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A Study on the Control and Exposure Assessment to Vinyl

Chloride in the Factory Processing and Producing PVC Resin
Dong Wook Park
Industrial Health Research Institute, Korea Industrial Safety

Coporation

~Abstract-

This study was carried out to assess worker exposure to vinyl chloride
monomer(VCM) and to present control measures in the factories processing and
producing polyvinyl chloride{PVC) resin. The conclusion remarks are as
follows, Only two personal samples in the factory("E") processing polyvinyl
chloride resin were analysed to be 27.6 ppm and 1Z2.6 ppm, respectively. But,
these concentration exceed 1 ppm, Permissible Exposure Limits(PEL) of OSHA.
So, worker's exposure to VCM employed at "E” factoryseems to be reevaluated
after air monitoring is performed. In A", "B” and "C" factory producing
polyvinyl chloride resin, the average worker’'s exposure to VCM were 0.12
ppm, 0.86 ppm and 1.23 ppm, respectivery. ¥orker exposure to VCM at
distillation and dry process was higer than other processes of "A" factory
and 0.67 ppm. The average exposure concentration of worker at polymerization
process of "B” and “C” factory was higest and 1.23 ppm, and 1.46 ppm

respectively. These concentration exceed 1 ppm, Permissible Exposure Limits



of OSHA. Even control room of "B” and "C” factory had 0.91 ppm and 0.65 ppm
of worker's exposure concentration respectively. By the workplace exposure
assessment program of AIHA, "A” factory was evaluated to be “acceptable”,
but “B” and "C" factories was evaluated to be “not acceptable”. Process
other than bagging and control room of "A” factory was evaluated tc be "not
acceptable”, Immediate correction measures for preventing workers from
exposure to VCM should be performed in the factories or process that was
evaluated to be “not acceptable”. After these control measures are took,
worker exposure to VCM must be reevaluated through personal air monitoring.
Control measures presentd by this study were complete sealing parts
connectintg pipe lines, flanging, packing, bolting and nutting. Periodic
leak test for leak parts is also required. And, positive pressure facility
should be constructed at control room of "B” and "C” factory. Fresh air
through cleaner such as HEPA filter should be supplied to control room. In
addition to these control measures, periodic personal monitoring for

evaluating worker exposure to VCM should be performed.



1. 474 g 4 %

odd §71%4 A F PVC (Poly Vinyl Chloride, PVC):= MAHLE
3 gae W Abgte] Wil g H¥ FHA 4F Aol F¥A FIFEHA Aok
PVC 42§ 22 7135 EetaE AEFE ohE A AFA v 8y, 73
4, BAgel mit Hojuhy AMyE, TA, W, AFAA], vdFE, FEELEE,
AxAFE, ZF A o 27| 71x] fe] 4H HEobel AX d AHEH ol
21=hel B9 1927dof PVCI iAol =W o|HZ PVC BT ol e
(Vinyl Chloride Monomer, VCM)ol c¥t @] 19719 o]|AAAL ZighAs] ¢tA
do] £3lof Sy =& 500 ppne 2 Fe| 3| At HEpujde] iyt Uedol 1970
dol MAS UAHD ALGHA AE-§3)F (acreeosteolysis) I} YUYl &
Ad W Ad3jd HF IEACAA UAE =} 50 pprl T 17 W57 of ol 2F )
{(Gottesman, 1988). 1974\d Creech & ZHE I SF£9] wwhao] PVC4A] A4k zte]
ZHdTe} ddes dd4do] drkar Hd 7|2y i glglch
A HZAEE 7o) XA ¢x oISt adR A {H(Nationnal
Institute for Occupational Safety and Health, NISOH)Z} 1974d 19 22 ©n]Z
BF GodrichZjAte] dzhu]d F§=332 4 ZAAlAAN o BBASF(Liver
angiosarcoma)& WA o] F AFHE B3 oI =F4H AAdeHpAF
(Occupational Safety and Health Administration, OSHA)Z} 1974d 10W 5¢ |3
Hd HEsEE 1 pml® AR VA7A e st gIch(Eve, 1989
Gottesmang , 1988: OSHA, 1990). ZHHAKEFHFA(registry of angiosarcoma
cases)®] B o] o]&phH 19887z ZHEAKFo| AAAYCZT 1383Yo] LA F o
359 o] Alatgl Ao oln] WE u} QIcH(EVC,1989). 1976do] B Ohioof 9
379 PVCAAZTY A2y FUEE ddeR AT qzatelM J¥EF,

nerveous?} alimentary system defectsZ X§3t 7[8(birth defects)?] =719

— 5 =



wAo] Aoyt oz RSt gth = Z3 A A AN (central nerveous system)
of ¥ FA% F7HE ¥ 71 gldoeu 78S el 15 RREe] PVCEYH
Ao 2y 2nlg = Mo] alohd AJAlE& Z# =25l Y tH(Kenneth et al, 1989).
19890 Kennethi= New Jerseyol 90t 2742] A3uld F¢Z% A2 el 2hd
E& ddez $FUERN BxE 2A. FHoE FH onue AFAs H
2] "Hol 4-F A [(odd ratio)= 4SBT @¥lde] WEo] W AT AY
ANE &2 ALz eyl Iy o3t F3AZ A At 2xzt FAH
S FoF zlols RolA] ghatxint dfuldo] o]t Xolo] JytE njHAE B
b= 714 & AASla ook, E3 Drew(1983)= @3iuido] it H2: E 2 Aol
B8 A} HEEE 3710t 295k UrH(Drevw et al, 1983).

A7 o)M= 1980d Tk o Ao AEu|de] (YY Ferl JVAKFS o
713t dddxtets Aol d3huid Y TES dY2E 48 oy 93 47
ojx ojum] uv}s Al Greech et al, 1974 : Simonato et al, 1991: Tahershaw,
1974: Wong et al, 1991). E¥, @3hu|de] vl o8 2 (A%, A, ¥, 4F,
A Flelx 4 fitive 4¥3AF 7MES AAl she A7 WHE Bay
3 gitH{VWagner, 1983; Heldaas et al,1984: Heldaas et al, 1986: Smulevich et
al, 1988). ¥, o] gjulde] dFt hdde] AT AUAIES T 2
oluld Holrl AT TIE AAES RoF it 1990 ol Hagmar 52 PVCEA]
HzFge] 2,031 EAIEAE Y22 932AE ¢z} U ApgE2
2|8l A(SMR=128.95%) &< ZAox Rusta gl &I, A7Z|HE TFIAYT
folF Aolg BN T2 o, § FARHAE AT Aol& & 4 gl g
v} ¢ItHHagmar et al, 1990). 1991 \do] 478 (ole]ol, 43, A9, k=3o])
2] 14.351%¢] d3ud HIITEAF AR LA YA g B gL A
2 3012 & WAL F2IWMH2E7|T)A FARCE FAF dBS Hol:= Zlo
2 yetgch a2a o 23 £99U 8 5 FolAs vhs 52 @EAS Ko
U §osta|= ot2 Zog » st (Simonato, 1991). 1991 Ottol 1942 3
B 1982d7tx] @3lulde) F2H 1,536W2 2=2aE ez AxF dEtdFe
A HEB]F I} T(SMR=641) 12| U3} FFAUEAU(SMR=180)0] EAHLo T



S2]8t 2}o|E Holzm Q= HoF Bastn givh. wl il A7HY 2l ¥ (American
Conference Govermental Industrial hygiene : ACGIH)ojMi= @3] dE& NIRHK
& Yol HA(A1)E YAEA=E AAsta vl A3pudzt AJH o4 A
ES 233 Huf gd3ulde 7S u|RE e 2o ¢ /Y Mol A=
ZAoZ IhcHHCh

