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A Comparative Study on the Ambient Air Quality Standard Strength
among Korea, the U.S.A. and the EU
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Abstract

Based on air quality monitoring data (’10~14) of Suwon City provided by the Korean Department of Environ-
ment, a fundamental statistic for 5 criteria pollutants such as SO,, CO, NO,, O, and PM,, was initially investigated.
The purpose of this paper was to review the ambient air quality standards (AAQS) of Korea, the U.S.A. and the EU
and further to assess the degree of standard strength by the achievability of the AAQS comparing each national stan-
dard. Since the level and the way of standards for each air pollutant are various among countries, it is difficult to
determine the degree of relative attainment using the same set of data above. Further when all the areas having bad
air quality for a specific pollutant are classified as non-attainment case, it is more difficult to assess the degree of
standard strength. Thus we introduced a new concept called the average concentration distance (ACD) to quantita-
tively estimate the strength. As results, the Korean 1-hr NO, AAQS is slightly stronger than the US standard and
weaker than the EU standard. The Korean O, standard is strongest; however, the Korean PM,, standard is weakest.
Furthermore the equivalent levels of 8-hr O; standards in the U.S.A. and the EU were respectively estimated as 97.5

and 95.7 percentiles of the Korean standard with maintaining the existing standard of 60 ppb.

Key words : AAQS, Air quality monitoring network, Attainment, Non-attainment, Average concentration distance
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u]l= EPAE 1970d 7§AE AAZ7)H (Clean Air
Act: CAA)YA 67] 712 24 (SO,, NO,, O,, CO,
Pb, FH-2Z)el thsf Aeh7]E7]E (National Ambi-
ent Air Quality Standards: NAAQS)& AAsta 0|3
AYE nrstlch. CAA #70] wets ml5 EPA=
Sduich @Y df7|e71Ee] AP ARE HHE
sk glow, 19909 ARHeNE exe] AFER
(precursor)o] gt FAE Z3bstar, 19979 ¢& 9
PM,, 874712 AAT PM,, 877188 2713 bt 3
t}(Kim, 2002).
g7184 A7) (criteria)el= 712 (standard),
3] (goal), A1 FA] (guide-
line) o] Sl=Hl, 2 veh=s AP A7 2R Hi7]
873 A2 BEE AT of BEAS DA
7] 913t Z4F AR F4stka )itk 19784 24 SO,
gt g7 A71E2S AxE =3, 19833 CO,
NO,, 2HA], 0, & HCoJ| T3t 7%, 19911 2€ Pb
of thgt 71ES, 19959 PM, ] Tzt
. 20108415 MACH A2t 7158 =Yhde
™, 2011 39 PM,; 7|2< 2712 H4st7 20159
19 AW Ak o] F, YR FEL BAYIE
=27 g9l Ao 7o s}o:] SO,= 1995 =}
20114, CO= 19954, PM 2 20013} 20074, NO,
£ 200739 #F7|ES dAX R 7SS THMOE,
2014). 3tA, t)7]F A =2 (criteria air pollutants)2] =
A AAE g8l 7128 AsS5ATS 96t o
_OJI] 19739 A& 47 234, 1974 BAF 37 23
2 52 AR il 7| e dSALE SEA &
00}1 Tt 20159 129 7|20 2 Ao 2597 &
At 7154 27F B =L YTH(NIER, 2016). T7] 24
&A= 80O,,CO,NO,, 05, PM,, 5 57 A2
& Ao 2 A& ZAstar Qlok A= SAllA
AEe= d71L9% ARe 77| L 2T A
H(NAMIS)of| =R =0 HEFH AL glow, 57} X
A EA T BT Tl d7SFEH ARz &
T 5 UEE BT r1d RS AlFst
I ITHMOE, 2010). A58 A=) 2443
EH7l$°“‘ BEAAY ¥, LAFAHY +HH Bt
E 3t 712379 AF, 847|F A (attainment)

J% o]2/d (non-attainment) 59| Tk 9 ZHA] Fof

2853 3o

271 %] (recommendation),
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A2 A4S 5] feide 4, 5
A& R3d A2 85| dFs)of 5ta, Tes)
olafist7] ok st AA| th7]2 o] Watof gt
=S 7HAAL Qlofof sk, 714l et sior 5t
o, 7Hsd B SHEARS ARESiA AAstojof o
ok iR ge g 720 4AS AAE AT 4 3L
= $&0| T ojof 3ttt (Fairley and Blanchard, 1991).
dutH oz 7| A ol dAsHA A=W
A= oA oulrt EMEm, vitjg | &3t
ol Qithd A SW 9 ARET SHoA 24
ERA2AY ou|= EAE7] gz FeF] ¢Fo
Al Hi7187 A7 1ES At Ao] Sa8tth(Jang
and Jung, 2012).

