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Abstract

This study was conducted to investigate size distribution characteristics of water-soluble ionic components in the
airborne particulate matter (PM) collected from an urban area in Busan using a MOUDI cascade impactor from
March to October 2010. The inorganic constituents in the fine particles (< 1.8 pum) predominantly consisted of sul-
fate, nitrate, ammonium, and potassium. Sulfate and ammonium concentrations showed a high correlation and sim-
ilar equivalent concentrations in the fine modes including 0.18 ~0.32 um, 0.32 ~0.56 pum, and 0.56 ~ 1.0 pum. This
indicates that the main chemical component in the fine particles would be forms of ammonium sulfate such as
(NH,);H(S0O,),, (NH,),SO,, and (NH,)HSO,. Back trajectory analysis showed that relatively higher concentrations
of ammonium, nitrate, and sulfate in the fine mode, compared to the coarse mode, are caused both by domestic
sources and long-range transports originated from China continent. High concentration episodes of PM both in the
fine mode and the coarse mode were attributed both by anthropogenic sources, such as ship emissions and traffic

emissions, and by natural sources such as seawater (sea salt), respectively.
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Busan metropolitan city

Sampling location (O; 35°18'N, 129°078'E)

Fig. 1. Sampling location for this study.
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Fig. 2. PM mass concentration as a function of size distribution.
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Fig. 3. PM mass concentration as a function of

size distribution in three seasons.
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Table 1. Air pollutants and meteorological parameters on each sampling day.

(unit: ug/m’)

Fine mode

Coarse mode

Item Temp. R.H. W.S.
S0, NO, .

Day PM NoXks NO,” PM NoXs NO,” ) (%) (m/s)
3/05 135 0.117 2907 145 0.080 1202 8.0 513 103 73.1 13
3/11 139 3.690 0.000 162 0.633 1873 113 436 8.6 50.0 15
3/19 230 9.007 0.629 315 1.624 3.979 8.4 34.6 153 65.9 19
3/25 6.8 1360 0.000 40 0.076 0.000 50 29.1 6.6 33.8 13
4/04 134 2.101 0.297 16.3 0.000 1.768 13.7 56.3 14.0 36.6 1.1
4/15 16.8 1.136 0.143 102 0.027 0.993 9.7 49.7 8.5 46.7 13
4/17 26.2 5.988 1.824 155 0448 1328 156 78.8 135 430 1.1
4124 12.9 2.566 1012 46 0.300 0.500 109 615 133 529 12
5/04 303 11.567 0373 442 3223 4554 163 59.7 219 60.2 12
5/14 8.9 2263 0.529 6.0 0.794 0.509 10.7 51.6 175 462 13
5/19 39.4 13.204 0423 336 1534 2617 20.1 83.7 220 716 0.9
6/04 269 6.290 0.580 117 0.934 1214 18.3 85.1 25.1 43.1 1.1
6/17 326 10.048 0.617 15.0 0.659 0.663 NA. NA. 243 68.0 26
7/18 15.0 2.843 1.980 175 0528 0.943 18.5 29.6 295 66.3 1.6
721 92 2314 0.095 107 0.668 1.683 8.3 253 279 81.2 1.7
8/04 16.6 5072 0.224 12.0 1222 0.963 10.8 26.3 300 754 14
8/12 290 6.277 0.097 92 0.744 0.815 17.6 54.1 283 79.9 14
8/25 314 6.207 0.274 148 0.261 0.842 16.3 36.7 275 782 15
9/10 8.5 1912 0.072 9.7 0.346 0.501 10.1 317 275 82.9 16
9/16 18.8 0326 0.120 150 0.712 0.394 12.8 67.6 252 64.4 1.1

10/02 12.1 2016 0445 128 0.542 0.734 9.1 320 229 81.8 13
mean 179 4586 0.602 169 0.731 1337 126 494 19.8 61.7 13

(min.~max.) (6.8~394) (0.117~13.204) (0.000~2.907) (40~44.2) (0.000~3.223) (0.000~4.554) (5.0~20.1) (253~85.1) (6.6~30.0) (33.8~82.9) (09~1.9)

