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Impact on Ambient PM,5 in Busan from Shipping Emissions
and Sulphur Abatement Strategy in Shipping Fuel Oils

Jang Eun-hwa, Song Do-kyu and Kang Nam-hee

Air Quality Monitoring and Assessment Team

Abstract

PM, s pollution has been of concern recently as the adverse effects on health it causes are being
recognised. Due to the well-known contributions of PM;s to increment of mortality from
cardiopulmonary and cardiovascular diseases, there has been steady effort to regulate PM;s level
worldwide. According to the National Emissions Estimates, the largest contribution to the PM;s
emissions in Busan is caused by the shipping-related activities, as Busan contains the largest port
and harbour area in the country. Thus, various strategies for PM; s reductions from ships are under
implemented not only on national scale but also on local scale. The control of sulphur content in
shipping fuels is the one of the recent strong regulations where the sulphur content should be
gradually reduced to the limit value from 3.5% to 0.1%. However, it is difficult to identify and quantify
the effect of shipping fuel regulations on air quality in Busan, as the ambient PM; s is associated either
with direct emissions from local sources or with secondary formation in the air, having complex
atmospheric chemistry depending on various meteorological conditions. Thus, in this study, the
characteristics of observations are reviewed, and the impacts of shipping emission control strategy
on ambient PM; 5 are extensively analysed in the aspect of sources and reactivity issues, by adopting
both receptor modelling (PMF) and chemical transport modelling (CMAQ) approaches.

Key words @ Sulphur, Secondary inorganic/organic aerosols, CMAQ. PMF. CPF



|
2  EHSEAYE F31H / 20224

1. M2

—

20219 agtdutsldo] ust g7 A4 Y
ZS(CAPSS) Atmo| oJstH 2018H % 7]&EO0 2 H®
2 O3 @HUQ! HMufo]] 7]QIgt HjEZ2 FAMK|Ho|
A R8s ROINHA] AREIES 5 41.2%= Z|Of
HE-2 AR Zlog yep!, Aduke Bakx] o]
71 7S Ssl e cg Hejsliof she viEd
Og BRI It} SHR|TE AdutollA BiEE= 7]
QA=A tigh FH= FEAIQl FAtof Aotk
A& ottt Donateos(2014) W=t Aduto]] ofgh
BhES Ql7t St MANSFRNOY) % atet
2(S0x)2] 217} 15% 2 58%8 AbAlote 202
o, debolahs olg oAUl B4 HRAA
o8 JFAIYo] G FxIoe F5tL A A]
o4 olldollA Q] AufulEd el tha 225 Hol
o). SIAIGH siApAlElo|A] HiSE= O] e gEAlo
70%7F U5 400km QFR7EX|Q] tf7doe S
0 4 Q= 2oz UA 9lof, Aol Alulo]
A s Ti7| A4 HEEE £0)7] flgt =
o] AR A FR2 o] 2ofx| 1 e}, olof A
A} |7International Maritime Organization,
IMO)E ZAlo= st At AR 2k wet,
RAA 100 ZdEojudet TA|Ql B4R Hew
2020 = FE 20229 =7HK] GAH o= Fghg Aduf
A M6t 9o, 20199 AMEtd g & 3.5%=
XHRIsHE EHS)EEFE 2020 0.5%, 2021 0.1% 5~
Z7R] FRlshL It mek Ratx|el wjEte] A

ol aptlelo] T @ B2 Al b
FoF Pel7} BAbK]e] o7 |o] njAl= ojaF % Al
472 gYR oL sl & Wast k. 53] A
Amof golt Az Qlsf] UjAHA] A/ A=A
Q1 ORI IA(SO,) HliETol A Zlo= ofifsh=
gh, & AN = A s oA A9 B4 o]A|

