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INTRODUCTION

Environment Canada, in cooperation with the Ontario Ministry of
Environment and the Walpole Island Indian Band, has been conducting an air
monitoring study in a region of southern Ontario near Detroit over concerns
about trans-boundary transport of pollutants. Two szmpling sites are loczted
in the city of wWindsor, Ontario. One Windsor sampling site (WIN1) is
centrally located in the city of Windsor at the Ontario Ministry of the
Environment monitoring site at 467 University Avenue. This site is only 6 km
south of a large mun;c;pal waste incinerator operated by the Grezter Detroit
Resource Recovery Authority (GDRRA) and is also close to other point scurces
in Detroit. The second Windsor sampling site (WINZ2) is located less than E km
to the southwest of WINl. WIN2 is closer to the high density of point sources
in south Detroit. The Windsor sites are fregquently downwind of the numerous
emigscion sources of the greater Detroit area, which include coke ovens, iron
and steel industry, incinerators, power generation facilities, lime and cement
operations, and automotive assembly plants. The Windsor sites are also
influenced by the regional background of secondary sulfate common in the
eastern U.S. and Canada, as well as by automobile emissions. & third site was
loceted at Wzlpole Island, about 55 km to the northeast of the WIK1l site in &
rural area. This site (WAL) was chosen to represent background conditions,
although this site is also influenced to some degree by primary industrizl
emissions and secondary pollutants. Locations of sampling sites &re shown in
Figure 1.

Chemical mass balance source apportionment of fine and coarse particles
will be applied to X-ray fluorescence (XRF) data. Meteorologicdl observations
and individual particle morphology and composition will be-used to interpret
the results.

EXPZRIMEZNIAL

Samples for thie anzlysis were collected during the period from January
30, 19%1 - November 26, 1991. Sampling at each site took place for 24 hours
from midnight to midnight every € days with PM-10 dichotomous samplers having
noninal flow rates of 16.7 lpm. Samplers had a cutpoint of 2.5 uym to geparete
the coarse and fine particles, which were collected on 37-mm diamester Teflon
filters. Fine and coarse particle mass concentrations were determined
gravimetriczlly. Elementzl concentrations were determined by energy-
dispereive XRF at the U. S. EPA, Research Triangle Park facility.

2 subset of the samples was selected for anzlysis by scanning electron
microscopy combined with energy-dispersive XRF (SEM/EDX). Morpholegical
features of the particles combined with chemical data have been shown to be
useful in resolving source types which cannot be resolved by conventionzl
means.

Weps

Meteorological data‘yagzobtained frem the Windsor Rirport and from a
portadble meteorological station at Walpole Island. Average wind spesd and
prevailing wind direction during each sampling period are used to help
interpret particulate concentrations measured.

locations and emissions of major point sources in the Detroit-
matropolitan arez (Figure 1) were obtained from the U. S. EPA Region 5 office.
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DATA SUXMARY
Ganeral

Mass and elementzal concentrations m=asured for coarse and fine particles
at each site are summarized in Table I. Only those species whose
concentrations are at least twice their uncertainty for at least two sets of
measurements (either coarse or fine) are reported. 1In genesral, concentrations
of industrial metals and chlorine (Cl) were higher at the Windsor sites than
at the background Wzlpole site. The particularly high concentration of Cl in
the coarse fraction at WIN2 reflects the proximity of WIN2 to the Canada Szlt
Corporation in Windsor. The tin (Sn) values should be regarded with caution
beczuse of the high and variable Sn background observed during the analysis of
these samples. Sulfur is the dominant species measured in the fine fraction.
It should be noted, however, that XRF does not measure the organic carbon,
elementzl carbon, or water vapor.

Cczpariscn of Elezental Ratios for Soil-Related Blexmesnts

The ratios of soil-related elements (21, K, Cz, Fe) to Si in the fine
and ccarse fractions from each sampling site are compared with their ratiocs in
crustal limestone and shale profiles from the U. S. EPA's Volatile Orgzanic
Compound (VOC)/Particulate Matter (PM) Speciation Data System' in Teble II.
Such a2 comparison reveals whether these elements have non-crustal sources.

The K/Si ratio in the coarse fraction is relatively constant acrose the
sampling sites with low variability and is very close to the crustzl shzle
value. It is assumed that the dominant source of Si in both the fine and
coarse fraction is eoil as represented by crustzl shale; therefore, soil is
likely the dominant source of K and Si in the coarse fraction. 1In contrast,
the K/Si ratio in the fine fraction is quite variable at ezach site and from
gite to site, and is much higher than the crustal shale rztio. This indicates
& large, non-soil contribution to the fine K.

The Al/Si ratio in the coarse fraction has the lowest variability and is
most similar to the crustal value at the WINZ site. At the WAL site, cozarse
Al/Si is only a little higher than the crustal value, but is quite variable.
The RAl/Si ratio at the WIN1l site is much higher than the crustal value and is
guite variable. Environment Canada has found high A1 values in the coarse
fraction at a number of other sampling sites and have attributed this to wezr
of the dichotomous sampler inlets as a result of leak checking. The Al/Si
ratios in the fine fraction are more difficult to interpret because of the
large number of fine Al values near the detection limit.

