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source of BrC based on a seven-wavelength aethalometer in the winter of 2018–2019 at an
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urban site of Sanmenxia in Fenwei Plain in central China. Specifically, the mean value of
BrC absorption coefficient was 59.6 ± 36.0 Mm−1 at 370 nm and contributed 37.7% to total
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absorption, which made a significant impact on visibility and regional environment. Absorp-
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tion coefficients of BrC showed double-peak pattern, and BrC had shown small fluctuations
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under haze days compared with clean days. As for the sources of BrC, BrC absorption co-

Potential source analysis

efficients expressed strong correlations with element carbon aerosols and primary organic

Fenwei Plain

carbon aerosols, indicating that most of BrC originated from primary emissions. The linear
correlations between trace metal elements (K, As, Fe, Mn, Zn, and Pb) and BrC absorption
coefficients further referred that the major sources of BrC were primary emissions, like coal
burning, biomass burning, and vehicle emissions. The moderate relationship between BrC
absorption coefficients and secondary organic aerosols suggested that secondary produc-
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tion of BrC also played an important role. The 120 hr backward air mass trajectories analysis and concentration-weighted trajectories analysis were also used to investigate potential
sources of BrC in and around this area, which inferred most parts of BrC were derived from
local emissions.
© 2020 The Research Center for Eco-Environmental Sciences, Chinese Academy of
Sciences. Published by Elsevier B.V.

Introduction
Atmospheric aerosols have far-reaching impacts on radiation budget and global climate change via direct pathways
(absorption and scattering of sunlight) and indirect channels (e.g. making significant effects on cloud condensation
nuclei) (Volkamer et al., 2006; Zhang et al., 2015). Carbonaceous aerosol, a substantial fraction of total aerosols (An et al.,
2019; Guo et al., 2014; Huang et al., 2014), could be split
into organic carbon aerosols (OC) and black carbon aerosols
(BC) typically (Chung and Seinfeld, 2002; Chýlek et al., 1995).
A large number of studies demonstrated that carbonaceous
aerosols contributed most parts of light absorption of airborne particles (Andreae and Gelencser, 2006; Chen et al., 2019;
IPCC, 2013), while BC contributed most visible light absorption (Bond and Bergstrom, 2006). However, recent studies reported that a sort of OC, often called “brown carbon” (BrC),
can absorb ultraviolet-visible radiation as well (Chen and
Bond, 2010; Laskin et al., 2015; Moise et al., 2015; Sun et al.,
2007). Moreover, field measurements have suggested that
twenty to fifty percent of the total absorption was contributed
by BrC (Andreae and Gelencser, 2006; Chen et al., 2020a, 2020b;
Feng et al., 2013; Laskin et al., 2015; Yan et al., 2018).
BC and BrC can be distinguished by the dependence of
wavelength of solar radiation: BC is assumed to absorb light
of full wavelength range and BrC is considered to absorb
light of specific wavelength. The dependence of wavelength of
BrC is usually determined by absorption Ångström exponent
(AAE) (Bond and Bergstrom, 2006; Lack and Cappa, 2010), the
value of which was 1 for BC as recommended by most studies
(Andreae and Gelencser, 2006; Ramanathan et al., 2007), and
was in a broader range (2–7) for BrC (Hoffer et al., 2006). Though
previous studies had reported the absorption properties of BrC
(Feng et al., 2013; Laskin et al., 2015), both in field and laboratory (Liu et al., 2016; Martinsson et al., 2017; Nakayama et al.,
2018; Qin et al., 2018), online and offline (Chen et al., 2018;
Li et al., 2018; Shen et al., 2017; Wang et al., 2018a), the quantification and prediction of BrC are still demanding (Wu et al.,
2016). Besides, the published data is inconsistent, which might
cause the uncertainties in source apportionment and model
prediction (Laskin et al., 2015; Yan et al., 2018).
Field and laboratory studies have suggested that BrC originated from diverse sources, which could be separated into
primary emissions (natural burning and anthropogenic emissions) (Chakrabarty et al., 2016; Laskin et al., 2015; Li et al.,
2019a), and secondary formation through various reactions
(Lin et al., 2015; Moise et al., 2015). The multiple sources make
the chemical composition, absorption properties and concentrations of BrC highly variable, bringing uncertainties in evaluating and predicting their impacts on radiation and climate

