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Abstract : In this study, the spatial and temporal distribution of volatile organic compounds (VOCs) in an industrial shipbuilding
complex was monitored, and the local characteristics estimated. The major VOC component measured at all of the sampling sites
were almost the same as those found at an indoor painting facility, indicating that painting works conducted in the shipyards were
a significant source of VOCs in the vicinity of shipbuilding areas. The main parameters affecting the VOCs distribution were the
distance between the sampling site and painting work place, and the intensity of the painting works. A quite broad range of VOC
concentrations were observed in all of the sampling sites, depending on the intensity of painting works in nearby areas suppressing
the typical seasonal and temporal variation trends in VOCs observed in urban areas.
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Fig. 1. Study area and sampling sites,
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Table 1. Concentrations of volatile organic compounds in indoor
painting facility inside shipyard

Compounds Avergge Composition
concentration (ppb) (%)
Acetone 441 0.1
2-Propanoal 272 43 79
Hexane 2571 0.7
n-Butanol 660.89 193
Benzene 116 0.0
4-methyl-2-pentanone 70.32 20
Toluene 526 0.2
Ethylbenzene 528,04 154
m,p-xylene 856,23 249
o-Xylene 545 48 159
n-Nonane 3.36 0.1
m,p-Ethyltoluene 118.90 35
1,3,5-Trimethylbenzene 4197 12
2-Ethyltoluene 26.36 08
1,2,4-Trimethylbenzene 208,94 6.1
n-Decane 486 0.1
1,2,3-Trimethylbenzene 4010 12
n-Undecane 2.60 0.1
1,2,4,5-Tetramethylbenzene 1597 05
Total VOCs 343298 100.0
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Table 2. Average values and standard deviations of volatile organic compound concentrations inside shipyards and in residential areas

Concentrations (Avg. +SD))

