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EPA,RHRL p . =3 f(RH)[SO; 1+3f(RH)[NO;1+4 [ HLH+10 [BOLHK]

(Malm et al,, 2000) +1 [ 3140, 6 CHLRL 71410 CGR I AU
beXt«PMz.s = 2‘2fS (RH)[/J\(NH4)ZSO4] + 4'8fL (RH)[j((NH4)2SO4]
EP?MRHM* +2.4 f.(RH)[/NNH ,NO, ]+ 5.1/, (RH)[_/KNH,NO;,]

(Pitchford et. al., 2007) +2. 8f; (RH)[/MIHLI]+6. 11 (RH) KA B +1 7 fss (RH)[#3E]
+10 (W6 Ak 11 [ 1358 1+0. 6 DREDRL 7~ T8 1 X St ) 550 AR5 kA

B %ﬂ?‘ﬂ'l By vy, = 228 f (RH)[(NH),SO,1+2.33 f (RH)[NH NO, ]+ 4.53[ 7 HL ]+ 9.18[EC]
<%, PM, . . .
(BRS 25. 2010) +6.53 (RFKLYI L E 4155 5 W )+0.33[ NO, ( ppb)] + 13K i FIHUR D

K ST0b, i, =75 (RHD[SOY1+8.0,f (RH)INO 14T, 1 (AT HUA 1+11.0[EC] +4. 4fys (RE[ )

(Cheng et al.. 2008) +6. 2(FR PRI E AL 53 520 + 0.33[ NO, (ppb)] + 1 1.3CGEH A HH)
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1. —REBESIBRHSFE

Ratio of black carbon to organic carbon

Soot from diesel combustion
 appears black because of its
¢ high content of black
carbon, the light-absorbing
component of aerosols

Smoke from open burning of
biomass or wildfires appears
gray because of the high
ratio of OC which scatters
sunlight and therefore
appears light colored

|

Residential Industry Residen- Off-road Road transport

burning biomass and power tial coal transport

Mote: All sources emit significant quantities of other poliutants that may warm or cool the climate, induding GO (warming), MO, (ozone and N-O
warming, nitrate cooling), and S0 (sulfate cooling)

SOURCE: Non-CO2 Climate Forcers Report (2010), Bond (2007}, GAINS
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BC Emission(Tg/year)
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Speciated NMVOC emissions in MEIC database
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Speciated NMVOC
emissions in MEIC
database

Benzene Emisison Map, Transportation, 2010
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HARHBEE T ZEE T Ksoot
(a) BREES (b) YUFEYS
MAHNAEE () FHEK.
soot5 [ (NH,),SO B & &
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Li WJ, et al., Atmos. Chem. Phys., 10, 8119-8130, 2010
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(a)

BQ-OC (ugC/m’)

20

10

OCHI A SIMERMFHIRE

u CIF

+ ACF

A ACM

=ACI

o XAD-annular

A XlAD-honeycomlb

10 15 20

DQ-OC (ugC/m’)

Table 2 ooy
Carbonaceous components measured by organic denuder-based samplerg® H
Denuder/ﬁlterpack“ Sampling site Sampling period NVOC EWOCE
CIF/Q+CIF or CIG Lawrence, TN Jul, 1997 20 = 15¢:
Riverside, CA Sep, 1997 198 =143 %
Bakersfield, CA Feb-Mar, 1998 39 E 9.1
Rubidoux, CA Jul, 2003 16.6 E 17.5 '
Fresno, CA Dec, 2003 10 =149
Provo, UT Dec, 1998 87 146
Salt Lake City, UT  Dec, 2000-Jan, 2001 158 1 581
Salt Lake City, UT  Jul, 2001 97 130:
Bountiful, UT Dec, 2000-Jan, 2001 105 @ 3.1 :
Philadelphia, PA  Jul, 1999 143 111}
Pittsburgh, PA Aug, 2000 58 & 53 _
Atlanta, GA Aug, 1999 14 :53%
Seattle, WA Apr-May, 1999 49 f38:
ACF/Q+Q Bily Kriz, Czech Jun-Jul, 2003 262 1 004
Kpuszta, Hungary  Jun-Jul, 2003 34 E U.DGE
Ghent, Belgium Jun-]Jul, 2004 19 I-0.0%
Barcelona, Spain  Jul-Aug, 2004 30 E 02:
Barcelona, Spain Nov-Dec, 2004 49 1 09 :
ACM?/Q+CIF Pittsburgh, PA Jul-Aug, 2001 28 %03
ACIY/ Q Seattle, WA May, 2001 25 - &
XAD annular/Q+XAD-Q Toronto, Canada July, 2001 414 1 238
Toronto, Canada ~ Mar, 2003 3.00 & 222
Vancouver, Canada Aug, 2001 250 1 0300
XAD honeycomb?/ Q+Q  Pasadena, CA Aug, 2001 602 = 005

