LUT

«?® University

A new method for extraction of methanol-soluble brown carbon: Implications
for investigation of its light absorption ability

Yan Fangping, Kang Shichang, Sillanpaa Mika, Hu Zhaofu, Gao Shaopeng, Chen
Pengfei, Gautam Sangita, Reinikainen Satu-Pia, Li Chaoliu

Thisis a Final draft version of a publication

published by Elsevier

in  Environmental Pollution

DOI:  10.1016/j.envpol.2020.114300

Copyright of the original publication: © 2020 Elsevier Ltd.

Please cite the publication as follows:

Yan, F., Kang, S., Sillanpa&, M., Hu, Z., Gao, S., Chen, P., Gautam, S., Reinikainen, S.-P., Li, C.
A new method for extraction of methanol-soluble brown carbon: Implications for investigation of
its light absorption ability. Environmental Pollution, vol. 262. DOI: 10.1016/j.envpol.2020.114300

This is a parallel published version of an original publication.
This version can differ from the original published article.



Journal Pre-proof "

ENVIRONMENTAL

POLLUTION

A new method for extraction of methanol-soluble brown carbon: Implications for
investigation of its light absorption ability

Fangping Yan, Shichang Kang, Mika Sillanpaa, Zhaofu Hu, Shaopeng Gao, Pengfei
Chen, Sangita Gautam, Satu-Pia Reinikainen, Chaoliu Li

PII: S0269-7491(19)36036-1
DOI: https://doi.org/10.1016/j.envpol.2020.114300
Reference: ENPO 114300

To appearin:  Environmental Pollution

Received Date: 15 October 2019
Revised Date: 28 February 2020
Accepted Date: 28 February 2020

Please cite this article as: Yan, F., Kang, S., Sillanpaa, M., Hu, Z., Gao, S., Chen, P., Gautam, S.,
Reinikainen, S.-P., Li, C., A new method for extraction of methanol-soluble brown carbon: Implications
for investigation of its light absorption ability, Environmental Pollution (2020), doi: https://doi.org/10.1016/
j-envpol.2020.114300.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published

in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2020 Published by Elsevier Ltd.


https://doi.org/10.1016/j.envpol.2020.114300
https://doi.org/10.1016/j.envpol.2020.114300
https://doi.org/10.1016/j.envpol.2020.114300

Fangping Yan: Methodology, Investigation, Resources, Writing - Original Draft, Writing -
Review & Editing. Shichang Kang: Validation, Writing - Review & Editing, Supervision,
Project administration, Funding acquisition. Mika Sillanpaa: Writing - Review & Editing.
Shaopeng GaoResources, Writing - Review & Editing. Zhaofu Hu: Investigation, Writing -
Review & Editing. Pengfei Chen:Resources, Writing - Review & Editing. Sangita Gautam:
Invegtigation. Satu-Pia Reinikainen: Writing - Review & Editing. Chaoliu Li:

Conceptualization, Validation, Writing - Review & Editing, Supervision, Funding acquisition.



Sunset carbon analyzer: OC&EC

.
M“”‘“""J-“"“-'. srrrrnna D

.
;:uaull!h'l:cr

SR FIUE s s s nnnnnnnns
Blank Filter >

Rubber Plug

SpectraMax M5: Abs

10
s
samssmEEmmmEan
.......-..-.......> >
— T )
Methanol Extract
o 30 0 100 6w o0 0




N

10

11

12

13

14

15

16

17
18

A new method for extraction of methanol-solublevianacarbon:

Implications for investigation of its light absoigot ability

Fangping Yaf"¢ Shichang Karftf® Mika Sillanpa4 Zhaofu HG® Shaopeng G&o
Pengfei Cheh Sangita Gautaff, Satu-Pia Reinikain8nChaoliu LF%"

aKey Laboratory of Tibetan Environment Changes amathd.Surface Processes, Institute of Tibetan

Plateau Research, Chinese Academy of Science&d@&()0101, China

b | UT School of Engineering Science, Lappeenrantavehsity of Technology, P.O. Box 20, 53851,

Lappeenranta, Finland

“State Key Laboratory of Cryospheric Sciences, Nee#dt Institute of Eco-Environment and

Resources, Chinese Academy of Sciences, Lanzh00083 China

dcAS Center for Excellence in Tibetan Plateau E8diences, Chinese Academy of Sciences, Beijing

100085, P.R. China

®University of Chinese Academy of Sciences, Beifl@§049, China

'Department of Civil and Environmental Engneerinigriéle International University, Miami, FI, USA.

