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— Abstract —

The Effect of Temperature on the Breakthrough of
Charcoal Tube During Vinyl Chloride Monomer Sampling

Youn Jung Park, Sang Hoi Lee, Chi Nyon Kim, Jong Uk Won, Jachoon Roh

Institute for Occupational Health, Yonsei University College of Medicine

Vinyl chloride monomer exists as gas phase at normal temperatare and reacts with oxygen and
strong oxidant in the air to form oxidized materials. Because of being easily synthesized, it is used as
a main source at the synthetic reaction process of PVC synthesis factories. Ministry of Labor regu-
lates its usage as a carcinogen and its exposure level as 1 ppm. But the amount of VCM production in
PVC and YCM production process hasn’t been exactly estimated. In addition, facilities of this factory
are located in outdoor. Therefore, this study was designed to investigate effects of ‘temperature on
breakthrough of charcoal tube at a fixed concentration and temperature during VCM sampling based
on NIOSH and OSHA methods which were used as methods of occupational environment measuring
and analysis. .

During the sampling of VCM, methods of OSHA and NIOSH require flow rate of 0.05 Ipm and
sampling volume of 3 7,5 { respectively, at this time carbon molecular sieve tube and coconut shelt
charcoal tube are used to observe the breakthrough along with concentration and temperature. As a
result, significant difference between average adsorbed amounts of OSHA methods but that of
NIGSH methods cannot be found.

NIOSH method is likely 1o be effected by high temperature and normal tcmperatore in high con-
centration. Breakthrough is not found in the method of OSHA at different conditions of temperature
and concentration.

As the result of this study we could verify that breakthrough occurred in the process of sampling
VCM with NIOSH methods. Therefor in summer time, breakthrough should be considered and
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research on the breakthrough volume should be done. It is considered the research about the speci-
ficity of the coconut shell charcoal and carbon molecular sieve sorbent should be doné when sam-

pling VCM in comming days.

Key Words : VCM, Sampling, Temperature, Breakthrough, NIOSH method, OSHA method,
Coconut shell charcoal, Carbon molecular sieve
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Al dd A (vinyl chloride monomer,
VCM)= F49] 7194 7124 de|=e vlsq
WA ZE ol Adgella] 714 Adels S iR
e 43 e AgsAG kgt A4 o
e d3brd 3 Qusie: g2 §5 shast 3718

SHYsr|w gich B=F FY] o) Ak 9 39 s
Ag vhgsle] MBS PMstn 4A PN

olFE 540 o} EE93ME (polyvinyl chlo-
ride, PVC) #3304 $8ee F482 ALS
33 ok PVCHAl Alze FHFAANN VCME
A, whEAAA I g4 9T vEE 9T
of 34 ¥4 FRIT F 43T 2%, 49 A
HHEAIH PVCE AAsHA Hedl o) 334dM 22
AEo] VOMd =2% 754 &3, 2579 d=z
FAAME & FE3 VCME FgstAY B
4ls] PVCE @ot $golBE VoMl =29
a ok E3 VOM A=FF FoA JF S=2ahd)
ol Al ZABl|=EEREYlo|d FHCE oEd
HE2ele|=d gA3a ol& e VCME
Aastn AE VCME HAlshe B30 VCM
o =&% ¢ e AL oA PVCEFAE 7}
Z3le FHINE 2EASC] =59 F ok
VCMel dig 2] 87 23 Azme 233 84
o g3 Mol dutxle g vl ARAAET
9 (National Institute for Occupational
Safety and Health, NIOSH}<l F3A¥H
Method No. 1007 (NIOSH, 1994) 3} w|=S4tdst
ARAA (Occupational Safety and Health
Administration, OSHA) Method No.75
(OSHA, 1984)& AHR-3sta Uth VCMe] thdt 4]
EFET (sorbent sample tube) 23 NIOSH
1007 L coconut shell charcoal tubeZ,

