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Emission inventory of BC in China
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e PN Why focusing on BC particle ?

BC from fossil fuel (FF) and
biomass burning (BB),

sl | 5 | Sonstinte ightabsorbing BC is the light-absorbing
' atmospheric aerosol - . R
* aerosol particle, identified

as the second-most
Important climate forcing
agent after CO,, and as one
of the most important so-
called short-lived climate

[ Sulphate - forcers.

RFari (W m=)

(IPCC, 2013) Total

O BC radiative forcing: +0.64 W/m? (IPCC, 2013)

O Uncertainty source: Emission, life time, mass absorption cross-

section (MAC), absorption forcing efficiency (Bond et al., 2013)
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Why focusing on BC particle ?

Without BC With BC

BYOCs SOANOX. BC)BrO
4 waO1C] s ﬂ‘, »
Natural & Anthropogenic Emissions Temperature Profile Natural & Anthropogenic Emissions Temperature Profile

BC plays the key role in modifying the PBL meteorology and hence enhancing
the haze pollution

Ding et al., GRL 2016
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Concentrations of OC and EC hglm’]

High carbonaceous aerosols in PM, ¢

Beijing 1999-2008

Comparison with other cities
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@ High OC and EC concentrations in Beijing compared with other cities

@ High OC/EC ratio indicates the large fraction of SOC
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[ It is necessary to investigate the sources and formation of organic aerosols }

Min Hu and Song Guo, IGAC Newsletter, 2010 PRBERLS I TR
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rangumvesty  PM, = and its major chemical speciation at

BEC different locations in China
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Jing Zheng, Min Hu* et al, Chemosphere, 2016, 159, 480-487 PRRERLS S TR
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rangumveny COMparison of PM, . and major chemical

species for urban and regional sites
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The size of each cycle is proportional to correlation
values between the temporal trends of each species ®* 02 O 04 O 0.6 O 0.8

EC, stronger local contribution urban reached 222% higher than regional sites
For most chemical species, urban similar to regional sites, uniform regional pollution

: : . )
Jing Zheng, Min Hu* et al, Chemosphere, 2016, 159, 480-487 SRNERLES TR
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Work done by PKU group

