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NEPHELOMETER

*The nephelometer measures light scattering by aerosols particles

Ambient air passes through a chamber where particles are illuminated by a multi-wavelength light source (halogen lamp or
LEDs).

*Scattered light is detected by photomultiplier tubes at blue, green, and red wavelengths.

Limitations include non-lambertian illumination and truncation errors.




NEPHELOMETER limitations

sLimitations include non-lambertian illumination and truncation errors.
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NEPHELOMETER

*The nephelometer measures light scattering by aerosols particles

*Ambient air passes through a chamber where particles are illuminated by a multi-wavelength light source (halogen lamp or
LEDs).

*Scattered light is detected by photomultiplier tubes at blue, green, and red wavelengths.

Limitations include non-lambertian illumination and truncation errors.
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NEPHELOMETER correction

Forward scattering correction
- Miiller et al., 2011 (Ecotech AURORA 3000)
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NEPHELOMETER correction

Forward scattering correction
Miiller et al., 2011 (Ecotech AURORA 3000)
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NEPHELOMETER correction

Forward scattering correction

(1) D_:"m-r(i) — G_rmr(ﬁ)_c (/1)‘ Bond et al., 2009 (TSI 3563)
¢ & & Miiller et al., 2011 (Ecotech AURORA 3000)

2) |C,(W)=a+ba, 6) |C.(By=a+b-a.(B/G)

log( % :,'(fj] () [C.(G)=a+b-a'(B/R)
(3) & (B/G)=- “B( ) .
Iﬂg(a) (8) [C.(R)=a+b-a (G/R)
0. (B)
o
(4) | (B/R)=- fs wavelength B G R
lo E ﬁngstn'jm exponents a*ts(B/G) a*ts(B/R) a*ts(G/R)
8 R parameters a b a b a b
IS no cut 1.345 -0.146 1.319 -0.129 1.279 -0.105
™(G) sub-pm 1.148 -0.041 1.137 -0.040 1.109 -0.0033
]gg[#) no cut 1.455 -0.189 1.434 -0.176 1.403 -0.156
(5) o’ (G/R)=- o, (R) Feotech sub—ur;\i[__?i& -0.060 1.207 -0.061 1.176 -0.053
i mg(ﬁj no cut = bigger particles -> stronger forward scattering
R

Use one of the two coefficient (no cut or sub) depending on the a calculated from raw data
(a>2 = sub)



NEPHELOMETER correction

Backward scattering correction
S Bond et al., 2009 (TSI 3563)

- Miiller et al., 2011 (Ecotech AURORA 3000)

incident light

Table 3a. Nephelometer correction factors for angular nonidealities. Wavelengths for TSI 3563 are 450 nm (B), 550 nm (G), and 700 nm
(R), and wavelengths for Aurora 3000 are 450 nm (B), 525 nm (G), and 635 nm (R), respectively.

(a) Midpoint + half range of calculated correction factors for conditions with and without sub-um cut

total scatter backscatter
wavelength B G R B G R
TSI 3563 no cut 1.30+0.25 1.2940.24 1.264+0.21 0.9834+0.040 0.98440.041 0.98840.043
sub-pm 1.086+0.040 1.066+0.031 1.0454+0.021 0.9504+0.009 0.94440.012 0.95440.009
Aurora 3000 no cut 1.37+£0.29 1.38 £0.31 1.36:0.29 0.963 £0.040 0.97130.047 0.968 +£0.043
sub-pm 1.1254+0.059 1.1034+0.046 1.0784+0.035 0.93240.012 0.93540.017 0.93540.014




NEPHELOMETER correction

20 ; ————ry ;

I |—— TSI 3563, 550 nm b
S EEE TSI 3563, 550 nm, Anderson and Ogren 1998 g
| |— Radiance Research 903, 540 nm N
—— Ecotech 9003, 525 nm 3 unit average

