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Executive Summary

An Aethalometer™ can provide excellent aerosol nooimg information for evaluating
urban mobile source activity as well as biomasshagstion, and is a core component of the
National Air Toxics Trends Site (NATTS) programedent research, however, has shown that the
method has a substantial artifact (“filter spotnmatffect”) that can affect most data analysis
approaches. This project was undertaken by NESCAldart of an effort to assist decision
makers in better understanding the importance taf gaality issues with Aethalometer black
carbon (BC) and Delta-C ("DC", the difference beawé&JV-Carbon and BC) optical absorption
data collected as part of the U.S. EPA NATTS progas well as through non-NATTS
Aethalometer monitoring. Accurate measurementdifi IBC and DC are important from a health
effect perspective. BC is a surrogate of elemaratddon and an indicator of mobile source
particulate matter (PM), and DC is an indicatobimimass combustion (usually wood smoke).

Project Goals: 1) Empirically evaluate Aethalometer black carbiilter spot matrix
effect” data quality issues; 2) provide quantitatestimates of measurement bias and precision
from this effect; 3) evaluate and inform data pusteessing approaches to minimize the impact
on BC and DC data quality from this method artifactd 4) assess the difference between original
and corrected BC and DC data at existing Mass. DBRitoring sites.

Background: The Aethalometer reports BC concentrations by omaag the rate of
change of red light transmission through a samiiée;fthe faster the filter gets dark from
collected patrticles, the higher the BC concentratiare (UV-C is the same measurement but at a
near-UV shorter wavelength). After a fixed thrdshaf filter spot "darkness" is reached, the filter
tape automatically advances to a clean spot. Reesearch has shown that the method has
substantial BC and DC artifacts related to the amhand type of particles deposited on the
Aethalometer filter. This artifact can be positarenegative, is both short term (hours to days)
and long term (seasonal), and can be as largéaasoa of two -- thus affecting most data analysis
approaches. The artifact occurs because the Astledér method assumes a linear relationship
between rate of change of light transmission andiB@ost cases this is not true.

Published literature presents data post-procesgipgpaches that remove most of the bias
and stabilize the instrument's response to BC.ttismproject, we perform a detailed empirical
evaluation of the spot loading artifact and deteeriow well available data post-processing
solutions perform. We use the results of this @atibn to improve the post-processing algorithm
used in the Washington University (WUAQL) Aethaldere'Data Masher."

Approach: We investigated and quantified the effects of #rtifact using summertime
BC measurements collected in Boston, MA. Satunafieduced response) from the “filter spot
matrix effect” is usually masked with the mix offpeles found in the northeast US during the
summer. Under these conditions, BC can actualiyvee-estimated due to enhanced optical
absorption from "white" particles (sulfate, orgaoabon). In the winter in Boston (with darker
particles), it has been shown that the saturafif@ecteusually results in an under-measurement of
BC and DC, as well as degraded hourly precision.

The winter saturation effect can be reproducedndutie summer by removing much of
the non-BC "white" particles from the sample stragimg thermal-denuder techniques. The
resulting sample should show the negative bias filben spot saturation even during the summer.
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We made several other related measurements tesdabsesxtent of the observed artifact
and the ability to correct for it. These measunetmeclude several non denuded Aethalometers
run in different spot loading configurations, arght scattering (nephelometry) measurements.

Data Analysis: Post-processing software to correct BC and D@ fiatthe filter spot
matrix effect determines the spot loading artifacteach filter spot interval by calculating the
difference between the BC and UV-C just beforefilber tape advance to the BC and UV-C after
the advance. Any change in reported data fromdflaaded) to a new (clean) filter spot is (on
average) a measure of the artifact. A custom eersf this software was developed under this
project for use with this experimental 1-minuteadat.

One year of existing Aethalometer BC data fromNt#e DEP Roxbury NATTS and the
North End and Springfield DEP sites was process#utiMs correction software and compared to
the original uncorrected data to assess the nahdextent of this artifact on existing Mass. DEP
Aethalometer data.

