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Pollution Characteristics of Hazardous Air Pollutants in Seoul:
Temporal Variation, Source Identification, and Risk Assessment
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Abstract Hazardous air pollutants (HAPs) are primarily emitted from human activities in industrial and urban areas, and
they have adverse impacts on human health. While many studies have focused on monitoring individual HAPs in Seoul,
simultaneous measurements of various types of HAPs have been rare. In this study, therefore, volatile organic compounds
(VOCs), carbonyl compounds, particle-bound polycyclic aromatic hydrocarbons (pPAHs), black carbon (BC), heavy metals, and
criteria air pollutants (CAPs) were simultaneously measured at a site in Yangcheon-gu, Seoul, Korea. The concentrations of
most VOCs were high in the fall and spring mainly due to low wind speeds. Conversely, several VOCs emitted from solvents in
industrial and urban areas exhibited high concentrations in the summer. Benzene was positively correlated with BC and CO,
and BC showed a positive correlation with CO and PM, s. Additionally, pPAHs exhibited a positive correlation with BC and CO,
suggesting an association with incomplete combustion. NO, was negatively correlated with O, formed by photochemical
reactions in the atmosphere. The hourly concentration trends of NO, and SO, coincided, potentially linked to emissions from
non-industrial sources. Higher concentrations of benzene, BC, PM,,, pPAHs, NO,, CO, and SO, were observed during commute
times. PM;, concentrations in the fall exceeded the daily national guideline of 100 pg/m? due to long-range atmospheric
transport from China. Despite their relatively low concentrations, acetaldehyde & ethylene oxide, acrylonitrile, and
1,3-butadiene posed significant cancer and non-cancer risks. The findings of this study highlight that the levels and patterns
of HAPs in Seoul are mainly influenced by local sources (e.g., solvents, vehicular exhaust, and combustion) as well as long-
range atmospheric transport, and their order of priority varies based on levels and associated risks.
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E9] oF P Eo] TAHLE w2 Aot (NIER,
2013). 2382 A RA I A g3tao]1 Ftst
A wiEd W7t QFE T Qv SR = SR
A9 A Azze] o)Aste] $EdFE7 A=

7HA| & (Health Impact Assessment: HIA)E &
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Aot} (Yeo et al., 2016).
d71edEd & AA AAsie B 2ol 7
a9t 542 7ath7] 2 FEZ (Hazardous Air Pol-
lutants: HAPs)©|t}. HAPs+= 2 AF9e-53 A5t
SOl HiEE B R A AFEA A F5e 1
11 1t} (Baek and Jeon, 2013). £35], 3524 AFE &
7h =g daz QIR HilE, vl Rl 94, #H7
= a2 OF, 9 AGA viAk HijE So= s
HAPs HiES a3H2 0= #e|ohr] offtt. HAPs=
€ MBS Fe @)= A -ol5H7] do &
= oA Al 7P WA AHA wEiE &
Jonz o iAo A o] froflE 2Bt 1A 2]
Jol A2 vl 4= QI (Bacek and Jeon, 2013).
AEEHAE AU E (15,6508 /km?)7H = ol A
P& =& A2 A (http://kosis.kr/), $17HEHS (ofl:
A5} 71720 ofh et E5) HAPs 2
10| ZAze}, B7% Bt AAGRAE ) o]
A YA 2H] (Clean Air Policy Support System:
CAPSS)9] 20171 A &® T 7712HE (Volatile
Organic Compounds: VOCs) 78| &%-2 7 7] %0
A 7 BT (191,840 kgly), BAEE (96,277 kgly),
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SFSITH (66,948 kgly) (https://www.air.go.kr). T35 5}
StEEde] SetE4 HiE- ol F % 4 (Pollut-
ant Release and Transfer Register: PRTR)]| 2|5}
20173 frefietetEd t7iE 471e01A 718
oL (15,247 tonnely), Z4E = (7,305 tonnely), &
At (6,812 tonnely) £=0]31.0™, H-&-2 51918 4]
SFATE (16 tonne/y) (https://icis.me.go.kr/prtr). A&
AFEA] (of: 2ihET A siE g o] e
Zhg 2 A A A (A B2 ) =] ]
A (= Bh o2 HE o] A olF gaFo] At
(Song et al., 2019; Kim et al., 2012). &3 5F= HAPs
BUE RS flsl, A=l frsidiz=d S (5270
&), FetetiZ| L A=d 5 (18712, 7 15a%
ST 271a)E 29 TAH, F=E (A, B,

