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Abstract Nitric acid (HNOs) is formed to ammonium nitrate (NH4NOs) of secondary aerosols by the photochemical
reaction. A semi-continuous HNO; measurement system was developed for the concentration of HNOj; in the atmosphere
through ion chromatography after it is sufficiently absorbed by deionized water. In order to correct the Nitrate (NO3")
concentration, an experiment was conducted to simulate the concentration of atmospheric nitrogen dioxide (NO,) and
hydrogen peroxide (H,0,) which produce additional NO;™. To evaluate the performance of the instrument, it compared the
denuder method, Vocus PTR-TOF (Vocus proton-transfer-reaction time-of-flight mass spectrometer), and semi-continuous
HNO; measurement systems at high concentrations of HNOs using a standard gas. In addition, an experiment to measure
HNO; in the atmosphere was conducted using both the denuder method and the semi-continuous HNO; system. The
concentration of HNO; additionally generated by H,0, and NO, inside the measurement system was measured lower than
the detection limit of the previously performed QC/QA, indicating that it was suitable for measuring HNOs. In the comparison
experiment between the different equipment using a standard HNO; gas, a difference of 4.7% to 8.4% was observed,
demonstrating that the results of HNO; concentration measurements were similar. When measuring HNO; in the air, the
comparison experiment between the semi-continuous HNO; system and the denuder method showed a high correlation
with a coefficient of about 0.98 and a difference of only 0.2%. The semi-continuous HNO5; measuring system was found to be
hardly impacted by interference from other materials in the sample and produced results that were similar measured values
to using other equipment. Also, it is easy to analyze the concentration and chemical properties of HNO; during the
measurement period because the data is acquired in real-time.
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Fig. 1. Schematic of semi-continuous HNO; measurement system. The flow order of samples is indicated by numbers (VAir
inlet, ?Teflon filter, ¥Heating line, *Coil, *Liquid & Air Separator, ®Peristaltic pump, ”’Reservoir, 8)Syrlnge pump, *lon chroma-

tography).
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Fig. 3. Schematic of comparison between semi-continuous HNO; measurement system, Vocus PTR-TOF, and denuder using

HNO; standard gas.

Table 1. Measurement time of each device used in the test.

Equipment Measurement time (per 1 sample)
Vocus PTR-TOF 1 second
Semi-continuous HNO; system 20 min

Denuder Min: 4.9 (hour), Max: 31.3 (hour)
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Fig. 4. HNO; peak position in Vocus PTR-TOF.
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Table 2. Equations for QC/QA (Skoog et al., 2017).

N;+N.
Minimum detection limit(ppb) X5, X (N1 +N)
(N3 X Ny)
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¢ ((X=X;)/X;) X 100%
= X 0
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CV'=Sy1q/X1g X 100%

t=Value of t for confidence level

S, =Standard deviation of blanks

N; =The number of blank measurements

N, =The number of blank points

X=Observed value

X;=True value

Sst¢=The standard deviation of check standards
Xst¢=The average of check standards

Table 3. QC/QA results of semi-continuous HNO; measure-
ment system.

QC/QA HNO;
Minimum detection limit (MDL) (ppb) 0.29
Absolute error (ppb) 0.22
Relative error (%) 5
Relative standard deviation (RSD) (ppb) 0.05
Coefficient of variation (%) 4.8

