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Abstract

In this study, NO2 pollution map was made with the NO2 passive samplers to improve the low spatial resolution of air
quality monitoring system. With the consideration of the spatial resolution, 175 sampling points were selected from 9 districts
within 1km x 1km. 107 sampling points from 5 out of the 9 districts were investigated three times in 2006. 67 sampling
points from 4 out of the 9 districts were investigated twice in 2007. The samples were collected mainly during the high ozone
density periods. The results were as follows; The mean score of the concentration of NO2 was 52.0 ppb in Busan. The
concentration levels of Seo-gu were 63.2 ppb and Jung-gu 61.8 ppb. They were relatively very high compared to other area
levels. Lower concentration levels of NO2 such as 41.0 ppb from Suyoung-gu and 43.4 ppb from Dongrae-gu were collected.
It was observed that the concentration of NO2 was higher during the spring season, and was lower during the fall season. The
level of NO2 concentration of the high traffic congestion zone was obviously high, and the NOz2 level of the green zone and
hill areas within the district was lower than the high traffic zone. In addition, the spatial distribution of NO2 showed big gaps
among areas in the district. Therefore, it is highly recommended to adopt a policy that could reduce the level of NO2 emission
especially in the area of NO2 high concentration on this pollution map.
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Fig. 1. Schematic diagrams of tube-type diffusion sampler(a).
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Fig. 2. Schematic diagrams of badge-type NO2 Passive Sampler.
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Fig. 3. Map of the mean concentrations of NO2 on Dong-gu
area. The interpolation scheme used was ordinary
kriging.

Table 1. Result of sampling by NO2 Passive Sampler in the Dong-gu area ambient air. (unit : ppb)

Sample No AEE 1z} 27t 3%t B
s 1 HEIE AUH 55.4 52.8 61.7 56.6
S 2 A& 86.4 39.5 64.8 63.6
s 3 ST TAH 36.8 25.4 24.5 28.9
s 4 39 75.4 45.4 55.4 587
& 5 BEADAIE 87.4 55.5 785 73.8
S 6 A 91.8 53.0 57.0 67.3
s 7 848 AIRAL 41.3 24.9 23.4 29.9
s 8 s 35.1 22.3 22.1 26.5
s 9 89 101.7 67.0 51.9 73.5
s 10 ZEESEEL 71.9 - 385 55.2
s 11 L 72.5 53.3 59.4 61.7
E i 687 439 48.8 53.8
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Table 2. Result of sampling by NO2 Passive Sampler in the Busanjin-gu area ambient air. (unit : ppb)

Sample No AEE 1z 27t 3zt B
2440 1 olgol =g 282 183 23.2 232
24 2 AE A 45.4 36.0 24.3 35.2
B4 3 =9 =S8 62.8 21.2 30.8 383
247 4 238 ARA 55.4 31.5 35.7 40.9
R44 5 5 R4 86.3 34.7 61.9 61.0
R4 6 &E AL 80.4 63.1 54.0 65.8
248 7 &g 28 A= 101.1 50.0 64.7 71.9
B4 8 RAgsnn 34.5 17.2 16.9 22.9
HAR 9 GZAANEZA ¢ 77.5 29.1 53.9 53.5
B4 10 LG sk 61.1 40.0 484 49.9
B4 11 Rals 3tEa 69.1 37.1 47.7 51.3
B 12 HES AARL 64.3 25.7 44.2 44.7
244 13 SE A= 61.9 30.9 54.2 49.0
FAE 14 HE8E 50.6 40.4 47.2 46.1
248 15 9 95 42.6 23.4 42.9 36.3
244 16 GEE S8 28.3 19.4 36.6 281
B0 17 Na 38 SAIREA 90.3 69.6 56.6 72.2
B4 18 Na Baed 107.0 74.1 63.9 817
B4 19 2a8g 64.9 20.7 35.1 40.2
B8 20 O = 67.7 389 60.6 55.8
27 21 Rd1s ARA 72.3 30.8 49.9 51.0
B0 22 SUAZEY AEI3T 64.8 64.8 55.0 59.9
B4 23 Hsaaud - - - -
R0 24 SH#etE 60.7 389 486 49.4
B 25 a2 67.5 37.6 57.9 54.3
L8 26 LG 24 ofntE 83.3 62.0 53.8 66.4
Bad 27 aHEd 91.0 37.1 59.2 62.5
B4 28 7I0k28 AFR A 45.5 27.7 45.7 39.6
244 29 AetE e 91.1 40.4 67.4 66.3
R4 30 =Ry 54.0 32.2 48.3 44.8
244 31 RANESs 1 65.4 40.2 488 515
B 32 E2E S84L 72.9 24.0 49.1 487
27 33 ol 519 24.3 52.7 43.0
R0 34 LR 36.1 33.9 45.8 38.6
R4 35 FAR T S8 AR5 22.4 187 31.0 24.0
248 36 9o 3 s 27.0 22.9 32.4 27.5
B 37 s 4&uist 30.2 23.0 24.2 25.8
24 38 S8 13 63.0 36.9 40.4 46.8
L7 39 RAdT HA4 56.9 27.9 47.1 44.0
3 40 B4 AUS 62.1 30.2 56.3 49.5
F474 41 =38 E58 50.7 20.2 47.5 39.5