yolls Falti7 1 EdEH 4 12704, Fsit) 7]

it

4

NoBZ 2 Fref Qlgt4of H|s] HAPs

SA 4 757t A FESHTHMOE, 2022).
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32 (Polycyclic Aromatic Hydrocarbons: PAHs)
(Thang et al., 2020; Park et al., 2006), VOCs (Kim ef al.,
2022, 2021b), 245 (Park et al., 2005; Choi and Kim,
2003) 5] 78 HAPsol| thet RUE R P = 3
O}, theket FF2] HAPso| tigt B4 RUHY A

© FET et HEE et Y2 2013 H
NS SACE HAPs 5 RUEHS £35H3
on, 1% ML ez 20134 8 (918), 2013
d 1149 (712), 20149 28 (A=) Al A1 (A&,
T2 AT A2 1087 9507 di7|A =
£ AFste], VOCs (19 23)), 7HREIRME (1Y 2
3]), PAHs (1€ 13]), 355 (1¢ 13)= 245k
(Kim et al., 2021a; NIER, 2014). E3}, 20059 29 (A
2), 2005 59 (1), 20059 8 (o 5)oll A& F A
H (AT Aed)olA 22 83t 24 HA o=
7125 AF519.0H, PAHs, VOCs, ZH|5to|=
7 (aldehyde) S 2415kt (Han et al., 2006). ©]2F 2
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Fig. 1. Locations of the sampling site, air quality monitoring station (AQMS), and automatic weather station (AWS) in Seoul,

Korea.
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2 AT SAHWFEE-2 VOCs, 7HEE3RHE,
AR cheh S e a4 (particle-bound PAHs:
pPAHS), PM,g, PM, 5, S@7HR, Z220]0}, 7} 9.
=48 Sl AHgE 7171 FEE & 100 et
VOCsot 7HE ool 245 flsl, o] Alm il
I A9 o] e gle Aol A7 A7
(Selected Ion Flow Tube-Mass Spectrometry: SIFT-
MS) (Voice200, Syft Technologies, New Zealand)E A}
gota o, 227t o2 =4 (|: ethylbenzene}
xylenes) 2] = FEE o2 eI pPAHS
ZA o= AR} of| o] 2= KA (Photoelectric Aerosol
Sensor: PAS) (PAS 2000, EcoChem, USA)E A5}
k. o] 7171 AelAdel olsf f7]wAtelA HEH
AAE FAA} oo 2 E AR ZA5o] 37) 0]AF9]
132 FAHE pPAHsE SAST}H(Kim et al., 2015;
Dunber et al., 2001; Burtscher, 1992). 3712 =74
S AL U] T T4 (BANE SO A5l
£ o2 20]¥ (aecthalometer, AE42 dual-wavelength &
AE51, Magee Scientific, USA)E ©]-85t9tt. E2712
& 2757 oA 5 Sl 5 7)7] Bag A
E1414 oz /\]._Qg].od ocq 71— 731,}11: =o /ghjrﬂ S H
ATk PM, 1} PM, s AFse ©d YA Akgt
o] JE2RE YA 2718 2o Be AR
Al4=7] (Optical Particle Counter: OPC, Model 1.109,
GRIMM Aerosol Technik, Germany) 2 25}t &
Helli= OPCE PM, T PM, 5 Sk di4le]

2o QHSH: AIZIE Haf, 2
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SidePak™ (AM 510, TSI, USA)2 0|5} PM, s %
T & =451tk 5349 7% Sequential Sampler
(PMS-104, APM Engineering, Korea)& ©]-8-5tf

