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To study the HONO formation mechanisms during a pollution period, a continuous measurement was performed in both urban
and suburban aeras of Beijing. During this period, the PM, 5 concentrations increased to 201 and 137 pg/m® in urban and sub-
urban areas, respectively. The concentrations of HONO, CO, SO,, O;, NO, NO,, NO, were 1.45 ppbv, 0.61 ppmv, 8.7 ppbv,
4.3 ppbv, 44.4 ppbv, 37.4 ppbv, 79.4 ppbv and 0.72 ppbv, 1.00 ppmv, 1.2 ppbv, 7.9 ppbv, 3.7 ppbv, 8.2 ppbv, 11.9 ppbv, in
urban and suburban areas, respectively. To compare possible pathways of HONO formation in both sites, the contributions of
direct emissions, heterogeneous formations, and homogeneous productions were studied. HONO/NO, ratios in the two sites
indicated that heterogeneous reactions of NO, were more efficient in suburban areas. And in both urban and suburban areas,
the increase of PM, s concentrations and RH would promote the conversion efficiency in RH that ranged from 0% to 85%.
However, when RH was above 85%, the HONO formation slowed down. Moreover, the study of direct emissions and homo-
geneous reactions showed that they contributed to a majority of HONO increase in urban areas than the 20% contributions in
suburban areas. It implied that the high NO, concentrations and NO concentrations in urban areas or in pollution periods would
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make direct emissions and homogeneous reactions become dominant in HONO formations.

nitrous acid, pollution, urban, suburban, comparison

1 Introduction

Nitrous acid (HONO) is one of the important species in
photochemical cycles, which could provide hydroxyl radical
(OH) [1,2] with contributions up to 30%—-50% [3.4]. OH
radical, one of the most improtant oxidant in the atmosphere,
can react with organic matters, enhance the capacity of
atmospheric oxidation, lead to the formation of secondary
pollutants, and accelerate the formation of air pollutions [2].
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Therefore, the study on the HONO formation mechanism
will be helpful to understand the complex process during
pollution. The genarally accepted sources of HONO were
direct emissions, homogeneous reaction of NO and OH, and
heterogeneous reaction of NO, [4]. HONO could be emitted
directly by combustion processes, with quantities about
0.3%-0.8% of NO, (NO+NQO,) obtained by tunnal studies
[5,6]. The direct emission sources were seen to be unimpor-
tant except in high NO, regions and traffic hours [7]. The
homogeneous reaction of NO and OH was also one of the
HONO formation sources. It was normally seen as less
important due to its low prodution rate [1], but the high
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concentrations of OH and NO in pollution strengthened the
importance of this reaction source. Laboratory studies
indicated that NO, heterogeneous reactions on humid
surfaces can be used to explain parts of the HONO form-
ation [8—11]. The reaction efficiency depended on the sur-
face absorbed water, the surface compositions, and the sur-
face types [11]. However, the mechanism was still in argu-
ment due to the differences between laboratory and field
measurements [11].

The field observations of HONO were performed in var-
ious locations including remote areas, rural areas, suburban
and urban areas [3,7,11-25]. Results showed that HONO
concentrations were lower in remote places and clean areas.
Due to heavy pollution, the HONO concentrations were
much higher in mega cities of China. Moreover, the differ-
ences of HONO concentrations also lied in urban and
suburban areas. For example, it was 1.45 ppbv [18] in urban
and 0.89 ppbv [15] in suburban areas of Beijing, 3.50 ppbv
[16] in urban and 0.95 ppbv [7] in rural areas of Guangzhou,
1.50 ppbv [14,23] in urban and 1.30 ppbv [20] in non-urban
areas in Shanghai. As the indicator of heterogeneous
reaction extent, HONO/NO, ratios were also different in
various places. Normally it was in the range of 0.01 to 0.13
[14,15,17-20], and could reach up to 0.175 [7] and 0.35 [16]
at Guangzhou, and 0.42 [25] in Kathmandu with high rela-
tive humidity.

The differences in HONO concentrations may be caused
due to various reasons in recent China [26-28]. And the
measurements in different areas could be helpful to under-
stand the formation mechanism of HONO and the important
impacts on HONO in the pollution process. Therefore, in
present work, a continuous measurement was performed in
the urban and suburban areas of Beijing from October 28 to
November 2, with high pollution in both areas. From this
measurement, the concentrations of HONO and SO,, Os,
CO, NO, in urban and suburban areas were obtained. Diur-
nal variations of gaseous species as well as the changing
meteorological conditions were analyzed. Moreover,
HONO formation sources from direct emissions, homoge-
neous reactions and heterogeneous reactions in both sites
were discussed and different formation mechanisms were
obtained.