Aol AF3 HA oFoA A Apuido] oyt JAFT L Al A
g 23 B dshuld 33F2Ex ) Ot 224 £ Yot f AN of§ F
stz AU AU 4 5 drk. feluelol A A3dA I #FF JgFHd A
efel A3 S-S AW RAE PVC #x| 9 A4 2704 57 TR EFE e
B 4714% 1960-1970d o] d3lE <Y IF2E FEHA AHL glon 4A
8] zj2ha) 7)gol o3k ZHeE L Qv f31e,1983). =¥, PVC £AF YER 4
Z o2 ARE HEsHE AL dYE AR AL FMAAGBeEN 4ETE
of A L= TFAE Y FadA] YASEES 42 oA B HguF AL
of EMAE s gt Aes x| AckHES, 1993). ¥, UEHF ol
F&u71AdS Al dE FASY L AP T ddH2YAA AAAA
5 FAY dAL ALY ZFA2 12 a88 L vl nEY e Basta o
B8, 1993). ol AHelx B AZ7A| Fvete]A PVC 4] Az 9
71E33E dides 389 AFE2 it 2 dHAAd Aoz wdArt A Fol
PVCHA] M2 4 7+3F3F Y 2=22HE dyes d3nid F294& 48y € 32
Ak AjAubdo] ojsf A3 bt dcH(H, 1992). wlo] PVCHA] JHE AGPE
oz @¥mde] A5 W AAN oyt FL4ei7|PA L] H2GE JIE 9
ArH S, 1993). ol&9 dFoAE FHY I2AEY dinde FEP=A
i3t Elgdigo] FqF e Frx 9] K3tn] AAA A7 E THHE A EHA
a2 Zeg o3 rh. 7] 1del 29 UM JFYBRAFZAT £ AA5
A ¢k gk A, dAzudY SHox B3R AFsEe 22AE ez 4
AAENFHQA FE2 PvCrA Az F3 A @ FHAFE G2 ALY ¥
717} U ojFolx A g2 Zlojrl.

HA 2Fe] dFAE d MAES A7 feivel 4% @ deig vayE

_7_,



3 Eo PVC 52 A2 gl J1F-3 PN IFes 22AE] g d3ujde) ¥
AeE AdA o FIH ok 3k Aol AAr). 53, 3 dPdEs]
LAH 2A7IY ] AR Kol glon Tt AAD FHuide F=HE7}
H31A B7HE Ao 79 o =T A3ude] Y L £49 o3& Fo= 7
YBFFF] AY ol FofxA] ¢ d: F 58 24U FIAHL A7E e Ay
S dPojelal oA

2. A7e B34 9 ¥

feElyetold PVCHAIE Az U JM3sHs 33 2E2AE AT d3dn|d
(Vinyl Chloride Monomer:VCM)2} #e| U H 7= o9 u|Fsic). PVCEx] A=A
o FHFEFEolA BEEE d¥ude A3t 22 F2 Pt 1 gAg £y
A% 2 a7 A 54 S dAsA &3} g

Ax, PVCEAAZ W JHEEEe d¥uide] oAy A¥Y AGBASHEA
FAHE 2ARCL

5, 4F PVCAAzR 9 J1F 2E2AY] @iulde Ot 2P =2 ey
A& Mgt o 7o FLEL Hruhyle Tty ¢ 83 (American Industrial
Hygiene Association : AIHA)%2} m]I=tglateetA B AH LU (National Institute
for Occupational Safety and Health : NIOSH)®¢} &L=} Z2W7] AlA=1S ¥-4-35]
ol tH(Tuggle, 1981 : AIHA, 1992).

AA, dAzpuido] i 2=2x F2 PIE T IWE EALE =&
3 olE A3 AT GV ALWY L AAg}

2 d7dAEs A3uid & e A3y 22x 2 W e A2
FEvieie] ALk AEdo] A% 5 gt E¥], PVCHAIE A 25 7t
Fohe FRY JYH2AY "HedS ZFRstedE 2 490 dvia wgE 2 4
7 A28 FAHQA WL o2 gl

A#, -2evele] 9ok HA efFe] G AR A PP 2=
#z} {297t ML (Logan Program)?] =412} #& o2 A AVZJ{F L] TR

_ g —



3& A3 A7 E + Ao

B4, 4% fodxol At 222 29718 L3t Hsst AdoA
2] AP &z st s

A#, PVCHAAZ 33 22xto] A3t et o] Waye] A W 72z
2242 ¥go} 7Hs3icl

A, I AW 9 FF7Ae] A AA ] it T2a F2YIE Ao
(Logan Program)®] R332} L& o2 ZHIE Z2H718 71HS AFY 4+ drh

=
rs.
—{a
hwi
o=
WEL

L o3 3t 71z

PVCrA A 24 37142} PVCHA] 713 Al 5714& Aoz sldct 1993
d 69 FE 108 7hA] PVCHA] AZPAE 1443 1Y T2al PVCea] 713 gAs

174 2¢& XAHE)

7. AA¥NZ 54

dehuido]  oizgh A Eape}  FEHhyY

(National Institute for Occupational Safety and Health: NIOSH)®] ¥ S o]&

SHRITH(NIOSH, 1984). 22z g A9 tj4dex 74¢UA 823 7] (Model :PRO-Lite

479680, MSA)o] ¥/d¥t:(coconut charcoal tube)S AAslo] d3uld sjA2 &

2 QAsigdel. A3 K452 0.05 Lpa o312 stgon £ 23S 5 L} W= ¢
A B ALHo T WAAURG 2ASPAA 62412 o] WA spgr).

A B2 ANels VPR A (100 ng) 7} HS(50 vg) S Helsiz 2t 2
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FepetA(GRT) 1 m1& Po| 30% Fx A% ate s YW (desorption)yt F 1
ule] Fqlo N&3] &4 sl

HEZENL Tedler Mo AHI Auld 7kA (99.9999 % 318} A=)
1 n1-2 o|3%2%ts 10 mlof E3[A|A 0.26 mg/nlS TEUTE |2 chAY 3y
L2 i QY erE ZUA Axslal LA S AAx o] &3tArt. £42 Gas
Chromatography(Model: Hewlett PackardA} 5890A)2 o] L3}oj ojzj2} e 2AL
2 EMsidrl. g3hude] E42A2 ofelg} At

- Oven Temperature : 40 =

1

Injector Temperature : 210 &

Detector Temperature : 230 =

Detector : FID

Column Phase : Capillary HP5(Crosslinked 5 % ph Me Silicone)Zlo]
{25 =) x 473(0.32 um) x FA(0.17 um)

. 47 4 &3

ACGIH®] Industrial Ventilation& o]-&3}4r].

cl. FABVPASEAREH
AR RFEPARS] EML ofele] HAFE T2 E o] &5t
- SAS(Version : 6.02) : BA4EXAE U FAEH
- Qtro-pro(Version : 4.0) : x5 2] FHEX
- Sigma Plot(Version : 5.0) : A GJEXET

- LOGAN Program : o422 £2%7}
Tt @Em|d e H7PYy(AIHA, 1991)
2E 2ANEES USAB(log transformation)ste] o357
(lognormal statistics)& ol-§stsdr}. of WL ulSird 42303 W ArgetAR
AAThoA fAxte] A 22} TP YL Wyelnh. HA, YR
A&ERA RS AFpRE FAEL. F, ULC(Upper Confidence Limit: UCL)Z}
LCL(Lower Confidence Limit: LCL)& 1=]zt2] AMghx) ¢} s3] viepdct  #ut
d, 7B FEXE 3t B HF AT 95 s RS
_ 10 —



1“(GUCL) = lﬂ(M) + (to‘g'.r_r,,n) ln(GS)/\/ﬁ ———————————— 1

In(GUCL) = In{M) - (togms,n) In(GS)n e 2
g e}
In (M) = 1n(GM) + 0.5 (1n(GS))? ojc}. ———-omcomm v 3

o 7] 4], GULC(Upper Confidence Limit on True Geometic Mean)?} GLCL(Lower
Confidence Limit on True Geometric Mean)2 Z|8}Bd 4lz-Lzte] Agtzaje} syt
AE dyrh i 22t g3y def Ayt FZPAX(Tolerance Limit)F3 o]
ch. FZUAALE 95 x2] VXS 7A3 BF FI2OFY] 90 %71 2 F2H5=( a
specified exposure level)o|sto] ZTHTH= ot} Ldh= A& 42} P}

