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ABSTRACT

Ambient atmospheric sampling is necessary to assess the
level of pollution contributed by anthropogenic and natural
sources. Emission source-types were determined from particu-
late matter < 10 microns sample data collected in Knoxville,
Tennessee for one year beginning in September, 1990.

After surveying the sampled area for probable sources,
emission source elemental composition profiles from an EPA
emission source data base were selected for comparison with
the elemental composition profiles from the particulate matter
< 10 micron samples data base. Source contribution modeling,
a type of receptor modeling, was developed to screen emission
sources where a weighting technique is applied to the emission
sources and the resulting emission sources elemental
composition composite profile is evaluated by normal
distribution difference analysis.

The annual average sample’s range of maximum percent
contribution from sources was 0.289 to 34.592 percent of the
particulate matter < 10 microns. This sample had four major
contributors which were sulfate from sulfur dioxide emissions,
wood burning sources, diesel fuel burning sources and soil
particulate. Their annual maximum percent contributions were
37.191, 34.592, 22.753, and 8.118, respectively. The source-
type with the highest maximum percent contribution for a
single day was sulfate from sulfur dioxide emissions with

81.288 percent.
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I. INTRODUCTION

A year-long monitoring program of dichotomous sampling
for toxic trace pollutants was conducted by the University of
Tennessee and sponsored by the Tennessee Valley Authority.
The program results characterize a semi-rural area, less than
27 km from an Environmental Protection Agency (EPA) Prevention
of Significant Deterioration Class I region, the Great Smoky
Mountains National Park in East Tennessee. The monitoring
site was 8.8 km southwest of Knoxville, Tennessee. Sampling
began in September, 1990 and continued for one year. A 24-
hour duration, 3-day cycle schedule was followed.
Concentrations for 36 elements and two compounds were
determined. Sulfur, silicon, calcium, nitrates, and iron were
the principal analytes. Concentrations for five carcinogenic
elements--chromium, nickel, arsenic, cadmium, and beryllium--
were also determined.

This thesis presents an evaluation of air monitoring data
collected during this one-year period. Eighteen elements were
determined to be related in the atmospheric activity for the
year of sampling. Eight principle samples were selected
because they represented the highest concentration for the
year of study for that element or particulate matter < 10
microns (PM10). They were: a high coarse particulate
fraction (High CF), a high fine particulate fraction (High

FF), the highest particulate matter < 10 microns (High PM10),
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the highest sulfur (High "S"), the highest arsenic (High
"As"), the highest nickel coarse fraction (Hi-Ni-Crs), the
highest lead fine fraction (Hi-Pb-Fin), and the annual average
(Annl-Avg) for the year of sampling. Thirteen natural and
anthropogenic sources were selected from an EPA emission
source elemental composition profile data base that were
similar to sources surveyed in the monitored area. This study
shows that the four selected major contributors to the annual
average sample were wood burning, sulfate (from sulfur dioxide
emissions), diesel fuel burning, and soil source-types.

The monthly concentration averages of PM10, sulfur, iron,
manganese, aluminum, silicon, calcium, strontium, and titanium
showed similar annual patterns to some others in this 1list.
These variation patterns were observed when the normalized
concentrations for each constituent were graphed for the
months of sampling.

An aggregate cancer risk for the monitored area was
determined from the carcinogenic elements’ concentrations,
i.e., As, C€d, Cr, and Ni. The risk level determined was
larger than expected for this semi-rural area.

An unsuccessful attempt was made using "pollution roses"
from the meteorological data and the samples’ elemental
concentrations to determine the directions to the sources.
The inconsistency of the 24-hour sample collection and the
one-hour meteorological data gave indistinguishable results.

A source contribution modeling technique was developed

o



and used to prioritize the 13 probable source contributors to
the eight ambient samples. This technique used particle size,
elemental composition and the maximum contribution percent
from probable source-types to weight them for ranking from the
largest probable contributor to the smallest. The objective
of this thesis is to illustrate the use of this technique on
particulate matter samples <collected near Knoxville,
Tennessee; to determine emission source composites’ profiles
from EPA emission source data base which are comparable to
receptor samples’ profiles from the analyzed samples’ results;

and to comment on the sample-source relationships found.




II. LITERATURE REVIEW

Source and Receptor Models

Modeling Objective

The objective of source, receptor, and source-receptor
modeling is to relate particulate matter emissions’ 1levels
from emission sources to concentration levels at a receptor.
Source modeling uses emission rate, plume buoyancy, source
activity and local meteorological data to compute
concentrations at a receptor site.! Receptor modeling uses
measured concentrations at the collector site and apportions
these concentrations to known emission sources by a least
squares multiple regression analysis on either the particulate
mass on different filters or the mass of individual chemical
species on a single filter.!

The source and receptor modeling as described above are
two independent methodologies. Source-receptor modeling is a
methodology using the basic principles of both types to define
a "hybrid or mixed" methodology. This technique is more
costly as expected, but preliminary studies show that the
results give more interpretation confidence to the

investigators when required.’




Models Comparison

Typical control strategies for air pollutants use
emission inventories for various sources as inputs to Gaussian
source (dispersion) models to predict ambient concentrations
of total suspended particulate matter, sulfur from sulfur
dioxide, and other air pollutants.? In this approach all the
pollutants are assumed to be from the source(s) under
investigation. Source modeling uses emission rate and
dispersion parameters from meteorological data to predict the
concentration at a distant site.! Some advantages of source
modeling are that it can predict the pollution impact of
future pollution emissions for a study area’ and concentration
isopleths can be determined for cancer risk studies.

Receptor modeling uses known chemical compositions of the
source and receptor samples to apportion by statistical
methods the observed ambient concentrations to source-types,
e.g., industrial, transportation, soil.? The receptor
(collector) is located at the site where the particulate
matter is collected. Additional pollutants that can be
measured by a receptor and not be in the emissions from a
source are organic and biological particulate, fugitive
process emissions, dust, and others?. Other data that
receptor modeling can provide is particle size partitioning.
Of significant importance is that ambient concentrations are
actually measured and not estimated. Receptor modeling is

particularly applicable in areas which exceed the National



Ambient Air Quality Standards (NAAQS)* where high
concentrations allow many elements to be gquantified. A
measured concentration has 1less uncertainty than a
concentration from dispersion modeling.

Receptor modeling is not to be a substitute for source
modeling, but the two methods enhance each other. A mixed
approach seems to be the most promising having the advantages
of both models.? Receptor modeling with reliable trace
element data for the source and receptor has accounted for up

to 80 percent of all sources contributing.?
Receptor Modeling

Particle Size Differentiation

One receptor modeling type is particle size
differentiation. Size differentiation is done by dichotomous
samplers which selectively sample particles with an
aerodynamic particle diameter of 10 microns diameter particles
and smaller. This set of particles is partitioned into two
diameter size ranges. The coarse particles are 2.5 to 10
microns in diameter and the fine particles are less than 2.5
microns in diameter. These two sizes are usually chemically
quite different and have significantly different environmental
effects.? Coarse particles are usually from natural sources,
(crustal [so0il] erosion, volcanoes, and earthquakes) and

mechanical-made anthropogenic sources, (industrial site



fugitive emissions, crushing, grinding, and screening
operations, and resuspension of particulate matter due to wind
activity).? The major concern for coarse particulate is
eroding of surfaces.$ Fine particles come from high
temperature, combustion sources and are of greatest concern in
the areas of health, toxicity, and visibility.? In the human
body the smaller particle goes deeper into the 1lungs
increasing system ingestion. This size range contains toxic
chemical species affecting animal and plant life.*’ 1In the
atmosphere these fine particles scatter light rays causing
haze, undergo chemical reactions, and can be transported to
remote areas.’ The small particle size is attributed to the
condensation of high temperature emission releases.®¥’ The
small particle size is indicative of anthropogenic sources of

particulate matter.’

