creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

fiH B2 AL Em 3

2016 B4 AF:
7] dol2&9 714N E s8tzA

KB KB

ft B &

B % K

2017 8H



20163 & AFE TAR A

7] dolz2Ee 7| 3ddE 3otz

B8 £ B ®

R % K

o] M= HE MHILEN wmNoE RHET

20174 8A
PELRER S BB fHLEA SRS RUET
FHLZRR ®
& = @
% =

MK IR KB

20174 8H



Chemical Compositions of Atmospheric Aerosols
in Relation to Meteorological Phenomena at
Gosan, Jeju Island in Spring, 2016

Su-Hyun Shin
(Supervised by Professor Chang-Hee Kang)

A thesis submitted in partial fulfillment of the
requirement for the degree of Master of Science

2017. 8.

This thesis has been examined and approved.

DEPARTMENT OF CHEMISTRY
GRADUATE SCHOOL
JEJU NATIONAL UNIVERSITY



LSt OF TEABLES +ererereersrsrsesesssessrsrsssssnietesesesstts s s e e bbbt s bbb bbb bbb i
LISt OF FHGUEES w+wrereesseesseesssssssesssessssssss sttt vi
ABSTRAQCT -+oseresesesesesesesesesesnssssisiiiststtssssssss sttt s et s bbb bbb s s s aesees ix
L Al e 1
IL ST HEH] coosiiiissussssssisusessussussusasssssussussussasssessssassussssiossssssstossssistsssssistussisssasissrssnss 4
1. T AT R] AR FZ] cerveereeeeseeemeeneintisei e 4
11 ALE FNE] A B e 4
1.2 22T 7] 7] wereeeesseessseeesss s 4

2. AR O] AR AZ] D B s 6
2.1 PMig AR Y F] s 6
2.2 PMas AJE FYZ] crerererererermmeeses 6
23 A HR] F BT EI ottt 6
24 FFEA] O] L AJEL IELA] o 7
25 A AIE EAD s 9
IIL ZTF T G1EF e 12
1. U] AT R] & B T et 12
0. O] ZEA] H]IL crererrerrersentenirerent ettt e 15
3. T A A] FA] e s 17
3.1 PMig ToA] ceoverersemsensensemimsinsismssississitisimsississeissisimsstsenseissssstsstssisssssssstsssssoss 17
3.2 PMog oAl oottt sttt sttt bbb b0 25
3.3 PMyy QA PMos QRF A H] T everevsremseemenssemiseiseiesiseiciesienie e 33
34 AE S ZF AFTEA] oo 40
35 HAHA] ES HIEZY E AL s 46



o2

52

jze]

1.

;O_l

41 24} MARA ] 5
42 A% W ARA e 55}

65
75
34
34

—_
1o

p—

0

N
Ho
50
o

87
90

—_—

0

N
Ho

AL
00

il

90
9
06
08

it

T

ey
sl

_ii_



Table

Table

Table

Table

Table

Table
Table
Table
Table
Table

Table

Table
Table
Table
Table
Table

1. Instrumental detection limit (IDL) and coefficient of variation (CV) for
IC ANALYSIS (TIZ7). rereerreressessessesssssstisitsts st 8
2. Instrumental conditions and detection limit (IDL) for ICP-OES analysis.
............................................................................................................................... 10
3. Instrumental conditions and detection limit (IDL) for ICP-MS analysis.
............................................................................................................................... 11
4. Mass concentrations of PMjy and PMss at Gosan site during non—event
days. ..................................................................................................................... 13

5. Mass concentrations of PMy and PMs5 at Gosan and other foreign
SlteS. .................................................................................................................... 14
6. Concentrations of ionic species in PMjg aerosols. «eeeeemeeeeeeemneeennne 19
7. Concentrations of elemental species in PMjg aerosols. =--sseeeeeeeeeeeeeeees 23
8. Concentrations of ionic species In PMas @erosols. «eeeeeeeeremsneemeninnn 27
9. Concentrations of elemental species in PMys aeorosols. «wooeeeeeeeeeeeees 31
10. Concentrations and their ratios of ionic species in PM;y and PMs5
aerOSOlS. ............................................................................................................ 35
11. Concentrations and their ratios of elemental species in PM;y and PM:s
aerOSOlS. ............................................................................................................ 38
12. Cross correlations between 1onic species of PMjy aerosols., «oeeeeeeeeeeeeees 42
13. Cross correlations between 1onic species of PMss aerosols. =« 43
14. Cross correlations between elemental species of PM;y aerosols. ---44

15.
16.

List of Tables

Cross correlations between elemental species of PMss aerosols. -+ 45

Rotated Varimax factor analysis for ionic species in PM;jy aerosols.

- i -



Table 17

Table 18

Table 19

Table 20

Table 21

Table 22.

Table 23.

Table 24.

Table 25.

Table 26.

Table 27.

Table 28.

Table 29
Table 30
Table 31

. Rotated Varimax factor analysis for ionic species in PMss aerosols.

............................................................................................................................. 49

. Rotated Varimax factor analysis for elemental species of PM;jg
aeI‘OSOIS. ............................................................................................................ 50

. Rotated Varimax factor analysis for elemental species of PMss
ael‘OSOIS. ............................................................................................................ 51

. Mass concentrations of PM;y and PMs5 aerosols during Asian dust
(AD) QY. wwrereerererresessssssesssssststies st 54

. AD/NE ratios of PM;q and PMs5 aerosols during Asian dust days.
............................................................................................................................. 55
Concentrations and their ratios of ionic species in PMy and PMs5
aerosols during Asian dust (AD) and non-event (NE) days. = 58
Concentrations and their ratios of elemental species in PMjy and PM-5
aerosols during Asian dust (AD) and non-event (NE) days. 62
Concentrations and their ratios of ionic species in coarse PM;, and
PMs5 aerosols during haze (HZ) and non-event (NE) days. === 67
Concentrations and their ratios of elemental species in PM;y and PMas5
aerosols during haze (HZ) and non-event (NE) days. weeeeeeeeeseees 71
Concentrations and their ratios of ionic species in PMy and PMs5
aerosols during mist (MT) and non-event (NE) days. «eeeeeemeeeeees 77
Concentrations and their ratios of elemental species in PM;y and PMas;
aerosols during mist (MT) and non-event (NE) days. - eeeeeeeeeeess 81
Seawater enrichment factors for ionic species of PM;y and PMsj;
aerOSOlS. .................................................................................................................. 86

. Crustal enrichment factors for elemental species of PMjq. wweeeeeeeeeee 88

. Crustal enrichment factors for elemental species of PMsgg, «eeeeeeeeeeeeeees 89

. Comparison between the sums of equivalent concentrations of basic

cations and acidic anions in PMjg and PMss aerosols. «weeeeeeeeeeeeeees 91

_iV_



Table 32. Acidification contributions (%) of acidic anions during non-event,
ASian dl.lSt, haze and mlst daYS. ............................................................... 93
Table 33. Neutralization factors by ammonia and calcium carbonate in PM;y and

PMs5 aerosols during non-event, Asian dust, haze and mist days 95



Figure

Figure

Figure

Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure

Figure

Figure

Figure

Figure

Figure

Figure

t_n

B

3.

4.
o.
6.
7.
8.
9.

10.
11.
12.

13.
14.

15.

16.

17.

List of Figures

Variations of PM;y PM5 and PMjp 25 mass concentrations at Gosan
Site during the Study. ................................................................................... 14
Correlations of X[Cationle, versus X[Anionle, for the analytical data of
PMl() aerOSOIS at Gosan Site. ...................................................................... 16

Correlations of X[Cationle, versus X[Anionle, for the analytical data of

PM2_5 aeI‘OSOlS at Gosan Site. ...................................................................... 16
Comparison of ionic concentrations in PMjp aerosols. ««:eeeeeeseeeeeene 20
Composition ratio of ionic species in PMoyg aerosols. «weeeeeeeeemereeeeenees 20
Comparison of elemental concentrations in PMjg aerosols. =-««=seee 24
Composition ratio of elemental species in PMjg aerosols. =«««wweeseeeees 24
Comparison of ionic concentrations in PMas aerosols. -oeeeeseeeeeeeeee 28
Composition ratio of ionic species In PMoss Qerosols., «oeeereeeeeeeeeeeeeeenees 28
Comparison of elemental concentrations in PMsys aerosols. ===« 32
Composition ratio of elemental species in PMss aerosols. ««eeeeeeeeeeee 32

Comparison of concentrations and their ratios of ionic species in PMjp
and ]_:)]_\/‘[25 aerOSOIS. ....................................................................................... 36
Composition ratios of ionic species in PM;y, and PMs5 aerosols. -+ 36
Comparison of concentrations and their ratios of elemental species in
PMlO and 131\/[25 aerosols‘ ............................................................................ 39

Composition ratio of elemental species in PMy and PMs5 aerosols.

5-Day back trajectories for the Asian dust days on Apr 16th, 24th,
25th’ May 16th’ 2016 at Gosan Site. ...................................................... 56
Comparison of concentrations and their ratios of ionic species in PMjy

aerosols during Asian dust (AD) and non-event (NE) days.

_Vi_



Figure 18.

Figure 19.

Figure 20.

Figure 21.

Figure 22.

Figure 23.

Figure 24.

Figure 25.

Figure 26.

Figure 27.

Figure 28.

Figure 29.

Figure 30.

Figure 31.

Comparison of concentrations and their ratios of ionic species in

PM:5 aerosols during Asian dust (AD) and non-event (NE) days.

