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Abstract

This research has been done to obtain preliminary data for preparing 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.
It was found that ;

mean concentration of PM2.5 was 23.2 pg/m3 and daily mean concentration ranged from 6.7 to 59.8 ug/ms. High mass
concentrations of PM2.5 (over 35 pg/m3) were observed on primarily mist, and haze episode days and stabilized air condition
except Asian dust event periods. Composition of PM2.5 were 44% of ionic species, 26% of carbonic species (EC and OC), 2%
of metallic elements, and 28% of the others including particle bound water, and etc. lonic species, especially sulfate, ammonium,
and nitrate, were the most abundant in PM2.5 composition and it showed high correlation coefficient with PM2.5. Metallic
elements, although its concentration is low level comparing to other species, were 2% of PM2.5 and is primarily composed of
soil related species like Fe, Al. From PMF receptor modelling analysis for source profile, we obtained 7 factors contributing
PM2.5 concentration ; 1) soil and industry related sources (26.7%), 2) secondary particle related (22.6%), 3) seasalt related
(20.0%), 4) paved road related (12.1%), 5) mobile and combustion related (10.6%), 6) coal combustion (6.1%), 7) biomass
burning (2.4%).
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Table 1, Vehicle registration by year in Busan (unit : number)
item year 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Tot%l 812,369 862,699 921,084 955,366 966,417 979,969 994,292 1,010,286 1,038,954 1,116,719
(IR (6.8) (6.2) (6.8) 3.7 (1.2) (1.4) (1.5 (1.6) (2.8) (7.4)
Passenger 547,405 589,257 638,173 667,191 679,433 699,786 718,357 735941 769,463 851,684
Bus 92,069 87,697 87,903 85,833 83,048 76,791 73,780 71,609 69,904 68,011
Truck 167,899 180,393 189,023 195,601 196,740 196,099 194,622 194,713 191,635 189,029
Special 4,996 5,352 5,985 6,741 7,196 7,293 7,533 7,823 7,952 7,995
Foreign 3,053 3,546 4,435 5,626 6,374 7,422 8,373 9,403 21,410 55,655
(LR (6.5) (16.1) (25.1) (26.9) (13.3) (16.4) (12.8) (12.3) (127.7) (160.0)
YIR. : Increasing rate(%)
Table 2, Emission standard for manufactured vehicle
Vehicle Pollutants ~ 2002.7. 2002.7. ~ 2006.1. ~
NOx (g/km) 0.25 0.12 0.031
Gasoline
HC(g/km) 0.16 0.056 0.05
NOx (g/kWh) 6.0 5.0 3.5
Diesel
Particulate (g/kWh) 0.15 0.1 0.02
AEA} MBI kAE AT AdEe] ole thEg agxjel  gaSAdnzl 20081 A% Z7} 3 2000 TH gasa
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Table 3, Air pollutants emission facilities by scale

Class
Total
Class 1 Class 2 Class 3 Class 4 Class 5
2,225 33 85 158 913 1,036

Table 4, Air pollutants emission facilities in Busan

Year | 2003 2004 2005 2006 2007 2008 2009

No. 2,426 2,283 2,191 2,189 2,156 2,234 2,191
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Table 5. Classification by industry(2009)

rubber
plastic

166

Total metal chemistry refinery nonmetal leather  wood pulp food fiber etc.

2,191 703 85 3 66 36 66 3 42 72 949

Table 6, Emissions of PM10 in Busan (unit : kg/year)

energy _non— manufactu—
industry industry ring
combustion combustion combustion

104,018 116,100 90,129
3.5 3.9 3.0
104,018 116,100 90,129
0.5 0.6 0.4
397,586 106,234 141,694
12.4 3.3 4.4
397,586 106,234 141,694
4.2 1.1 1.5
359,217 262,055 285,612
10.3 7.5 8.2
359,217 262,055 285,612
3.7 2.7 3.0

232,000 237,000

7.8 8.0

232,000 237,000

waste
treatment

production

process Total

year road non—road

dustl)
scattering (N)

ratio (%)

dust2)
scattering (Y)

ratio (%)

dust
scattering (N)

ratio(%)

dust
scattering (Y)

ratio (%)

dust
scattering (N)

ratio (%)

dust
scattering(Y)

ratio (%)

dust
scattering (N)

ratio (%)

dust
scattering (Y)

ratio (%)

95,661
3.2
95,661
0.5
32,531
1.0
32,531
0.3
38,845
1.1
38,845
0.4
41,000
1.4
41,000

1,820,314
60.8
19,311,431
94.3
1,748,404
54.5
8,015,574
84.6
1,591,754
45.7
7,760,366
80.4
1,506,000
50.9

763,841
25.5
763,841
3.7
776,214
24.2
776,214
8.2
931,758
26.7
931,758
9.7
828,000
28.0
828,000

4,122
0.1
4,122
0.0
3,299
0.1
3,299
0.0
16,450
0.5
16,450
0.2
17,000
0.6
17,000

2,994,185

2004

20,485,302

3,205,962

2005

9,473,132

3,485,691

2006

9,654,303

2,959,000

2007

1)dust scattering(N) :
2)dust scattering(Y) :
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Fig. 1. Sampling location for this study.

