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ABSTRACT:Organic compounds are important contfib-
utors to the oxidative potential (OP) of atmospheric aergsolXi‘an, China
This study is therst to report the OP of water-soluble
organic matter (WSOM) related to the chromophgric
substances in BMover Xian, China. The dithiothreito

[}
(DTT) activity levels in Pt extracted by water we - !
quantied as well as the relationships between DTT acliVit.g 5/

BrC3

and light absorption andiorescence properties. The res Llts PM 'E‘i
show that the DTT activity has sigaintly correlated wit 2R E 3
colored WSOM, in which we ideeti three light absorbin ' , |
substances (BrGB) and eight uorescent substances C : i
8). It is further found that BrC3 and C7 accounted for alrags! '

all of the DTT activity by colored WSOM, although these two

factors contributed only a small fraction of light absorption@ms$cence. BrC3 and C7 are clearly distinguished from other
chromophoric substances because of their long absorption wavglgrgdif% nm) and uorescence emission wavelength

( max= 462 nm), respectively. This discovery will help to better interpret and understand the mechanism of oxidation activity
generation by light absorbing organic aerosols and provide guidance for predicting the OPs of light absorbing organic aeros
based on their optical properties.

Em.=4620m |

INTRODUCTION and it can be used to assess the OP of atmospheric PM by the

L - f DTT consumptiori.The current DTT assay focuses
A large number of epidemiological studies have shown tHAfe o ’
atmospheric particulai@atter (PM) can harm human on the OP of the water-soluble matter (WSM) in PM and

health'>® The generally accepted toxicological mechanism fxplores the intrinsic link be_tween the che_mical composition of
the oxidative stresseet of the body by reactive oxygen PM and the DTT consumptl_on rate. St_udl.es have shown that
species (ROS), also known as redox activity or excessfRIMPONeNts such as _9“'“0*%*1“5“_'0-““ substances
accumulation of oxidative potential (BPThere are three  (HULIS), and transition metas® in PM have DTT
main ways in which PM induces ROS in the body: (1)act|V|ty. Among them, sty_dles have four_1d that Cq and Mn are
oxidants in the particles are deposited in the respiratof)€ water-soluble transition metals with the highest DTT
system: (2) certain chemical components in the particlgdCtivity contributiorss. _
stimulate the cells to produce excess ROS; and (3) certajnStudies have shown that water-soluble organic matter
chemical components in the particles catalyze the interactigfy SOM) is closely related to DTT activity? Lin and
with specic biochemicals that produce ROSPM chemical ~ YU'® found that HULIS account for 79% of the DTT activity
components can interact with airway epithelial cells ar@f the WSM in PM and believe that HULIS are a major
macrophages to produce F\ggﬂmch can cause damage to contributor to DTT aCt|V|ty. Verma et é'found that the
cells®¥1° This damage is associated with respiratorpPTT activity of the WSM in PM has a sigant positive
in ammation, cardiovasculaeas, and other adverse health
e ectst’SH Received: April 2, 2019
The dithiothreitol (DTT) assay is a widely used noncellulaRevised: June 25, 2019
method for determining oxidation actiViby mimicking the ~ Accepted: June 28, 2019
oxidative levels of cellular reducing agents, such as NADPHMplished: June 28, 2019
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correlation with brown carbon (BrC) but is not correlated withanalyzed for blank calibration and to verify the extraction
any metals. These studies indicate that organic matter haspaacess and reproducibility of analytical results.
important contribution to the DTT activity of PM and may be Chemical Composition Analysis. WSOC analysis was
mainly BrC species. However, to the best of our knowledgeerformed using a total organic carbon (TOC) analyzer
the intrinsic relationship between BrC and OP has not begisievers M9, General Electric, USA). We used thieeo
thoroughly explored from the viewpoint of the opticalanalysis mode to measure the same sample three times and
properties of PM. Some of the substances in BrC can producaculated the average. To ensure the data quality of the
a uorescent signal, and the chromophore can provide mosample, our analysis was performed within 30 min of sample
information about organic species. However, the chromophaggtraction. At the same time, we set background measurements
substances that have DTT activity or the mechanism by whiébr each batch of experime to deduct background
chromophore substances produce DTT activity have not be@tterference. At the same time, thal WSOC concentration
elucidated. To this end, this study investigated in depth thgas adjusted to &1 ppm by adjusting the sample dilution
DTT consumption associated with colored WSOM in PM andactors for the derent concentrations of the sample. The
explored the intrinsic link between the optical properties arstandard curve was based on the analysis of a rangeeof di
DTT consumption levels. concentrations 1 ppm) of glucose standard solutions, and
This study analyzed the DTT activity of the WSM insPM it was used for data correction.
in the spring, summer, autumn, and winter of 2017 ¢ar Xi  Other chemical analyses included elemental carbon (EC),
as well as the absorbance characteristics (ultBanith water-soluble ion, and elemental analyses, which are detailed in
(UVSVis) spectrum) and uorescence characteristics (ex-the Supporting InformationBriey, an EC analysis was
citatiorbemission matrix (EEM) spectrum) of the WSM in the conducted using a thermo-optical carbon analyzer (DRI Model
PM,s The U\SVis spectral and EEM spectral data couplecd?001A) with an IMPROVE_A heating protocol. A water-
with the DTT activities were analyzed by a factor analysipluble ion analysis was performed by ion chromatography
method, and the relative contributions oéréint types of (940 Professional IC Vario, Metrohm, Switzerland). The
chromophoric substances to the DTT activity were obtaine@lemental analysis is based on the analytical method by Chen
The mechanism of DTT activity by chromophoric substancest al*®> using laser ablation (LA, GeolLas Pro, Coherent,
was also discussed. The results of this study will help ®ermany) combined with inductively coupled plasma mass
increase our understanding of the mechanism of OBpectrometry (ICP-MS, 7700x, Agilent, USA). The elemental

generation by atmospheric aerosols. analysis detects all forms of elemental concentrationssin PM
samples, including water-soluble and water-insoluble elements.
MATERIALS AND METHODS UVSVis Absorption Spectra and EEM Fluorescence

Sample Collection. PM,s sample collection was per- Spectra.The extract was transferred to a quartz cuvette with a
formed with a high-volume sampler equipped with,a PM path length of 1 cm, and the $M¥s absorption spectra and
cutting head (XT-1025, Shanghai Xintuo, China). TheEEM uorescence spectra were obtained with an Aqualog
sampling position was set at the top of Shaw House, Shaarprometer (HORIBA, Japan). The $Ms absorption
University of Science and TechnologgnXChina (3422 spectra were recorded in the range db@00 nm with a
35.07 N and 10858 34.58 E at 420 m above sea level or 40 wavelength interval of 5 nm. Ultrapure water was also analyzed
m above ground level). A total of 112 samples were collectéef baseline correction prior to scanning a series of extracts.
in 2017 (details in Tables $34 of the Supporting  The excitation wavelengths of the EEMs were measured in the
Informatio). The sampling start time was 7:00 local timerange of 208600 nm. The emission wavelengths were in the
(Beijing time), the sampling duration was 23.5 h, and the aignge of 288600 nm. The scanning speed was 600 n, min

ow rate was 1000 L/min. The RPMsamples were collected the scanning interval was 5 nm, and the exposure time was 0.5
on a 20x 25 cm prered quartz glassber Iter in an s. The WSOC concentrations of all samples were controlled
aluminum foil bag and stored in a refrigerat8e@arc. within 10 ppm so that all samples had an absorbance of less

