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Abstract

The secondary formation of PM in air is known as the major process in the creation of PM, especially PM2.5. (NH4),SOs,

NH4NO; and organic carbon are the major chemical components concerning the secondary aerosol. In this study, the statistical
analysis regarding the component parts of PM2.5 and numerical meteorological modeling (WRF) were used to understand
the secondary formation of PM2.5 in Busan area. The research materials were as follows: the mass concentration of PM2.5,

eight ionic species, two carbonaceous species and fourteen metallic elements. The concentration of (NH4)>SOs, NH4NO;

and organic carbon were high under the weather condition of stagnant air circumstances, low PBL height and high humidity.
As the result of the factor and cluster statistical analysis and the back ward trajectory, the concentration of (NH4)>SOs,
NHsNO; and organic carbon were high in the air current from the eastern or southern part of China under the stagnant
weather condition. In the case of the air current from the eastern China, the concentration of (NH4)>SOs and NH4NOs3
were high and the ratio of OC to EC was the low. On the other hand, the concentration of (NH4),SO4 and NH4sNO3
were low and the ratio of OC to EC was high under the air current of the southern part of China and it occurred in
summer when the temperature was the high and the air was affected by the biomass burning in the southern part of
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Monitoring of PROtected Visual Environments)o]| 4]
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Fig. 1. The numerical model domains for WRF simulation,

Table 1, Description of WRF system

Domain 1 Domain 2 Domain 3 Domain4
Horizontal grid 124 x 131 73 X 85 85 X 179 72 %X 72
Horizontal resolution 27 km 9 km 3 km 1 km
Vertical layers 27 layers
Longwave radiation option RRTM scheme
Shortwave radiation option Dudhia scheme
Microphysics option WSM 3-—class simple ice scheme
Surface—layer option Monin—Obukhov scheme
Land—surface option Unified Noah land—surface model
Boundary—layer option YSU scheme
Cumulus option Kain—Fritsch (new Eta) scheme

Initial data NCEP FNL Operational Global Analysis data
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Table 2. The weather conditions on this study period

2012, 2012, 2012, 2012, 2013, 2013, 2013,
418.~4.24, 81.~87. 10.9.~10.15. 12.5~12.11, 2.13~2,19. 4.10.~4.16, 6.7.~6.13,

Clear Days 1 7 7 5 4 6 2
Mist Days 6 1 3 5
Rainy Days 4 2 1 1 2
Haze Days 2 2
Average of
PBL Height (m) 515.5 575.2 559.5 1003.4 671.9 911.7 327.6
Average of PM2.5 9 18.7 17.9 14.8 921.1 19.9 30.2

concentration
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Fig. 2. Weather chart.
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Fig, 2. Continued,

Total 2012.4.18~4.24. 2012.8.1.~87. 2012.10.9.~10.15.

2013.2.23.~2.19.

Fig. 3. The Back Ward Trajectory on this study period.
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Fig. 4. Chemical composition associated with PM2.5.
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Fig. 5. Chemical composition associated with PM2.5.
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(factor analysis)& AAlStGon, F48] 24 7]
&2 3 30, ZF AR QQlRskeke 19 7o UEr
Yoot S48 1 ~ 671419 +4 7]93&2 F 78.4 %
2 yepgton, AlFAEe] 71oE-2 19.1 %= Ca, Cr,
Mn, Ni 5 F7]94d80] fatgfo] A vep, v
o4 T AxdoR A A2FES 17.7 %

T 9 S I e vlogoe] A yErd
oh, A3FAELS 13.9 %2 K', Ca®', Mg”' 9| Fa1Fo]
EA UEhd, AEA A4, S 5 AAE E d9d
Ao 8 BEAsHTE A4dE2 13.7 %E Se, Cd, Pb
T Rl ET OCe] Fatgo] A vert A7k
d A vjEdo R A5t AR 7.4 %R K
F7IEaAEe] vlgo] =A yetton, Al
6.5 %= Cl, Na'9] ¥alao] &7 vely sfgdarad A
B 5 Y dgYer 2459 Na's 2 37

Fig. 6. Reconstructed PM2.5 mass by Mass Closure Model.
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Fig, 7. Radar chart of PC scores on this study period.



154 A - A

2] Yoz Zridxtel x3tE = =, SOCe}
TAGS "ojAl= A= d2A Qo

kA PM2.59] 22 A/ ddo] 2 AARE
=29 $E7F w2 A2FAET OCY w7t =2 Al
47489 AoR yebdt, ARdERE 20139 49
AR Dol A2 we] dFe 7 A e R
Ehptor, 2012 8¥o| A4 dFe 7 2
e Ao yehgth PM2.5 k7t 7 A YER