Chemical Methods

Chemical methods is the other category in receptor
modeling and it requires chemical elemental analysis of
sources and receptor samples to indicate sample-source
combinations. This study uses size differentiation and
Adevelops a receptor methology for source screening from
samples’ elemental composition data. Figure 1* shows a box

diagram of typical methods involved in receptor modeling.’

‘All tables and figures are given in the Appendixes.
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Fundamental Modeling Equations
The fundamental modeling equation is show below.

P
Cix=Y. @;4D5E ;-
J=1

This equation states that the concentrations of component "i"
in the "k®" sample, (C;), equals the sum of the products of
the fractional amount of component "i" in the emissions from
source "j", (a;); the atmospheric dispersion of emissions from
source "j" for the "k®" sample, (D,); and the total emission
rate of all components from source "j" which corresponds to
sample "k", (E.).! In source modeling the values of the
products of a;E; and D, are from measurements and C; is
calculated. In receptor modeling the values C; and a; are from
measurements and the value of the D, and E; product is
calculated. The fundamental equation is changed to the

following form.

p
C1k=?: a;;S; for i=1,n.
=1

This equation states that the concentration of component "i"
in the k®* sample, (C,), equals the sum of the products of the
composition fractions, (a;), and the total contribution to the
receptor of source "j" in the k® sample, (Sx) - The value of
"n" is the number of components measured.* This is the

principle equation in the chemical mass balance technique.!
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Equation Assumptions

Several assumptions are required when modeling
atmospheric particulate matter.* The assumptions for both
model types are listed below.

1) Compositions of source emissions are constant.

2) Components do not react with each other, i.e.,

they add linearly.

3) "p"-jdentified sources contribute to the receptor.
Receptor modeling uses the above assumptions and two
additional assumptions:

4) The number of sources, "p", is less than or equal

to the number of components, "n".
5) The compositions of all "p" sources (the set of
a; for §S;) are linearly independent of each

other.

Source or Receptor Location

The receptor site in source modeling can be any site
downwind of the source(s) investigated. When a location’s
coordinates are input to the model, the source model computes
the concentration at that point. The receptor site in
receptor modeling is selected downwind of the source(s)
investigated and actually measures the components’
concentrations at that point only. Multiple receptor sites

are possible, but each requires analysis of its collected

o



samples, separate statistical analysis, and local

meteorological data.
Source Contribution Modeling Limitation

This study developed source contribution modeling and is
not typical receptor modeling as described above or from EPA
methods, but it does evaluate a receptor sample data set. The
receptor site was not selected to be downwind of a known
emission source(s), but the site selection was made to support
the study of Fort Loudon Lake deposition of other pollutants.
The site is regarded as a semi-rural area. Without known
sources and their related elemental composition profiles,
statistical analysis to determine specific source»
concentration levels are not possible. Using receptor sample
elemental profiles, EPA emission source elemental profiles,
site area surveillance, and reference material,!® this study
identified probable source-types that may have contributed to
the receptor samples. This identification is made without

knowledge of the real source(s) emission levels.
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III. SAMPLE COLLECTION

Equipment

Total inhalable particulate (PM10) samples were collected
with an Anderson Sampler, Inc. automatic dichotomous sampler,
series 245 (virtual impactor). The sampler was refitted with
a PM10 Sierra-Anderson aerosol sampling inlet, Model 246Db.
Figure 2 shows the aerosol inlet where the PM10 is separated
from the ambient particulate matter. Figure 3 shows the
virtual impactor where the particulate matter is partitioned
in two size fractions. The PM10 range is less than 1.0 to
10.0 um. The fine particulate (FP) is less than 1.0 to 2.5 um
and the coarse particulate (CP) is 2.5 to 10 um. Gelman PTFE
teflon membrane filters of 37 mm and 2 um pore size were used
to collect the particulate. Mass determination was made using
a Mettler Instruments electronic analytical balance, Model
AE163. After dessication, the sample masses were determined
to 110 ug. The samples were sent by courier in Gelman
analyslides for elemental analysis to the NEA/Keystone

Laboratory in Beaverton,Oregon.

Monitored Area

The dichotomous sampler was located 8.8 km southwest of

Knoxville in the East Tennessee Valley. Figure 4 shows the

11
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monitoring site located in Knox County. This area has semi-
industrial development. Knox County’s population is about
335,000. The longitude is 83° 58 W. and latitude is 35° 58 N.
for Knoxville. The East Tennessee Valley is bordered on the
east by the Appalachian Mountains, 600 m to 1800 m elevation,
and bordered on the west by the Cumberland Mountains with a
crest of about 600 m elevation. The valley between the two
mountain ranges is about 65-80 km wide with ridges laying
parallel to the mountains. The sampling site has a regular
diurnal southwest-northeast wind pattern. The Tennessee River
is about 250 m elevation at Knoxville. The sampler placement
is about 350 m from the river on a knoll about 260 m elevation
in rolling grassland and near cultivated fields. A 4-lane
highway (Alcoa Highway) is about 300 m to the east of the
sampler. The highway has an average daily traffic volume of
40,000 vehicles per day.

Potential sources for PM10 concentrations are located in
most directions from the site. A major aluminum manufacturing
plant is to the south about 14 km. A 1700 MW coal-fired power
plant is 51 km to the west. A major cement plant is 13.3 km
to the north-east. A steel foundry is to the north about 9.7
km. A hospital incinerator is about 5 km to the north. Alcoa
Highway is 300 m to the east. A 300 m long, graveled driveway

on the east connects the site to the Alcoa Highway.
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Gravimetric and Flow Quality Assurance

Dichotomous Sampler

The dichotomous sampler was calibrated at five flow rates
twice during the year of sampling. A field audit of the
dichotomous sampler was done, initially, and the total flow
(16.7 1lpm) error was 1.4 percent. The percent error for the

coarse flow (1.67 lpm) was -3.0 percent.

Electronic Balance

The Mettler electronic balance was self-calibrated with
100 g +0.2 mg at the beginning of each weighing session. A
precision test was performed at the beginning and end of each
weighing session, where the balance was checked with two

weights of 99927 ug +10.8 ug and 100124 ug #+10.6 ug.

Filter Blanks
Field blank Gelman PTFE membrane filters were sent to the

analytical laboratory for blank analysis.
Elemental Analysis

The filter samples were sent to the NEA/Keystone
Laboratory in Beaverton, Oregon for elemental analysis. Three
methods were used for analyzing the samples. X-ray

fluorescence spectrometry (XRF) and inductively coupled plasma

13
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spectroscopy (ICP) were used to measure the 36 elements and
ion chromatography (IC) was used to measure NO; and PO,. The
analytes are listed in Table 1. A separate analysis sheet for
each filter was provided by the 1laboratory. Each sheet
contained mass per filter (ug), percent weight (%wt), and
ambient concentration (ug/m’) for each analyte. Coarse and
fine analysis sheets gave the complete sample data for any one
sample day, i.e., Figures 5 and 6. One-hundred and twenty
sample days had 240 sample profile sheets. The PM10
concentration or mass is the sum of the coarse and fine data
for that sample day. The sample filters were destroyed in the
beryllium analysis and were not available for further

analysis.
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IV. SAMPLING RESULTS

Fort Loudon Lake Atmospheric Deposition Study

Atmospheric deposition has been identified as a
significant factor in ecological contamination of north-
eastern inland and coastal waters.? Informed of these
studies, the Tennessee Valley Authority is investigating the
impact of atmospheric deposition on its reservoir system where
water quality problems have been identified. Toxic
pollutants, such as, PCB’s, pesticides, PCDF'’s, heavy metals,
PCDD’s, and nutrient compounds are being researched to
determine the role of atmospheric deposition on water
quality.® Results from the deposition studies have been
presented at the 1992 and 1993 annual meetings of the Air and
Water Management Association.??! Heavy metal and toxic trace
element concentrations were determined by dichotomous sampling

and their results are given below.