1/2 filter strip in glass bottle
!
Adding 200 gL of Ethanol in exposed filter

!
Adding 15 mL of deionized water in bottle

l

Extraction for 120 min. in ultrasonic bath

l

Leaving at room Temp. for 1 hr
!
Filtration by 0.45 g m membrane filter
1
Analyzing by lon Chromatograph

1/2 filter strip in Teflon vessel

l

Adding 10 mL of HNO3(12%) in vessel

l

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

3 step : Leaving at room temp. for 60 min.

l

Filling up extraction to 15 mL centrifuge tube

l

Analyzing by ICP—0OES

Fig, 2. Extraction procedure for the determination of chemical compositions associated with PM2 5,



A B2 5 2r AR 9] seky 243t e @54 FrE A

Table 7, Analytical conditions of IC for anion
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Table 8, Analytical conditions of ICP—QOES for cation

Type Conditions Variables Conditions
Eluent KOH(10 mM ~ 45 mM gradient) Power 1.2 kW
Flow rate 1.0 mL/min .
Injection 00 L Plasma gas flow 15 L/min
volume H . .
Auxiliary gas flow 1.5 L/min
Column lIonpac AG 19—4 mm,
AS 19—4 mm (Dionex Inc.) Nebulizer gas flow 0.75 L/min
Suppressor |ASRS I ULTRA—4mm (Dionex Inc.)
RF 1100 Watt
Detector Conductivity Detector (Dionex Inc.) power ats
Viewer Chromeleon (Dionex Inc.) Replicates 3 Times
2t 2 nF
EtAME 2
g2 F4e s HY(Quartz) ZE(p 47 mm, 7|Aksig
whatman)E ARESIGICH, Al FH AXE A7zl ¥ =4

= T 850l 9027 A st Rrles & Eslst

At BBl BB A7 (Sunset OCEC carbon aerosol

analyzen)E olSLh B RAppEe ZA Ay
(Selective thermal oxidation method), aEA HH
(FElemental  analysis  method), &33t4  HRAIEH

(Thermal—optical reflectance method : TOR),
= (Thermal— optical transmittance method : TOT)S
2 uUEAEd 2 dAFelAEs mls NIOSH  (National
Institute of Safety and Health)2] TOT HH& o]83lo] &

Hopgon], BazAL Fig, 30} ek

‘ pretreatment for Quartz filter (850°C, 90min) ‘
)

‘ sampling for carbon analysis ‘
)

‘ cutting filter to 1.5X1 cm? ‘

|

Oven purge (10 min)

1 step : Increasing temp. to 850 C at He

2 step : Cool down at He

3 step : Cool down at 2%/0./He

4 step : Increasing temp. to 850 at 2%/Os/He
!

‘ Converting Carbon to methane ‘
)

‘ Analyzing by FID ‘

Fig, 3. Analytical condition for carbon analysis,
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Table 10, Meteorological conditions during sampling
period

Meteor.| Tenperature Wind Wird Relative
(0 Direction spead/s)  Humidity (%)
Statistics | 2009 2010 2009 2010 200 210 2009 2010
Mean |150 206 S SSW 13 14 509 611
Median | 16.1 20.9 - - 12 13 529 616
Max. |319 354 - - 42 36 874 984
Min. |-58 12 - - 03 03 23 8.4

NS

N % '

(@) 2009 (b) 2010

Fig, 4, Windrose during sampling period,
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Fig. 6, Composition of PM2,5,

Table 10, Statistical result of PM2.5 and ionic species(2009~2010) (unit : x g/m®
Year Statistics ~ PM2.5 ar- NO5~ SO Na* NH,* K" Mg Ca™*
Mean 23.2 0.368 2.250 4.232 0.478 2.106 0.261 0.068 0.518
Median 20.3 0.238 1.101 3.264 0.542 1.142 0.099 0.061 0.430
9009 SD 11.4 0.469 2.669 3.143 0.270 2.287 0.351 0.068 0.355
~2010 Max 59.8 2.259 15.654  13.004 1.342 16.391 2.383 0.568 2.159
Min 6.7 0.000 0.046 0.323 0.015 0.167 0.000 0.001 0.004
TA(Total Anions) = 6.850 TC(Total Cations) = 3.431
TA/PM2.5 = 0.30 TC/PM2.5 = 0.15
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14 4
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o
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Fig, 7. Boxplot for ionic species,