Sample Extraction. WSM extraction was used for the than 0.5 at 250 nm to reduce thea of the internal rate
DTT assay as well as water-soluble organic carbon (WSO@)ect, which is a phenomenon in which therescence is
light absorption, and EEM analysis. The sample for the DTWeakened due to the absorption of the excitation light or the
assay was obtained by extracting a 5 mm diafteteunch ~ emitted light by the uorescent substance or other light
using 2 mL of ultrapure water by vortex mixing (Model MX-Sabsorbing substance when the concentration afdfescent
SCILOGEX, USA) for 5 min and theftering with a  substance is large or coexists with other light absorbing
polytetrauoroethylene (PTFE)lter (0.45 m, JINTENG, materials._

China). The sample used to analyze the WSOC was obtained’he UVSVis absorption spectra were processed minus the
by using a lter punch of 8 mm in diameter and then background sample interference. The EEM data were
ultrasonically extracted with 20 mL of ultrapure water for 30alibrated as described by Lawaetz and Stédmon

min before Itering with a 0.45m PTFE Iter. The samples Murphy et aF? including instrument calibration, internal
used for the optical property analysis were obtained by usingléer correction, Raman anda#tiering removal, data

9 mm diameterlter punch and then ultrasonically extractedsmoothing, and background interference subtraction.

with 6 mL of ultrapure water for 30 min befdtering with a OP Analysis. The DTT assay is a commonly used
0.45 m PTFE lter. To avoid the sample beingeed by a  noncellular method for quantifying PM OP. In the DTT
concentration derence during the analysis, the sampleanalysis, DTT is consumed by the active oxygen and oxidized
dilution factor was adjusted to obtain a concentration withito produce disutles. Therefore, the oxidation activity of PM is
the same order of magnitude before the measurement. A blaplantitatively evaluated by the consumption rate of DTT. The
analysis and parallel sample analysis were performed fordaliermination of the DTT activity in this study was based on
analytical methods. The blank and parallel samples wehe method proposed by Cho et*dfirst, 0.5 mL of a DTT
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Figure 1.DTT consumption rates of the water-soluble substancesjovekXian in the spring, summer, autumn, and winter seasons of 2017.
(a) DTTv consumption ratePer unit atmospheric volume. (b) DTTm consumption rate per unit WSOC. (¢) DTT consumptionaates for Xi
Beijing®® Shanghai Jinzhod! Tianjin?’ Yantaf,” Hangzho(® Atlanta'® Indo-Gangetic PlaiiLecce’” the Northern Italian Alpine Regith,

and The Netherland$The error bars in thegure represent the standard deviation.

solution (1 mM, 98%, Sigma-Aldrich, prepared with apossible iruence of the derence in sample concentrations
phosphate ber at pH = 7.4) was mixed with 0.5 mL of the on the DTT analysis results, the WSOC concentration of the
sample ltrate, and the sample was reacted in °€ 3¥ater sample at the time of detection was controlled in the range of
bath. The sample reaction was carried out at 0, 4, 13, 23, 3810 ppm. To reduce possible interference during the
and 41 min. Then, the reaction was terminated by adding Ogkperiment, the whole experimental process was carried out
mL of the above mixture to a centrifuge tube containing 1 mhs much as possible in the dark while ensuring that all samples
of trichloroacetic acid (1%, w/v). Then, 0.5 mL of-55 \yere tested within 2 h. In addition, blank sample analysis and
dithiobis(2-nitrobenzoic acid) (DTNB, 0.2 mM, 98%, parallel sample analysis were also performed for background

Sigma-Aldrich) and 2 mL of Tris lea (0.08 M with 4 mM o rection and to verify the reproducibility of the analysis
EDTA) were added to the mixture for color development.oq its. As shown iRigure S1 the background sample

Finally, the absorbance of the sample at 412 nmAAMES - ongymption rate is 0.0450.004 M/min, indicating that
E]oeasﬂg%gia J?”a'i')bIﬁﬁ?ggﬁgg&fgﬁfg%?%?&(ﬁ]qL:ﬁéthe background sample has some interference, although the
sar%{ple solutic;n wgs q.uantitatively analyzed by the Valueemect_on the actual sample is limited, and the background value
contributes an average oftl8% to all of the samples. The

Abs;, and the consumption rate of DTT (unit4/min) was .
calculated based on the remaining DTT concentration in th verage DTT consumption rate of ultrapure water was:0.030

sample at derent reaction times. In this experiment, the 003 M/min. A comparison with the_ r_esults of th_e
concentration of DTT varies linearly with time and is a zerg2@ckground samples shows that the main interference is not
order kinetic reaction, which is the same as reported in othEP™M the background sample but from the ultrapure water or
studie<?® This fact indicates that the active oxygen-generatirf§€ analytical process, which may be the self-oxidation of DTT
substance in the PM mainly acts as a catalyst and is itself fding to the consumption of DTT in ultrapure water.
consumed. This result also means that the DTT consumptiddonetheless, thenal background ect was deducted in this
may not be mainly caused by the organic hydropefSxides. study. The reproducibility of the entire analysis was

The PM concentrations in drent seasons are afient determined by separately extracting and analyzing the DTT
(range: 15179 g/m®, Table S$S4. It has been reported activity of the same sample, and the results showed that the
that the correlation between DTT consumption rate and PMelative standard deviation of the DTT consumption rate
concentration is not high?® Therefore, to reduce the analysis result was 4%.
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Figure 2.Annual average absorption spectra (a) and EEM spectra (b) of the water-soluble substanceg sartipgeRPMc) Four season
absorbance (Aks MY and TFV (RU-nrimL/m?®). (d) Mass absorption coeient (MAGgs nP/g) and FV by the WSOC concentration

(NFV, RU-n¥[mg/L OC]). (a) Shaded area in thegure represents the standard deviation, and the error bars in (c) and (d) represent the
standard deviations of Agsnd TFV for the four season samples, respectively.

Factor Analysis of the DTT Data Coupled with the the model Figure SR the 8 component PARAFAC model
UVSVis Absorption and EEM Spectra.To evaluate the  was selected.
relative contributions of the dient types of chromophoric The NMF analysis was performed on the DTT data coupled
substances to the DTT activity, this study used factor analysiith the U\BVis absorption spectra using the NMF Toolbox
methods. A parallel factor analysis (PARAFAC) and norversion 1.4Https://sites.google.com/site/nmftopih MAT-
negative matrix factorization (NMF) resolved the DTT activit. AB>* The detailed model analysis procedure is based on
data coupled with the $Wis absorption and EEM spectra, previous studies by Chen et'&lirst, a solution is found from
respectively. NMF has been widely used in spectral &halysia. plurality of random starting values using a gradient descent-
The coupling of the DTT data with the EEM and absorptionbased multiplication algorithm, and then tia solution is
spectrum data sets and applying factor analysis are innovatigimd from the rst solution using a least-squarestive set
in this study, which evaluate the relative contributions afigorithm. To nd a global solution, the model was run 100
di erent factors to the DTT activity. The basic principles otimes, each time with a eient initial value. By comparing the
PARAFAC and NMF in this study are as follows: residuals of theSb factor modelRigure Spand the spectral

E load, a 3-factor NMF model wamlly selected.

Xnij = r(RiG) + R
=1

f 1) RESULTS AND DISCUSSION

DTT Activity of the Sample. Figure 1shows the DTT

activity levels and seasonal variation in the $ivhples from
@ the spring, summer, autumn, and winter ovem Xi 2017.

