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_ HSO;  + H,0, — SO, + H' + H,0 (M4)

SO, + O3 + H,0 — SO,% + 2HY + O, (M5)
108
HSO;™ + O3 — SO + HY + 0O, (M6)
10*
SO3* + 03— SO + O, (M7)
'Tm lo—lD
= SO, + H,O + 0.50, + Fe(III)/Mn(II) — SO,>~ + 2H' (M8)
s
= 12|
z HSO;~ + CH;00H —SO,> + H' + CH;OH  (M9)
w
~

107

HSO; ™ + CH;COOOH — SO,%~ + H' 4+ CH;COOH (M10)

b
108 1 1 1 1 1
0 1 2 3 4 5 6

pH

pprei s o opeibiegie il ytrip ey 2NH,(g) + SO,(g) + 2NO,(g) + 2H,0(aq) =

[H0x(g)] = 1 ppb: [Os(g)] = 50 ppb; [Fe(lID] = 0.3 uM; Mn(ID] = 0.03 pM.

oxidation rates in pM b~ for the different paths at 298 K for the conditions 2 N H4+ (aq) + 8042'(aq) + 2 H O N O(g)

[SO2(g)] = Sppb [Hz02(g)] = 1 ppb
[NO:(g)] = 1ppb [0s(g)] = 50ppb

[Fe(liT)(aq)| = 0.33M  [Mn([T)(ag)] = 0.03 uM Wan geta . , PNAS , 2016.
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Oxidation of Gas-Phase SO, on the Surfaces of Acidic Microdroplets: Reactive nitrogen Ch,emIStry n aerosql wat.er asa American Association
Implications for Sulfate and Sulfate Radical Anion Formation in the source of sulfate during haze events in China for the Advancement

of Science. Distributed
Atmosphe"c quu'd Phase Yafang Cheng,’*f Guangjie Zheng,"z* Chao Wei,’ Qing Mu," Bo Zheng,z Zhibin Wang,1 under a Creative

. t " 3 C Attributi
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Fine-particle pollution associated with winter haze threatens the health of more than 400 million people in the North
China Plain. Sulfate is a major component of fine haze particles. Record sulfate concentrations of up to ~300 pg m™*
were observed during the January 2013 winter haze event in Beijing. State-of-the-art air quality models that rely on
sulfate production mechanisms requiring photochemical oxidants cannot predict these high levels because of the

ABSTRACT: The oxidation of SO,(g) on the interfacial layers of microdroplet surfaces . L N s -

was investigated using a spmy—cha\:lflE\Zr reactor coupled :} an electmfpra? ionization H* S0, weak photochemistry activity during haze events. We find that the missing source of sulfate and particulate matter
mass spectrometer. Four major ions, HSO,~, $O,", SO,*~ and HSO,", were observed H* can be explained by reactive nitrogen chemistry in aerosol water. The aerosol water serves as a reactor, where the
as the SO,(g)/N,(g) gas-mixture was passed through a suspended microdroplet flow, alkaline aerosol components trap SO, which is oxidized by NO, to form sulfate, whereby high reaction rates are sus-
where the residence time in the dynamic reaction zone was limited to a few hundred (o)) tained by the high neutralizing capadity of the atmosphere in northem China. This mechanism is self-amplifying be-
dolcrseconce s e ratsively ity Sgnal osensitien (oR[5 056 N0 7y e IHLIO; H* cause higher aerosol mass concentration corresponds to higher aerosol water content, leading to faster sulfate

compared to those of HSO,~ as observed at pH < 3 without addition of oxidants other

+ ! ’
than oxygen suggests an efficient oxidation pathway via sulfite and sulfate radical anions  H production and more severe haze pollution.