Z-HAIZE 7] S HNO; B AJAH 7 27

MDL), &= (accuracy), 4D (precision) & A&}
Ak AFEH A 7 2, AR 7 300 YERUS]
o} AH Y] Am 2y Y F AR UR edS =
Ql517] I8l HFHAIR (blank)S S5 HHEA]
2e 3718 ZHohs FU70l Bubblers 7|5}t
QIF ti7|2HE fYH 3715 SRl =] &4l
e 2452 AlAT A 85 53Th Bubblers 52
S A|lB= A|AH YEZ Soln A2} st 7}
A& A ICE 5ol A= o] HigA= Gt & MDL
Aol AHEEIQIEE TR Al mE HHESHo] 57

o gl7] f Rl F-AAZ HNO, 74 A AH ] A
& 9@ AYge Brtshr] flste] NOy BE 2E
)i

2 whEH o FYsle] S8 Skt oF 1

e R

£

olo ru?b A

Ol
24

ppm2] NO;~ A9 (Nitrate Ion Standard Solution,
KANTO CHEMICAL CO., INC., JAPAN)2 A85}o]
%2~ 5ppb, || 40 ppb9] FEE 7HA]= 5710 BE
8ol Azstgon 944 sl4 e olgstol
89 Az U % G 024 HAs8HT 20
ppbo] EEGONE oleazrbE e o] JeHE A
Ast7] S8 WA oz Z4u el 44l AHgE

qhe AR A A, e 3R o) S BE
27 89 LGk W W 24Y BE2Y §9)
o BEGS 2RO At
3.2
3.1 7| & NOL2| Feol| [ME FH| 2|
HNO; & EX™ MM HS
7] & NO,7F dH] W= FY5 = dl HNO,

= AgkE 7HsAo] 7] mWiZel NO, EE7hAs 3
H,0,7} A7FE RERD 81 (%F 15 ppb)E Al
]—01 N/\]y]- HNO3 ﬁ;(% /\]/\Eﬂ/] HNO3 ﬁ;ﬁ
ﬂﬂ*é S A3 F4® NO, 7tae 7ia 7By
ElE 550 24 7 ppb, ol 85 ppbz T
o]4FeHE A (NO,, nitrogen dioxide) 7t 50| whek
oA S4E NO, 9] B+t F&E t7] 5 HNO,

J. Korean Soc. Atmos. Environ., Vol. 39, No. 2, April 2023, pp.265-277



272 SR, ZME, dEE, e, BiX|E), £, giel,
0.025 —
y = 0.0036647+(6.8091%¢ " )x"2*""
R? = 0.9971
8
0.020 | .
3 ’
Q. §
& 4
¢ 0.015 g
s L4
o} ]
o ’
a ’
< 0.010 4 p
o)
Z ’
I ) P
0.005 - p .
eE-
0.000 : | | | |
o 20 40 60 80 100

NO, standard gas Conc. (ppb})

Fig. 5. Verification of the HNO3; measurement reliability of
semi-continuous HNO; measurement system according to
the effect of NO, from standard gas.

Aoz el (19 5).
% Z]4~ 0.0037 ppb, Z{tH 0.022
o= obA 435t AE QC/QAC
FAIZEE T Lol NO, 747 ] U]
HNO; 5% Z40l| 432 74
otk E3 9 5ol Uehd A
¢ 300 ppb ©13e] NO,7H gH] U=
HNO; 5= 4] 9] MDL gh& 23}5h= A
Bt} o= ©F 300 ppb 0]F€] IFE9] ©]
AL 7k 92 o S 5= HNO; &3k
B71E 7540 JAT, 44t gl7] 3 HNO,
ooﬂﬁ— AFA 9l HNO; ZAE 4
o2 AZEA

lo do ™ 52 42
R
H‘U (o]

AN
<

>,

"_

o?ﬂ.._L
:r‘.:

I

=]
=

4 v rlo

0,
rr
N

%
>

X

£73 EH[ H|lu

% Trrie] HNO, ¥
w0

3.2 HEEHS

HNo3 =7 78]
H a8e B Sl = Ao ire

= A5k F 11719] Aol #3=glor, 27

S2 1 stage F]5FE] 2} 2 stageol| Al ZHHE HNOE

ARl AL

et Aol /‘}%% H+H ] HNO; 23] T8

Y
H]

0l
> r9.E

HNO3;
13]

==

=]

Rl

£ S5k A 8)=

85

Table 4. The efficiency of denuder and comparison with
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