Composition ratios of ionic species in PM;y aerosols during Asian
dust and NON=event days. w e 60
Composition ratios of ionic species in PMss aerosols during Asian
dust and NON-event days. et 60
Comparison of concentrations and their ratios of elemental species in
PM,o aerosols during Asian dust (AD) and non-event (NE) days. 63
Comparison of concentrations and their ratios of elemental species in
PM,5 aerosolse during Asian dust (AD) and non-event (NE) days. 63
Composition ratios of elemental species in PM;j, aerosols during Asian
dust and NON—evVent days. et 64
Composition ratios of elemental species in PMs5 aerosols during
ASian dUSt and non-event days‘ ............................................................. 64
Comparison of concentrations and their ratios of ionic species in PM;jg
aerosols during haze (HZ) and non-event (NE) days. weeemeeeeeees 68
Comparison of concentrations and their ratios of ionic species in PMss
aerosols during haze (HZ) and non-event (NE) days. weeeemeeeeeeeees 68
Composition ratios of ionic species in PM;, aerosols during haze and
NON=EVENE QAYS, #++rereesrssrssssssssssessssssssitsis sttt 69
Composition ratios of ionic species in PMsys aerosols during haze and
NON—EVENE QAYS, ++ereesrrssessssessmsssssssstsss st 69
Comparison of concentrations and their ratios of elemental species in
PM;j, aerosols during haze (HZ) and non-event (NE) days. - 72
Comparison of concentrations and their ratios of elemental species in
PM,5 aerosols during haze (HZ) and non-event (NE) days. 72
Composition ratios of elemental species in PMj, aerosols during haze

and non-event dayS. .................................................................................... ’73

- vil -



Figure 32.

Figure 33.

Figure 34.

Figure 35.

Figure 36.

Figure 37.

Figure 38.

Figure 39.

Figure 40.

Figure 41.

Composition ratios of elemental species in PMs5 aerosols during haze
And NON—EVENT dAYS, wweerrereresressstsmsists sttt 73
5-Day back trajectories for the haze days on Apr 22th, 2016, May
17th, 30th, and 31th, 2016 at GOSAN Site wwwwwssersesssmsmssissississiisisninns 74
Comparison of concentrations and their ratios of ionic species in PMjy
aerosols during mist (MT) and non-event (NE) days. «eeeeeeeeeees 78
Comparison of concentrations and their ratios of ionic species in
PM:5 aerosols during mist (MT) and non-event (NE) days. -+ 78
Composition ratios of ionic species in PM;y aerosols during mist
(MT) and non-—event (NE) days. et 79
Composition ratios of ionic species in PMss aerosols during mist
(MT) and non_event (NE) days‘ ............................................................. 79
Comparison of concentrations and their ratios of elemental species in
PM;o aerosols during mist (MT) and non-event (NE) days. ==+ 82
Comparison of concentrations and their ratios of elemental species in
PM.;5 aerosols during mist (MT) and non-event (NE) days. - 82
Composition ratios of elemental species in PMjy aerosols during mist
and NON—EVENt days, «swswsrrrsssssessessisisiii e, 33
Composition ratios of elemental species in PMs5 aerosols during mist

and non—-event dayS. ................................................................................... 83

- viii -



ABSTRACT

PM;y and PMs5 fine particulate matter samples were collected at Gosan Site of
Jeju Island, which is one of the background sites of Korea, in spring, 2016.
Their 1onic and elemental species were analyzed in order to examine the
variation of chemical compositions in relation to the different meteorological
conditions. Mass concentrations of PMjy and PMys were 30.1£13.9 and 14.4%5.0
ug/m®, respectively, during the non-event days. Concentrations of the secondary
air pollutants such as nss-SO,>, NOs, and NH4 were 6.61, 2.99, 257 ng/m°® for
PM,o, and 5.71, 0.62, 2.20 pg/m® for PM,s, respectively. The composition ratios of
anthropogenic (Zn, Pb, Ni), soil (Al, Fe, Ca) and marine (Na, Mg) sources
occupied 1.296, 46.5% and 41.2% in PM;y and 4.4%, 39.0%, 32.6% in PMs5,
respectively. From the study of chemical composition according to the particle
sizes, nss-SO,° and NH,  were existed mainly in PMss fine particulate matter.
On the other hand, NOs, Na’, CI" and nss-Ca> were rich in PM,. During the
Asian dust periods, the concentrations of nss-Ca® and NO; increased highly as
6.9 and 2.9 times in PMjy, and 5.8 and 1.8 times in PMs5, respectively, compared
to non-event days. Especially, the concentrations of the crustal species such as
Al Fe, Ca, K, Mn, Ba, and Sr showed a noticeable increase during the Asian
dust periods. For the haze days, concentrations of the secondary air pollutants
were iIncreased 25~3.0 and 04~22 times in PM;, and PM-,5 respectively.
Furthermore, the remarkable increase of NOs concentration was observed in
PMs5 during haze events. Concentrations of the secondary pollutants during the
mist event days were 1.1~12 and 2.3~2.7 times, respectively, in PMj, and
PMss aerosols, compared to non-event days. The neutralization factors by
ammonia were 0.74, 0.67, 0.83, 0.69, respectively, for non-events, Asian dust,
haze, and mist days in PM;j, besides they were 0.93, 0.87, 091, 0.90,
respectively, in PMss. Meanwhile, those by calcium carbonate were 0.16, 0.22,
0.07, 0.18 in PMy, and 0.04, 0.06, 0.02, 0.05 in PMss, respectively. From the
study of source origins by the principal component analysis, the PMo and PMs5
lonic species in spring were mostly originated from anthropogenic source, and

followed next by marine and soil sources.
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1.2.1 PM;y Air Sampler

PMy, Ala+ A5 4L A9 AHolY 573 PMyy Sequential Air Sampler

(APM Engineering, PMS-103, Korea)E x5} |3l Air Samplere] & 7]
f4:& MFC (Mass Flow Controller)7} #2rel z5 Al 2~®lS ALg3le] 27|53
Z8 A7HA] AE&EH o2 167 L/ming 443+

1.2.2 PMys Air Sampler

PMys A&+ PM,s WINS Impactor’b 52HEl PMss Sequential Air Sampler

(APM Engineering, PMS-103 & PMS-104, Korea)S A}&3te] AFH 3T Air

Samplers] 7144 MFC7E #3845 A29e Agstel 27198 5 A7

A AEHA 02 167 L/ming A 3T



1.2.3 Ion Chromatograph
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A-SUPP-16 #2|#2 Ab&skqltt

1.24 Inductively Coupled Plasma/Optical Emission Spectrophotometer

ul Az o] A H(Al Fe, Ca, Na, K, Mg, Ti, Mn, Ba, Sr, Zn, V, Cr, Pb,
Cu, Ni, Co, Mo, Cd)2 ICP-OES (Perkin Elmer, Model OPTIMA 7300DV, USA)
E AREEte] B89t ICP-OES+ simultaneous mode, radial/axial plasma A1}
&, 400 MHz RF power, Segmented-array CCD (Charge-Coupled device)

Detector F2 & o]t}

1.2.5 Inductively Coupled Plasma Mass Spectrometer

a2 TAAA Aoz w27 B3 v FAdE=(Ti, Mn, Ba, Sr, Zn, V, Cr,
Cu, Ni, Co, Mo, Cd %)< ICP-MS (Perkin Elmer, Model ELAN DRC-e, USA)E
Abgsle] B350t o] ICP-MS+ 40 MHz RF power, DRC (Dynamic Reaction

Cell), Quadrupole Mass Spectrometer -2} & o]t}

1.2.6 Microwave Digestion System
MARAS ARHES BHE EEAGA] FHNA violamn B A §F
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1.2.7 pH meter

ol24% &= pHE pH meter (ORION, Model 720A, USA)$t Combina-
tion pH ross electrode (ORION, Model 8102BN, USA)¢} ATC probe (ORION,
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0.5, 1.0, 50 ng/mL == 345 &S o] &alo] A3t

2ol (CI, NOs, SO/ F, CH3SO;) % #7]2HHCOO , CH;COO) IC
(Metrohm 831 Compact IC Pro)& A}-&3te] Methrohm Metrosep A-SUPP-16 &
&, 0.8 mL/min +5, 100 pL =YL 539], 75 mM Na,CO3; €8 200 mM H,SO,
Suppressor &9 Ao g7 BAATE F2 Sol2(Cl, NO;y, SO)e F+4A
442 12 = A (AldrichAF 99.99% KoSO4, 99.99% KNOs, 99.999% NaCl) =

1000 ppm ZEFE& NS AT F o]F 01, 05 1.0, 50 ng/mL #=& 343 &

.



IC &4 A 71714

=
ARER Hawk R8s 73 bR 24§ ZEdAE geka, o7

a5

¥+ %} (standard deviation) S =

H 5 A<+ (coefficient of variation) CV = % x 100%

IDL = S x 3.143 (98% confidence level, n=7)

Table 1. Instrumental detection limit (IDL) and coefficient of variation

(CV) for IC analysis (n=7).

