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A Study on the Change of Air Quality in Busan according to the
Emissions of Air Pollutants in Port Area
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Abstract

This study attempted to determine the emission of air pollutants in the port area of Busan and to
investigate changes in air quality in the urban area according to the implementation of the air quality
management policy. Various policies have been implemented to improve air quality in port areas, and
the concentration of fine dust and sulfur dioxide in the air in the port area has decreased according
to the ship fuel oil content regulation policy. The emission of ultrafine dust in the port area was high
in the order of ships, loading and unloading equipment, and trucks. The unloading equipment was
15.1% to 31.0% of the ship's emissions, and significant pollutants appeared to be emitted in the
process of unloading containers, and cargo trucks were insignificant at 0.1% to 0.3% of the ship's
emissions. As the concentration of nitrate ions is increasing for the ultrafine dust component of high
concentrations, it seems that a regulatory policy for nitrogen oxides is necessary to reduce the
ultrafine dust at high concentrations. Secondary organic carbon in urban areas is believed to be
greatly affected by the inflow of port areas according to the wind direction in summer. Port area
emission management policies can be classified into strengthening ship emission management,
making port areas eco-friendly, and scattering dust management, and were implemented in earnest
from 2019 to 2020. Actually, the air quality of the port area improved, and there was no significant
change in the processing performance of the total cargo volume by year of Busan Port. Therefore,
it is thought that the effectiveness of the fine dust reduction policy in the port area has been proven.
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Fig. 1. (a) Sampling sites, (b) freight truck traffic in Busan Shinhang(SH), (C) freight truck traffic in
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Fig. 2. Port Area Air Pollutant Emissions
Management Policy
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Fig. 3. PM-2.5 Shipping Emissions trend (a)~(b) Total monthly PM2.5 emissions(SH, BH), (c) Total
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Table 1. The ratio of truck emissions to shipping emissions
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Fig. 4. Summer truck emissions (a)~(b) Total monthly PM2.5 emissions(SH, BH), (c) Primary PM2.5
emissions(SH, BH, YS), (d) Secondary PM2.5 emissions(SH, BH, YS), (e) The number of truck traffic a
NOx, (f) The number of truck traffic and EC



sho
[

ol Aut ARG AT PO BT x|
o ST FAREHSOx)0] ThE Za3te o]
AR 7] & OHIRIZEA(SO.)9] 557t 2451
ok SAPEOIA B4R ) RS SlshAl At
o] A AASHNOX)T} 15} AR W& E]= Z0A9iA]
WS 7HasP] 913t ARlo] Alajelofo} dicka Ay

al

Pk AREsto] o 24

. BARIRRe 20180 uls] 22 14}
uj &30l o 5715t Txﬂom wabRgke 520 12}
S B SAOIcH s, Se.).
wjE3o] E7lske FAIU0lE
12k AL sl 2AH8 W] o}

=
==

i

ot ol
ie)

i)

o

~
tl. .

1X} PM-2.5 ®=vOC

“PM-10

(a) =CO ®NOx

12,000
10,000
8,000
6,000
4,000
2,000

St ZH| B E 2 (tonne/yr)

184 '19d 2044 21 224 234

= 1X} PM-2.5 ®=2X} PM-2.5

1,500

1,000

500

PM-2.5 = H1E % (tonne/yr) &

18d  t19d 208 c21d c22d c23d

mSH mBH

~
(1]
~

100%
80%
60%
40%
20%

Sl HEY HIE

0%

22 4 233

183 193 203 214

MR o7 | 2F =Y HIETO) IHE &

OJNHAI(PM-2.5) BiEd2 o83 E8Hkg) oz
AFESIiTh ShEAL tige FARIR0] fAREET
Y50 B, Ibgol Faknguct w7 Yers
c}. olof] w2} SHEAte] RUINHA] viEE HARA
T > ks > RAEY 2oz AEEAOUFie.
4a,b,c,d), AA] stx]|Ho]| EdisH= SFEREFS 71
HoluS Aln thd 4 Qe x01g a24lo]7] g
ol A4kEo] ehEAt viEe] Y HE Ales wd
=it 202349 71& shEXEe] % M-2.5 &2 Aut
viEo] vlsHH 0.3%% 0jo|st 2% 07 AREEQiTh
(Table 1).

ﬂ%ﬁ]—ﬂt Eﬁﬁ[ﬂ 4\_g. K]/\}\]’_g]»E-(NOX) == }\111
Y fARIG BARERO] ekEA} tigrt T Alo]
Foll= A24RHE(NOx) 5k Heh 2oz Hop
(Fig. 4de), SFaAlE o]e]9] Addtolut Tt Ui st%)
H] 59| d3o] =2 o= ) AgulEQ] |

Ol YAEA(EC) =x2 Amyd 52 347F BAF
AR ZazAoln], AAtE-L 2023@101] 2510

ARG FARE SEolthFig. 4f). AAEA(EC)

(b) =CO "NOx ®PM-10 =1X PM-2.5 =voC

5 D)
? 12,000

£ 10,000

£ 8000

f 6,000

= 4,000

1o

*n 2,000

3 0

189 e o 21 c2ed c23d

m 11Xt PM-2.5(KZF) m 22X} PM-2.5(X 2 E)

1,500

(

1,000

500

PM-2.5 £ tZ % (tonnesyr) &

18 '19d 20 c21d 22 r23d

=SHKIZF) =BH(KIZF)

)

(

100%
80%
60%
40%
20%

0%

SHAEH| HjE U2

224 234

18 '19d 20 214

Fig. 5. (a) Total PM2.5 Harbor loading equipment emissions, (b) After reducing the eco-friendliness
emissions, (c) Total PM2.5 emissions(Primary+Secondary), (d) Reduced emissions(Primary+Secondary),
(e) The ratio of emissions(SH, BH) (f) The ratio of Reduced emissions(SH, BH)



