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Abstract

This study was conducted to understand roles of NO, (=NO + NO,) on high O, episodes at an urban monitoring
station in Seoul. Concentrations of NO, NO,, NO, and O; were measured intensively at KIST monitoring station
which located at urban center in Seoul metropolitan area during May 18~June 13, 2015. Sampling period was
planed because high O; and PM occurred frequently during from late spring to early summer months in Seoul. The
experimental site locates in NW from center of Seoul and is surrounded by residential area. Belt highway of the
city runs from north to west side nearby experimental site. Vehicle exhaust emissions due to heavy traffic influ-
enced NO, concentration at the site during northwesterly wind. Specific NO, concentration was measured by Blue
Light photolytic converter, and it was compared to NO, concentration measured by molybedenum converter.
[NO,]
were very similar. The linear relationship between these NO, concentrations was found to be [NO,] 1, =0.64
[NO, ] molgbedenum — 26, »=0.83 during May 16~8, 2015. The difference between NO, by molybdenum converter and
by photolytic converter (ANO, = [NO,],,oiybedenum — [NO2]pmonysis) accounted for residual NO, which can represent NO,
(=NO,—NO,). O, concentration showed typical daily trend which has maximum at late afternoon and minimum

was usually lower than [NO,] during the experiment period; however their diurnal variations

phtolysis molybedenum

during the night. O; increased at a rate of 7 ppb/hr since 8 am. and reached the maximum concentration (~80 ppb)
at 3 pm.. The diurnal pattern of O; was inversely related with that of NO,, suggesting that the formation of O; was
the result of photochemical activity of NO,.
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Fig. 1. Ground-base urban monitoring station at KIST (NIER, 2015).

st

L ETRE R ERE L

& A7) Sig AAYG s

A 249 5 e Aolch

24 APSHRAT 098

Zug sl 2o tRASY =
i

i
"W
a
0

1o p‘m
Ilm i

03.. ox o
O o
to
O?‘: 19' UR oL
~ HE 1
> AE
2 b = fn o
do
op
< oX

Pt
I
N

12

k1
o)
O?N
1
oxl

717+(20159 5?4_ 18°‘~6°é 13°‘)E 74]3-21
sto] ystglon, 28 SAHEAEE AESIEte] #

1o AAetth =Ale] tf7]gkst B4 B4S ¢ &
AYgE w2 A7 79 H§ L E 7= st

4 AN ﬂo]u}

*‘OHAH EH l’é‘%*é 2£4g 5o
ARl 717 F
oA E oY ol BE HX|ste] Z7gsH¢ict. —°l o
718747122 @E4Ql SO, CO, 0, NO = $=d o
7]"‘91 FEE ek, A7) lA t7)5s 4
A= Bt Edt uAHA Y AL o]
ot t Aot} duti7| e AEA Y SAHAl
o+ 2 A 7|80 AA"
AHESIR LM (& 1), F4AETA = SO, NO,, O,
74%- 0.5 ppbvol gl ew, COQl - 50 ppbvo] YTt
ZX7159 A2 dFA F 13 YU 2
At diole 2A= A AR5+

r°*' rl

7] 8
27 274

1o flo ok b ml

474 AES TRIYL FEote] U4
Helsteler A WEOR WY A o) B
¥ BAER7)719 BASWAEAAL o B 1

o713 A A 32 A Al 4 &

Aol wet Az EmEe, AW EelmE wEg, A

AA gt AEAEL AAsEoH, NO, A7)+
AvE B 95% oYL AETAT ASAEE 9
3 ezwA7Ieh 24717k WaE hasa4gAE A

SR, SAFA Y HFF e £1%0]th 547]
BT H= e A SHAT] et 5A41A
gR357] Qo F=EELTFAT LA AFT SO,
NO, CO7} &3td FZ7MAE o] 83l wAL 433}
ek olwf 4719 wA A BEVFAC] &
o i3t BEF =L 0.46~0.63% $2 0.2 S1E Tt

e
SEAAS

2,2 93U E

2.2.1 O,, CO, NO,, SO,0| == A%

22 A Bl A B st o2 whgAdo] &
& Fhadt B0 dislet S40) il Faw ok
o|th. B3] LS (NO)E BoHst L2 o
A ARl G Fol U7 oake zasta,
NO.SF 22 drIAEHAIE AAdekel AMI A (acidic
deposition)o| &= 7| oJgtct (Fuchs et al., 2010). % A
oA ti71d A4S sliA FEe ol s
AR = Q23 nlHA] Y-S §E35H= NO, NO,,
NO, 9| d7|s=% 37 F& 7124 2454 SOz,
0,0, 552 24olqith FESYAYEL 20
Az A7PAs E4S 2ASEAAL, E’\‘Ji—'—"g"“ﬂ
Holst FFANEL FHHOE RN e

