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ABSTRACT

The source of fine particulate matter (PM, ) has been a longstanding subject of debate, the nitrogen-15 isotope
(6'°N) has been used to identify the major sources of atmospheric nitrogen. In this study, PM, 5 samples (n =
361) were collected from September 2017 to August 2018 in the urban area of Guiyang (SW, China), to investi-
gate the chemical composition and potential sources of PM;s. The results showed an average PM; s of
33.0 uyg m—> + 20.0 ug m>. The concentration of PM, 5 was higher in Winter, lower in Summer. The major
water resolved inorganic ions (WSIIs) were Ca®™, NHZ, Na*, SOZ~, NO3, CI™. Nitrogen-containing aerosols
(i.e., NO3 and NHZ ) suddenly strengthened during the winter, when NO3™ became the dominant contributor.
Over the sampling period, the molar ratio of NHJ /(NO3 + 2 x SO37) ranged from 0.1 to 0.9, thus indicating
the full fixation of NHZ by existing NO3 and SOZ~ in PM, 5. The annual value of NOR was 0.1 while rised to 0.5
in Winter. The variations of NOR (Nitrogen oxidation ratio) (0.1-0.5) values suggest that the secondary formation
of NO3™ occurred every season and was most influential during the winter. The total particulate nitrogen (TN)
5'°N value of PM, 5 ranged from —5.9%. to 25.3%. over the year with annual mean of +11.8%. -+ 4.7%., whereas
it was between —5.9%. and 14.3%. during the winter with mean of 7.0%. 4 3.8%.. A Bayesian isotope mixing
model (Stable Isotope Analysis in R; SIAR) was applied to analyze the nitrogen sources. The modeling results
showed that 29%, 21%, and 40% of TN in PM, 5 during the winter in Guiyang was due to nitrogen-emissions
from coal combustion, vehicle exhausts, and biomass burning, respectively. Our results demonstrate that biomass
burning was the main contributor to PM during the winter, 80% of the air mass comes from rural areas of Guizhou
border, this transport process can increase the risk of particulate pollution in Guiyang.
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J. Tian, H. Guan, Y. Zhou et al.
1. Introduction

Aerosols have a strong influence on critical processes in the atmo-
sphere that are related to air quality, climate change, visibility, and rain-
fall (Fuzzi et al,, 2015), these meteorological factors can cause ecological
and environmental problems. Moreover, air particulate matter with a
particle diameter of <2.5 (PM;5.) has adverse effects on human health
(Pope et al.,, 2009; WHO, 2018).

China is experiencing a severe problem of particulate pollution due
to the increased consumption of fossil fuels. Despite years of govern-
ment efforts to reduce anthropogenic emissions, PM smog incidents
still occur frequently, especially in some industrial and urban areas
(e.g., Beijing, Shanghai) (Cheng et al., 2017; Tan et al., 2018). Previous
studies have shown that the formation of PM haze is caused by high
concentration of gas precursors (such as NOx and SO,) and stagnation
conditions (weak wind speed and high relative humidity) (Petdja
etal, 2016; Xu et al., 2017a; Zhang et al., 2009). Total particulate nitro-
gen (TN) mainly exists in the atmosphere in the form of NH4 -N and
NOs3 -N, which are the main components of secondary inorganic aero-
sols. Previous studies found that the abundance of N in water-soluble in-
organic ions (WSIIs) in polluted air ranged from 14% to 66% (Jiang et al.,
2018; Liang et al., 2017; Tao et al., 2018). In recent years, with the sharp
reduction of SO, emissions and the rapid increase of vehicle exhaust
emissions, PM, 5 in China has shifted from SO3-based PM to NO3 -
based PM (Pan et al., 2016). Previous studies have shown that NOx
emission sources is responsible for the change of °’N(NO3 ), and the
exact mechanism of its rapid increase has not been well explained,
which is mainly related to the change of 15 N(NO3") (He et al., 2018;
He et al., 2020). In other words, N-containing aerosols have become a
significant source of PM, s especially during haze events (Li et al.,
2017; Xu et al., 2017b). Therefore, the estimation of the sources of TN
can provide information for controlling the emission of N-containing
aerosol and reducing the level of PM. Stable isotopes of N (e.g., 5'°N)
have been used to trace relevant sources and processes of atmospheric
N(Heaton, 1986; Kendall et al., 2008; Michalski et al., 2004; Pavuluri
et al., 2010; Savarino et al., 2013). The analysis of the 5'°N value in
PM, 5 is a relatively quick method compared to the 5'°N measurements
of inorganic (6'°N-NO3 and 6!°N-NHZ ) and organic N components
(Bikkina et al., 2016; Hegde et al., 2016; Widory, 2007) and also pro-
vides valuable information regarding the 6'°N value of N deposition
(Yeatman et al., 2001a; Zhao et al., 2019).
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Guiyang is the capital city of Guizhou Province. It is the first national
forest city, one of the central industrial cities in southwest China, and is
also famous for its good ecological environment and vacation tourism. It
has a subtropical humid and temperate climate with an annual mean
temperature of 15.3 °C and a mean annual relative humidity of 77%.
Guiyang has experienced severe acid rain for a long time due to its ex-
tensive use of coal (Xiao and Liu, 2002). Although the situation im-
proved somewhat following the strict control of coal use, the rapid
increase in car use and industry are associated with an estimated annual
emission of 20.2 kt yr ~! of NO,. The total annual emission of NO,-N in
Guiyang during 2010 was 36.6 kg N ha=!yr~! (Xu et al., 2017c). Hence,
Guiyang faces the challenge of N pollution in aerosols. In this work, daily
PM, 5 samples were collected in Guiyang between September 2017 and
August 2018, and the WSIIs concentrations, TN concentration, and §'°N
value were determined seasonally and annually in order to provide
some insights into the wintertime 6'°N-TN.