2 Materials and methods

2.1 Measurement sites

In this work, as a comparison was performed in urban and
suburban areas of Beijing, two sites were chosen for the
study.

(1) For the urban area. The HONO measurement was
performed at the platform in the third floor in No.2 building
of Institute of Chemistry, Chinese Academy of Sciences
(ICCAS, 116°1921.58"E, 39°5922.68"N). The ICCAS site
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is located at the North Fourth Ring Road of Haidian
District, which could be seen as a typical urban area with
condensed population and heavy traffic. In addition, the gas
phase pollutants of CO, SO,, O;, NO, NO, and NO, were
measured by commercial SO, analyzer (431, Thermo, USA),
O; analyzer (49i, Thermo, USA), NO, analyzer (42i, Ther-
mo, USA) and CO analyzer (48i, Thermo, USA) with de-
tection limits of 1 ppbv, 1 ppbv, 1 ppbv and 0.05 ppmv,
respectively. The analyzers were installed at Baolian, 5.5
kilometers southwest from the ICCAS site with similar
conditions and little spatial differentiations of NO, and NO,
concentrations [29]. Meteorological parameters, including
wind speed, wind directions, temperature, pressure, relative
humidity and PM,5 concentrations were obtained from
http://www.weather.com.cn/weather/101010100.shtml  in
Baolian station.

(2) For the suburban area. The HONO analyzer and other
gas analyzers were settled at the 4th floor of the first
classroom building in the Lake yanqi campus of University
of Chinese Academy of Sciences (UCAS, 40.4°N, 116.6°E).
The UCAS was 50 km northeast of the city center, and in
the west side of the Jingjia highway and was in the
northeast of Lake Yanqi within 1 km, which could be an
example of suburban area. The gaseous species of CO, SO,,
03, NO, NO, and NO, were measured by analyzers as used
in the urban site. And meterological parameters were also
obtained from http://www.weather.com.cn/weather/101010
100.shtml in Huairou station.

2.2 Measurement instruments of HONO

During the experiment, the HONO concentrations were
measured by a home-made HONO analyzer in each site.
The mechanism of the analyzer was based on long path-
length absorbance spectroscopy [30,31]. HONO was ab-
sorbed by a solution containing 0.06 mol/L sulfanilamide in
1 mol/L HCI [32], and then formed an azo dye by reacting
with a dye solution (0.8 mmol/L. N-(1-naphthyl) ethylene-
diaminedihydrochloride) [31]. The azo dye was pumped
into 250 cm Teflon absorption cells (Liquid Core Wave-
guide, LCW) [30] and detected by a mini-spectrometer with
a diode array detector (Ocean Optics, SD2000) [32]. The
gas collecting device was designed to be of two channels,
which could get a real HONO concentration by subtracting
the interferences [30]. The sampled gas flow rate was
1 L/min with the solutions liquid flow rate of 0.5 mL/min.
The detection limit of the HONO analyzer was 9 pptv with
a response time (the time of the instrument rising to 90% of
the full signal) of 5 min. Moreover, an inter-comparison of
the two home-made HONO analyzers used in each site was
performed. And the differences of measured concentrations
lied within 0.008, which indicated the concentrations meas-
ured by the two HONO analyzers in the two sites were reli-
able and comparable.
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3 Results and discussion

3.1 Time series of meteorological parameters and
measured gases species

The measured meteorological parameters, i.e., air temper-
ature (7), relative humidity (RH), wind speed (WS) and
direction (WD) as well as the PM,s concentrations were
illustrated in Figure 1. According to the National Ambient
Air Quality Standard (ambient air quality standards which is
to be implemented in 2016: GB3095-2012), two successive
days with the daily mass concentration of PM, 5 exceeding
75 pug/m’ were defined as an air pollution episode. There-
fore, a heavy pollution occurred from the midnight of Oct.
29 to the early morning in Nov. 1 at the urban area of Bei-
jing, with average PM, s mass concentration of 150 pg/m’.
Whereas, the pollution period in suburban areas was from
9:00 LTS in Oct. 29 to the midnight of Oct. 31, with the
average PM, 5 concentration of 103 ;,Lg/m3.

