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Abstract In this study, the extinction efficiency, one of the fine particle optical characteristics was calculated using the PM, 5
mass concentrations and the visibility data measured in Busan and Ulsan city during the period 2015~2019. We identified higher
seasonal extinction efficiency in summer and autumn compared to spring and winter due to variations in relative humidity,
particle characteristics, and wind direction. In addition, the annual extinction efficiency rate with the values of 0.72 and 0.87
(m?/g)/year in Busan and Ulsan, respectively, indicated an increasing trend in both regions from 2015 to 2019. However, no
considerable trend was observed in relative humidity during the study period. We conclude that the annually increasing trend
might be associated with the particle characteristics, such as an increase in the number of particles per unit mass due to the
smaller particle size compared to the past, or an increase in the particles with the light scattering characteristics. Considering the
wind direction, the extinction efficiency was also high when the eastward wind was dominant compared to other winds. Despite
the reduction in PM, 5 mass concentration, citizens can not feel this effect, since they perceive the PM, s mass concentration
reduction by an increase in visibility. Our study suggests that it can be more effective to implement the pollution reduction
policies based on the particle characteristics such as particle size, particle components, and the source of particle origination, not
only the fine particle weight.
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Fig. 1. Analysis point location (Busan and Ulsan).
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Fig. 2. PM, 5 concentration and visibility trend in Busan and Ulsan from 2015 to 2019 (Excluding data from Ulsan for August

2015 and July 2018).

J. Korean Soc. Atmos. Environ., Vol. 37, No. 1, February 2021, pp. 80-90



84 Z4 3|, Dehkhoda Naghmeh, '=E0I

SAth. o]+= Han et al. (2008)1} Lee and Hieu (2011)
O] 241219, Jeon (2010)9] FAHAY BIAHA] Fe
AT} AR Aot Jeon (2010)> ©f2Iet AH
2 zJo]7} ALH TAR| o] UL o5t A7 ARL

Z719k gl vish A2 eSS nwst

ofxl7| wjEo 2 wotEry stk A 2=
o A= 20162 A5ty &, AHT}E o8, 7129

Aol & A& & 5 Uk o]g A1) AE 7H
Zlol= ZAAR T 2015WHE 2019W 711 AHH

Q1A A AEE wlopshA etk ool £ 4
T AT ARAoE Beio] g WY o

o] Q & AHEstaLA stk

3.2 AMEE(Q.) FM

13 32201595 H 201987121 0] € Q.2 At
SE 22 vehd T Addiszel Q.o AEH
Zfoli= PM, 5wt W=l A3 Holrh A
PM,; sk 957 7ol Hlsl B ALl =2
7832 BAARE Q2 o|¢} W= Eat A& H]sf
o153t 7h&ol 2 3 Bt ol o5 74
FEE7t B AL Hol w2 3 717 gE
A Ao Helch AdiEk Llolx Q.o ¢S F+=
QA 5 ShE Yake] A7]oltk o g3t o] YAt A

—=—Busan : 0.00269 (mzlg)lmonth —a— Busan R.H.
—e—Ulsan :0.00343 (m?/g)/month —e— Ulsan R.H.

30 [P T

PM, ; Q. (m?/g)

Fig. 3. Monthly variation of extinction efficiency (Q.) and
relative humidity from January 2015 to December 2019.

71 Hlusf B o o] dAZ7]7} of Fofl Hlsh 2

A 5o 22 AHEe] § wol EARIt Ad A
A= PM, 5/PM,, #10] =H T o 5o o Ath= A

%]'?l?z_]-' 4= 1} (Lee and Hieu, 2011; Jeon, 2010).
o5l 22 A= Qs 2 AR AAEZ] 4
, T2 TEOlU B APl A Eo s AR <
il T:_L AARe] Hlgo] F7kst7] wizoltt. Han et al.
(2008) AR Aol A YApe] At 7]ofoh= At
o] e Al B]BH o5} 7H2oll S7ketekar uf

o] F7he v

lzl 9,
r{r

|0

1ol 539] ul20] 71
gtk 241 B2 A70) 5Zo] FUUA EAS L
el Bl s17tel a2
oFe] $0,7h AT
A Aoz 1, olele: el e, ol
o B4} e %@w o]% NE REEEERRS

