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ABSTRACT

Background: CAPSS missing evaporate emissions of volatile organic compounds (VOCs) from liquid cargo
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loading and unloading at ports. It needs to be supplemented to improve air quality management and allow

more effective policy formulation.

Objectives: In this study, the VOC emissions from the loading and unloading of liquid cargo at ports, which

are not included in CAPSS, were estimated. The results of this study were compared and analyzed with the

emission levels as described by CAPSS, confirming the need for managing VOC emissions from the loading

and unloading of liquid cargo.

Methods: Methodology provided by the U.S. Environmental Protection Agency (EPA) was applied to estimate
the VOC emissions from the loading and unloading of liquid cargo at ports. The types of liquid cargo loaded
at unloaded at ports are diverse, but for this study emissions were estimated for 37 VOCs designated by the

Ministry of Environment.

Results: The estimated results for VOC emissions from liquid cargo loading and unloading at domestic ports
was 112,079 tons/yr, which was confirmed to be 11% of the known CAPSS emissions. The highest emissions

Highlights:

- Estimation evaporate emissions of
VOCs according to liquid cargo
loading and unloading in ports.

- Comparison of emission Estimation
results and CAPSS emissions and

confirmation of emission levels.

were found from the loading and unloading of naptha, and the port with the highest emissions was Ulsan

Port.

Conclusions: The results of the estimated VOC emissions from liquid cargo loading and unloading at ports

confirmed the high emission levels. To protect the health of port workers and nearby residents, it is essential

to manage the emission sources and undertake continuous research.
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Table 1. 37 Species VOCs notified by the Ministry of Environment
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ID Species ID Species ID Species
1 Acetaldehyde 14 Diethylamine 27 Trichloroethylene
2 Acetylene 15 Dimethylamine 28 Gasoline
3 Acetylene dichloride 16 Ethylene 29 Naphtha
4 Acrolein 17 Formaldehyde 30 Crude oil
5 Acrylonitrile 18 n-Hexane 31 Acetic acid
6 Benzene 19 Isopropyl alcohol 32 Ethylbenzene
7 1,3-Butadiene 20 Methanol 33 Nitrobenzene
8 Butane 21 Methyl ethyl ketone 34 Toluene
9 1-Butene, 2-Butene 22 Methylene chloride 35 Tetrachloroethylene
10 Carbon tetrachloride 23 Methyl tertiary butyl ether 36 Xylene(o-, m-, p-)
11 Chloroform 24 Propylene 37 Styrene
12 Cyclohexane 25 Propylene oxide
13 1,2-Dichloroethane 26 1,1,1-Trichloroethane

https://doi.org/10.5668/JEHS.2024.50.3.169



oM 2| Ax|sHE N Y 5t IHE VOCs T HIET 4hgoll 2+t A+

171

Table 2. Export and import cargo volume by product (unit: ton-cargo/yr, (%))