In(GUTL) = 1In(GM) + (K r,p,n) In{GS)o|E}. -------ooeee- 4
o714 M 7IstE ol KE ARFE(r), RFAFE(P), AZS(n)e] 23
A3¥E= d#lelny 65 FFA L J)stEEBAoITt. GUTL(The Upper Tolerance
Limit)¥E 713t A4Exe) Z2RAR ot}



m dxdz 9 2%

1. PVCeA Az 9 JHF 332 A¥|d &3 A
PVCTAIAZ W 7 339 €3nd &3 dzt: ¥13 gr) pves
2713 GA 5ALNN ZEA AHAER 3671 T E"AGHONA 274 Almgio] A&H
dot. FF Xt %427 27.6 prazl 12.6 ppal 3 FEL}El} HE7E 1 ppog Y
2 x5t gk 110719 YA geE= 4747 FEEHAYL. 2 A7 S3FAE=
3(1992)0] wolX, Wz, dch, At HLFYL, FEAZL PVCIHE FFL o
dog A dAulde X 0.076 - 0.243 ppm Brhes bW 2108 yeldoH( R
=9, 1992). olE® PVCA/IEEA Y A3Idss ol PVCTAUY IRsE 2
7HEAE] ERU el ol 4E 29 Qg AL sighEch
g 340 PVCTA] Mz 3 do] Yy 222} P 2 eE
L "A"xle]3ro] 0.12 ppm, "B 0.86 ppm 223 “CE 1.23 ppmo @ LIElNIT. A}
A% 9 FHEE 22 F2HESYPEAE JTAB(log transformation)dle] £
25 MY 424 3 1. 28 o] dFAGERE e AoE: ey
(p<0.001). £ AFAZo] oyt Exo] 542 o2 d3FAY S43 AU}
(Rappaport, 1993). A YA g2 HIFS "A"7} 0.13 ppm, "B"7} 0.56 ppm "C"+=
1.02 pppo s 22a F2 Rl WA UelHch(P0.001). oA FREE ZE2A0)}
S Az ¥4 9 Z4F dpjdriol T E K9 Y 5 £ AH=Y 4
7} ot AY5Y dEd Ze wgdch ¥, ofjHY H¥ujd & 7(1992)
o] PVCEY FF & tldos =AY g3 dsx 0.268 pprXTl gFE 2 e
uelsict, oj2{3t Aol o] o] 978 M2 Alws} S99 e FP o FHe
QA(FH7], 2], 4A=7] 5)9 A4 A% F2F57 HriHA| dokd 29 Wy
22 oA FH, PVCHA HZE dAEE HAdEEE s 2d 19608
of AYH “CTAGFol MF B2 d¥udyEF Mol dch. 1z s H2
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Table 1.
and Using PVC Resin

Comparision of Vinyl Chloride between Company Producing

Personal Area
Compa
"™ n  Range(PPM) GM{PPM)& GSD # n  Range(PPM) GM(PPM) GSD
A 10 N.D - - 24 N.D -~ -
B 3 N.D - - K1 N.D - -
U31n$ PVC C g N.D _ _ 12 N.D - -
Resin%
D 2 N.D - - 15 N.D - 4. 58 - -
E 12 N.D - 27.6 - - 24 N.D - 901 - -
A 20 ND-404 0,12 4 45 42 N.D-184 0.13 10.29
Producing
PVC B 26 N.D-2.46 0.86 2.17 37 N.D - 2.67 0.56 3.15
Resins#
C 24 N,D-518 1.23 2.13 18 N.D - 18.8 1.02 5.18
* A.B : Company Producing Moncleum

C.D : Company Producing Pipe
E : Company Producing PVC Rubber
@ . (eometric Mean
# : Geometric Standard Deviation
N.D : Non Detected

$% : Normal Probability Plot Test P<0.0001



of A3(1990d)¥ “A” A dgo] LI E 1 ppm Ol3loly 7}F WA ZAEA
th o|XH PVCHR] AP AY W& Y= d3d FEI} Aolg Rol: RS
T32 2A7e R Ad T3] T gdo% setdL)

2, PVCrAA 2 ZE 4d3pdsR
PVCA] Az ZEER Z=2A9 d3nd FIF2p e 29 1¢3
3 2o} PVCA] Az Y 224 d3d BEFRHEEE va2d B2l ATy
B2 FUZE L=EATL 0.24 ppe, FFE AR FH TEAE= 0.67 ppr 123 X
22 23 T2A AAURA olsidcl. BAYALE FRIFP 22AU 1.23
ppm, %7} 0.78 ppm, AZ7} 0.88 ppom, TR 0.49 ppam 12|51 A 4o] 0.91
ppmdl ZAo2 eyl CT AldES FUIT L 22A7T 1.46 ppu, R A2
7} 0.83 ppm, XFo] 1.36 ppa 22|32 ZAAo] 0.65 pproE FME it &
FUITEAA 1R B d3NIEdFT AE B o172 3 U FHAYHgd 9
3 Aojeirt. FUIF2 FHYRY 2AY HAF 3l 2227 Y B4LFYLE A
3 F712 3ia gt o] oA HAFYW FUNUTY d3nder A Y BT
T+ A8 T AFY A7} o)Fo] AA Yod ¢T pr H2E MU 5 A
"ol 28, Y7 ¥4 o 4 AW AUS Yo WE(manhole) S AWslE 43
oA ZFH=Ze] 7lsdel At &, $Y7] Y E SYLE A WSS AP
F Ayl sted <03 ANE ¥ B <YL AF[E Ho mepA 2
2Axe] Z¢hd(work practice)o] @3yl de Z2E Foled ul§ F sl
"B} "CTANY A =4 (control room)of HE F{px2] AW o]iteo] FH
&3 oot =AML 227 7R wol ATste UL S 24U 2
oM ol At o]MY PN dIudo] A FE&THL 3714 449]
itk Ax), A Hd(positive pressure facility)o] HAH=] ¢4 Aot =3
A T SR 4 FFL 4™ U7 2EA UNE {FUHA UEF s7] o
AL 234 UF-E U2 fAS: Aol Fasitl oA ARAU FHuA
o] Helolz FaY JFdolch Ex, YA EE AR sigelx A4 B9 FTF
9 oj22] 7ol AdE FAstA] Bt F ol A, 234 4 33 93
-~ 16 -
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Fig 3. Vinyl Chloride Concentration by Process and PVC Plant



AE F2 HASHE ol vpRsith. 2BUA @shldo) A3 F9Y
z34e 3423 e QA Yook AW Axe FRAA AN HEAN
LsIglolol & FLU AYBALA 22olTh 4)e “PiotA] AZFE T2
Rt "ol AMs] Rt vt

3. PVCHAIAR A 133 E3uld F=2gst

PVCA| = FF 2] d¥n|do] o 222 F2YIh7 H29 ¥3 22
3 Oa%gl40] AAHo] Qlth. 4 1, 2, 3, 45 o] gsle] HF W I5xAFHF NI X2l
A (torerance limits)E st W7t Zojrt. nmiF4td¢] A& (American
Industrial Hygiene Association)olA #2% TEE FZ W} A A= (LOGAN)E ¥
£3tgdct. dA, PVCHAAZ AR E 3 d3hde] FE2F=E Pl vA 7
ATt ge] FEE EA E(M) 0.29 ppmolil BT} "CTAMG e RE FF
ofAl action level(0.5 ppa)ol o2 FMxoict. 53], "A” ¥ 7 ¢ 4=
F32EAH(1.46 ppm), "B A2 FY(1.49 ppm), VX(1.38 ppm), FAH(1.12
ppm), "C"2lqie] F3 (2.01 ppm) 3% W AX(1.52 ppm) 2|5 EFFF (1.67
ppu)oi A d3puldel A 222} F2YJ= HEVE | peeg WY d2 ol &
tujdo] oy F2 FPA 9 95 % AHAL AT H-BIE 1 ppod EFSESL QlTH(H4,
Oy 5 Fz). wield PVCEA] Az FY 222 EFe d3pide] O F2P=+
“n}§HE] 51A] ¢}2(not acceptable)” o= Hrl Houch FZAQU d3kid #ed
A& FHEstA A ARVFEES FUS TU AYE 472 AcHE 6 F
).

o] he] AAHRAY U A HFAH(AIHA) T A FefM ] {3}l
¥t 22x} 22 ol $ A F3IcH(AIHA, 1991: Tuggle, 1981: Rappaport,
1984: keith, 1992)). 54¥3], UygHd S d3jHL vE a3t ol F=
Bl FAARY ¢, B3 E 59 FAAY A7 ulRe] Heol EA¥ErL o
oA FAsts 222 H2 F7t A2"Y AR AdAE FY FE L=2x
{homogenons exposure group: HEG)E &8l Flolth(Corn, 1979: AIHA, 1991 :
Damino, 1986: Keith, 1992: Rappaport, 1993).



