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Section S1 The supplementary Tables and Figuresin the manuscript.

Table S1. Model scenarios used for gas-phase Mgly.

Model scenaric

Descriptior

INITIAL

Scenario M1

Scenario M2

Default MCMv3.2, without considering the reversilaled irreversible
uptake of Mgly and the gas-particle partitioning ather oxidation
products

As INITIAL, and considers Mgly partitions into tHejuid-phase
without considering thmonomers pool 1 and oligomepool 2.

As Scenario M1, and considers surface uptake lmysakr of Mgly with
the uptake coefficient 2.6 x 1(-4(Pye et al., 201"

Table S2. The selected NMHC species for the inp®BM-MCM model

No. Compound No. Compound

1 Ethane 23  1-Butene

2 Propane 24  cis-2-Butene

3 i-Butane 25 1-Pentene

4 n-Butane 26  trans-2-Pentene

5 i-Pentane 27  Isoprene

6 n-Pentane 28  cis-2-Pentene

7 2,2-Dimethylbutane 29  1-Hexene

8 2,3-Dimetylbutane 30 1,3-Butadiene

9 2-Methylpentane 31 Benzene

10  3-Methylpentane 32  Toluene

11  n-Hexane 33  Ethylbenzene

12 2-Methylhexane 34  m/p-Xylene

13  Cyclohexane 35 o-Xylene

14  3-Methylhexane 36  Styrene

15 n-Heptane 37  i-Propylbenzene

16  n-Octane 38 n-Propylbenzene

17 n-Nonane 39  m-Ethyltoluene

18 n-Decane 40  p-Ethyltoluene

19 Ethene 41  1,3,5-Trimethylbenzene
20  Propene 42  o-Ethyltoluene

21  Ethyne 43  1,2,4-Trimethylbenzene
22  trans-2-Butene 44  1,2,3-Trimethylbenzene




Table S3. The mean measured OH ang El@hcentrations in the previous studies and ourainod

results (in molecukent3)

) OH (x  HO(x
Location season year Reference
10°) 10°)

i (Hofzumahaus et al.,

PRD, China 15 - 2006
2009

. . Summer
Shanghai, China 10.2 - 2013 (Nanetal., 2017)
north-western Greece 8 4.7 1997(Creasey et al., 2001
PRD, China Autumn 4.5 3.0 2014 (Tanetal., 2019)
Tokyo, Japan 15 - 2004 (Kanaya et al., 2007)
New York, America Wint 1.4 - 2004 (Ren et al., 2006)

inter

Beijing, China 1.5 0.3 2017 (Maetal., 2019)
PRD, China 1.6 0.3 2017  This study

Table S4Estimated uncertainties of model reaction rate teorisand input parameters.

Input paramete

Uncertainty factor

ja
D
T
P
OH
H:
CQO
NO
NO2
Os
H-0O
HONGC
CHq4
EthaneP
Ethene?
EthyneP
C3-Ci NMHCs
K;¢

x1.1
X2
x1.00¢
x1.00¢
x1.z
x1.z
x1.0¢t
x1.07
x1.1:
x1.0¢t
x1.1
x1.1
x1.0¢4
+0.2 ppl
+0.7 ppl
+1.2 ppl
x1.z
x1.2

aThe errors of the measured photolysis frequeraiiesassumed to be correlated since they were
derived from the same measurement of the solaniadtux. ® Campaign averaged values were
applied for ethane, ethene, and ethyne, so thattémelard deviation of the canister samples were
propagated as uncertainties rather than the measateaccuracyt All the reaction constants of
non-photolytic reactions in MCM v3.2 are estimatedhave 30% accuracydl(Li et al., 2014; Lu

et al., 2012).



Table S5. Linear regression coefficients and nedatbntributions of primary, secondary, and backgt
sources of Gly and Mgly.

