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IMPROVE Long Term Speciated PM Monitoring Program
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ldeal Requirements for Measuring Particulate
Carbon in Long-Term Monitoring Programs

& Applicability to meet network goals
& Relatable to ambient PM species or properties that meet the network goals

& Measure low concentrations found in remote environments as well as high concentrations in
found in urban centers and biomass burning plumes

& Stability, reproducibility and precision (track long term trends)
< Ability to calibrate OC and LAC fractions to ensure a consistent and accurate concentration
<& Variables measured should not be sensitive to analytic protocol or instrument type

& Network implementation

& Cost effective

& Suitable for use in remote environments.

*Relatable with existing TOR OC and LAC data



Thermal Optical Analysis (TOA)

® OP and thus OC/LAC split is ill-defined
Model 2015 : ) e
- 100% He e ss%He/2% 0, || and can’t be calibrated so we assume

—Carbon

—R (635 nm) & All non absorbing-pyrolized OC
== fCam) ~ volatilizes prior LAC (no OC slip)

—Temp

o

& All OP volatilizes prior to LAC or
OP and LAC have the same mass
absorption efficiency (MAE)

and Transmittance (T)
Temperature (°C)

& Aerosol optical properties remain
constant during heating
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& The laser signal accounts for all
1200 changes in sample absorption

Time Since Analysis Starts (s) Chow et al.,

AThe OC/LAC split depends on pyrolized carbon (OP)

AOP imot a chemicatonstituent, but a product of the optical correction and depends gn
the correction method (R vs T) and optical properties of the sample.




Limitations and Issues with TOA

® Operationally defined analysis: OC/LAC split can depend
& Temperature protocol
< Optical protocol
& Carbonaceous and inorganic aerosol composition
% Calibration
& TOA instruments can’t be fundamentally calibrated for OC and LAC

© No objective definition to distinguish between the two components exists (e.g.
Baumgardner et al., 2012)

& Can’t directly monitor for analytical drift in OC/LAC split
& Analyzers can be calibrated for Total carbon (TC)

& TC is generally reproducible across analyzers, instrument types, laboratories (e.g.
Schmidt et al., 2001; Chow et al., 2004)



LAC Signal to Noise Ratio
[ wev |

2017-2019 IMPROVE Data
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*lower quantifiable limit (LQL) = 3*MDL where the MDL is derived from field blanks

® In Alaska and Hawaii more than 80% of the data
are below the LQL and in the west 20% of sites
have 50% of values below the LQL.

® 30% of all data were below the LQL

TOR EC/HIPS Fabs, g/m
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fabs/10.8, Mm™!

ATOR LAC appears to be biased high
at low values

A Artifact correction may be too low

A fabsc filter absorption, see later
slides



Do these issues impact trends?

Deseasonalized LAC/TC - All Sites
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- 15 per. Mov. Avg. (LAC/TC) 15 per. Mov. Avg. (LAC/TC 25%)

& There are discontinuities and interesting trends in LAC fractions some of
which are coincident with network/analyzer changes and trends in TOR-

Reflectance



Do these issues impact trends?

Deseasonalized LAC/TC - All Sites

New samplers + New TOR New TOR
network changes expansion analyzer analyzer
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& There are discontinuities and interesting trends in LAC fractions some of

which are coincident with network/analyzer changes and trends in TOR-
Reflectance



Absorbance (a.u.)

Sampled PTFE filter ettty

Alternative Method 1:
FTIR: Fourier transform infrared spectroscopy

FT-IR spectrum

laboratory standards

Functional group calibrations
Previous work

functional groups, OM, OM/OC, O/C

Dillner et al.,

field samples

TOR OC calibration

This work

® Calibrate to standards

<& Standards are not representative of complex
atmospheric aerosols

& Provides estimates of organic mass (OM)
and OM/OC ratio

& Generally underestimates OM by up to 30%
& Empirically calibrate to TOR OC and LAC

& Does not require standards
& Maintain ~20% of TOR network

& Multiple calibration models needed, e.g.
smoke, non-smoke, urban



Data Driven Calibration

& Develop calibration models using TOR data measured at ~¥20% of network sites
with errors on the order of those measured by TOR. The method is based the
model:

mc’i — Z] b]Al,] 3 €;

& m_; are the TOR OC or LAC data for sample i; A, ; is the absorbance for sample i at wavelength j

& b is the calibration coefficient for wavelength j; e, - error

& PLS regression is used to invert equation for bj which are applied to FTIR spectra
to estimate OC and LAC

% Calibration dataset needs to span the concentrations and composition found in
the network

& Multiple calibration models are needed, since smoke and near roadway impacted samples
have high error with the general calibration model



FTIR vs TOR OC and LAC

A FTIR OC andLAC (EC)
predicted concentrations
achievedusing the
Global calibration
model.

A Predictecconcentrations
from both calibration
and test samples from
‘ ' ' 2015 (n = 19,609)

TOR EC [ug/m’] (Debus et al., 2020)
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Bias Bias Error Error MDL < MDL | Precision

OC 0.979 0.01 1.7 0.08 125 0.06 0.4 0.08
wAess 0.882 0.00 3.8 0.02 271 0.03 129 0.0







