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Study on Characteristics by Aerodynamic Diameter of
Airborne Suspended Particulate Matters

Seong Cheon Kim, Dal Sun Kang and Young Hee Cha

School of Civil and Environmental Engineering, Kunsan National University

ABSTRACT

The mass fraction of PM,, had a bimodal distribution in the middle of between 2.1 pm through 3.1 um, and the
average mass fraction of particles less than 2.1~3.1 um was 54.1%. The concentrations were 59.9 ug/m’ for PM,,,
143.4 ng/m’ for Zn, 1.52 ng/m’ for Cd, 30.5 ng/m’ for Cr, 71.3 ng/m’ for Pb and 890.8 ng/m’ for Fe, respectively. For
the concentration of PM, and metailic elements by seasonal variations, PM,, showed bimodal distribution, while
metallic elements showed different distributions by their sources. The ratios of fine particles to total mass were 0.45 for
PM,,, 0.41 for Cr, and 0.20 for Fe, 0.57 for Zn, 0.68 for Cd and 0.63 for Pb, respectively. That facts indicated that PM,,
Zn, Cd, Cr and Pb were from anthropogenic sources, and Fe was from natural source. The geometric means and
geometric standard deviations by seasonal variations were 3.6 pm, 2.31 pm in winter, 3.0 um, 2.49 um in spring, 2.7
pm, 2.03 um in summer respectively. And, total efficiency of cascade impactor by seasona) variations were 49.6 % in

winter, 45.9% in spring and 44.5% in summer.
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Fig. 2. The mass fraction by aerodynamic diameter in PM,,.
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VHEZ 2R3 #2194 hE HF 2= 7Y sed)
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oA = A=EF (bimodal distribution)Z ¥.93.2.7 (Fig.
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Table 1. The concentration of particulate matters and metallic elements bystages

Stage F 7 6 5 4 3 2 1 0 Fine Coarse Total F/T
Size(um) <0.43 043-0.650.65-1.1 1.1-2.1 2.1-3.3 3347 47-58 5890 9.0-10 <21 =21

Win 0.09 586 973 708 410 647 441 11.10 1510 2276 41.17 6393 0.35

PM,, Spr 0.59 7.53 1310 11.61 5.28 6.03 441 794 13.71 3283 3738 7020 047

(ug/m®) Sum 0.53 622 1024 758 280 327 245 486 776 2457 21.13 4569 0.53

Avg 0.40 653 11.02 876 406 525 3.75 796 1209 2672 3323 5994 045

Win 7.50 10.13 1977 1628 13.33 7.6 7.1 1081 1847 53.67 56.88 11055 0.49

Zn Spr 0.03 2545 3273 4546 2579 32.83 9.87 840 1221 103.68 89.11 192.78 0.53

(ng/m*) Sum 8.75 11.65 46.10 22.13 892 14.12 3.16 3.71 830 88.64 3921 12785 0.65

Avg 543 1574 32.87 2796 1601 18.04 6.71 7.64 1299 8200 61.40 14339 0.57

Win 0.00 0.13 035 039 017 0.3 004 009 0060 087 044 131 067

Cd Spr 0.09 0.23 0.35 0.51 0.23 0.13 0.09 004 004 1.18 054 1.72 0.68

(ng/m*) Sum 0.16 032 019 038 016 012 009 008 003 089 047 136 061

Avg 0.08 023 030 043 019  0.13 0.07 0.07 0.02 1.03 048 152 068

Win 0.04 752 455 424 538 441 3.19 266  8.13 1634 2377 40.12 041

Cr Spr 0.50 299 271 190 093 123 0.67 550 474 8.10 1307 21.17 041

(ng/m*) Sum 375 128 244 6.06 1.06  3.19 371 603 261 1353 1660 30.13 042

Avg 143 3.93 323 406 246 294 252 473 5.16 12,66 17.82 3047 04l

Win 0.00 7.87 1442 1879 9.8 6.56 3.93 5.68 5.68 4108 31.03 7211 0.6

Pb  Spr 1.31 11.09 20.13 2699 1211 686 394 277 365 5952 2932 8885 067

(ng/m’) Sum 145 6.68 9.56 17.08 6.51 4.91 2.46 1.60 262 3478 1743 5520 0.68

Avg 0.92 845 14.70 20.96 927 6.11 344 3.35 398 4513 2615 71.28 0.63

Win  19.23 2513 64.24 6560 111.22 187.66 133.95 229.66 31.07 17420 693.56 867.75 0.20

Fe  Spr 13.66 3754 36.66 7138 100.36 14464 114.64 189.88 311.79 159.24 861.30 1020.5 0.16

(ng/m®) Sum  30.68 4799 4033 7271 9460 9151 10233 9551 20845 192.05 455.74 78444 0.24

Avg  21.19 36.89 47.08 69.90 102.06 141.27 116.97 171.68 183.77 175.05 715.75 890.81 . 0.20
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Fig. 3. The concentrations of PM,, and metallic elements by seasons.