L
r
i
B\
N,
o
1o

"

Q. qu—g Eﬂj 2015

nc ziiﬂ;ao] Q. o]
A o Sl 24t A
2017L=] Q. o] 1;}/\] AFAGE 2018, 2019 1 %I

o] Al A F7IRE A& & = Sk o2’ B
AxE Q, Bt I moA = Zobs 4+ loh (1™
6). Q.2 AW gk Fgt 24te] 20172 A elotaL
FAb 2A4F B AESiA Q. #tol F7kska Atk
AR 24ke] At Q.0 F7F FAI= A7 0.729F
0.87 (m*/g)/year®] A}, SFAITE 9FA T17] 30f|4] =<l
He disee 37 AES Zoks o A wet
A Q.0 AEE F7F BFS A 27| A Ee]
Hstel HelE Zlog Heloh B o Hs| JAF=7]
7F 22 v AR 7L ok SedRY A7 e
7h ST ] A B0l 2 dARe] Aol
A Hlste] HZoR 5= FIIeHL Qe Ao
& wehEch

=71 stE|x| M 37 E M1 5



URANES 242 S8 win sl oM Sy st en 188
NNW x NNE NNW N NNE NNW L. NNE
NW NE N NE NW NE Wind
WNW ENE WNW ENE WNW ENE speed (m/s)
[ >=12
o =
: w E g w E : w E - 8-10
10 10 10 [e-8
151 wsw ESE 151 wsw ESE 151 wsw ESE B 4-6
> s > 24
:: sw SE 3 sw SE g sw SE - 0-2
c”in 2002 5 ¢ cﬁn 18538 S ca; 270011 S
alms: 2. ms: 1. ms:
DirectionWind  JAN DirectionWind  FEB Directionwind  MAR
NNW » NNE NNW N NNE NNW N NNE
NW NE NW NE NW NE
WNW ENE WNW ENE WNW ENE
0 w E 0 w E 0 w E
S 5 5
10 10 10
;: wWsw ESE 151 wsw ESE 151 wsw ESE
20 20
g: w SE 3 W SE i: M\\—//ﬁ
é;‘ p sssw s SSE 35 SswW s SSE cl; 291.‘s_,sw s SSE
ms: 2.4408: Caims: 1.76929 ms: 1. 1
Direction Wind APR Direction Wind MAY Direction Wind JUN
NNW » NNE NN N NNE
NW NE NW NE
wWNw ENE WNW ENE
0 0 w E 0 w E
B s 5
10 10 10
;: ;: wsw ESE ;: wsw ESE
g ;: el SE ;: W SE
Caims: 053082 Cams: 175047 5 o 3 sow ~——"5se
ms: 0. ms: 1. Calms: 2.0934
Directionwina YUl Directionwind  AUG DirectionWind  SEP
NNW L NNE NNW L NNE NNW L) NNE
mv//_'-\\us Nw//"-\\ns
WNW ENE WNW ENE WNW ENE
0 w E [ w y E 0 w E
5 5 S
10 10 10
;: wWsw ESE ;: WsW ESE ;: wsw ESE
Ho o A - « i
35 Ssw s SSE 35 SSW s SSE 35 SSW s SSE
Calms: 11.63258 Calms: 6.09677 Calms: 3.79175
Direcionwina  OCT Direction Wind v Direction Wind
Fig. 4. Monthly wind speed and direction in Busan.
= = O FLolEE A 238 5
2 AToAE Aol ufel A Q, el MEE o] Z7IHR Gl AL A S AU e
e 1 =77 o =] [e] =] o = o
AEGTHIE 7). AAERE A5 7F9 Qo] H BAE Fo et Q. 7171 E B2 W tE Al
o = =} =} ° 2
B AZHRY =0t AEE S FAE B4R of Ay g B4R o F 71871 -0.89 (m?/g)/yearE
o =] o =] =]
B Aot B4t 240 HE AldolA A Q. HASEL IR o] & A&7t thE AL Q. 7=

