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AE33 data capture
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Data management

Database

Data files Data streaming 
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Primary data system

Database can be downloaded when 

measurements are stopped. 

Database
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Data files

Data can be downloaded without stopping 
the measurement.

Setup file

Daily data files

Log files

Clean air test
Stability test
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Setup file  (I)

Mass absorption cross section (m2/g)

Setup start and end time
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Setup file (II)

Leakage and multiple scattering parameter

Flow meter calibration

Tape sensor calibration

Flow reporting standard

AAE for source apportionment



9

Setup file (III)

Connected External devices

Network information

Automatic Clean Air Test 
settings

Home Display 
settings

Time Zone, DST
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Log file
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Test reports
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Data logger connected to the Serial port as an external 

device

• Datalogger_AE33_protocol

• Datalogger_BH_protocol

• Datalogger_Qair_protocol

• communication protocol for digital links 
with ‘Qair’ air quality data acquisition 
stations

• AE33_data streaming

• the data line is the same as in the AE31

Communication program: RealTerm

Data streaming

Rear view
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Data file structure
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Date(yyyy/MM/dd); Time(hh:mm:ss); Timebase; (Time zone setting is saved in the Setup 

file)

RefCh1; Sen1Ch1; Sen2Ch1; RefCh2; Sen1Ch2; Sen2Ch2; RefCh3; Sen1Ch3; Sen2Ch3; 

RefCh4; Sen1Ch4; Sen2Ch4; RefCh5; Sen1Ch5; Sen2Ch5; RefCh6; Sen1Ch6; Sen2Ch6; 

RefCh7; Sen1Ch7; Sen2Ch7; 

Flow1; Flow2; FlowC; (mLPM)

Pressure(Pa); Temperature(°C); (p and T used for volumetric flow)

BB(%); (% of biomass burning BC)

ContTemp; SupplyTemp; Status; ContStatus; DetectStatus; LedStatus; ValveStatus; 

LedTemp;

BC11; BC12; BC1; BC21; BC22; BC2; BC31; BC32; BC3; BC41; BC42; BC4; BC51; BC52; BC5; 

BC61; BC62; BC6; BC71; BC72; BC7; 

K1; K2; K3; K4; K5; K6; K7; 

TapeAdvCount;

External devices

Data file structure
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Ref, Sen1, Sen2 – Raw sensor values

S1 S2

Ref

Tape advance
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Flow diagram
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Flow data

• Acceptable flow ratio F2/F1 should be 
in range: 0.2 – 0.75 (warning Status: 4, 8, 12)

• Flow ratio changes slightly:
• at different flows 
• different flow reporting standards.

the DualSpotTM method

measured
calcualated
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Flow reporting standard

Mass flow 𝑉 = 𝑛𝑅 ×
𝑻

𝒑
Volumetric flow

Sample flow is measured by a mass flow meter → 
adjusted in order to keep volumetric flow stable.

It is always possible to recalculate to another flow reporting standard:

𝐹2 = 𝐹1
𝑇2

𝑇1

𝑝1

𝑝2
       Temperature must be reported in degrees K!

Volumetric flow depends on the reported pressure & temperature.  
Different flowmeters and instruments use

different flow reporting standards.
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Flow reporting standard

Volumetric flow recalculation:

𝐹2 = 𝐹1

𝑇2

𝑇1

𝑝1

𝑝2
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Black carbon data

Ch1 Ch2 Ch3 Ch4 Ch5 Ch6 Ch7

370 nm 470 nm 520 nm 570 nm 660 nm 880 nm 950 nm

BCi1; BCi2; BCi

BCi1 BCi2
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 compensated BC

𝑩𝑪𝑖 = 𝐵𝐶𝑖1 × (1 + 𝑘𝑖 × 𝐴𝑇𝑁)