Corresponding author:

*E-mail: lichaoliu@itpcas.ac.cn;

Address: Building 3, Yard 16, Lincui road, Chaoyatigtrict, Beijing, China, 100101



19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

ABSTRACT

As an important component of organic carbon (O@wn carbon (BrC) plays a
significant role in radiative forcing in the atmbgpe. Water-insoluble OC (WIOC)
generally has higher light absorption ability thaater-soluble OC (WSOC). The
mass absorption cross-section (MAC) of WIOC is ralynnvestigated by dissolving
OC in methanol. However, all the current methodsvehahortcomings due to
neglecting the methanol insoluble particulate carbwt is detached from the filter
and suspended in methanol extracts, which resaltMAC uncertainties of the
methanol-soluble BrC and its climate warming estiom In this study, by
investigating typical biomass combustion sourcemsms from the Tibetan Plateau
and ambient aerosols from rural and urban area£hma, we evaluated the
extractable fraction of OC for the existing metholfloreover, a new method was
developed to overcome the methanol insoluble pdstie carbon detachment problem
to achieve more reliable MAC values. We found tRef can be dissolved in
methanol in a short time (e.g., one hour) and sin& treatment and long-term
soaking do not significantly increase the extraetadC fraction. Additionally, we
proved that methanol insoluble particulate carbetachment in methanol does exist
in previous methods, causing overestimation ofBh& mass extracted by methanol
and thus the underestimation of MAC values. Weettoee recommend the newly
developed extraction method in this study to bézetl in future related studies to
guantitatively obtain the light absorption propestynethanol-soluble BrC.

Keywords: methanol-soluble brown carbon; MAC; bi@maerosol; ambient aerosol
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Capsule
A new method is developed to overcome the partiewtarbon detachment problem
during the extraction of methanol-soluble BrC, #imas the reliable MAC is obtained.

1. Introduction

Aerosol particles are among the largest sourcegnoértainties in estimating
radiative climate forcing (Anderson et al., 2008% an important part of aerosol
particles, organic carbon (OC) plays an importatd i solar radiation absorbing in
addition to its solar radiation scattering, espécia the ultraviolet (UV) wavelength
range (Laskin et al., 2015; Yan et al., 2018). R#geincreasing attention has been
focused on those carbon fractions that absorb sadiation, i.e., brown carbon (BrC),
in both models and in situ observation studies fdad and Gelencsér, 2006;
Kirillova et al., 2014; Lin et al., 2014; Salehadt, 2013; Shamjad et al., 2015; Xie et
al., 2019). For instance, it is estimated that BidCounts for approximately 24% of
the combined black carbon (BC) and BrC warmingaffat the tropopause (Zhang et
al., 2017). BrC is generally divided into watertdde brown carbon (WS-BrC) and
water-insoluble brown carbon. Light absorption ok tlatter carbon fraction is
generally evaluated by treating the sample withhawedl (Chen and Bond, 2010).
Therefore, this BrC fraction is called methanolutdé brown carbon (MeS-BrC). To
date, the method for investigating the light ab8orpof WS-BrC in aerosol samples
has been well established, and little uncertaintgte regarding the value of the mass
absorption cross-section of WS-BrC (M#§€s,c) because OC dissolved in water can