OSHA 75 W2 carbon molecular sieveZ )
A3 2AFHEE A S dnsta g

dutxloz PR Al EIA 247 He A
2 33 (breakthrough) @/4%ld) ol Algrt ¢
Foll HEHX 231 HEew dojrks AL T
T BE ¥30 10 %71 5E6A PaE| NeE
st se] dejgtin FHAdtn A P AL
NIOSH A& 3o 3 glck

Saalwaechter 5(1977)2 A= A3 AT, %,
AR FE, £%, 4, §5 ¥ 4T B4 5
o] A} d¥e F& ¥ 890l Kud}
k. VCM ERA ikl me sapd o] 38 o
T4 5Y TR o ZJAT o fFo] 2
2% et Saise S0 (Seversst Skory,
1975 ; Hill 5, 1976 ). & Al ¥AAN VCMe
2xo] ot e A gEd dEel FHA B
83l FFo 2 oir} sxailde deod +x git}
AR BREAE] AResr SA9d g3 39
VCME H&o= o|gdled a8 aglez g
g}, oA BEE AS 87t 24940 A%
o2 ojgdR e, 4TdME o]F FEt RolFA
ot 3o 29] ol B3R Y¥%m, -20TAME
HAxozo] o)Fo] g} (Cuddeback F, 1975;
Hill ¥, 1976; OSHA, 1984).

VCM Ex= PVC 44339 A4 52 394 4
F=e] g17] W A VCM A8 EgA] 97 7] 24
YL @ol T Aozt A"} 2=t Tad
f29loz 3HE AL 2% Wi VvCMe 3]
ol 2ela dgE Aide] Ve wiolth #
7 2 exd wE FRdde AFHYedt
NEERA 2o A Jge Had vl gl

mhA B A3 VCME ddes =5 4 53
A FFHE U2A 8o AREYA &Y 2=t &
Agtaie) sd viAe 9G¥ 44 FHAS e
VCM} 25 Alelg] AE 48 delR Al gt
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I. &8 Az 3 Uy
1. 48 "R

7t Adele] VCMe] XHE EE 3718 )
A2 100¢ eEH F7] Fru(Tedlar sample
bag, SKC, USA)e] 37 A& A3)& PYTE o
&3t} AWl F71E A& o 7kA EOlE FA)
(Gas tight syringe) 2 VCM 7} (£% 99.5%
°l4¥, Fluka, USA)E F&c). onf efEa 3
71 F0Y Ui¥e] VCM 5= NIOSHYA #3
g working range(0.16~16 ppm)WelA 16
ppmE ZIELZE 3] 42 8 ppm} 32 ppmel
Al 7H T2 AlR ¥71E A2

A2 X3 v NIOSHS OSHASIAM A)A|3
coconut shell charcoal tube (sorbent 50/100
mg; 20/40 mesh; 6X70 mm, ODxL)# car-
bon molecular sieve tube (sorbent 75/150
mg; 60/80 mesh; 6xX70 mm, ODXL)& oj&3
o VCME Z33gr. :

2. AE7(7!

VCME E437] 93l 7k~ azoleadgg
AHgatda 28] (Ultra-2 capillary column) &
ALY HETle BF o)o3 A&7)F oledt
%t GC-FIDE 4% %95 57 9134
GC-MSD (mass selective detector) S A3l
o},

3 AR ZE W

A NEEFZ2 g5 F7) Foy VCME
ZH37] {ske] NIOSH Wd<e 0.05 {/ming]
LR 10083 5 {9 78 NIOSHAAM dx
g coconut shell charcoal tube 2718 32 4
4asted 242t 8 ppm, 16 ppm, 32 ppme] FEW
2 FHsd.