change (Castro et al., 1999; Clegg et al., 2008; Laskin et al., 2015;
Moise et al., 2015; Yan et al., 2018).
The Fenwei Plain had undergone severe haze pollution in
the last couple of years for dense population and rapid development (An et al., 2019; Wang et al., 2018b; Zhai et al.,
2019). Recent studies have shown that the concentration of
PM2.5 increased by 11.5% in Fenwei Plain, while in most regions in China decreased by around 10% from 2015 to 2018
(Wang et al., 2018b). Sanmenxia is one representative city
in Fenwei Plain, which is located approximately 250 km to
the west of Zhengzhou, the capital city of Henan Province.
Airborne pollutants originated from various primary sources
(natural burning and anthropogenic emissions) have been observed in high concentrations in this region (Liu et al., 2018b).
In order to prevent severe air pollution in this region, more
studies need to be done.
Currently, studies about absorption properties and sources
of BrC in Fenwei Plain were very limited. In this work, we
studied BrC absorption properties in Sanmenxia via an online
instrument-Aethalometer AE-33. Absorption coefficients, AAE
and mass cross-section were characterized. Diurnal variations
and variations under different pollution conditions were investigated as well. Potential source analysis of BrC was done
by calculating the correlation coefficients of BrC with carbonaceous aerosols and trace metal elements. The relationship between BrC and atmospheric transport was illustrated.

1.

Methodology

1.1.

Sampling site

The experiment was conducted on the 7th floor (˜20 m above
the ground level) of the Bureau of Environmental Protection
of Sanmenxia, located in the development zone of Sanmenxia
city, Henan Province, China (34°47’N, 111°10’E), which was illustrated in Appendix A Fig. S1. A monitoring site of the China
atmosphere watch network (Kaifaqu station) located at the
side of the sampling site. It is in an urban area of Fenwei
Plain, which had suffered from severe haze pollution during
the past few years (An et al., 2019). The sampling site is also
surrounded by traffic trunk roads and factories, which could
represent an environment influenced by anthropogenic emissions, with complex pollution contributed by natural burning
and anthropogenic emissions.
The experiment was implemented from 21 December 2018
to 17 February 2019. During the measurement period, the concentrations of BC, OC, water-soluble ions and trace metal elements were continuously monitored except the period of Chinese New Year (05–08 February), the light absorption properties of PM2.5 were continuously monitored as well.
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According to the Chinese National Ambient Air Quality
Standards Grade II, the day counts on a haze day when the
daily average concentration of PM2.5 is larger than 75 μg/m3 .
As suggested by Cai et al. (2017), the day counts on a severe
haze day when the daily average concentration of PM2.5 is
larger than 150 μg/m3 .

1.2.