be easily and accurately measured by a TOC analjigrfiltering the extracts (Li et
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al., 2016b). However, OC dissolved in methanol.,(iMeS-BrC) cannot be directly
measured by this method due to the interferencergdnic solvent, so that indirect
calculations have to be adopted (Chen and Bond);20keng et al., 2017; Huang et
al., 2018). Moreover, the treatment of samples witthanol is still a complicated
issue, and no consensus has been reached. Taadaiepl samples are treated with
methanol using multiple methods (e.g., differematment times, with or without
sonication) (method details and comparison areigeavin Table 1). However, all
existing methods have shortcomings. For exampéentathanol insoluble particulate
carbon detaching from the filter and entering irtee methanol cannot be
guantitatively measured, thus the indirect caleoitabf MeS-BrC in previous studies
was conducted by assuming either OC of origin&rfisamples could be completely
extracted by methanol or the methanol insolubldiqdate carbon detachment is
ignorable (Table 1), which caused the overestimatiodMeS-BrC and accordingly the
underestimation of the mass absorption cross-seatio MeS-BrC (MAGues-grd
(Chen and Bond, 2010; Cheng et al.,, 2016). In amgitsonication treatment
generally increases the extractable fraction oba@arcompared to other methods
without sonication treatment (Polidori et al., 2Pp0&wus, both MAGjessc and
MACws-src Values of the samples treated by sonication shbeltiigher than those
without sonication. Currently, a comparison of nagibl extractable OC fraction by
the three existing methods presented in Table &tils lacking. Because mass
absorption cross-section of BrC (MAf) data are the basic input of radiative models

of aerosol particles, the aforementioned limitadi@nd uncertainties will ultimately
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be propagated to climate forcing estimation. Thareefit is urgent to establish a
reliable method for MAGcto better evaluate the radiative forcing of carluemas
particles.

Normally, the BrC derived from biomass combustionrsed aerosols is more
easily dissolved in water and methanol than thaiveé from fossil-sourced and
ambient aerosols (Chen and Bond, 2010). In thidystBM, s samples (particulate
matter with a diameter smaller than 2u®) originated from yak dung combustion,
from a typical urban city on the Tibetan Platead &om rural areas in East China
(which is seriously polluted) were collected (TaBlg). The collected samples were
treated with methanol by the previous three mettiodavestigate the difference in
the methanol extractable OC fractions among thesthads. On this basis, a new

method is developed to provide more reliable MA&scvalues for aerosol samples.
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Table 1 Information and comparison of three presiextraction methods and the one in this study.

Method Extraction process Calculation of MeS-BrC teltal problems Reference

Method 1 Filter samples were immersed in methamollfh MeS-BrC=0C of original filterOC remaining The methanol insoluble particulate(Cheng et al.,
without shaking or sonication on methanol extracted-filter carbon detachment was ignored 2017)

Method 2 Filter samples were sonicated for 1 hatlanol ~ MeS-BrC=0C of original filter The OC ofiginal filter samples was (Huang et al.,

assumed to be completely extracted b2018)

methanol
Method 3 Filter samples were sonicated in methéoral h, MeS-BrC=0C of original filterOC remaining The methanol insoluble particulate{Chen and
the solution was kept at room temperature for 2th methanol extracted-filter carbon detachment was ignored Bond, 2010)
h, then it was again sonicated for another 1 h
New method Filter samples were placed in the midiflea MeS-BrC=0C of original filter-OC remaining This study

sandwich filtration assembly as presented ion middle and bottom methanol extracted
Figure 1, and extracted with methanol by threfidters in sandwich filtration assembly, i.e.,
times. The total residence time of methanol oeguation (2)

filtersis 1 h
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2. Methodology
2.1. Field sites

PM, s filter samples were collected at four sites in r@hinamely, Nam Co,
Lhasa, Zhangbo and Yangdian (Table S1). Nam Cotipiaal remote area on the
Tibetan Plateau where local residents burn yak dondeating and cooking. The
aerosol particles emitted from these combustionviies have an important
contribution to glacier retreat on the Tibetan &4at (Li et al., 2016a). Several studies
have been conducted on the OC and element carbGh r@ios and MAGs-src
values at this site (Chen et al., 2015; Hu et2817). Lhasa is the largest city on the
south-central Tibetan Plateau; the aerosols indkysare greatly influenced by fossil
combustion (Li et al., 2016a). Zhangbo and Yangdiemn two typical rural areas in
Guanzhong and Huabei Plain, respectively, withosirair pollution in East China.

