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Abstract Huge hourly PM, 5 datasets monitored at the Seoul Intensive Monitoring Station (SIMS) during Jan. 1, 2013 to Dec.
31, 2014 were obtained from the National Institute of Environmental Research (NIER). A total of 12,376 samples consisting of 24
chemical variables and 3 meteorological variables had been applied for the positive matrix factorization (PMF) modeling based
on a dataset segmentation scheme in the previous study (Park et al., 2019). After performing the receptor model, 14
independent PM, 5 sources were successfully identified and quantified at the SIMS. In this study, based on the meteorological
variables and the previous PMF results, we assessed intensively the PM, 5 source contributions by time sequential analyses such
as hourly, daily, weekly, monthly, and seasonal analyses and further we classified haze patterns into 3 types such as foreign-
oriented type, domestic-oriented type, and mixed type, judging from PM, 5 source contribution. According to our intensive
study on wintertime haze cases, all the episode events in Seoul area initially began with rapid and big air temperature drop for
several days and then high PM, 5 concentration appeared right after rapid and big air temperature rise until air temperature rose
again, which forming frontal inversion with slower wind speed and then lowering a mixing height causing concentration build-
up. The most dominant PM, 5 source among 14 identified sources in Seoul area was secondary aerosol source, which was
considered to be transported distantly from overseas. The seasonal source contribution was summer 15.8 ug/m?3, spring 14.4 pg/
m3, winter 10.4 ug/m?, and fall 5.4 ug/m* in mass order. On the other hand, secondary nitrate source as another secondary
aerosol was identified as one of domestic sources. The range of seasonal source contribution was in the range of 1.0~2.4 ug/m?
and further weekly and monthly variations were relatively small. However, its hour variation was greatly changed, up to 4.5 ug/
m3 during nighttime. We hope that the results of the study can be used as basic information whenever establishing reasonable
air quality management and policy in Korea.
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Fig. 2. Monthly variations of various meteorological variables at the SIMS in 2013 and 2014.
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Table 1. A statistical summary of annual and seasonal PM, 5 concentrations (ug/m?) at the SIMS in 2013 and 2014.

PM; 5 PM;o
Year F/C ratio
Sample Mean Stand. . Sample Mean Stand. . PM
M M M M (PMy.5/PM;0)

number (ng/m3) dev. n ax number  (ug/m?) dev. n ax
2013 7,143 39.5 27.1 1.0 205.0 6,959 56.7 34.8 4.0 237.0 0.70
2014 5,233 39.8 284 2.0 200.0 5,175 62.2 37.0 5.0 269.0 0.62
Spring 3,178 429 26.4 2.0 205.0 3,177 70.5 379 5.0 269.0 0.61
Summer 2,898 37.8 23.6 1.0 153.0 2,706 51.6 30.7 4.0 206.0 0.73
Fall 2,936 28.2 20.6 3.0 143.0 2,911 443 26.0 4.0 224.0 0.63
Winter 3,364 48.3 334 4.0 200.0 3,340 66.9 39.2 6.0 218.0 0.70
Total 12,376 39.7 27.7 1.0 205.0 12,376 59.0 359 4.0 269.0 0.66
ug/m’2 ARl o™, 2 A7 AEHFEEE 59.0 250
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A GA dAMEEA 0] @ F2 ARt ol it
9 32 SIMSOA2] PM,,@F PM, 9] &5 1:1
Aol 2A4% Aotk ojnf 24 72717} 19]
TWHESSE PM, 57t AFA|Sk= F/C E-& (fine paricle/
coarse particle ration; PM, s/PM;, ratio)©| o= 9]
ujte}. ARk o AR o] Ae 1A o
Qof| oJgt G ol M, 5 WA o] Won, we
A2 AAH 9 Ge] gt FFO 2 PM,,
Eo}:o] w2 7102 & A Itk (Parkhurst et al., 1999).
TA A AP ARA A= [PM, 5] =0.71
[PMIO] o itt. = HE7 7ot (NIER, 2006)2 A&

AUS] 45, A5, PolFel A S A2 ol

FE

(2014)2 7| = 8L} =UA| o] HARTOA =
ot A2 E olgote] SRR Fasiolet 2 A
o] AYs|ARA A= A5 [PM,s]=0.71
[PM,], A [PM, 5] =0.45 [PM,], Bo]'o]%[PMz.s]
=0.79 [PMy,], £21A] [PM, 5] =0.52 [PM,,]°] ATt

SIMS7} A3t A-2A] E3452] F/C ratio= °F 71%

[PM2.5]=0.71[PM10]-2.31
R%=0.84

200

150

PMz 5 (Ug/ma)