Results: The core effort of reproducing a more winter-lderosol with the
thermodenuder was successful; the calculated ¢amefactor for the filter spot saturation effect
was substantially larger for the thermodenuded &etheter. As expected, the correction factor
decreased as sample scattering increased for thderuded Aethalometers. In addition, we
were able to identify moisture as a primary cadsshort-term (1 to 5 minute) noise in BC data.
Finally, we developed and evaluated a working wersif the Aethalometer "Data Masher" that
incorporates saturation correction algorithms fonihute data. This software can also use the
more standard 5 minute Aethalometer data format@as.

Using this software, we processed Aethalometer BCWV-C data collected in Boston
from the MA-DEP Roxbury NATTS site, and the Northdgand Springfield sites to quantify the
saturation artifact. The Roxbury correction faataried from significantly positive in the winter
to slightly negative in the summer (during a perddiigh PM2.5, as expected). Since the
Aethalometer at that site was a 2-channel instrantlea effective maximum attenuation value
(the particle loading that causes a filter chamgebhe BC channel was usually in the 40's, a
relatively low value. This resulted in only a metlander-estimate of BC for 2006, on the order
of 12 percent (on an annual mean basis -- largéranvinter). There may have been other years
when the Aethalometer at that site was run asgleschannel instrument; this would result in a
higher maximum attenuation value for BC and a lasgasonal bias in the BC (potentially up to
50 percent).

The other interesting aspect of the Roxbury anahgfield Aethalometer data was a large
and persistent winter Delta C (biomass combushdicator) signal after saturation correction.
This has not been observed before at these sitesygh it may have been present but smaller
with uncorrected data, and missed by the dataweprecess). North End Aethalometer data had
a similar correction pattern to Roxbury but neveninegative (the two time periods are not the
same; the North End correction was for more redatd to overlap with the study period). The
Delta-C biomass combustion indicator was not asgtfor the North End site.

All data from the study, the enhanced version eAMHJAQL "data masher" program, all
references in this report, and additional backgdomaterial are available on request or at:
ftp://airbeat.org/private/Aeth-test-data/This site is accessible with a web browset jduaot
available to the public.
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1. INTRODUCTION

Measurement of Black Carbon Soot (BC) is made atl N&sites using a Magee
Scientific Aethalometer™www.mageesci.comBerkeley CA. This a widely used method to
monitor atmospheric BC using an optical techniduag tneasures the light absorbed by particles
accumulating on a quartz fiber tape over time. Abthalometer has been available for over 15
years. It has historically been assumed by theufaaturer and users that the method reported BC
concentrations that were independent of the amofypdrticles collected on the filter tape.

However, several recent articles have shown tipatrted BC often decreases with
increased spot loading -- a saturation effect+ itha function of the mix of particles on thediit
(the “aerosol matrix”), and is strongest when tmaol is dominated by soot (BC). Most of these
reports have been laboratory or non-ambient atliesu Work done as part of the 2002 Reno
Aerosol Optical Study helped clarify the saturateffect (Arnott et al. and other papers in Jan.
2005 Aerosol Sci. & Tech). More recently, Kirclistée and Novakov (Atmos. Environ., 2007)
quantified the effect parameters using laboraternegated soot. Turner et al. (AWMA-2007 San
Francisco Methods Conference proceedings papdmesithe background of current work based
on their ambient BC data analysis in St. Louisrkkila et al. (JAWMA Oct. 2007) show a severe
saturation effect on a subway sample dominateddsetiemissions (Figure 1), and show a similar
but less severe effect on ambient air samplesy @lse demonstrate a simple method for ambient
data correction. This and earlier work by Virkkédams the basis of the correction approach used
here.

Figure 1. Decrease of BC with filter spot loading withaoty aerosol (Virkkula, 2007)
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Boston winter BC samples also show this effecgufé 2a and 2b below show examples of
collocated Aethalometer BC data for summer (2a:iute data from Dedham) and winter (2b:
1-hour data from Joy St. near the Massachusetts Btause). The winter scatter plot (from a BC-
only Aethalometer with max-attn of 125 -- a worase) shows relatively poor correlation even
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though the data are 1-hour means and should bestalle than the summer 5-minute data; the
correlation is degraded due to a severe winter sggotation effect.