Species NH," Na“ K* Ca®" Mg?' SO
IDL (ug/L) 1.5 3.4 4.0 8.3 1.2 52
CV (%) 0.5 1.1 1.3 2.6 0.4 1.7
Species NOs3 Cl F HCOO CH3COO CH3S05
IDL (ug/L) 2.0 2.1 0.1 0.5 0.6 0.2
CV (%) 0.6 0.7 0.3 15 1.9 0.7




243 Fhole T =7
T84 2R BAE A REYe Fiol FEE pH meterE o] &35t =4

3ttt pH meter= 4.10% 6.97 258 Y4 (ORIONA}, low ionic strength buffer)S
0

AbgEke] AL, pH F4 Al Angde 2%7F gigF 25T7 HEs 2459
o
25 & AR BA

251 A= HA e

Sbo Al ko 2 Avkdt PMy, ZE S PMys ZEE whola=2ak ARl oz A
gt ¢ A EE BT dAE #AHL US EPAY  ‘Compendium of
Methods for the Determination of Inorganic Compounds in Ambient Air (Method
10-3)" WRol wel mlolamy RaHor ALHES &E3FAtH(Mainey and
William, 1999). Al 52 HE A A& 5 HXZE(PFA, polyfluoroalkoxy) £ 7] ¥
a1, o 7)o 555% HNOs/16.75% HCl &4t 10 mLE 7Fgt § wlo] A2 35 XA}
sto] A iES §EAAY mto]la R+ 1000 W RF powers XAMst] =&
15 & &< 180T = A5A17]aL o] =04 15 &3t A2 F A48 Wzhael
o wlolaR D FalE v &N FAFZ| B E(Whatman, PVDF syringe filter,
045 y1m= B84 dAE AE ¥, 3% HNOy/8% HCl &34t 5 mLet =& &

=

Fhatol g EeaI 25 mLk HES S4e T

—|~
)

[SV)
g

0.2 A&

o,
M
M

o,

22

CP-
Ba, Sr, Zn, V, Cr, Pb, Cu, Ni, Co, Mo, Cd A &S #2439t} ICP-OES #24] A]

©)

ES = ICP-MSE A}F83}o] Al Fe, Ca, Na, K, Mg, Ti, Mn,

M
flo

E=d1A T AL ZFL NS AccustandardAbe] ICPE 1000 pg/mL &9S 10
B %3 100 pg/mL &3 AFEdS WHE F ol 0.01~10.0 pg/mL WH9Ie &

o2 3Aste] zAlsATh o w AL uE v EY A(matrix) EHE H43E]
e A s AAg Ao ALEF EFAF &9 3% HNOy/8% HCIE AF&-3F3ith
ICP-MS &4 Al £+474

Multi-Element Solution 3 (Ag, Al, As, Ba, Be, Bi, Ca, Cd, Co, Cr, Cs, Cu, Fe,

K

A AAE FFENS Perkin ElmerAte] 10 upg/mL



Ga, In, K, Li, Mg, Mn, Na, Ni, Pb, Rb, Se, Sr, T, U, V, Zn)¥} 10 pg/mL
Multi-Element Solution 5 (B, Ge, Mo, Nb, P, Re, S, Si, Ta, Ti, W, Zr) &%
FAROE &3 F 1~500 ug/L M= 3|4 ste] AREsEAATH

olgfgh WHo R 19%9 YhAHES ICP-OES® ICP-MS® #4g 77123 %
71717 %3 A= Table 2, 33 2t}

Table 2. Instrumental conditions and detection limit (IDL) for ICP-OES
analysis.

Instrument: Perkin Elmer, Model OPTIMA 7300DV

Plasma conditions: RF Frequency = 40 MHz,
RF power = 1.40 kW
Gas Flow rate: Carrier gas = Ar 0.65 L/min,
Auxiliary gas = 0.2 L/min
Coolant gas = 15.0 L/min
Sampling conditions: Pump Rate = 1.5 mL/min
Nebulizer: Ultrasonic (CETAC Tech., U-5000AT)

Detector: Segmented-array Charge-Coupled device Detector

Element Wavelength Detection Limit Element Wavelength Detection Limit
(nm) (ng/mL) (nm) (ug/mL)
Al 396.153 ~0.0007 Fe 259.939 ~0.0015
Ca 396.847 ~0.0022 Na 589.592 ~0.0030
K 766.490 ~0.0035 Mg 285.213 ~0.0012

_‘IO_



Table 3. Instrumental conditions and detection limit (IDL) for ICP-MS analysis.

Instrument: Perkin Elmer, Model ELAN DRC-e

Plasma conditions: RF Frequency = 40 MHz,
RF power = 1.50 kW
Gas Flow rate: Carrier = 0.9~1.05 L/min,
Auxiliary = Ar 1.2 L/min,
Coolant = 15.0 L/min
DRC parameters: NHj reaction gas flow = 0.1~0.6 L/min
Sampling conditions: Sampling depth = 7 mm from work coil,
Sampling cone = Nickel, 1.1 mm orifice diameter
Skimmer cone = Nickel, 0.9 mm orifice diameter
Nebulizer = cross—flow type
Sampling uptake rate = 0.4 mL/min
Detector: Photomultiplier tube (PMT)

Element Mass  Detection Limit Element Mass  Detection Limit

(amu) (ug/L) (amu) (ng/L)
Ti 48 ~0.0942 Mn 55 ~0.0314
Ba 138 ~0.0942 Sr 88 ~0.0942
Zn 64 ~0.2198 \4 51 ~0.0942
Cr 52 ~0.0628 Pb 208 ~0.0628
Cu 63 ~0.0628 Ni 58 ~0.0942
Co 59 ~0.0628 Mo 98 ~0.0314
Cd 111 ~0.0942

_11_



1L VAR A

2 FH 59 3174 AFE A G 2 H S PMy,
I PMys9 AHEFEE 4N dases 7oy A gl uel o)A

ozRE ofd &
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X
il
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o
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X
r>~l
o
lo
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X
_>|l_,
-
fo
o
N
Ho
ol

A gato] nAHA e A& FrE A ATHEA S 5, 2001). A7) FALY,
AT, W, AFAd@ mm old)S AT v ALY PMyt PMys A3 55
4 g/m’ (n=7), 144450 pg/m’ (n=13)2 YEFNA L, o= = th7)
517 AF 7159 PMe= 50 pg/m®, PMas 25 pg/m’oll Hla] @& srz %
HArh Elan e A9l mAkx A A 2013~20151 Fetel A P
ng/m®, PMss 15.0 ng/m*9b H] 523t 4 &S BATH(e] A&, 2017). 128la 9] €} X
o9l PMjpdt PMys A#wEtE 2014~2015d A3
9] Beijing ARt z17F 38, 528 AR ~# 219 Elche A elA 2008~
2009l =43 Ayris 27k 119, 108 =& FXE BvtH(Table 5). LY
3 PMsol Z#Hsiis PMpo 478%% At en, PMpold PM,sZ
PMig 25 2t A (coarse particle)®] A#FEE= 157489 pug/m’E PMY 52.2%=

A s Aoz FALE A tH(Figure 1, Table 4).
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W.—W.
Mass Concentration = %x 10° (ug/m?)

Mass Concentration : VAl A= A& =% (ug/m°)
W x5 & ZH9 FA(g)
1 JEeol FA(g)

Vo oEFY F FE m)

=
bl
)

N

Table 4. Mass concentrations of PM;y and PMss at Gosan site during

non-event days.

Concentration (pg/m®)

PM

Mean S.D. Median Max Min
Pl\flo 30.1 139 26.2 54.0 14.9
(n=7)
PMy5
(n=12) 14.3 5.0 12.0 26.1 9.9
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Table 5. Mass concentrations of PMjg and PM,5 aerosols at Gosan and other

foreign sites.

' Concentration
Site Country Sagfllelng (ug/m?) PMI?;/‘E Ez\/ho
PM;, PMys
Gosan Korea 2016 30.1 14.3 0.48
Gosan® Korea 2013-2015 45.5 21.1 0.46
Shanghai” China 2009-2010 149.2 103.3 0.69
Washington”  U.S.A. 2012~2013 - 12.8 -
Elche? Spain 2008 ~2009 26.2 136 0.52
Chapineria® Spain 2004 ~2005 32.0 17.0 0.53

Vee et al (2017), "Wang et al (2013), “US: Air Quality Statistics Report (2013),
YGalindo et al (2013), “Salvador et al, (2011)

60
@ PM,, @ PM,;

40 -

20 -+
D ]
ke e,
i 5

'u
-\. !
b, 3
gt %
5 l

Concentration (pg/m?)

Ty
£
AT ALY
.....

0 R

PM;, PM, 5

Figure 1. Variations of PM;y and PM-s5 mass concentrations at Gosan site

during the study

_14_



[e)

=

O] % % Bo]:%-t‘-:— %L(TAnion)

[e)

( TCation) T’]’

%1-

( TCation ) ‘T’/]'

1

gl
+

1

Y. cz/w;

m
n

i

i=m

FFFE

o] &9
TCation

| Fol2a FFE=

2o

9

o Aol o

LHERR 7]

<TAniOn) Zl—!;] /E)L%ﬁ]—)ﬁ“(r)7]' loﬂ 7]‘77]'

i A= (QA/QC) ©]
(Kang et al, 2006, 2003, 2002).

o

o

KR
=
==

}_
J
‘E]?jl—

3

g7
of t}

=
K3
L

a

|

o] & o] F%(neq/L), Z;

L
A

N C

Al
2

-
a-

2 PMyp@ PM59]
5

g

7l %
2

]

=

=

o

%

el E
LR

S|
ax

jq,_E_
=

4
o] A#AT(r)= PMy, PMys =5 0991=

8 o2&

=
T

PM,y, PM359]

3}t Figure 2, 39

}

k)
pul

S

ZA}

=

=

RN P
o] 44

0

o)/
HH
X

B

o)
il
i

jze)

o}

B

\=]
4

A3tz Kol E AFolA

Eis

o] &

LR AT

_15_



2000
v = 1.0351x - 19.798
R*=0.9823 (r=0.991)
1500
o
=
E 1000 A
]
500
U T T T
0 500 1000 1500 2000

> [Cation],,

Figure 2. Correlations of X[Cationle, versus X[Anionle, for the analytical data of

PMyy aerosols at Gosan site.
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v =1.0503x - 10.839
400 1 R2=0.9826 (+=0.991)

300

2. [Anion],,
[
[
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Figure 3. Correlations of X[Cationle, versus X[Anionle, for the analytical data of

PM,5 aerosols at Gosan site
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A A 24

3.1 PM;y =4

3.1.1 PMjo oA R =x W XA

AF sk el A 2016 39 197H 59 3197bA AHAS T 2970 PMyo
Az et F 3570 PMys Alsol dis] 84 oS A8t 18la FAF A
AR ETS A8ste] PM (D, < 10 pm)<]
2 AN AL, 1 A3E Table 63 Figure 4°] Ue ATt o 7]
A nss—SO2 ¢ nss-Ca”' & Hlal g (non-sea salt) ¥ =&, [nss-SO04 ] = [SOL] -
[Na']l x 0.251'¢] 217} ‘[nss-Ca’] = [Ca®] - [Na'l x 0.04'¢] 2ol <& Axtatad
(Ho et al, 2003; Savoie et al, 1987).

