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Characterization of Concentrations of Fine Particulate Matter in the
Atmosphere of Pohang Area

Sung-Ok Baek' - Yoon-Kyeung Heo - Young-Hwa Park

School of Civil and Environmental Engineering, Yeungnam University

ABSTRACT : The purposes of this study are to investigate the concentration levels of fine particles, so called PM.s, to identify the
affecting sources, and to estimate quantitatively the source contributions of PM,s. Ambient air sampling was seasonally carried out at two
sites in Pohang(a residential and an industrial area) during the period of March to December 2003. PM,s samples were collected by high
volume air samplers with a PMjo Inlet and an impactor for particle size segregation, and then determined by gravimetric method. The
chemical species associated with PM,s were analyzed by inductively coupled plasma spectrophotometery(ICP) and ion chromatography(IC).
The results showed that the most significant season for PM,s mass concentrations appeared to be spring, followed by winter, fall, and
summer. The annual mean concentrations of PMys were 36.6 pg/m’ in the industrial and 30.6 pg/m’ in the residential area, respectively.
The major components associated with PM»s were the secondary aerosols such as nitrates and sulfates, which were respectively 4.2
and 8.6 ug/m3 in the industrial area and 3.7 and 6.9 ug/m3 in the residential area. The concentrations of chemical component in relation
to natural emission sources such as Al, Ca, Mg, K were generally higher at both sampling sites than other sources. However, the concen-
trations of Fe, Mn, Cr in the industrial area were higher than those in the residential area. Based on the principal component analysis
and stepwise multiple linear regression analysis for both areas, it was found that soil/road dust and secondary aerosols are the most
significant factors affecting the variations of PMs in the ambient air of Pohang. The source apportionments of PM,s were conducted
by chemical mass balance(CMB) modeling. The contributions of PM,s emission sources were estimated using the CMBS8.0 receptor model,
resulting that soil/road dust was the major contributor to PM,s, followed by secondary aerosols, vehicle emissions, marine aerosols,
metallurgy industry. Finally, the application and its limitations of chemical mass balance modeling for PM,s was discussed.

Key Words : Pohang, PM:s, Receptor Modeling, Principal Component Analysis, Stepwise Multiple Regression Analysis
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Fig. 1. Analytical procedures for the determination of chemical compositions associated with PM,s.
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Component certified values(ng/g) Recovery(%)“) RSD(%)I’) Mean recovery(%) Mean recovery(%) Mean recovery(%) Mean recovery(%)
Al 34200 + 1100 35 5.1 - - 53 60
Fe 39100 + 1000 85 3.9 68 95 105 86
Cu 609 £ 27 95 3.6 100 93 106 93
Zn 4760 £ 140 90 6.7 97 93 113 84
Ba 737* 57 41.6 - - - -
Pb 6550 + 80 91 48 95 90 86 89
K 10500 + 100 41 4.7 - 49 69 63
Mn 786 £ 17 93 34 88 88 110 92
Mg 8000* 76 4.4 - 43 75 84
Cd 75+7 78 34 114 - 113 90
Cr 403 £ 12 18 15.0 - - 31 25
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\Y 127+7 67 3.2 79 81 98 81
Sb 45% 83 39.7 - 141 - -
Ti 4000* 17 14.2 12 28 - 46
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Ccr 4500* 77 9.7 - 55 - -
NO3 10700 + 300 104 10.6 - 89 - -
S04~ 154200 + 700 102 8.5 - 86 - -
NH,’ 20100 + 400 87 5.1 - 84 - -

* Non-certified Values; - : Not available

9, Recovery(%) = Measured Mean(n=12) / SRM Value x 100,
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R RSD(Relative Standard Deviation, %) = Standard deviation / Mean x 100(n=12)
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Fig. 2. Distribution patterns of the PM,s mass concentrations in Pohang(R: residential area, I: industrial area).
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Table 3. Concentrations(mean + S.D in ng/m3) of chemical compositions for PM,s at sampling sites
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Table 4. Comparison of concentrations(ug/m3) of PM,s and heavy metals from this study with other studies conducted in Korea