® Emission factor and characteristics of BC

by BC deposition

mid- atitude snow 2

Open burning
(savannas
T ‘ and forest

IRt E S TR

College of Environmental Sciences and Engineering

-



ez FZ _ . .
J Peking University Fine Particle Emissions from On-Road

Vehicles in the Zhujiang Tunnel, China
: . 2000
TABLE 1. Average Speciated PM,s Emission Factors (mg S 100 (@) B Zhujiang tunnel |
vehicle”! km!) in Zhujiang Tunnel and Comparisons with Other 2 1600 O Van Nuys tunnel |
Tunnel Studies g Egg = Wutong tunnel |
Zhujiang Sepulveda Kilborn  Howell c;i’: 1000 £ :
species Tunnel? Tunnel®  Tunnel®*  Tunnel® g 800 i
2 600
mass 110 (4) 52 24.1 39.3 2 a0 - ?E—
EC 49.6 (1.9) 25.50 6.87 10.8 200 — I T .
ocC 24.3 (0.93) 19.27  6.41 12.9 0 =z TE AE. #dnlnla
E%f_‘ ?g;%gg;; ;Z 5556388838888 8E8E88
3 - . .
cl- 0.98 (0.16) 0.67 s o
NH,* 0.80 (0.25) 1.61 £ 00 o
Na (23) 0.37 (0.07) 0.30 0.98 0.038 £
Mg (24) 0.22 (0.02) 0.26 0.077 0.044 S 150 [ |
K(39)  0.14(0.04) 0.08 0.13 0.065 g
Ca(44) 0.64 (0.09) 0.30 0.31 0.43 £ 100 -
Ti(47)  0.027 (0.004) 0.09 0.010 0.19 2
V (51) 0.0015 (0.0008) 0.05 0.00068 0.00040 2 50 = £ —A—
Cr(52) 0.0054 (0.0004) 0.02 0.012 0.0018 = Tg IE E {I_ I
Mn (55) 0.019 (0.001) 0.02 0.0058  0.0060 0 e L
Fe (57) 1.12(0.09) 279 051 0.55 22 5fE3 855888388
Co (59) 0.00013 (0.00004) 0.00 0.00 0.0004 “ s ©
Ni (60)  0.0034 (0.0014) 0.01  0.00 0.009 )
Cu (63) 0.034 (0.002) 0.17 0.014 0.012 £ 300
Zn (66) 0.078(0.010) 0.14 0.023 0.028 2 250
As (75)  0.0020 (0.0006) 0.00 0.0021  0.00045 8
Mo (98) 0.0014 (0.0001) 0.01  0.0020 0.0013 g 20
Cd (114) 0.00049 (0.00022) 0.02 0.00004  0.00005 2 150
TI (205) 0.00004 (0.00002) 0.00 0.00002  0.00001 2 00
Pb (208) 0.014 (0.003) 0.03 0.0031  0.0010 I o
U (238) 0.00004 (0.00001) 0.00 0.00001 0.00 o
4Values in parentheses indicate associated uncertainties 0 o £ 2 3 @ x ? @
(SD/v/(n)). ? Data from ref 21. ¢ Data for summer weekday - s ¢ 2 g 2 g
tests in the S ting Inf tion of ref 22. oo T =
ests In the supporting Tnformation of e FIGURE 1. Comparison of distributions of n-alkanes (a), PAHs
: H * H H (b), and hopanes (c) in PMzs emissions in the Zhujiang Tunnel,
Lingyan He, Min Hu* et al, Environ. Sci. Technol. 200€ : i Ko Toumel, and the Watong Tunnel,
— N 2 1tz
42, 44614466 PRl 5 TR _
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‘Platform of vehicle emission experiments
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Vehicle Emission Factor of BC
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Yanhong Qin, Min Hu* et al. China Environ. Sci., 2016
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EC emission factor (mg kg?)

OC emission factor (mg kg?)
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Vehicle Emission Factor of BC

. This study . others

ita, Timothy Z#f3gf Volckens George Fujita, Zfffgf Schauer, May et Fujita Kishan Zhi NingZhi Ning Grieshop Lough et
al ., et al . et al A. et al et al et al al etal et al et al. et al et al al

M-diesel Gasoline Tunnel

Fujita, Z&@ffgf George A. Fujita, Z&@fgf Schauer, May et Fujita etKishan et Zhi Ning Zhi Ning Grieshop Lough et
et al et al et al et al al al al et al. et al et al al
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Biomass Burning Emission Factor of BC

Straw moisture content, %
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Yujue Wang, Min Hu* et al, Acta Chim. Sinica 2016, 74, 356-362 j: 722 & 1 22 pe
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Z P
A)Jerr 2 Emission factor of BC for power plane

and steel plant
PM, 5 conc. (mg/m?®) OC (%) EC (%)
Power plant #1 4.35 1.05+0.44 0.34+0.39
Power plant #2 0.94 1.88+0.87 0.33+0.15
0.68 12.96+11.49 1.95+1.96
Electric furnace 5.33 0.54 +0.12 0.02+ 0.03
Fe
40 B Power plant #1
35 3
~ 30 B Power plant #2
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|
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® Emission factor and characteristics of BC
® Source identification of BC particles

® Evolution of BC particles during aging
process In the atmosphere
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14C-Based source assessment of

carbonaceous aerosols at a rural site

TC { |
s
day night day night
winter summer
O winter

OSummer EC }

} |

winter Summer

(14c/1zc)sample

fm = 0.95(T4C/12C) oy

where ( 14C/lZC)Smple is the 1C to '*C ratio observed in the sample,
and (1C/12C)ox; is a ratio from the NIST Oxalic Acid Standard I (NBS
OXI). The values of blanks ranged from 4 x 107> to 5 x 107>,

Due to above-ground nuclear testing during 1950s and 1960s, the
ambient “C excess from nuclear bomb tests needs to be corrected. For
biogenic emissions a value of 1.04 was used, taken from measure-
ments performed by Levin in 2007 (Levin et al., 2008). Szidat et al.
(2009) recommended that the ratio was 1.16 for 30—50-year-old
trees. In this study, a correction factor of 1.08, as suggested by Heal
et al. (2011), was chosen. Therefore the fraction of contemporary
carbon (fc) in the samples was estimated using fcisample) = fM(sample)/
1.08 and the fraction of fossil carbon (ff) using fr=1 — fc.

f. = fraction of contemporary carbon

® Fossil fuel emission contribute
about 80-87% EC in both seasons.

