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In brief:

 “BC” cannot be measured
 There are no standardised methods for black carbon (BC). 
 Its concentration is indirectly derived from the measurements of light 

absorption (from this “black”) using FAPs (e.g. Aethalometers, MAAP)
 The absorption from FAPs is converted into “BC” mass concentration

mathematically using one predefined constant term (MACBC) used to
convert absorption into a mass concentration

 MACBC was initially obtained comparing optical and thermal 
measurements of filters loaded with refractory carbonaceous material 
(BC) used as reference.

 BC is a mass concentration equivalent to the mass of the reference BC 
material needed to explain the measured absorption.

Definitions:

14) “black carbon” or “BC” means carbonaceous aerosols measured by light absorption;



In brief:

 The correct terminology is “equivalent black carbon (eBC)”
 “equivalent” and “equivalence” are two different things
 For demonstrating the equivalence of a candidate method (e.g. the

Beta-gauge technique) with the reference (gravimetric) method, it is
allowed to establish first a site and time dependent calibration factor.

 Using site and time dependent MACBC values would very probably
make it possible to demonstrate the equivalence between FAP
techniques and the CEN standard method (EN16909) for determining
EC.



 Black Carbon (BC), or elemental carbon (EC), is a product of incomplete combustion of carbon-based fuels (vehicles, wood and biomass burning, open burnings,
industrial emissions, shipping, aviation,…..)

DEFINITION OF BLACK CARBON (BC)



DEFINITION OF BLACK CARBON (BC)

 Black carbon (BC), or elemental carbon (EC), is a product of incomplete combustion of carbon-based fuels (vehicles, wood and biomass burning, open burnings,
industrial emissions, shipping, aviation,…..)

- Refractory (vapor. temp. 4000 ºK)
- Unsoluble in water and organic solvents
- Graphitic SP2-bonded carbon atoms
- Strong absorption efficiency in the whole solar spectrum



FAPs (filter absorption photometers; AE33, AE36, MAAP)

A reference technique for measuring the mass
concentration of EC exists

There is no method for measuring “BC” mass
concentration at all

BC and EC are distinguished by the measurement methods

 Black Carbon (BC), or elemental carbon (EC), is a product of incomplete combustion of carbon-based fuels (vehicles, wood and biomass burning, open burnings,
industrial emissions, shipping, aviation,…..)

DEFINITION OF BLACK CARBON (BC)

The EN 16909 standard method for determining EC

EC is determined by heating to high
temperature the sample (PM) in presence of
oxygen (for combustion) to determine the
amount of pure carbon present. EC refers to
carbon in its pure, elemental form.

BC is indirectly derived through methods
(FAPs) that measure the particle light
absorption, assuming that BC is the unique
absorbing species.



DETERMINATION OF EQUIVALENT BLACK CARBON (eBC) MASS CONCENTRATION: TERMINOLOGY
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The softwares of FAPs apply a constant MACBC to derive BC.

MACBC obtained initially by comparing optical and thermal measurements of filters loaded with refractory carbonaceous material
used as reference.

FAPs (filter absorption photometers; Aethalometers, MAAP) provide the light absorption coefficient [(ࣅ)ࡿ࡮࡭࢈] that is used to derive the BC mass concentration



DETERMINATION OF EQUIVALENT BLACK CARBON (eBC) MASS CONCENTRATION: TERMINOLOGY

࡯࡮ =
 ࢙࢈࡭࢈
࡯࡮࡯࡭ࡹ

݃ߤ
݉ଷ =

ଵି݉ܯ

݉ଶ

݃
ࢋ

࡯࡮ࢋ
= ࡯࡮࡯࡭ࡹ ࢋࢎ࢚ ࢋ࢚ࢇ࢓࢏࢚࢙ࢋ ࢕࢚ ࢊࢋ࢙࢛ ࢙ࢇ࢝ ࢚ࢇࢎ࢚ ࢒ࢇ࢏࢘ࢋ࢚ࢇ࢓ ࡯࡮ ࢋࢉ࢔ࢋ࢘ࢋࢌࢋ࢘ ࢋࢎ࢚ ࢌ࢕ ࢔࢕࢏࢚ࢇ࢚࢘࢔ࢋࢉ࢔࢕ࢉ ࢙࢙ࢇ࢓ ࢔࢕࢏࢚࢖࢘࢕࢙࢈ࢇ ࢊࢋ࢛࢙࢘ࢇࢋ࢓ ࢋࢎ࢚ ࢔࢏ࢇ࢒࢖࢞ࢋ ࢕࢚ ࢊࢋࢊࢋࢋ࢔ 

 eBC is for particle light absorption the same as “CO2-eq” is for Global Warming Potential. CO2-eq is a metric measure that
converts amounts of other gases to the equivalent amount of carbon dioxide with the same global warming potential as these
other gases.

