
  

     
     

     

SOURCE-SP ECIFIC EMISSION FACTORS OF BLACK CARBON 
AND ORGANIC CARBON CONSIDERING TW O MAJOR 

URBAN AEROSOLS SOURCES: TRAFFIC AND DOMESTIC 
HEATING 
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CARBO NACEO US AERO SO L. 

▶ Ca rb on a ce ou s  a e roso ls  a re h ig h ly d ive rse ,  
▶ Th e y im p a c t a ir q u a lit y, p u b lic h e a lth ,  visib ilit y, c lou d 

n u c le a t ion , t h e  p la n e ta ry  ra d ia t ion b a la n ce ,  a n d  c lim a t e 
fo rc in g , 

▶ Ca rb on a ce ou s  a e roso l  a re com p ose d o f BC/EC a n d  o rg a n ic 
a e roso l  (OA), w h ich con sist s o f  d iffe re n t  m o le cu la r 
st ru c tu re s: 

ca rb on + h yd rog e n  + oxyg e n + n it rog e n  + su lp h u r,  

▶ Th e OA fra c t ion is th e  la rg e st a n d  th e  le a st u n d e rstood  . 

CA = BC + OA 
IP CC-Clim  a t e  ch a n g e  20 21, Th e  

P h ys ica l Sc ie n ce  Ba s is (20 21) TC = BC + OC 
W o rld He a lt h Org a n iza t io n . 

(20 21) 
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CARBO NACEO US AERO SO L 
P rim a ry CA 

SOAa+SOAb 
combustion SOA + non-comb SOA 

CA = BC + P OA + SOA 

Combustion, 
Human + Natural 

Combustion, 
Human + Natural 

Secondary from precursors, 
Combustion or biogenic 
Human + Natural 
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RO SO L SP ECIATIO N SYSTEM (CASS)

ASS
CARBO NACEO US AE 

C 
Ho  w  c  a  n  w  e  m  e a  s  u  re  t  h  e m  ?  

Component of OA 

CARBONACEOUS AEROSOL SP ECIATION SYSTEM 
O n lin e 

O C  = TC – BC 
Op t ica l m  e a su re m  e n t  o f BC w ith  Ae th a lom  e t e r AE-33 

Th e rm  a l  m  e a su re m  e n t  o f TC  w ith  n e w ly d e ve lop e d  TCA-0 8  

No  g  a  s , n  o  g  la  s s  

Hig h  t im e re s o lu t io n 

TCA0 8  
16.7 LP M 
Th e rm a l 
d e t e rm in a t ion 

OC apportionment: 
Primary – Secondary AE33 

5 LP M 
Op t ica l 
d e t e rm in a t ion 

BC source apportionment: 
Fossil fuel (traffic)- Biomass Burning 

TC 

BC 

Rig le r, M. et a l., AMT (20 20 ) d o i:10 .5194 /a m t -20 19 -376 . 



   

      
   

 

 

  CARBO NACEO US AERO SO L SP ECIATIO N SYSTEM (CASS) 

So u rc e  a p p o r t io n m e n t  
• Cru cia l in fo rm  a t ion  fo r  a ir  q u a lit y m  a n a g e m  e n t  a n d  re se a rch ,  

• BC sou rce  a p p o rt ion m  e n t  is  d on e  b y AE-33 b a se d  on  th e  op t ica l p rop e rt ie s  o f  
d iffe re n t  ca rb on a ce ou s a e roso ls   Fossil Fu e l com b u st ion  (BCFF) vs. Biom a ss 
Bu rn in g  (BCBB), 

• OC  sou rce  a p p o rt ion m  e n t?  

• OC a p p ort ion m  e n t  (p rim  a ry vs.  se con d a ry)?  



  

    

   

 

   

 

CARBO NACEO US AERO SO L SP ECIATIO N SYSTEM (CASS) 

BC t r a c e r  a p p ro a c h  
BC is  w id e ly  u se d  a s a  t ra ce r  fo r  com  b u st ion  e m  ission  (n o  o th e r sou rce s).  

BC  t ra ce r m  e th od  ca n  b e  im  p rove d  in t e g ra t in g  th e  sou rce  a p p o rt ion m  e n t :  

• Fossil fu e l re la t e d  BC: BCFF – t ra ce r fo r t ra ffic e m ission , 

• Biom  a ss b u rn in g  re la t e d  BC: BCBB – t ra ce r  fo r d om  e st ic  com  b u st ion  (h e a t in g ).  

Co rre la t ion  a n a lysis  b e tw e e n  th e  com  p on e n t s in d ica t e s com  m  on  sou rce s.  



  

      

     

    

      

 

CARBO NACEO US AERO SO L SP ECIATIO N SYSTEM (CASS) 

BC t r a c e r  a p p ro a c h  fo r O C  
• Tw o  sou rce  a p p roa ch : fo ssil fu e l & b iom  a ss  b u rn in g  re la t e d  e m  ission ,  

• P lu s  b a ckg rou n d  (in c lu d in g  se con d a ry fo rm  a t ion  in  ca se  of OC),  

• P o llu t ion s  e m  it t e d  b y  th e  sa m  e  sou rce  sh ou ld  b e  co rre la t e d ,  

• Se p a ra t e  t h e  p o llu t ion  t im  e  va ria t ion  to  tw o  com p on e n t s t h a t  co rre la t e  w ith  
BCFF a n d  BCBB, 

• Ma th e m a t ica l t oo l: Mu lt i-lin e a r re g re ssion a n a lysis. 