Table 3. Occpational Exposure Assessment to VCM by Process.

VCM(ppm )
Company or Process - : —
n 1.CL M UCL TL

A

- Polymerization 7 0.16 0.29 0.49 1.23
- Distillation and Drying 4 0.25 1.46 8.29 121%=2
B

- Polymerization 9 0.63 1.49 2. 41 5.81
- Distillation 4 0.41 0.93 2.12 9 21
- Drying 4 0.37 1.38 5.16 45.60
- Bagging 4 0.20 0.83 3.49 35.52
- Control Room 5 0.53 1.12 Z2.34 8.08
C

- Polymerization 12 1.22 2.01 3.33 8. 57
- Distillation and Drying 5 0.42 1.52 3.06 36.23
- Bagging 6 0.89 1.67 3.13 903
- Control Room %

¢% : Require More Sample

LCL : Lower Confidence Limit
UCL : Upper Confidence Liait
M : Mean

TL : Tolerance Limit



VCM Con(PPM)

Process

Fig 4. The Estimated Mean of Vinyl Chloride froa 95 %
Confidence Limits
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Tahle 4. Exposure Assessment to Vinyl Chloride by Company.

VCM(ppm) VCM(Confidence Limit)
Company —- - e Assessment
n GM GSD LCL M UCL TL
A -1 20 0.12 4.46 0.18 0.37 0.74 2.12 Acceptable
-2 % 9 0.37 2.89 0.3t 0.64 1.43 2.61 not Acceptable
B 26 0.86 2.17 0.85 1.16 1.58 3.54 not Acceptable
C 24 1.26 2.13 1.21 1.67 2.30 3.25 not Acceptable

* Anaylse only Polymerization and Distillation Process

GM : Geometric Mean

GSD : Geometric Standard Deviation
LCL : Lower Confidence Limit

UCL : Upper Confidence Limit

M : Mean

TL : Tolerance Limit

- 21 -



95 % Confidence Limit(PPM)

2.5

2.30
2.0 - =
15 L 1.58 .
1.43 1.21
1.0 oo d e - TLV(1 PPM)
0.85
0.74
0.5 -
0.31
0.18
0.0
A-1 A-2 B C
Company

Fig 5. Exposure Assessment to

VCM by Company



Table 5. Contents of Exposure Assessment to Vinyl Chloride by

Company.
Company Exposure Assessment Decision
A-1 Acceptable -~ 4 Campaign Every Year is Required
A-2 not Acceptable
-~ Imoediate Corrective Action
B not Acceptable is nessesary
C not Acceptable




2 d3AEE 3/ A3 ez FHE 22 H29 d¥m|dEsE
71t EEHAe] A "ATF A Y FHeF J2(65D=3.50), 1| "C” AdHY FF
% A=2(65D=3.02)F ol TY FEIFEolztz ¥ 4 U&= JsEEdUxy
GSD=3.0(Keith, 1992)8c} # 59U E2 %7} BMof t}4 47 & 4 . 7
gt o2 FFES 3.0 o5 IR EUAE Rola Q. f3 YA Y 2=
A B2 Pre dEd] FAY Bdv k] dgsie] At dey o] 2%t Fr
WU oFE AY 4+ Ak AYd, 1d F 94, 4F /| as FFY 224
E2%xrl obE FA5HA] 2 WL de] ¥E§ vEsH] HHME 53U Z2I1E
4, F392d 24 3= L ANEAHg, F2 222 ¢ 5 MU ¢ "t
2 EM8 PBrletof girl. Y9 JESEE FY HE Z2Ao gy EH Y
BFE52] 95 x A #FIHE AEA(Upper Confidence Limits)7} &% % o] 5lelo}
222 H2E v Zojr). oL thA] Witd “FFFEY FUAY ek
& 23514 g BY 95 % AP S AT FY FEFEY BH H2Ep T A&
Fxe] Avtolala ¥ ¥ 4 alrt"eh= ou|o]ch(AIHA, 1991).

2 d3d2 PvepeAAR F3E AMNYEE SR L7 oldlodx X
2R7bA] “alRA A 9h&(not acceptable)” RO T WrIEE= Ax of ujFolct. uw
2, $eluel PeaAAZ T3 dAstuldel Uy 224 2 34 dNe FA 3
FEolol Bt &, FTFY LTl w2 Z F wpo]Zo] AAR, EHWA, EE,
HE, #3 Fo 2go] Lste] g3fujdo] Anus} FF W 224 o F71
feeo® 283l 4 el F713A AZA(leak test)E Tl A R B45 HA
5] #jof ¥t W, ZE2A AFA o] 7HF w2 ZF M (control room)?| FIHA
o} o] 2Fsict. =P FY(positive pressure)r]de] HAZ A3ujd2
24% 9N 377 o A RHEF dof ok ¥, FRAYY Euidue
Aol HAAY AR My, AN AAT Fr1Y F7 Fol MR AxH
of & Atdto|tt, Zeli PVCHA7F-EE L clfEe] 3 &sEuntes zatgo] n}
#33 Aog Frigact. 2y AGHAE HEsE2 AN O Fofl FAGU
o] FZE 2 o] PaZ Hojo} gtri(Damino, 1989). u}elr PVCH=R|F o|-§3lof ai9}
Yol X & Aitstz FA(E"AMIR) ol A difuldo] oy 22A F2E At

- 04 —



ook e},

4. PVCTXHZFY 2] A o

Keith(1992)2} nlFad Aol faledxte] it T2 FZ2H7171
gt st o2 Zow AL AL EALE AT AJBF AL E FHT
% A BASIEE sl2 QriKeith, 1992 : AIHA, 1991). $jollA QAZJE wiel
o] PVCHR|AZ ZAE ANtiMol wlE ABAFA L] TR} F2ZF FFE o}
gcl, o qyde dAFshd o2 gl

A, F Aol gehdve] MdXolct. “B"e "CTAld o] o7o sgH
th. PVCARALEH 32 zAMe] nuig AAH ole] AuIYRZ AW FUVi7t AYUsHR
ot Hog AL XRAE XU ZE2A FAF T FdulE AR LE
Adxsjof gl M5t 2EelM FUEE Frle LA™ F77 okd AR F7
ojof gtcl, FF B UL Azl ToF A e¢ddx] 4 ANY T FFol
v ZARA BT A& 4 AUk "BTe A e B E¥uldE |EA] 2
F718] FFE ol Aoz wivkHch welM F71e {7 Hel d3uidS A
o 4 ol AEFAs "esicl dAIL Gy TR YEPA Y FHET
2 Aelsgol mel £714¢ ZAE A= Helsl fuetop ¥t PVCHA| A =F
B ol FAANzNE FAE 3 FFE vhHATA . BTALRY B¢ FUF
Bl F71ed & A=A 7HEstE fiA7E FERAGT ARG At AFez|ed
dof dAstar adlrt. o|AE ke @ydo] tr]Fes &Y 2HE F
71§ oA FEFE o FE5td FHEBe d3id v= Frlede s 2AE3HA
3tz 2 dojel. Fa] AHdF oo} gt