PM;p2] o] &A&E nss-SO4 > NO; > NH,” > Na” > ClI° > nss-Ca* >
HCO; > K" > Mg® > HCOO > CH;COO > CH3SO3 > F > H o2 =&
TEE Btk oy 994 719 AES nss-SO4, NOs, NHy ol Z+7 661, 2.99,
257 ng/m’z =& FEE YJEUIdT olul nss-SOS RS SO Al wRe
95.1%5 At Aoz FAEaL, o] SO Awoel el dFrrhe 9l

_—

Bl
=
4
ol
Moo
w
3
3
s
%
1S
ftlo
2
o
rok

o Hh(Aardenne et al, 1999;

Geng et al,2013). < Tog X33 sofAold A= A3 AA e o) 4

2AEstE o wiEo]l SUleta = FAlel ZIQlste AloE dAdEtH(Van derA
et al, 2008; Richter et al, 2005).

a83 NHy A2 U7l 5 dEYole ¢F 90%E 7] 59 F4HH.SO,), 24t

(HNOy), @AHHCD &3 &t dRE(NH,) dolzE=2 d&H9, o 10 % 4

=3 OH #uza dAsteth(Warmeck, P, 1983). 4 RS 7] 5 3pito] L #Ak
o5  wrgale] AR EFE(NHHSO,), ZFANERENNHNO;), 93tadn

r?® o

(NH,CD &9 22 "7 ed=4dS A4 (Adams, P. J et al, 2001). L3 H]F
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Ao A4 AFUEL WEP 5ol wel FE Wit AL F gov, exd &
Lo M E FEe Hdo] = AR By JdtH(Masiol er al, 2012; ©] &+

O gges g AR Nawt C1Y vx7F 2447 1.37, 084 pg/m’z s27t =
kL, olEHA F AR FEVF =A UEd olfe SAHATE st s 2l

ofA AAAl SA4e & vedl Aor dddv.(dEd, 2014)

B 719 AEQ nss-Ca’ e 046 pg/m’, K& 029 pg/m’e =z v AREd
Hla) vz e =32 Jeidh nss-Ca¥, K’ AEFE9 Fo TAHAYLAR
dHF Aol a8y 84 K o] A #AAFE 10% AEvto] E¢Fo

o] 5

22 fFdEH2 YA E F2 A2 ZH(biomass burning) 5 €197 2919
2 48A ArHend % 2009; McMurry et al, 2004).

T3 PMpo A4S 2719l s A8 2 A3 nss-S0,2, NOs, NH4 ¢ ¢l

A 71 AEo] T62% = M e 2SS BT I o I EQ Na

Cl, Mg 9] %40l 155%, Ed7]9e] nss-Ca’'¢] 2.9%, £4& A8ttt ol gt

Az Hol AA ] PMyy A2 U914 71 93Fs M Bo] o, ta

ox d9 719, EF /19 #o% 249 9%

5).

filo

wo] W= Aoz BevtH(Figure

[e3
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Table 6. Concentrations of ionic species in PM;, aerosols.

Concentrations (ng/m®)

Species

Mean S.D. Median Max Min
H' 0.01 0.00, 0.01 0.01 0.005
NH, 2.57 1.37 2.18 4.63 1.16
Na” 1.37 0.60 1.34 2.04 0.75
K’ 0.29 0.10 0.30 0.40 0.18
nss-Ca*’ 0.46 0.12 0.47 0.59 0.26
Mg* 0.27 0.13 0.25 0.49 0.14
nss-SO4~ 6.61 3.20 6.24 12.2 3.49
NOs 2.99 1.75 2.36 5.42 1.46
Cl 0.84 0.62 0.62 1.85 0.20
HCOs 0.39 0.13 0.41 0.57 0.25
F 0.00, 0.00; 0.00, 0.004 0.00;
HCOO 0.06 0.06 0.04 0.17 0.01
CH3COO 0.05 0.07 0.03 0.19 0.01
CHsSOs 0.05 0.02 0.05 0.08 0.03
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Cencentration (pg/m?)

4
o 4
NH;~ Na® K nss-Ca?™ Mgz’ nss-8S0% NOs Cr
0.6
S
£ 044
2
=
5
a
S 02
H™ HCOs5 o HCOO- CH;COO- CH:505"

Figure 4. Comparison of ionic concentrations in PM;y aerosols.

Cthers
Ck  36%
5.3% |

Others @ H" 0.04%, HCO3™ 2.5%, F~ 0.02%,
HCOO™ 0.4%, CH3COO™ 0.3%, CH3S03™ 0.3%

Figure 5. Composition ratio of ionic species in PMiy aerosols.
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tg(ddlg 5, 2012; Choi, 2006). o] <o W= Fw<4 A Mn, Ba, Cu, Sr, Cd,
Mo, Cos& Z+7+ 7.7, 3.0, 2.2, 1.4, 0.7, 0.3, 0.1 ng/m’2 $& $F9 F2Z g
W At

T3 PMpe] 923 E A4S Figure 79 vlustoh 289 Al o] 4
AR F2 9719 HENa, Mg)o] 41.2%, E4719 A E(AlL Fe, Ca)o] 46.5%,
A9 A 719 AHE(Zn, Pb, N1)o] 1.2%2] A S Ho] ol5 ARo] Ao 889%=

2 AAa Y A0 2AHYL,

=
™
Al
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Table 7. Concentrations of elemental species in PM;y aerosols.

Concentration (ng/m?®)

Species

Mean S.D. Median Max Min
Al 462.7 304.5 549.2 745.3 18.9
Fe 2574 209.5 207.1 530.0 15.0
Ca 179.3 147.6 1475 411.6 21.6
Na 641.4 267.3 634.2 1079.3 2579
K 177.0 126.4 127.3 329.0 39.1
Mg 154.9 81.5 154.0 251.6 ol.5
Ti 14.5 9.5 17.8 25.3 1.8
Mn 7.7 5.5 5.9 14.6 1.7
Ba 3.0 2.3 2.4 6.0 0.7
Sr 14 0.9 1.2 2.8 0.3
Zn 15.7 9.8 19.9 29.0 3.7
\Y% 6.2 5.2 4.5 16.1 1.6
Cr 2.1 1.5 2.4 4.7 0.2
Pb 4.3 2.9 4.3 74 0.0,
Cu 2.2 0.7 2.5 2.7 1.0
Ni 4.0 2.3 4.3 7.9 1.0
Co 0.1 0.1 0.1 0.1 0.01
Mo 0.3 0.1 0.3 0.4 0.1
Cd 0.7 0.9 0.4 2.7 0.1
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Figure 6. Comparison of elemental concentrations in PM;y aerosols.

Others
Mg 320
8.0%
K
9.1%
Al
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Fe
Na 13.3%
33.2%
Ca
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Others : Ti 0.7%, Mn 0.4%, Ba 0.2%, Sr 0.1%, Zn 0.8%, V 0.3%, Cr 0.1%,
Pb 0.2%, Cu 0.1%, Ni 0.2% Co 0.0:% Mo 0.01% Cd 0.05%

Figure 7. Composition ratio of elemental species in PM;jy aerosols.
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3.2 PMys %A

321 PMys o] 2AE 5% 2 =4

PMys MM A= T2 Az A4, Asa wi717ts) steted Ax=344d &
3 o] Q19A WA o) wiEEH LFGEAI A SPEH] dAFoR
18k 23 PAR LA E ] Ak ol d FAHSO0M), FAHNOy), dEw(NHY),
71€2:(00), 92"2EC) 9 d94 7d Awee w27t diHder =i
PMzs PIAIA A= 2 Aol e Gl om faid= & Aoz daAd AvhH
3] % 2003; lee and Kang., 2001). 221} th7] o4

S A4 % ougst g 557 AR BARW ol ABW AT BAFE

r>4

riet

rlo
e
fr
jubad
N
:‘n)L_‘/
X
k
o
fr
o

WA Srbskal AT 56, 2014) PMps= &F Al Sivh 7]
¥ & o] HFske] Ao vlws ofstAl7IaL, EAlE s Ba o] HF

stol AEAA Ao 93 AEES F7FAIZ T (Anderson, 2009; Park et al,

{

2008; Dockery and Stone, 2007).

Hl=2 1997d el PMyy 37471 ollell PMysol 7lFs AlAste] 24413 S+
35 ng/m’, AFT 15 ng/m’S 2HEA FEF FYsta dh Ee 20139 ol
MABAZ]F A A G A T A(TARC)ANA PMosE 137 24E2(Group 1) =
Agstach. vt GAl PMysel Asigdel F4Ea A= AAA FAel we
20110l A4 7|FS IdE+ 50 pg/m’, AT 25 pg/m’E A A8 A, 20159 F-H
wAR o R Algstar lrh(e] A&, 2017).

