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Abstract

This study was carried out to evaluate the characteristics of atmospheric concentrations of volatile organic
compounds(VOCs) and aldehydes for near a large shipyard. Most of the painting work in marine coating is per-
formed indoor and outdoor. Most of the VOCs are emitted to the atmosphere as the paint is applied and cures. The mas-
sive scale of a ship makes it difficult to capture the emissions from outdoor painting. The VOCs are an important
health and contributors to photochemical smog. The VOCs and aldehydes samples were collected using adsorb-
ent tube and 2,4-DNPH cartridge, and were determined by an automatic thermal desorption coupled with
GC/MS and HPLC-UV analysis, respectively. A total of 16 aromatic VOCs and 12 aldehydes of environmental
concern were determined. At indoor coating facilities, the most abundant compound among 16 target VOCs
appeared to be m,p-xylene, being followed by o-xylene. But most of the aldehydes were extremely lower
concentrations. The atmospheric concentration of VOCs, m,p-xylene concentrations were the highest and the
mean value were outdoor workshop 11.323 ppb, residental area 5.134 ppb. and green area 2.137 ppb,
respectively. However, the most aldchydes were extremely lower concentrations such as formaldehyde, ace-
taldehyde and non-detection such as iso-valeraldehyde, n-valeraldehyde and o-tolualdehyde.
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Table 1. Analysis conditions of GC/MS and HPLC
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Instrument Conditions
Thermal Desorption condition
+ Cold trap adsorbent . Tenax TA
+ Oven temp 1 320C
« Desorb flow : 30 m/min, 10 min
D - trap high temp 0 320C
(ATD-400, Perkin Elmer)  trap low temp . .30C
GC/MS GC/MS condition
{Clarus 500, Perkin Elmer) + Column : Elite-1(60 m, 0.32 mm, 1 um)
« Carrier gas : Helium
» Column flow : L0 m@/min
+ Final temp : 40C (5 min) — 8C/min — 200C
+ MS ion source temp 1 230C
+ Column :C-18 column(ODS, 150 mm, 4.6 mm)
HPLC + Detector ; UV-vis, 360 nm
(Series 200, Perkin Elmer) + Injection volume 220 pue

- Flow rate : 1.2 ml/min
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Table 2. Concentrations of VOCs and aldehydes at indoor coating facilities

Concentration {ppb) (n=4)

Composition Mean Range
1,3-Butadiene 1.23 nd ~ 424
1,1-Dichloroethane 0.65 nd ~ 2.23
Chloroform < 0.1 nd ~ 0.25
Methyl chioroform 275.44 0.27 ~ 1,031.53
Benzene 112.17 nd ~ 318.33
Carbon tetrachloride 26.28 nd ~ 58.93
Trichloroethylene 0.31 nd ~ 0.33

VOCs Toluene 3,710.94 15.41 ~ 14,758.72
Tetrachloroethylene 5.09 0.76 ~ 10.02
Ethyl benzene 2,564.16 3.02 ~ 9,424.52
m,p-Xylene 13,146.80 1.91 ~ 51,938.65
Styrene 34.81 0.50 ~ 113.15
o-Xylene 13,062.80 2.63 ~ 51,938.65
1,3,5-TMB 4,362.48 2.23 ~ 17,382.63
1,2,4-TMB 4,439.31 102,52 ~ 17,382.63
4-Ethyl toluene 1,766.21 2.87 ~ 5,068.55
Formaldehyde 0.013 0.013 ~ 0.022
Acetaldehyde 0.023 0.018 ~ 0.039
AcroleintAcetone < 0.001 nd ~ 0.002
Propionaldhyde 0.005 nd ~ 0.011
Crotonaldhyde 0.002 nd ~ 6.007
Butyraldhyde 0.003 nd ~ 0.013

Aldehydes Benzaldehyde 0.065 nd ~ 0241
Iso-Valeraldhyde nd n.d
n-Valeraldhyde nd nd
o-Tolualdhyde 0.010 nd ~ 0.038
mé&p-Tolualdhyde 0.018 nd ~ 0.070
2,5-Dimethylbenzaldhyde n.d n.d
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Fig. 1. Composition ratio of VOCs at indoor coating
facilities.
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Table 3. Concentrations of VOC at outdoor workshop and near a shipyard

Concentration (ppb)

vOoC

Outdoor workshop(S-1) {n=11) Residental area(A-1) (n=57)

Green area(A-2) (n=14)

1,3-Butadiene
1,1-Dichloroethane

0.006 (n.d ~ 0.019)
0.032 (nd ~ 0.084)