1) N.A.: Not Available

2) Fine mode (less than 1.8 um)
3) Coarse mode (larger than 1.8 um)
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Fig. 4. Size-fractionated distribution of PM, SO,>, and NO,™ in each sampling day.
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PM, ;) (Park and Kim, 2004), 2006\ u]=F 58 7F%]%]
of| A 48.7% (in PM, ¢) (Zhao and Gao, 2008), 2004 3
= AA A 49.5% (in PM, ) (Liu et al., 2008) o] it}
It 2005~20079 EH- A= 34.9% (in PM,5)
(Jung and Han, 2008)2 £ ALof vlgjAE= thh W
FEOF Yetyth ujA g g Fa o] 24E3 S0,
NH,*, NO, = Z+z+ 4.6, 1.6, 0.6 ug/m’ 22 Ko et al.
(2014)7F Ao A F3e AT}t AEA] HoA
o ATATET= ke ZolE YEil gl Al
X GelAE NH, 9] s=7F 7H w9k, SO, ¢
NO; 9 5= & A7} IAY (Kim et al., 2007,
Kang et al., 2006; Kim, 2006; Kang et al., 2004) NO;
7k SOl ul3f 2uf o4 ¥ AHE QLATh(Shon er
al.,2012). o] A= A GHd 13 wjE A (L
A 2 uiEshy} R 2R eFEHs FY Zold
7108k Ao w wkbH

£ AFtollA SlE 484 ol 24wl et 4
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Table 2. Size-fractionated mass concentration of PM and water-soluble ionic components.

[value : mean (min. ~ max.)]

Item PM cr NO,” Noks Na* K* NH,* Ca™* Mg
Size (um) (ug/m’) (ng/m®) (ng/m”*) (ng/m”) (ng/m”) (ng/m*) (ng/m”*) (ng/m”) (ng/m”)
18 < 0.8 50.9 312 80.9 17.0 8.0 7.6 14.3 32
03~22) 0.0~ 144.1) (0.0~143.8) 0.0~318.8) (0.0~231.3) (00~1087)  (0.0~41.7) 00~105.1)  (0.0~232)
10~18 1.8 106.2 87.0 59.5 20.7 53 10.5 422 8.8
0.6~5.7) 0.0~877.7) (0.0~5973) (0.0~ 187.6) (0.0~109.4) (0.0~32.6) 0.0~375) 00~1227)  (0.0~29.1)
5610 40 2376 4123 152.8 142.1 99 18.0 104.8 26.0
(14~70) (00~14843)  (00~20777) (0.0~632.8) (0.0~876.5) (0.0~65.6) (0.0 ~70.0) 00~3160)  (0.0~99.9)
3256 55 1935 551.6 215.6 237.1 15.6 27.1 154.5 50.0
(12~12.1)  (0.0~963.5) (00~24152) (00~18773) (00~10053) (0.0~40.7) (0.0~91.8) 00~539.5)  (0.0~210.1)
18~32 34 108.7 2548 2223 112.9 8.7 37.1 82.9 30.7
(11~136)  (0.0~334.0) (00~10453) (0.0~681.9) (0.0~550.9) (0.0~358) (0.0~1263) 00~3106)  (0.0~1289)
L0~138 24 66.8 159.0 3875 40.4 95 210.5 38.6 174
0.6~50) 0.0~372.7) (00~19376) (0.0~18029)  (0.0~2393) (0.0~592) (07~14632)  (00~1286) (0.0~592)
05610 50 55.9 1423 1,441.7 26.9 27.1 5458 46.9 14.7
08~108)  (0.0~1972) (0.0~653.9) 00~44262)  (0.0~108.5) (0.0~91.1) (00~15258)  (00~2234)  (0.0~308)
039056 4.7 572 112.3 1302.2 10.6 21.0 43738 304 6.5
09~195)  (0.0~281.1) (0.0~609.3)  (10.9~3601.7) (0.0~65.5) (0.0~63.3) (00~13908)  (00~2508) (0.0~158)
018032 4.1 459 73.1 9953 59 243 281.4 18.4 6.0
(12~10.1)  (0.0~217.1) (00~581.8)  (32.3~2833.7) (0.0~40.3) (00~2248) (29~10210) (0.0~815) 0.0~20.5)
01~0.18 2.1 89.3 77.6 284.6 59 240 87.0 13.0 39
(05~6.8) 0.0~570.7) (0.0~9222) (0.0 ~806.4) 0.0~59.6) (0.0~4075)  (3.6~307.8) (0.0~85.5) 0.0~19.1)
0.056~0.1 1.0 56.1 37.5 175.5 14.4 112 453 19.8 6.8
02~2.1) (0.0~363.6) (0.0 ~420.9) 00~1059.0) (0.0~ 1483) (00~1314)  (0.0~299.0) 00~1225)  (0.0~62.8)
S fine 103 3712 6018 4586.8 104.1 117.1 1607.8 167.1 553
(=1.8pm) ’ > (anion) = 5559.8 > (anion) =2051 4
S coarse Iss 696.9 1336.9 731.1 5298 475 1003 398.7 118.7
(>1.8 um) ’ > (anion) =2764.9 > (anion) = 1195.0
1068.1 19387 5317.9 6339 164.6 1708.1 565.8 174.0
Total 34.8

> (anion) =8324.7

> (cation) =3246.4
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Table 3. Size-fractionated equivalent concentration of water-soluble ionic components.