Measurements of relevant species

BC concentrations and light absorption properties of PM2.5
were measured by a dual-spot seven-wavelength aethalometer (Model AE-33, Magee Scientific, USA) in 370–950 nm. The
flow rate was 5 L/min, and the time resolution was 1 min. Part
of sample air was first loaded on the filter and then detected
by the light beam at different wavelengths, in the meanwhile
the other part of sample air purified by the filter first and then
detected by the light beam as a control. Absorption of particles was determined via comparing the attenuation of the
light beam (Drinovec et al., 2015).
In order to obtain the concentrations of OC and validate
the accuracy of BC concentrations given by aethalometer AE33, an OC/element carbon (EC) analyser (Model RT-4, Sunset,
USA) was employed to quantify the concentrations of OC and
EC. Sample air firstly went through a size selective PM2.5 inlet
and then went into the OC/EC analyser. The flow rate of the
OC/EC analyser was 8 L/min and the time resolution was 1 hr.
The details of the instrument and the analyzing steps were described in Appendix A Text S1 and the study of Li et al. (2019b).
Water-soluble ions (potassium (K+ ), ammonium (NH4 + ), sulfate (SO4 2− ) and nitrate (NO3 − )) were determined by the monitor for aerosols and gases in air (MARGA, Model ADI2080,
Metrohm Inc., Switzerland) (Li et al., 2010). The details of this
instrument were also described in elsewhere (Li et al., 2010,
2019b) and Appendix A Text S2. Hourly mass concentrations
of 12 trace metal elements (As, Pb, Ni, Fe, Mn, Cu, Zn, Ca, Ba, Al,
Pd, and Cr) were measured by an online multi-element analyser (Model Xact625, Cooper Environment Service, USA). The
details of the measurements were described in Jeong’s study
(Jeong et al., 2019).
Hourly average meteorological data and the concentrations
of gaseous pollutants (NO, NO2 , SO2 , O3 , and CO), and particulate pollutants (PM2.5, and PM10 ) were recorded on Kaifaqu
station of China atmosphere watch network.

1.3.

Estimation of spectral absorption

babs,λ = BCoutput,λ × MACBC,λ

mated by a power-law expression, defined as:
babs = K × λ−AAE

(1)

where babs, λ is the absorption coefficients at wavelength λ.
The fixed values of MACBC,λ used in aethalometer AE-33 are
18.47, 14.54, 13.14, 11.58, 10.35, 7.77 and 7.19 m2 /g for the wavelengths (λ) of 370, 470, 520, 590, 660, 880 and 950 nm, respectively. The wavelength-dependence of babs is usually approxi-

(2)

where K is a constant. The value mostly used for AAE
of BC (AAEBC ) was 1, as suggested by many researchers
(Li et al., 2018; Wang et al., 2018a). At 880 nm, BC is considered as the only absorber, as suggested in previous studies
(Liakakou et al., 2019; Xie et al., 2019). In this case, the light
absorption coefficients of BC (babs,BC,λ ) under different pairs of
wavelengths can be calculated by Eq. (3):


880 AAEBC
babs,BC,λ1 = babs,BC,880 ×
(3)
λ1
The absorption coefficients of BrC (babs,BrC,λ ) under different wavelengths can be calculated via Eq. (4):
babs,BrC,λ = babs,λ − babs,BC,λ

(4)

The absorption contributions of BrC (BrCperc ) and BC
(BCperc ) to total light is estimated by Eqs. (5) and (6):
BrCperc =

babs,BrC,λ
babs,λ

BCperc = 1 − BrCperc =

(5)

babs,BC,λ
babs,λ

(6)

As proved in previous studies, the total absorption was contributed by BC and BrC at wavelength 370–660 nm (Qiu et al.,
2019; Wang et al., 2018a). The wavelength-dependence of
BrC can be shown by the values of the AAE of BrC (AAEBrC )
(Andreae and Gelencser, 2006; Lack and Cappa, 2010). The values of AAEBrC is estimated by Eq. (7):




ln babs,BrC,λ1 − ln babs,BrC,λ2
AAEBrC,λ1 −λ2 = −
(7)
ln (λ1 ) − ln(λ2 )
The values of mass cross-section of BrC (MACBrC ) were estimated by dividing the absorption coefficients of BrC with the
concentrations of OC (Eq. (8)), which were obtained by OC/EC
analyser. Previous studies reported that the content of BrC in
OC generated from biofuel combustion and biomass burning
was approximated to be 92% (Chen and Bond, 2010), the concentrations of BrC were estimated by OC concentrations. Under this circumstance, the values of MACBrC might be underestimated (Cheng et al., 2017).
MACBrC =

1.4.