® More contemporary carbon in
winter due to biomass burning.

Xuesong Sun, Min Hu* et al., Atmos. Environ,, 2012

rTJur )l 4900 Y 4w J 1vu
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® High-level PM, ¢, OC, EC,
K and Cl were observed
In local wheat burning
period.

® \Wheat residue burning
contributed over 50% of
PM, ., OC, EC, Kand CI.

® Relative humidity and
aging process of PM, ¢
might affect the fate of ClI
In PM, ..

Source apportionment of PM, . during the harvest
season in eastern China’s agricultural regions

Active fire spots
(MOD/MYDI4AD)

Non-fire
B Phase |
iz i\ I Phase 2

;.o - % [ Phase 3

< Jiangsu

Jianfeng Li, Yu Song*...Min Hu*, Atmos. Environ. 2014
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Latitude [°N]

Latitude [°N]

a receptor site of the eastern coast of China

o_ 02 04 06 08 10 Source regions were identified by
45 TPSCF value total potential source contribution
function (TPSCF).
40 50
35 45
o
30 2
50 40 é
a5 35~
. 30
- va 120 125 130
ey Longitude [°E]
35 4 _
TS — TI_DSCF valu_es were consistent
30 4= BC emission (tons/grid)  with BC emission rates in the
10 115 120 125 130 emission inventory.

Longitude [°E]
Qingfeng Guo, Min Hu* et al., Atmos. Environ,, 2015 gy pyes 51 peep
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rims vy 1 NE identification of source regions of BC at

a receptor site of the eastern coast of China

Heating period
Latitude [°N]

15 20 o 10 20 30 40 50 60 70 80 00 05 1.0 15 20

residential, industry and transportation emission (tons/grid) power emission (tons/grid)
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o B
<
C - N e 3
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[ Residential emission is the main BC source during heating period }

Qingfeng Guo, Min Hu* et al., Atmos. Environ,, 2015 gy pyes 51 peep
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reinguniversity SO A estimation based on OC/EC method

1201 - 1.04+——= -
— 2_sided fit:
{ OC=(11£0.1)*EC+(15.1+2.0 -
g0 R2=0F86 : ( ) L 0.8~ Local emission days| [
= © 06 —\ -
2 %)
= O 0.4 -
3% o 1.04
° . - x 0.2 ' -
(a) U/ (b)
0, I | I r oo+
0 20 40 . 60 80 0 4 8 12
EC (ugC m ) Assumed primary ratio between OC and EC
1 0 _I 1 I L I 1 I J__
o i OCsec = OCiotal —ECa X (OC/EC)pri — OChon
&3_ 06— - The modified EC tracer method was adopted to
3 estimate SOC. (OC/EC)pri was calculated for the
Nz-' 0.4 B data points in day and night, respectively. At the
0.2 oot =l - rural site in the PRD SOA is 47% of OC, up to 80
- %. Good correlations between estimated SOC with
oo+ OOA and WSOC, and estimated POC with HOA,
0 4 8 12 proved the results is reliable
Assumed primary ratio between OC and EC
Weiweil Hu, Min Hu* et al., ACP, 2012 BRI & TR
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® Emission factor and characteristics of BC
® Source identification of BC particles