Ex, #Hutdu|o v 5o #elolch. AT, ‘BT, C” AYH BT A9
ch. sfpetdulg mi# 5o @A, FHA(flange), M8 g 332 HPFo] diste
Azhuido] alo] e gxF zAsol gl Exhuidy FF W Heyelels Wy
b 332 JiEleel Ade] k¥ Fxo webd Fel§ AAS] of g A
Al Fybgx| et xR RAYAA FH9 Ay= #He a3€c). 8 T3
o F8% ¥&F JHe¥4 ulclt A" d3hvld 7h2 AA Y AR EE A5E9



FuigtA 7Z1&s o] glo] 1 ppmold}e] A=l Fe|ole £F87] 4. 21
ppmo|5t2] du|dsx e ezt ey FtAAA| Il Ao dMAE A=}
doy Aoz vt 543, FAPANMHo] k¥ L4 FP g "oy A
o= kgt

A, BT T AHgolct. AFFPAA fUxle] oy TRAF A
F HAME 7P ASHol2 2% dMoirt. AUyt FAHHAHol KoM o F
oA Hhg7] 4 R AF el HA ¢ B Fo|] FaUFI wRe] e
7t 23 ¢ xS JHE JMedol 82 A2o' Rl k. feuzlef =
3% 52 AY(outdoor)olzhz HPog AYHRAFHolU 2EAFER/E A4
3px] o A97t ook TF AANF S FAPU Ax Uyt = F9E 2ol
S, 1992). o] AARH Zojtl. T=A7t FAYste A FI2EHE= FHUA
of dAME S0l ool HAQe]l FZYEE FY5i2 W3] 222 BY
A& Fsiof ). PVCHA] AZFPE B Al 50 I E 2o F2 3
oF gcH(Kromhout, 1993). F, FH¥7U A=z7), $F7 & W7y F4 Jeln
ZY71e] WE A=) vl g A8 o] Y 4] 53 WA FAYF| o
7lof APl oY AAL & B¢ d3hude] Ay F2E L3 s17] A
HERY =22 A BRI 43S IUY XF AWy HHo] Wesicl =
52 ol AWl wel AAst=F sof Yt

dx, F3 wiFelde] o B Ad(cleaner)d] dR7} a7¥HTh "ATA}
dFel AxFAP3 "BTR "CTAGAL] AFHol HIHTh PVCHAMEEYY Fao
ui&elel 3R AHA w722} 7RestchA Housing® ARFRP S iyl
a2l3 7lel FF2] wriEl 5& dAste s el AN LRE T3l Al
g A& @AUch ol¥A st il I d3mjdy HALFE WASHE: Ax F
asict. Agustd AU oAM= PVCER T FUESE UYL E ojn]Y AF
AedZ 7|8 (birth defect) WP L Baslgr}. o] dAFojM WHLo] EAFS
2 fostaE= gAY d2RIR 2 PSS Hol= 22X Rt oy o
T AHE F2 YA PVCHA] AZFRANE FHRF A LA E d3huido] g3
FelE olfe ZXE S AUAA deckz wgfAch o] "crad e Ae



F3o] A TEI| giAF Q3 M =¥ Fog R} Fo J2 #2As
d¥uigdo] -¢¥t

A, ARAQ T2 APIE AT AYBF &Pl 278} ATA
Ao 24, A=x, FHTA3 "B CTAGRL] AFHe] oJd ALY F,
AIHA®} Keith(1992)o) 2| ¥xl HZW7l A|A=(The Workplace Exposure
Assessment Expert System:WORKSPERT)of 2j3bd §-3lclx}o] u3t 222t H2W7]
Al “nigtA st2] ¢}2(not acceptable)” Ao HAZH F9 H2ZAZHE H% dMS
438 F AW/ AL F=2sta QATHAIHA, 1991: Keith, 1992), matAd, FA
71 4717 FA 9 AN S Y g b dujde] Ayt 222 F=297}
& Ao} Bt @3juldof oyt AR FEAFEZPIE A E AARZEI
o FP(SYHEFFEIC 571 o4 AESE AHE FAUCL <2 AHAY
Joe(1989)2] Az A=z} d3njde] H4 L £ Axof TAs AAs:= A
olth(Joe, 1989 : AIHA, 1991). 83|, "B"8"C” Apd3e] #-¢ dshdef A
AU AP0l e AASA] g2 ol EAI At FA FAALNGY o3
T3 AYNPFF o] 279}
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V. 28 2 99

PVCaa] Ax 9 71334 4VE ddes d¥ulde R 222 F
2%7Iet O g Mo] JY AFZAE T8 A7 2AE aodsid o2 Pl

O PVCAILE 33 2220 G¥NIdEEE 36749 ARF 172004 2
Avto] HE&EYOo} {FE w5+ 212 27.6 ppe} 12.6 ppuo B P2 }ele] §87]
& 1 pped HA 2312 o). 1AL “ETAIFE Av)do] ¥t 22a} =
B7H7E thA AA E ojof grta michHc)

Q@ PVCFA M T2 A dF2 L “ATAId o] BF 0.12 ppe "B"7}
0.86 ppm 18|32 “C"7} 1.23 ppml 2 HMXair}.

@ PvCrA Az FHE =222 AMLFESET} 71 B FHE N
A1982 % % 227 0.67 ppm "BTANG RS Syl 1.23 ppm 2B Z TCTAIY
5 ZYlo] 1.46 ppl.Z X 3 L7E 1 poad 2G5}z ik A, “B"AGFH "C”
A ZANE S2a71 71 W Ans AFsts 2FAUAME 0.91 ppe, 0.65
ppmoj L} M ¥ i)

@ ALHAS] dzu|def ot 22 FEgPrt A3} AAGFE BF 0.37
pprl 24 HZ P L "ulghF $H(Acceptable)” Ao vlelydor} "BTe} “CTAlYF
2 247} B3 1.16 ppat 1.67 ppuo 2 FZHQ AYRFAL Gy g 27t
glch. ¥, "ATAYAE FH FF % A2 FH9 d3uidd o 224 {2
B7H= "ulA SR ¢h(not accrptable)” Ao2 FriEHo HA| FHHA HAYH
A7 dMo] Way Hog FAXgr]

® PvCEA Az FH2 QuldA] M gl oS (WP, BE,
YE, ZAx] 5)2 A #a) L HAE(leak test)2} ZHAHY B AAH HX
2z ZE 3R F7Y F7 L A 4 FEFHA dHo] gy dc}. e,
AP} Z2AFLYG G AT F7AY FARASFH ol W=A] "ol
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F51  Agad S2aHA9)E d3nld 343

Using PVC Resin {Company A)

AeHE AL R 23] A3 FZ(L) 5 =(ppm) Qg gl AL

7RI A&

#151 10:25 - 12:16 5,661 N.D Coating (2 Line) 2w
#187 13:21 - 15:48 7.497 N.D Coating (2 Line) XY=
#204 10:27 - 11:55 4312 N.D Coating (2 Line) o4
#170 12:21 - 14:51 7.35 N, D Coating (2 Line) oA
#309 14:51 - 15:44 2.597 N.D Coating (2 Line) 24
#185 10:34 - 12:15 3.838 N.D Oven 2 Line(No.4 Coating Room)
#60 14:31 - 15:46 2.85 N.D Oven 2 Line(No,4 Coating Room)
#184 10:35 - 11:52 3.85 N.D v} 2 (No.4 Coating Room)
#58 12:18 - 14:35 6.85 N.D ufZ1-& (No.4 Coating Room)
#170 14:53 - 15:47 2.7 N.D ]84 (No.4 Coating Room)
SERE

