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Abstract

There is an overall guideline of the installation of air quality monitoring stations in Korea, but specified steps for
the selection of monitoring sites for hazardous air pollutants (HAPs) are not provided. In this study, we proposed a
systematic method for the selection of monitoring sites for HAPs using geographic information system (GIS). As a
case study, the Seoul metropolitan area (Seoul, Incheon, and Gyeonggi Province) was chosen, and 15 factors
including population, vehicle registration, and emission data were compiled for each grid cell (7km X7 km). The
number of factors above the top 30% of individual data for each grid cell was used to select priority monitoring
sites for HAPs. In addition, several background sites were added for data comparison and source identification.
Three scenarios were suggested: Scenario 1 with 7 sites, Scenario 2 with 17 sites, and Scenario 3 with 30 sites.
This proposal is not the final result for an intensive monitoring program, but it is an example of method
development for selecting appropriate sampling sites. These results can be applied not only to HAPS monitoring in
megacities but also to the national HAPs monitoring network.
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3t 7] 2 H-E2 (Hazardous Air Pollutants: HAPs)
< 42 Fthe 5 AR A% ZAE del= A
o2 dFAY HE= LH=EEEA, vE EHEA
(United States Environmental Protection Agency: US
EPA)2 1875 313HES HAPsZ A A3lo] &S &
getal glow, o] F 30FS =AW HdER
(Urban Air Toxic Pollutants)2 A3} thH(US EPA,
2017). A2l HAPsZ = A 59 U773t
= (Volatile Organic Compounds: VOCs), t}o]L2-A1 1}k
e AFAG7) 2 9= (Persistent Organic Pollut-
ants: POPs), 7FE&T} 2 59 Sa%0] itk ¢
A A2TpgoA B E= thol LAl ohehgrET
Sl4=4 (Polycyclic Aromatic Hydrocarbons: PAHs)=
AT SAREoR AAdoR wEEyE S
7 HAPs= o5 2@LFsah EY, HA )3
1 LHAFH, B, B F)lA dfFe=
HEEH, AW @S A, AH SA S)elA= wiE
=th(US EPA, 2017).

YU 718 B o= 6452 H7| e HEE
o] AAE] o, o] oA 43Fo] fFa| g7
Aedd71edEd F A7x W& HAH- F7F 2
I, Abe] Aoy A= Al HE 71E
o] A&AA SH ol AAl - #F o] B/l
AFE =)= AAH AUt £, 35F ST
fFralEd As=odA= Z714d 3y =& st
of Agel A7olv FAEY s A Ee A
o2 s 71 5 ol tf7] wiEol iRt wert 2
a5ttty A" 222 AREH U EFW7 =
A 35% FolAl 24F2 US EPAY A7 5429
2% FEH oJAY ‘fetrIedEd e =U
oA WA gojz otyANh, FHHLE AEEHE &
ofolm, P& °Fol= HAPszFAL A 3h= A7} Wt

RR= dr1ed=dY LGAH vef, ti71E &
AL d71E S AT 712AE gEE FHos o
7L dERTS SFTT WL FSATS dHSA
T AFSAYLR Ui, dREAES A7
LASAG (=AY, 7], Z7h s =, =2
47D ELt7ILdESAY (FAd7IEE, d7ss
&, Feet7| e @EE, A AskE, AFH71, PM, s

o=

Aoz AlRdth JF54YY AL A=l 672
(WHE, e, 259, 39d, AFd, 9997t A
A &0} TH(MOE, 2016). HAPs= F-3fitf7| &2 &%
F&E7E D, A= 327 HrSEESET A
A &P, A= s42)olA SHEE Fld7IEES
Ao A%, AT 508 o4t EAle EAA, Fa
AYA . MAFEAS Fol ZHAT AXsHH,
VOC 14%1} PAH 7%& Z#31tH(VOC 1727} PAH
16522 g o4). 271 Faidi7|edE=d 71E4
g ¢ 9 iEEAAAY T3 H7H(Korea Air Toxics
Plan: KATOP)o| A& 2017A7HA] a7 22544
2 F 60/4R B3 AL AeAct. olo] 87
= A2a 718404 A (2016~2025)F 5
3}, 20259712 71 EEE5HLE 1007 AL
2 g3 Aot drsaE&3AT (TS 12F
27)°] A4, A7 503 o EARS @ Fa 4K)
Ao Z4zt 1744 o) SAHLE AAsH, S A9
FelAol b o4 AXTHch A7 S0% W wjgk
of EAR o] 32 AITHIZ} QI Hgole
A g QI AYe| 174 o) AT S 4 ¢
AL A7 LEFBAA7IE SHE 7] A2 FE
We men, 25u47e ATEEe YRS 7
Q1 HlE W, A =4 2~3km AR} 7]8EY] Fet )
27} E Z (Transverse Mercator: TM) &3 =8, T E X
A FA0 AT $9E A4 Byl A
(MOE, 2016).

