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Abstract Aerosol optical properties, including absorption
coefficient (b,,), absorption Angstrém exponent (AAE),
and mass absorption coefficient (MAC), of methanol
extracts in PM, 5 samples were measured at an urban site in
Xi’an, northwest China in a winter and summer season.
Water soluble ions, organic carbon (OC), element carbon,
eight carbon fractions, levoglucosan, and 13 polycyclic
aromatic hydrocarbons were also determined to explore the
sources of brown carbon (BrC) in PM;, 5. b,,s at 365 nm
wavelength showed a clear seasonal variation with much
higher value in winter than summer. High levoglucosan
and K concentrations in winter and their good correlations
with b,y inferred the important contribution of biomass
burning to BrC. Good correlations between b, and OCl,
0OC2, OC3, or OP indicated the mixed sources of biomass
burning and coal combustion for BrC. Relatively poor
correlations were found between b,,s and indeno[1,2,3-
cd]pyrene (IP) or Benzo[ghi]-perylene (BghiP), indicating
limited contribution of vehicle exhaust to BrC. Seasonal
distribution of AAE indicated that secondary organic car-
bon (SOC) BrC was mainly fresh SOC in winter but a mix
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of fresh and aged SOC in summer. MAC of BrC in winter
was more than double of that in summer, suggesting that
BrC from biomass burning and fresh SOC were stronger
light absorbing in winter than the aged SOC in summer. A
7-wavelength Aethalometer model AE31 was used to
evaluate the seasonal variations of b,,, for BrC (370 nm)
and black carbon (BC) (880 nm). BrC and BC were both
important in light absorption in winter, but BC prevailed
over BrC in summer.

Keywords Brown carbon - Optical properties - Biomass
burning - Secondary organic carbon

1 Introduction

Black carbon (BC) strongly absorbs solar radiation,
whereas organic carbon (OC) was considered as purely
scattering solar radiation (Bond et al. 2011). However,
recent studies revealed that a portion of OC, referred to as
brown carbon (BrC), also absorbs solar radiation substan-
tially at ultraviolet wavelengths (Bahadur et al. 2012; Lack
et al. 2012). BrC is organic matter including nitro-phenol
derivatives, humic-like substances (HULIS), water and
organic solvent extracts of ambient particulate matter
(PM), amorphous carbon spheres from combustion process,
and secondary organic carbon (SOC) (Desyaterik et al.
2013; Hoffer et al. 2006; Chakrabarty et al. 2010; Laskin
et al. 2014, 2015; Teich et al. 2016).

Due to the complex chemical components and origins of
BrC, it is difficult to determine its mass fraction in PM.
However, it is feasible to obtain BrC optical properties,
including absorption coefficient (b,,s), absorption Ang—
strom exponent (AAE), and mass absorption coefficient of
(MAC), which are needed to understand the characteristics
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of BrC and its impact on climate. A popular optical mea-
surement method was to isolate BrC through water or
organic solvent extraction, followed by BrC absorption
measurement in the extracts (Hecobian et al. 2010; Cheng
et al. 2016). An alternative optical estimation of BrC is
using an optical instrument (such as BC online measure-
ment) without isolating from BC, which involves attribut-
ing total aerosol absorption to BC and BrC absorption
(Sandradewi et al. 2008; Favez et al. 2010). This method
disregards the impact of BC mixing state on its light
absorption, and uncertainties of this method are described
in Lack and Langridge (2013).

Biomass burning from cooking and winter heating was a
major contributor to regional air pollution in northwest
China (Shen et al. 2009; Sun et al. 2017), but a few studies
have addressed PM, s BrC in this region. In the present
study, optical measurements on methanol extracts of PM, 5
samples were conducted to gain some insight of seasonal
variations of optical properties and BrC origins over Xi’an,
China. In addition, measurements of 7-wavelength BC
were also conducted to compare the light absorption
between BrC and BC.

2 Materials and Methods
2.1 PM, s Samples Collection

The sampling site was located in the southeastern part of
downtown Xi’an surrounded by residential areas and major
traffic roads. The area frequently experiences heavy air
pollution produced locally as well as from regional trans-
port. PM, s samples were collected on quartz filters by a
high-volume (~1.13 m® min~!) air sampler (HVS-PM, s,
Thermo-Anderson Inc.) at the rooftop of a 15-m high
building. One 24-h PM, 5 sample (starting at 9:30 AM) was
collected every week in a summer (from 2 June to 31
October 2015) and a winter (from 30 November 2015 to 28
February 2016) season. Detailed description of the sampling
site and sampling method can be found in Shen et al. (2017).

