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$ Wolel FEo =EE S due APom TEHE dshudel o
7l % e M dudos wAEE Anc wed APEn (=
ANE =, 1997).

2 vl 39, wERANA dgtudel U AWERT HeFE

2 1ppme® FAST glen (=F¥, 1991) "Fe] A, A4

_°.£

3] (American Conference of Governmental Indurstrial Hygienist, ACGIH)
oA Sppme g, AFAHHABAA  (Occupational Safety and Health
Administration, OSHA)ol A 1ppmo. & Adtx da, F=e 2S¢, A4
EZAYAYE  (Control of Substances Hazardous to Health
Regulation, COSHH)o| A4 7ppme. 2 st Atk (ACGIH, 1996; OSHA,
1990).

3l Al i FastH, FA
g #E, 38 #EH, S5cv o4 EXe] o & 3 55 A5
(Danziger, 1960). 242 @At do] =&HH 7o @553 I W

o] opAdFeke] Mol =1 ATEFAFF (acroosteolysis), Blo|=E4] F

oM

yoze @7%, 794, A

—
=

1, B3F (scleroderma), 4 HAaF, 3 2 U5 &
Aol BolAn AFEdAAs 57 AT B AAGA A5S dod F
t} (Doll, 1988)

197430 dzhHldS o
Fsluide] wekgdol & EA
o ZggAA dgude LEAd AR #I AFE Jda| vk

ol

(Falk 5, 1974). 2k}
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d3ivld 29 - 235ppme] AHFZol 6 AZF =&FH™ 0.21 - 1.11ppmo|
37|12 WEEHT o] ¥ F FYTF 3.60 - 473% =2 ¢
(Krajewski 5, 1980). Watanabe % (1976)¢] FEAHE Ao w=w 10
ppmO 2 6 A|ZF FQF Fo] HH V|2 wjEFEE 4ol 2% olstoln F
2 awWoa 70% olite] wjAd"ET v 1,000ppmel] =ZF™ At
Z3Ho] T2 123 % olAlo] H|ZHT AWMog 56.3% o5yt WA=
o} =3 5000ppme] TEER =EFHH 7|2 50% olie] wlEEHI &
Mo g 27% ada I 57159 COXIA aFFo] wAFJTh o3t
olfFf2 Z7|E o83 AETH EUEHZYE A (Baretta F, 1969;
Conkle 5, 1975) iEES ZZoATt AL&o] 7l5ste] & HEE AT
A Zh ZEASC] A3t =&He TR/ 3FH HAE 19799

JFHEHE £¥L o]§F ABIRY RUHZH BL BUL /KA =9

dsldlde] 8%  tAMEZAZ N-acetyl-S-(2-hydroxyethyl)cysteine,
Thiodiglycolic acid(¢]3} TdGA) 28]z F21F A ¢ EAg A5
(Watanabe 5, 1976). Z7]dle  Hslujde 85 HAEZES
S-carboxy-methyl cysteine® 2 FA3l AEFH ZUHH S AZFHS
1 o] =Zo] TdGAY AFAg= Abdo] FAEHEA I o|FE= QF

TdGAS HAEZFS 7HAL HFHLE A5 HA8 4+ (Dramanskiot



o] FEAY L S0mg/m' ©]Fe] AEE FA3HE =Fl i T of

ot Muller 5, 1978). Ax I Ae F A E AZFF T2AEY] =
EFTEH 8F TdGAY ZHAdE vud A7k oln 1978EREH HAH
Rem, 2 A o= AHEE FFH L4BIAATE ds ez gein
(Muller 5, 1978; 1979a, 1979b). 1 % |2 YZFstels FEAH] A%
Hueow 1981 do= ke dHld =E2FEst 8% TdGA HjAd=
ol oFd AEAATE AL #FAEHT (Draminski®} Trojanowska,
1981).
vt g8 vEke] A AlAIAHQ PVC Aak=vtdd e B

Aot A7HA] AAAFAE AR AP ESHUYES SH AYFeRE A



w3 71EY] dATske gy f=d vl dgT|Ee] diHer W
ABAe Lt ATk d3pld =Eo wE AESH 2ZUHAE A
F9] FEHetel W3t A7 FFHolnk

detudel g A BF 8 AR THH LA B3I Pyde

i
(o3

o3

Autzxo 7w FAPLGAR AATY (National Institute for Occupational
Safety and Health, NIOSH)¢] FHA|@WH ‘Method No 1007 (NIOSH,
1994y 3 wmlZAEFetA R A% (Occupational — Safety  and  Health
Administration, OSHA) “Method No 75 (OSHA, 1984y 2 A}&3t3 9t}
Azt o] thak A|EFZH (sorbent sample tube)e & NIOSH 1007

