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EXECUTIVE SUMMARY

The impact of residential wood combustion (RWC) and vegetative
burn emissions in Anchorage, Alaska, was studied during a sample period
which included the latter part of April, all of May, and the first week
of June, 1984. Aerosol samples were collected at a Tudor Road site and
a Fourth Avenue site, both located in Anchorage proper, and an Eagle
River site, located northeast of Anchorage. Samples were collected by
Sierra virtual impactor dichotomous samplers, which sort aerosol
particles into a fine fraction ( < 2.5 um) and a coarse fraction ( > 2.5 um,
< 10 um). High-volume TSP samples were also collected at all three sites.
Nepheloﬁeter readings were obtained at the Tudor Road site. Aerosol
sampling occurred on an every third day, 24-hour basis, with several
additional 24-hour samples collected in May as determined desirable by

Anchorage Air Pollution Control Agency (AAPCA) personnel.

Forty-eight fine and coarse teflon filters were analyzed for their
elemental content by X-ray fluorescence (XRF). Eight glass fiber TSP
filters were analyzed for organic and elemental carbon content by a
pyrolysis—flame ionization procedure. Source contributions were quanti-

fied using chemical mass balance (CMB) receptor modeling procedures.

The XRF, carbon, size segregation, and CMB results all indicate
a heavy impact of crustal materials on the samples collected. Crustal
sources accounted for 90 - 98% of the coarse fraction mass and 64 - 85%
of the fine fraction mass in CMB fitting. Coarse fraction loadings were
higher than fine fraction loadings. Eagle River samples indicate TSP
concentrations and crustal impacts to be generally twice those at the

other two sites.

A RMC source was fit for only one of the 48 dichotomous filters
by CMB calculations, accounting for only 1% of the fine fraction mass at

the Tudor Road site. The high-volume organic and elemental carbon data



also indicate that RWC and vegetative burn sources had little or no
impact ou Anchorage air quality during this sampling period. Sources
with consistent impacts on the ambient filters, in addition to crustal

sources, were transportatiom, marine, and secondary sulfate.
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1.0 INTRODUCTION

The airshed of the Municipality of Anchorage, Alaska, has recently
been the subject of three concerns: (1) a number of complaints have
arisen concerning emissions from residential wood combustion (RWC) in
the Eagle River area and within the Anchorage bowl itself; (2) local air
quality officials are concerned that burning associated with clearing
the Point MacKenzie area, north of Anchorage, may impact air quality in
Anchorage; and (3) the source of a brown haze noted in the airshed in
the spring (late March through May) is largely undetermined. Presently
backyard burning is allowed only outside the Anchorage bowl (i.e., Eagle
River) during the month of April. Within Anchorage proper burning is
restricted to residential heating only. The primary sources of emissions
into this airshed, then, are presumed to be RWC and periodic clearing

activities at Point MacKenzie.

The objective of this investigation was to perform a detailed study
of the impact of RWC and vegetative burn emissions on Anchorage's air
quality using state-of-the-art methods. By quantifying the impact of
these emission sources, as well as other sources, effective control

strategies may be developed to improve the air quality in this area.
2.0 EXPERIMENTAL

2.1 Modeling Approach

A receptor modeling approach (RMA) was selected over a source-
oriented dispersion model approach (DMA) for the study of the Anchorage
airshed. The RMA is based on direct measurement of the chemical
composition of atmospheric pollutants and their relative apportionment
between potential sources. The DMA, on the other hand, is based on
estimates of absolute emission rates and meteorological dispersion
factors. Although this latter approach has proven useful in some

situations, such as annual impacts of emissions from tall stacks in



rather simple terrain, large uncertainties exist when the method is
applied to 24 hour impacts from short stacks such as residential heating
units. The inherent problem with the DMA, however, is its dependence

on highly variable emission and dispersion factors. Emission rates from
RWC sources would be difficult to determine; rates for other potential
sources such as resuspended road dust and soil would be nearly impossible

to quantify.

Selection of the RMA was also based on successful applications to

other airsheds to apportion RWC impacts (1-3).
2.2 Source Apportioument Methodology

The relationship between particulate emissions and ambient concen-
trations at a receptor (hi-vol or dichotomous sampler) site distant from
the pollution source is a complicated one. Many variables, primarily
meteorological, make the direct correlation between source emissions
and ambient concentrations a poor one. Each of these variables is random
in nature, will vary with space and time, and may combine with other
variables in a nonlinear manmer. Thus, any estimation of source impact
on ambient particulate loadings at a receptor site using dispersion

modeling is approximate at best.

On the other hand, one can start at the other end of the system by
collecting an ambient air particulate sample at a receptor site by a
representative sampling technique, determine some property such as
elemental composition of this sample which is unique to specific sources
or source types, and assigning the origin of that fraction of the sample

possessing that property to its appropriate source.

The specific RMA used in this study included chemical mass balance
(CMB) regression analysis to identify source types and determine their
contribution to ambient particulate levels. The CMB receptor model is

based on the conservation of aerosol mass from the time a chemical species



is emitted from its source to the time it is measured at a receptor.

That is, if p sources are each emitting Mj mass of particles, then
P
m= I Mj, (1)
where m is the total particulate mass collected on a filter at a receptor

site. This assumes the mass deposited on a filter is a linear combination

of the mass contributed from each of the sources.
The mass of a specific chemical species, my, is given by

P P
my = IMj;= I F'i. M (2)

where Mj; is the mass of element i from source j and Fij is the fraction
of chemical species i of the mass from source j as collected at the

receptor. It is usually assumed that
Fij = F'ij’ (3)
where Fij is the fraction of chemical species i emitted by source j as

measured at the source; that is, the relative fraction of chemical

species i of the source mass at the receptor is the same as the relative

fraction of i of the source mass at the source. The degree of validity

in this assumption depends on the chemical and physical properties of
the species and its potential for atmospheric, in-transit modificationms

such as condensation, volatilization, chemical reactions, sedimentations, etc.

Accepting equation (3) as valid and dividing both sides of equation (2)
by the total mass of the deposit collected at the receptor site, it
follows that

m, P
1
z - F

M,
- (4)
m



or, - C. = F.. S., . (5)

where C; is the concentration of the chemical component i as measured
at the receptor and Sj is the source contribution (i.e., ratio of the
mass contributed from source j to the total mass collected at the
receptor site). In practice, it is Sj, the fraction of particulate
pollution measured at a receptor due to source j, which is of primary

interest in CMB calculations.

If the Cj and the Fjj at the receptor for all p of the source types
suspected of affecting the receptor are known, and if p < n (n = number
of chemical species quantified), a set of n simultaneous equations exists
from which the source contribution Sj for each source may be calculated

by least squares methods.

Implementation of a CMB analysis requires the formation of both
ambient and source elemental data sets. The development of these data

sets for this study are discussed in detail below.
2.3 Ambient Profile Development

Sierra dichotomous virtual impactor samplers with 10 um inlets were
used to collect fine (< 2.5 um) and coarse (> 2.5 and < 10 um) particles
on 37 mm ring mounted teflon filters (4). The standard operating procedure
for the Sierra dichotomous sampler used by Anchorage Air Pollution Control
Agency (AAPA) personnel is presented in Appendix A.l. Filters were
collected on an every-third-day schedule during April and May(at three
sites: 3500 East Tudor Road, 527 East Fourth Avenue, and the Eagle River
Parkgate Building. Additional unscheduled sampling took place during May
on days that field personnel judged to be particularly hazy or dry.
In all, 114 filters were exposed. See Appendix E for summaries of

dichotomous sampling field data.