2.2 Chemical Species Measurements

Nine ionic species (SO,°~, NO;~, CI~, F~, Na*, NH,™,
K™, Mg®", and Ca*") in PM, s samples were determined
by ion chromatography (Dionex 600, Dionex Corp, Sun-
nyvale, USA). The detailed analysis processes and quality
assurance and quality control for ions can be found in Shen
et al. (2009). Organic carbon (OC) and elemental carbon
(EC) in PM, 5 samples were analyzed using Thermal and
Optical Carbon Analyzer (Model 2001, Atmoslytic, Inc.,
US) with IMPROVE (Interagency Monitoring of Protected
Visual Environment) thermal/optical reflectance (TOR)
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protocol. Four OC fractions (OC1, OC2, OC3, and OC4 at
140, 280, 480, and 580 °C, respectively, in a non-oxidizing
helium atmosphere) and three EC fractions (EC1, EC2, and
EC3 at 580, 740, and 840 °C, respectively, in a 2% oxygen/
98% helium atmosphere) were determined in this study.
During volatilization of OC, part of OC was converted
pyrolytically to EC (this fraction of OC was named as OP)
(Chow et al. 2004). OC was defined as OC1 + O-
C2 4+ OC3 + OC4 + OP and EC as EC1 + EC2 + EC3-
OP. The detailed analysis processes can be found in Cao
et al. (2003).

Levoglucosan was measured using the method of
improved high-performance anion-exchange chromatogra-
phy (HPAEC) with pulsed amperometric detection (PAD).
The HPAEC-PAD system was composed of a Dionex ICS-
3000 series ion chromatograph (Dionex Corp., Sunnyvale,
CA, USA), SP (quaternary pump and degasser), DC (column
compartment), and ED (electrochemical detector and gold
electrode) units. The detection limit was 0.002 mg L™" for
levoglucosan. More details about this analyzer including its
calibration were given by Shen et al. (2017).

Thirteen priority polycyclic aromatic hydrocarbon
(PAHSs) species as listed by the United States Environment
Protection Agency were determined, including fluorine
(Flu), phenanthrene (Phe), anthracene (Ant), fluoranthene
(FLA), pyrene (Pyr), benzo[a]fluoranthene (BaF), chrysene
(Chr), benzo[b]fluoranthene (BbF), benzo[k]fluoranthene
(BKF), benzo[a]pyrene (BaP), indeno[1,2,3-cd]pyrene (IP),
dibenzo[a,h]anthracene (dBahA), and Benzo[g,hi]-perylene
(BghiP). A quarter of one 47 mm diameter filter was
extracted with dichloromethane (DCM) using ultrasonic
agitation and filtered to determine PAHs levels. This pro-
cedure was repeated three times. Surrogate PAHs (consisted
of naphthalene-DS§; acenaphthene-D10; phenanthrene-D10;
chrysene-D12, and perylene-D12 standards) were added
prior to extraction. The organic extracts were combined, and
the solvent was removed using a rotary evaporator. Inter-
fering compounds, including aliphatic hydrocarbons,
organic acid, etc., were removed by homemade silicon col-
umn (alumina:silica gel:anhydrous sodium sulfate was equal
to 3:2:1). The extracts were then concentrated using rotoe-
vaporation followed by evaporation under purified nitrogen;
internal standard hexamethylbenzene was added and the
volume was adjusted to 1 mL (Mesquita et al. 2014; Gao
etal. 2015). PAHs were analyzed using gas chromatography
with mass selective detection (GC/MS). The chromato-
graphic conditions were as follows: injector temperature
290 °C and detector temperature 250 °C. The temperature
ramp was an initial oven temperature of 50 °C maintained
for 2 min, increased at 5 °C/min to 280 °C, and then
increased at 3 °C to a maximum of 300 °C for 10 min.

The aerosol sampler was checked and calibrated regu-
larly during the sampling period, and field blank filters
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were collected to correct for background concentrations.
Procedure and reagent blanks were measured and sub-
tracted from the results. In addition, surrogate standards
were added to all the samples (including QA samples) to
monitor procedural performance and matrix effects.
Average recoveries for surrogate PAHs naphthalene-d10,
acenaphthylene-d10, anthracene-d10, phenanthrene-d10,
chrysene-d12, and benzo[a]pyrene-d12 were 27, 51, 132,
95, and 38%, respectively. The recoveries were accept-
able and comparable to those reported for trace organic
analysis (Shen et al. 2011). One in every ten samples was
randomly chosen for repeating analysis and the deviation
was controlled to be less than 5% for repeat analysis
(Rajput et al. 2011). The GC-MS was tuned before and
after the measurements to ensure the sensitivity and sta-
bility (Meng and Anderson 2010).