2 dFolA= T‘L/‘]Ol]}“] +FH A= 67 A4
£9 d7|2942E Hgom ATE S0l ¢
A 78 d7ledEde sEdFS 2AsHeH, o
£ 0 24 LdE4e Ha vt vs % EUY
7|84 7|20 AP S 7k7 H85t9T). o] Azt
£ 0]&3to] & - &) 7|84 7|29 dA L (attain-
ment)E H|® A5G, FEAYMNES o]-§5to
7128 7 (strengthy S BAFA =2 F7hstA

2, A+ 4H

£ 998 ] 1o S A5 s
7‘_}1}&(2010~2014151)—— Ao 2
I8 13 Zo] A AFE, dAF, ¢,
ARF. TUE 5 ) 2949 A2E 0|39
ASERY ARE 1A BRARE o §3to] 8471
, QRS ALt en], FaSAE A
A8 T30 OS2 Al 58 BT A2
A7 = 0]%5HH (running average)S A-85to]
om, 8 s Tds) 2AAge A
ZJA R Uieo] A4 17709 B3t 5 2
e e A7 BaoR B,

B ATHLE 201095 E 20149714 594 9] F
Q g7]99EA = S0, CO,NO,, O, PM,,9] ©<da
3o BT EF o] 4% ARE eiue
(MOE, 2016), 13 (EPA, 2016), EU (European Com-
mission, 2016)¢] t7]8H7 7|3t APIHS 2442 A
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g3to] =UAl 67 A F9] tfr|ed 7EZTAH

£ 2 ngA AHE ¥ - ARSI 4=
7183 71E 2A/MEY R Id 7|EL & 1
Tt 2.

SEuete] A9, 50,9 H7|gE 14 712 20
ppbE AAFIT glow, 1A|7F 7|20 2 999 B o2
kol 150 ppbE ZISFAL, 24A]7F 7|E 02 99 E
A9 kol 50ppbE ZTSHA wjg/oletar g odt
o BHd o= 1A 7]50] 75 ppbE gH=t 150 ppb
o} EU 131 ppbell H]3l| ZsHA dA =] gle, 7]
F£23 A RE Bdste AR7IE GA 4 FHL 17
B 99uMELS 3L 3¥ BAHE VEFE
2 5t2 9lo] St EUR T dAsHA &85kl Slrt.
EULE IA]ZF B =rt 1do) 243] o4 131 ppbS
ZISFAY, 2447 BdE®rt 1o 33 o)Ak 47
ppbE 2T AL vjg/dolztar A ojstar Stk

COYl 7133712 *vaty A9 A7 71&
o3 999HEYS ZHo] 25 ppme ZIFEALF 8AZF
71202 99 914=9] Fho] 9ppme ZISHH wF
Aolgka Aottt vt 1A7F Hsrt 199 1
3] o|4 35ppmE ZISEAU 8AIZF BTt 1
of 13] o] 9ppmE ZI}etH ujFAolta Aot
o, EUE 8AI7F B4t s&7F 1de] 13] o] 8.6 ppm

= A5E vgAolet B st k.

NO,9| Z-%, #&uate] 1@ 7]&& 30 ppb=2 A3
Sta glon, 1AZE 7]1&02 999H &S ho] 100
ppbE ZISHAU 24A17F 7|E 02 99 E L9 gk
o] 60 ppbE 25 w0l BTt wl=2
18 7]&o] 53ppbolH 1X7F 7122 FZ 34zt ¢
Z 3 1A s o 9894 gho] 100ppbE =
g A9 wgAol=t Aosta qlck. EUY 14 7]&
< 21ppbE AR 3o, 1A Fatw=7F 190
183] o]} 105ppbE 275t nFg o= A o3t

0o gt Ljuket di7|ga e 1A 7129
745 999 &S grol 100 ppbs =AU 8AZE
7129 74 999l & 914=2] gho] 60 ppbE XI5 1
g0 g Aolsta it dHE ul=-2 87 A 7|E
< 70ppbE At Glo] EHAHcRE Y 7]E<l
60 ppbol| v &3te EA Y Btk AT vj5-2
AEAHO 2 AF7|ENA AF 4HAZ 22 E9 84
Htseol tigt A% 337 Bk 7= o
2 e 19 7|E0R 99HE: oz
e FUW7IET 71EA e 2 v|wsly| oyt
EUE 8AIZF Batm =7t 3dof 253] o4 60 ppbE =
et mggd oz A oJstar glct
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Table 1. The ambient air quality standards in Korea, USA, and EU (as of 2015) (MOE, 2016; EPA, 2016; European

Commission, 2016).