TIFIR FE8] SFF 3AIZE 144 8% B 24Al
7 13) AT PM,, UA A B2 0] Apgra
(Desert Research Institute: DRI)O|A] B-5-gF XA 03%'
E 7] (X-ray fluorescence spectrometer: XRE, Epsilon
5, Malvern Panalytical, United Kingdom)Z &35}
ot ZAIH 7S 40 71A ZIEdurI e dEE
(Criterial Air Pollutants: CAPs)Q] NO, NO,, CO, SO,,
0; s=v AT =AH7ISH 4 A=l

2.3 71& 24 wiitol ujm

2 Aol A SIFT-MSE ©]-8-5t] 248 vOCs2}
Jha ot Ate) AR Selet] flste] A
Al Zh|2 BAsE Aalel v st vOCset 7HE

defgtE AlmAlFet - 242 At n=2EAd
(United States Environmental Protection Agency: US
EPA)9] TO-172} TO-11A ®'H-& AHE-5H3iTh &gt
g0 A SIFT-MSE 715l SAo Az E &
Pt VOCs Az Al F-72] S2HA (Carbotrap
B, Carbotrap C, Carbotrap sieve)”} S%1%8 A52
T (Carbotrap 300, Supelco, USA).C. 2 A} o,
Z 167 Al2E E¥2}F (Thermal Desorption: TD,
UNITY Series 2, Markes, UK)-7]A| 2 20tE 12 1]/
ZFE 7] (Gas Chromatography/Mass Spectrome-
ter: GC/MS, 7890B/5975A, Agilent, USA) = 24513
o}, 7 E9lghE2 DNPH 7FE A = A 55t F 6
N NRE IEHAIZerE DN 1] (High Perfor-

Table 1. Details of instruments used for measuring individual target compounds.

Target compound Instrument Model and maker Time interval
Volatile organic compounds SIFT-MS Voice 200, Syft Technologies 1 min
Carbonyl compounds
Particle-bound PAHs PAS monitor PAS 2000, EcoChem 12 sec
Black carbon Aethalometer AE42 and AE51, Magee Scientific 1 min
PM;o, PMy5 Optical particle counter Model 1.109, Grimm Aerosol Technik 1 min
PM, SidePak™ AM 510, TSI 1 min
Heavy metal PM;, sequential sampler PMS-104, APM Engineering 30r24h
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mance Liquid Chromatography: HPLC, YL9100, Young
Lin Instrument Co., South Korea)S AFg5}o] 2415}
At AR 7171 ¥} =] g2 o]
7 Atel] A= HATH(Kim et al., 2022; NIER, 2020).

SIFT-MS® &4 7% 248 7I€2= 16%
VOCs®} 8% 71Edolet=o] 24 Ui &
kATt &= A Pearson
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&EAS7Y 0.5 ool
o FAA = O3 (p<0.05)
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Ay Aol A SIFT-MSSF GC/MSE o]-g31o] 8%
VOCs #2485 A =A% 43}, 244 5% 2
o= °F 1ppb oIWAL FTAIT= 0.99 ool et
(Shin et al, 2021). SIFT-MS, TD-GC/MS, 24

PARA=P S|

O] =2 0o 1

7] (Proton Transfer Reaction-Mass Spec-
trometer: PTR-MS)E ©|-835l%] 6% VOCs BS54
= A AR Aul, S et /7 uldE 42
20%, 50%, 20% ATt (Lourengo et al., 2017). T3}, GC/
MSE o|-&sto] Fat 72 F Ui 24% VOCs &
Tade W FA 2AR9E 22 30%2t 10%
2 A (Baek et al., 2016), ZNHAE 2] A 0z} HY7}
SIFT-MSE ©]-83} 60F VOCs EFEZ 0 ix*ii}
H 2] (10%) 2} 5 L5HATH(Son et al., 2018). =,
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HAPs FollAl U] 7|87 7]%0] A4H 542
benzeneX} & (Pb)¥o] 2 & (MOE, 2022), AA=2 &t
7:‘EH71°1W HAEEE HAPsO| 5% 59 1 35
Tob7] o P, T Ao R A9 v
EH *E e A7st7] ofFeh 1A fIsid ARl
HAPsE ¥|st7] o= Sleid87HE a8 2
71 ek A S EHE fleiAde 1A A
HAPsO| 5%, 358, 57, & 7|3t 5-& o83t
o] AAPY L EFS AP e Y] A eoll=
A2 o865t Z23het9Isli = (Cancer Risk:
CR)E, HYAUEH Y] A9oll= 543029 4UH
TE3F0 72 G324 (Hazard Quotient: HQ)E At
“J3ITH(NIER, 20092). @A US EPA«= S8 59| 74
ol e AEs ARgsA] gl S 1el e (In-
halation Unit Risk: [UR, per pg/m*)E =&-5% (AA|
AAN7] & (C, pg/m’)2 =& AR 1) °ﬂ =5
sto] Sl E APYRITH(US EPA, 2009). 9lE
benzene2] TN == 7.8 X 107 per pg/m3°]