#213 10:26 - 11:56 3.69 N.D Oven¥- 3m

#209 11:56 - 14:03 5207 N.D Oven¥ 3m

#301 14:03 - 1545 4,182 N.D Oven¥ 3m

#232 10:30 - 11:45 3.675 N.D Ovengd ¢

#216 11:45 - 14:04 6. 076 N.D Oveng %

#304 14:04 - 15:50 5.194 N, D OvenZ ¢

#203 10:37 - 11:49 3.312 N.D Oven 2 (4m=x}|E oven?])
#83 11:49 - 13:59 5.98 N.D Oven 2 (4n2j3 oveng|)
#206 13:59 - 15:47 4,968 N.D Oven 2 (4m*]3 oven$l)
#192 10:30 - 11:48 3.978 N.D Oven 3 (4nA]H 1.5m &o})
#233 11:48 - 13:59 6.681 N.D Oven 3 (4n2]3d 1.5m &o})
#208 13:59 - 15:48 5,151 N.D Oven 3 (4mX]H 1.5m &o})
#235 10:40 - 11:47 3.283 N.D Oven 2 (4p=]A 1,51 &°ol)
#36 11:47 - 13:58 5.341 N.D Oven 2 (4p*]A 1. 5m &o])
#193 13:58 - 15:53 5.635 N.D Oven 2 (4ex]E 1,5m &°})
#210 10:37 - 11:52 3.45 N.D area(No, 4 Coating Room}
#234 11:52 - 13:59 8.602 N.D area(No. 4 Coating Room)
#37 13:59 - 15:51 7.912 N.D area(No.4 Coating Room}
#156 10:40 - 11:50 3.01 N.D Oven 1 9] Ex[&

#221 11:50 - 13:57 5. 461 N.D Oven 1 ¢ FEA13

#201 13:57 - 15:51 4,902 N.D Oven 1 ¢ J&|A

#214 10:44 - 11:57 2.774 N.D Oven No.3 & 20m

#2159 11:57 - 14:02 4,75 N.D Oven No.3 & 20m

#307 14:02 - 15:45 3.914 N.D Oven No.3 & 20m

N.D : Limit of Detection{ZA|qiA)Q 0.00004 mg o|5tel ZH-L



Using PVC Resin{Company B)

AEHE Al B2 A7t 8L s=(ppm) g 3 AR FHA
NAA =

#22 14:54 - 16110 3.800 N.D AEZ 137 Auld A8y

#1 16:10 - 17:24 3.700 N.D FJAEE 137 Auld =EA

#86 14:55 - 16:18 3.237 N.D 137 B3 Z3A(A5E2Y)
NGA R

#35 11:45 - 14:10 5,945 N.D A8 E3

#96 14:45 - 16:23 4,018 N.D FU AR

#4 16:24 - 17:17 2.173 N.D Aa3A

#104 11:48 - 14:10 6.248 N.D Az

#76 14:44 - 16:25 4.444 N.D e AR

#68 16:25 - 17:17 2.288 N.D Ag=3

#8 11:50 - 14:45 7.175 N.D A3 B34

#5 14:45 - 1:15 6. 150 N.D A g

#13 11:55 - 14:33 5.530 N.D S

#89 14:33 - 16:30 4,095 N.D s

#70 16:30 - 17:16 1.610 N.D g3

#73 12:00 ~ 14:25 7.830 N.D uE

#93 14:25 - 16:05 5. 400 N.D upR

#16 16:06 - 17:23 4.158 N.D wpy

#56 12:00 - 14:25 5.510 N.D w3y

#27 14:25 - 16:07 3.876 N.D ups

#6 16:07 - 17:23 2.888 N.D s

#43 12:05 - 14:25 5. 180 N.D up 3

#32 14:25 - 16:11 3.922 N.D 131

#99 16:11 - 17:22 2.627 N.D 123

#25 12:07 - 14:26 6.255 N.D oven

#105 14:26 - 16:20 5.130 N.D oven

#9 12:10 - 14:40 5, 700 N.D oven

#11 14:40 - 16:46 4. 788 N.D oven

#88 16:46 - 17:20 2.926 N.D oven

#39 12:15 - 14:35 5. 880 N.D wpE

#21 14:36 - 16:26 4,620 N.D ups

#101 16:26 - 17:18 2.184 N.D ups

#97 12:17 - 14:30 4.655 N.D ws

#72 14:30 - 16:32 4,270 N.D ups

#44 16:33 - 17:15 1.470 N.D g

#63 14:58 - 16:14 3.344 N.D 237 oven

#3 16:15 - 17:21 2,904 N.D 2%7] oven

#85 14:59 - 16:13 3.034 N.D 2357 oven

#24 16:13 - 17:21 2.788 N.D 2% 7] oven

N.D @ Limit of Detection{Z=R|ZtA}2l 0.00004 ng 0|3} H2
_ 33 _



Using PVC Resin(Company C)

-1k X) 23] 2] 4] 74 L)  F=(ppn) g 9 AR L
MlA &
#167 10:02 - 12:07 6.250 N.D otEatgd Al w2
#168 13:02 - 13:48 2.300 N.D st atdal  e=xjA
#20 10:05 - 12:04 7.140 N.D otz afelz} =2Z3
#167 13:04 - 13:55 3.080 N.D AEYA} ZE3|
#15 10:15 - 11:55 4,800 N.D Eyardat
#164 13:0 - 13:45 2.160 N.D Zyad 2}
#161 14:05 - 16:00 6.900 N.D &A=l e
#160 14:06 - 16:00 5. 700 N.D g&3Yga dI=Z
#150 14:10 - 16:58 5.076 N.D Egada &3
#H AT
#98 10:00 - 11:46 6.254 N.D 29t &7
#157 11:51 - 14:40 6. 431 N.D Hzet& )
#1563 14:40 - 16:00 8.260 N.D 29t 7)
#28 10:05 - 11:59 4,788 N.D A4et&7)
#154 11:59 - 14:38 6.678 N.D A4etE 71
#163 14:38 - 16:00 3.696 N.D #4eta7)
#90 10:10 - 11:57 4. 601 N.D 33k 27
#165 11:57 - 14:37 6. 880 N.D A3g &7
#155 14:37 - 16:00 3.569 N.D #H3¢¢& 7
#66 10:10 - 11:59 4. 142 N.D A4¢tE cooling F
#169 11:59 - 14:32 5.814 N.D AH42E cooling ¥
#162 14:32 - 16:00 5. 624 N.D A4YE cooling ¥

N.D:

Limit of Detection{ZA]¥FA])¢l 0.00004 mg o|31%) A%

"734_



Using PVC Resin(Coumpany D)

AlgHy A B2 A1 H+3(L) wXx(ppm) )-8 wl Al B FL
NI =
#186 10:01 - 11:50 5,232 N.D of&tedx} Mg
#190 10:02 - 12:00 4 484 N.D ol atddzl 43
#188 13:25 - 16:00 5,890 N.D 45 oFS7) dyes &
P P R-3
#182 10:05 - 11:55 5.390 N.D AT U&7l dH dves @
#222 11:55 - 13:53 5.782 N.D AT ¢4&7] 3hds] dyes &
#202 13:53 - 16:00 6.223 N.D A1z &7 zhde] dyes &
#181 10:07 - 11:54 4.387 N.D H2Z &)
#231 1:54 - 13:52 4,838 N.D H2Z }&7]
#215 13:52 - 16:00 5.248 N.D H2z &
#220 10:25 - 11:58 4,185 N.D #|4% 7} Hopper %] panel$|
#212 11:58 - 13:50 5.040 N.D A|43.7] Hopper | panel 9]
#194 13:50 - 16:00 5.850 4.58 4% 7| Hopper ¥ panel$]
#152 10:10 - 11:57 4,387 N.D #|3% 7] Hopper o}zl
#159 13:49 - 16:00 5,371 N.D #A)3% 7] Hopper okl
#158 10:12 - 11:21 3.036 N.D A5ZE & vi2d
#223 11:21 - 13:24 5.412 N.D 5% ¢t uizg
#195 13:25 - 16:02 6.908 N.D 5% <& upzg
N.D : Limit of Detection(ZA]%t#])2] 0.00004 wg ©]3}Q! 3¢