Angular Illumination and Truncation of Three
Different Integrating Nephelometers:
Implications for Empirical, Size-Based
Corrections
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FIG. 3. Calculated generic correction factor, Cys, vs. Dgy for three mod-
els of nephelometers accounting for truncation and angular illumination func-
tion of the light sources. The result of Anderson and Ogren (1998) from the
previous illumination function for the same acrosol parameters is shown for

comparison.
Manufacturer Model Number of units Light source Wave-length Bandwidth Angular integration
FWHM range
TSI St. Paul, MN USA 3563 15 3/15 for Incandescent quartz-halogen, opal glass 450, 550, 700 40 nm 79 to 170°

illumination diffuser nm

Radiance Research Seattle, WA
USA

M903 2 Xenon flash lamp, opal glass diffuser 540 nm* 40 nm 10° to 170°

Ecotech Knoxfield, VIC Australia 9003 3 7 LED tuned array, ground glass diffuser 525 nm 60 nm 12° to 165°




NEPHELOMETER correction

Scattering Coefficients and Asymmetry Parameteré‘ derlved fromthe

- 0
10-170 Polar Nephelometer Aurora4000, 2012
igc())toech Polar Nephelometer AURORA TMuIIeL mMialanSmaschanelfer and A. Wiedensohler TROBO ﬁ

Truncation and illumination errors were
simulated using the synthetic test data and
correction factors for compensating the
truncation and illumination erors were
calculated by two methods:

*The AQ0388 correction! for correcting the
truncation and illumination error of mult
wavelength nephelometers is based on the
scattenng Angstrom, which 1s defined by

defined by
_ A Ay
a=-In(cL/c2)/In(4/4,)
wavelength B G R Correction factors for instruments of types
Angstrom exponents a*ts(B/G) a*ts(B/R) a*ts(G/R) Aumraﬂﬂﬂﬂ and Pnuroraﬁlﬂﬂﬂ E.TE[E]
parameters a b a b a b
TSI no cut 1.345 -0.146 1.319 -0.129 1.279 -0.105
sub-pm 1.148 -0.041 1.137 -0.040 1.109 -0.0033 c [ 1207-0061-¢c | cx =2
no cut 1.455 -0.18%9 1.434 -0.176 1.403 -0.156 ADSE T
acoiseh sub-pm 1.213 -0.060 1.207 -0.061 1.176 -0.053 [ 1434 — Dl?ﬁ 0| o= 2
Miiller et al., 2011 (Ecotech AURORA 3000) *A new polar correction based on the angular

measurements of the Aurora4000 was
developed. A simple function for compensating
the truncation was found by

10 20"
Torg — s
10"

203

C ey =0.8781+0.955-



NEPHELOMETER

Acoem, owner of Ecotech

The Aurora NE-300 (scattering 7 - 173°; backscatter 90 - 173°)

Monitoreo Confiabilidad Soluciones Aplicaciones Quiéne
a co e I I | ambiental industrial de seguridad
v v v e v

Aurora NE-300

Nefeldmetro integrador
In the absence of an experimental characterization of these

nephelometers, the corrections presented for the AURORA

La cantidad de luz solar que llega a la superfic

Integrating Nephelometer v o >
dispersada al espacio, es un parametro esenc
influencia de la dispersion de los aerosoles en b | - d
o 3000/4000 can be applied.
. El Acoem Aurora NE-300 contribuye a esta me
1) p———

coeficientes integrados de dispersion total y n

onda.

Aurora NE-400 Polar

Nefeldmetro integrador polar

El Acoem Aurora NE-400 Polar es un nefeldmetro integrador

de onda y el bugue insignia de la serie Aurora NE.