Figure & shows the DTT activity in the atmospheric volume
wherenis the number of samples IN;.i=1,...);j=1, ...} (DTTv, nmol/min/m®, and the average levels from high to
k=1, ..K; X,;;represents the DTT datx( ) coupled with low are winter > springv> summer > autumn: winter: 0.64
the EEMS X1 g11.31); Yaxrepresents the DTT dat() nmol/min/m? (range: 0.481.10 nmol/min/ni); spring: 0.53
coupled with the light absorption spec#a (c,); fis the ~ nmol/min/m® (range: 0.180.85 nmol/min/ni); summer:
number of factors;is the load factol; ¢ andgcontain factor ~ 0.50 nmol/min/ni (range: 0.230.80 nmol/min/nd); and
spectrum information; amg;represents the model residuals. autumn: 0.40 nmol/min/f (range: 0.280.74 nmol/min/

The DTT data coupled with the EEMs were analyzed using®). The t test results show that the variation of DTTv
the drEEM toolkit fittp://www.models.life.ku.dk/dregrnm consumption rate in each season is not dispiretQ(05).
MATLAB version 0.23. The detailed model analysis Figure & shows a comparison of the DTT activity of the PM
procedure is based on previous studies by Chgr?let alover Xian with those over other regions in the study. The
According to the component EEM characteristics obftte 2 average DTTv activity ovefaxiin 2017 is 0.51 nmol/min/
component PARAFAC model and the residual error trend af, which is higher than those over Beijing (0.19 nmol/min/
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m)*® and Shanghai (0.13 nmol/mirdyi* in China, Atlanta  (TFV, RU-nmMAmL/m?. The Abgss values of the spring,

in the United States (0.31 nmol/mirfym® and Lecce in  summer, autumn, and winter are §.204, 3.4% 1.3, 4.7&
southern Italy (0.4@ 0.26 nmol/min/ni)>° but lower than 2.0, and 11.46 3.6 Mn¥*, respectively, which are higher than
those over the coastal cities of the Bohai Sea, northern Chitse of Los Angeles and Atléhtnd lower than that of
(Jinzhou: 4.4 2.6 nmol/min/n?; Tianjin: 6.8+ 3.4 nmol/ Beijing® Figure @ shows the seasonal variations in the mass
min/m® and Yantai: 4.2 2.7 nmol/min/n?),?’ Hangzhou,  absorption coecient (MAGgs AbsgsIn(10)/WSOC, mi/g)

China (0.62 nmol/min/r$),*° the Indo-Gangetic Plain (8 and the FV normalized by the WSOC concentration (NFV,
1.4 nmol/min/nf),*’ the alpine region of northern Italy (0.60 RU-nn#/[mg/L OC]), which are basically consistent with the

+ 0.23 nmol/min/m),*® and The Netherlands (1.4 nmol/ seasonal variations in #band TFV. The MAG;s values of
min/m°).>° spring, summer, autumn, and winter arex1 @65, 1.0%

Figure b shows the DTT activity per unit of WSOC 0.24, 1.35% 0.32, and 2.1t 0.37 n¥/g, respectively. The
(DTTm), with an average DTTm of 0.12 nmol/mig/for MAC;45 value of this study is higher than the values found in
2017. The average DTTm values vary from season to seagbe, Los Angeles basin and aerosols transmitted from northern
from high to low for summer > spring > winteautumn:  China’>*" Huang et &l studied atmospheric aerosol samples
summer: 0.14 nmol/ming (range: 0.1$0.20 nmol/min/ from Xian in the summer of 2008 to the summer of 2009. The

g); spring: 0.13 nmol/ming (range: 0.080.21 nmol/min/  Absesvalue studied by Huang etds lower than that of our

g); winter: 0.11 nmol/min/g (range: 0.080.16 nmol/min/ study, while their MAG; value is higher than that of our

g); and autumn: 0.11 nmol/mirg (range: 0.080.15 nmol/ study, indicating that the total concentration of atmospheric
min/ g). Thet test results show that the variation of DTTm BrC in 2017 was higher approximately a decadé@ge. 2
consumption rate in each season is not dispret0(05). andFigure & show that not only are the total chromophore
Figures 4 andlb show that the DTTv consumption rate in contents in the winter samples higher than those in the other
winter is higher than that in the other seasons while the DTTraeasons but also the average light absorption capacity and
consumption rate in winter is lower than that in the other uorescence ability are higher than those in the other seasons.
seasons. This result indicates that although the PM and WS@@e high total chromophore contents in the winter samples are
concentrations are high in wintéfralfle S} the DTT related to the higher PM concentration in winter, while the
consumption rates of the PM and WSOC are relatively low. Inigher light absorption andorescence capacities in winter
contrast, the PM and WSOC have the most DTT activity irshould be determined by the chemical composition and source.
summer, which should be related to its chemical compositidror example, the photochemical reaction in winter is relatively
and sourcé’ For example, the strong photochemical reactiongeak, which at the same time weakens the bleaching process of
in summer can produce secondary organic aerosols contairéigomophore and absorbatice.
naphthalene SOA, while quinone and semiquinone in Correlation between the OP and Optical Properties.
naphthalene SOA react with oxygen to generate free fadical®revious studies have found that the OP of water-soluble PM

Optical Characteristics of the Sample.We study the  has a certain correlation with the WSOC and" Bf¢¥*°
optical properties of the water-soluble PM to understand thEhis study also yielded similar results. As shdwiblie 1 the
mechanism by which water-soluble PM produces-RO%
2 re ects the light absorption andorescence properties of Table 1. Correlations between the DTTv Activity and
the PM, s sample over Xin, and-igures & and2b show the =~ WSOC; Abgss TFV; EC; Absges g3 C7; and Selected
average absorption (Abs) and EEM spectra of all samplédetal Elements (Cu, Fe, Mn, V, and Zm) € 112)
respectively. The absorption spectrum has no notab'~ . . —

. . . correlation coecient ) and signicance level
absorption peak, and its absorbance rapidly decreases as (p, two-sided test)
wavelength increases. The wavelength dependence index ;

is 6.5, which is similar to those of the low-polarity HULIS 0. S°"S!uents | P
Japais Nagoya researched by Chen &t tde WSM in the WSOC 0.85 <0.000
Los Angeles PM by Zhang ef@ahlnd the Beijing biomass AbSes 0.72 <0.000
burning PM by Yan et ‘@.Huang et &l studied PMs TRV 059 <0.000
samples from i in the summer of 2008 to the summer of EC 0.64 <0.000
2009. The researchers reported that the absorption AAE values AbSes ercs 0.73 <0.000
of the water-soluble BrC are similar to those in this study. 0.65 <0.000
The EEM spectrum shows that the maorescent signal is Cu 0.48 <0.000
present in the proteinlike and less oxygenated chromophore Fe 0.19 0. 042
regions, with the strongest peaks appearing at approximately Mn 0.38 <0.000
Peak (Ex. = 220 nm, Em. = 340 nm) and Peak (230 nm, 380 an 822 <g-040701