E Fis 61.3 34.1 46.6 47.3

12901 12002 12803 128.04 12805 12008 12907 12808

Longitude(E}

Fig. 4. Map of the mean concentrations of NO2 on Busanjin-gu
area. The interpolation scheme used was ordinary
kriging.
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Table 3. Result of sampling by NO2 Passive Sampler in the Dongnae-gu area ambient air. (unit : ppb)

Sample No AEE 1z} 2%} 3zt B
=i 1 =834 25.5 14.1 21.4 20.3
=il 2 SIRES) 49.4 27.7 32.0 36.4
=il 3 SJELXE (SHALRHZE) 34.8 155 332 27.8
= 4 PEE AL S 41.3 12.4 34.8 29.5
=il 5 ZHHstd s I] S| 77.4 36.7 739 62.7
=l 6 BE2E AR 45.8 27.5 33.8 35.7
sl 7 St E3l3l 3 36.0 17.0 30.2 27.7
=l 8 BE2S R H 485 187 384 35.2
=il 9 FHOITE (1018) 31.6 14.3 26.1 24.0
=8 10 ZAMT] (KT nERHEHE) 44.4 26.1 32.6 34.4
=i 11 Fagd 115.1 37.5 737 75.4
=i 12 2718 584 (&EEH) 74.5 531 25.4 51.0
=i 13 248 E84 44.1 23.7 35.7 34.5
= 14 Shatol ol 389 15.6 25.1 26.5
= 15 S8 97.2 47.8 74.6 732
= 16 dlstedal 23.2 29.3 26.3
s 17 GRS 67.4 35.4 44.3 49.0
= 18 AME] A GHE & A 70.2 46.0 35.5 50.5
=8 19 g8 (FU2dHE) 63.1 52.6 384 51.4
s 20 a2l (SHEEAEE) 731 437 59.4 587
=il 21 sl 848 52.2 35.0 42.6 43.3
S 22 Std SEi A A 109.3 37.1 81.8 76.1
= 23 et Aot E A7t 62.6 26.5 39.8 43.0
= 24 SEAE A IH 44.6 25.4 331 34.4
E Ein 58.6 29.7 41.5 432

Latitude(N)

12041 12811

12005 12906 12007 120.08 120.08
Longtitude(E)

