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ABSTRACT

The PMiy and PMss fine dust particles have been collected at Gosan site,
which is one of the background sites in Korea, and their compositions have
been analyzed to understand the pollution -characteristics and emission
sources. The mass concentrations of PMi, and PMss particles at Gosan area
were 37.6+20.1 and 22.9+14.3 ng/mg, respectively, showing that the content
ratio of PMss to PMiy was 61.0%. In the result of ion balance comparison,
the correlation coefficients(r) between the sum of cationic equivalent
concentrations and the sum of anionic equivalent concentrations were 0.982
and 0.991, respectively, for PMiyy and PMss fine dust particles, indicating a
good correlation. The concentrations of ionic components of PMj, particles
were in the order of nss-SO,° > NOs > CI° > NH: > Na > HCO; >
nss-Ca” > K' > Mg®~ > CH:COO > HCOO > F > CHsSOs > H, and
those of metal and sulfur elements were in the order of S > Na > Al > Ca
>Fe >K >Mg >7n >Ni >Cr>Pb>Ti>Mn>V >Cu>Sr > Ba
> Mo > Co > Cd. The concentrations of ionic components of PM.s particles
have shown the order of nss-SO,° > NH,” > NOs > Na' > K' > nss-Ca”
> HCOs; > ClI° > CHsCOO > Mg” > HCOO > CHsSOs; > F > H'. From
the study of size-segregated aerosols components, the concentration ratios of
nss-SO,°, NOs, and NH," in PM:s/PM), particles were 094, 056, 1.02,
respectively, showing that these components were mostly in the fine particles.
The concentration ratios of fog-mist/non-event of nss—SOf*, NOs, NH, in
PMiy were 0.9, 0.7, 0.9, respectively, and those of haze/non-event were 3.5,
3.4, 4.3, respectively, showing that the concentrations of these components
increased  highly at haze events. The concentration ratios  of

fog-mist/non-event of nss-SO., NOs, NH. in PMss were 1.1, 0.7, 1.2,



respectively, and those of haze/non-event were 2.8, 3.8, 3.7, respectively,
showing that the concentrations of the anthropogenic components in PMip and
PMss fine dust particles have highly been increased at haze events. The
acidification contribution of SO,/ and NOs; in PMy, was 96.5%, and that in
PM2s5 was 97.3%. And those of HCOO and CH3COO in PMip and PM:s5 were
2.9% and 2.09, respectively. On the other hand, the neutralization of NHs
was 72.8% and 82.3%, and that of CaCOs was 22.5% and 13.3% in PMj and
PMzs, respectively. From the factor analyses to search for the source origins,
the PMy fine dust particles have been found to be mainly influenced by
anthropogenic sources, followed by soil and marine sources. Meanwhile, the
PMzs fine dust particles were largely influenced by anthropogenic and soil
sources, and followed by biogenic and marine sources. The backward
trajectory analyses have been performed in order to investigate the inflow
path of the components of PMio and PM:s fine dust particles. In the results,
the concentrations of nss—SOf*, NOs;, NH., nss—Ca%, and Pb were high
when the air parcels had been inflowed from the China continent, and
relatively low when they had come through the North Pacific Ocean and East
Sea. In consequence, the air quality in Jeju area seems to be influenced

largely by the pollution from China.



(Takamura et al, 2007).
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pump, 732 IC detector)E AF&3l9] Metrohm Metrosep C-2-150 column, 1.0
mL/min flow rate, 50 uL injection volume, 4.0 mM Nitric acid eluent®] Z712°
2 BAs9rh. SO, NOs, CI &0]€2 Metrohm Modula ICE X183}
Metrohm Metrosep A-SUPP-5 column, 1.0 mL/min flow rate, 20 uL injection
volume, 1.8 mM NalCOs/1.7 mM Na:COs eluent, 0.29% H.SOs suppressor
solution®] o & #4353t o] W o] 2AE 48 A% IC A=A
MDL, 98% A#4F)% WsA5(CV)E Table 13 2t} A7 % ¢4 (Method
Detection Limit)x= IC #4-8 ZF& R (H s ®)S AREste] 73] vk #2431
AU 1elal 73] whE EA43 £4 Holy e EFEHAE Fokal o] ghel
Student-t 4t #3st 98% A& Gl A
Student-t % 3.143 7|5). AHEE 43 Z+ 5] A A A (reproducibility)<

Z3ste] Blastnh IC BA4E IFEAS A&t T3 Ad¥gxpoz 73
F23ke] Z JE(NH,, Na', K, Ca®’, Mg”, SO, NOs, C1)9] =& =43}
Atk 28z o] A}z RE Azt TFHEA 2 WMEAS(CV, coefficient of

variation)Z A4tsle] 54 AME=Z <25t

e
-
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¥ FH 2} (standard deviation) S = N:l (N-1 = A6-5)

¥ F Al =(coefficient of variation) CV = % x 100 % (X = BT
MDL = 3.14 x t (98% Al=|F, 73 vk A3)

4) 714k o] &4 F, HCOO , CHsCOO , CHsSOs ¢ +4

PMio, PMzs PIAHX ] =& #7]4F o] 2(HCOO, CH3COO )3 =w| &
F, CHsSOs ©]<2 ion chromatography'd &2 24389 th IC= DionexAte] =
2 DX-500S AM&Eal ZF AEES 7] &7 (gradient) & oz FAo B4
shlvh. HJASA Ao ARES EF8e vk v A AR BT 10, 50,
100, 200 pg/LeolH, o] W HZF&RL o]59 HEFH & 4hg 2aeF =9

A Ao A A3 tH Andreae et al, 1937). IC 4% A& flow rate = 25



mL/min, sample volume = 25 uL, eluent = 0.25 mM NaOH3} 5 mM NaOI9]
o, 28 &L IonPac AGLl guard column ¥ IonPac AS11, Suppressori= ASRS
(SRS 100mA), #AZ7]+= conductivity detector (range = 1 uS)E AFE3F3 Y. 7]
7] ¥ A& 583 025 mM NaOHS 25 mL/min f&02 &AA 7
BAEEE T4, o]0 4% <9k 5 mM NaOHZ &A1A &S A o
=, Al 72 ©l% 025 mM NaOHE £l3te] M A A th(Hofmann et al.,
1997 ; Jaffrezo et al., 1998).