Moreover, during the pollution period, the variations of
temperatures, wind speeds and the relative humidities were
similar between the two sites. The meterological parameters
are listed in Table 1. In urban and surburban sites, the
temperature was from 4.5 to 164 °C and from 1.7 to
16.7 °C, the relative humidity range was from 47% to 100%
and from 34% to 100%, the wind speed was with a mean
value of 0.56 and 0.96 m/s, respectively. However, the
PM, 5 concentrations in the two sites were different: (1) the
max hourly averaged PM, 5 concentrations was 201 and 137
pg/m’, in urban and suburban areas, respectively; (2) the
growth rate of PM,s concentations were much higher in
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urban areas; (3) 4 significant peaks were observed in urban
areas, while only 3 peaks in the suburban areas. After the
pollution period, the meterological conditions changed in
both sites from Nov. 1 with stronger wind speeds and lower
relative humidities.

Figure 2 shows the time series of the concentrations
measured in each site during the observation period. The
average concentrations of the measured gaseous pollutants
in both sites are listed in Table 2. HONO was from 0.54 to
2.77 ppbv with the average of 1.45 ppbv in urban area, and
from 0.18 to 1.23 ppbv with the average of 0.74 ppbv in
suburban area. In the studies of Spataro et al. [18], HONO
concentration was 1.06 ppbv on average, with mean NO,
concentration of 38.8 ppbv in urban Beijing. Hendrick et al.
[15] showed a HONO concentration of 2 ppbv in urban area
of Beijing with 1.25 ppbv at the same time in Xianghe.
Moreover, during the period from Oct. 28 to Oct. 31, the
max HONO concentrations had a decreasing trend in urban
areas, while increasing in the surburban areas. The average
concentrations of NO, NO,, NO, and SO, in urban areas
were much higher than that in suburban areas except the
concentrations of CO and O;. It was interesting that the
concentrations of CO, NO and NO, in urban areas showed
similar variations with peaks at night and minimum in the
afternoon, while these correlations were not significant for
the suburban areas. During the pollution period, the hourly
averaged concentrations of NO, NO,, NO,, and HONO in
urban areas were equally 12.7, 4.5, 6.6, and 2.0 times higher,
and SO,, CO, O3 were 7.9, 1.7 and 1.8 times lower than in
suburban areas.

Furthermore, these species had clear diurnal variations in
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Figure 1 Time series of hourly-averaged air temperature (7), relative humidity (RH), wind speed (WS) and direction (WD) and PM, s concentrations during
Oct. 28 to Nov. 2, 2014. Red lines represent the results from urban station, while the black ones represent the results from suburban station.
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Table 1 Summary of the meterological parameters and PM, 5 concentra-
tions in urban and suburban sites

PM; 5
WD WS (m/s T (°C RH (%
(mfs) T (°C) ) gt
Urban North 0-2.8 4.5-16.4  47-100 36-201
Suburban ® Northwest 0-2.1 1.7-16.7 34-100 40-137

a) Data obtained from http://www.weather.com.cn/weather/101010
100.shtml.
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Figure 2 Temporal variations of CO, SO,, O;, NO, NO,, NO,, and
HONO in 1-h average during Oct. 28 to Nov. 2, 2014. The solid points
represent the results from urban areas, while the hollow ones represent the
results from suburban areas.

Table 2 Daytime and nighttime average concentrations of the measured
chemical species in urban and suburban areas

Species Daytime ¥ (ppbv) Nighttime  (ppbv) Total (ppbv)
suburban/urban suburban/urban suburban/urban
HONO 0.73/0.93 0.72/1.75 0.74/1.45
SO, 1.3/9.6 1.1/8.1 1.2/8.7
(€0) 1.00/0.48 1.04/0.68 1.0/0.61
O3 11.5/10.3 4.9/1.3 7.9/4.3
NO 1.9/19.1 4.4/56.9 3.8/44.4
NO, 11.3/35.3 6.7/37.6 8.4/37.4
NO, 13.2/53.4 11.0/8.6 11.9/79.4