Figure 2a. Summer 5-min. Collocated BC Figure 2b. Winter 1-hr. Collocated BC

3.0 25

R2=0.69

b[0] 82 N =411 °
bgl] 00986%7 1 hour removed [6 ug/m3]; R2=0.79 with this point

rz 0.

2.5 A

BC (ug/m®), SN 314
357

T T T T T T T T T
0.0 0.5 1.0 15 2.0 2.5 3.0 0.0 0.5 1.0 15 2.0 2.5

BC (ug/m®), SN 353 217 scaled so mean matches 357 mean

This report is a preliminary examination of thigeet with Boston MA ambient air during
the summer using a range of Aethalometer operatingitions. These data are used to inform
development and evaluation of correction algoritimgsost-processing software (the WU-AQL
"Data Masher").

A TSI [Topas] 3065 thermodenuder run at 400C ahé® was used to remove a
substantial fraction of the scattering aerosol va Aethalometer. This makes the urban aerosol
more "winter" like (less white scattering materightive to the BC). Although the TSI
thermodenuder is known to have substantial linttetirelative to a laboratory quality
thermodenuder (Wehner et al., 2002), it performk eveugh for the purposes of this study.

The spot loading effect is quantified for 4 othell@cated instruments with different
max-Attn settings (from 15 to 125). Data from theax-Attn=15" instrument is not used in this
analysis; there were many more spot changes buich smaller pre/post spot change signal that
proved to not work well with the correction algant. In theory with a winter urban aerosol, this
instrument would serve as a minimally biased arealylaut the difference in the summer turned
out to be negligible.

Particle scattering (B-scat) collocated nephelemeteasurements were also made using a
Thermo model DR-4 run in scattering mode. The @ata this instrument explains some of the
trends in the BC artifact, since scattering is ity an indication of “white” or light colored
aerosol -- the kind that masks the BC saturatifecef
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Data Correction Algorithm.

As noted above, a Virkkula-like data compensati@thod is used to correct the BC data.
A new "K" value is developed for each spot chanigis; K adjusts the data in a way that forces
data from the end of an old spot to match the filata the subsequent new spot data. The
underlying assumption is that data from a spot Viiitle or no loading is correct, and the data
from a fully loaded spot is biased by the spotrsditon effect. The correction is function of Attn
for each data point as follows:

corrected BC= measured BC * (1+K*Attn)

K values typically range from about -0.002 to +10.@\ positive K means corrected BC is higher
than the reported BC; a negative K reduces rep@t@¢positive saturation effect). Some
examples of how BC data are changed by differevdlies when the filter is fully loaded and the
spot attn is 125 follow:

K of .004 and attn of 125=BC * 1.5

Kof .01 and attn of 125 =BC * 2.25

K of -.002 and attn of 125 =BC *0.75

This correction method assumes there is no chanteireal BC concentration over the
interval of a spot change, which is generally na¢ in urban areas. For a single Aethalometer,
this causes a single K value to be noisy. To eraahore stable K, a centered running average of
many K values (at least 20, usually 40) is usezbtoect the data. Since most urban Aethalometer
installations change the tape spot once or twdayathe BC correction dynamic is on the order of
one to four weeks (longer than either sub-dailsegronal-scale variations in aerosol
composition). This correction approach is therefanable to correct for errors on these shorter
time-scales, but does improve the BC short-termigian and minimizes any seasonal or between
site bias due to differences in aerosol compositidncomplete description of this algorithm is in
Virkkula et al. (JAWMA 2007).