2. Methods
2.1. Sample collection

A total of 361 aerosol samples were collected in Guiyang between
September 2017 and August 2018. The sampling site is located at the In-
stitute of Geochemistry, Chinese Academy of Sciences (26.350° N,
106.430° E) (Fig. 1), and is a typical urban site of Guiyang. Aerosol sam-
ples of PM,s were collected using quartz filters (8 x 10 in.,,
Tissuquartz™ Filters, 2500 QAT-UP, Pallflex, Washington, USA) and a
KC-1000 sampler (LaoShan Institute for Electronic Equipment, Qingdao,
China) at a high flow rate of (1.05 4 0.03) m® min . The sampling time
started at 18:00 and lasted for 23.5 h. Daily samples were collected and
immediately stored in a refrigerator at —20 °C awaiting analysis (Zhang
et al, 2020a).

2.2. lon analysis

The quartz filter samples were further analyzed using ion chroma-
tography (IC) (Dionex ICS-1100 and ICS-900; Thermo Scientific, USA).
The samples were extracted using ultrapure water (Millipore,
18.2 MQ) for 0.5 h in an ultrasonic bath, and were then centrifuged at
4200 r min~! for 10 min using a shaker at room temperature(22 °C)
(Zhang et al., 2020b). Each sample solution was filtered twice through
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Fig. 1. Location of the sampling site in this study.
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a Millipore syringe filter with a porosity of 0.22 um. The major WSIIs
(cations: Na™, NHf, K™, Mg?*, and Ca™; anions: F~, CI~, NO3, and
S0%7) in each extract were analyzed using IC (Dionex ICS-1100 for an-
ions and Dionex ICS-900 for cations). Anions were analyzed using a self-
regenerating anion suppressor (ASRS 300) and an AS11-HC analytical
column with a Dionex conductivity detector. Cations were analyzed
using a self-regenerating cation suppressor (CSRS-300) and a CG12A
analytical column with a Dionex conductivity detector. The precision
for all ionic species was >5%. The method detection limits were
0.0051 » 1073 ug ml~! for C17, 0.0216 » 10> pg ml~! for NO3,
0.0115 » 1073 pug mI~! for SOF~, 0.001 10> pug mI~! for Na™,
1.21 « 1073 pg ml~! for NH{, 1.77 « 1073 pg ml~! for K™,
2.47 + 1072 pg ml~! for Mg?*, and 0.09 « 107> ug ml~' for Ca®™
(Zhang et al., 2020c).