Table 1. Information on analysed species in this study
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propane
butane

pentane(iso+n)

hexane

heptane

octane(iso+n)

nonane

decane

undecane

dodecane
cyclopentane
cyclohexane
2-methylpentane
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1-pentene
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acetonitrile
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formaldehyde
acetaldehyde

propanal; popylene oxide
acetone

butanone

methyl isobutyl ketone

tetrahydrofuran
methyl tert-butyl ether
vinyl acetate

acetic acid

butanoic acid
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1. Sampling sites (yellow star for AQM and red circle for VOC monitoring sites).
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Fig. 2. Emissions reduction regulations on sulphur
content in shipping fuels.
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Fig. 3. (a) Estimated monthly PM,s emissions from shipping, (b) comparison of annual PM,s emissions between
January and September, (c) container transportation.
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Fig. 4. (a) Trends of annual mean concentration for particulate matters (PM,5s and PMyg) at urban background sites
in Busan, (b) Monthly mean concentrations of particulate matters (PM,s and PMyg) at three urban sites (urban
background sites, traffic sites and harbour sites) between January 2019 and September 2021.
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Fig. 6. (a)-(d) and (f)-(i) The diurnal and monthly variations of gaseous pollutants at two harbour sites (January
2019 - September 2021): (e) and (j) pollution rose plotted with hourly measurements of air pollutants and nearby
hourly meteorological data.
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(a) concentrations, (b) relative contributions.
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Fig. 8. PMF source profiles for ambient PM,s at harbour site (Shinhang) and source-specific spatio-temporal
variations.
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Fig 9. (a) - (g) PMF source profiles of ambient PM,s for industrial urban site (JangRimdong), (h) - (m) PMF source
profiles of ambient PM,s for urban background site (Yansandong).
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Fig 10. (a) PMF-resolved PM,s5 concentrations at three sites and (b) source-specific relative contribution to PM;s
levels from January 2019 to September 2021.
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Fig. 12. Distribution of hourly measurements for air pollutants at Bukhang from January 2020 to September 2021
depending on meteorological conditions.
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Fig. 14. PMF source profiles of gaseous species at harbour site (Bukhang A).
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Table 2. Secondary organic aerosol yield and photochemical ozone creation potential value used in this study

Group Species Chemical formula MW S.OA FEE7
yield value
alkane ethane; ethene C2He: CoHa 30.07 8
propane C3Hs 441 14
butane C4H1o 58.12 29.5
pentane(iso+n) CsHio 72.15 37
hexane CeHia 86.18 40
heptane C7Hie 100.21 40 35
octane(iso+n) CgHis 114.23 98 34
nonane CoH2o 128.2 434 34
decane CioH22 142.29 926 36
undecane C11Hz4 156.31 1880 36
cyclohexane CeH12 84.16 150 28
2-methylpentane CeHia 86.18 41
alkene 2-butene C4Hs 56.106 104
1-pentene CsHio 70.13 95
1-hexene CeH12 84.1608 88
acetylene C2Hy 26.04 49 7
isoprene CsHg 68.12 185 114
aromatic  benzene; dimethyl sulfoxide CeHs: C2H6OS 78.11 1288 10
toluene C7Hs 92.14 439 44
xylenes + ethylbenzene CsHio 106.16 316 70.5
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Fig. 17. Ozone formation potential and secondary organic aerosol formation depending on major sources derived
PMF analysis.
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Table 3. Design for CMAQ-WRF-SMOKE sensitivity
analysis depending on emission reduction
strategies (20 August 2020 - 26 August 2020)

Case Scenarios

CO 2017 CAPSS emissions

Sulphur reduction in shipping fuels (3.5% —

CL o 0.5%)

Sulphur reduction in shipping fuels (3.5% —

2 0.1%)

Sulphur reduction in shipping fuels (3.5% —
C3 0.1%) & Decrement of shipping fuel usages
(30%)

Sulphur reduction in shipping fuels (3.5% —
C4 0.1%) & Decrement of shipping fuel usages
(30%) except for NOx

Sulphur reduction in shipping fuels (3.5% —
C5 0.1%) & Decrement of shipping fuel usages
(30%) except for VOC
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Fig. 18. Sensitivity analysis results for PMs
concentrations depending on shipping emissions
control strategies on study period. (a) casel: sulphur
reduction in shipping fuel from 3.5% to 0.5%, (b) case
2 @ sulphur reduction in shipping fuel from 3.5% to
0.1%, (c) case 3: sulphur reduction in shipping fuel
from 3.5% to 0.1% and reduction of fuel usages by
controling shipping speed at emissions control area.