WrledEEY ARE FRHOE At b
AYE A s, )
= 32 Ymsjor act &
CEA A B A 3 el (E, wA¢} oH, B
o8 5)& 24Ae] JFL ¥AHE (Lee and
Sohn, 2015), 24 & o oo 293t} =
A4 HAPs®] 8 wj&9e AA5A1E Aslshe o)
TR AR S e 1Y e dYY THeAde] Atk
azug SRR AR Al ARIEA Y YR=2A (G
Axeizte] Aeio} AR 2EF 5)E o
t}(Baek and Jeon, 2013).

2kek AR ALAN 7o B2 2Tt FE
g1 gov, 1E 247 BAEE Adein
MAtE AAste AFE0] +AHUT. & E01,
A& A B A| 28l (Geographic Information System: GIS)
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(Yoo and Park, 2007; Woo et al., 2005)3} tfj 7] &4k
9 (Lee et al., 2010a; Jung, 2000)& &3t 7|2
A AR 240 Eg e, FAVIHE &8
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Table 1. Consideration parameters for the selection of
monitoring sites for hazardous air pollutants.

Classification Parameter

¢ Population density

* Number of registered automobiles

e Location of emission sources
(point, line, and area sources)

Basic information

e Data from literature review
(reports, papers, and theses)

* Measurement data from air
pollution monitoring networks

* Emission statistics

Pollution data

* Wind speed and direction,
rainfall, and humidity

¢ Wind rose, wind field models, and
air dispersion models

Meteorological data

e Sampling time and frequency
* Sampling methods

(active and passive sampling)
¢ Analytical instruments

Measurement methods
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1st Step
[

Geographical Emission & previous
information monitoring data

Literature review

|

| l
Candidate monitoring sites Site selection guideline

2nd Step Air dispersion Preliminary
modeling monitoring

‘ l

Screening of hot spots

3rd Step

Integration of the modeling and

monitoringresults

Selection of monitoring sites Operation of a monitoring network

Risk assessment

Fig. 1. Three steps for a monitoring network for hazardous air pollutants in megacities.

ozt AsteddE nEER AEE A
(Yun et al., 2003).
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(4) Selection of monitoring sites
based on emission sources

(5) Additional site selection based on
emission data and monitoring data

(6) Final selection of monitoring
sites

Fig. 2. Selection procedure of monitoring sites for hazardous air pollutants in the Seoul metropolitan area. This proce-

dure is an example of the 1* Step in Fig. 1.
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Table 2. Parameters and standards for the selection of
monitoring sites for hazardous air pollutants in
the Seoul metropolitan area.

Parameter Standard Score
1 Population density 0.06 people/km’ 1
2 Number of small cars 200,000 car 1
3 Number of large cars 60,000 car 1
4 CO emission from large cars 1,000 tonne/y 1
5 NOy emission from large cars 3,000 tonne/y 1
6 SOy emission from large cars 2 tonne/y 1
7 VOC emission from large cars 500 tonne/y 1
8 CO emission from small cars 3,000 tonne/y 1
9 NOy emission from small cars 800 tonne/y 1
10 SOy emission from small cars 5 tonne/y 1
11 VOC emission from small cars 400 tonne/y 1
12 NOjy emission from CAPSS 4,000 tonne/y 1
13 SOy emission from CAPSS 3,000 tonne/y 1
14 VOC emission from CAPSS 7,000 tonne/y 1
15 Major emission sources Bus terminal, 1
Power plant,
Train station,
Waste incinerator
Q712 AAsHH CO, NOy, SOy vl&F2 dd

