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  Black Carbon       and        Particulate Matter 

≠ 

ILJR  R. Venturini 

• BC – primary  

• BC – direct to sources 

• PM dominated by secondary 

• well mixed 



Domestic heating with wood 

• visible source of air pollution 

• not so „easy“ to control 

• difficult to regulate 

Baltimore Sun 
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Optical measurement of Black Carbon:  Aethalometer™ 

• Collect sample continuously. 

• Optical attenuation ~ change in ATN. Convert to absortion. 

• Measure optical absorption continuously : λ = 370 to 950 nm. 

• Convert optical absorption to concentration of BC:  

BC (t) = b(t) /  

• Real-time data: minutes 
• Dynamical, real-time measurement, updated each period 

ATN = ln (I0 / I) 

Reference I0 

Sensing I BC 

Light Source 

Filter with Sample 

Light Detectors 

 
bATN ~  ATN/ t 



• measure attenuation with the 
Aethalometer 

• absorption coefficient - babs 

• for pure black carbon: babs ~1/λ 

• generalize Angstrom exponent:  
     babs ~1/λα 

  

     diesel: α ≈ 1 

 biomass-smoke: α ≈ 2 and higher 

Biomass-smoke vs. diesel - 7λ 
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J. Sandradewi et al., A study of wood burning and traffic aerosols in an Alpine valley using a multi-wavelength 
Aethalometer, Atmospheric Environment (2008) 101–112 
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Y = A + B * X

Parameter Value Error

------------------------------------------------------------

A 0,36434994 0,05058862

B 190,39271329 10,72866021

------------------------------------------------------------

R             SD         N P

------------------------------------------------------------

0,9527652 0,14331925 34 <0.0001

------------------------------------------------------------
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Lesni dim je 
najpomembnejše 

onesnaževalo! 

ARSO 
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Vallée d‘Arve, France – 7000 stoves! 

wikipedia 



Nov – Mar Vallée d‘Arve, France 

DECOMBIO, 2018 



Vallée d‘Arve, France - Passy 
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• nižje koncentracije v centru mesta 
• najbolj onesnaženi predeli: Bežigrad, 
Šiška in Vič 



 



Production of black carbon - model 
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Assumptions: 
• Black carbon is produced by traffic and biomass burning 
• Emissions are contained inside the basin when PBL is lower than 

surrounding hills 

Planetary 
boundary 
layer 

 
  

Regional 

background 



Production of black carbon: 
Non-convective days 
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Production of black carbon  
Convective days 
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Production of black carbon- Results 
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Black carbon production 
(surface density): 
 
BP=(dBC/dt)*PBL 
 
• Different approaches 

give simmilar results 

• Biomass burning production is homogeneous 
• Traffic emissions are heterogeneous 
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Sklepi 

• BC –kvantifikacija učinkovitosti ukrepov 

• določanje virov 

• vloga vremena 

• dolgotrajne meritve 

• produkcija 

• detektivka 

  

Hvala!  grisa.mocnik@ijs.si 



b(λ) = bwb (λ,wood) + bff (λ,fossil)            λ = 470 nm, 950 nm  

Quantification 

22 Sandradewi 2008 

bi(470 nm) / bi (950 nm) = (470 nm / 950 nm) - 
 

α = 1,0 ± 0,1 (fossil) Bond & Bergstrom 2004           . 

α = 2,0 -0,5/+1,0 (wood) Kirchstetter 2004,  

Day 2006,  
Lewis 2008 

 
 

BCff   = BC bff(950 nm) / b(950 nm) 

BCwb = BC – BCff                                            Sandradewi 2008  
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Linear Regression Y = A + B * X

Parameter Value Error

------------------------------------------------------------

A 0,23565118 0,03259332

B 0,89823288 0,04320958

------------------------------------------------------------

R SD N P

------------------------------------------------------------

0,95068003 0,1138044 48 <0.0001

------------------------------------------------------------
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Linear Regression Y = A + B * X

Parameter Value Error

------------------------------------------------------------

A 0,23018717 0,06902515

B 1,55331584 0,15425605

------------------------------------------------------------

R SD N P

------------------------------------------------------------

0,81838108 0,21883207 52 <0.0001
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B
C

w
b
 (


g
/m

3
)

K
+
 (g/m

3
)

 

0,0 0,5 1,0 1,5 2,0 2,5 3,0 3,5 4,0

0,0

0,5

1,0

1,5

2,0

2,5

Linear Regression Y = A + B * X

Parameter Value Error

------------------------------------------------------------

A 0,29777894 0,04825071

B 0,61362744 0,03013597

------------------------------------------------------------

R SD N P

------------------------------------------------------------

0,96350871 0,13179478 34 <0.0001
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Linear Regression Y = A + B * X

Parameter Value Error

------------------------------------------------------------

A 0,37001774 0,1470394

B 3,07090848 0,51779812

------------------------------------------------------------

R SD N P

------------------------------------------------------------

0,71828918 0,338756 35 <0.0001

------------------------------------------------------------
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Levoglucosan - ion 
chromat.   EARS 

Wood-smoke markers – levoglucosan  
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Urban background 

HWY-2 

Center closure Center bypass 

after Stull, 1988 zi 

Ogrin, 2016 


