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Abstract

Fine and coarse PM had been collected by LVCI (low volume cascade impactor) and HVAS (high volume air
sampler) during January 1989 to April 2012 at Kyung Hee University, Global Campus located on the boarder of
Yongin and Suwon. The database of PM mass concentration was constructed and then intensively and extensively
investigated to understand monthly, seasonal, and annual patterns of each PM behavior. Especially the study sepa-
rated all the PM data into the 5 Period Zones, which were classified on the basis of social, political, and environ-
mental issues that might be influencing local ambient air quality during the monitoring period. The overall PM,,
level had been continuously decreased until 2005 and after then was staggering due to rapidly increasing PM, s
level in PM,,. The annual average of PM, 5 concentration varied from 34.3 ug/m’ to 59.0 ug/m’, which were much
higher than the 2015 ambient air quality standard. The PM, ; level was strongly associated with haze events, while
both PM,, and PM, 5 levels were associated with Yellow storm events. Daily concentrations of PM, 5 were ranged
13.1 ~212.9 pg/m’ in haze days and 33.6 ~ 124.6 ug/m’ in Asian dust days. The study also intensively investigated

annual and seasonal patterns of PM, s/PM,, ratios.
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Fig. 1. Location of the study area and the sampling site.
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H AR A4, PM, 2 tAlEX PM, & 7HEglon,
PM, &= PM; ;> PM 0.2 755101 SA R4S 49
stglon, o] & AMAE 7} &} Tl F3sHA
BAISHA T W, 3187 PM,, A2 F Y BS54
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ZF PM,; A2 F 9] 49,2005 9 o|FHE PM,;
HVAS (Thermo Electron Corp., Model GV2360)5 A}
$3tel 238 Sasioc,

PM, 3} PM,; HVAS®] <, B3 1.13m /min®] &
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2 Ae 19899 o] AR AKEL Y= 5
A 7| X BUE Y T2 (SAMP)Y] ggte
2 JHd EAse ARE D8t A7 Wi7] F
A ELY L FGEAQS gotstazt skl & A+
of o] &H HAAEY HFH7|7HE 19894 1€RH
20124 497kR o] A gk, LVCI 7] 9] =332 QI3
LA7E AP wet 20039 69FE 20059 847t
A w2 (PM, )] &7 0] o]Fo|A)A] gkttt sl
717 AQjstar 2 Ato] o] &H £X9] 27|, A
a2, AF7 5 AR 45 A9 FF L+
BARSLE U3 & 1o AXSAT ARRFH S
LVCI®9| A|24== HVASS} Bl wsto] AR e g WA
AU & AES= PM,, T PM,, (20009 O] R E =
AF7] ZAZ PM, 2= 242} 2647 set@} 2577
set¥th HVASE o] &3t PMlojq' PM, 5 AR ¢ 7
Z+ 2 2171709} & 355709t}

A= {8 AEAe, Aeddd 23294
9 A == F 29 £ PM 9 dBH 5%
20010 1443 pg/m’e 2 HAUXE Hel & tha
23chzt 20093 97.7 pg/m’E ThA] 24 Arsskgich.
LVCIZ 7~3047t 4L 7|22 3 PM,, (]38}
LVCI-PM, ) 1999 7HA] H| LA £ =5 BH S
14,2000 o]% {3714 wA= o A7 o] PM,
© 2 uHHA &7t tha A4Skt &, HVAS 2
24A7F AL 7122 & PM,9 (°]5} HVAS-PM,,)
A AEEF =W 200749 o]F 56.4~97.7
ug/m’=2, PM, o ABd th713737]1EQ 50 pg/m’S
A zste £ELE £ AFAGY EXNHET}
A7 & 4 ST HVAS-PM, s= 20059 9¢¥ &
AL AZE olH, A&HAH T WHESET 2011
| AFEFL 343 ug/m’E AT AHFS] 532 ug/
m’s} v wale] ZhAsG o, 20124 497HR 9] B
ol 28 ug/m’E A Z71skath. shAR 20129
9] A%, o] =R ABWAA|7F of et AA EHo] A
Y 20129 197E 49717 47447 FFZ o]t}
E3] o] 7|7t Foll= do]= (haze)d] TAYRSTL 55
shich GRtA 0 2 hazed] WAYSI¢+= PM, s 5 =57t
9 Fagh Ul F shtE wetEal qiok FalE o] 4

ul

NE7E hazeo] HAZFE F 5032 A= F7I%F
WY 3)4> 203] 9] 254 o] SiTh(E 39 A= haze T
A 4 FF). 20079 ©]F HVAS-PM,9] A= A
$Wd BTl 343~590 pg/m'S Bgon, 20154
AYE PM,; A B 7|E 25 ug/m’s A 233t
ATt PM, 3} mRZFR 2 AR H9] PM,; LAE=
o ¢ 41ZHet 2ol Al

F 204 ZH|22 L2 HVASS} LVCIZ 43 o
Bt $27F Akt Zpo]§ Hol=t|, HVASZ A&
7153 (2447h 29| HRH7F LVCIZ AT

715 (RS 2~35) AR A HT Hutyos
ES @e dete Holth olHE FHYdezE A

A, = Q718 SN 7|17ke] Aolst, 24, F
AN 719 §5F4 %= (28.3 L/min vs. 1,130 L/min)7} =LA
tay] groz Aagch gutdoa, 2o
A FEEE7E BESS 2 @2 7R (Yanosky
and Macintosh, 2001), £3] ZA|EZ o= NH,NO,
oF w3y o] FRG, AR NHH-2 AR
o] &A= AX|7}(real-time) ZAZETE e ZHS B
Atk & A& F7I3te] A48 EXses J2g7)
= 4= k= oJm]o]th(Pang et al., 2001).