Mide la dispersion de la luz en hasta 18 sectores angulares €

usuario, utilizando un posicionamiento variado del obturado

para ayudar a determinar la funcion de fase de los aerosole

nuestros nrovectos de investigacion v modelizacion climatic



NEPHELOMETER data reporting (Level 2)

After all corrections have been applied, the particle light scattering and backscattering coefficients are converted to standard
temperature and pressure conditions to ensure comparability across measurements and monitoring sites.

corrref O.COTT;(P;T) . ﬁ . T

Templates for Integrating-Nephelometer-Data on different levels

P Tref Please note, you can validate your level 0 and level 1 data using the £BAS submission toal. If you experience problems with uploading your data, please contact us at ebas@nilu.no.
Levels
Level 0
T .=0¢C
ref Level 1
ref . Level 2
Data
Level Description Used For
0 * Annotated raw data ® Advanced data
Ho ur/y ave rages & Format instrument specific reparting
* Contains all parameters provided by instrument as provided ® MNear-Real-Time
* Contains all parameters / info needed for processing to final value. (NRT) data
* "Native" time resolution reporting
1 * Data processed to final parameter ® Advanced data
* |nvalid data & calibration episodes removed reporting
* "Native" time resolution * |ntercomparisons

* Format property specific

* Correction to standard temperature & pressure cond. (273.15 K, 1013.25 hPa) if

necessary
1.5 * Data aggregated to hourly averages auto-processed Near-Real-Time (NRT)
* Atmospheric variability quantified by standard data processing

deviation or percentiles
2 P manual quality assurance Regular, annual data

* Format property specific

reporting




NEPHELOMETER maintenance

After all corrections have been applied, the particle light scattering and backscattering coefficients are converted to standard
temperature and pressure conditions to ensure comparability across measurements and monitoring sites.

Check Frequency
Perform basic checks (flow rate, etc.) During setup
Perform a zero calibration using particle-free (filtered) air daily (at remote

stations more
often up to hourly)

Conduct a high-span calibration/check using CO,. Deviations | bi-monthly
should be less than 5%.

Check the noise level (mean and standard deviation) while | annually
measuring filtered air

Check sample flow rate (according to observatory or network- | annually
defined protocols

Cleaning of internal components such as the light trap and | annually
baffles etc




FILTER BASED ABSORPTION PHOTOMETERS

Photo-detectors in the filter photometer
MEASURE the intensity of diffuse light
transmitted through the sample spots on the
filter (/), and a second photo-diode measures
the intensity of light through an unsampled
area of the filter (/). The attenuation, ATN, is
calculated from the ratio of the two intensities:
The attenuation coefficient (o47y(t)) is then
defined as

)= QMIN®

G (t
ATN df

where AATN is the change in filter attenuation
during the time interval At=t,-t,, in
seconds, Q [m3/s)] is the sample flow rate
through the filter, and A [m?] is the area of the
exposed spot on the filter.



FILTER BASED ABSORPTION PHOTOMETERS: AETHALOMETERS (AE33, AE43, AE36, AE36s)

Photo-detectors in the filter photometer
MEASURE the intensity of diffuse light

transmitted through the sample spots on the MAC,(A) [m?/g] C =1.39 (M8060)
filter (1), and a second photo-diode measures _ OATN (/1) 18.47 (370 nm) C =1.57 (M8050/M8020)
the intensity of light through an unsampled O-abs,raw (/1) - C 15.54 (470 nm)
area of the filter (/). The attenuation, ATN, is 13.14 (520 nm)
calculated from the ratio of the two intensities: 11.58 (590 nm)
The attenuation coefficient (o47y(t)) is then Uabs,raw (/1) 10.35 (660 nm)
defined as eB Craw (/1) = AC_ (A 7.77 (880 nm) 7.83 (Savadkoohi et al., 2024)
0 MING MAC, (1) 7.19 (950 nm)
C'-_er.‘:('f):_T

where AATN is the change in filter attenuation
during the time interval At=t,-t,, in
seconds, Q [m3/s)] is the sample flow rate
through the filter, and A [m?] is the area of the
exposed spot on the filter.