Anchorage Air Pollution Control Agency personnel also operated
high-volume samplers with 8" X 10" glass fiber filters at all three
sites and an integrating nephelometer from the University of
Washington at the Tudor Road site. Standard operating procedures for
these instruments are presented in Appendix A.2 and Appendix A.4,
respectively. Calibration data for the nephelometer appears in

Appendix C.

The AAPCA and NEA, Inc. subsequently selected eight sample days
from which 48 dichotomous filters and eight hi-vol filters were analyzed.
The selection of these eight days were based on total suspended particulate
(TSP) deposit masses, nephelometer data, comments on the quality assurance
sheet and field data sheets, and deposit masses on the dichot filters.
Refer to Appendices E and L for additional details. Of the eight sample
days selected, six were considered to be dirty days, one was considered
to be a normal day, and one was labelled as clean. The sample days

selected are summarized in Table 1.

2.4 Source Profile Development

Five road dust and soil samples were collected by AAPCA personmel.
Three road dust samples were collected using NEA's road dust sampler,
a modified high-volume sampler with a special probe; refer to Appendix A.3
for the road dust sampler standard operating procedure. The road dust
samples were collected at: Eagle River paved and unpaved areas; the
Sandlake Gravel Pit, northwest of Sandlake/Diamond; and 3500 East Tudor

Road, paved area.

Two bulk soil samples were also collected. One was ''glacial till"
collected off the Knik River Road; the other was ''peat bag dust' collected
near 58th Avenue, east of Arctic. Both samples were collected by spatula

and transferred to plastic bags.

All five samples were returned to NEA where they were sieved to
< 38 um and resuspended onto dichotomous teflon filters in NEA's dust

resuspension chamber. An exception to this treatment was the Knik River



Table 1

Selected Sampling Days

Date

April 24-25,

April 30, 1984

May
May
May
May
May

May

10-11, 1984
15, 1984
416-17, 1984
18, 1984
22-23, 1984

28, 1984

1984

Designation

Dirty
Dirty
Dirty
Dirty
Dirty
Dirty
Normal

Clean



sample, which had little material pass through the 38 um sieve. 1Instead,
< 75 um material was resuspended onto a 47 mm teflon filter using a

low volume sampler.

The remaining CMB source profiles were selected from NEA's master
source library on the basis of possible sources in the area. Expected
sources include crustal materials, RWC, vegetative burmning, and
transportation. Table 2 lists the actual sources selected for CMB
fitting; Appendix J presents the elemental compositions of each of these

sources.

The transportation source profile was developed for Seattle in 1982
and takes into account unleaded, leaded, and diesel exhaust emissions,
as well as tire wear based on transportation fleet characteristics in
Seattle in 1982. Although the use of this source profile for Anchorage
introduces a bias into the calculations, it is not expected to be large
because of the profile's relative insemsitivity to changes in fleet

characteristics and the strong fitting pressure provided by Br and Pb.

The secondary sulfate source is based on atmospheric transformations
of sulfur. This source is based on a weight percentage of sulfur as
ammonium sulfate and is an estimate of an upper limit to the contribution

secondary sulfate makes to particulate levels.

The grass field burn and slash burn source profiles were developed
during the 1979 Portland Aerosol Characterization Study (PACS). They
were included in this study primarily to accomodate any possible contri-
butions the burning at Point MacKenzie or backyard burning in the Eagle
River area may have made on ambient loadings. However, the resolvability
of these sources from other sources such as residential wood combustion is
not good. These two sources are subject to the same limitations as RWC

sources as described below.



Table 2

Sources Used in Anchorage CMB Calculationé

Source # Mneumonic Size* Source Descriptiont

5036 GRASBN. F Grass field burn (PACS)

5037 SLSHBN F Slash burn (PACS)

5015 RESWD F Residential wood combustion (MACS)

5042 MARINE FC Marine aerosol (PACS)

5053 TRANS FT Transportation (Seattle) composite
5103 PEATDS FC Peat dust (Anchorage)

5104 EAGDST FC Eagle River road dust (Anchorage)

5105 TDRDST FC Tudor Road dust (Anchorage)

5106 GRAVPT FC Gravel pit (Anchorage)

5107 GLCLTL T Glacial till (Anchorage)

5108 FWDCMP FC Residential wood combustion (Fairbanks)
5109 FWDCP2 FC Residential wood combustion 2 (Fairbanks)
5110 SECSUL F Secondary Sulfate (NEA)

+ PACS

H O™
W on n

fine fraction (< 2.5 um)
coarse fraction (> 2.5 um)
total fraction

= Portland Aerosol Characterization Study, 1979

MACS = Medford Aerosol Characterization Study, 1981

Seattle = Seattle-Tacoma Aerosol Characterization Study, 1983
Fairbanks = Characterization of Air Quality Impacts from Residential
Wood Combustion in Juneau and Fairbanks, Alaska, 1984




Emissions from RWC appliances are highly variable and their elemental
patterns are not particularly unique. For example, K has been noted in
other studies (3,5,6) to range from about 0.1% at the beginning of the
burn to about 10% at the end of the burn. This variability is generally
thought to be due to the relative abundance of carbonaceous species; i.e.,
more condensible organic compounds are present at the beginning of a burn,
whereas less condensibles are present at the end of a burn when more ash
particles are present. Figure 1 shows the range of major chemical
components observed in studies at the Oregon Graduate Center (7). For
these reasons, source apportionment of RWC emissions by CMB methods have
relatively high uncertainties, particularly when local source profiles
are not available. Confidence in CMB calculated impacts can be improved

by accurately quantifying the contributions of other potential sources.

The RWC sources used in this study include a profile from the 1981
Medford [Oregon] Aerosol Characterization Study, a composite profile
from a recent Fairbanks study, and a modified composite profile of only
spruce and birch burns from the Fairbanks study. Although these three
RWC sources may not be readily resolvable from one another, their CMB-
calculated contributions to ambient filters may be summed and attributed

to a general RWC source.

Finally, the marine profile is from the PACS. Although the marine
profile is relatively stable, it is difficult to quantify without the
measurement of Na because there are several other significant sources
of Cl, such as RWC and road salt. The marine aerosol is generally

evenly split between fine and coarse particles.
2.5 Analysis

The deposit masses on all 37 mm dichot filters were determined
“using a CAHN 27 electrobalance. NEA performed both pre- and post-

sample weighings.
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The masses on the high-volume glass fiber filters were determined
by AAPCA persomnel.

The elemental compositions of fine and coarse particles on selected
dichot filters were determined by X~ray fluorescence (XRF) analysis
using an Ortec TEFA III tube excited fluorescence analyzer. Each filter
was analyzed with three different excitation conditions, each designed

to optimize the semsitivity for a different group of elements.

Elemental and organic carbon (EC/OC) analysis was performed on the
eight selected high-volume TSP glass fiber filters. Carbon content was
determined by a pyrolytic-flame ionization method by Bob Cary at the
Oregon Graduate Center. Organic carbon was first determined by heating
the sample incrementally in the absence of oxygen; elemental carbon is

measured by heating the sample with oxygen.
2.6 Quality Assurance

The quality assurance program is based on well-trained, experienced
personnel using previously validated standard operating procedures

(SOP's); copies of relevant SOP's are included in Appendix A.

The CAHN 27 electrobalance at NEA is calibrated with Class M
weights before and after each set of fifty filters. Reweighs are
performed on ten percent of weighed filters; weight differences of
> + 10 ug or > * 2% of the net deposit result in the entire set being

reweighed.