Pollutant Averaging time Korea" uUs EU*
Lhr 150 757 131
SO, (ppb) 24hr 50 - 47"
Lyr 20 - -
Lhr 25 35" -
CO (ppm) 8hr 9 97 8.6”
1hr 100 100" 105"
NO, (ppb) 24hr 60 - -
lyr 30 53” 217
1hr 100 - -
O; (ppb) 8hr 60 70° 60"
N 24 hr 100 150" 50"
PM,, (ug/m’) Lyr 50 _ 40”
N 24 hr 50 359 -
PM, 5 (ug/m’) lyr 25 122 259
5 Rolling 3 month average - 0.15Y -
Pb (ng/m) lyr 0.5 - 0.5
Benzene (ug/m®) lyr 5 - 5%

"'999th permillage of 1 hr concentrations shouldn’t exceed the standard and 99th percentile of 8 hr and 24 hr concentrations shouldn’t exceed the

standard. 1 yr concentrations shouldn’t exceeded the standard

?99th percentile of 1 hr daily maximum concentrations, averaged over 3 years.

Y'Not to be exceeded more than once per year

“98th percentile of 1 hr daily maximum concentrations, averaged over 3 years

*Not to be exceeded

® Annual fourth-highest daily maximum 8 hr concentration, averaged over 3 years

”'Not to be exceeded more than once per year on average over 3 years
98th percentile, averaged over 3 years

* Annual mean, averaged over 3 years

' Not to be exceeded more than 24 times per year

'""Not to be exceeded more than 3 times per year

' Not to be exceeded more than 18 times per year

' Not to be exceeded more than 25 times per 3 years

' Not to be exceeded more than 35 times per year

*Conversion factor of EU standard: 20°C, 101.3 kPa

Aokl 1o, 24A17F 7]1E0) L 99w E LS Fhol
100 pg/m's Z3tety wjggoz Aolst 9lct. 1|
2 24A17F 71%0] 150 pg/m’2 AR =] glof £
vetEch 34 43tE AAY 2ok shAek 22 39
7k 24X7F BEF5E7) 150 ug/m’S 13] o)Ak Z2u}3bd
njgdolet shar qlo] SejutetEch wj¢ dAsHA 2
253 9tk EUE 19 7|24 8 40 ug/m’2 AAsta
Utk AT 24A17F 7]22 Sy AR+ 71T
5Ue 50 ug/m*s A5t oi$ A, TEHA
71& BAYRE 2H3SE 14 3535 28510
westar Slck
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Table 2. Statistical summary of daily concentration (SO,, NO,, and PM,,) and 8 hr concentration (CO and O,) monitored
from 2010 to 2014 on the 6 sites in Suwon City, Korea.