FILTER BASED ABSORPTION PHOTOMETERS: AETHALOMETERS (AE33, AE43, AE36, AE36s)

Photo-detectors in the filter photometer
MEASURE the intensity of diffuse light

transmitted through the sample spots on the (/1) MAC,(A) [m?/g] C =1.39 (M8060)
filter (1), and a second photo-diode measures (/1) _ OATN 18.47 (370 nm) C =1.57 (M8050/M8020)
the intensity of light through an unsampled O-abs,raw - C 15.54 (470 nm)
area of the filter (/). The attenuation, ATN, is 13.14 (520 nm)
calculated from the ratio of the two intensities: 11.58 (590 nm)
The attenuation coefficient (o47y(t)) is then Uabs,raw (/1) 10.35 (660 nm)
defined as eB Craw (/1) = 7.77 (880 nm) 7.83 (Savadkoohi et al., 2024)
Q VRG] MAC, (1) 7.19 (950 nm)
Oury(t)=
dt
where AATN is the change in filter attenuation ) E—
during the time interval At=t,-t,, in — O'ATN (4
seconds, Q [m3/s)] is the sample flow rate C = oMAAP (/1) =2.44 (M8060)
through the filter, and A [m?] is the area of the abs
exposed spot on the filter. . .
. 244 —  ACTRIS Harmonization factor H*
H* = — = 1.76 (M8060)
1.39
H* = 2.21 (M8020/M8050)
-




FILTER BASED ABSORPTION PHOTOMETERS: AETHALOMETERS (AE33, AE43, AE36, AE36s)

Photo-detectors in the filter photometer
MEASURE the intensity of diffuse light

transmitted through the sample spots on the MAC,(A) [m?/g] C =1.39 (M8060)

filter (1), and a second photo-diode measures _ OATN (/1) 18.47 (370 nm) C =1.57 (M8050/M8020)

the intensity of light through an unsampled O-abs,raw (/1) - C 15.54 (470 nm)

area of the filter (/). The attenuation, ATN, is 13.14 (520 nm)

calculated from the ratio of the two intensities: 11.58 (590 nm)

The attenuation coefficient (o47y(t)) is then Uabs,raw (/1) 10.35 (660 nm)

defined as eBCmW (/1) — MAC /,{) 7.77 (880 nm) 7.83 (Savadkoohi et al., 2024)
\_(f)zg ATN(7) n ( 7.19 (950 nm)
' A dt

where AATN is the change in filter attenuation

during the time. interval ~ At=t,t, in C = OI};+P(A) 2. 44 (|V|8060)

seconds, Q [m3/s)] is the sample flow rate (/1)
through the filter, and A [m?] is the area of the abs
exposed spot on the filter.

% 2.44

H* = 2.21 (M8020/M8050)

eBC,,, (1) - MAC,(1)

raw

Oabs,harm (/1) — 176

Hg . raw (8807’17?1)
B [ = 57




FILTER BASED ABSORPTION PHOTOMETERS: AETHALOMETERS (AE33, AE43, AE36, AE36s)

Photo-detectors in the filter photometer
MEASURE the intensity of diffuse light

transmitted through the sample spots on the (/1) MAC,(A) [m?/g] C =1.39 (M8060)
filter (1), and a second photo-diode measures (/1) _ OATN 18.47 (370 nm) C =1.57 (M8050/M8020)
the intensity of light through an unsampled O-abs,raw - C 15.54 (470 nm)
area of the filter (/). The attenuation, ATN, is 13.14 (520 nm)
calculated from the ratio of the two intensities: 11.58 (590 nm)
The attenuation coefficient (o47y(t)) is then Uabs,raw (/1) 10.35 (660 nm)
defined as eBCmW (/1) — MAC /,{) 7.77 (880 nm) 7.83 (Savadkoohi et al., 2024)
Oury(t)=
Cdr
where AATN is the change in filter attenuation )
during the time interval At=t,-t,, in — O'ATN (4
seconds, Q [m3/s)] is the sample flow rate C = oMAAP (/1) =2.44 (M8060)
through the filter, and A [m?] is the area of the abs
exposed spot on the filter.
% 2.44
H* = == = 1.76 (M8060)
1.39
H* = 2.21 (M8020/M8050)
1) = eBCTaW(A) ) MACn(A) MAC 1) = O-abs,harm (A)
Uabs,harm ( ) — 1.76 local ( ) - EC
SBC [,ug] _ BCé6,,,, (880nm)
harm | m3 1.76