Electronic and freon calibrations were periodically performed
on the integrating nephelometer by AAPCA personnel. Calibration data

is included in Appendix C.

The dichotomous samplers were operated in the field by AAPCA
technicians following a SOP provided by NEA. The samplers were calibrated
by NEA prior to sampling, and the calibrations were rechecked by NEA after

sampling was completed.

11



The TEFA III analyzer is operated with a quality assurance and
a blank filter for each run of ten filters. In additiom, the raw
analytical data is reviewed by a laboratory supervisor before processing
is completed. NEA has participated in several inter-laboratory com-
parisons, including an EPA validation of XRF calibration films for NBS
certification (8). Additional QA documentation is provided in

Appendix B.
QA documentation for EC/OC analysis is included in Appendix M.

Finally, the source apportionment calculations were performed by
using an effective-variance CMB approach developed at the Oregon Graduate
Center. Several inter-laboratory comparison studies have validated the
source apportionment approach and are listed in the reference section

of this report (9, 10).
3.0 RESULTS AND DISCUSSION
3.1 Meteorology

Climatological data covering all sampling days is summarized in
Table 3. In general, the April through June period was mild, with a
moderate breeze predominantly from the south and west. Precipitation
was light, resulting in dry, dusty conditions several times during the

study.
3.2 Suspended Particulate Concentrations

Table 4 summarizes suspended particulate concentrations as calcu-
lated from high-volume and dichot fine and coarse particulate loadings
for all sampling days for each of the three sites. The ambient parti-
culate concentrations for the fine fractions and TSP are consistently

higher at the Eagle River site as compared to the other two sampling sites.

12
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Table 3

ANCHORAGE CLIMATOLOGICAL DATA

DURING DICHOTOMOUS SAMPLING PERIODS#*

Wind Temp Relative Visibility
Date Weather Speed (mph) | Direction (°C) | Humidity (%) (miles) Precipitation
4/12/84 5 160° 3 52 70 0.00
4/15/84 Snow, Fog 6 240° 3 74 45 0.09
4/19/84-4/20/84 noon/noon | Snow, Fog 7 220° 3 63 30 0.07
4/24/84 8 240° 5 42 70 0.00
4/30/84 5 260° 8 59 50 0.00
5/3/84 7 180° 7 59 50 0.00
5/6/84 4 170° 6 58 50 0.00
5/9/84 6 170° 11 36 70 0.00
5/10/84-5/11/84 lpm/lpm 9 280° 11 32 70 0.00
5/12/84 6 180° 9 33 70 0.00
5/15/84 10 230° 11 47 40 0.00
5/16/84-5/17/84 noon/noon 8 180° 14 41 60 0.00
5/18/84 8 210° 13 51 60 0.00
5/21/84 Rain 9 140° 12 53 40 Trace
5/22/84-5/23/84 noon/noon 7 170° 11 57 70 0.00
5/24/84 8 240° 11 52 70 Trace
5/28/84 8 170° 11 49 80 0.00
5/30/84 Rain 6 170° 9 66 20 0.34
5/31/84-6/1/84 noon/noon Rain 5 210° 12 59 80 Trace
6/2/84 7 230° 16 44 90 0.00

*Data from NOAA publications for April, May, and June; values are averages of observations
made at 3 hour intervals during the times that dichotomous sampling took place.
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In fact, the average TSP value at Eagle River is over twice the average
TSP values at both Fourth Avenue and Tudor Road. The average fine
fraction concentration is also higher at Eagle River, although not by as
wide a margin as the TSP. The percent fine fraction of TSP is highest
at the Tudor Road site, which indicates that less material with an aero-
dynamic diameter of greater than 2.5 um was collected there. compared to

the other two sites.

The coarse fraction concentrations follow the same pattern as the
TSP; that is, the coarse concentrations are greater at Eagle River than
at Tudor Road or Fourth Avenue. Two exceptions are April 15 and May 18
data. The April 15 discrepancy is most likely due to low suspended
particulate levels, as the coarse concentration value is less than the
fine concentration value at both Eagle River and Tudor Road. The May 18
Eagle River coarse fraction deposit was visibly falling off the filter
when received at NEA, and its weight as measured is unquestionably lower

than when originally collected.

The average coarse concentration value at Eagle River, like that
of the TSP, is over twice the coarse averages at the other two sites.

The fine/coarse ratios follow the same inter-site pattern.

Percent inhalable (sum of coarse and fine fractions) concentrations
of TSP are 33.0%, 19.7%, and 32.3% for Tudor Road, Fourth Avenue, and
Eagle River, respectively. In other words, at least two-thirds of the

particulate mass is in the > 10 pym fraction.

The ratios of coarse to fine mass concentrations, with a few
exceptions, range between 2 and 4 for the Tudor Road and Fourth Avenue
~sites and between 4 and 7 for the Eagle River site. The few exceptions
to these ranges are characterized by light loadings on both fractioms
(e.g., Tudor Road during April 15). Based on a general assumption that

the coarse particle fraction is dominated by soil and road dust and the
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fine fraction by wood smoke, clearly crustal components are impacting
the samplers much more thanm is wood smoke. This is consistent with

the implication in the above péragraph.

Related to the suspended particulate concentrations are the Tudor
Road nephelometer readings. Table 5 summarizes the visibility data
collected during April, May, and the first part of June. As light
scattering is largely dependent on particle size and concentration,
this data is useful in confirming days of high small-particle concen-
trations. Figures 2 and 3 are plots of fine and coarse concentrations
at Tudor Road versus the readings from the collocated nephelopmeter.
As would be expected, the fine particle concentrations show much better
correlation with light scattering measurements than do the coarse data.
The data corresponding to days selected by AAPCA for analysis are quite
close to this linear fine fraction/scattering relationship; that is, none
of the selected days are questionably far removed from the plotted line,

providing additional wvalidity assurance for the days selected.
3.3 Ambient Chemistry

The individual results of the XRF analysis for the 48 dichotomous
filters are presented in Appendices F and G and are included in the

individual source apportionment results in Appendix K.

Eight high-volume glass fiber filters were analyzed for organic
and elemental carbon. These correspond to seven of the eight selected
sample days at the Tudor Road site plus one blank filter. The carbon
results for April 30 were also applied to April 19 based on similarities
in particulate levels. The carbon analysis results are presented in
Appendix H and summarized in Table 6. Organic carbon accounted for
6 to 10%Z of the total mass; elemental carbon accounted for less than
2% of TSP. These relatively low levels are consistent with the large

crustal impacts noted in Section 3.2.
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Suspended Fine Particle Concentration vs., Nephelometer Readings
at Tudor Road, Anchorage
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3.4 Source Profiles

The five resuspended soil and road dust samples are summarized in
Table 7. XRF elemental analysis results, as well as chemical profiles

for each of the samples, are included in Appendix I.

Note should be made of arsenic levels in the Gravel Pit dust,
Tudor Road dust, and the Eagle River road dust. The reported arsenic
concentrations in both coarse and fine fractions range between 0.1 and
0.3%. The other two dust sources, peat bog dust and glacial till,
show no reportable arsenic levels. A careful review of the entire
sampling and analyzing procedure for these samples suggests that some
contamination may have occurred from NEA's road dust sampler. This
sampler was used immediately before the Anchorage sampling at a lead
smelter site with known high levels of arsenic. Although the sampler
was cleaned before shipment to Anchorage, the three samples collected
with it have elevated arsenic levels. A design change is being made
in the sampler to reduce the possibility of a similar problem in the
future. The contamination of these three source samples had no impact
on the CMB fitting process as As was not used as a fitting element;
this did not affect the validity of the fitting process, as none of the

ambient samples showed detectable levels of As.