Fig. 5. Map of the mean concentrations of NO2 on Dongnae-gu
area. The interpolation scheme used was ordinary
kriging.
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Table 4. Result of sampling by NO2 Passive Sampler in the Yeonje-gu area ambient air. (unit : ppb)
Sample No AEY 1z 27} 3 B
A 1 ARA1S AR A 61.8 22.7 47.7 44.0
AA 2 AME i]owdllﬂ 63.5 382 57.3 53.0
A 3 SHELEA (HAZEH) 739 71.1 53.4 66.2
AA 4 FAQ o 43.9 24.0 480 386
A 5 BEAIAD mUed 42H 77.8 39.8 65.8 61.1
Al 6 7474] 45 E OLL}E 587 42.5 42.9 48.0
A 7 AL E AR 40.8 25.7 40.7 35.7
A 8 ALt AL 36.7 26.8 41.8 35.1
SAl 9 WE=E ”“EL”: 103.4 30.3 631 65.6
A 10 SO E @n = 1) 24.4 22.6 319 26.3
A 11 OfAloIE B 7 & 41.9 287 231 312
A 12 Eetess 71.0 62.2 41.6 582
A 13 AR Sojotat=E 61.1 355 43.5 46.7
SAl 14 A =S8 381 24.5 37.0 33.2
A 15 A3 47.5 25.2 41.7 381
B ki 56.3 34.7 45.3 45.4
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Fig. 6. Map of the mean concentrations of NO2 on Yeonje-gu
area. The interpolation scheme used was ordinary
kriging.
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Table 5. Result of sampling by NO2 Passive Sampler in the Suyeong-gu area ambient air. (unit : ppb)
Sample No AEE 1z 27} 37t B2
3 1 Bnsstn 23.5 21.1 37.6 27.4
+4 2 gns A= 2 94.3 47.7 60.7 67.6
=94 3 BN 25 AFR A 44.4 23.4 41.9 36.6
=8 4 oo A 22.0 20.8 36.2 26.3
&8 5 el RSie: 74.7 33.5 55.4 54.5
=8 6 TS ZEE fEed 65.6 45.2 539 54.9
+4 7 STjolItE (Watey 23 &) 76.8 49.3 68.3 64.8
=& 8 SR AN 487 23.6 44.9 39.1
=8 9 Zote 6 EF 60.5 33.7 57.4 50.5
=98 10 U ESA = 79.6 61.7 79.2 73.5
=g 11 B4 mbe¥E 35.7 22.0 46.0 34.6
=g 12 LUEEHEA 28.2 14.2 27.9 23.4
+8 13 SEZ=X 55.6 36.7 62.4 51.6
=3 14 neEUs e 35.9 35.9 54.5 45,2
=98 15 Al AL 30.7 20.9 35.6 29.1
=g 16 FETE 389 27.4 57.4 41.2
=8 17 Aol Xl o}t E 46.0 16.9 485 37.1
E i 50.7 311 51.1 44.6
b

12991 12812 12813

Longtitude(E)

1281

Fig. 7. Map of the mean concentrations of NO2 on Suyeong-gu
area. The interpolation scheme used was ordinary
kriging.
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0|83k ZRAbollA FH 3l 5Yoll+= Ht 50.7 ppb, 9¥oll+=
31.1 ppb, 11¥o= 51.1 ppbE H 44.6 ppb & FAAY
oA vl Fo gt HxE Kol Qlrk, ¥ 7o YEFY R
o] A& Aol MF e =Y 2E g FA I YujF Fi o
A e BT E Holx Qlrh. Al Aol $1x|sto] vl A
A of YA gk FA A YL thE Ao vl ARF A= o F=
EXEE Kol i},
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Fig. 8. Map of the mean concentrations of NO2 on Jung-gu area.
The interpolation scheme used was ordinary kriging.

Sk 40T F 67 Aol thskel 69t 109 2% of
A% 2AE A St
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AFE AABEOR BARe) e §1Xstel B oR L FAl
Gt QI HH OB L ol WY, HA T L §EA B
o] gix5ka gick, th7l LAY Fuj AL A Hfon]

ppb o2 it 61.8 ppbE HEFU T AaAE 2] s=7F
ol AR F AT 63.2 ppb HulE Wk B =T
A 7} vl ste] tha 52 FEO HEE How FAAY
Hat 52.0 ppb Hrt A UebEeh 58] Aol Ui EHE A
LA AP QAo FAEe-A = = o] 82.8~80.8 ppb® L
A5 Uebiglar, Al nEgdat 54 Feo] 36.2

~39.2 ppb2 A FEZE Yehfigich
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Table 6. Result of sampling by NO2 Passive Sampler in the Jung-gu area ambient air. (unit : ppb)
Sample No AHY 17t 27} B
=1 IFIEAL 50.5 42.4 46.5
s 2 Stz 54.8 44.7 49.8
= 3 BAY HEF 70.6 586 64.6
= 4 HaZxEu 76.1 60.4 68.3
=5 uEzd 37.1 35.3 36.2
= 6 T3 73.9 65.5 69.7
s 7 SEAWA 70.8 59.0 64.9
= 8 B AAL OITLE 72.7 64.6 687
=9 B AL 80.3 63.1 71.7
% 10 AR S 90.0 75.6 82.8
= 11 SEASY 39.7 386 39.2
= 12 gdxs o 84.2 69.7 77.0
13 55 £84 49.2 42.3 45.8
= 14 B2 = 87.2 74.4 80.8
B ki 66.9 56.7 61.8
Table 7. Result of sampling by NO2 Passive Sampler in the Seo-gu area ambient air. (unit : ppb)