2.3 Optical Properties of PM, s BrC by Water
and Methanol Extracts

The light absorption spectra of the water and methanol
extracts were measured with a UV-Vis spectrophotometer
(UV-6100 s) with 10-cm optical paths in the individual
solvent. Each solvent was separately extracted from five
punches of aerosol samples in high purity water (a resis-
tivity of 18.3 MQ) and methanol (HPLC Grade, Fisher
Chemical). Each solvent was sonicated for 1 h and shaken
by mechanical shaker for 1 h, and all the extracts were
filtered 1-3 times through a 25-mm diameter 0.45-pm pore
syringe filter (Puradisc 25 TF, PTFE membrane) to remove
insoluble components and filter remnants generated during
the extraction process.

Absorption spectra of aqueous extracts of aerosols
(representing bulk methanol-soluble organic carbon) have
been used to assess the absorption coefficient (b,ns) as
described by Liu et al. (2013) and Srinivas and Sarin
(2014). b, is calculated according to:

bavs(zy = (A7 — A700) X (Vext x Portions)
X In(10) /(Vaero % L),

where b,y is expressed in the unit of Mm~! (or 107 m_l).
A, and A, correspond to measured absorbance at speci-
fied 4 and 700 nm, respectively. V., refers to volume of
the aqueous extract (50 mL). V,¢., corresponds to sampling
volume, and L is the path length of the cell (10 cm).
Absorbance at 365 nm was used to estimate the absorption
coefficient (b,,s) of light absorbing soluble (water and
methanol) organic carbon (also referred to as BrC) (Liu
et al. 2013).

The relationship between wavelength-dependent
absorption Angstrém exponent (AAE) and by (365 nm) Of

BrC in the aqueous extracts is described the following
Hecobian et al. (2010) and Teich et al. (2016):
babs =K x /ALiAAE.

Here, K refers to a constant value and A denotes wave-
length of BrC. In this study absorption ;\ngstrdm exponent
(AAE) is calculated by a linear regression fit between log
b.ps and log 1 in the wavelength range of 330-400 nm.

The steep increase of ambient and combustion aerosol
AAE values can also be used as an indicator for identifying
specific BrC sources (Saleh et al. 2014; Sandradewi et al.
2008). An AAE value in the range of 1-2.9 was derived
from coal burning aerosols and 6—8 from biomass burning
aerosols (Bond 2001; Hecobian et al. 2010). Higher AAE
values (6.9—11.4) of BrC were from the incomplete biofuel
burning in methanol extracts (Chen and Bond 2010). The
prominent differences in AAE values between the aged and
fresh aerosols suggested that the formation mechanisms
also played important roles in BrC absorption parameters
(Zhang et al. 2011; Bones et al. 2010).

For the methanol extracts, only light absorption spectra
were analyzed, since the use of an organic solvent prohibits
determining carbon mass in these solutions. As a conse-
quence, mass absorption coefficient (MAC) of BrC
(m? gfl) at 365 nm was calculated based on:

MAC; = bys(365nm)/OC.

2.4 b, at 370 nm and 880 nm

Comparison of light absorption between BrC and BC will
help to understand their roles in environmental and climate
change. Light absorption coefficient (b,,) is the most
important parameter for BC determination, which can be
obtained at seven wavelengths (i.e., 370, 470, 520, 590, 660,
880, and 950 nm) using an Aethalometer model AE31.
According to Beer—Lambert’s law, b, is defined as:

_ —babs-x
I = lpe 7™+,

where I, and I are the light intensities after passing through
a blank quartz fiber filter and the collected particles on the
filters with the thickness x, respectively. Similar to other
filter-based absorption instruments, the b,,; of AE31 needs
to be corrected for two kinds of errors, including scattering
effect by the fiber filter substrates (Collaud Coen et al.
2010) and filter mass loading by the accumulation of light
absorbing particles. In this study, mass loading effect was
corrected following the correction process presented by
Virkkula et al. (2007). The multiple scattering of the light
beam at the filter fibers strongly depends on the filter
material and can be corrected by an empirical coefficient
(2.14) (Drinovec et al. 2014; Cheng and Yang 2015).
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Olson et al. (2015) segregated BC and optical-BrC by
projecting the absorption at higher (880 nm) to lower
wavelengths of the spectrum measured by AE31. The
absorption at 880 nm is attributed to BC absorption only,
while absorption at lower wavelength (370 nm) is attrib-
uted to both BC and BrC absorption. The simple extrapo-
lation method using AAE has been used in several studies
and was described in detail by Lack and Langridge (2013).
We projected the absorption coefficient at 880-370 nm
wavelengths using a value of 1 for AAE to estimate the BC
contribution of the bulk absorption coefficient. Using
AAE = 1 projection, the absorption coefficient of BC
component (b,ps.c, AAE =1, 370 nm) of the bulk
absorption coefficient can be calculated for 370 nm
wavelength; subtracting this value from the bulk absorption
coefficient b,ps, 370 nm results in the net optical-BrC
absorption coefficient. The calculation of AAE and b,,.
BrC, 370 nm 18 as follows:

AAE = —(In(baps(41)) — In(baps(42))/(In(41) — In(42)))

Dabs—BrC,370nm = Dabs 370nm — Dabs—BC,AAE=1,370nm-

3 Results and Discussion

3.1 Comparison of Light Absorption Between
Water Extracts and Methanol Extracts

Light absorption of water and methanol extracts was
investigated, as shown in Fig. 1. Both methods exhib-
ited much higher b,,, at short wavelength than long
wavelength, indicating light absorption by BrC in this
spectrum. Methanol extracts showed higher b,,s than
water extracts, demonstrating the more suitability of
using methanol extracts to measure the optical

—HO extraction
- - — MeOH extraction

T T T T T T T
300 400 500 600 700
Wavelength (nm)

Fig. 1 Comparison of AAE between water (red line) and methanol
(blue line) extracts (color figure online)

@ Springer

properties of PM, s BrC. Cheng et al. (2016) reported
that methanol extracted organic compounds constituted
nearly 85% of OC, while water extracts constituted
about 40% of OC. In the present study, the ratio of b,
at 365 nm between water and methanol extracts from
five selected samples ranged from 0.29 to 0.53 with an
average of 0.37 (Table 1). Such results inferred that the
light absorption by BrC was underestimated by more
than 50% if using water extracts compared with
methanol extracts. Therefore, the optical properties of
PM, s BrC by methanol extracts were discussed in the
following sections.

3.2 Seasonal Variations of Optical Properties
of BrC

Table 2 shows the summer and winter levels of by,
AAE, MAC, and PM,s chemical components. Mean
babs, 365 nm 1N winter was about six times of that in
summer, indicating more abundance of BrC in PM,
samples in winter. Biomass burning for heating in rural
areas in winter should have contributed to the high BrC
(Sun et al. 2017). High levels of OC and biomass burning
marker (K™ and levoglucosan) in winter also supported
this hypothesis (Table 2). The AAE values were at similar
levels between winter and summer, although more scat-
tered values (4.02-16.3) were found in summer than
winter (6.1-11.0). AAE value can be a good indicator for
BrC sources. For example, the AAE of water extracted
BrC for coal combustion and biomass burning source
PM, 5 samples were 4.4 and 7.4, respectively, in Xi’an,
China (Shen et al. 2017). Chen and Bond (2010) reported
that the AAE of BrC for biomass burning methanol
extracts ranged from 7 to 16. The AAE for BrC in Beijing
averaged 7.1 in winter, which also demonstrated by bio-
mass burning contribution (Cheng et al. 2016). In addi-
tion, secondary organic carbon (SOC) was also an
important contributor to BrC, and the AAE of aged SOC-
BrC (4.7) was much lower than that of fresh SOC-BrC
(8.6-17.8) (Bones et al. 2010). High AAE found in the
present study implied important contributions of biomass
burning to BrC. In addition, high SOC levels occurred in
both summer and winter PM, s, despite different SOC
formation mechanisms in different seasons (Zhang et al.
2015; Shen et al. 2017). The most important classes of
light absorbing SOC compounds, such as nitro-phenols,
aromatic carbonyls, and chromophores, were produced
from photochemical processes with higher oxidant levels
or aqueous heterogeneous conversion (Hecobian et al.
2010; Desyaterik et al. 2013). More scattered summer
AAE values indicated the contribution of both aged and
fresh SOC to BrC. In contrast, winter AAE was mostly
from fresh SOC.
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Table 1 Comparison of

absorption coefficient (byys) at WSocC MSOC babs-wsoclbansmsoc

365 nm between water and babs, 365 nm  AAE (330400 nm)  Daps, 365 nm  AAE (330400 nm)