FILTER BASED ABSORPTION PHOTOMETERS: AETHALOMETERS (AE33, AE43, AE36, AE36s)

Photo-detectors in the filter photometer
MEASURE the intensity of diffuse light
transmitted through the sample spots on the
filter (/), and a second photo-diode measures
the intensity of light through an unsampled
area of the filter (/). The attenuation, ATN, is
calculated from the ratio of the two intensities:
The attenuation coefficient (o47y(t)) is then
defined as

Qmwm

Cary () = -

where AATN is the change in filter attenuation
during the time interval At=t,-t,, in
seconds, Q [m3/s)] is the sample flow rate
through the filter, and A [m?] is the area of the
exposed spot on the filter.

oarn(A)

Oabs,raw (/D — C

Uabs,raw (/1)

BC. () =
eBCrqu(2) MAC, (1)
C = “;;+PW 2.44 (M8060)
Oabs (’1)
H* = 22 — 1,76 (M8060)
1.39

H* = 2.21 (M8020/M8050)

MAC,(A) [m?/g]
18.47 (370 nm)
15.54 (470 nm)
13.14 (520 nm)
11.58 (590 nm)
10.35 (660 nm)
7.77 (880 nm)

7.19 (950 nm)

C = 1.39 (M8060)
C = 1.57 (M8050/M8020)

7.83 (Savadkoohi et al., 2024)

" MAC 880 nm

iy
L

eBC. (1) - MAC

raw

(1)

Oabs,harm (/1) — 176

(880nm)

Hg . raw
B[] = 7

B ' I |
Janilaas
.\r‘? é"@ = & o £ S G 4

EHue@EmEse @R

Savadkoohi et al., 2024



FILTER BASED ABSORPTION PHOTOMETERS: AETHALOMETERS (AE33, AE43, AE36, AE36s)

MAINTENANCE

 Aethalometers are stable instruments and do not require frequent maintenance

L 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

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

L The graphical interface of the Aethalometers allows to know if any maintenance is needed and what type of maintenance
d Aethalometer manuals are provided by the manufacturer

O https://www.youtube.com/watch?v=ZoUzaqgMi2EQ (Aethalometers operation and maintenance)

1 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



https://www.youtube.com/watch?v=ZoUzaqMi2EQ

FILTER BASED ABSORPTION PHOTOMETERS: AETHALOMETERS (AE33, AE43, AE36, AE36s)

SETTINGS

60 s time resolution

5LPM

Flow Rep. Std.

ATN max 370 nm (120)

Weekly Auto Clean Air Test

Z=0.01 (tangential leakage through the edges of the filter tape)
C=1.39 (optical enhancement factor; M8060)

O 0O O o0 O O O



FILTER BASED ABSORPTION PHOTOMETERS: AETHALOMETERS (AE31)

Photo-detectors in the filter photometer
MEASURE the intensity of diffuse light
transmitted through the sample spots on the
filter (/), and a second photo-diode measures

the intensity of light through an unsampled
area of the filter (/). The attenuation, ATN, is GA T'?I'lrr
calculated from the ratio of the two intensities: G :j -

The attenuation coefficient (o47y(t)) is then

defined as HE:IE 2 5

0 MIN(?)
G o)== —
=22
where AATN is the change in filter attenuation o
during the time interval At=t,-t,, in . abs
seconds, Q [m3/s)] is the sample flow rate €BC(8 80) -
through the filter, and A [m?] is the area of the 7 77

exposed spot on the filter.