Sinpung Ingye Uman Yeongtong Cheoncheon Gosaek
2010 5954252 4.75+2.13 523+2.39 482+1.83 581+£221 535+£1.83
127~14.17% 1.13~12.17 2.00~14.46 2.00~11.04 2.17~15.25 242~1121
2011 586+2.73 4.60+£2.05 5.65+241 461+2.19 542+2.84 582+£220
1.13~17.42 1.00~11.58 1.29~16.96 1.04~13.83 1.92~18.42 1.79~14.21
SO, 2012 5771274 5124223 5771274 477+2.16 5481244 5.65+2.35
(ppb) 1.17~20.54 1.29~18.25 2.00~23.23 1.13~17.38 1.21~19.92 1.18~16.25
2013 590+2.54 556+2.14 6.55+£2.61 531£2.10 5.63+2.16 598+2.17
1.25~15.21 1.59~12.67 2.00~14.88 1.54~12.71 1.42~13.09 1.87~12.83
2014 6.14+£2.63 5.67+£2.46 5.40£2.06 5.10%2.16 6.14+2.11 594+£1.99
1.88~15.79 1.00~16.21 2.33~14.75 2.00~15.42 2.00~14.43 292~1542
2010 0.72+£0.24 0.76+£0.26 0.82+£0.25 046+0.23 051+£0.24 0.73+£0.28
0.39~2.36” 0.33~2.53 0.24~2.18 0.20~2.63 0.20~2.63 0.33~2.83
2011 0.68+£0.26 0.73+£0.29 0.77£0.31 0.48+0.19 0.58+0.26 0.67+£0.25
0.31~2.33 0.38~2.49 0.21~2.55 0.30~2.01 0.30~2.53 0.29~2.24
CO 2012 0.66+£0.23 0.66+£0.21 0.86+£0.28 0.52+0.17 0.55+0.21 0.65+0.23
(ppm) 0.31~2.15 0.24~2.11 0.40~241 0.30~1.74 0.35~2.34 0.38~2.25
2013 0.70£0.25 0.67+£0.23 0.54+0.17 0.59+0.27 0.57+0.26 0.72+£0.26
0.35~2.58 0.31~2.46 0.33~1.81 0.28~2.04 0.30~2.58 0.27~2.66
2014 0.70£0.23 0.63+£0.21 0.61£0.18 0.70+£0.24 0.64+0.19 0.69+£0.23
0.28~2.44 0.32~2.38 0.36~2.24 0.34~2.14 0.40~2.54 0.38~2.29
2010 33.8+14.6 369+149 395+14.9 355+13.8 348+14.7 322+139
7.5~81.9% 10.2~86.0 10.9~89.9 7.7~80.8 9.3~84.9 8.9~81.5
2011 36.7£15.9 339+144 46.1+16.6 355+139 3501152 3171132
8.7~80.5 7.7~79.1 12.0~93.7 89~73.2 59~76.5 7.8~77.1
NO, 2012 329+145 340+135 426+155 323+134 340+135 314132
(ppb) 8.1~85.6 6.4~86.5 7.3~89.1 7.7~79.8 9.7~81.5 7.7~859
2013 351154 355+14.6 427136 351+129 33.6+149 324%13.6
72~929 9.7~953 17.9~90.8 11.5~88.8 6.4~91.6 9.9~99.9
2014 348+15.3 36.8+152 37.8+13.9 34.1+14.1 325+128 319+133
9.5~875 11.9~86.9 8.5~86.7 83~784 8.4~69.5 89~752
2010 2224122 205+12.8 17.7£9.8 169+9.8 185+104 2061104
2.0~105.4" 1.0~114.3 2.1~874 2.0~98.1 2.1~88.8 3.0~88.6
2011 219+125 206+123 202+11.2 189+10.5 18.8+£10.2 21.1+103
3.6~101.2 2.8~109.9 23~99.5 1.3~86.3 2.6~89.3 42~90.8
O, 2012 227+120 235+134 220+12.6 198+11.0 196+104 224120
(ppb) 3.0~99.5 2.5~108.3 2.6~99.1 35~86.8 3.0~86.3 4.1~98.4
2013 23.1+13.1 2234128 182+122 215+138 214120 222+11.8
3.8~100.6 3.5~101.9 33~978 2.8~106.0 3.4~96.0 4.6~86.9
2014 24.1+13.6 2244137 209130 237+154 228+133 242+139
4.6~95.0 2.8~859 4.0~93.0 1.5~102.8 3.0~973 3.3~102.0
PM,, 2010 36.1+13.7 384+199 325+19.2 358+19.3 519+£309 579347
(ug/m’) 12.7~133.5" 8.5~225.7 6.9~269.2 7.7~22577 11.1~219.0 9.0~246.7
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Table 2. Continued.

Sinpung Ingye Uman Yeongtong Cheoncheon Gosaek

2011 54.8+253 51.84+35.0 453+28.8 5194333 545+356 56.6+35.5

17.6~196.2 59~2958 5.1~2762 5.1~2933 8.9~304.5 5.6~302.8

2012 4544227 4561233 44.0+20.0 455+21.8 47.8+23.6 4731224

PM,, 7.0~154.1 7.1~157.8 59~1325 7.0~144.0 10.0~170.7 7.8~1458
(ng/m’) 2013 5271259 4994278 53.0+£293 503+259 504+248 51.9+£263
14.8~171.5 10.4~193.0 9.7~176.8 10.5~176.0 14.5~179.1 143~191.2

2014 512+30.3 50.5+£29.5 464+269 509+29.6 49.1£26.7 523+273

10.5~196.0 11.1~178.1 8.7~167.6 9.9~180.8 11.4~165.7 94~167.0

" annual mean +SD
24 hr concentration range (Min~Max), Min = Minimum, Max = Maximum
Y8 hr concentration range (Min~Max), Min =Minimum, Max = Maximum
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Fig. 2. Box plots of SO, average concentrations on 6 sites in Suwon city; (a) 1-hr mean and its range and (b) annual
mean for each site.
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35T 2L BI0H (1Y 2b)], 20149 ABE
418 6.1ppb, 1A% 5.7 ppb, $-TH& 5.4 ppb,
E% 5.1ppb, AHE 6.1ppb, LME 54ppbE A
71EX %] 20ppb Tt o F2 FEE BT} SO,
FE AxAddL, B4 34, ARG AL 5 2
2 AU AmAE] o5 LAYst=t], =LA F
& Azddo] ARH o2 AT Bk oy A=xF o
2 AZgF A g, AR AEEA], FAARY
AHg 983} 5 ARAY aRtE A |ER o
W FEE AT 4+ AU
2010~201487H7 294]9] CO 1X7F BHEEE
0.1~44ppm HHZ BE 87} 1AIZE 7|EX2 2
ppmE X W= £AE BQT[IE 3(a)]. EF
A7t BEEE 1Y% 02~2.8ppm O E 8A|ZF 7]&X
9l 9ppmuT mj$ woph 20149 ABF LPTE