PM2.5 A7 & 22k A9 Bl&o] vlag & Jo=

459l

® 20124 490 AR QL AbRZIRE E¥lol A% Tk
AT ok i 719 e G A wek

Qb AbTE 2QRA AakE F 4999 tiAF Ao
dhoto 2ARAE ANk T 23t F 5] TR

Table 3. Rotated Varimax factor analysis for ionic species in PM2.5

PC 1 PC 2 PC 3 PC 4 PC 5 PC 6
Cl- ~-0.08047  0.066732  0.060726  0.077853  0.212316  0.817585
NO3~ -0.16028  0.783396  -0.11581  —0.16678  0.074552 0.04809
SO 0.028458  0.726796  0.456613  0.259115  —0.00049 0.01453
Na* 0.338488  —0.13136  0.275768  0.051076  —0.14696  0.678839
NH," 0.005519  0.932144 -0.0159 0.08229 0.043995  0.150954
K" 0.236591 0.06953 0.817356  0.112158  0.422255  0.051079
ca™ -0.09301  0.105335  0.822596 0.34637 -0.0504 0.060504
Mg?®* ~0.04084 0.07346 0.892241  0.178587  —0.04003  0,201934
Mg 0.467419  —0.11149  —0.00232  0.409104  0.463704  —0.12074
Al -0.32159  0.216111  —0.25241  0.097713  0.594051  0,269309
K 0.238726  —0.,01037  0.,406087  0.074512  0.759791  0.025713
Ca 0.799996  —0.29858  —0.01734 0.03795 0.082533  —0.00093
v 0.087935  0.824224  —0.07923  —0.08182  —0.38426  —0.11519
Cr 0.931837  —0.04576  0.031848  —0.05375  0.019021 0.00752
Mn 0.919057  0.147087  0.084353 —0.0395 0.121628  0.028652
Fe 0.471886  0.679687  0.319984  0.222122  0.218466  —0.07185
Ni 0.963468  0.056286  —0.04021  —0.09632  —0.05343  0.082634
Cu 0.650924  0.250005  0.009761  0.395417  —0.17519  0.091761
7n -0.08891  0.504348  0.278544  0.353187  0.108761 -0.3215
Se -0.10495 0.01191 0.284074  0.826996  0.121049 0.14265
cd 0.171177  —0.010589  0.029001  0.830448  0.038442  0.235491
Pb ~0.20331  0.277136  0,160942  0.833409  0.173273  —0.09508
oC 0.152571  0.075751 0.37216 0.631757  —0.06189  —0,16734
EC -0.00926  0.675263 0.47339 0.132099 0.26343 ~0.15249
Eigenvalue 4.58975 4.937225  3.337783  3.294376 1.783916 1.563418
gg?;cri(%)ltion 19.12396 17.6551 13.90743 13.72657 7.432982 6.51424
Accumulation of

Contribution 19.12396  36.77906  50.68649 6441306  71.84604  78.36028

Rates (%)




FAkA e mAHA] F 22F B 7]o= BrE AT 155

T2 T A R—

2 _E_E-al— s olo%ouq 7} XIHE:I
AR A ATE 2

i

A5, A6Fdwo] =2

Eof 9 wiEsFol #A YEhy
Uz 20129 10¢ % 3¢
A Axh, AR EES 5.2
0.2 ug/m’ 2 T2 LYETF o= WA vepd 2l
AR oAU gt 27 JAF AL th2 Al P B
A A e Ao w18y OC/EC H|&
2 6,18 Blud =4 Yelgon, 221 f784 ofoj2
Z9o| QAT o] mluz FHs| o]Fo] How K7}
0.207=2 v|A A yEht AEdae] o3t gor
gerEnh o] & 20129 10¥ 10¥e ClI HZ7)
0.5966 ug/m’'S &2 EA717F 52t 71 =4 UERte
A B4 A= FalEolA HAYH

JH A2 g FFS 7P A B AR wn
Hrh, foFe] Je ke IA w2 sloz detEE 20124
109 10¥9] OC/EC H|&E 4,42 v|n3 &7 Ve
alFell ogh (R ET) 23} 7 e oo 2E Aol I
AE Aoz AaEn 23 25 A3FAE] =4 ver
b 2o A3FRAPES KT, Ca”', Mg® o Hajgo
A et 2oz PM2.5 AFF 5= 17.1 ug/m &
2 7P WA dEpetth 230 A BEE A2, A4
ol 7P WAl Yeh 23} A 9] S Ay o R A
W2 Al YR FrE T, A 32 Al4FAEe] =
o FHOoR 0CQ HEo] 7.0082 EAEc 20124
84 A Aol ald=E e, 3] OC/ECY] H|&o]
6.12 g9 AFAQl F&Fo| 7P Holon, o= A%
gt 7123 7 AE 52 STk 71 A& OC
o] wjEo] 1 Yeleoz o g At LA 24}
A AR 7E AR A E e, ofof ik ¥l

EHe Eo o|RojAol & o putw
27 4k oS Bl L A2FAEY GaFS TA W

I g9lch PM2.5 Aifses 31.7 ug/m'E T A
Uebgon, PM2.5 AE AT 2 sHieiREe
27.6 ug/mw’, AL w2 149 ug/mE thd A YEr
L Q191 el ool o3t 2310 A AFS AA
rom OCE 1.7 ug/w’, OC/ECE 1,302 23 &-7]¢
A g AN dF2 3A AU AoR BAEHS)
20134 6¥ollA] o HAE e, AFdS
%A, dHA EAET A FY 71F
wol vk Ao g BAEQIY) s AtYe] o