Liquid cargo Export/Import Export Import
Total 178,275,034 (100) 30,384,947 (100) 147,890,087 (100)
Crude oil 117,096,333 (66) 0 (0) 117,096,333 (79)
Naphtha 30,814,527 (17) 5,104,379 (17) 25,710,148 (17)
Motor gasoline 10,682,395 (6) 10,378,393 (34) 304,001 (0)
Xylene(p-) 7,052,499 (4) 7,032,497 (23) 20,002 (0)
Benzene 2,650,812 (1) 2,627,360 (9) 23,453 (0)
Methanol 1,795,643 (1) 20,276 (0) 1,775,367 (1)
Propylene 1,786,169 (1) 1,654,111 (5) 132,058 (0)
Ethylene 1,200,030 (1) 1,091,131 (4) 108,899 (0)
Styrene 1,159,154 (1) 669,699 (2) 489,455 (0)
Toluene 1,090,287 (1) 460,274 (2) 630,013 (0)
1,3-Butadiene 504,517 (0) 98,268 (0) 406,249 (0)
1,2-Dichloroethane 440,773 (0) 281,004 (1) 159,769 (0)
Acrylonitrile 414,542 (0) 248,913 (1) 165,629 (0)
Butane 330,658 (0) 292 (0) 330,366 (0)
Acetic acid 251,609 (0) 182,214 (1) 69,395 (0)
Propylene oxide 215,442 (0) 143,666 (0) 71,776 (0)
Methyl tertiary butyl ether 188,192 (0) 49,225 (0) 138,966 (0)
Butene 102,288 (0) 102,277 (0) 11 (0)
Methyl ethyl ketone 98,715 (0) 1,847 (0) 96,868 (0)
Xylene(o-) 76,069 (0) 71,037 (0) 5,032 (0)
Xylene(m-) 71,620 (0) 3,781 (0) 67,839 (0)
Cyclohexane 55,736 (0) 7,849 (0) 47,886 (0)
Methylene chloride 48,583 (0) 21,662 (0) 26,921 (0)
Aviation gasoline 43,959 (0) 43,201 (0) 758 (0)
n-Hexane 43,838 (0) 41,469 (0) 2,369 (0)
Nitrobenzene 25,916 (0) 25,904 (0) 12 (0)
Dimethylamine 12,910 (0) 12,163 (0) 747 (0)
Chloroform 12,375 (0) 11,686 (0) 689 (0)
Trichloroethylene 6,193 (0) 98 (0) 6,095 (0)
Tetrachloroethylene 1,885 (0) 59 (0) 1,826 (0)
Formaldehyde 749 (0) 156 (0) 593 (0)
Diethylamine 529 (0) 0(0) 529 (0)
Ethylbenzene 55 (0) 54 (0) 1(0)
Acetaldehyde 33 (0) 0(0) 33(0)
Acetylene 0 (0) 0(0) 0(0)
Acetylene dichloride 0(0) 0(0) 0(0)
Acrolein 0(0) 0(0) 0(0)
Carbon tetrachloride 0 (0) 0(0) 0(0)
Isopropyl alcohol 0(0) 0(0) 0(0)
1,1,1-Trichloroethane 0 (0) 0(0) 0(0)
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Fig. 1. Export and import cargo ratio by product (a) and ports (b)
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Table 3. Liquid cargo export and import volume by port (unit: ton-cargo/yr, (%))

Port Export/Import Export Import
Total 178,275,034 (100) 30,384,947 (100) 147,890,087 (100)
Ulsan port 79,108,378 (44) 12,804,146 (42) 66,304,231 (45)
Yeosu port 54,600,550 (31) 5,758,962 (19) 48,841,588 (33)
Daesan port 36,802,078 (21) 7,829,250 (26) 28,972,828 (20)
Incheon port 7,144,688 (4) 3,819,567 (13) 3,325,121 (2)
Pyeongtaek Dangjin port 450,597 (0) 26,818 (0) 423,779 (0)
Busan port 142,375 (0) 120,022 (0) 22,353 (0)
Gwangyang port 26,368 (0) 26,180 (0) 187 (0)
Masan port 1(0) 1(0)
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Table 4. Estimation factor and loading loss rate
Liquid cargo S P M D T L,
Acrylonitrile 1.8 2.129 53.06 6.73 537R 0.7012
Benzene 1.8 1.843 78.11 7.32 537R 0.8212
1,3-Butadiene 1.8 14.762 54.09 5.13 484 R 72112
Butane 1.8 14.618 58.12 478 491 R 8.1170
Butene 1.8 14.540 56.11 491 481 R 7.7445
Chloroform 1.8 3.020 119.38 12.38 528 R 1.2370
Cyclohexane 1.8 1.887 84.16 6.46 537R 1.0269
1,2-Dichloroethane 0.2 1.197 98.96 10.40 528 R 0.0538
Dimethylamine 1.8 20.439 45.08 5.5914 504 R 7.3295
Ethylene 1.8 14.524 28.05 4.74 305R 6.3242
Formaldehyde 0.2 0.203 30.03 6.802 528 R 0.0042
n-Hexane 1.8 2.347 86.18 5.47 528R 1.5704
Methanol 1.8 2.457 32.04 6.61 537R 0.4973
Methyl ethyl ketone 1.8 1.739 72.11 6.69 537R 0.7830
Methylene chloride 1.8 8.308 84.93 11.07 537R 2.6622
Methyl tertiary butyl ether 1.8 3918 88.15 6.18 528 R 2.3737
Propylene 1.8 14.546 42.08 4.22 406 R 8.0206
Propylene oxide 1.8 10.397 58.08 7.17 537R 3.5174
Trichloroethylene 0.2 1.036 131.39 12.22 528 R 0.0526
Motor gasoline 1.8 6.079 66 5.6 528R 3.0434
Aviation gasoline 1.8 5.049 66 5.6 528R 2.5278
Naphtha 1.8 4.580 80 6.4 564 R 2.2768
Acetic acid 0.2 0.307 60.05 8.72 537R 0.0098
Ethylbenzene 0.2 0.183 106.17 7.24 537R 0.0125
Nitrobenzene 0.2 0.005 123.11 10.05 537R 0.0003
Toluene 0.2 0.550 92.14 7.24 537R 0.0325
Tetrachloroethylene 0.2 0.359 165.83 13.54 537R 0.0204
0-Xylene 0.2 0.128 106.17 7.35 537R 0.0086
m-Xylene 0.2 0.160 106.17 7.21 537R 0.0110
p-Xylene 0.2 0.171 106.17 7.19 537 R 0.0117
Styrene 0.2 0.118 104.15 7.56 537R 0.0076