£ coconut shell charcoal tube® OSHA 75 W& carbon molecular

sieve®Z AN LA FHIE AESIEE Hasta Ut
AMg o]8F AEINA EUHILS dsiude aF tiAEZEQ
TdGAE E43ly H7IE st &% TdGAE A3 E4sle AL A&

o] kAot Hxel EAZE RS thFE-Eo] TAGAE F=A 35t
GC/FIDV} GC/MSD= B A&t 7|2 4Ed 29 TdGA #%
A= volzme (diazomethane)g ©]&3te] H €3}l (methylation)d}=
W (Brakenhoff &, 1993; Chen &, 1983; Lingg 5, 1979; Muller 5,
1978, 1979a, 1979b; Wormhoudt -5, 1997a, 1997b)¥} N-trimethylsilyl
diethylamine (TMSDEA)-& ©|-&3le] TdGAE Al g (silylation)dl= W
HolAth (Draminski®} Trojanowska, 1981; Payan &, 1993; Pettit 5,
1984; Tarkowski &, 1980). TAGA EA& MaAFo) A $33+ F7]-8n)
FE419 Bag Hh AR HAd T BEAY AdAdR AR A
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1L a9+ W%
AT e HHAHE gl Qe FFuld A 33 Az 34 2

AA A8 ZR7NE &3t AY 874 T 2R d3Hd =& F
=2 =gadth As 2z ¥ EHL 6T FYAIIURAATLE
(National Institute for Occupational Safety and Health, NIOSH)<]

Method No.10077} AFAtHd R 7% (Occupational Safety and Health

£

Administration, OSHA)o| A4 FH 3= FH AP Method No.75¢] +3}
A A 5T (NIOSH, 1994).

2}

NIOSH 1007 el Zd87 = dsivld A8 AAE A=

]Iloll
r ]

(sorbent sample tube)e. 2 |7 6mn, W7 4mm, Z°]70 mm, 20/40mesh<]

50/100mg activated coconut shell charcoal2 ©]-&3}e] /% 0.05 ¢ /mins.



Asr S £A43517] ke 7k AZvtE ] (gas
chromatography, GC)& o]-&3s}x ®#2]#-2 ultra-2 capillary columng ©]
L399 Y. AE7= EZE o233 HZE7] (flame ionization detector, FID)E

ol-g-5ted E4515Th (Table 1).

7 HSEe NIOSHoIA A% GHgwE A3t S88 F 2
qsgrh. 9IS BHsy) Aste BATEe A3 HFL 2 0l F
g8el 247 gI olgstwa g A/l AedA 08 AT 5

(2556, 5112, 25.56, 51.12, 255.6pg/ml) 2 B At H4 Fdrnig Ax &
AREStTh Ed HEE dgiHdS EQstr] flste] GC, AR AT
(mass selective detector, MSD)Z ©]-&3}a] £ 35}5 tHTable 2).

OSHA 75 e 97 6mn, W7 4mm, Zo] 70mm, 60/80mesh<]

65/130mg Carbosieve S-TM (carbon molecular sieve)Z A7 452

e
N,
£

S o4t §% 005 lpme g 305 TFHIT HAF Az T
2y Zet2E 2 AR5 43 HE Feth
Carbon molecular sieved] <&, H=L EElsted Zzt ¥l viald] &

al
anhydrous magnesium sulfate (MgSOs) 150 mgg H7}ste] olsbsbebi o}
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Table 1. GC-FID conditions for vinyl chloride determination

Descriptions Conditions
Instrument HP 5890 series I
Detector Flame ionization dector
Ultra-2 capillary column (25 mXx0.2 mnx0.33
Column
1)
Temperature Injection port 220 T
Detector 200 C
Column oven 60 T
Carrier gas N2 , 1.1 mf/min
Make-up gsa flow rate 25 mé/min
Injection volume 2 ul
Split ratio 11.54:1




Table 2. GC-MSD conditions for vinyl chloride determination

Descriptions Conditions
Instrument HP 5890 series [I-HP 5972
Detector HP 5972 mass selective detector
Column Ultra-2 capillary column (25 mXx02 mmx0.33
1)
Temperature Injection port 200 T
Detector 300 C
Column oven 40 T
Carrier gas He , 1.1 m¢/min
Ionization Electron impact ionization
Injection volume 2 ul
Split ratio 8.911

3. 8% TdGA #4

222 8= ZAY AF ZAY FF A 500m¢ SToldE "ol AF
st We AHE &6kt & 24 A7A] WEAA Bt
8 AE BAE 9% dAE P AFHT & AR 5 neell g A

5%, 93lEEF 15g 100mg/l =9 =4t 258 713

l-n'] —lol'
L
3
©

=2,
A
.
flle
—
=
il
i)
N
ol
s
T
G
B
—
=
o
Au)
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3} th.(Table 34)