OSHA #gel wet 658 37 FHUe VCM
& Z3&7 93k carbon molecluar sieve
tube® VAT FAERe] FHIME was} Q
o vz 89137] e coconut shell charcoal
tube® Y= AAY ¥ 742t 8, 16, 32 ppm F
ol Mz} 0.05 I/min®] #3F2= 60E7F OSHA

oM ANE B/ 3 1 E EFAUT

VCM A& ¥P4) 250 i 395 go}
27l flale QgiMoz 4 ¢, 22 €, 40 ©E A
Ao} VOME FA31A. 2EIZE AR o)
&S AT 4L Aol BARBL o} 4 ©
& fABgT, HY5eE 2EZE AAQLY &
E7} 40 €2 4R $Aste] ARl gAY
Ho| EF5EE do] 254 T HRPrs A
sugch 22 T AL AW LEE Zusq
AQEsc) ' '

4, B up

zt ggede] wel NIOSHS OSHANA #]A]

B BARUE AMESie] =AY F EYsiqd

VCME 23417] fi3td g4aae] 4, 9% 19
I AEE ARG TYEHe] 439 HAEL 2 w

#2427 gl NIOSH whie ol3sigisg,

OSHA W2 2331 oldlg 150 e H713
¥ olgetie tud X ol =8 99:12 ¥
£ 1 w3 Arlsted AL 3087 ¥AF ¥
GCFIDz #4¥}. EFde FEHAE o
i, olgsigis) dud¥gelr|=E 99:18
ERY 49202 93 %% 579 ER2 259
3 BEsign ¥4 3Ycit A2F g
VCM REE2E AHS3le Table 59 2& 29
GC-FID=. #4% 23 oTF A7t (retention
time) 2 0.945%-c191em (Fig. 1), Table 69 &
Fo2 GC-MSDE <143 A% 24 Fig 2
9] mass spectrumlX VCMS #91si9ic)

5 SAAE

Ao d& Zze] VCM £32 SASEA =
2OYPL ol&dld] P FFUAE Tz, &
= g3 e #9dPe golir) 98 Duncan
NS AAEsin

0. o8 20

1. NIOSH ZZ| UHio| 2ro] mE I8

- VCM2 8, 16, 32 ppme] FEE AZY F7|F
o] coconut shell charcoal tubeE A¥= A
Azt 2z} 4, 22, 40 v £ ZA sl A
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NIOSH =el wteh ¢ F R WA Sy ege] 4, 22, 40 telA A2} 8, 16, 32 ppmd VCM
252 A A 3 H3E FUA Fow Egdt 2 0.05 lpmo= 10087 XY E GC-FIDR
3 F A TAEFS IAF FE Hol A A BM9 43 F39 %L Table 73 2t} z}zieo)
Zo= i &EEt VOMeh Sﬂ-J—‘r’S‘E—— GC- F‘ID 2z ME FE5HF Hd9 zME AP A

= s
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Fig. 1. Chromatogram of VCM by GC-FID
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Fig. 2. Mass spectrum of VCM by GC-MSD
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7 8 ppm sTo|Me| 220 o2 I

Table 12 2% o2 TASH 23 FH4
VCMS} 2X& HEphd Aeojch A WA ZoMe 4
€, 22 ¢ 283 40 TN ZHt 0,125 me, 0.108
mg, 0.066 mgo] HEHUR, F WA 24 4 ¢
22 vollMe dE8A 9€skzm, 40 vdAME 0.017
mgel AEEUTH A HA) SAM= 4 T} 22 1o
2% VCMel A&Hx] gtz 40 volAe 0.021

mgol AEHel T WA 2o FAIA Zetm A W
A oz sHge ¢ 4 U0 exd we F9

Fel B Apole AP B 2 4 €9} 22 T Aol
e FIP Aolsk glont, 40 Toke £Ed T
2 o Al Aol AZh AR (0.0,

2, 16 pom SToMe| Boof mE HE
Table 2& 2= o2 4dd FE VOMe
FEE vehd Aolvh. A WA FelM 4 ¢, 22-T