100

50

0 50 100 150 200 250 300
PMiyo (ug/m®)

Fig. 3. A scattered plot of hourly PM, 5 vs. PM;, mass con-
centrations at the SIMS in 2013 and 2014.
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Fig. 5. Monthly trends of 3 major ions’ mass fraction in PM, 5 at the SIMS.
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3 e atEsto] oA 127 ARMER Al
tol, & 187119] A=AHEe] tis) PMF RE &S =

-

ot

=
RH0= Sqeert ted & 155 PME R DY
= &9l SIMS A oA 9] e HYS WAt ASE &
U FAE R 2hm 4~ HiE o2 FAS7
2] (central limit theorem)®]| &]7|5}o] B L= 3
A Aot SIS 4= AU AR 4 4

Thofl O5HH, Task 1914+ & 1070 LB YL A HEA],
g 5 olsead, Bejlo]a 9 grojo] up, Agt
A, QUAL, H7E4azh BAAL, AT, o
A, Z2H4D), Task 2014 5 1370 299 x4t
&, Br-TH A EFe Y T F7h), Task 3914 &
Z 147 LAY (FH FAAE 2 dd F7hol &<l
H3 Aol =k g A AAZH ez pMFE
o]-g3gt Belg)2 & o2 Hof QJzFet A

Jut

1 v O
(bulk analysis)& 359171 wize]l 2k&2] 571 7]
A 40 7 Ao|glom], ol el Eel7lsd @

@) 4 717 107] HEAL, 2@7| oA S 24
Shoel 24 S7hde] et AT Mol
AR RS BT B ATl & 14719) 299

2 A (unknown source)
= 253 299 (vague source) 02 EFE T
QANESS WkslA 2] BRI 4 Ak

7] & PM,50 L AL = viEHe] S 2 7]
AFaQlo] AHA o2 dakg Wt o) $aet

|

37t & LB YO 5L (activity)of] THEFA L

gt webA PM, ;0 L HEAS otetsta

o] 7| & HgH o HrIS o, AHHS}

Aol thet af4-S whedgichd, o d e &
1

fo ol oL
R o
i

M o

1o
o A
u)
b ox

n

i o
N

b s o= o A e A
(Park et al., 2019)¢141= PMF 2= 7} b
Aot 25 thelal, 11 AEE A 20149
20159 27 7| AL E AU 5, A8
A9 2dZF AEE ARPE ANES Boe i
o8 M&A PM,s LEHe A7 AsES AAIR
Zo|qle}. stAgt 2 Ao A= =l PM,5 LA
o] 712 AF B 4aYotalxt oheleh whebA

re nE o
N

-
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Fig. 6. A seasonal trend of PM, 5 source contribution at the SIMS in 2013 and 2014, displayed in unit of pug/m?>.

B ©7]3 B7EdTE NIEROA et 54
ARESFRL O H, 712 75 nhefol] ARERE A
=} Ao

6ol 229 PM, 9] 28 Y 7o =Tt
Awst # 20l= G¥sh 19 7ol 30
goll= AIZHASEE 242} AAstl o™ Zt
9] 719 & A= #WMEEo] oty ug/m’
= FASH T 2 Aol A AAE 1471 2 G Kol
gt oL ZA|SE SIS AW AT (Park et al.,
2019)°f AIAISFAH.
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FU
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2]

=
=
42

s
.

o E

3.3.1 0|x}2%! 2 & (secondary aerosol
source: SA source)
oA 2 FY2 SO, NOy™ B NH,"9F 2=
F7lols T8 Zgetal loh AdE degr|oe
A5 158 pg/m’ > w4144 ug/m’ > A4 104
ug/m’>7HEH 5.4 pg/m’ =02 UERSiTE o 540
71 =7} 7 =Sk, ol 710] Adsstal HiY

d

1

.