The Ca/Si ratio in the coarse and fine fractions is quite variable at
the Windsor sites and is higher than at the Walpole site. All Ca/sSi ratios
are higher than the czrustal shale values. There are several limestone/cemsnt
operations within 15 km of the Windsor eampling sites. Pugitive dusts from
these operations are likely reaching the Windsor sites and influencing
concentrations there. Some of thess dusts are probably reaching the Walpole
site and influencing concentrations thzre, although to a lesser extent.

The same pattern observed for Ca/Si ratios is evident for the Fe/Si
ratios in the coarse and fine fractions, reflecting the close proximity of the
Windsor sites to the steel-related industries of south Detroit. 2t WAL, the
Fe/Si ratio ie close to that of crustal shale and the variability is only 28%
(lower than at the Windsor sites). There may be little coarse Fe from the
stesl-related industries reaching WAL, as oprosed to fine Fe, which may travel
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farther than the coarse Fe. There is evidence of sources of Fe other than
gsoil at WAL, but the evidence is even stronger at WIN1 and WINZ.

Fine~- anéd Coarse-Particle Concentrations as Punctions cof Pravailing Wind
Direction and Wind Epeesd

Fine- and coarse-particle concentrations were examined to determirne any
relationships with prevailing wind direction or wind spszed. Such an
examination can offer clues to the sources of pollutants. For the fine
fraction, the highest mass concentrations were observed for winds from the
south to west corridor, except for som2 low concentrations when wind speeds
were very high. The lowest concentrations occurred when winds had a northerly
or easterly component or when wind speeds were high. For the coarse fraction,
one would expect an increase in coarse-particle concentrations with an
increzse in wind speed as a result of soil and other dust being entrzined in
the air. However, at all sampling sites, the highest coarse-particle loadings
were not associated with high wind speeds but were loosely associated with
winds from the southwest. This was also true for coarse particle elements
associated with the steel industry (e.g., Fe, Mn and 2Zn).

Corrzlations Among Tre Elexm=znts

Correlations among the elements were examined to identify clusteres of
mutually correlated elements which may offer clues toc their sources. 1In the
fine fraction, three main clusters of elements were observed for WIN2. These
are identified with coal combustion (S, Mn, Se, Mass), stesl-related
industries and manufacturing (Fe, Mn, Zn, Se), and soil and other dust scurces
(Ca, Si). At WINl, similar fine-element clusters were observed, with an
additional cluster consisting of V and Ni (attributed to oil combustion). &t
W2L, correlations revezl clusters identified with coal combustion (S, Se,
Mzses), so0il and other dust (Ce, Si, Fe) and mixed industrial sources (K, Br,
Cu, Sn, Zn). The fact that Fe appears in the soil-related cluster suggests
that Fe from industrial sources is of lesser importance at WAL. The steel-
releted cluster was much weaker at WAL.

The coarse-particle element correlations show less distinct clusters
than was found for fine particles. 1In general, two main clusters are found at
each site - one associated with soil and the other with steel-related
industries. The latter was more prominent at the Windsor sites.

CEEMICAL MASS BALANCE SOURCE APPORTIOMMENT

The U.S. EPA/DRI Chemical Mazss Balance Model?, version 7 was used to
guantitatively apportion chemical species measured at the sampling sites to
the major sources contributing to the particulate mass (fine and coarse) at
those eites. The chemical mass balance (C¥B) model consists of an effective
variance least sguares solution to a set of linsar eguations which express
ez2ch measured chemical species concentration as a linear sum of the
contributions of each source to the chemical species. The effective variance
golution gives the most weight to source or ambient measurements with the
lowsst uncertainty estimates. Source contributions are expressed as the
product of the abundance of the species as emitted by the source and the tota
m2ss concentration contributed by the source. The sest of abundances of all
gpecies as emitted by each source represents the "source profile™ or "source
fingerprint™. 1In practice it is not possible to apportion mass to ezch
individual contributing source. Individual sources may be too gimilar to one
another, too numerous, or mzy not contribute significantly to the total mass
loading. Souzces are generally grouped together to represent a single "source
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category” or "source type". For example, there are many incinerators in the
Detroit airshed, but they will be considered together as one incineration
source type and represented by a single profile.

In performing a chemical mass balance, it is assumed that: 1) the
abundance of each species ussd in the fitting procedure is known fcor each
source type, and 2) all major sources of each epecies used in the fitting
procedure must be included in the CMB. Other assumptions made for the CHEB
rocel are listed in Reference 2.