Ambient Atmospheric Monitoring Technical Paper

In June, 1992, a research paper,’ was written and
presented at the annual AWMA meeting in Kansas City, Missouri
using the same dichotomous receptor sample data as this study.
The topics of the paper were seasonal trends of pollutants’

concentrations, estimated carcinogenic risks, particulate

15
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matter elemental compositions and annual concentration
profiles. The results are comparable to other background
sites except that the carcinogenic risk was higher than
expected when compared to other data from "background"

monitoring sites.

Results

Particulate Matter and Analytes. Size classification and
chemical composition can be used to indicate a possible
source-type for the particulate matter of 10 microns and
smaller, referred to as inhalable particulate (IP).® High
temperature combustion sources will contribute largely < 2.5
um (aerodynamic diameter) particulate, referred to as fine
particulate (FP). Typical trace elements found in FP are As,
cd, Ni, Pb, V, Zn, Co, Cr, Hg, Mn, Se, and Sb which come from
power-generation fuel, incineration, mobile, industrial,
volcano, and forests fire emissions in descending order of
their abundance.’ Natural sources, e.g., crustal dust, ocean
aerosol, biological and soil emanations will contribute mostly
> 2.5 um particulate, referred to as coarse particulate (CP).
Major crustal trace elements found in CP are Fe, Mn, Zn, Pb,
V, Cr, Ni, Cu, Co, Hg, and Ccd in their descending order.® A
fourth significant parameter in air pollution monitoring is
the fine fraction (FF). This parameter is the fraction of the
fine particulate concentration divided by the IP or PM10

concentration.
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(1) Meteorological Components. Figure 7 shows the
relative shapes of constituents, i.e., average ambient
temperature (AAT), wind speed (WS), and rainfall (Rfl), for
the same 13 periods (one year) sampled. The constituents’
monthly, average concentrations are normalized by dividing
each month’s average by the maximum month’s average for the
sampled year for each constituent. The AAT curve has minimum
and maximum temperatures of 36.1 and 76.9 °F for January and
July, respectively. The WS curve peaks in March at 8.47 kph
and is lowest at 1.48 kph in September, 1991. The Rfl’s curve
has the maximum of 21.8 cm of rainfall for December and
several months of about 6 cm of rain per month.

(2) IP and FP Interdependence. The annual mean values
for IP, CP, FP, and FF for the particulate matter and each
component are reported in Table 2. Monthly concentration
averages and the annual mean for IP, CP, FP, and fine fraction
(FF) are reported in Table 3. One hundred and twenty sampled
days were separated into 13 periods. Eleven periods were one
month in time. Partial months of September were sampled at
the beginning and end of the schedule. The FF shoﬁs that the
FP dominates the IP ranging from 57 to 82.4 percent with a
mean of 67.8 percent (Note: FF values are calculated from
daily concentrations and may not equal monthly concentrations
divided by IP concentrations). Figure 8 shows seasonal trends
for IP, CP, and FP. A noticeable difference between the FP

and CP occurs where the FP increases sharply from April to
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July and CP decreases continually for the same period.

(3) Elemental Data Description. Table 3 gives the
concentrations and fine fractions measured for all
constituents. Annual average concentrations were determined
for each element for inhalable particulate, coarse
particulate, and fine particulate. Curves of inhalable
particulate, coarse particulate, and fine particulate
concentrations versus months were graphed (Figure 8). Several
components’ trends have similar curve shapes. Similarity of
curve shapes may mean a common source. Specifically, it was
seen that the Fe;, and the Mn; were quite similar (Figure 9).
Fe and Mn are usually found in local soils, but they can be
from steel manufacturing emissions’, such as from, Florida
Steel Co.’s facility located 10 km north of the site. Fep’s
annual mean concentration was > 70 times Mn,’s annual mean
concentration, i.e, .451 and .0061 ug/m’, respectively.
Another set of similar curve shapes are Cacp, Sic, Tic, Srce,
and Al, (Figure 10). Of this group Ca, and Ti, match very
well. Cag'’s concentration is > 19 times Tig’s concentration.
si, S8Sr, and Al match well. Si is > 675 times Sr’s
concentration. Another observation from the component data is
" that Sp and S, match very well, meaning that §S; is
predominantly composed of Sg, (Figure 11). The sulfur curves
aléo match the FP curve .

Comparison of twelve elements, i.e., V, Cr, Mn, Fe, Ni,

Cu, 2n, As, Se, Cd, Hg, and Pb, in this study with
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concentrations in three other studies showed that these
concentrations are 1less than or at the 1lower end of
concentration ranges for the studies for rural or background

sites. 5101

Inhalable Particulate Matter Composition. When sampling

the ambient atmosphere, there are numerous constituents that
may be present, i.e., VOC’s, HC’s, metallic vapors, biogenic
emissions, terrestrial dust, volcanic emissions, sea spray,
forest fire emissions, and the endless list of anthropogenic
source particulate and elemental matter.’ Depending on the
objective of the research, an analysis method is selected
based on its detection limits capability for the atmospheric
constituents.’ This study focused on toxic trace elements
where heavy metals are the major concern. The XRF analytical
method can detect 36 elements of concern. However, most
metals in the atmosphere will be in an oxidized form. Table
4 lists the annual average concentration measured for each of
19 elements, plus NO; and PO,. The most probable chemical form
of each element was then estimated as it might possibly be
found in the atmosphere.*»? The major constituent was ammonium
sulfate. It was over seven times greater than the next
highest compound, calcium carbonate. For the 21 compounds,
the first five compounds comprised over 52 percent of the IP.
The identified mass per cubic meter is estimated by

multiplying the analyte’s annual mean concentration by the
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compound to analyte molecular weight fraction. The table
shows that the analyte-compound analysis’ estimate is 14.2
pg/m*. This is a 9.5 ug/m’ increase compared to using only the
elemental composition data. Fifty-nine percent of the
chemical composition of IP has been accounted for as having
the chemical from given in Table 4. The analytical methods
used did not report carbon which may account for much of the

"unknown" portion of the composition of the IP.

Carbon Sampling Data. About eight months after the /90~
’91 sampling period a second PM10 sampling period was started
at the same monitoring site. The samples were collected using
the same PM10 dichotomous sampler. The sampling duration was
24 hours beginning at 12:00a. The samples were collected each
three days as in the ’90-’91 sampling period, but only four
samples were selected to be representative of this period.
The dichotomous filter load and coincident, acceptable samples
collected with two "PUF" samplers at the same site were the
factors in selecting the representative PM10 samples. The
samples selected were collected on August 19, 27, 31, and
September 8, 1992.