S: saturation factor (dimensionless).

P: true vapor pressure of liquid loaded (psia).

M: molecular weight of vapors (kg/kg-mole).

D: density of liquid cargo (Ib/gal).

T: temperature of bulk liquid loaded (°R (°Cx1.8+32+460)).
L,: loss rate by loading (kg-VOCs/ton-cargo).
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Table 5. Estimation factor and unloading loss rate

Liquid cargo Ky K, Wy Ky D Ly,
Acetaldehyde 1 1 1.800 1 6.54 2.2969
Acrylonitrile 1 1 0.314 1 6.73 0.3895
Benzene 1 1 0.400 1 7.32 0.4561
1,3-Butadiene 1 1 2.462 1 5.13 4.0054
Butane 1 1 2.582 1 4.78 4.5085
Butene 1 1 2.531 1 491 4.3016
Chloroform 1 1 1.019 1 12.38 0.6871
Cyclohexane 1 1 0.442 1 6.46 0.5704
1,2-Dichloroethane 1 1 0.335 1 10.40 0.2688
Diethylamine 1 1 0.885 1 5.89 1.2534
Dimethylamine 1 1 2.728 1 5.5914 4.0711
Ethylene 1 1 1.995 1 4.74 3.5127
Formaldehyde 1 1 0.017 1 6.802 0.0212
n-Hexane 1 1 0.572 1 5.47 0.8723
Methanol 1 1 0.219 1 6.61 0.2762
Methyl ethyl ketone 1 1 0.349 1 6.69 0.4349
Methylene chloride 1 1 1.961 1 11.07 1.4787
Methyl tertiary butyl ether 1 1 0.976 1 6.18 1.3185
Propylene 1 1 2.253 1 4.22 4.4550
Propylene oxide 1 1 1.679 1 7.17 1.9537
Trichloroethylene 1 1 0.385 1 12.22 0.2628
Motor gasoline 1 1 1.134 1 5.6 1.6904
Aviation gasoline 1 1 0.942 1 5.6 1.4040
Naphtha 1 1 0.970 1 6.4 1.2646
Crude oil 1 0.75 0.053 1 71 0.0466
Acetic acid 1 1 0.051 1 8.72 0.0490
Ethylbenzene 1 1 0.054 1 7.24 0.0624
Nitrobenzene 1 1 0.002 1 10.05 0.0014
Toluene 1 1 0.141 1 7.24 0.1624
Tetrachloroethylene 1 1 0.166 1 13.54 0.1021
0-Xylene 1 1 0.038 1 7.35 0.0429
m-Xylene 1 1 0.047 1 7.21 0.0548
p-Xylene 1 1 0.051 1 7.19 0.0587
Styrene 1 1 0.034 1 7.56 0.0378

Ky: working loss turnover factor (dimensionless).

K,: working loss product factor (dimensionless).

W, vapor density (kg/m’).

Kj: vent setting correction factor (dimensionless).

D: density of liquid cargo (Ib/gal).