One of the performance goals of the C»B model is to account for all of
the mass, within uncertainties of the measurements involved. & complete
apportionment of the PM10 mass measured in this study is made more difficult
because no analyses were performed for elemental and organic carbon or for
nitrate, all of which could contribute significantly to the PM10 mass. The
lack of data for the carbonaceous species affects both the coarse and fine
particle fractions. Biological materiale (pollens, spcres, plant debris) mzy
comprise a significant portion of the coarse particle mass. Organic and
elemental carbon are important components of motor vehicle particulate
enissions, especially for diesel vehicles. Apportionment of vehicle
particulate emissions presents an intractable problem, not only because of the
absence of ambient carbonaceous data, but because of the phasing out of
tetraethyl lead from the fuel supply. Lead was previously relied upon as a
tracer for motor vehicle particulate emigsions.

Wind Sector Analysis

In applying a CMB analysis to the data, it is assumed that the source
ccmpoeitions remzin constant throughout the sampling period and that the szme
source profiles apply to all sampling periods. 1In practice, source
compositions may vary over time and space due to changing operating
conditions, fuel compositions, raw materials, or meteorological conditions.
Chemical compositions may vary at a single source or at many sources within =z
single source category. To compensate for the variability of sources, samples
were averaged together to get a study average for each sampling site. For
WIN1l, two samples were excluded from the average because of elemental
outliers. To get more information on the change of source impacte with
changing wind direction, samples from adjacent and/or within wind sectors were
averaged together according to the density or proximity of upwind point
sources and the similarity of samples from adjacent wind sectors, as
approprizte for each esampling site. Samples were averaged together as
indicated in Table III. Prevailing winds from the Windsor City Airport were
aprplied to the Windsor sampling sites. Wind data applied to the Walpole
gzmples w=re msasured at the site. These averages were computed for both the
fine and coarse fractions. The average values for fine and coarse mass are
shown in the table.

Soureo Profiles

A combination of profiles avallable in the literature and in the U.S.
EP2 Speciation Data System were ussd to predict ambient species
coricentrations. Source sslection was based on preliminary analyses of the
ambient data (wind ssctor analysss, correlations, ccmparisons with naturel
crustal composition) as well as a review of emissions inventories for the
Detroit metropolitan area and consideration of the proximity of sources to the
sampling sites. Steel manufacturing and related operations dominate the S.E.
Detroit arez stationary emissions. These operations include limestone
processing, coke ovens, steel manufacture blast furnace, and power generation
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facilities. An emissions inventory was not available for the Windsor area.
Area sources include motor vehicle emissions, wind-blown crustal materizl,
biological particles, and secondary sulfate from power generation.

Coarse ¥raction. Preliminary analyses indicate that fugitive dust from
steel-related industries could be important contributors to the ambient coarse
particle loading, especially at the Windsor sampling sites. An appropriate
profile for this source-type was obtained from a study conducted in the S.E.
Chicago arez’. 1In this work, profiles were developad for samples taken from
haul roadways surrounding coal yards, coke yards, and steel yards. The steel
yard road (STL) profile was sslected to represent these fugitive emissions in
the Detroit area. The coal- and coke-yard profiles are dominated by carbon
emissions. Subseguent receptor modeling work on S.E. Chicago samples‘ found
coal-yard road dust to contribute significantly to both the coarse and fine
fractions, but this source-type is comprised largely of carbon, which wzs not
mszsured in the ambient data. (Attempts at including coke or cozl fugitive
dust profiles in the CMB resulted in very poor fits of the data). Crustal
shale (SEARLE) and crustal limestone (LIME) profiles (numbers 43305 and 43304
in the U.S. EPA's Speciation Data System) were chosen to represent the
resuspended soil in the airshed. The need for crustal limestone profile is
mzde apparent in the comparison of Ca&/Si ratios in the ambient data with the
Ca/si ratio in the crustal shale profile. Lime is used in the steel
manufacturing process, and there are several cement or lime operztions listed
in the emissions inventory for the S.E. Detroit area. The Czneada Szlt
Corporation is located in close proximity to WIN2. High coarse-particle
chlorine concentrations, together with SEM micrographs, have confirmed the
impact of this source on WIN2. A pure NzCl (SALT) profile was therefore
included in the CMB analyeis of the coarse fraction.

A preliminary CMB analysis of average WINl and WINZ samples indicated
that 2n, Cl1, K, Cr, Ti, and Ni were not being predicted well by STL, SHRALE,
LIME (and SALT for WINZ2) profiles in the apportionment. This combinztion of
underpredicted species indicates that incineration may also contribute to the
coarse particle loading. BAccordingly, an incineration (INCIN) profile (#1710S
from the U.S. EPA's Speciation Data System) was included in the analysis. SEM
analysis indicates evidence of incineration-derived particles in the coarse
fraction.