2.3. Isotope analysis

For the measurements of the TN stable isotope ratios, small filter
discs (area of 0.5 cm?, 1.13 cm?, or 2.01 cm?) were placed one at a
time into a precleaned tin cup that was shaped into a small marble cru-
cible using a pair of tweezers, and was introduced into the elemental an-
alyzer (EA; Flash 2000) using an autosampler. Inside the EA, samples
were first oxidized in a quartz column heated to 960 °C, the tin/marble
was heated to oxidize all of the carbon and nitrogen species to CO, and
nitrogen oxides, which then reduced to N,. Subsequently, CO, and N,
were separated on a gas chromatographic column, which was installed
in the EA, and were measured with a thermal conductivity detector for
TN. The samples were then transferred into an EA isotope-ratio mass
spectrometer (EA-IRMS; MAT253 Plus, Thermo Fisher Scientific)
through a Conflo IV interface to monitor the '>N/*N ratio. An acetani-
lide external standard (from Thermo Electron Corp.) was used to deter-
mine the calibration curves before every set of measurements for
calculating the TN isotope values. The §'°N values of the acetanilide
standard were USGS41a (+37.626%.) and IAEA-N-2 (+20.3%.). The av-
erage standard deviation of the repeated analysis of the §'°N value for
an individual sample was +0.2%.. The 6'°N value was calculated using
Eq. (1) and is expressed in parts per mil (%o):

815N (%) = [(BN/“N)Sample/(15N/‘4N) 1] x 1000 (1)

Standard

The isotope ratios were expressed in per mil (%o) relative to atmo-
spheric N, standard = N, in air (*°N/**N = 0.00368).

2.4. Meteorology and gas data

The ambient temperature (T, °C) and relative humidity (RH, %) data
were provided by the China Meteorological Data Network of the Na-
tional Meteorological Administration (http://www.cma.gov.cn/). Gas
pollutant data (NO,, SO,, CO, and O3) was also obtained from National
Urban Air 126 Quality Real-Time Publishing Platform (http://106.37.
208.233:20035/)..
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2.5. Bayesian isotope mixing model

The proportional contributions (F, %) of significant sources to N in
PM, s were estimated using the Stable Isotope Analysis in R (SIAR)
model. This model uses a Bayesian framework to establish a logical
prior distribution based on the Dirichlet distribution (Evans et al.,
2000), and then determines the probability distribution for the contri-
bution of each source to the mixture(Jackson et al., 2009; Parnell et al.,
2010). The model can substantially incorporate the uncertainties associ-
ated with multiple sources, fractionations, and isotope signatures
(Moore and Semmens, 2008). In our estimations, the uncertainties
should be evaluated for the §'°N variability of TN in both PM, 5 and N
sources, and the isotopic effect of NHs (g) < NH{ (p) equilibrium.

The mixing model(Parnell et al,, 2010) can be expressed by defining
a set of N-mixture measurements for ] isotope by K source contributors,
as follows:

K
Xij = Fi (Sik + Ci) + & (2)
P

Sik ~ N (ﬂjhwjkz)
G~ N (Njio Tie?)
&j~N (0,05)

where all Fvalues sum to unity; Xj; is the isotope value j of the mixture i,
inwhichi=1,2,3,...,Nandj=1,2,3,...,]; Sjcis the source value k for
isotope j (k= 1,2, 3, ...,K), and is normally distributed with a mean py
and standard deviation oj. Fy is the proportion of source k estimated by
the SIAR model; cj is the fractionation factor for isotope j on source k
and is normally distributed with a mean A, and standard deviation
Tjk- €jk is the residual error representing the additional unquantified var-
iation between individual mixtures, and is normally distributed with a
mean of 0 and a standard deviation oj, as described in detail else-
where.(Jackson et al., 2009; Moore and Semmens, 2008; Parnell et al.,
2010) To estimate the contributions of different N sources to the PM, 5
in the winter samples (n = 90), one isotope (j = 1) (6'°N of TN) and
seven potential N-sources (Table 1) were used. The 6'°N variations of
seven dominant N-sources in the urban center (NOy from vehicle ex-
hausts, coal combustion, and biomass burning; NHs from coal combus-
tion, vehicle exhausts, animal waste, and biomass burning) (Wang et al.,
n.d.) were reported in previous studies (Table 1).

2.6. 2.6 Backward trajectories

Using the Geographic Information System (GIS) application
MeteoinfoMap and the Global Data Assimilation System (GDAS), a 3 d
(72 h) back-trajectory analysis was conducted to trace the source area
of air masses arriving in Guiyang (up to an altitude of 1000 m above
the sampling point). Fig. 2 showed the air mass back-trajectories for
Guiyang from September 2017 to August 2018 as classified by the clus-
tering method.

