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Abstract: This study presents a method for the quantitative analysis of residual vinyl chloride monomer (VCM)
in PVC products. In elution solvent, the extraction efficiency was similar by ethanol, THF, and acetone, but
using n-hexane, it indicated relatively low extraction efficiency. Measuring VCM in the pulverized PVC samples,
it showed reasonable results in both the direct injection method and headspace method with GC/MS. Regarding
analysis of VCM in the intermediate sponge samples, five laboratories showed good results, and from the results,
it was considered that VCM quantitative method in this study was reliable.
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Table 1. Chemical characteristics of vinyl chloride monomer
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Compound Synonym CAS No. Property Use Chemical structure
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AEOIAA T 195010l & 229HE, 1980 ol & 1,100
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19661 1199l thstza2goA] 28202 PVC F4

o Qe AAsgon, @A Seiee] AA A

5L A7) 1105HE o) golt}.
dukz o 2 PVCE Z & 29l 9@ (chloroethylene) 2
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Table 2. Standard methods for the determination of vinyl chloride monomer

Method No. Title
KS K 0730° Test method for residual vinyl chloride monomer(VCM) content of poly(vinyl chloride) fiber and resins
EPA 50213 Volatile organic compounds in soils and other solid matrices using equilibrium headspace analysis
1SO 8762* Workplace-Determination of vinyl chloride (charcoal tube/gas chromatographic method
ASTM D 3680°  Standard Test Method for Residual Vinyl Chloride Monomer Content of Poly(Vinyl Chloride) Resins,
(Withdrawn) Compounds, and Copolymers by Solution Injection Technique

6
ASTM D 3749 matographic Headspace Technique

Standard Test Method for Residual Vinyl Chloride Monomer in Poly(Vinyl Chloride) Resins by Gas Chro-
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THFe] 23 VCMS && #4188 4 9(KS K 0730
B, PVC7F THF®Y 4315 9] columne %5343 uj
PVC & 457} columnol] ZF31e] oS Al5 4
Ao JFS = 5 Jdon, #4771 % FIDEY+=
GCMSE o] &3lAY A HFU W (direct injection
method)} 3 ILPAE A& 7HE et s =

(a) PVC grinded sample

Fig. 1. PVC grinded sample and PVC sponge sample.
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Zslol 2 A B olgajed EA e PVC 28
A ARFLE et PVC RN RS S
Ho® AlF47 Bl uAE S ATt

RS A8 AH GoMse] 22 AHF
Uy % Sl=sdo] Ay BE VCM s SAS
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Table 3. Analytical conditions for the determination of VCM

Gas Agilent 6890 series GC/MS
chromatograph
Column DB - 624 (30 m x 0.32 mm ID x 0.18 pm
o film thickness)
Carrier gas Helium
Column head pressure 0.32 psi
Instrument Injec.tlon type Splitless .
Settines Carrier gas flow 1.3 mL/min
€ Injection temp. 220 °C
Detector temp. 280 °C
Mode Constant flow
Initial temp 5 min at 30 °C
Initial rate 20 °C/min to 240°C
Temperature . .
Hold time 0 min
Program

Final temp. increasing 240 °C

Post run time 5 min at 240 °C

Table 4. Retention time and selected molecular ion of VCM

chromatogram
Compounds Retention time Monitoring ion Selected ion
P [min.] [m/z] [m/]
Vinyl chloride 1.8 27, 64 62
7%~ EI 70 eV, Interface temp. 300 °C5 2] Ao 2

GCMSe] 2718 3Tt 71714 212 Table

33 o] AAsIReH, VveMe] A W AFAI 2
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Fig. 2. Calibration curve for vinyl chloride standard solution.
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Table 5. Leaching concentrations of VCM in various solvents

399

718t PVC
A

EAAFAE Jep Aok T2 2 AF S PVC w4
Alge] st EAAFE= F AIEHE 25 oF | mg/
kg =52 VCMo] AEH Ao 2 e} vemel o

VCM

5o 6bo

(a) Head-space method

70 Bbo | 000 | 1o

VCM

it

550 600 650 7bo 750 8o 850 Gbb 650 1000 1080 1100

Temas 050 100 150 20 350 300 350 400 450 500

(b) Direct injection method

Fig. 3. GC/MS chromatogram of VCM.