Using PVC Resin{Company E}

Algdd A g3 A 7H (L)  s=(ppw) U g A RIS
7RA A 2 :
102 09:15 - 10:25 1.628 N.D line BE2te] Wby
#50 10:29 - 11:55 1.892 12. 61 line ZE2te] wArE
#35 13:05 - 15:54 3.718 N.D line %53y wiAat%
#79 09:17 - 10:42 3.995 N.D line ®54¢ o2&
#48 10:42 - 11:55 3.431 N.D line 253l o|JZ&
#87 13:05 - 15:54 7.943 \.D line 232g] olA%
#55 09:20 - 10:25 3.120 N.D line 539 212%
#52 10:29 - 11:56 4.368 N.D line ZTEXA 7189
#77 13:10 - 15:55 7.920 N D line T3y A&
#42 09:25 - 10:27 1.116 27.59 line 239 H97
#74 10:27 - 11:56 1.068 N.D line 53¢ 494
#51 13:15 - 15:53 1. 896 N.D line 53y 94
- .
#65 09:21 - 10:41 4.480 8.52 extruder & 30cm o}l
#57 10:41 - 11:57 4.256 N.D extruder & 30cm ofel
#59 13:13 - 14:46 5.208 N.D extruder & 30cm o}zl
#30 14:46 - 16:09 4,648 N.D extruder & 30cn ©}zh
#49 09:22 - 10:32 2.870 9.01 extruder ¥c=¢ E 30cm o}zl
#38 10:32 - 11:57 3. 485 N.D extruder =g & 30cm ol=f
#34 13:15 - 14:37 3.280 N.D extrader F=¢ T 30cm ofzf
#29 14:38 - 16:10 3.680 N.D extrader ¥=4d & 30cm o}zl
#80 09:25 - 10:30 1.235 N.D LE= R
#103 10:30 - 11:57 1,653 N.D A4t 5L
#33 13:12 - 16:08 2.204 N.D G5
#84 09:28 - 10:54 4,386 N.D mixer Z}A=}2] 30cmg}
#91 10:54 - 11:18 1.200 N.D nixer ZFAAFE] 30cme}

ﬁaﬁm



Using PVC Resin(Company E)

Algwz B2 AT F2(L) S=(ppn) 2 9 A B3 A4
#78 13:17 - 14:52 4.750 N.D mixer Z}AF=}E] 30cmél
#23 14:52 - 16:09 3.927 N.D mixer 7}ARz}E] 30cmp$)
#94 09:30 - 10:33 2.331 N.D #|1hopper €

#1086 10:33 - 11:58 2,775 N.D H|lhopper %}

#81 13:17 - 14:51 3.478 N.D AM1hopper 2

#75 14:51 - 16:09 2.885 N.D H1lhopper 2}

#83 09:55 - 11:54 6.188 3.50 extruder 1m %]

#61 13:15 - 14:48 4,650 N.D extruder lm ¢

#10 14:48 - 16:09 4 050 N.D extruder 1lm £

#92 09:58 - 11:54 5.568 N.D extruder Im %]

#62 13:15 - 14:49 4,032 N.D extruder 1m 9]

#41 14:49 - 16:10 3. 888 N.D extruder 1m %

N.D : Limit of Detection(ZZ{&kA)Q1 0.00004 mg o]stel #A%

“



Producing PVC Resin {Company A)

AERE ABXAT 3L sX(ppm) HAUE 1wl BRI
FHRIA &

#63 13:20 - 16:50 10, 560 0.21 Y 4%3E
#77 13:21 - 16:40 9.910 0.28 Az g3
#10 13:23 - 16:39 9.604 0.16 Zof =Y
#90 13:24 - 17:07 13.210 0.82 Acficie] MEZ
#51 13:26 - 16:45 9.970 N.D CR ZAEY

#4 13:28 - 16:50 10. 460 0.51 FF g

#102 13:34 - 16:50 g 212 N.D stripping line (gas detector ¢}
#103 09:17 - 13:25 12. 600 0.2t 74 ANy
#18 13:25 - 16:40 9,906 0.47 ¢ AEY
#47 09:19 - 13:29 9.044 0.33 o) =434
#59 13:29 - 16:34 8. 806 0.38 Zu) =3H
#4] 09:19 - 13:32 14.620 N.D Y AEF
#96 13:32 - 16:48 11.330 2.68 x% ZAEFF
#40 09:27 - 13:21 11. 280 N.D 2ciciz] 43y
#100 13:21 - 16:34 9.303 0.18 2cfcie] 4"
#98 09:34 - 13:29 11.540 N.D 2z Qe
#16 13:29 - 16:34 9.084 N.D Az gy
#79 09:20 - 13:22 12,800 N.D 23 AAE
#54 13:22 - 16:34 10.160 N.D ZRd AAE
#32 09:23 - 13:25 10. 740 0.34 8 43¥

#37 13:25 - 16:40 8.177 4.04 R 93d




Producing PYC Resin {Company A)

AlBHE Al B EZA T k(L) s = (ppm) ZPdui-g 9 AR A
A g
#22 13:24 - 16:44 13. 280 N.D C/R 4417} %] area
#69 13:25 - 16:44 13.210 N.D C.R area
#57 13:37 - 16:50 11.520 0.27 oA 287 (E. 280.2)
#68 13:39 - 17:03 12.790 0.12 3L Gas Dectector #3 &
#87 13:40 - 17:03 11.080 0.14 2§12 X Gas Dectector 4
#99 13:42 - 17:01 9.154 N.D 23S Z (R 240.4)
#56 13:43 - 17:01 10. 910 0.41 Z3urg =R (R 240.1)
#95 13:44 - 17:01 9.673 N.D 2322 (R 240.3)
#82 13:45 - 17:01 10. 960 0.35 Z%urg 2 (R 240.2)
#84 13:49 - 16:59 7. 866 0.20 dryer
#45 13:50 - 16:59 9,431 0.39 dryer
#62 09:45 - 13:41 11.780 3.04 Zyutgz (R 240.1)
#1 13:41 - 16:43 9.082 1.52 Zyutg2 (R 240.1)
#53 09:53 - 11:55 5.954 N.D HA27)] screen
#39 11:56 - 14:57 8.833 N.D AR screen
872 14:57 - 16:47 5.368 N.D AR7] screen
#83 09:42 - 13:40 11.160 N.D 2§ Z (R, 240.4)
#87 13:40 - 16:43 8. 583 3.51 S8k (R.240.4)
#46 09:43 - 13:41 13. 300 18.41 Z3t-2x (R, 240.3)
#9 13:41 - 16:43 9,937 10,97 24urg-= (R 240.3)
#42 09:21 -~ 13:23 11.660 N.D C/R printer 24} %]
#5 13:23 - 16:34 9,254 N.D C/R printer XA} g}
#3 09:21 - 13:22 16. 560 N.D =417
#14 13:22 - 16:34 13.190 0.39 £=217)
#21 09:43 - 13:41 16. 450 0.31 23z (R.240.2)
#80 13:41 - 16:43 12.580 N.D Z3tg 2 (R.240.2)
#30 09:50 - 11:59 7.211 N.D Az
#8 11:59 - 14:54 9,783 4.8 A7)
#24 14:54 - 16:47 6.317 N.D Az
#36 09:52 - 11:55 7.245 0.55 Az7)
#19 11:55 - 14:57 10. 480 0.28 Az
#78 09:50 - 11:58 6.848 N.D Az7]
#92 11:58 - 14:56 9.523 N.D Az7)




Producing PVC Resin {Company A)

AlEHY Al 2 A2 (L) 5 (ppm) Adulg 2 Az s
B
#104 14:56 - 16:47 5.939 N.D A&7
#66 09:40 - 13:37 14.220 N.D Z¢ME-2 X Gas Dectector &
#105 13:37 - 16:41 11.040 N.D 2318 ® Gas Dectector o
#76 09:39 - 13:37 9,782 N.D Z§MEe 2 Gas Dectector #3 ¢
#74 13:37 - 16:41 7.562 0.41 Z M2 R Gas Dectector #3 &
#49 09:50 - 12:00 7.462 ND 3=z
#29 12:00 - 14:55 10. 050 N.D Az
#58 14:55 - 16:47 6.429 N.D Az

N.D : Limit of Detection(ZX]| A< 0.00004 mg o|5}¢) S

— 40 —



Producing PVC Resin (Company B)

