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RZHIb R Z =R EHARREE L AZ P51 (Wang et al., PNAS 2016)
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on hazy days in comparison with that in clean periods;
(2) Most of the aerosols on hazy days are liquid

Hazy period (PM,5>200 ug/m?®)

#3

(1) The content of sulfur in particles, which is SO,%, isaround 20 times highér

Again indicating the aerosol aqueous phase formation of sulfate in

haze episodes



OH + SO, + M — HO, + Sulfate S fERMHHI

AR R Rl
HSO; ™ + H,0, — SO, + H" + H,0 (M4)
SO, + O3 + H,0 — SO4* + 2H" + 0, (M5)
HSO3™ + O3 — SO4* + H" + 0O, (M6)
SO3*" + 03— SO + O (M7)

SO, + H,O + 0.50, + Fe(Ill)/Mn(II) — SO,* + 2H" (MS8)
HSO;  + CH3;00H — SO, + H" + CH;0H (M9)

HSO;~ + CH3COOOH — SO,>~ + H' + CH3;COOH (M10)




concentration, ug/m?3

(Wang et al., JGR 2014)

320 320
280 - (a) observation 280 | (b) standard simulation
240 240 - I EC
[1ocC
200 7 200 - 1 ammonium
160 160 I nitrate
H sulfate
120 | 120 -
80 80
40 40
0 - 0 -
9 10 11 12 13 14 15 16 17 9 10 11 12 13 14 15 16 17
date of January date of January

Table 2. A Summary of All the Simulations in This Study

Simulation Name

Description

Standard simulation
DoubleSO5 run

Emission_run

Gamma_run T1
Gamma_run T2

Gamma_run T3

Model standard simulation with the 2013 inventory
SO5 emissions from the standard simulation are doubled over NC and reduced by 30% over SC.
Changes are applied uniformly throughout January.
Total monthly emissions of SO», OC, and EC (anthropogenic portions only) from the standard run
are increased by 100% over NC; SO2 emissions over SC are reduced by 30%; NOx and NH3
emissions are the same as those in the standard run. The meteorology correction factors are
applied on a day-to-day basis to emissions of SO,, NOx, NHz, OC, and EC over NC.
Emissions are the same as in the emission_run; }'210_4 when RH = 50%, ]J=10_3
when RH = 50%; y increases linearly with RH from 50% to 100% (equation (2)).
Emissions are the same as those in the emission_run; y = 10> when RH = 50%, y=10
when RH = 50%; y increases linearly with RH from 50% to 100% (equation (2)).
Emissions are the same as those in the emission_run; y = 10~ % when RH = 50%, y=10"
when RH = 50%; y increases linearly with RH from 50% to 100% (equation (2)).
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Table S1. Gaseous and PM pollutants and meteorological parameters during Xi‘an 2012

Transition Polluted

Mean Range Mean Range Mean Range
L. Gaseous pollutants (ppb)
SO, 28+17 1.0-86 54+22 17-191 78=31 16-203
NOy 4449 5.0—-264 7651 15-300 92+39 25-245
O; 7.4=7.0 0.0-26 4.1+4.7 0.4-11 4.1=2.4 0.6-9.6
NH; 12+7.4 4.7-67 17+7.7 7.6-35 23=8.3 9.3-61
HONO 1.3+1.0 0.2-54 2.1+1.3 0.2-6.5 2.7+1.8 0.3-10
II. Inorganic ions, Fe, Mn and organic matter in PM; s (ug m“j)
o ks 5.9=22 2.3-10 14=4.4 10-20 38=14 20-83
NOy 8.7=4.9 1.4-25 16+6.7 3.8-35 33=10 12-55
Ccr 4.0=£3.7 0.0-22 9.8+5.1 2.4-28 14=6.3 2.6-34
NH; 4022 0.8-11 10=3.7 5.1-18 25x7.7 3.2-44
Na® 3.6=3.2 0.2-84 4.5£3.2 0.5-17 4.2+£2.7 0.5-17
K 1.3=0.7 0.3—-4.1 3.1+1.2 1.3-7.0 4.6=1.4 1.8-8.3
Mg2+ 0.2=0.1 0.1-0.7 0.320.1 0.0-0.7 0.3=0.1 0.0-0.8
Ca’* 1.6=1.0 0.3-6.3 2.4+1.2 0.0-5.3 2.3=1.2 0.2-59
;Eﬁ!] iEi; 20012 o T A0L10 2 4_0"= 171.L27 8100
Fe (pg m'g) 0.82=0.29  0.37-1.13 1.51+0.70 0.60-3.0 1.76x0.66  0.79-2.79
Mn (pg m'S) 0.04=0.04  0.00-0.10 0.11+£0.08  0.04-0.35 0.15=0.07  0.08-0.29
Water-soluble Fe (ng m™) 1.5£2.1 0.0-6.1 4.6=3.9 0.0—-14 16=5.1 7.3-23
Water-soluble Mn (ng m™) 10£2.1 3.8-20 21=8.7 11-40 41=16 17-70
Organic matter (OM) 35+15 7.0-70 09+33 38-163 177+39 116—288
pH 6.70=1.40 4.43-11.0 6.04+1.24 4.16-8.03 6.96=1.33  4.14-8.16
II1. PM; ; and meteorological parameters
PM, s (pg m'g) 4318 8.0-74 139=65 76613 250=120 101-839
T (OC) 5741 -2.0-17 4.1£4.0 -2.3-11 4.1=4.4 -3.1-14
RH (%) 46=18 14-94 5617 26—93 08=14 41-93
Visibility (km) 8.9=34 3.2-17 6.1£2.8 2.4-12 3.2=1.1 1.4-7.2