Linear regression coefficients Source Contribution
Bo B1 B Background  Primary  Secondary R
Gly 0.001 0.066 0.042 0.40% 3.46% 96.14% 0.77
Mgly 0.002 0.108 0.081 0.05% 3.51% 96.44% 0.75

To estimate the contributions of primary sourcesmeasured Gly and Mgly, a
correlation-based source apportionment method stegey previous studies was

used, as described by equatiofFdiedfeld et al., 2002; Yuan et al., 2013) .

[dicarbonyls] = By + B1[CoH,] + B2[03] (1)
wherepo, f1, andp. are the coefficients derived from the linear regren analysis. For

every unit increase i€2Hz> concentration there is /& unit increase in dicarbonyls.
Similarly, for every unit increase insQ@oncentration there is @& unit increase in
dicarbonyls. 8, can be considered the background dicarbonyls (evehits of ppbv).
Relative contributions from primary emissions, setary formation, and background
dicarbonyls concentrations can be computed acoptdithe tracer concentrations and

corresponding -values by the following equations:

_ B1[CH;]i

Forimary = G lamlivpion * 100% (2)
_ B2[03]i

Pseconaary = G piicmlirpaioatn < 100% (3)

p _ Bo
background (Bo+B1[C2H,li+B2[05]1)

X 100% (4)



Table S6 the sensitivity test of physical processes

Gly (ppbv) Mgly (ppbv)
time | INITIAL® Dry Duiltion® INITIAL @ Dry Dilution®
depsitior? depositiof

6:00 0.004 0.004 0.004 0.005 0.005 0.005
7:00 0.017 0.017 0.016 0.021 0.021 0.020
8:00 0.036 0.036 0.032 0.047 0.046 0.045
9:00 0.072 0.071 0.067 0.092 0.092 0.088
10:00 0.140 0.138 0.128 0.180 0.177 0.169
11:00 0.224 0.220 0.206 0.311 0.307 0.291
12:00 0.309 0.300 0.284 0.449 0.420 0.419
13:00 0.364 0.354 0.332 0.509 0.500 0.473
14:00 0.400 0.392 0.367 0.541 0.531 0.498
15:00 0.393 0.379 0.359 0.501 0.490 0.459
16:00 0.373 0.359 0.339 0.455 0.442 0.416
17:00 0.376 0.361 0.340 0.441 0.430 0.400
18:00 0.365 0.350 0.322 0.424 0.410 0.384
19:00 0.353 0.336 0.314 0.406 0.390 0.367

aData modeled from the INITIAL scenario.
b Based on the INITIAL scenario, the dry depositiate multiplied by two for Gly/Mgly modeled.

¢Based on the INITIAL scenario, the dilution rateltiplied by two for Gly/Mgly modeled.



Table S7. Absolute and relative changes of Gly mgpxiatio, and the contribution of differ aerosol
sinks to total heterogeneous loss of Gly undeersffit model simulations for the Heshan site. When
the model scenario is changing from A to B, theollie changes of Gly mixing ratio is calculated
as AGly =B — A; the relative change in percentage is calculatéd asl00x AGly / A.

Scenatri Time periot Relative change in GI
06-12 -1.70%
INITIAL — scenario 1 13-19 -0.60%
06-19 -1.20%
06-12 -1.40%
Scenario - scenario 2 13-19 -2.40%
06-19 -1.90%
06-12 -17.3%
Scenario 2- scenario 3 13-19 -34.0%
06-19 -25.7%
06-12 -55.0%
Scenario 3— scenario 4 13-19 -68.4%
06-19 -61.7%
06-12 -65.0%
INITIAL — scenario 4 13-19 -79.6Y%

06-1¢ -72.3%




Table S8. Absolute and relative changes of Mglyimgjxatio, and the contribution of differ aerosol
sinks to total heterogeneous loss of Mgly undefieciht model simulations for the Heshan site.
When the model scenario is changing from A to B, dbsolute changes of Mgly mixing ratio is
calculated asAMgly = B - A; the relative change in percentage is calculated as % = 100x  AMgly

/A.