on droplets possibly via the direct interfacial electron transfer from HSO,~ to O,. The H*
concentrations of HSO;~ in the aqueous aerosol as a function of pH were controlled by SOx~. HSO+"
the deprotonation of hydrated sulfur dioxide, SO,-H,0, which is also affected by the pH O3 5 FAONI3 i the sas oh 2 cloud/foe chemistry. there is still a |
dependent uptake coefficient. When H,0,(g) was introduced into the spray chamber SOy, HSO4 INTRODUCTION . . ering the gas phase and cloud/fog chemistry, there is still a large gap
simultaneously with SO,(g), HSO,™ is rapidly oxidized to form bisulfate in the pH range Persistent haze shrouding Beijing and the North China Plain (NCP) dur-  between modeled and observed sulfate (Fig. 1C). Adding an apparent
of 3 to 5. Conversion to sulfate was less at pH < 3 due to relatively low HSO;~ m.g c.old winter periods threatens the health of ~400 mﬂlmn peop]ehvmg helemgeneom process w1th sulfate pmductmn rates that scale wuh
concentration caused by the fast interfacial reactions. The rapid oxidation of SO,(g) on the acidic microdroplets was estimated as B s LI v S SP0 S S N - P SO, SR S EE
s SCIENTIFIC REPLIRTS
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Persistent sulfate formation from London Fog to X
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Chinese haze OFEN High levels of ammonia do not raise
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Discovery and measurement of an isotopically distinct Persistent sulfate formation from London Fog to Chinese
source of sulfate in Earth’s atmosphere haze EI 1 ‘ S

Gerardo Dominguez, Terri Jackson, Lauren Brothers, Burton Barnett, Bryan Nguyen, and Mark H. Thiemens*

September 2, 2008
vol. 105 no. 35
Masthead (PDF)
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Fig.2. Asummary of potential sources of oxygen in aerosol sulfate found in
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Atmospheric sulfate Oxidants Sulfate A70O
SO, oxidation (secondary) |0, (aq) ~ +10
H,0O, (aq) ~ +0.9
xOH, xHO, (gasoraqg) |~-0
O, + metal ions ~0
organic peroxides ?
NO, ?
Primary sulfate oF =10
Physical removal of SO, +
surface oxidation probably H,0O, O, ~0
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NO+0, — NO,+0, (R,)

NO,+hv— NO+O (R,)
0+0, —» O, (R;)
NO,+OH — HNO;, (Ry)

NO,+0, — NO,+0, (R.)
NO,+NO, — N,O. (Ry)
N,O.+H,0 = 2HNO, (R,

eN = yx£(8" N=NO, ), +(1-7)x£(8* N-NO;"),, ,
=yx&(8" N=HNO,),, +(1-7)x&(8* N-HNO,),, ,

Walters, et al., GCA, 2015.
Walters, et al., GRL, 2016.
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Temperature

3150-NO;-

22.0£6.9%

36.5+6.7%

SYN-Source % SUN-NO,

5 i i 27.8+8.9%
S15N-NO;y- :l Contribution
______________ Mobile sources
. .
Bayesian-SIR Biomass burning
Sequence (1) Q) ) @
| HNO, |
HO, hw
RO,/O, . NO,
NO |

e NO, [ N,0, el [N | Zong et al,, EST, 2017,
hvl 101{ hv l | OH T |
CH,CO 4

33 hv .
NO,
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Beijing: 158.5 pg m™
w075

12.0%

5.6% 26.1%

L.6%

16.0% 25.3%

4. 5%
9.8 3.0% Shanghai: 90.7 pg m™
omposir] 00
Lo 05% '
7.6%

4.7%
35%

!i'an.' 345.1 pg m?

48.0%

2.4%

6.9% S
35.5% 11.9% g o1 8%
o] ;

A%
BE%

5N
6.9%  J0E

9.0%0.6%
12.2% 2 5
5.0%

46.3% 130€ 6.8%
14.8% Guangzhou: £9.1 pg m
155% [composition] . [Eources] 3 gu g pne
12.9% iﬂ- 1% 6. 7%
18.4% 5.1%
15.6%
10. EIK .-ﬂﬁ
o mm O mmNitrate B Sulfate B Chloride
| Composition = Measured trace elements mm EC mm Unidentified |
|5-|:IIJI'I:E.."FE|L'ID|'5 mm Traffic s Coal burning = Biomass burning

W Secondary organic-rich I Secondary inonganic-rich

Huang et al., Nature, 2014.
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— "N NH, —— Ammonium —— Nitrate
40 .
2 Hazy days
Relative humidity
20 W 0 .0 P g 3 70-90%
15 3 ) 615“ o)
§;. o."'.zmto-zzx. 13%(0-*6%590 e?Ooo
] H e Size-resolved aerosol NH,* % 9, % 00
10 2
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Figure 1. Temporal evolution of nitrate and Pan et a|.’ EST’ 2016.

ammonium concentrations, anti-correlated with

8'SN-NH, in Grenoble (France).
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(Aliphatic olefines &
Aromatic hydrocarbons)
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Evaporation
Gas-particle partitioning