Item PM cr NO,” S0,” Na* K* NH,* Ca™ Mg™*
Size (um) (ug/m’)  (neq/m’) (neq/m’) (neq/m’) (neq/m’) (neq/m’) (neq./m’) (neq./m’) (neq./m’)
1047 9.71 95.54 453 3.00 89.11 8.34 4.55
> fine (< 1.8 um) 19.3
> (anion)=115.72 > (cation)=109.53
19.66 21.56 1523 23.05 121 5.55 19.89 9.76
> coarse (> 1.8 um) 155
> (anion) =56 .45 > (cation) =59.46
30.13 31.27 110.77 27.58 421 94.66 28.23 14.31
Total 348
> (anion)=172.17 > (cation) = 168.99
50 50
m SO~ m NH.*
& 40 O NOs™ ‘2 40 m Mg™*
= BE ClI = o Ca™*
g g
£ £ 30
a g
&0 @ 20
S| S
% % 10

00330078 0.14 025 044 078 14 25 44 78 14 24

Aerodynamic diameter, D, (m)

(a) Anion

00330078 0.14 025 044 078 14 25 44 78 14 24

Aerodynamic diameter, D, (um)

(b) Cation

Fig. 5. Average equivalent concentration of ions as a function of size distribution.

& (mole) F=9] H|w AT} So|2 35T} Fol2 5%
E9] E5ZH| (mole ratio)= HA| G Fof|A F 05% S
U, 2 FHolM= oF 124 nlAgYola Jol9]
H|&o] gFol22] Ayl ol et o] v g gat =
WP GollAl AR 2/49] ZFolof 7|18 EL = T
et

A} 2P G FE8 8 Ut HAE
o AlFHez gdotr 7] 93] ol 3t o9
2 183t g5 H] (equivalent ratio)E H| w3}
(F 3,3" 5). & AFolA &AE 584 o] 24
gt A G B4 A 2 2oy B
T ofolof gt Fol9] FEFH|vt o 124 43
O|Fth £ AolA YAl mE ol Fol29
FEFErl nA| g z+z 109.53, 115.72 neq./m’
o 2| g oA 27} 59.46, 56 45 neq./m’ 22 w|A| G
oM Folo] 2 FGolMe Fol2o] 27 =
Pot ol Fol29 FrH|= 1o ZHsHA