233 40 tollM 7z 0.187 mg, 0.203 me,
0.143 mge] AE2HAL, T AA F<lAde 0.011
mg, 0.007 me, 0.034 mgo} AZEUT A HA 3
dxe 4 v 22 o AS VCMe] BEHA @&
et 40 collMe 0.046 meo] HEEH) T A5
ZoA F2FA ®g VCMel 3o o)gsle
A& ¢ F U 2= wE s P A}
o|E FHA £ 2 4 vt 22 ¢ Aol fo@
Aozt AL, 40 tehe _Ed) wE 3} °é‘3}
of frefg Ael7t AT (0. 05).

3) 32 ppmollM2] 2ro o= A

Taha. 3% 2l mtE - d 2l o el -

EXF vERd 7)‘1""]‘:}:, :‘ HA FelMdecdie, .22
T Eta 40 el 2 0,371 mg, 0,383 me,

0.245 ‘mgo] AEHUT, F WA 24 0.015
mg, (.019.mg, 0,071 -mge] FEH o A WA

Table 1. Adsorbed amounts of VCM by temperature at § ppm by NIOSH method

Amounts of VCM (mg)

Temp. No. of Samples Total amounts(mg)
First section Second section Third section
40 4 0.125+0.015 0.125+0,015 B _
(100.00) (100.00)*
0.10820.010 ©0.108+0.010
22 - -
T 4 (100.00) (100.00)
e 4 0.105+0.009 0.06620.007" 0.017+0.004* 0.021+0.002*
(100.00) (63.33+1.24) (16.55x1.79) (20.12+2.96)

* : Distribution rates Mean=S8.D.(%), % : p< 0.05 by Duncan test, Temp. :

sampling volume 5 [ = 0.102mg

temperature amount of VCM 8 ppm at

Table 2. Adsorbed amounts of VCM by temperature at 16 ppm by NIOSH method

Amounts of VCM (mg)

Temp. No. of Samples Total amounts(mg)
First section Second section Third section
4t 4 0.196+0.022 0.187+0.023 0.011+0.008
(100.00) (95.67+4.68)* (4.23+4.68)
o . 0.206:0.016 0.203:0.012  0.007+0.004 B
(100.00) (98.4322.07) (1.57£2.07)
A0C 4 0.222+0.043 0.143+0.027" 0.034+0.008" 0.0460.018"
(100.00) (64.52+£7.31) (15.12+1.06) (20.46+7.30)

: Distribution rates Mean+S.D.(%), ¥ : p< 0.05 by Duncan test Temp

sampling volume 5 { = 0.205mg

temperature amount of VCM 16 ppm at
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M 4 T AS VCMe] H&5A) edghont 22
c% 40 ToAME 22 0.006 mg, 0.069 me7} AL
AN, 2= %E HAFe] HT AelE AP
23 4 T 22 T Aldie #A% Aol7} gl
o, 40 toe 2kd e A5G 9P /A
Zol7h it (pq0. 05).

2. OSHA =& 9| Sxof| Og %

VCME 8, 16, 32 ppme] ¥=2 AxH I F
o] ZAaRs Ade 9] g2 4, 22, 40
T 2= FPICNA ZEZT £ A A RS

(carbon molecular sieve tube)2] %, HES B

et A WA, F ¥4 Fos FEEGD F W
A Zof FAHA Fatn FHHE VCMS st
7] fl5ted AAF F WA FDF (coconut shell
charcoal tube) & 49 $& A A Fo= FH
3] &gt & VCMe 33 =g GC FID= &
M oi=

& 16, 32 ppm T VCME 0.05 lpmS = 60
B3 4, 22, 40 oA EJE F GC-FIDZ 4%
A7 VCMS] F332 Table 48 gt} 2% @2
FEATF Pare] xelE AR B 4 ¢} 22 Tl
Ae EQF B §2F Aol7t glet 40 vl
t EAgR o2 Fo% Folr} AAT (p0.05).