oX fr M4 of off oX

o O M

5.0

AAE, $9s, AHFol 0.6ppm, AFE, 956, L
AEo0] 0.7ppmOE A= FF< 0.5ppmEc) tha &
£ 5EE BATHIY 30)]. COE Bayio] &
4 A4 o DAYt 8 EdS SRR
o], HABAT HSEREe] ARALA WAY

ok A Y AEAE FEHeE 20139 124 7|Ee
Z 411,685 (Suwon city, 2014)2 Ao} Alt] & 19}
Bg molbu), o9} T £ENE Andsst B
Aol o3t &2 wdHT.

o]} Zro] L-2jutetol 4 SO,, CO, Pb T3t T2 &
9 5027 29809 Fuvt 4FHOR WA
D43 712 ol F7ke] AALA ojeint Rl
o] 3494 Fof A& ¥ AR LAEE Aol
dig BAT A¥I oS T, 2 ARAAS
oz By7rs] F5e] BhEole(Kim, 2013).
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Fig. 3. Box plots of CO average concentrations on 6 sites in Suwon city; (a) 1-hr mean and its range and (b) annual

mean for each site.
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2010~2014QA7HA] $=¢AQ NO, 1X7F B2 1~ 247t 7|28 W=EehA] £3ahglh 218 4(b)x 2010
150 ppb WS BT 1Y 4(a)]. B3] 20149 A|7F  ARH 20149744 NO,9| A% ¢ HEHS Eon]é
BE o) 9998457 AEF 105ppb, AAE I Qdl, T W7 31.4~46.1 ppbRA 7| EX|2l
117 ppb, $THE 102 ppb, GEE 102ppb, AHE 96  ppbS 2T5}1 ot THH O 2 20149 AR F gﬁ
ppb, A% 88 ppbZ LEFGTEH NO,2| A7HE 4 di7] =& AlE% 35ppb, ¢1AI%E 37 ppb, %%+ 38 ppb, B
AF7EL SHREY 999HE 47 100 ppbE 5% 35ppb, A5 33ppb, LMF 32ppbE HE A
T31A] efotok stE R, AMFI nAFS A gt ol 7|&& 23pe Bt opy}, M=k H2l 24 ppb
5. A%, $UE, 45 5 4 NHo Al7P7lT Hr} 10ppb ol ¥ FEgS EHth NO,9 4

TEskA] ghokth E3 NO,9| B+ 71E2 53 %‘.‘ A S AE HHAS Y 12 A
A9 99 E 9527} 60 ppbE 2 H5HA| grotof = , A AFEYol 2 olsedd
A, YAl NO,2| 24A17t FE=H 9= 6~100 ppb H Y 2 *3%}2?"5 A9 o wiE, Aol ARgE Aty
E HYoH, 20149 % 24X HF 5] 99 ER:  AY KU, 5P ‘:‘Eﬁi I AAA=RE Y F
= AlFE 74ppb, AAE 77ppb, ¢ 74ppb, & U TY FF WELE Ax FHE Xt ACE &
& 69ppb, FHF 65ppb, AAF 67ppb2 A A[Ho]  THTh NO,9 EHﬂé% Hd’é} | SaliA<= ol
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Fig. 4. Box plots of NO, average concentrations on 6 sites in Suwon city; (a) 1-hr mean and its range and (b) annual
mean for each site. Each solid line in box (a) and box (b) indicates the hourly and the annual NO, AAQS in
Korea, respectively.
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Fig. 6. Box plots of PM,, average concentrations on 6 sites in Suwon city; (a) 24-hr mean and its range and (b) annual
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respectively.

o713 A A 32 A Al 6 &



H% HESH T & 32 SO, (1A17h), NO, (14]7h), CO
(8A17h), 05 (8A17b), PM,, (24A|7h) 7120 ti3t AHS
Zkz} v gt Zo|tt.

