Studies of Aerosol Carbonaceous
Matter using the Carbonaceous Aerosol
SpeciationSystem (CASS) combined
with an Aerosol Chemical Speciation
Monitor (ACSM)

Overview
This Application Note describes the combination of the Carbonaceous Aerosol Speciation System
(CASS) and an Aerosol Chemical Speciation Monitor (ACSM). The ACSM is used for real-time
monitoring of non-refractory aerosol particle mass and chemical composition. It reports particulate
ammonium, nitrate, sulfate, chloride, and other organic species as “organic matter” (OM). The
ACSM is one component of the standard equipment used at ACTRIS monitoring stations for
determination of organic matter (OM) within the PM2.5 and PM1 fractions. (https://www.actris.eu/)
The Magee Scientific Carbonaceous Aerosol Speciation System, (CASS), is the combination of the
TCA08 Total Carbon Analyzer and the AE33 Aethalometer. This creates a revolutionary instrument
for determination of the Total Carbon (TC), the Elemental Carbon (EC), the Black Carbon (BC) and the
Organic Carbon (OC) content of suspended aerosol particles in real-time. The equipment is suitable
for both scientific laboratory studies as well as routine air-quality monitoring. The most important
features that characterize and distinguish CASS from other OC/EC analyzers on the market are:
- NO GLASS, NO GAS, NO CATALYST: rugged, field-proven hardware
- Continuous real-time data
- Simple installation and maintenance: automatic operation
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Discussion
Carbonaceous aerosols include fractions of
Black Carbon (BC) as well as Organic Matter
(OM). “OM” represents many different
molecular structures including carbon and
other elements such as hydrogen, oxygen,
nitrogen and sulphur (Brown et al., 2013;
Crenn et al., 2015). The total amount of
carbon (TC) is commonly divided into fractions
of “organic carbon” (OC) and “elemental
carbon” (EC), although these categorizations
are strongly dependent on whichever
thermal-analytical protocol is used.

In parallel, the TC-BC measuring method using
the CASS instrument combination was
compared to the offline analysis of highvolume filter samples of both PM1 and
PM2.5, collected in parallel and subsequently
processed by a conventional OC/EC analyzer
(Sunset Labs.) using the EUSAAR_2 thermal
protocol.
The results showed excellent
agreement (correlation R2 = 0.94) between
the real-time CASS data and the offline
OC/EC thermal analysis.
These results may be summarized as follows:

During the third ACTRIS inter-comparison at a
station located near Paris (LSCE-SIRTA) the
CASS instrument together with an ACSM were
successfully used to study the factors which
determine the relationship between “OM”
and “OC”. The results show that this depends
on external factors such as source type,
monitoring
location,
season,
and
meteorology. Lower OM/OC ratios can be
attributed to fresh aerosol emissions from
traffic; while higher values indicate well-aged
oxygenated organic ambient aerosols.

1. The combination of the CASS and ACSM
instruments can immediately characterize
OM/OC variations and discriminate between
local and regional aerosols.
2. The highly time resolved OC data from the
CASS instrument is an essential quality
control
method
in
aerosol
mass
spectrometry
when
using
different
aerodynamic lenses for PM speciation,
comparing OM/OC ratios of different PM
fractions (e.g., PM1 vs PM2.5).

Figure 1: Comparison of high-time-resolution measurements of TC and BC in PM1 and PM2.5. The temporal variations
of pollutants in different size fractions can discriminate between local and regional sources of air pollution. The offset
of around 550 ng/m3 in TC between PM1 and PM2.5 is attributed to the size difference in local pollution; while the
difference in proportionality (slope =~ 1.16) comes from regional transport events of aged aerosol.

3. Finally, standard ACSM operation has the common problem of the “CO2+ interference”. This
affects the calculated OA mass, mass spectra, molecular oxygen-to carbon ration (O/C) and f44
(e.g., Pieber et al., 2016). In order to eliminate this bias, it is essential to have high-timeresolution measurements of Organic Carbon: which are provided directly by the Magee
Scientific CASS instrument.

b)
a)
Figure 2: Comparison between OM and OC. OM is obtained from ACSM, while OC is derived from the new TC-BC
method. a) time-series of data; b) correlation between OM and OC levels for PM1 fractions (R2 = 0,94).
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