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Abstract

We developed an in-situ analyzer to understand the HONO levels in indoor environments. The in-situ measure-
ment system utilizes a diffusion scrubber and luminol chemiluminescence to measure the HONO concentration
with time resolution of 4-minute. Concentrations of NO, NO,, and HONO were determined at an indoor air of an
apartment for 9 days using the developed in-situ analyzer. Indoor HONO concentrations were highly elevated when
a gas range was operated. Enhancements of the indoor NO, NO,, and HONO concentrations during combustion
indicate that the observed indoor HONO was formed by direct emission. In addition to the direct emission, the
indoor HONO was partially generated from heterogeneous reactions of NO, on indoor surfaces, which was sup-
ported by strong relationships between peak NO, NO,, and HONO concentrations, high HONO/NO, ratio and a
weak correlation between NO and HONO concentrations. Additionally, three combustion experiments during the
whole measurement period were performed to investigate the effects of unvented and vented gas burning on the
HONO, NO, and NO, concentrations and their decay. The decay rate of the HONO concentration was significantly
less than the NO and NO, decay rates for all the experiments, indicating that the lifetimes of trace nitrogen species
in indoor environment varied in the order approximately HONO > NO, > NO.

Key words : Nitrous acid, Indoor environment, Diffusion scrubber, Luminol chemiluminescence, Gas burning

1. A B2

*Corresponding author.
Tel : +82-(0)62-530-1863, E-mail : park8162@chonnam.ac kr olAAHHONO)2 W7] & OH ===z 9 3313}

J. KOSAE Vol. 23, No. 2(2007)



RRERER

192 &9 .

2w 2] AL A7 A wIAUYEFS Al
AzA d7)gtetel A Fadt &g s Hloz o
A Qld}. =3k HONO: AHHel 587 A%S %
s} - Al QA W ukgew <l zlEst w2
¢l 1) E 2 A9l (nitrosamines)2 AAE 4§ Qe Ao
2 ok#)x] 9]t} (Febo and Perrino, 1991; Pitts, 1983).
97) % HONO: A2 wi&7kieh 722 A4y
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et al., 2004; Rondon and Sanhueza, 1989)& %3] =
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al. (1985, 1989)& 3 23} E4= vwlaql DOAS (Dif-
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Fig. 1. A schematic diagram of in-situ HONO (g)/NO,” (p) measurement system.
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8 2%z gFatHe] F4adel F4En YA
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of Bt ~zreiwe] slz o]Fste] 7k ALA]o|
Al A" Z719] oz A =77t AAsted
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{Automated sample injection section)
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7HH o2 A5 six-port 'R o8 BARLEo=w F
AL ik AEFYRLE2 A7 247
7} AAE o] 9l A% six-port ¥ B (Futecs Korea,
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Uzt s8jel Al8E HelE) St £ 91
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2.1.3 EME & (Analytical section)
2 dFelA A43x HONO ¥ NO, 9 42

g7 R3eH=] A 23A H2s

peroxynitrous acid (HOONO)el| 93] f-=% Fvl&
shepaizlel ofa) o) Folxlch Almel 249 of
A ALY (nitrite)2 H,0,9F ¥H-&-3ke] peroxynitrous acid
(HOONO)ZE AA (HONO+H,0, = HOONO+H,0)
3}m 3] % peroxynitrite (ONOO )= Fuj=3} HhE-
shel slabdon FEYe PaUT U Ye 3
Z3Z3} (PMT, Photomultiplier tube, Hamamatsu, H5784
0ol 23] A& Lail® ofdArd AR F=
7} AeratElc) o8 19 “R1” W=l (PTFE, W7
0.6 mm, Zo] 30cm)oA= 0.1 MY <Ad =4
Aol F4F obFANY e]2e] 0.22mM H,0, % 0.26
M H,S0, £ 1] | mM EDTAS £§hs}= w23}
£3sle] HOONOE AJAI gt “R2” Hb-g-zYellAi =
I mM Fu)e8] Fshsggolo] 0.75M NaOH W 2
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PMT glell $12]& “T"A4g <] 3hg A (7 2mm A
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2 e Hngol AN AR ez ALe
Hy A mV)el oJ3f 2@
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M2 FAFRYERO] ¥ 2mM2] EDTA-2Na
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Mo (.22 mM H,0, (Sigma chemical)¢} 0.26 M
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Na,HPO,2 B]AM3le] Algstdnt. Alag]l 24 A
AzzF4dd] s md 77| RA4E $asted 7]
719] $9AE A FARES e 2E Al
oF2 wd A xdte] Aleke] WARAE FHAE7)
918 AHgst=S St
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A ZAA2DE BT AW BN HONO 5= 2ab 195

