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Comparison of Sampling Performance of Passive Monitor and Charcoal Tubes
for Airborne Organic Solvents from the Painting Process in Ship Building Industry

Kyoung Soon Chang * Youngman Roh™ - Sang Back Koh"

Catholic Industrial Medical Center, The Catholic University of Korea, Seoul, Korea

Department of Occupational Medicine, Suncheon Hospital”

This study was designed to compare sampling performance
between a passive sampler(3M #3500) and charcoal tube for
airborne organic solvents from the painting process of 3 ship
building industries. All of 54 workers kept both devices in
same side of their breathing zone simultaneously during the
tasks of paint spray, painting assist work, and touch up. Two
sampling methods were compared with paired t-test and
examined the relationship between them by linear regression
analysis.

The results were as follows;

1. There were no significant difference between two
methods for xylene, 1-butanol and methylisobutylketone
(MIBK), but for ethylbenzene and toluene, there was a
significant difference between the passive sampler and
charcoal tube sampling for organic solvents

2. There were no significant difference between two
methods for 1-butanol and MIBK in each task, but for xylene,
ethylbenzene and toluene there was a significant difference
between them for the task of touch-up.

3. There were no significant difference between two
methods for 1-butanol and MIBK in the low level airborne
concentration below 1/16 TLV. But the airborne concentra-
tions by passive sampler were higher than those by charcoal
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tube for xylene, ethylbenzene and toluene.

4. The ratio of concentration of xylene, 1-butanol, toluene,
ethylbenzene and MIBK measured by passive sampler over
those measured by charcoal tube were 1.18, 0.95, 1.35, 1.77
and 1.30 respectively.

5. The percentage of concentration of passive samplers
within 0.75 and 1.25 of charcoal tube value as a reference
value of 1.0 were 57% in xylene, 83% in 1-butanol, 46% in
toluene, 33% in ethylbenzene and 86% in MIBK respectively.

6. There was significant correlation between airborne
concentrations by two methods for xylene, toluene, MIBK,
1-butanol and ethyl benzene.

In conclusion, there were significant difference between
passive sampler and charcoal tube in the low level concen-
tration for several organic solvents, especially, xylene, toluene
and ethylbenzene. So it is suggested that more extensive
study should be performed to identify and develop the
effectiveness of passive sampling method in low level
concentration for organic solvent.
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Table 1. Analytical condition of GC-FID for organic solvents

Item Analytical Condition
Column FID, Neutrabond-1(60mx0.53mmx2.01im)
Injector temp. 200C
Detector temp. 250C

Initial temp

Oven temp. () Rate (C/min)  Final temp (C)
40 3 150

Column flow N; 6.52 ml/min

auxiliary+column flow N; 30.9 ml/min

H, flow 30 ml/min

Air flow 320 ml/min

Split vent 1154 ml/min

Table 2. Number of detected organic solvents by passive sampler and charcoal

sampling method

(N=54)
Solvents Passive sampler Charcoal tube
1-Butanol 15 25
2-Buthoxyethanol 0 3
Butylacetate 7 14
Chlorobenzene 0 2
Cyclohexane 0 1
Ethanol 6 11
Ethylacetate 4 4
Ethylbenzene 36 39
2-Ethyltoluene 0 6
3-Ethyltoluene 0 10
Isopropyl alcohol 4 12
1-Methoxy-2-propanol 2 2
Methyl isobutyl ketone 15 23
Methyl ethyl ketone 1 1
5-Methyl-2-hexanone 0 2
2-Methoxyethanol 2 3
Perchloroethylene 0 3
n-Pentane 6 0
Trimethylbenzene 18 24
Toluene 30 15
Xylene 47 47
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Table 3. Concentration range of the organic vapor between passive sampler and charcoal tube sampling by organic solvents

unit : ppm
Variable N passive sampler(A) Charcoal tube(B) A/B
Xylene 46 0.53 734.65 0.29 733.19 1.18+0.69
1-Butanol 12 1.52724.96 1.56 719.32 0.9540.17
Toluene 15 0.53 732.50 0.62 :32.33 1.35+0.56,
Ethylbenzene 36 0.39 731.68 0.19 _25.61 1.77+1.66
MIBK 14 0.15713.38 0.63 1234 1.30+0.79
* 1 p<0.05
Table 4. Concentration range of the organic vapor between passive sampler and charcoal tube sampling by task
unit : ppm
Task Solvents N passive sampler(A) Charcoal tube(B) A/B
Spray Xylene 15 1.82 779.61 036 ~77.53 1.34£1.16
1-Butanol 3 1.52 724,96 2.52719.32 0.96+0.35
Toluene 5 1777 448 062~ 3.69 1.78+0.76
Ethylbenzene 10 0.67 ~15.68 0.19 713.90 1.65+1.31
MIBK 4 0.63~ 6.50 0.157 6.86 1.79+1.57
Spray Xylene 10 1.16 717.45 1.32719.95 0.97+0.26
Assist 1-Butanol 1 6.49 6.96 0.93+0.00
Toluene 3 0.53 7 5.54 0857 5.81 0.94+0.30
Ethylbenzene 8 0427 6.17 0227 5.9 1.89+1.31
MIBK 3 4.73713.38 4.54 7 12.34 1.10£0.07
Touch up Xylene 21 0.53 734.65 0.29 ~34.16 1.16£0.25"
1-Butanol 8 1.59 715.28 1.56 16.33 0.95+0.11,
Toluene 7 2.56 ~32.50 1.55 732.33 1224025,
Ethylbenzene 18 0.39 731.68 0.24 725.61 1.7842.02
MIBK 7 5.19 710.65 4117 838 1.12£0.12
* p<0.05
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Table 5. Concentration range of the organic vapor between passive sampler and charcoal tube sampling by TLV-level