Fig., 8. Composition of Ionic species,
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Table 11, Statistical result of Carbon (unit : z g/m°)

Suistics]_ e Fgmenal— Todl oo
Mean 4.459 1.541 6.048 2.894
Median 4.143 1.287 5.357 -

SD 2.439 1.102 3.178 -
Max 15.917 7.149 19.946 -
Min 1.085 0.000 0.085 -
SHEE s 8
BTG 244  (crustal, trace) Fe, Al, Zn, Pb, Mn,

Cu, Ba, V, Ni, As, Cr, Se, Cd, Sr, Co % 157] g}&o|n
o] AR WAYS skl S8 AEER 4EA 3
t} u|=k EPAYA = 2FY EHF M (source profile) S AL
9] A o] o]-&3}al ¢J o, PMF(Positive matrix factorization)
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Table 12, Statistical result of metallic species

PM2.5 &% 2%°] AUA! gov, AAEs olkrh w2
10~20% A= ARek= Aoz d#fA it & Afolsde=
AR} X7t W B2oko] 39 AJwQ] Fex} Alo] PM2,5 3
FAR FofME £& =S Yehflo] PMI0 SRt SAF
g AE VYERfGou &1 AR FE5E FolA AXske
Hlgo] Eol& Zoltt. 3d Hs=(He)= Fe, Al, Zn,
Pb, Mn, Cu 59°] Z+z}+ 161,113 (17.901~67 A4719), 119 5%
(0,000~42-2,483), 45,984 (6,100~10] .6719), 27.4% (2,188~ 408),
16,046 (1,277~90.607), 6,545 (0.176~50.7%] ) ng/m’ o0&
et =x]x] el FAF 71ellA 20019 PM2.5 5 S
AHEo] 24 ATE Hy Fe 119,52, Al 208080, Zn 48.61,
Pb 3 .67k Mn 9.2 , Cu 4.57 ng/m’Z Fed} AlQ] =217}
O VAR R vt A UEhlsich

A7 PM2.5 5 S5448Y 24 W3 o2
I} 2ol PM2.59] s A} vt A e AT
SRS PM2.5 FFEEY 2%E AAEeH 454+
TAEle Fig, 113k 2ty F54% 1 AR %)
Fe(40) > Al(30) > Zn(12) > Pb(7) > Mn(4) > Cu(2)
Ba(2) > V(1) > Ni(1) > As(l) 9] o & EoF W 2|74
Fed} Alo] =& HIE&E AR|FT},

oX

o fr & ool de

o

gid
o,

(unit : ng/m®

vear |govfdl e A4 A P M G B VN A O S A & G
Mean |I6L113 119580 45984 27429 16046 6545 6.663 4471 4061 3831 1672 1278 1358 0974 1108
Median [134595 81520 42,351 23740 12840 4756 4524 2648 3212 2130 1007 0483 0935 0366 0.207
3&90 D [119.732 143778 27794 16.033 13662 6.066 6.268 5630 2867 5585 2071 2162 1457 1611 L1791
Mex  [674.479 892483 143680 81408 90.607 50.720 40711 32.746 16932 31446 11903 10303 8.638 9.089 7.545
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Table 13, Correlation matrix for PM2.5 composition(2009~2010)

= [¢]

R

247 -7

PM25 CIT NO; nssSOs° ssSO°° Na®  NH,” K Mg”™ Ca®* 0OC  EC

PM2.5  1.000

ol 0.316™  1.000

NO;~ 0479 0594" 1.000
nss—S0.%" 04407 -0.175 0.109  1.000

ss—SO4%7 02857 03257 0217 0122  1.000

Na* 0.285" 0.325" 0217° 0122 1000  1.000

NH,"  0437° —-0007 0264”7 0.681° 0403" 0403 1.000

K" 0.268" —0.098 0.249" 0536" 0445 0444”7 0645 1.000

Mg™ 05247 03627 0.738° 0092  0.250° 02507 02557 0.210° 1.000

Ca®™*  0312° 0201" 0499" 0228" 0471 0471" 04207 0456" 0.631°  1.000

oC 0.326" 0066 0018 04227 0252° 0252° 05147 0320° 0147 0167 1.000

EC 05757 0260 0505 0.369" 0.232° 0.232° 04367 03447 06027 04347 05817 1.000
*ATASE 001 S22 A ol
* o ARASL 0.05 £FoA $9F
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