WA EREMAME—AEE—REREHERAIIOC/IECH HTFRAA:
>OCHIIEmZETRiE10~30%
>OCHI D1 1RZE 1 1X10~50%

Cheng Y., He K. B., et al., ENVIRON. INT., 2009
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TABLE 2. Temperature Programs Used in the Two Studies? + 204 ()
(&}
temperature (°C) =
hold base alternate alternate alternate 8 10 4
slep gas lime(s) case 1 2 3 ambient sample
1 He 60 340 275 200 120 0 : : : :
2 He 60 500 400 325 250 40
3 He 60 615 550 500 450
1 He 90 870 750 650 550 a) Woodsmoke PM .
He 45  oven heaters turned off to cool oven S
5 He:0,b 45 550 550 550 550 =, 30
6 He:0% 45 625 625 625 625 o
7 He:0:® 45 700 700 700 700 = W
8 He:0z® 45 775 775 775 775 £ 204 &
9 He:0° 45 850 850 850 850 o .
10 He:027 120 900 900 900 900 E
#The base case program was the only program used for the w L
laboratory intercomparison study. ® Actual gas composition: 98% He source sample
+ 2% 03. Lab H used 99%He + 1% 0.

BasaICase Alternative 1 Alternative 2 Alternative 3

ocC. Ecqﬂ{z*ﬁ\{&ﬂﬂ%ﬁ& ° Z: ﬁl Temperature Program
WEHFEZ 6 EEAFEMBRFEE | FIGURE 3. Pooled (Caltech and UW—Madison) elemental carbon
— N s (EC) level d for th bient particulat tt |
AFERE 2 FIECHIEUE —HE | Ty ihe solocted source samplos using the four difforent tomperature
BE, ANESEKEZ B KA FR®E | programs for ECOC analysis
mi y 0 °
Tz N2 1 37%, 46%. Source: Schauer et al., ES&T, 2003
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~ colored ECJ/EC,=1.50£0.42 EC,./EC,;,=2.8511.31
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charring J temperature
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EC e | E—ire
S0A biomass
colorless

burning
oc

H kB ESOARHHOCIECAH N HELRE

Cheng Y et al., ES&T, 2011, 45 (23), pp 10117-10123
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£
g ﬁ Rogge et al,
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4
OH + NOx axio'o 200 400 600 800
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//—) s il % 1 (M0, _ 308.0706
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T T T T T T T J (/)] 0 /L
02 04 06 0B 10 12 14 16 T T T 74 T T T 1
0:C Ratle 307.0 3071 307.2308.0 308.1 308.2

R;(/\g F \*ﬁ—_f-_ﬁi (5 50 Mass-to-Charge Ratio
Jiit. FTIRF ) , REfiR 5'1 Bruns EA et al. ES&T, 2010, 44, 1056—1061

A IST . Nguyen TB, et al. ES&T,2011 45: 6908-6918
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0.10
0.09 —This work

== Odum et al., 1997
0.06 4

»Atmospheric Observation
»Smog-chamber Study
»Modeling

Carbon mass halance for photochemical oxidation
of six different terpenoid compounds
All SOA and gas-phase products detected are included. Compounds

measured as m/z ratios by PTR-MS that were not specifically identi-
fied are referred to as unlD {adapted with permission from Ref. 26).

|
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. [ _EOTS M Formaldehyde
0 10 20 30 3 40 50 60 M Acetaldehyde  Formic scid I'
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B Mathyi furan  IuniD
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f

Carbon mass balance
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[=r}

S
i
’

0.0
B-Caryophyliene w-Humulane Mathyl chavical §-Pinene Linaloal lIsoprene

| (Source: J.Seinfeld, 2008) w Jé_?\ g;; ﬁ HD§| o

(Goldstein & Galbally, 2007)




SOAEE BB ANSEE:

S0 100 150 mo 253 300
Falathva Time {min

ZPFEREFEH-FIAEIZESIAR

Liggio J et al., ES&T. 2011, 45, 2790-2796
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Small clusters and Critical size Growing
molecules for clustering clusters
= No direct connection to NPF  « Sulfuric acid and amines « Organics start to dominate
« Very slow growth « Stabilizing organic compounds + Rapidly growing (~2 nm/h)
= Slowly growing (<1 nm/h) * Nano-Kohler
+ Determines J, « Determines J,
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Kulmala M et al. Science 2013, 339, 943
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Abatement options of residential sectors

Enhance the usage of improved stoves

Plastic greenhouse




Emission Reduction of BC by using briquette and biogas

BC emission reduction on rural fuel combustion by different technologies
(one family in one year)

Emission reduction of Bio-fug
Base: Bio-fuel + stove

Emission reduction of bituminous coal 1
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