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Study on PM, 5 Emission Sources in the Vicinity of
Busan Gamman Port using Scanning LIDAR Observation
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Using a scanning LIDAR, we measured the PM, 5 concentration with a horizontal resolution of 30 m in the port

area, industrial zones, and residential areas including Gamman Port, Bukhang Port, and Yeongdo-gu in Busan, from March 2
to May 2, 2022. Among the observation areas, we categorized them into six zones: Gamman Port (A) with ships and cargo
handling equipment, residential area (B) adjacent to the port, factory area (C) where steel mills are located, redevelopment
area of Bukhang Port (D), industrial area (E) with shipbuilding yards, and industrial complex (F) with ship berthing facilities. We
examined the characteristics of fine particle concentration based on the concentration changes of PM, 5 in each zone. The
average concentration for the entire observation period, including all zones, was 17.0 +10.0 ug/m>. For each zone, A to F, the
concentrations were 19.0+12.8, 21.0+14.5, 18.6+12.5, 15.0+7.8, 14.2+7.3, and 15.9+8.8 pg/m3, respectively. Zones A, B,
and C showed higher concentrations compared to zones D, E, and F. When the wind speed was strong, the concentration
difference between zones A, B, and C and zones D, E, and F was small. However, as the wind speed decreased, the
concentration difference between zones became more significant. The average PM, 5 concentration, including all zones,
varied with wind direction: 14.1+11.6, 17.5+9.3, 19.1+8.7, and 17.7+6.5 ;.1g/m3 for east, west, south, and north winds,
respectively, showing the highest concentration during south winds and the lowest during east winds. Through scanning
LIDAR observations, we were able to confirm the concentration changes in each zone according to the concentration
difference and variations in wind direction and speed. The results of this study indicate that scanning LIDAR can provide
important information for accurately understanding the fine particle status and formulating policies for mitigation and

countermeasures.
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Fig. 1. Example of visualization through scanning lidar sys-
tem observation data analysis. The observation was per-
formed on Oct. 2", 2021.

- Selection of observation point:
- Obstacle avoidance 5

- Continuous observation
execution

- Real-time display at 30 m
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Fig. 2. Scanning lidar observation and analysis process. 1. Panoramic shooting of the observation area 2. Observation 3. Real-
time data transmission 4. Real-time automatic analysis 5. Visualization display.

J. Korean Soc. Atmos. Environ., Vol. 39, No. 4, August 2023, pp. 535-545



2.2 B=E Fon = 7zt AR (E), At Hurart e A9 (B2

2 AFNE FA EF D AR} 1T 5 G oto] ZF 99 EAC wE PM, 59 SEWEHE &
do= sh= A o]tk AXJste] gut ool sttt 8], A EtejttE EAE dHlolEl Q]
AAZE BAHZ] DY E RUE RS AATE & ASS flote] A7t oA ST Q1A (2)el tgt
g gtolchs EAdst §3Um A 9t &4 FA B8 A
(1% 35.11, 5 129.09, A4 °F 10 m =o])oll A4 AT Zteat AR 2o Aoy
| om ¥4 s5km, ¥ BT 133° WollA FE Aol YEdste ziElely FFolth HH|olY o
5 AAHAE 3). 270 2ol X 2 3 AGE 99 FHQ1 Fol Y& A, ste] <Jgh
= 19 A Aol ol o] Aot ietx] e Auha S Al AdutellA e dEdo] viEE Ao
= 27t Wetolal W5 g Wl 1FAES mot 2 AAE AT deoly A su B 47 0]
of go|HE FAFIATE W52 20221 39 29 RE At 7bsoba, AT S= 55 B 25 o] et
59 2U71A] oF 27 APE|Qlom, F 4297 1,935 F e tE FFolth AR AzigkR R o] =
21 o] =0 Q19 L 519 A= Ao 282l (Container Crane, C/

S 9 HollA 4=EH PM,; A sEE ¥ ©) 207], EfHAT A2R1 (Transfer Crane, T/C) 4971,
gl Y AHe] B WhE Bk 2lo] S Felsly] $J5F  oF= E#E] (Yard Tractor, Y/T) 930, OFE. AFA] (Yard
o] 19 394 B4 1S A3 Chassis, Y/C) 218TH, 2] %] 2B 7] (Reach Stacker, R/S)

t

L=
stof MRSt 99| Halite AFESHRY ZF 9 119, 3 2 ZE (Fork Lift, F/L) 7eo|th B9
= PRl R IR FAX R, AT A7 1km
Aot FAAS B), A7 AR} FEAS(C), A ool otE § AFAIEY} stwA]do] TS|
fe:]
-

o] A1eY FQl Fat 54 (D), A7 fAIE & Sl ST A G2 AR H FAA G EH viE

Fig. 3. (a) Classification of major facilities around and inside the scanning lidar observation area, Q is a port facility, R is a resi-
dential area, X, Y, Z are Air Korea sites (X: Daeyeon-dong branch, Z: Cheonghak-dong branch, Y is port measurement point or
doesn’'t work). (b) Scanning LIDAR installation and measurement photos.
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Fig. 4. Comparison of correlation between PM, 5 concentra-
tion analyzed by scanning lidar and concentration measured
at Air Korea Cheonghak-dong branch.
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Table 1. Average value of PM, 5 concentration according to wind direction and wind speed.