A 1279ngm’, AEA 1106ngm’2 HT 1434
ng/mg WER] B4e] Fxrt ALl wlE] 1744
EUI, BT dafre] M) WsE 2
Peh= Cde B4 1.72ng/m’, 9FH 1.36 ng/m®, #
24 131 ngm*E FHHF 152 ngm'S Heh) 2o
=7 ALH vlE] 131w E43, sk Wo)e}
BN B Hawe] gA1S el CrE AE
A 401 ng/m®, 352 30.1 ngm’, ¥2 21.2ngm’E
37 30.5 ng/m*E Vel A Fxr) e v)
3 1.89 BUAL, 2% A, A Ao W3}
£ Zsh= o2 BA 889ngm’, ALH 721y
m', 95 552 ngm’E HHF 713 ngm'E YER) B
Ao Fxrt o5 vla] Lol wdet. 223 =)
o Z2] Hejstd EdWolE sl Fed ¥A
1020.5 ng/m®, 7184 867.8 ng/m?, <JE4 784.4 ng/my’
2 93 890.8 ng/m'e Vehy BHe) 5w} o EHe)

Korean Journal of Enviromental Health Society, Vol. 26(2)



112 Seong Cheon Kim et al.

50 . 120
MFine COarsF I Coarsg
100 ----------- RS
g & '
(3¢
E <
2 5
P £
= =
= ~N
Win Spr Sum Win Spr Sum
1.2 25
NFine [DCoars¢
1 20 oo
%08 &
t $ 151
2 0.6 o
o 04 s
30 o
0.2 5
0 - 0 : :
Win Spr Sum Win Spr Sum
60
NFine E3Coarse FACoarse
)
<
E
=]
£
o
o

Sdm

Win Spr

Season

» Win Spr Sum

Season

Fig. 4. The distributions of PM,, and metallic elements of fine and coarse area by seasons.

wla] 130 B4 HEEGY FEUAEe] A 5
X3 Zn, Cd, Pbol Ao 71 =7 vlehdet 18]
AR Bl gl SR A veE B
o, PM®] A5 At ojaks] EEE Hol= ubad
FEUAES 99l 23 XS 31 Qo) & Zn,
Cd, Cr 28| Pb vldleddel]l XA gle] d4H
7o) 23 BAR o 4 9lglem, Rl 71 9
& Bl Fed YR}t odddll =4 Qi

3. 0P & FREN ¥ 5352 AR oM /A
CHRARt 22

W71 F Py 2 FEE] e REE 3799
A7 2.1 pm el3el WA ARE 33 2.1 pmelde] £
AR} ofog TR AAYR Zpte| FEEE
E A B A3HFig. 4), PMy, Cr, Fe2] A=} o
o] v} 4Rt e Fx Mot o F¥a

3L, Zn, Cd, Pb¥] 5= BEx upHdz} ogde] =
iz} e vle w2 = FFE Ho

=gt Fakofl digk mlAYA 949 vlES 2y
(Table 1), PMy,, Cr, Fe&] w]&-& Z7F 045, 041,
02002 wlA|A} o] RS vlgo] A=}
o)) nld) P&-L & 4 9T, Zn, Cd, Pbe] B
0.57, 0.68, 0.63%.2 v|A[§JA} ddol] w2 Fo| EA)
TFE o 4= Qlth o]2 m|Fo] Mol 919H 7o 9
g+ B2e 7Zn, Cd, PPYS & & U, PM,, Crd
F7eddol|, aB|a Fed ZoUAt odddol] weo] £43)
)i AjEElc)

47| & PREN % S340 YHEY AE 5

YY) SHL AN W YATFEOE e
o] FoIN U] BEE Foke YAREY) ¥
I ANS A shebg & gleh et 7 el

Korean Journal of Enviromental Health Society, Vol. 26(2)



Study on Characteristics by Aerodynamic Diameter of Airborne Suspended Particulate Matters 113

) —8— Win
5 - sr
3
g 2
g‘lo
[(BL
0 2 4 6 8
2
—&— Win
-O— Spr
~¥— Sum

Cd (Convip, ng/m 3jum)

Pb (Confip, ng/m 3/um)

dp (um)

Fig. 5. The frequency distribution curves of PM;, and metallic elements.