The laboratory sample analysis stated the results as
organic carbon (1.01 to 4.39 ug/m’) and elemental carbon (0.81
to 2.07 ug/m®) in the coarse fraction. It reported the fine
fraction results as organic carbon (2.06 to 4.31 ug/m’) and

elemental carbon (2.3 to 4.84 u/md). The total carbon
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(organic plus elemental carbon) percent weights for the PM10

(coarse plus fine elemental particulate) were 34.0, 62.8,
19.3, and 24.0 in the order as the above dates. These average
35 percent. The total carbon percent weights for the samples’
coarse elemental fractions were 46.2, 64.1, 17.5, and 18.3
listed as above. These average 36.5 percent. The total
carbon percents for the samples’ fine elemental fractions were
28.4, 61.6, 19.7, and 27.3 listed as above. These average
34.2 percent.

The four selected total carbon samples’ percent weights
were 6 to 12 times greater than the total carbon percent

weights of the field blanks in this sample data set.

Inhalation Unit Cancer Risk. The EPA has defined Unit
Cancer Risk (UCR) as the measure of probability of an
individual’s developing cancer as a result of exposure to a
specified unit ambient concentration. This may be understood
to mean that an inhalation UCR of 3.0 x10* near a point source
implies that if 10,000 people breathe a given concentration
of a carcinogenic agent, i.e., 1 pug/m’, for 70 years, three of
the 10,000 are likely to develop cancer resulting from this
‘exposure.® The EPA published a list of 75 carcinogenic agents
with their unit risk factors in July, 1991.M

Annual mean IP concentrations were determined for four
metals, i.e., Cr, Ni, As, and Cd, and they are identified in

the EPA’s listing. The UCR results are given in Table 5
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(Beryllium was omitted because no detectable concentrations
were reported). These concentrations were multiplied by EPA’s
unit risk factors to calculate the UCR due to each metal.
Ccadmium has the largest UCR, while nickel has the smallest,
i.e., 8.64 and .192 x10% UCR, respectively. ‘

In the cases of chromium and arsenic multi-valent
compounds exist. Chromium(VI) and arsenic(III) are the
carcinogenic forms. Formerly, approximating Cr(VI)
concentration levels were limited to predictions by various
modeling approaches.” Presently, a sensitive wet impingement
method can be used for direct measurement of the low
concentrations of Cr(VI) in the ambient background
atmosphere.?”® For this study additional analysis would need to
be done to approximate the carcinogenic element with respect
to its non-carcinogenic species. To approximate the cancer
risk due to metals in the IP, 15 percent of the measured Cr
and 100 percent of As were assumed to be the carcinogenic
species’ concentrations. The resulting values are 3.78 and
6.45 x10% UCR, respectively. Cr(VI) was adjusted to 15
percent of measured chromium as an approximate correction
factor based on a study in Hudson County, New Jersey for 15
locations at uncontaminated residential sites by Falerios, et
al.’ A relevant point of interest is that the UCR determined
from the ambient samples collected from this semi-rural site
exceeds 40CFR Ch. I (7-1-91), Part 266 criteria for boiler,

incinerator, and furnaces (BIF). According to the EPA rules
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for BIF facilities emitting the carcinogenic agents As, cd,
Ni, Be, and Cr, the sum of these carcinogens’ concentrations
normalized to each agent’s risk-specific dose shall not exceed
1 UCR in 100,000 or 10 UCR in 1,000,000. sSumming the UCR'’s

for Cr, Ni, As, and Ccd give a value of 19 UCR in 1,000,000.

Conclusion

The annual average total inhalable particulate (IP or
PM10) concentration measured was 24.3 ug/m). This is less
than half of EPA’s annual standard of 50 ug/m’. The average
coarse particulate (CP) concentration was 7.9 ug/m’® and the
fine particulate (FP) concentration was 16.4 ug/m’. The
average fine fraction is 68 percent of the total. Most of the
IP source processes are likely to be high temperature and man-
made, e.g., fossil-fired boilers, incinerators, cement kilns,
mobile. The maximum measured IP concentration was 50.2 ug/m’.
This is 33 percent of the EPA’s 24-hour standard of 150 ug/m’.
Concentrations of 12 elemental constituents tended to be low
when compared to other studies for rural or background sites.

The IP chemical composition’s concentration was estimated
based on the measured elemental analysis and the suspected
chemical form (usually oxides) of the particles in the
atmosphere. The IP chemical composition accounted for was 59
percent of the total IP (24.3 ug/m’). The remaining 41
percent was unknown and it’s suspected to be mostly carbon

from natural and man-made sources. Ammonium sulfate accounted
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for 37 percent of the IP concentration.

The seasonal patterns of Al, Ca, Fe, Mn, Si, Sr, and Ti
showed similar monthly trends which indicate that they may be
from the same source. These elements exhibit a different
seasonal trend than the total IP seasonal trend. Figures 10
and 11 for the common soil elements of Ca., Si, Fep, and Mn,
show concentrations declining for the months (Sep-Feb) and
does not decline below the February level for the rest of the

months (Mar-Sep).
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V. CONSTRUCTING THE DATA BASE

A data base was constructed for analysis that included
all the air monitoring data, meteorological data, and
particulate elemental composition profiles for various air
pollution emission source types that could contribute to
particulate matter concentrations at the monitoring site. The
basis for the selection of the elements, samples, and source

types that were evaluated in detail is described below.

Element Selection

There are 36 elements and two compounds as analytes in
the laboratory data report and many analytes have zero or less
than detection limits concentrations. The zero values were
replaced with one half of the "uncertainty limits" reported by
the laboratory for that analyte as a means of estimating half
of the detection limits. In order to make the analysis more
manageable, the number of analytes was reduced from 38 to 18.
Reduction of this number of analytes to 18 selected elements
was done in the following manner. Elements Al, Si, K, Ti, Mn,
and Fe were selected because they were associated in the
coarse fraction of the particulate. Elements Pb and Cu were
selected because they were associated in the fine fraction of
the particulate. Additional elements selected because they

are carcinogenic were Cr, Ni, As, and cd. Finally, other
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elements of interest selected because they are commonly found
in air samples were C, S, Cl, Ca, Zn, and Br. The group of 18
selected elements for source contribution modeling was C, Al,
si, s, c1, K, ca, Ti, Cr, Mn, Fe, Ni, Cu, 2Zn, As, Br, Cd, and

Pb.

Sample Selection

From the 120 PM10 samples seven were selected for use in
modeling. The Annual Average sample was calculafed and used
because it is the single most representative sample of
particulate air pollution measured at the site. The highest
coarse fraction sample (besides the highest PM10 sample) was
selected because it should best show the contribution of
mechanical mqn-made or natural wind erosion source-types. The
highest fine fraction sample (besides the highest sulfur
sample) was selected because it should best show the
contribution of high-temperature source-types. The highest
PM10 sample is of interest for comparing to EPA’s National
Ambient Air Quality Standard for particulate matter. The
highest sulfur content sample was of interest since sulfur is
in the <coal burned 1locally and showed the highest
concentration of any single element. The highest "As" and
"Ni" samples were selected because they are carcinogenic
elements. The highest Pb sample was selected because it is a

"heavy metal” that has an EPA 3-month NAAQS, and is of concern
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because of adverse health effects (brain function) to

children.

