Printed in the Republic of Korea

ANALYTICAL SCIENCE
& TECHNOLOGY

Vol. 25, No. 2, 133-145, 2012
http://dx.doi.org/10.5806/AST.2012.25.2.133

TAEEe EFRUHA| F OXHEe 2= SH0f gt A+

o BBFE, Bt AT e o)
10. ™4, 2012, 2. 17. 4, 2012. 2. 22. &92)

A study of distribution characteristics of unidentified particulate
components in an urban area

Yong-Hyun Kim, Ki-Hyun Kim*, Chan Koo Park!, Zang-Ho Shon’ and Sang-Keun Song’

Department of Environment & Energy, Sejong University, Seoul, Korea
ISeoul Metropolitan Institute of Public Health & Environment, Seoul 137-734, Korea
’Department of Environmental Engineering, Dong-Eui University, Busan 614-714, Korea
3Division of Earth Environmental System, Pusan National University, Busan 609-735, Korea
(Received January 10, 2012; Revised February 17, 2012; Accepted February 22, 2012)

2 ok 7] F¢ FF-FHA (total suspended particulate, TSP)E 7/J8}= 35 % organic carbon (OC),
element carbon (EC), F&AE-S dF o2 F 93 AR} sttt o585 A|9)3 Ymx] REL o}
7R A 2 AR o] Hoksl ujz] B2 (ZX)Oﬂ G}, B AFoA= A& A KDoA 2009
W 2129 717-E)E A5 ARE o83, TSP & AREE 7+ AAlol tigh 48 A =3t
O]E Fall, TSP Ae& thefet ZolA aiXalr] S1ek 7% AR R &8ss} sl A d77]
&<, TSPE o] FaRIAREA 1|9 o] WHHOE 48.6%S AAT Y= 1 AJujHo|d

71% gLolsld Tk 2] TSP gk 2 4 AEE7e AAIE AESUS v, vx] EFEL 0|24
EE3 A ABAS HA® ol TSP shabkxt Auld IAIYS Sl vhi, A= TSP
FEE ¥F3H(normalization)S 34938 73, SIS g IA N (e B0 FEBAA YERG

. o]l B D0} ol &Gk Gl £440] Holals £48 A Jg WGP o2 ARE
o TSP AFE wrt AAACE olslshi ol wA ti71d Fele] Agah] SAsIE, TXO] 4ol
U 7Ase Hesl A4k f19k ol 7R A e

Abstract: The quantitative composition of total suspended particulates (TSP) in the atmosphere is identified
to consist mainly of ions, organic carbon (OC), element carbon (EC), and metals. In terms of environmental
analysis, the rest of the TSP composition may be defined as unknown fraction (XX) which is yet difficult to
analyze both quantitatively and qualitatively. In this study, the major components of TSP were measured at
an urban residential area (Gang Seo) in Seoul, Korea from February to December 2009. These TSP data were

analyzed in various respects to explain the relationship between known and unknown constituents. During this
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study period, TSP was comprised mainly of unknown compounds (48.6%) followed by ions, OC, EC, and
metals. The results of this study indicate that the distribution of XX exhibits a strong similarity with ZAnions,

as they both increase with increasing TSP levels. However, if the concentrations of £X and XAnion are

normalized against TSP, they exhibit a strong inverse correlation with each other due probably to larges

differences in solubility. To establish a better strategy for air quality control in urban atmosphere, more efforts

are needed to characterize unidentified proportion of particulate matters.

Key words: Total suspended particulates (TSP), unknown compounds (£X), correlation, TSP-normalization
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Fig. 1. Geographical location of Gang Seo (GS) district in Seoul, Korea.

7170 E N F F23Th 2000 297E 12971
4 A 94 o33 ZHol((1): 23-25 February, (2):
9-11 March, (3): 6-8 April, (4): 11-13 May, (5): 9-11
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TSP+ high-volume air sampler (SIBATA, HV-1000F,
Japan)¢} 4192 o] FE|(PALLFLEX membrane filter,
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)& #2389 TH(Tuble 1). OCS} ECE thermal/optical
transmittance carbon aerosol analyzer (Sunset laboratory
Inc)E 4349 BElo] CaCOE Fr5lo] RojA]
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Table 1. Experimental conditions for the analyses of (a) ionic and (b) metallic components

a. Anionic and cationic species (IC method)