Fine Praction. Up to 4 profiles were used to reconstruct the fine
particle data. The single most important measured constituent of fine
particle mass is sulfur. Previous studies* have shown sulfur to exist in the
form of sulfate plus associated cations ranging from H* to NE,*. A single
constituent source profile representing sulfur arbitrarily as ammonium sulfete
was included to account for a large portion of the fine particle mass. (This
will give an approximately 25% higher estimate for sulfate plus cation than if
sulfur is represented as sulfuric acid). While this procedure dozs account
for thz sescondary sulfate, and thus a largs portion of the mass, it doss not
vield any information on the specific source types contributing to the
secondar; sulfate. A stecsl-yard road fugitive dust profile for the fine
fraction® was used to represent the stesl industry emissions. Primary stack
exissions from the stecl-making process are also potential contributors to
fine particle mass, but no satisfactory profiles exist. Crustal shale was
us=d to apportion resuspended soil in the fine fraction. This profile was
applied successfully to the coarse fraction. Crustal limestone was suitzble
for the fine fraction. Source characterization data measured at a
Philadelphia municipal solid waste incinerator (profile #17105) was used to
apportion all incineration emissions in the airshed. While incineration
enissions are not expected to make a large contribution to the fine particle
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mass, they could contribute significantly to certain toxic elements, such as
Ni and Cr. The chemical profile of a Philadelphia o0il power plant was used to
apportion emissions from oil-fired boilers in the airshed which are usad for
municipal and industrial power generation in the airshed. &again oil
combustion is not expected to contribute significantly to the fine particle
xm2ss but may contribute to toxic mstal loadings.

CH2 Rzs5ults

Coarse Praction. Results for the CMB analysis of the coarse particle
fraction study averages and wind sector averages are summarized in Teble IV.
Fitting species were tailored to each sampling site based on socurce profiles
included and which elements were well-predicted by those sources.

On average between 40% and 60% of the coarse fraction was predicted for
the WAL samples. As indicated by the preliminary analyses, the WAL coarse
frzaction is dominated by soil~derived materials. LIME and SEALE together, on
average accounted for more than half of the coarse particle mass, and the
rztio of LIME to SERLE was around 0.3 on average. SEM analysis of selected
filters revealed evidence of biological particles such as plant debris and
pollen, which would account for some of the misesing mass.

On average bestween 55% and 70% of the coarse fraction was predicted for
the Windsor sites. At these sites, the contribution of steel yard fugitive
dust (STL) was also important., The percent contribution of STL on average was
133 at WIN1 and 19% at WINZ2, consistent with the close proximity of those
types of sources, especialy to WIN2. At both sites, the STL percent
contribution was hichest for wind sectors with a westerly component and fzlls
cff rapidly for wind sectors with a northerly or easterly component. The
INCIN profile was able to explain most of the Cl and Zn and some of the K.
Also, the smzll amount of coarse S which was explainable was associzted with
the INCIN source. SEM analysis supports this observation. At WIN2, the
highest INCIN estimates were highest for the N-NKNE wind sector (7.6 % 1.8%) ,
and W sector (7.9 ¢ 1.8%), and lowest for the NE-ESE wind sector (3.7 ¢ 1.0%).
2 similar pattern is observed for WINl1l. The largest-capacity (83,000 kg/hr)
incinerator in the area is the GDRRA refuse-derived fuel facility, located
less then 10km north of WINl and north-northeast of WIN2. The Central Wayne
County Sanitation Authority municipal solid waste incinerator (18,900 kg/hr)
is located less than 20 km west of WIN2. There are other incinerators in the
are2, but meost have a much smaller capacity than those gpecified here. The
ratio of LIME tc SEALE was higher at the Windsor sites. At WIN2 the ratio was
less than 1 for N-ESE winds and was 1.5 or higher for W and WSW winds. The
differences are not statistically significant, but there is a2 trend which
points to the S.E. Detroit area as the origin of much of the fugitive
limestone dust. At WIK2, szalt is a minor contributor to coarse mass but a
major contributor to coarsz chloringe, which was very high at this site.

Pine Praction. Results for the CMB analysis of the fine particle
fraction study averages and wind sector averages are sunmmarized in Table V.
Results are eimilar at 3 sgites with the exception that a crustal component was
not a significant contributor to the fine mass at the Windsor gites and was
thzrefore excluded from the final CMB apportionments. Fitting species were
tailored to each sampling site based on source profiles included and which
elements were wsll-predicted by thoss sources.

On average, only 56% to 62% of the fine mass was predicted. Rezeong for

the inability to apportion all of the fine mass include the lack of carbon
reasurements, which could be a major constituent of missing sources such as
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vehicle particulate emissions or fugitive coal or coke dust. In addition,
gecondary sulfur has besn represented as dry armonium sulfate. &any sulfatecs
present most likely have some amount of water associated with them which could
gsubstantially increase the mass. The amount of the increzse depesnds on the
form of the sulfate and the relative humidity history™. SEM results (seec
below) indicate that sulfur exists in the form of droplets rather than
crystals, suggesting the presence of water in association with fine sulfur.
There is also some microscopic evidence suggesting some possible hygroscopic
mingsrals. :

Sulfur, as represented by dry ammonium sulfate, dominated the fine
particle mass, as expected. Its contribution ranged from 46% to 52% of the
fine particle mass. The steel yard fugitive dust component increased from
just 2.0% at WAL to 7.8% at WIN1 and 13.8% at WIN2Z. This trend is consistent
with the close proximity of WINZ to the steel industry activities. The
incineration contribution estimates likewise increased from 0.9% at WAL to
3.1% at WIN]l to 4.3% at WIN2. Oil combustion was estimated to mazke a minor
contribution to the fine particle loading at each site.