L R B Ea E1 A o A
T F 4NE BASA o] T A, AFY, 9FY F4EAE mm oS A
et F& F&A o2AHRY FLE xAlEth olYd o]2AE FEE
Table 8%} Figure 8 v w3ttt ZAIfe Al H o] PMys Pl YAL] o] A& -5
TE nss-SOF4 > NH,” > NO; > HCO; > Na' > K' > nss-Ca*> CI” >
HCOO > CH;COO > CHsSO; > Mg® > H> F 92 %/ et 294
7194 Y= nss-SO4, NHy', NO; & z+zF 571, 2.20, 062 pg/m’= =& ¥

2 w4 o] F nss-S0/4 S AA SO Fo 99.1%9 Hl&S Hol dld Ao
dgo] A Ao A ATt T3 PMys QAN A Y nss-SO4 = PMy Akl
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Ao FERT 2pA] sk vl Eo] A U 2 Zo® UER

PM59 29, EAA G2 NOs &= nss-SOs” o Hl&] 71e]&o] Aoz =
& AEgS HAth o= NOg Aol oux] AR&=Fat o] =i
LAY ggo] AY] wWFEolty APATE TAASR A, =4, wWeld
Aratolol A PMas PG AY] nss-SO42/NOs ¢ w7 Zhzb 1.37, 1.62, 1.48, 1.669
e YeElAT (285, 2008, AX138] 5, 2008, Wang et al, 2005, 2006). o] & EA]X]
Fol A nss-SO/NOz & H7F vre o] fi= Asak 3o w2 NOxo| wlEFol
27] wiEoltt, B Al mAEAG nss-SOF/NO; Hl= PMys 1A AFell A
92002 Ay A3 ZAuEd Bl& i =L S Btk o]HH A G A
nss-SO//NOy s=HI7F Adidez ¢ 2 & Yedls AL Aea o 9
914 o ME dFel T =AA Y HE v Wi Aow AlEE T

ald 719 AEQ Na', CI, Mg*el v%= 727 020, 0.07, 0.05 pg/m’E B, E
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Table 8. Concentrations of ionic species in PMs5 aerosols.

Concentrations (ng/m®)

Species

Mean S.D. Median Max Min
H" 0.005 0.01 0.004 0.02 BDL
NH, 2.20 0.89 1.79 3.95 1.30
Na” 0.20 0.11 0.15 0.42 0.07
K’ 0.18 0.11 0.15 0.45 0.09
nss-Ca*’ 0.08 0.06 0.06 0.27 0.03
Mg 0.05 0.03 0.05 0.10 0.02
nss-SO4~ 5.71 2.84 4.53 11.9 3.07
NOs 0.62 0.64 0.30 2.12 0.11
Cl 0.07 0.03 0.05 0.13 0.03
HCOs 0.42 0.59 0.16 2.05 0.08
F 0.00, 0.00, 0.00, 0.01 BDL
HCOO 0.07 0.19 0.01 0.71 0.00,
CH3COO 0.06 0.19 0.01 0.72 0.003
CHsSOs 0.05 0.02 0.06 0.09 0.02

BDL: Below Detection Limit
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Table 9. Concentrations of elemental species in PMs5 aerosols.

Concentration (ng/m®)

Species

Mean SD Median Max Min
Al 45.6 67.7 25.5 196.5 6.5
Fe 39.9 48.4 24.0 142.8 3.4
Ca 156 15.3 12.4 46.9 14
Na 64.1 45.2 47.5 134.2 10.6
K 49.7 26.6 42.7 97.9 24.5
Mg 20.6 19.3 11.8 50.9 5.5
Ti 2.6 2.7 1.7 8.4 0.8
Mn 2.0 2.1 1.3 6.4 0.2
Ba 1.1 1.3 0.5 4.0 0.1
Sr 0.2 0.2 0.1 0.5 0.1
Zn 7.5 5.5 5.0 154 1.9
\Y% 3.2 2.6 3.5 7.6 0.4
Cr 15 0.7 1.0 2.3 0.8
Pb 2.6 1.8 1.7 55 0.4
Cu 0.7 0.5 0.6 1.6 0.3
Ni 1.2 0.8 1.1 2.9 0.3
Co 0.05 0.05 0.05 0.1 0.0
Mo 0.2 0.1 0.2 0.4 0.0
Cd 0.6 0.5 0.4 1.6 0.1
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Figure 10. Comparison of elemental concentrations in PMs5 aerosols.
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Figure 11. Composition ratio of elemental species in PMs5 aerosols.
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Table 10. Concentrations and their ratios of ionic species in PM;q

and PM,5 aerosols.

Concentration (ng/m®)

Species PMﬁﬁi\/Ilo
PMio PM:z5
H 0.01 0.005 0.8
NH," 2.57 2.20 0.9
Na’ 1.37 0.20 0.1
K' 0.29 0.18 0.6
nss-Ca*' 0.46 0.08 0.2
Mg** 0.27 0.05 0.2
nss—-SO,% 6.61 5.71 0.9
NO; 2.99 0.62 0.2
Cl 0.84 0.07 0.1
HCO3 0.39 0.42 1.1
F 0.00, 0.00; 0.9
HCOO 0.06 0.07 1.1
CH3C00" 0.05 0.06 12
CH3S03 0.05 0.05 1.0
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Figure 13. Composition ratios of ionic species in PMjy and PMs5 aerosols.
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Table 11. Concentrations and their ratios of elemental species in PM;, and

PM, 5 aerosols.

Species Concentration (ng/m®) PM, 5/PM10
PM, PM, s Ratio
Al 462.7 456 01
Fe 257.4 39.9 0.2
Ca 179.3 156 0.1
Na 641.4 64.1 0.1
K 177.0 49.7 0.3
Mg 154.9 20.6 0.1
Ti 14.5 2.6 0.2
Mn 7.7 2.0 0.3
Ba 3.0 1.1 0.4
Sr 1.4 0.2 01
Zn 15.7 75 05
v 6.2 3.2 05
Cr 2.1 15 0.7
Pb 4.3 26 06
Cu 2.2 0.7 0.3
Ni 4.0 1.2 0.3
Co 0.1 0.0 0.3
Mo 0.3 0.2 0.7
Cd 0.7 0.6 0.9

_38_



Figure 14. Comparison of concentrations and their ratios
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Table 12. Cross correlations between 1onic species of PM;y aerosols.

Spices NHY Na© K wmgr ™ Nos or
Ca* SO

NH,' 1.00

Na' 028  1.00

K' 019  0.09  1.00

nss-Ca”' 086 -0.16 041  1.00

Mg* 000 006 -024 -020  1.00

nss-SOZ 096 039 024 075 023  1.00

NO; 094 016 006 08 -023 081  1.00

Cl 046 083 -002 -002 020 059 029  1.00
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Table 13. Cross correlations between 1onic species of PMys aerosols.

Spices NHY Na© K wmgr ™ Nos or
Ca* SO

NH,' 1.00

Na' 002  1.00

K' 033 045  1.00

nss-Ca®  -034 -010 -0.11  1.00

Mg* -037 024 018 070  1.00

nss-SOZ 096  -0.03 021 -038 -044  1.00

NO; -011 011 025 033 059 -032  1.00

Cl -028 059 014 -007 021 -031 010  1.00
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Table 14. Cross correlations between elemental species of PM;o aerosols.

Al Fe Ca Na K Mg Ti Mn Ba Sr Zn \% Cr Pb Cu Ni Co Mo Cd

Al 1.00

Fe 092  1.00

Ca 091 093  1.00

Na 073 047 056  1.00

K 08 09 091 052 1.00
Mg 097 097 09 063 093 1.00

Ti 089 093 08 055 08 092 1.00
Mn 090 098 094 048 099 096 084 1.00

Ba 08 098 092 041 097 09 084 099 1.00

Sr 093 09 100 056 093 098 087 096 094 1.00

Zn 08 072 08 071 08 08 054 08 076 080 1.00

\Y% 024 040 011 -001 042 027 023 039 045 017 021  1.00

Cr 041 042 054 055 063 047 029 056 047 051 057 013  1.00

Pb 030 036 051 033 05 039 011 052 045 047 059 027 084 1.00

Cu 081 080 080 065 08 084 065 08 08 08 084 052 066 074 1.00

Ni 078 088 071 01 08 08 072 08 09 075 068 077 045 046 087 1.00

Co 098 09 092 070 093 098 093 094 091 094 079 026 051 034 08 08  1.00
Mo 044 046 039 025 056 044 017 054 056 040 067 076 034 063 077 075 037 100

Cd 035 053 022 -002 056 038 039 052 058 028 023 09 016 012 043 080 042 057  1.00
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Table 15. Cross correlations between elemental species of PMsy5 aerosols.