FILTER BASED ABSORPTION PHOTOMETERS: MAAP

Photo-detectors in the filter photometer = The MAAP uses a different optical configuration than the aethalometer, with measurements of the filter
MEASURE the intensity of diffuse light reflectivity at two different angles in addition to the filter transmission measurement,
transmitted through the sample spots on the = The two reflectivity measurements allow correction for multiple scattering processes involving the

filter (/), and a second photo-diode measures
the intensity of light through an unsampled
area of the filter (/). The attenuation, ATN, is
calculated from the ratio of the two intensities:

deposited particles and the filter matrix.
= The MAAP nominally operates at a wavelength of 670 nm, but laboratory tests revealed that the actual
wavelength is 637 nm; as a consequence, particle light absorption coefficients and equivalent black

The attenuation coefficient (a4ry(t)) is then carbon mass concentrations from the MAAP should be multiplied by a factor of 1.05
defined as

& oo () = O AATN(?)

ATN - 4.
4 di Oabs—maap = €BCraw-maap - MAC, - 1.05

where AATN is the change in filter attenuation 2
during the time interval At=t,-t,, in
seconds, Q [m3/s)] is the sample flow rate MACn (670 nm) = 6.6 —
through the filter, and A [m?] is the area of the g

exposed spot on the filter.

*670 nm 637 nm — 1.05

2
Oabs—MAAP _ m Zanatta et al., 2016

MAC, = C 10 Tl Savadkoohi et al., 2024

__ Oabs—MAAP
eBCCOT'T'—MAAP - 10

eBCTaW_MAAp - 6.6 * 105
eBCcorr—maap = 10




FILTER BASED ABSORPTION PHOTOMETERS: PSAP

Photo-detectors in the filter photometer
MEASURE the intensity of diffuse light
transmitted through the sample spots on the
filter (/), and a second photo-diode measures
the intensity of light through an unsampled
area of the filter (/). The attenuation, ATN, is
calculated from the ratio of the two intensities:
The attenuation coefficient (o,rn(t)) is then
defined as

0 AMTN(f)

Clt)==
(=220

where AATN is the change in filter attenuation
during the time interval At=t,-t,, in
seconds, Q [m3/s)] is the sample flow rate
through the filter, and A [m?] is the area of the
exposed spot on the filter.

The PSAP (Particle Soot Absorption Photometer) measures aerosol light absorption by collecting
particles on a filter and monitoring the change in light transmission. However, the raw attenuation
signal must be corrected because filter-based methods introduce artifacts.

The particle light absorption coefficient measured by the PSAP was described in Bond et al. (1999), who
derived a correction equation for calculating the absorption coefficient from the attenuation coefficient.

Ogren, 2010

T,
O ps = T AIN —0.016-0,_,| Virkkula et al., 2005
1317-7+0.886 Miiller et al., 2011

The total scattering coefficient is measured by a collocated
nephelometer (or estimated from size distribution
measurements) at the measurement wavelength (Bond et al.,
1999)



FILTER BASED ABSORPTION PHOTOMETERS: CLAP

Photo-detectors in the filter photometer = The CLAP (Ogren et al., 2017) was designed to be optically identical to the PSAP. The Bond et al. (1999)

MEASURE the intensity of diffuse light scheme was further refined by Ogren (2010)
transmitted through the sample spots on the
filter (/), and a second photo-diode measures

the intensity of light through an unsampled . a
area of the filter (/). The attenuation, ATN, is a . =085 f{f} Camv ﬂl Osca
calculated from the ratio of the two intensities: e ko K.
The attenuation coefficient (o47y(t)) is then = =
defined as

with

Cury (f) = % %ﬁ

f()=(1.0796-7+0.71)"

where AATN is the change in filter attenuation

during the time interval At=t,-t,, in and

seconds, Q [m3/s)] is the sample flow rate

through the filter, and A [m?] is the area of the . N 3
exposed spot on the filter. E‘] - {}ﬂl - DD—

K,=122+0.20

Long-term comparisons of CLAPs and PSAPs operated in parallel at 17 field stations revealed that
measurements of the attenuation coefficient with the CLAP and PSAP are equal within the 10% uncertainty
of the measurements (Ogren et al. 2017). As a consequence, the PSAP correction equations in the
preceding section are recommended for the CLAP as well. More information about the CLAP is provided in
Ogren et al. (2017) including uncertainty in the absorption measurement as a function of aerosol single
scattering albedo.



