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Outline
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• Fine Particulate Matter (PM2.5) and  
Carbonaceous Aerosols – introduction, 
terminology, sources, motivation.

• Instrumentation: new Aethalometer AE36.

• AE36 – Demonstration of performance.

• Black Carbon Index.

• Conclusions.

Aethalometer model AE36.
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Fine Particulate matter (PM2.5)

• Clean air is fundamental to health.

• Air pollution is now recognized as the single biggest environmental 
threat to human health.

US EPA 2024

new 

directives
, primary 9

35

150

/

WHO, 2021 Recommended AQ guidelines
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• Under the extant standards in Europe, less than 1% of the population is exposed to 
air with PM2.5  concentrations exceeding the prescribed limits. However, this 
proportion escalates to 97% when evaluated against the WHO guidelines.

• To be able to further decrease PM2.5 concentrations, mitigation strategies must be 
targeted to specific sources, and source apportionment needs to be implemented in 
monitoring networks.

• Carbonaceous aerosols (Black Carbon – BC, Organic Aerosols – OA) is the largest and 
often dominant fraction of PM2.5
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Particulate matter (PM)     Carbonaceous Aerosols 

WHO, 2021 Good practice statements

new directives?
BC limit

CA limit

POA, SOA limit

Comparison of 
existing AQI 
and new AQI 
with BC 
indicator.

Source: Fung et al., Science of the Total Environment, 844, 2022. 

AQI for Ozone and PM
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Carbonaceous Aerosol

1 µm 1 µm 1 µm

Diesel Wood flaming (beech) Wood smouldering (orange)
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New Aethalometers AE36 and AE36s

• 9-wavelength, 340 – 950 nm, characterization of 
light-absorbing aerosols for AE36s.

• Real-time Brown Carbon analyses using two new 
wavelengths, 340 and 400 nm.

• Robustness to relative humidity changes.

• Improved Limit of detection.

• 20 m filter tape, self-cleaning procedure.

• Automatic data validation.

• Black carbon index (AQI).
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Aethalometer model AE36s.

Aethalometer model AE36.
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Aethalometer AE36

Source: www.webofscience.com, Hansen A.D.A. et al., 1982, Drinovec et al., 2015

• The Aethalometer is a most widely used 
filter photometer capable of measuring 
the light-absorbing properties of aerosol 
particles.

• More than 1000 scientific articles 
mentioning Aethalometer.

1983 – First protype

1995 – AE14

1997 – AE14

2013 – AE33

http://www.webofscience.com/


9

Principle of operation
Aethalometer AE36

The Aethalometers AE36 uses similar optical chamber as AE33:

Reference I0

Sensing I1BC1
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ATN1 = ln (I0 / I1)

Sensing I2

ATN2 = ln (I0 / I2)

BC2

𝒃ATN =
𝑺

𝑭

∆ATN
∆𝒕

𝒇 ATN = eBC ∙ 𝝈

𝒃ABS =
𝒃ATN

𝑪
= 𝐞BC ∙ MAC

C – multiple 
scattering 
parameter

General Ängstrom exponent: 

Low SSA 
approximation

𝑏ABS~λ−𝛼
Dual Spot algorithm
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Principle of operation

Aethalometer

The Aethalometer is a widely used filter photometer 
capable of measuring the light-absorbing properties of 
aerosol particles.

Source: L. Gundel et al., The Sc. of the Tot. Env., 36, 1984 

𝒃ATN =
𝑺

𝑭

∆ATN
∆𝒕

𝒇 ATN = eBC ∙ 𝝈

𝒃ABS =
𝒃ATN

𝑪
= 𝐞BC ∙ MAC

C – multiple 
scattering 
parameter

low SSA 
approximation

General Ängstrom exponent: 

𝑏ABS~λ−𝛼
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Aethalometer AE36

Source: Savadkoohi et al., Environment International, 2023; Savadkoohi et al., Environment International, 2024  
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α

Use of multiwavelength absorption data.

AE36 default settings

MAC880 = 7.77 m2/g
C = 1.39

ACTRIS recommendation

MAC880 = 7.77 m2/g
CACTRIS = 2.44 (HACTRIS = 1.76)

Aethalometer model recommendation

αff = 1.1   αbb = 2.0

• Limitations:

• Only two sources of pollution (fossil 
fuel and biomass burning) where the 
characteristic α does not change. 