Kennedy (1949) A& o]-8-8}of dojzlct.
1-£=0.819¢ 7 #™M+0.0957¢ % +0.0325¢ ™™ (1)
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D=0.107; L: 4l ~=z{we] o], F: AES] 74

0.40
0.35 (a)
Luminol reagent pH=13.6 ¢
0.301 Lumino! conc=2mM
< 0254 Luminol flow rate=0.42mL/min
E : H,0, pH=0.6
=~ 0.204{ EDTA-2Naconc=2 mM
gﬂ NO,™ =25ppb (0.1 M Na,HPO,)
& 0.151
0.101
L
0.05
0.00 o~ o 7 : .
600 700 300 900 1000 1100 1200
PMT voltage (mV)
3.6
©
3.34 .
3.0 . *
S 27
E
E 249 o PMT voltage=900mV
20 o] Luminol reagent pH=13.6
@ Luminol flow rate=0.42 mL/min
1.84 L] H,0, pH=0.6
154 . H,0, conc=0.22mM
’ EDTA-2Na conc=2mM
1.2 T T T T T y T
06 09 12 1.5 1.8 2.1 24 27
Lumino! concentration (mM)
33
30{ ©
L
2.7 - o
S 2.4 .
.
E 214
T 18 Lum -
g0 uminol reagent pH=13.6
@ 1.5{ Luminol conc=2mM
Luminol flow rate=0.42 mL/min
1.29 1,0, conc=0.22mM
0.9 EDTA-2Na conc=2mM Py
: NO,” =25ppb (0.1 M Na,HPO,)}
0.6 T T y T T T T
04 05 06 07 08 09 10 1.1 12

H,0, reagent pH

(=1 L/min)); 99%2] HONO A& (f=0.99)% 3]s 2
23 gk Az 9] o] (L)E 60cmeolt}. e
B ZAA 2ol AFSE FAF 2T2u e ol 60
cm= 3R}

7] AMEY fuste] ofE A cFEM
HONO AMHz&e AAS}7] 98] Aol A] we A

1.5 b
1.4 . o
1.3 1 * .
S 121 .
= 1.1 ¢
g PMT voliage=900mV
7@ 1.04 Luminof conc=2mM .
Luminol flow rate=0.42 mL/min
091 H,0,pH=06
0.8 1 EDTA-2Na conc=2mM
571 NO, =25ppb{0.1 M Na,HPO,)
0.7 —

133 134 135 136 137 138 139 140

Luminol reagent pH

3.9 1 (d)
3.6 1 .

331 . *
3.0

271 PMT voltage=900mV
2.4 { Luminol reagent pH=13.6
Luminol conc=2mM
2.14 H,0,pH=0.6

H,0, conc=0.22mM b
1.8 EDTA-2Na conc=2mM

Signal (mV)

1.5 T T T T v T ———
01 02 03 04 05 06 07 08 09 1.0

Luminol reagent flow rate (mlL/min)

3.6
33 ()
3.0 4 °
2.7
[~ .
T 244 . .
=z 214 ¢
S 18] PMT voltage=900 mV
2 Luminol reagent pH=13.6
L5 Luminol conc=2mM
1.2 ] Luminol flow rtae=0.42 mL/min
. H,0, pH=0.6
0.9 EDTA-2Na conc=2mM
0.6 T . T

0.0 0.1 0.2 0.3 04 0.5 0.6

H,0; conc(mM)

Fig. 2. Optimization results of operating parameters.
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HONOS| A7 24 2 #4012 9% 252 A
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o] Fejz{e}; @ PMT Ak 900 mV, @ F7]& A%
pH, = % $k 13.6,2mM 2 0.42 mL/min g
@ H,0, A9k pH ¥ 2x%:0.7 ¢ 0.22 mM. HONO
24298 AEWAE B F8 3347199
2FH3} (o)) 34 ez 120pptE AAEUS ®
© 33248l 4 AU oI HONO
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7 AlzEle AWEA e okA 717] RAAE ] ¢
S 7)7)e) wAE b gl NO, 499 ¥
2o zA St 3471719 Al A
#H7} 33 30 AAFH A