Table 1. Method detection limit for IC analysis. (n=7)

Species NH. Na' K’ Ca™' Mg™* SO~
MDL(ug/L) 11.9 6.2 14.1 0.3 10.3 8.1
CV (%) 6.1 3.1 o.1 6.5 3.6 2.2
Species NOs Cl F HCOO CHzCOO CHsS0s
MDL(ug/L) 9.8 4.4 14 0.7 09 il
CV(%) 2.7 2.0 09 0.4 0.6 1.1
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M wE5da 24 o] &sth o5 2 & AE £48
AH+= EPAY ‘Compendium of Methods for the Determination of Inorganic
Compounds in Ambient Air (Method 10-3)" W@ o & nfolmzs EFHFA=
ALE3ko] &3l AlE7F AFHE EEHE HZE (PFA, polyfluoroalkoxy) &
71l AL, of7]el 5.55% HNOsz / 16.75% HCl &34t 10 mLE 7hek &, wlol=
2E Z2AH1200 W) o] o 2%+ 10 &< 180C = Hs3tal, o =%

oA 10E3F FAAZL & A8 2oz WaAsirh violazya E8E A3
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A =31, 3% HNOs / 8% HCl
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Table 2. Instrumental conditions and method detection limit (MDL) for
ICP-AES analysis.

Instrument: Thermo Jarrel Ash, Model IRIS-DUO

RF power: 1150 W

RFE Frequency: 40.68 MHz

Ar Flow: Carrier = 0.5L/min, Auxiliary = 1.5 L/min, Coolant = 16.0 L/min
Pump Rate: 100 rpm

Operation Mode: Simultaneous or Sequential Mode

Nublizer: Ultrasonic Nublizer (CETAC Tech., U-5000AT)

Detection Detection Detection Detection
Element Wavelength Limit Element Wavelength Limit
(nm) (ug/mL) (nm) (ug/mL)

Al 396.152 0.0012 Fe 259.940 0.0007
Ca 396.847 0.0005 Na 589.592 0.0016
K 769.896 0.0015 Mg 279.553 0.0003
Ti 334.904 0.0006 Mn 259.373 0.0003
Ba 233.527 0.0006 Sr 216.596 0.0009
7n 206.200 0.0009 \Y% 292.402 0.0023
Cr 284.325 0.0006 Pb 220.353 0.0005
Cu 324.754 0.0003 Ni 231.604 0.0016
Co 228.615 0.0007 Mo 202.032 0.0006
Cd 226.502 0.0003 > 180.731 0.0045
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Table 3. Mass concentrations of PMig and PMs5 fine dust particles and

meteorological parameters during the study.

Temp

WS

RH

Precipit.

Date PMio PMs5s (C) (m/s) (%) (o) Meteorology
08/01/09 - 56.1 10.3 4.4 60.1 SR
08/01/15 - 18.9 45 10.6 57.4
08/01/27 - 75 5.1 7.4 16.6 2.0
08/02/02 - 60 4.1 6.3 66.3 0.5
08/02/08 = 18.4 4.1 8.9 54.0
08/02/14 3 32.4 4.5 12.1 47.5
08/02/20 = 46.6 7.6 8.5 2.1 SR
08/02/26 - 13.5 5.1 | 72.3
08/03/03 - 16.3 1.2 16.1 55.8 kAL, EF
08/03/06 - 23.5 8.7 6.1 6.1
08/03/09 - 8.4 8.5 6.1 75.6 2.5
08/03/12 - 58.4 i/ 2.9 66.4 L
08/03/15 - | & 1S 3.4 65.0
08/03/18 - EON 11.8 2.9 65.4 14.0
08/03/21 34.9 16.4 V.7 4.9 57.6
08/03/24  119.3 B 12.5 NG 68.4 uhiE <l N
08/03/27 34.1 26.8 10.3 7.8 64.9 1.0
08/03/30 39.5 25.3 9.0 PR 80.8 e
08/04/02 68.6 285 11.3 6.4 61.9
08/04/05 4.1 485 12.8 - 60.1 0.4
08/04/08 45.3 14.6 14.4 6.6 57.4 L™, e
08/04/11 72.8 40.3 14.4 g ) 74.4
08/04/14 58.2 43.9 13.8 4.3 73.0 e
08/04/17 - 45.3 14.2 6.9 81.3 e
08/04/20 - 16.8 16.6 6.4 55.5
08/04/23 48.7 29.3 12.3 13.0 74.8 1.5 w3
08/04/26 78.2 48.0 14 12.5 59.9
08/04/29 41.6 26.5 15.5 5.1 84.4 e

(continued)
- 16 -
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Date PMiy  PMgs 1;?31)13 (EZ/SS) (P({%H) Pl(ﬁi?)it' Meteorology
08/05/02  55.7 279 174 3.7 74.3
08/05/05  52.0 - 14.0 134 67.4 R
08/05/08  39.1 - 17.6 3.1 75.4
08/05/11 31.2 - 15.0 5.3 57.6
08/05/14 - 173 134 7.6 71.7
08/05/17  32.0 20.9 17.2 8.3 60.4
08/06/04 12.9 %) 20.2 7.3 81.9 1.5 e
08/06/10 17.0 14.2 21.5 3.3 81.9 b
08/06/16 19.5 18.8 20.9 2.9 76.4
08/06/22 14.6 8.0 204 4.8 89.0 bz -
08/07/10  41.2 18.0 24.5 2.5 80.8
08/07/16 11.6 9.6 27.0 5.2 80.0
08/07/28 29.1 284 28.6 5.2 78.0 0.5
08/08/03 27.0 18.4 26.8 6.1 81.9 -
08/08/27 16.6 14.3 23.5 6.1 69.5
08/09/08 19.5 10.9 252 3.5 59.3
08/09/14 24.1 4.6 3.2 8.3 86.0 4.9
08/09/20  33.3 134 24.8 2.9 79.0 23.0
08/09/26 374 10.9 19.5 134 58.0
08/10/02 24.1 16.7 21.6 2.9 58.8
08/10/20 274 21.0 20.8 33 67.9
08/10/26  36.6 13.4 18.1 7.5 64.8
08/11/01 424 25 16.6 4.7 58.8
08/11/07 195 16.3 16.1 5 3 2 225 R
08/11/13 20.0 10.5 16.6 o 57.1
08/11/19 428 271 6.2 15.8 67.0 2.6 =T
08/11/25 21.2 25.2 12.7 9.2 54.8
08/12/01 33.7 21.8 124 4.3 52.1
08/12/07 366 9.6 8.0 4.0 58.9 0.2
(continued)
- 17 -
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Temp

WS

RH

Precipit.