  

        
  

   

CARBO NACEO US AERO SO L SP ECIATIO N SYSTEM (CASS) 

BC t r a c e r  a p p ro a c h  

OC’ = ERffx BCff + ERb b x BCb b + SOCb 

ERff = O Cff/ BCff 

ERb b =O Cb b / BCb b  

• W e  a re  lookin g  fo r  t h e  b e st  co rre la t ion  b e tw e e n  th e  com  p ose d  (OC’)  a n d  
m e a su re d  OC ch oosin g  th e  su it a b le  ERff , ERb b  a n d  SOCb p a ra m  e t e r se t ,  

• W ith  th e  ERff , ERb b p a ra m  e t e rs  w e  ca n  cre a t e  t h e  OCff , OCb b com  p on e n t s,  

• W h ile  SOCb g ive s t h e  n on  -com  b u st ion  SOC.  



  

  

  
 

  
 

CARBO NACEO US AERO SO L SP ECIATIO N SYSTEM (CASS) 

ERff, ERb b  

SO Cb : Y intercept of the regression 

Similar analysis for CO2 source 
apportionment  emission factors 
for source specific BC and OC, 
Using carbon content of diesel fuel 
(86%) and wood (45%). 



 

  

     

  

 

   

AP P LICATIO N O N THE URBAN ATMO SP HERE 

• W h e re : Lju b lja n a , ca p it a l o f Slove n ia , 

• Atm  osp h e ric  La b ora to ry  of Ae roso l d .o .o .  (u rb a n  b a ckg rou n d  loca t ion ),  

• W h e n : Nove m  b e r 20 21  – Ma rch  20 22, 

• He a t in g  se a son  w ith  sig n ifica n t  w ood  com  b u st ion ,  

• Da ta  sou rce : 1-h ou r  a ve ra g e  con ce n t ra t ion s from  CASS +  CO  2 se n so r,  
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AP P LICATIO N O N THE URBAN ATMO SP HERE 

• W id e  d ist rib u t ion  o f OC/BC-FF, m  ore  d e fin e d  p e a k fo r  OC/BC-BB 
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AP P LICATIO N O N THE URBAN ATMO SP HERE 

Pio et al., 2011. 
Atmos. Environ. 
45, 6121–6132. 

• W id e  d ist rib u t ion  o f OC/BC-FF, m  ore  d e fin e d  p e a k fo r  OC/BC-BB 

• Com  p a rison  w ith  d yn a m  om  e t e r  e m  ission  m  e a su re m  e n t s  
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AP P LICATIO N O N THE URBAN ATMO SP HERE 

Low OC or 
High BC 

Pio et al., 2011. 
Atmos. Environ. 
45, 6121–6132. 

• W id e d ist rib u t ion o f OC/BC-FF, m  ore  d e fin e d  p e a k fo r  OC/BC-BB 

• Com p a rison  w ith  d yn a m om e t e r e m ission  m  e a su re m e n t s  

• An d  tu n n e l m  e a su re m  e n t s  (in c lu d in g  g a so lin e  ve h ic le s)  
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AP P LICATIO N O N THE URBAN ATMO SP HERE 

Gonçalves et al., 
2010, Atmos. 
Environ. 44, 
4474–4480. 

Pio et al., 2011. 
Atmos. Environ. 
45, 6121–6132. 

• W id e d ist rib u t ion o f OC/BC-FF, m  ore  d e fin e d  p e a k fo r  OC/BC-BB 

• Com p a rison  w ith  d yn a m om e t e r e m ission  m  e a su re m e n t s  

• An d  tu n n e l m  e a su re m  e n t s  (in c lu d in g  g a so lin e  ve h ic le s)  

W e  m  e a su re d  h ig h e r OC/BC  th a n  d ire c t  ch im  n e y e m  ission  (a tm  osp h e ric  p roce sse s? )  • 
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AP P LICATIO N O N THE URBAN ATMO SP HERE 

• Se p a ra t e d  OC/BC  d ist rib u t ion s  fo r  d a y  a n d  n ig h t  p e riod s,  

• Hig h e r  OC/BC ra t io s  a re  m  o re  fre q u e n t  d u rin g  d a ylig h t  p e riod  fo r FF  com  p on e n t ,  

• Se con d a ry  fo rm a t ion  (SOCa)? 
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AVERAGE O C/ BC RATIO S AND EMISSIO N FACTO RS 

OC/BC EF (g/kg) OC EF (g/kg) BC 

BB 5.45 0.65 0.12 

FF 0.99 0.39 0.39 

Average share of primary & secondary OC 
16 



     
 

  
   

    
   

  

     

    

CO NCLUSIO NS 

• Sou rce  sp e c ific  BC t ra ce r  m  e th od  w a s  su cce ssfu lly a p p lie d  fo r  sou rce  
a p p o rt ion m  e n t  o f OC  a n d  CO  2, 

• Tra ffic  re la t e d  OC h a s a  w id e  d ist rib u t ion  w ith  a  p ossib le  con t rib u t ion  o f  
se con d a ry OC fo rm e d  from t ra ffic e m it t e d p re cu rso rs, 

• BB-re la t e d  OC h a s m  o re  d e fin e d  d ist rib u t ion  b u t  h ig h e r  ra n g e  th a n  from  d ire c t  
ch im  n e y  e m  ission  m  e a su re m  e n t  (a g in g  + a tm  osp h e ric  p roce sse s),  

• Usin g  th e  sou rce  sp e c ific  CO  2 t h e  e m  ission  fa c to rs  w e re  ca lcu la t e d ,  

• Non -com  b u st ion  SOC (SOCb ) w a s  e st im  a t e d  a s 31% o f to t a l OC,  

• More  d e t a ils: Alfo ld y e t  a l. (20 22), AMT Discu ssion s,  DOI: 10.5194/amt-2022-53. 
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     THANK YOU FOR YOUR KIND ATTENTION! 
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