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History starts in 1980’s
e ARTICLE 1

Rosen, Hansen (1978) Identification
of absorbing material by Raman
spectra

DR TONY HANSEN
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History starts in 1980’s
e ARTICLE 1

mmwmeee semwmeess ROSEN, Hansen (1978) Identification
:  of absorbing material by Raman

it fo
0,

‘‘‘‘
vvvvv

THE FIRST
AETHALOMETER

Production year 1983
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® Countries with AE installations
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Bevelopment’ manufactunng, support global sales, dlstmgtor ne

Antarctica
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AEROSOL d.o.o. (Slovenia)

+ 32 employees
« Strong R&D group (11 people)
» 6 PhDs (~aerosol physics)

Production - 6 product lines

© Aerosol Magee Scientific 2024
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AEROSOL d.o.o. (Slovenia)

. 32 em ponees Our Distributor Network (with more than 30 distributors):

« Strong R&D group (11 people) Scandinavia

« 6 PhDs (~aerosol physics) gK_
WISS

Slovakia, Czech, Poland
Germany

France

Greece

Belgium, Netherland
Estonia

Italy

Spain

China

India

Japan

Australia, New Zealand
Philippines
Pakistan
Malaysia
Taiwan
Korea
Hong Kong
South Africa
Israel

Iran

Turkey
Jordan
Colombia
Peru

Chile
Mexico
Canada
USA

* Production - 6 product lines

© Aerosol Magee Scientific 2024
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COMPANY DEVELOPMENT

T
2021 2023
2020 CAAT AE36+AE36s
2005 2020 AEA3 SW Tool

office, professional staff in Berkeley CASS Portable

2007 Acrosol

started fully-owned subsidiary (‘Aerosol’)
1986 sk in Slovenia691r1R&D and production | Mid of 2022

1979

invented Aethalometer® concept

First commercial sale. 2 ' . 2023
’ DRI2015 Series 2 DRI with AL

gl

microAE spun-off to AethLabs

qS

1996 2017

production by OFM | d2(1‘12 2015 Introduction of TCAO8
in Slovenia (Optotek)  Introduction

of AE33

Nikhididee

.. Magee Scientific obtains the DRI2015
~ manufacturing licence
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Product portfolio

Product Product type

Measurement type

Sample type

Optical BC, BrC
Online Optical BC, BrC
Online Optical BC, BrC
Online Optical BC, BrC
Online Thermal
Thermal TC, BC, EC, BrC,
Online Optical OC, POA, SOA
D_‘ DRI 2015 Series 2 [EHIL g';‘:i::";f' Tc;,rgcb%c,

© Aerosol Magee Scientific 2024
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Aethalometers

BONASS BURIIG
REPORTED FLOW (WA

Tinesase

TAPEADV. LEFT
st

24w 2015 116185

AE43

SMARTEST WAY EXPAND THE
TO MONITOR - FRONTIERS OF
BLACK CARBON AEROSOL SCIENCE
TRAFFIC AND . WITH CUTTING-EDGE
S BIOMASS BURNING BLACK CARBON

POLLUTION INSTRUMENT

© Aerosol Magee Scientific 2024
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Aethalometer AE33

KEY FEATURES

DualSpot® Technology
Archive-ready data is streamed in real time with no

post-processing required

Source apportionment
Built-In Quality Control Tests

Determination of particle age and composition
Networking options

© Aerosol Magee Scientific 2024
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Aethalometer AE33

KEY FEATURES

« DualSpot® Technology

« Archive-ready data is streamed in real time with no
post-processing required

« Source apportionment

« Built-In Quality Control Tests

« Determination of particle age and composition

« Networking options

APPLICATIONS

© Aerosol Magee Scientific 2024
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Aethalometer AE43

KEY FEATURES

* DualSpot® Technology
« Archive-ready data is streamed in real time with no
post-processing required

« Source apportionment

« Built-In Quality Control Tests

« Determination of particle age and composition

« Remote access

« Networking option
« Light weight design

© Aerosol Magee Scientific 2024
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Portable BC analyzer vs Standalone BC Analyzer

© Aerosol Magee Scientific 2024
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Portable BC analyzer vs Standalone BC Analyzer

7 WAVELENGTHS = 7 WAVELENGTHS

DUAL SPOT DUAL SPOT

SOURCE APPORTIONMENT = SOURCE APPORTIONMENT

© Aerosol Magee Scientific 2024
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Motivation for PORTABLE Black Carbon Analyzer

New way for portable application

84
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Motivation for PORTABLE Black Carbon Analyzer

New way for portable application

FezlFrrrie sctegaiceciorirnient

-

Iderlf}mca'!lon of saurges Usiryereeie] r EIRNIRTS! << risor
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Motivation for PORTABLE Black Carbon Analyzer

New way for portable application

agee Scientific AETHALOMETER AE43

1second Black Carbon ement

Emission factor measurement using extern Sensor

86
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Motivation for PORTABLE Black Carbon Analyzer

New way for portable application

1

P Magee Scientific AETHALO

Emission.factormes

87
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Motivation for PORTABLE Black Carbon Analyzer
New way for portable application

=

Go gle Earth Outreach

S

AETHALOMETERAEA43

88
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The new Aethalometer
AE36s/AE36

© Aerosol Magee Scientific 2024
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The new Aethalometer AE36s/AE36- customer segmentation

A scientist...looking for
advanced data and new
g ' = research
A o |

Who are the customers interested in
e Carbonaceous Aerosols?