a) Daytime: 09:00-17:00 LST; b) nighttime: 19:00-7:00 LST.
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both urban and suburban areas (Figure 3). The variations of
HONO concentrations have differences between urban and
suburban areas. For the urban area, HONO kept decreasing
by photolysis after 7:00 AM and reached minimum at
around 15:00 PM. Then it grew slowly during the rest of the
day, and maintained high concentrations through all night
until next morning. However, in the suburban area, HONO
concentration changed more gently in both daytime and
nighttime except two peaks around 9:00 AM and 19:00 PM,
respectively. It may be associated with the local traffic ac-
cording to both NO, and NO, peaks at the same time. The
CO had clear diurnal variations with higher values at night
and lower values at daytime as similar to the variations of
NO, and NO in urban areas. All of them showed significant
peaks in the morning, and decreased during the daytime
until 15:00 LST, then increased during the night with max-
imums at midnight. In the suburban area, unlike the slight
changing of CO, the NO, and NO showed typical peaks at
around 9:30 LST in the morning and 1:00 LST at midnight.
The SO, decreased from the midnight and increased at 6:00
until 14:00 LST in urban area, then had little changes the
rest of the day. While in the suburban area, the increasing
time of SO, was delayed to 8:00, and decreased from 16:00.
In the urban area, the NO, concentrations were higher at
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Figure 3 Average diurnal patterns of CO, NO, NO,, NO,, Os, SO, and
HONO during the measurement period. The data was calculated by aver-
aging the concentrations of Oct. 28—Oct. 31, 2014. The error bars represent
the standard deviation within the measurement period. The solid points
represent the results from urban site, while the hollow ones represent the
results from suburban site.
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night and lower at day, while the variations in suburban area
were opposite to that. NO, increased at 8:00 in the morning
and kept high values until 19:00 LST. The higher NO, was
caused by the oxidation of the emitted NO around 10:00
LST. Although the max values of O; in the two sites were
similar, the increasing time was delayed from 8:00 to 11:00
LST in urban areas.

The similar variations of gases pollutants may indicate
similar sources of them [3,18]. Therefore, the sources of CO,
NO, and NO, were similar in urban areas, while they were
more complicated in suburbans. Normally, CO and NO,
were mainly from combustion processes including the
burning of fossil fuel and biomass, as well as vehicle emis-
sions [26-28]. The sources of SO, would mainly come from
the burning of fossil fuel and biomass, which often hap-
pened in the suburban [26]. Therefore, the good correlations
of CO and NO, in urban areas may be caused by the life
sources and the mobile sources [28], like vehicle emissions;
and the weak correlations of CO, NO, and SO, in suburban
areas may be caused by a combination of fossil fuel burning,
biomass burning, vehicle emissions and other combustion
processes.
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3.2 The impact factors on HONO formation

3.2.1 The direct emissions
For the evaluation of direct HONO formation sources,
relationships between HONO with CO, NO, and SO, were
studied (Figures 4-6). The correlations of HONO with CO,
NO,, and SO, were 0.597 and 0.665, 0.679 and 0.439, 0.380
and 0.022 for the urban area and the suburban area,
respectively. Therefore, the HONO sources in urban areas
were partly connected with the sources of CO, NO, and SO,
[3,18]. While in the suburban areas, the HONO sources
were connected with the sources of CO and NO,. Although
both of the measurement sites were closed to a traffic source,
the traffic flows and types were different. The traffic close
to the urban site was much higher with mainly passenger
cars, however, the traffic at the suburban site was more
complicated, where the train station, small factories and
farmland were not far away. Moreover, the existence of
Lake Yanqi may also have effects on the surrounding
conditions.

The HONO/NO, ratio was used to evaluate the amounts
by direct emissions in the atmosphere [3]. The HONO/NO,
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Figure 4 The correlations between HONO and CO in urban site (a) and suburban site (b), by using the data from Oct. 28 to Oct. 31, 2014.
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Figure 5 The correlations between HONO and NO; in urban site (a) and suburban site (b), by using the data from Oct. 28 to Oct. 31, 2014.
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Figure 6 The correlations between HONO and SO, in urban site (a) and suburban site (b), by using the data from Oct. 28 to Oct. 31, 2014.