/%31 %] (Reference Concentration: RfC, pg/m?)+= 3 X

>
> ™=

1075 pg/m><1d] (https://iris.epa.gov/ChemicalLanding/
&substance_nmbr=276), ©] F =4442]9] @9+
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97 52 Tz Al HgNEE B
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Cancer Risk (CR) =
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S A8 AL B ol TSl

£ FoAY SR IAE Y 2 AR
A o519} (Baek et al., 2020). A2 o] A= Qo

Hazard Quotient (HQ) = C/RfC
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A RIS AT (2 2). 2] VOCs
e AL Foll 8=t (R 2), ol ol A&
VOCs A At FAFISL O (Kim et al., 2022), A
=4 BAF (S 53 9P 2 EE (A2 A
JHA] Fhol AsHAAL S0l oFd o VOCs &
L7} =9ktH (9 3). Ethyl chloride & 1,1-dichloro-
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ethane, styrene, trichloroethylene, carbon tetrachloride
Tt Al A er w3, o 71t 2
o ATAAE T T2 A oM o 77184 Yol
QML AoR FAHET (Kim et al., 2021b). Form-
aldehyde ‘FIe= o5 71 w4 A 718
wortt 4ubd o 2 formaldehyde 5= g8He} Hh-S
o g 3 A= FER Qs 5ol = (Ho et al,
2002). ¥F, 24 g14of] o) F2 viEEE= ben-
zene == AL DA5H] =3t (Hsu et al., 2018).

A2HE 2421 pPAHs, EHFHEL, PM,, S 34
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NEdEEL T FTe 7 ke e
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NO, (NO+NO,) L= A >R >8> 9%
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3.2 7EE dues
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A7 (0.75, 0.63, 0.65, 0.75)XF CO (0.76, 0.69, 0.70,
0.65)9}, E7HES CO (0.86, 0.84, 0.83, 0.83)2}
PM, 5 (0.74, 0.78, 0.87, 0.73)9} 22} AFAlo] &9to
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A=t} (Collivignarelli et al., 2020). NO,= 5= A
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NO,+= 77 E20]F2HY, HE 20|52 H Y,
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4o A HlEE 2 & (NIER, 2019), 7 22 2] T
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Ao = AT ¥, ASol= HAE T2
= UFAY T TR 5O AR oA HiE
H SO,7F SHAH R o] FFE 7Hedel &k
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Fig. 2. Seasonal variations in concentrations of the selected air pollutants measured in this study.