As mentioned in Section 1.2, the output BC concentration
(BCoutput, λ ) was decided by dividing the light absorption of total particles by the fixed values of mass cross-section of BC
(MACBC,λ ) provided by the manufacturer (Drinovec et al., 2015),
which means that the absorption coefficients (babs ) could be
calculated by Eq. (1):
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babs,BrC,λ1
OC

(8)

Backward trajectories analysis

The 120 hr backward trajectory calculations (at 500 m height)
were conducted with hybrid single particle lagrangian integrated trajectory (HYSPLIT) model from national oceanic
and atmospheric administration (NOAA) (Stein et al., 2015)
to study regional sources and atmospheric transport of Sanmenxia, details of which were described elsewhere (Qiu et al.,
2019).
Concentration-weighted trajectory (CWT) analysis was a
further analysis provided by HYSPLIT model which could
express the information of regional and distant sources.
Details of the method were described in previous studies
(Dumka et al., 2019; Wang et al., 2019, 2017) and Appendix A
Text S3.
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Fig. 1 – (a) Box-and-whisker plot of brown carbon (BrC) absorption coefficient (babs,BrC ) at seven wavelengths measured by
aethalometer AE-33, (b) histogram of absorption Ångström exponent (AAE) of BrC in the wavelength range of 370-520 nm
(AAEBrC,370-520 ) during sampling period, (c) mean values of absorption coefficients (babs,370 ) of black carbon (BC) and BrC at
different wavelengths, and (d) absorption contribution of BC and BrC to aerosol light absorption at different wavelengths.

2.

Results and discussion

2.1.

Characteristics of aerosol light absorption

The average concentrations of OC and BC were 5.49 and 14.50
μg/m3 during the sampling period. One thing that needs to
be noted that the data for EC was measured by OC/EC analyser, had a good linear correlation with BC measured by AE-33
(R = 99.99%, p < 0.001), as shown in Appendix A Fig. S2. Carbonaceous aerosols were classified into two types: EC and OC,
while OC could further classify into primary organic carbon
aerosols (POC) and secondary organic carbon aerosols (SOC).
The classification method of POC and SOC was the EC tracer
method (Castro et al., 1999; Turpin and Huntzicker, 1995).
As shown in Fig. 1, the babs,BrC was 59.6 ± 36.0 Mm−1 at
370 nm, which was reduced as the wavelength increased.
Specifically, babs,BrC was 26.2 ± 16.3 Mm−1 at 470 nm, and
were 14.4 ± 8.9, 8.8 ± 5.5, 3.1 ± 5.6 Mm−1 at 520, 590 and
660 nm. Many lower babs values were reported at many sites

in China, as shown in Appendix A Table S1. For example,
Li et al. (2019b) described that the mean value of babs,BrC,370
was 23.5 Mm−1 in Guangzhou during November 2014–January
2015, and Wang et al. (2018a) stated that the mean value of
babs,BrC,370 was 6.3 Mm−1 based on 3-year observation. Our
results were toward the higher end of all the reported values, of which the reason might be severe haze pollution in
Sanmenxia site in Fenwei Plain during the sampling periods.
The average value of MACBrC,370 was 4.33 m2 /g in this study,
which was higher than previous studies (Cheng et al., 2016;
Laskin et al., 2015).
The mean value of AAEBrC,370-520 was 4.22, while the highest value was 5.73, and the lowest value was 2.51. The level
of AAEBrC,370-520 in Sanmenxia is lower compared with offline
water-soluble BrC observed other sites in China, such as in Beijing (7.2–7.5) (Cheng et al., 2017), and Xi’an (5.0–6.2) (Shen et al.,
2017), the reason of which might be the incomplete extraction
of BrC into solution in the offline analysis (Cheng et al., 2017;
Shen et al., 2017).
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Fig. 2 – Diurnal variations of light absorption coefficients of BrC at different wavelengths (a) 370 nm, (b) 470 nm, (c) 520 nm,
(d) 590 nm and (e) 660 nm.