• Well mixed atmosphere. 
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Filter photometers and sensitivity to dRH/dt

Aerosol samples and instrument surrounding air 
contain water vapor, which can be adsorbed to the 
fibres or to the binding material of the filter tape 
used in filter photometers. 

Water vapor can reach the filter through the 
sample inlet or enter through openings in the filter 
tape (FT) compartment, especially in environments 
where relative humidity changes rapidly (air-
conditioned (AC) containers, mobile stations, etc.) 

Source: Düsing S., et al., Atmos. Meas. Tech., 12, 5879–5895, 2019

Example of the effect of AC on filter photometer data.

Introduction
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Filter photometers and sensitivity to dRH/dt

RH changes in 
sample inlet

RH changes in FT 
compartment
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Filter photometers and sensitivity to dRH/dt

Air-sealed filter compartment of AE36.

The problem of rapid RH changes in the vicinity of the filter tape is solved in the 
new Aethalometer by air sealing the filter compartment.
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Filter photometers and sensitivity to dRH/dt

Controlled T and RH 
changes inside the 
simulation chamber.

Clean air  with stable RH 
used as sample.

Simulation chamber with AE36. The humidity 
in the surroundings of the instrument 
changed rapidly, simulating the fluctuation 
of RH introduced by AC.
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Filter photometers and sensitivity to dRH/dt

Controlled T and RH 
changes inside the 
simulation chamber.

Clean air  with stable RH 
used as sample.

Simulation chamber with AE33. The humidity 
in the surroundings of the instrument 
changed rapidly, simulating the fluctuation 
of RH introduced by AC.
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Filter photometers and sensitivity to dRH/dt

Controlled T and RH 
changes inside the 
simulation chamber.

Clean air  with stable RH 
used as sample.

Simulation chamber with AE33. The humidity 
in the surroundings of the instrument 
changed rapidly, simulating the fluctuation 
of RH introduced by AC.
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Additional RH sensors in AE36/AE36s

Filter photometers and sensitivity to dRH/dt

WMO/GAW Aerosol Measurement Procedures - Sampling
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Improved performance of AE36/AE36s in respect to their 
predecessors

Limit of detection (mean ± 2σ,
3.8 LPM, 1 min):

• AE33: 40 ng BC

• AE36: 10 ng BC

Robustness to RH (sBC-dRH/dt ± 2σ) :

• AE33:  ~ 100 ng BC /%RH/min

• AE36:  >1 ng BC /%RH/min 
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Black Carbon Index

• AE36 includes BC IndexTM which is a 
proprietary measure of air quality based on 
Black Carbon concentrations. It helps 
organizations to monitor and communicate 
the level of air polluted with Black Carbon.

Index category Category limits BC limits (ng/m3)

Good < 50 < 1000

Satisfactory 51 - 75 1000 - 3000

Fair 76 - 100 3000 - 7000

Poor 101 - 150 7000 - 12000

Very poor 151 - 500 60000
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Black Carbon Index

BC index =
𝐼ℎ𝑖𝑔ℎ−𝐼𝑙𝑜𝑤

𝐵𝐶24_ℎ𝑖𝑔ℎ−𝐵𝐶24_𝑙𝑜𝑤
𝐵𝐶24 − 𝐵𝐶24_𝑙𝑜𝑤 + 𝐼𝑙𝑜𝑤,

BC24 is the 24-hour running mean of hourly averaged BC concentration. 

BC24_low and BC24_high are the lower and upper limit of the index category. 

Ilow and Ihigh are the corresponding index values.
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Black Carbon Index
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Equivalency campaigns 

Rigler et al., Demonstration of the new Aethalometer model AE36 performance

• Campaigns to demonstrate the equivalence of AE36 with its 
predecessor, AE33, are ongoing. In the US, we are currently 
working with the ASCENT network (Lawrenceville site, A. Presto). 
We are open to further collaborations. 
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Conclusions

• Mitigation strategies must target specific sources, and source 
apportionment needs to be implemented in monitoring networks.

• Instrumentation: new Aethalometer AE36 

 Robustness to relative humidity changes.
 Improved Limit of detection.
 20 m filter tape, self-cleaning procedure.
 Automatic data validation.
 Black carbon index (AQI).
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August 2024
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