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Characteristics of lonic Components in Size-resolved
Particulate Matters in Suwon Area
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Abstract

The main purpose of this study was to investigate air quality trends of ambient aerosol with obtaining size-
fractionated information. The suspended particulate matters were continuously collected on membrane filters and
glass fiber filters by an 8-stage cascade impactor for 2 years (Sep. 2003 ~ Sep. 2007) in Kyung Hee University-
Global Campus. 8 ionic species (Nat, NH,*, K*, Mg?*, Ca®*, CI", NO,, and SO,*") were analyzed by an IC after
performing proper pretreatments of each sample filter. The average concentration levels of each ion were 9.24
ug/m® of SO,77, 7.35 ug/m® of NO, -, 2.81 ug/m® of NH,*, 2.11 ug/m® of Ca?*, 1.65 ug/m® of CI7, 1.87 pg/m”® of
Na™, 0.80 pg/m® of Mg*, and 0.54 ng/m’® of K*, respectively. The distribution pattern of Na*, Mg>*, Ca**, CI",
and NO;~ was bi-modal and two peaks appeared in the range of 0.4~0.7 pum and 3.3 ~4.7 um, respectively. On the
other hand, SO,2, NH,*, and K* showed patterns of uni-modal distribution, mostly abounded in the fine mode

group.
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Fig. 1. Location of the study area and the sampling site.
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+ 9 A ez AITE um o9 Uns}
AHHAY, £33 02 58~9.0um, 4.7~5.8 um,
3.3~47um, 2.1~33 pm, 1.1 ~2.1 um, 0.7~ 1.1 um,
0.4~07um YA AFEt opx)w} =Hel backup
el 0.4um o]3le] Yz} AR =3 7t
ol A dAke] g7 F A (bouncing)L A 3}517) )
3 g3 "ej= 27 80 mm, pore size 0.43 um
o] Wug el e (USA, Gelman Science Co. Model
GN-6)% Ahg-s}3lom, backup BB 2+ F8J4 -2
E] (Japan, Adventec Co. Model GB 100R)Z Al&3}9]
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Table 1. Analytical conditions of ion chromatography.
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sl IC £44] Ao =H3l& ubxjsr] S48 =
7 47 mm, pore size 0.45 um®} WHYQl AEZ o
43l F2d $9& A T3, AR S FeE
& )= 2] 60 mL narrow mouth bottle (USA, Nalgene
Abell Yol £4 A7tA] 4°C2 YRR A3 v)

FZ9 ] cfo]& (Na¥, K*¥, NH,*, Ca™*, Mg*")=}
49 (NO; ™, SO, CINE& #4357 $18led o]&=
Zu}x 23] (DlonexA}l, Model Dx-400)3 o] £3}¢)
om, B Aol A4H IC) BAZAL = 1o] Y
el e}

ICY] 2AHzAE& AE
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317 s A FU)= A
29 FRSEY vt 2ELAE FYssien,
Z2FLY v B3RS Es)] Al 2} (RE, Relative
erron) & AAlele] A =g Bt Ala] uhE
2 (n=3) 23%% =d2 JNEFAX(RSD, Re-
lative standard deviation)9} W& Zkel WHEA S
(CV, Coefficient of variation)3 F&o 2 HAo
e YU g}o]g}ﬁ;} 26= 7 2A o)
A ezt HEASE Jellisieh NH, 2] Add 2
2} kol 9.55%= H]_TJ’JJ. 2 R ngAL A
v o 2 53t $EE BT AlsRAe] Ay
=% vehls HEASS] A4S NOy 7} 12.54%2
2 &g deigen] A o] 25l deAx u
n7 )38 $EE Bvh

Anion Cation
lons CI',NO, 7, SO,> Na', NH,*, K*, Mg**, Ca®*
Instrument DX-400 (Dionex) DX-400 (Dionex)
Standard solution Regecon Co. Regecon Co., Mallinckrodt Co.
Column lonPac As12A TonPac Cs12
Eluent 2.7 mM Na,CO;, 0.3 mM NaHCO, 20.0 mM Methanesulfonic acid
Flow rate 1.5 mL/min 1.0 mL/min
Suppressor Anion micro membrane suppressor Cation micro membrane suppressor
Detector Conductivity Conductivity
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Table 2. Analytical uncertainty of IC.