=22
i =R=1

A A BARE Al 7 B of
So] 2241 0] A7 o] Be|A7] wEolct,

X204 € 7| g AnEH, A777F 5 2014

W 799 19.9 pg/m*E Hof Higon, 59 g€
22ug/m*E o ATt o] LGP F2 Fo
A gL o2 g VA H AR 0 HE
Aol AAY 252 5ol FYH Faglez #
dEth 24T o E54E v n T off, 7] 9] 2ol 7t
37| 31 gFHo] thh w2 olf+= HE o539
AAbF 722 o AT FebE 2 Qe AR
=2 7R OE JdHoR

ik B
=
ar

a i A— QR
et gk, 19 73} sof) ofst, 234 @ Aol
R 9 A|7HE Zlohg Wske uhe 2okch

g

3.3.2 O|xt 2 %2l (secondary nitrate
source: SN source)

o] ¥ 50,77 A9 = AHlelA, NOyT,
NH,*, Ca @ Fe7} 58 s}shEoln, Se &= Br B =
718t 34 daEo] H5 vl AT 2RIt (marker)
S skt 2t Htorg 248 72 2.4
ug/m*>AEH 2.0 pg/m* > AEH 1.0 pg/m’ £O2
et HIE A2 Avket 35 Wshs glsl
At F4Y} 7R tha w8kal, o 5-ol ©A
T E QI 37 29 9 7| E AW EH, A7)

Risy |
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Table 2. A monthly PM, 5 source contribution at the SIMS in 2013 and 2014, displayed in unit of ug/m? (% source contribution in brackets).

Secondary ~ Secondary . Brake & Coal Oil ) ) Biomass  Br-related Nearby . Road
Yr/Mon K Mobile X R . Incineration . . Industry | 8 Seasalt  Soil

aerosol nitrate tirewear  burning  combustion burning burning industrial dust
2013/01 12.8 6.0 14.5 1.3 2.0 0.7 4.6 39 0.7 0.9 1.8 1.8 0.5 0.6
2013/02 9.6 23 10.1 1.1 5.0 0.5 3.1 39 0.6 0.4 0.5 1.1 0.4 04
2013/03 6.5 20 9.2 1.5 35 1.8 4.0 23 1.0 1.2 0.2 1.9 0.7 2.2
2013/04 10.1 37 10.2 1.2 2.8 20 2.8 2.1 0.9 0.6 0.2 25 0.3 0.9
2013/05 14.2 2.0 12.2 1.9 25 20 1.9 1.3 0.6 0.6 0.2 1.6 0.6 0.9
2013/06 135 1.2 11.7 1.5 3.0 1.5 0.5 1.1 0.5 0.5 0.1 1.1 0.4 0.4
2013/07 154 0.8 4.5 1.9 20 39 23 0.7 0.5 1.1 0.1 3.8 0.5 0.2
2013/08 16.2 0.9 53 1.6 26 33 1.0 1.0 0.6 1.3 0.1 4.2 0.7 0.3
2013/09 79 1.5 4.5 1.6 29 0.8 0.7 0.6 0.3 0.5 0.3 29 0.4 0.4
2013/10 3.9 1.6 6.9 1.6 29 0.5 0.4 1.1 0.4 0.5 0.3 1.8 0.4 0.3
2013/11 7.8 4.8 10.1 25 4.2 0.8 26 1.2 0.7 1.5 1.3 1.4 0.5 0.8
2013/12 7.6 1.9 13.6 1.4 8.4 0.9 6.4 3.1 0.2 0.9 1.1 1.7 1.2 1.1
2014/01 7.0 24 10.8 1.3 5.0 1.1 7.0 33 0.4 0.8 0.9 22 1.3 1.0
2014/02 18.8 1.5 14.4 0.9 8.3 0.6 43 4.1 0.4 0.5 1.3 20 0.8 1.5
2014/03 11.0 22 79 1.1 4.5 26 4.8 3.2 0.4 1.5 0.4 3.6 0.8 0.9
2014/04 16.8 1.8 13.1 1.4 43 3.6 29 0.9 0.4 1.3 0.4 23 0.9 14
2014/05 14.5 25 8.2 1.0 1.7 1.5 2.0 0.7 0.2 1.1 0.3 1.6 33 1.8
2014/06 134 0.8 7.3 1.0 25 0.4 0.8 0.7 0.1 0.7 0.2 1.4 28 1.0
2014/07 19.9 1.3 7.3 0.8 34 0.8 14 0.4 0.2 1.0 0.2 2.8 2.7 04
2014/08 16.1 0.7 6.3 0.9 43 0.3 0.5 0.7 0.2 1.0 0.4 2.5 34 0.5
2014/09 2.2 0.6 3.2 0.4 14 0.2 0.5 1.5 0.1 0.1 0.1 1.5 0.7 0.3
2014/10 3.1 2.1 9.0 0.5 1.5 0.5 0.5 22 0.1 0.7 0.4 1.6 1.2 0.8
2014/11 59 2.7 10.5 0.5 3.1 0.6 1.9 25 0.2 0.5 0.3 1.5 1.5 0.4
2014/12 35 1.2 11.0 0.3 3.2 0.2 3.0 1.8 0.3 0.3 0.1 1.2 1.9 0.4
Total 10.6 24 8.9 1.2 3.8 1.5 3.2 2.1 0.4 0.9 04 1.9 0.9 0.8