Sample No ANE™ 1z} 2%t B
A1 IHUEN & B 36.3 30.5 334
A2 At d4s AAR 4 92.6 22.0 57.3
A3 TEHESE 67.6 53.1 60.4

A 4 SHESs 29.9 66.1 48.0
A5 SHURZE BLAESY 87.6 72.8 80.2
A6 AT SE AL (AT 59) 85.3 82.6 84.0
A7 SLE 3L 87.9 89.4 887
A8 SHASAFH (S URZE) 60.2 43.6 51.9
A9 SEEN 53.6 431 48.4

A 10 St 34 oA sh= 92.1 43.2 67.7
A 11 EE4VI0IE E(RBURIE) 75.3 687 72.0
A 12 =850 45,5 42.5 44.0
A 13 JARApN =] 53.2 45,9 49.6
A 14 GRUS AFRAL 59.9 45,2 52.6
A 15 GREU2E AR A 69.0 50.0 59.5
A 16 AdES AFRAL 43.7 37.8 40.8
A 17 SE3IY 89.8 80.2 85.0
A 18 A 528 90.5 82.0 86.3
A 19 O ZERY LGOI E 109.7 72.1 90.9
B ki 70.0 56.4 632

e

aIs.06 - S:o—

129 129.01 12Z9.02 1ZV.03
Lenagtitude({E)

Fig. 9. Map of the mean concentrations of NO2 on Seo-gu area.

The interpolation scheme used was ordinary kriging.
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124 XA

Table 8. Result of sampling by NO2 Passive Sampler in the Yeongdo-gu area ambient air. (unit : ppb)

Sample No AEE 1z} 2%t B

dx 1 STEEA 67.5 73.0 70.3

Sx 2 A (SHuXE) 86.7 46.8 66.8

g= 3 HEE F/4 89.4 75.9 82.7

gz 4 [Si=ny = = e =iV ATIA 69.8 59.1 64.5

Ex 5 AH2T AAR A 32.3 380 35.2

= 6 A AN L 24.7 384 316

Sx 7 S8 73.6 71.5 72.6

Bx 8 SAOMIE (G TAE Z) 485 41.1 44.8

g= 9 AN = A 285 40.4 34.5

&= 10 A9 Eng 64.6 64.6 64.6

Sx 11 SH1ISAIREA 40.6 45.1 42.9

B 12 Sats Anteg 59.9 47.3 53.6

= 13 SA=+Ed 23.6 26.4 25.0

g= 14 o st 39.9 29.3 34.6

&% 15 B EE A 42.2 34.8 385

B 16 HENEE 4L 37.6 312 34.4

E Eia 51.8 47.7 49.8
70.0 ppb, 10¥2 56.4 ppb B+ 63.2 ppbE YEIHTE  H3t FtoA i sl ed 249 FFS AR W XY o]
AaAletzo] Ferk A AR 5, Y= A9 Blal th 542 51.8 ppb, 7R 47.7 ppb=E, it 49.8 ppb
slo] thh & BEO] ¥ mglon MAXe Wi 520 2 UElo] 2K Bt 52.0 ppbet SAFe Q1 xej i
prb SCF S PR olis 58] A RUSMAWAL  of ch S SERES Yehc 19 100 et
HAAT GUFAAN o € S v N7 A A 2ol BEYol YE JERIA PAK FHL AN
Ho 5 AoR b Ao Nl HUBAE £ uF R S8 $EE B GPUTL AT Ao

B2 i ol ¥EoE Pulel U GHEo] o] el e BE RES et Yol AT A X

A4 U AN VAR AR S T =G 2 A2 FAE e Ul Ay eIl s de

7 Ho, A2 Vel T,

457 AETAN ZANUL B U1 AAE BES T UTAY XAAGS B 18 RS o
2 RS AN SR om RAre] A wekel SN glor] B ALE AASigon Rare] dae] 9jXsk glor] YEoR
Zo @l Sk Aol Wato] X B GET AL = Fakate] 9K/ 3te), Tawa} Ael Helod 57 92
AMuksello] i Eo] glit dliie) Aol 7 Ao