Ions RE* (%) CV** (%)
Na* -1.69 1.07
NH,* 9.55 0.23
K* 1.20 1.98
Mg 2.42 0.89
Ca** 3.29 2.72
Ccr ~4.99 2.57
NO;~ —1.69 12.54
S0,2” —4.46 5.48

* : relative error, ** : coefficient of variation

Table 3. Average values of particle mass concentration
(ng/m®) for each size range in the study area
during Sep. 2005~ Sep. 2007.

Size range Arithmetic Standard

(um) mean deviation Min Max
>90 11.44 8.07 1.12 34.79
5.8~9.0 6.18 3.52 1.23 14.37
47~58 3.18 1.82 0.23 6.61
33~4.7 5.88 2.78 2.04 11.53
2.1~33 5.26 2.36 1.95 9.95
Coarse 31.86 18.55 6.57 77.25
1.1~2.1 6.37 3.47 1.43 15.56
0.7~1.1 8.44 4.26 1.98 16.65
04~07 9.33 3.63 3.26 16.65
<04 7.72 3.25 0.68 17.79
Fine 31.95 14.61 7.36 66.65
Total 63.80 33.15 13.92 14391
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Fig. 2. The size distribution of suspended particulate
matters by aerodynamic diameter, pm.
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Fig. 3. Fine (dp<2.1 um) and coarse (2.1 um<dp<9 pm)
PM mass concentration with seasonal contribution
in the study area.
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Table 4. Average ionic component concentration (ug/m?) for each size range.

N Stage
" .
Wm0 ] 2 3 4 6 7 Back z‘;‘i C;’;”f Total
>9.0 58~90 47~58 33~47 2.1~33 L1~21 07~11 04~07 <04 ) ’
Na* 0.187 0159 0125 0.153  0.168 0.155  0.154 0.132 0642 1083 0792 1874
+0.170  £0.109 £0.090 +£0074 +£0.113 +0.114 #0127 +£0.132 +0.557 £0929 £0.556 +1.485
N 0109 0084 0071 0075 0.114 0375  0.878 0.889 0215 235 0452 2808
40046 £0.040 £0.034 0042 0064 +0.285 £0451  £0.336 +0241 +1.313 40226 +1.539
K 0.036 0038 0028 0024 0030 0051  0.145 0.112 0082 039 0154  0.544
+0.021 0071 £0.032 +0015 +£0023 +0033 =+0.118 +0086 0040 +0277 +£0.161 +0.438
Mzt 0094 0078 0070 0081 0083 0086  0.106 0.087 0.113 0393 0406 0799
€ 40049 £0041 20039 +0043 +0037 +0045 +0060 +0064 +0.060 +0229 +£0209 +0.438
cpr 0347 0247 0186 0201 0222 0217 0244 0217 0230 0908 1204 2112
+£0212 #0.133 £0.094 +0.111 0095 £0.149 £0.14] +0.148 #0.156 0.594 +0.645 +1.240
or 0.178  0.128 0069 0100  0.136 0.161 0237 0280 0364 1042 0611  1.653
+£0.122 #0076 0.054 +0.065 +0080 +0.121 #0208 +£0.226 £0.295 0851 £0398 21248
NO.- 0608 0430 0296 0517 0549 0.940 1.466 1441 1098 4946 2400 7346
40316 +0205 +0.159 £0.274 +£0.363 +0.586 +£1.001 +0803 +£0.779 +3.170 +1.317 +£4.487
soz- 0288 0211 0095 0178 0324 0977  2.166 2120 2884 8148  1.095 9.243
4 20178 #0.106 +0.051 +0.072 #0213 0714 +£1228 +0936 +1.888 +4766 +0.621 +5.387

ZHEE By

AA AR 0=32)91A] 3,4,598& B (n=8),6,7,
842 oBH(n=6),9, 10, 114& 7F&H (n=9), 12,
L29E& ALH =92 £F3lx AAd o} o)A
AR dp<2.1um)e} ARUAF(2.1<dp<9.0)9) ==
H3be 73 3o vt Bl Adgiale)
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o Féo] whelA| Ve 5AS sl g
o} o]9} 22 o]f-2 EoFIate] ulAbel ojsle] W
Aol WA kel ZtEe], T2 AN YA 5t =
o}zl (olel A T 71 F4, 1997). o] AedF} wlm
stod MR A4 Foll 93 YA 2gYesy
B WA EE 2310 WA dge] ) diEes FAH
o A EA- = d7] Foz wiEHE BAY 7R
F3katd whgom AAEE 2xHRale] hatalA A
AE ), 222318 0.1~ 1.0pum g ]elx 7]of g9
74 agx Bad b QIvh(E IR 5 1994). 95
Aol A YAl dHelM ) deolde g
4 etk ol EH 9716 AFE HE AT A
Aakg afj o] RAlo] AR, 53] Yol £ 9
A9 AAxE) F7Isl ANYAR $xr} o}
7 Aoz Hebgo
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2005+ 9YHE 20079 947 A s Eta =4
A 2olA 227 ¥4 F CI°, NOy, SO,7, Nat,
NH,*, K*, Ca’™*, Mg** 2] 874¢] o] A ¥of what
7 Bdses) TFUAE E 49 e &
o] AR HFrxE SO0, 9.24, NO,” 7.35,
NH,* 2.81, Ca** 2.11, Na* 1.87, CI" 1.65, Mg™* 0.80,
K* 0.54pg/m’e]™, SO, NO,”, NH,*7} A &4
= ol 2o dgRr-& AAst 9t