Who are the people that use our
Aethalometers today?

An AQ specialist...looking
for reliable data and long
instrument authonomy

,_T * How do they use them and what do
2 . they think about them?

What more do they need from the
‘ instruments?
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AE33 as a predecessor

- TCAO08 COMPATIBLE
- DUAL SPOT
- SOURCE APPORTIONMENT

CHARACTERIZATION

N

- REMOTE ACCESS (RAS)

- RH ROBUSTNESS

- SELF-CLEANING

- EXTENDED WAVELENGTH RANGE
- BC INDEX

- LONGER FILTER TAPE

- MULTI WAVELENGTH AEROSOL

AE36s
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Aethalometer
Motivation

100 200 300 400 500

600 700 800 900 1000 1100

2021
2020
2019
2018
2017
2016
2015
2014
2013
2012
2011
2010
2009
2008
2007
2006
2005
2004
2003
2002
2001
2000
1999
1998
1997
1996
1995
1994
1993
1992
1988
1987
1984

Publication Year

2012 - AE33

1997 - AE16

1983 - First prototype

100 200 300 400 500

600 700 800 900 1000 1100

Number of publication mentioning Aethalometer

92

Sources: Hansen A.D.A. et al.,

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

« More than 10.000 scientific articles mentioning

Aethalometer.

Source: Google Scholar

Real-time measurement of the absorption
-ooeﬂlcien!_of aerosol particles
A, D. A, Hansen, H. Rogen, and T, Novakov

University of Cn]lforma Lawrence Berkele:r Laboratory,
Eroergy & E Division, B
T2,

Received 16 June 1952,
Sponsored by R, W. Terhune, Ford Motor Company
0003-6935/82/173060-05$01.00/0.

. © 1982 Optical Society of America.

Recent studies have shown that large concentrations of
graphitic carhon are found in the P in both
. urban and remote lncations.! These particles ara produced
in combustion and have a large optical absorption erces ssc-
tion, of the order of 10m%f. Their presence affects radiation
transfer through the atmosphers, cousing visibility degrada-
tion? and possible changes in the regional or global radi

The “dual-spot” Aethalometer: an imy 1 of
aerosol black carbon with real-time loading compensation

L. Drimovec!, €. Motuik, B. Zorver™, 4. 5. W, Previe’, C. Rucksiubl!, E. Coz', M. Rupaken’, 1. Sclare?, T. Millea”,
A Wisdensohler”, and A.D. A. Hs
“Aerosol 4.0.0.. 1000 Ljublgasa. Slovesia

*Paul Scherrer lustitte, 5232 Villigen. Switzertind
NET Mosifosing AG, 6460 Alidorf. Switaecland
“Cestro de lavest 1 Betpii Mekounbicti'f Ticadigicn 29000 Mk S
Shastitute for A "

6043

o: L. Drinoves (1o drinoves 83¢r0s01 ) 104 G. Mocuik (prisa mocaik @aerosol i)

Received: 4 August 2014 - Published ia Atisos. Meas. Tech. Discuss . 30 Seplessber 2014
Revised: 16 April 2015 - Accepied: 17 Apel 2015 - Published: & May 2015

1 Inroduction

balanes® The sice of these effoects dupsnﬁs ultu,a]ly on both
the particle ? iom and their wingle
which iz determined by ﬂle relative mﬂgnltulie of the scat-

rated o the new Aethalometer ode] A3 Intescouspast.
som seudies show excelien reproducibiliy af the AE33 mes.

tering and absorplion coeffieients,

The
is mly measured by nsphebommry 56 1n this Co

cempensaan algaribm pron: e
oy o sk e s sppotonent and o deten

1982, Drinovec et al., 2015



93

AEROSOL
MAGEE SCIENTIFIC

New Aethalometer AE36s and AE36

« 9, 340 - 950 nm, characterization of light-absorbing aerosols.

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

« Higher time resolution.

- BCIndex

« Longer filter tape

- Equivalence to AE33 according to EN 16450:2017

« Dual spot for filter loading compensation

* Robustness to relative humidity changes.

- Automatic data validation.

« Improved Limit of detection. SMARTEST WAY EXPAND THE
TOMONITOR T FRONTIERS OF
 Remote Access Control (RAS). BLACK CARBON: i " AEROSOL SCIENCE
TRAFFIC AND o= WITH CUTTING-EDGE
. BIOMASS BURNING : . BLACK CARBON
« Self Cleaning procedure SOLLUTION ENSTRUMENT

« Broad range of applications.