Fol7t 2 AR Foll FH9-H7] wltel] 2H9A] A
23 3 upole} & 4 it weir 2F 782 3
AseE 1 TEY FoB vhye] oA HHoE
A3l 2 Z2 ehld 7He] Mz oEdzle
ME 8@z} 43H olE MERE B B
WEgpeiar giet

Fig. 58 ¥m, Fig. 3olAel= 22| Fes A9
PM,@#t Zn, Cd, Cr, Pbe] 227} v[A| 4=} oJofel] |
S vATFEE AE o 5 A, o) 21iHal 7)
4 EAHYE vepiim, Fe AR} od el &alms
AdA edheM wiEd g &fngic

a2 A eATFEEE AR HeEe A o
TEHEAE AMESl ERlEe] &8 HEFFAR)
oA WiBg FEE hEEle] o E¥-relr 7
Aspp)ez Ml oiAtEre] SHEEE plosh
AL o Fig 6x3¥ A2 ehd 4 Qlv) o] I3

wh

m
~8- Win
§1m O Spr
¥ Sum
100
sao
& 60
)
§ 2
0
o 2 4 6 8 10
40
—— Win
5 e
——
S 30
8
o
Em
5
)
o 2 4 6 B8 10
350
- Win
E‘m O Spr
- ~v— Sum
250
52004
g 180
£
£ &
0

oA 2 FYAES Hold 4 I, 2 FFEHAR
g 84.1%) W5k AR FUAEY vE el
Helzt} 1714 AR Bx1e] 9178 WE-8-S plot
3 AAe] PARIL Z|elEd VB EEHAE T
3 Ae, AL&Ho|E dgum=3.6um, 6,=2.31um,
EAoll= dg=3.0um, 6,=2.49 um, 223! JFHe
= dg=27pm, 6,=2.03um° 2 vjeh} JE3e] o}
Aol vl dAe] 2pE RSl THES U4
et

5. 2 £ AEY TESE

100% PUEES RS 4 s Ha AAL 7]
Hw, fUTFe] F3h ulelRAlel olon], KIS,
FUkse] &, UAs) rhnsle) W Aok whl
A7 Gk A GUEES o} 2e WTel o
Zaieh sk, 7 o) M w2 YR

Korean Journal of Enviromental Health Society, Vol. 26(2)



114 Seong Cheon Kim et al.

10—
5
g ;
! T ‘ [ [ ;
4+ A R 1
00t1 1 10 05070 80 90909
b (1 J8 SO S S OO RS YO A S S — ——
B e

10 05070 S0 99 9.9

' aot1 1
Cumulative % less than dp
Fig. 6. The log probit distribution by seasons.

100% E&2 FZE 72 &=y o) Azt o
2ot &, AR Aol AR EHEks (AL ol
7ol Aot ool EREE YA EXFH. w7t
Ay Lapple'l| &3] ksl & AgAe 50% AR
£ 7= At AR, F d,, 50% ERAA (cut
diameterys AME-giC}.
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Table 2. The efficiency of each stages by seasons

Table 3. The total efficiency of cascade impactor by particle

diameters
dp (um) djlum)  dso/d; n; m % nm %
043 < 0.365 8.493 0014 0713 0.010
0.43-0.65 0.540 5.741 0.029 11.162 0.328
0.65-1.1 0.875 3.543 0.072 18.765 1.346
[.1-2.1  1.600 1.938 0.198 14732 2927
2.1-33 2700 1.148 0.424 6.695 2.835
3347  4.000 0.775 0.619 8.616 5336
47-58 5250 0590 0740 6.177 4.568
5890 7400 0419 0844 13.095 11.050
9.0-10 7.500 0.326 0903  20.045 18.095
Total 46.497

w3t EAYAS = 219 AR EEm)' e
1
= 02 AAEH,
NS o S e
o714, ni A Wuslel NAES,
d= AN 17PEsle) Aol

Table 214 B o|ARIAE FAlele oz 24
F A REo] oAl = AL o 4 9l ANYAE
FAFRE wollM= X Eg] vl w85 ¢ 5 ok

22]3L Cascade Impactor®] FZEE&M) o8] &
7ol 3t 7 AR EEL] Vs HFjolv},

No = an Iy
o71M, m; = A A7AEN] HepE-goldt
B FAPIA 22889 A7E Table 29} Table 3
off viehligict Al 24ES8-2 AEHo] 49.6%, ¥
Aol 459%, 12]1 o§F-0] 445%% Hod TLEES
46.5 %= 7+ w2 ESI nlsshl 2AEIAH
V. &4 =2

B AFelA 9%t cascade impactorE- ©]-83] B3-S

Effr dso S-0 S-1 S-2 S-3 S-4 S-5 S-6 S-7 S-F
Win 49.63 3.60 87.41 80.11 67.48 54.48 34.84 15.13 523 2.11 0.99
Spr 45.93 3.00 90.91 85.29 75.18 63.28 43.50 2043 7.36 3.01 1.41
Sum 44.50 2.70 92.51 87.75 78.90 68.03 48.73 24.06 8.93 3.69 1.74
Avg 46.69 3.10 90.28 84.38 73.95 61.93 42.36 19.87 7.17 2.94 1.38
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