Date PMiy  PMzs ) (m/s) (%) (rm) Meteorology
08/12/13 49.1 20.1 9.2 10.1 56.8
08/12/19 31.2 8.0 9.7 4.8 53.5 0.1
08/12/25 324 24.4 6.9 176 54.5
08/12/31 27.0 14.6 3.9 16.0 62.6 2.0 =T
Mean 37.6 22.9 14.0 §.0 66.5
Median 33.9 186 13.4 6.1 63.0
S.D. 20.1 14.3 6.7 4.1 10.8
Max 119.3 71.1 28.6 176 89.0
Min 116 4.6 14 2.5 46.6
Count 44 o8
*  Number of samples: PMjp = 44, PMas = 58
#x Temp: Temperature, WS: Wind Speed, RH: Relative Humidity,
Precipit: Precipitation
140
—4— PM10
120 —&-PM2.5
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<
=]
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40

20

g
S VS%“\“\“’

> S @
NSNS b B
O &y H,S\q%%\'.c\' R R
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Figure 1. Variations of PMip and PMsas mass concentrations during the study.
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Figure 3. Cross correlation of PMiy mass concentration data between

this study and Gosan Observation Network.
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Figure 4. Correlations of X [Cationle; versus 2[Anionle, for the

analytical data of PMio fine dust particles.
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Figure 5. Correlations of X [Cationle; versus 2[Anionle for the

analytical data of PMszs fine dust particles.
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(non-sea salt)?] FE& A h o] wl 84 o]2A4E FolA Na2 A4
o= sfdelA FeET 7Pgstal o] AEs AE=HE o] &3ttt 2 n
ol ZF AR 24U E ol&ste] vE AR v sRE AL
ok F oA nss-SOSE ¥ 8 Y (non-sea salt) SO ¢ HFEZE, SO 9 £ &
oA AW el 71918 SOS 9] FEE W, [nss-SO ] =[SO = [Na'] x
0.251'¢] 2o )& AxFetth nss-Ca’ @A HlEd Ca” 9] ¥ E2 nss-S04 9]
A99F A ‘[nss—Ca’]l = [Ca™] - [Na'l x 0042 2] os) A %
o]t} (Ho et al, 2003; Nishikawa et al, 1991).
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(Han et al, 2006; 2474 5, 2004; Anardenne et al, 1999).
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thar 4 A Q)
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UEbRRla, sl A frgEE AR 4E CHsSO: = 0.04 ng/m’z ofF 4

oft

TS PMy HAREAY 84 AEEY 248 B9, 9420 7de AE
(nss-SO.~, NOs, NHL)E09] 63.0%% 714 =& ks Jepgigr. tfeoz=
gl 7199 AENa', Cl, Mg?)E°] 2568%, E% 7|19 A& (nss-Ca”)o] 2.4%,
AE 719 AR §71AHHCOO , CH:COO)S 16%9] S w9l vHFigure 8).
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Table 4. Concentrations of ionic components in PM fine dust particles.

Concentrations (1g/m”)

Species

Mean SD Median Max Min
Mass 37.58 20.09 33.89 119.34 11.64
H 0.02 0.02 0.00 0.11 BDL
NH, 2.86 2.27 2.34 11.99 0.09
Na’ 2.58 1.92 1.84 8.81 0.29
K 0.43 0.36 0.33 1.80 0.01
nss-Ca”™ 0.60 0.43 0.46 1.82 BDL
Mg®' 0.38 0.23 0.35 0.99 BDL
nss=S0,~ 8.50 0.92 6.95 30.49 0.46
NOs3 4.07 2.86 3.00 14.86 BDL
(l, 3.39 3.50 1.72 13.06 BDL
HCOs 1.19 1.52 0.53 0.66 0.02
F 0.04 0.04 0.03 0.12 BDL
HCOO 0.06 0.03 0.05 0.16 0.01
CHsCOO 0.34 0.51 0.06 1.70 BDL
CHsSOs 0.04 0.03 0.03 0.16 0.01

BDL : Below Detection Limit
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Table 5. Concentrations of metal and sulfur elements in PM;p fine dust

particles.
Species Mean SD Median Max Min
Concentrations (1g/m”)
Al 0.87 0.87 0.63 451 0.04
Fe 0.48 0.39 0.39 1.66 0.04
Ca 0.83 1.15 0.48 6.95 0.03
Na 1.66 1.09 1.27 413 0.19
K 0.40 0.34 0.35 1.48 BDL
Mg 0.35 0.22 0.30 0.86 0.05
S 2.62 P12 2.21 10.71 0.19
Concentrations (ng/m”)
Ti 20.09 18.33 15.58 95.02 BDL
Mn 16.48 13.69 12.45 o7.18 0.21
Ba .27 3.86 4.80 17.47 0.42
St 2.72 6.92 4.07 43.45 0.42
7n 87.56 79.08 60.76 352.00 11.71
A% 6.43 3.79 0.44 15.90 BDL
Pb 22.30 18.22 20.13 87.95 1.26
Cr 25.84 41.06 10.95 247.03 0.42
Cu 6.09 2.50 418 30.15 0.42
Ni 25.89 37.78 11.92 2156.24 0.21
Co 1.76 2.10 1.46 13.51 BDL
Mo 2.03 2.19 1.05 ol BDL
Cd 1.37 0.67 1.25 3.01 0.10

BDL: Below Detection Limit
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Table 6. Concentrations of ionic components in PMs.s fine dust particles.

Concentrations (1g/m”)

Species

Mean SD Median Max Min
Mass 22.90 14.27 18.56 71.12 4.62
H 0.01 0.02 0.01 0.06 BDL
NH, 2.90 2.43 2.44 12.72 0.08
Na’ 0.49 0.56 0.33 3.26 BDL
K 0.41 0.35 0.34 1.64 0.01
nss-Ca”™ 0.36 0.29 0.30 1.30 BDL
Mg”’ 0.14 0.10 0.12 0.47 BDL
nss-SO.° 7.98 0.98 6.70 31.12 0.17
NOs 2.28 .22 1.71 10.47 BDL
Cl 0.33 0.54 0.14 3.35 BDL
HCOs 0.33 0.29 0.06 2.25 0.01
F 0.03 0.03 0.02 0.12 BDL
HCOO 0.06 0.07 0.03 0.31 BDL
CH3COO 0.16 0.21 0.09 0.84 BDL
CH3S03 0.03 0.05 0.03 0.35 BDL

BDL : Below Detection Limit

_36_

@ jeju



32
—-NH4+ 4 NO3- @ nss-S042-

N~
-
T

3

Concentration(pg/m)
—_
(=)}
T

=]

A

0
S P X F P PP IS I I I A AL LR TSRS QP&
""zQ@"Q\"ﬁ\‘)§\°$\$v§v§?g?g?gﬁ\"@"?’?’osV°9z%°0°0°é°é°0z0z02
AT AT TGN G T T VTN AN AT AT SN T TN AT N
2.0
- K+ —=— Mg2+ —&—nss-Ca2+
1.5

3

Concentration(pg/m)
-
=}

0.5
0.0
S P P P PP PP S S I I I A AN RS S E QS E
agstpz,z‘b‘b‘bﬁ)%QQQQQ‘)‘bsoso)0;};}»090eeezc
¢ '\t\' 4 '\‘Q' 5'®W® \@'@%\'@'{\9 VV' %'V'\b(v' '\‘WV"»@V '\"@ \,\,@\' ,\:\{ \6 5,?' @ '»Q' Y4 '\‘@ ,\'é Q’é \9 09 '\?9
0.4 0.9
- H+ I
—&— HCOO- —*%- CH3S03-
—#- CH3COO-

e
w

3

Concentration(pg/m)
=3
N

CH;COO’ Concentration(ug/n%)

0.1 x
0.0 = ’[:‘V"‘A“!.L 0.0

& SRR
N T A S 9
,\5,5,%'\9 '\"\ob '\'\WV‘\"’"\?"'