© Aerosol Magee Scientific 2024
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Aethalometer AE36s
Principle of operation

The Aethalometer AE36s uses similar optical chamber as AE33:

9- and 7- wavelength

Filter Tape

light source

Hily

ATN, = In (I, /1,)
ATN, = In (I, / 1,)

—) m Reference |,

. XX 2 m Sensing |,
XX 2 (.//Q Sensing |,

Light Detectors

Dual Spot algorithm

S AATN

b
bABS = % = eBC - MAC

C—multiple
scattering
parameter

Low SSA approximation

General Angstrom exponent:

bpaps~A™

© Aerosol Magee Scientific 2024
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Key features.... model specific

© Aerosol Magee Scientific 2024
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Different wavelength ranges

AE36
Source

apportionment
FF vs BB

VS

AE36s

Advanced Brown
Carbon analysis

© Aerosol Magee Scientific 2024
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Different wavelength ranges

AE36 AE36s

Source Advanced Brown
apportionment Carbon analysis
FF vs BB

VS

370 470 520 590 660 880 950 © Aerosol Magee Scientific 2024
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Different wavelength ranges

AE36 AE36s
Source Advanced Brown
apportionment Carbon analysis
FF vs BB
VS
Additional A

i
Ultraviolet ]
(Uv)

340370 400 470 520 590 660 880 950 © Aerosol Magee Scientific 2024
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Analyses of absorption spectral features: AE36s

« 340 nm - to extend the measurement range in the UV spectrum

« 400 nm - to enhance the resolution of BrC absorption

S

o

Normalized absorption coefficient

!
|
!
i
I
|
3 4 !
|
!
|
|
|
1
i

? AAE 400-520
: \

I

|

‘H"““-H&‘_Q\_E_S_&ap-gso

1 1 T T T T
340370400 470 520 590 660

I I Wavelength (nm)

Contribution to absorption, (%)

3.0+

0.0

PAH

340 370 400 470
Wavelength (nm)

Source: Gregoric¢ et al., EAC 2023, Yuan et al., ACP, 2020

© Aerosol Magee Scientific 2024
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Graphical User Interface of AE36 with BC Index (GUI)

AE36

New feature — BC index
(registered TM)

AE36-P00-00003 @1 Po 1 © 125839 05 Jan 2024

A BLACK CARBON Concentration 1351 ng/m?

(12:57 - 12:58)

BIOMASS BURNING 53 %
REPORTED FLOW (AMCA) 2.0
FILTER TAPE 35 %

Estimated 196 days left.
BC Index | iast 24 hours

31 Good

BC Index | «

Why BC index:

BC, as a side product of incomplete combustion, consists

mostly of agglomerated sub-micron PM. BC is, therefore, a
good indicator of combustion emissions because BC

concentration can associate better with health effects of

aerosol particles than just PM, which does not solely originate

from combustion sources (WHO, 2012)

Index value PMzs PMia 05 NO: Co S0z BC LDSA  PNC
(pgm™ (pgm™) (pgm™  (pgm?) (mgm™) (ugm”) fi{pem’) Kpm® (o
m) cm )
=76 =201 =181 =201 =31 =351 >1Z.1 121 =101
51-75 101-200  141-180  151-200  21-30  251-350 | 7.1-12 1-120  61-100
i S 26-50 0 S1-100 101-140 71150 9-20 g1-250 J 217 1-80 3160
Satisfactory (51-75)  11-25 2150 61-100  41-70 5-8 21-80 1.1-3 1-40 16-30
_ =10 =30 =60 =40 <4 <20 <1 =3() <15

P.L. Fung, et.al. Science of The Total Environment Volume 844, 20 October 2022, 157099

A. Gregori¢ TIM DDFACE - to be published

© Aerosol Magee Scientific 2024
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Graphical User Interface of AE36 with BC Index (GUI)
AE36 \Whv RC indeay*

New feature o BC BC | . of incomplete combustion, consists
ndex | last 24 hours : o
: ) - . f
(reg|3tered TM)/ d sub-micron PM. BC is, therefore, a

bustion emissions because BC
pr—— 31 Good ociate better with health effects of
just PM, which does not solely originate

A BLACK CARBON Concentgf ces (WHO, 2012)
BIOMASS BURNING BC | ndex | ERINES
REPORTED FLOW 12 days
FILTER TAPE - 8 dEl"_l"'E (s MO [ S0 BC FNC
(pgm™  (pgm?)  (mgm?) (pgm”) J(pgm) (o
BC Index | iast 24 hours
... [ 2 days N
=181 =201 =31 =351 »12.1 =101
B ngex 141-180 151-200) 21-30 251350 =12 G 1—100
|- 2 days 101-140  71-150 920 B1-250 3:1-7 EES ]
G1=100 41=T70 5-B 21=8D 1.1=-3 16-30
=60 =40 =4 =20 =l =15

P.L. Fung, et.al. Science of The Total Environment Volume 844, 20 October 2022, 157099

A.G ic TIMDDF4CE-tob blished
regoric © be publishe © Aerosol Magee Scientific 2024
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BC index™ AE36

How it is calculated:

Inign—1I
AQIlgc = l,g _ =~ (C— Clow) + liow
Chlgh Clow

C ... 24 h running average of BC concentration
Ciows Chign --- Low and High limit of the BC concentration

liow: Ihigh --- LOW and High value of each Index class which corresponds to C,,, & Cy;4,

BC Index rate BC index value BC concentration (ug m-3)

>150
101-150
76 -100
51-75

<50

7.1-12
31-7
11-3

Satisfactory

<1

P.L. Fung, et.al. Science of The Total Environment Volume 844, 20 October 2022, 157099

A.G i¢, TIMDDF4CE-to b blished
102 regoric, © be publishe © Aerosol Magee Scientific 2024
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Graphical User Interface of AE36s (GUI)

AE36s

Advanced GUI - with advanced real time charting

AE36s-00-00101

BLACK CARBON Concentration
BIOMASS BURNING

BROWN CARBON Concentration
REPORTED FLOW  (AMCA)
TIMEBASE

FILTER TAPE

STATUS

5.0
60

62 %

Estimated 410 days left.