This study Reference number
15 16 4 10 17* MoE**
Period 2003/3 ~2004/2 22?)%12//1)2’ 96/4~98/5(96/2~99/6 9977/?(1/31; 90/8/10 ~90/9/18 2003/4~2004/2
Site D:}S/(l)lrrllg D(;):rtl go Igzjsl:l; Dacjeon | Ganghwa inlillss?i,al J anliill;?ion g ] uizgf‘;fn g |J an:e(iliagriion g|J ullzzz?:ilogn g
PM. s 36.6 30.6 29.8 252 25.8 38.6 - - - -
Pb 0.053 0.030 0.031 - - - 0.207 0.145 0.082 0.051
Cd 0.001 0.001 0.001 - - - 0.003 0.002 0.006 0.001
Cr 0.046 0.032 - 0.004 - - 0.016 0.016 0.042 0.023
Cu 0.244 0.326 0.004 0.016 - - 0.443 0.447 0.113 0.045
Mn 0.090 0.017 0.020 0.012 - - 1.113 0.133 0.667 0.089
Fe 0.915 0.381 0.633 0.225 - - 4.240 1.493 5.029 0.818
Ni 0.079 0.127 - - - - 0.021 0.018 0.059 0.015
Cr 0.716 0.117 0.34 - 0.51 0.04 - - - -
NOs™ 4.195 3.656 3.24 - 1.76 2.30 3.0 2.1 - -
ol 8.645 6.905 8.16 - 5.93 9.08 27.0 17.7 - -
NH," 3.069 2.733 2.88 - 2.54 3.27 - - - -
* TSP(Total suspended particles) data
** Heavy metal monitoring data(TSP) from the Ministry of Environment.
o 3 IFAA 7|54 A7-ARe} Bl E uf 3.4. PMy59] =W 5o 0 X &= =8 F3AA 74
2 sk Holal o S HAf = AT 1990 ZZA t7] F PMsO] FE WEO] mAE FE
d A AT 25 TSP & 9] $EE 270 = = o zzdo|w W) el

pgm’ D 177 pgm’ollon], Ay Fr gakgde) of R wrol B
15% =<1 3.0 pgm'? 21 pgm’2 Bug vk Aok oz B 9z 9 W Yol o e Aw
2

2y 2 A7 34 Ade FEAGS FAAYGY & 4 e WeEE 2HuA gzt =Y RS Fold
A wErt A7 8.6 pgm’H 6.9 pg/m’2 UERL BA 9 I A= FAE B (principal component analysis)S -8
13~12 502 gk v, A2Ee 42 pgm'd 3.7 a9t 2AREA S chaZs]Ae] A3kl QlRFEA (factor
ugm'® et o382 oF 2w F= Fviste] Arjzel analysis)®] 543t Z9-olt}. #H 7|EA hrleEE2Y
o] sl o]Qolw FAFI HE JA] FA WSR-S AgE TR G 7S o AETE =4 ABE F
= & F U F, olAERe] o] He ik 9 290 AL Z25F 2L A5E 747 o] 854t
s see A F v, ARSEERYH e THAAT FAAGY] PMos Foll FFE LSS
A0 AR} BEE gidow A 45 Ao ¥ AR Rl 4 AP TP 249 23S Table 59
thith mebd 3 15de) A2 F 72 98 A R Table 691 27 BRI, B ATl 2AREAS
AEAe Z7h2 ddstel EYAY drlede] K 4 Fol £2E FHRS0 U A4S golakl a7 9l
99 WEt ARes ¢ 5 Aok 7 7480 BAH SRS 9 B3 AES Jun
Do 1l v R esdcke intial aimea
. Heavy motd
Lighi metal My meial Lighd rmetal T
AR R un R
1% 4%
- e —
h Lonf M,
114 % w 120
By "“’1.'
“H, L N ¥ e
B4 % 404,

Fig. 5. Annual mean percentages of chemical components associated with PM,s in Pohang.