Table 1
Compiled 5'°N values (mean =+ SD) of major NO, and NH; emissions from different sources.
Source N species 5"°N (%) Reference
Coal combustion NOx +19.8 + 5.2 (Felix et al., 2012)
Vehicle exhausts NOx —254+ 15 (Walters et al., 2015)
Biomass burning NOx +125 + 3.1 (Hastings et al., 2009); (Felix et al., 2012)
Coal combustion NH; —89 £+ 4.1 (Felix et al., 2013)
Vehicle exhausts NHs; —34 4+ 1.7 (Felix et al., 2013)
Biomass burning NHs; +12.0 + na (Kawashima and Kurahashi, 2011)
Animal waste NH3 —19.0 &+ 14.1 (Freyer, 1978); (Heaton, 1987); (Felix et al., 2014), (Felix et al., 2013)
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Fig. 2. Back-trajectory clustering results for 2017.9- 2018.8 at Guiyang. a, b, ¢, d represent Spring, summer, autumn, and Winter respectively(different color showed the trajectories and the
proportion of air masses expressed as a percentage).

3. Result and discussion which was below the Grade I Chinese National Ambient Air Quality
Standard (NAAS, 35 g m—2).
3.1. Chemical characteristics of PM>.5 It can be seen from the mean seasonal PM, s mass concentrations in
Table 2 that the highest concentration was during the winter
Table 2 lists the seasonal and annual mean PM, 5 mass concentra- (13.0-102.4 pg m~3, mean of 45.8 ug m > &+ 20.5 ug m—>), whereas
tions, the mean concentrations of chemical constituents of PM, s, and the concentration during the summer were lowest (6.5-26.9 ug m >,
the mean concentrations gaseous pollutants determined from the sam- mean of 20.8 ug m—> £ 10.9 ug m—>). This indicates that PM pollution
ples. The PM,s mass concentration ranged from 5.0 pg m—> to still exist in the Guiyang urban atmosphere. The concentrations of
143.8 ug m >, with an annual mean of 33.0 g m—> + 20.0 ug m 3, WSIIs and TN were also highest during the winter. The mean annual
Table 2

Mean (and standard deviation) seasonal concentrations of PM, 5 mass, ionic species, total particulate nitrogen (TN), and gaseous pollutants along with the mean ambient temperature and
mean relative humidity measured in Guiyang from September 2017 to August 2018.

Component (unit) Mean seasonal value and standard deviation Annual value
Autumn Winter Spring Summer Min. Max. Mean

Cl~ (ug m—3) 02 £ 0.2 05+ 03 02 £+ 0.2 02 + 1.1 0.0 10.1 0.3
NO3 (ug m—3) 29 + 36 59 4+ 4.2 22 +20 0.8 £ 0.5 0.4 20.0 3.0
S0~ (ug m3) 9.1 + 49 103 + 44 92 + 4.2 58 + 3.1 1.2 28.6 8.6
K* (ug m—3) 04 + 0.2 0.8 +£ 0.8 05 + 04 03 +02 0.0 6.6 0.5
Na® (ug m—3) 0.1 £ 0.1 0.1 + 0.2 0.1 £ 0.1 0.0 0.9 0.1
Ca’" (ug m—3) 09 + 2.1 324+ 17 29+ 13 21+£038 0.2 9.0 2.6
Mg?* (ug m—3) 0.1 02 + 0.1 0.1 + 0.1 0.1 0.0 0.9 0.1
NH{ (ug m—) 22 +£30 52 +24 35+ 21 19+ 12 0.1 13.7 34
TN (ug m—3) 32423 44 + 32 1.1+ 18 16 + 06 0.5 15.9 35
WSIIs (ug m~3) 179 + 10.8 263 + 11 189 + 8.1 11.1 £ 5.0 3.1 66.5 18.6
T(°C) 16.3 £+ 5.61 58 +£43 169 + 44 23.0 £ 2.0 —33 26.3 15.5
RH (%) 79.4 + 10.2 77.7 + 15.1 76.0 + 124 78 + 9.9 9.9 100.0 77.7
CO (ug m—) 0.7 £ 0.1 09 +£ 0.2 0.7 £ 0.1 0.6 +£ 0.1 0.1 1.5 0.7
NO, (ug m~3) 222 +£ 9.8 30.5 £+ 15.1 252 + 103 209 + 125 7.9 92.9 24.7
05 (g m~—3) 524 + 219 534 + 235 88.6 &+ 23.5 81.1 £ 293 5.9 156.5 68.9
SO, (ug m—3) 109 4+ 6.8 17.7 + 86 8.8 + 6.1 57 £ 49 14 45.0 10.8
PM,5 (ug m—3) 27.8 £ 19.5 45.8 £+ 20.5 37.6 + 18.1 20.8 + 10.9 5.0 143.8 33.0
NOR 0.1 £ 0.1 0.2 + 0.1 0.1 + 0.1 0.1 0.1 0.5 0.1
NH4/(NO3 + 2 x SO4) 0.1 + 0.7 09 +£03 08 + 04 0.8 +£ 0.2 0.1 38 0.8
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concentration of WSIIs was 18.6 pg m—> + 10.5 pg m~>, which
accounted for 56% for the total PM, 5 mass. The TN concentration varied
from 0.5 ug m—> to 15.9 pg m > with an annual mean of 3.6 pg m—> +
2.7 ug m—3, which accounted for 10.6% for the total PM, 5 mass. The
most predominant species of WSIIs was SO3~, which accounted for
32.1% of the total WSII concentration, and was followed by NHZ
(17.6%), NO3 (13.1%), Ca®>* (15.8%), K* (2.6%), and Cl~ (1.3%). These
results can be ascribed to a combination of influencing factors, including
the atmospheric conditions (e.g., T, RH, and gaseous precursors; Fig. 3)
and different sources.

