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Welcome to the National Physical Laboratory 



What do we mean by 

black carbon ? 

In principle: 

Black carbon (BC) is a useful qualitative description when 

referring to light-absorbing carbonaceous substances in 

atmospheric aerosol; however, for quantitative applications the term 

requires clarification of the underlying determination                     

[my italics] 

Equivalent black carbon (EBC) should be used instead of black 

carbon for data derived from optical absorption methods, together 

with a suitable mass-specific absorption cross-section (MAC) for 

the conversion of light absorption coefficient into mass 

concentration. 

[A. Petzold et al., “Recommendations for reporting black carbon 

measurements”, Atmos. Chem. Phys., 13, 8365-8379, 2013]  



What do we mean by 

black carbon ? 

In practice:  

(E)BC is an optical measure of airborne 

“soot” that can be made with:  

• high sensitivity  

• high time resolution  

• simple, reliable instruments 



Black carbon basics 

1 Aerosol optical absorption, filter-free. Unit Mm-1 

→ equivalent black carbon μg/m3 

using a conventional mass absorption cross-section,  

e.g. 7.5 m2/g 

 

2    Aerosol optical absorption, filter-based. Unit Mm-1 

→ equivalent black carbon μg/m3 

using a conventional mass absorption cross-section 

and an empirical correction for filter effects 
 

 

 

“True” black carbon needs additional correction for: 

 

 enhanced absorption by internally-mixed non-absorbing material, 

 absorption by non-carbonaceous material,  

 particle size etc.   

 

 

Directly relevant to climate 

change;  

 

rapid and sensitive 

indicator of primary 

combustion sources for air 

quality and atmospheric 

science 



Relation between Black Carbon  

and Elemental Carbon in ambient air 

Data from the Defra Black Carbon network and the Defra 

Particles network, run by NPL with King’s College London 

                 2017 data (daily means) 

 

Marylebone Road (roadside) 

North Kensington (urban background) 

Chilbolton (rural) 



Relation between BC and EC in 

the London Underground 

Data from a PhD collaboration 

with King’s College London 

PM2.5 inlets 
 

High Fe concentration 

BC overestimated 

 

Large (non-combustion) 

graphitic particles 

BC underestimated 



Data from a PhD collaboration 

with King’s College London 

TSP inlets  
(no size selection) 
 

High Fe concentration 

BC overestimated 

 

Large (non-combustion) 

graphitic particles 

BC underestimated 

Relation between BC and EC in 

the London Underground 



scattering  +  absorption   =    extinction 

 
 

light is scattered 
in other directions 

radiation source 

 
 

light is attenuated 
(extinction) due to 
absorption and scattering 

light is absorbed 
and transformed  
(e.g. to heat, …) 

detector 

 
 

 
 

FILTER-FREE aerosol light absorption 

Direct: photoacoustic or 

photothermal interferometry 

 

Indirect: extinction minus 

scattering 



scattering  +  absorption   =    extinction 

 
 

light is scattered 
in other directions 

radiation source 

 
 

light is attenuated 
(extinction) due to 
absorption and scattering 

light is absorbed 
and transformed  
(e.g. to heat, …) 

detector 

 
 

 
 

FILTER-FREE aerosol light absorption 

Direct: photoacoustic or 

photothermal interferometry 

 

Indirect: extinction minus 

scattering 

Traceability to 

SI is possible 

𝐼1/𝐼0 = 𝑒−α𝑥 



Uncertainty components include 

 
Gaseous absorption (and scattering)   

FILTER-FREE aerosol light absorption 



Absorption data for 1 ppm of various gases 
(slide courtesy of Ernest Weingartner, FHNW) 

1 nm spectral averaging 

p = 100’000 Pa 

T = 20°C 

 

Typical BC wavelength 880 nm 



Uncertainty components include 

 
Gaseous absorption (and scattering) 

 

Mainly by H2O, but also by NO2 and O3. 