SO,9| 1A|7F 7|22 SEjutet, /4, vl= 25 A4
sho] -85t o, & 3042} o] £=HUA] 671 A
A BT Z=9 A7 718 100% 235t qict. 24
AZE 7182 SEuetel EURto] Agstar glom A
Bt 7182 YU A8kl Sl A 2
£ ARolA 2447 2 AHH SO, 7|EE DA
ot 3HE, CO9| A7 712 S2uete} nl=o] 4§
star glow, eutete} nj=o) APgHE 217 A&
gt A3 BE SHXHANA 100% SH4ES EFH E
et 8AIZt 71&2 S uEh vl=L EU 2% AAskaL Q)
om, & 3949} o] BE AFEAIRT} 100% BEE
= B3k

NO,9| 1AI7t 7]&2 $-Evte}, v|=, EUZF 242t
100 ppb, 100 ppb, 105 ppb= 73t 3lo Bl 4
Tollow, 7% 2ol fE wdsh= AMIHE FA
=t S uetol A 999- A7t 7R E 24
812 ghotof sh=d], o] APgHE A8 A 20109
67 XA, 20114 578 A4, 20124 578 A4, 20134
670 A3, 2014 47] 7o) ud/dol it S, vl =
EPA A7} 7182 2| 397t 815 2 1A Bds
2] O8ul 9|57} 100 ppbs ¥} k= -5 HEA
olg} FoJsta it vl= 7|EE YA AR HE
gk A3, SEjueEt 71ES A83E grEo ugAd A
#7F A glek E3 105ppbE A7 1835 2HskA] &
ofof st= EUY| 7|&S A& A% HEAd A9
20109¢ 17 AA, 20114 27 A, 2012 17) A A,
201349 571 A1, 2014 171 Aol ek @3] 7|&
A RZR BdE © NO,9 @7]71%3 1A7E 7]
2 YUt 7IEol vsET v gFsigon,
EU| vlfAl= 433 443 29S¢ 5 ASlH

3hE, NO, 9| 2447t 7122 SeuetolAut 71&&
A7star &k Ql=dl, 99WELS7 60 ppbE 2
I o njggder AJYstar gt o] 7|ES A8t
A3}, 2010~2014E7H2] £QA] 67] A F oA 2E 0]
Dol At sARE A7171EQ] A% 712 U
2, =, EU 2% 285k e, S-2uztet EUY
A 8351 2010~2014A7HA] 67)] A A %
7F migAdol k. SRRt v =) A& 285 =

5

0,9 1AIZF 71&2 feveint 718 At ¢l
23+ A3} 20109 37) XA, 2011
3 37 %A, 20129 470 ®A, 201343 57 A A, 2014
| 370 AR lA mjg/gdol At gHE, AT 718 &
2y}, vl EUZF 2H2F 60 ppb, 70 ppb, 60 ppb= A7
skl itk b9 FE AMIHE H851e] 0, 52 E
w7k A3, 2010~2014A717] 67) A BF olg
ol it LAY of gl 2014 A= 2567 A
34 F 8AIXE VIS GAES 0% TH(NIER,
2015). Fog 2ogyat 199390 H&o2 8A|7H
7122 & 60ppb= AR =, A =ARE B4
Aeste] FFses T+ o FF o (block aver-
age) 2 &2 AAksto] GA| oo gt EAF o] A|7|| u}
91T (Heo ef al., 1999). o]% 2001 A| 42} th7]3F

71ES AT o FEFHEE olsETHeR
ZHE AAstG o, ey WA 2 7)EX]
A7 2ol ARITA| 9] whak-g o 2|sto] 4= x|

on, @A7HA] wj¥ FAT 7S FA5HL

=2

o}%l\-
. 20018 o] Ao| 30%HE SR 37

o

=

H

=

N

M

tlo
AT
iy

2L {0 2~ on

%
o}, AR

= GAHES B4 JiA 91 2001E 128%=
v} QITH(NIER, 2002). wahA RS A7
Ao R stHA AR Y WA IE 7]
&l Ydgel Zasirtn wdrdEth o
o)) 0,9] 7]1&X AR B3 A4S =353
PM,, 2] 24A17F 712 S8t 100 pg/m?, 1]
150 pg/m’, EU 50 pg/m’2 AAsta it 71229k
HFHAHCE HY w|zo| Lt ¢3tE o] §lu
EUZ} 2318 718X Bl kAT PM,, 71589 &
Qo IR wolstA T2t w59 H¢ X3
Az 2422 Bt s =7} 150 pg/m'E 13 o4 233}
A ¢k 7] ool vl dA% 7Ieolzt & 5= ok
A9 PM,, SHARE S}, vl=, EUY 244]
7+ 71 Aol k2 A-83 Aa, oA vt 7]
ZHE 8T A9 20109 AFF5S AQg BE 7|
Aol mgdelglen, nj= 9 EU 7|&8s A8
749 BE Aol ujggoldnt. B3 F7]71EQ] 1d
71 SEvete}t EUOAMTE 83t Qledl, #-2
Yt 7|29 olstd 2010 47§, 20118 174, 2012
| 670,20139 17,2014 27 A Fo] A7 |ES &

N 0

iy

SII A 71
N
lo mju o

|
A

iy

J. Korean Soc. Atmos. Environ., Vol. 32, No. 6,2016



570

ululy)

R S

olEfF - oA - HEE

Table 3. Air quality evaluations according to the ambient air quality standards of Korea, US, and EU.