ethyl chloride & 1,1-dichloroethane, styrene, trichloro-

ethylene?} =2 JTAS Koz {784 I&F

S 92 710 2 HAtH(Kim et al., 2021b).
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Fig. 3. Hourly concentrations of VOCs, particulate matter, and gaseous CAPs measured during the fall period (October
27~November 10, 2016). Wind speed and direction data were collected from the Yangcheon-gu AWS in Seoul, Korea.
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MEA| Falith7 | Aol QEEM: AAE Hat, 2HY FH, shAEIt
Table 3. Spearman correlation coefficients among the selected air pollutants in each season
Fall Winter Spring Summer
Benzene vs. Black carbon 0.75%* 0.63** 0.65** 0.75%*
Benzene vs. CO 0.76** 0.69%* 0.70%** 0.65%*
Black carbon vs. CO 0.86** 0.84** 0.83** 0.83**
Black carbon vs. PM, 5 0.74%* 0.78%* 0.87%* 0.73**
NO, vs. O3 —0.74** -0.85** —-0.55%* 0.02
NO, vs. SO, 0.50%* 0.07 0.37** 0.35**
pPAH vs. Black carbon 0.65%* 0.50** 0.61** 0.54**
pPAH vs. CO 0.53** 0.64** 0.44** 0.35**
pPAH vs. NO (NO,) 0.83%*(0.84%*) 0.83**(0.85%%) 0.16* (0.60**) 0.86** (0.48*%)
Toluene vs. Acetone 0.70%* 0.64%* 0.73%* 0.77%*
Toluene vs. Carbon tetrachloride 0.47%* 0.25%* 0.81%* 0.66**
Toluene vs. Ethylbenzene & Xylenes 0.78%* 0.38%* 0.41%* 0.73**
Toluene vs. Ethyl chloride & 1,1-Dichloroethane 0.48%* 0.22%* 0.66** 0.69%*
Toluene vs. Styrene 0.66** 0.58** 0.87** 0.69**
Toluene vs. Trichloroethylene 0.70%* 0.47%* 0.76** 0.66**
*Correlation is significant at the 0.05 level (2-tailed). **Correlation is significant at the 0.01 level (2-tailed).
3.3 At EH At Hrh(0.13) E7HEA gl =39TH(0.73). o9
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Table 4. Mean concentration, concentration rank, cancer risk, and details of inhalation unit risk (IUR) for carcinogens.

. . Inhalation Unit Risk (IUR) and references Cancer risk
. Mean concentration Concentration
No. Chemicals (Compound A &B & C) (ug/m?)? rank . P
Compound A CompoundB  Compound C a? b c* d
1 Acetaldehyde & Ethylene oxide 4.96 22 2.2E-6 IRIS 3.0E-3 IRIS 1.1E-5 1.5E-2 7.4E-3
2 Chloroform & Dichloromethane & Tetrachloroethane 14.1 6 2.3E-5 RIS 1.0E-8 IRIS 5.8E-5 CalEPA 3.3E-4 14E-7 8.2E-4 3.8E-4
3 Acrylonitrile 4.84 19 6.8E-5 RIS 3.3E-4
4 Formaldehyde 5.69 12 1.3E-5 IRIS 7.4E-5
5 1,1,1-Trichloroethane* & 1,1,2-Trichloroethane 7.67 8 1.6E-5 IRIS 1.2E-4 7.4E-5
6 Naphthalene 1.80 33 34E-5 CalEPA 6.1E-5
7 1,3-Butadiene 1.98 30 3.0E-5 RIS 5.9E-5
8 1,2-Dichloroethane & Vinyl chloride 1.94 31 2.6E-5 RIS 8.8E-6 IRIS 5.0E-5 1.7E-5 3.9E-5
9 Carbon tetrachloride 5.18 16 6.0E-6 IRIS 3.1E-5
10 Ethylbenzene & Xylenes* 15.0 3 2.5E-6 CalEPA 3.8E-5 1.5E-5
11 Arsenic 0.003f 57 4.3E-3 IRIS 1.2E-5
12 Benzene 1.36 34 7.8E-6 IRIS 1.1E-5
13 Trichloroethylene 1.69 32 4.1E-6 IRIS 6.9E-6
14 1,1-Dichloroethane & Ethyl chloride* 284 2 1.6E-6 CalEPA 4.5E-5 9.1E-7
15 Nickel 0.002 59 24E-4 RIS 4.7E-7
16  Tetrachloroethylene 0.74 38 2.6E-7 RIS 1.9E-7
17 Lead 0.01 52 1.2E-5 CalEPA 1.7E-7

*IUR values are not available.
2Compound A (100%) was only considered. "Compound B (100%) was only considered. ‘Compound C (100%) was only considered. “For unresolved compounds by SIFT-MS, the concentration ratio of each
compound was estimated from data from previous studies conducted in Korea. If the cancer risk was calculated in several different ways, the value used for the order of the risk order was expressed in bold. *Unit of
ppb for gases was converted to ug/m? at the average ambient temperature (11.5°C) during measurement periods. ‘Mean concentration of the species was calculated with data during three seasons, because it was
not measured in the spring.
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Table 5. Mean concentration, concentration rank, hazardous quotient, and details of reference concentration (RfC) for non-carcinogens.