J. Korean Soc. Atmos. Environ., Vol. 37, No. 1, February 2021, pp. 80-90



ZA 5|, Dehkhoda Naghmeh, =91

T2

NNW N NNE NNW N NNE NNW N NNE
NW NE N NE N NE Wind
speed(m/s)
WNW ENE W ENE WAW ENE =12
[10-12
0, W E 0, W € 0, W E s-10
» » s 68
;: wsw ESE ;: Wsw ESE : wsw ESE -4' 6
- 2-4
2 25 5
W SE W SE W 3 Blo-2
30 30 20
35 SsW < SSE 35 SSW - SSE £ SsW - SSE
Calms: 3.45535 Calms: 2.59067 Calms: 4.53184
Direction wina  JAN Direction Wind [ EB Direction Wind  MAR
ww N e ww N e o N e
NW NE N NE
waw ENE WAW ENE waw ENE
0, W £ 0, W ‘ E 0 W, E
5 5 5
10 10 10
;: wsw ESE 151 wsw /ESE 151 wsw ESE
20 20
25 25 25
30 s W SE % W SE
C”I 4721;w s SSE 35 SsW s SSE 35 sswW ~ SSE
alms: Calms: 7.05751 Calms: 3.99378
Direction wind  APR Direction Wina ~ MAY Direction Wina  JUN
NNW N NNE NN L, NNE NNW " NNE
NwW NE NW NE
W ENE waw ENE WNW ENE
0y W E 0, W * E g w E
5 5
) 10 10
151 wsw ESE 151 wsw ESE 151 wsw ESE
2 20 gg
5 25
W 3 w SE
2 30 30
) SsW s SSE 35 SSW < (T3 35 SSW : SSE
Calms: 2.21774 Calms: 1.84729 Calms: 2.91734
Direction wind  YUL Direction wina  AUG Direction Wind ~ SEP
N N NNE NNW N NNE NN = NNE
N NE NW NE N NE
ww ENE wNw ENE wNw ENE
0 w E 0 W E 0 W E
5 5 5
10 ° 10
;: wWsw ESE : wWsW ESE ;: WSW ESE
2 5 25
W SE w 3 w SE
30 2 30
3s sswW . SSE 3 ssw - SSE 35 SSW * SSE
Calms: 4.3032 Calms: 6.02996 NOV Calms: 7.46489
Direction Wind ocT Direction Wind Direction Wind DEC
Fig. 5. Monthly wind speed and direction in Ulsan.
v =Z1E 5 o =] o o Pt o 5lolsF A
71 S7Heh Egt 7hgof Bt &4te] 718717 yearQ B A5l Qe AL 1S 4= Qlqick At
. o o = o
717} 1.99 (m?/g)/year, 1.64 (m?/g)/year Q& 71 7hut 3} &4te] Q& W] B Hole FAtRCE 24
s = o . o o Sl © H = 5
A St Qlglom O o2 Bofl FA  ZRS T Aol SATE T 4] Q, St ARkl o
o o =
419 72717} 212} 0.95 (m/g)/year, 120 (m¥g)/ 5P| Lhebtet.




3.3 S0l ME AMEE

(Qe)

oA A Q& Aol wet Aol BT, A
o] wizkgte] e} witol ke wistail Hlo] Q.
T8 sl ok 2 7ol

&k #polol] ol A Htet. & 12

30 T

€ 5d =E Q.

ZYz} Batak g4t

25 —ao— Ulsan

20+

151

-

10

PM, ;5 Q, (m?/g)

—=—Busan : 0.72 (m%g)lyear
: 0.87 (m%g)lyear I

2015 2016

2017

2018 2019

Fig. 6. Yearly variations of extinction efficiency (Q.) from

2015 to 2019.