Korean method

US EPA method

EU method

2010 2011

2012 2013 2014 2010 2011

2012 2013 2014

2010 2011 2012 2013 2014

SO,

999th permillage of 1 hr concen-
trations (standard: 150 ppb)

99th percentile of 1 hr daily maxi-
mum concentrations, averaged over
3 years (standard: 75 ppb)

The number of cases with concen-
tration exceeding the 1 hr standard
130 ppb

(permitted case: 24 times per year)

Sinpung 20 23 27 22 20 23 23 23 24 23 0 0 0 0 0
(Th)  hove 20 16 24 19 21 23 20 19 19 21 0 0 0 0 0
Uman 24 26 32 25 19 27 27 26 26 23 0 0 0 0 0
Yeongtong 18 21 24 20 21 22 21 20 21 21 0 0 0 0 0
Cheoncheon 20 26 26 20 21 22 23 23 23 22 0 0 0 0 0
Gosaek 18 22 26 21 21 22 22 22 22 22 0 0 0 0 0
99th percentile of 8 hr daily maxi- The number of cases with concen- Thé number O.f cases with concen-
. . . tration exceeding the 8 hr standard
mum concentrations tration exceeding the standard 9 ppm 8.6 ppm
(standard: 9 ppm) (permitted case: 1 times per year) (permitted case: 1 times per year)
€O Sinpung 20019 19 19 19 0 0 0 0 0 0 0 0 0 0
(8hr)  1pgye 23 21 17 18 16 0 0 0 0 0 0 0 0 0 0
Uman 20 20 22 12 1.8 0 0 0 0 0 0 0 0 0 0
Yeongtong 20 1.7 1.6 1.8 1.8 0 0 0 0 0 0 0 0 0 0
Cheoncheon 2.0 2.1 2.1 22 2.1 0 0 0 0 0 0 0 0 0 0
Gosaek 23 1.9 19 2.1 1.8 0 0 0 0 0 0 0 0 0 0
. . . The number of cases with concen-
999th permillage of 1hr 98th percentile o'f Lhr daily maxi- tration exceeding the 1 hr standard
. mum concentrations, averaged over
concentrations (standard: 100 ppb) 3 years (standard: 100 ppb) 105 ppb
(permitted case: 18 times per year)
NO, Sinpung 104 110 102 122 105 102 104 102 101 98 7 21 6 24 9
(1h)  phgye 112103 104 123 117 106 104 103 103 107 20 7 8 26 34
Uman 105 125 122 122 102 111 113 113 114 107 9 73 55 20 5
Yeongtong 108 102 99 109 102 97 101 100 96 96 11 5 1 14 4
Cheoncheon 105 106 102 117 9 102 102 101 99 94 8 9 2 16 5
Gosaek 107 95 106 120 88 94 94 95 93 91 9 2 9 21 0
99th percentile of 8 hr daily maxi-  Annual fourth-highest daily maxi- L number of cases with concen-
. . tration exceeding the 8 hr standard
mum concentrations mum 8 hr concentration, averaged 60 ppb
(standard: 60 ppb) over 3 years (standard: 70 ppb) (permitted case: 25 times per 3 years)
0, Sinpung 95 92 85 89 85 91 92 94 91 87 140 149 146 159 170
(8hn) Ingye 102 95 89 86 80 102 101 97 91 8 171 141 141 153 159
Uman 84 90 86 75 84 83 85 89 86 84 69 78 113 114 117
Yeongtong 82 79 79 83 91 80 82 82 82 86 82 80 80 117 163
Cheoncheon 85 78 70 83 84 87 83 79 79 81 115 94 76 95 117
Gosaek 82 81 84 84 89 85 85 85 85 88 119 110 104 125 161
The number of cases with concen- The number of cases with concen-
99th percentile of 24 hr PM,, con- tration exceeding the standard 150 tration exceeding the 24 hr standard
centrations (standard: 100 pg/m’) pg/m’, averaged over 3 years 50 pg/m’
(permitted case: 1 time per 3 years)  (permitted case: 35 times per year)
PMio  Sinpung 87 153 121 147 159 5 8 6 10 11 38 188 125 160 148
(24h1) pove 11 180 120 149 162 19 19 10 13 11 51 156 130 145 147
Uman 107 157 101 162 151 9 10 6 9 9 36 109 111 108 132
Yeongtong 110 173 114 143 154 17 17 9 11 7 42 159 125 149 149
Cheoncheon 179 197 126 138 145 23 22 16 11 6 147 164 129 145 141
Gosaek 193 187 115 143 133 26 29 18 14 5 184 186 135 158 161
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Table 4. The number of non-attainment cases and the average concentration distances (ACD) exceeded from each
specific standard for 30 cases in Suwon City, Korea.