Loading effect 
compensation

𝑟𝑎𝑤 𝑠𝑖𝑔𝑛𝑎𝑙 𝑣𝑎𝑙𝑢𝑒𝑠 → 𝑏𝐴𝑇𝑁 →
𝐶

𝑏𝑎𝑏𝑠 → 𝑩𝑪 =
𝒃𝒂𝒃𝒔

𝑴𝑨𝑪
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Data verification
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Status warning / error

Status Status relates to: Status description

4, 8, 12 Flow Flow too low/high, flow ratio, check history

16 LED source LED calibration

32, 64 calibration error

128, 256 Filter tape Tape warning 

384 Tape error (end of tape) 

512 Setup file Setup warning

8192 External devices Connection error

16384 Clean air test Result not acceptable

32768 CF card Problem saving data to CF card

65535 Database Database bigger than 2*106 data lines 

Status code is a sum of different status values
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Quality assurance

Status Test Frequency

1024 Stability test 1x / 6 month

2048 Clean air test 1x / month

16384 Result of automatic clean air 
test is not acceptable

3072 Change tape procedure 

4096 Optical ND test 1x / year

6144 Leakage test 1x / 6 month

/ Flow verification 1x / 6 month

All quality assurance tests have a dedicated Status code
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•Check filter loading effect 
compensation parameters (k)

- Expected range: 0 < k < 0.01

Manual data checks

High noise:
 - flow not stable
 - dirty chamber
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Plot uncompensated BC from Spot1 (BCi1) 

and Spot2 (BCi2)

• different loading effect

• the same time variation

Manual data checks

Tape advance Tape advance

Noise in Spot1 or 
Spot2

RH effect

Flow meter 
malfunction
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Noise in loading effect compensation

Good quality data Instrumental noise

Noise in Spot1 or 
Spot2:
- Dirty optical 

chamber
- Faulty detector
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Dirty optical chamber
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Measurements from Ljubljana, RH 70-85%, T around 20°C 
(it should be higher in August but it was raining those days).

Effects of humidity
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Influence of air-condition
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Influence of air-condition
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Flowmeter malfunction

normal normal

Not OK Not OK
F1 > FC
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Loading compensation
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Loading effect compensation
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advance

jump @ f ilter-tape 
advance

As the loading of particles on the filter 
increases, the existing particles may “shadow” 
the freshly-collected ones.

Linear reduction of the instrumental response due to loading 
of the filter fiber. Jump at the tape advance (Virkkula 2007)
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.
• ambient data – no dependence of BC on ATN
• slope k variable: site, source, aerosol age, composition
• need to determine it dynamically – do not assume, reather measure

BC (reported) = BC (zero loading) ·  {  1  -  k  · ATN  }

© Aerosol Magee Scientific 2024
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Loading effect compensation - DualSpot method
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Two parallel spots with different flow, therefore 
different loading and attenuation.

Calculate loading compensated BC and k!
© Aerosol Magee Scientific 2024
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Loading effect compensation – DualSpot method

Two parallel spots with different flow -> different loading and attenuation.

max ATN reached

Tape advance New tape advancetime

  ATN

BC

babs

  ATN

BC

babs

  ATN

BC

babs

Reference I0

Sensing I1
BC1

Filter Tape

Light Detectors

Sensing I2BC2

ATN1 = ln (I0 / I1)

ATN2 = ln (I0 / I2)

Dual Spot algorithm

© Aerosol Magee Scientific 2024
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Loading effect compensation

1. Determination of compensation parameter k(λ)

2. Calculation of compensated BC: 

𝐵𝐶 = 𝐵𝐶1/(1 − 𝑘 × 𝐴𝑇𝑁1)
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Loading effect depends on the mixing state

Drinovec, L., Gregorič, A., Zotter, P., Wolf, R., Bruns, E. 
A., Prévôt, A. S. H., Petit, J. E., Favez, O., Sciare, J., 
Arnold, I. J., Chakrabarty, R. K., Moosmüller, H., Filep, 
A., and Močnik, G.: The filter-loading effect by ambient 
aerosols in filter absorption photometers depends on 
the coating of the sampled particles, Atmos. Meas. 
Tech., 10, 1043-1059, 2017.
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© Aerosol Magee Scientific 2024
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Loading effect compensation