TdGA¢ =&l (Junsei, Japan) 3= EFo| 7te] H|E WX EF ZHT4
< Tl F=E ALY Y (Draminski®} Trojanowska, 1981). £& &
Ao TdGA EF E4E (99% SIGMA, USA) 0.01g2 4 100 miell 5 5
A7
Tt 3 T EASET BE & AlEE FdotHd BAHE AASA

o

7R FE (2, 4, 8, 12, 24, 48ug/ml)E F Ao AR HAAHTY

Table 3. GC-FID conditions for methylated thiodiglycolic acid

determination
Descriptions Conditions
Instrument HP 6890 setries plus
Detector Flame ionization dector
Column HP-1 capillary column (50 mXx0.2 mm X 0.33 m)
Temperature Injection port 250 T
Detector 280 C

Column oven 120 T for 10 min
10 CT/min — 200 T for 1 min
40 T/min — 280 T for 5 min

Carrier gas N2 , 1.0 ml/min
Make-up gsa flow rate 45 m¢/min
Injection volume 1 ul

Split ratio 5:1

_11_



Table 4. GC-MSD conditions for methylated thiodiglycolic acid

determination
Descriptions Conditions
Instrument HP 5890 series [[-HP 5972
Detector HP 5972 mass selective detector
Column HP-1 capillary column (50 mXx0.2 mm X0.33 m)
Temperature Injection port 250 T
Detector 280 C
Column oven 120 C for 10 min

10 CT/min — 200 T for 1 min

40 T/min — 280 T for 5 min
Carrier gas He , 1.0 m¢/min
Ionization Electron impact ionization
Mass range 50 m/z - 200 m/z
Injection volume 2 ul
Split ratio 6.9:1
4. A A4

AT datvld 2ol AR’ F 7FA] NIOSH W3 OSHA w#izt

o EAEES] Aol FHAAs7] s trestE WAL, 22 dshEd
A =E BEs 8F TdGA #jd o] 44 e 98t a2
< AR, AdAT FE A AFHAT 2F TIGA w2 9] Rol&

FA3l7] 3 ttestE: AAISHATH

_12_



L. A+ A3}
1. 37 & g9sinid 24

7 FAANA 119 e Z2AE tidez 1073 63]o] 2 NIOSH<}
OSHA A AAg ez FAld 2973 F7A8s R GC/FID
2 BEAsta.

Table 18] o2 |Iv|dS F4% 23 HEF Al (retention time)
€ 1233 Eol(Figure 4), THA 719 EFAE (255ue/ml, 5.112ue/
A5t 2F HFAS T4

Ch(Figure 1). =3l AT FAIEE GC-MSD2 4351 total ion

mi, 25.56pg/ml, 51.12ug/ml, 255.648/ml)

i
ML
J

chromatograpgy (TIC) “dollA HEE A2 128222 GC/FIDSY ©F
£ A7F (1.233 B)7} |5 (Figure 2), mass spectradl &= M~ 622

o] B2L& #9059t (Table2) (Figure 3). GC/FIDE o] 431992
1]

it
i
oy
o
=

limit of detection, LOD)E NIOSH(1995)9ll A4} #| A] gk

WHoR A& 27 7 ¥ ZFEAEY FE 255u/ml AT

_13_
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Figure 1. Calibration
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Figure 2. Total ion chromatogram of vinyl chloride
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Figure 4. Chromatogram of vinyl chloride by gas chromatography-

frame ionization detector
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7}. GC/FIDE |43 TAGAE 4]

ol

Azlnde] 83 hAFEE QO TAGAE o HolAH|o]|EE 0|83y =
3k 3o tolzHErS o]&3sly fFEAgsl GC/FIDE EA4S st
EAo HAYALE Folr] st Wi EF

At} (Table 3)(Figure 6).

e

EZ 2 o-phthalic acidE A3}

8% TdGAE GC/FID2 243 Z7 dvdstsd TdGAS MEFEE A3t
(retention time)& 12486Folglem Wi FEEZAQ wdsld xehiho
HEE A7HS 16.8128 0]t} (Figure 6). TAGA EFEZ2E 2ug/ml, 4 ug
/mb, 8ug/ml, 12pg/ml, 24pug/ml, 48ug/ml 2 ARt Al59} 7o wiyoa
Aol H | ER &3 & TdGASH WF BEFEHZ AMESE =gt 71
o ¥z WA v i TFZAHFA L T3 th(Figure 5).

tolzuehe o] 83 HYs
A &% 5.00pg/ml o] AT

Lot
r]I
oo
o
k)
e
r U
Rl
fr
N
o3t
v
flo
b
N
ofo
£
o
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50 1 Y = 247.9534X - 0.02504

Concentration(ug/ml)
w
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0 . . . . . . . . . )
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Area ratio