Finally, the influence of changes in Aethalometierf RH on BC noise with a clean filter
is examined. There have been brief mentions ititdr@ature of a potential for short-term RH
interferences with methods similar to the Aethalem@Arnott, GRL 2003). A limited amount of
laboratory tests were performed for this projed¢hwmnultiple Aethalometers to assess this effect.
A substantial RH effect was observed. This wortlt ather observations regarding the source of
short-term noise in BC data indicate that changé&H (or ambient dew point) on the time-scale
of a few to several minutes may be the dominantcgoof noise in current generation
Aethalometers. This effect is a concern for thiggxt, since short-term noise degrades the BC
correction process. Because of this, one-minut@emhdew point and room temperature were
measured as part of this project; these data weresed in the data analysis presented here.
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2. MEASUREMENT METHODS

For this project, five Aethalometers were run cadited in Boston, MA from June 11 to
the end of October, 2007 (some preliminary instmintesting was done in May). The core study
period ended Sept. 21, 2007; data collected dftgnvere for diagnostic purposes (determining
between instrument bias, etc). The monitoringwis on the 11 floor of 101 Merrimac St.,
approximately 130 feet above street level. Thigfmn is approximately 0.5 km west of the
MA-DEP North End monitoring site (PM2.5 and BC).

All Aethalometers were run on a 1-min timebasehwitingle channel configuration (BC
only) as follows:

1. S/N 775: Small spot 2 I[pm with Thermodenudeaxrattn = 50

2. S/N 776: Small spot 2 Ipm, nafion drier (mirm@idew point related noise), max attn = 75
3. S/N 219: Small spot 4 Ipm, max attn = 75

4. S/N 375: Small spot 4 Ipm, max attn = 125

5. S/N 766: Large spot 4 Ipm, max attn = 15 (stididve minimal spot loading effect)

All instruments were run with either PM-1 (2 Ipnm)PM2.5 (4 Ipm) size-cut inlets.

In the 1-minute BC-only mode, a spot change resultsmly 5 minutes of missing data.
This shorter data gap (it is 15 minutes for Aethadters in the MA-DEP network) gives a better
estimate of the K correction value since the rbahge in BC is smaller with a shorter interval.
There has been some concern for a "new spot effectise after a filter change. Earlier work
showed no observed new-spot noise on dynamic bkftdis4 minutes, so we do not block out
any data after a filter change. The one exceptidhis is S/N 775, the thermodenuded
Aethalometer. During data analysis it was founcetguire an extra minute of post-spot data
removed because of an extended new-spot effect.

Other measurements also made for this projectdeciu

Thermo DR-4 run in scattering mode (10-min datd\aiito-zero on) with a PM2.5 size-cut inlet.
1-minute on-site Indoor/Outdoor temperature and &tdl, outdoor dew point.

Data for all instruments was collected using digiteta streams; analog outputs were not used.
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Figure 3. Instrumentation setup for this study.
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Left to right: weather console, four Aethalomet®R-4 nephelometer, thermodenuder,
thermodenuded Aethalometer.
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3. RESULTS

There are two major categories of data analysithierproject:

1. Optimization of the data correction algorithims includes determining the most
appropriate algorithm parameters by comparing “sedo more the precise collocated K factors (a
sensitivity analysis) and assessing the effedi@thermodenuder on the spot matrix effect.

2. Application of the data correction algorithmetdasting Roxbury and N. End BC data to
assess the real-world impact of the spot saturafil@et on BC and Delta-C Aethalometer data.

In addition, the results of limited tests on relathumidity effects are presented.

Optimization of the data correction algorithm.

A custom version of WU-AQL Aethalometer data maskias developed for this project to
process 1-minute data to valid 1 and 60 minute nB&afrom raw data input files, and to generate
and apply correction factors to these data with iaer-chosen parameters:

[a] # of 1-min datapoints used for pre and post shange means

Varies from 4 to 10 minutes; creates a raw per-Kpaictor
[b] # of spot changes used to create running meenothed K for data correction
Varies from 10 to 40

Varying these parameters changes the value, teimgbgramics, and precision of "K", so
determining which set of parameters is most apptgpfor a data set is an important step in this
analysis. There are two approaches to generatitagtidrs. One is the “solo” method described
above, and only uses data from a single Aethalamdtee “colo” (collocated) approach uses data
from two or more collocated instruments; when orstrument’s spot changes, data from the other
instruments is used to measure any true chang€ icdBcentration. This information is applied
to the before and after spot-change BC values poawe the per-spot estimate of K, removing
most of the random error inherent with the soloragph that is due to actual changes in BC
during the spot-change interval.