nm), respectively. However, studies have revealed that the
proteinlike chromophore is most likely composed of phenolic
compounds rather than amino atids addition, several DTT activity of WSM is sigmiantly positively correlated with
other peaks are shown in the EEM diagram, including Pettle WSOC content (= 0.85,p < 0.000), suggesting that the
(240 nm, 460 nm), Peak (280 nm, 340 nm), and Peak (31@rganic matter in water-soluble substances may have an
nm, 390 nm). The above EEM characteristics did not chang@portant contribution to the DTT activifyable lalso lists
signicantly for the dierent seasonal samples ov&anXi the metal elements corresponding to the water-soluble metals
indicating that the main chromophore type and relativassociated with DTT consumption reported in several
content did not change sigrintly with seasonal changes. studies®** However, these metal elements are not strongly
Figure 2 shows the seasonal variation in the absorbano®rrelated with DTT activity. Note that the metal elements
(Absygs absorbance at 365 nm) and totadrescence volume here refer to the total metal elements in the PM patrticles. The
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Figure 3.(a) Three-factor BrC optical absorption spectra analyzed by the NMF model. (b) Relative percentage of light absorption of the thre
types of BrC at 365 nm. (c) Percentage of relative contributions of the three types of BrC to the DTTv activity. (de&BMtheo
chromophores derived from the PARAFAC model for the WSOM of thedPMles. (e) TFVs of the dient chromophores in the spring,
summer, autumn, and winter of 2017. (f) Relative contributions of érendichromophores to the totalorescent signal. (g) Relative
contributions of the dérent chromophores to the DTTv activity.

correlation between the other metal elements and DTDnly represent part of the BrC substances. We found that the
consumption is also givenTiable S5Previous studies have DTT activity was also correlated with the F¥ 0.59,p <
conrmed that the organic matter can generate ROS i0.000,Table ), which suggested that the DTT activity is
atmospheric particulates, such as quinohiés, IS, and related not only to light absorbing substances but also to
polycyclic aromatic hydrocarbons (PAR3)erma et & uorescent substances. The light absorbing uamdscent

found that the DTT activity in water-soluble PM has asubstances generally have large conjugated electrorrsystems,
signi cant positive correlation with BrC but is not correlatedsuch as quinones and PAHs, which are currently recognized

with any metals. Organic substances may represent thabstances in PM that cause damage to humans.

important causes of DTT consumption and may be mainly The DTT activity and EC levels of the whole year samples
contributed by light absorbing materials. Similar to the resuligere signcantly positively correlated £ 0.64,Table ),

of Verma et af? this study also found a sigwint correlation  suggesting that the combustion source may be an important
(r=0.72p < 0.000,Table ) between the DTT activity and contributor to the DTT activity in PMover Xian. The DTT

BrC content (both Ahg and Abg,, absorbance at 500 nm), activity levels in dérent seasons are also related to WSOC

which is consistent with organic substances with ligrand TFV Figure S§ The correlation between WSOC and
absorbing properties being important contributors to thdFV with the DTT activity in autumn is sigrntly greater

DTT activity levels of the studied samples. Furthermore, whan that in the other seasons. The correlation betwaad K

also explored the relationship between the DTT activity anBTT activity in autumn is also greater than that in the other
uorescence characteristics. EEM spectroscopy can prowéasonsT@ble S| suggesting that biomass burning and
more material class information than light absorption spemineral dust are the main contributors to the DTT activity in

troscopy, although the EEM-measured chromophores mawytumn. In addition, the correlation between Ca and DTT is
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also strongr(= 0.54,Table S}h suggesting that a dust source primary chromophore type in atmospheric particulates, which
may contribute to the DTT activity. is similar to the results of Fu et'alhe relative contributions
StructureSActivity Relationship between the Optical of the dierent chromophores to the FVs of the four seasons
Properties and OP.To better explore the structBeetivity remained essentially unchandeédufe S) Only the TFV
relationship between the DTT activity and BrC, we used thproduced signtant seasonal changegre 8). The FV in
NMF model to resolve the BrC into three factors, namedvinter is signcantly higher than those in the other seasons.
BrC1, BrC2, and BrC3 (shownHigyure &). The spectra of From the annual averag®rescence contributiofigure 8,
BrC1S3 show that the overall spectra of BrC1 and BrC3 arthe HULIS-like chromophores C1 and C7 accounted for the
similar but dier greatly from that of BrC2. The factors all havemajority of the FV, totaling approximately 70%.
distinct absorption peaks with peaks at 530, 480, and 400 nmFigure § shows the relative contributions of therdnt
As shown ifrigure B, BrC2 contributed 68 7% of the total  chromophores to the DTT activity in the contribution of total
absorbance at 365 nm, while BrC1 and BrC3 contributed 21 chromophore to DTT activity, of which only chromophores
8% and 1& 2% of the absorbance, respectively. Moreover, tHeé3 and C7 contribute to the DTT activity, almost all of which
BrC2 relative light absorption contribution does not changis attributed to the C7 chromophore (99%), although
signicantly with the seasorFigure Sp The relative  chromophore C7 accounts for only 33% of the TFV.
contribution of BrC2 to light absorption increases withChromophore C7 has a remarkable feature compared with
increasing wavelength to 808% at 500 nm, whereas the other chromophores and has a high emission wavelength of
relative contributions of BrC1 and BrC3 are reducetl 2896 462 nm. This feature reveals that some fraction of the DTT
and 15+ 2%, respectivelfFiure Sp The above results active material in PM should be a substance containing a large
indicate that the BrC2 species are major contributors to ligltbnjugated electron functional group, such as a hydroxy arene,
absorption in the full wavelength range, while BrC1 and BrG8 quinone, or the like having electron donor and acceptor
are only partial light absorption contributors. Interestingly, thieinctional groups. This result is similar to the conclusion of
contributions of the BrC factors to the DTT activity arethe light absorption analysis. In particular, the C7 spectrum is
inconsistent with the light absorption contributions. As showwery similar to the EEM spectra of PAHs or quinone
in Figure 8, in the contribution of total BrC to DTT activity, compound3™>? which have been idemd as PAH-like
95+ 2% of the DTT activity is contributed by BrC3, and BrClchromophores. DTT consumption is likely to be mainly
only accounted forH 2%, while BrC2 does not contribute to produced by compounds similar in structure to PAHs, such as
the DTT activity. The study also found that the absorbance d¢fydroxylated or carbonylated PAHSs, graphene oxide, and the
BrC3 at 365 nm is sigeantly positively correlated with the like. Studies by Huang ef‘ahave shown that the particles
DTT activity ¢ = 0.73,p < 0.000,Table ), thus suggesting over Xian are rich in PAHs and hydroxylated or carbonylated
that the contribution of BrC to DTT activity is mainly PAHs and signcantly positively correlated with the
associated with BrCBigure & shows that BrC1 and BrC3 absorbance. Li et‘ahlso reported a sigoant correlation
have distinct absorption peaks in the long-wavelength rangebetween the DTT activity and PAH conteft(0.98). These
4805530 nm, but there is no peak of BrC2. This feature magnaterials with conjugated electrons generally have higher
be related to the contributions of BrC1 and BrC3 to the DTTredox potential substitution grofp3hese groups contain
activity. In general, the fact that a substance has an absorptitehocalized electrons, which are more likely tcciently
peak at a long wavelength means that the substance ntensfer electrons and form a reversible redox reaction
contain a large delocalized conjugated electron system, suckyaseni® At the same time, electron migration (such as the
a quinone 8 * electron, a PAH substan& * electron, or  charge transfer between hydrazine and hydroxyl aromatics)
the like>* These substances having conjugated electrons avecurs between @irent functional groups intermolecularly or
more likely to transmit electrons to undergo a catalytiintramolecularly and may also contribute to the DTT

reaction, thereby contributing to DTT activity. oxidation activity of PM. B
Certain BrC substances can generatgescent com- The correlation analysis between tHe@3lchromophores
pounds, such as aromatic hydrocarbioisgquinones’ and DTT activity levels is showTible S7The results show

