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Development and Assessment of a Fast NO, Detection System with
Luminol Chemiluminescence Reaction

5 1 3 52 3 4
%Il%jg‘_l-' A‘I%"E ), _E-XIAO-I, 7DI-:6:2 ), %%% ), HH*I laI- ). Olz;%* A0l 2022|_=| 8.94 250I
gT 2 [ = =
g olFoidsta gAsta, Ve dete #4ATF4 $8 20224 1021
— — _ - — - XHEH Q! 2| |
DA ST FF TN ATk DR Y e T 1S AR g ) | HHE 2028 108 48
D12 str| S ALY Zul W] AFATt Received 25 August 2022
Revised 1 October 2022
Accepted 4 October 2022
Jeonghwan Kim, Beom-Keun SeoV, Chisung Yun, Jongho Kim?, *Corresponding author
Joon-Young Ahn®, Gwi-Nam Bae?, Gangwoong Lee* Tel: +82-(0)31-330-4273
. . o . X X E-mail : gwlee@hufs.ackr
Department of Environmental Science, Hankuk University of Foreign Studies, Yongin,

Republic of Korea

Dinstitute of Environment Research, Hanseo University, Seosan, Republic of Korea

DDepartment of Infra-System (Environment Engineering), Hanseo University, Seosan, Republic of Korea

3Department of Air Quality Research, Climate and Air Quality Research Division, National Institute of Environmental Research,
Incheon, Republic of Korea

YCenter for FRIEND Project, Korea Institute of Science and Technology, Seoul, Republic of Korea

Abstract Recently, aircraft observations play an important role in monitoring of NO, emissions and spatial distributions
using fast response instruments with laser optics or mass spectrometry. These research-grade instruments have great
advantages, such as low detection limits and fast sampling frequencies. However, they require a great amount of space and
electrical power to use in an aircraft. We developed and tested a small-size airborne NO, sensing instrument based on luminol
chemiluminescence detection (LCD). We found that NO, detection limit of LCD was 70 pptv in 1 Hz sampling rate and
decreased to 20 pptv in two-minute averaging interval, which is suitable for aircraft measurement. Although photon yields of
NO, with luminol were 20 times larger than that of O;, O; interference must be counted before determining ambient NO,
concentrations, especially in the background air where O; concentrations are much higher than NO,. NO, measurement with
LCD on the small research aircraft (KingAir-C90GT) was conducted over the industrial areas in Chungnam Province, Korea on
Apr 15th, 2022. Comparison of NO, observed by LCD and a commercial Cavity Attenuated Phase Shift (CAPS) instrument
showed that LCD was capable to trace NO, plumes in more details from multiple NO, point sources.
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1.4 & E(0;) Aol AFA o8 JFS = 8T AF

Edolth B3 NO,= 7189 22 dde

oJAFSHA A (NOy & HHeAdol & Edolm 84 ofal AMH]o e 7]ofsh= 5 QIZFe] Aol = -9

A= A4 MEEE GASHEA(NO)S] 4tstel o] ARt kS v Ao R LA vk (Villena et
o] AT} (Suzuki et al., 2011). NO,= t7]|s}ste|  al, 2012; Crutzen, 1979).
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2ttt v]= Environmental Protection Agency (US
EPA)o] AR 71 (FRM) 2 & A5t d
o= NO, AL 35 (chemilumines-
cence)©] T} (Demerjian, 2000). ©] BH-2 NO,7F 112
o] 4tel Ze B el Zuo] o] NO= eH¥H Z& ot
Al QET 72§ (RDATA AR o2 of 7] H
NOL* BAE B4, ol Bt HEsRe 0e] 2
712 NO, 40| 7155tk (R2) (Kleffmann et al.,
2013; Villena et al., 2012). 18 ﬁJ HH - 7]4SE ZHH)
HHdAHO =2 0.5ppbv =52 AETAE 7R 1L
Ath(Marley et al., 2004). Z2] E5l Zuf HIF7|E A}
gote 9] 7P 2 AR HNO,9F 22 o 7]
S NO, =] &4 gel=lo] NOE A/d5to]
NO, 054 W F7HE op7|fith o] X4-3}s}]
oA A= ME F= UV T o] EE 0] 85
A NOYE F2E 1A B8H NO (R3)E °l85
£ W Qlth(Sadanaga et al., 2010; Ryerson et al.,
2000). *F2-ofl HEE7| 5 o]-&sh= R o] &A=
A% ] 5 vl (SNl 24 o, =& A7 10%
o] B oF 20 pptve] A2 W E]ITH(Wada et al.,
2019). 5}A|9F o] =AW T3 HONO, NO; ¥
HO,NO,¢} Zro] FEsf ¥F-g-o] dojit= &4 9