Figure 5. Calibration curve of methylated thiodiglycolic acid
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Figure 6. Chromatogram of methylated thiodiglycolic acid by gas

chromatography-flame ionization detector
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1}. GC-MSDE ©]&-3 TdGA®A

otz &g o] &3 Y3} whg2 Flsty] flste] f=Aste] whE
AEE GC/MSDE EAstgtt (Table 4). GC/MSDel £7 =z=AL
GC/FID &£4¢] A 2=9 sdatA ddstd GC/FID £49 #FE A
73 GC/MSD EAe] MRS A7HE vlw Hrhstslth Wl gstE TdGA9
total ion chromatogram (TIC) oA WHEE AL 1210 2o=2
GC/FID2] HEE A|7F (12498 H)3I} w5319 (Figure 3) mass spectra
NA % wedste TAGAS] base peak 1467 M’ 178L ZHZsle] wds) wh

22 AU (Figure 7,8).

_18_
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3. NIOSH ¢} OSHAHH S o] 83 37 5 dshdse

NIOSH®} OSHAO A @Aists AEFHTAE 2R 357 499
22 QA FAlA FRAF)A, £ 00509 fFez s A Fkeint F 3
LA g AN & F 630l A TV F FEE FASAEL, W 8 w
A Al owlth §FE RS, 8AF AITEE T FE( time weighted
average, ©|&} 8h-TWA )& A 4tslth.

NIOSH #Hez AdfFdS 5435 21 dstuld 8AIF 237t
75 E(8h-TWA)7} 0.113 - 8.661ppme] HAHIL, FFS 3562 + 2.898
ppme] At
OSHA#H ©] 7% 8h-TWAE 0.092 - 10904ppme] WGz, HFL
4.051 + 3.700ppme] $th(Table 5).

A B @siEld Hae] FE= NIOSHH RO A 42.596ppm,
OSHAHM ol 4] 49.380ppmo] $1th

T Ut BATHoz f{od ol §llth(p=0.116).

_20_



Table 5. VCM concentrations by NIOSH method and OSHA method.

Sample | 1 thod TWA 8h-TWA Mean +SD
€hod th  2nd  3rd  4th  5th 6th o ean =

NIOSH 6408 1.625 13528 1245 17.749 5759  8.036  7.731+6.615

A OSHA 11.149 1418 18.043 0.182 26,527 5914 10904 10.539+10.239
B NIOSH 3.892 0101 0.062 1404 10.887 1.616 3321 2.994+4111
OSHA 3349 1985 0602 1778 9.066 0.090 3.008  2.812£3.269
c NIOSH 4.163 4.082 0946 2091 1994 4697 2963  2.995+1.514
OSHA 4470 4721 2727 2142 1452 4.766 3.346  3.380E£1.455
D NIOSH 5.709 3.288 3.212 2659 1967 4914 3.607  3.625£1.412
OSHA 5883 2565 3472 2455 2367 5162 3.643  3.6561+1.520
E NIOSH 1.39% 0716 0.611 0145 1592 2433 1.067  1.149+0.823
OSHA 2322 1.021 0399 0045 1036 1487 0980  1.052+0.805
F NIOSH 2462 2226 0.089 0612 2286 42596 8.661 8.378+16.792
OSHA 0.188 2363 0.050 0.682 4306 49380 9.824 9.495+19.607
C NIOSH 0.155 0.048 0170 0.053 0132 0122 0113  0.113+0.052
OSHA 0139 0121 0.09 002 0074 0107 0.092  0.094+0.040
o NIOSH 0.212 0.000 0229 0463 3.680 19887 4.077 4.079+7.868
OSHA 239 0156 0190 0529 5125 21.299 4950  4.949+8.234
I NIOSH 0.343 0100 0150 0503 0.681 0435 0373  0.369+0.219
OSHA 0374 0131 0173 1269 0115 0.080 0.348  0.357+0.459
] NIOSH 2957 1.241 0200 0523 0348 299 1.362  1.372£1.282
OSHA 2364 1545 0491 0311 0256 1.104 0997  1.012+0.831
K NIOSH 0.652 1574 2469 10.500 13.104 5.241 5604  5.590+5.117

OSHA 0374 1236 3.686 11.230 15.795 6.357 6474  6.446+6.032

A - K, Sample ID; TWA, Time weighted average;
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4. 71 T duldsrd & 8F TAGAWAHF
2 AWML wHeA 22 EoloE FYAE g I A
A3 2 FE Aol 500n¢ Flel P Hol AAste] YE A= et

ZgolEde] B BRAe AZer] S8 ZaolEde Bgss] 4
7 F2 o] TAGAS) S A4z, Fstuldsie) Anuds 24
st

Qspuldol =27 A A do] A ol TdGAS]

TE 0527+0.828mg/g creatinine o], ZHIE|UL BASA &gt

il

< A9oE 0.583+0.802mg/1 gTh.