$ & IS SRR
Qw8 2R W8 R AR A WY
9 %,v\wv»w A al ,\,@\ &

Q’,\‘b'»\;\

Figure 12. Variations of ion concentrations in PMzs5 fine dust particles.

_37_

Collection @ jeju



15 04

ot
=l
T

7
102

% 101
: 0.0
§
O
&

Concentration(ug/ni)
Concentraﬁon(ug/lﬂ)

%

n
T———————_——
SE—————

S

7

.

=
Q\\\\\\\\\\\\\\\'

.
Z
v
/

i

S

S

A %% ] e

:

¢ ¢

&
& 3
& &

2.3% 2.1%

Figure 14. Composition ratio of ionic components in PMj fine dust particles.

_38_

Collection @ jeju



4) PMp# PMys %% HliL

PMio¥#} PMzs PlAHA o)A 84 AEE v2& vwslr] 93t 7+ A
5 td PM.s/PMy %W E T893, 72 ZA3E Table 73 Figure 159
et Slel oleldk s En7t 2S5 olE AEES PMy FIAIR A o] wo] #
Eotal, M7 295 PMos FlAIRM Ao T @Wol #FX3HE ou| gt} HolA
EEL] PMas/PMyy 558 22 H 0.78, NH, 1.02, Na'
019, K 0.95, nss-Ca” 059, Mg” 0.38, nss-SO.° 094, NO; 0.56, Cl' 0.10,
HCOs; 0.28, F~ 0.84, HCOO™ 098, CH;COO 0.8, CHsSO3; 0942, AEE Fd
Al NH.'©] 7} 323 Na' 3 Cl o] 7} w2 v &S vehd Sl

WA 994 719 AEE9 PMys/PMp ¥5HE HHE nss-SOS, NOs,
NH. 9] =87} 247 094, 056, 1.022 o5 AR=e fgxzoz xusla
(PM25~PMio) . tH= PMps PIAI Aol @eo] #¥3t3 = AOE FAH U
28y NOs & nss-SO.” ¥ NHy'ol vls] Btha 02 PMas "lA A e] gt &

s
r [0
T
=)
©
m
s
£

EH7F e IS Hola sl

o]z ¢ AEZAY nss=SOS I NO; o AFEAA SO8 NO© HlEge A
2 =7 wie] 5 AR ARl gk A 7ol s A aHd Fe
7F Ak A8 A7E B, SOS/NOs o AEuE Sy ZAA G AL, FF,
P A Zh7F 165, 151, 1.16 AE= ZA 530 9tHPark and Kim, 2004). 5
F3 WMol At Aatolo A= SO /NOs o A#u 7 27 1.38, 1.742 e}
AHWang et al, 2006, 2005a). o|& X AFZAAe HlwalH 1A Ao A=
SO, /NOs ] 1|7} PMyodt PMzsol Al k2t 2.25, 3552 o] & ZA X a2 2}

o] & xolal vk o] M F aat N o] dlmA]l A o] HlE] SOL/NO; o Al

ol

il

)
et
£
o,
B
>
i
Bu)
=
rir
pon
rlo
0,
s
N,
S
i
op
9,
=y
s
i [0
o
2
ko
ne
il
S
=
it
s
b

A A el mlE] aite]l A ) wi] Aor FAAT, dvtdor TAA Y
ol A SO /NOs o A&Eu7 vre AL 53] A5 3o wE NO 2o
7] ulZelh Zelan Fikdo] sakdel wlE A ] wEe] 7)) ¥
& oFe A FEst skl SOL/NOs b FbskE 4TS wolg
(Minoura et al, 2006). ¥ NOs ©] NH,', SO ¢l ula] © 2He PMys/PMy %%

S Yt A2 7FaAe] ALl Fol 2l dAbdd Exse E4Ed B

_39_



LSS Joy)y] wiEoltl F3% NOs & Ca', Mg? 31 9& A

of o 4%, NOs = vAUARY e or zofatel wol &%

|

B Ko 4%, 994 719 AR5 vabA R PMes/PMpel =07} 095
2o AR AAl F2 PMzs VAR E¥skE FES UERR LT

uh o] 27199 nss-Ca”’ & PMzs/PMiyp ¥ %W 7} 0598, EFAAES <
A4 Y AR 2 Ao r Aol Exa= A Bk & &
9719 Na', CI, Mg” AEEY w=d 94 77k 019, 010, 0.38% w5

Aol ol kil Sl Aem SlH

a8y wrAke 238 S AEES AWy, F, HCOO, CH:COO,
CHsSOs ¢ PMo/PMas ¥ %97} Z+2F 0.84, 098, 048, 0.94=, CH:COO™ A<
Aol yA] A Aol EF PMas PAIQIAIA w2 BXWE YER LT

WE f7120e 90% ool Ao R £k, 10% ulRiwe] Aade] £

~

e, o] F 80% AEE 1.0 um #RRe] mAldAfe] EAdha dEA gl
(Khwaja, 1995; %7, 1998). 1&gt} 2 A4 CHCOO g+ ol#gk A
g AT i g2A mAgAel it B¥uyl 29 Be 4TS Hola gl
thool= B <d7F 20086l F 58749 AERES 7ES R FAS Aoy o

woll tha iAol ZAojd ddex FAdY. dgal & ¢ Ar|Hela B
=

=,
ed
a4
(ld
4
2
et
ol
o
a
iy
ot
T
5=
N
)
=
Ex
jiv
)
i,
-
¥o,
K
an)
=
=
o,
ed

_40_



Table 7. Concentrations and their ratios of ionic components in

PMig and PMzs fine dust particles.

Concentrations (ug/m”)

Species PM.s/PMjo
PMs5 PMig

H' 0.01 0.02 0.78
NH,' 2.90 2.86 1.02
Na' 0.50 2.58 0.19
K' 0.41 0.43 0.95
nss-Ca*’ 0.36 0.60 0.59
Mg”* 0.14 0.38 0.38
nss=S0,~ 7.98 8.50 0.91
NO3 2.28 4.08 0.56
o 0.33 3.39 0.10
HCO;3 0.33 1.19 0.28
E 0.03 0.04 0.84
HCOO 0.06 0.06 0.98
CH;CO0O 0.16 0.34 0.48
CH5S03 0.03 0.04 0.94

1.5

12

PM..5/PMy ratio

$é§§$

/llge%
/VOJL
.