FILTER BASED ABSORPTION PHOTOMETERS

ACOEM/MetONE

=
lig
ily

BC 1054
CmTEnET

BC 1054 BLACK CARBON ANALYZER
The BC 1054 Multi-spectrum Black Carbon Analyzer from Met One Instruments Powered by Acoem continuously measures the

transmittance of light across filter media onto which particulate matter is accumulating and in real-time calculates the black-
carbon “BC” concentrations at 10 different...

VIEW —

BC 1060 & BC 1065 PORTABLE BLACK CARBON MONITOR

The BC 1060 and BC 1065 2-Channel Black Carbon Monitors from Met One Instruments Powered by Acoem measure and report
aerosol brown and black carbon concentrations, with user-selectable time resolution down to one minute, at both UV (370 nm)
nd...

1

VIEW —

C-12 PORTABLE BLACK CARBON MONITOR

EXPERIEMCE HIGHLY GRAMULAR BLACK CARBON MONITORING WITH UNMATCHED AFFORDABILITY Introducing the
groundbreaking C-12, our portable and weatherproof dual wavelength carbon monitor, which allows for highly granular
measurement of black and brown carbon at an unbeatable total cost of ownership, making...




FILTER BASED ABSORPTION PHOTOMETERS: FLAGS

https://ebas-submit.nilu.no/templates/Filter-Absorption-Photometer/lev0

Data Submission Manual

ﬁ Templates > Controlled Vocabulary Lists ~

Instrument types:

Getting started Magee Instruments:

e AE31

e AE3

o Multi-Angle Absorption Photometer (MAAP)

o Particle Soot Absorption Photometer (PSAP)

e Continuous Light Absorption Photometer (CLAP)

2=

+H




FILTER BASED ABSORPTION PHOTOMETERS: FLAGS

https://ebas-submit.nilu.no/templates/Filter-Absorption-Photometer/lev2

For data harmonization across the network, the following short list of the flags should be used with this template. It is possible to use several flags at the same time to give
detailed information about the data.

Group 0: Valid data

Flag Validity Description

000 Vv Valid measurement
Group 1: Exception flags for accepted, irregular data

Flag Validity Description

111 Vv Irregular data checked and accepted by data originator. Valid measurement

Group 3: Flags for aggregated datasets

Flag Validity Description

390 Vv Data completeness less than 50%
392 Vv Data completeness less than 75%
394 v Data completeness less than 90%

Group 5: Chemical problem

Flag Validity Description

559 Vv Unspecified contamination or local influence, but considered valid
Group 6: Mechanical or instrumental problem

Flag Validity Description

640 Vv Instrument internal relative humidity above 40%
Group 9: Missing flags
Flag Validity Description

9299 M Missing measurement, unspecified reason
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OPERATION AND MAINTENANCE: Aethalometers

13.1 Startup screen checks

ACTRIS

T
URBANS

WELCOME TO AETHALOMETER START

COMMUNICATION
IMNSTRUMENT DATA
2TURALE

CONFIGURATION SETTINGS
VALVES

CHAMBER

PLMP & ALOW

DEVICE MOMITORIMNG

European
Commission

COCOCOCC

Start

Program will sutnstart in 29 5

ECAC



OPERATION AND MAINTENANCE: Aethalometers

Check Description Error Solution
Communication | communication PC to hardware check cables
optical chamber controller | problem
Instrument Obtain data (sernal hardware check cables
data number) from the optical problem
chamber controller
Storage CF card operation CF card error get new CF card and SW
Configuration read setting from the setup | Setup file error | restore setup file from
settings file one of the older setup
files
Valves operation of the ball valve | ball valve not check cables
moving
Chamber optical chamber movement | locked chamber | unlock chamber
test hardware error | service needed
Pump & Flow test if pump is working pump service needed
tube reconnect tubes
connections
Device Win CE operating system faulty get new CF card and SW
monitoring test application file