A FE F AAT AWM TdGAY FZE 4190+17.665mg/g
creatinineo] A, F#olElDE HAHSA kS Aol 4.015+9.072
mg/1 At}

E A AR 3 82 F AAT 2¥dAM9 TdGAS Tx Fole

3.662+7.865mg/g creatinine ©]¢x, Z#otElIS HAEA QUL A¢

o = 3.432+9.231mg/1 T}
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Table 6. Urinary concentration of thiodiglycolic acid according to VCM

concentration
TdGA TdGA
VCM Concentration (ppm) Concentration Concentration
ID (ug/g creatinine) (mg/1)
NIOSH NIOSH OSHA OSHA
6th- 8hr- 6th- 8hr- Es Es-Bs Es Es-Bs

TWA TWA TWA TWA

5.759 8.036 5914 10904  3.655 2.202 3.088 1.526
1.616 3.321 0.090 3.008 1.524 1.524 0.611 0.611
4.697 2.963 4.766 3.346 1.147 0.525 2.224 0.510
4914 3.607 5.162 3.634 2.006 -0.635 2.443 0.349
2.433 1.067 1.487 0.980 0 0 0 0
42596  8.661 49380 9.824 26566 26566  31.215 31.215
0.122 0.113 0.107 0.092 0.633 0.243 0.305 0.061
19.887  4.077 21.299  4.950 6.978 6.978 0.970 0.970
0.435 0.373 0.080 0.348 1.617 1.617 1.599 1.599
2.226 1.362 1.104 0.997 0.719 0.212 0.570 0.064

5.241 5.604 6.357 6.474 1.240 1.054 1.137 0.848

Mean 3.490 3.980 3.562 4.051 4190 3.662 4.015 3.432
SD 6.393 7.664 2.898 3.700 7.665 7.865 9.072 9.231

VCM, Vinyl chloride monomer; TdGA, Thiodiglycolic acid; TWA, Time weight average; Es,
Thiodiglycolic acid concentration at end of shift; Bs, Thiodiglycolic acid concentration at before shift

R = = T O OnN W >

Zkzke] Wgol thete] NIOSHYH# OSHAWE o2 1hro] JaEAS

A8+ tH(Table 7,8).

NIOSH®H el A dgtulde] 8hr-TWASEH Z# ot d-S EA APFE
% TAGAT=te] AB4L(r=0.666)0] 1, Zeolel e B3 =g A
7 o] TAGAFE Apo] ool AF/d-&(r=0.631) ] AT

=3 A3t de] 8hr-TWASH FgolEjde B4 shA &2 FAYFE F

ol

TAGAFEshe] oA L(=0635)] AT, Teotel e BASA e &

d A # T TAGATE zo|sho] 4B L(r=0607)24 =g A # %
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e AHe] vz A AYETR AP dsuide) wxe BAY Ze
AeR 7Pgste] whAE 6MA Azthol H3irlde]l FE(6th-T
TAGAw| o o FadE Hrietgleh Zelotelde 23 AdFTR &
TAGAFEste] AoAL(r=0972)2 7}¢ Eoted, Zdotede HAF
g A #H Fo TAGATE Apoloto] AAd2(r=0969)o|Att. =3

6th-TWASE Zeloteldg B 34 e AYFE F TdGASEste] 4

BAL(=0905)0] AT, ZeAGtEYE wARA @ Y A F Fo
TdGAE rolstel FTge(=0909)2H 2 & 7 Fo| wjdz ol
= Wmats AT FAFe] WA Boz wmets AL ABA] A

Hgstgom, 2elolEde BRse A9t v gryel Fakth
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Table 7. Correlation of TAGA and VCM concentration with NIOSH method

VCM VCM ES/ ES—]?S ES(mg/1 ES-BS
6th-TWA shrTwa (M8/8 ~ (ms/s ESms/h
creatinine) creatinine)
VCM
6th-TWA 1.000
VCM "
Shr TWA 0.675 1.000
ES . 0.972%* 0.666* 1.000
(mg/g creatinine)
S 0.969** 0.631*  0.995%  1.000
(mg/g creatinine)
ES(mg/1) 0.905** 0.635* 0.971** 0.961** 1.000
ES-BS(mg/1) 0.909** 0.607* 0.974** 0.972%* 0.996** 1.000

VCM, Vinyl chloride monomer; TdGA, Thiodiglycolic acid; TWA, Time weight average; Es,
Thiodiglycolic acid concentration at end of shift; Bs, Thiodiglycolic acid concentration at before

shift; **, p<0.01; *, p<0.05

ds BAYs AGFTE §F TAdGAFEZ o] AAAH(r=0976)2 7174 =9koH,
ZeotEldE BEAZ AP A A T TdGAFTE Hbolohe] a4
(r=0971)2 T ¥ AP}t NIOSH} OSHA®WY =% 6th-TWAS} = o}E
ds B8% APFTE F TdGATESe A#gol 7HE =deH, b

