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Evaluation of Pollution Characteristics and Chemical Composition of PM2.5 in
Ambient Air in Busan

Gee-Hyeong Park' and Jeong-Goo Cho

Air Preservation Division

Abstract

This research is to obtain preliminary data for developing air quality standard of PM2.5, to protect public health, and to reduce
fine particulate matter by surveying chemical composition to evaluate health and environmental hazardous.

We can conclude like that ;

The Mean concentration of PM2.5 is 23.0 pug/m’ and daily mean concentration ranges from 7.0 to 56.9 pg/m'. It is considered
that high concentration episode days ( over 35 ug/m') are primarily due to haze, mist, and meteorological condition. The
Composition of PM2.5 is 58% of ionic species, 2% of metallic species, and 40% of the others including carbonic species(EC and
OC). lonic species, especially sulfate, ammonium, and nitrate, are the most abundant in PM2.5 composition and it has high
correlation coefficient with PM2.5. Metallic species, although its concentration is low level comparing to other species, has 2% of
PM2.5 and is primarily composed of soil related species like Fe, Al. Seasonal variation of PM2.5 showd similar pattern with ionic
species. It showed high concentration at winter and spring season respectively. We obtain four principal components from principal
component analysis, and we can conclude the pollution source by U.S. EPA pollution profile. the first is complex sources, which
are soil, motor vehicle, paved and unpaved road, and secondary particle. the second is smelter and incineration related sources. the
third is marine source and the last is residual oil combustion related sources.
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Fig. 1. Sampling location for this study.
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1/2 filter strip in glass bottle

l
Adding Ethanol 200 g in filter

l
Adding pure water 20 m{ in bottle

l

Ultrasonication for 120 min.

l

Leave at room Temp. for 1h
!
Filtration by 0.45 pm membrane filter
!
Analyzed by lon Chromatograph

Fig. 2. Extraction procedure for the determination of ionic
species.
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1/2 filter strip in Teflon vessel

l
Adding 13% HNOj3; 10 mL in vessel

l

Microwave program
1 step : Increasing Temp. to 200 C(20 min.)
2 step : Maintaining Temp. at 200 C(20 min.)

3 step : leaving at room Temp. for 60 min.

l
Filling up extraction to 15 mL centrifuge tube

l
Analyzed by ICP-MS

Fig. 3. Extraction procedure for the determination of metallic

species.
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Table 1. Analytical conditions of anions by Ion Chromatograph

Type Conditions
Eluent KOH(10 mM ~ 45 mM gradient)
Flow rate 1.0 mL/min
Injection volume 20 1

lonpag AG 19-4 mm,

Column AS 19-4 mm (Dionex Inc.)
Suppressor ASRS T ULTRA—4mm(Dionex Inc.)
Detector Conductivity Detector (Dionex Inc.)
Viewer Chromeleon (Dionex Inc.)

Table 2. Analytical conditions of cations by ICP-MS

Variables Conditions
Plasma gas flow 15 L/min
Auxiliary gas flow 1.2 L/min
Nebulizer gas flow 0.91 L/min

RF power 1100 Watts

Replicates 3 Times
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Table 3. Meteorological conditions during sampling period

eteor. Temp. Wind Wind speed Humidity

Statistic (C) Direction (m/s) (%)
Mean 14.8 S 1.3 50.0
SD 8.0 - 0.4 15.3
Max. 26.4 - 2.2 80.3
Min. -0.9 - 0.6 17.5
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Fig. 4. Meterological conditions during sampling period.
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Table 4. Statistical result of PM2.5 and ionic species (unit : pg/m')
Material 0 5 cr NO;™ SO nssT Na* NH,* K* Mg?* CaZ*
Statistics ' ° ! S04 !
Mean 23.0 0235 2574 5928 5800 0508  2.888 0467 0058  0.604
Median 18.8 0149 0967  5.210 5059 0436 2155 0399 0020  0.634
SD 114 0291 3313  3.364 3354 0293 2653 0404 0094 0471
Max. 56.9 1234 15654  13.004 12939 1342 16391 2383 0568  2.159
Min. 7.0 0.001 0.046  0.942 0827 0077 0234 0012  0.001 0.004
¢ Anion Sum = 8.736 nss—S04>/ Cation Sum = 4.525
e Ratio(Anion/PM2.5) = 38.0% SO4* =0.98 Ratio(Cathion/PM2.5) = 20%
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Fig. 8. Variation of ion composition with time.
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Table 5. Statistical result of metallic species (unit : ng/m3)

Metal
Statistics

Mean 188.817 119.740 54.961 28.728 21.335 9.410 6.663 6.141 5.061 4.884 2.556 2.044 1.736 1.499 0.169

Fe Al Zn Pb Mn Cu Ba Vv Ni As Cr Se Cd Sr Co

Median ~ 159.262 91.576 50.008 24.486 15.065 8.147 4.524 3.544 4.153 2.879 1.649 0.766 1.025 0.646 0.113
SD 131.000 120.640 34.267 17.08716.548 7.293 6.268 6.929 3.403 6.499 2.481 2.987 1.949 1.955 0.153
Max. 674.479 864.356 143.689 81.408 90.607 50.729 40.711 32.746 16.932 31.446 11.903 10.303 8.638 9.089 0.794

Min. 23.492 6980 6.100 5.411 3.521 0.187 0.662 0.477 1.142 0.344 0.298 0.000 0.005 0.074 0.017

Ratio(Metals/PM2.5) = 2%
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Table 6. Statistical result of PM2.5 and ionic species with season
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(unit : ug/m3)