Ly,: loss rate by unloading (kg-VOCs/ton-cargo).
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Table 6. VOCs emissions by product according to liquid cargo loading and unloading (2019) (unit: ton-VOCs/yr, (%))
Liquid cargo Loading /Unloading Loading Unloading
Total 112,079 (100) 68,307 (100) 43,772 (100)
Naphtha 44,151 (39) 11,622 (17) 32,529 (74)
Motor gasoline 32,100 (29) 31,586 (46) 514 (1)
Propylene 13,856 (12) 13,267 (19) 589 (1)
Ethylene 7,283 (6) 6,901 (10) 383 (1)
Crude oil 5,459 (5) 0(0) 5,459 (12)
1,3-Butadiene 2,337 (2) 709 (1) 1,628 (4)
Benzene 2,168 (2) 2,157 (3) 11 (0)
Butane 1,493 (1) 2(0) 1,490 (3)
Butene 792 (1) 792 (1) 0(0)
Propylene oxide 646 (1) 505 (1) 140 (0)
Methanol 501 (0) 10 (0) 491 (1)
Methyl tertiary butyl ether 300 (0) 117 (0) 183 (0)
Acrylonitrile 239 (0) 175 (0) 65 (0)
Toluene 117 (0) 15 (0) 102 (0)
Aviation gasoline 110 (0) 109 (0) 1(0)
Methylene chloride 97 (0) 58 (0) 40 (0)
Dimethylamine 92 (0) 89 (0) 3(0)
Xylene(p-) 84(0) 83 (0) 1(0)
n-Hexane 67 (0) 65 (0) 2 (0)
1,2-Dichloroethane 58 (0) 15 (0) 43 (0)
Methyl ethyl ketone 44 (0) 1(0) 42 (0)
Cyclohexane 35(0) 8(0) 27 (0)
Styrene 24 (0) 5(0) 19 (0)
Chloroform 15 (0) 14 (0) 0(0)
Acetic acid 5(0) 2(0) 3(0)
Xylene(m-) 4(0) 0(0) 4(0)
Trichloroethylene 2(0) 0(0) 2(0)
Xylene(o-) 1(0) 1(0) 0(0)
Diethylamine 1(0) 0(0) 1(0)
Tetrachloroethylene 0(0) 0(0) 0(0)
Acetaldehyde 0(0) 0(0) 0(0)
Formaldehyde 0(0) 0(0) 0(0)
Nitrobenzene 0(0) 0(0) 0(0)
Ethylbenzene 0(0) 0(0) 0(0)
Crudse%Oilﬁ\ 981%0 Incheon etc LUL:0-0083454M

Ethylene
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39%

Propylen
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Fig. 4. VOCs emissions ratio by product (a) and ports (b) according
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Table 7. VOCs emissions by port according to liquid cargo loading and unloading (2019) (unit: ton-VOCs/yr, (%))

Port Loading/Unloading Loading Unloading
Total 112,079 (100) 68,307 (100) 43,772 (100)
Ulsan port 42,002 (37) 31,551 (46) 18,805 (43)
Yeosu port 34,839 (31) 16,034 (24) 10,451 (24)
Daesan port 27,357 (24) 15,870 (23) 11,488 (26)
Incheon port 7,263 (6) 4,608 (7) 2,656 (6)
Pyeongtaek Dangjin port 382 (0) 32 (0) 350 (1)
Busan port 215 (0) 195 (0) 20 (0)
Gwangyang port 20 (0) 19 (0) 1(0)
Masan port 0(0) 0(0) 0(0)
Be?;ne\ e;%c 1,:::,"\ ete Butla':;ene Bu;%ne eet%c Incheon et

Motor
Ethyl ene

10%

Gasoline
Ulsan

Daesan Port

Propylene
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Fig. 5. VOCs emissions ratio by product (a) and ports (b) according
to liquid cargo loading
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Table 8. Comparison of VOCs emission estimates between this study
and CAPSS (2019) (unit: ton-VOCs/yr, (%P))

Source Emissions Ratio
CAPSS 1,011,352
VOCs emissions from liquid cargo 112,079 1n)

loading and unloading in ports

Ratio: emissions ratio compared to CAPSS.
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