1989 1¥9%E 20129 4¥7tX] HVAS-PM,,,
LVCI-PM,, @ LVCI-PM,2] AFE& #3l3o]E 1Y
20] A A8
R: & dFolA= PM,, PM,, PM, 2 S3 3= Al
2 (fine particle, F: 2 Ao A&= PM, I} PM, &
3% HVAS-PM,; % LVCI-PM, 9] ¥3l5ol2
a9 39 A AAsET. AA|71ZE F 2003E 109
¥ 20059 8¥7HA] WAEX (PM, )9 AR F =
Sa)e)x) erokeh 29 29 29 3ol Hi upel 7
o], 2001d 7} 20029 FHoll= FALY] FFoE YR
IE5% PM, 0 F1E AL ALstd, BH4H o=
PM, %t PM,; 5% 574 27|58 20004t F¥H71A]
A &2 HAFAE ZHeh T2uh 2000 ) SRHR
Bl PM, o HI8l PM,s= F37 S7HA17F HEE
31, 201597 E AGE= 7183 71E (Y8 50 ng/
m’, AP 25 pg/m’)S A 2FeHe 1HE A7}
A WSt A4 FAIE Bt ol d 1s=
PM, ;9] T 9] YRl g FAT LS, haze, 0|52
Y, AA 5, S A4S, EHAZ 5ol 9
o Y FoE Almdh

, 0] TZAEA (respirable particle,
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Table 2. Statistical summary for PM collected by low-volume cascade impactors (LCVI) and high-volume air samplers (HVAS) during 1989 ~ 2012.

B

-l

Tl ig lr xete&Bl4h

LVCI-PM,, HVAS-PM, 5 HVAS-PM,, LVCI-PM, or LVCI-PM,,*

Year

No of Mean S.D. Min. Max. No of Mean S.D. Min. Max. No of Mean S.D. Min. Max. No of Mean S.D. Min. Max.

sample sample sample sample
1989 39 70.0 385 145 1950 - - - - - - - - - - 39 1385° 880 225 3545
1990 11 52.2 215 313 1030 - - - - - 36 777 305 240 1400 11 1005° 337 633 1514
1991 21 59.1 13.6 317 82.3 - - - - - 196 89.1 494 166 2484 16 1102° 249 585 1472
1992 21 50.1 18.1 6.4 84.5 - - - - - 210 945 465 17.1 2633 20 7870 270 116 1208
1993 18 559 270 82 1354 - - - - - 184 1106 49.1 209 2610 18 939 460 122 2213
1994 10 54.5 189 346 843 - - - - - 82 89.7 37.1 295 2010 10 102.1° 450 547 1976
1995 13 482 164 272 79.1 - - - - - 286 938 457 178 2693 12 87.6° 329 409 1428
1996 9 426 89 317 58.2 - - - - - 157 938 39.6 18.1 2245 9 745° 139 533 1015
1997 13 31.6 12.6 9.1 489 - - - - - 204 679 375 7.1 3048 13 509° 214 105 78.6
1998 15 322 109 94 494 - - - - - 140 714 373 65 2385 15 56.1° 195 130 86.1
1999 12 344 119 136 482 - - - - - 55 709 416 122 2910 12 525 181 224 715
2000 9 304 11.7 7.1 439 - - - - - 45 809 50.6 165 243.1 9 551" 194 141 79.7
2001 9 31.5 107 144 51.7 - - - - - 47 1443 1074 154 456.7 8 629" 213 327 90.3
2002 9 30.6 106 147 46.0 - - - - - 90 740 484 116 416.1 9 557" 191 274 849
2003 3 10.7 8.6 43 204 - - - - - 43 864 417 190 2250 3 216" 192 8.3 43.7
2004 - - - - - - - - - - 33 599 378 28 1589 - - - - -
2005 5 26.9 6.8 184 340 42 445 254 03 1439 43 569 312 147 1683 4 412 114 288 51.6
2006 9 242 126 104 46.1 31 51.6 309 88 169.1 32 83.0 426 46 1982 11 469 26.1 19.7 87.8
2007 13 37.6 134 16.6 59.3 81 477 265 6.6 1319 84 704 40.6 15.1 2065 13 609" 220 302 92.5
2008 11 31.7 94 140 478 54 542 341 11.7 1713 56 745 439 185 249.1 11 5277 201 262 86.8
2009 12 274 13.6 5.6 50.1 35 590 417 141 2129 33 977 616 284 2989 12 439" 210 128 80.0
2010 2 16.8 74 11.5 220 24 532 289 83 1130 26 769 449 178 2302 2 343" 40 315 372
2011 - - - - - 57 343 227 93 1131 68 564 294 143 1517 - - - - -
2012" - - - - - 20 428 139 285 827 21 863 33,6 460 2048 - - - - -
Total 264 450 252 43 1950 355 477 296 03 2129 2,171 857 484 28 456.7 257 802 526 83 3545