FAPs (filter absorption photometers; Aethalometers, MAAP) provide the light absorption coefficient [(ࣅ)ࡿ࡮࡭࢈] that is used to derive the BC mass concentration



DETERMINATION OF EQUIVALENT BLACK CARBON (eBC) MASS CONCENTRATION: TERMINOLOGY
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ࢋ Petzold et al. (2013)

“Equivalent black carbon (eBC) should be used instead of black carbon
for data derived from optical absorption methods, together with a
suitable MAC for the conversion of light absorption coefficient into mass
concentration. ….. When reporting eBC, i.e., mass concentration, it is
crucial to identify the MAC value used for the conversion…"

FAPs (filter absorption photometers; Aethalometers, MAAP) provide the light absorption coefficient [(ࣅ)ࡿ࡮࡭࢈] that is used to derive the BC mass concentration



Two artifacts:

- Factor loading; Dual-spot
technology (Drinovec et al., 2015)

- Optical enhancement factor
(multiple-scattering factor)
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DETERMINATION OF EQUIVALENT BLACK CARBON (eBC) MASS CONCENTRATION

ܥܤ݁ =
ܾ஺௕௦ 
஻஼ܥܣܯ

Aethalometers
Aethalometers are based on
illuminating with LED lights a filter
tape where PM is deposited and
measuring the attenuation of the
light.



Artifact (C)

DETERMINATION OF EQUIVALENT BLACK CARBON (eBC) MASS CONCENTRATION
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Aethalometers
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Aethalometers

- Optical enhancement factor
(multiple-scattering factor (C))



DETERMINATION OF EQUIVALENT BLACK CARBON (eBC) MASS CONCENTRATION

filter tape BC
non BC

LED (7-l)

370 470 520 590 660 880 950

Photodetector
ATN

AE33 (AE36)

M8060 recommended filter tape
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Aethalometers
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AE33 example file

Drinovec et al., AMT, 2015
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DETERMINATION OF EQUIVALENT BLACK CARBON (eBC) MASS CONCENTRATION
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DETERMINATION OF EQUIVALENT BLACK CARBON (eBC) MASS CONCENTRATION

Drinovec et al., AMT, 2015
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DETERMINATION OF EQUIVALENT BLACK CARBON (eBC) MASS CONCENTRATION

Drinovec et al., AMT, 2015

7.77 m2/g
(880) 6ܥܤ݁ =

ܾ஺௕௦(880) 
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Aethalometers

AE33 example file



STEPS TO GO FURTHER WHAT FAPs ARE PROVIDING AS RAW DATA (eBC)

7.77 m2/g

ACTRIS/RI-URBANS HARMONIZATION of C and MAC
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஻஼(880)ܥܣܯ

ܾ஺஻ௌ(880) =
ܾ஺்ே(880)

1.39

Aethalometers



7.77 m2/g

T. Müller, M. Fiebig, 2018
ACTRIS In Situ Aerosol: Guidelines for
Manual QC of AE33 Absorption
Photometer Data
https://www.actris-ecac.eu/

European Center for Aerosol Calibration
and Characterization (CAIS-ECAC)
European Research Infrastructure
ACTRIS-ERIC
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Aethalometers
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- ∗࡯࡮ࢋ should be reported from AQMN measurement sites

- If EC is available (UB/RB supersite) the local MACL can be 
calculated to report ௅,∗ܥܤ݁

- ௅,∗ܥܤ݁ can be calculated using an average MACL value or time-
dependent MACL



FAPs (filter absorption photometers; MAAP, AE33, AE36)BC

NRT techniques for PM mass concentration (GRIMM;…)PM
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STEPS TO GO FURTHER WHAT FAPs ARE PROVIDING AS RAW DATA (eBC)
 For demonstrating the equivalence of a candidate method (e.g. the Beta-gauge technique) with the reference (gravimetric) method, it is

allowed to establish first a site and time dependent calibration factor.
 Using site and time dependent MAC values would very probably make it possible to demonstrate the equivalence between FAP techniques

and the CEN standard method (EN16909) for determining EC.



Aethalometers operation and maintenance
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GENERAL

 Aethalometers are stable instruments and do not require frequent maintenance

 The most frequent routine maintenances are the filter change, check the inlet flow or inspect the sample line tubing

 It does not require a specialized technician or researcher. A little training is sufficient

 It is important to check, for example weekly, the screen to see if error messages have appeared

 The graphical interface of the Aethalometers allows to know if any maintenance is needed and what type of maintenance

 Aethalometer manuals are provided by the manufacturer

 https://www.youtube.com/watch?v=ZoUzaqMi2EQ (Aethalometers operation and maintenance)

 A number of technical guidance documents and reports about Aethalometers (and other FAPs) are available from Global 
Atmosphere Watch (GAW; https://www.gaw-wdca.org/Publications/) and ACTRIS (https://www.actris-ecac.eu/particle-light-
absorption.html) that provide comprehensive recommendations and guidelines including operating procedures, aerosol inlets 
and conditioning, data management among other. The service tools from RI-URBANS project 
(https://riurbans.eu/project/#service-tools) to assess air quality in accordance with RI-URBANS’ advanced air quality 
monitoring recommendations and with the ACTRIS/GAW protocols for measuring advanced air quality parameters