unit : ppm
Variable Concentration N passive sampler(A) charcoal tube(B) A/B
Xylene -0.063 TLV 22 0537 5.13 0297 6.16 1.54+1.03
0.063-0.125 TLV 12 6347 9.82 6.46 " 9.89 0.93+0.26
0.126-0.250 TLV 8 12.87 719.90 12.85719.95 1.01£0.10
0.260-0.500 TLV 4 26.95 ~ 34.65 26.73 7 33.19 1.05+0.05
1-Butanol -0.063 TLV 3 1527 1.84 1567 2.52 0.88+0.29
0.063-0.125 TLV 1 4.62 5.64 0.82+0.00
0.126-0.250 TLV 3 6.26 " 12.55 6.69 7 12.18 0.97+0.06
0.260-0.500 TLV 5 12.25 7 24.96 13.27719.32 1.02+0.16
Toluene -0.063 TLV 12 0537 5.54 0.627 5.81 1.43+0.60"
0.063-0.125 TLV - - - -
0.126-0.250 TLV 2 16.96 ~ 19.71 16.21719.77 1.02+0.03
0.260-0.500 TLV 1 32.50 32.33 1.04+0.00
Ethylbenzene -0.063 TLV 28 0397 6.17 0.197 5.59 1.95+1.85"
0.063-0.125 TLV 6 8.80 7 18.26 6.76 ~ 12.36 1.12+0.31
0.126-0.250 TLV 1 15.64 13.87 1.13£0.00
0.260-0.500 TLV 1 31.68 25.61 1.24+0.00
MIBK -0.063 TLV 3 0.637 2.73 0.157 2.85 2.08+1.79
0.063-0.125 TLV 5 4737 5.67 4117 6.07 1.13£0.12
0.126-0.250 TLV 5 6.50 7 10.65 6.86 ~12.34 1.08+0.12
0.260-0.500 TLV 1 13.38 12.34 1.08+0.00
* 1 p<0.05
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Table 6. Frequency of passive sampler/charcoal tube ratio by toluene TLV-level

Passive sampler/charcoal tube ratio

Variable TLV level 0.5 0.51-0.75 0.76-1.0 1.01-1.25 1.26-1.50 1.51- Total
Xylene -0.063 1(2.17) 4(8.70) 4(8.70) 4(8.70) 2(4.35) 7(15.22) 22
0.063-0.125 - - 5(10.87) 5(10.87) 2(4.35) - 12
0.125-0.250 - - 2(4.35) (13.04) - 8
0.250-0.500 - - - - 4(8.70) - 4
Total 1(2.17) 4(8.70) 11(23.91) 15(32.61) 8(17.39) 7(15.22) 46(100)
1-Butanol -0.063 - 1(8.33) 1(8.33) 1(8.33) - - 3
0.063-0.125 - - 1(8.33) . - - 1
0.125-0.250 - - 2(16.66) 1(8.33) - - 3
0.250-0.500 - - 4(33.33) . 1(8.33) - 5
Total - 1(8.33) 8(66.66) 2(16.66) 1(8.33) - 12(100)
Toluene -0.063 - 1(6.66) 2(13.33) 4(26.66) 1(6.66) 4(26.66) 12
0.063-0.125 - - - - - - -
0.125-0.250 - - - 1(6.66) 1(6.66) - 2
0.250-0.500 - - - - 1(6.66) - 1
Total - 1(6.66) 2(13.33) 5(33.33) 3(20.00) 4(26.66) 15(100)
Ethyl -0.063 - 4(11.11) 3(8.33) 6(16.66) 5(13.89) 12(33.33) 30
benzene 0.063-0.125 - - - 1(2.78) 3(8.33) - 4
0.125-0.250 - - - 1(2.78) - 1
0.250-0.500 - - - 1(2.78) - - 1
Total - 4(11.11) 3(8.33) 9(25.00) 8(22.22) 12(33.33) 36(100)
MIBK -0.063 - - 1(7.14) 1(7.14) - 1(7.14) 3
0.063-0.125 - - - 4(28.57) 1(7.14) - 5
0.125-0.250 - - 1(7.14) 4(28.57) - - 5
0.250-0.500 - - - 1(6.67) - - 1
Total - - 2(14.29) 10(71.43) 1(7.14) 1(7.14) 14(100)
Table 7. Correlation and regression analysis comparing passive sampler vs charcoal tubeA
Variabte N Tmercept stope T
Xylene 46 0.14 0.86 0.89
1-Butanol 12 -0.10 1.08 0.96
Toluene 15 0.18 0.85 0.90
Ethylbenzene 36 0.19 0.80 0.76
MIBK 14 0.23 0.77 0.95
A : Data were analyzed using the model log y = b log x + a
3 1.5 .
5 | logy=0.8574logc +0.1364 g | logy=1.0775l00x = 0.0953
Tot R? = 0.8904 . - R? = 0.968
51t =
g 205t
_1 1 1 1 O 1 1
-1 0 1 2 3 0 0.5 1 1.5
Charcoal tube, ppm Charcoal tube, ppm
Fig. 1. Relationship between charcoal tube and passive Fig. 2. Relationship between charcoal tube and passive

sampler method sampling results for xylene sampler method sampling results for 1-butanol
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