3.2. Incremental increase of N species during the winter

The concentrations of the various WSIIs during each season are
shown in Fig. 4a. As expected, the concentrations of all WSIIs increased
considerably during the winter. The relative abundance of each WSII
during each season is plotted in Fig. 4b. Although the SO3~ concentra-
tion increased during the winter, its relative abundance decreased
from 52% during the summer to 22% during the winter. However, signif-
icant enhancements of the NO3” and NHZ concentrations and relative
abundances occurred during the winter, for example, the NO3™ concen-
tration increased by ~13% from the summer and winter. Both NO3™ and
NHZ were dominant airborne N species, and exhibited a highest-to-
lowest concentration ratio of 7.4 and 2.7, respectively, which were
much higher than that of sulfate (1.8). A similar phenomenon was re-
ported for Beijing, Shanghai, and Hangzhou, where NO3™ and NHJ con-
centrations increased more rapidly during the winter in comparison to
the SO~ concentration (Cheng et al., 2017; Pan et al., 2016; Tan et al.,
2018; Wu et al., 2016). The significant enhancements of NO3™ and
NHZ in the present study might be explained by more practical changes,
for example, NH; (g) < NH{ (p) and HNOs(g) < NO3 (p) formation
under a low ambient temperature condition.

In the atmosphere, NO3™ mainly exists in the form of ammonium ni-
trate (NH4NOs). Several factors, including gaseous precursors, ambient
temperature, and relative humidity, affect the formation and concentra-
tion of airborne particulate NO5'. For instance, NOy is emitted from vehi-
cles and stationary sources, and can undergo homogeneous (NO, + OH)
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and heterogeneous (N,Os + H,0) reactions to produce aqueous NO3,
which is neutralized by NHZ . Thus, NO, and NH3, as precursors of
NH4NOs, can influence the formation of particulate NH4NOs. On the
other hand, the formation of particulate NH4NOs is susceptible to the
ambient RH and T (Lin and Cheng, 2007). A low T and high RH are favor-
able conditions for the yield of particulate NH4;NOs. However, compared
with the enhancements of NO, (1.5) during the winter, the increase of
NO3 (7.4) in this study was much more remarkable (Table 2 and
Fig. 4b). This result suggested that the high NO3 concentration during
the winter was not only due to the T, but also to the increasing NOy con-
centration and the atmospheric process of NO3 formation.

Nitrogen oxidation ratio (NOR) were used to evaluate the photo-
chemical oxidation extent of NO,. (Luo et al., 2019; Ohta and Okita,
1990; Sun et al., 2006) NOR are defined as the ratio of second species
to total N, i.e. NOR = nNO3 /(nNO3™ + nNO,), where n refers to molar
concentration. Gas precursors NO, showed the same seasonal variations
pattern as PM, s and major ions (Table 2). It has been reported that
when NOR exceeds 0.1, there is photochemical oxidation of NO, in the
atmosphere.(Ohta and Okita, 1990) In this study, NOR was greater
than 0.1 in four seasons, in addition. NOR was comparable among
spring, summer, and autumn, while it was higher in Winter. This indi-
cated that photochemical oxidation of NO, occurred all year round
and was more efficient in Winter. The sudden increase of NO3™ in winter
could be explained as the low temperature promotes the oxidation effi-
ciency of gaseous NO, (Lin and Cheng, 2007).