The remaining sources used in the source apportionment calculations

are described in Section 2.4.
3.5 Source Apportionment

Individual source apportionment results for each ambient dichotomous
filter are presented in Appendix K. Table 8 is an example of the CMB
results. The filter identification number and size fraction are listed
at the top of each computer printout, along with sample date, start

time, and duration. The reduced chi square and degrees of freedom are
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Table 7

Summary of Anchorage Resuspension

Sample Filter Final Net Ratio of Net Intermediate

Sample Description Type* iD Deposit (ug) Fine to Net Coarse

Eagle River, paved & unpaved road dust dichot fine MD279 535 0.087
dichot coarse MD278 1563 '

Sandlake Gravel Pit dichot fine MD283 361 0.138

’ dichot coarse MD282 1163 :

3500 E. Tudor, paved road dust dichot fine MD281 386 0.071
dichot coarse MD280 1861 *

Construction/peat bog dust, 58th Ave. dichot fine MD277 300 0.058
dichot coarse MD276 1521 '

Glacial till, off Knik River Road lo-vol TSP MD284 6241 -

* Fine is < 2.5y, coarse is 2.5-15u, TSP is < 30y




Table 8

Example of CMB Calculation Results
(Eagle River Coarse Fraction)

SAMFLE ID: MAZ4Z PARTICLE SIZE: COARSE

FIELD FLAG: MaSS FLAG: ANALYSIS FLAGS:

SITE: = EAGLE RIVER

SAMFLE DATE: B40S1S START TIME: .0 DURATION: Z4.3Z% HOURS

REDUCED CHI SGIIARE: . 854 DEGREES OF FREEDOM: 12
--SOURCE~---S51ZE-~--UG/MI-———=—mm—ea FERCENT~———
103 FEATDSE C  16.91%9+- 7.24%5 13, 030+=-1CQ. 250

S104 EABDST C  64.875+-11.084 7CG.807+-14,0G17
51046 GRAVFT C  1G.Z06+- 3.472 11,139+~ ?.7214

TOTAL: P1.600+—-156.737 FP. T H+-20.RIT

--SFECIES----MEAS. UG/ MI-——=——- hm e ———— CALC. UG/MI——-CALLC. /MEAE, —————=
Al % 5.965+- .78S 7. 602 7.694+— 238 1.105+- J1E1 Al
Si ¥ 25.858+- 2.906 IZIB8.222 28.730+- 1,070 1.111+-= 1322 ©Gi
F Lili+— L0246 121 L118+- .18 1.067+- L 297 F
S * C160+—= L0Z7Z L1758 L186+- 014 1.157+- 190 S
()] * L208+- (025 227 194+—- L0112 CFIS+H— L1324 Cl
K * . BS4+—- L 097 .92 «B354+- Q32 CIIGH- L2119 H
Ca =+ 1,400+~ ,186 1.747 1.5973+- L0637 L970D+= 116 Ca
Ti * .915+- L0OEB I Toye . 465+~ 018 CFOT+—- L1107 Ti
v * CO26+-  L0Q06 . 028 LO2T+— LOQOF .897+— .244 V
Cr * «DZ44+—- 004 L0ZET7 COIZ2+—- L0022 .9Z24+- 126 Cr
M * A1T14- LG1E . 147 c1124—- 005 856+~ 102 Mn
Fe = S.019+= .5&64 5.478 4,865+- .188 .R69+- 115 Fe
N1 * CO13+~ 002 014 CO1Z+— L0001 1.028+—- .176 Ni
Cu L O08+- 001 009 LO714+— LO0OZ B,950+-1.45Z2 Cu
in e L o [ . 029 COEZ2+— 002 2.3TI8+- 297 In
Ga LO024- 001 L0002 LO001+— LOC] LT7Z21+—- 402 Ga
A “ alal] CQET+- L 005 L000+— 000 As
Se < - 000 LO0014+— L0001 LO000+—- 000 Se
Br % L010+= 001 L 011 <OO07+=— L0011 .7S7+- 135 Br
Rb Q04+~ L 001 .004 L004+— 001 .94+~ .277 Rb
Sr  * L0244— 003 L0026 L0224- L0001 “923+—- 1265 Sr
Y CDO0T+—- L0001 LOO0Z CO03+- 001 1,.056+- .518 Y
Ir - Q04 LO01+— L0004 «316+-1.516 1Ir
Mo 4 Q03 LO011+= 003 4,.907+-7.775 Mo
Fd T . 003 L0034+~ 00T 2.907+—%%xex Pd
Ag < . 004 CO00+— L D04 .413+-5.919 Ag
Cd < .« DO& LQO24— 004 LO00+= 000 Cd
In ~0104+- L0006 L.011 L 002+- 006 «225+- 608 In
Sn < . 008 L DOT+— L0007 LO00+— 000 Sn
Sb “ L0132 CO0OZ+—- L0132 cQO00+— 000 Sb
Ba .048+- 036 . 032 «QO0+— 035 <OO0+— 729 Ba
La < . 052 LO00+—- L0582 CO00+=- 000 La
Hg L001+= 001 . 001 L0024—- 001 1.7T71+-1.322 Hg
Fb % . 0E24+—- L0088 . 068 L0774+ 004 1,237+~ .171 Fb
MASS l.6 +- 9.2 * FITTING SPECIES
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followed by calculated source contributions and their uncertainties.
For each element is listed its measured concentration, its calculated
concentration based on the sources summarized near the top of the
printout, and the ratio of calculated to measured concentration.
Elements actually used in the fitting process are indicated with

asterisks.

The CMB results presented in the appendices represent the best
solution as determined by an iterative procedure which optimizes goodness-
of-fit parameters. These paraments, in order of importance, are:

1. Source contributions must be positive and greater than their

uncertainties.

2. Reduced chi square should be minimized, generally to less than 2.

3. The calculated to measured concentration ratio for individual
chemical species should approach 1.0 within the listed
uncertainty.

4, The calculated total mass concentrations should approach the
measured mass concentrations within the uncertainties.

5. The number of degrees of freedom should be maximized.

In the example illustrated in Table 8, nearly l100Z of the mass was
explained by the sources indicated, and a reduced chi square of 0.884
with 12 degrees of freedom was obtained. This example is a particularly
good fit. For the 48 CMB calculations done, the fine fraction results
ranged from 72 to 113% of mass explained, and the coarse fraction results
ranged from 71% to 109% of mass explained. Note that percentages over
100 are within their uncertainties of 100, and so should not be cause for
alarm. The majority of the source apportionment results accounted for
90 to 95 percent of the measured mass concentrations for both fine and

coarse fractions.

Figures 4 and 5 are alternative representations of the same source
apportionment results as Table 8. The open circles in Figure 4 indicate
calculated elemental concentrations; the asterisks indicate elements used

in the fitting process. Figure 5 is self-explanatory.
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Tables 9-14 and Figures 6-11 summarize the CMB calculation results
at each of the three sampling sites for both the fine and coarse particle
fractions. ©Not surprisingly, soil and road dust account for an over-
whelming majority (90-987%) of the mass in the coarse fractions at all
three sites. Soil and road dust also account for unusually high percentages
(64-85%) of the fine fractions as well. One should be aware that the
apportionments between the different crustal sources in the CMB results
are not absolute. The reasons for this are two-fold. First the crustal
samples collected are similar in chemical composition, and during the CMB
fitting process one crustal source may be fit simply at the expense of
another. Second, although the crustal sources are designated by the
geographical area where they were collected, that does not mean those
sources are unique to only that area; that is, a soil sample similar to
that labelled '"Eagle River" may exist near the Tudor Road site. For
these two reasons, CMB results which indicate no Tudor Road dust impacts

at the Tudor Road sampling site should not be cause for alarm.