Since the spot loading artifact is primarily of cem in the winter for urban sites in the
northeast U.S., this discussion will focus primaah the data from the thermodenuded
Aethalometer, since it is most “winter-like” -- e.9as the largest K -- of all the instrumentsirun
this study. For purposes of demonstrating thecetiethe thermodenuder on the nature of the
data and the need for a relative large smoothihgeviar generating “solo” K values, Figures 3
and 4 show data for four Aethalometers (excludirggdne with a very small max-attn setting of
15).

Figure 4 shows the K factor for these four instrateavith a 10-minute mean and a
smoothing of 20 spots (“10-20"). The K here isymeoisy (not stable over time), and there is no
clear trend. Figure 5 shows the same data, batd4Gitspot smoothing (10-40). The K value is
more stable and a clear trend emerges, with thenttenuded instrument showing a higher K as
expected. This figure also shows the inverse afathed light scattering data (with a log-scale on
the right-axis); the K value for the non-thermod#gea Aethalometers increases with decreasing
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light scattering (e.g., a more “sooty” aerosoleapected. Note that for these and all time-series
plots of smoothed K, the data shown are limitethéoperiod when the algorithm is fully
smoothed -- e.g., the first and last 20 spot chawage excluded for a smooth of 40. This is why
these data don’t cover the full June 11-Sept. 2& study time period.

Figure 4. 10-20 smoothed K factor: 1 thermodenuded andrhal Aethalometers
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Figure 5. 10-40 smoothed K: 3 non-thermodenuded and 1 €h#\plus 1/Bscat (log-scale)
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In this figure, the brown line is the K factor frahne thermodenuded Aethalometer. It has
a higher K factor, indicating a more sooty (winlige) aerosol. The thick yellow line is the
inverse of the scattering data, plotted on a l@descThe K factor for the non-denuded
Aethalometers roughly follows this line as expectadce an aerosol with higher scattering would
produce less spot saturation and thus a lower ¥ifac

The sensitivity to correction parameters is evaddor the thermodenuded Aethalometer
using an additional 1-minute of post-change datakihg as noted above. The number of spots
averaged before and after a spot change is theimpsttant parameter since the resulting
average K can be a function of this number. Theatlmng parameter is less important and easier
to evaluate; it doesn’'t change the average K, asithple visual assessment for excessive short
term noise is all that's needed to determine whadathing value should be used. Figure 6 below
shows a 40-spot smoothed K for four different valaéspot averaging: 2, 4, and 8 minutes. The
2-minute average is not realistic (too short, idtraing large noise artifacts), but is included here
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for trend evaluation purposes. Numerically, isletween the 4 and 8-minute spot averages.
Both the 4 and 8-minute averages show similar atsoafmoise and temporal trends, but the 8-
minute average is somewhat higher. In generakthedlest value that gives a stable result should
be used; in this case that value is 4 minutess iBhtonsistent with what Virkkula used (3-
minutes) for his 1-minute data set.

Figure 6. Thermodenuded BC with different averaging tiraed 40-spot smoothing.
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A direct comparison of BC from the thermodenudetha®meter to the other
Aethalometers is not practical in this project.eTirocess of thermodenuding introduces two
different types of aerosol loss inherent in anyrti@enuder: thermophoretic and mechanical
(Wehner et al., JAS 2002) . Thermophoretic lossesaused by temperature gradients across the
heated airstream that drive particles toward thi¢ videchanical losses are both from diffusion
(for very small particle sizes) and settling (larparticle sizes). Taken together, the losses@are
the order of 30 to 40%, making a quantitative congpa of thermodenuded BC data with the
other BC data difficult.
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Humidity Effects on Transient Instrument Noise.