BC and BrC absorption contributed differently at different
wavelengths, as proved in Fig. 1c. BC dominated the absorption in the whole wavelength ranges, but the contributions
of BrC were not negligible, at short wavelengths in particular.
This phenomenon was not only found in our study but also
proved in previous studies (Liakakou et al., 2019; Qin et al.,
2018, 2019; Zhu et al., 2017). The contribution of BrC absorption was 37.7% at 370 nm. As the wavelength increased, BrCperc
decreased gradually. BrC contributed about a quarter (25.1%)
at 470 nm, and 16.9%, 12.3% and 5.3% of total absorption at
520, 590 and 660 nm. As described in Appendix A Table S1,
the proportions of BrC absorption to total absorption in Sanmenxia were lower than those in Beijing but higher than those
in Pearl River Delta region of China (Li et al., 2019b; Xie et al.,
2019; Yuan et al., 2016).

2.2.

Diurnal variation in spectral BrC absorption

The diurnal variations of babs,BrC at five different wavelengths
are illustrated in Fig. 2. In general, babs,BrC share similar diurnal
cycles at different wavelengths, though which at short wavelengths displayed more obviously, indicating that the lightabsorbing materials at different wavelengths may have similar sources. Absorption coefficients of BrC exhibited doublepeak patterns, with the first sharp peak appeared around 10:00
local time (LT) and the second peak appeared around 22:00 LT.
This phenomenon might be ascribed to the transformation
of the mixing layer (Appendix A Fig. S3) and anthropogenic
emissions (such as coal burning, vehicle emissions, and industry emissions). Trace metal elements also showed doublepeak patterns, as shown in Appendix A Fig. S4, which further

prove that BrC derived from anthropogenic emissions, coal
burning, for instance. The lowest values of babs,BrC appeared
around 15:00 LT in the afternoon, which can be attributed to
the deeper mixing layer and photodegradation or volatilization of BrC. Similar patterns were also found in previous studies, indicating that absorption coefficients of BrC were greatly
influenced by anthropogenic emissions and the atmospheric
boundary layer (Liakakou et al., 2019; Qin et al., 2018; Qiu et al.,
2019).

2.3.
Variations of BrC during different pollution
conditions in winter
The temporal variations of temperature, RH, wind direction
and speed, babs of BC and BrC, and BrC absorption contribution
during the studied episode are shown in Appendix A Fig. S2.
Frequent and persistent haze episodes were observed during
the campaign, especially from 01 to 15 January expect for 09
(a snowfall event happened during that day). According to the
classification method of haze day mentioned in Section 1.1, 25
days were identified as clean days, 17 days were identified as
haze days and 14 days were identified as severe haze days in
this sampling period.
Fig. 3 shows the mean values of babs,BrC,370 , BrCperc,370 ,
AAEBrC,370-520 , and MACBrC,370 under different pollution periods. The mean value of babs,BrC,370 was 92.5 Mm−1 at severe
haze days, which is more than twice of the value at clean days
(40.6 Mm−1 ), and the value at haze days was 59.6 Mm−1 . However, BrCperc,370 at severe haze days (33.2%) was lower than that
at clean days (40.9%) and that at haze days (35.6%), indicating
that aerosol light absorption was dominated by BC, especially
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Fig. 3 – Box plot of average values of (a) babs of BrC at 370 nm (babs,BrC,370 ), (b) BrC absorption contribution at 370 nm, (c)
AAEBrC,370-520 , and (d) mass cross-section of BrC at 370 nm (MACBrC,370 ) at different pollution periods.

in severe haze days. The variation trend of AAEBrC,370-520 under different pollution conditions was similar with BrCperc,370 .
The values of AAEBrC,370-520 was 4.36 at clean days, with a lower
amount at haze days (4.11) and the lowest amount at severe
haze days (4.08). The mean values of MACBrC,370 also differed
during different pollution conditions: 4.65 m2 /g at clean days,
4.09 m2 /g at haze days and 4.10 m2 /g at severe haze days,
which implied similar sources of BrC at haze days and severe
haze days.

2.4.