2.3.1 PMT ®Qt

PMT Z <t A|2gle) Al 7o) oJaks v]A
= 7 e e Fo shio|th & A
PMT Agte] 23 27& 24817 $18] 9= A
Z7oA A¥e] FEger 1 Ag 17 2
ol el ligich 27 2()e 23k PMT At Z7}
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Fig. 3. Calibration curve of nitrite standard solution.
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HZro] Hglom Fulx A|°F pH Ztoz 13.60] A}
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A9 ¥y=mME Aot AF3E B =E o)A
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Fig. 4. Time-series plots of HONO and NO levels obser-
ved at an indoor environment of an apartment.
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Fig. 5. Relationships between NO, NO,, and HONO con-
centrations: (a) NO+NO,+H,0 — 2HONO, (b)
2NO,+H,0— HONO+HNO;.

P77 A A 23 A2E

5% 3o Wbz sl B AFelM AT A
HONO% 7t QA AaAAE B3 2w &
NO,9| ¥] Fdubgol 93 AAHNE Aoz A7
Ak AEd vhel o] NO2| v] 74 wh-goll 23]
HONO7} AAE S Aoz 7MAsta o5 %3t
7] 2)5}e] 7)Rel] o8] AFAE-(Reisinger, 2000;
Notholt et al., 1992)l] 2]3te] AA|gF olele] F 7}
2] 29 ue WAYEE E3§ NO, NO, d HONO
EAbol2) AHAZ} ZAME A

NO+NO,+H,0—2HONO ()]

2NO,+H,0—HONO+HNO; 3)

13 5% 2RI F HAZAEEE Bl HONO
(29 4 Fz)9] A4 HAYSE #9837 HAsto
NO, NO, ¥ HONO A}e]®] A#3AE BoFe I
Holoh 17 5elA & = lRe] HIFEE Hol:
HONO ([HONO,,, )¥= NO$} NO,2| ¥] #¢ v
(13 5, A(2) 2 NO% NO,o| ¥ 74 W
(713 5(b), A 3)) WA Z 23 A3 A=
€ Roz Ak

3.2 M otmte #HHoM &I FEX
7}s0{%o| mE HONO 52 &4
Fpad A Fhg Al 7] Fmale] shgel i
- ub Alzhdste) whE HONO §x2] #}o]& 2A
317] 9ste] A Wo) daAF e S35k 7tAd)
A& 29 FF (Yo 28] 7Pt ES LA
AR F o] glom 7l “ofe| sl T 7
7} oF 510 m¥%hr3} 340 m*hreloh §2 28 A
%51 ule] B& A F 36~45¥AE TRxdH
A& FhsslEA AgE pastgdon APAARE
oF 3A1ZF Fot HYF} Ao 92" e AR
& F2 A2 o] Rl et ARl o] FolAl AFA
2ol AT 25 Aol o] 3o 19
6= A We] d2A¥gE 3 FA3 HONO, NO,
NO, ¥ HONO/NO, H|¢] A7t w350l g R
ot R WA AR 69 “A”E 549 149 00:00
~00:36 (362 @A) Abolol FaElEdon] i
F 7] FeAe A asten Al 25
Yoich 7 WA Ag (3P 62 B S Azt
99 7kx#elA] 7Hge] wE HONO 3 NO, Fx=4}



AN BYA 2L S48 A BN HONO = 24F 199

10 150 5
= 97 TTHONOLss &
[=% 73
a 81 L1 8 . NO 120 £
Ny / 2 =]
g 7 A 1200~ 12:45 105 F
2 6{ (00:00~ 00:36) [| 1200~ 12:43) too £
B 5 2
g 4 60 S,
[¥)

s 3 tas S
Z L

% 2 30 'c%

11 15 o

Z

] - 0
05/13 12:00 05/1400:00 05/14 12:00 05/15 00:00

Measurement period

1.0 T
0.9 - —— HONO/NO; ratio
0.8
0.7 - SR
0.6

|
0'3WW [
02 f\*\ Ty '}M!’[ ,M

N S P B B AV

v

HONO/NO, ratio (—)

0.0

05/1312:00  05/1400:00  05/14 12:00

Measurement period

05/15 00:00
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