* denotes statistics based on LVCI-PM;,.
" denotes statistics based on LVCI-PM,,.
Usamples were collected until April 2012. Then each corresponding statistics in 2012 denotes a 4-month arithmetic mean.
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Fig. 2. Long-term trend of LVCI-PM,, (LVCI-PM, since 2000) and HVAS-PM,, concentrations monitored at the Kyung

Hee University-Global Campus from 1989 to 2012.
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Fig. 3. Long-term trend of PM concentrations monitored by various LVCI and HVAS samplers at the Kyung Hee

University-Global Campus from 1989 to 2012.
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Table 3. Classification of PM sampling periods on the basis of local and regional socio-environmental issues occurred

from 1989 to 2012.

Period zone  Period duration

Socio-environmental issues

- Unleaded gasoline supplied in 1987

I 1989 ~ 1994

- Mandatory use of LNG started and Seoul Olympic Games held in 1988

- Housing Development Project at Youngtong, Suwon started in 1992

- The Pay-per-Waste Regulation enforced in 1995 (illegal open burning increased)

I 1995 ~ 1998

- Youngtong Housing Development Project ended in 1997

- IMF economic crisis occurred in 1998

- The worst Asian Dust events occurred 27 times in 2001 (the highest concentration of 456.7 pg/m”,

1 1999 ~ 2004

6 out of 27 events were over 300 pg/m”)
- Again 16 events of Asian dust storms occurred (the highest concentration of 416.1 ug/m’) in 2002

- The Korea-Japan World Cup Games held in 2002 (at the Suwon Stadium)

v 2005 ~ 2007

- The Special Act on Metropolitan Air Quality Improvement enforced in 2005

- The sampling site was moved from the Science building to the Engineering building in 2005

- Global financial crisis occurred in 2008
- Frequency of haze events increased rapidly from 2008 [80 times in 2008, 88 times in 2009, 62

\% 2008 ~2012
2012), 148 times in 2013]

times in 2010, 2011: 64 times in 2011, 110 times in 2012 (however; 50 times from Jan. to April in

- The Youngin-Seoul Highway was opened in 2009, thus traffic volume increased quickly.

3.2 PMwJ-I' PM, 5 Sko| 7|zhE 1 E

717kl 23 W7] 5 PM ot PM, 9] S &E
Fo PAe] AAA, ASH P BAAY 2s9)
sto] uje} m7kslA) WS (Kim, 2013). Thaka 2
AoA= o2t aaE aEste] HA| A7
Period-15-€] Period-V7}#] 57019 717+9 Y (period
zone) 2 2 U1 7|7HEE 1 =A% A5}
Sttt & 38 FItER APFUAAY trlael
AL E 4 Y= AS - BAH 24

AFR ol A 19899 19EE 2012 497}A] LVCI
9} HVASZ 233t PM,, 3} PM, o] thate] Period-I3
E| Period-V 5¢t0] ABF s B2 T3 49} Zt},
274 27|18 20039714 LVCIZ Y3+ PM,, 7t
PM,, (20004 ©]% PM,)9] %E0]al, 11 o] 7|7to]
£ HVASE olg3to] PM,,2 PM, & AsHict.
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Table 4. Summary of annual F/R ratio at the sampling area.

Finc particle (F) Respirable particle (R)
Period Year F/R ratio
LVCI-PM, HVAS-PM, , LVCI-PM,, or PM, HVAS-PM,,

1989 70.0 138.5° 0.51
1990 522 100.5° 0.52
| 1991 59.1 110.2° 0.54
1992 50.1 78.7° 0.64
1993 559 939° 0.60
1994 54.5 102.1° 0.53
1995 482 87.6° 0.55
I 1996 426 745° 0.57
1997 316 50.9° 0.62
1998 322 56.1° 0.57
1999 344 52.5° 0.66
2000 304 55.17 0.55
m 2001 31.5 62.9f 0.50
2002 30.6 5577 0.55
2003 10.7 2167 0.49

2004 - 59.9
2005 445 56.9 0.78
v 2006 51.6 83.0 0.62
2007 477 70.4 0.68
2008 54.2 745 0.73
2009 59.0 97.7 0.60
\Y% 2010 532 76.9 0.69
2011 36.3 56.4 0.64
2012 428 86.3 0.50

*denotes statistics measured based on LVCI-PM,,.
" denotes statistics measured based on LVCI-PM,.
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during Period-l, I, and IlIl were collected by LVCI samplers and the corresponding information on PM effective
cutting size must refer to Table 4.
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