Table 3. Adsorbed amounts of VCM by temperature at 32 ppm by NIOSH method

Amounts of VCM (mg)

TFemp. No. of Samples Total amounts(mg)
First section Second section Third section
4 _ 4 0.401+0.053 0.371£0.070 0.01620.005
(100.00) (96.6222.83)* (3.2422.60) -
e 4 0.416+0.081 0.383x0.050 0.019+0.008 0.006+0.003
(100.00) {94.55+5.81) (4.23+4.29) (0.84+1.68)
20T 4 0.390+0.025 0.249x0.017" 0.0710.014" (.069+0.022"
(100.00} (62.49+6.27) (18.0942.33) (19.42+5.93)

* : Distribution rates Mean+8.D.(%), ¥ : p<0.05 by Duncan test, Temp. : temperature amount of VCM 32 ppm at

sampling volume 5 [ = 0.410mg

Table 4 . Amount of adsorbed VCM by temperature and concentration by OSHA method

Amounts of VCM (mg)
Conc. Temp. No. of Samples
First section Second section Third section
8 ppm 4c 3 0.080+0.005 - -
270 3 0.082+0.005 - -
40 3 0.074+0.006 - -
16ppm 4¢ 3 0.170+0.005 - -
27T 3 0.157+0.011 - -
40 3 0.141£0.017 - -
32ppm 4T 3 0.300+0.010 - -
22T 3 0.329+0.015 - -
40T 3 0.263+0.013 - -

* ; Mean#S.D., Cong. : concentration, Temp. : temperature

a : amount of VCM 8 ppm at sampling volume 3 ! = 0.061 mg
b : amount of VCM 16 ppm at sampling volume 3 [ =0.122 ng
¢ : amount of VCM 32 ppm at sampling volume 3 { = 0.245 ng
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Vo #

8 vEeld VCME 99 Ed(AN=Z 7%
2 Az EgE H4FEE | ppmoZE FHE
=5, 1991) A9 HigtE S 2y
27 B77t AdE ¢ Fo|AA Ra|d (85,
1993). %8 el 22| Fglelge 54
APAEBR FHov 22A =EFYAE AAIA @
= 317t stk #Ze S H4 838 3Hge
ZFAdde] SLIEAE ddez AAske Rgs
7 W7t #e FHE A itk 98 e
7t 4AA ] TR 57129 A7) At o
HEZ VCMHA o] A&A 7122 EAE: &
g Z9oA AE EHA fRe%d 9JF ARE
A9 AAQLE seotale]o}l Hc},

= AT E VCM §3 2 844 g A1gs
= NIOSHS OSHA Wi$ Efi2 dlo] 2dA
715 A2 EAsts VCMe digt 89 2y =}
HEE HrMAl 47 724 g Wk Foide
FEE @Yo o3 vehte g9ddE sedsin
2} gt

VCM A %FE 0.05 lpmoz 39
NIOSH w2l Z3whie] 7jEe=z 8, 16, 32
ppme FEE e sz, 25E 4, 22, 40
T2 dAslget. AgE PHN nAFIAAe
NIOSH® OSHACIA AAgE 42 5 (943 (12
92, coconut shell charcoal tube®} car-
bon molecular sieve tube® AME-3le] 2% w
g #3le] Aeg dolEgle)

Cuddeback 5 (19752 2% 2%4 v} VCM
o] FFLoE olFdl= AEE TAEIHEY 4, 22,
40 €8 2xdA ABEE 2A% A A4 FAF
2 Aole oy 257t %E€5E, Al7e] A
FE FFoR olFshe Axrl avtn Au3ch

2 A% NIOSH 3 wet g4ad 274
£ A4z 4383 VOM EZA &xd 23 g
4L 2R 47 xHexe] g AN FiAF
Wi Alole R, AEREHA 2R et ¢
o 2% FAHA Eam HEe4 Fsis A=
E AE d3 8 ppme AF A HA FoME 4,
22, 40 © 22 100.00 %, 100.00 %, 63.33 %