Algorithm sensitivity

Temperature → warming up instrument to room temperature

Humidity → no fast humidity & T changes

Input pressure → constant pressure

Setting kmin & kmax values:

Default settings: -0.005 < k < 0.015

Expected values: 0 < k < 0.01
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39 Work in progress

Basic data presentation
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Black carbon is by definition reported at 880 nm: BC6 (compensated 

values)

• 𝑩𝑪𝒃𝒃 = 𝑩𝑪𝟔 × Τ𝑩𝑩%
𝟏𝟎𝟎

• 𝑩𝑪𝒕𝒓 = 𝑩𝑪𝟔 − 𝑩𝑪𝒃𝒃

Do not average BB%!

Remove values during the tape advance (Status = 1 or 2)

Reporting BC
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Instrument Status – acceptable measurements

Status Description

0 Measurement

4 Flow out of range Check flow & flow ratio

8 Check flow status history Check flow

12 Flow low/high & check flow status 
history 

Check flow

128 Tape warning

256 Tape last warning

8192 Connection error Check external device 
connection

32768 CF card

65535 Database full

The overall status is a sum of different status values. 
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Data treatment – how to present measured data?

Validation

• Present only valid data (Status)
• Black carbon is reported at 880 nm (BC6)

Source 
app.

• Calculate BCbb, BCtr

Data 
averaging

• Time resolution (10 min, 1 hour)
• Mean or median?
• Do not average BB%
• Percentage of valid data within specific time 

period 
(present only in case it is above certain %)
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Mean or median?

mean

median

When reporting measurements at 1h time resolution: median values (Q1, Q3)
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BC is very heterogeneously 
distributed → 

real measurement or noise?

How to treat noisy data

Do not remove negative values! It can bias your results.

Local traffic contribution, clean environment
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Usually tested @ < 50 µg/m3

For higher concentrations to avoid frequent TA:

• Reduce flow to 2 LPM

• Increase Max ATN to 150

Aethalometer intercomparison

https://amt.copernicus.org/preprints/amt-2020-344/

https://amt.copernicus.org/preprints/amt-2020-344/
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Traffic & biomass burning contribution to BC

Jereb et al.: Exposure to Black Carbon during Bicycle Commuting–
Alternative Route Selection, Atmosphere, 9, 2018.
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- contact us at support@aerosolmageesci.com

- register to our User’s group at https://aerosolmageesci.com/group/

When in doubt ..

To gain access to different information related to our products, including 

specification sheets, manuals, white papers, photo and video material, publications, 

and software updates.

mailto:support@aerosolmageesci.com
https://aerosolmageesci.com/group/
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Advanced data analyses
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Aethalometer model apportions BC to traffic and biomass burning sources based on the “colour” 

of aerosol sample.

Model assumptions/limitations:

• Only 2 sources: biomass & fossil fuel

• Known characteristic AAE* for pure biomass smoke and pure fossil fuel source

Fine tuning the characteristic AAETR and AAEBB to adjust the model to local conditions.

 

Source apportionment model - limitations

*AAE: absorption Ångström exponent

𝑨𝑨𝑬𝑻𝑹 ≈ 𝟏 (0.9 − 1.1) 𝑨𝑨𝑬𝑩𝑩  ≈ 𝟏. 𝟕 − 𝟑. 𝟓
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Absorption Ångström exponent

• AAE: Wavelength dependence of optical absorption.
• It has to be calculated from compensated data. Uncompensated data result in 

biased AAE!