scenario Time period Relative change in Mgl

06-12 -46.0%

INITIAL — scenario M1 13-19 -36.7%
06-19 -41.3%

06-12 -50.5%

Scenario M1— scenario M2 13-19 -60.9%
06-19 -55.7%

06-12 -61.4%

INITIAL — scenario M2 13-19 -82.6Y%
06-19 -73.0%

Table S9. The relative contributions of differepgd pathways of Gly and Mgly at nighttime

Loss pathyways Gly Mgly
NOs,OH-

reactior, % 2.44 3.56
dry deposition, % 1.04 0.74
dilution, % 1.92 1.60
heterogeneols %

Irreversible 579 559
processes,

Reversible 36.7 38.2
processes,

a Considered both irreversible and reversible pararizettions of the aerosol sinkse(,
scenario 4 and M2).



Table S10. Comparison of the results from this wam# previous researches in PRD

Li Nan’s study

Gly Gly Gly Mgly
y2= 1x1(3 y =2.9x1(8 y =2.9x1(8

SOA % SAO % |SOAl %
m,p- o 8.0%
Xylene 0.063 2.6% 9. 4%

0.20 | 2.2% | 0.232.5%-
o- 0.93 2.6%
Xylene 0.023 2.8%
0,

Toluene| 0.079 0.63 2120/? 0.16 | 1.8% | 0.070.77%
0,

SOAnet g%éﬁ 2.33 26% | 2.51 27%

aUptake coefficients.

b Unit: pg/nt.

¢ The contribution to the total SOA (i.e., SEASOAne)

d Solely a surface uptake process for aerosol siaked in red.
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Figure S1. Mean diurnal variation of the uncertaimftthe Gly and Mgly concentrations predicted
by MCM,3.2 model.
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Figure S2. the contribution of differ aerosol sinks is calculated under the scenario 4.

Oreversible processes

O surface uptake
64.1%

Figure S3. the contribution of differ aerosol sinks is calculated under the scenario M2.
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Figure S4. the daily average concentration of Gly and Mglydicted from INITIAL and surface
uptake scenarios (i.e., as INITIAL, and considersase uptake by aerosols of Mgly and Mgly with
the uptake coefficient of 1.0x3,®2.9x1G, 3.3x1G, respectively).



Section S2. The definition and configuration of each parameter used in equations
4-8

The reversible partitioning of Gly and Mgly on asots aqueous phase is usually

described by the Henry’s law equilibrium (Kampfét 2013) (Eq.4):
[Gly(MaIY)];iquq = Ky X[Cly(Mdly)] s (Eq.4)

where [Gly(Mgly)]iiquic and the[Gly(Mgly)]qas denote the concentration of Gly and
Mgly in liquid-phase and gas-phase, respectively, whétgémol L't atm?) represents
the Henry’s law coefficient. Recently laboratorial studies had indidhetchydration
of carbonyls function groups and salt-Gly interactions could hgwéisiant influences
on theKn value of Gly (Kampf et al., 2013; Waxman et al., 2015). Thus, an effective

Henry’s law coefficient expressed by Eq.5 was often used.

K
— H ,water (Eq5)

Ky effective 1,0 €024min(120,(Cos +Can))

whereKn water represents the henry’s law constant of Gly observed for water, wita val
of 4.19x10 M atm?! (Kampf et al., 2013). -0.24 is the “salting—in” constant of
ammonium sulfate and nitrate (Kampf et alQ13; Waxman et al., 2015). The
concentrations of ammonium sulfate and nitrate are defingchs@id) and Can(M),
respectively. Furthermore, it was suggested that a low incredsec@five could be
found at high concentrations of ammonium sulfate and nitrae X2 M) within the
time scales of their experimentse( 60x1¢ s), while the equilibrium for Gly
partitioning could be reached rapidly when the concentrations of ammaulfate
and nitrate were lower.¢., < 12 M) (Kampf et al., 2013).