AlEHE A B H A ZE F2HL) ‘= (ppm) AAdUg o ARAN L
A &=
#26 13:40 - 17:03 10. 350 1.95 C/R 239
#15 13:41 - 17:00 10,150 1.96 achchzl H A4
#73 13:48 - 17:00 10. 370 1.90 XA ZRH
#38 13:49 - 17:01 9.600 0.45 =& A
#55 13:51 - 17:02 9.550 1.96 A 4137
#89 13:53 - 17:02 9.828 1.97 FULH ol
#25 13:57 - 17:08 10.180 1.76 Eni LA ]
#97 13:58 - 17:08 9.741 1.95 AZZRE ALY
#13 14:00 - 17:00 10.800 0,77 243y A&
#2 14:05 - 17:00 8.750 1.40 Az oAb
#106 14:05 - 17:08 8.967 2.48 AF udz
#u3l 09:42 - 13:59 13.620 0.38 FH-EH o Huj
#u22 15:02 - 16:38 5.088 1.54 il B
#uld 09:44 - 13:59 7.130 0.67 U AEH
#34 14:49 - 16:48 5.474 1.30 S4Fu[d o|AqE
#u25 09:50 - 13:59 10.210 0.77 AZEHY Hejx
#ul3 13:57 - 16:40 5,562 0.28 Az-FHY <3y
#43 09:50 - 14:00 9.500 0.67 ZFY ol
#ul9 15:01 - 16:40 4.950 1.22 Z3Y Z23Y
#ul 09:51 - 14:00 12. 450 0.40 AEBeA Ao
#33 15:00 - 16:40 5.000 0.71 FREH A4
#52 09:54 - 14:00 13,530 N.D o)z A4y
#u28 15:00 - 16:41 5. 555 0.95 ocia] 2aF
#50 09:58 - 14:00 12.830 0.94 ARAZH LA
#ul3 14:59 - 16:41 5.1353 1.38 AFAEA $od
#12 09:59 - 15:10 15.550 0.21 BN
#u23 15:10 - 16:48 4.900 0.32 23 ey
2 HA 7
#20 13:43 - 16:35 8.944 1.858 C/R
#35 13:44 - 16:35 12.830 0.977 C/R
#71 13:44 - 16:35 9.918 1.755 C/R(BX)
#48 13:45 - 16:36 9.576 1.271 C/R
#86 14:02 - 16:36 10. 470 1.085 C/R(EE)
#31 14:08 - 16:39 8. 607 0. 869 Z3EA area 32 187 &
#27 14:10 - 16:39 10. 280 1.588 FUZY area {2137 ¥




Producing PVC Resin {Company B)

Algs A Z22f 3 AT 3L} ==(ppn) AAUE W Al g
#6 14:10 - 16:39 7.718 2.672 2318 area H4X 137 9
#64 14:11 - 16:39 8.732 2.448 Z%3A area Bl4x 13 &
#u26 09:45 - 14:20 20.350 0.292 C/R
#u30 14:20 - 16:43 10. 580 0.06 C/R
#uB 09:45 - 14:23 26.410 0.213 C/R
#u9 14:23 - 16:43 13.300 0.247 C/R
#65 09:45 - 14:22 19.670 N.D C/R
#ulb 14:22 - 16:43 17.170 0.072 C/R
#u3 10:00 - 12:45 11.220 0.249 Z%tarea
#ud 12:46 - 15:05 9,452 0.092 Z%tarea
#101 15:05 - 16:35 6.120 0.857 Z%larea
#70 10:01 - 12:48 8.183 0.696 Z¥tarea YT #

#ub 12:48 - 15:07 12,690 0.423 Z%area YR 9
#23 15:07 - 16:35 4,312 0.726 F¥area L YEiA ¢
#ul? 10:02 - 12:51 8.450 0. 261 2% area
#7 12:51 - 15:10 6.950 0.512 %%} area
#ulb 15:10 - 16:35 4.520 N.D 2%} area
#ub 10:05 - 12:45 8.160 0. 646 =%} area
#17 12:45 - 15:05 7.140 1.02 %%} area
#u2l 15:05 - 16:35 4,590 2.14 2%} area
#u20 10:07 - 12:50 10.110 0.203 2%} area
#28 12:50 - 15:09 8.618 0.4 =%} area
#u27 15:09 - 16:35 5.332 1.69 2%} area
#u29 10:07 - 12:09 6.832 1.591 %3} area
#ull 12:09 -~ 15:08 10.020 0.554 Z%} area
#u? 15:08 - 16:35 4.872 0,706 23} area
#24 10:08 - 12:47 8.904 0,728 2% area
#91 12:47 - 15:06 7.784 0.669 2%} area
#ul( 15:06 - 16:35 4.584 1.258 2%l area

N.D : Limit of Detection{ZH=|¥A)¢l 0.00004 ng ©]3}¢] AL



Producing PVC Resin (Company C)

AlZHE Al B 2] 3] A) 2t L) B (ppm)  EAHGUE W AR P
AAA =

#104 09:39 - 11:56 6.823 0. 554 5 IuE

#139 13:10 - 15:50 7.968 3, 564 % €3F

#66 09:40 - 11:56 7.045 0. 741 zhd A wedr] (AFA B

#147 13:15 - 15:50 8.029 0.645 shd g aedy) (FEFFE we)

#84 10:02 - 13:10 9.137 1.393 AZZE B9

#83 09:45 - 11:38 6. 780 1.921 =23 AAF

#74 09:48 - 13:14 13.620 0.725 3 ey

#29 13:14 - 15:50 10.310 0. 766 x3 wigy

#56 09:50 - 10:45 3.113 5.184 ZUHu o]FH

#45 10:45 - 12:00 4,245 2.379 %3] o] 53

#48 09:52 - 11:00 3.631 4.034 2Eed e

#37 11:00 - 12:00 3.204 1.436 288 Ak

#57 09:53 - 11:38 5.754 2.778 2z Axdy

#36 13:14 - 15:51 8. 604 0. 869 23 A7

#15 09:54 - 10:45 7.293 1.105 Z%8v] 44

#87 10:45 - 12:00 10.73 0.847 23] 244

#6 13:04 - 14:19 4,005 0.528 Uy WA

#17 14:19 - 15:55 5.1286 1.408 234Au] W3

#75 13:08 - 14:18 10.010 0. 590 ZgAu] oM g

#62 14:18 - 15:55 13.870 0.575 ZyAn] oM

#13 13:06 - 14:18 4.075 1.931 Z4An| o] =M

#54 14:18 - 15:55 5. 490 2.886 Z34An] oA
Mg =

#57 09:44 - 11:55 6.327 0.47 C/R

#76 10:02 - 11:55 6.17 0 AZZ% area

#72 10:02 - 11:53 6.194 0.586 AZFA area

#110 09:55 - 10:46 2.366 3.986 =3} area

#12 10:46 - 12:04 3.619 1.768 2% area

#12 13:14 - 15:50 3.619 0.577 Z% area

#80 09:55 - 10:46 2.494 21.16 23} area

#149 10:46 - 12:05 3.863 8.775 23} area

#43 09:56 - 10:47 2.305 18.81 2%} area

#49 10:47 - 12:05 3.526 2.945 23} area

#10 12:05 - 14:52 7.548 0.38 4FHE (7] 2594

#73 14:52 - 15:58 2.983 0. 891 4Z5E (537 454)

#27 12:06 - 14:53 8.166 0.81 3IZET (2y7] AEd)

_.43_



Producing PVC Resin (Company C)

PAR-A K- AlZ2fF Azt (L) BE (ppn)  EHGuUR U AP
i R

#68 14:53 - 15:59 3.227 1.63 3FEE (FY7] A449)

#11 12:07 - 14:54 4,965 0.361 42 2371 2aA

#109 14:54 - 15:57 2.923 0.512 4% Z%7 A A

#144 11:55 - 14:58 §.839 0.167 AN

#90 14:58 - 16:00 2.995 0.576 AHEA

#21 11:55 - 14:59 3.331 2.421 AHRA

#150 14:59 - 16:00 3.331 0 AHRA

#120 11:53 - 14:59 10.38 0.152 AR

#137 14:59% - 16:00 3.404 0.479 AFRA

N.D : Limit of Detection(ZIx]%tA)2) 0.00004 mg oj5}el #H-L
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