7t AZ2ENR, T HA 33 A ¥9A SoMe 4
e 22 © A% VCMel A&HA 3t 40 v
Me 42 16.55 %9 20,12 %71 A&8 o]
NIOSHAIA AAlg 10 %2 VCM #=-} vehd
25 9%E ¥= AL ¢ 4 AN}, 16 ppme A
2 R WA A 4, 22, 40 € &2 95.67 %, .
98.43 %, 64.52 %7t AEHRR, T W5 SN
€ 4.23 %, 1.57 %, 15.12 %7} A&HA}. 4
A Z4E 4 v 22 €9 A$ VCMeo| HE
HA gkskont 40 TolM e 20.46 %7 WEHo] 8
ppme] A9 vlAARAZ T A ZeA F2E)A
3 VCMe| FFez olFdtes S ¢ & U
ot Z22v 32 ppme ASE A WS4 4,
22, 40 € T2} 96.62 %, 94.45 %, 62.4 9%}t
A&HAR, ¥ A8 SoME 3.24 %, 4.23 %,
18.09 %71 AeHAom A ¥ SeMe4 T A
£ VCMel 3&3A #2322 To 40 volMe
22} 0.83 %, 19.42 %7+ A&=Ach 8, 16 ppm
T ©9) 32 ppmolHE 40 T B ol 22 T
A% m el gt T WA Fo FHHA] £
VCMel HEog olFsie A& ¢ + Utk 4
o} Ao VCME date 2k A2 won
=3 aFkdMe Mz ol AT AR
ol WPE 5 UL B} NIOSHAM = &
Ad@ 2718 AJ= 4F@s VCME ZHY AL
Axnstz AE o] Az HkE 9 AL, A%
Zoide gdud 1nezs VOMS £4%i9]
3] 7Fesivia oAH

OSHA 49| A% ABXFHA Zze] 2xd o
g4 9 22 ¢ Aeldle ZHF HF e A7) ¢l
QAT 40 cAlAe EAF FHEe Aozt Ay
(pC0.05). s3] FAHA Raa FFo= olgst
E FEE AHE 3F 3=4 A x4 Fd
glol AFone] ojF& HH gt

Hill 5(1976)°] VCM ERd AP HFHAS
Agaz] 9§ 4% AFAANA Carbosieve B7t
coconut shell charcoal Bt} EF&Fo} & Ao
2 vehd ANYE, 99 24 NIOSH i elA
AH2-E coconut shell charcoal®t OSHA el
A A28 carbon molecluar sieved] EREFE
v @ BghE o &2 TR Adglel AR
9] o]%o] gl carbon molecluar sieved] ¥I&
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ol Z Aoz AFAH Hill 51976 Ang}
AR 23y A ZHE o HE JFE
< ¥vns] 2 o NIOSH #hie] <3 35ge
102.7+8.43 %% Purcell(1975) ¢l 712 8 ppmel
VCME 1.5 [ ZR39E 19 554 91.5:10.6
%9t & Fo|7b AR OSHA Wie] e
125.6x10.2 %= Fg&°] w3l ol Zo] T
A9 35g Aole g g Ao Y7
"o}, NIOSH WM E £43 C54he o] 43}
o] eilsla, OSHA WS MgSO& #A7et £
CS.¢l DMFE 99:18 &gk goz gatsly]
W&ol nA XA ©BE CS,9 FF A= 9
§ zlolzlm A<drt,