Al Fe Ca Na K Mg Ti Mn Ba Sr Zn \% Cr Pb Cu Ni Co Mo Cd
Al 1.00
Fe 096  1.00
Ca 092 079  1.00
Na 077 081 066  1.00
K 080 069 08 068 1.00
Mg 08 073 08 08 072 100
Ti 098 093 09 08 08 08  1.00
Mn 094 099 074 075 061 066 08  1.00
Ba 097 092 09 070 071 074 095 092 1.00
Sr 093 05 087 09 077 09 096 08 088 1.00
Zn 066 082 041 087 036 064 065 08 060 075 1.00
\% 074 079 062 058 037 045 071 08 082 062 067 1.00
Cr 068 073 055 092 047 08 074 068 061 088 087 048 1.00
Pb 070 082 046 054 045 031 060 084 062 053 073 073 041 1.00
Cu 089 094 0.71 0.81 054 067 08 09 092 08 08 08 072 072 1.00
Ni 084 092 073 069 051 059 084 094 092 077 075 097 060 078 096 @ 1.00
Co 098 094 09 068 08 069 094 093 097 08 058 073 055 070 087 08 < 1.00
Mo 077 087 055 08 035 068 076 08 079 081 092 082 08 066 094 08 070 1.00
Cd 015 006 030 02 014 062 031 -002 008 03 014 -004 051 -020 -0.03 000 -0.01 015 1.00
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Al E = A A AZ(biomass burning)s 194 Q9lo] o] WAEE K| =
2 AAZE JdeERALh olg s AHE VxE olE AEEY wAVIYE FH
3l B, A A PM, fA= Q19, dl9, ESoAdY] dFS W e
Ao & FAE AT

PM,59] o] A& Ado| M= F 794% A9ES BYa, PM YAl w37t
A2 379 IAE FEsATE 3 WA AAAE 282%9] AWEE B,
NHy', nss-SOs” 50l =2 AAZS Uehfo] d94 719 84S A3t
th T A A= 276%9 AW B O nss-SO,5, Mg¥, NO; =2 AAiS
UEtdle] o]ES EdF 4, A4 el A Hol e Zo®E FAES
oAl WA Qb A Eo] 236% 2 Na', Cl7F =& A ez Hol 7]
4 AR dFYE HATH

T PM® 9aAE BAZAIAE ol &dte] @S HAAEAh ow & 370
o] QAE FEsIYern, Ayge F 91.8%E HATE 3 WA QA A=

527%9 AwEaS welom Al Fe, Ca, K, Mg, Ti, Mn, Ba, Sr, Co 59| =&
i

a

A Qb= Aol 196%= Cr, Pb 5ol &< A4
e e Al A QA= 195%9 AHES BYo V, Ni, Mo, Cd 7}
=2 AAFE Yl Aoz gdF .

Rk o] PMyso g 8084 Ao E BF 3709 AAE FE3% 1,
F 934%9 AES Bnavh A WA Aol 41.6%e AEES B, Fe,
Mn, Zn, V, Pb, Cu, Ni, Mo %°] =& AAgS Yedd. F
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Table 16. Rotated Varimax factor analysis for ionic species

in PM;, aerosols.

Species Factor 1 Factor 2 Factor 3
NH," 0.97 0.25 0.03
Na® 0.03 0.98 0.06
K’ 0.18 0.10 0.75
nss-Ca*' 0.93 -0.20 0.28
Mg** 0.01 0.15 -0.81
nss-SO,~ 0.90 0.40 -0.08
NO3 0.94 0.08 0.11
Cl 0.24 0.94 -0.14
Eigenvalue 3.58 2.14 1.34
Variance (%) 447 26.7 16.8
Cumulative (%) 44.7 71.4 88.2
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Table 17. Rotated Varimax factor analysis for ionic species

in PMs5 aerosols.

Species Factor 1 Factor 2 Factor 3
NH," 0.95 -0.19 -0.07
Na® 0.09 0.08 0.89
K’ 0.57 0.31 0.54
nss-Ca*' -0.28 0.76 -0.25
Mg** -0.22 0.83 0.19
nss-SO;~ 0.83 -0.33 -0.13
NO3 0.03 0.78 0.14
Cl -0.34 -0.04 0.82
Eigenvalue 2.25 2.21 1.89
Variance (%) 28.2 27.6 23.6
Cumulative (%) 28.2 55.8 79.4
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Table 18. Rotated Varimax factor analysis for elemental species of

PM,;o aerosols.

Species Factor 1 Factor 2 Factor 3
Al 0.93 0.24 0.15
Fe 0.92 0.16 0.34
Ca 0.90 0.36 0.05
Na 0.58 0.48 -0.20
K 0.82 0.39 0.37
Mg 0.95 0.26 0.18
Ti 0..96 -0.05 0.14
Mn 0.86 0.33 0.35
Ba 0.85 0.24 0.42
Sr 0.92 0.32 0.10
Zn 0.66 0.61 0.14
\Y 0.07 0.10 0.97
Cr 0.29 0.82 0.02
Pb 0.12 0.93 0.19
Cu 0.62 0.63 0.39
Ni 0.65 0.27 0.70
Co 0.95 0.23 0.16
Mo 0.15 0.56 0.72
Cd 0.26 -0.08 0.91
Eigenvalue 10.02 3.72 3.70
Variance(%) 52.7 19.6 19.5
Cumulative(%) 52.7 72.3 91.8
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Table 19. Rotated Varimax factor analysis for elemental species of

PM,5s aerosols.

Species Factor 1 Factor 2 Factor 3
Al 0.57 0.78 0.23
Fe 0.76 0.60 0.21
Ca 0.27 0.92 0.26
Na 0.61 0.40 0.58
K 0.13 0.89 0.21
Mg 0.30 0.59 0.75
Ti 0.50 0.78 0.37
Mn 0.80 0.56 0.12
Ba 0.60 0.76 0.14
Sr 0.52 0.66 0.54
Zn 0.87 0.08 0.44
\% 0.82 0.38 -0.02
Cr 0.56 0.23 0.78
Pb 0.81 0.33 -0.14
Cu 0.84 0.48 0.17
Ni 0.83 0.50 0.07
Co 0.56 0.82 0.06
Mo 0.88 0.22 0.38
Cd 0.23 0.10 0.85
Eigenvalue 7.90 6.54 3.30
Variance(%) 41.64 34.4 17.4
Cumulative(%) 41.64 76.0 934
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Ao m ZARHATE B AL Al PModt PMas YA =5 T35t Rl
o owas] B AL Al PMy, A Eat AF¥EEE 877 pg/m’E vdEAdd
30.1 pg/m’ll Hls| °F 29u] F7}E AL, PMys QUAMIA = wl@AAFDel Hs)] oF
154 5748 Ao = velsttl 2e]a Table 223 o] Atz vj@ AL} H)
wet A 13k, 3ol A PMas 9AHe] HI7F 300140 = Z7HE S Bt
ol T TF FTHANE AAH AFER FYFH FoiHoz wAYAte]

Hl&o] =olzl Aoz FHFIH(Kim et al, 2008).

Table 20. Mass concentrations of PMj;, and PMs5 aerosols during Asian
dust (AD) days.

Concentrations (ug/m®)

Particulate
PM, =/PM
Matter PM,, PM,.- 25/ . 10

Ratio
1st AD(16.03.06) 73.1 27.3 0.37
2nd AD(16.04.17) 88.2 21.6 0.24
3rd AD(16.04.23) 92.5 53.2 0.37
4th AD(16.04.24) 143.1 17.0 0.19
5th AD(16.04.25) 725 134 0.18
6th AD(16.05.07) 80.4 10.0 0.12
7th AD(16.05.08) 64.0 129 0.21
Mean AD 87.7 22.2 0.25
NEV 30.1 14.4 0.48

UNE: Non-Event
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Table 21. AD/NE ratios of PM;jy and PM,5 aerosols during Asian dust

days.
Particulate AD/NE Ratio
Matter Mg oL
1st AD 2.4 19
2nd AD 2.9 15
3rt AD 3.1 37
4th AD A7 19
5th AD 2.4 0.9
6th AD 27 07
7th AD 2.1 0.9
Mean AD 29 15
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A Al PMyp?t PMas Aol o] A E 5XE Table 22, Figure 17~18 1}
Bt WA PM, A o] A RS nss-SO4 > NO; > HCO; > NHy
Cl' > Na' > nss—Ca* > K' > Mg* > HCOO > CH;SO; > CH;COO > F
> H' > &ol3, PMys YAl E nss-SO4 > NHy > NO; > HCO; >
Na' > nss—Ca* > CH3SO; > ClI” > Mg* > HCOO > K' > F CH;COO >
H > o2 A Yetwth gxbel vddde] dxda o4 ws s 2
7 E%7199 nss-Ca”' S PMyy QAboll A abel njdadde] z+-zF 1.11, 0.46 u
g/m®, PMys A= Z47F 016, 0.08 pg/m’= A Al PMyp? PMas Aol A
b2y 6,94, 582 FE7} AA FUtste AR FAME AT 1Ejal 194 7]
249l nss-SO,2 ©] A Al PMy# PMas QAbell A 2+2F 9.06, 827 pg/m’= 1] &
Aol 661, 571 pug/m’el wls) 27 14, 159 X7 =%t NOs AR 94
FAF Al PMyo@t PMos @Akl A Z+2F 853, 1.12 pg/m’=2 "l @A nls) 7t
29, 189 =& Ao Yyt o] F A2 A9AS 7l =24 EA PMas

o] Wo] Byxst= Ao dE A o) PMy, AANAE Z7F& o] v A

S

Hr o

olfri= FAL Al nss-Ca”' ¢t 971 FarslEoly WaikslEo] 9z} xwe]
Z]I'E]ﬂ]% ﬂ’@f‘i%’% (?:_1.9_74 Ca(N03)2, CaSO49‘r Z;]_'% ?g a<>EH§ PM]O ng]-oﬂ
TEHAS 7hsdol & Ao=Z AdEH(Rengarajan at al, 2011; Aol &,

rlo

2005). L2]aL NHy = &AF Al PMo# PMas 9AH7F vl vs) 2Hzt 1.6,
LAME PMys YAl A Erk PMy iAtel o F7kete 43S HAt
FAE Al PMo PMas dAFell Al Zb2E 15u14 =& Aoz el H At

T3 A Al dAE Avle] wE 2AS Fels B Ay, 23 2d4EZH<
nss-S0,%, NOs, NH,& A Al PM, FAFollA AA AR F 665%S e
AL, PMys QAo M= AA AE F 895%2 A 5te] PMys YAl A 2R T
e 24S B 3 nss-Ca”'& PM) QAbA 34%= BEAUo] H g
129 =& =S B, PMys AAIA = nss-Ca’ o] FAle} nldddel 247}
09, 1.2%= & #olE Kol & drh(Figure 20~21).

g A Na', ClI, Mg” 2AH= il A 2 dAtol A 165.3% 2 v dFL

Al ZAQl B52%H T e 2AS KW, PMys YA 3 AL Ao 37% %
=



Table 22. Concentrations and their ratios of ionic species in PMjo and PMs5s

aerosols during Asian dust(AD) and non-event(NE) days.