Source-type Selection

EPA provides a software program named "Speciation,"
version 1.4, for pollutant load estimations. This program is
used to determine the elemental composition of emissions from
an industry or other source-type or when states need pollutant
estimate loads for state pollutant inventories. The data base
contains 363 emission elemental source profiles, classified in
23 source-type categories and 16 industry specific categories.
The profile gives percent weight data for each element for
four particle size ranges. The ranges are 0.0-2.5 um, 0.0-6.0
pgm, 0.0-10.0 um, and total (0.0-30.0 um). The number of
constituents per profile are about 10 to over 45 depending on
the source. Mass fractions for the first three size ranges
are given. Source references and general information are
given for each profile. Figure 12 is an example of an EPA
Speciation data profile. The profile data base, giving
source/source-type data, contains 14,560 one-line records in
a D-base software format. The software program size is 1.3
megabytes.

The EPA data base,!” Speciation, has 363 sources and
composite sources elemental emission composition profiles

cataloged. Composite source profiles are a numerical average
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of numerous individual source profiles. These profiles are a
representative of a source-type and not a particular emission
source’s profile. Selection of EPA composites, i.e., source-
types, were selected in preference of specific source profiles
in hopes that the composites would be more representative of
local sources. The selected composites were the Coal Power
Plant Composite, Sewage Sludge Incineration Composite, Diesel
Heavy Duty Transportation Composite, Unleaded Gas Light Duty
Transportation Composite, Earth’s Surface-Dust Composite, and
Residential Wood Burning Composite. Several specific source
profiles were selected when composite profiles were not
available. These were: Aluminum Plant-Dross operation,
Aluminum Plant-Potline operation, Limestone Kiln Process,
Limestone Crustal-Gravel product, Cement Ball Mill operation,
and Electric Arc Furnace operation. None of the selected
sources or sources-types exhibited high sulfur concentrations
as was observed in local samples, so a single element source-
type, sulfate as ammonium sulfate ((NH,),S0,), was included to
account for sulfur. In this case the origin of the ammonium
sulfate would be sulfur dioxide emissions which are
photochemically converted to ammonium sulfate or other sulfate
aerosols in the atmosphere. Other unknown contributors may
also be present but not accounted for. For this study the
selected specific sources are to be regarded as source-types,
like the composites, due to lack of specific source-type

profiles.
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Data Base Size

The size of the IBM-DOS text files of the samples’
laboratory analyte profiles and the D-base files of the EPA
emission source elemental composition profiles were very
large. The 120 sample IBM-DOS text files totaled to 3.8 kilo-
bytes and the principle 363 source D-base file was 1.3 mega-
bytes. The data reduction of these files was performed with
the software "Quattro Pro," version 3.0 and IBM compatible

"386" personal computers with math coprocessors.
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VI. SOURCE CONTRIBUTION MODELING
Method

Source contribution modeling is a procedure to estimate
the relative quantities of different source-types that
contribute to the particulate matter in the collected ambient
air samples. The time and space factors in emissions
dispersion from source to sampler are omitted by comparing the
percent weight of each element in the source profile to the
sampled values. This procedure identifies the prominent
source-types by weighting the contribution of each individual
source-type to the profile of elements found in each
particulate matter sample. A composite elemental profile of
the weighted‘ source-types was analyzed using normal
distribution differences to compare the two developed models
and the baseline model’s predicted values errors to each other

and to the sample.

Source of Parameters

This study required the selection of the elements,
samples, and source-types that was evaluated from a large data
base. The eighteen relevant elements selected from the
analyzing laboratory’s 38 analytes were selected because of

being associated in the coarse or fine fraction, common
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elements in air monitoring, and toxicity. The samples were
selected primarily Dbecause they vwere the highest
concentrations of particulate matter or a particular element.
Monitored area surveillance, observations, and personal
interviews provided information to select possible source-
types. An EPA data base of specific sources and source-types
(composite profiles) provided source-type elemental percent
weight data. Detailed information about these selections are

given in the Chapter V of this thesis.

Estimating the Relative Contribution
of Selected Source-types to the

Elemental Composition of the Samples

In this study a simple ratio technique is used to
estimate the contribution of each selected source-type to the
elemental composition of the sample. A numerical illustration

is given below to explain this technique.

Definition

Elemental profile step curve fitting - The fraction of
one step curve contained in another comparable step curve is
determined by dividing the corresponding non-zero components
of the curves. For example, the percent weight of the
aluminum in a sample B divided by the percent weight of the

aluminum from a source A is an estimate of the contribution of
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that source to the aluminum found in the sample. If the ratio

is less than 1.0 then the ratio represents the fractional
contribution of source A to the aluminum found in sample B.
If the ratio is greater than 1.0, then some other source must
be present to account for the aluminum found in sample B.
This process is repeated for each element. The resulting
minimum ratio is that maximum fraction that source A

contributes to the particulate matter collected in sample B.

Illustration

Figures 13 and 14 are step curves that could represent
source-type and sample elemental percent weight values,
respectively. In this example, there is an excess of some
elements in the sample indicating that the source A could not
have accounted for that element in the sample B even if it had
contributed 100 percent of the particulate matter. To find
the maximum percent contribution of source A contained in
sample B use the "step curve fitting" definition from above.

A numerical illustration follows:

First, calculate the following fractions (%):

B,/A, = 7.7/5.5X100%

140%, By/Ag = 6.2/8.0X100% = 77.5%

Be/Ac = 7.5/5.0X100% = 150%, B,/A, = 2.2/5.8X100% = 38.%
Bg/Ap = 9.9/2.5X100% = 392%
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Thirty-eight percent is the smallest percent fraction of

the group, therefore, the maximum possible contribution of
source A to sample B is 38 percent due to the "limiting
element," D.

Source A can only contribute up to 38 percent of the
total PM10 and only 38 percent of each elemental percent
composition present in the source A profile of all the other
elements. Elements present at higher percentages in the
sample B than these adjusted source A values must be accounted

for by some other source. For example, source A can only

account for 0.38 x 2.5 / 9.9 = .096 (or 9.6 %) of element E;
therefore there must be other sources that account for 90.4
percent of element E. This technique of estimating the
contribution of each source to measured PM10 is called the

"Limiting Element" model.

Assumptions

The collected ambient samples are assumed to comply to
the same dispersion principles as source or receptor modeling.
Their five basic assumptions are listed in Chapter II of this
thesis. Because of different goals of this study,

modification of these assumptions are as follows:

1) Compositions of source emissions are constant, i.e.,

processes and other parameters do not vary.
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2) Components do not react with each other, i.e., they
add linearly.

3) only sources from area survey contribute to the
receptor.

4) Compositions of all sources are linearly independent
of each other.

5) Elemental composition of local sources is accurately
represented by the elemental composition profiles
given in the EPA "Speciation" data base.

It is not necessary for all of these assumptions to be
completely true to obtain useful information about the sources
contributing to local PM10 levels. Successful modeling
depends on the model use and accuracy of the measurement data
and representativeness of the source profiles.* The
methodology presented here is best viewed as a screening
technique that sets the upper 1limits of each source-type

contributing to PM10, rather than its’ exact contribution.

Models’ Differences

Three different models were used to estimate the percent
contribution of each of eighteen source-types to measured
PM10. These were called (1) the Limiting Element model, (2)
the Combined Element model, and (3) the Equal Weight model.
The Limiting Element model used the method described above to

estimate the maximum contribution of each source-type. The
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Combined Element model used the same percent contributions of
the Limiting Element model for most of its factors. The other
factors in the Combined Elements model were calculated from
the sum of the maximum percent weight of all 18 elements times
the maximum percent contribution for the limiting element and
then divided by the sample’s summed percent weight of all 18
elements, providing an alternate maximum estimate of the
percent contribution of that source type to the PM10 measured
in the sample. The "Combined Elements"™ model attempts to
utilize the data for all 18 elements as a basis for estimating
source contributions. Source contributions estimated using
the Combined Element model are always less than or equal to
the estimates obtained from the Limiting Element model. The
Equal Weight model simply assumed that all 18 source-types
contributed equally. Normal distribution difference analysis
was used to determine which model predicted the measured data

best.