1

sff 7Hd= Wt NO, E=7F M7k 4 e &
o] EA_t
NO+0;—NO,*+0, (R1)
NO,*—NO, + hv (R2)
NO, + hv—NO+ O(°P) (R3)

Ao r e wol B ¥ AN Differential
Optical Absorption Spectroscopy (DOAS), Tunable
Diode Laser Absorption Spectroscopy (TDLAS) &
Laser induced fluorescence (LIF) 5= NO, ¥= ¥+
o] Z-8E1 QIt}(Tian et al, 2018; Li et al., 2013;
Suzuki et al., 2011; Li et al., 2004; Cleary et al., 2002;
Matsumi et al., 2001; Fong and Brune, 1998). ©]2|2t
HHlE2 HEIATE S ppvE HIL B7] F NO,°
it Adejgdo] Fot A8 wol 2851l qirt.

- =1

735

dAgos e F AHdHes SEy
Cavity Attenuated Phase Shift (CAPS) £33
Zhgol A SRl o g QIFEUT HEA
Z T Bt oF 0.3 ppbvE H WA UG
o] 7}5-3}th (Gronoff et al., 2019; Kebabian et al.,
2005).
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(Salmon et al., 2018; Gu e
2015; Kim et al., 2010).
AEo g o]Fshs F37lolM AH
NO, 33Fe =5 245171 AAsiA= 1 Hz o)<
2 po] e Jupsh asick Ay @
14101]/\1 AFe7ssE ti7|ehd A8 s
Bz FA7Fs T BH 9 37] 294
o Zﬂﬁ} Z70] olA =l &

TL‘_|
1
4% NO, 14 HARuIE At o|F F31
A €9 Agstel 1 *o%% B7ksiz shiet. of
£ 54 8 IS o NO, B Ul
2o A7 B 9 71%%4 ot 5o g
¥ % QA Yok
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Table 1. Detection limits and response times for various airborne NO, measurements.

Techniques Detection limit Response time Reference
Chemiluminescence 50 pptv 60 sec Leeetal., 2011
Chemiluminescence 5 pptv <60sec Nussbaumer et al., 2021
Differential Absorption spectroscopy 8~80sec Walter et al., 2012
Tunable Diode Laser Absorption spectroscopy 0.2sec Buchholz etal., 2014
Laser Induced Fluorescence 9.8 pptv 1sec Di Carloetal., 2013
L2 oA T AASH Z7F BEl58 QoA & AA] o
2k 270] Fhsafof stof 7], BA| W Az} 2 L Oy N
© a9l a4 % Agtslor FrHE 1), AT @ @ONH o= e

_ R CO,- Na*
Al oA dutH o AME= 85t sfehd || ’
THS o] 23t AU EL =277 HE 102 oA} 0 NH,
o]H NO, 5o FhE 7}t ——_,] StAA o 72 SFF Fig. 1. Chemiluminescence reaction of luminol and oxi-
- . - = dants including NO,.
2o Ageta gk kel FFUZo] S5kd ;
NO, #4323 7H/H AR T =
U 3F27)olle H8617]7F o]F Tk (Clair ef al., 2019; = W= NO2| JH|Z o]Fo|x T8 tf7]9] o&
Salmon et al., 2018; Di Carlo et al., 2013). 2 F2435] AR5t NO,Z AeE7] wfiof 2F9]
0]t 3} (luminol chemiluminescence) &7 NO,of| HISto] A& o2 2t (Ma et al.,

< FlE WA NO, FAS Il e
= BAE EAchs o= wh-go] ml-¢ m=A
Ef7] wiZol] A& A& 2ol Zhgsitt Eot vt
$ f=go| stH o Yeskn s HR
FHE A Ay o= A#fo] 7HEoit

£ AFo A= luminol chemiluminescence detec-
tion (LCD)& o}831o] t7] % NO% S4elsct
o) WS A4S BET ool W14 S8l
NO,S} WS 31 ol A4 (17 1Ehe 9IS ols
e of WHg-e e 2ujo] t] F AL
NOLSH | WEslo] A UE ZgsnE 4
AT QT =o (Marley et al., 2004). SEA]TE
NO,9| Fuliz d& WO 7 2 ofgla2 oF,
peroxyacetyl nitrate (PAN), hydrogen peroxide (H,0,)
5ol MSIRASE Lolsat 98] ko] NO,
=2 3ol ko] o 75 WAHE 4 St (Kelly et al,
1990). 2 @74 SR ke AEE o)
2+l A ] (Selective catalytic reduction, SCR)7} 2t
o Aesedds 5o Y 99 No, HiE

.
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2016). SHAIRE HiFA S 5 B2 BEolAE NOE
o 929] E 5o} iAo 7] ue] o]5e] 7]
o= H3}s) TelF Wat ol