Concentrations (ug/m®) Ratio
Species PMjg PMs5 PM;q PM,5
AD NE AD NE AD/NE AD/NE
H' 0.00, 0.01 0.004 0.005 0.3 0.0
NH," 412 2.57 3.01 2.20 1.6 14
Na’ 2.26 1.37 0.37 0.20 1.7 1.8
K’ 0.43 0.29 0.27 0.18 15 15
nss-Ca”' 1.11 0.46 0.16 0.08 2.4 1.9
Mg* 0.42 0.27 0.06 0.05 1.6 1.2
nss-SO,% 9.06 6.61 3.27 571 14 15
NOs 8.53 2.99 1.12 0.62 2.8 1.8
Cl 2.30 0.84 0.08 0.07 2.7 1.3
HCOs 4.19 0.39 0.41 0.42 10.7 1.0
F 0.02 0.002 0.005 0.002 6.5 2.3
HCOO 0.08 0.06 0.01 0.07 1.3 0.1
CH3COO 0.05 0.05 0.004 0.06 0.9 0.1
CH3503 0.08 0.05 0.09 0.05 15 1.6
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Figure 17. Comparison of concentrations and their ratios of ionic species In
PM;o aerosols during Asian dust (AD) and non-event (NE) days.
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Figure 18. Comparison of concentrations and their ratios of ionic species In
PM,5 aerosols during Asian dust (AD) and non-event (NE) days.
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Figure 19. Composition ratios of ionic species in PMjy aerosols during Asian

dust and non-event days.
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Figure 20. Composition ratios of ionic species in PMss aerosols during Asian

dust and non-event days.
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FAE Al PMo¥ PMys A9l 94 AES vudt AxteAs PM;, YAkl Al
— Al>Na>Fe>K>Ca>Mg>Ti>7Zn>Mn >Ba>Pb>Ni >V
>Sr >Cu>Cr>Cd>Mo > Co 22 55 B, PMys A&l E
Al >Fe>K >Na>Ca>Mg >7n>Ti >Pb>Mn >V >Cu > Ba >
Cr > Ni > Sr >Cd > Mo > Co £2& %8 ¥%2 YehdtH(Table 24,
Figure 21~22). 3A} Al B9 =2 A4 w 2 Al Fe, Ca, K¥ Ti, Mn, Ba,
Sr 59 M RS v@ANAdd v PM dAA zH2E 62, 7.6, 6.8, 7.6, 5.2,
6.9, 6.3, 639 Z71atth ® PMys QAtel A= zbzh 59, 58, 7.1, 34, 3.9, 4.2,
27, 518 © w=7F b o ZAMHTE 183 Na AwS FAF A
PMjo%} PMsys Akl M Z+2b 311, 249 ZF718k9lal, Mg A2 22 57, 454)
TE7F SUbetE Ae® yEhwnh Ea Q19 71 Ad#<l Zn, Pb, Ni, Cd
52 PMyy Y4AA] vl w8 Z+2 4.0, 4.1, 44, 1.9%, PMys QAo A=
Z}7y 34, 35, 1.9, 1.0¥] v&=7F Frtete AFdFS Bk olw Ni Cd A&
PMys 47kl Hl&l PMyy YAl A A S7FeF AL, Zn, Pb A PMys Y=ol

A o Fhshs A4S deiah ole@ A9A /U JEE £ Fks

Fe, Ca)o] PM;p® PMys 4AFell z+zt 575, 55.7%= HlE A vla] 1.24], 1.4
vl =& Aow yehfgleh vkl 914 71 ZEE(Zn, Pb, NI PMyy o
Aol A 0.9%, PMas QA= 34%2 91992 719 R-LE AL Aol PMy, QA
oAl ZAHIZF YAl 2388 PMys YA S 2AHIZE SUbste] o] EdE
Ede wde AFS Heln vk ® i dwENa, M) FAF Al Z2S]
Ao} A QA A FAd o] Zkz 271, 22.63%, HlAAFAl zbzt 412, 32.7% = &

AF Aol A8 7 o e Ao FALE 9 tHFigure 24~25).

R

N
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Table 23. Concentrations and their ratios of elemental species in PM;, and

PMss aerosols during Asian dust (AD) and non-event (NE)

days.
Concentration (ng/m?) Ratio
Species PMio PMs5 PMig PM,5
AD NE AD NE AD/NE AD/NE
Al 2882.6 462.7 268.1 45.6 6.2 59
Fe 1963.2 257.4 229.6 39.9 7.6 5.8
Ca 1216.3 179.3 1114 15.6 6.8 7.1
Na 1977.7 641.4 152.0 64.1 3.1 2.4
K 13376 177.0 170.3 49.7 7.6 3.4
Mg 877.6 154.9 92.2 20.6 5.7 45
Ti 76.1 14.5 10.2 2.6 2.4 39
Mn 93.2 7.7 8.6 2.0 5.2 4.2
Ba 19.3 3.0 29 1.1 6.9 2.7
Sr 8.6 1.4 1.0 0.2 6.3 5.1
/n 63.5 15.7 25.6 7.5 4.0 3.4
\Y 14.7 6.2 4.0 3.2 2.4 1.2
Cr 5.1 2.1 2.6 15 2.5 1.8
Pb 17.9 4.3 9.1 2.6 4.1 3.5
Cu 7.2 2.2 3.3 0.7 3.3 4.6
Ni 17.7 4.0 2.3 1.2 44 1.9
Co 0.7 0.1 0.1 0.03 6.4 3.4
Mo 0.7 0.3 0.3 0.2 2.5 1.7
Cd 1.2 0.7 0.6 0.6 1.9 1.0
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Figure 21. Comparison of concentrations and their ratios of elemental species in
PM,o aerosols during Asian dust (AD) and non-event (NE) days.
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Figure 22. Comparison of concentrations and their ratios of elemental species in
PM,5 aerosols during Asian dust (AD) and non-event (NE) days.
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Table 24. Concentrations and their ratios of ionic species in PM;y and PMss

aerosols during haze (HZ) and non-event (NE) days.

Concentrations (ug/m®) Ratio
Species PMiy PMo5 PMiy PM:5
HZ NE HZ NE HZ/NE HZ/NE
H" 0.01 0.01 0.01 0.01 1.0 0.9
NH," 7.68 2.57 5.46 2.57 3.0 2.1
Na’ 1.01 1.37 0.24 1.37 0.7 0.2
K" 0.45 0.29 0.35 0.29 15 1.2
nss—Ca®' 0.62 0.46 0.12 0.46 1.3 0.3
Mg*' 0.24 0.27 0.07 0.27 0.9 0.2
nss-S0* 18.6 6.61 14.83 6.61 2.8 2.2
NOs 7.35 2.99 1.30 2.99 2.5 0.4
Cl 0.40 0.84 0.06 0.84 0.5 0.1
HCOs 0.27 0.40 0.63 0.40 0.7 1.6
F 0.01 0.007 0.005 0.002 3.3 14
HCOO 0.06 0.06 0.13 0.06 0.9 2.0
CH;COO 0.08 0.05 0.12 0.05 14 2.2
CH350s 0.20 0.05 0.20 0.05 3.9 39
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Figure 25. Comparison of concentrations and their ratios of ionic species in
PM;y aerosols during haze (HZ) and non-event (NE) days.
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Table 25. Concentrations and their ratios of elemental species in PM;, and

PM,5 aerosols during haze (HZ) and non-event (NE) days.

Concentration (ng/m>) Ratio
Species PMio PM3s5 PMio PM>5
HZ NE HZ NE HZ/NE HZ/NE
Al 346.7 462.7 84.9 45.6 0.7 1.9
Fe 343.2 2574 141.2 39.9 1.3 35
Ca 295.4 179.3 47.3 15.6 16 3.0
Na 557.6 641.4 160.4 64.1 09 2.5
K 304.4 177.0 181.9 49.7 1.7 3.7
Mg 160.2 154.9 36.6 20.6 1.0 1.8
Ti 12.7 14.5 54 2.6 09 2.1
Mn 13.1 7.7 114 2.0 1.7 5.7
Ba 4.6 3.0 2.1 1.1 1.5 2.0
Sr 1.9 1.4 0.7 0.2 14 3.3
/n 59.3 15.7 55.8 7.5 3.8 74
\Y 10.6 6.2 10.0 3.2 1.7 3.1
Cr 2.5 2.1 39 1.5 1.2 2.6
Pb 16.2 4.3 16.2 2.6 3.7 6.2
Cu 4.8 2.2 4.6 0.7 2.2 6.4
Ni 6.0 4.0 39 1.2 15 3.2
Co 0.4 0.1 0.5 0.03 3.8 14.1
Mo 0.5 0.3 0.8 0.2 1.8 39
Cd 1.1 0.7 2.5 0.6 1.7 4.2
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Table 26. Concentrations and their ratios of ionic species in PMjo and PMss

aerosols during mist (MT) and non-event (NE) days.

