Optical Measurement and Aerosol Filter Loading
for Climate Studies

(Aethalometer)

Paulo Fialho







Azores Archipelago — Central Group

N

*

Graciosa

N Terceira
Sao Jorge

&




Objectives

 Develop methodologies to compensate for apparent
absorption caused by scattering and shadow due to the
use of a filter matrix support.

— Development of an improved compensation technique for
the AE’s attenuation coefficient, opyr.comp:

O ATN —comp (/1’ t) =1 (ATN A, t)x O-abs(ﬂ" t)

— Correlation of the opyr.compy With MAAP’s absorption
coefficient measurements, o, to evaluate the AE’s C 4
(shadow effect) and R (scattering) corrections for the

sampled aerosol.

At
O-abs(;if1 t) _ UATN —comp( )

Cref X R




Aethalometer

=- n( IS(/1|)O_(,;§O (’1)} and ATN(4)=— In( |

ATN(1)= ATN,(1)- ATN,(1)= ATN(A) = —In{ :

Flow

ATN (ﬂ“) = Caerosol x Lx Saerosol(ﬂ“) Where L=
SpotArea
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Different Spot Time Loading

Experiment Setup

 All the instruments used In the experiment
sampled simultaneously from a common chamber
with continuously refreshed dried ambient air.

— Four High Sensitivity (HS) Aethalometers (AE)
(370, 470, 520, 590, 660, 880, 950 nm)

— Four Extended Range (ER) Aethalometers (AE)
(370, 470, 520, 590, 660, 880, 950 nm)

— Three Multi Angle Absorption Photometers (MAAP)
(637 nm) /




Different Spot Time Loading

Experiment Setup

* Aethalometer’s were divided In three different groups

sampling with a time difference of 3 hours but with the
same flow rate.

— AE-31 — 4 dm3/min
« HS#160; ER#408
o HS#679; ER#427
« HS#268: ER#945

« MAAP’s where used as a secondary reference method
for absorption coefficient, o, (637 nm).

— MAAP-5012 — 10 dm3/min
e #080: #012: #140




Working Equations
* Aethalometer (AE)

_ SpotArea ATN(A,t)- ATN(A,t—At)
(Flow(At)) At

O atn (/Lt)

& (4,5, MM )= C o (6 ng.m = )x Sy (1)

2.1
Sec(1)= 14.625(m iall ) Is the BC aerosol specific absorption cross —section
> A(nm)

» Multi Angle Absorption Photometer (MAAP)

Cec (ng.m‘3)>< 6.5 (m2 / g)
1000

O-abs(l\/lrn_1 ) =
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Aethalometer’s (1 = 660 nm)
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Aethalometer’s (4 = 660 nm)
——HS#160 - NOAA —HS#679 - FMI HS#268 - UAc

------- ER#408 - JRC -+ ER#427 - ETS ER#945 - PSI

80
Virkkula et al., (2007) ,J. Air & Waste Manage. Assoc., 57, 1214-1222

70 | I: i O-ATN—correct(ﬂ"t):(l_F k(ﬂ”t)x ATN (/Lt)) O-ATN ()Lyt)

60 -

OATN (1\’1“1'1)
+
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Aethalometer’s (4 = 660 nm)

o HS#160-NOAA o HS#679 - FMI HS#268 - UAc
x ER#408 - JRC x ER#427-ETS Line 1:1
80
70 - fix
¢ %
60 B x # 8 ”
x X §§ !g o@% o
~ Ko % é %80 o
- x ° 8
£ ol oo° &°°
% 4 0098 ©
z 2%
H
bv.ﬂ
50 60 70 80

oy (ER#945) (MmY)




O ATN- COmp(/1 t)_ f(ATN A, t)XGATN (’Lt)
f(ATN, A,t)=1 ( )x ATN(A,1)

O arn_comp( A, REF. AE) = ag (AE#) (L+ K(A)x ATN(A, t; AE#)) 0 a1y (2,1, AEH)

(O prn—comp (A t; ER#945 ) =
O arn_comp |4 t; ER#945
<aATN_C0mp(z t; ER#945

HSH A)xATN 2,t,HS#16O

(

(
O arn_comp( A t; ER#945) = & (1,t; HS#679)) 0 nry, (A, t; HSHE79
O arn_comp( A t; ER#945) = a (ER#408 ) (1+ k(2)x ATN(A, t; ER#408)) 057y (4, ; ER#408
O amn_compl A t; ER#945) = & (ER#427 ) (1+ k(2 )x ATN(A, t; ER#427)) 0 oy (2, t; ER#427

ER#945 was choose as the reference Aethalometer = a,(ER#945) = 1.00

A(m) | k(A) x 103
AE# a, (AE#)
370 451
470 322 ER#945 1.00

N = 28154 520 2: 10 HS#160 | 1.26

Standard Error = 1.5 Mm-1 590 2,02 HS#268 | 1.17
' HS#679 1.15

660 2.09
ER#408 1.00

880 1.39
ER#427 1.05
950 0.96

O arn (/1 t, HS#160

)

a, ) )
A,t;HS#268)) o 17y, (4, 1; HS#268)
) )