U= RRNAREY : KO, SEBAL

Table S3. Detection of sulfate formation in the reaction cell

Experimental SO, NO, . , Integrated sulfate desorption
- - ater 3wt % .
un (350 ppm) (350 ppm) Water wt % NH; peak area (x 10° cps)
1(3) In N, In N, \ X 6.8+2.6
2(3) In N, In N, X 2 11.0+4.3
3(D) In air In air N X 6.5
4 (1) In air In air X \ 10.0

The symbols “V”* and “x” indicate whether a water or NH; solution was used and not used in the exposure, respectively. The
number 1n parenthesis on the right column denotes the number of repeating experiments.
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S(IV) + 03 — S(VI) + O,

Ry

d[S(IV)]
o

= (ko[SO, - H,0] + & [HSO5 | + kg[SO%‘])[Og]

(7.80)

withkg =24 £ 1.1 x 10*°M sk, =37£07 x I0°M s ! and, k, = 1.5+ 0.6 x
10° M~ ! 57!, The activation energies recommended by Hoffmann and Calvert (1985) are
based on the work of Erickson et al. (1977) and are 46.0kJ mol~! for k; and 43.9kJ mol !

for k.

(Seinfeld and Pandis., 1998)



Wang et al., PNAS 2016 : {RES5HRESE

A Contrasting London Fog
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We see that under these conditions oxidation by dissolved H,O, is the predominar
pathway for sulfate formation at pH values less than roughly 4-5. At pH > 5 oxidation b
05 starts dominating and at pH 6 it is 10 times faster than that by H,O,. Also, oxidation ¢
S(IV) by O, catalyzed by Fe and Mn may be important at high pH, but uncertainties in th
rate expressions at high pH preclude a definite conclusion. Oxidation of S(IV) by NO; i
unimportant at all pH for the concentration levels above.

----Seinfeld and Pandis “Atmospheric Chemistry and Physics”

tion process with enforced NH; and NO-, control measures. In addition
to explaining the polluted episodes currently occurring in China and
during the 1952 London Fog, this sulfate production mechanism is

wides-gread, and our resul'ls-suggest a way to tackle this arowing
problem in China and much of the developing world.

On Sep 27, 2016, at 12:03 PM, Molina, Mario <mjmolina@ucsd.edu’ wrote: &y

Hi Renvi, M. Molnia, 19958
y— R, s A=
SUHFENREESE
Sorry it has taken so long to respond. It turns out I had a couple ur urgeuce prujecis wu

finish here at our study center, and thev took longer than anticipated.

Anvhow, I am working on the Sulphur paper, and I agree that it is an important piece of

work on atmospheric chemistry. And vet, given the various commentaries by the reviewers I
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PSA EAS-1: S4 of Zhang et al. (2003e) Xuan et al. (2004)

PSA EAS-2: S3 of Zhang et al. (2003e)
PSA EAS-3: S5 of Zhang et al. (2003e)
PSA EAS-4: S2 of Zhang et al. (2003e)
PSA EAS-5: S6, S7 of Zhang et al. (2003e)," .
PSA EAS-6: S8, S9 of Zhang et al. (2003eﬁ

\ | k')

Shao & Dong (2006)
Kim et al. (2007)
Wang et al. (2008)

R IR

Taklamakan and Gobi desert areas are the major dust source
regions of east Asia, releasing more than 800Tgyr!
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Alfitude (km, MSL)

Altitude (km, MSL)

1—
Postfrontal
marine air

Long-range transported dust A Prefrontal

and biological aerosols

Mid-level orographic cloud
(ice formation from dust and biological IN)

5 —
Stratiform cloud + Ice rimes and
(droplets formed from g falls
4= sea salt and rimed ice e

crystals)

(moist, marine air)