NOZQ]' Ea] 7}5__7]. 14—0]- lnz Eﬂ _trLﬁ HHO]
L33t PAN E4-& 9|5l gas chromatography-LCD
(GC-LCD)7} 7H& =] ATH (Gl et al, 2018; Han et al,
2017; Khang et al., 2013; Lee et al., 2008; Marley et al.,
2004; Gerboles et al., 2003; Gaffney et al., 1999; Niki-
tas et al., 1997). SFA|9F PANo|Y H,0,HEt}t FZ7}t
lOHH ]/KP =7 Eu]lr_ E]—Q D]7U1'l:|_7]' = NOZ—J

ol F=olu ey glo] M ENE X4-stst
M 24 §hS-S B 140 2 BAo] 7153l 7]4&0]
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Fig. 2. Schematic Diagram of LCD. Gray box indicates the internal layout of the instrument.
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Fig. 3. Standard calibration curve of NO, (a) and O3 (b) for the developed LCD instrument.

Lo Higt w7 WS F7r= LA BE

FTHET FLSH PCIE ©l-85t
700 mb= IHAA ZPStFTh NO,2}t 0; 5% I
AL BTt Al 2oflo] A7) (1114Q zero air sup-
ply, Thermo Fisher Scientific, USA)2} T w4 7]
(146iQ Multi-Gas Calibrator, Thermo Fisher Scienti-
fic, USA)E ©]-gsto] AAISHeh deat= AA A
= 17H°J 7tAo 7 AASH xﬂg_ . A 7].&(50
ppbv) WA 1Hz 74 7| 5k 2ol 22
0.04 ppbv £} 1.1 ppbv 2 F-5E0] 5% o2 LwH3
Ql =19 A5t FAFSHAl YEbt T LCD2} H]
wst7] 935 NO, X AIAH L BF7TA (NO,, 10.6
ppm)E 3~90 ppbv H ¢ ol &Aooz 3|4 AA
ZIRYsHATH(T1™ 3(a)). NO, 2% A3, 60 ppbv O
o] AeolA Aol oAl Aot AstE =

HPHQl HAHES PSS BT, o]F 22} ik
o7 BAT 4 AUt | o] AESHA 5=

100 ppbv =2 F7IEH oKL} e NO, =&

B2 AL Fulsd] HEE kol ol
gloLt WA e Aglsha & et e vz
¥2 Brozt AW Ah FEAAS 2% Ao
2 Peste] 27149 2uls WMo S 2

AABHA] @ES¥Tth(Di Carlo et al., 2013; Khang et al.,
2013; Gaftfney et al., 1999).
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(Werle et al., 1993; Allan, 1966). 13 4= LCDE 9]
oto] oF 3A7F B¢t Wi FE 2] NO,E 574
et Ztm = Ot FARS Rt Aotk 27] Als A
A F71 12004 HETAE= 70 pptvE CAPSE] 40
pptvE Tt &} SHAT LCD 4155 +2 Bistd A
M= CAPSQ} FARHAIH 22 &A= 129

Z A=A F71001A4 20 pptvE EFETE

3.3 &3E Zotd|m

7iFE LCD “4H[2F CAPS NO, AHIE a5 7]l
Bl FAfiste] 4] 2+ 52 vl EA S a1

Table 2. Specifications of CAPS and LCD for NO, detection.

Parameter CAPS LCD
Zero drift <20 pptv <20 pptv
Detection limit <40 pptv <70 pptv
Response time <30sec 1sec
Sample flow rate 0.9LPM 0.9LPM
Weight 14.7 kg 13.5kg
Power 80W oW
& g2 AL Bl AF gL

20229 49 159 2% 8A] 43EHE 114] 38E7H4]
A TSt Beechcraft KingAir-C90GTE ©]-§5}o]
=l sk Aot A AdSo] EHR FEAY
S TRt 115 (9F 380~1550 m)oll Al AAIGHATE 3
2 NO, WA= A d 4, G esTy
4, AP Gofshckz] 9 giorAetslE WA ATt 9]
Aokl glow, o]5 TS HsgohH 7k 3 0@
o 412] NO, Hil&%F 2o 7e7gn]o] 284S 3
7¥skah 18 55 NO,9t 20 3=

LCDO| AT 90| QJakg AT B4 Agolct
% gule) ARAR F7)E BT 12 o 47
cisict B35 Ash HAAVTL W BHA 5
3 A NO, 55 Z7l6la 0& FEE 7Hass
el W29l 2199 NOLSH 9.£9] ABAE 2
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Fig. 5. Overall temporal results of NO, and O; for the flight conducted on April 15, 2022.

eI It} (Khang et al., 2013; Luria et al., 2003).
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