o, 7HEE, AL, BEA] 5 BRIV AT A7
Zof gotem, VOC &= AT, A ¢F, A4
Al Bkt 235242 CO, NOy, SOy, VOC &
F2 Z+ZF 3,000 tonne/y, 800 tonne/y, 5 tonne/y, 400
tonnely® Z37|Z02 AYarech ) P BE 1
FAL QAL AL SRAA A v E ol Wkt
CAPSSo| A ZAFE NOy, SOy, VOC v & sl
A& 4,000 tonne/y, 3,000 tonne/y, 7,000 tonne/yS Z 3}
71Ee g2 ARt NOy HiEFe I F-9F 34
Al, SOy Hi& 2 BHIAlL VOC vl &S ThA], Q1A
AT, SHIAL, BEfA o] Eglth Al 3 25F SHIA|
oA FEL= i’k‘:} Huld, 7|39, s, &
Ao 2 32 HAPs fiE2 92 =4 H o9 *P‘%I
Ao fXstgen, sig ARl F HpE Fo
AT 53], AFAlole SeEEds, 73y, 2203
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(4, FehE LA FD). HFHL
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Fig. 3. Selected priority monitoring sites for hazardous air pollutants in the Seoul metropolitan area: (a) Scenario 1 with
7 sites, (b) Scenario 2 with 17 sites, and (c) Scenario 3 with 30 sites.
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Table 3. Selected priority monitoring sites for hazardous air pollutants in the Seoul metropolitan area.

Site selection Location Classification

Scenario 1

1 Urban air monitoring site Sau-dong, Gimpo Urban

2 Urban air monitoring site Dacheung-dong, Mapo Urban

3 Urban air monitoring site Bangi-dong, Songpa Urban

4 Urban air monitoring site Dongtan-dong, Hwaseong Industrial

5 New site Gongheung-ri, Yangpyeong Background

6 HAPs monitoring site Seongmo-ri, Ganghwa Background

7 New site ‘Wangjing-myeon, Yeoncheon Background
Scenario 2

1 Urban air monitoring site Sau-dong, Gimpo Urban

2 Urban air monitoring site Daeheung-dong, Mapo Urban

3 Urban air monitoring site Bangi-dong, Songpa Urban

4 Urban air monitoring site Dongtan-dong, Hwaseong Industrial

5 New site Gongheung-ri, Yangpyeong Background

6 Heavy metal monitoring site Sangdaewon-dong, Seongnam Industrial

7 New site Hagui-dong, Uiwang Urban

8 Urban air monitoring site Unjung-dong, Seongnam Urban

9 Heavy metal monitoring site Wonsi-dong, Ansan Industrial
10 Urban air monitoring site Bono-dong, Ansan Urban
11 Heavy metal monitoring site Sinpung-dong, Suwon Industrial
12 Urban air monitoring site Gugal-dong, Yongin Urban
13 New site Namsa-myeon, Yongin Urban
14 New site Poseung-myeon, Pyeongtack Industrial
15 New site Gongheung-ri, Yangpyeong Background
16 HAPs monitoring site Ganghwa-gun, Incheon Background
17 New site Wangjing-myeon, Yeoncheon Background
Scenario 3

1 Urban air monitoring site Sau-dong, Gimpo Urban

2 Urban air monitoring site Jeongbalsan-dong, Goyang Urban

3 New site Goyang-dong, Goyang Urban

4 Urban air monitoring site Haengsin-dong, Goyang Urban

5 Urban air monitoring site Daeheung-dong, Mapo Urban

6 Heavy metal monitoring site Yangjae-dong, Seocho Urban

7 Heavy metal monitoring site Sangdaewon-dong, Seongnam Industrial

8 HAPs monitoring site Jeongwang-dong, Siheung Industrial

9 New site Hagui-dong, Uiwang Urban
10 Urban air monitoring site Unjung-dong, Seongnam Urban
11 Heavy metal monitoring site Wonsi-dong, Ansan Industrial
12 Urban air monitoring site Bono-dong, Ansan Urban
13 Heavy metal monitoring site Sinpung-dong, Suwon Urban
14 Urban air monitoring site Pungdeokcheon-dong, Yongin Urban
15 New site Mohyeon-myeon, Yongin Urban
16 New site Sema-dong, Osan Urban
17 Urban air monitoring site Gugal-dong, Yongin Urban
18 Urban air monitoring site Gimnyangjang-dong, Yongin Urban
19 New site Namsa-myeon, Yongin Urban
20 New site Baegam-myeon, Yongin Urban
21 New site Ujeong-myeon, Hwaseong Background
22 New site Poseung-myeon, Pyeongtack Industrial
23 New site Godeok-myeon, Pyeongtaek Urban
24 Urban air monitoring site Anjung-myeon, Pyeongtack Urban
25 Urban air monitoring site Bijeon-dong, Pyeongtaek Urban
26 New site Neungseo-myeon, Yeoju Background
27 New site Gongheung-ri, Yangpyeong Background
28 New site Idong-myeon, Pocheon Background
29 New site Wangjing-myeon, Yeoncheon Background
30 HAPs monitoring site Ganghwa-gun, Incheon Background
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