Yurs FH 0B Aol 95 k. Ui FA o]
o

ARSI QAT i Re] WA etE WE U AE Ao ol
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Fig. 10. Map of the mean concentrations of NO2 on Yeongdo-gu
area. The interpolation scheme used was ordinary
kriging.
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Fig. 11. Map of the mean concentrations of NO2 on Nam-gu
area. The interpolation scheme used was ordinary
kriging.
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Table 9. Result of sampling by NO2 Passive sampler in the Nam-gu area ambient air. (unit : ppb)
Sample No AEE 1z 2%t B
g1 OO E 46.5 25.6 36.1
g2 2 EE2BAIRL 80.9 29.9 55.4
= 3 Ul (B8 uxtz) 117.8 79.2 985
o 4 BLAESoll = 5l 581 26.7 42.4
=5 23, 88u9 104.9 49.2 77.1
=6 e 1SAHR A 74.9 37.6 56.3
g 7 A4S HASEE4) 65.1 287 46.9
= 8 PAISARE 79.2 32.1 55.7
= 9 RE e AR~ 79.0 29.7 54.4
=10 ZUM2BAIR A 117.4 71.0 94.2
911 =53] 60.5 312 45.9
12 LG HIEZAE 1158l 684 31.7 50.1
13 SEEEZ 84.4 31.0 57.7
H 14 EDITARA 66.8 30.0 484
g 15 24 S 2%} olStE 87.0 46.7 66.9
16 88 J}% 126.4 47.8 87.1
=17 STABAIE 61.6 32.6 47.1
=18 WEE g Kﬂ%’vg% 60.8 30.0 45.4
3 . 80.0 384 59.2
Table 10. Result of sampling by NO2 Passive Sampler in the Busan area ambient air. (unit : ppb)
T2 A el 1Z(58-68) 2R(O8-108)  37(11E) B
20074d 5T 66.9 56.7 - 61.8
20074 A 70.0 56.4 - 63.2
2006 ST 68.7 43.9 488 53.8
2007¢@ ST+ 51.8 47.7 - 49.8
2006 N 61.3 34.1 46.6 47.3
2006 sHT 586 29.7 41.5 43.2
20074 =an 80.0 384 - 59.2
2006 AA T+ 56.3 34.7 45.3 45.4
2007¢@ g7 50.7 31.1 51.1 44.6
B gis 62.7 41.4 46.7 52.0
oM MEEE e BY Y IS Y v Ao},
" a9 110 YeRd BRe} o] AubEd §YEe v ERE
o G4k e oul ko] o5 7} ko] v QI ste] ThE W
- Aejol vla aAtstRe] FEb e A Rushs Ao
. Yelyith, £ axp 2 w5k debaiekat A o)y xjgko] W
: W S Aoom e Aelo) ujs) &7 tebdt. 682 80.0

129

1291
Lengtitude{E)

Fig. 12. Map of the mean concentrations of NO2 on Busan area.
The interpolation scheme used was ordinary kriging.
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N A- T, 2007dE | S 14, AF+ 19, Y=+ 16, G- 18
T N F 67 Ao diste] FalAY eE 5wt #& 5
A~ 693 90U~ 1190 2~3x e o] AH RAME AA| STt
FAMAl AA| AA4lSHE o] s RS AT Y FA o] 3ol
AR T A oA A YElyk=d o= E ojyxfFat Aulo
A & Bl AaAtEE ol 1 Rlo] Sl Ao R wThE,
Passive Sampleroll I3t 2} X9 NO29| H3E= A A
do] 63.2 ppbE 7P &I I tre o= H3x]do] 61.8
ppbo] #iEE Yetileh, 7P R s i E yehd A9
Lo oo} 4=od LB 747} 43,2, 44.6 ppb S YEFUSICEH

2 B

200693 2007HE | AA Passive SamplerE ©]&3}o]
ik Z 175 A el diste] NOzell dhste] Os =7}
=2 A71E FAHLE X 2~32H o AA 2AME AR
A= vk Ak,