1o = =
Mo AT, F3 Aol Fut T U S,

5

—
b4

i)

O
OC/EC] H]&©] 1
om, ol 3hA AR Ahe) 7]QIgh 1xHAQ] wiEe]
Fol] F Ao R HgEH, o= Y BAS EUE F
o HEAY B g8 IEAGY S T2 AoR
Bl
o 5= A2, A3, A4, A5 FHE FFE A B
-2, 201249 49 Lol o] e
.5 FEAYGAA 717 FYE e, PM2,
T 60.0 ug/me& 7P a1, 12F, 2% nA|HA] A
/gol A | Yebgd Aletal & 4= Utk PM2.5
A7 AAE AHEH, AR EHES 28.9 ug/m, &
A EEAS 4.1 g/ B A EEY] 28 5 M
A vegen, ECE 3.2 wg/m’, OCE 4.5 ug/m'E
AEYE 7P A JERgen, OC/EC Hl&2 1.58
Al 5 7P R A UEbgth A ATE AR,
7 59] AHEIeF fAFSH OCLE EC= A&He 527t 7t

%!

o}

=
[e)

& = e A A vEb Y, Al
A FAEol FAIBIER vl AR HiEds 7HA

QAA; BEAo] 2Er) W 7oy W] o]EE o] o
5 &
UlAA] 22k AT Hste] AR 2aE el

d
U f71e ool A4 GRS Ad 2Helge
2= PM2.5 A& w7} Yo Aow 231 A

of ot FFFo] At 7] 3 SOz, NO» 59 7FA%
of o8t AT} G|EA oo]aE A4 FTFS E A
F FEE B4 YUE 2HeR

% 4% S0y, NOy 58] 7k2Abol o5t

-

Lo oof

F

fr et

e
(e}

%
)
8
=2
2
e

Y% 7|72 S0, NOy 52 7k

191 0G0 FFL Wk 3

Jol

o Do
o K
U

Iy

rlo

EN

™

[UV)

(Vx

=2
>
of

o o 2

of ol
H

N

oA

lo

e,

o

iy

ro

lo

of

e

1o

o o W ox H rE

H
) r R
2
Tz =
(o4
=3
o
ﬁf; fr Bore
rf
B
)

T :EL jg
e
)
)

o AT
>

W mﬁ‘

j,
rr
o,
:lo



156 AN - 2Ag L - olad - f2E
Table 4. The results of Cluster Analysis

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
Factorscore for PC1 3.427896 —0,36246 —0.27838 0.168298 0.33098
Factorscore for PC2 -0.65767 -0.36031 —0.30639 1.690222 2.050899
Factorscore for PC3 0.03851 0.176963 —0.45735 —-0.63002 2.769989
Factorscore for PC4 —0.13944 —-0.67347 1.244384 -0.46329 1.255488
Factorscore for PC5 0.412633 0.152443 —0.04971 —0.99796 0.944969
Factorscore for PC6 0.391761 0.083637 —-0.01736 —0.14419 —1.00404
Days 3 23 13 6 2

2012, 12.
Major Period 2012, 10, 2013, 2. 2012, 8, 2013. 6. 2012, 4.
2013. 4,

The average of PM2.5 o9, 17.1 921.5 31.7 60.0
concentration (ug/m’)
Cl— 0.229 0.209 0.198 0.141 0,113
NO3- 0.156 2.125 1,932 5,569 3.242
SO42— 3.782 4.117 4.882 10,828 21.050
Na 0.731 0.285 0,240 0,105 0,491
NH 1.633 1.821 2.162 5.037 5,770
K 0.206 0.112 0,066 0.024 0,401
Ca 0.149 0.196 0.311 0.038 1.388
Mg 0.050 0,048 0.033 0.016 0.209
oC 2.513 1.755 3.136 1.664 4,544
EC 0.496 0,748 0.742 1.257 3.190
Mg 0.090 0.028 0.056 0.020 0,079
Al 0.011 0.109 0.139 0.088 0.152
K 0.152 0.098 0.080 0.033 0,193
Ca 1,466 0.129 0.206 0,045 0.000
\Y 0.000 0.006 0.011 0.114 0.062
Cr 0.093 0.003 0.003 0,013 0,011
Mn 0.151 0.018 0.018 0.039 0.058
Fe 0,340 0.117 0.144 0.273 0,660
Ni 0.037 0.004 0,003 0,009 0.008
Cu 0.020 0.006 0.010 0.013 0.015
7n 0.008 0.053 0.088 0,110 0,437
Se 0.001 0.001 0,003 0.001 0,003
Cd 0,001 0,000 0,001 0,000 0,001
Pb 0.006 0.009 0.022 0.012 0.035
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