The PM s samples collected at Nam Co were directly emittexh the yak dung
combustion plumes (Chen et al., 2015), which wéasstfied as biomass aerosols.
The PM ssamples collected in the ambient environment atrattree sampling sites
were classified as ambient aerosols. Due to difteedurces, the light absorption

characteristics of aerosol in two categories difereint.

2.2. Extract assembly

A total of 33 aerosol samples were collected ferdRkperiments (Table S1). The
filter samples from the urban and rural sites walified by fumigation with 37%
HCI for 24 h to remove carbonate carbon which fetess the measurement of EC and

OC by the carbon analyzer before the experimeriswied the practical protocols
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provided in previous studies (Bosch et al., 201HerCet al., 2013; Li et al., 2016a;
Pio et al., 2007). The carbonate carbon removetH®l fumigation accounted for
approximately 5.5+2.6% of the total OC of the studgrosols. The analytical
procedure in this study is presented in FigureFa%t, a subsample (punch #1) of the
original filter was cut out for the measurementrifial OC mass. Second, a 3.8 tm
subsample (punch #2) was cut out and treated \8itln3 methanol using a sandwich
filter assembly to prevent the loss of particlesfrthe filter (Figure 1). In summary,
the subsample was punched and placed in a pre-cgtetbquartz filter (pore size:
0.45 um, Pall TissuquartzTM) with an opening of the saanea. The reassembled
filter samples were then placed between two prebemted quartz filters with the
bottom of the subsample facing upward. The thustynéd three-filter sandwich was
placed on the glass sand core funnel of a vacultratibn assembly as presented in
Figure 1. After blocking the funnel, 38 mL methamas added to the filter in three
times to keep the long residence time, and thed tesadence time of the methanol
lasted for approximately 1 h to ensure a high CGiction extracted by methanol. The
remaining methanol was then pumped through ther.filthereafter, the filters were
dried in glass petri dishes at 60 °C for two hoBnsnches of 0.526 ¢mvere obtained
from the center of the original filter samples, thethanol-treated filter subsamples
and the bottom filters of the sandwich filtratiossambly. OC and EC of the punched
samples were measured using a thermal-opticalmigiasice (TOT) carbon analyzer
(Sunset Laboratory, Tigard, OR, USA) following tiMPROVE-A protocol. The sum

of the OC masses of the two punches from the samdWiltration assembly was
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regarded as the methanol-insoluble OC fraction. difierence between the OC mass
of the original sample and the methanol-insolub& i©the mass of the OC dissolved
in methanol, which was used in the calculation A&AGfes-src Third, a subsample
(punch #3) was sonicated in ultrapure water to inbthe MAGys.sc Value. The

detailed method has been described in our prewdidde (Li et al., 2016c).

@

Methanol _.{*"" » Sunsetcarbon

er BlankFilter analyzer
e Sample Filter o
1 - Blank Filter
: /8 MeS-BrC Mass
= Rubber Plug
L A i

UV-Vis
. 'D K Spectrophotometer

Figure 1. Filtration unit developed in this study to extr&eS-BrC.

2.3. Light absor ption measurement and calculation
The light absorption spectra of WS-BrC and MeS-Bréle measured using an
ultraviolet-visible (UV-Vis) absorption spectropbateter (SpectraMax M5, USA), by
scanning from 200-700 nm with a step size of 5 ihee MAC value was calculated
based on the Beer-Lambert law (Bosch et al., 2Rirdtova et al., 2014):
MAC = == x In(10) 1)

where Abs is the light absorbance measured dirdwtlthe spectrophotometer, L is

the absorbing path length (1 cm); C is the masgOGf dissolved in methanol
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(MeS-BrC) or ultrapure water (WS-BrC).