At the Windsor sites, Mn was consistently underpredicted and Fe
overpredicted by the STL profile, resulting in an increzsed Chi? (i.e., &
poorer fit to the data). This phenomenon is more pronounced at WIN2. The
Fe/Mn ratio in the STL fine fraction profile does not represent the ambient
datz well. 1In addition, Ca is significantly overpredicted by the STL profile,
indicating a problem with ite abundance in the profile. Local steel yard
samples, as well as steel manufacturing stack emissions, should bes collected
and analyzed to determine the best steel-related profiles for the airshed.

At all sites, Cl was significantly overpredicted. Wes fregquently sce =z
loss of Cl over time after sample collection. This is presumed to be due to
on-going reactions with atmospheric pollutants or volatilization.

SCANNING ELECTROYN MICROSCOPY AND X~RAY PLUORESCENCEZ AMNALYSIS

A subset of the samples was selected for analysis by scanning electron
microscopy combined with energy-dispersive x-ray analysis (SEM/EDX). Particle
morphology combined with chemical data is useful in resolving esource types
which cannot be resolved by conventional m2ans’. SEM may also be used to
qualitatively infer the presence of species not measured by XRF (e.g., water
associated with sulfates, and soot and organic carbonaceous particles,
including pollens and spores).

The five eamples selected for SEM/EDX analysis are listed in Table VI,
along with their measured coarse mass concentration and the prevailing wind
conditions during sampling. All samples examined were collected on Teflon
filters; thus, there is some interference from the filter matrix, especially
for the fine particles. 1Ideally, coarse-particle samples ghould be collected
on Nuclepore filters for SEM analysis. The coarse fraction was analyzed for
the five samples, with 80 to 160 particles analyzed per sample.

About 10% of the fine particles are collected on the coarse-fraction
filter with the dichotcmous sampler, allowing for the analysis of fine
particles on the coarse-fraction filter. Fine particles on one of the filters
(WAL, 7/17/91) were examined. PFine particles identified were either sulfate
*droplets" or ®"organic plus sulfur” particles.

The coarse fractiong of all samples were dominated by minerals, which
typically comprissd about 70% by number of the coarse fraction. Fractions
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given for each particle type are by number and not mass concentration. Sample
WIK1l, 8/10/91 was different from the cother samples in that it had the highest
fraction (293%) of organic particles (almost entirely spores or pollens) and
the lowest fraction of minerals (54%). This is the only sample examined which
had a northerly component to the prevailing winds. The mass loading of this
sample was also quite low (6.8 pg/m’). Aluminosilicate particles (from soil,
clay, road dust) or calcite particles were generally the most abundant class
of particles (about 25% to 35%), but there appear to be real differences in
mineral composition among the five samples. The WINZ samples had the highest
fraction of calcite particles (about 25%), while the WAL samples had only
about 8% calcite particles. The latter was rich in dolomite relative to the
other samples. These thres samples wsre rich in quertz particles (about 12%).
The 7/17/51 WINZ sample was unusually rich in salt crystals (primarily NzCl
ané MgCl). The other WIN2 sample (4/30/91, 33 km/hr winds) and the WAL sample
were lowest in salt particles.

The organic category of particles (soot, plant debris, pollens, spores)
typically represented 10% to 20% of the coarse fraction, with the
aforementioned exception of sample WINl, 8/10/91. Too few soot particles were
observed to note if there were differences in soot content among the samples.

The fraction of coarse particles from industrial sources ranged from 9%
to 20% for the samples examined. The WIN1 samples may show higher
concentrations of industrial particles than the other three samples, but the
lack of statistice makes it difficult to draw conclusions. All sgamples had
remarkably few fly ash particles, although the WAL sample appears to have 2
higher concentration than the other samples. The 4/30/91 WIN2 gzmple appears
to have an exceptionally high fraction of iron spheres in the smallest size
category (1.5 - 2.1 uym) as well as severzl unusual Fe-rich particles assigned
to the "industrial other™ class, suggestive of iron foundries and steel
making. The WIN1l samples had several unusual particles assigned to the "Mg-
Cl-Ca-S™ class. Other particles rich in somz subset of these elements were
alsc found on these samples. The "Mg-Cl-Ca-S™ particles were classified as
industrizal bazsed on their "processed" appearance: rounded and smooth as
opposed to rough and crystalline, and sometimes almost a wet appearance.
2lternatively, these particle could be highly deliquescent particles of
mineral origin. The 8/1€/91 WINl gample is notable for the presence of
phosphoroue- and Zn-bearing particles, probably from industrial sources.
Although statistics are poor (only 3 particles were classified as Zn-bearing),
the SEIM observations suppert the relatively high Zn concentration measured by
XXF in this sample.