Mean concentration

Concentration

Reference Concentration (RfC) and references

Hazardous quotient

No. Chemicals (Compound A & B & C) (ug/m?)° rank . p
Compound A CompoundB  Compound C al b c* d
1 Acrylonitrile 4.84 19 2.0E-3 IRIS 24E+0
2 1,3-Butadiene 1.98 30 2.0E-3 IRIS 9.9E-1
3 Trichloroethylene 1.69 32 2.0E-3 IRIS 8.5E-1
4 Propionaldehyde 534 14 8.0E-3 IRIS 6.7E-1
5 Manganese 0.02 51 5.0E-5 IRIS 4.0E-1
6 Acetaldehyde & Ethylene oxide 4.96 22 9.0E-3 IRIS 3.0E-2 ATSDR 5.5E-1 1.7E-1 3.6E-1
7 Arsenic 0.003f 57 1.5E-5 CalEPA 1.8E-1
8 Nickel 0.002 59 1.4E-5 CalEPA 1.4E-1
9 Lead 0.01 52 1.5E-4 ATSDR 9.6E-2
10 Ethylbenzene & Xylenes 15.0 3 1.0E4+0 IRIS 1.0E-1 IRIS 1.5E-2 1.5E-1 9.8E-2
11 Naphthalene 1.80 33 2.0E-2 IRIS 9.0E-2
12 Carbon tetrachloride 5.18 16 1.0E-1 IRIS 5.2E-2
13 Benzene 1.36 34 3.0E-2 IRIS 4.5E-2
14 N,N-Dimethylformamide 0.85 37 3.0E-2 IRIS 2.8E-2
15 Chloroform & Dichloromethane & Tetrachloroethane* 14.1 6 3.0E-1 CalEPA  6.0E-1 IRIS 4.7E-2  24E-2 2.4E-2
16 Tetrachloroethylene 0.74 38 4.0E-2 IRIS 1.9E-2
17 Vinyl acetate 2.92 28 2.0E-1 IRIS 1.5E-2
18 1,2-Dichloroethane & Vinyl chloride 1.94 31 4.0E-1 CalEPA  1.0E-1 IRIS 4.8E-3 1.9E-2 9.8E-3
19 2-Ethoxyethyl acetate 2.61 26 3.0E-1 CalEPA 8.7E-3
20 1,1-Dichloroethylene & 1,2-Dichloroethylene* 2.88 27 2.0E-1 IRIS 1.4E-2 7.2E-3
21  2-Ethoxyethanol 1.29 23 2.0E-1 IRIS 6.4E-3
22 Methanol 107f 1 20E+1 RIS 5.4E-3
23 Phenol 0.67 39 2.0E-1 CalEPA 3.4E-3
24 Toluene 14.0 4 5.0E+0 IRIS 2.8E-3
25 1,1-Dichloroethane* & Ethyl chloride 284 2 1.0E+1 IRIS 2.8E-3 2.8E-3
26 Methyl ethyl ketone 9.26 9 5.0E+0 IRIS 1.9E-3
27 Styrene 1.18 36 1.0E4+0 IRIS 1.2E-3
28 1,1,1-Trichloroethane & 1,1,2-Trichloroethane* 7.67 8 5.0E+0 IRIS 1.5E-3 6.1E-4

*RfC values are not available.
2Compound A (100%) was only considered. "Compound B (100%) was only considered. ‘Compound C (100%) was only considered. YFor unresolved compounds by SIFT-MS, the concentration ratio of each
compound was estimated from data from previous studies conducted in Seoul, Korea. If the non-cancer risk was calculated in several different ways, the value used for the order of the risk was expressed in bold.
eUnit of ppb for gases was converted to pg/m? at the average ambient temperature (11.5°C) during measurement periods. fMean concentration of the species was calculated with data during three seasons,
because they were not measured in the spring.