2 ZelolEde BAW A9 A 3 Fo| TIGAFE ol7h Eteh
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Table 8. Correlation of TAGA and VCM concentration with OSHA method

VCM VCM ES ES-BS ES-BS

6th-TWA Shr-Twa /8 (ma/g ESmg/) o 4,
creatinine) creatinine)

VCM
6th-TWA L0
VCM .
S TWA 0.632 1.000
ES

. . 0.976** 0.613* 1.000
(mg/g creatinine)

ES-BS

.. 0.971** 0.577 0.995%** 1.000
(mg/g creatinine)

ES(mg/1) 0.915%* 0.575 0.971% 0.961** 1.000

ES-BS(mg/1) 0.917% 0.545 0.974** 0.972** 0.996** 1.000

VCM, Vinyl chloride monomer; TdGA, Thiodiglycolic acid; TWA, Time weight average; Es,
Thiodiglycolic acid concentration at end of shift; Bs, Thiodiglycolic acid concentration at before

shift; **, p<0.01; *, p<0.05
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Fote] FE3uhg-S AX=d o] A A TdGAZF FAdEHT (Bolt 5,

1976). 4% G3ude R = JdE 25E 5iA wEEIX Y R

2 4a¥g B wEHE o2 d¥A o E=F

dstuide] AAY =Bl alAE ofx FdsA HEz 8ol glor

A JAA FHE F 69% HE=7F 2443F ool AWo R i EHH

F7HHo 2 1.7%7F 24-48417ke AA wiEH = ez IHA Jrh (Bolt
EC)

5, 1976). 3 F o] 7ol Aol FUYH A3

N

o] 1/20] 4417k o fjd
thAlAle] ez vjEEd= Hu7l Jdut (Watanabe 5, 1976; Baselt,
1995).

£ TAGAE AFYAANA ALEste 718 stetEdolv o4& T2 At
EERL glolEo| AstH|drte] thAEZ o] ofvniEte Abdo] BHEA
oh TdGAE ZERHMELH =Y Aoz wdEE thAEZd] &
A=A (Norpoth 5, 1988), o]9of] ¢lzZHEZUEY, 12-tF2 28, &
RRAMNELHFIE Fo tAEZAZE FJAFHYY (Fennell 5, 1991;
Payan 5, 1993; Loqueviel &, 1997). 3} Visarius 5 (1998)2 <=5 3
g e r 3 AFoA FAAR AMEShE ifosfamided] F8 thAlE
A2 TAGAE I3t

2% TdGAE A3 ZAste A2 A5 Y Hxed EA7}
wAZTE kA TAGAE EAHFe] 2 AEAel s B2 f=As)
AlA GC/FID &= GC/FPD, GC/MSD& EX& 3lojof st} 7]&o &
F® TdGAS H=AZ WYL dotxHere o83 Hds ¥hg
(Brakenhoff -5, 1993; Chen &, 1983; Hofmann &, 1991, Kedderis &,

1993; Lingg &, 1979; Muller &, 1978, 1979a, 1979b; Payan -5, 1993;
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Pettit =, 1986; Tarkowski 5, 1980; Wormhoudt &, 1997a; Wormhoudt
S, 1997b)z} TMSDEAE o]&3F Aldzlsl ¥H§ (Draminski®}
Trojanowska, 1981; Pettit 5, 1984; Tarkowski &, 1980)c] tFE-S *}X]
stal ok 7o IR E WHste] fEAS UHET A¥ES AHdsksta

FEYol £ AxA F AxsdES fFEASISY E45=
o] UATt (Chen 5, 1983; Muller 5, 1979a, 1979b). & A A=
A-4 22HE o] 43Ut 2F TdGA ZZo] AMSE H7]40) e
HolAlH o]
Hofmann 5, 1991, Tarkowski S 1980; Wormhoudt & 1997a;

2

Lt

(Brakenhoff &, 1993; Draminski®} Trojanowska, 1981;

Wormhoudt &, 1997b)7} 714 #kow o H 2 (Payan 5, 1993)& A&
B A9E AUT. 2F TAGAY 3288 o)yl skl AshERS
H718k 49 (Draminski®} Trojanowska, 1981; Hofmann &, 1991)7} U

. AEe FEIEe 4wl pHE A4oR 8% dUEES L

7} W d3sl® TdGAS] -9 mass spectrad] A
e Muller 5 (1979b)e] Z 3o} 5 LstA WEFSET

1783} base peak 146°]

8% TdGA wjAd L AN AME B & QEd TdGAS Tt =%
HA] e AFEAAA HF 050.7mg/ L, F3Pd FE 1-7ppme] =3