proteinaceous substant®s, and phenolic substancés, that there is a positive correlation between tHeCE1
which may be important substances for generating DT¢hromophores and DTT activity levels, but the correlation
activity in colored WSOM. Due to the complexity of the actudbetween the C7 chromophore and DTT activity is the most
atmospheric aerosol, we are unable to fully identify thsignicant ¢ = 0.65,p < 0.000,Table }. The correlations
substance in the actual aerosol, but the chromophore chetween the C7 chromophore and DTT activity in autumn
provide us with more detailed information on the organi@and winter are higher than those in spring and surigere
matter. To this end, we characterized therescence S§, which may be related to increased biomass burning and
properties of the samples using the EEM method to explomineral dust in autumn. Because thec#hcentration in

the intrinsic relationship between theedint chromophores autumn is second only to that in winféalfle S$S4, the

and DTT activity levels. The results are showiginme 8. correlation of the Kconcentration with the DTT activity and
The eight chromophores derived from PARAFAC ar€7 FV in autumn is the strongest < 0.88 and 0.83,
designated GIC8. These chromophores are nég in respectivelyfable S§ However, due to the lower overall PM
terms of the excitation and emission wavelengths wittbncentration in autumn, the overall DTT activity levels of the
reference to previous studies, where C1, C4, C5, and @8tumn samples are lower than those of the other seasons. In
may be certain low-oxidation HUE1®° C2 may be a  winter, not only is the total DTT activity high but the
certain HULIS or proteinaceous matétial3 may be a  correlation between the C7 chromophore and DTT activity is
proteinaceous substarmt€6 may be a tyrosifit¢and C7 also high. This aspect may be due to the large amounts of
may be a highly oxidized HULIS or aromatic hydrocarbon dPAH-like and quinone-like compounds with high DTT activity
quinone>*>* The HULIS chromophore in this study is the levels being emitted into the atmosphere due to the burning of
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large amounts of fossil féf§. On the other hand, weaker electrons. This new knowledge will help to better interpret and
light causes the bleaching reaction in winter to be weaker thanderstand the mechanism of oxidation activity generation by
in other seasons, reducing the loss of BrC and chroméght absorbing organic aerosols.
phores? At present, the organic substances that produce OP in water-

As discussed above, both the absorbanceiarescence  soluble PM are mainly quinones, HULIS, and thé>tike.
factor analyses indicated that PAH-like or quinone-likelowever, the compositions of these substances in PM are
chromophoric substances may be important substancesciomplex and variable. Certain studies attempt to simulate the
the light absorbing water-soluble PM that contribute to th@roduction of OP through certain typical compounds, but this
DTT oxidation activity. These substances are mainlgpproach only explains the partial OP i&Vekor example,
substances with aromatic hydrocarbons and quinone structudes et af® showed that PAHs and metals contribute less than
and not only PAHs and quinone. However, in this study, thB0% to PMginduced ROS. We know that organic aerosol
amount of DTT oxidation activity contributed by thesecomponents are very complex. At present, analytical
chromophores and how much the total DTT oxidation activityechniques are not able to achieve complete qualitative and
is caused by organic matter remain unclear. Xion§’et alquantitative analyses, and the OP levelsevédt substances
found that the ROS produced by metal ions, such as Cu (lare very dierent; therefore, it is déult or even impossible to
and Fe (I, 1), was not sigrmiant. However, Yu et’&found explain the overall OP of PM at a spesingle molecular
that Fe and quinones have synergistiti®and can produce level. From the perspective of the optical characteristics of the
OH by the Fenton reaction, which further indicates thatomplex aerosol components, this study screened clusters of
organic matter is an important substance in PM that cacompounds that have important contributions to the DTT
induce ROS. The contributions of organic and inorganioxidation activity levels of colored organic aerosols rather than
substances to DTT activity cannot be considered separatelyspecic molecule or molecules. This holistic approach based
since at least part of the DTT activity may be due to theion the aerosol optical properties provides a new method of
synergistic mechanism. Nonetheless, this study demonstratieslying the aerosol OP, such as by using a quantitative
that organic matter contributes sigamtly to DTT activity, relationship between the optical absorption properties and the
and only a small fraction and a particular class of chromophd®® of aerosols to predict and evaluate global simulations of
species contribute to the vast majority of DTT activity in lighhuman health damage based on°BfC.
absorbing organics. This discovery will help to better interpretThis study has obtained the important result that BrC3 and
and understand the mechanism of oxidation activity generati®7 are important contributors to the DTT activity of colored
by light absorbing organic aerosols and provide insights faater-soluble PM. However, the chromophore materials and
predicting the OP of light absorbing organic aerosols based dmemical structures as well as their sources and formation
their optical properties. In addition, the oxidative activenechanisms have not been @dri These ndings require
substances in colored WSOM that we have ie@nfat further research in the future to deepen the understanding of
mainly consume DTT are based on the optical properties, thtite mechanism and source of PM OP.
is, a cluster of compounds with similar light absorption and

uorescence properties. The substance or chemical structure of ASSOCIATED CONTENT
such a chromophore substance has not beeectland such ~ *  gypnorting Information

information will depend on future research progress on thfhe Supporting Information is available free of charge on the
chemical characteristics of BrC aerosols. ACS Publications websieDOI: 10.1021/acs.est.9b01976

ENVIRONMENTAL IMPLICATIONS Tables S3S7; Figures $B11; EC analysis; water-
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Research on the relationship between the aerosol chemical AUTHOR INFORMATION

composition and OP is the hottest and most challengingorresponding Author

scientic issue. Certain studies have revealed that metaE-mail: chengingcai@sust.edu.@hone/fax: (+86) 029-
elements contribute sigrantly to the OP of atmospheric 86132765.

PM>**” However, other studies have shown that organigzcis

components may be important contributors to the OP rathex; ;

than transition metdis>® which should be determined by the “Qingcai Chermooo-0001-7450-0073
aerosol chemical composition and s&tifidee results of this Notes ] o

study show that BrC species in the organic components majje authors declare no competingncial interest.

be important contributors to the OP of the PM oveanXi

This conclusion was supported by earlier research by Verma et ACKNOWLEDGMENTS

al?” Based on this result, this study has further studied thehis work was supported by the National Natural Science
chromophores that contribute to the OP of light absorbingroundation of China (grant numbers: 41877354 and
water-soluble PM. We divided the components of PM intd1703102) and the Nature Science Foundation of Shaanxi
material classes with elient optical properties through factor Province, China (2018IJM4011).

analysis techniques. Only a small part of the special

chromophores (BrC3 and C7) contributed most to the DTT REFERENCES

activity of colored WSOM in PM. These chromophores eachy) Hoek, G.; Brunekreef, B.; Goldbohm, S.; Fischer, P.; van den
had a long absorption wavelength angbeescence emission Brandt, P. A. Association between mortality and indicators of traffic-
wavelength, and these characteristics revealed that thesigted air pollution in the Netherlands: a cohort dtadge?002
chromophores should be those containing larger conjugatgé(9341), 12031209.