& IYSh

Y =R S| cHake

S [oix

L6



98

Zlolx), JAZ, AAS, 0188, U

aldehyde (125=91), 1,3-butadiene (30=9)2] 5% 4=
Fo w7 e, DS A d o wo)
(3 4). 5HH, chloroform & dichloromethane & tetra-
chloroethane™} 1,1,1-trichloroethane & 1,1,2-trichlo-
roethane ‘F== ZH7F o] Al W9} of o] WA= =3F
th. 71E A&2] vOCs AAsi/d 87T A0l 4] acetalde-
hyde, formaldehyde, naphthalene®] 2t LIs]7t =
& 29191 © ™ (NIER, 2014), chloroform®] 2rete]sl
Lo &9k HHez =0t Acrylonitrile}
1,3-butadiene?] 3%, T YTt k= E- o H]
Sff AT o] AN = F 2H T pEol W
ot TeelE &7t =41 kT (NIER, 2014). F
=40 FIt FAFY, B4, B2, AIAIAE QI
oA w2 Ao BiH A5 (WHO, 2002; Kim et
al, 1999)°] QloeB=, 2 AFo|A F 2H0] Fhe=
A Az Aldelu 2AFsAF vi7] 7k GRS AR
Zog "o A o g ZAHETH Luo ef al., 2022; Dollard
et al., 2001). 121t GC/MSE o837+ Asf 172} H]
wate] YR E20] SIFT-MS 24 A7} vhefj§7}
g4 0lens, % 24 Ay a4 450 2R
Sttt Arsenic = W AT TS E (4.3 %
107 per pg/m*)7F 7] wiizol| =] Ad Ao
% FolAE arsenicol 7HF Hlsi=7t w2 2H]
2He Zlo] | Th(NIER, 2014; Kim et al., 2003). 2
AR O] 2RI 7|52 1.0E-6~1.0E-4
Q1= A, 1.0E-6 oJ5te] 2Tl FAD 4
U= EO|TH(NIER, 2009b). £ AF-ofl4= 1391 =
A7H] 1.0E-65 276l 0m, 5] 1~3%9] 49
?si=E 1.0E-45 Z¥sto] T 7Hd Fart 9l
o 22y Wt viel do] E AFolME kE Al
e iRt S E st old AS 5EE 1
o= s B 7toll Abgste] $1si=7t A8 7H= 3L
& 7FsAo] Qleh E3h SIFT-MSE Ha]=7] oo 2
2 E2HE9 T Aol 2Tt EAlstE R &
TFolME Aol Al sAEe= 7iE 229 &9
of| FF=sfoF gt

BRI 2] 749 acrylonitrileX} 1,3-butadiene

O
0
G
2
=2
=
on
ol
M

o] 22t 1,291 AAIske] (3 5), o] T 8ol Wk
2 HPReHghE el Aol b Fad B9
2 shIshgick, et Slol4 IFgEol F Bao|
AR @Y JFL Wop ol HOR Bt &
FE 7Hs4o] OB, §% 57} BUEFol Ba

=0

3T

[¢]

Fot ke =7t 7 acetaldehyde & ethyl-
ene oxide2] H[HQISeE oAl HAR £9foH,
ol o] AollA acetaldehyde®] B9l <=
A7F =2 A FASAT (NIER, 2014). HE2]<]
VOCsQl toluene?] sr= 4592 =9k A0t HEQF
o= 24912 W2 0l UTk PAHs SOl 4 7H
=4J0] 733t benzo(a)pyrene= THHE-E QAP ol A
Sh=d] (Silibello et al., 2012), ¥ 7ol A= pPAHs
T =S4 ouR ofof tigt fJsi=E 1St
A ZPeh FE2 diFE =7 FeIARE iAo
2 £ fdE &5 A6 feliAlae= 12
Z kst ffel/do] ATkl Weksh=t (NIER, 2009b),
acrylonitrileRt Z23}5H 11, 95=21Q1 E7HA] 0.1 ©]/do]
At 109 olsk 242 FaiAs 71EA 9 1/10~
1/20008] s+l 9T pE2 oY ITh SIFT-
MsolA 227 = 49 Sl tiAl= g
v g et 37 th2 2] 2R acetaldehyde & eth-
ylene oxide®} chloroform & dichloromethane & tetra-
chloroethane®] W9k = oA Zpo] & H YT}
Aol e et 24 vl 4S5 Sl