No. VOC compounds
F1 F2 F3 R1 R2 R3
1 Ethanol (Ethyl alcohol) 0.00+£000 000£000  0.00+0.00 0.00+000 0.00£000  0.00+0.00
2 Acetone 0.86+1.57 054+040  055+071 0.45+0.31 045+036  045+0.39
3 2-Propanoal (Isopropy! alcohol) 0.13+047 0.23+0.33 0.39+0.66 0.12+0.19  0.09+0.18 0.02+0.04
4 Methylene chioride 0.00+000 011£032 0.00+0.00 0.00+0,00 0.00£000  0.00+£0,00
5 1-Propanol(Propyl alcohol) 0.00+000 000£000  0.00+0.00 0.00+000 000£000  0.00+0.00
6 2-Butanone(Methyl ethyl ketone) 0.32+033  0.40+0.31 0.30+0.21 031+024 037£020 022+017
7 Ethyl acetate 0.156£028  0.14+0.25 0.12+0.20 0.06+0.13  0.07+0.13 0.07+0.12
8  Hexane 0.43+0.55 0.66+0.92 0.32+042 143+228 142+217 0.39+0.59
9 Chloroform 0.00+0.00 0.00£000  0.00+£0.00 0.00+0.00 0.00£000  0.00+0.00
10,11 2 4-Dimethylpentane+1,2-Dichloroethane ~ 0.03+013  0.04+0.13 0.05+0.12 0.00+000 0.00£000  0.02+007
12 np-Butanol 6.89+1247 1732+1687 6.19+1082 458+415 576+1189 225+448
13 Benzene 0.33+0.17 0.33+0.13 0.36+0.21 0.37+0.21 0.39+0.18 0.32+0.16
14 1 2-Dichloropropane 0.02+0.,07 0.00+0,00  0.00+0.00 0.00+0,00 0.00£000  0.00+£0,00
15 Bromodichloromethane 0.00+£000 000£000  0.00+0.00 0.00+000 000£000  0.00+0.00
16,17 Iso-Octane+ Trichloroethyene 035+135 012+022 0.04+0.13 004+010  0.06+0.14 0.02+0.09
18 n-Heptane 077222 070£162 069+141 068+165 118+232 024+082
19 4-Methyl-2-Pentanone (MIK) 198+193 3.28+383 111£126  208+192 121£1.04 055+0.73
20  Toluene 201%=1.39 295+1.86 292+179 279%183 3.35+1.40 1.63+0.81
21 Dibromochloromethane 0.00+0.00 0.00£000  0.00+0,00 0.00+0.00 0.00£000  0.00+0,00
22 n-Butyl acetate 080+196  036+0.45 0.33+0.54 0.66+1.00 1731244 0.37+0.44
23 n-Octane 0.19+030 028+0.49 0.19+0.37 0.19+034  027£0.49 0.19+0.48
24 Tetrachloroethene 0.00+0.00 0.00£000  0.00+0.00 0.00+0.00  0.00£000  0.00+0.00
25 Ethylbenzene 1144+£1045 2031+£1047 958+879 1027+£736 1443+£1142 579+570
26,27 m p-Xylene 2832+1642 4628+1651 2016+1621 2141+1380 27972266 1245+1245
28 Styrene 017019  012+0.17 0.02+0,04 043+0.76  0.67+0.99 0.12+0.15
29 o-Xylene 1017+£791 1815+814 769+814 6.69+4.71 9.99+932 407+436
30 n-Nonane 0.56+0.45 125+127 0.38+0.34 063+040 059+035 0.30+0.21
31 (13)-(-)Alpha-pinene 003+006 003+£008 0.09+014 003+006 0.02+£006  0.04+007
32,33 m p-Ethyltoluene 2024253 296+£228 103x112 140+158 409+724 133+223
34 13 5-Trimethylbenzene 0.75+097 1.02+0.71 0.36+0.36 0.53+0.68 158+2.83 0.50+0.85
35 2-Ethyltoluene(o-Ethyltoluene) 051+064  0.74+057 0.26+0.29 0.35+0.37 100177 0.33+0.57
36  B-Pinene 001+0.04  0.02+007 0.02+0.07 0.00+0.00 0.00£000  0.02+0.05
37 1,2,4-Trimethylbenzene 2.88+3,63 413+298 1.46+1.43 1.99+2 39 5.26+9.00 187+3.14
38  n-Decane 036+030 091£125 0.27+0.29 041+024 036+0.18  018=+011
39 1,4-Dichlorobenzene 0.00+0.00 0.00£000  0.00+0.00 0.00+0.00 0.00£000  0.00+0.00
40 12 3-Trimethylbenzene 0.63+0.75 1.03+0.72 0.38+0.35 0.43+0.42 1156192 0.38+0.64
41 (R)-(+)-Limonene (D-Limonene) 002+003  0.02+0.03 0.01+0.,02 002+004 001£002 0.02+0,04
42 Nonanal 0.03+0.07 0.08+0.14 0.06+0.08 0.04+0.05 0.08+0.14 0.06+0.10
43 n-Undecane 015+0.10  045+065 0.13+0.14 017+009 013%007 0.09+0.04
44 4 2 4 5-Tetramethylbenzene 012+009 026+026 0.10+£0.10 0.08+0.08 0.13+0.13 0.05+0.08
45 Decanal 005+0.10  0.08+0.09 0.07+0.09 006+009 012£020 0.10+013
46 n-Dodecane 007+0.04 018=+0.18 0.07+0.06 0.09+0.05 0.08+0.04 0.06+0.03
47 n-Tridecane 003+004 006+010  0.03+0.03 004+004  0.04+004 0.05+0.05
48  np-Tetradecane 0.02+0.03  0.05+0.09 0.02+0.02 0.02+0.02 0.03+0.03 0.03+0.03
49 n-Pentadecane 0.00+0.00 0.02+0.04 0.00+0.01 0.00+0.00  0.01£0.02 0.00+0.00
50 n-Hexadecane 0.00+0.00 0.01£0.02 0.00+0.00 0.00+£000 000£000  0.00+0.00
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