J. of KSEE / Vol. 30, No. 3, March, 2008



e

B 7] F 20 AUAPMe] LAEAEA 309

Table 5. Result of VARIMAX-rotated PCA of PM,s data for Industrial arca

Variable PC1 PC2 PC3 PC4 PC5 Communality
Al 0.782 0.081 -0.096 0.114 0.103 0.651
Ca 0.913 0.201 0.080 0.086 0.039 0.890
Fe 0.631 0.208 0.636 -0.179 0.064 0.882
Cu -0.014 0.541 -0.399 -0.075 -0.321 0.561
Zn 0.752 0.102 0.383 -0.292 -0.036 0.810
Pb 0.540 0.531 0.344 0.208 0.349 0.857
K 0.545 0.501 0.093 0.247 0.384 0.765
Mn 0.687 0.211 0.511 -0.292 0.102 0.873
Mg 0.807 0.261 0.165 0.317 0.109 0.859
Cd 0.418 0.634 0.352 0.073 0.205 0.748
Cr 0.223 -0.043 0.051 -0.177 0.725 0.612
Ni 0.057 0.053 0.760 -0.058 0.048 0.589
A% 0.392 0.499 0.658 -0.228 -0.111 0.899
Ti 0.791 0.252 0.153 0.181 0.192 0.783
Na 0.779 0.082 0.320 0.056 0.076 0.725
As -0.043 0.702 -0.075 0.024 -0.014 0.501
Cr 0.222 0.087 0.853 0.157 0.149 0.832
NO3 0.408 0.745 0.184 0.044 0.176 0.788
S0~ 0.438 0.693 0.375 -0.099 0.046 0.825
NH, 0.362 0.712 0.450 -0.034 0.102 0.852
SO, 0.213 0.212 0.132 0.743 0.040 0.661
NO» 0.269 0.438 0.271 0.149 0.620 0.744
Cco -0.316 0.071 -0.068 0.604 0.529 0.753
Temperature -0.106 0.003 0.306 -0.819 -0.051 0.778
Wind Speed 0.081 -0.193 0.077 0.881 -0.214 0.871
Eigenvalue 6.51 4.09 3.71 2.98 1.82
Variance % 26.05 16.34 14.84 11.93 7.27
\C/zrn:;::;‘:/‘: 26.05 4239 57.24 69.17 76.44
Source class Soil/Road Secondary Marine. aerosol/ Seasonal Vehicle
dust aerosol Steel industry factor exhaust
& el skl VARIMAX 3|AWHS &ttt 2k HIAAR(E-2 FHARE oA gk 97)) Fo] vieS B
= 3A ¥ IfrX|(Eigenvalue)7} 1 ©0)3g 7HAE FAAE 3 33 FER FPA G Al S vAL Y=
Eoll & T Ao wolxth webrA Al WAl PC= S| A AR} HA
Table 50 UERA uiel o] FPAFANAM S AA| o] FFol Bt WE Holdh Wl WA PCE 7]

257) el thste] FAEE
[e)

9] PC(principal component)S 4
FAE o8 HA w4k oF 7 A%7} A EaL

EE

g 3§ F AFHor 5
A= 57]]9]
nowH,

AR R 26.1%E 3= A WA PCe= Al Ca, Zn,
Mg, Ti, Na 53 22 EFYL] dass v 3ds
Yehar glo] ‘EAYE=2Ae] AnAbizP R SAA|9om,
AA 249 163%5 AWshs + WAl pCe b 2
A ekn ol 3 22 o|AAYAAYAPE = A
o2 Holxth Al HA PCE CI'e o] glo] Aot <3
Azp el AHE WS4 715319tk 18} Fe, Ni, V,
Mn THE FL 434S el e Ho= vFo] &
W, SHAFOEZREH I Fol AXT 2 A

<o) Ya F&ol Fd TV 5A4E dise AL

= NO¢F CO7F 3] & 4#e JYepng Agat
71} BEE HEE HolRTh
Tﬂxl"u 73-$-(Table 6) AA)| %@q o,,k 78, 4%5__ 2
s 5709 FAHRO mEH F
2 FPAA} A AFE I%EM%E}. 3 WA pCE
T Aol BAE Ni

) Y A,
AR FolLe] HEBo] FEZFHOZ T& APS H <o
= A P Al, Ca,

AP A Az AL FASA F =
Zn, K, Na¥Z} =2 A8 vehfjo] <EAYEEA o] z)8]4¢
Az el A AQow, Al A PCE 7|7 F&o] v
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Table 6. Result of VARIMAX-rotated PCA of PM,s data for Residential area