Figure 15. PM2s/PMyy ratios of ionic component concentrations in PMjo and

PMss fine dust particles.
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Table 8 Monthly concentrations of ionic components in PMiy fine dust

particles.
Concentrations (g/m°)

Species

Mar Apr May Jun Jul Aug  Sep Oct Nov Dec
H 004 002 003 001 002 002 002 001 000 002
NH, 467 406 302 082 093 199 284 254 269 2.8
Na 304 18 198 101 501 066 291 251 253 402
K 07 053 033 010 020 010 026 055 053 061
nss-Ca”’ 064 064 034 025 033 065 0566 093 068 087
Mg2+ 040 029 021 015 062 029 046 043 039 058
nss=SOf~ 1269 1013 763 323 380 633 88 894 908 993
NOs 557 449 290 198 418 402 265 517 389 542
cr 362 225 214 094 756 022 385 355 377 589
HCOs 073 09 230 08 033 18 196 051 134 106
F 011 009 003 001 003 002 000 001 001 002
HCOO 005 004 003 006 005 004 009 006 006 007
CHsCOO 071 112 038 004 002 002 006 003 006 007
CHsS0s 004 005 009 003 002 003 003 002 002 002
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Table 9. Monthly concentrations of ionic components in PMss fine dust

particles.
Concentrations (ng/m°)

Species

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
H 003 001 001 001 003 001 000 001 002 002 001 001
NH, 279 245 408 426 217 134 195 166 191 256 28 230
Na’ 030 040 042 029 082 020 152 055 032 043 076 054
K 043 046 055 054 020 011 017 015 023 038 049 045
nss-Ca” 056 055 035 045 009 024 026 016 023 029 040 0.34
Mg”™" 015 018 012 014 011 007 024 011 012 012 018 0.16
nss-SO4 551 463 1022 1051 608 429 819 578 655 801 957 776
NOs 484 479 232 239 134 077 226 103 09 171 233 171
Cl 030 051 029 019 115 014 025 0.06 008 015 044 048
HCOs 009 008 018 035 010 044 093 023 058 033 063 027
F 008 007 006 005 000 001 000 001 000 001 001 002
HCOO 012 002 013 005 001 002 003 002 002 004 005 005
CHsCOO 039 017 035 029 005 002 003 00L 001 004 005 004
CHsSOs  0.02 0.01 004 009 007 002 002 002 002 002 002 0.02
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Figure 16. Comparison of monthly mean concentrations of ionic components in
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Table 10. Monthly concentrations of metal and sulfur elements in PMy fine

dust particles.

Species Mar Apr May Jun Jul Aug  Sep Oct Nov Dec

Concentrations (1g/m”)

Al 103 147 092 025 013 021 0/ 071 150 0.9
Fe 070 084 052 015 016 022 056 048 034 040
Ca 059 157 082 066 026 028 09 071 068 067
Na 193 203 136 075 148 057 197 151 125 250
K 064 068 030 012 006 007 022 033 038 048
Mg 043 053 033 016 022 013 035 032 023 044
S 007 469 246 091 122 166 199 126 202 215

Concentrations (ng/m”)

Ti 1706 4010 2516 994 830 1652 1694 1666 1372 1415
Mn 28.02 3189 1626 324 209 711 1307 1576 1163 15610
Ba 702 925  boY 204 202 335 3566 016 343 568
Sr 0.67 1047 628 261 223 188 706 481 481 439
Zn 148.35 167.35 49.73 10260 5048 52.82 57.05 5717 5070 58.50
A% 069 800 899 9838 b4 931 565 474 393 617
Pb 4153 3724 1609 0575 586 868 1799 1827 2058 24.86
Cr 4886 3032 2266 539 860 054 6526 2873 1816 819
Cu 1076 1154 694 460 070 241 361 272 513  4.08
Ni 3046 3671 2412 5669 899 6.69 3917 2120 1656 7.67
Co 146 286 104 153 105 073 199 181 180 136
Mo 483 343 216 0562 028 094 214 223 146 0.73
Cd 177 192 102 136 101 136 126 136 098 122
- 50 -
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Figure 18. Comparison of monthly mean concentrations of metal and
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Table 11. Ton concentrations and their ratios in PMig fine dust particles

during fog, mist, haze and non-event periods.

Concentrations (1g/m”)

Species FM/N H/N
Non-Event Fog & Mist Haze
H 0.02 0.03 0.00 1.6 0.0
NH4 2.82 2.62 11.99 0.9 4.3
Na’ 2.88 1.51 3. 0.5 1.3
K 0.45 0.30 1.80 0.7 4.0
nss—Ca’” 0.61 0.50 1.82 0.8 3.0
Mg”™* 0.41 0.26 0.61 0.6 L5
nss-SOs~ 8.61 7.37 30.49 0.9 RF
NOs 4.34 3.06 14.86 0.7 3.4
&l 3.97 1.77 1.17 0.4 0.3
HCOs 1.05 0.85 2.77 0.8 2.6
F 0.04 0.05 0.11 1.4 29
HCOO 0.06 0.05 0.04 0.9 0.8
CHsCOO 0.33 0.47 0.79 1.4 2.4
CHsS0s 0.03 0.06 0.08 1.8 24

*  FM/N; Fog & Mist/Non-Event
*+ TI/N; Haze/Non-Event
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Table 12. Ton concentrations and their ratios in PMss fine dust particles

during fog, mist, haze and non-event periods.

Concentrations (1g/m”)

Species FM/N H/N
Non-Event Fog & Mist Haze
H 0.02 0.01 0.01 0.5 0.6
NH4 2.44 2.85 9.00 1.2 3.7
Na’ 0.55 0.40 0.36 0.7 0.7
K 08 7] 0.30 1.27 0.8 3.5
nss—Ca’” 0.33 0.31 0.76 0.9 2.3
Mg”™* 0.15 0.12 0.21 0.8 1.4
nss-SOs~ 713 7.54 20.29 1.1 28
NOs 2.05 1.50 7.75 0.7 3.8
&l 0.38 0.21 0.40 0.6 1.0
HCOs 0.22 0.69 0.43 3.1 2.0
F 0.03 0.03 0.07 0.8 2.2
HCOO 0.06 0.02 0.06 0.3 0.9
CHsCOO 0.15 0.18 0.25 1.2 1.7
CHsS0s 0.03 0.09 0.05 3.4 1.8

*  FM/N; Fog & Mist/Non-Event
*+ TI/N; Haze / Non-Event
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Table 13. Element concentrations and their ratios in PMj fine dust

particles during fog, mist, haze and non-event periods.