(26.9) (6.2) (22.6) (3.1 (9.6) (3.8) (8.0) (5.3) (1.0) (2.2) (1.1) (4.8) (2.4) (2.1)

90}

‘&Halo

1z
ra
=

2]

oN

>



M2 PM, s 22i2io] AN 7|0 Hylel slojxo| SHER

45

0.8
E 08
@ ; i =] 07
% o8 3510 n 08
2 o E . 10 B
B 07 o4 19 Los MG °" ™ mm14-Road Dust
04 = 04 09 TR o.
21 03 1.8 1.6 _\ 22 . .
0.5 13-Soil Dust
304 -
£ . . - == 12-Seasalt
5 48 43
2 25 42 34 39 Az e 11-Industry-2
§ 1.2 1.6 1.4 : 10-Industry-1
g 2 wm 9-Br Relate
= ]
3 8-Biomass
[ =
8 15 mm 7-Incineration
= 6-Oil
10 5-Coal burning
4-Brake & Tire
5 = 3-Motor
i 2-SN
0 == 1-SA
Mon Tue Wed Thu Fri

Fig. 7. A weekly trend of PM, 5 source contribution at the SIMS in 2013 and 2014, displayed in unit of pug/m?>.

7+ % 20139 199] 6.0 pg/m*S Ho] Hjglod,
20149 9¥] 0.6 ug/m*S Ho ZJ’\%";E}. qhH, 19
70l 95, o] @ HYo] 8 U HEk= 1.8~23 pg/
m’ {915 Hol HlE 22] oAt dade= 2.8
ug/m*S Kol tha FA ZARE QI kAR 1Y 8
o &Jsh, o] @ FHL] AIZHE k= vl ZA
=t =2 W H o7 #2718 KAl
oo H 4.5 ug/m*7H2] 55kt shATE & et
ofl= 1pg/m’ PIFHe] W Fjoj & H Gt} oo}
o] Al W-go] Ath= o= o] @ @Yol HIF 2
A7) F shuol ARt e 5 g lolet] Kk, =
oAl EHAA PAE XS 4T MR Aa
PHE Sl viEH Aaitehzo] whE A7 Uiof of
7FskehEre o 2 K2 E]9-e-S ojm|ghct A
- (Park et al., 2019)2] Task 2 & Task 3°f ]St =3
240 olahl, o @ @e] QAL sIMse] 2
FEHFe s F4YHoh g, Eatough et al. (2007)
S )% w2104 PMFS o] §5te] 4714 27
& A=, 1% 371 = A 9A dAaArst

H&1} #Ao] ATt E3E Oh et al. (2011) 59
MF 225 9 CPF (conditional probability func-

F I

[¢}

o M

=

tion) 22421319 <131, 0] 2484) G 2
3t 90724 %4 (S1Ms 1] 1 F 40 km HE
o Ao BEEFIN AATTeR TR
A el SIS A0z Shalslor], AT

o] Ao} ul2sstgc

3.3.3 0|52¥¥, Eaj0|3  Et0[0f O
292 (mobile source, brake and tire
wear source)

0152 9¥9] A%, NO;~, NH,*, OC, EC, Fe, Zn

7 =4 e e, ol akeke AR 2 AR
Aol MiEEs & A At (Cesari et al, 2016;
Chow, 1995). ©°]'5- 2 AU A&H 7|9 =t 12.8 ug/
m*E Hof 7P 9k, 578 10.1 pg/m* > 7He 8.2
pg/m®> 54 7.2 ug/m’ =0 2 Vet ™ 6 7
x). & 20| 9J5t, ofF F7Hdo] 29tH 7¥~94
o] 71o&rt 7Hg oo, g B £F 7ok
Arket ZpolE Holx] Adeh(1d 7 A=), shA|qt
717 89 AZPd 7]l T nE HH, SIAI
HE EZARI7RR] 2 2 AR 7o et &
< A gL £ A, o7 1Al FHd 12.7

e

JR"

.
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Fig. 8. A hourly trend of PM, 5 source contribution at the SIMS in 2013 and 2014, displayed in unit of pug/m?>.