H Z2AEANAAME 4mg/ ¢ HANY Muller 5, 1978). 2 dAFoA=
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ZAAZ Aol AHI 8F TdGA FE7} 0527+0.828mg/g creatinineo]
RaL, AHE IS EAHSA 2% B-eol= 0583+0.802mg/1 o] At
Muller 5(1978)2 3t dol] 2% Z2AE2 &5 TdGA Hjdo) T3
AT A 04 - 7.0ppme] F3u|de] =2H ZEAES 2F TdGA #j4
2 0.3-4.0mg/ ¢ HHYE =TT} TAGA s d3te] £ F@3BA7 2

A3t B ARqAE 272 daiHd =2E5= NIOSHHH

o
=

tob

mjo

8AIZE A7V ST EET

-

3562 + 2.898ppm, OSHA®'H S 72

3.700ppmo| i(Table 5) FA ¥ o2 F2o3k 2fo|7} Gt =
T AQYHZ &F TdGAS F&-+= 4.

£
= ol
+

2
ofN
1l

190+7.665mg/g creatinine, =
golElue BAEA &Us A$odE 4.015+9.072mg/1 & FASE A=
AArk.  ZHtEUEAR A Fof A NdlE FAFHoE {7
zpol 7k gloiTt.

£33 A AR A FE T AFHT AWM Y TdGAY FE9] Ao
= 3.6621+7.865mg/g creatinineo| 1L, Z | olEl WS BEASA] kS H
2oE 3432+9.231 mg/l Qrk. ZdolEldRA AT} T ATk 7ho
SAAH R Fo3 2|7t gl ZeotEd BAEE Ae A9t
FHrgol B E9kTh

fr

AL AASA=d, £ dFdAe Zze wgdd gk
NIOSH®HY 7} OSHARFHE 0 2 1ol AnE M-S AA 5t tHTable 7,8).
F3H LY AT EES A otEdS

BAA% APFE T TAGATES] FHdo] EUTHr=0.666). =3+ o}



(r=0.635)
OSHA®WH o 2 =A% dsln|de A7teHasEsd A oteds B

iAo 2 NIOSHHR ez A3 |sn|de Atedds=s =
olElUE RHAI AYPFE F TdGATES A@Ael 714 =t
(r=0.666).

EI A2 4A17F ool Hrto] ThALAl FHEIR WEHER =&
5 RS AFHSH] vE A AAFE A d3nEY w2 BATE
Ae AR JHEste mAg Azt AgH]de] X (6th-TWA) & %
EA 8FTAGA wjd=F 7He] AAAAE AT 5 UATH

NIOSHEH o2 6th-TWASEH Z#HolElde A3 IYZE T TdGA®

Tolo] A#Ao] =Qhthr=0.972). E3F =7 o}lE

rL
oZi
o
ol
B
§2
flo
»
2

N

T=

o
H

ko] FUAE EFTHr=0905).

OSHA®H o 2 6th-TWAS} ZHolEdS EAHS APFTE £ TdGAF

28 I TAGAS T ATBAHT Eoth(r=0915). Zdoleld B A3
BE ANNAEHTEES Basd 2 AHAS eSS AE
OSHAHIH o2 ZA3 nlA g A7) 43| =&2F=9 =2

=
Hdg nAF FAEE F TdGAsEste] Aol A% =
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TdGAE £4 & 4%, 59 A3 A/t 7 =25 7=

o
8-
2

b oele A adEe A9FE A sNwe AH o

719 gel wsllMde Hristr] oAF 7] wael x&5He

Tarkowski (1984)% Sppmelste] Qaud =24 8% TdGA |4

ol glo] 7HQIZke] WEo® Qe @F TAGA #jAd %S AESH ZUFH

d Ao AMgSIldE FH ST AAE sded B A+ 23
=

oAM=

jute

shid =& 0.113-1.362ppm H o) A= TAGA iz} ofol
zFol7b A9 gldth. el olEl Muller £(1978) Oppm, 0.01-2.5ppm,

255ppme] =2 Al 2L fAez 3 ATFNA A 2o TIGA wjiH

iﬁ

o] TdGA wid =z A4 Aozt gldtt wekd veke]l 88711
ppm olstf e AEH =EAFEA HEo| P, nFadAAH
3] (American Conference of Governmental Indurstrial Hygienist, ACGIH)
o] 5ppm o|4e] Fxo] tislA &) ek

2 dTE ALdd oo onE FFole Ade] WE Hl} ol%
olFok atH, AEFH TUEH S & Boode AJAL B¢ A&HHo=

a¥e AAst] WHE s AT sl @ Aotk
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& FHAQ Bhe FUH) A Tl
dahuldd PVC Az & Z2AES ez NIOSH o OSHA 9

el

1. A AFSH 27 NIOSHHH e 73 |t de] 8A1zF A7
TEE 356212898ppmol e i 8.66lppmeolUtt. OSHAWH S 7H
$+= 4.051+3.700ppme]| 1, Hi FE== 10.904ppmo] it S o