CONCLUSIONS AND RECCMMENDATIONS

Chemical mzss balance results are reasonable considering the
meteorological conditions and proximity of sampling sites to gsources. SEM/EDX
analysis of individual particles supported the general conclusions of the CHB
analysis and even provided further insight into the origins of the particles
collected. R=sults could bs improved upon by doing the following: 1) Include
analysis of major species such as elemental and organic carbon and nitrate; 2)
Obtain "site-specific®™ socurce profiles for major point and area sources; 3)
Ceollect davtime and nighttime 12-hour samplesz for scme portion of the study to
obtain information on diurnal variations of scurces. Interpretation of
results could be facilitated by doing the following: 1) Odtain local emissions
inventory data for Canada; 2) Collect coarse samples on Nuclepore filters to
raduce sample matrix interference in the SEM analysis; 3) Employ computer-
controlled SEM in addition to manual SEX to reduce the amount of time required
per analysis and to increase the numbsr of samples and the number of particles
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per sample analyzed by SEM.
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Table I, Average concentrations and uncertainties of elements determined by XRF and masa
in the coarse and fine fractions.

FINE (ng/m’) COARSE (ng/m’)

WALPOLE | _WINDSOR 1 | WINDSOR 2 WALPOLE | WINDSOR 1 WINDSOR 2
NUMBER 47 32 47 47 32 47
DATES 2/5 - 11/26 |3/19 ~ 11/14| 1/30 -~ 11/14 2/5 - 11/26 | 3/19 - 11/14 { 1/30 - 11/14
(1991)
MASS 20,703 + 832 |20,318 + 851 | 15,990 + 779§ 12,787 + 749 | 14,963 + 766 | 12,423 + 701
AL 76 + 27 129 t 35 39 + 24 454 + 144 1017 + 304 299 + 102
st ' 107 + 18 109 t 19 111 + 19 1384 t 347 1298 + 326 963 t 244
s 2609 + 194 2597 + 193 1818 + 135 46 + 11 198 + 84 174 t 62
CcL 6.1 ¢+ 2.2 9.8 + 2.5 28.2 + 3.6 25 + 4 158 + 18 250 + 28
K 74 £ 6 94 t 7 84 t 6 140 + 15 131 + 15 101 ¢ 12
CA 44 t 4 75 ¢+ 6 78 + 6 652 + 53 1361 ¢ 110 1222 t 99
TI 3.4 £ 2.2 4.3 + 2.2 3.4 + 2.4 29 + 5 33+ 6 24 t 4
v 2.0 £ 0.8 2.5 + 0.8 1.8 + 0.9 2.1 + 1.0 2.4 + 1.0 1.4 + 0.9
CR 0.6 + 0.3 0.9 + 0.4 0.9 + 0.4 1.0 + 0.4 2.4 t 0.6 1.8 + 0.5
MN 4.6 + 0.6 13.6 + 1.1 23.7 + 1.9 6.7 £ 0.9 15.6 + 1.7 16.1 ¢+ 1.9
FE 76 + 7 183 + 17 258 + 24 292 + 31 580 t 61 581 + 62
NI 0.8 + 0.4 0.9 + 0.4 1.1 + 0.5 0.6 + 0.4 1.4 ¢ 0.5 0.8 + 0.5
cu 2.7 £ 0.5 9.2 + 1.1 5.7 t 0.8 1.5 + 0.5 7.2 £ 1.1 3.7 £ 0.7
ZN 25.9 + 2.6 85 + 8 96 t+ 9 10.3 ¢+ 1.6 48 t 6 42 t+ 6
SE 2.5 + 0.4 2.5 + 0.4 2.1 + 0.4 0+ 0.2 0+ 0.2 0.1 + 0.2
BR 3.1 ¢ 0.5 3.5 + 0.5 3.1 +£ 0.5 0.3 ¢+ 0.3 0.7 + 0.3 0.6 + 0.3
SR 0.8 + 0.3 0.6 + 0.3 0.8 + 0.4 2.1 ¢+ 0.4 4.4 £ 0.6 3.8 + 0.5
SN 8.7 + 2.8 5.8 £ 2.6 5.5 + 2.8 2.0 ¢+ 2.5 3.4 ¢ 2.5 2.6 £ 2.5
BA 4 +5 5.1 ¢ 4.7 7.4 £ 5.0 7+5 12.3 + 4.8 10 ¢+ S
o] 11.1 + 1.4 22.6 + 2.4 16.2 + 1.8 1.7 + 0.8 6.0 £ 1.2 5.0 + 1.0