The mass of WS-BrC was directly measured by the ED@lyzer, while the
mass of MeS-BrC was obtained by indirect calcufatitue to the interference of
methanol as follow:

MeS-BrC=0&iginar OC;, sandwicn O C3 sandwich (2)
where OGiiginal IS the total OC mass of original filter; @Gnawichand OG sangwichare
the OC mass of middle and bottom filters extradbgdmethanol in the sandwich
filtration assembly present in Figure 1.

Under the assumption that the OC soluble in watar also be dissolved in
methanol, MAC of the water-insoluble OC (MAsc) can be calculated as the
following ratio:

_ [AbS365methanol—AbS365,water]
MACwioc = ([MeS—BrC]—[WS—BrC]).L xIn10 (3)

where AbSgs, methanoi@Nd AbSgs, waterare the light absorbance measured at 365 nm of
fillered methanol and water extracts; [MeS-BrC] dhdS-BrC] are the mass of
MeS-BrC and WS-BrC.
3. Resultsand discussion
3.1. Theloss of methanol insoluble particulate carbon in three previous methods

The loss of methanol insoluble particulate carbon from theefilduring the
methanol extraction was considered insignificard amgligible in a previous study
(Cheng et al., 2017), although it has been repdtiatithis phenomenon will cause
MAC vies-arc Underestimation (Chen and Bond, 2010; Kirillovalet2016). Herein, to

evaluate the loss of methanol insoluble particutzigbon into methanol from the
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filter, light absorptiorof the methanol extracts using the third methodiahle 1 was
measured before and after filtration. If the liglisorbance at wavelength of 365 nm
(Abszgs) of the methanol extract after filtration was lovtkan that before filtration,
the loss of methanol insoluble particulate carbmmfthe filter must occur. Although
this approach provides an indirect estimate, thiga loss can thus be evaluated
effectively. For instance, due to the detachmenmethanol insoluble particulate
carbon, Absss for the unfiltered extracts of ambient and biomaseosols increases
approximately 101% and 45%, respectively compacethbse of filtered extracts
(Figure 2a), suggesting that the loss of the methiasoluble particulate carbon does
exit in previous methods. Moreover, by collectingese detached OC and those
remaining OC on methanol-extracted filters togetlied measuring by TOT carbon
analyzer, the mass of MeS-BrC could be overestighate 10% and 43% for the
biomass and ambient extracts, respectively (Fiqoe if we assume methanol
completely extracts OC of the filter samples (asspnted by Huang et al., 2018, i.e.,
method 2 in Table 1). In contrast, the new extoacthethod developed in this study is
reliable for obtaining accurate MeS-BrC mass and tieliable MAGyes-src Values by
preventing the detachment of the methanol insolphiéiculate carbon, which is also
verified by the similar average Adss values compared with the previous filtration
methods (Figure 2b). Additionally, the larger Almcrease of the ambient aerosol
extracts due to the detachment of methanol inselgalrticulate carbon might be
explained by the lower fraction of MeS-BrC (i.elpa ratio of methanol-soluble OC

to total OC of the original filter sample) and theistence of large mineral particles
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with an easy detachment inclination which can leedbating of carbonaceous matter
in ambient aerosols (Figure S2); meanwhile, therfiniomass combustion carbon
particles adhere to the filter paper more easiljngared to the ambient particles.
Thus, failing to consider the particle loss woublilise large uncertainties in MAC

estimation, especially for the ambient aerosols.
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Figure 2. The increase ratios of Algof the unfiltered (Abg:) methanol extracts
compared to those of Akg of the filtered extracts (A} (a), the increase ratios of
Absgss of the extracts filtered by a quartz filter (Ajgscompared to those of Aqs of
the extracts filtered a by syringe filter (As(b), and the ratio of OC loss to total OC

of original filter samples using method 2 in Talle
3.2. Absvalues of MeS-BrC by four different methods

