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Effect of sampling volume on the breakthrough of charcoal tube
during vinyl chloride monomer sampling

Jon Jung Yoon - Nam Gu Lim + Chi Nyun Kim - Jaghoon Roh*

Ingtitute for Occupational Health, College of Medicine, Yonsel University

The main factors of breakthrough are known to sampling
time, flow rate, concentration of the sample, temperature,
humidity, and the physical characteristics of the solid sorbent
tube. However, no study has been reported the effect of
temperature and sampling volume on the breakthrough of a
charcoal tube during vinyl chloride monomer (VCM) sampling.
The objective of this study is to suggest the optimal
sampling condition during VCM sampling based on National
Institute for Occupational Safety and Health (NIOSH) method.

To evaluate adequate sampling volume for VCM without
breakthrough, volume of 1, 2, 3, 4, and 5 L each from VCM of
1, 5, 10, 15, and 20ppm at flow rate of 0.05 L/min were
sampled in 22 and 40 . At 22 , in the case of 1, 5, 10,
and 15ppm, VCM was adsorbed completely in first section of
charcoal tube regardless of sampling volume. But in 20ppm,
detection rates are 99.56% in first section and 0.44% in
second section. At 40 of 1lppm, VCM was adsorbed
completely in first section. In 10, 15, and 20ppm, detection

rates of second, third, and forth sections were decreasec
significantly by reduction of sampling volume. In determination
of breakthrough based on NIOSH method, no breakthrough
was occurred in 20ppm at 22 . At 40 , breakthrough was
occurred in 10, 15, and 20ppm when sampling volume was 5L.
Although no breakthrough was occurred when sampling
volume was 3L.

Finally, in environment of temperature around 22
breakthrough may not occurred up to 20ppm during sampling
for VCM. During sampling for VCM in environment of
temperature around 40 , no breakthrough occurred in
1-5ppm and 10-20ppm when sampling volume is 5L and 3L
respectively. This result suggests that the sampling volume
should be considered when VCM sampling under hot
conditions (>22 ) by the NIOSH method No. 1007.

Key Words : Vinyl chloride monomer, Air sampling,
Temperature, Sampling volume, Breakthrough
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Table 1. Adsorbed amounts of vinyl chioride monomer by sampling volume and

temperature in 1ppm

Total Amounts of VCM (pg)

Total amounts

Temp.  volume (1) First Second Third Forth
() section section section  section
I 2.58%005"  2.58%0.05 ) ) )
(100.00) (100.00)

2 5161014 5.1670.14
(100.00) (100.00)
2 7741010 7.74%0.10 ) ) )
(100.00) (100.00)

4 9.9210.86  9.921+0.86
(100.00) (100.00)

J 12911048 12911048
(100.00) (100.00)

(0%)

1 2411007  241£0.07
(100.00) (100.00)

2 4641025  4.6470.25
(100.00) (100.00)

40T 3 7221047 7221047
(100.00) (100.00)

4 93410.73  934+0.73
(100.00) (100.00)

3 129810.61  12.9810.61
(100.00) (100.00)

* p<0.05 by ANOVA; ¥, Distribution rates(%); I, Mean=S.D.; Temp., temperrature; VCM,

chloride monomer

Vinyl

Table 2. Adsorbed amounts of vinyl chloride monomer by sampling volume and 6

temperature in Sppm

Total Amounts of VCM (g)

Temp. volume Tl ( Zgounts First Second Third Forth
(£) section section section  section
1 12651047" 12651047 i ) )
(100.00) (100.00)
2 24.9810.71 24.9810.71 i ) i
(100.00) (100.00)
NC 3 38.0510.56 38.05£0.56 i . i
(100.00) (100.00)
4 50.73£0.83 50.73£0.83 i i i
(100.00) (100.00)
5 63.62£1.90 63.6211.90 i ) i
(100.00) (100.00)
1 12.46%1.08 1246£1.08 i i )
(100.00) (100.00)
2 25.6110.88 25.6110.88 ) ) )
(100.00) (100.00)
40°C 3 33.8210.68 33.8210.68 ) i )
(100.00) (100.00)
4 48691114 4869711.14 i )
(100.00) (100.00)

5 60.80*1.58  60.16=1.7740C  0.64F0.62,
(100.00) (9895£1.03)  (1.05F1.03)