0.053 (0.002 ~ 0.163)

0.000 (n.d ~ 0.002)

0.069 (nd ~ 0.216) 0.053 (n.d ~ 0.184)

Chloroform 0.022 (n.d ~ 0.054) 0.013 (nd ~ 0.050) 0.107 (nd ~ 0.392)
Methy!l chloroform 0.068 (0.005 ~ 0.242) 0.054 (nd ~ 0.162) 0.104 (nd ~ 0.247)
Benzene 1.787 (0.998 ~ 2.626) 0.653 (0.007 ~ 0.829) 0.139 (0.003 ~ 0.268)
Carbon tetrachloride 0.877 (nd ~ 1.626) 0.173 (0.048 ~ 1.263) 0.370 (0.003 ~ 1.263)
Trichloroethylene 0.022 (0.002 ~ 0.064) 0.018 (0.008 ~ 0.037) 0.028 (n.d ~ 0.073)
Toluene 2.676 (1.693 ~ 3.914) 1.581 (0.200~ 5.493) 1.056 (0.072~ 3.197)
Tetrachloroethylene 0.149 (0.013 ~ 0474) 0.063 (0.008 ~ 0.146) 0.109 (0.002 ~ 0.340)
Ethyl benzene 5.357 (0.324 ~ 11.008) 1.849 (0.042 ~ 5.412) 2.092 (0.001 ~ 7.427)
m,p-Xylene 11.323 (0.053 ~ 19.093) 5.134 (0.106 ~ 22.986) 2.137 (0.060 ~ 7.409)
Styrene 1.525 (0.016 ~ 5.686) 0.497 (0.048 ~ 1.473) 0.752 (nd ~ 2.231)
o-Xylene 7.379 (0.073 ~ 21.823) 3.490 (0.147 ~ 13.386) 0.628 (0.045 ~ 1.616)
1,3,5-TMB 1.107 (0.672 ~ 1.678) 0.749 (0.287 ~ 1.861) 0.290 (0.052 ~ 0.637)
1,2,4-TMB 2.033 (0.835 ~ 3.825) 1.026 (0.108 ~ 1.860) 0.592 (0.014 ~ 1.306)
4-Ethyl toluene 2252 (0.142 ~ 3.114) 1.783 (nd ~ 7.513) 0.371 (nd ~ 1.157)
Sum 36.625 13.017 8.829
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B mirond]

8

Component ratio (%)
=1

3

s . NI BB
IR RN
£ 3 5 ¥822 3 £ ¢ %2z % B L L OB
£ 2 2 2238 - %5 % & b 328 %

3 g 3 2o
£°% 58 3 o< S g
8§ 5% - -
= = £
- =

Fig. 2. Composition ratio of VOC at outdoor workshop
and near a shipyard.
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Table 4. Concentration of aldehydes at outdoor workshop and near a shipyard

Concentration (ppb)

Aldehydes Outdoor workshop(S-1) (=8) _ Residental area(A-1) (n=16) _ Green arca(A-2) (n=13)
Formaldehyde 0.005 (0.002 ~ 0.007) 0.004 (nd ~ ¢.007} 0.002 (nd ~ 0.006)
Acetaldehyde 0.004 (0.003 ~ 0.006) 0.003 (n.d ~ 0.005) 0.003 (n.d ~ 0.007)
AcroleintAcetone 0.002 (n.d ~ 0.015) 0.001 (n.d ~ 0.002) < 0.001 (nd ~ 0.002)
Propionaldhyde 0.002 (n.d ~ 0.005) 0.001 (n.d ~ 0.004) 0.001 (n.d ~ 0.004)
Crotonaldhyde 0.001 (n.d ~ 0.004) 0.001 (nd ~ 0.003) 0.001 (nd ~ 0.004)
Butyraldhyde 0.001 (n.d ~ 0.002) 0.001 (n.d ~ 0.004) < 0.001 (nd ~ 0.002)
Benzaldehyde 0.001 (n.d ~ 0.007) < 0.001 (nd ~ 0.004) < 0.001 (nd ~ 0.002)
Iso-Valeraldhyde nd n.d nd
n-Valeraldhyde nd nd nd
o-Tolualdhyde nd nd nd
mé&p-Tolualdhyde < 0.001 (nd ~ 0.001) n.d n.d

2,5-Dimethyibenzaldhyde < 0.001 (n.d ~ 0.001)

< 0.001 (n.d ~ 0.002) < 0.001 (nd ~ 0.001)
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