) )

)

d

)=
a(
(
(
(
(

)=
)=
)=
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where k=1.49+0.09nm r=0.900

k(A)x10°

k(A)x103




O arn_comp( A 1 REF. AE) = 8 (AE#)x f (ATN,A,t; AE#)x 057y (4,1, AE#)
y ATN(At; AE#))
yl

f(ATN,ﬂ.,t;AE#):(l k

AT N(A,t, ER#945)

yl

ATN(A,t, HS#160)
yl

y ATN(A,t, HS#268)
A

y ATN(A,t, HS#679)

yl
AT N(1,t, ER#408)

yl
AT N(1,t, ER#427)

A

AE#

O arn_comp(A: 1, ER#945) = a, (ER#945) | 1+k O ay (4,1, ER#945)

O ar_comp\ A+ t, ER#945) = a, (HS#160) | 1+ k x Oy (4,1, HS#160)

O arn_comp\ A+ t, ER#945) = a, (HS#268) | 1+ k O ary (4,1, HSH#268)

O arn_comp (A: 1, ER#945) = a, (HS#679) | 1+k Oy (4,1, HSH679)

O ary (4,1, ER#408)

O arn_comp\ A+ t, ER#945) = a,(ER#408) | 1+ k

Oy (4,1, ER#427 )

O arn_comp (A 1, ER#945) = a, (ER#427 ) | 1+k

\

a, (AE#)
+0.004

k — l 51+o 15 nm ER#945 1.000
T HS#160 | 1.260

HS#268 1.167
N =28154 HS#679 1.146

Standard Error = 1.5 Mm ER#408 | 0.995
ER#427 1.054
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Aethalometer’s (4 = 660 nm)

o HS#160-NOAA o HS#679 - FMI HS#268 - UAc
x ER#408 - JRC x ER#427-ETS Line 1:1
80
70 - fix
¢ %
60 B x # 8 ”
x X §§ !g o@% o
~ Ko % é %80 o
- x ° 8
£ ol oo° &°°
% 4 0098 ©
z 2%
H
bv.ﬂ
50 60 70 80

oy (ER#945) (MmY)




Universidade dos Acores Paulo Fialho

Grupo de Quimica e Fisica da Atmosfera paulofialho@uac.pt

Aethalometer’s (4 = 660 nm)
o HS#160-NOAA o HS#679 - FMI HS#268 - UAc

x  ER#408 - JRC x ER#427-ETS Line 1:1

OATN-comp (I\Im_l)

0 - | T T T T T T T
0 10 20 30 40 50 60 70 80

OATN-comp (ER#945) (1\"1111‘1)
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Aethalometer’s (1 = 660 nm)
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Aethalometer’s (1 = 660 nm)
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MAAP’s (A =637 nm)
—#140 —#012 —#080
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MAAP’s (1 = 637 nm) |
—Line 1:1 o 7012 #080 —Linear (#012) Linear (#080)

slope =0.913£0.004  slope =1.020=0.005
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Correlating MAAP with AE

« MAAP #140 data was selected as the reference

— Data in Standard Pressure (1013.25 mBar) and Temperature (273.15
K)
— MAAP #080 is too noisy

— MAAP #012 is slightly different from the other two and have less data
then MAAP #140.

« AE31 ER#945 data is used as the reference
— data was convert to 637 nm by using the relation,
637

UATN -comp (637) = GATN-comp (660{

were, ¢ =1.11+0.15

— scaled to Standard Pressure and Temperature.
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80
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OATN-comp (h"'lm_l)

AE31(ER#945) vs. MAAP(#140) (1 = 637 nm)

© q4?l’\-’-conp -7
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Summary Information
O ATN-comp (/1) = OATN (/1))( f (ATN , /1)

HS#160 3.821+0.019
HS#268 4.126+0.021
) HS#496 4.477+0.023
HS#679 4.205+0.021
k =151+015 nm ER#408 4.851+0.026
ER#427 4.581+0.024
o (1)= Tamem (1) ER#945 4.828+0.026
C.o Average 4.41+0.38 (9%)

ATN(2)

f(ATN,/I):(1+k><
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Aethalometer’s All Experiments (4 =660 nm)
o HS#160 HS#268 o HS#496 o HS#679 e« ER#408 e ER#427 Line 1:1

0
e X

oy (Mm'!)

1 10 100
o v (M) - ER#945
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Aethalometer’s All Experiments (4 = 660 nm)
o HS#160 HS#268 o HS#496 o HS#679 ¢ ER#408 e ER#427 Line 1:1
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Aethalometer’s vs. MAAP#140 All Experiments (A4 =637 nm)
o HS#160 ~ HS#268 o HS#496 o HS#679 ¢ ER#408 e ER#427 ¢ ER#945 —Line 1:1
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