Non-Event Fog & Mist Haze

Species FM/N H/N
Concentrations (1g/m”)
Al 0.88 0.77 1.90 09 2.1
Fe 0.43 0.50 1.40 1.1 3.2
Ca 0.87 0.66 1.48 0.8 1.7
Na 1.69 1.45 2.82 0.9 1.7
K 0.38 0.42 1.48 1.1 39
Mg 0.34 0.34 0.81 1.0 2.4
S 2.38 3.27 10.71 14 4.5

Concentrations (ng/m”)

N 17.71 26.07 38.46 1.5 2.2
Mn 14.97 178 o7.18 1.2 3.8
Ba 4.90 5.27 17.47 1.1 3.6
Sr Ot 5.48 12.48 1.0 2.2
Zn 9 88.32 250.54 1.1 3.0
v 6.12 8.11 1.25 1.3 0.2
Pb 20.97 20.12 87.95 1.0 4.2
Cr 24.73 27.44 16.57 1.1 1.9
Cu 5.49 7.20 14.97 1.3 2.1
Ni 26.44 23.71 29.92 0.9 1.1
Co 2.00 1.15 1.66 0.6 0.8
Mo 1.74 2.64 b4l 1.5 3.1
Cd 1.33 1.40 2.18 1.0 1.6

* FM/N; Fog & Mist/Non-Event
*+ TI/N; Haze / Non-Event
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Figure 21. Comparison of element concentrations and their ratios in PMiy fine

dust particles during fog, mist, haze and non—event periods.
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Table 14. Comparison between the summations of equivalent concentrations of

basic cations and acidic anions in PMip and PMz2s fine dust particles.

PMig

PMz5

Cation (1eq/m®)

Anion (1eq/m°)

Cation (neq/m°) Anion (peq/m®)

H+ 0020  nss-SOs~  0.186 H+ 0014  nss-SO&  0.166
nss-Ca” 0031 NO3~ 0070  nss-Ca” 0018 NOs™ 0.037
NH, 0167 F 0.002 NHS 0161 F 0.002
K' 0.012 HCOO™  0.001 K' 0.010 HCOO  0.001
Mg” 0032 CH;COO™  0.006 Mg” 0012 CH;COO  0.003
CHsSOs™  0.0004 CHsSOs  0.0004
Total 0.262 Total 0.265 Total 0.215 Total 0.209
1.0 1.0
¥y =1.0653x - 0.0125 ¥ =0.9211x +0.011
| R =0.949 (1=0.974) R’ =0.9545 1=0.977)

0.6

Sum(INOs [+{nss-SO4> H[F J+H[HCOO']
+[CH:COO +[CH3803])

04

0.2

PMyy

0.4 0.6

0.8

Sunf[H'T+NH, H{nss-Ca™ HK H{Mg )

1.0

Sum([NOs J+[nss-SO> +[F]+[HCOO]

+[CH:COO [+{CHBSO5])

PMs

0.0 0.2 0.4 0.6 0.8
Sum([H'J+{NH THnss-Ca” THK Mg’ )

Figure 22. Cross correlations between the sums of neutralizing substances

and acidic anions.
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Table 15. Neutralization factors by a few basic cations.

Species NFNma+ NFcaz+ NEFwMgo-
PMo 0.73 0.23 0.05
PMz5 0.80 0.14 0.05
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Table 16. Cross correlation of PMyg fine dust particle components.

Species HONHY Na© K OER Mg ggjzi NO; O HCO; F HCOO cco%' S%‘; Al Fe Ca Na K Mg S Ti Mn Ba Sr Zn v Pb Cr Cu Ni Co Mo Cd
H 1.00

NH," -0.03 1.00

Na" -004 -020 100

K -0.01 086 0.06 1.00

nss-Ca&*  -010 058 001 075 100

Mg’ -011 -0.06 092 021 0.29 1.00

nss-SOF  -005 096 -019 088 060 -003 1.00

NOs~ 0.02 0.71 0.16 0.86 0.82 0.36 069 1.00

ar 001 -038 095 -010 -007 08 -038 002 1.00

HCOy” -054 003 001 -0.09 0.00 004 -004 -001 -006 100

F 0.31 0.45 0.01 037 0.16 0.00 0.32 031 -002 -023 1.00

HCOO™ -019 -006 023 0.07 0.08 027 -0.01 003 028 -005 -019 1.00

CHsCOO™ 013 046 -022 033 014 -022 033 022 -027 -013 083 -0.24 1.00

CH;S05 0.36 035 -015 021 004 -015 022 023 -020 003 0.27 -0.26 0.25 1.00

Al 0.20 0.13 0.02 019 0.20 0.02 0.06 0.18 001 -008 032 -0.11 0.32 0.11 1.00

Fe 0.24 0.38 0.08 047 0.43 0.10 0.31 039 -002 -013 051 0.02 050 0.27 0.60 1.00

Ca 0.23 016 -003 023 0.26 0.00 012 027 -007 -012 025 -0.16 0.19 0.24 047 0.50 1.00

Na 0.08 0.01 0.60 022 0.18 058 -0.01 025 052 0.01 0.21 013 0.11 0.02 037 0.51 0.32 1.00

K 0.26 061 013 0.75 0.54 0.20 057 0.67 000 -015 056 -0.10 0.49 0.31 051 0.76 053 058 1.00

Mg 0.16 0.28 0.38 0.44 0.40 0.42 0.22 0.45 027 -002 047 -0.03 0.39 0.24 053 0.79 054 0.88 0.80 1.00

S 0.12 084 -015 070 037 -009 078 054 -033 -005 066 -0.23 0.64 0.33 033 0.58 0.28 022 077 050 1.00

Ti 0.25 019 -007 022 030 -005 012 025 -010 001 0.39 Bi0.71 0.31 0.30 061 0.76 054 027 054 056 0.36 1.00

Mn 0.26 061 -002 066 0.50 0.04 0.54 057 -015 -012 065 -0.11 0.64 0.32 0.60 0.90 053 0.49 0.92 0.80 0.80 0.70 1.00

Ba 0.21 064 -002 0869 0.62 0.08 058 066 -017 -006 0.60 -0.23 057 0.33 053 0.81 0.64 042 0.87 077 0.76 0.70 0.93 1.00

Sr 0.28 0.19 0.04 027 0.28 0.06 0.14 029 -002 -011 032 -0.12 0.23 0.29 053 0.58 097 0.39 0.60 0.60 0.32 0.60 0.61 068 1.00

Zn 0.15 046 -007 043 022 -005 038 042 -016 -020 055 -0.23 050 0.34 0.35 0.51 0.70 0.25 063 052 061 0.39 0.64 0.64 063 1.00

v 006 -001 -017 -007 000 -012 -005 000 -016 -009 0.02 -0.16 012 0.21 012 0.12 029 -008 0.03 0.10 0.05 0.24 0.09 0.22 021 0.23 1.00

Pb 0.22 077 -003 082 0.59 0.06 0.73 073 -018 -014 058 -0.10 054 0.28 0.40 072 050 0.37 093 0.65 0.86 048 0.90 0.838 055 067 -005 100