& 18c9] Case 3004 = 5(3.5% — 0.1%)
R AEEAA(12=E oJshHE &t Ari R
712 F22uEY) 30% 7*’”\] AdEs Z0NEA|

Je2E 71 Es 1Y 190 FAsiith 1Y
19a0|Met 2ol Argel FO)TH g5 Z0NH

R % &A1l 2(S0,”) HwAzol 710jat9i, QAN
9] d=LEOI(NH) 5= Aoz 7] o]
© W7oz viEd oRIZEASO)7H A



A 0K} DRIR) S ST Y BRjo] T oI By 67 2]

=]
T oL

(HeSOa) 2 Aletd 2 Tf7]5 Yok FA(NHs) 9} B
5ot FAFS Adsts 2N Z0jARIA] of
APYEY] o mPisolnz £ ol2aid AMds
L SRR FARE Zloz Tt Eot 449
AeAREY oz ek Aaqteha(NOx) wiEd o
A ZOMRA] & 2401 2(NOs )9 4ot I+ 9l
+ Aog AR YRE0l(NH) Ades 31t
oF B8 FAE Jloz HERRT. o] 3 AR
= &9l HiEd 2adiekzo] AU EA(HNO:)

718 GO FA(NHs) 9} ¥g-5to] 7
AYdste ZEAATE Z0MRA] o]xPY/d
H7tdEel] mizol #2729 Adse
15 HAls Zloz mddn. SulE=
b 717gd0ll01 2E(SIA)] AZtat
, OC & #717d0llo] 2E(S0A)
o o= LERtt of
AEEA] F& A7t
d 2 LoKNH;) =7} F-F5t%
ofloj=Eo] A= it ti7|gd 2ol =
LA FoA BiE = APhal] oz Qlgt of
Vol 2E A anpt 2] igoe i

r

|

P
ol

o8 >
I o _@
-
fo

A

4z 1
|

N

—_

mo

_l

-
o

S
s
og T
a
la)
[

2

T

r
i

o 18
o
er:-' Oll'l
rg

(¢]

o rl ol

ol
==
r2
=

oy
i
iy
=)
19

1

m
e}
L
=

i
o

|t
% 18
Y
4>
¥9,
rr

[e]

‘

> rlr rlo rir ok of 1 3 b R Mo
o

o Ol‘.l
2
2
n2
figa)

o —
el

=)
oL

7] A

oX.

bu o

odt

5

A

Dall
ZL

-
ooz
Loox

Case 3 AlU2] QoA AAABIEH(NOx)2] HiE%
UES AIRISE 4XCase 4) E= JUHS7|5KE
A(VOC)9] HiEs 453 Alstst 4 XCase 5)& 4~
R 2EZ 38510, Case 3 A|U2] 20]A Aittels
Se HWHA7IBRIB(VO0) HiEL AaR Q%
OJAAA] AT} ol e F]olsheR]S 217}
o 19be} 7% 19cof] #AI5HTE 1 19boflA e}
O] Case 3 AUZ|Q0jA Mutd s AR A=
gt oi7] 5 AaAShe(NOx) HiEH &2 FAK]
9] RO|MHA] LA Ho] 7]of5 o, 53] &
OIAHA] 3788 & Aol 2(NOs )it Y 2-&(NH,)
0] 29| srgda A|Fut ARSI, SHA|TE Fitol2
(S04)9] 749 ER-FHUANE t7|F HaAks}

2 rom jd4 P

2 HlEY Y2 A3 P29 AYaI} gt
Wi, Sl 2 dReA R 05]e Aol

o] 572 guslolrt. Qhwuo} ol euto] A LME
9l Ftole, Atole wolue®, Aaiistzol
siEe a2 A o] gwijo} 7P} MY &
4 O)7)% 44R2(NOX)
520} olo] ATUAVE Qe 0F(0:) 5% S710] 2]
g aule poEn 5 AAURE(NOKe] 247t ¢
E5r0] 5712 gt olo] eEalrizo] 7pax)

AN
N
)
N
)
)
o)
i

S

e
S0 £0W 0006 0O cOM B03

Fig. 19. (a) Sensitivity analysis results of major components of PM,s5 in Case 3, (b) contribution of reduction in
NOx emissions, (c) contribution of reduction in VOC emissions.
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