29 4% ZHE 4 o]29] A WE yEEE
2 =218 Aojuk Nat, Mg, Ca’*, CI, NO;™ o] &2
=% (bimodal distribution) )& o] Fw], 47
$17} 04~0.7ume @9} 33~47umsd 9 37
& 2givh Na®, Mg™', Ca** 9] A$- Ad YAt Godof
A B £ 2+& 2R NO,, CIL K* e A+ nj4
AAF dgeia ¥ Z FE Bavh olF E8| Nat,
Mg™, Ca®* o] -2 2k a4 5o A4 egde
2RE T2 OEPHE Y ¢ ek o A Yol
A A AFESY A CU ole] AW} 3y
A o Z FuE 2= JelE meloh(Funasaka er
al., 2003; Campbell et al., 2002; Parmer et al., 2001).
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Fig. 4. Size distribution of particulate ionic components in Suwon area for the study period.
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Fine (< 2.1 um)

K+
Na* 1.2%
3.4% 7 Mg

Coarse (> 2.1 um)

K+
Na*  05% Mg
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Fig. 5. Chemical composition of fine particle (<2.1 um) and coarse particle (>2.1 um).

£ O s=f27t F2 wAYat Gg9e XA
USRI o= N dakroh= A9l 294
A F2 DT Aoz FAEY. ol 12 (2003)
b sEASHEE &3t FUAAHAAN AT
PM;q %¢] CI'e] F2 43 2@l oz e A
e 93l kel dXFHE AFeoh O & A4
gl A HCl ez df7] ol Wi&d F NH;9
Hkg-3led NH,Cl Y A2 3 A3k} (Langer et al.,
1997). K9] A4 AAFE2 F9 FALL Yoll=
EB73tar, Ad gzt ddrnets uAYgA el
g Btk ol Kb o] 2AHE EAE A4
AA A= K9] 10%5re] ko2 RE 7]Q)F
™, Y] Kt A Q4 (biomass burning) 5 21¢]
Hq b o99e] donye AU 1
I (McMurry er al., 20003 E3) A998 4 9ot
A YAt A gelA NOy & 7k2A B3]l NO9
Fshshsol o8 44E 27 edBdzN Tz
YAle] Aol ofs) T2 WEE NOo S
A= A7] FelA NO, & NH, 9} ZsiA 2
st FEehbg o= AR 7EA4 HNO,ok NH*
9] AUkl 23 NHNO;9F 22 Aaky] 3
221 2 4Ed2 EAE ez Ataso}(Chow er
al., 1992; Chang et al., 1986). A YA} o o] 2]
NO; & Aato] obte] EoFgiAbe} w3l NO;
YAhE Bek Aow deiA ek NI, SO
04~0.7 pm WM IFE 2 I=SE= (uni-
modal distribution) )& zZt=t} 9P o 3 HE

#7843 A2 A ALz

&g SO, = U7] F9) #9 F2 vl7d Fuks-
o 28] NH;¢ SO/ = NH,*¢} uh-g-3led (NH)),
SO, (x=0 t0 2)8} 7+ v =] of oA Ak g
e 22} o &g 2} (Wilson ef al., 2002).