3



A& EAT7]9] NO,NO,9} O, Ato] 9 tj7|8}ets 4 A+

425

Table 1. Sampling species measured at ground-base KIST monitoring station (urban) during the 2015 measurement

period.
Pollutants Analyzer Measurement team Analyzing technique
VOCs PTR-TOE-MS NIER (National Institute of Chemical ionization mass
Environmental Research) spectrometer (Lindinger et al., 1998)

VOCs GC-dual FID NIER

PAN Reactive Nitrogen-CIMS NIER Chemical ionization mass
spectrometer (Sjostedt et al., 2007)

H,0,, HONO TILDAS NIER

Non-refractory US/TOFAMS NIER TOF (Time of Flight) and

PM1 particle EII (Electron Impact Ionization),

(Ton, Organics) (Jayne et al., 2000)

rBC SpP2 NIER

Carbon (EC,0C) SOCEC, Model4 NIER TOT (Thermal-Opical Transmittance)
method, (Cassinelli et al., 1998)

Ton AIM, US/9000D NIER IC (ION Cromatograph) method,
(Shin et al., 2014)

NO, TEI42i NO, Analyzer NIER Chemiluminescence

NO, TEI42i-TL NO, Analyzer NIER photolytical converter
(converter replace)

NO, API-T200U NO, Analyzer NIER Chemiluminescence

NH, TEI17i NH; Analyzer NIER Chemiluminescence
(NO, pump modul-Model 501Y)

O, TEI49i O; Analyzer NIER UV Photometric

PM, 5 Auto BAM 1020 NIER B-ray

PM,, Auto BAM 1020 NIER B-ray

PM, 5 composotion ~ E-FRM NIER Filter Pack

OH radical, H,SO, OH-CIMS NIER Chemical ionization mass
spectrometer (Sjostedt et al., 2007)

OH reactivity LP-CIMS UC. Irvine Chemical ionization mass

Peroxide
PAN
SO,

CO

o,

NO,
SO,,CO,NO,
calibration

DATA LOGGER
SO,, CO, O,,NO,,
Calibrator,

Data logger rack

HPLC-Fluorescence
Luminol
KENTEC, Mezus110 SO, analyzer

KENTEC, Mezus310 CO analyzer
KENTEC, Mezus410 O, analyzer
KENTEC, Mezus210 NO, analyzer
Calibrator

DATA LOGGER
Gas analyzer Rack 2 sets

Korea University
Korea University

spectrometer (Sjostedt et al., 2007)
HPLC-anzyme fluorescence
Luminol technique

KRISS (Korea Research UV fluorescent
Institute of Standards Science)

KRISS NDIR

KRISS UV photometry
KRISS Chemiluminescence
KRISS dilution

KRISS

KRISS

2.2.2 HAMSE ZEYH 7Hd|w

22 Ao} Bojetoz
37] glalals MeAALSE(NO,)) A
0|2 fiajAE NO2 EHHE

B Ao WA olch. o Aol
24 NO, 240 AguE

o] aHt}.

NO,9| gt g

< =4 Hresd

z

2203 (molybdenum)& Zuj2 3 JE3] AWE

(thermal catalytic converter)®4] (28 2)1} 34 NO,
o HRASHE ol€31E blue light FE A
(photolytic converter)®2]2] NO, &34 X5 FA
Mgato] 24 A5ulE ATE Fol NO, 254
of W& HolE ARSI oln| E2|HHE A
w2 3}sHEREH (chemiluminescence)o] €3 NO, &
A o] 7L PAN, HONO, HNO, 59| #3|&2 0| o2
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Fig. 2. Conventional NO, chemiluminescence analyzer with molybdenum converter (above, TEI, 1996), and unit of pho-
tolytic converter for replacement of molybdenum converter (below, Teledyne Technology, 2010).
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Fig. 3. Temporal variations of criteria pollutant gas concentrations (0,, CO, NO,, NO, SO,) during the experimental

period.

2R

T o
T
o
fu
NS
+
J
i
o
=
l‘ll‘
dW
iilie3

E

=, 1

& B ANAHOR o 4 HLE}”E} a=u 5
A FHERO NO, F%+= AEhRof vjaf Adjdog o
obA| (B3] 0|2 olF] NO 5=9 F9) 0|9 IFx=
A AY NO, HiE Qo= R 2 REY e HdEd
ol W& 7107t dE 4= Aok Toe ez al. (2013)
I} Ghozdic et al. (2011)& v} (£33 £%), 7|2,
UVH/\]- /k}-\:HZ_\_ Eo] z]oﬂg}_hioﬂ u]x]_‘—_-_ Cﬁﬁé
ZAELG oW, 73t FEAL, o o Uk
T2 AEETt sk 0E 7S ATt
(Toe et al.,2013). 1% 4= o] A 7|7t
7 B 7128 AdsE, S FE59SE UEd
Aot 712 55 F A 4~5AF A, &5
1~2A 70 Hu2rg Hol= A9 4% FHY ¢

,7<1_. —6_“!’