50°85-d1-€5
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Table II. Average ratios (and standard deviations) of soil-related elements to Si.
Size Al/si K/Si ca/si Fe/Si
Fraction

WIN2 Coarse 0.31 + 0.11 0.12 + 0.08 1.38 £+ 1.01 0.66 + 0.43
WIN1 Coarse 0.85 + 1.24 0.11 + 0.04 1.13 + 0.31 0.50 + 0.23
WAL Coarse 0.38 + 0.32 0.11 + 0.04 0.60 + 0.40 0.23 + 0.06
WIN2 Fine 0.31 + 0.34 0.78 ¢ 0.51 0.70 t 0.25 2.38 + 1.58
WIN1 Fine 1.03 + 1.60 0.96 + 0.45 0.75 + 0.26 1.78 + 0.94
WAL Fine 0.84 + 0.85 0.80 + 0.68 0.47 + 0.19 0.73 + 0.38

Crustal - 0.293 0.097 0.081 0.173
Shale

Crustal - 0.175 0.112 12.58 0.158

Limestone
Table III. Wind sector averages applied to Windsor and Walpole samples and the average fine and

coarse mass concentrations for those wind sectors.

[P m— —
WALPOLRE WINDSOR 1 WINDSOR 2
Wind No. of | Fine | Coarae Wind No. of | Fine | Coarse Wind No. of | Tine | Coarse
Saectors|Samplesn Mans‘ MassS Sectors |Samples| Mass, | Mang, ||Sectors|Samples MmmS Mass%
pg/m* | pg/m pg/m' | pg/m’ pg/m | pg/m
All 40 20.7 All 32 20.3 15.0 All 47 16.0 12.4
(minus 2
outliers)
NNE-ESE| 8 14.7 NNE-E 6 9.8 | 9.9 |l me-Ese| 8 7.6 | 7.2
NNW-N 4 5.1 N-NNW 15.5 11.2 N-NNE 4 12.3 8.3
WNW-NW 5 11.0 WNW-NW 10.9 10.9 WNW-NNW 7 8.8 9.1
W-WSW 16 16.6 W-SW 10 24.6 21.8 W 4 20.2 12.6
sW 4 25,2 SSW-S 10 26.6 14.1 WSW 9 19.0 19.1
(SSwW- 3 not SW-S 15 21.8 | 13.8
SE) used
No Data 7

50°88-4dl-£6
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Table IV. CMB results for coarse-particle fraction given in percent of
measured mass with uncertazinty estimates.
W SOURCE CATEGORY*
STL SALT INCIN LIME SHALE
WAL!, AVG O% 0% 0% 13.7 £ 2.0%| 43.3 = 3.6%
WAL, NE-ESE 0% 0% 0% 17.5 * 2.45} 40.8 = 3.5%
WAL, NNW-N J 0% 0% 0% 22.3 & 2.9%| 37.5 % 3.5%
WAL, WNW-NW “ 0% 0% 0% 14.4 * 2.1%| 50.5 * 4.1%
WAL, WSW-W l 0% 0% 0% 8.5 £ 1.2%| 31.2 % 2.6%
WAL, SW 0% 0% 0% 15.4 + 2,.2%| 42.3 = 3.8%
WIN1Z, AVG-2 13.3 * 2.3% 0% 6.3 + 0.9%|20.6 = 3.5%| 21.7 * 4.0%
WIN1, NNE-E 5.2 = 1.7% 0% 3.9 £ 0.6%[28.8 £ 4.1%| 26.1 * 3.9%
WIN1, N-NNW 7.9 £ 1.9% 0% 6.7 + 1.0%{21.1 * 3.3%}| 23.2 % 4.1%
WIN1, WNW-NW 14.0 £ 2.1% 0% 3.5 £ 0.5%(16.0 = 2.9%| 21.3 = 3.4%
WIN1l, W-SW 13.2 = 2.1% 0% 7.2 = 1.0%{18.0 % 3.2%] 17.0 = 3.7%
WINl, SSW-§ 17.4 * 2.8% 0% £.8 £ 0.8%(20.7 £ 3.8%| 26.4 * 4.4%
WINZ®, AVG 19.2 = 2.8% | 1.5 £ 0.6%) 6.6 + 1.6%1(20.8 = 3.8%| 17.7 + 4.1%
WIN2, NE-ESE R 5.5 2 1.8% | 1.2 £ 0.4%{| 3.7 £ 1.0%(26.7 * 3.9%| 30.4 £ 4.1%
WIN2, N-NNE 16.6 = 2.4% | 4.7 = 1.1%| 7.6 + 1.8%113.9 * 2.8%| 12.7 * 3.8%
WINZ, WNW-NNW H20.9 £ 2,9% | 1.5 £ 0.7%| 7.0 £ 1.7%(21.7 £ 4.0%) 17.9 + 4.3%
JIN2, W 21.3 £ 2.8% | 4.1 % 1.0%{ 7.9 £ 1.8%(16.4 * 3.4%| 10.3 ¢ 3.7%
WINZ, WSW 119.7 + 2.8%|1 2.4 £ 0.7¢| 5.5 £ 1.4%]23.5 = 4,2%| 15.5 * 3.6%
#IN2, SW-S "21.4 * 3.0% 0% 6.6 + 0.93]19.0 * 3.7%) 19.5 + 3.8%
'chi? = 0.18 - 1.40; Degrees of Freedom = §
%hi? = 0.56 - 2.11; Degrees of Fresdom = 4
3chi? = 0.19 - 1.17; Degrees of Freedom = § (except €& for SW-S)