methanol extracts in PM, 5 over

Xi’an Sample 1 1.04 9.05 2.59 3.84 0.40
Sample 2 1.06 10.15 1.99 5.40 0.53
Sample 3 6.23 6.40 20.68 6.40 0.30
Sample 4 5.38 6.62 17.29 6.54 0.31
Sample 5 1.54 7.50 5.30 9.16 0.29

e S e e

of BrC, and mass concentrations Average Standard deviation Average Standard deviation

of chemical species for PM, 5

samples Db, 365 nm (Mm ™) 3.50 2.13 21.08 7.28
AAE 7.76 3.19 7.24 1.22
MAC565 nm (m? g~ 0.59 0.42 1.46 0.30
K" (ug m™) 0.27 0.13 0.55 0.20
OC (pg m™) 6.23 2.24 14.41 4.33
Levoglucosan (ng m ™) 100.38 35.87 268.52 99.29
S04~ (ng m™>) 6.71 4.46 6.71 7.23
BaP (ng m™) 297 2.85 10.21 11.68
IP (ng m~) 3.32 11.24 3.00 4.52
BghiP (ng m ) 2.76 5.02 2.58 1.72

MAC of BrC in winter was more than double of that in
summer, implying that BrC from biomass burning and
fresh SOC were stronger light absorbing in comparison
with aged SOC. Cheng et al. (2016) reported the similar
level of MAC for methanol extracts in winter in Beijing. It
should be noted that in Cheng et al. (2016), the methanol
extract b,,, was normalized by methanol-soluble organic
carbon (MSOC) rather than OC. Therefore, our study
should have underestimated the MAC when using OC. If
assuming an MSOC versus OC ratio of 0.85 (Cheng et al.
2016), MAC in the present study was then corrected to be
0.69 m* g~" for summer and 1.72 m* g~' for winter. In
another study in Georgia, U.S. where SOC was mainly
influenced by biogenic emissions, relatively low MAC
ranging from 0.3 to 0.5 m* g~ was found in summer (Liu
et al. 2013; Zhang et al. 2011). Thus, BrC measured in the
present study was identified to be mainly associated with
anthropogenic emissions based on its higher light absorb-
ing ability in comparison with BrC from biogenic sources.
Besides, fresh SOC also prevailed over aged SOC.

3.3 The Relationship Between b,;,; of BrC
with PM, s Chemical Components

As levoglucosan and water soluble K™ were good markers
for biomass burning (Shen et al. 2009; Zhang et al. 2014;
Tao et al. 2016), good correlations between b, of BrC and
these tracers can provide some insights on biomass burring

sources (Fig. 2). Strong correlations were, indeed, found,
indicating the important contribution of biomass burning to
PM, s BrC. In fact, maize and wheat straw burning for
cooking and heating in rural areas of Xi’an influenced
heavily on urban and regional air quality, and high con-
centrations of K™, levoglucosan, and water soluble organic
carbon (WSOC) were observed in PM samples in the
previous studies (Shen et al. 2009, 2014; Zhang et al. 2014;
Sun et al. 2017). Maize straw smoldering for rural heating
in Guanzhong Plain was known to be an important source
of PM, 5 BrC over Xi’an (Shen et al. 2017). High winter
BrC levels will influence environment and climate on
urban and downwind areas for its strong light absorbing.
As the traditional smoldering for heating in rural areas
around Xi’an was one of the major sources for winter BrC,
clean and high efficient combustion technologies should be
developed in near future to reduce BrC emissions.
Carbon abundances in each of the eight carbon fractions
differ by carbon sources (Cao et al. 2005). Prior literature
reported that OC1, OC2, and OP were abundant in biomass
burning source samples; OC2, OC3, and EC1 were enri-
ched in coal combustion emissions; and OC4, EC1, EC2,
and EC3 were strongly related with vehicle exhausts (Cao
et al. 2005). In the present study, the relationship between
baps of BrC and eight carbon fractions (OC1-OC4, OP,
EC1, EC2, and EC3) were investigated to gain some
insight of the sources of BrC. Strong positive correlations
were found between b,,s and OC1 (r = 0.94, P < 0.0001),
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Fig. 2 Relationship between
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OC2 (r = 0.93, P < 0.0001), OC3 (r = 0.73, P < 0.0001),
OP (r=093, P <0.0001), and ECl1 (r=0.94,
P < 0.0001). In contrast, correlation between b, 365 and
OC4 was relatively poor, and between b, 365 and EC2 or
EC3 was the worst. Therefore, the correlation between b,
and the eight carbon fractions inferred the important con-
tributions of biomass burning and coal combustion to
PM, s BrC. In contrast, the contribution from primary
emissions of vehicle exhausts was minor. This was espe-
cially the case from diesel vehicle emissions, as seen from
the lowest concentrations of EC2 and EC3, which are
typical tracers of diesel vehicle emissions (Cao et al. 2005).
Jacobson (1999) attributed the UV absorption to organic
species, such as nitrated aromatics, benzaldehydes, benzoic
acids, and PAHs. Nitrated aromatic compounds, PAHs, and
benzaldehydes were found to be the most effective UV
absorbers in terms of their imaginary refractive indices and
absorption wavelengths. In this study, 13 PAHs were
determined to reveal the possible sources of BrC. The
measured total PAHs concentration was 85.5 ng m™ in
summer and 118.6 ng m—> in winter. Certain individual
PAHs can be taken as tracers for specific emission sources.
For example, high level of BaP was mainly from coal
combustions (Sawicki 1962); abundance of IP was the
typical component from diesel vehicle emissions, and
enrichment of BghiP was an indicator of gasoline vehicle
emissions (Guo et al. 2005). Strong positive relationship
between b,,s and BaP (r = 0.71, P < 0.0001) indicated the
important contribution of coal burning to BrC. In contrast,
the correlation coefficient between b,,, and IP (r = 0.46,
P = 0.0002) or BghiP (r = 0.33, P = 0.009) was lower
than that with BaP, supporting the above conclusion that
vehicle emission was not an important source of BrC.