ug/m’, @7 54173 &
EREDES

T, BEo]Z W Holo] niRodee] B2,
SO,”7, EC, OC, Fe, Si, Cu, Zn, CI", Mn 59 3}8}50]
FEO 2 UERton, Cu®t zn7} rlol A et 21t
S shleh 8] Aol oJ5HH (Grigoratos
and Martini, 2015; Pant and Harrison, 2013), ©] 2%
He EAA A F22H A shtz SHIE 3]
, 59 Cux= Hejlo]2 & 28] 2ol d o] mpi=z
HlEEE= Aos dyFeh E ohE Al olstd
Cu, Zn, Mn, Sb, Sn, Mo, Ba, Fet= E.&|o| 3 njrLo] 3}
12} (Belis et al., 2013; Schauer et al., 2006) 2 21 5]
AL, Zn2}t Cus Etolo] mhe] &1} (Hjorten-
krans et al., 2007)2 2= Qi APAF] CPF &
Aof| oo}, o] niR @ Ho] HiEFFE ol 52 H
At wi-S AT AEE 7ok 58 W o
B4 13pg/m?, 7FHE E AE 1.2 ug/m’E ZALE
o] AEE W3l 2] Qgton, e, a4 W}
T O8] 3R] Lot (Park et al., 2019). SEA|9F 13 8
O] AZHE 7] E AW EH, v 5 22 Hato] ]t
SO} BT oA =0T

7.4pug/m® 7|45t Ao R

_\

=

3.3.4 MEtQ A2l (coal burning source)

Ao FHde] 8 3E2 0C, EC, SO,
NH,*, Si®]%l.2™, OC, EC, As, Si 5°] ZRIZE o]
|EATE dHH o2 As (H]4)7F e el &
A7 A4 9] shto]t} (Belis et al., 2013; Han et al.,
2003). AeQ AY0] AEA 7ojx WS duE
H, ALE 72 ug/m’*> B4 3.4 pg/m’ > AE5E 5} 7}
=3 28 pg/m’ =02 FAFE O] A& o] ko]
Ae Ao BoE(1d 6). 4 70wl W

P P= 3.4~4.5 ug/m> S Hof 22| QFPAT, 1
82] A|ZHE 7]oqrof ofshH 71045% FRboll Wk
(A 9A] 9 104] 3.0 pg/m’=2 F| &), ofghe]] =k
TH( QT 8A] 5.3 pg/m’2 F|11). 0] 2 Y2 SIMS <

Zlof A H2] b2, BAFAA Fdl fAIshe A4
off AAlishs A o= 24 %At

3.3.5 7|EAH
vel

AoF gholxtr el At (Lee et al, 2002).
73-6-2} ZH5- (diesel and residual oil) 2] 40 &
off BlAYAFF GollA Bl ZE T (Chow, 1995; Hopke,
1985). AYATF2] CPF BA40] 2JstH, o] 2 H¢2

& (oil combustion source)
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SIMS O] Aol $12I5te o2 3] vt AT
oA HiEEHE Aog Atk Fiw St
A= 19819 o] F 1{ Amfo] FUA A=
Zot 7oA At Aoz Agdefol
ZHl Aokl JIHH(MOE, 2017). A E Aw7] o]

= 54 23 pg/m’> 0154 1.8 pg/m’>AEH 09
ug/m®> 714 0.6 ug/m’® <=0 2 LEREA| T F Tt
715-& Koz okghtt. Eet 9 AW 7]of =0 ¥s)
HOE 1.0~1.9 pg/m*E o 3] &9, 19 89
AT 7)Ao A |SPH Q)7 1.2~1.5 ug/m*E
Hol 127 Fasiyich

3.3.6 AZtQ R, MFZHA, Br-BHHL
QR 2IE (incineration, biomass burning,
and Br-related burning sources)
27+ 998 NO,~, NH, T, CI7, OC, EC, Nat, Ca
59 ghetgo] FFol e, 11 5 Cl o] o] e 9¥
of| @A|5HA 715kt ClIm2 AFAZ o = s H el A
TE YESHUL AL, AL, EAHE &
7t 5 O AAYREE AYFoR wiEH
(Chuang et al., 2016; Lee et al., 2008). A7F2 AL
A CIrg 23R A8 9 d4shf SeagolA
S2o| et SIMSO| FA e 27119t &7t
%} (750 ton day' & 400 ton day ')o] EAfst=H], A
Y ATL] CPF A OA 11 ek S1e o= ek
AEE A= ALHE 6.1 ug/m’>BE 32 g/
m®>154 22 ug/m*>7HEE 1.2 pg/m® £ 2 1
ERtom, 20149 19 FHdf 7.0 pg/m’2] 71A=E B
Frk 19 79 8 dE i o] Weks AT W
SPHY T 2.5~3.1 yg/m*E Hof 7] Eo] 3] kot
19 89 AIZHE 7] oM E A Foll 27 &
Oou M7} 2.2~3.2 pg/m*E Ho] Mt} 3] oF
At
AAFAL @ GholAl= NOy~, NH,F, K¥, OC,
Fe, Pb, Br 5°] 2 3}8tE0]3itt. Milando et al.
(2016)©] PMF & Aito]| OJ5HH, AJ7}a1e} HE
ROJEQ] PM, % K*, OC, Na, Fe, Pb, Br7} A A|F