Models’ Results Table

General

| Table 15, described later, is the principle table used to
present the study’s results. It contains the three models’
- results for the eight selected samples for comparison between
samples and to show performance trends from modeling. The

column headings (C to R) list the eight samples and column B
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list the 13 selected source-types within their model groups,
i.e., Limiting Element, Combined Element, and Equal Weight.
In the column of each sample is listed the normal distribution
difference results from the composite of the 13 source-types.
Note that the Equal Weight model has the same value of 7.692
percent for all samples. For this model the weighting factor
is equal for all source-types because all source-types are
assumed to contribute equally. The inclusion of the Equal
Weight model is to show the relative improvement of the

Limiting Element and Combined Element models.

Description and Calculations

The Annual Average sample’s complete (unabbreviated)
data sheet (Tables 6A-E) is selected to explain the modeling
of the thirteen source-types. Figures 15, 16, and 17 shows
the percent weight levels for the source-types/composite vs.
elements given in Table 6A for the Annual Average sample. The
same selected source-types and elements were used in each
sample modeled. Table 6A is for the Annual Average sample.
The column headings list the elements and calculated items.
Column B list the names of the sample, source-types, and their
composite. Each model has one sample, 13 source-types, and 18
elements. Using the SEW SLUDGE source-type as an example,
beneath its’ row (17) of percent weights is listed a row (18)
of percent contribution values calculated from the sample’s

percent weight of 0.1727 for Cl divided by SEW SLUDGE’s
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percent weight of 1.48 for Cl. This is done for each element.
Column V 1lists the maximum percent contribution for each
source-type (these are the limiting element values - each
row’s minimum percent). Column W lists the limiting element
that is related to the maximum percent contribution of the
source-type. Column X lists the sum (row 8) of the sample’s
percent weight values row (cell X8 only) or lists the sum of
the source-types percent weights row times the source’s
maximum percent contribution, i.e., column V. Column Y lists
the source-type maximum percent contribution times the sum of
the source-type percent weights divided by the sum of the
sample’s percent weights, i.e., source-types of column X
divided by cell X8. Column 2 lists the smaller of the columns
V or Y for each source-type (these are the combined elements
values). The composite profile is listed in row 51. Each
elemental component of the composite is calculated by summing
the products of a weighting factor times its source-type’s
percent weight for the 13 source-types for each column. The
three source-type weighting factors are from the Limiting
Element, Combined Element, and the Equal Weight models. These
are show in Table 6B - Composites Weight Factors. Other
Annual Average sample related tables are Table 6C - Models’
Composites, Table 6D - Percent Difference, Table 6E - Percent
Difference Statistics, and Table 6F - Selected Samples

Elemental Profiles and Reference Data.
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Model’s Abbreviated Data Sheets

The Annual Average sample’s data sheet matrix of elements
and source-types was described above (Table 6A). The other
seven selected samples would have the same matrix, but the
elemental percent weights would be different. This would
change the Limiting Element and Combined Elements models’
results. Since the focus is on columns V to Z (Table 6A), it
is only necessary to show those columns for the remaining
samples on an abbreviated data sheet for each one. There are
eight abbreviated data sheets and each contains four tables
which give details for each sample. This group of data sheets
contains Tables 7 to 14. Tables 7A, 7B, 7C, and 7D are
abbreviated forms of Tables 6A, 6B, 6C, and 6E. The remaining
tables, i.e., Tables 8 to 14, can be expanded to the same

forms as Table 6.

Element Percent Weights

The selected samples are listed in Table 6F. The values
for row eight in Table 6A comes from this table. Each sample
has 18 elements that compose its elemental profile. The
samples’ percent weights given in the table are for PM10 or
total particulate (coarse plus fine elemental fractions). 1In
this table carbon is estimated as 20 percent for all samples
and is the largest percentage of all elements in all samples.

Carbon was estimated from a later study in August, 1992
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described in Chapter 1IV. Sulfur (besides carbon) is the
element with the largest percent weights for seven of the
eight selected samples. Nickel is the element with the
smallest percent weight in six out of the eight samples.
Cadmium, a carcinogen like nickel, is the other element with

the smallest percent weight in two out of the eight samples.

Source Contribution Variations

The "Assumptions" section above states principles that
are necessary for this methodology to work, i.e., variations
should not occur in these areas. Variation in the
contribution to the sample can occur for several reasons. One
variation in the source’s elemental composition profile can
occur from some operational procedures being varied in the
process of the emission source. The procedure variation may
cause some relative elemental quantities to increase or
decrease in the source’s emissions. A variation in the
materials used in a process can also cause source emissions
variation altering an emission source’s recognizable
contribution to a sample.

Another type of variation can result from meteorological
conditions varying. For longer periods of time that the wind
direction is from the source to the receptor, more emission
source particulate will be accumulated on the sample. This

variation would determine how much the elemental constituents
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in the emission source would be above background or other
emission sources. An emission source may not be identified if
some of its characteristic elemental constituents are below
detection 1limits. Calm or high wind conditions cause
variations in the particle size collected. Soil, storage
pile, and haul road conditions can increase the coarse
fraction’s collection on a sample. Fine particulate can
accumulate to a limited degree on coarse particulate and
settle out. This could alter the emission source’s
characteristic elemental profile making it unrecognizable.

Compounds can be made from emission source elements while
in transport due to atmospheric reactions. Some of the
compounds can be seasonal, e.g., photochemical bonding occurs
much greater in the summer and on the sunny days. The
variation concern here is that compounds could be too large
for collection, i.e., greater than 10 microns or may settle
out before transporting to the receptor, modifying the
emission source’s elemental composition profile.

Seasonal variations can be seen in source contributions
to samples from anthropogenic activities, e.g., field or slash
burning in the summer and residential heating in the winter by
wood or coal. Other examples are forest fires, natural or
arson, that occur at summer’s end in many cases. It is not
uncommon for a million tourists (mobile emissions) to visit
the Great Smoky Mountain National Park primarily through the

summer.




VII. RESULTS

Selected Sources and Samples

The maximum percent contribution of selected source-types
to selected samples are listed in Table 15. This table shows
the Limiting Element, the Combined Elements, and the Equal
Weight models. Each model has eight columns of selected
samples and 13 rows of source-types. The eight selected
samples have the highest annual fraction/concentration or
average as described by their name. They are High Coarse
Fraction (High CF), High Fine Fraction (High FF), High
Particulate Matter < 10 micron (High PM10), High Sulfur (High
“sS"), High Arsenic (High "As"), High Nickel Coarse Fraction
(Hi-Ni-Crs), High Lead Fine Fraction (Hi-Pb-Fin), and Annual
Average. The Annual Average sample is a calculated average
concentration for each of the 38 analytes for the 120 sample
days. The thirteen source-types are Sulfate as ammonium
sulfate (SULFATE), Coal Power Plant Composite (COAL-PWR),
Sewage Sludge Incineration Composite (SEW SLUDGE), Diesel
Heavy Duty Transportation Composite (DIESEL FUEL), Unleaded
Gas Light Duty Transportation Composite (GASOLN FUEL), Earth’s
Surface Composite (DUST-EROSN), Aluminum Plant-Dross operation
(ALUM-DROSS) , Aluminum Plant-Potline operation (ALUM-POTLIN),
Limestone Kiln Process (LIME KILN), Limestone Crustal-Gravel

product (GRAVEL ROAD), Cement Ball Mill operation (CEM BAL
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MIL), Electric Arc Furnace operation (ELEC ARC FN), and

Residential Wood Burning Composite (WOOD BURNNG).