3.4 Comparison of Light Absorption at 370 nm
Versus 880 nm

It is challenging to use a 7-wavelength Aethalometer model
AE31 or AE33 to accurately investigate the optical
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babs (Mm™)

absorption of BrC and BC, because BC, BrC, and mineral
dust all have relatively strong light absorption overlapped
at UV wavelength (Andreae and Gelencser 2006). How-
ever, a comparison of light absorption at 370 nm (BrC)
versus 880 nm can be used to evaluate the seasonal vari-
ation between BrC and BC to some extent. Figure 3 shows
the seasonal variation of by Brc, 370 nm and b,psBC, 880 nm-
bavs.Brc, 370 nm 1N winter was over six times of that in
summer, indicating abundance of BrC in PM in winter.
This was consistent with the above conclusion that coal
combustion and biomass burning contributed abundance of
BrC. In contrast, seasonal difference in b,ps gc, 880 nm Was
not as significant as in bups Brc, 370 nms SINCE Daps BC. 880 nm
in winter was only 1.6 times of that in summer. The smaller
seasonal difference in BC should be mainly caused by the
enriched OC in comparison with EC or BC in winter
heating. For example, Cachier et al. (1989) reported much
higher OC/EC ratio for biomass burning (9.0) in compar-
ison with coal combustion (2.7) and vehicle emission (1.1)
(Watson et al. 2001). In the present study, winter OC/EC
ratio was 4.1 on average, indicating heavily influenced BrC
from winter heating (e.g., coal burning and smoldering
biomass burning) but not BC. It is worth noting that mean
Dabs-BrC, 370 nm and baps Be, 880 nm Were in the same level at
about 43 Mm ™' in winter, indicating that light absorption
by BrC and BC was both important. However, in summer
babs—BC, 880 nm Pfevaﬂed over babs—BrC, 370 nm due to no
biomass burning for heating, and BC from traffic emissions
dominated PM light absorption. As a result, controlling
biomass smoldering for heating and vehicle exhaust can
reduce light absorbing materials effectively.

4 Conclusions

Seasonal contrasts in optical properties of BrC extracted by
Methanol were investigated over Xi’an, northwest China.
Methanol extract method was more effective in comparison
with water extract method, and light absorption of BrC was
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underestimated by more than one-third if using water
extract method. High b, of BrC was observed in winter,
caused by emissions from biomass burning for heating, as
supported by the strong correlation between b, and rela-
ted emission chemical markers (levoglucosan, K, OCl,
0C2, OC3, OP, and BaP). SOC-BrC was a mix of aged and
fresh SOC in summer, but mostly fresh SOC in winter. As
the BrC origins are complicated, the strong UV absorption
components (such as nitrated aromatic compounds and
benzaldehydes) should be investigated to trace the origins
of BrC in the future. In addition, size-dependent optical
properties of BrC also need to be obtained to understand its
potential environmental impacts.
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