ratio of 0.0065 as the direct emission factor supported by
Kurtenbach et al. [5] was widely accepted in most recent
studies [7,18-24]. In this work, the average HONO/NO,
ratios during the pollution period obtained in urban and
suburban areas were 0.017 and 0.070, respectively. The
HONO/NO, ratios showed two peaks in consistance with
the morning and evening traffic hours in urban areas, which
were caused by the emissions of vehicle exhausts. However,
all these measured HONO/NO, ratios were much higher
than the direct emission factor of 0.0065. It is implied that,
the HONO in the ambient atmosphere not only comes from
direct emissions, but also comes from secondly formation
and other pathways. Therefore, 0.0065 was used to calculate
the direct emissions concentrations of HONO (HONO.pission)
by the formula: [HONO,py;sion]=[NO,]x0.0065 [16,18].
Where, [HONO,y;ssion] and [NO,] represented HONO con-
centrations by direct emissions and the concentrations of
NO,, respectively. The calculated HONOgy;ssions Was with
contributions of 39.6% and 8.5% on average, in urban and
suburban areas, respectively. In previous studies, the con-
tributions of HONOgpission could be 49.7% with 266 ppbv
NO, in urban Beijing [18]. The comparison of HONO,issions
in both sites in this measurement indicated that direct emis-
sions are more important in urban areas.

3.2.2 The nocturnal heterogeneous reaction of NO,

It was well-accepted that HONO could be formed on the
wet surface by heterogeneous conversion of NO, [3,8-11,
33]. The conversion rate may be affected by the aerosol
surfaces and the surface water [10-12,14,19,33]. Therefore,
the influence of PM, s and RH were important to explore the
heterogeneous reaction mechanism. Lab studies had shown
that the reaction was first order in NO, [10], and HONO/
NO, ratio was usually used to evaluate the extent from the
heterogeneous reaction of NO, [3,7,12,16,18]. Nighttime
HONO/NO, ratios in urban cities of China were from 0.03
to 0.15 [7,12,14,20,23], higher ratios were obtained in
Guangzhou with high relative humidity [7,16]. In this
measurement, the variations of nocturnal HONO/NO, ratios

in both urban and suburban areas were plotted in Figure 7.
To avoid the uncertainties caused by the photolysis reaction
in daytime, all the daytime data (from 7:00 LST to 18:00
LST) were ignored [11,20]. During the nighttime, the aver-
age HONO/NO, ratio was 0.044 and 0.110, in urban and
suburban areas, respectively. The higher ratios of HONO/
NO, in suburbans indicated higher conversion efficiency of
NO, heterogeneous reactions [11,33]. The heterogeneous
formation of HONO could have occurred on various sur-
faces with different conversion rates, and the preferences to
aerosol or ground surface were still in discussions [34].
However, compared to the urban surfaces of concrete, glass
and foliage, the suburban surroundings provided much more
surfaces for the heterogeneous reactions such as soils, lake,
mineral dusts as well as numerous particles [34]. These
factors may result in the high heterogeneous reaction effi-
ciency in suburban areas. The heterogeneous reaction of
NO, could be affected by NO, concentrations, relative hu-
milities, the boundary layer heights, aerosol concentrations,
the reactive surfaces and so on [25,33]. And then the effects
of relative humidity and PM, 5 concentrations were studied.
Stutz et al. [11] pointed out that the absorbed water had
influences on heterogeneous formation of HONO with in-
dependence on surfaces types. In other studies [7,11,12,14,
15,18,23,25,33], HONO/NO, ratios were ~0.03 on dry sur-
faces, increasing to 0.10-0.13 on wet surfaces. However,
HONO/NO, ratios on aqueous surfaces were uncertain
[11,33]. In this measurement, it could be clearly identified
in the suburban that (Figure 8), the HONO/NO, ratios in-
creased from 0.02 to 0.15 with RH from O to 85%, and
when the RH was up to 85%, HONO/NO; ratios decreased
to 0.10. The same phenomenon could also be seen in urban
areas when RH was higher than 90%. However, the ten-
dency was uncertain in the low RH range due to the scat-
tered points in the picture. It indicated that the absorbed
water had complex effects on the NO, heterogeneous for-
mation of HONO. As a competition of HONO sources and
sinks [9], the surface absorbed water could affect both pro-
cesses of NO, to HONO and HONO deposition. When the



1399

Tong et al. Sci China Chem  September (2015) Vol.58 No.9
Date
Oct. 28 Oct. 29 Oct. 30 Oct. 31 Nov. 1
N T T T T T T T T T T T T T T T
° \. \
s O dafe w,
A
g - ° ®
S 20+ ° )
z L
Ly | STo | e , Foo |
25 " T T T T T T T T T T T T T T T
= 20 |- o
B L »?
g 15[ »‘ -
S L.t " 3
z 10 & éb@@? P ad P
g i I
05 Q&gp %
00 L 1 1 1 | L 1 1 1 1 1 | 1 |7 1 | 1
= T I T T I T T I T | T I T T
0.15 O O O
ws  f o % 0QQ
>
25010 é%é@ o Q & -
s& |
% é 0.05 ‘
Te [ L™ ~na®
0.00 1 | ! | L | 1 1 ‘ 1 | 1 | ! | L
12 00 12 00 12 00 12 00 12 00
Local time

Figure 7 Time series of HONO/NO; ratios in the nighttime during the pollution period in urban area (black solid) and suburban (red hollow).