1 B3 AL BA ol 59% F 68.7 ppb, 9Y 43.9 ppb, 11

< 48.8 ppb= EH QI 549 NO29| =7} & EXZE Ho|
I ek, Fijbkel o TR FHES FACE vy
2 FE, FAANGI =2 ] Ho] 2|7 4HA] FH O R = Hul
A e sERAEE Ho|al gt} 53] HEof NG 2FY
Fk SAE ngo] §IXgE FA® F®o] 67.3~73.5
ppbE THE Ao vla] ul- EA el FAbS, 244

F, STEAT ol YAg vlay aAHoA = 26.5 ~
29.9 ppb®E Rt 719} vlaLste] 2 wof Zfo] & YEFUIglTE,
2. FAAFA S 59 Hat-2 61.3 ppb, 9¥ 34.1 ppb, 11¥
46.6 ppbE B+t 47.3 ppbE UEUICE tHE A 3} v st
o] TEAYo|| vl AE thh W HE BEXZE Yuyxy o
£ Ao Hla}wht} AT} 2 B E Ve Qo).
3. B FA G EHQ 5¥oll= B 58.6 ppb, 9¥oll+=
9.7 ppb, 11?4_ 41.5 ppbE BH QI 5¥ NO29| =7} %
25 Hol i qlrh, ¥ 50 YebUiglze] B4 &2 Aol

B S Y FAAI TN =
Kol glet, FHf &3t slho] X3 A2 8 A
2 X —‘LXI 7 AR e FARAG 0B A o
= 24t} 20069E o AL
tE A3}t vlaLske] EEH?LN 92 432 ppbE BT XY
53.8 ppboll vl W2 5= HxE Helt),

4, AAFAY EH 5¥9l= 56.3 ppb, 9¥ddl= 36.7
ppb, ¥el= 453 ppbE YElY Ao & 5 & Ko
9ok, ko] WX Eli= 4R E 2= 66.2 ppbE A&
e ST,

4= FA] o 5Y0) &= Hit 50.7 ppb, 9¥= 31.1 ppb,
11¥99+= 51.1 ppb2 Ht 44.6 ppb 2 FAFR| Y of| 4] |14
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fA - EOT AT - vt 5

o] WFHE 49 e 2 FUT Y F FAAA B B
2 mo|mw gtk AL Aol 91| ste] wlmA 1A o] $1%)
ot FAX L TR Hofof ula) Ak ARO) ST BE W
o]a glet,

6. A BHL 66.9 ppb, 7F=ES 56.7 ppb Ht
61.8 ppbE YEFUISITE A&AEHES &7 QI AR 4l
ATt 63.2 ppb Rt ROEA|EE B, F= ot X3} vlast
o B g2 =Y BxE Hoow RARY Hit 52.0
ppb REth EA it 58] Aol WA Ee AR A%
At FAFSA = = 0] 82.8~80.8 ppE I AE LER|
RaL, FAA A WFTAT SF4F T o] 36.2~39.2 ppb
2 XA ExE Y igich

7. MFAS BHL 70.0 ppb, 7F&HS 56.4 ppb Bt
63.2 ppbE YEFUSITE, AAASHES] &7 QI AR <l
T, A=A NG vwEte] tha 52 FEo BREE HS
o FAAY it 52.0 ppb Eth FA YUttt ol &
ARG FAS A A7 912§ I SR ol Al uf9- =2
FEE Bo] AT A XHo] g2 Ao g HriE Aog B
COAEA YR 52 SR E HYed ol B
o5 ups ghtol OITOVW Qol FA 219 0] “‘élff? 2199
A& e =E Hel AR FHH

8. Y= Ao BH-2 51.8 ppb, 72 47.7 ppb B+t
49.8 ppbE YEHo] FARS Bt 52.0 ppbt FAFSHH <l
A A EY a3 FEREZE YEYoI Y 1% o] B
BEAEA TR T4 AG A H A H$-

E B, st art $1 g Hd e o A e %E =
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FEY ExE EYvh A 895S e R
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ettt £ wa 2 Egh dukaFal A oy ko] Wi F
E A9 eg g Ao vlsf EA vele

10. FAERY 9] 7k A9 NO22| HE= ATA| Yol 63.2
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