As variations were found for the value Kf «fective under different concentrations
of ammonium sulfate and nitrate in previous studies (Erverns and Volkamer, 2010;
Knote et al., 2014; Kampf et al., 2013), we calculated this vital paramete, Cas +
Can for each hour in the present study. Tbg and Can were calculated from the
measured ammonium sulfate (or ammonium nitrate) concentrations (Malivided
by aerosol liquid water content (ALWC, kg3n which were determined by the aerosol

inorganics model (AIM-IV,_http://www.aim.env.uea.ac.uk/aim/mddweiodel4a.php)




with inputs of the observed parametezg).( ambient relative humidity, temperature,
and the moles of each ion) at the Heshan site (Chang et al., 2019).

The reversible formation of monomare(, glyoxal, glyoxal monohydrate, and
glyoxal dihydrate) and oligomers are considered with the two iraporéservoirsi .,
monomer and oligomer pools, represented as pooll and pooloie €t al. (2014)).
The variations of the glyoxal monomer ([Gly and oligomer concentrations ([GH)
with time can be represented based on Erverns and Volkamer, (201Q)f Kaal.

(2013) and Knote et al. (2014), as follows:

d([Gly.,
w = ix (Glypl,eq - Glypl) (Eq6)
Tl

d([Gly.,
% =1 (Gly,,. ~Gly,,) (EQ.7)
Z-2

GIypZ’eq

=K., (Eq.8
Gly olig ( q )

pleq

Where Glyp: and Glyp, were the current concentrations of Gly in monomers and
oligomers pool, respectivelBlypieq andGlypeqwere the concentrations in each pool
at equilibrium, whilet: and 1> were the characteristic time scales to fill the

monomer/oligomer pools, respectively.



Section 3. Thevalidation of SOA simulation by the PBM-MCM model
As there were no direct SOA measurement data such as AMS data, we compared

the model simulated SOA concentrations with those calculatedffieyedit methods
and parameters, to evaluate the performance of SOA simulation.

First, the EC (elemental carbon)-tracer method was used here to eshmate
concentration of SOA in the present study, according to the eqgsadti@ (Duan et al.,

2005):

SOC = 0C,yp — EC X (0C / EC) i (1)
SO0A = S0C x CoefSOA/SOC (2)

where SOC represents the secondary organic carbon; OCiot represents the measured
concentration of total organic carbon; (OC/EC)min is the emission ratio of primary OC
(organic carbon) and EC (elemental carbon) from the sources, and can be regresent
by the minimumOC/EC ratio measured. Based on tf@@C/EC)nin value which was
derived from the hourly observation data during the simulagoiog (i.e., January 07-
08) using the minimum R squared (MRS) method and the hourlyumeeb®C and EC
concentrations (details in Chang et al., 2019), as well as tbeof&@oefsonsoc (Bae et

al., 2006; Turpin and Lim, 2001), the mean concentration of SOA calculated by the EC-
tracer method was 2.82 pgimbout 1.2 times the model simulated SOA concentration
in the present study (2.47 pghnsuggesting that the PBM-MCM model provided a
reasonable performance on the simulation of the magnitude of Skgh
uncertainties were frequently observed from the SOA concentrationsateétby the
EC-tracer method.

Second, we also conducted the comparison between measurement datiosimu
on other secondary products, including acetic acid, formic acid andipyaid, which
have been recognized as key SOA species, to further evaluate the eréalehance
(Figure 1). It was found that the simulated concentrations of aceticfamdgic acid
and pyruvic acid were close to those observed at the Heshan sitentawgéar ~80%,
70% and 88% of observed values for acetic acid, formic acid and pyaavl,
respectively. The results confirmed that secondary formation was thaatdrsource

of above species at the Heshan site, and suggested that the PBM¥d@el could



provide robust performance on simulating the abundance of above secondary species.
The deviations between simulated and observed concentrations may be related to the
lack of consideration of primary emissions and/or other production pathways of above
species in the model. Nevertheless, the above comparisons confirmed that the PBM-
MCM model in this study indeed provided an appropriate description on the formation
of SOA and other secondary organic products.

0.25

EModel Measurement

Acetic aid Formic aid Pyruvic aid

Fig S5. The concentrations of acetic acid, formic acid and pyruvic acid in filter samples
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