0.10
(a)
1 Urban
0.08 - ®
5 .
rl S g,
S 0.06 Y 1
.é U0 Lo\
g e g
~N [ ]
© 0.04 - 4
S <
2 ° . ° "o
2 0.02- * o
[}
[}
0.00 T T 1 v 1 T
20 40 60 80 100
RH (%)

HONO/NO, (ppbv/ppbv)

0.20
(b)
Suburban
0.15 4 y )
o/ ::’s
®
0.10 .“*u:
S g o»®
2 e
: °
0.05 P [ ] .. I ’
~00g © ° :
e 0 09 |
000 1 I T 1 T
20 40 60 80 100
RH (%)

Figure 8 Correlations between HONO and RH in urban site (a) and suburban site (b).

RH was from 20% to 80%, the depositions of HONO would
increase with RH. Moreover, the surface water coverage
was increasing with RH. As the dependence on RH of the
heterogeneous conversion was stronger than the HONO
deposition [11], the conversion efficiency would increase as
a result. However, when the surface became saturated (RH>
85%), the excess water could be a limiting reagent for NO,
[33] and dissolution of HONO, which could result in a de-
crease in HONO/NO; ratios.

The particle mass concentration would also influence
HONO heterogeneous formations [14,16]. To study this ef-
fect, correlations between HONO/NO, and PM, 5 were plot-

ted (Figure 9). When the PM, s concentrations were lower
than 100 pg/m’, the HONO/NO, ratios were increasing with
the increase of PM, 5 concentrations both in urban and sub-
urban areas. And the ratios declined after the PM, 5 concen-
trations were above 100 pg/m’. As seen in Figure 9, all the
declining ratios were in high RH region (higher than 80%), in
either urban or suburban area. So the decline of HONO/NO,
ratios may be caused by the high content of absorbed water
as it could be a limiting reagent for NO, conversions.
Therefore, although the particle matters could promote the
HONO formation, in high RH ranges, the highly absorbed
water would lead to a HONO/NO, decrease [11].
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Figure 9 Correlations between HONO and PM, 5 concentrations in urban site (a) and suburban site (b).

3.2.3 The nocturnal gas phase formation by NO and OH
The homogeneous reaction NO+OH —HONO (Kno:on=
9.8x107"2 cm*/(molecules s)) and HONO+OH—NO,+H,0

(Kionoson=6.0x10""? cm*/(molecules s)) would dominate
the homogeneous production of HONO in nighttime [4].
Therefore, the net HONO homogeneous production could
be calculated by [3,4,7]:
Pre=Kno+onx[NO]X[OH]-Knono+onx[HONO]x[OH].

where P, represented the net homogeneous production rate
of the reation NO+OH—HONO and HONO+OH—>NO,+
H,O0 [3.,4,7]; [] represented as the concentrations of gases. A
nighttime OH concentrations of 1x10° molecules/cm® was
assumed to represent the measured ones in both urban and
suburban areas [18,35]. Since the reaction rates were similar,
the P, was mainly decided by the concentrations of NO
and HONO. For the urban area, the P, values were in
proportion to NO concentrations, due to the high nocturnal
NO concentrations. The average P, in urban area was

much higher than in suburban area, which was 2.18 ppbv/h
with the NO concentrations of 59.0 ppbv and 0.137 ppbv/h
with NO concentrations of 4.6 ppbv, in urban and suburban
areas, respectively. Such a high P, value on urban areas
would make the effect of homogeneous productions
amazing. As shown in Figure 10, for the first night from
20:00 to 24:00, the mean P, values in urban area increased
from 1.31 to 2.58 ppbv/h with HONO increasing from 1.37
to 2.01 ppbv. Therefore, by integrating P, in this 4 h [7],
the homogeneous reactions could provide at least 0.27 ppbv
accumulations of HONO, which was 42.2% of the measured
increase of HONO (0.64 ppbv). In constrast to suburban
areas, the low NO concentrations could only provide P,
from 0.126 to 0.213 ppbv/h with an integrating area of
0.020 ppbv, which was 10.6% of HONO increasing (0.187
ppbv). It indicated that, when the concentrations of NO
were extremly high, the net productions by homogeneous
reactions could be dominant for the nighttime increase of
HONO and its contribution would even exceed the formation
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Figure 10 Average diurnal patterns of P, and HONO in the nighttime during the measurement period.
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by heterogeneous reactions [18].