Anion Cation
Column Metrosep A supp 5 Metrosep C 4 150
Detector Conductivity detector Conductivity detector
Eluent (3.2 mM NayCO5+1 mM NaHCOs)/1 L. H,O (1.7 mM HNO;+0.7 mM PDCA)/1 L. H,0O
Flow rate 0.7 mL/min”' 0.9 mL/min™!
Injection volume 20 pL 10 pL
Column temp. 30 °C 30 °C

b. Metallic components (ICP system)

Plasma power 1400 W
Auxiliary flow 1.0 L. min™
Nebulized flow 1.0 mL™"
Coolant flow 120 L mL™!
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Table 2. Summary of TSP and its major constituents (OC,
EC, total metals, and ions) measured in Gang Seo
district of Seoul, Korea (Feb. to Dec. 2009)

Compound Concentration (unit in pg m™)
Tsp 113.6 + 67.9 (102.2)"
27.8 - 294.1 (33)?
11.0 + 4.67 (10.6)
ocC
341 - 22.6 (30)
e 331+ 1.81 (3.08)
0.94 — 8.07 (30)
v 241 + 1.64 (2.36)
¢ 0.12 - 8.13 (33)
ronE 0.58 + 0.39 (0.47)
non-te 0.05 - 1.78 (33)
SCati 8.40 £ 6.56 (6.95)
ation 1.51 - 28.4 (33)
Ani 20.8 + 17.24 (17.42)
fon 1.03 — 70.7 (33)
474 + 287 (42.3)
X
245 - 119 (33)
423 +29.1 (36.2)
Tnon-X°¢

841 — 121 (33)

mean + SD (median)
Prange (number of data)
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Table 3. The concentration of elements (ng m™) and ions (ug
m™) in Gang Seo district of Seoul, Korea (Feb. to

Dec. 2009)
Compound
v 2412 + 1645 (2362)°
¢ 123 — 8134 (33)
N 727 £ 3.60 (6.24)
3.45 - 162 (23)
R 21.8 + 144 (17.7)
5.58 — 57.9 (29)
Ba 79.2 & 48.6 (68.3)
12.0 - 195.7 (33)
d 2,68 + 2.13 (1.97)
0.19 - 9.03 (33)
1.40 + 0.88 (1.25)
Co
0.26 — 432 (32)
o 13.6 £ 102 (11.0)
5.06 - 56.6 (27)
o 57.4 % 39.3 (44.9)
7.46 - 1753 (33)
y 3.12 + 2.45 (2.38)
034 - 10.1 (18)
Mn 67.6 + 48.1 (69.1)
3.02 - 238.5 (33)
3.02 £ 3.01 (2.12)
Mo
0.64 — 11.5 (24)
N 8.24 + 5.62 (6.53)
! 195 — 272 (29)
o 70.5 + 55.7 (46.5)
8.83 — 238.2 (32)
S 10.5 + 7.24 (10.5)
r 0.61 - 33.0 33)
v 8.06 + 6.47 (6.87)
024 - 292 (33)
237.2 + 1712 (173.7)
/n

207 — 7672 (33)
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Aot AR FollA 2 ArdA AR ghobdt

& gl MAYREe gom Bolsdth Het X

Vol. 25, No. 2, 2012

3

Adof gt A 137

r-{m
ke
_Ilrﬂ

22

Table 3. Continued

Compound
. 0.83 £ 0.78 (0.65)
a 0.29 - 422 (32)
" 4.86 + 431 (3.68)
0.07 - 183 (33)
w 0.56 % 0.43 (0.49)
0.04 - 1.97 33)
ca 2.02 + 1.80 (1.61)
a 0.09 — 7.43 (32)
e 0.22 + 022 (0.17)
g 0.003 - 0.87 (33)
- 0.05 £ 0.05 (0.04)
0.002 - 0.22 (33)
or 0.91 £ 1.05 (0.41)
0.06 - 3.67 33)
NO- 9.91 + 9.87 (7.74)
038 — 39.3 33)
02 9.97 % 8.66 (8.00)
4 0.19 - 33.1 (33)
£ TSPY F=9 4 @ F2 4 AEE (ZAnion,
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7} OC, EC <22 TSPE T4 %t= 71% &
o Aess MAFEL BE oguase
7} WA, A2kl W2 TSP %5
wakel Ak 4G fA sk A 2
ST, olsh e 4FE EH A3 H1ekA, TSP
£ olF= 74 AEE dE TSP 7ARE
normalization ¥}2] S 2 2F&3}Ac} 2 A3E A|A)gH
Fig. 591 TSPE FAsle 24t LPEAE9] Vo=
£ ¥ ¥+t 71EeE Vit TSPE 748 &

l

4 Hooff ¥ Hr oo mlm %

¢



138 Hed - 474

Table 4. The concentration of criteria pollutants and meteorological parameters measured at Gang Seo district in Seoul, Korea

from Feb. to Dec. 2009.