Some limited non-ambient tests were run as patiepreliminary evaluation of
Aethalometer performance for this project. Exoesshort-term (1-5 min) dynamic blank noise
has been observed even with a stable instrumempeierture environment. The source of this
noise appears to be short-term fluctuations in antldew point causing changes in RH at the
Aethalometer filter. Tests to confirm this wer@ ty varying the sample RH from low to high on
dynamic blanks with several instruments.

The results shown below (Figure 7) clearly showrang filter RH effect on blank filters;

a positive RH step change gives a short but laogéipe response followed by a lesser negative
response. It should be noted that the RH effediltens loaded with aerosol is likely to be larger
Arnott (JGR, 2003) hypothesis that optical transmis measurements (Aethalometer, PSAP, etc.)
on a filter with aerosol loading could be subjecRiH artifacts by formation of a so-called “Janus
interface” (Zhang, Science, 2002). Although thetiAalometer filters used in this laboratory test
were “clean”, there will always be some organidoarmaterial on the filter from gas-phase OC
absorbed by the quartz fiber media.

Figure 7. Moisture effects on blank Aethalometer filters.
Aethalometer blank filter RH effect
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In this work, the short-term (1-minute) noise frboth the Aethalometer with the Nafion
drier and the thermodenuded Aethalometer was sutiety lower than “normal” Aethalometers.
A simple metric of short-term noise is the standdediation of the difference between subsequent
1-minute BC data points. For the post-test peBiedt. 21-Oct. 8 and using normalized data to
remove between instrument bias, this sigmggitm® is as follows:
SN 219: 1.22 (4 Ipm)
SN 375: 1.38 (4 Ipm)
SN 766: 1.50 (4 Ipm large spot)
SN 776: 1.36 (2 Ipm dry)

Adjusting the sigma for 776 down by a factor of tiwaeflect its lower flow gives a sigma
of 0.68, much smaller than any of the other Aetlmaters. Noise data for 775 is not presented
here because of the difficulties in normalizing B@ response for that thermodenuded
instrument. Although the thermodenuded Aethalomeses not dried, it appears that the charcoal
bed of the thermodenuder dampens short-term fltionsin moisture and thus reducing RH-
induced noise. As a result of this work, the A&dheeter manufacturer plans to add an option for
sample drying in the near future.

Application of the data correction algorithm tostMag ambient MA-DEP BC data.

The spot saturation effect algorithm was applietivio existing MA-DEP Aethalometer
data sets, at the Roxbury NATTS site and the Nérith site. One year of uncorrected and
corrected data was generated from the original disg& files. Both these sites are running
2-channel Aethalometers; this allows evaluatiothefbehavior of the K factor for UV-C as well
as an assessment of the spot effect algorithm’sawgment of the “Delta-C” biomass burning
signal. For these 5-min data sets, a 2 measurasyeletaverage was used (10-minutes),
consistent with Virkkula’s ambient work with a 5+mte data set. A 40 spot smooth was applied,
consistent with the experimental work presentedrabo

Figures 8 and 9 are Roxbury Aethalometer data fl@vember 2005 to December 2006,
Figures 10 and 11 are North End data from OctoBePQ06 to October 24, 2007, and Figures 12
and 13 are Springfield data from July 2006 to Oetd®07. Two plots are shown for each site: a
time-series plot of the smoothed K factor for B@ &hvC with smoothed PM2.5 from each site,
and a smoothed plot of uncorrected and corrected®®20UVC data.

The Roxbury BC K factor in Figure 8 below variesnr .008 during cold weather to -.002
during warm weather with high PM2.5 concentratiomkis is consistent with what would be
expected. It is worth noting that the UV-C K facsbows relatively little variation over time; this
remains unexplained, with both the Aethalometerufasturer and Virkkula (who also observed
this behavior) unable to offer any insight as toywkigure 9 shows a 10% (annual average)
increase between uncorrected and corrected BGs diifierence is relatively small, and is due to
the relatively small effective BC max-attn of ab&Gtfor a 2-channel Aethalometer with a max-
attn setting of 125 (for the UV channel). For Beta-C biomass combustion contribution to
PM2.5 during cold weather, the corrected DC is &B6&6 higher than the uncorrected DC, and
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peaks at about 8g/m® PM2.5 during the winter of 2005-2006 (DC is somatlkss the next
winter). The estimate of biomass combustion PMe&®imom previous work (Allen et al., 2004)
that showed Delta-C was specific to biomass cmbuastind developed a factor for scaling of
Aethalometer Delta-C to PM of ~12 to 15.