ARG Fo)F o =AM syt LA}
71 A7A] A3 A8 BIE 12 el Ae
24 ol o AL ARE HFduA ¥ we
gEaHc AL Frlel Fg Aol Fo)

ek o] RAE IS FTIMEE AFSHE 24

el FHEoz oF Ao o5 Ha AFe
2 0)%3 A%} 20 %o d LA HE Als9
ARy BAU Aeg FEH (Susanne,
1987}, A12¢] HEHQ £40] dojr} AHEA F
FEE #Aa2P7E 7heAdel dtha (Melcher,
1975) 3193 NIOSHelM & H oA EHE %ol
g2 10 % olde] =HE Ao doiytin
B3 g Alge HE@A "o Saalwaechter 591
HAHALE AFF Aol A7 AFH AL /5,
ANBe R, 2%, 4E, %, @SR 4
So] 8 82lo)g} siPeH £ AFeM NIOSH
2t OSHA Wizl A2 23R4 5%, A59 %5,
FIAAN 2% 20L& FUsSAT Aa ERHPH 8
Agte) 277 #A2 5 18 3 1, coconut shell
charcoal® carbon molecluar sieveZ 2ol
glooz = ¥zt &xd wWE AL AFH
v w37l ol Heh

B APoA= @A NIOSHSH OSHACAM A
gln P Whgoez 4, 22, 40 ¢4 VCME X
Fsted A% d3 NIOSH ol VCM 13}

& medl FFe ol ARl WAsE RAE
¢ & IR, BEFEAANE FLANE Rt @

the & ¢ 5 Ak OSHA el we 23
t b o] waEA] gt 2= 9F

3 29 FA}0e FHYAAE HrPAel= OSHA Ui S
o]-&35ld VCM<S EAE AL S3d3& T
< itk NIOSH Wie A% 74 2d¥s g4e
o FF8%2 JlAstn 9oy A5 AE AFA
ol ZA=Z wart dolval e kg AR A
3 4% dnstn g &= FFL uaeH|
92 AFo|22 oFA n2dA VCM EHA 5
H@4E& A5 Y8A Lzo B =g
A7} o] ol of 8 Holr}

2 d3d A NIOSHS OSHA F w7t s+&
o] zolo} g AAE TSR X Aol vlEFH
Holgl A=Y 8% carbon molecluar sievest
coconut shell charcoale] E4e] @3 A77t ¥
aajrha wdE) oo £ JvelelAs VCMel
We 4 2 49 whyo] nlEd Aoz &
AFdM d& AnE ulger PVC 3R] A%,
7H833 T8 VCM 248 3AA 2 Szl
4" ddE A8 & o A APgEE 7 2
o] LYool & Aoz YHET),

V.2 £

VCM EFA 2%d o #addE detrnz
8, 16, 32 ppm® FEZ NIOSHS OSHA "
o2 % A% NIOSH whie® VCME %3, ¥
A% A3 8, 16, 32 ppme] EE FEM 40 T
gl A% sHE el §FFH VOM e 52 &
o] 9L s AL ¢ 5 Yok 32 ppmel 3
S5 22 TAAME pigelx Tt ma@ge] #EE
=3

OSHA ¥Hd w8 VCM EHA 2x9 %71
gztd] mAE G8e HAE AR 259 FREd
AAGe] B 4L FEHA] Fdch

olae] sz B v NIOSH whiel geh VCM
£ ¥ZY ALd 18 3iEwe] d3g ol #
A o] LB E £57 B ojFHoh} VCM
¥ s d3ds Atd dEsE 29
sk Alg7 £45A Y5E 2HREE 29 g3
A4S oisleol @ AHeolth mE OSHACA A
e FRE, 4% 55 A6 243 A7 2
=9} F5d AAgel FAde] AEHA &Urh
2z sl VCM 44 satddE BRso|
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f15td OSHA o] A3t 44dn. gdeo=
VCM EAA T4 A8 AFFes NIOSH ¥4
I OSHA 39 vz 9371 desinin Azis)e]
Aol TF coconu siemll odarooals@ cardon
molecular sieve?] SA¢] #Y d7= Hag 3
o= Aztdch
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