Variable PC1 PC2 PC3 PC4 PC5 Communality
Al 0.043 0.937 0.201 0.136 -0.018 0.940
Ca -0.165 0.624 0.493 0.280 0.256 0.803
Fe 0.277 0.029 0.066 0.163 0.830 0.797
Cu -0.170 0.249 0.776 0.383 -0.153 0.864
Zn 0.035 0.878 -0.143 0.184 0.085 0.833
Pb 0.321 0.155 0.449 0.686 0.252 0.863
K 0.161 0.727 0.335 0.477 0.065 0.898
Mn 0.470 0.129 0.159 0.480 0.620 0.877
Mg 0.193 0.485 0.574 0.040 0.461 0.816
Cr -0.541 0.230 -0.165 0.185 0.522 0.679
Ni 0.618 -0.185 -0.067 -0.327 0.307 0.621
\ 0.809 -0.063 -0.216 0.126 0.307 0.815
Sb 0.634 0.050 -0.317 -0.083 0.061 0.515
Na 0.071 0.952 0.128 0.085 -0.048 0.938
As 0.440 0.099 0.570 0.432 0.050 0.717
Cr 0.340 -0.032 0.093 0.000 0.612 0.500
NO3 0.774 0.155 0.073 0.375 0.287 0.852
S04 0.853 0.141 0.002 0.228 0.099 0.810
NH4" 0.910 0.150 0.001 0.219 0.157 0.923
SO 0.330 0.042 0.140 0.553 0.347 0.557
NO; -0.035 0.218 -0.080 0.853 0.155 0.807
(610) 0.074 0.298 0.071 0.788 -0.046 0.722
Temperature 0.206 -0.176 -0.865 -0.128 -0.051 0.841
Wind Speed -0.113 -0.039 0.859 -0.226 0.120 0.818
Eigenvalue 4.89 4.15 3.63 3.56 2.58
Variance % 20.39 17.31 15.13 14.81 10.73
S:;?;::;‘Z/e 20.39 37.70 52.82 67.64 78.36
Source class Secondary aer(?sol/ Soil/Road Seasonal Vehicle Marine. aerosol/
Fuel combustion dust factor exhaust steel industry
o} o] Zol AMarH BHI BAL =2 23S ABBAY EASe @4 F79(collinearity)
Holxlth vl WA PC= A&k Hi719k ##EE Pb, NO,, = EAHA Btk 7] T PMyso B9, FHA Al A
CO &9 WFEd o] =tk vAgtow Q AA F= WHEol 2 JFE A Wy JAE
PCE aFUAS] FAHE Crisst S =9 B k) oF 50%E AHWete oMYA AR yERY
ROH, Fe, Mn, Cr 59 243 4= = ol Ao wiFd we} A WA FE7F WEse 7t
2 A4S YEth T Hggte S ¢ F Ut deoE EANEER
7] F PMyso] & Wl FFS A= F8 AR 7go] LA 9 2 AP AR, AsAR
g B7hek7] flslA PMysE SEHESE, J9a T P& =22 Yrhva e, A-dadL FIFE 0.05
BA0A =&F 5709 F4% 4 (principal component AA FoZ WEE de=z] gtk g, FAAY
score) 5 SHWTE 3t stepwise 3|7 +4S AAS o] ZAF oYY/ AEALS] WHFo] A WUAFE
Atk F3F EAolA 3HAA TIEE ¥Fe 4 o o] W 7} FFS Pdes SHAME THA
AA AEE TAH FrolFT(a=0.05e 1 ik A3 FAE ARE RAFQL, I ggow JFS F
ol A=A HFHR F37 B4e] A3 % = A= AEAL AELR], AP ERNY, BEAVE
=

gA% o A Table 70 WERARAH.

FH v A, 2449 HANe FIFE 005914
B oA Aow yekton A tid 2
FR)E 08 oo vehkth = S s 11 A
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Table 7. Result of stepwise multiple regression analysis for affecting factors on PM,s concentrations
. . Partial R2 Overall
Regression Equation 2
PC1 PC2 PC3 PC4 PCS R
Industrial area 145PC2+102PC1+9.0 PC3 +42PC5+36.8 0.231 0.467 0.178 N.S.* 0.040 0.92
Residential area 16.0 PC1 +5.1 PC4+4.8 PC3 +4.7PC5+3.5PC2 +30.6 0.659 0.032 0.060 0.067 0.056 0.87

*N.S. : Not significant

3.5 PMs9] 58 A<l 57 37}
ZYAY PMps®] Fo wESe] BY] FxEe mXE
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CMB RdHE 9J3te] B Agoxe w5 EPASA Jl
Wk CMB Ed(version 8.0, www.epa.gov./scram001)S- ©]
L5l oer 29 EFH(source profile)= T|= EPAQ
PMysoll Tl A fEuids A48 cMB 2
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SATA 5 F o7l BRAES R Sk £ A
TAME Z4E 3 odd AgES Azt
Ao g gt 23S A THEHORE XX
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Table 8. Estimated contributions(pg/ms) of PM,s sources by
CMB modeling

Source Type

Industrial area

Residential area

Soil/Road dust
Marine
(NH4)2S04
NH4NO3
Motor vehicles
Metallurgy
Calculated
Measured
Percent mass(%)
R’

¥

No.Observation

18.0 + 10.3(49.4%)*
1.4+ 1.43.7%)
9.6+ 5.5(26.3%)
45+ 4.0(12.4%)
22+ 1.1(6.0%)
0.8+ 0.7(22%)
3644213
36.6+21.1
99.5%
0.84
27.9
57

16.6 + 10.5(51.2%)
1.7 + 1.3(5.2%)
7.8+ 4.3(24.0%)
4.1+3.8(12.5%)
2.1+ 1.6(6.4%)
0.2 +0.3(0.6%)
32.4+16.2
30.6+19.7
105.9 %
0.83
26.6
58

* % contributions of each emission source
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Fig. 6. Seasonal average source contributions(%) estimated by CMB modeling.
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Abbreviations

CMB: Chemical mass balance

EPA: Environmental protection agency
ICP: Inductively coupled plasma

IC: Ion chromatography

PC: Principal component

PM: Particulate matter

SCFM: Standard cubic feet per minute
SRM: Standard reference material
TSP: Total suspended particles
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