H DOI:10.1021/acs.est.9b01976
Environ. Sci. Techno{XXX, XXX, XXXXX


http://pubs.acs.org
http://pubs.acs.org/doi/abs/10.1021/acs.est.9b01976
http://pubs.acs.org/doi/suppl/10.1021/acs.est.9b01976/suppl_file/es9b01976_si_001.pdf
mailto:chenqingcai@sust.edu.cn
http://orcid.org/0000-0001-7450-0073
http://dx.doi.org/10.1021/acs.est.9b01976

Environmental Science & Technology

(2) Riediker, M.; Cascio, W. E.; Griggs, T. R.; Herbst, M. C.contrasts in sources and health associations between ascorbic acid
Bromberg, P. A.; Neas, L.; Williams, R. W.; Devlin, R. B. Particulg®A) and dithiothreitol (DTT) assayAtmos. Chem. PI3316 16
matter exposure in cars is associated with cardiovascular effect§6jn 386553879.
healthy young meAm. J. Respir. Crit. Care [2@@4 169(8), 9345 (19) Charrier, J. G.; Anastasio, C. Impacts of antioxidants on
940. hydroxyl radical production from individual and mixed transition
(3) Peel, J. L.; Tolbert, P. E.; Klein, M.; Metzger, K. B.; Flanders, Whetals in a surrogate lung fldithos. Envira2011, 45 (40), 755%
D.; Todd, K.; Mulholland, J. A.; Ryan, P. B.; Frumkin, H. Ambient air562.
pollution and respiratory emergency department Efsiiemiology (20) Verma, V.; Fang, T.; Xu, L.; Peltier, R. E.; Russell, A. G.; Ng, N.
2005 16 (2), 1645174, L.; Weber, R. J. Organic aerosols associated with the generation of
(4) Ayres, J. G.; Borm, P.; Cassee, F. R.; Castranova, V.; Donaldgeactive oxygen species (ROS) by water-soluble BiMiron. Sci.
K.: Ghio, A.; Harrison, R. M.; Hider, R.; Kelly, F.; Kooter, |. M.; et alTechnoR015 49, 464&4656.
Evaluating the toxicity of airborne particulate matter and nano{21) Charrier, J. G.; Anastasio, C. On dithiothreitol (DTT) as a
particles by measuring oxidative stress potemtiabrkshop report  measure of oxidative potential for ambient particles: evidence for the
and consensus statemértial. ToxicoR00§ 20 (1), 75599. importance of soluble transition metstinios. Chem. P&12 12
(5) Solomon, P. A.; Costantini, M.; Grahame, T. J.; Gerlofs-Nijland19), 93259333.
M. E.; Cassee, F. R.; Russell, A. G.; Brook, J. R.; Hopke, P. K.; Hid22) Verma, V.; Rico-Martinez, R.; Kotra, N.; King, L.; Liu, J. M,;
G.; Phalen, R. F.; et al. Air pollution and health: bridging the gap froBnell, T. W.; Weber, R. J. Contribution of Water-Soluble and
sources to health outcomes: conference sunfita@ual. Atmos.  Insoluble Components and Their Hydrophobic/Hydrophilic Sub-
Hith. 2012 5 (1), 9562. fractions to the Reactive Oxygen Species-Generating Potential of Fine
(6) Li, N.; Sioutas, C.; Cho, A.; Schmitz, D.; Misra, C.; Sempf, JAmbient Aerosol€Environ. Sci. Techr2012 46 (20), 11388
Wang, M. Y.; Oberley, T.; Froines, J.; Nel, A. Ultrafine particulate1392.
pollutants induce oxidative stress and mitochondrial dEmagm. (23) Chen, Q.; Sun, H.; Wang, M.; Mu, Z.; Wang, Y.; Li, Y.; Wang,
Health Perspe2€03 111(4), 4555460. Y.; Zhang, L.; Zhang, Z. Dominant Fraction of EPFRs from
(7) Squadrito, G. L.; Cueto, R.; Dellinger, B.; Pryor, W. A. QuinoidNonsolvent-Extractable Organic Matter in Fine Particulates over
redox cycling as a mechanism for sustained free radical generatioixkgn, ChinaEnviron. Sci. Tech2618 52, 96469655.
inhaled airborne particulate matteee Radical Biol. M2001, 31 (24) Lawaetz, A. J.; Stedmon, C. A. Fluorescence Intensity
(9), 11351138. Calibration Using the Raman Scatter Peak of \Wpf#r.Spectrosc.
(8) Kelly, F. J.; Fussell, J. C. Size, source and chemical composita@99 63 (8), 9365940.
as determinants of toxicity attributable to ambient particulate matte25) Murphy, K. R.; Butler, K. D.; Spencer, R. G. M.; Stedmon, C.
Atmos. Envirof012 60, 5045526. A.; Boehme, J. R.; Aiken, G. R. Measurement of Dissolved Organic
(9) Li, N.; Wang, M. Y.; Bramble, L. A.; Schmitz, D. A.; Schauer, Matter Fluorescence in Aquatic Environments: An Interlaboratory
J.; Sioutas, C.; Harkema, J. R.; Nel, A. E. The Adjuvant Effect @dmparisonEnviron. Sci. Tech26i1Q 44 (24), 940%59412.
Ambient Particulate Matter Is Closely Reflected by the Particulat€26) Arangio, A. M.; Tong, H.; Socorro, Jsdhg U.; Shiraiwa, M.
Oxidant PotentiaEnviron. Health Persp209 117 (7), 1116 Quantification of environmentally persistent free radicals and reactive
1123. oxygen species in atmospheric aerosol paAtohes. Chem. Phys.
(10) Donaldson, K.; Brown, D.; Clouter, A.; Duffin, R.; MacNee 2016 16 (20), 1310513119.
W.; Renwick, L.; Tran, L.; Stone, V. The pulmonary toxicology of(27) Liu, W.; Xu, Y.; Liu, W.; Liu, Q.; Yu, S.; Liu, Y.; Wang, X.; Tao,

ultrafine particles. Aerosol M&2D02 15 (2), 2135220. S. Oxidative potential of ambient PM2.5 in the coastal cities of the
(11) Nel, A. Air pollution-related illness: effects of paricienice ~ Bohai Sea, northern China: Seasonal variation and source apportion-
2005 308(5723), 804806. ment.Environ. Poll2018 236 5145528.

(12) Pope, C. A.; Dockery, D. W. Health effects of fine particulate(28) Bates, J. T.; Weber, R. J.; Abrams, J.; Verma, V.; Fang, T.; Klein,
air pollution: Lines that connektAir Waste Manage. A2006 56 M.; Strickland, M. J.; Sarnat, S. E.; Chang, H. H.; Mulholland, J. A;;
(6), 70%5742. Tolbert, P. E.; Russell, A. G. Reactive oxygen species generation

(13) Cho, A. K.; Sioutas, C.; Miguel, A. H.; Kumagai, Y.; Schmitz, Dinked to sources of atmospheric particulate matter and cardiorespir-
A.; Singh, M.; Eiguren-Fernandez, A.; Froines, J. R. Redox activitatiry effect€Environ. Sci. Tech26i15 49 (22), 1360513612.
airborne particulate matter at different sites in the Los Angeles Basi(29) Pauca, V. P.; Piper, J.; Plemmons, R. J. Nonnegative matrix
Environ. Re2005 99 (1), 40547. factorization for spectral data analyisisar Algebra App006 416

(14) Brook, R. D.; Rajagopalan, S.; Pope, C. A., lll; Brook, J. R1), 29547.