Running

l~
@
=

© Aerosol Magee Scientific 2024
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Different length of the filter tape

AE36 VS AE36s

10

104 © Aerosol Magee Scientific 2024
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Different time base settings
AE36

105 © Aerosol Magee Scientific 2024
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Key features...common

106 © Aerosol Magee Scientific 2024
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Demonstration of equivalence: AE36s (AE36) - AE33

Payerne (CH) — Rural Background site

BC470 (ng/m®)

BC880 (ng/m")

3000¢
2500F
2000F -,

1500F

Payerne (CH), 470 nm

1000F £1%s +

500F

3000

2500}
2000}
1500f *
1000 3+ :
500}

04/2023 05/2023 06/2023
Date

» AE36 BC470
+ AE33 BC470

+ AE36 BC880
- AE33 BC880

AE36 BC880 (ng/m®)

1500

-
o
o
o

PSI,
Payerne, CH

. Fl’ayerlnel(ClH)l, 880Inrln .

500

Y = Sxy X
Sy =1.056
r* =0.89

500 1000
AE33 BC880 (ng/m°)

© Aerosol Magee Scientific 2024
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Demonstration of equivalence: AE36s (AE36) - AE33

Payerne (CH)

Sxy Og r\2
370 nm | 1.043  0.002  0.91 —Payerne (CH), 880nm
470 nm 1.052 0.002 9.91 1500F 7
520 nm 1.058 0.002 0.91 '
590 nm 1.08 0.002 0.9
660 nm 1.078 0.003 0.9 %
880 nm 1.056 0.003 0.89 “g 1000[ -
950 nm | 1.046  0.003  0.89 3 )
2 s
om
w B
m 500 -
< | y:SxyX
S,y =1.056
r? =0.89
0 sl 1 1 1 1 1 1 L ] ) ) L ) ]
0 500 1000 1500

AE33 BC880 (ng/m°)
108 © Aerosol Magee Scientific 2024
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Demonstration of equivalence: AE36s (AE36) - AE33

Hyytiala - SMEAR Il (FIN), remote

Hyytiala (FIN), 470 nm Hyytiala (FIN), 880 nm

3000

2500F 1500¢

2000}
+ AE36 BC470

1500F 3
] * AE33BC470

1000f

BC470 (ng/m®)

—

o

o

o
T

5004 ¢

3000

AE36 BC880 (ng/m?®)

2500¢
500+

Sey =1.043

r? =0.94

2000¢
+ AE36 BC880

1500F i
. ‘1 - AE33BC880

1000

BC880 (ng/m®)

500F

0 500 1000 1500
AE33 BC880 (ng/m®)

Date

Aethalometer models AE36 and AE36s © Aerosol Magee Scientific 2024
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Demonstration of equivalence: AE36s (AE36) - AE33

Hyytizls - SMEAR Il (FIN)

Sxy Og pz
370 nm 1.033 0.001 0.93
470 nm 0.999 0.001 0.94
520 nm 1.018 0.001 0.94
590 nm 1.02 0.001 0.94
660 nm 1.03 0.001 0.94
880 nm 1.043 0.001 0.94
950 nm 1.02 0.001 0.94

110

AE36 BC880 (ng/m?®)

1500}

1000}

SMEAR I,
Hyytiala, FIN

Hyytidla (FIN), 880 nm_

500F

Sxy =1.043
r* =0.94

500 1000 1500
AE33 BC880 (ng/m®)

© Aerosol Magee Scientific 2024
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Loading effect compensation
As the loading of particles on the filter Linear reduction of the instrumental response due
‘ to loading of the filter fiber. Jump at the tape
advance (Virkkula 2007)

increases, the existing particles may
“shadow’ the freshly-collected ones.

- Smoothed data

jump gz filter-tape
advance ! !
20000 7000 - Linear fit
1 BC measured at 370 nm
18000 non-compensated
i compensated

dBC/dATN = slope of the fitting line

1000 o
i Fitting range
0 T T T T T : 1 o T T T T T T T T T T T T T T T T T T T 1
4950 5000 5050 5100 5150 5200 0 10 20 30 40 50 60 70 80 920 10C
ATN

‘l T
4800 4850 4900
t (min)

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

« ambient data — no dependence of BC on ATN
» slope kvariable: site, source, aerosol age, composition

* need to determine it dynamically — do not assume, reather measure
© Aerosol Magee Scientific 2024
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Loading effect compensation — DualSpot method

— m Reference |,
(X o> m Sensing 4 ATN1 =In (Io / |1)

oo o (.//s Sensingl, ATN,=In(l,/1,)

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

—

— Dual Spot algorithm

Tape advemci S time New tape advance
i i i max ATN reached
AATN AATN AATN
b}, b, bl
112 * * *

BC BC BC © Aerosol Magee Scientific 2024
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Loading effect compensation - DualSpot method

IR, 1 second

raw BC1

raw BC2
compensated BC

80000 -
A i

60000

40000 -

20000

BC concentration (ng/m”)

T T T T T
2000 3000 4000
time (sec)

Two parallel spots with different flow,
therefore different loading and attenuation.