3.3. Seasonal variations in N concentrations and 6'°N signatures

The seasonal variations in TN concentration and 6'°N value during
the study period are shown in Fig. 5. The TN concentration ranged
from 0.5 ug m~> to 15.9 uyg m™> (mean of 3.6 uyg m™> + 2.7 pgg m—>),
whereby the maximum and minimum TN concentrations were during
the winter and spring, respectively. Seasonally, the 5'°N value of the
TN exhibited the lowest values during the winter and highest values
during the summer. This trend has also been observed in other studies
undertaken in urban Paris, rural Brazil, Jeju Island, Baengnyeong Island,
South Korea, and central Europe(Table 3) (Kundu et al., 2010; Martinelli
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Table 3

Comparison of 5'°N-TN data from studies in various locations worldwide.
Location Information 5'°N-TN (%o) Reference

(Range) Mean =+ standard deviation

Seoul (urban) 2014-2015; PMy 5 4.3-18.9 124 + 35 (Park et al., 2018)
Baengnyeong Island (rural) 2014-2015; PMy 5 —8.1to —18.9 39+ 54 (Park et al., 2018)
IGP (urban) 01/2009; PM, 5 11.8t0 30.6 204 + 54 (Bikkina et al., 2016)
SEA (coastal) 01/2009; PM; 5 104 to 31.7 194 + 6.1 (Bikkina et al., 2016)
Dai Ang Kang 3/1/2015-4/13/2015; PM, 5 15.8-25.1 194 + 2.1 (Boreddy et al., 2018)
Gosan, Kore (rural) 2003; PM, 5 6.8-26.9 151 £ 34 (Kundu et al., 2010)
Central Europe (rural) 2013; PM, 13.1-25 17.8 £ 5.5 (Vodicka et al., 2019)
Guiyang, China (urban) 2017-2018; PMy 5 —5.9t0253 11.8 £ 4.7 This study

value ranged widely from —5.9%. to 25.3%. over the year of sampling,
possibly due to the complexity of N-containing species or components
in aerosols.

3.4. Source apportionment of TN in PM> s during the winter

According to the source appointment method of aerosol Nat Guiyang
(Zhao et al., 2019), the following seven dominant sources can be
assigned for the total N of PM,s.

S1: NO, from coal combustion;

S2: NO, from vehicle exhausts;

S3: NO, from biomass burning;

S4: NH; from coal combustion;

S5: NH5 from vehicle exhausts;

S6: NH; from biomass burning;

S7: NHs; from animal waste (mainly domestic waste and sewages).

We note that although NO is the initial precursor of NO, emission
sources, it is quite reactive and readily oxidized to NO,, which is more
often regarded as the precursor of NO3™ in the atmosphere. Thus, NO,
was used in this work uniformly, and its 5'°N values were assumed as
those of the corresponding NO, emissions.

In this study, agricultural and biogenic N-emissions were not consid-
ered as significant sources of TN in PM, 5 in Guiyang for two main rea-
sons. First, the sampling site was located in the urban center of
Guiyang. Several studies have shown that N deposition is mainly
influenced by anthropogenic sources (Liu et al., 2017; Zhao et al,,
2019). Second, during the winter, the contributions of NO, from the mi-
crobial N-cycle, NH; emissions from seawater (8'°N = —8%. to —5%o),
and lightning NOy (8°N = —0.5% to +1.4%.) to the formation of near-
surface PM, 5 are relatively lower than the contributions from anthropo-
genic N-sources, especially in urban areas (Hoering, 1960).

To date, the 5'°N values of various NO, and NH5 emissions have been
unavailable in China. However, according to source &'°N data compiled
from previous studies (Table 1),.in which isotopic tracing or partitioning
of atmospheric N have been used.(Elliott et al., 2009; Kawashima and
Kurahashi, 2011) To quantitatively estimate the source apportionments
of airborne TN, seven dominant N-sources served as input data to the
SIAR model. Table1 lists the §'°N-NOy and 6'°N-NHj; values for our se-
lected sources.