The MeS-BrC in the ambient and biomass aerosols exascted using the
existing three methods (Table 1 and Text S1) aedntlethod we developed in this

study. The Abgs values were measured and compared. The resuitated that the
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Abssgsvalues of MeS-BrC using the new method were betvibese obtained using
the first two methods but slightly lower than thasd®ained using the third method
(Figure 3). Moreover, the differences in Aksamong the methanol extracts from
these four methods were statistically insignificdmt both ambient and biomass
aerosols (p>0.05, N=33) (Table S2). Therefore, wep@se that the complex
treatments of sonication and a longer residence tmnot significantly contribute to
a larger amount of carbon extracted. Additionatlys demonstrated that the syringe
filter in the previous three methods and the qufiiter paper in this new method do
not cause significant differences in the Agwvalues (Figure S3). Consequently, it is
reasonable to adopt the new method developed snsthdy to investigate the light
absorption of MeS-BrC quantitatively and accuratétpwever, it should also be
pointed out that the theoretical mass absorptiossssection at 365 nm (MAgg) of
the methanol extracts based on the sAP&glues obtained using the third method
should be the highest among these four methodsodihe elevated Algs values as a
result of the sonication treatment, although tharaase is statistically insignificant
(p>0.05, N=33). In addition, the theoretical M&E divergence of the ambient
aerosols between the third method and the new metlowld be larger than that of
the biomass aerosols, which may also indicate tt&atOC in biomass aerosols is
more easily extracted by methanol even withoutcaiin treatment, but sonication
treatment has a relatively large effect on OC tacextracted by methanol in ambient

aerosols.



239
240

241

242

243

244

245

246

247

248

249

250

251

252

253

Ambient aerosol

0.03 +

—~ 0.02 4 i

g 1 o @

€ 0014 | * L

2 @

PR 7_ I 1

< 000

L

;:% B Biomass aerosol
0.12 e T

:

Z B
0.08 ® ® l
0.04 A |

I I 1 I
Method 1 Method 2 Method 3 New method

Figure 3. Normalized light absorbance of MeS-BrC at 365 lmyrthe four different
extraction method\ote: the large standard deviation (SD) for medneswas attributed to

the large variation in the particulate carbon niagsach collected sample.

3.3. WS-BrC versusMeS-BrC and thelight absorption properties

Approximately 93.0+3.8% (87-96%) of the biomass bastion sourced OC
could be extracted within 1 h by methanol in thisdg, which is likely the lower
bound of the previously reported values of 92%-9&% wood burning aerosols
(Chen and Bond, 2010). Meanwhile, the average mettextractable OC fraction of
the ambient aerosols was approximately 79.3+1088%0(93%) (Figure S2), which
was lower than the average value of 89% for thei@amilaerosols in Beijing (Cheng
et al.,, 2017). This phenomenon was possibly becaus¢he one hand, the aerosol
sources were different between this study and teeiqus ones, and on the other
hand, the previous two studies failed to consitter nethanol insoluble particulate

carbon detachment from the filter during analy§isrrespondingly, the extractable
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OC fractions by ultrapure water were small (63.33%38 and 55.2+29.1% for the
biomass and ambient aerosols, respectively), dlmske previously reported values
(Cong et al., 2015; Graham et al., 2002; Srinivag Sarin, 2013). All these results
disprove the assumption in several previous stuth@smethanol extracts almost all
the OC from filters (Huang et al., 2018; Kirilloe al., 2016; Zhu et al., 2018), thus
causing MAGyes-src Underestimation, especially for the ambient adsoso