 

Are there benefits of moving reference instrument measurements 

to 770 nm (or another “water window” wavelength), so that any 

correction is minimised? 

FILTER-FREE aerosol light absorption 



scattering  +  absorption   =    extinction 

 
 

by the filter and a 
“sheet” of particles; 
affected by loading, 
particle mix and filter 
type 

radiation source 

 
 

light is attenuated 
(extinction) due to 
absorption and scattering 

enhanced by internal 
reflections; affected by 
loading, particle mix and  
filter type 

detector 

 
 

 
 

filter 

FILTER-BASED aerosol light absorption instruments 

e.g. aethalometer, MAAP, PSAP 

 
Gaseous absorption is relatively unimportant 



The determination of aerosol absorption is affected by 

different filter types,  

 

and by different particle types for each type of filter. 

 

It is not possible to apply a general calibration factor 

(traceability) 

 

But it is possible to apply a calibration factor for specific 

particle types (standardisation) 

 

 

FILTER-BASED aerosol light 

absorption instruments 



Overall plan 

High accuracy 

SI-traceable 

filter-free 

methods  

Aerosol sources 

characterised by 

SI-traceable 

methods 

Traceable 

calibration methods 

for filter-based field 

instruments 

Potentially 

improved filter-free  

field instruments 



FILTER-BASED aerosol light 

absorption instruments –  

 

What particles to use for calibration ? 

“Pure black carbon” particles would lead to instruments 

giving the wrong answer with ambient air. 

 

Two “extreme” particle types, representative of ambient air, 

are needed, to avoid accidental accuracy. 

 

Key properties: 

 

 particle size (affecting penetration into the filter) 

  

 Single Scattering Albedo (ratio of scattering to 

 extinction) 

 

 



We propose two types of calibration aerosol: 
 
(1) “fresh combustion particles”:  

size 50 - 100 nm, SSA 0.4 – 0.6 at 550 nm  
 

(2) “aged combustion particles”:  
size 200 - 400 nm, SSA 0.7 – 0.9 at 550 nm. 

 
In both cases, the absorption coefficient should cover the range from 
0 to 50 Mm-1 at 880 nm. 
  
 

FILTER-BASED aerosol light 

absorption instruments –  

 

What particles to use for calibration ? 



Potential calibration sources: coated and  
uncoated soot 

Photo-oxidation reactor (micro smog chamber) 

Keller, A. and Burtscher, H. A continuous photo-oxidation flow reactor for a defined measurement of the 

SOA formation potential of wood burning emissions (2012), J. Aerosol Science 49, 9-20 
 

1st quartz tube (surrounded by  

5 mercury lamps)-> production  

of O3 by UVC light (up to 100 ppm) 

 

 

2nd quartz tube (UVA, optional, for  

production of ·OH)  

miniCAST 

5201 BC 

Thermodenuder 

300°C 

α-Pinene 

bubbler 
PID 

Micro smog chamber Denuder SMPS 

TEOM 

Filter for 

EC/OC 

analysis 

 Air 

Aethalometer 

Rotating 

diluter 

http://www.google.ch/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwij1qmu643WAhVHbxQKHTZwDukQjRwIBw&url=http://www.swisschallenge.org/overview/application/application-form/&psig=AFQjCNF0JqShLvvJiXaeAim7P-22BrKWhw&ust=1504693801622051


EMPIR Black Carbon project 
1/7/17 – 30/6/20 
 
Partners:  
 
NPL (UK) – lead 
TROPOS (Germany)  
PTB (Germany)  
NCSR Demokritos (Greece)  
METAS (Switzerland)  
FHNW (Switzerland)  
PSI (Switzerland)  
LNE (France)  
FMI (Finland)  
 
 
 
 



www.empirblackcarbon.com 

Thank you      paul.quincey@npl.co.uk 

The National Physical Laboratory is operated by NPL 

Management Ltd, a wholly-owned company of the Department 

for Business, Energy and Industrial Strategy (BEIS). 