PM2.5 Q, (m2/g)

15

TAE S8 BT S| njMEX| 4 Ha A 87

2199 F3Fof uE Q, F= YEHH Aotk &S
s i 16092 e 7 4, I8 59 23] & 19
A s TR o] Q. a4 AmHSith ¢S &

(NNW, N), £-5 (NNE, NE), 5 (ENE, E), &5 (ESE,
SE), ‘2 (S, SSE), HAl (SW, SSW), Al (W, WSW), &4
(WNW, NW) & W1t FAke] 29 35 214 9
HEEol 1A FArFe] gk whof thE Wk
H|o 5-5529] Q, #to] =3toH 553 F5E9] Q,
FERF ohE kR =2 3e vk 4] F3kell
T2 Q. At W3} Egh FAta} vltt kS Bl
=4he] T A3 5 kel AR x]7F 1A QL
=l BARTE 5, ARts 5 183 GA R
= 359 Q. #°l B &8t 59], 55 59 Q.
zro] The o] vlof w2 3 Ol—t— e QO]%P
o ATk ESE o] ek B4k B, 5, He el Q

24 55 Q Fhe ThE MR Y gt e o
o] AlFElE 6URE FH3] STtk AL B %

o ol 6L 7O BT BF, 5, U Y]

B3 o E‘r\‘

1 1 1
—=—Busan : 0.95 (m%g)lyear —e— Ulsan: 1.20 (m%g)lyear

1 ] 1 L4 1 L 1
—=—Busan : -0.89 (m?/g)lyear —®&— Ulsan : 1.01 (m?/g)/year

e, —

- e — -

1

™S ——
— — - - - — -

—&—Busan : 1.99 (m?/g)/year
—a—Ulsan : 1.64 (m?%g)lyear

—_—
——

[(d)

Busan : 0.94 (m?/g)lyear
Ulsan :0.58 (m?%g)lyear

- —

2015

2016

2017 2018 2019

Fig. 7. Seasonal difference of yearly variations in extinction efficiency (Q.) from 2015 to 2019. (a) Spring, (b) Summer, (c)

Autumn, and (d) Winter.

J. Korean Soc. Atmos. Environ., Vol. 37, No. 1, February 2021, pp. 80-90



Z4 3|, Dehkhoda Naghmeh, '=E0I

Table 1. Monthly extinction efficiency value according to wind direction in Busan and Ulsan. (unit: m%/g)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
North Busan 9.8 9.6 9.9 10.5 10.8 125 17.5 15.3 16.9 14.8 1.7 12.2
Ulsan 121 121 11.7 121 13.1 17.2 19.3 19.8 21.2 17.6 12.0 13.9
Busan 104 9.3 10.6 13.2 13.3 17.5 19.7 235 234 18.8 16.3 12.3

Northeast
Ulsan 12.3 104 12.6 13.7 15.4 171 19.9 18.4 221 171 15.5 13.9
East Busan 9.2 8.1 85 10.0 9.3 14.6 19.1 16.5 15.2 13.5 11.0 1.3
Ulsan 10.4 9.2 11.2 12.8 10.1 15.0 17.8 18.8 19.9 15.8 13.6 115
Busan 10.6 79 8.2 9.6 8.0 12.8 14.4 12.8 12.5 10.9 10.0 1.5

Southeast
Ulsan 1.5 11.0 8.8 8.6 8.0 8.6 9.2 11.6 12.8 129 9.1 1.7
South Busan 9.7 8.5 7.8 8.6 7.9 8.8 12.7 10.1 13.6 121 10.6 11.9
Ulsan 10.0 9.0 8.8 83 8.0 8.6 1.7 125 11.8 12.2 85 8.1
Busan 8.9 7.1 7.6 8.1 7.5 9.2 14.8 13.1 10.7 10.2 8.2 10.0

Southwest
Ulsan 9.3 9.5 9.1 9.0 10.9 8.4 15.0 15.2 10.6 13.3 10.1 124
West Busan 8.6 8.4 8.6 9.2 8.9 10.9 16.0 15.4 11.8 12.7 10.2 10.5
Ulsan 9.7 10.2 9.3 10.1 10.2 8.1 12.5 14.7 11.6 1.1 10.7 10.1
Busan 9.8 10.0 104 10.0 10.2 111 15.8 17.8 143 14.7 11.8 125

Northwest
Ulsan 129 13.2 1.3 10.8 10.1 121 121 17.9 154 14.6 13.0 14.5
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