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(a) Experimental setup of MAX-DOAS, (b) MAX-DOAS instrument and Observation site

Fig. 1
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Table 1 Parameter settings used for spectral analysis using the Windoas for NO, , O, , HCHO and HONO
Species
Parameter Source
NO, O, HONO
Fitting spectral range 338~375 nm  338~375 nm 335~373 nm
NO; at 220 and 298 K9] N N /' (Conly 298 K) Taylor term* : Advo, 3?1()2
O, at 293 K[10J J J J
O3 at 223 and 243 KM N N N
Cross section HCHO at 297 KMz N N N
HONO at 296 KI'3J N
H, O J
BrO at 223 KL13J Ni Ni Ni
Ring Calculate with QDOAS
Polynomial degree 3 3 5
Intensity offset Constant Constant Polynomial of order 1

TE: VR F R S8
Note:

x4 298 K F 9 NOy W Wi A% i i#f

“/” indicates the parameters used in the inversion

17 Taylor ZEURIT
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Fig. 2 Example of deconvolution of the DOAS spectrum in evaluation (a) O,, (b) NO, and (¢) HONO slant column densities

of 2°elevation spectrum at 9:00 (Local Time) in December 9, 2017

Bule lines represent the absorption signal and red lines represent the fit signal
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Table 2 Detection limits of VCD and VMR of NO,
and HONO inversion by MAX-DOAS
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NO, 4.0X 10" 0.15 100. 0
HONO 1.3X101 0. 05 95.7
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Fig. 3 A totally average daveraging kernel of (a) aerosol, (b) NO, and (¢) HONO at 09:00 (Local Time) on December 8, 2017

The thin line represents the average nucleus connection curve, and the different colors represent different selected height layers (both 200 m are

taken as one layer). The thick bmack solid line represents the envelope obtained by the inversion
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Fig. 4 The near-surface concentration (a) and vertical columndensity(b) of NO, and HONO the first line of each figure is the pro-
file of NO, and HONQO. The second line shows the time series for the ratio of HONO to NO, ; And the third line is the time

series of the AQI data released by the National Control Site named Dongpu Reservoir
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The red dashed box indicates the deletion of MAX-DOAS observation data due to rainy, and the red dashed oval box indicates the lack of data due

to instrumental observations

2.2 EFARSLEYKKELSHF

FENLI A E Y, B — O E S e F (12 7 30 H
AQI>250), [ 6 Ca) 75 A IR 35 Y W1 TH] 4 (2017. 12. 26—
2017. 12. 31 MAX-DOAS 4 W5 48 . & 6 (b) &y Hysplit #
RYRLHU 1) J5 0 500 o B 6 (o) S AR i B - KU R B IET . oo
R84k A ST MAX-DOAS WL 3 5 PG L J7 16 30 km f14
FR AL R EE . i 6Ca) T L& BL NO, 7E 300~900 m 2

A —0 B2, 212 3 29 H I N & (8:00—
10:00H1 14:00 J5) . 1if HONO ¥k B i {4 £ 24 b 76 17
8:00-—9:00 Z[A], FE7EiZ B At A P B NO, 1938 & 1 1 &
LA G AT LRI 6(b) T, 12 H 29 H X% i & g X
B A EE A, s Y A Bk [ A I IR X (8: 00—
10:00), FE T 14:00 J5, Mg EZLZRILRE 32 K
TREAR . PG NO, ZE R [ A5 N8 ZR b X AL fi ik R A 5% i



2044 it 2 56 b %542 %
P 2' (@) —a—10m —e—50m 100m
= |
Z 5 4
=5 34
> B
2% 1] \Jﬁ :
2 14 pd AV ‘/ p
SREINLYE.E, ‘/‘\/ A 3 WA
s 2501
S (b)
Z g 200
r 3 1504
E g 1004 A 4 2 LR '
2 504 /AR \ i A 4 N ‘
2= 0 "s/'\'@—'l” \‘4 ¥ :_.\' -Gf"/u.;////"' T e ¢ g, ’m‘{h‘ '.!‘ ' ""‘
12/1 12/4 12/7 12/10 12/13 12/16 12/19 12/22 12/25 12/28 12/31
Date
B 5 HONO(a)#1 NO,(b)Z 10, 50 1 100 m TR S RET
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(a) Temporal series profiles of NO, and HONO VMRs for the period December 26—31. 2017; (b) The backward trajecto-

ries of winds from December 29 to December 31, 2017, simulated by the Hysplit model;

pollution period

(¢) Wind rose during the entire
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Study on Vertical Distribution of Atmospheric HONO in Winter Based on
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Abstract Nitrite (HONQO) , as one of the sources of OH free radical in the atmosphere, plays an important role in the oxidative
capacity of the atmosphere. Moreover, previous studies have shown that HONO plays an important role in generating
atmospheric haze in winter. The conversion of NO, is considered one of the important sources of HONO. Therefore, researching
the vertical distribution characteristics of HONO in the atmosphere has an important role in studying the formation and control of
atmospheric pollution. Because of the important role of HONO in the atmosphere, currently, the methods of chemiluminescence
and spectroscopy, as well as indirect methods, are mainly used to measure HONO in the atmosphere. MAX-DOAS method is a
passive remote sensing technology that can quickly and effectively obtain the three-dimensional distribution of pollutants in the
atmosphere. In this paper, the MAX-DOAS instrument was used for stereo detection of HONO and NO, in the winter
atmosphere of the Science Island of Hefei in December 2017. The vertical distribution characteristics of those are obtained
through the PriAM algorithm. The research results show that during the observation period, the NO, vertical mixed
concentration (VMR) and vertical column concentration (VCD) in the range of 10m near the ground were in the range of 0. 51X
10" ~20. 5 X 10" molecules * em™* and 6.0 X 10" ~5.5X 10" molecules * em ™ ?, respectively. The concentration was mainly
concentrated within 1 km, and evenly mixed near the ground. However, the VMR and VCD of HONO were between 0. 03X 10"
~5.1X10" molecules * cm * and 3.5X 10" ~7.0X 10" molecules « cm ™ ?, respectively. The upper level of concentration was
within 100m, and its concentration decreased significantly with the increase in height. The HONO/NO, ratio was between
0.17%~16.0% (VMR) and 1. 0% ~25.0% (VCD), indicating that HONO was mainly derived from NO, conversion during
the study period. Under a typical polluted episode (2017. 12. 26—2017. 12. 31), HONO/NOQO, was greater than 5%, and the
concentration of HONO increased (greater than 0. 26 X10'" molecules * cm ), indicating that the conversion of NO, to HONO
became strong. By combining the wind field changes to study the source of NO, during the pollution period, it was found that the

transmission in the urban area of Hefei, northern and northwestern Anhui has a significant effect on NO, and HONO.
Keywords Multi-Axis differential optical absorption spectroscopy; NO,; HONO; Vertical distribution; Inversion algorithm
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