Bhatnagar, A.; Diez-Roux, A. V.; Holguin, F.; Hong, Y.; Luepker, R30) Murphy, K. R.; Stedmon, C. A.; Graeber, D.; Bro, R.
V.; Mittleman, M. A.; Peters, A.; Siscovick, D.; Smith, S. C., JFluorescence spectroscopy and multi-way techi#igaesMethods
Whitsel, L.; Kaufman, J. D. Particulate matter air pollution an8013 5, 65556566.

cardiovascular disease: An update to the scientific statement from t(&L) Chen, Q.; Miyazaki, Y.; Kawamura, K.; Matsumoto, K;
American Heart Associati@irculatior201Q 121, 23352378. Coburn, S.; Volkamer, R.; lwamoto, Y.; Kagami, S.; Deng, Y.; Ogawa,

(15) Kumagai, Y.; Koide, S.; Taguchi, K.; Endo, A.; Nakai, YS. Characterization of Chromophoric Water-Soluble Organic Matter
Yoshikawa, T.; Shimojo, N. Oxidation of proximal protein sulfhydryls Urban, Forest, and Marine Aerosols by HR-ToF-AMS Analysis and
by phenanthraguinone, a component of diesel exhaust p@htictes.  ExcitatioSEmission Matrix SpectroscofBnviron. Sci. Technol.
Res. Toxicdl002 15 (4), 4835489. 2016 50 (19), 1035510360.

(16) Lin, P.; Yu, J. Z. Generation of Reactive Oxygen Specie32) Li, Y.; Ngom, A. The non-negative matrix factorization toolbox
Mediated by Humic-like Substances in Atmospheric Aerosolfor biological data minin§ource Code Biol. M43 8 (1), 1515.
Environ. Sci. Tech20111, 45 (24), 1036510368. (33) Liu, Q. Y.; Baumgartner, J.; Zhang, Y. X.; Liu, Y. J.; Sun, Y. J.;

(17) Verma, V.; Wang, Y.; EI-Afifi, R.; Fang, T.; Rowland, J.; Russ@hang, M. G. Oxidative Potential and Inflammatory Impacts of
A. G.; Weber, R. J. Fractionating ambient humic-like substancgsurce Apportioned Ambient Air Pollution in Beifimyiron. Sci.
(HULIS) for their reactive oxygen species ac8viyssessing the  TechnoR014 48 (21), 1292612929.
importance of quinones and atmospheric #dings. Enviro?2015 (34) Lyu, Y.; Guo, H.; Cheng, T.; Li, X. Particle Size Distributions of
12Q 3585359. Oxidative Potential of Lung-Deposited Particles: Assessing Contri-

(18) Fang, T.; Verma, V.; Bates, J. T.; Abrams, J.; Klein, Mbutions from Quinones and Water-Soluble MeEaigiron. Sci.
Strickland, M. J.; Sarnat, S. E.; Chang, H. H.; Mulholland, J. ATpchnoR018 52 (11), 65956600.

Tolbert, P. E.; Russell, A. G.; Weber, R. J. Oxidative potential of35) Chirizzi, D.; Cesari, D.; Guascito, M. R.; Dinoi, A.; Giotta, L.;
ambient water-soluble PM2.5 in the southeastern United Statd3onateo, A.; Contini, D. Influence of Saharan dust outbreaks and

| DOI:10.1021/acs.est.9b01976
Environ. Sci. Techno{XXX, XXX, XXXXX


http://dx.doi.org/10.1021/acs.est.9b01976

Environmental Science & Technology

carbon content on oxidative potential of water-soluble fractions of51) Cory, R. M.; McKnight, D. M. Fluorescence spectroscopy
PM, s and PM,. Atmos. EnviroR017, 163 1S8. reveals ubiquitous presence of oxidized and reduced quinones in
(36) Wang, J.; Lin, X.; Lu, L.; Wu, Y.; Zhang, H.; Lv, Q.; Liu, W.,dissolved organic mattEnviron. Sci. Tech@005 39 (21), 8148

Zhang, Y.; Zhuang, S. Temporal variation of oxidative potential 8149.

water soluble compents of ambient PM measured by (52) Nahorniak, M. L.; Booksh, K. S. Excitation-emission matrix

dithiothreitol (DTT) assaysci. Total Enviro2019 649 96%978. fluorescence spectroscopy in conjunction with multiway analysis for
(37) Patel, A.; Rastogi, N. Oxidative potential of ambient fingpah detection in complex matridesalys2006 131 (12), 1308

aerosol over a semi-urban site in the Indo-Gangetic/ARags. 1315.

Environ2018 175 125134. (53) Aryal, R.; Lee, B. K.; Beecham, S.; Kandasamy, J.; Aryal, N.;

(38) Pietrogrande, M. C.; Dalpiaz, C.; DellAnna, R.; Lazzeri, PRarajuli, K. Characterisation of Road Dust Organic Matter as a
Manarini, F.; Visentin, M.; Tonidandel, G. Chemical composition anBunction of Particle Size: A PARAFAC Approagiter, Air, Soil
oxidative potential of atmospheric coarse particles at an industrial @Pellut.2015 226 1524.
urban background site in the alpine region of northerrAitaigs. (54) Mladenov, N.; Alados-Arboledas, L.; Olmo, F. J.; Lyamani, H.;
Environ2018 191, 34@350. Delgado, A.; Molina, A.; Reche, |. Applications of optical spectroscopy

(39) Janssen, N. A. H.; Yang, A. L.; Strak, M.; Steenhof, M.; Hellacdqnd stable isotope analyses to organic aerosol source discrimination in
B.; Gerlofs-Nijland, M. E.; Kuhlbusch, T.; Kelly, F.; Harrison, R. Man urban are&tmos. Enviro2011, 45 (11), 19661969.

Brunekreef, B.; Hoek, G.; Cassee, F. Oxidative potential of particula85) Matos, J. T. V.; Freire, S. M. S. C.; Duarte, R. M. B. O.; Duarte,
matter collected at sites with different source charact&agstitetal A. C. Natural organic matter in urban aerosols: Comparison between
Environ2014 472 575581. water and alkaline soluble components using excitation-emission
(40) Tong, H. J.; Lakey, P. S. J.; Arangio, A. M.; Socorro, J.; Shenpkatrix fluorescence spectroscopy and multiwvay data atabgsis.

X.; Lucas, K.; Brune, W. H.; Poschl, U.; Shiraiwa, M. Reactive Oxygemviron2015 102 1510.

Species Formed by Secondary Organic Aerosols in Water an®6) Salve, P. R.; Lohkare, H.; Gobre, T.; Bodhe, G.; Krupadam, R.
Surrogate Lung Fluilinviron. Sci. Tech26l18 52 (20), 11643 J.; Ramteke, D. S.; Wate, S. R. Characterization of Chromophoric
11651. Dissolved Organic Matter (CDOM) in Rainwater Using Fluorescence

(41) Chen, Q.; Ikemori, F.; Mochida, M. Light Absorption and Spectrophotometrull. Environ. Contam. Tox2012 88, 215
ExcitatioSEmission Fluorescence of Urban Organic AerosoP18.