Wood combustion is fit in only one of the 24 fine fraction filters,
representing an average of one percent of the measured mass concentration
at the Tudor Road site. No RWC or vegetative burn sources were fit at
either of the other two sites. Wood burning emissions are not totally
eliminated as sources by these results, keeping in mind the uncertainties
and variabilities discussed in Section 3.4. However, the large percentages
of particulate mass explained by crustal sources indicate that RWC and
vegetative burning had at most small impacts during the time these samples

were collected.

Transportation accounted for 10-15% of the fine fraction mass at all
three sites. Essentially no transportation impact was calculated for the
coarse fraction filters. Secondary sulfate explained 4-10% of the fine
fraction mass at all three sites, again with no impacts on the coarse
fractions. Both transportation and secondary sulfate particles are

predominantly less than 2.5 um due to the chemistry and physics of their

27



ssey
paingeay 031 w0yl
%6°1 20°7 %6 %T°09 26°st %0°0 - - - - -nqrajuo)d x day
z°0 T°0 z°0 S0 €0 0°0 - 0°¢l Lo 11 fauyerradun -Bay
S0 €0 8°0 € S0 0'0 €zZZ°0 %°6 £t 9°t uoyieyA’q ‘pis
z°0 o o't [ 9°1 0°0 96€ "0 0°'(8 1°6 €701 uean
- - 1°0  §°0 T°0%¢(°1 1T°0+9°0 - $6L°0 2°TL ¥ %°9¢L 20 F8°C S'OFLE T86VH v8/82/¢
T°T¥S°T g'0+6°01 T°0*%°0 't #8°1 %0 7 L°1 - 9z1°0 S°LT ¥ 8°S8 6°T # %°9 8°0 % %L 696VH v8/22/¢
- - 1°0# %0 2°0 % %8 T'0F 1T 0°0 %10 €6S°0 9°0T ¥ 9°06 €0 7 0°01 [0 Sk O 4 ¢ 6S6VH v8/81/¢
- - T2°0 + U1 $'07F 66 %°0 £ 0'C - 68%°0 6°6 ¥ 7°'S8 L°0% L2t ST *6°%1 676VH "8/91/¢
- - €030 %0 ¥ 9°¢ €07 4T - Leo €°TT * £°66 9°0 ¥ 6°0% [AR SR A1 | SH6VR y8/S1/S
- - 70 % €°C 0% L8 €0 L1 - €ve°0 S'0T + €706 L0 #9°71 ST ¥F 041 TE6VH %8/01/S
- - 1°0#¢°0 £°0 +9°9 $°0 7 %7 - Sttt o LTt 3 17001 9°0 = €°6 0°T = €°6 LO6VH %8/0¢/Y
- - 0% €1 £'0 76"y €°0 ¥ 6°1 0°0 710 0Lz°o 8'8 ¥ 6'UL S0 ¥ L°L T'T ¥ L°0T T06VR w8/9C/Y
isnq [ uoyisnquo) ?i1e}ng isng uofivlzodsuexy, ELR$1.7] FALh paujerdxy Ama\nzv [:1:1 1% Ama\u:v 980y ar oieq
lead pooM A1epuodag proy aopng paonpay BSEW X paiernote) painbeay 223I7¥4

Ama\w:v SUOTINQFAIIUC) 3IINOG

@3eloyouy ‘23TS peoy lopn], je SI[OTIABd QU4 10J SITNSIY gW) JO AIvuming

6 219l

28




ssel

painseay 031 uoyl
YA A% xX6°TT %48°6¢E %0°1 - - - - ~-nqy1iuo) % 8ay
0°1 1 [ 4 1o - o 't o't £iuyeiaadun -3y
%°6l Tt °6 z°0 S05°0 6°01 0zt [N R uorlerAasaq °pis
%701 8'9 8°01 £°0 e 1°€6 7°82 770t ueay
= 6°0 7 1°¢ 6°0 7 €°6 0°0*1°0 £€68°0 0’61 * 27001 €1 768 6°0 % §°8 086VH v8/82/¢
- L 3ezl 8'1 #9°¢ I'o = 2°0 680°Z S'St =16 ST ¥ 181 0°C * 8°61 896VH v8/22/$
- 9°1 + 6°L T°C % 9°6C 1’0 #9°0 696°1 1°Z1 5 1°¢6 8°C ¥ L't 9°'¢€ ¥ 7°9¢ 8S6VH y8/81/¢
vy ¥ 8°LE - 0°S #6°9 1'0 + 9°0 Lo $°61 * £°601 9 s 1°6% 'y s2°1Y 896VH v8/91/%
T°1 7 8°87 - - I'o#2°0 711 T°01 = Z2°%6 'L ¥ 1762 1°'€ 7 6°0¢ Y96 VH ¥8/S1/S
v'T ¥ 9°91 - L'z = 0°¢s 0’07 170 Lo g'€El = 7L 9t ¥ 9°1Z 1" # £°0¢ 0E£6VH y8/01/%
b 6°C 7 6°81 %L ¥ 9°1C 0°0 1°0 69L° 1 991 ¥ % L6 %'% 3 9°0Y Y F LY 906VH %8/0¢/y
- "¢ v 6721 #'T ¥ 1791 1'0  %°0 %60°1 ['€1 + 8°(8 T°€ 76782 €'t o.mn 006VH v8/%T/Y
17d 12A®19 isng peoy 1sng aeagd autiel ALk paute1dxy Ans\wzv AnE\u:v at 3leg