30 R

]

b

N

A% LA F9 SoEoldT). Bl K R
2 A dro A4 o wiEH ok (Milan-
do et al., 2016; Hopke, 1985). -$-2|1}2}+2] 749, 1985
| ol% A|A ROl AMgo] HH o7 G gt
O, 20109 Z2HERE Ao 2] ¢ 9] stz A
24 1A= (bio-SRFs; biomass-solid refuse fuels)
O Abgo] @] 7HA o] Attt ot J43] 7tk
AL St} o] L FU| AEE T e= A2 3.4 g/
m*>82 1.8 ug/m’*>7F4 1.6 uyg/m*>AEH 0.7
ug/m® 202 ettty AgHe] F]olwt 71
F=dl, ole ASE FAPEOIU ofelolA o W=
A4 P2 Qg J7

e to
0o

> o2

S w4 5 chre 2] 3
o= groEct  20] HEA 5, 20144 2

A 4.1 pg/m’E Kol Fdf 7]9EF HYrh o] 4
o] 9 HIl= 1.6~2.3 ug/m® MHE Ho] 4]
AAARE, FQ At A dof| ok EQUTh 17 89
AZHE 7o AT 1.5~2.5 pg/m*E Hof Hele
7t 3] LAAITE, H L B 2.5 ug/m’E A E
Holoh

o] a3z wiEd Aoz AtH. I pbet
Br Ao Slxtz & A H S (Hopke,
1985), ¢-2|uehs 19879 o] % FARY o] A=
AL 2lom, 1993 o] & FAL T2 A of
A= et o, A 9F Al S 2] ol A 4
w92 HESAE, L HeAo] EHAA
& PaEE=d, %5 Br2 °olE H7E Fol W4
2A H7b=o] 9le, sbet PbE: T3]
1t} (Vainikka et al., 2009; Balabanovich et al., 2004).
o] HU] AEE 7= FE 0.6 ug/m’>F
A 7FE 04 pg/m’ > AEH 03 pg/m® =02
EFAAIRE vl-¢- ol ik, ok @ A 7] o) 1
SHQIE 0.3~0.6 pg/m’E Hof 3] ¢horar, AlHE
71 e m|e Aol A 2 Hat Q1L
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3.3.7 MHAHHA, Q12 AP 2H A (industry
source, nearby industry source)
A4 e AL 0C, SO,F, Fe, Zn, Mn©| 58 3}t
Z0].©™, As, Pb, Zn, Cr, Mn, Cd, Se, Fe 5°] &2l
Atz ARGE A 53] Fe@t Mn AHH e HHO] +
Q slstxo g A A o} (Taiwo et al., 2014; Ham-
mond et al., 2008). A1 O] CPF E4o] 2|5},
SIMS®] Aol x|t HRA], FAFFe] $I=|et =t
FAL, FF AR H FatR AFATA] oA By
SH= Zog waEgih Al e g A 7
o= 0.7~ 1.1 pg/m’2] HLE Kol AEA st
9] ISt 718 73} 8oflA] K%, @ A Wtk 7
o] g1l o, Az Wgtof| A= ke thA: =i
g, A 2 FH 9] A%, Cr, Mn, Zn, Cd7} &}
o1zt A oto] @ FYUEF 3 (source profile) = A
To Qe cha gAseleh, shAe AgkisolA
Hol= EC?t 0C7} Il e, 0] Ad 7174
Elof A9t Lebgth 2\t Bat 7] kE 1.1%EA
njgollon, A tha & 7|9 =S Hrh
T3t QU 7]of o] st A9 glglou), F71H
= oFol vhA =it

3.3.8 EY2YH, =2 H|M2H A (soil source,
road dust source)

EGTE 099 kA FeE vehgc 94
Si7h F=2 ER12 A2 o, Si, OC, EC, Fe, SO,
7F F8 2erEel R EF AU Ca, Si, Ti,
Fe7} 58 21zt 93g 5t NO;T, Ca, FeZ7t 8
FetE 2y =reiteddos EeE I &

E

oRftH t} F7ho] 7117t thA E AT §H A, & H
AFQ A0l B9, AEE 7]k S 14pg/m’>
ALHE 12 ug/m’>AFA4T} 7FEE 05 ug/m’ &2
= Uehgth 899 7o) § 9= 0.7~1.0 pg/m’
£ Hof Zo|7} AL giglom, A7HE 7w o]
1 921 0.7~1.0 pg/m*E Hoq z}o] 7t A9 glict.

