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An accurate assessment of black carbon (BC) climate and health impacts requires knowledge of its
mass absorption cross-section (MACgc) — a parameter linking optical and mass measurements. The
mean MACgc for freshly emitted soot typically spans a narrow range of 8 + 1 m?g ' at 550 nm'? but is
modified by subsequent atmospheric aging. Determination of MACgc requires simultaneous
measurements of aerosol light-absorption coefficient (8,ps) and BC mass. Here, we compile 230
measured MACg¢ values from 80 atmospheric studies and explore the effects of sampling location,
study duration, instrumentation, and measurement wavelength. The compiled data set shows a broad
variability in MACg¢ values (a factor of about 200%). We conclude that this variability is attributable to a
combination of the above-mentioned effects with additional instrumental uncertainties (e.g., cross-
sensitivities and/or inadequate instrument calibration). The current state of knowledge does not
support the use of simplistic generalizations or assumptions about MACgc in the atmosphere,
motivating a recommendation to further improve and standardize measurement practices.

Black carbon (BC) aerosol particles are produced by incomplete combustion
of carbonaceous fuels, mainly solid or liquid fossil fuels and biomass'. The
term BC generally refers to a material produced by combustion, referred to
as mature soot in combustion science’. BC has a well-de ned set of physical
and optical properties; such particles are: (i) strong broadband-light
absorbers (thus black), (ii) refractory, (iii) insoluble, (iv) consist of aggre-
gated spherules, and (v) consist of graphitized carbon with a high sp*/sp’
ratio’. The precise properties of the broader category of BC-containing
aerosols depend greatly on the combustion conditions, where BC s often co-
emitted with organic aerosol particles, and ageing in the atmosphere'.
Beyond their negative impacts on human health™, combustion-generated
aerosol particles have strong climate impacts by directly absorbing incoming
solar radiation from the ultraviolet (UV) through to the infrared (IR) region.
By absorbing solar radiation, BC can modify atmospheric stability and
boundary-layer dynamics, in uence cloud formation and lifetime, and alter
regional precipitation patterns’. The particles also have indirect and semi-

direct effects related to cloud radiative effects and deposition of particles on
highly re ective surfaces such as snow and ice®. Accurate prediction of this
radiative forcing in atmospheric models relies on knowledge of the BC mass
absorption cross-section (MACgc), which quanti es the amount of light
absorption per unit mass of black carbon. Conversely, MACgc is a key
property for characterizing BC's health effects, where it can be used to link
optical measurements to mass concentration. Both mass and optical mea-
surements are common, and therefore, the MACgc is a key parameter for
harmonizing air-quality measurements across the globe.

Studies of health effects™ suggest that the metric “BC mass con-
centration” in ambient air is a better indicator of harmful particulate sub-
stances from combustion sources than the total undifferentiated particulate
matter (PM) mass concentration. Multiple techniques have been developed
to measure BC mass concentration, including “elemental carbon” based on
thermo-optical analysis (EC); equivalent black carbon based on optical
measurements and an assumed MAC (eBC); and refractory black carbon
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based on laser-induced incandescence (rBC)". As a result, these metrics can
yield BC mass concentration estimates that are not directly comparable, due
to differences in measurement principles and underlying different
assumptions’". However, the variability obtained when using each of these
methods in ambient monitoring to obtain MACg is poorly understood.
This variability is in uenced by the wide range of physico-chemical prop-
erties found in BC-containing PM in the atmosphere, and it is expected to
differ across both measurement techniques and speci ¢ instrument
implementations.

In this review, we will demonstrate the observed variability of atmo-
spheric MACp( at various ambient monitoring stations, as determined
through various methodologies, aiming at identifying the primary con-
tributing factors. Owing to the well-documented artifacts associated with

Iter-based optical methods (elaborated in the “Methods” section),
emphasis is placed on studies employing direct absorption measurement
techniques, such as photo-acoustic spectroscopy, or studies that apply
comprehensive corrections to the data obtained from lter-based optical
methods. Additionally, we consider studies that implement volatilization of
the non-absorbing coating to reduce scattering-related artifacts, albeit at the
expense of losing critical information on the radiative impact of BC particles.
These studies are presented as a distinct case study for thorough
examination.

Results

Ambient MACg was extracted from a total of 80 studies, representing a
range of environments, spanning urban, remote (e.g., rural, arctic, high
altitude), and mixed sites (e.g., suburban, urban out ow). The majority of
studies (66) reported aerosol absorption coef cients from lter-based
methods, while only 14 studies used a photo-acoustic instrument, and none
used photothermal interferometry or an indirect technique. A typical
method to de ne the BC mass concentration was based on standard
thermal-optical analysis (TOA) or similar; however, 18 studies applied
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Fig. 1 | Geographic distribution of the individual measurements considered in

this study, separated by instrument type. MAAP photometers were distinguished
from other lter-based absorption photometers due to their difference in working
principle. Highlighted countries correspond to studies wherein data were compiled

incandescence using a Single Particle Soot Photometer (SP2), and one study
applied Raman spectroscopy, which was successfully compared with
thermo-optical EC'. Some studies applied solvent or thermal methods to
remove the black carbon coating, whereas most of the studies measured
directly aged, coated, atmospheric BC. This yielded a total of 230 MACpc
values. The geographic distribution of the measurements is concentrated in
the northern hemisphere, with a particularly high density of sites in Europe
(Fig. 1). Lack of data, especially from the BC-hotspot areas in Africa and
South America, is immediately noticeable. There are also geographic dis-
crepancies in device use, with Europe predominantly using the multi-angle
absorption photometer (MAAP), North America primarily deploying
photoacoustic, and Asia deploying a mix of instrumentation.

Aerosol absorption measurements in the selected reference studies
covered a broad wavelength range extending from 355 to 1047 nm, following
the speci cs of the applied techniques. Harmonization of these measure-
ments to a single wavelength requires the assumption of an absorption
Angstrém exponent (AAE), which introduces particularly high uncertainty
when other absorbing species, such as brown carbon, are present. MACgc is
presented as a function of wavelength, without any AAE assumptions, in
Figure 2a. MACgpc and A do not show a statistically signi cant linear cor-
relation (p > 0.05), although a weak negative trend (MACgc =—0.009A) is
indicated, with R*=0.15. Applying the AAE = 1 assumption (Fig. 2b), this
negative trend diminishes (MACgpc 550 = —0.004A), where the remaining part
could be indicative of the presence of other absorbing species at lower
wavelengths. The observed very weak trend, however, indicates that the
brown carbon impact in the overall dataset is minor (ie., the reported
MAC s at shorter wavelengths does not appear to be systematically higher).
This does not imply that brown carbon or other absorbing species would not
impact individual values, when in fact, some studies have reported
AAE > 1", Therefore, we do not conclude that brown carbon is generally
insigni cant relative to BC, but rather that its relative importance must be
investigated with directly comparable measurements. Of the total of 230
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from multiple locations into a single value for the MAC or aircraft-based campaigns
covering a broader region. Background color scale shows the BC column mass
concentration between 2022 and 2024 from a data assimilation model"".
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