;ré_‘ o=
33717} - ashe,

4,

QoF ul

% A ZE

B A= AZA] FAT ZAI Y
ol A 2016~20178 7+, AL, &, oE717l VOCs,
7}H J31HE, pPAHs, CAPs, S27HE-2 A7t
oAl Ta42 4 ARE THE o R dE A
ZRst 717]A4E 3okt hR-E2] VOCs 5

= a50] oet ALt Hof Eokor, A B

FArFANG Y 771 8A 1M F2 viE == vOCs

N




MEA| Fall7128E

(4] ethyl chloride, styrene, trichloroethylene 5)+&=
ol diH o8 Frrt &8It o] 257 toluene
O] AL ool =T R, = B9k da
oA BlE 5= benzene A2 F7t EHO
™, EH7FET Coot BE A A/do] E8hth
BT BE A CO9t PM, 59t =2 AT
& 1900, ppAHsE BZ7HE, CO, NO (NO,)9}t 2
= Aol dAR ddo] wdth A B8
pPAHs®} PM,, 714 &1 NO,= -8 3H4 <
= ARgOR Qs 7Rt ARl s HYloH,
NO,+= 5= A&t Y A] Aldof 0,9 29 4
A& Btk 72 S AAE A= E HERN 27,
BTEX= A& fARE 55 A5 E3.0H, 11¢ 10
A= toluene} ethylbenzene & xylenes 57t =
ko™, T/B ZeHH]7} v =dh (R771-8419] 24
22l F7). B3I, benzene> EETAI 2t F
Stof 2k 77k ko] 1]l om, AA],
HAE, 71485 Alxoll AHEE= trichloroethylene
2 QIZkE-o] EHRt F1bof| =S8tk AAMY EE (B
#7HE, PM,, pPAHs) ] AAIE HEE A= FAFSH
RoH, SETAI) FE7F 94T E9k NO,, CO,
SO, &k ZE|TAl &34t NO,2F S0,9] AlA
g FAE FAFSEAE, ol A=9 NO,2F SO, Hi
ST HAY da R (Y, 74, 35549 A
=

)M HFol £7] HEoz FAHE. Fotet

H oo g

o2 BAEE Oy SATEOl W2 L9 ATt
L7t EUTE PM 2 S AR JFo = Q5|

119 5~620] WsE2 St 24417 Bt 7]

100 pg/m* Z34). FeF-vlEe} s/ g7t 2,
acetaldehyde & ethylene oxide, acrylonitrile, 1,3-buta-
diene F= FE2 A FUAT A S| -]
Teh s g2 BF g He R SRlE .

o Ao $7184), A5A W)}, bl

. iy

X

& B, 54 71kl PMy, D50} 2ol
F02 29 F7e o5 JHT sk HF

NE 229 Fk o270 -

2 oofN mR

o
t
e
r2
4
K
R
rr

ol QS A

ne
rE
lon
29)
02
1o
B
0z
d0
=OII=I
0x
Okl
N

v eei=E et ST 2 Ee AlAlS
k. 2 A7 A= HAPs T gae 913t 7=
=22 8§ 7ok, 2 a7l ARget ZUHR 7
HE S oA AT Ao 288 4= Qlct

2 A= B A 7R 357)e NTAL
2 (2016000160001, 2016000160002) ¥} 57| &4 B
FAF FEoF-A A Zr[AHA] d-g 7]sA
HF A} (2020M3G1A1114556)2] A @02 43P
FUth 2 dFelAE ool e o] () 9] 2=
o} SIFT-MSE &-85t3l5U
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