𝒃𝒂𝒃𝒔−𝒊[𝑀𝑚−1] = 𝐵𝐶𝑖 × 𝑀𝐴𝐶𝑖/1000
𝐴𝐴𝐸 =

𝑙𝑛
𝑏𝑎𝑏𝑠−470
𝑏𝑎𝑏𝑠−950

ln
950
470

AAETR AAEBB AAETR AAEBB
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Source apportionment results can be compared with other methods:

• C-14 analyses (e.g. Zotter et al., 2015)

• K, levoglucosan (biomass tracers) 

• NOx (traffic tracers)

Fine tuning source app. model – tracers

Recalculation to new AAE pair
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CAAT – Carbonaceous Aerosol Analyses Tool
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The CAAT application is a software 
tool for analyzing data related to 
AE33, AE43 and TCA08 
instruments.

CAAT

Data import • Daily files
• Database

Data 
Validation

• Valid Status
• Flow recalculation
• Filter settings

Procedures

• Diurnal profile
• Time average
• Absorption coefficient
• Ångström exponent
• ATN
• Source apportionment
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CAAT procedures – diurnal profile
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Basic equations

Basic equation 𝑩𝑪 =
𝑺 × ∆𝒂𝒕𝒏

𝑭 × ∆𝒕 × 𝝈

Sigma & multiple 
scattering parameter

𝝈𝒇𝒊𝒍𝒕𝒆𝒓 = 𝝈𝒂𝒊𝒓 × 𝑪 (Weingartner et al., 2003)

𝐶 = 1.39 (Teflon, M8060)

Loading effect 
compensation

𝑩𝑪𝒄𝒐𝒎𝒑 = Τ𝑩𝑪 𝟏 − 𝒌 × 𝑨𝑻𝑵

Measured leakage
𝑭𝒊𝒏 = 𝑭𝒐𝒖𝒕 × 𝟏 − 𝜻

Leakage factor 𝜁 = 0.01 (Teflon, M8060)

Final equation 𝑩𝑪 =
𝑺 × 𝚫𝒂𝒕𝒏𝟏

𝑭𝟏 𝟏 − 𝜻 × 𝝈𝒂𝒊𝒓 × 𝑪𝒕𝒆𝒇𝒍𝒐𝒏 × 𝟏 − 𝒌 × 𝑨𝑻𝑵𝟏 × 𝜟𝒕
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Analytical performance – AE33

Parameter Description / procedure Value

Resolution Resolution of the AE33 in terms of ng/m3 of BC 
depends on the resolution of raw signals of the 
Reference, Sens1 and Sens2 sensors.

1 ng/m3

 @ ATN=0, 5 LPM, 1 s timebase

Limit of detection the smallest absolute amount of change that can be 
detected by a measurement.
mean value of clean air measurement + 2σ 

700 ng/m3 @ 5 LPM, 1s

30 ng/m3 @ 5 LPM, 1 min

Precision The closeness of agreement between independent 
measurement results obtained under stipulated 
conditions.

< 10 %

Measurement 
uncertainty

Cumulative uncertainty for independent variables:
- C: 20%
- MAC (influenced by lensing effect): 15%
- Instrument variability: 8%
- Cross sensitivity to scattering : 5% 

Background station:
27%
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AE33/AE36 – Multiple scattering enhancement factor C 

Savadkoohi M. et al., The variability of mass concentrations and source apportionment analysis of equivalent 
black carbon across urban Europe

Source: Savadkoohi  et al., Environment International, Vol. 178, 2023, https://doi.org/10.1016/j.envint.2023.108081

• Harmonized methods ensure consistency of eBC 

comparisons

• Source apportionment (AAE = 1 and 2; eBCT decreasing over 

decades, eBCRC constant)

• Long term trends:

• a constant statistically significant decreasing trend 

of eBC from TR was detected at all sites during the 

observation period (EURO5  and economic crisis in 

2008)

• eBCRC emissions from residential and commercial 

sources remained constant

𝐶 = 𝐶0 × 𝐻∗

𝑪 = 1.39 × 1.76 = 𝟐. 𝟒𝟓

Scheme by which to process corrected and harmonized eBC mass concentrations 
and absorption coefficients from the attenuation coefficient.

https://doi.org/10.1016/j.envint.2023.108081
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