!

13 Calculate loading compensated BC and A

© Aerosol Magee Scientific 2024
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Loading effect depends on the mixing state

0,006 7 Spectral fingerprint of parameter k
0,005+ 0.008
~ ] ’ |—=— Fresh aerosols - Klagenfurt (Austria) March 2012 |
3 0,004 0.007 {—e— Aged aerosols - Payerne (Swiss) June-July 2012 |
@ . ]
€ 00034 0.006 - PEE—— L
m b
s 1 ] Winter 2012 campaign [
© 0.005 — -
2 0,002+ 1 /ﬁ/Roadyde site: Klagenfurt,
. ] 0.004 L
£ 00014 ] Austria |
@ ] < 0.003 - ~. -
2 0,000 ' T [
E 0.0024  E£MEP 2012 campaign * N
O -0,001 0.0014 Background site: Payerne, -
] Switzerland . I
0, 002 . | . 0.000 _ <
18.6.2012 23 6. 2012 28 6. 2012 3.7.2012 8.7.2012 -0.001 —— 77— — 77—
time 300 400 500 600 700 800 900 1000
A (nm)
Atmos. Meas. Tech., 10, 1043-1059, 2017 Atmospheric
www.atmos-meas-tech.net/10/1043/2017/
doi:10.15194Iumt-]l[1—1043-2017 Measurgment . .
© Author(s) 2017. CC Attribution 3.0 License. Techniques Drinovec, L., Gregonél A., Zotter, P., Wo|f’ R.,
O Bruns, E. A., Prévot, A. S. H., Petit, J. E., Favez,

0., Sciare, J., Arnold, I. J., Chakrabarty, R. K.,
Moosmiuiller, H., Filep, A., and Moé&nik, G.: The

filter-loading effect by ambient aerosols in
The filter-loading effect by ambient aerosols in filter absorption filter abs orpgti on phot gm eters depends on the

Luka Drinovec'2, Asta Gregoric®, Peter Zotter**, Robert Wolf*, Emily Anne Bruns®, André S. H. Prévot®, Mea.S‘. TeCh., 1 O, 1 043'1 059, 201 7
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Agnes Filep?, and Grisa Moénik '
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Compensation depends on the aerosol type

0.003
0.002
0.001
0.000
-0.001
-0.002
-0.003
-0.004
-0.005

30

'ksso nm

N
(3]

N
o

-
o

(SO, + NH, + ORG) / BC
o o

0

T T T T T T T T
13.6.2012 20.6.2012 27.6.2012 4.7.2012 11.7.2012

AE33 compensation—

parameter

ACSM
(Aerosol Chemical
Speciation Monitor)

EMEP summer
campaign 2012

Paris, Gif sur Yvette

site operated by LSCE,
CNRS/CEA/UVSQ

Compensation
parameter and sum of
anorganic secondary
aerosol + organic
aerosol correlate well.

Drinovec, L., Gregori¢, A., Zotter, P., Wolf, R., Bruns, E. A., Prévot, A. S. H., Petit, J. E., Favez, O., Sciare, J., Arnold, I. J., Chakrabarty, R. K.,

Moosmiuller, H., Filep, A., and Moc¢nik, G.: The filter-loading effect by ambient aerosols in filter absorption photometers depends on the coating
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of the sampled particles, Atmos. Meas. Tech., 10, 1043-1059, 2017.
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Compensation depends on the aerosol type

0.003 ] - EMEP summer
0.002 ] AE33 compensationl- campaign 2012
0.001 parameter B . .
_ 0.000 ] Paris, Gif sur Yvette
s -0.001 ] _ site operated by LSCE,
xloo -0.002 ] B CNRS/CEA/UVSQ
-0.003 ] B
-0.004 ] B C .
0 o - - parameter and sum of
O s anorganic secondary
om 1 - .
= ACSM : aerosol + organic
O 20 (Aerosol Chemical |
s Speciation Monitor) | aerosol correlate well.
S 15 ] /) i
L 10 ] I We can discriminate
+
o 5 | i between fresh & old:
(D -
0 e local & regional.
13.6.2012 20.6.2012 27.6.2012 4.7.2012 11.7.2012

Drinovec, L., Gregori¢, A., Zotter, P., Wolf, R., Bruns, E. A., Prévot, A. S. H., Petit, J. E., Favez, O., Sciare, J., Arnold, I. J., Chakrabarty, R. K.,
116 Moosmiuller, H., Filep, A., and Moc¢nik, 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. L
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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 201
used in filter photometers.

r60

Water vapor can reach the filter through:

- the sample inlet (Smart sensor to prevent water
ingression through sample inlet)

O & 5'

1 W W‘W ) W .

- or enter through openings in the filter tape (FT) 0s/08/19 08119 0508/19
compartment, especially in environments where e

relative humidity changes rapidly (air-conditioned

(AC) containers, mobile stations, etc.)

— BC6

(%) HH

— RH

BC (ugm™)

r20

Example of the effect of AC on AE33 data.