3.3.9 sl|" 22 (aged sea salt source)

SfE LAY S0,7, Nat, NH,T, CI, EC, Si, Fe,
K* 5°] Fa Fekgo|qlrt. duty o= AAsid
(fresh sea salt)®] 749, Na*, CI7, SO,*", Mg**, K,
Ca?to] slstEo g2 LA (Lewis and Schwartz,
2004). SEARF & Ao A FEH LSt AR}
(aged sea salt particle)= | FNA A= o] SIMS
Ao maet wi7zhz] fPdshH Al (NH,),80,7F B
FEE O etk T3k Nato] ClrE o =
Al Yebt= o= NaClo] 7FA% H,80,37 HH-g-5f
o] Na,SO,= A= mjZe]i, clo] LdE A4
oA 8 a&2or uZEr] giZo|th(Lee et al,
2002). A3 A0] CPF £A4]o] ©JshH, o] H L
Hol Y|t 2 FAF] Hittolth. SE L HH
ALE Ag7lolees o54d 2.6 pg/m’>54 2.4
pg/m® > A4 2.0 pg/m*>7HE pg/m® =22
Eltom] (19 6 Fx), 20144 39oE= 3.6 ug/m*=
ol 71 =E HArh (& 2). 2HE, 298 7] =9
L= 2.0~22 pg/m*E Hof Zpo]7k A9 giglom
(O™ 7 Fx), A 7101 ] W9 HA] 1.9~2.3
pg/m>E Kol 2po]7F 2.2 Itk (719 8 7K.

3.4 7] & PM,5 SE T7HE 2|
7|{E B
A& S PM, ;9 LAEATL @
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WS
23
1.8
17
1.6
1.1

(m/sec)

RH
(%)
60.4
61.0
65.9
69.4
68.3

temp
Q)
133
0.7
12.0
10.1
5.8

Average Average Average Average
PM,5
(ug/m?)
109
24.7
51.2
96.7

161.6

(2.8)
0.8
(1.6)
18
(1.9)
24

(1.5)

Road
dust
0.3
(3.1
0.7

Soil
0.7
(6.2)
1.0
4.1)
1.2
(2.3)
13
(1.3)
0.7
(0.4)

Sea
salt
1.7
(15.8)
1.8
(7.4)
23
(4.5)
3.0
(3.1)
25

(1.6)

(0.9)
(1.2)
(1.0)

1.7
(1.8)

(2.8)

Nearby
industrial
0.1
0.3
0.5
4.6

Industry
0.2
(1.4)
0.4
(1.7)
(2.2)
25
(2.6)
23
(1.4)

burning
0.2
(1.6)
(1.2)
(1.0)
1.0
(1.1)
1.5
(0.9)

0.5

Br-related
0.3

Biomass
burning
0.6
(5.3)
1.3
(5.1)
24
(4.6)
49
(5.1)
10.1
(6.2)

Incineration
0.6
(5.8)
1.6
(6.3)
3.7
(7.1)
6.7
(6.9)
14.2
(8.8)

0.8
3.3)
19
3.8)
34
3.5)
22
(1.4)

0.3
(2.8)

Oil

burning combustion

15
(14.1)
33
(13.5)
45
(8.9)
8.7
(9.0)
13.1
(8.1)

0.5
(4.8)
1.0
(3.9)
1.6
3.2)
25
(2.6)
35
(2.2)

Mobile
2.5
(22.8)
6.7
(27.1)
12.6
(24.6)
19.9
(20.6)
40.0
(24.8)

nitrate
0.2
(2.2)
0.9
(3.5)
33
(6.5)
6.5
(6.7)
2.7
(1.7)

aerosol
(13.2)
4.6
(18.7)
14.7
(28.7)
328
(33.9)
61.7
(38.2)

1.4

Secondary Secondary

Hour
sample
number

2,030
(16.6)
4,666
(38.1)
4,294
(35.0)
1,198
(9.8)
74
(0.6)

PM, 5
category
(ng/m?)
Good
(0-15)
Bad
(36-75)
Worst
(>151)

Table 3. The average source contributions for each PM, s category at the SIMS, displayed in units of pg/m>. The results were obtained by PMF modeling based on 12,262

hourly datasets monitored in 2013 and 2014 (% source contribution in brackets).
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(76-150)
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Fig. 9. A trend of daily PM, 5 source contribution at the SIMS during the Haze Episode-A, displayed in unit of pg/m?.
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Table 4. The daily PM, 5 contribution in terms of mass fraction for major sources at the SIMS during the Haze Episode-C.

