zx 3ol s EA=
F=A3 AA GC/FID, GC/FPD Ei& GC/MSDZ ®4&lojof o).
Dlaskova %(2003)¢] A& d4AFEA 7] (Voltammetry)Z X3t Wy A4
B

7150 EE¥E TDGAS fri=Ast Wile dolxwes o83 wWds wkg

17

(Brakenhoff &, 1993; Chen %, 1983; Hofmann %, 1991; Kedderis %, 1993; Lingg
T, 1979; Muller &, 1978, 1979a, 1979b; Payan %, 1993; Pettit &, 1986;
Tarkowski %, 1980; Wormhoudt %, 1997a, 1997b)¥} N-trimethylsilyldiethylamine
(TMSDEA)S o] &3 Atd@ 3t w+¢ (Draminski® Trojanowska, 1981; Pettit %,

1984; Tarkowski %, 1980)c] th ¥ &S A3} 9t}

2 AFgoE EF4A 5(1999) ¥ Wormhoudt %(1997)0] o] &3+ mel3 wk&
S AFEst T a2y, WEste AFSsle tolzu e FAste Aldlor s



9ol o ACGIH(2005) o A= At AN Ed7t54d E4(A2)2 TFAS
=
=

32,

AFeAE HEAe] A vEgst wgol Agete A AldEHIL e
(Trimethylsilyl)diazomethane(2.0M in diethyl ether)& A}l&3dt o  F = 3}
WS geldtrl fsl GC/MSDE gdlg Ay wWgstd TDGAC 4% mass
spetra®l A1 M" 1783 base peak 146°] YEIY 71& AT A (ZFA 5, 1999;
Muller %, 1979b; Wormhoudt 5, 1997)¢} % A& A velwtt}.

2% TDGAC Wd #AZE3A (imit of detection)™ =3 A4 Ho| upe}
theFstA A A sk WEs w39 AF¢ GC/FPD AW R A= 05ug/ml
(Chen %, 1983), 5ug/ml(Wormhoudt &, 1997a) 23] 31 10ug/ml(Brakenhoff 5,
1993)% o™ FF9A 5(1999)2 GC/FID A WH o= Sug/ml¥th AL s whg
] A% GC/MSD #ATWMo= 10ug/ml(Draminski®t Trojanowska, 1981)3}
2ug/ml(Chem %, 2001)4

AT es WMEgst wgorw FEAS A2 F GC/PFPDE #4865 o
2% TDGAY AZFAE 0lug/mlZ 7|E AFERT Yo ST 1x G0 7}
T oatgom ® o AFAE RE AR TDGAZF #EH I Dlaskova 5
(2003)0]  AFHAYAFEA 7] (Voltammetry) =AW HoIA AAg HETA
0.161ug/mle} H] $=35} A o).

2% TDGAE VCM k=% 9ol & Ard Aol A AL&3stE 7]El shstE Aol of

e,

T dAEAdZE gdE At TDGAE 1,1,.2-trichloroethane® A% o2 w
¥ dAEZA Yol FAFAa (Norpoth 5, 1998), o]9je oladzyEeEd
(Fennell 5, 1991), 12-tJ & & 2o & (Payan %, 1993; Reichert 5, 1979)%5 2] WA}
EAE TEAYAA FAHAT. B AR FAE gfFom g Ao F
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2001; Marthaler %, 1991; Visarius %, 1998). o] ®]ol %= ethylene oxide(Scheick
5, 1997), vinylidene chloride(McKenna ‘%, 1978), chloroalkyl ethers(Lingg -,
1972; Gwinner %, 1983; Norpoth %, 1986)¢] A& d 2 F9l3} 9},

8% TDGA vl AAAJAAME = 5 =t 7102 ofz vreAA &%
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ABSTRACT

Urinary excretion of thiodiglycolic by the sampling time

in workers exposed to vinyl chloride monomer

Kim, Hyun Soo

Department of Public Health
Graduate School
Yonser University

( Directed by Professor Jaehoon Roh, M.D., Ph.D. )

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

Assessment of personal exposure to airborne VCM and sampling of urinary
TDGA were done in subjects of 31 workers employed in VCM and polyvinyl
chloride(PVC) manufacture factory.

Urinary TDGA was sampled four times totally: before start of shift after 3
days off (TDGA1), after end of one-day shift (TDGA2), before start of the
following-day shift after end of one-day shift (TDGA3), and after end of
last-day shift among continuous four—day shifts (TDGA4). Urinary TDGA in
30 workers who are not exposed to airborne VCM was sampled after end of
shift. gas chromatography/pulsed flame photometric detector(GC/PFPD) was
utilized to analyze TDGA concentration in urine after urine was methylated

with trimethylsilyldiazomethane(2.0M in diethyl ether).



To investigate decreasing time of urinary TDGA by excretion after
exposure to airborne VCM, urinary TDGA concentrations were measured. As a
result, there were 0.179£0.271 mg/g creatinine in control workers and
0.218+0.443mg/g creatinine in workers before start of shift after 3 days
off(TDGA1), respectively, showing no significant difference (p=0.7035).

Urine samples were compared according to sampling time in order to
investigate a change of urinary TDGA concentration in case of continuous
exposure to airborne VCM. In workers exposed to VCM, urinary concentrations
were 0.43410.623mg/g creatinine in TDGA2, 0.767t1.056mg/g creatinine in
TDGA3 and 0.916+£1.074mg/g creatinine in TDGA4, respectively, which
indicated significantly gradual increase (p=0.024). In terms of statistical analysis
for correlation relationship between airborne VCM and urinary TDGA to
evaluate exposure dose per day, TDGA3 of the urinary TDGA concentrations
showed the highest degree of correlation(r=0.649) and regression(R2=0.4215)
with 8h-TWA airborne VCM concentration.

Based on this result, the excretion half-life of urinary TDGA would be
assumed within 3 days, because concentration of urinary TDGA on 3 days
after exposure to airborne VCM was decreased to the level of urinary TDGA
concentration in control workers. Concentration of urinary TDGA increased in
case of continuous shift, which caused to accumulate residual metabolites of
TDGA. It was considered that TDGA3 would be applied as a useful biological
index to evaluate exposure dose of airborne VCM during one day based on the
result that TDGA3 had the highest correlation degree with exposure dose of

airborne VCM in previous shift day.

Key words : Vinyl chloride monomer(VCM), Thiodiglycolic acid(TDGA),

Sampling time, Biomarker
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