Components and Their Relationship to Chemical Strueitwieon. (57) Birdwell, J. E.; Valsaraj, K. T. Characterization of dissolved
Sci. Techn@016 50 (20), 1085$10868. organic matter in fogwater by excit&t@nission matrix fluores-

(42) Zhang, X. L.; Lin, Y. H.; Surratt, J. D.; Weber, R. J. Sourcesence spectroscopytmos. EnviroR01Q 44 (27), 324&3253.
Composition and Absorption Angstrom Exponent of Light-absorbing58) De Laurentiis, E.; Sur, B.; Maurino, V.; Minero, C.; Mailhot, G.;
Organic Components in Aerosol Extracts from the Los Angeles Badnigante, M.; Vione, D.; Pazzi, M. Phenol transformation and
Environ. Sci. Tech26i13 47 (8), 368%53693. dimerisation, photosensitised by the triplet state of 1-nitronaph-
(43) Yan, C. Q.; Zheng, M.; Sullivan, A. P.; Bosch, C.; Desyaterithalene: A possible pathway to humic-like substances (HULIS) in
Y.; Andersson, A.; Li, X. Y.; Guo, X. S.; Zhou, T.; Gustafsson, Gitmospheric wate#stmos. EnviroR013 70, 3185327.

Collett, J. L. Chemical characteristics and light-absorbing property ¢69) Qin, J.; Zhang, L.; Zhou, X.; Duan, J.; Mu, S.; Xiao, K.; Hu, J.;
water-soluble organic carbon in Beijing: Biomass burning contriblian, J. Fluorescence fingerprinting properties for exploring water-
tions.Atmos. EnviroR015 121, 4512. soluble organic compounds in,RM an industrial city of northwest

(44) Huang, R.; Yang, L.; Cao, J.; Chen, Y.; Chen, Q.; Li, Y.; DuagGhina.Atmos. EnviroR018 184 203%5211.

J.; Zhu, C.; Dai, W.; Wang, K.; Lin, C.; Ni, H.; Corbin, J.; Wu, Y.; (60) Yu, H.; Liang, H.; Qu, F.; Han, Z. H.; Shao, S.; Chang, H.; Li,
Zhang, R.; Tie, X.; Hoffmann, T..Dowd, C.; Dusek, U. Brown G. Impact of dataset diversity on accuracy and sensitivity of parallel
Carbon Aerosol in Urban’ati, Northwest China: The Composition factor analysis model of dissolved organic matter fluorescence
and Light Absorption PropertiEsviron. Sci. Tech@0118 52 (12), excitation-emission mat®ci. Re2015 5, 10207.

682556833. (61) Fu, P.; Kawamura, K.; Chen, J.; Qin, M.; Ren, L.; Sun, Y.;

(45) Zhang, X.; Lin, Y. H.; Surratt, J. D.; Zotter, PvpR¥e H. S.; Wang, Z.; Barrie, A. L.; Tachibana, E.; Ding, A.; Yamashita, A.
Weber, R. J. Light-absorbing soluble organic aerosol in Los Angdt@sorescent water-soluble organic aerosols in the high arctic
and Atlanta: A contrast in secondary organic adeesghys. Res. atmospheresci. Ref2015 5 (5), 9845.

Lett.2011, 38 DOI: 10.1029/2011GL049385 (62) Del Vecchio, R.; Blough, N. V. On the origin of the optical

(46) Cheng, Y.; He, K. B.; Zheng, M.; Duan, F. K.; Du, Z. Y.; Ma, Yproperties of humic substanéasziron. Sci. Tech26i04 38 (14),

L.; Tan, J. H.; Yang, F. M.; Liu, J. M.; Zhang, X. L.; Weber, R. B88553891.

Bergin, M. H.; Russell, A. G. Mass absorption efficiency of elementé83) Schoonen, M. A. A.; Cohn, C. A.; Roemer, E.; Laffers, R;
carbon and water-soluble organic carbon in Beijing, Stnires. Simon, S. R.;'Aiordan, T. Mineral-induced formation of reactive
Chem. Phy2011, 11 (22), 1149%11510. oxygen specieRev. Mineral. Geochz0g 64 (1), 1795221.

(47) Kirillova, E. N.; Andersson, A.; Han, J.; Lee, M.; Gustafsson, O64) Genualdi, S. A.; Killin, R. K.; Woods, J.; Wilson, G.;
Sources and light absorption of water-soluble organic carbon aeroSs#temedding, D.; Simonich, S. L. M. Trans-Pacific and Regional
in the outflow from northern Chimstmos. Chem. PI3@&14 14(3), Atmospheric Transport of Polycyclic Aromatic Hydrocarbons and
141381422, Pesticides in Biomass Burning Emissions to Western North America.
(48) Hu, S.; Polidori, A.; Arhami, M.; Shafer, M.; Schauer, J.; Ch&nviron. Sci. Tech26i09 43 (4), 106151066.

A.; Sioutas, C. Redox activity and chemical speciation of sizé65) Xiong, Q.; Yu, H.; Wang, R.; Wei, J.; Verma, V. Rethinking
fractioned PM in the communities of the Los Angeles-Long Beadbithiothreitol-Based Particulate Matter Oxidative Potential: Measur-
harbor Atmos. Chem. PI8@0§ 8 (21), 643%$6451. ing Dithiothreitol Consumption versus Reactive Oxygen Species

(49) Verma, V.; Polidori, A.; Schauer, J. J.; Shafer, M. M.; Cassee@enerationEnviron. Sci. Tech26l17 51, 65056514.

R.; Sioutas, C. Physicochemical and toxicological profiles of66) Yu, H.; Wei, J.; Cheng, Y.; Subedi, K.; Verma, V. Synergistic
particulate matter in Los Angeles during the October 2007 southeamd antagonistic interactions among the particulate matter compo-
California wildfire€nviron. Sci. Tech26i09 43 (3), 9545960. nents in generating reactive oxygen species based on the dithiothreitol

(50) Alam, M. S.; Stark, C.; Delgado-Saborit, J. M.; Harrison, R. MissayEnviron. Sci. Tech6i1§ 52 (4), 226152270.

Using atmospheric measurements of PAH and quinone compounds @7) See, S. W.; Wang, Y. H.; Balasubramanian, R. Contrasting
roadside and urban background sites to assess sources and reactigdgtive oxygen species and transition metal concentrations in
Atmos. Envirop013 77 (3), 24535. combustion aerosoBnviron. Re2007, 103(3), 31755324.

J DOI:10.1021/acs.est.9b01976
Environ. Sci. Techno{XXX, XXX, XXXXX


http://dx.doi.org/10.1029/2011GL049385
http://dx.doi.org/10.1021/acs.est.9b01976

Environmental Science & Technology

(68) Jin, L.; Xie, J.; Wong, C. K.; Chan, Y. K.; Abbaszade, G.;
Schnelle-Kreis, J.; Zimmermann, R.; Li, J.; Zhang, G.; Fu, p.; Li, X.
Contributions of City-Specific Fine Particulate Matter, {Ptd
Differential In Vitro Oxidative Stress and Toxicity Implications
between Beijing and Guangzhou of CEimzron. Sci. Techg0(L9

53(5), 288152891.

(69) Wang, X.; Heald, C. L.; Liu, J.; Weber, R. J.; Campuzano-Jost,
P.; Jimenez, J. L.; Schwarz, J. P.; Perring, A. E. Exploring the
observational constraints on the simulation of brown cAtbus.
Chem. Phy2018§ 18 (2), 635653.

(70) Hammer, M. S.; Martin, R. V.; van Donkelaar, A.; Buchard, V.;
Torres, O.; Ridley, D. A.; Spurr, R. J. D. Interpreting the Ultraviolet
Aerosol Index observed with the OMI satellite instrument to
understand absorption by organic aerosols: implications for
atmospheric oxidation and direct radiative efféttos. Chem.
Phys2016 16 (4), 25052523.

DOI:10.1021/acs.est.9b01976
Environ. Sci. Techno{XXX, XXX, XXXXX


http://dx.doi.org/10.1021/acs.est.9b01976