MAIN SETTINGS

o 60 s time resolution
o 5 LPM
o Flow Rep. Std.
o ATN max 370 nm (120)
o Weekly Auto Clean Air Test
o Z=0.01 (tangential leakage through the edges of the filter tape)
o C=1.39 (optical enhancement factor; M8060)
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OPERATION AND MAINTENANCE

https://www.actris-ecac.eu/particle-light-absorption.html

o Check the instrument status. Status messages other than normal operation (0 = no error and no warning) should be checked and data 
flagged accordingly 

o Sample pressure and temperature: AE33 does not measure ambient temperature and pressure without connecting to an external sensor.
o Sample relative humidity at inlet (sensors not built in to AE33) Sample relative humidity varies with ambient relative humidity and the 

temperature difference between ambient and lab. The sample should be dried so that the sample has RH < 40% already at the instrument 
inlet. If RH is higher, apply flag 640. Since the AE33 does not measure RH, it is valid to measure the humidity at the inlet of another device 
that is located at the same common aerosol inlet and under similar conditions. 

o Sample flow: Sample flow through the instrument inlet should be constant. The sample flow should typically be 5 l/min and shall not vary. 
Flow variations directly affect the signal to noise ratio. Spikes in the flow inevitably lead to outliers in equivalent black carbon 
concentrations. Periods showing problems with the flow must be flagged.

o Filter type : It is mandatory to report the filter tape and respective multiple scattering correction factors (C) in level 0 header data which 
have actually been used while collecting the data. Also make sure to verify the correct multiple scattering correction factor in the 
instrument settings. The recommended filter type is M8060 with a multi-scattering correction factor 1.39. For other filter types, please 
check the appendix. Add scattering correction factor and leakage factor to the Nasa-ames header. 
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instrument settings. The recommended filter type is M8060 with a multi-scattering correction factor 1.39. For other filter types, please 
check the appendix. Add scattering correction factor and leakage factor to the Nasa-ames header. 
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https://www.actris-ecac.eu/particle-light-absorption.html

o Check the instrument status. Status messages other than normal operation (0 = no error and no warning) should be checked and data 
flagged accordingly 

o Sample pressure and temperature: AE33 does not measure ambient temperature and pressure without connecting to an external sensor.
o Sample relative humidity at inlet (sensors not built in to AE33) Sample relative humidity varies with ambient relative humidity and the 

temperature difference between ambient and lab. The sample should be dried so that the sample has RH < 40% already at the instrument 
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OPERATION AND MAINTENANCE

https://www.actris-ecac.eu/aerosol-inlets-and-conditioning.html

o Drying technology: four possibilities drying the aerosol sample flow to a RH below 40%.

• Membrane dryers (Nafion): permeable membrane in which water vapor molecules are transported
• Diffusion dryers: water vapor is adsorbed by the silica gel
• Drying by dilution: This method requires the continuous provision of particle-free dry air
• Drying by heating: heating an aerosol sample leads to a reduction of RH in the sampling line

o PM10 or PM2.5 inlet
• Observational networks, such as WMO-GAW, recommend an upper cut point of 10 µm at ambient conditions (WMO-GAW report 153)
• If EC measurements are available in PM2.5, a PM2.5 inlet for AE33 can be used.
• To measure aerosol particles the air inlet must be generally between 1.5 m and 4 m above the ground (2008/50/EC). Sampling tubes should 

be made of a conductive, corrosion-resistant material with a low surface roughness (e.g., stainless steel).
• Aethalometers can be connected to a single dedicated inlet or to common inlet through an isokinetic splitter.



RI-URBANS SERVICE TOOLS: eBC

https://riurbans.eu/project/#service-tools
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Courtesy of Aerosol Magee Scientific

1.Pricing for New Instruments
o The price range for a new instrument is between €27,000 and €37,000, depending on the model.
o Notably, we offer a discount on our AE33 model. Depending on the project scope, the final price for the 

AE33 can be significantly lower than €27,000.
2.Consumable Costs

o All Aethalometers use the same consumables: filter tape and cartridge filters. These are the only two 
required consumables.

o On average, the annual consumption per instrument is 2-3 filter tapes and one cartridge filter, with a total 
cost of approximately €500 per year. The consumption of the filter tape depends on the concentrations 
measured by the instrument or, indirectly, on the location where it is installed.

3.Maintenance Requirements
o Standard maintenance includes flow calibration and routine checks of optical and electronic components 

twice a year. Importantly, these procedures can be performed by the user and do not require the 
involvement of certified or trained technicians. As such, there are no additional mandatory maintenance 
costs.

4.Optional Annual Service and Maintenance
o Aerosol offers an optional Annual Service and Maintenance package. This comprehensive service includes:

§ Full physical inspection of the unit.
§ Hardware upgrades to the latest released series.
§ Software upgrades to the latest released version.
§ Identification of potential issues.
§ Complete unit testing, including flow calibration, verification, clean air tests, ND tests, stability 

checks, leakage tests, long-term indoor testing, and comparison with reference instruments.
§ Data inspection and compilation of a Final Inspection Record (FIR).

o While this service is optional and not mandatory, it provides additional peace of mind. The cost for this 
service is approximately €2,000.



MANY THANKS!

Marco Pandolfi, IDAEA-CSIC
marco.pandolfi@idaea.csic.es