32 ofl
= ot

M

filo

Fa7IE SR A A 31 E A3 =

Ep5it} 20129 7HS AlFol A Y AF ATt ol
Lol FEF=wr} PM,, & ZHz} 125, 124 neq./m’,
PM, 5, & 44,42 neq~/m3ii 2 AAel fASH
e (Ko er al., 2014). T v||g oA £ 3
BEO] gE=T (neq./m))= Z+ZF SO, 95.54, NH,*
89.11, CI” 1047, NO,” 9.71 o]l SO, ¢} NH,*7}
A3 B2 sE2 Uey o] AL 29%< SO, 9}
195F9] NH,"7} ZAg3te] (NH,);H(SO,),, (NH,),SO,
E= NHHSO,9 Jej2 &5t &S F3T &+
9)=1) (Seinfeld and Pandis, 2006), L o]-&= NH,"7}
SO,”, NO;", CI'e} 328 79 SO, ¢ 71 WA
Adste] o AT FEQ FAUEESE EA5I
) Zo]t} (Liu ef al., 2008). NH, ¢} SO, 9] AbA] £
AT nA GG sEFol7 fABEL A
FRHE 77%=2H Blud A vebgoy, 2Hd9
AgMe F=FolY FAHIol AY e ARAS
T 14%E M 43| Rkt (a2 6).
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Fig. 6. Correlation between sulfate and ammonium in fine mode and coarse mode.
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Fig. 7. Daily equivalent concentration of ions in fine and coarse mode.
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Fig. 8. HYSPLIT backward trajectories of air masses for high concentration episode in fine and coarse mode ((a), (c))
and in fine mode ((b), (d), (e), (f)).
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2 AQFH NHoRHE T2A7F A7pR| o]w A 0f o]-&
3t 7142 GDAS (Global Data Assimilation System)
olth JEYE FEFTS HEF o R uAgHofA
A Yehgon, £3] u9gelA NH, '3 SO, 9
FE7F =4 Ve d 39 199, 4€9 179,59 44,5
4 19¢, 69 49,64 174 st AlFEAE AA
shich mA B GoA o] AES0] ALFsERE Ued &
o] FH5E (neq/m)E HH 3Y 19¥0)& 154.49}
187.7,49Q 170 143.63F 124.8,59 4Y o= 208.29}
2410,59 19¥0)= 267.73+ 275.1, 69 4Yo= 1714
9} 1310, 6¥ 1799 214,637} 2093224 NH,/
SO, FEsHle HF 1.06 o]glen 0.86~1.319]
HE Jepdh 53] ol 53E] tigt NH, 9
FTE7AEL 73~91% ©]aL, Fol 35| gt
SO,79) FE7|A&E 13~97 %= P3| A vet
U 5= 2 de] H¢ NH, "9k SO, 7 8 B30
S AT £ Ak gk 3 19U o= wAFS
oA Het ofzt RPN E 2 FEE e
o zgjgo| A Na', Ca®, CI',NO; o] F2EZ
o]ttt B3] Na'e} CI'e] ds=7t 242+ 955, 86.6
neq/m’2 82 714 =2 =2 1}eh} SO,7, NOy 5
22} JAHEGE oYzt Na', CI, Ca™* 5 gl <%t
A= AdiFez Hd Aoz Btk I o]fE= A
2 AH A-AAN 9HF £4Z47 1 =E (500 m,
1000 m, 1500 m) 7] 77} th2 WEFol|A o]5sf gkort
oF 6AIZF oY 9 7R BF Feite 2R E £
3 3o EY AFHAR FFE WIS =L
ATH(E 8(a). 5Y 49 E3E 39 1993 FARSE A}
HE2H 7177F FelE S8 FyEseH, 299
oA Na’, Ca’", CI' 59 &7} th2 1s= A
Hlg] Aoz =4 Yetgth (28 8(c). 4¥ 17¢
I 549 199 LFE ALY 7R S Ak
AX FHE FA=E R (™ 8(b), (d), 69 443t
64 1749 9= &9 AllEd d=2A 7177F 3U
oA &TE|o] 22} L HEAEL LAY el 3l
=2 34T 4 vk ot 7Y 21¢, 89 49,8¢ 12
A nA|FHo A Fol2o] ¢folof || 28] o =
2 FHFsER YehidEd, 53] 2012 F S0, 5=

2 ol AR AHY A 22 Ao 22 55
9 shd7] gt gepehkg e s A4HE H,0,9 O,
7} S0,9] Ak8lE A A7 2 24 (Kunen et al., 1983;

dlo

Qo)

d

McArdle and Hoffman, 1983) YJA}4F H,S0O,2] YA 0o|
syl oy o] H,S0,9k ¥ 5= 9l NH, 5=
7b 2ol mAg gl =8 |9 FH A NH,),S0.5
R3] B89 I (Hazi et al., 2003), 1] 4] ol £
3l H,S80,9] o3l HYo] 13 =|x] ¢kgly] gEo
2 FA4d

4.2 E

2 A-tollA= 20109 3YEE 109717 FARe] =
HA G A EZA W AT EEY FFs=
9 =84 o] AR & EAS Tofetad syl
o o33 22 AES 4o

719l PM,, 5 PM; H]&2 55.5£10.9%°|% 2
YAEEZE= ANH O R o]4Hy (bi-moda)S HENHS
th. 39 F FAEA Alole 2 9 FHA 5 2™
29 FFLE PM; HF&o| 40% 522 FA6kg
t}.

B 7MY dAEEE s e 4 32~ 5.6 umet
56~10pum8] 2PN 7MY & =5 Uehd
9, 59 A 22 AR Qg 2R AA
B3/ Aoz Z718ke] 0.56~1.0 ume] A G
Holl A HxE Ve ATt

UAEZ| T2 o]24E9 &L SO, NH,",
K9] - mAg 92l 0.56 ~ 1.0 um 7l A 71 =
A YEbgen, NO;7, Na', Ca™*, Mg™" ] 49 =2di g
ol 32~5.6um F7rof| A, ClI' Y % 5.6~ 10 um +
oA Hs=Es Het e, NO & 712 5 7]
Az et dF o IE EAFGol o HEA
HeEbstH

A g 2oy FFEE dH SO,
NO,”,NH," 5 2z} A4 o] 2ARE9 1A4uE= Zzt
39.5, 112%=A oA A e EA B|&o] Bt
o vlwsto] tha W Folglom A AT wijETF
Y &5} R FgFoll wet 22 B4 o4
E£E59Y 2A4u]E0] th=2A Yehyith

F8 84 ol2A4H <l SO, = NH, 9} 37 u]A|
FHNA HHFEZ UL 5% F0|%= FAFSHS
onj, HuH &2 APY R =77%)T I THs=
H|E 1.06(0.86~ 1.31)2 Y} NH, o] SO, ¢} A3t
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