Wind PM, 5 (ug/m?)
Wind speed
direction range Cheonghak-don Daeyeon-don
(m/%) (Ai?Korea) ’ (/XirKorea) J A B c b E F z Al
>1 253+13.7 206+8.6 30.3+£19.8 327+£1738 29.7+19.0 21.0+7.3 19.2+6.5 229+10.8 227+84 255+123
1~2 20.1+10.2 23.2+104 2411126 259+14 23.0+£123 17.8+8.5 16.6+6.6 19.2+9.8 184+8.7 20.7+£10.2
2~3 17.9+9.3 213+116 21.0+£122 234+14 208+123 16.2+7.9 15.7+7.8 17.1+£83 16.8+8.2 18.7+9.6
Total 3~4 17.1£10.0 20.7+10.3 20.0+£129 223+153 19.6+125 155+7.6 14.8+7.0 16.7+8.2 15.7+7.0 17.8+9.8
4~5 15.2+94 16.4+9.0 174+11.9 19.1+13.7 169+11.6 144+74 134+6.6 149+8.6 15.0+8.0 159494
5~6 12.5+8.9 15.8+9.5 14.0+11.2 15.5+12.6 13.8+10.8 11.8+73 11.3+7.1 124+8.3 126+75 13.0+9.1
>6 12.7+10.2 17.7+10.3 143+125 158+13.8 140+12.2 11.7+84 11.1+8.0 124+9.3 120+9.1 13.0+10.3
>1 - - - - - - - -
1~2 225+114 246+13 263+15.6 285+16.5 255+145 20.2+84 185174 21.6+10.6 21.1+£89 23.1+£11.7
2~3 17.9+£10.7 19.7+£114 20.6+13.7 225+15.3 20.2+13.0 15.7+8.8 15.0+9.1 17.2+9.7 16.0+94 182+11.2
3~4 17.3+£14.1 19.2+154 20.7+19.0 229+22.2 20.2+184 15611 149+10.1 16.4+11.7 152+94 18.0+14.4
East 4~5 84+58 10.1+6.6 9.7+6.8 10.1+74 94+6.8 88+5.2 83+48 87+58 89+55 9.1+£6.0
5~6 7.2+6.6 7.6+5.9 78+7.7 83+85 77+7.7 7.0+5.8 6.6+5.2 71165 7.0+59 74+6.7
>6 2.0+0.0 27+12 21+00 24+0.1 2.1+0.0 20+0.1 1.9+0.0 1.9+0.0 2.0+0.2 21+00
Total 13.7£114 146+£11.9 15.8+14.5 17.2+16.4 155+14 126+£9.2 11.9+8.6 13.2+£10.1 126+9 141+£11.6
>1 17.0+4.2 19.0+5.7 18.9+4.2 21.6+4.8 18.7+5.2 15.8+3 15+£22 16.3+3.8 17.5+4.8 1774
1~2 2231149 233+134 258+17.9 28.8+19.4 256118 20137 16.7+8.1 213+147 19.9+13.1 22.6+14.9
2~3 16.0+4.3 20.5+8.0 18.7+5.4 21.1+£58 18+5.8 152+3.9 145+29 156+4.3 156+4.3 16.9+4.4
3~4 164+5.3 22.7+6.0 19.2+6.5 22.2+8.2 19.1+6.1 144145 134+44 16.7+3.7 153+4.6 17.2+5.2
West 4~5 19.3+12 225+99 23.1+£16.9 25.1+1838 22.1+16.8 159+7.7 15.1+6.0 174+10.5 16.5+8.4 193+11.9
5~6 16.3+11.9 201114 19.2+16.4 2131186 18.8+16.0 144+9.0 13.6+8.6 15.7+10.9 149+8.1 16.8+12.4
>6 13.9+11.9 20.6+9.2 16.5+15.6 184+17.4 16.1+15.2 11.7+83 1M1.1+77 14.1+10.5 12.1+9.8 143+12.0
Total 17.0+9.3 216+86 20.0+123 224+138 19.5+12.1 149+7.1 13.9+5.9 16.5+8.2 15573 17.5+93
>1 45.0+12.7 39.0+£0.0 60.0+26.1 60.8+144 58.3+24.1 31.8+£0.7 29.1+4.0 38.8+13.1 355+14 449+10.2
1~2 18.8+8.5 23.8+87 23.5+9.2 247115 21.8+94 16.2+7.0 15.9+6.3 17.8+8.2 16.8+7.5 19.5+8.2
2~3 19.1+9.1 233+13.2 23.0+128 258+15.2 23.2+138 17.2+74 172174 17.8+7.5 186+7.9 204+93
3~4 17.7+8.2 214+738 20.1+99 224+119 19.8+9.8 16.0+5.6 154+54 17171 16.3+6.3 182+7.6
South 4~5 19.8+7.8 20.5+7.1 22.1+104 25.0+125 21.7+£10.0 18.8+5.8 17.3+55 19.5+7.1 19.8+6.3 206+7.7
5~6 144+74 19.3+73 15.8+9.0 17.8+9.9 156+84 13.8+6.0 134+6.3 14.6+6.6 152+6.4 152474
>6 156+84 20.8+83 16.9+9.6 18.5+10.3 16.6+9.4 15376 144+7.6 149+7.7 156+7.7 16.0+8.5
Total 18.4+£8.9 21.5+9.0 21.2+£11.8 23.5+133 20.8+11.7 16.8+6.7 16.1+6.4 17.7+7.8 17.8+7.2 19.1+8.7
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PM, 5 (ug/m?)

Daeyeon-dong
(AirKorea)

(AirKorea)

Cheonghak-dong

Wind
speed
range
(m/s)

Wind
direction

Table 1. Continued.
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