The North End BC K factor in Figure 10 below is ganto that from Roxbury, but
peaking slightly higher during the winter of 20@nd never going negative during summer high-
PM2.5 events. This is consistent with the Nortld Bite having higher BC levels than Roxbury.
The UV-C K factor is again relatively stable oviee tyear. Figure 11 shows a slightly higher
annual BC correction than Roxbury, at 12.5%. Tdreected Delta-C biomass combustion
contribution to PM2.5 during cold weather peakalaiut 4ug/m® PM2.5 during the winter of
2006-2007, less than observed at Roxbury for timenof 2005-2006.

The Springfield BC K factor (Figure 12) is very @ynic, ranging from slightly negative
during a summer high PM event to 0.010 during threew. The UV-C K factor is also more
dynamic at this site than the others, but still mless than for BC, ranging from .002 to .005. As
expected, the largest difference between raw arméated BC is during the winter. DC also
peaks during that season (Figure 13).

Finally, this data correction approach is appled4 months of BC data collected during
the 2003 Nescaum spatial BC study, from the Joyst. near the Massachusetts State House
(Figure 14). This Aethalometer was run with a nasétx-setting of 125 and BC only (no UV-C
channel). Because of the resulting high aerosut Islading for this configuration, the BC
correction is significant -- 30% on an annual baamns up to 80% during some winter periods.
Figure 11 shows a time series of uncorrected amgéced BC data from this site, using the same
2-cycle (10-minute) average and 40-spot smoothnpatiers as the N.End and Roxbury time series
plots. The magnitude of this correction is a woeste scenario, but is what a user would get in an
urban area with a BC-only Aethalometer (or a 2-cleghethalometer with the UV-C channel
turned off) using the manufacturer’s default sgin The implication of this is that by simply
turning off the UV channel on the Aethalometerssprely run in the MA-DEP network would
increase the error from 10% annual average to 30%.
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Figure 8. Nov 2005-Dec. 2006 Roxbury K factors for BC &idC

Roxbury 2006 Aethalometer K factors (2-40 smooth)

and PM2.5 (21-day running average)
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Figure 10. North End BC/UVC smoothed K factors and smoothA&t.5
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Figure 12. Springfield BC- UVC K and smothed PM2.5
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Figure 14.

Joy St. Boston BC Nov 2002-Jan 2004 1-week running average
2-40 correction, max-attn=125 BC only
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4. CONCLUSIONS

Thermodenuder sample processing techniques praatuaerosol that consistently shows a
strong spot loading saturation effect even for s@mparticles. An Aethalometer post-processing
software program has been shown to generate usgsdtimatrix effect corrections for both
experimental 1-minute data and ambient 5-minuta.d&his correction tightens scatter between
instruments with similar aerosol matrix loadingsd aemoves the worst of the saturation bias. It
also substantially improves the estimate of bionmasaing from the Delta-C Aethalometer
signal. There are some limitations of this appho#ite required smoothing (40 spots) limits the
dynamics of the correction to time scales of wdeks month -- longer than the local sub-daily or
several day regional time scales that the aer@soposition varies at. Applicaiton of the
correction program to Roxbury, N. End, and SpigldfAethalometer data show modest
saturation effects for BC and stronger effectdlierDC biomass burning indicator; biomass
burning in Roxbury and Springfield is a substant@hponent of the total PM2.5 during the
winter. Short term changes in relative humiditytet filter caused by either shelter temperature
changes or ambient dew point changes can reslaltga short-term noise in the Aethlometer

signal that can degrade the saturation correctioogss.
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