® Evolution of BC particles during aging
process In the atmosphere

WERE S TR R

College of Environmental Sciences and Engineering




ez r %

UNIP
€
ARY
Wi I~
o v}
Net

Peking University

Aging of BC particles from clean to haze in Beijing
mg 50 - org i
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eraangunversy STOWEh Oof BC particles with comparison

between clean and haze period
250+ 250-
./\.\
200- a 200-
150+ -/\_ 150+ .\.
100+ / \ 100- \.
o " 34pm \ 0 063
0 > . . Hm . .....',\- - = 0 -/. v . Hm \\.-
0.1 1 0.1 1
_ ® Higher shell diameter
5 1] ¢—1 In haze day
2 | e . .
g }/ __ __ ® No obvious change in
° } % core diameter
Clean day Haze day Hongya Niu, Min Hu* et al, STOTEN, revised
after review -
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Growth of BC particles with comparison
between clean and haze period

@® Core-shell ratio = core g, meter / SN giometer (0<ratio<l1)
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QUasi-real Atmosphere aerosoL evolutlon sTudY

Chamber: QUALITY Chamber

LIy

Temp. Same as in the ambient

&RH air, Difference of
Temp. <1°C ,
Difference of RH<3%

Condition Discripsion

Radiation  Same trends as in the
ambient air , but 50%
lower

Gaseous Same as in the ambient
species air, Difference <10%

Particles Controlled in the
chamber, lower than in
the ambient air

IRt E S TR

College of Environmental Sciences and Engineering




Indoor

—» Measurement

— Injection

Chamber Experiment design

Measured parameters and relative instruments
e Chemical composition : AMS, SP2
e Diameter & density : SMPS, APM
e Optical properties : PAX
e Hygroscopicity : HTDMA, CCN, VTDMA

generator

IRt E S TR
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Growth of BC particles in different
environment

Beijing
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® Fast increase of diameter, density and mass
® Total growth of D, in each experiment: 32-152 nm
® Growth rate: 26 (11-47) nm/h

Jianfei Peng, Min Hu*...Renyi Zhang*, PNAS, 2016
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BC morphology change

AD,,. /D
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Jianfei Peng, Min Hu*...Renyi Zhang*, PNAS, 2016
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Evolution of hygroscopicity
1 9 Qe @ ?"/0
® HTDMA RH=88% y
2 06 /
® CCN 100.2%-100.8% - .. 17
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mmees - Enhancement of light absorption

220 nm 150 nm
3.0 3.0
. 2.5 A . 25 -
£ = l -
o 2.0 - e o " 2.0 - :_,,-—"
S 15 ‘,?ﬁ } o) 15 ”,,*’—J
w10 #g”ﬁié SRR et =
A
0.5 ' ! 05 | . : B
0 0.5 1 1.5 0 0.5 1 15
ADme /Dme,O ADme /Dme,o
3.0 i 3.0
2.5 - i 25 & -
L *a "
200 4 Ry - s 20 - -
1.5 .':"'*.L i 1.5 = = i
=) u_lv
1.0 Mm 1.0 1 -2 o
0 60 120 180 0 40 80 120
AD, . (nm) AD,,. (nmM)
Jianfei Peng, Min Hu*...Renyi Zhang*, PNAS, 2016 - -
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= ramunesiy B aging and direct radiative forcing

® The timescales to achieve complete
A k — e — & morphology modification and an
T Homston] absorption amplification factor of
] 0 9 hr 18 hr 2.4 for BC particles are estimated to
Qg 10{ B i be 2.3 h and 4.6 h, respectively, in
= - | Beijing, compared with 9 h and 18
C T : — | h, respectively, in Houston
w . ¢ | ®BC under polluted urban
) environments could contribute
g | | significantly to both pollution
) .t | | developmentand large positive
. T L radiative forcing, implying that
T o8 I I I reduction of BC emissions achieves
2 o4l " | aco-benefit in simultaneously
Eg 1Y [— L controlling air pollution and
< 0 2.3 hr 4.6 hr protecting climate, especially for
Time (Beijing) developing countries.
Jianfei Peng, Min Hu*...Renyi Zhang*, PNAS, 2016 PRAER] 2 b5 T R |
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Future work

® Aging of BC particles from vehicles & biomass
burning, properties changing and impacts on climate

change

® Evaluation of the aging time scale and absorption
enhancement of BC particles in the ambient air with
DMA-SP2 system

ook forwards to cooperating with you
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Thank you for your attentions
Your comments are welcome!

Min HU #H
Peking University

Email:
minhu@pku.edu.cn
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