To sum it up, the nocturnal HONO formation mecha-
nisms in urban and suburban areas were different (Table 3).
For the urban area, with the average contributions of 39.6%
and 42.2%, the direct emissions and the net homogeneous
production would provide 81.8% of HONO formation.
While in the suburban area, the on average contributions of
direct emissions and the net homogeneous production was
8.5% and 10.6%, respectively. Moreover, the mean HONO/
NO,; ratio in suburban area (0.103) was 2.7 times higher
than 0.038 in urban areas, which was in agreement with the
remaining contributions of HONO formations. Therefore,
for the urban and suburban areas, the differences in NO,
concentrations, NO concentrations, relative humidity and
PM, 5 concentrations would lead to rather different HONO
formations. The high NO, concentrations would result in a
high direct emissions of HONO, and the high NO concen-
trations would make the homogeneous reaction productions
become significant. For the heterogeneous formations, par-
ticle concentrations and absorbed water on reactive surfaces
would promote the HONO formation efficiency. In addition,
higher RH values would make HONO dissolved in water
and result in a decline of HONO/NO; ratios.

4 Conclusions

A comparison study on HONO formation was performed in
urban and suburban areas during a pollution period based on
a continuous measurement from Oct. 28 to Nov. 3, 2014 in
Beijing. During the measurement, both the sites in urban
and suburban areas suffered a pollution process with mean
PM, 5 concentrations of 130 and 85, respectively. The hourly-
averaged concentrations of HONO, CO, SO,, O;, NO, NO,,
and NO, in the pollution period were (1.45 ppbv, 0.61 ppmv,
8.7 ppbv, 4.3 ppbv, 44.4 ppbv, 37.4 ppbv, and 79.4 ppbv)
much higher than concentrations in suburban (0.72 ppbv,
1.00 ppmv, 1.2 ppbv, 7.9 ppbv, 3.7 ppbv, 8.2 ppbv, and 11.9
ppbv). Correlations of HONO with CO, NO,, and SO,
showed similar sources between HONO and CO, NO, in
both areas, were mainly caused by direct emissions. The
higher HONO/NO, ratios in urban areas also reflected high-
er contributions from direct emissions, while contributions
of direct emissions were not significant in suburban areas.
Moreover, the nocturnal HONO/NO, ratios, as a representa-

Table 3 Comparison of different pathways of HONO formation in urban
and suburban areas during the nighttime ¥

. Net
HONO D'lref:t homogencous Th.e re§t Hetero geneous
( bV) emission production contributions reaction
PP (%) % (%) (HONO/NO,)
Urban  1.78 39.6 422 18.2 0.038
Suburban 0.70 8.5 10.6 80.9 0.103

a) All data were calculated by averaging the concentrations of Oct.
28-Oct. 31.
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tive of the heterogeneous reaction efficiencies, were 0.038
and 0.103 on average in urban and suburban areas, respec-
tively. The higher HONO/NO, indicated a higher NO, con-
version efficiency in suburban areas. Moreover, the correla-
tions of HONO/NO, vs. RH and HONO/NO, vs. PM;5
concentrations showed RH and particle concentrations could
affect the NO, conversion. When RH was below 85%, the
HONO/ NO, ratios increased with the RH increasing, when
RH was higher than 85%, the HONO/NO, would decline.
Similarly, when PM,s concentrations were below 100
pg/m3, the HONO/NO, ratios increased with the PM, 5 con-
centrations  increasing. However, the decrease in
HONO/NO, ratios when PM, s concentrations were higher
than 100 pg/m’ was caused by the high RH, due to excess
water limiting the conversion of NO, and dissolution of
HONO. At last, the net productions of homogeneous reac-
tions of nighttime were compared. Due to extremely high
concentrations of NO, the contributions of homogeneous
reactions productions would be significant in HONO for-
mations in urban areas.
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