P R T N e

VNP MAINNY

il

COMMUMICATION
IMNSTRUMENT DATA

STORAGE

COMFIGLRATION SETTINGS

VALVES
CHAMBER

PLMP & FLOW

DEVICE MOMITORING

WELCOME TO AETHALOMETER START

COO0O00OCC

Start

Program will sutostart in 29 5

ECAC
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OPERATION AND MAINTENANCE: Aethalometers

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

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

Sample pressure and temperature: AE33 does not measure ambient temperature and pressure without connecting to an external sensor.
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.

Sample flow: Sample flow through the instrument inlet should be constant. The sample flow should typically be 5 I/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.

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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Commission ECAC
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OPERATION AND MAINTENANCE: Aethalometers

Status bit status flag description
relates to: | position | binary | decimal
Operation 1and 0 00 0 Measurement
01 1 Tape advance (tape advance, fast
calibration, warm-up)
10 2 First measurement - obtaining ATNO
11 3 Stopped
Flow 3and 2 00 Flow OK
01 4 Flow low/high by more than 0.5 LPM or
F1 <0 or F2/F1 outside 0.2 - 0.75 range
10 8 Check flow status history
11 12 Flow low /high & check flow status
history
Optical band 4 00 LEDs OK
Source
01 16 Calibrating LED
10 32 Calibration error (at least one channel
0K)
11 48 LED error (all channels calibration error,
COM error)

t-absorption.html

checked and data

to an external sensor.
humidity and the
ady at the instrument
nlet of another device

min and shall not vary.
-k carbon

) header data which
factor in the
filter types, please

ECACT



OPERATION AND MAINTENANCE: Aethalometers

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

flagged accordingly
o Sample pressure and . r.
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OPERATION AND MAINTENANCE: Aethalometers

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

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

Sample pressure and temperature: AE33 does not measure ambient temperature and pressure without connecting to an external sensor.
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.

Sample flow: Sample flow through the instrument inlet should be constant. The sample flow should typically be 5 I/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.

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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OPERATION AND MAINTENANCE: Aethalometers

Check the sample inlet flow Once / month
Inspect the sample line tubing Once / month
Inspect and clean the size selective inlet (if | Once / month
present)

Inspect and clean the insect screen Once / month
assembly (if present)

Verify time and date (if not set to update Once / month

automatically)

Inspect optical chamber, clean if necessary

Once / 6 months*

*Site dependent, use
educated judgment!

Flow check (flow verification, flow
calibration)

Once / 6 months

Clean Air Test

Once / 6 months

Stability Test

Once / 6 months

ND filter test

Once [ year

Lubricate optical chamber sliders

Install a new filter tape roll

Once [ year

As needed.

The instrument issues
a warning.

Change by-pass cartridge filter

As needed.

Once [ year

Standard maintenance procedures are shown in video clips at http://group.mageesci.com/

ACTRIS

A
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OPERATION AND MAINTENANCE: Aethalometers

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 um at ambient conditions (WMO-GAW report 153)

* If EC measurements are available in PM2.5, a PMZ2.5 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.
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Explore all our advanced Service Tools for optimised urban air quality management:

ST1:Ultrafine (=nano)-Particle Number Size Distributions (UFP-PNSD)

ISTZ: Black Carbon (BC) I

ST3: Offline and Online particulate matter (PM) speciation
ST4:0xidative potential (OP) of particulate matter (PM)
8T5: Volatile Organic Compounds (VOCs)

ST6: Ammonia (NH3)

BEEOBnn

ACTRIS

RI-URBANS SERVICE TOOLS: eBC

https://riurbans.eu/project/#tservice-tools
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