aopng paJInpay SSeR ¥ SSel SSeR 233174

A.E\m;v SUOTINGTLIU0) 3IINOS paleinote) paanseay

a8eaoyouy ‘931TS prOoy JI0pN] 3B Sa[O[3ied 2S5Ie0) 10J SI[NEdY GW) JO Aleuung

01 219elL

29




SSE

p3i1ngeal] oy uoyrl
woi el 20°01 %L 95 el %0°S - - - - -nqrajuo) y “3ay
['o 7°0 10 %0 0 10 - t°61 L0 o &juieizadun *3ay
70 St 70 e 70 7°0 ieT'o S*9 (AR 4 [AR4 UoTIFAIQ 'PIS
0 8’0 9°0 v'e 8°0 €0 s9%°0 6°66 0°9 0’9 ueay
- - 10+ ¢°0 1°0 + 6°0 °0 %+ %0 0°0 + 0°0] 90%°0 8°6T 7 £°% 1°0+9°1 LAL RN A ¢ LL6VH v8/8t/¢
9°0 + T'1 6°0 % "2 10 %2°0 = 0% 11 %°0 % 6°0 £L1°0 0°9Z # 1°%01 T°T+¢°S L0 1S SI6VH v8/tT/$
= - o +¢€'0 2°0 # 9°% 1'07#6°0 0°0 # T°0 €0S°0 %1 3 L°%6 1°0 # §°6 "0 % 8°S SSE6VH v8/81/¢
- 1'2 38°¢ ['0 5 8°0 "1 0°¢ 2°0¥6°0 - $56°0 9°%¢ * v 201 'z +6'8 6°0 v ¢°8 TS6VH v8/91/%
- - 20701 €°0 #8'9 ¢°0 ¥ 6°0 - 20$°0 S'1TU ¥ 0°96 "0 ¢ 8°'8 0T ¥ T6 TY6VH ¥8/S1/$
= = ’0 %1 2’0 T 8°¢ 1°0 # 6°0 $'0 % 6°0 0is°0 ST * %'ElT 9°'0 7 ¢°9 {°0 % 9°'s 6T6VR %8/01/¢
- = 107 %0 20 F LY €°0%6'1 - %09°0 T°CTL ¥ 6°86 %°0 % 69 8'0 ¥ 9°9 L68VH v8/0E/Y
- - 2°0 36°0 °0 "¢ 0 670 o #7°0 7s%°0 0°€T # G6°S6 €0 %S {'6 % 9°¢ T68VH w8/9e/y
18n( 1824 | ITd [9A®19 | @ajeJIng L1epuodas | Isng peoy iopng uorieliodsueal auy ey Al pauyedxy AnE\m..J SSEN :E\mzv SVl ai a23eq

Ame\w:v SUOTINQFIJUQ) 3IANOG pasnpay ssel 'Y paljemo(e) painseay 123174

93eioyouy ‘91FS SNUGAY Yylinoj e SI[OTIied dufgd 103 SITNSIY gW) JO KAiewung

11 21qe]

30



seeN
pPa1Inseay 03 Uoy?

10°0 ze°81 Z0°69 ZL°01 2601 - - - - -nqraivo) y -day

0'0 L1 €7 01 1o - 9° 12 £ € 0°7 K3jugeaaadun Bay

0'0 e 8'6 (A% z’0 (8z°0 09 Lot ot uorieyaaq ‘PIS

00 9°¢ 9 ¢l L4 €0 666°0 6°%6 881 L°61 VeI

- 6°0 % 81 8°0 % '€ - 00 F1°0 8v8°0 S'9C ¥ £°86 'L F0°S L’0 7 1°¢ 9L6VH wg/82/¢

- 8’1 = 6°¢C [AS BRI 0 - 00 F1°0 820° 1 S'B1 ¥ 0°16 ST FIN 9'1l % 6°GI 296VH w8/22/S

- 6°1 ¢ €'Y L8 N 'S 9°¢ + 8'1 "o ¢'0 $88°0 1°2¢ 3 6°66 Ly ¥ L1 9°1 % 776l YS6VH Y8/81/S

- L'z #8°6S LA A - 1'03¢°0 L1800 8°91 + L°¢€6 9°¢€ ¥ £°%¢ 9°7 ¥ 0°92 0SHVH ¥8/91/¢

- [AL B RN AN L't ¥ 9°1¢ - 1'0 ¥ 7°0 €£9°0 9Ll * L7201 9°G ¥ 770V 0°% ¥ 7°6¢€ 0%76VH y8/st/s

1'e # 1'o [AN AR IR e + 179 't ¥ 6°¢C Q'a =+ t°0 a€L6°0 S'vZ ¥ G788 o't ¥ 8°11 U 3 7el BZ6VH v8/o1/S

- - o'l 7 2°¢t - 0’0 *1°0 €67°1 et 2 zol 0°1 % €°¢€¢C €'t *8°22 968VH v8/0¢c/v

- - 't 7 0°8 €'t s ¢€°8 2’0 % L°0 16€°1 1°6Z + 6°98 9y ¥ 1I°LI 0°Z * L6l 068VH va/ve/y
uojjejlodsuely 18nQ 1wad 17d [2aeXY Isng peoy aujiey P 3] pauteydxg AME\uzv AnE\u;v a1 Aleq

' xopnj, pasnpay sSSPl g ssel ssey PERRQ X |
Ane\w;v SUoTINQFI3U0) IJAnos paile[noied painseay

a%ei0yduy ‘931T§ onNUSAY U3anod J€ SI[OFIIBd 9S1BO) 103 SITNSIY gWD JO Aieuwwng

{1 2198

31




[43

Table 13

Summary of CMB Results for Fine Particles at Eagle River Site, Anchorage

Filter Measured Calculated % Mass Reduced Source Contributions (ug/m3) :

‘Date ID Mass (ug/m’) Mass (ug/m3) Explained Chi~ Transportation Peat Dust Eagle River Dust Secondary Sulfate
4124784 MAB9Y 14,5 £ 1,5 13.1 * 2.5 90.1 * 19.5 0.196 1.3 + 0.4 5.8 ¢+ 1.8 4.1 ¢ 1.6 1.3 ¢ 0.2
4/30/84 MA905 19.1 ¢ 2.0 17.8 ¢ 3.7 93.3 ¢ 21.6 0.487 3.6 ¢ 0.6 8.4 t 2.7 5.8+ 2.4 -
5/10/84 MA933 26.2 £ 2.7 25.3 £ 5.3 96.4 ¢ 22.3 0.493 1.8 ¢ 014 3.9+ 3,8 17.5 & 3,5 2.1 * 0.4
5/15/84 MA943 22.0 ¢ 2.2 21.4 £ 0.9 97.1 % 10.7 0.387 1.9 ¢ 0.4 - 18.0 * 0.8 1.5 * 0.3
5/16/84 MAG47 28.8 & 2.9 31.2 ¢t 2.5 108.2 t+ 28.3 0.330 1.8 £ 0.4 11.0 * 6.1 17.8 ¢ 4.4 0.7 £+ 0.2
5/18/84 MA957 19.7 ¢ 2.0 19.2 t 0.8 97.3 ¢ 10.8 0.587 1.2 + 0.2 - 17.9 *+ 0.8 -
5/22/84 MA967 9.4 £ 1.0 8.8 £ 0.6 94.3 t 11.9 0.324 2.4 £ 0.5 - 6.1 ¢t 0.3 0.3 0.1
5/28/84 MA979 6.1 ¢ 0.7 5.5 £ 1.2 90.8 ¢ 22.9 0.263 0.9 £ 0.2 1.9 + 0.9 2.4 + 0.8 0.4 ¢+ 0.1
Mean 18.2 17.8 95.9 0.383 1.9 3.9 11.2 n.8

Std. Deviation 7.9 8.5 5.7 0.131 0.8 4.2 7.1 0.8

Avg. Uncertainty 1.9 2.8 18.5 - 0.4 1.9 1.8 0.2
Avg. % Contribu- - - - - 10. 4% 21. 4% 61.5% 4. 4%

tion to Measured

Mass
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Figure 6. Pie Chart of Percent Source Contributions to Fine Particle
Mass Measured at Tudor Road Site
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Figure 7. Pie Chart of Percent Source Contributioms to Coarse Particle
Mass Measured at Tudor Road Site
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Figure 8.

Figure 9.

MARINE 5.0%

Pie Chart of Percent Source Contributions to Fine Particle
Mass Measured at Fourth Avenue Site

Unexplained
0.5%

Pie Chart of Percent Source Contributions to Coarse Particle
Mass Measured at Fourth Avenue Site
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Unexplained
2.3%

Figure 10. Pie Chart of Percent Source Contributions to Fine Particle
Mass Measured at Eagle River Site
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Figure ll. Pie Chart of Percent Source Contributions to Coarse Particle
Mass Measured at Eagle River Site
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formation, so these results serve as confirmation that the dichotomous

samplers and the RMA were functioning properly.