A. Criteria pollutants

B. Meteorological parameter

Compound Unit Parameter Unit
“© ) 6.81 + 3.62 (6)° T c 18.8 = 7.6 (19.4)
2 (ppb) 3 - 21 (30)” emp O 3.6 -31.2 (33)
27.1 £ 34.1 (13.5) 57.5+ 153 (61)
NO b 0
(ppb) 3 - 144.6 (30) RH %) 32 - 85.2 (30)
38.7 + 16.6 (36.5) 1£0.11 (1)
NO b -l
2 (pP) 12 - 80 (30) WS (m s7) 0.82 — 1.3 (30)
65.9 + 45 (54.5) 0.32 £ 0.17 (0.31)
NO b -2
x (ppb) 10 — 200.2 (30) uv mWem™=) .06 - 0.72 (30)
591.6 & 273.7 (529.2) - \ 1512 + 782 (151.6)
co b -3
(ppb) 200 — 1192 (30) Radiation (W m™) 18.1 = 292 (30)
203 + 13.7 (19.5
o (ppb) (199
1.68 — 50 (30)
+
M, (mg m) 60 & 342 (54.5)
571 - 151 (30)
+
ML (mg ) 323 + 17.7 (27.3)
3.61 — 72 (30)
22+ 0.19 (2.18
CH, (ppm C) (218)
1.93 - 2.66 (30)
0.37 £ 0.1 (0.35)
NCH C
: (ppm ©) 0.24 - 0.67 (30)
257 027 (2.54
THC (ppm C) (259

22 - 333 (30)

mean + SD (median)
Prange (number of data)
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70%7%] Feste A ER1E 4 ). o]9f
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B, PM,sE o|F= TAEE F ion (B 43%, 4&,
7V, A 48%)°0] Mg 2 71 EE E A TtHAug,
2002-Feb, 2005)."> WkA, PMmoﬂH—t— jon E.T} 1%
EAEX) ol t & 7= ATHE, 7Hs, As:
44%, A& 26%). °l= ‘I“IQI‘ ‘Qx} =4 F 2dY
AL F2] vA] 29 7Axrt FUksite S 9y
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0—1—7}’ Z}O]’%—:}"F% U]X] Ea-’] 710:]—1—
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Byell N w2

T AAE AT F 3Tk o] A= HEAY
Al Bl FG3 WMHE 2o PM, PM, 5=
273t 0|59 35tRAdS RARISIT o] AtelA
T 2f QA B2 wEO w7t JRES
71 =7} ‘:‘a}a}ﬂ% BEFE BTk A E 501, PM0l

FE7) AL w(Jan-Oct, 2009, PM,o: 29 ug m™> ©]3})

o A4, amon°] PM;09] 38%, cation®] 21%= 7173
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Season

Fall Winter

a. Comparision of TSP and its individual components

Concentration (ng m-3)
o
3

Spring

Summer
Season

Fall Winter

b. 3X vs Znon-X

oTSP
X

® TAnion

m0C
ZCation

=EC

uFe

® Znon-Fe|

oTspP
azIx
@ Inon-X

Fig. 2. Comparison of TSP concentrations with its identified
(Znon-X) and unidentified components (£X) measured
in Gang Seo district across seasons.

e 22 540 the Ay 139

(34%), WA EAH(23%)°] FEH=Z A 7=t &

S A 22
7

< gelstinh 22y
A9

oA =Xe] FtE 7]

o

TspE ZIEeR O 744
Ao tiaA shelstaal st Fig 691 S A

4E BT F, GeAA g vA BAY B
Fwo] 4PA JFL v)A
olei g Qo] olahu,
7} o hsA

BE 719

gud

1?3 A xﬂ Ao 2 TSP thal X} SAnionS A H]E)

A=

At e} YAE

25 TSP normali-

zation-= %‘ A%, F e Qs Fejel wle
HA 7 YA HFig. 7). TSPl thgk 7]odx=e #H

2 Z=Q3F X

le] vA] =4

Jo]A] gk

oA ©<ealA vl 3P, TAnion WA &
Jolth. =, TSPE TAste 7 2 &
, TSPE] 7] tst v#] &

;<1 tl_ . O

4] e SAnionsh Wlae] AL Herhe 4

of F&3 Bast ek 4

w9} AR Aol

T PMp2 o] RE nx] B9 719w} 44% o,

TAnionS ¥3}3F ion A2 7]