Average

F/C WS TEMP Secondary . Coal . . Biomass
Date PM, 5 . Mobile R Incineration .
3 ratio (m/s) °Q) aerosol burning burning
(ng/m?)
2013/12/16 473 0.76 0.7 45 0.09 0.39 0.12 0.15 0.07
2013/12/17 63.3 0.87 0.5 =15 0.12 0.39 0.11 0.15 0.04
2013/12/18 38.2 0.87 0.9 13 0.06 0.34 0.23 0.15 0.04
2013/12/19 343 0.78 2.8 -33 0.06 0.28 0.37 0.09 0.09
2013/12/20 91.1 0.89 1.7 -4.7 0.12 0.35 0.33 0.02 0.09
2013/12/21 76.0 0.84 1.0 -35 0.19 0.30 0.30 0.04 0.08
2013/12/22 37.2 0.77 1.1 -2.6 017 0.31 0.19 0.09 0.09
2013/12/23 327 0.72 1.0 -13 0.14 0.31 0.25 0.1 0.07
2013/12/24 58.6 0.79 1.0 -23 0.15 0.34 0.13 0.09 0.05
2013/12/25 825 0.87 0.7 -0.9 0.16 0.43 0.07 0.11 0.02
2013/12/26 65.4 0.84 2.0 -0.3 0.18 0.29 0.19 0.12 0.05
2013/12/27 473 0.69 2.2 -6.8 0.07 0.32 0.39 0.04 0.07
2013/12/28 14.5 0.58 1.6 -6.6 0.08 0.3 0.22 0.08 0.08
2013/12/29 24.7 0.65 1.1 -3.6 0.13 0.23 0.11 0.16 0.11
2013/12/30 65.2 0.62 1.6 2.3 0.12 0.19 0.1 0.24 0.14
2013/12/31 67.4 0.51 1.9 37 0.08 0.15 0.1 0.22 0.15

Note: F/C ratio denotes the ratio of fine particle/coarse particle and WS denotes wind speed.
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Fig. 14. A trend of daily PM, s source contribution at the SIMS during the Haze Episode-D, displayed in unit of pug/m?>.
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Fig. 15. A trend of hourly PM, 5 source contribution and meteorological parameters at the SIMS during the Haze Episode-D,
displayed in unit of pg/m?.
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Table 5. The daily PM, 5 contribution in terms of mass fraction for major sources at the SIMS during the Haze Episode-D.

Average

F/C WS TEMP  Secondary  Secondary . Coal . . Biomass
Date PM, 5 ) . Mobile R Incineration .

3 ratio (m/s) (°C) aerosol nitrate burning burning

(Hg/m?)

2013/01/11 473 0.77 2.8 -3.7 0.16 0.18 0.30 0.04 0.13 0.04
2013/01/12 100.1 0.79 2.7 0.1 0.31 0.13 017 0.09 0.11 0.07
2013/01/13 138.2 0.83 0.8 =11 033 0.08 0.21 0.08 0.08 0.09
2013/01/14 95.1 0.83 1.1 =25 0.23 0.04 0.29 0.17 0.06 0.07
2013/01/15 108.9 0.83 1.0 -29 0.25 0.06 0.31 0.08 0.08 0.07
2013/01/16 87.6 0.82 1.6 =25 0.18 0.11 0.33 0.16 0.10 0.04
2013/01/17 106.4 0.84 13 -6.2 0.10 0.01 0.28 0.42 0.02 0.10
2013/01/18 45.7 0.75 1.1 -5.9 0.14 0.06 0.36 0.20 0.08 0.05
2013/01/19 64.6 0.75 1.6 0.1 0.28 0.10 0.24 0.07 0.08 0.06
2013/01/20 90.1 0.81 25 1.6 0.34 0.26 0.12 0.04 0.03 0.06
2013/01/21 334 0.74 4.1 34 0.42 0.22 0.06 0.04 0.06 0.02
2013/01/22 174 0.73 0.9 34 0.21 0.02 0.38 0.01 0.20 0.05

Note: F/C ratio denotes the ratio of fine particle/coarse particle, WS denotes wind speed.
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