Marine aerosol impacts ranged between 0.1 and 5%, the highest impact
being at the Fourth Avenue site in the fine fraction. As the Fourth
Avenue sampling site is about one mile from a salt water body (the Knik

Arm), the CMB results continue to be consistent with physical facts.

Tables 15-17 summarize the differences in CMB results between the
AAPCA-designated dirty, normal, and clean days for each of the three sites.
One should keep in mind the small number of filters from which this data
is derived when drawing conclusions. However, the differences in crustal
contributions during dirty days as opposed to both normal and clean days
are significant. For all three sites and for both size fractiomns, dirty
da§ crustal impacts are roughly twice those of normal or clean day
contributions. The contributions of transportation, marine, and secondary

sulfate are relatively low and consistent at each site, regardless of the day.

Carbon data from hi-volume filters at the Tudor Road site were
incorporated into the CMB fitting process as well. The organic and
elemental carbon concentrations, as calculated from the high-volume
filters, were assumed to be entirely due to fine particle sources, such
as automobile and vegetative burm emissions; based on this assumption,
all of the carbon was added to the chemical profile of the corresponding
fine fraction dichotomous filters at Tudor Road. As noted previously,
the carbon data of April 30 was used for both April 24 and April 30
sampling days. CMB calculations were then performed with the modified
ambient profiles. A typical result is presented in Table 18; the CMB
result for the same filter without carbon data is presented in Table 19
for comparison. As can be seen in these two tables, organic carbom as
a fitting species has resulted in a small contribution by the slash burn
source. However, the calculated uncertainty in this source is large, the
elemental carbon is overexplained, and the percent contributions of the

transportation, Tudor Road dust, and secondary sulfate sources change little.
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Comparison of CMB Results for Dirty, Normal, and Clean

Table 16

Days at Fourth Avenue Site

Mean Source Contributions (ug/m”)

Sampling Day Mean Measured | Mean Calculated Mean X Mean Secondary
Description Mass (pg/m‘) Mass (ug/m?) Mass Explained | Reduced Chi? Crustal Transportation Marine Sulfate
Dirty Days,

Fine Fraction 6.8 £+ 0.8 6.8 0.8 100.2 + 17.0 0.523 5.0 + 0.8 0.9 0.2 0.2 +0.1]0.8¢0.2
Normal Day,

Fine Fraction 5.1 £ 0.7 5.3 ¢ 1.1 104.1 £ 26.0 0.123 3.3 ¢ 1.5 1.1 + 0,2 0.9 +0.4] 0.2 0.1
Clean Day,

Fine Fraction 1.7 £ 0.4 1.6 £ 0.1 94.3 £ 25.8 0.406 0.9 +0.1 0.4 + 0.1 0.0 £+ 0.0 0.3 £0.1
Dirty Days,

Coarse Fraction 22.8 + 2.3 21.9 2 3.8 95.0 ¢ 2].2 1.020 22.5t 5.8 - 0.3 0.1 -
Normal Day,

Coarse Fraction 15.5 ¢ 1.6 14.1 ¢ 2.5 91.0 ¢ 18.5 1.028 14.0 £ 3.5 - 0.1 £+ 0.0 -
Clean Day, .

Coarae Fraction 5.1 £ 0.7 5,0 ¢ 1.2 98.3 t 26.5 0.848 4.9 ¢ 1.7 - 0.1 + 0.0 -




Table 17

Comparison of CMB Results for Dirty, Normal, and Clean Days at Eagle River Site

oy

Mean Source Contributions (ug/m’)

Sampling Day Mean Measured Mean Calculated MeanZ Mean 7 Secondary
Description Mass (pg/m?) Mase (ug/m?) Mass Explained | Reduced Chi? Crustal Transportation Marine Sulfate
Dirty Days,

Fine Fraction 21.7 ¢ 2.2 21.3 ¢ 3.5 97.1 + 18.9 0.413 18.4 ¢+ 4. 2.0 £ 0.4 0.9 £ 0.2
Normal Day,

Fine Fraction 9.4 ¢ 1.0 8.8 £ 0.6 94,3 ¢ 11.9 0.324 6.1t 0. 2.4 £ 0.5 0.3 £ 0.1
Clean Day,

Fine Fraction 6.1 ¢ 0.7 5.5t 1.2 90.8 ¢ 22.9 0.264 4.3 ¢ 1. 0.9 ¢ 0.2 0.4 £ 0.1
Dirty Days,

Coarse Fraction 82.6 t 8.3 74.7 £ 13.3 89.8 ¢t 19.3 0.784 74.6 22, - 0.1 0.0 -
Normal Day,

Coarse Fraction 49.2 t 4.9 45.9 £ 9.5 93.2 t 21.4 0.376 45.8 £ 13. 0.2 ¢+ 0.} -
Clean Day,

Coarse Fraction 23.5 2 2.4 18.4 t 3.7 78.6 £ 17.6 0.592 18.5 £ 5. - ~




Table 18

Example of CMB Calculation Including Carbon Fitting Species
(Tudor Road Fine Fractiom) i

SAaMFLE ID: MASO1L FARTICLE SIZE: FINE

FIELD FLAG: - MASS FLAG: ANALYSIS FLAGS:

SITE: 1 TUDOR ROAD

SAMFLE DATE: 840424 START TIME: .0 DURATION: 24.1 HOURS

REDUCED CHI SGUARE: .227 DEGREES OF FREEDOM: 10
-—SOURCE-——-S5IZE~-——UG/ MI~——————-——— FERCENT —~-—
S0OIT7 SLSHBN F «218+= L2229 S 2.972+- 2.166
S08Z TRANS F 1.430+- .289 12.850+- 3,063

5105 TDRDST F 4.802+- (2564 44,.880+- 5.3467
5110 SECSUL F 1.296+- (225 12.1154- 2,470

TOTAL: 7.866+— . S02 73.517+- 9.167
-—-SFECIES—~—-MEAS. UG/ MI-——~=—— Yim———————— CALC. UG/MIZI---CALC./MEAS., —————-—
Al * « 975+ . 064 S.376 « S99 3+— . D34 1.031+— 129 Al
Si * 1.7Z29+— . 192 165.257 1.735+- . 098 C997+— 123 Si
P . Q294+ . 006 272 0124 L0003 L 408+- 126 F
S * L 36T+ 047 Z.389 . I+ L0340 1,000+~ 150 S
Cl * . 058+ .008 .94 DS I+~ 014 CF16+— 273 (L1
k. * . D64 +— . 008 03 Q61 +— . Q04 P52+ 126 K
Ca =* < 0O8S+— L0010 720 . 0O89+— . D06 1.047+—- .140 Ca
Ti * CO244— D03 . 2246 CO234+—- L 001 JOII+H— 126 T1
Vv * L0024+= 001 019 « QO2+— . Q00 934+— . 3T16 0V
Cr = LO01+= L0000 L0111 CO0L+— . QOO0 1.247+- .507 Cr
Mn  * LO07+= L 001 . QL9 L OO07+- L001 .209+- .151 Mn
Fe =* e 2714— L0320 2.931 . 289+— .018 1.067+- 136 Fe
Ni “ . 000 L001+— 000 S.647+—%%x%%% Ni
Cu «0024+— 001 L01S L O08+= 002 4.859+=-2.3930 Cu
Zn « QO +- . 001 . 0B84 L0124 L DOS6 1.219+- .671 Zn
Ga + =001 « DOO0O+— <000 L D00+~ 000 Ba
As < L0046 ’ L0024+ L 001 .243+-4.107 As
Se i, . OO0 «D00+= L0000 1.3526+-4.944 Se
Br * « OT6+— . 004 N4 L025+— L 015 ZOZ+— .410 Br
Rb < . D01 L000+— L000 «D00+- 000 Rb
Sr LO014+= L0014 L0010 QO2+— « Q00 1.582+-1.149 Sr
Y .001 LO00+—= L D00 L000+— L0000 Y
r % - Q03 «QO0+— 001 «QO0+—- L0000  Zr
Mo . QO4+— Q03 . 041 « 0Q0+— ,001 . 109+~ 198 Mo
Fd 4 . 002 LO00+— ,001 . OO0+— 000 Pd
Ag < . 003 CO00+= 001 L000+— 364 Ag
Cd “. . D05 « OO0+~ . 001 209+-1.247 (Cd
In <« . 003 O024— L0002 9Q.999+-9.999 In
Sn < . 006 - 000+— 002 L011l+= .430 Sn
Sb < L0010 LO000+— L0003 LO00+— 000 Sb
Ba < . 029 . 002+= . 009 - 000+=— 000 Ba
La < . 042 000+~ 013 «DO0+—- 000 La
Hg < . 001 «O000+— 000 2.451+—%%%%¥% Hg
Pb % «113+—- 013 1.057 c113+= .016 1.000+— .181 Pb
oCc «H610+—= 089 5.700 666+~ 120 1.092+— .253 0OC
EC .118+— 016 1.100 L5914+~ .116 F.022+-1.200 EC
MASS 10.7 +-— 1.1 * FITTING SPECIES
41