A 14

OH‘

4

W32 Ho|mA 5Y 28U} 29971 32°C 422717
723 Z7IAT AEEE 10%8 B i 42
° 2 % okt o] A]7]9] 100 ppbE AHE]sH= 1%
= 3+(:L%l 3)0] I At o] F 69 347} 6 4
UM = 30°C 529 w2 YHu7| 27} 3T 59
W2 AEE7 ez 649 490 A< 100 ppb 4
Y A= oE AHE AT 4 UM §HE 6d
649 TeE &L Y FHMAE A&HIL Y
o, & 53 2 Fostatgor YAPE 2£o] of
T A # & opztolF e Y HiEel W& NO
o Astatg o 2 AR Hol= Ane we- o
F2 Btk O atolE Al B7] fjsiA 54
AZH e FE RIg Aat F2 QI ERMA
FFS

S W ASATE 98 SEALESE

FN

fu o AL e

og
o>

J. Korean Soc. Atmos. Environ., Vol. 32, No. 4, 2016



48 WSS AN 429
35 ~ ———TEMP 90
b — 80
30| A et f v y A s
o L fin 71 b iYAYY. o
1 ) —_
9 osfy f s SR A (R - S AMAAG :‘\/ TAYA! 60 3
a : BRI RY of . / 7\ i Y 150 5
uE> 20 ] . 7 1’ T ) g % 1 40
i .4 (. A LY (84 [ y V 4 &
14 { W4 f’ 1 1] $ ¢ l‘ } 4 J 30
154 % VAR AY \j : / v ’/' L SERE =
v \ ¥ AW, 20
10 10
N S N S S N s N N N N S S N S S N S S N
< < < < < o o o o o o o o o o o o o o o
> &,@e P PO\ P M N ST do»" I ) IS
& Y T m@f’ &
2 300
A 1 —~--WS
] # ; g ——WD
1.5 : ) h [ h fl [+ ) 270
y | 13| A [ !
i : a oyl pe n g r ‘ 4 \ LY ' 2
= TR R el | h ) ! ol | g 1UCH I | | Y >
S f'z + l?’ ix Ly 4 o l . 3‘ i Al R4 3 n: . o 180 &
2 ] Pl L) 1 | B W 1 y N e H 4 Ll : L |1 Seat I =
2 s wiL il H | EE A ' S VHR L g t Ry ! N
ViR N Sl Rl N AT LR LT I 1 R
1 oM (- 235 4
ospt AN IV LE WY T R WG et N B e i e
& - s & 4 o » [T 31 S 'y ¥' ! w;'
1 : i Wi
0 0
S S N S S o S < S & & s N N S S N
< o 5 o o o o o o o o o o o o o o o 5 5
&ﬂ:’e &m" D o> P &n“’ A L2 ) é;}‘ &79’ s> @»’” &59' do»“ N N s\ N »
I I T I I G I I I P G I S R A

Fig. 4. Temporal variation of temperature, relative humidity, wind speed, and wind direction (hourly average) during the

measurement period.
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Table 2. NO and NO, concentration data summary measured by different types of NO, converting technology, which

are photolytic converter and molybdenum converter.

Photolytic converter

Molybdenum converter

Mean sd n

Mean sd n

NO,

NO_ph
NO,_ph
NO,_ph

32.11 ppb
4.1ppb (12.8%)
16.6 ppb (51.7%)
11.41 ppb (35.5%)

19.36 ppb 447
8.55ppb 543
10.45 ppb 543

NO_mol
NO,_mol
NO,_mol

495 ppb (15.4%)
31.69 ppb (98.7%)
—4.53ppb

9.31ppb 447
1529 ppb 447

Number of % indicates the ratio of individual of NO, NO and NO, to total NO,.
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Fig. 5. Inter comparison plot between NO, concentra-

tions measured by molybdenum converter and

photolytic converter in NO, analyzer during mea-
surement period.
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Fig. 6. (a) 0,-NO-NO, photo stationary state (PSS), and (b) role of VOCs and PAN for PSS disruption.
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Table 3. NO, NO,, NO, and O, concentrations during the experimental period.

Measurement period NO (ppb) NO, (ppb) NO, (ppb) O; (ppb)
Mean 495 31.69 36.63 45.35
SD 9.31 15.29 21.72 2395
2015.05/16~06/08 Min. 0.01 3.84 3.86 2.80
Max. 57.40 77.81 119.27 125.40
# of data 447 447 447 542
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Fig. 7. Diurnal variations of NO, NO,, and O; during the
measurement period (May 16 ~ June 8, 2015).
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Fig. 8. (a) NO, NO, and O; concentration during morning
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od (May 16 ~ June 8, 2015).
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