Cr 008 -012 022 -002 001 015 -014 -009 022 -017 016 0.35 017 -0.05 040 0.70 022 050 0.29 050 0.09 0.33 0.42 0.23 0.30 015 -004 022 1.00

Cua 0.32 037 -013 033 017 -014 029 026 -018 -026 061 -0.28 047 0.38 057 0.62 075 0.29 0.70 055 062 062 072 0.70 077 0.75 0.19 0.66 0.27 1.00

Ni 010 -007 -004 -004 -007 -0.09 -009 -003 -005 -017 009 -0.04 0.10 013 035 0.41 062 0.24 0.22 0.36 0.10 0.31 0.30 0.25 050 0.70 033 0.17 042 053 1.00

Co 0.10 0.12 0.05 023 0.17 0.04 0.11 0.20 002 -022 028 -0.03 0.20 0.03 051 0.45 0.38 0.35 0.49 049 0.26 048 0.49 055 0.88 062 0.25 0.44 0.28 073 053 1.00
Mo 0.27 0.15 0.07 0.19 0.06 0.00 0.09 0.07 003 -024 049 0.02 0.45 0.14 061 0.75 0.33 052 057 062 0.46 045 0.70 050 043 040 -001 048 0.80 057 0.40 041 1.00
Cd 0.07 056 -007 050 0.33 0.03 051 051 -016 -025 046 -0.09 042 0.26 0.11 0.36 0.40 0.29 0.60 046 0.64 018 0.55 053 0.39 067 018 0.64 0.10 058 0.30 041 0.33 1.00
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Table 17.

Cross correlation of PMzs fine dust particle components.

Species  H' NHY N KPS Mg [ Nor Ol HCOS  F HCOO C%Ig ggg

H' 1.00

NH,' 006 100

Na' 002 -006 100

K’ 009 093 =002 100

nss-Ca” 003 056 000 059 100

Mg’ 002 033 06 038 075 100

nss=SO -006 095 007 088 043 036 100

NOs 002 063 018 069 078 067 049 100

cr 024 -005 063 003 018 051 -006 028 100

HCOs  -051 005 008 -009 022 -013 -003 =015 008 100

F 008 032 -020 035 065 033 0I5 054 00l -036 100

HCOO 018 006 -016 005 015 -003 008 004 -004 -020 052 100

CH,COO™ 001 013 -020 006 016 -007 003 009 -002 -018 066 062  1.00

CHsS0s  -001 043 -003 031 046 030 038 023 017 -006 025 -008 019 100
_ 68 -
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Table 18. Seawater enrichment factor values for ionic components in

PMio fine dust particles.

(CX/CNa+ )Aeroso]/(cx/CNa+ )Seawater

x Seawater
ratio Overall Fog & Mist Haze Non-Event
K’ 0.04 6.8 8.9 119 6.5
Ca™’ 0.04 12.2 21.9 13.0 10.1
Mg” 0.12 15 25 1.3 1.3
SO~ 0.25 26.5 44.4 33.2 22.7
Cl 1.8 0.6 0.5 0.2 0.6
1000
Bl Overall [EHFog&Mist [E1Haze E Non-Event
100
310
[ —-—
&= -
e
0

K+ Ca2+ Mg2+

S042-

Figure 23. Comparison of seawater enrichment factors for PMiy ionic

components.
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Table 19. Seawater enrichment factor values for ionic components in PMoss

fine dust particles.

(CX/CNa+ )Aeroso]/(cx/CNa+ )Seawater

x Seawater
ratio Overall Fog & Mist Haze Non-Event
K’ 0.04 35.4 33.1 108.5 30.5
Ca™’ 0.04 39.7 44.1 59.5 35.1
Mg” 0.12 4.0 44 5.3 3.7
SO~ 0.25 117.1 138.0 296.4 99.0
Cl 1.8 0.4 0.5 0.5 0.3
1000
EFlOverall ElFog&Mist [ElHaze ENon-Event
100

T

o

=

K+

Ca2+ Mg2+ S042-

Cl-

Figure 24. Comparison of seawater enrichment factors for PMss ionic

components.
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Table 20. Soil enrichment factor values for metal elements in PMyy fine

dust particles.

< Crust (Cx/Canacrosal/ {Cx/Ca)crust
ratio Overall TFog & Mist Haze Non-Event

Fe 0.4353 1.7 1.6 1.7 1.7
Ca 0.3731 3.0 2.9 2.1 3.1
Na 0.3595 13.0 N 4.1 149
K 0.3483 1.6 1.0 2.2 1.7
Mg 0.1654 4.8 35 2.6 0.3
Ti 0.0093 4.0 4.9 B2 3.8
Mn 0.0075 3.1 2.8 4.0 3.1
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Figure 25. Comparison of soil enrichment factors for PMip metal elements.
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Table 21. Results of Rotated Varimax factor analysis for PMip

components.
Species factor 1 factor 2 factor 3
H -0.01 0.39 -0.13
NH, 0.93 -0.04 -0.21
Na’ -0.03 0.03 0.91
K’ 0.94 0.01 0.11
nss-Ca”’ 0.74 -0.02 0.20
Mg” 0.14 -0.05 0.91
nss-SO.~ 0.91 -0.12 -0.17
NOs 0.86 0.00 0.21
Cl -0.21 0.03 0.88
HCOs 0.00 -0.26 0.06
F 0.50 0.44 -0.10
HCOO -0.05 -0.17 0.44
CHs;COO 0.47 0.38 -0.28
CH3S0s 0.28 0.25 -0.28
Al 0.17 0.67 0.07
Fe 0.48 0.72 0.17
Ca 0.19 0.78 -0.06
Na 0.20 0.48 0.70
K 0.76 0.54 0.17
Mg 0.46 0.66 0.46
S 0.83 0.30 -0.20
Ti 0.26 0.68 -0.05
Mn 0.71 0.64 0.04
Ba 0.75 0.58 -0.01
Sr 0.24 0.80 0.02
zn 0.46 0.64 -0.19
A% -0.07 0.30 -0.26
Pb 0.86 0.42 0.00
Cr -0.07 0.59 0.38
Cu 0.37 0.80 -0.21
Ni -0.12 0.71 -0.08
Co 0.15 0.76 0.03
Mo 0.19 0.72 0.15
Cd 0.59 0.34 -0.10
Eigenvalue 9.0 8.5 4.1
Variance(%6) 26.50 25.1 12.1
Cummulative(26) 26.5 51.5 63.7
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Table 22. Results of Rotated Varimax factor analysis for PMas