VCM concentration (mg/L) Avg.
Solvent
1 2 3 4 5 6 7 8 9 10 (mg/L)
Acetone 324.5 346.7 332.8 329.4 318.1 388.7 356.9 302.5 336.8 352.2 338.9
n-hexane 2524  288.1 2193 2826 2207 272.8 2633 2514 2336 2551 253.9
EhOH 386.7 3920 3456 3294 4022 4121 3299  333.0 3964 3762 370.4
THF 3053 3214 3812 3658 3924 3542 3452 3125 3482 4015 352.8
Table 6. Comparison of direct injection and head-space methods with GC/MS
Injection VCM concentration (mg/L) Avg.
type 1 2 3 4 5 6 7 8 9 10 (mgl)
Direct injection 1.23 1.42 0.98 0.87 0.84 1.45 1.37 1.21 1.15 0.99 1.15
Head-space method  1.19 1.22 0.98 0.87 1.29 1.35 0.91 1.11 1.45 1.31 1.17
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Table 7. VCM content in PVC sponge sample
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VCM concentration (mg/kg) Avg.
Sample
2 3 4 5 6 7 8 9 10 (mgke)
PVC sponge 7.5 8.1 8.3 7.9 7.1 8.9 8.5 7.6 7.4 8.7 8.0
e AHENY 2 Judolay RE {88 Table 8. Results of interlaboratory comparison test for deter-
Aoz WA} A v Fig. 304 & 5 910, mination of VCM in PVC sponge sample
sl= 2ol 2ol vla) RPN B, A ) VCM content PeViation from
29 2717k Wl §- VM 2 AR 9] A7) g A Code (mg/kg) rf;f;oc/f #raeore
o7 B o83t =9 AACl A7|=
o ];t:;ﬁ}‘ig l}l VjM j/\q O;]l; e O}% Lab-1(A) 7.6 5.0 -0.49
Lab-2(B) 75 6.3 -0.61
7 & (selected ion monitoring)©] 2 &3+ o—°,—, Table Lab-3(C) 8.7 87 0.86
6oA & = Axe] e F JFS XA Ko} Lab-4(D) 9.4 175 1.72
AR BT S Tl GE ARRUR B A Labs) 80 0.0 0.00
O RS b e AR W e elEas] 9
e A, AFdE7]0 XP%L% g E #9 5
$E et s= 2ol e Hgdte] VOME
el o] f2l 8 Ao BREt ¢
33. PVC AHBX| A|EE 0|88 XsY AlE £
Table 791 PVC 222 AlBo] ek 2584
of W& GOMS &4 ZA3E YeEpldit B9
10 3] A|F 3 PVC 2314 Al 5o thit VCM 54
T=7F B 8.0 mgkg(7.1~89 mgkg, EFHA 0.6 |
mg/kg)S 2 UElsiTh o33 =4 A= e 3.0 2.0 1.0 00 10 20 30

3ol & VeMe EAolu Abd #4235} z}%l%
Ark= e yEsidE AdA e 24

A#}g de Zow AaE A
PVC 294 Age] tgt VeM I
& AAe 8 24l e ABYEe B
4 7 AFRA

?1 8t
HEA AE7|He) F7HFH 2 VCM #4&
oF]at] APzt Rl dS It slF A&
of theh AAe] 3 £ We B dFolA &3
Wi sl A&t en, PVC =¥ A5
ek A2t S5 As Table 80 VFERA AT
zb B ATl ek EFHAAE 0.80180] 3L, T EF
HA7E 9.7315%2A Ueh A Fe] Bato|u Az
9 Bxo] vH|wZF # o]Fo|x] AoR %‘f’l’ﬂoi‘jrq
Table 83} Fig. 4914 & 4= A50] z-score A &

A d &AM 2 o2 Yy PVC 284 AN &S tH
FeE F VCM F= el tiste] 7t A4
7 kg g @A o] 27 FRskAl BrhkEe] &2
AFolAe] VCM A2 5 e Fae

pl

N
fo 1

Robust Z-score

Fig. 4. Results of interlaboratory comparison test for determi-
nation of VCM in PVC sponge sample (z-score).
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