=7} 29%S KBSt}

Table 5. The basic environmental conditions at Gang Seo district of Seoul during the study period (Feb. to Dec. 2009)

Order  Seasons Month Date Tilélp ]30{ mW?] m\):v csm’z WUIZ’3 Radiation Weather
1 09-02-23 144 58.0 ESE 0.90 0.12 62.0 Clear
2 Winter Feb 09-02-24 133 61.0 N 1.00 0.17 88.0 UAR?
3 09-02-25 7.40 35.0 N 1.00 0.25 129 Clear
4 09-03-09 10.2 47.0 WNW 1.10 0.30 203 Clear
5 Mar 09-03-10 8.40 33.0 WNW 1.10 0.28 180 Clear
6 09-03-11 9.60 32.0 NW 1.00 0.23 130 Clear
7 09-04-06 15.9 44.0 S 1.10 0.35 221 Clear
8 Spring Apr 09-04-07 20.5 42.0 NW 0.90 0.31 218 Clear
9 09-04-08 22.8 34.0 S 1.00 0.31 215 Clear
10 09-05-11 16.4 85.0 S 1.10 0.32 85.0 Rain
11 May 09-05-12 235 38.0 NwW 1.00 0.65 280 UAR
12 09-05-13 21.7 45.0 S 1.10 0.52 240 Clear
13 09-06-09 25.6 78.0 ESE 1.10 0.43 120 Clear
14 June 09-06-10 21.9 64.0 SW 1.20 0.65 264 Rain
15 09-06-11 20.6 47.0 NNE 1.30 0.72 292 Unclear
16 09-07-06 284 61.0 WNW 1.00 0.39 141 Unclear
17 Summer July 09-07-07 29.6 61.0 S 1.10 0.45 191 CARY
18 09-07-08 30.5 73.0 NW, S 1.20 0.08 43.0 Clear
19 09-08-11 23.9 852 ESE 1.11 0.12 19.8 Rain

20 Aug 09-08-12 25.9 70.1 N 0.95 0.40 157 Rain
21 09-08-13 312 63.8 S 1.14 0.55 247 Clear
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Table 5. Continued
Temp RH WS uv Radiation
Order  Seasons Month Date oC % WD s mWem®:  W/m? Weather

22 09-09-14 22.7 67.8 N 0.88 0.32 141 Unclear
23 Sep 09-09-15 249 66.5 N 0.98 0.38 184 Clear
24 09-09-16 25.7 494 ESE 0.94 0.32 177 Clear
25 09-10-12 18.9 53.5 WNW 0.93 0.19 102 Clear
26 Fall Oct 09-10-13 18.1 71.8 N 1.06 0.27 148 RACY
27 09-10-14 194 61.0 WNW 0.89 0.26 155 Clear
28 09-11-09 18.9 9 - - - - Clear
29 Nov 09-11-10 14.8 - - - - - Unclear
30 09-11-11 19.4 - - - - - Clear
31 09-12-07 3.60 57.9 ESE 0.82 0.06 374 Clear
32 Winter Dec 09-12-08 4.00 75.4 N 0.88 0.15 49.9 Snow
33 09-12-09 7.20 63.8 ESE 1.02 0.07 18.1 Unclear

YUAR=Unclear after rain

YCAR=Clear after rain

9RAC=Rain after clear

9Not measured

2.82%, Znon-Fe: 0.68%)%] 719 =& HAth 2L}

WNW ENE

ESE

Fig. 3. Frequency distribution of windrose at the Gang Seo
district during the study period (Feb. to Dec. 2009).
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Table 6. The concentrations of TSP and its major components (OC, EC, Fe, Xnon-Fe, ~Cation, ZAnion, £X, and £non-X) measured
at the Gang Seo district of Seoul, Korea during the study period (Feb. to Dec. 2009: unit in pg m™ (n=233)