*, p<0.05 by ANOVA; ¥, Distribution rates(%); , Mean=S.D;; Temp., temperature; VCM, Vinyl

chloride monomer
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Table 3. Adsorbed srmolnts of vird chiride monomer by sampling wollrme S 4
and ternpersture in 10ppm 49 59.80%, 3¢
Total Amounts of VCM () 7642%, 20 9182%, 1 100%
Temp. VCELUTG Total(amounts First Second Third Forth
section section section section
0.05).
1 58173 2584173 (p<0.09
(100.00) (100.00) St 3
2 5131278  5131#2.78 3
(100.00) (100.00) 1566%, 20 7.8%%, X 000%
3 TI66:264 7166264
2 (100.00) (100.00)
4 10298343 102.98:343 (p<0.05),
(100.00) (100.00) 1 VCM
5 120204324 129.20+324 ) ] ) 5 4
(100.00) (100.00) 4
1 2550:09 25504096
(10000) (100.00) 235%, 30 792%, 20 0.28%, 1
2 4176£198  4750+1.73 0.17+038 t 0.00%
(10000)  (9966:0.75)  (0.34£0.75)
3 76771453 6776$339,  7.40£353, 160050,
40 (10000)  (8841+478) (952442 (2084059 (p<0.05), 1 :
4 9668408  T603:563, 15388280  5.26£185 - St L%,
(100.00)  (78.64+471)  (15.91#279)  (545+1.95) 4 134% 30 000%
5 120814229 78784671 27404304 1463310,
*
(100.00)  (65.19+508)*  (22.69256)  (12.12+263) (0<005), 1, 2, %
*, p<O06 by ANOVA; f, Didribution reteg%0); 1, MesntSD; Temp, temperdurg VOM, Vi VCM ( 5
charide monome
_ . . 2. VCM
Table 4. Adsorbed amourts of vien! chicide menomer By sarmpling wolume and
ternpersture in 15ppm
Total Total Amounts of VCM ()
Temp. volume  amounts First Second Third Forth 10%
) () section section section section
1 3866:300" 3866301 NIOSH(1994
(100.00)* (100.00) (th. d)sect. o
2 7638151 7638151 (third section forth section)
(100.00) (100.00) (first
» 3 116184159  116.18+159 section  second section)
(100.00) (100.00) 2
4 153004215 153.00:215
(100.00) (100.00)
5 192904285  192.90:285 - 40
e ____l10000) _ (100000 . Ippm  Sppm
1 3624095  3624:0.% 15ppm
(100.00) (100.00) 20pom N
2 TABTELE9  T036:150 4513182 4
(100.00)  (94.00:233)  (6.00£2.33)
©0 3 10695:276 85924636 16734389 43040.18 :
(10000)  (80.274409) (15.71+3.95)  (4.0240.25) 3 @5,
4 14665:277  940:501  2437:425  2880:312  108:151 10 15 20ppm)
(10000)  (63.02¢355)  (1650:271)  (1965:2.24)  (0.74+102) (2
5 18057:125 10751378  3479:090  35.55:110 2724135 '
(10000)  (5953tL72) (1927:0.54)  (19.69+073) (151#0.76)

* p<006 by ANOVA; 1, Didribuion raef%); 1, MeadSD; Temp, tampaaure VOM, Vinyl

charide monome
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Table 5. Adsorbed amounts of vinyl chloride monomer by sampling volume
and temperature in 20ppm

Total Total Amounts of VCM (g)
Temp. volume  amounts First Second Third Forth
(0) (19 section section section section
1 50.1810.94  50.1810.94

(100.00) (100.00)

2 10228128 10228*1.28
(100.00) (100.00)

3 154851273 154.85%2.73
(100.00) (100.00)

4 2MA3TLTA 20443F1.74
(100.00) (100.00)

2T

5 25569128 25456%346  LI3ELI
(100.00)  (%9.56%045)  (0.445044)

I 4825T166 4825E166 ] )
(100.00)  (100.00)

2 9710208 89167324, 766220, 0277061,
(10000)  (9182%208) (7.801227) (0.28:£0.64)

40T 3 144472207 11049%9.07,  22.58%434, 11414298
(100.00)  (7642%531) (15.66323) (7.92%2.17)

4 202791433 121.28%354 33471200 45321119, 271%145,
(100.00)  (59.80%0.82) (16.50F0,90) (22.3510.61) (1.34£0.71)
5 242181230 14285481 42291205  4976%298  4.70+0.74

(100.00)  (5898%150) (1746%090) (2162%155) (1.94+031)

*, p<0.05 by ANOVA; ¥, Distribution rates % (Mean*S.D.); Temp. : temperature; VCM, Vinyl

chloride monomer

| == 1ppm
25 i~ 5ppm
- 10ppm
20 | 2 =

—————————————= ] 5ppm - g
| e~ 20ppm /
15 =

(A/B) * 100

,,,,,,

Sampling Volume (L)

A, Adsorbed amounts of third and forth section; B, Adsorbed amounts of first and second section

Figure 2. Determination of breakthrough (based on NIOSH manual) in charcoal
tube during vinyl chloride monomer sampling by sampling volume
and concentration at 40°C
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Table 6. Effect of vinyl chloride monomer concentration and sampling volume

Standard
deviation

95% Confidence

Odds ratio Sitrvalk

00538 12703,
03333 4725

1.1432 - 14117
24591 - 9.0811

Variables Parameter
VCM 559 7] Ex%0] NIOSH estimates
(1994)0l141 <]t shsfe] vl A= 9jgke  Concentration (ppm) 02393
EAFol 11 7k skt wgg et e
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