0/0 Source: Dlsing S., et al., Atmos. Meas. Tech., 12, 5879-5895, 2019
117
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Filter photometers and sensitivity to dRH/dt

20
c
€ 10 ’
© ]
= 0- \ ——
Controlled T and RH kS v ‘
changes inside the L 7
simulation chamber. % -10 -
Clean air with stable RH ' I 1 w | ' |
used as sample. 0 50 100 150 200
800 - — BCggo (AE33)
600 -
&> 400 -
€ 200 -
D 0-
£ 200
% -400 -
O -600 -
M -800 -
Simulation chamber with AE33. The humidity -1000 -
in the surroundings of the instrument changed -1200 - : : : : : : . ,
rapidly, simulating the fluctuation of RH 0 50 100 150 200
introduced by AC.

Time (min)
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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.

750

500 +

250

Cggo (Ng/M?)
o

M 250

-500 A

-750

o AE33 Filter tape exposed to rapid RH changes &
e AE36s Filter compartment sealed .

T i T ' T N T i 1

-10 -5 0 5 10
dRH/dt (% min’")
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Improved performance with respect to its predecessor:

Limit of detection (mean = 20,
3.8 LPM, 1 min):

- AE33: 40 ng/m?3
« AE36s: 15 ng/m?3

Robustness to RH (Sgc_grpyat £ 20) :
- AE33: ~ 100 ng BC /%RH/min
 AE36s: >1 ng BC /%RH/min

© Aerosol Magee Scientific 2024
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Remote Access System (RAS)

Available as a separate Software application or part of the CAAT software:

AE36s-00-00104 @1 (Po [Eo (151830 (5 25002023

BLACK CARBON Concentration

BIOMASS BURNING
R emote

Access
System

BROWN CARBON Concentration
REPORTED FLOW (EPA) 5.1

TIMEBASE 1
FILTER TAPE 75 %

Estimated 205 days left.

STATUS Running

Remote access to the instrument and data through Aerosol Magee Scientific RAS

software application — instrument must be connected to the same network via

121 internet cable. © Aerosol Magee Scientific 2024
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Self-cleaning procedure (SCP)

How it works:
1. AE36s uses its internal pump to create under-pressure conditions in the pulse damper compartment (CRC),
which is located between the chamber and the pump (CRC).

2. Under pressure is created by running the pump at full speed while the ball valve and solenoid configuration
disables the flow to run through the chamber.

3. Under pressure is rapidly released firstly through Spot 1 and secondly through Spot 2 by opening the
appropriate solenoid valves.

4. Rapid release of the under-pressure temporarily creates high flows that clean that flush debris accumulated in
the instrument.

Flow ratio improved after SCP

45004

42504

Iteration #1 Final result after several
122  © Aerosol Magee Scientific 2024 SCP repetltlons' 35004
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Automatic data validation

Performed through the Graphical User Interface - DATA/Export screen:

AE36s-00-00109 Eo o [Ko (O10:07:27 {5 04 0ct2023 AE36-P00-00006 =1 Po Ko © 090910 (5 30Jan2024

DATA | Export / Import DATA | Export/ Import

EXPORT IMPORT EXPORT IMPORT

From: | 04 Oct 2023 To: | 04 Oct 2023 From: A 30 Jan 2024 To: | 30 Jan 2024

[l
BC & BrC data- validated Debug data BC data - validated Debug data

Advanced data - validated Advanced data - validated

All data - validated Al data - validated
All data All data

Several export options: they offer different selection of the data, from all data to the most
simplified BC&BrC data (for AE36s) or BC data (for AE36).

123 © Aerosol Magee Scientific 2024
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Automatic data validation

Performed through the Graphical User Interface - DATA/Export screen:

Includes only data with G1=1
Excludes of all other data, e.g.:

AE36s-00-00109 o (o o © 100727 04 Oct 2023

DATA | Export / Import

WWORT— Tape advance (tape advance, self-testing)

First measurement — obtaining ATNO
From: | 04 Oct 2023 To: 04 Oct 2023
Stopped
Standard export configuration Special export configuration calibrating LED
BC data- validated Calibration error

Advanced data - validated LED error

_ Chamber error
All data - validated

Tape error (tape stuck, tape end)
Stability test

All data

Clean air test
Tape change procedure
ND test

Leakage test (inlet, filter)

124 © Aerosol Magee Scientific 2024
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AE36(s) INSTALLATION

et

CYCLONE I MET STATION

OUTSIDE
|| —
INSIDE

SAMPLE STREAM DRYER

INSECT

SCREEN J}

125

Avoid direct discharge of air-
conditioner over sample lines.

VACUUM PUMP

Easy installation

Flexible sampling system

For indoor installations only
Operational altitude: up to 3000 m

Operational temperature range: 5°C -
55°C
Operational relative humidity range:

5% - 95%, nhon-condensing

Inlet protection from rain by using a
cyclone (also for PM2.5). Ensure
periodical cleaning

Insect screen/water trap for additional
instrument inlet protection

Sample Stream Dryer in cases when
outside Dew point is higher than the
temperature in the station.

© Aerosol Magee Scientific 2024
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Applications

AE36

AE36s

- Ambient air quality
monitoring network

Black carbon source
apportionment

- Stationary source emissions

- Public and occupational
health

- Marine and air transport

pollution

- Community monitoring

- Long-term stationary
monitoring

- Fence line monitoring

Near-road monitoring

Ambient air quality
monitoring, supersite

Brown carbon
measurement

Vehicle emission factors
Vertical profiles
Climate change research

Visibility research

126

© Aerosol Magee Scientific 2024



o | AEROSOL
MAGEE SCIENTIFIC

Final
AE36...