Table 19

Example of CMB Calculation Without Carbon Fitting Species
(Tudor Road Fine Fraction)

TYPE
SAMFLE ID: MASO1 FARTICLE SIZE: FINE
FIELD FLAG: MASS FLAG: ANALYSIS FLAGS:
SITE: 1 TUDOR ROAD i
SAMFLE DATE: 840424 START TIME: .0 DURATION: 24.1 HOURS
REDUCED CHI SQUARE: .270 DEGREES OF FREEDOM: 2
-—SDURCE SIZE UG/ ME~—mmm FPERCENT———
S042 MARINE F .0SS+— (044 JS17+—  .417

SO0SZ TRANS F 1.485+— 297 15.883+— Z.145
2105 TDRDST F 4.863+— .253 45.452+~ 5.419

5110 SECSUL F P 290+— .22 12.086+- 2.466
TOTAL: 7 .694+—- 453 71.909+~ §.788
-—-SFECIES—-—-MEAS. UG/M3T % CALC. UG/M3-——CALC./MEAS. ——————
Al = S79+— 064 S.374 «S596+—, 034 1,03F6+~ 130 Al
Si = 1.739+— .192 16.257 1.754+—- 099 1.008+~ .125 Si
P «O294+— L0006 272 LOL24+= 003 <4144+ 129 P
S *  263T+— 043 3.3289 L 363+— L0334 1.000+— 150 §
Cl1 * LO058+- . 008 . 243 S DI+~ 015 1.007+ 288 (1
K * «DES+~- L 008 603 <DAL+— 004 . 946+~ 125 K
Ca = . 085+~ 010 s 790 L087+— (006 1.030+— ,139 Ca
Ti * e D244+~ 003 . 226 LO23+— L0011 P49+ .128 Ti
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Similar results were obtained with the remaining seven filters at this

site.

Even using this worst case assumption (that all the TSP carbon .

appears on the fine fraction filters,) RWC and vegetative burnm emissions

have little calculated impact on the ambient filters analyzed.

4.0 COMPOSITE ANALYSIS

The CMB calculation results are quite consistent with the analytical

results and other data collected in this study. Specifically, high crustal

source impacts on the ambient particulate mass are indicated by:

Little precipitation and moderate winds during the sampling period,
creating dry, dusty conditions.

A large discrepancy between TSP mass concentrations and dichotomous
mass concentrations; specifically, two-thirds of the TSP was
greater than 10 um.

Coarse fraction loadings greater than fine fraction loadings,
again indicating a predominance of large diameter particles.

Relatively low levels of organic and elemental carbon as percent
of TSP.

High levels of crustal species (Al, Si, Ca, Fe) in XRF analysis
of dichotomous filters.

Good CMB fits with crustal sources; specifically, low reduced chi
square values and high explained mass percentages.

Relatively small calculated CMB contributions from other sources;
RWC and vegetative burn sources account for only one or two percent
of even the fine fraction, where these sources are usually dominant.

Higher crustal impacts during AAPCA-designated dirty days as
compared to normal and clean days, while contributions from other
sources remained relatively constant.

High TSP values at Eagle River as measured on high-volume filters were

verified by higher dichotomous filter loadings at this site compared to

loadings at the other two sites. The dichot deposits, particularly in

the coarse fraction, were also notably different in appearance: coarse

fraction filters from Eagle River were light brown or yellow in color,

while coarse filters from the other two sites were dark brown or grey.

As previously noted, one Eagle River coarse filter was loaded to the extent

that particle loss was a problem.
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Nephelometer readings were well-correlated with dichotomous fine
fraction filter loadings at the Tudor Road site, providing an additional
quality assurance check on TSP values and the selection of sample days

to be analyzed.

CMB calculations were consistent with wind data for the sampling
period. For example, marine aerosol impacts were noted at the Fourth
Avenue site when westerly winds were prevalent. Also, no impact from the
Knik River glacial till source was calculated for any of the three sampling
sites, a result consistent with the fact that the glacial till sample was
collected north of Anchorage and predominant winds during the sampling
period were from westerly and southerly directions. This wind patterm is
probably the reason why burning in the Point MacKenzie area, which took

place on May 10-11, did not impact the samples collected then.
5.0 CONCLUSIONS AND RECOMMENDATIONS

The source apportionment conclusions of this study are summarized
in Figures 6-11. In general, crustal sources accounted for 90-98% of
the coarse fraction mass and 64-85% of the fine fraction mass. Other
sources included transportation, marine, and secondary sulfate. Little
or no RWC or vegetative burn emissions were fit in CMB calculations for

the three sites, fine or coarse fractions.

The crustal impact on the filters collected during the April-May
sampling period is supported by a number of other data, including
fine/coarse dichotomous filter loading ratios, inhalable/TSP particulate
loading ratios, dry and windy weather during the sampling period,
relatively low organic and elemental carbon levels as percentages of TSP,
and the low chi squareé and high percentages of explained mass obtained

from the CMB calculations.

The Eagle River site experienced much higher particulate levels in

TSP, fine, and coarse fractions than the Fourth Avenue or Tudor Road sites.

44



While the contributions from sources such as transportation, marine, and
secondary sulfate did not show much site-dependence, crustal impacts at

Eagle River were roughly twice those at either of the other two sites.

The AAPCA-designated dirty days were characterized by higher crustal
impacts in both fine and coarse fractions at all three sites as compared
to normal and clean days. The other three primary sources also show
drops in impacts on normal and clean days, but not with nearly the

magnitude of the crustal sources.

An obvious recommendation is that future studies to quantify RWC
and vegetative burn impacts in the Anchorage area be conducted on days with
less wind or with winds from a northerly direction. While weather is
not readily controlled, a longer sampling period would improve chances
of including RWC and vegetative burn impacts in the ambient data set.
Control strategies for improvement in Anchorage air quality, given the
results of this study, should include implementation of a dust control

program.
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