4sTL = Steel-yard road dust; SALT = sodium chloride; INCIN = incineration
ermissions; LIME = crustal limestone; SHALE = crustal shale
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Teble V. CMB results for fine-particle fraction given in percent of measured
mass with uncertainty estimates.

“ SOURCE CATEGORY*

STL AMSF OILPP INCIN SHALE
WaL!, AVG I 2.0 + 0.2% (51.7 * 6.5%| 0.2 + 0.1%] 0.9 + 0.1%{ 1.5 % O.4%
WAL, NE-ESE 2.0 + 0.2%|56.4 * 7.0%)| 0.5 * 0.1%]| 0.7 + 0.1%] 1.4 = 0.4%
WAL, NN®W-N 4] 3.7 + 0.4% |36.8 + 4.6%| 0.3 *+ 0.4%}| 1.0 * 0.2%] 2.1 = 0.7%
WAL, WNW-NW 74? 2.2 + 0.2%{42.2 *+ 5.33| 0.2 = 0.1%{ 1.4 = 0.2%| 1.7 * 0.4%
WAL, WSW-W 2.3 + 0.3% 149.5 * 6.2%| 0.2 * 0.2%| 0.8 * 0.1%| 3.0 + 0.6%
9

wWaL, SW " 2.3 + 0.2% |49.4 * 6.2%| 0.2 £ 0.1%] 0.9 * 0.1%)] 1.6 % 0.4%

WIN1?, AVG-2 " 7.8 £ 0.7% |52.1 + 6.5%} 0.2 + 0.1%] 3.1 = 0.3% 0%
WIN1, NNE-E 4" 5.7 + 0.6% [50.5 * 6.3%| 0.8 + 0.2%] 2.2 + 0.2% 0%
WIN1, N~NNW 44" 5.6 * 0.5% (46.1 * 5.85( 0.6 + 0.1%( 2.6 * 0.3% 0%
WIN, WNW—NWAAI €.0 + 0.6% |38.5 + 4.83| 0.1 + 0.2%] 2.2 + 0.2% 0%
WIN1, W-SW .1 + 0.8% |55.3 + 6.95) 0.1 * 0.1%| 3.1 ¢ 0.3% 0%

WIN1, SSW-S 7.5 + 0.6%|52.3 * 6.5%| 0.1 + 0.1%( 3.4 = 0.3% 0%
WIN2®, AVG "13.8 + 1.2% |45.9 * 5.8%] 0.3 + 0.1%| 4.3 % 0.5% 0%

WIN2, NE-ESE ! 6.4 = 0.7%(42.0 = 5.3%| 0.7 £ 0.3%] 1.6

+ 0.2% 03
WIN2, N-NNE _ 110.7 % 0.9% |36.9 % 5.03{ 1.2 * 0.28] 3.7 % 0.5% 0%
WINZ, WNW-NNW ||10.0 *+ 0.9% |35.1 + 4.43] 0.7  0.33] 5.1 # 0.6s 02
WINZ, W Mi0.4 + 0.93|31.4 + 4.08] 0.2 £ 0,18 3.5 £ 0.43 0s
WIN2, WSW li7.4 + 1.45 [s1.4 + 6.4 0.1 + 0.13( 5.8 + 0.73 0s
WIN2, SW-S “14.3 +1.1% [50.4 # 6.33] 0.1 + 0.13] 4.0 ¢ 0.5% 03

1¢hi? = 0.88 ~ 3.48; Degrees of Freesdcm = 5
%Chi? = 1.37 ~ 4.67; Degrees of Fresdon = 6
3¢hi? = 1.00 - 4.13; Degrees of Fresden = 7

‘STL = Stesl-yard road dust; AMSF = ammonium sulfate; OILPP = oil~fired powsr
plant emissions; INCIN = incineration emissions; SHALE = crustal shale
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Coarse fraction samples analyzed by SEM/EDX and the coarse mass
concentrations and prevailing wind conditions.

Sampling Site | Sampling Date Coarse Mass, Prevailing Mean ¥Wind
pg/m? wind Speed,
L 1 |  Direction | _ Jm/hr |
WAL 7/17/91 15.8 WSW 15
WINL 8/10/91 €.8 NNW 12
WINL 8/16/91 23.4 SsW 14
WIN2 4/30/91 36.4 WSwW 33
WINZ2 7/17/91 30.3 Wsw 17

16
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