HE 33 / 20244

cho] A9} Aolgt 2o Ho} T
ol & o2 Wekc)

shext o4 A2
Yt shEAl ool Aol 2
oh £ A2 SR04 52
- wsplo] Ajgteickn 2l

AHIEIIA Algue

o = uw

L
EH712 =2 & AaAetE(NOx)ol
FEE| QAL S0 ARl datet
R A e A=RE st
] Eﬂ# %7 toll w2t AR siEg = S7ke A=
AEE oL, HePdAZIA(LNG)e} viE7 A7
A(DPF)} A& A +AIE A8t At

20184 71202 10% A7+ @& 20234 71202 28%
x17}5]£ 7—1% A}%ﬂ CHEHFig Ba, b)

HHX'

A0PRAR|PM-2.5)0) 1Al 22 eRe Al
73 AZhe DefsAl eloke T ol gulchart ol

goll mjet S71el ., AE AU neisle 2
20239 7]&02 1X} HiE=Fo] 63% A, 24t HH%
0] 25% tAsh= 7oz LERITHFig. 5¢,d). %l

ohi ot Ho

fus

AL A s AY § UiEEE vl EE Aa
ARFE(NOx)} AAFeeA(CO)7E 2018 11%01A4]
20239 26%71K] AZEIPT 91,  OlAHA|
(PM-10)7} ZOJMHA](PM-2.5)% 2018 11%0fA]
20239 63%7Hx] M7tanrt 34 99t Table 2).
ZAPIZTe] ZOINHA](PM-2.5) HE% Hl= F4H
&t 64%~67%%} BAFES}T 32%~36% 2 HAMAIS}O] O

= AR, RS A = ROINIA|(PM-2.5)
g vl RARIY 64%~70%°t AR

30%-~36%2 A1 LIERITHFig. 5e.f). ol Ah]
tigeol] I B EHTES 1efst 7o 2 AR BAkalgt
of Rlghg Aol © Alg9] FulEo] ==t
AR AR e] viagol vieb Lt o e
FE 9ok Be vlEE AIshL 265 AH8sto] o]
NHR| e} oateteta 5 /ol W7 17EA vlEL] dQle
2 A|AE|s ok EE|(Y/T)o} EAE 32)9)(T/C)
off A1gFd A7drE Alegste] ti7| A=A viEd
7P/\oﬂ lr_aﬂg 7] Oo 7}12&_ Eo]q_
Met wEeF oy] X1gbd A7F S sFdAhe] ZojHd
Al viEs vle> Add EiERo] A dAastiA
2018 15.3%0flA 20239 28.1%71X] S7fetgich
(Table 3). J2Jut st&H] ARO|MHA] &S
2018EEE 2021E7HK] ZhA FAof] 9o, AlA| %]
= =908 A1 Az 418 | giag wesid
2023G7HA] AE¥E RS kA FAY 7oz Al
21, shEAtele 29 stddu|e] R0IMHA] viE

=2

Table 2. Reduction rate of Harbor loading equipment emissions

Ax CO NOx PM-10 PM-2.5
20184 11% 11% 11% 11%
20194 13% 13% 13% 13%
20204 22% 21% 25% 25%
2021 24% 24% 60% 60%
20224 24% 24% 62% 62%
202349 26% 26% 63% 63%

Table 3. The ratio of reduced Harbor loading equipment emissions to shipping emissions

5197g] St ] At
dc PM-2.5 1xHH[& | PM-2.5 2X}1884 % PM-2.5 % PM-2.5 MetufiE ofju)(%)
(tonne/yr) (tonne/yr) (tonne/yr) (kg/yr)
2018 482 549 1,031 6,729,046 15.3
20194 483 551 1,035 6,841,064 15.1
20201 424 509 933 3,006,389 31.0
2021 232 500 732 2,745,352 26.7
20224 230 532 762 2,586,404 29.5
20234 231 537 767 1,589,718(79) 28.1
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PM2.5 NH," NOs~ SO oC EC
1 A U= ) | Gemd) | Gemd) | Ge/md) | Ge/md) | Ge/m)
20184 42 4.707 2.748 11.460 3.324 7.642
20199 41 3.638 3.887 9.054 2.647 7.506
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Table 6. Primary organic carbon(POC) and Secondary organic carbon(SOC) production rate
ocC EC POC SOC POC/0OC | SOC/0C
AA A Ae OC/EC
‘ A (e/m) | (e/m®) | (e/md) | (e/md) | %) (%) /
18~234 3.462 1.360 1.246 2.215 36% 64% 2.5
o4 18~19 4.018 1.766 1.589 2.428 40% 60% 2.3
YA} 20~234 3.168 1.145 0.981 2.186 31% 69% 2.8
A&} 18~234 4.403 1.619 1.754 2.649 40% 60% 2.7
ALA | 18~199 5.320 2.059 2.317 3.004 44% 56% 2.6
20~234 3.908 1.381 1.995 1.913 51% 49% 2.8
18~23 2.857 0.565 1.042 1.815 36% 64% 5.1
o= 18~19 3.362 0.618 1.390 1.973 41% 59% 5.4
CIALE. 20~23d 2.612 0.539 0.898 1.714 34% 66% 4.8
see 18~23 3.313 0.786 1.886 1.427 57% 43% 4.2
HEA 18~19 3.790 0.924 2.217 1.573 58% 42% 4.1
20~23d 3.099 0.724 1.724 1.375 56% 44% 4.3
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Fig. 13. Analysis according to weather conditions before and after ship sulfur content regulation(SH)

(a)~(h) Before regulation, (i)~(p) After regulation
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