Pacific \ ’ 5
2 Central Valley Sierra Nevada Range
Ocean X F

1 B Postfrontal

Gt (ice formation from dust and

Mid-level orographic cloud

Long-range transported biological IN)

dust and biological aerosols

5= @ o o o ° (]
* 0 0 '. e P |
e o .
o0 0 00" 0 o (I ) Ice rimes and
falls
Lower-level convective cloud
2— (droplets formed from sea salt an

rimed ice crystals) A BN

Pacific - > 5
Central Valley Sierra Nevada Range
Ocean < e

@8 Dust/biological aerosol @ Initial ice crystal formed from @3 Highly rimed ice crystal (@) Graupel
dust/biological aerosol A = ¢ 3
@ 5 5 + Ice crystal (grown from initial ice .% Snow @ Coldrain
o Supercooled cloud droplet crystal) & ' Wi viin

(Creamean et al. Science, 2013)
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(mg N m’
Wo-14

W15-42
W43-70
W 71-140

m41-
m211-
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2 year-)

-420

Altitude (km KGL) NAAPS dust AOD
6 EE
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1.120

(Duce et al. Science,
2008)
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Dust storm

4-24,2009




(i) Mt. Hua




(iii) Mt. Tai

Dust'storm
4-24 2009

Clear day

o T



. Non event days (Sprlng 2009)




(1) Non-dust storm period (March 25-April 25,2009)

dC/(Cy, * dlogDp)
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Particle size, Dp (um)
(Wang* et al., Atmos .Chem. Phys. 2013)



Heterogeneous reactions in
Xi’an during the DS II event

(c) DS 1l (04/24/2009) (Red: Xi'an; Blue:Mt. Hua)

30°

20 T
Oé) 18 ~ ““"*\\ Wa , 20
a 16 I 80°4 90°‘ 102)"‘” 11VO° 1280 130°E

14 t )
z- ol (" Reaction rates, cm3moleculess - )
S 10l NO, + OH -+ HNO, k,, = B(—12)
T s} 80, + OH »--+H,S0, ki = 6(—13)
= “SO, + H,0, + CLOUD - H,80,”  k,, = 6(—16)
Q 4y \_ Rodhe & Crutzen, Tellus 33 (1981) )
c 2
S o Contribution from local sources due

to heterogeneous reactions

100 o NO, 6.1ug/m3, 57%
e Ofg i SO 2.1ug/m?, 12%
e 5 WSOC 7.4 ug/m?, 48%
g © i . WSON 18 ug/m3, 95%

5 L
= | » | Contribution by long-range transport

20 |
- 10 | - NO3' 4.6ug/m3, 43%

0

S ORGSR R R A e
SR Y& A

Fig. 8 Productions of pollutants from local sources in Xi’an

SO,> 15.4ug/m3, 88%
WSOC 8.5 ug/m3, 52%
WSON 2 ug/m3, 5%




Latitude (Deg N)

e £ 50°N 'SP-equivalent concentrations” of dicarboxylic acids, keto-carboxylic acids,
f,l g ls, and other species during dust storm events i Xi'an, Central China
DSI DSII-1 DSII-2
F_‘J\l\_k/ @rﬁk /).’}r 1. Dicarboxylic acids, ng m™
" o s Takliz:aka?) I 40° Oxalic (C>) 1511 539 365
:iﬁ%ﬁ desert : %?' Malonic (Cs) 163 241 230
A -y . Succinic (Cy) 200 117 93
r}“{ i % qé Glutaric (Cs) 50 19 19
- 4 S B2 | 300
:\] h,/ K“\TZZTK ’;f IV. Inorganic ions, pg m™
q
I 5 - F 0.1 1
h\-‘gr /‘L 7 0 Cr 19 G
e - —1 20° NO5’ 22 9
i i SO* 32 28 17
80° 90° 100° 110° 120° 130°E NH, 2 1 1
" Na* 6 26 32
K 3 1 1
% Mg** 2 2 1
Ca*’ 11 27 9
45 Subtotal 97 100 67
V. Other species, ug m™
40 wsoc” 38 46 38
WSIC® 27 28 13
35 Particle mass (PM) 682 1144 2406
sof ||
: (Wang et al., Atmos. Environ., 2015)
25+ H
b
201 4
"u
ISe. 4G ' :
75 80 85 90 95 100 105 110 115 120 125 130 135

Longitude (Deg E)

(Nie et al, Atmos. Chem. Phys. 2012)
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(Wang et al., ACP 2014, AE 2105, )
(Zhang, Wang, et al., Chem. Rev. 2015)
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(Wang et al., ACP 2014, 2017; AE 2105, )
(Zhang, Wang, et al., Chem. Rev. 2015)
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(1) Non-dust storm period
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F- CI- No; S0 NHF Kt Mg* @t Wsoc EC 0OC
Concentrations of species from local sources, ygm=> 0.3 2.0 6.1 21 26 08 08 77 74 45 76
Relative abundance to the total 1n PM;. % 87 67 57 12 66 59 61 59 8 8§87 22

(Wang* et al., Atmos .Chem. Phys. 2013)