Potential source analysis of BrC

Remarkable variability of AAEBrC had been reported for ranging from 2 to 11 (Laskin et al., 2015), by which we could
identify different sources of BrC. As reported in a previous
study (Shen et al., 2017), the average values of AAEBrC,340-500
in biomass burning (smoldering), straw briquette burning and
coal burning were 7.44, 6.78 and 4.38, respectively. As mentioned in Section 2.1, average value of AAEBrC,370-520 was 4.22

in Sanmenxia, from which we could infer that one potential
sources of BrC in Sanmenxia was coal burning.

2.4.1.

Correlations of babs,BrC with carbonaceous aerosols

Correlations between babs,BrC,370 and diverse kinds of carbonaceous aerosols were conducted to study the potential sources
of BrC. Fig. 4 shows the correlation between babs,BrC,370 and OC,
EC, POC, and SOC. Generally, the correlation between OC concentration and babs,BrC,370 was strong under the whole sampling period, and the correlation coefficient was 0.87 (Pearson’s correlation coefficient, p < 0.001), suggesting that BrC
chromophores took a significant fraction of OC. The correlation of babs,BrC,370 versus EC was also strong (Pearson’s correlation coefficient was 0.87, p < 0.001), for EC and OC share similar temporal variations in this study. Since EC could be only
produced from primary sources (Cappa et al., 2012), the major sources of BrC in Sanmenxia might be primary. In addition, POC is also strongly correlated with babs,BrC,370 (Pearson’s
correlation coefficient was 0.85, p < 0.001), while the correlation coefficient of babs,BrC,370 versus SOC was relatively weaker
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Fig. 4 – Correlations between BrC absorption coefficients at 370 nm and four types of carbonaceous aerosol: (a) organic
carbon (OC), (b) element carbon (EC), (c) primary organic carbon (POC), and (d) secondary organic carbon (SOC).

(Pearson’s correlation coefficient was 0.62, p < 0.001). The correlations between babs,BrC,370 and carbonaceous aerosols indicate that BrC is mainly produced from primary sources (e.g.,
coal burning, biomass burning, and vehicle emissions). In contrast, secondary sources might play a less important role. Appendix A Fig. S5 also shows the correlations between BrC absorption coefficients at 370 nm and gaseous pollutants, and
babs,BrC,370 was well correlated with NO2 and CO (Pearson’s correlation coefficient were 0.80 and 0.68, respectively), which indicating that BrC might be emitted from similar sources, for
example, coal burning and vehicle emissions.

2.4.2.

Correlations of babs,BrC with trace metal elements

Six trace metal elements had strong linear relationships with
babs,BrC,370 , as shown in Fig. 5, and the Pearson’s correlation
coefficients between babs,BrC,370 and K, As, Fe, Zn, Mn, and Pb
were 0.52, 0.65, 0.63, 0.66, 0.71 and 0.50 (p < 0.001), respectively.
The main heavy metals in particles produced by coal burning
(e.g. coal fly ashes) were As, Zn, Mn and Pb (Flues et al., 2013;
Liu et al., 2018a; Wu et al., 2020; Ye et al., 2017), which were

also correlated strongly with babs,BrC,370 , indicating that some
of BrC might originate from coal burning. In previous studies, potassium (K) has been employed as an important tracer
of biomass burning (Li et al., 2019b; Wang et al., 2018a). Since
Sanmenxia is far away from the sea (about 800 km), potassium was unlikely from sea spray. The good correlation of
babs,BrC,370 with K+ indicating that part of BrC may come from
biomass burning, which is similar to previous results (Li et al.,
2019b; Liu et al., 2018b; Qin et al., 2018). Liu et al. (2019) had
reported that the major source of BrC was biomass burning
in Nanjing, and Qin et al. (2018) inferred that biomass burning organic aerosol had a good linear relationship with BrC.
Fe, Zn, Mn, and Pb can be ascribed to traffic for tire abrasion,
fluid leakage and brake wearing (Ball et al., 1991; Lough et al.,
2005; Monaci et al., 2000; Qi et al., 2016; Tian et al., 2015;
Wu et al., 2020; Ying et al., 2018), which correlated well with
babs,BrC,370 , inferring that vehicle emission counts a lot for the
production of BrC. Under this circumstance, the major source
of BrC might be coal burning, biomass burning, and vehicle
emissions.
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Fig. 5 – Correlations between BrC absorption coefficients at 370 nm and six trace metal elements: (a) K, (b) As, (c) Fe, (d) Zn,
(e) Mn and (f) Pb.