Material

Somon PM25 a NOy S0 géiz_ Na' NH,' K' M a2t
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8), nss—S0,"~7n(0.615), nss—S0,"~Ni(0,585), nss—SO,"~Fe(0.5
83), NIL'—Zn(0.580), nss—SO,~Mn(0.573), K'—Zn(0.520), nss
—S04’~Co(0.515), CI'—Cd(0.503) 02 Ufepdrh Alms A}

ZuEAe] 5 ol P v ARG 2 nss—S0,”,

FEEL o]2AH Zo= nss—S0s° (0.690), NO; (0.671), ghohE|ch
Mg”*(0.636), NH,'(0.567) 59| <=0 %7 Uehgon, 34
AE o= Pb(0,734), Zn(0,746), Cu(0.655), Mn(0,626),
Ni(0.622), Fe(0.612), Cd(0.548), Sr(0.505), Ba(0.500) =]
Table 7. Statistical result of metallic species with season (unit : ng/ms)
Metal )
o Al Pb Mn Cu Ba vV Ni As Cr Se Cd Sr Co
Season Statistics
Mean 178830 157634 5716 19408 9518 5163  63B3 4109 5522 lelb 146 1314 078 0185
Spring  (Range) (235~6745 (7.0~8644) (6.1~814) (44~540) (22-50.7) (07~156) (05~158) (1.2~99 (03~88 (03~45 (0.1~36 (0.0~47 (01-5.1) (0.0~06
(N:19
D 153134 187230 17598 14066 1085 4270 4606 2549 6522 1108 1015 1075 1102 0153
Mean  245.310 107038 24272 28000 8372 5592 14074 7415 3765 2275 B 0768 0576 0289
summer  (Range) (51.8~507.9) (36.1~2632) (54~514) (35~906) (02~152 (21~94) (08~327 (23~169 (06~16.3 (0.7~63 (0.1~25 02~1.8 (0.0~0.8
(N:10)
D 147.362 75.245 16478 25838 4462 2248 11761 4662 4510 1923 - 0719 0626 0251
Mean  166.212 120.260 (1;%2: 0 1791 9166 4693 3066 3974 6632 2580 1169 11719 0647 0112
Fall ' (Range) (838~247.0) (45.2~298.1) ') © (58347 (.1~145) (30~83 (06~86) (21~55 (0.7~314) (08~10.00 (0439 (0541 (0.1~15 (0.1~0.2)
(N:13)
D 58.715 74.438 1870 9589 2984 1689 2501 1221 103% 233 09% 1131 0402 0029
Mean 183112 84.627 38511 22131 10048 10715 3431 5607 3406 3757 3308 334 364 0122
Winter  (Range) (44.8~501.2 (18.6~210.7) (9.9~60.0 (6.6~60.0) (28~21.0) (22~40.7 (05~10.3 (L1~141) (09-89) (0.6~11.9 (0.0~10.3 (00-86 (04-9.0) (0.0~03)
(N:16)
D 137.762 60.249 19256 1683 5818 9880 3306 3976 2349 3353 4471 2860 2472 0087
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Table 9. Principal component analysis of PM2.5 composition
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Al

", Fe, Cu 522 1 Wtle] F= A5A, 24
g vz ox} YAG BHHE AdRoloh T A
agels 2o Cd, Se, Bi, V, As, Pb 508 1
A 9 Aazb BHE ROtk Al HA PR
r, Al, CI°, Na'502 1 9ol ajjoF d
U R ] WA el gl FE
Ba, Co, Ni 5% 11 diglo] #ledd At e
FAHEG 29 24E Hslixe 1 A9 1159 edd
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PC 1 PC 2 PC 3 PC 4

K* 0.9339 -0.2708 -0.0163 0.1082
NO3™ 0.9232 -0.1626 0.0561 0.0570
Mn 0.8412 -0.0379 0.0276 0.3705

Cs 0.8335 -0.1945 0.1988 0.1325
Mg”* 0.8276 -0.1454 0.3844 -0.0022
Zn 0.8168 0.3582 0.0180 0.3927
Ca?* 0.7595 0.1956 0.2767 -0.1909
504" 0.7349 0.3535 -0.2229 0.1150
NH.* 0.6706 0.4514 -0.2649 0.0964
Fe 0.6320 0.0739 0.3833 0.5877

Cu 0.5544 0.5029 -0.2377 0.4672

Cd -0.1188 0.9666 -0.1039 -0.0002

Se 0.0181 0.9396 -0.0751 -0.0542

Bi -0.0548 0.9254 -0.1533 -0.0045

Y 0.0787 0.9135 -0.0899 0.0378

As -0.3599 0.9026 -0.1319 -0.1023

Pb 0.3994 0.8686 -0.1123 0.1395

Sr 0.0663 -0.1334 0.9481 0.1832

Al -0.0428 -0.1072 0.9073 -0.0171

Cl” 0.2672 -0.2586 0.7671 -0.3430
Na* 0.2096 -0.4813 0.6633 -0.3501

Cr -0.0461 -0.2143 -0.0562 0.8475

Ba 0.3603 -0.1118 -0.3150 0.7829

Ni 0.5528 0.3764 -0.0500 0.7052

Co 0.4572 0.2009 0.3601 0.6451
Eigenvalue 7.859 6.669 3.693 3.502
Variance % 30.225 25.651 14.205 13.469
Cumulative variance % 30.225 55.876 70.082 83.551

Pollution source vehicle/paved and unpaved road/secondary particle  smelter/incineration  marine/soil  residual oil combustion
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