Model’s Normal Distribution Difference

The normal distribution difference was determined for the
Limiting Element, Combined Elements, and Equal Weight models
for each selected sample. The percent difference was
calculated between the measured and predicted concentration of
each of the 18 elements in each sample. The arithmetic mean
of these differences is reported as the "mean" value. Also
reported are the standard deviation, the median, the maximum
and the minimum difference. A positive percent difference in
the tables indicate an average over prediction of the
elemental composition of the sample by the models, a negative
percent difference indicated under prediction. The percent
difference statistics are given in Tables 7C to 14C. The
Limiting Element model showed an average difference of 70
percent for eight samples with a range of 51 to 115 percent.
The Combined Elements model an average of 59 percent for eight
samples with a range of 35 to 101 percent. The Equal Weight
model showed an average difference of 1236 percent for eight
samples with a range 552 to 3728 percent.

The Limiting Element, and Combined Elements models are
comparable to one another since most of the Limiting Element

maximum percent contributions are in the Combined Elements
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model also. The Equal Weight model’s percent difference

ranges average seventeen times larger than the other models.
The Equal Weight model is the baseline model and the other
models show considerably less error in their predictions of
the samples’ percent weights.

Even though the Combined Elements model performance was
somewhat better than the Limiting element model, the Combined
Elements model was simpler and easier to understand. Because
of the higher confidence in the results froﬁ the Combined
Element model, only results from the Limiting Element model

~are discussed in detail in this report.
Limiting Element Model Results

Interpretation of Samples

High Coarse Fraction Sample. This sample was collected
March 13, 1991. The wind direction was from the West for
about five hours, but it is typically in the northeast or
southwest directions. An hourly average up to 18 miles per
hour was measured during this period. More than thirty-eight
percent, the largest percent, was attributed to the DUST-EROSN
source-type. For high wind days a soil source-type is
expected to be a major contributor to the coarse fraction of
an ambient sample. The coarse fraction was 0.729 for this

sample.
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High Fine Fraction Sample. This sample was collected
December 7, 1990. Besides carbon from the DIESEL-FUEL source-

type, calcium from the GRAVEL ROAD source-type had the next
highest concentration level. Sulfur from the SULFATE source-
type was the third highest. Sulfur, calcium, and carbon can
be indicators of a high temperature source. The fine fraction
of 0 .776 indicates that this sample is high temperature

source emissions.

High Particulate Matter (PM10) Sample. This sample was

collected December 28, 1990. This sample’s concentration was
50.2 pg/m’. 1Its coarse fraction is 0.785. When compared to
the High FF and the High CF samples its calcium, sulfur,
carbon and aluminum levels are quite smaller. It appears that
this sample has a large concentration in the PM10 that was
unidentified in the laboratory analysis. The laboratory did
not report carbon content which may account for the difference
if the air contained a lot of soot from fuel burning. The
high coarse fraction indicates that this sample probably is of

the natural or mechanically-made origin.

High Sulfur Sample. This sample was collected July 31,
1991. The SULFATE source-type was the major contributor.
Source-types DIESEL FUEL, WOOD BURNNG, and SULFATE would be
expected to be large contributors of sulfur to the sample

since sulfur is a major component in organic combustion such

44



as sulfur dioxide from coal burning boilers. The GRAVEL ROAD
and CEM BAL MIL source-types have high contributions (25 to 33
%) to the samples due to calcium and nickel. Nickel is the
limiting element in seven of the 13 source-types. This

appears to be a definite high temperature source emissions.

High Arsenic Sample. This sample was collected October
17, 1990. It attributes the maximum percent of 81.288 to the
SULFATE source-type. Coal burning is also known to contribute
to arsenic emissions. Second only to the High CF sample, it
has the highest silicon limited maximum percent attribution to
the DUST-EROSN source-type. Aluminum and calcium are also

very high. These three elements are typical soil components.

High Nickel Coarse Fraction Sample. This sample was

collected November 28, 1990. Sulfur and carbon account for
most of the PM10. This sample showed the second highest
potential contribution of the eight samples due to sulfur
dioxide emissions, probably attributed to coal burning. Wood
burning and diesel emission both contribute carbon and are
indistinguishable. 1Its coarse fraction is 0.649, which is
surprisingly high if the sources are primarily from

combustion.
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High Lead Fine Fraction Sample. This sample was

collected on November 13, 1990. Its maximum percent
attributions are to source-types WOOD BURNNG, DIESEL FUEL,
SULFATE, and GRAVEL ROAD. Besides the High FF sample, this
sample attributes the second highest percent of 1.545 to the
SEW SLUDGE sample. Besides the High FF sample, it attributes

the second highest percent of 1.694 to the ALUM-DROSS source-

type.

Annual Average Sample, This sample was not collected,
but was calculated as an average of the year of data from all
samples elemental concentrations for the 13 selected elements.
The sample is a characteristic representative of the annual
sample data set. The annual NAASQ concentration is 50 ug/m’
and this sample’s annual concentration is 24.3 pug/m’.
Elements aluminum, chlorine, and carbon are limiting elements
for two source-types each. This means that the source-types
pairs, COAL-PWR/ALUM-POTLIN, DIESEL FUEL/WOOD BURNNG, ALUM-
DROSS/LIME-KILN, and GRAVEL ROAD/CEM BAL MIL cannot both

contribute 100 percent to the sample. This sample attributes

37.191, 34.542, 6.6, and 6.6 percents to the SULFATE, WOOD

- BURNNG or DIESEL FUEL ALUM-DROSS/LIME KILN, and GRAVEL

ROAD/CEM BAL MIL source-types, respectively, as the major

' soﬁrce-types. The minimum percent of 0.289 is attributed to

the ELEC ARC FN source-type.
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Interpretation of Source-types

Sulfate Source. The source SULFATE could originate from
various coal sources as sulfur dioxide gas is converted to
ammonium sulfate and other sulfates during dispersion from the
source. This source’s percent weight is 33 percent and is
determined from its compound formula. Since sulfur is the
only element in the profile, it is the limiting element, but
it is of interest that the highest maximum percent
contribution, i.e., 81.288 percent, occurs in the High "As"
sample. EPA lists arsenic as a tracer element for coal
sources.”® Also, for this source the second highest value of
all contributions is 66.156 percent, and it occurs in the High

"S" sample, a characteristic element in coal burning.

Coal Fired Power Plant Source. The COAL-PWR source has

a maximum percent contribution of 15.829 percent occurring in
the High "As" sample as did the SULFATE source above but the
limiting element is Aluminum. Aluminum and silicon are two
principle elemental components in typical coal power plant
emissions. The High FF sample is indicative of high
temperature sources. This source has an annual average
maximum contribution of 5.526 percent and is nearly equal to
the High FF sample’s value of 5.346 percent. Both samples
have aluminum as their limiting element. A high coarse

fraction sample is indicative of a mechanical or natural
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source origin. An unexpected value of 10.523 percent for High
CF and 10.881 percent for Hi-Ni-Crs from this high temperature
source may be explained by deposition or "waéhing out" of fine
fraction particles on to coarse particles which are then re-
entrained and collected on coarse particulate even though they

originated from a high temperature source.’