Fig. 6 – (a) Clusters of the 120 hr backward trajectories during January 2019, (b) average babs,BrC,370 values and their
percentage of the total trajectories for each cluster and (c) map of the concentration-weighted trajectories (CWT, Mm−1 ) for
babs,BrC,370 at arrival height of 500 m above ground level during January 2019.
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2.4.3. The 120 hr backward trajectory analysis and potential
sources of BrC
The 120 hr backward trajectories (at 500 m height) were calculated via the HYSPLIT model during January 2019. According to
the results, four trajectories were classified. The mean values
of babs,BrC,370 of each cluster and their percentage of the total trajectories are presented in Fig. 6. The cluster originated
from northeast of Sanmenxia (cluster 4) had the highest value
of babs,BrC,370 (87.78 Mm−1 ) and shortest transmission distance
among the four clusters, although its contribution to total trajectories was the smallest (19.36%). Cluster 3, accounting for
19.35% of all backward trajectories, was from the southwest
of Sanmenxia, and the transmission distance of cluster was
short as well. The value of babs,BrC,370 of cluster 3 was 81.53
Mm−1 , which was the second highest. Cluster 2 was originated from northwest of Sanmenxia, with an average value
of babs,BrC,370 75.99 Mm−1 and a percentage of 29.03%. Cluster
1 had the longest transmission distance and lowest value of
babs,BrC,370 (57.95 Mm−1 ), accounting for 32.26%. Therefore, the
major part of air masses with relatively clean air was originated from the northwest of Sanmenxia. The CWT map for
babs,BrC,370 (Fig. 6c) showed that large CWT values were concentrated mainly in local areas, indicating that local emissions
were major sources of BrC. Local anthropogenic emissions,
such as coal burning, and vehicle emissions, are widely distributed among urban areas of Sanmenxia, and potentially important for the production of BrC. Moderate CWT values also
found in eastern regions of Sanmenxia, like Zhengzhou and
Jiaozuo, indicating part of BrC transmission from these areas.

3.

Conclusions

In this work, the absorption properties of BrC in Fenwei Plain
in central China were estimated during the winter of 20182019, potential sources analysis was deduced as well. The
mean value of babs,BrC was 59.6 Mm−1 at 370 nm, which decreased more than a half as the wavelength increased to 470
nm (26.2 Mm−1 ). The absorption contribution of BrC was 37.7%
at 370 nm, and the average value of AAEBrC,370-520 was 4.22.
Absorption coefficients of BrC exhibited double-peak pattern.
The first sharp peak appeared around 10:00 LT and second
around 22:00 LT, while the first lowest value showed around
5:00 LT and second around 16:00 LT. BrCperc,370 , babs,BrC,370 ,
AAEBrC,370-520 and MACBrC,370 were all varied under different pollution conditions, and the variations showed that the
absorption of BC occupied a more important position during haze events compared with clean days. Carbonaceous
aerosols (OC and EC) showed consistent features and strong
correlation with babs,BrC,370 , which suggest that BrC was mostly
from primary sources. The good linear relationships between
babs,BrC,370 and SOC inferred that secondary sources might also
feature in the production of BrC. Six trace metal elements
(K, As, Fe, Mn, Zn, and Pb) showed linear relationships with
babs,BrC,370 , indicating that BrC was originated from various primary anthropogenic emissions, such as coal burning, biomass
burning, and vehicle emissions. Air mass trajectories analysis
and concentration-weighted trajectories analysis showed that
a great part of BrC came from local emissions, and some of
BrC was originated from cities in the east of Sanmenxia. This
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study provides the absorption properties and potential source
analysis of BrC in Fenwei Plain and implies better evaluating
and predicting radiative forcing in and around this area.
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