Loading effects, and the observed relationship between
HIPS “light absorption” and TOR “light-absorbing carbon”

Presented to IMPROVE Steering Committee, 9 November 2021
by Warren White and the UCD Air Quality Monitoring Team



HIPS Fabs / TOREC, m?/g

site ® BIRM1 ® FRES1 @ PHOE1 @ PUSO1

At last year’s Steering Committee meeting, we confirmed
Scott Copeland’s suggestion of a diminished response by
the HIPS Fabs measurement to in-situ aerosol absorption

at high filter loadings, a so-called loading effect.

sample © CSN 4 IMP

20 1 5:° o e C ol @ < I
o 0 2® @ °e ,° S%a
@ o 8y 55 o 11 e @ \?.h- 'C?
D e o o o SHERGER L N e QT W0 ST o
Ooo «® Cans oo M 00 o B W F
10 S w8y B ewo 07" g O éo@oou f o @fﬁ)cx.,'mlf&‘%g
o> {551 &
A .« | * L e . ¥ ¥
| of o e ta
@ @ &
° o
51 ° o~
£
0.02 005 010 020 050 (5 207
2 2 L
HIPS Tau, m“/m v
°
10+
72}
0
(1]
L
2 51
I

From the 2020 Steering Committee Meeting:

http://vista.cira.colostate.edu/improve/wp-content/uploads/2020/10/Dayl 9.-WHW ISC 2020.pdf
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http://vista.cira.colostate.edu/improve/wp-content/uploads/2020/10/Day1_9.-WHW_ISC_2020.pdf
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Copri 00 Ar' Was Hargaren sccsion We subsequently traced this nonlinearity to the
Particulate Matter Sample Deposit Geometry and Effective non-uniformity of IMPROVE sample deposits. The
Filter Face Velocities A-module samples analyzed by HIPS are visibly
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support the PTFE membranes during sampling.
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At the extreme of complete pixelation

— where all deposition is restricted to discrete

dots over the support screen’s holes —
the free transmittance of the clear interstitial
area would place a hard upper bound, the
pixelation limit, on a filter sample’s mean
absorption depth t. HIPS measures this t as
the basis for reporting a sample’s filter
absorption coefficient, Fabs.

Because observed HIPS values can
exceed the pixelation limit, we will model the
support screen’s effect as one of preferential
deposition rather than perfect segregation
and exclusion. The resulting pattern appears
as discrete dots of uniformly heavier deposit,
separated by a interstitial background of
uniformly lighter deposit. The pixelation
amplitude o is characterized by the ratio of
deposited absorption depths,

o = dots / interstitial background.
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The remainder of this
presentation will compare
network Fabs and EC data
from 28 months of analysis
by the current incarnations
of HIPS and TOR. It will
emerge that Fabs and EC
generally show better
agreement when the TOR
correction needed for
charring in the carbon
analysis is not too large.

In this first comparison,
Fabs is plotted as it is
reported, which assumes
the sample deposits to be
uniform (& =1).
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The difference in this
comparison is that the
amplitude of sample
pixelation is now assumed
to be aa = 3: the absorption
depth of each deposited dot
is 3x that of the interstitial
background.
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. all NM IMPROVE samples (n ~ 43K)
A value of a = 10 seems March 2018 - October 2020
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Here is an explanation of the color
coding for the TOR char correction. In a
naive interpretation, the fractions OC], ...,
OC4, evolving in pure He, represent
organic compounds that directly volatilize
under moderate heating; the fractions
EC1, ..., EC3, evolving after O, is added,
represent the more refractory ‘black’
carbon that must be burnt off. OP is a
correction term for the pyrolytic artifact
‘EC” inadvertently converted from ‘OC’ by
charring during the course of the analysis.

Charring is tracked by continuously
monitoring the reflectance of the sample
punch throughout the procedure. The OP
correction is estimated as the carbon
evolved in the presence of O, while the
reflectance remains below its initial value.

TOREC = ¥;_,EC; —OP.
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Fabs, / TOR EC, m° /g
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The observed
relationship of raw
absorption (uncor-
rected for pixelation
effects) to reported
TOR EC shows a
decline in the
apparent absorption
cross-section per EC
mass for the darkest
sample filters,
presumed to carry
the most light-
absorbing carbon.
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As already noted, some of
this non-proportionality is
explained by the pixelation of
HIPS samples. The areas of
lighter deposition remain
relatively open ‘windows’,
slowing the decrease in overall
filter transmittance as overall
loadings increase.

The existence of an identifiable
mechanism for diminished HIPS
response at high loadings
prompted the exploration of
loading effects in the HIPS
measurement.
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But the observed
fraction of total carbon
classified by TOR as
“light-absorbing” EC
exhibits a mirroring
increase for the
darkest samples.
These are exactly the
filters on which it is
most difficult to track
any further decline in
reflectance during
analysis, and such
tracking underlies
TOR’s subtraction of
the OP pyrolysis
artifact from ‘EC’.
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This symmetry prompts
consideration also of possible
loading effects in the TOR
determination of light-
absorbing EC. Under-
estimation of the TOR char
correction at high sample
loadings can produce a similar
distortion in the relationship
between measured Fabs and
measured TOR EC.
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additive offset that

includes contributions from internal
scattering by the quartz sample
chamber’s surfaces and any foreign
deposits they may have accumulated.
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loge(Rfinal/ Rinitt)
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The reflectance signal’s
background, from internal
scattering, limits its dynamic range
in much the same way pixelated
deposits limit the dynamic range
of HIPS transmittance.
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have been cited
(e.g., Chow et al.,
2004; Malm et al., 2020) to support
authors’ interpretations of the OC/EC
split. Unfortunately for our purposes
here, the transmittance estimate has
a tendency to “over-range” for

heavily loaded samples.

all NM IMPROVE samples (n ~ 43K), March 2018 - October 2020 19
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Buffered
away from zero
by their back-
ground offset,
the reflectance
estimates of
char absorption
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at least
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PR ; - : - interpretable at
- o~ 10 high loadings.

In the present setting, they
TOR char support the concerns raised here
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| | | T charring.
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THANE 904,
AND FLEASE DOWNLDAD AND PLAY WITH
THESE PLOTS J0URSELF
ONCE THEY ©F POSTED AT CIRA/


http://vista.cira.colostate.edu/Improve/meetings/
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Alternative comparison for
the concluding plot (slide 20)
suggested by Xiaoliang Wang
in discussion following
presentation.
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