28 5% wAYAH(<2.1um)et A A (>2.1
um) 3 o] AR Af&E vepia glot nAY
kel Azl o] 2Ad R A{-ES 77 603,
223%°]%e). o] HFEL T F o AR He]
A A% Azpe] el =3E T A 2006
W Bl 24" PM, 59 PM,5 08 o] 2482 A7
51.8%%} 28.9% )] 2k A7} 957, 2006), =
o] AuedA 1997~2000W1) &A= PM, ;9
PM,5 02 o] AR 22t 62%9} 35%°| %t (Hu
et al., 2002). 44 o] 2AES] AHFES AHYA
2o} oAt o 22 AREE Held ok
AdYAte] FeARe EFUA) F2 EEAARE
Az FAE 9l7] WEez AR} (Seinfeld and
Pandis, 1998).

zb o)Al o] v]gL vlHgRte] A$ AbA o]
Q1 SO, NO;™ o] F3A)7)%: NH,*7L 718 &4
Yepgen, AW Yak= NO;T, SO, Ca*te) His
=7 7B A Jebdt)h o xp A o4l SO,
NO,”, NH,*8] wvlA|9iz] ¢} AgiA]e] gk Do A
&L 77t 48.4,123%0| e oA o]2-2] H|
A QA HE F8g 484%E oA o A A}
s B 9 & Helvh 20029 WM
443% (A D elzA, 2006), 19991 AF, FF,



Agoll A 2zt 46, 40, 46% 2 VeI (Park and
Kim, 2004). $= wl7leo] =AAA = 72
16~ 18% (Wu et al., 2003), T2 37% (Ho et
al., 2003)2 £ A7 duct Ags] Wit} o=
o];‘(]./\gklo]ﬁ_o] 5042*g} NO{P»] AFEA SOZQ}
NO, 2| wiEege] Aol ot How o]Eo »x
b g8 AAH 712 (S0,7/NOy )= A zElH
ofepdich. 3 A wA YA AWYAY) SO
/NO, 9] HHd+eZaal= 247 1.64+1.509F 0.45
1047010} o= feuelel Fre) =AY
H®E fEelr, WA A s B SFeln
20061 ol 2] A9 mA|dAbet A)AF 2 1,73+
1149} 0.61+1.030]9om (kx| A5} )53, 2006),
1999 7}&ol HF, F3 A golA] 22+ 151, 1.16,
0.6501% 0} (Park and Kim, 2004). 22 w|o| A5} A}
Stolo A= A Fo] 27 1383 1742 vhelyt
o} (Wang ef al., 2005a, b). 3+ $e)vigle] wiAR Y
Q AFE A M= B Ao o4 BN =
3.20~7.66 Abo] 2 VERGTH (233 = 2005; Lee ef
al., 2001). o] wi7g x| 2] 4 xHgte] 2)3 NO,
o] i Eeke] ¥ F2 Aoz wiEHe g
£l SO gkl o5 SO, /INO; 7} ZA| Z7}
g}

ARt A SO INOQ, = 04540472 A3l
2} QoA SO Bl NO, 7} &2 &2 x5
o} o] 22 NO;7F 2 7paake] Ak So] A4
Ape) o] Aol o3 FEEwA AAEEY, =
AR F Ca¥folu Mg*ta} e obge] Aol 9
3 Aike] $AX o F3lE7] Wi AHoz
ARl A= SO /NO, 7} 714d= Aoz R
glt} (Kerminen et al., 1997).

I3 6 ol ke vehliglen a8l 7o
7t AF7] hER 029 ey s vehlglnh 7
AF7] DE ol FEFEEEHY fole 23
Fee @)Y ¥E B Y/ 42Ws] 9.0um
W oliel A 0.520]9, 5.8~9.0um )73 ¢l
A= 0.41¢)th 4.7~58um YA = 0.26,
3.3~4.7um YARY A 042, 2.1~3.3 pm YA
WA= 070, 1.1~2.1um FAE A= 0768
Jebige =3 0.7~ 1.1 um YAE) A 0.89,

Anion to cation ratio

Particle aerodynamic diameter (jLm)

Fig. 6. The equivalent anion to cation ratio with mean
and standard deviation for each size range.

0.4~0.7 um®] 173l = 0.925
47 0.4um o]3ke] back HEJAE X /Z* H]7}
1022 epgel QA Moz 7o) i ofddr] of
o] 2 sel@Ade] viebdw, AU 2.1um |3}
A GAL del| Ay XA A Fobehe A
& nqlch

olg]gt A7 AnE APAdTed fAEE Az o
FAGAA PM, 8 2/ZE 1o TA7 0948
el x5 A iRt M= 0.460] A0k (dhA] A 2
34, 2006). ©] A2 & ATl e} 7‘01 A 32k
o] F9 84 o] F shlal €O == HCOy
5 A8 o AT} FAE 7&401‘:}(Wang
et al., 2005a, b; Noguchi and Hara, 2004). A} ==
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Fig. 7. The equivalent concentration of ions at each stage.
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