components.
Species factor 1 factor 2 factor 3
H -0.18 0.45 0.28
NH. 0.94 -0.02 -0.13
Na’ 0.00 50.23 0.80
K" 0.93 -0.01 -0.05
nss-Ca”’ 0.75 0.36 0.28
Mg” 0.53 0.11 0.75
nss-SO;~ 0.89 -0.14 -0.08
NOs 0.76 0.21 0.35
clr 0.01 0.04 0.86
HCO5 =0.02 -0.60 -0.18
F 0.43 0.80 -0.02
HCOO 0.02 0.73 -0.23
CH3COO 0.11 0.73 -0.29
CHsSO3 0.50 0.09 0.09
Eigenvalue 4.4 2.5 2.4
Variance(%) 31.7 18.1 17.2
Cummulative(%) 31.7 49.8 67.1
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Figure 26. Five sector classification of Northeast Asia for backward trajectory

analysis starting from Gosan area based on PMjy air sampling date.
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Figure 27. Inflow frequency comparison by sectional pathways of air parcels

moving into Gosan area during PMip air sampling period.
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Figure 28. Five sector classification of Northeast Asia for backward trajectory

analysis starting from Gosan area based on PM:s air sampling date.
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Figure 29. Inflow frequency comparison by sectional pathways of air parcels

moving into Gosan area during PMgs air sampling period.
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Table 23. Sectional concentrations of ionic components of PM;, fine dust

particles corresponding to the inflow pathway of air parcels.

Concentrations (1g/m”)

Species I il M v V M~V N~
Sector Sector Sector Sector Sector Sector  Sector

+

H 0.01 0.02 0.02 0.02 0.00 0.00 0.02
NH.' 2.27 3.40 2.95 W 0.49 4.14 2.17
Na' 0.78 2.90 3.97 2.03 2.08 2.34 1.30
K’ 0:24 0.57 0.44 0.22 0.11 0.64 0.21

nss—Ca’' 0.54 0.78 0.52 0.33 0.45 0.77 0.29
Mg" 0.20 0.44 0.46 0.25 0.67 0.43 0.18
nss—S0,~ 6.78 10.29 8.32 0.52 1.70 10.57 7.19

NOs3 2.08 4.86 477 2.12 4.82 0.42 2.36
Cl 0.92 4.00 482 2.65 8.92 247 0.67
HCOs 2.30 0.74 1.34 0.28 0.90 2.63 2.12
F 0.03 0.04 0.05 0.03 0.05 0.04 0.04

HCOO 0.06 0.06 0.05 0.06 0.10 0.08 0.04
CHzCOO 0.23 0.37 0.33 0.32 0.04 0.56 0.27
CHs50s 0.02 0.04 0.04 0.04 0.02 0.05 0.04
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Table 24. Sectional concentrations of metal and sulfur elements of PMig fine

dust particles corresponding to the inflow pathway of air parcels.

Species [ a m v Vv m~v v~1
Sector  Sector  Sector  Sector  Sector  Sector  Sector
Concentrations (1g/m”)
Al 0.45 0.89 1.22 0.84 0.06 0.75 0.83
Fe 0.24 0.51 0.42 0.65 0.09 0.57 0.55
Ca 0.67 1.06 0.67 0.78 0.19 0.86 0.50
Na 0.61 1.99 1.44 1.72 2.66 1.62 1.36
K 0.12 0.56 0.31 0.32 0.09 0.46 0.31
Mg 0.15 0.41 0.29 0.36 0.38 0.39 0.31
S 2.07 2.95 2.42 1.98 0.52 3.08 3.27
Concentrations (ng/m”)
Ti 18.15 21.42 16.27 19.44 4.39 19.04 33.86
Mn 8.13 18.97 14.60 14.87 0.84 21.68 oo
Ba 3.44 6.45 4.56 3.96 1.05 6.46 glo ]
Sr 4.28 /.10 550 4.42 1.88 6.39 3.85
7n 60.37 88.16 93.98  110.18 23.64  106.42 67.08
A% 6.79 6.71 BES 9.16 1.88 7.30 6.94
Pb 12.25 28.01 22.23 13.80 2.51 26.62 21.22
Cr 8.14 17.80 Piovedals 67.50 14.43 17.76 27.46
Cu 308 7.30 5.52 5.81 0.63 4.24 8.06
Ni 13.01 17.58 24.19 67.79 5.23 25.02 22.00
Co 1.15 221 1.60 1.71 0.00 1.67 0.88
Mo 1.39 1.72 2.21 3.37 0.42 1.60 2.76
Cd 0.99 1.56 1.15 1.25 1.57 1.56 1.25
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Table 25. Sectional concentrations of ionic components of PMz5 fine dust

particles corresponding to the inflow pathway of air parcels.

Concentrations(iig/m”)

Species I il M v V M~V N~
Sector Sector Sector Sector Sector Sector  Sector

+

H 0.01 0.02 0.01 0.01 0.00 0.02 0.02
NH.' 1.60 3.48 1.14 <.0F 3.23 3.33 247
Na' O0g9 0.54 0.42 0.27 3.26 0.29 0.26
K’ Wl 7 0.55 0.12 0.33 0.28 0.43 0.24

nss—Ca’' 0.13 0.42 0.27 0.31 0.34 0.56 0.16
Mg" 0.08 0.16 0.11 0.10 0.47 0.19 0.06
nss—S0,~ 5.14 9.08 3.48 8.89 14.60 8.69 717

NOs3 0.72 3.03 1.9 1.12 4.33 2.70 0.47
Cl 0.06 0.47 0.20 0.17 0.39 0.23 0.09
HCOs 0.47 0.19 0.43 0.64 0.43 0.73 0.17
F 0.02 0.04 0.03 0.02 0.01 0.04 0.04

HCOO 0.02 0.05 0.08 0.01 0.02 0.07 P13
CHzCOO 0.13 0.16 0.23 042 0.00 0.07 0.35
CHs50s 0.02 0.03 0.02 0.08 0.00 0.04 0.03
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Figure 30. 5-Day backward trajectories corresponding to high 30% (left) and

low 30% (right) of nss=SO.° concentrations in PMj fine dust

particles.
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Figure 31. 5-Day backward trajectories corresponding to high 30% (left) and

low 30% (right) of NOs concentrations in PMjy fine dust particles.
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Figure 32. 5-Day backward trajectories corresponding to high 30% (left) and

low 309% (right) of NH4 concentrations in PMyo fine dust particles.
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Figure 33. 5-Day backward trajectories corresponding to high 30% (left) and

low 30% (right) of nss-Ca®" concentrations in PMyo fine dust

particles.
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Figure 34. 5-Day backward trajectories corresponding to high 30% (left) and

low 30% (right) of Ph concentrations in PMiy fine dust particles.
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Figure 35. 5-Day backward trajectories corresponding to high 30% (left) and
low 30% (right) of nss=SO.° concentrations in PMss fine dust

particles.
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Figure 36. 5-Day backward trajectories corresponding to high 30% (left) and

low 30% (right) of NO3 concentrations in PMss fine dust particles.
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Figure 37. 5-Day backward trajectories corresponding to high 30% (left) and

low 309% (right) of NH4 concentrations in PMzs fine dust particles.
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