By using the new method, the MA4 values of the methanol-extracted biomass
OC and ambient OC were 1.55+0.43 g1 (1.07-2.44 rA g%) and 1.14+0.50 g™
(0.55-1.51 A gY), respectively, in this study. The MeS-BrC frantias higher MAC
values than the WS-BrC fraction across the nearvwi#velength range (Figure 4),
consistent with previous results (Chen and Bond02&irchstetter et al., 2004; Sun
et al., 2007; Zhang et al., 2013). It is clear that MAG;es value of OC from biomass
combustion sourced aerosols were higher than th&@® from ambient aerosols;
moreover, the MAGss values in Lhasa were lower than those at the dthersites
(Table S3) because the fossil fuel contributiothbaerosols in Lhasa was larger than
those of the other two sites (Li et al., 2016b)tikermore, the OC/EC ratios in Lhasa,
Zhangbo and Yangdian were 3.4, 7.1 and 7.3, respgctreflecting the larger fossil
fuel contribution of the Lhasa aerosol as reponteprevious studies (Hu et al., 2017,
Li et al., 2016b). Therefore, it is crucial to abtéhe reliable light absorption of OC in
the atmosphere not only in the heavily pollutedioreg but also in the background
remote regions of the Tibetan Plateau because ttwrins the largest number of

glaciers outside the polar regions which has beperéencing dramatic retreat due to



276  the climate change and the deposition of light-gtisg impurities (Kang et al., 2019).
277  Thus, quantitative investigation of the light-allsng OC and its effect on glaciers

278  should be taken seriously.

Biomass MeS-BrC
1.6 —— Ambient MeS-BrC
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350 400 450 500 550 600 650 700 750
Wavelength
279
280 Figure 4. Average MAC spectra of WS-BrC and MeS-BrC in déinebient and
281 biomass aerosols.
282 The OC compounds that were only extractable by amath(i.e., WIOC) were

283 more light-absorbing than the WS-BrC compounds yféigs and Table S3). The
284  estimated average MAfoc values at 365 nm for the biomass and ambient aksros
285  were 2.34+0.78 mg* and 1.59+0.76 g™, approximately 2.3 and 1.6 times of the
286  estimated MAGs.src Values, respectively. Previous studies have stgddbat this
287  strong light-absorbing WIOC are likely polycyclicoanatic hydrocarbons with a large
288 molecule weight or certain large molecules contgjnconjugated aromatic rings
289  (Apicella et al., 2004; Chen and Bond, 2010; Zhabal., 2013), which could be
290 produced during fossil fuel and biomass combusitioboth flaming and smoldering

291 combustion states (Evans and Milne, 1987; Schauat.,e2001). Correspondingly,



292  the less light-absorbing WS-BrC compounds weretitled as humic-like substance
293  and protein-like substances (Sun et al., 2007; Y\l e2019).

294 As a BrC proxy, Abssof WIOC also exhibited a strong correlation with®@
295 mass in both the ambient and biomass aerosolsdsetiet significant correlation
296 between WS-BrC and its Abs value (Figure S4), wisabgested that a significant
297 fraction of WIOC is consisted of BrC chromophor&herefore, the study of
298  MeS-BrC in aerosols can facilitate a better undeiding of its role in climate forcing.
299 In addition, the new method in this study providesreliable and quantitative

300 measurement for this kind of MeS-BrC.

WS-BrC
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WIOC
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1

—
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301
302 Figure 5. Average MAGgs of the water and methanol extracts of ambientthad
303 biomass aerosols.

304 4. Conclusion
305 By comparing the sandwich filtration assembly depel in this study with the

306 three previous methods, we proved that the threstiey methods do experience the



307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

detachment of methanol insoluble particulate carfioom the filter during extraction,

which causes large overestimation in the calculaind the MeS-BrC mass and
eventually leads to the underestimation of MAEsc Correspondingly, the

sandwich filtration method provides not only congide light absorption data of the
methanol extracts with the existing methods usragditional sonication process but
also the reliable amount of the methanol-extraet&C. Thus, the sandwich filtration
method can be utilized to measure the light abgor@bility of the methanol-soluble
OC in atmospheric aerosols more accurately by oweirng the particulate carbon
loss problem.
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Highlights
e Light absorption of water-insoluble BrC is studied by extracting OC with methanol
e Uncertainties of previous methods to extract methanol-soluble BrC are discussed

e A new extraction method is developed to obtain reliable MAC of methanol-soluble BrC
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