- ...helps Air Quality specialists increase understanding of
particulate matter (PM) air pollution.

- Gain insights into Black Carbon.
- Get accurate data you can trust, with less workload.

127 © Aerosol Magee Scientific 2024
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Final
AE36...

...Smartest way to monitor Black Carbon

128 © Aerosol Magee Scientific 2024
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Final

- Extended wavelength range offers high-quality data for
carbonaceous aerosols, and provides advanced Black Carbon
source apportionment and Brown Carbon analysis.

129 © Aerosol Magee Scientific 2024
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Final REMARKS
AE36s...

130 © Aerosol Magee Scientific 2024
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Final

Expand the frontiers of aerosol science with cutting-edge
Black Carbon instrument

131 © Aerosol Magee Scientific 2024
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Total Carbon Analyzer

&
Carbonaceous Aerosol
Speciation System CASS

© Aerosol Magee Scientific 2024
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Total Carbon Analyzer TCAOS8

Sampling Heating Analyzing

§
® —

133 © Aerosol Magee Scientific 2024
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Total Carbon Analyzer TCAO8

Analytic air

ambient air

air buffer (10 L)

—

1050 4

1026 4

1000 4

975 4

CO, (ppm)

925

T T T T T T
0 100 200 300 400 500 600
Time (s)

T T T J
700 800 900 1000

CO, (ppm)

particle and
VOC filter

Particle and OC gas

free air with stable CO2

Chamber

\L background
NO NEED FOR
HIGH PURITY
GASES!
Time
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CONTINUOUS
OPERATION and ANALYSIS

analyticair IN sample air IN

ballvalve1

While one channel is

I

the

CHAMBER 1 -- CHAMBER 2
ANALYSIS T -

135 analytic pump © Aerosol Magee Scientific 2024
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Total Carbon Analyzer TCAO8

Sampling Artefact

SAMPLING ARTEFACTS: positive artefact = VOC absorption

Carbonaceous Carbonaceous
aerosols aerosols
OC gases -

DENUDER

136
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Total Carbon Analyzer TCAO8

Sampling Artefact

SAMPLING ARTEFACTS: positive artefact = VOC absorption

100
=0 % —
Chamber :
S .,
B8 FeD £ 50
[ W3 5
3
c
1 2 3 4 5 6 7 8 9 10

F+D F
Chamber

Figure 2: Example of denuder efficiency test results. a) Statistical summary of measured carbon content
(presented by box-plots) for chamber 1 (F+D) and chamber 2 (F) and b) calculated denuder efficiency
with ref line representing the mean value of De.

o
=4

3
@
g
c
Q
o
s
©
Qo
=
k]

N
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TCAO8 INSTALLATION

- Easy installation
QEEEEEOLOG'CAL% M AR INLET - Custom sampling system

- For indoor installations only

- Operational altitude: up to 3000 m

- Operational temperature range: 10°C -
35°C

- Operational relative humidity range:
30% - 80%, non-condensing

/{?4&'5“

TO
AETHALOMETER

138 © Aerosol Magee Scientific 2024
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Carbonaceous Aerosols

Carbonaceous aerosols are extremely diverse.
They are often the dominant fraction of PM2.5.

They impact air quality, public health, visibility, cloud nucleation, the planetary
radiation balance, and climate forcing.

The OC fraction is the largest and the least understood.

TC — OC

Total Carbon Organic Carbon

Ec Carbonaceous

Elemental Carbon Aerosol

139 © Aerosol Magee Scientific 2024
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A revolutionary OC/EC Analyzer

Optical measurement of BC with Aethalometer

Thermal measurement of TC with the TCAOS8

Thermal
determination

Optical

determination
TC=9.0 ug/m? .
b=0.5
EC=1.5pg/m?

BC= 3.0 ug/m? . S 0C=7.5pg/m3
communication
AE 33
TCA 08

Online
No gas, no glass

High time resolution

monitoring
station

© Aerosol Magee Scientific 2024
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CASS MEASUREMENT PRINCIPLE

AE33
or

Total Carbon — determined with TCAO08 by thermal analysis
AE36s

<€ Total Carbon TC >
or

AE36 B
Optical analysis: BC | o cunmac

<« EC >« 'oC >
TCAOS OC = TC-EC
- ' OC = TC-b-BC

Thermal analysis: TC

b is region specific factor.

141 © Aerosol Magee Scientific 2024
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Determination of TC, BC and equivalent OC and EC fraction

Data is displayed on graphical user interface in real time:

Licor CO2

80

60—

IIIIIIIIII- o]
) Hllllll-

e T

04

-20

0 5 10 15 20 25 30 3B 40 45 50 b5 60 65 70 75
e S5 ot IRSERE [t (L [

2020 2 02 203 2030, 2020, 2030 203n, 2 s 2
05 G.o 220,220,022 0-? 020,020,202
o‘o-a?f?ﬂ," °‘°2ﬂf";oﬂg?z.o<, 02, ogfz.ggg 05220,

00 24,0 Py ,f,a;f,”ﬂo 0500 04 o"%o”"woa‘“‘f'%"% ‘
Date and time
850
Values: Range:

800

|
750+ I
700 -

Y

650

0 200 400 600 800 1000
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RUGGED and RELIABLE

CASS for a LONG and
UNATTENDED operation

143 © Aerosol Magee Scientific 2024
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Contains NO special quartz GLASS

PATENTED

NO special GAS and NO CATALYST required

144 © Aerosol Magee Scientific 2024
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Near Real-
Time determination
of CARBONACESOUS
AEROSOLS

© Aerosol Magee Scientific 2024

....and autonomy for
long-term campaigns
with REMOTE access.
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A revolutionary OC/EC Analyzer

User interface/advanced screen

TCA-08-S00-00123 © 0514 & 04Nov2018

Operations | Advanced

TC / Total carbon concentration
BC / Black carbon concentration
* b / EC/BCratiob

EC =bBC OC concentration

OC=TC-bBC EC equation

EC / OC equation

ocC / EC equation

Timebase / Sample time base setting

Start time / ) )
Start time of the sampling

End time /

End time of the sampling

TC / EC / OC Series and Pie chart . .
146 © Aerosol Magee Scientific 2024
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A revolutionary OC/EC Analyzer

User interface/advanced screen

VE TCA-08-S00-00123 © 0518 & 04Nov2018 TCA-08-S00-00123 © 0519 & 04Nov2018

#TC +OC sEC
110000
100000 k
90000
20000
70000
60000

50000 \\
40000 N

30000 1
\ \
20000 . T
s A
0

2075 -;o;‘, 207
03

&
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* s

A
rd

D‘;?J G"S’_{ GJJ,,J}UJ{; 3Ugd -’01?1-2010 -)qu UJ

&,
11,05 1193 11-p5 3 2303, olwfmfo @®oc @k
2 0045;0044,? oo4;%%?0;.&90%40@?00%40 ooﬁfwoolq DO“MGO"M

Date and time

Range:

Values: Range: [
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CASS INSTALLATION
CYCLONE ( (t AMBIENT ANALYTIC CYCLONE
PM2,5/16,7L ' METEOROLOGICAL AIR INLET PM2,5/ 5L
SENSOR B

meesssnl ea———  —  — | —

DENUDER

CASS /
|

=~ " INSECT
SCREEN

7 RS232 CABLE

/
——mSecT

SCREEN

Avoid direct discharge of air-
conditioner over sample lines.

T+~ SAMPLE
STREAM

DRYER (FOR
AETHALOMETER
ONLY)

SCLUENTIFLIC

QM AGER

148

Easy installation

Two separate sampling system
For indoor installations only
Operational altitude: up to 3000 m

Operational temperature range: 10°C -
35°C
Operational relative humidity range:

30% - 80%, non-condensing

Inlet protection from rain by using a
cyclone (also for PM2.5). Ensure
periodical cleaning

Insect screen/water trap for additional
instrument inlet protection

Sample Stream Dryer in cases when
outside Dew point is higher than the
temperature in the station.

© Aerosol Magee Scientific 2024
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STANDARD OC/EC
Thermal analysis
<« ‘EC —)E( ‘o >» Protocol 1
<« EC )E( ‘oc > Protocol 2
Yo
< ‘B );( ‘oc’ > Protocol 3

Ambient Air — Equivalence of automatic measurements of elemental carbon
(EC) and organic carbon (OC) in PM

16909 for offline OC/EC
16450 for equivalence (90 days measurements)

CEN/TC 264/WG 35 in progress

Rigler et al. Atmos. Meas. Tech. Discuss., https://doi.org/10.5194/amt-13-4333-2020
Ivancic et al. Science of the Total Environment 848 (2022) 157606

149 © Aerosol Magee Scientific 2024



e | AEROSOL

MAGEE SCIENTIFIC
APPLICATIONS \
Advanced
OC/EC analyzer apportionment of CA

Values: Range: [1dey

Impact on Climate Change, Primary and
Public Health effect studies Secondary CA formation, BrC

PATENTED

150
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anthropogenic-biogenic
interactions

particle-phase
chemistry

gas-particle :
partitioning
SVOCs
gas-phase
oxidation

SOURCE: https://www.eurekalert.org/news-releases/552378

151

CA =BC + POA + SOA

!

BVOCs are major SOA precursors

!

POA modify also SOA concentrations through
antropogenic biogenic interactions

Specific measures to control CA concentrations
— only through limitations of BC and POA

WE NEED MEASUREMENTS

© Aerosol Magee Scientific 2024
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FINAL REMARKS

- TC/BC as a standardized OC/EC method

- Health effect studies: Environmental and workplace monitoring
of carbonaceous aerosols

- AQ monitoring and advanced research of CA: Source

apportionment and optical characterization of Carbonaceous
Aerosols at different wavelengths

152 © Aerosol Magee Scientific 2024
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Final REMARKS

Carbonaceous Aerosol Speciation System - ,CASS"

KEY FEATURES

« Continuous analysis of Carbonaceous
Aerosols

« Sampling time 20 min to 24 hours

« Sampling vs. analysis switched between 2
channels

« No carrier gas required

« No Glass : Rugged, All-Steel Construction

* No Catalyst: all carbon detected all the time
« Very little attention required

© Aerosol Magee Scientific 2024
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Thank you for your kind attention!

kkunstelj@aerosolmageesci.com

154 © Aerosol Magee Scientific 2024
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