Oxalic acid

-14.1£2.6% %%
o ®
I ® soa

Glyoxylic acid «—— Pyruvic acid
-13.8+4.7%o -19.4+4.0%o0

I T

Glyoxal Methylglyoxal
-13.546.2%0 -18.6+5.4%0

Aqueous phase processing

81C
in clouds or wet aerosols

Methylglyoxal

Glyoxal

Alkenes, aromatic hydrocarbons (aged)
I 5|3CT

Alkenes, aromatic hydrocarbons (fresh)
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Zhang et al., JGR, 2016.
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Winter Spring Summer Autumn = WSOC/OC

100 - 100% 1.0
Il 27%
80 -

* Non-fossil fraction in OC
16%

[ ]
80% u 0.8

. '3 -
ol . e ol
40% - ié s ¢ "

E oC,,
[ ocye
I ccoc
[ JHOC
OOC,
[ JOOC

[_Jcoc
I eBOC

60

1 18%
40 -

WSOC/OC

- -0.4

7%

Contribution (%)

204 [22% 20% = 0.2

Non-fossil contribution to OC

0%

0.0
AMS “C AMS ¥C

2013/6/1

2013/7/1 4
2013/8/1
2013/9/1
2013/10/1
2013/11/1
2013/12/1
2014/11
2014/2/1
2014/3/1
2014/4/1
2014/5/1

Zhang et al., EST, 2017.
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PSA EAS-1: S4 of Zhang et al. (2003e) \

PSA EAS-2: S3 of Zhang et al. (2003e)

PSA EAS-3: S5 of Zhang et al. (2003e) oy

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. (ZOOSeﬁ
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Xuan et al. (2004)

Shao & Dong (2006)
Kim et al. (2007)
Wang et al. (2008)
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Table S1. Gaseous and PM pollutants and meteorological parameters during Xi*an 2012

5 E

ARARZET4
FAHTMAX 5>

Clean 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 44=49 5.0-264 7651 15-300 92=39 25245
05 7.4=7.0 0.0-26 4.1+4.7 04-11 0.6-9.6
NH: 12£7.4 4.7-67 7 7.6-35 9.3-61
HONO 1.3=1.0 0.2-5.4 2.1%1.3 0.2-6.5 0.3-10
II. Inorganic ions, Fe, Mn and organic matter in PM s (ng m'})
S0+ 1424.4 10-20 20-83
NOy 16+6.7 3.8-35 12-55
cr 9.8+5.1 4-28 2.6-34
NH; 10£3.7 5.1-18 3.2-44
Na™ 4.5£3.2 0.5-17 0.5-17
K 3.1£1.2 1.3-7.0 1.8-8.3
Mg™ 0.3x0.1 0.0-0.7
ca®* 24£12 0.0-53
Total ions 29=13 6019 34-97
Fe (ugm™) 0.82=0.29 1.51=0.70 0.60-3.0 1.7
Mn (ug m*) 0.040.04 0.1120.08  0.04-0.35 0.1
Water-soluble Fe (ng m™) 1.522.1 4.6+3.9 0.0-14
Water-soluble Mn (ng m™) 10+2.1 21£8.7 11-40
Ol'gauic matter (OM) 35=15 7.0-70 00433 38-163
pH 6.70=1.40 4.43-11.0 6.04=1.24 4.16-8.03 6.
III. PN nd meteorological parameters
PM; 5 (ug m”) 43=18 : 13965 76-613 250=120  101-839
T(°C) 5.7=4.1 -2.0-17 4.14.0 -11 4.1+4.4 -3.1-14
RH (%) 46=18 14-94 5617 26-93 68=14 41-93
Visibility (km) 8.9=3.4 3.2-17 6.1+2.8 2.4-12 3.2=1.1 1.4-7.2




[T

FTERFR#A3: BB

NanoSIMS (4K — X & F FigH~K)
FE 1AL S5URT 0 B R A BF A

1 x
1204
| . 2
10000
2 15
8000
15
5000 4
i
4000
os
8 2000
o

Silicon wafer, '2C"“N- Silicon wafer, ¥N'¢O, Nuclepore filter, ’C¥N-  Nuclepore filter, “N'°O,-

10 %

Mask level

30 %

Mask level

Li et al., IJMS, 2015, in preparation.
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