Korea US EPA EU
No. of non-attainment ACD" No. of non-attainment ACD No. of non-attainment ACD
O, (8hr) 30 25 ppb 30 17 ppb 30 12 ppb
PM,, (24 hr) 29 46 pg/m’ 30 39 ug/m’ 30 25 pg/m’

" ACD: average concentration distance

J. Korean Soc. Atmos. Environ., Vol. 32, No. 6,2016



572 bR - ol - o] A - PEE
ojk o] -EutEtell A 0,9 8AIZ 71&2 71 ¢
AsA| gk, v PM, 9] 24Xt 71EL 71 $h3}E of

qlgich B @AM olg Zo] AFsAL gt

A3 712¢ 99HZ A Altste] w347t
HE f7hA] GAEE ASHA7IHA nEy Sleet
ACDE 77} AR Z3to|nt. Faz2 2 dAFollx=
7| &5k Al ARIEA 9] s=o digt ARdE 1Y
sto] 7|1EEE WAl EF7E 24 oRE ddske
WHEZ ] HekethE ARSH. 19 7oAt 2
o] 9sulE o] =T Hi7bA] v Sl 309
Fom ACDE old Agste] HilAez fgastgl
th. o] =l mlgAd AR (2 boxol A o7
Dol HsiA & 404 ALtE wl=2] ACD (17 ppb)
% EU9| ACD (12ppb)E W47 23, vl= 9 9
7|&l 77k vt 712 47 975929 e 9
95. T E AT AT FA 22 A FoM eE &
7710l 20kl glon, g =7k vls A
O 2 AAR 7FEe] AEHAL o] A =R7|E
A2 @3 2&9 Yrgr 712 S ALHol

Zasiota goE

3.3.2 PM, 24A12t 7|& 0 Z I}

I 40 &8t PM,, 24Xt 7129] b=, w]=, EU
o) mjy Sl 747} 293],303], 303 2 -2t
71&o] 71 sttt ®ek BE AHE7F g AdS B
Q1 W=t EU 7|89 A%, 71&& 233 ACD7} Z+
7} 39 pg/m’, 25 pg/m’2 AAtE o] wl=o] 7|&o] EU
Hoh dFsiqnt. o] & F3l PM,, 247k 7|22 vl
EU, 3= «o2 A5 Sevehs Aide=
43td 71EE THAAE YSolE Etstal 20109
~2014Ad712] =LA 67] S TolA PM,2] 244
1 71E GHES AF 33%E Hol PM,, 2¥o] 4

A B, o9 7|Edst Feoke gy,
d7|eET A3 HHor Ut 2447 71E
< 9HE SR FUSHA FAZE AEolA, 71 EX T
< 100 pg/m’o A 1 pg/m*y EA7HAM (F, 71ES %
stetA) nle/g 817t 303] F wizbx] mALskGiTt
F 50)Aj9k o], A3t 7]EX|7} 86 pg/m’Y o H] 24
A HA ARZE miEAgdo] =k o] dAVIE
Aol A 2] ACDE 58 pg/m'2 ZALE =Y, o] ACD
L u]Z9] 39 pug/m’ @ EUY 25 pg/m’Bots 2 3He
Hoj o] 7|&A e wl$ dAT sFo|eta wekH

40 40
—+— No. of non-attainment
~&-- Averaged distances from the standard (ppb)
a
. 30 + 30 8§
= =
£ £
c 2 «:
£ S 3
£ Y <
§ o204 N 20 B
IS e o}
< £
ks €
s £
4 L o
10 10 o
<
0 0

99th 98th 97th 96th 95th

94th 93th 92th 91th 90th

Percentile

Fig. 7. The frequency of non-attainment (left axis) and the ACD (right axis) for the Korean 8-hr standard of ozone (60
ppb) which were calculated by changing the degree of percentile based on air quality monitoring database in
Suwon City. The shaded area in the box occupies all the non-attainment cases and the figure also provides
ACD levels of corresponding USEPA and EU standards.
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Table 5. The number of non-attainment cases and the average concentration distances (ACD) exceeded from each
specific PM,, 8-hr standard for 30 cases in Suwon City, Korea.

Korean method

USEPA method EU method

Current standard: 100 ug/m’

Est. Standard": 86 ug/m’

No. of
non-attainment

No. of
non-attainment

ACD? ACD

No. of
non-attainment

ACD No. of ACD
non-attainment

PM,,

3
(24 hr) 29 46 ug/m 30

58 pg/m’ 30

39 ug/m’ 30 25 pg/m’

" Estimated standard : the numerical value of 86 was calculated when all the cases in Suwon City were classified as non-attainment area

? ACD: average concentration distance
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