In the calculations, the actual molar concentration of NH; © in
PM, 5 was used, while the (NO3™ + 2 x SO37) in PM,5 represents the
NH, *concentration that can be fixed by NO3 and SO%~. The molar
ratio of NH /(NO3 + 2 x SOﬁ_) during the winter calculated as 0.9
(Table 2), thus indicating that NO3 and SOZ~ in PM, 5 in Guiyang
completely fixed NHZ . Thus, no substantial >N enrichment of NHZ in
PM, 5 was observed(Kawashima and Kurahashi, 2011; Pavuluri et al.,
2010; Yeatman et al.,, 2001b). Consequently, the 6'°N values of PM, 5
in Guiyang were assumed to have been mainly controlled by mixed N-
sources, since there's no extra NHZ plus, continuously process of NHZ
(p)— > NH;s (g) would not happen, with an inappreciable effect of iso-
topic fractionation and no substantial isotopic effect between N sources.

The estimated contributions of the potential N-sources to the TN of
PM, 5 during the winter in Guiyang are shown in Fig. 6. As illustrated,
potential NH3 (PNH3) emissions contributed 49% of the total TN of
PM, s, while potential NOx (PNOy) emissions contributed 51% during
the winter. The mean ratio of PNH3 to PNO, was 0.96. According to the
estimations, NHs from combustion-related sources contributed 39% to
TN of PM, 5, which was the most predominant source and was followed
by NOy derived from fossil fuels (32%), NHs from animal waste (9%), and
NOy and NHj3 from biomass burning (20%). As a result, biomass burning
was the main contributor during the winter. The influence of the
changes could be explained by the 72 h air-mass backward trajectories,
which shows obvious seasonal differences. During the winter, 41% of
the air mass comes from the Guizhou/Chongqing border, 39% from the
Guizhou/Guangxi border, 11% from north China, and 9% from northwest
India. Eighty percent of the air mass comes from rural areas, where peo-
ple still have the habit of burning wood for warming and cooking in
winter. A limitation of this research was that we did not consider the in-
fluence of ON (organic nitrogen), such that the results are associated
with some uncertainty; hence, we will take this into account in our
future work.
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Fig. 6. Relative contributions of potential nitrogen sources to airborne PM, 5 TN in Guiyang
during the winter. The box encompasses the 25th-75th percentiles, and the whiskers are
the 10th and 90th percentiles. The lines inside the boxes indicate the median values and
the triangles represent to mean values.
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4. Conclusion

To comprehend the trend and source apportionment, we investi-
gated WSIIs and the 8'°N value of TN in PM, 5 in Guiyang from Septem-
ber 2017 to August 2018. The main conclusions from this work are as
follows. The PM,s concentration ranged from 5.0 ug m—> to
143.8 pg m—> (mean value of 33.0 pg m—3 + 20 pg m™3). Water-
soluble inorganic ions accounted for 56% of the PM, s mass, with SO7~
being the most predominant species, followed by NHf and NOs". The
TN species in PM, s were mainly NHZ -N and NO3 -N constituting a
total of 11% of PM; 5. Compared to the concentrations during other sea-
sons, all species exhibited high concentrations during the winter, espe-
cially NO3'. These valuable data provide an indication of the potential
sources of particulate TN. The results showed that the 5'°N value in
TN varied from —5.9%. to 4+13.2%. (mean value of 7.0%. + 3.6%.) during
the winter. This finding was coupled to the SIAR model and 6'°N values
to indicate the potential sources of TN in PM, 5. We suggest that control-
ling the N-emissions from wintertime biomass burning in the rural area
of Guizhou border might be a useful way to improve the air quality dur-
ing the winter. This study used a relatively straightforward approach for
quantifying the sources of N-containing aerosols, and there were con-
siderable uncertainties due to the complex fractionation of 8'°N during
chemical conversions (i.e., NOx(NH3) to NO3 (NHZ")). Moreover, we did
not adequately consider isotope fractionation in the source measure-
ments, which was partly due to the minimal knowledge that exists re-
garding in-situ fractionation mechanisms. The 8'°N value of different
species in aerosols would be will better explain the nitrogen production
of the secondary aerosol in the atmosphere, and better understand the
variation and origin of N-species in the atmosphere.
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