2 d3iHd =E:Frde FATHLRE {3 Aol7t flAH.

k)

2. AGAE Aol AAZ AWM TdGAY FEE 052710.828 mg/g
creatinine, 2y F& F AFI LW TdGAY =& 4190+7.665
mg/g creatinineo] Yt A4 A|AHI} FE F HFHAI WA TdGA
9] FE 9] x}ol 3.662+7.865mg/g creatinine ©] LT},

3. NIOSH=®H ol 4] 8hr-TWAS} TAGAFEote] A#4L r=0.6660] 1,

6th-TWAS} TAGAHNA ZFz} AL r=09720]% ). 6th-TWASH 2+] A

7 Z9o] TAGAFE ztol ot g2 r=0.969°]| At

OSHAHM o] 6th-TWAS} TAGAH) A #3} vl Az 43AL r=0.9762
o}

2 b Egow, A9 A B o] TAGASE Aolshe] AaAe r=0971
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Fehrjd =LY Tel= FATHSE Zo|rt gljlen, detu|dd =
257 A7 T 9% TAGA wjdZe] o|zA Wrlsls By w2

%9 TdGA W4 oz Rriste PHE SA%HoR foldt 2
o7k @itk ZulotElde BAstel Wk T wok BASA 2e BS
© EASHoR Holr} gigot BAS ¥ A7 Andel ta

ebgtet.
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workers
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This study was conducted to evaluate vinly chloride exposure in
vinyl chloride and poly vinyl chloride manufacturing factories. The
object of this study was compare two different type of air sampling
method that of, NIOSH and OSHA recommended and Investigate
quantitative correlation between level of vinyl chloride exposure and
urinary thiodiglycolic acid excretion.

Air sampling was conducted by two method and sampling mediums
were located at workers breathing zone in the same location.

Sampling mediums were changed in 60 minute interval and sampling

pumps were recalibrated at the same time.
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Urine was collected before and end of shift were stored frozen and
determined by GC/FID analysis.

In NIOSH method, time weighted average was 3.562 + 2898 ppm
and OSHA method time weighted average was 4.051 + 3.700 ppm.

Concentration of urinary TdGA in before shift was 0527 + 0.828 g/g
creatinine and end of shift was 4.190 + 7.665 mg/g creatinine.

Difference of urinary TdGA between end of shift to before shift was
3.662 + 7.865 mg/g creatinine.

In NIOSH method, correlation coefficient between 8hour-time
weighted average (8hr-TWA) and urinary concentration of TdGA was
r=0.666. and last period vinyl chloride level (6th-TWA) and urinary
TdGA concentration was r=0.972.

In OSHA method, correlation coefficient between last period vinyl
chloride level (6th-TWA) and wurinary concentration of TdGA was

r=0.976 and this was highst value.

Key words: vinyl chloride, thiodiglycolyc acid

_45_



	염화비닐 노출 근로자에 대한 노출평가 방법에 관한 연구 장정환 2000 연세대학교 대학원 보건학과  석사
	표지
	Ⅰ. 서 론
	Ⅱ. 연구 방법
	1. 연구 대상
	2. 염화비닐 포집 및 분석
	3. 요중 TdGA 분석
	4. 통계 검정

	Ⅲ. 연구 결과
	1. 공기 중 VCM분석
	2. 소변 중 TdGA 분석
	3. NIOSH와 OSHA방법을 이용한 공기 중 염화비닐농도
	4. 공기 중 염화비닐 농도에 따른 소변 중 TdGA 배설량

	Ⅳ. 고찰
	Ⅴ. 결론
	Reference
	참 고 문 헌
	영문 초록

	LIST
	표 차 례
	Table 1. GC-FID conditions for vinyl chloride determination
	Table 2. GC-MSD conditions for vinyl chloride determination
	Table 3. GC-FID conditions for methylated thiodiglycolic acid determination
	Table 4. GC-MSD conditions for methylated thiodiglycolic acid determination
	Table 5. VCM concentration of NIOSH method and OSHA method
	Table 6. Urinary concentration of thiodiglycolic acid according to VCM concentration
	Table 7. Correlation of TdGA and VCM concentration with NIOSH method
	Table 8. Correlation of TdGA and VCM concentration with OSHA method

	그 림 차 례
	Figure 1. Calibration curve of vinyl chloride
	Figure 2. Total ion chromatogram of vinyl chloride
	Figure 3. Mass spectra of vinyl chloride
	Figure 4. Chromatogram of vinyl chloride by gas chromatography-flame ionization detector
	Figure 5. Calibration curve of methylated thiodiglycolic acid
	Figure 6. Chromatogram of methylated thiodiglycolic acid by gas chromatography-flame ionization detector
	Figure 7. Total ion chromatogram of methylated thiodiglycolic acid
	Figure 8. Mass spectra of methylated thiodiglycolic acid