Concentrations (ug/m®) Ratio
Species PMi PM;5 PMj, PM:5
MT NE MT NE MT/NE MT/NE
H' 0.01 0.01 0.01 0.005 0.9 1.1
NH," 3.19 2.57 5.46 2.37 1.2 2.3
Na’ 2.22 1.37 0.24 0.42 16 0.6
K" 0.39 0.29 0.35 0.21 1.3 1.6
nss-Ca” 075 0.46 0.12 0.11 1.6 1.0
Mg* 0.35 0.27 0.07 0.08 1.3 0.9
nss-SO4 725 6.61 14.8 5.52 1.1 2.7
NOs 6.31 2.99 1.30 1.95 2.1 0.7
Cl 1.68 0.84 0.06 0.20 2.0 0.3
HCOs 0.45 0.40 0.63 0.42 1.1 15
F 0.01 0.00, 0.005 0.003 2.6 1.0
HCOO" 0.05 0.06 0.13 0.04 0.9 3.6
CH3;COO 0.05 0.05 0.12 0.04 0.9 3.0
CH3S05 0.16 0.05 0.20 0.12 3.2 1.6
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Figure 36. Comparison of concentrations and their ratios of ionic species in

PM;5 aerosols during mist (MT) and non-event (NE) days.

_78_



Others Others

Cl' - Cl_ 0.
3.29 3.6%
7.4% : 539
Na~ Na
8.7% 3.6%
= NO;' H
e 18.8% ! I
NOy L | 1.8%
27.6% nss-Ca~ ss-Cal*
3.3% 2.9%
nss-50,F nss-50,- Mg
31.7% Mg 41 4% 1.7%
1 39 Bl
Others : H+ 0.03%, HCOs™ 0.2%, F~ 0.05%, Others : H+ 0.04%, HCOs™ 2.5%, F~ 0.0:%,
HCOO™ 0.2%, CH3CO0™ 0.2%, HCOO™ 0.4%, CH3COO™ 0.3%,
CH3S05™ 0.7% CH3S05™ 0.3%
Mist Non-event

Figure 36. Composition ratios of ionic species in PMjy aerosols during mist
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Table 27. Concentrations and their ratios of elemental species in PMpy and

PM;5 aerosols during mist (MT) and non-event (NE) days.

Concentration (ng/m>) Ratio
Species PMip PMs;5 PMiy PMs5
MT NE MT NE MT/NE MT/NE
Al 346.7 462.7 88.7 45.6 0.7 1.9
Fe 343.2 257.4 38.3 39.9 1.3 2.2
Ca 295.4 179.3 52.4 156 1.6 3.3
Na 557.6 641.4 231.8 64.1 0.9 3.6
K 304.4 177.0 139.0 49.7 1.7 2.8
Mg 160.2 154.9 95.4 20.6 1.0 2.7
Ti 12.7 145 4.7 2.6 0.9 1.8
Mn 13.1 N 49 2.0 1.7 2.5
Ba 4.6 3.0 1.7 1.1 15 1.6
Sr 1.9 1.4 0.5 0.2 14 2.6
7n 59.3 15.7 26.6 7.5 3.8 35
\Y 10.6 6.2 4.1 3.2 1.7 1.3
Cr 2.5 2.1 2.6 1.5 1.2 1.8
Pb 16.2 4.3 7.7 2.6 3.7 29
Cu 4.8 2.2 15 0.7 2.2 2.0
Ni 6.0 4.0 1.8 1.2 15 15
Co 0.4 0.1 0.1 0.03 3.8 2.3
Mo 0.5 0.3 0.3 0.2 1.8 1.8
Cd 1.1 0.7 1.3 0.6 1.7 2.2
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Table 28. Seawater enrichment factors for ionic species of PMy and PMs5

aerosols.

X (Cx/Cra+) Acrosol/ (Cx/Cra+)seawater

(PMio) Non-event Asian Dust Haze Mist
K’ 5.6 4.8 11.1 4.4
Ca* 9.3 12.3 155 8.4
Mg** 0.19 0.19 0.24 0.16
SO~ 4.85 4.00 1851 3.3
Cl 0.59 1.02 0.40 0.76
X (Ci/Crxia+) Acrosol/ (Cx/Cra+)scawater

(PMz5) Non-event Asian Dust Haze Mist
K’ 22.6 18.1 38.3 125
Ca®' 10.0 10.8 13.1 6.6
Mg* 2.2 1.4 2.6 16
SO~ 114.2 89.7 260.0 52.1
Cl 0.2 0.1 0.1 0.3
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Table 29. Crustal enrichment factors for elemental species of PM;, aerosols.

(CX/CAI)Aerosol/(Cx/CAl)Crust

: Non-event Asian Dust Haze Mist
Fe 1.3 16 2.3 1.3
Ca 1.0 1.1 2.3 14
Na 3.9 19 4.5 5.2
K 1.1 1.3 2.5 14
Mg 2.0 1.8 2.8 2.5
Ti 3.4 2.8 3.9 3.1
Mn 2.2 2.5 5.0 2.2
Zn 31.7 245 189.9 39.0
\Y 19.2 7.3 43.8 12.1
Pb 47.0 31.0 234.3 48.2
Cu 15 0.8 4.6 15
Ni 43.2 30.7 86.6 37.8
Co 2.3 2.4 11.8 2.4
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Table 30. Crustal enrichment factors for elemental species of PM,5 aerosols.

(CX/CAI)Aerosol/(CX/CAl)Crust

: Non-event Asian Dust Haze Mist
Fe 2.0 2.0 14 2.3
Ca 0.9 1.1 15 1.6
Na 13.7 1.6 5.3 7.3
K 3.1 1.8 6.1 45
Mg 2.7 37.0 2.6 3.8
Ti 6.2 4.1 6.9 5.7
Mn 5.9 4.3 179 7.4
Zn 1834 106.1 730.5 333.4
\% 1015 21.3 169.0 65.7
Pb 286.2 169.2 955.5 431.3
Cu 5.2 4.1 179 5.5
Ni 132.3 43.2 229.0 102.3
Co 75 4.4 57.0 9.0
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Table 31. Comparison between the sums of equivalent concentrations of basic

cations and acidic anions in PM;y and PMs5 aerosols.

Equivalent concentration (peq/m®)

PM;, PMz5
Cation Anion Cation Anion

H" 0.006 nss-SO 0.024 H' 0.004 nss-SO/~ 0.119

NH," 0.006 NOs 0.139 NH4 0.122 NOs3 0.010

Ron nss-Ca”  0.001 HCOO  0.000; nss-Ca”  0.004 HCOO  0.001
event

CHsCOO  0.002 CHsCOO  0.001

Total 0.012 Total 0.165 Total 0.130 Total 0.131

H" 0.002 nss-SO& 0.056 H" 0.004 nss-SO& 0.172

NH," 0.002 NOs 0.200 NH4 0.167 NOs3 0.018
Asian

Dust nss-Ca”  0.001 HCOO  0.001 nss-Ca”  0.008 HCOO  0.000,

CHsCOO  0.002 CHsCOO  0.0004

Total 0.005 Total 0.259 Total 0.178 Total 0.191

H’ 0.009 nss-SO 0.031 H' 0.005 nss-SO 0.309

NH," 0.009 NOs3 0.393 NH4 0.303 NOs3 0.021

Haze nss-Ca®" 0.002 HCOO  0.000, nss-Ca”  0.006 HCOO  0.003

CHsCOO  0.001 CHsCOO  0.002

Total 0.020 Total 0.426 Total 0.314 Total 0.342

H' 0.007 nss-SO4 0.037 H' 0.005 nss-SO/~ 0.115

NH,' 0.005 NOs3 0.163 NH, 0.132 NOs3 0.031

Mist nss-Ca® 0.002 HCOO  0.000; nss-Ca”  0.006 HCOO 0.001

CH3COO  0.001 CH;COO  0.001

Total 0.014 Total 0.202 Total 0.142 Total 0.148
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Table 32. Acidification contributions (%) of acidic anions during non-event,

Asian dust, haze and mist days.

Acidification contribution (%)

PMio

PM35

Inorganic acid

Organic cid

Inorganic acid

Organic cid

nss-S0,2 148 HCOO™ 0.1 nss-SO/Z 905 HCOO™ 1.1
Non-

NO3~ 842 CH;COO 09 NO;3~ 76 CHsCOO 0.8
event

Total 99.0 Total 1.0 Total 98.1 Total 19

nss-S0/4 215 HCOO™ 0.3 nss-SO/4 904 HCOO™ 0.1
Asian

NO3~ 7(5 CH;COO 0.7 NOs 95 CHsCOO 0.0
Dust

Total 99.0 Total 1.0 Total 999 Total 0.1

nss-S0O,/4 7.3 HCOO 0.1 nss-SO/4 923 HCOO 0.8
Haze NOj3 92.3 CH;COO 0.3 NOs 6.3 CHsCOO 0.6

Total 99.6 Total 0.4 Total 98.6 Total 14

nss-S0,4 186 HCOO 0.2 nss-SO,/° 777 HCOO 0.5
Mist NOj3 80.7 CH3COO 06 NOs3~ 21.3 CH;COO 05

Total 99.2 Total 0.8 Total 99.0 Total 1.0
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Table 33. Neutralization factors by ammonia and calcium carbonate in PMjy

and PMs5 aerosols during non-event, Asian dust, haze and mist

days.
Neutralization N, Mauco,
Factor PM PM,5 PM PMys
Non-event 0.74 0.93 0.16 0.04
Asain Dust 0.67 0.87 0.22 0.06
Haze 0.83 0.91 0.07 0.02
Mist 0.69 0.90 0.18 0.05
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nss-Ca*> HCO3; > K' > Mg® > HCOO > CH,COO > CH3SO; > F > H'
O =3 o] 5 nss-SO7, NOs, NHy'°] 27t 661, 2.99, 257 pg/m’= Ao
Ao & FEE RATE PMp YA oleAdR 4L 94 719 AR
(nss-SO42, NOy, NHy)ol 762%= 7}4 =13, t}goz #Ud7Y AENa'
Cl, Mg*)ol 155%, E%7]19 A (nss-Ca*)ol 29% ZA4HZS Yelideh 1
g xR AL dd AHAENa, Mg 41.2%, =% A ¥(Al Fe, Ca)
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