Julian
Order Month Date Date TSP oC EC Fe  Znon-Fe XCation XAnion XX  Znon-X
1 09-02-23 54 81.0 9.94 4.37 1.95 0.39 6.95 17.4 40.0 41.0
2 Feb 09-02-24 55 112 12.4 5.01 2.73 0.63 11.4 29.7 50.2 61.8
3 09-02-25 56 81.0 9.58 3.73 2.05 0.36 3.70 8.9 52.7 28.3
4 09-03-09 68 111 8.89 2.74 3.35 0.49 7.94 203 67.3 437
5 Mar 09-03-10 69 76.0 8.32 3.08 2.36 0.40 3.83 7.04 51.0 25.0
6 09-03-11 70 94.0 11.8 3.76 2.37 0.47 5.08 10.2 60.3 33.7
7 09-04-06 96 195 17.1 5.10 4.10 0.93 284 70.7 68.6 126
8 Apr 09-04-07 97 234 22.6 8.07 8.13 1.78 243 59.8 109 125
9 09-04-08 98 226 214 7.72 5.21 1.36 25.5 63.6 101 125
10 09-05-11 131 37.0 4.71 1.74 3.98 0.74 5.98 13.4 6.4 30.6
11 May 09-05-12 132 116 14.01 4.04 3.44 0.49 3.97 8.3 81.8 34.2
12 09-05-13 133 117 16.03 5.14 0.44 0.20 9.32 21.7 64.2 52.8
13 09-06-09 160 148 15.5 3.55 2.35 0.57 12.2 38.7 75.1 72.9
14 June 09-06-10 161 64.0 7.17 1.34 0.74 0.24 3.93 9.26 413 227
15 09-06-11 162 70.0 7.05 1.45 1.62 0.34 7.31 20.4 31.8 38.2
16 09-07-06 187 81.0 12.8 2.90 1.00 0.30 10.4 29.6 24.0 57.0
17 July 09-07-07 188 63.0 134 2.63 1.43 0.35 9.69 27.3 8.14 54.9
18 09-07-08 189 65.0 9.12 1.77 1.06 0.33 7.24 20.1 254 39.6
19 09-08-11 223 10.9 341 1.10 0.12 0.05 1.72 2.18 2.27 8.59
20 Aug 09-08-12 224 249 9.03 2.71 1.05 0.30 1.57 247 7.74 17.1
21 09-08-13 225 131 11.9 3.08 3.27 1.01 15.6 39.8 56.3 74.7
22 09-09-14 257 70.2 10.9 3.83 2.50 0.72 6.46 16.9 28.8 414
23 Sep 09-09-15 258 81.1 10.3 2.56 2.38 0.61 8.20 203 36.7 44 .4
24 09-09-16 259 77.2 12.7 4.05 2.90 0.73 5.69 13.1 38.0 39.2
25 09-10-12 285 86.3 12.5 3.99 3.53 0.84 7.22 18.0 40.2 46.1
26 Oct 09-10-13 286 493 6.49 1.42 0.95 0.29 6.42 17.1 16.6 32.7
27 09-10-14 287 86.8 14.8 5.06 3.27 1.02 6.31 159 404 46.3
28 09-11-09 313 29.2 6.57 1.33 0.89 0.26 1.51 1.6 17.0 12.1
29 Nov 09-11-10 314 27.8 4.75 1.04 0.77 0.16 1.68 1.03 18.3 943
30 09-11-11 315 332 4.83 0.94 0.72 0.15 2.86 341 20.3 12.9
31 09-12-07 341 118 D - 4.46 1.13 10.2 254 77.1 412
32 Dec 09-12-08 342 109 - - 3.19 1.08 9.65 229 71.9 36.8
33 09-12-09 343 533 - - 1.26 0.40 5.12 11.3 352 18.1
“Not measured
’d AEETY 719 =S ¥ &, =X 714 o] gAgel 94 FE FAETUE AL & F
w9} /i 712 AEE(OC, EC, metal, and ion)®] 7] 3t} o]k frAFA, SCation® £X¢| 7|9 =7} Z7}
S8 o]gdto], ol5S JUBAE MW Fig.  F5F uvle #AE FAF 5 9tk XCation}]
790 SI31, TSPe) U 3X6) 11 USSR R 0GSOR TSP W 24749) kgl 45
T Anion®] 7104 7t FolEE I AV BAEEHE & & F STk OC, ECY TSP tigh 7o =
22 ARG 5 20Tk, HE 2 80 187] GC04TS) TSPl ol IXS| A|eEs) S FolmE 4BE

7} R? %}—8— 0.5342 X9} TAnione] TSP thdt 7]
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Fig. 4. Plot of monthly concentrations of TSP and its major
constituents (OC, EC, metal, ionic components, etc)
in the Gang Seo district (n=11).
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Fig. 5. TSP-normalized monthly concentrations of PM
components (%) in the Gang Seo district.
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Fig. 6. Correlation of TSP with its major constituents (OC, EC,
metal and ion).
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Fig. 8. Comparison of the sum concentration data of cation
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(n=33).
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