Sewage Sludge Source. The SEW SLUDGE source is limited
by lead in five of the eight samples. The largest maximum
percent contribution of 1.581 percent is in the High FF
sample, a high temperature source indicator. Lead is a "heavy
metal”" that is of medical concern and has an NAAQS of 1.5

pg/m* for a 3 month period.”

Diesel Fuel Source. For the Annual Average, High CF,
High FF, and Hi-Pb-Fin samples the contribution by this source
is 22.753 percent and carbon is the limiting element. This
occurs because an estimated low value for the samples’ carbon
percent weight is used and the variation between samples is
unknown. Another interesting point here is that the High "s"
sample has the second highest percent contribution of 22.599
percent from the DIESEL FUEL source and its limiting element
is nickel. Also, the High PM10 sample has a value of 11.288
percent. with an limiting element of nickel. For these two
cases their concentrations are 1less than 1laboratory

uncertainty limits. This results in the element nickel being
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the limiting element with the lowest percent contribution to
the sample. Nickel and vanadium have been used by other

investigators as tracers for oil burning sources.®

Gasoline Fuel Source. This source is a composite of
unleaded gasoline fuels. Bromine is the limiting element for
seven of the eight samples. In leaded gasolines bromine and
lead were tracers for that source-type.® This data shows that
bromine, a scavenger for lead in leaded gasoline, has not been
eliminated but exists at minimal levels. This source’s

highest percent contribution in the High "As" sample was 9.595

percent.
Dust-Erosion Source. This source’s highest percent

contribution was 38.473 percent to the High CF sample and it
has manganese as its limiting element. The High CF sample’s
day had high winds, i.e., up to 18 mph. As a natural source,
it is expected to have a high concentration in the coarse
fraction as this sample does. Soil erosion sources have
tracer elements of Al, Si, Ca, Mn, Ti, and Fe. Al, Si, and Mn
are the limiting elements for seven of the selected sources.

For the annual average sample this source would have the

highest contribution except for the sources with elements

 sulfur and carbon as limiting elements. These last elements’

percent weights are "estimated" items for a source-type and a

sample, respectively. This source should have a significant
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impact on this site since there are no point sources
immediately upwind to the site and this source can be
considered a 1low-level emitter (proportional to the wind
speed) and a 24-hour contributor.

It is noticeable that the High PM10 sample had the lowest
percent contribution from this source. Inspection of the High
PM10 sample’s fraction concentrations shows that the coarse
fraction concentration was almost four times that of the fine
concentration and that the coarse elemental concentrations
were generally in the same magnitude as the fine elemental
concentrations. This indicates that there is a 1large
unidentified component in the coarse fraction and that
component was not a soil erosion source, i.e., Si has only
0.479 percent (from Tables 7A and 7F) maximum contribution to

the sample.

Aluminum-Dross Source. This source has chlorine as its
limiting element in all of the samples. Chlorine and sodium
are tracer elements for a marine source (ocean).!* The samples
High CF and High FF have near equal percent contribution,
i.e., 1.176 and 1.581, respectively, from this source and this
implies that this source may be more related to background or
residual particulate matter. There is an aluminum plant in
the sampling area, but usually is not upwind to the site and

its contribution would be minimal.
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Aluminum-Potline Source. This source has aluminum as the

limiting element in six of the eight samples. The largest
percent contribution of this source is to sample High CF with
a value of 25.810 percent. This percent contribution is
almost three times larger than the next sample, i.e., Hi-Ni-
Crs’ percent of 8.913 percent. The High CF sample’s day had
high winds, i.e., up to 18 mph. The soil erosion source is
the major contributor on that day and the element aluminum is

a principle component in that source.

Lime Kiln Source. This source had its highest maximum
percent contribution of 16.729 percent to sample Hi-Ni-Crs,
the seventh (out of 120 days) "cleanest" day of the year,
i.e., PM10 concentration of 8.3 ug/m’. Nickel and chlorine

are the only two limiting elements for all eight samples.

Gravel Road Source. This source, 1i.e., crushed
limestone, has calcium as its limiting element for seven of
its eight samples. This indicates that calcium is very high
in percent weight relative to the other elements in this
source. Its highest maximum percent contribution is 33.898
percent and its limiting element is nickel. This source
should be a major contributor to the site’s samples since it
is upwind to the sampler for half of the sampling time, i.e.,

diurnal periods.
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Cement Ball Mill Source. This source is almost the same

as the Gravel Road source. It has calcium as the limiting
element for the eight samples and its maximum percent
contribution is 25.554. These two sources should be regarded
as a single source (original assumption) since double counting
of seven of the eight samples is likely to be occurring. It
is interesting to note that the Gravel Road source values are
about 50 percent higher than this source for the eight

samples.

Electric Arc Furnace Source. This source had very low
maximum percent contributions for the eight samples. Its
highest value was 0.456 percent with manganese as its limiting
element. This sample has the lowest Annual Average of 0.289
percent. This source is 30 to 40° northwest of the diurnal
wind pattern and may show up occasionally in some other

samples’ concentrations not selected.

Wood Burning Source. This source has the highest percent
contribution of 34.542 percent to the Annual Average sample
and it has carbon as its 1limiting element for all eight
samples. The major elements in this source are carbon,
sulfur, chlorine, and potassium for the selected elements from
Table 6A. Carbon and sulfur are expected as products from the
combustion of organic materials. Carbon-14 and potassium are

listed by EPA as tracer elements for wood burning.® 1In all
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samples the amount of the carbon element has been estimated
and the same amount was inputed for all selected samples. For
the monitored area wood burning by homes is a common practice
~for heating. Hogged wood fuel at wood products manufacturing
industries is another source for this source-type. Forests
and field burning may be another wood source-type in the

summer months.
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VIII.CONCLUSION

The thirteen source-types selected for this study were
Sulfate as ammonium sulfate, Coal Power Plant Composite,
Sewage Sludge Incineration Composite, Diesel Heavy Duty
Transportation Composite, Unleaded Gas Light Duty
Transportation Composite, Earth’s Surface-Dust Composite,
Aluminum Plant-Dross, Aluminum Plant-Potline, Limestone Kiln
Process, Limestone Crustal-Gravel, Cement Ball Mill, Electric
Arc Furnace, and Residential Wood Burning Composite. The
eight 24-hour PM10 samples selected were High Coarse Fraction,
High Fine Fraction, High Particulate Matter (PM10), High
Sulfur, High Arsenic, High Nickel Coarse Fraction, High Lead
Fine Fraction, and Annual Average. The eighteen elements
selected were aluminum, silicon, carbon, sulfur, chlorine,
potassium, calcium, titanium, chrome, manganese, iron, nickel,
copper, zinc, arsenic, bromine, cadmium, and lead.

Three different models were used to estimate the percent
contribution of each of eighteen source-types to measured
PM10. These were called (1) the Limiting Element model, (2)
the Combined Element model, and (3) the Equal Weight model.

Based on the results of the Limiting Element model, the
top four major contributors to the Annual Average sample are
sulfate from sulfur dioxide emissions (sulfur limited), wood
burning sources (carbon limited), diesel fuel burning sources

(carbon limited), and soil (silicon limited). The maximum
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percent contributions of these source-types to the Annual
Average sample are 37.191, 34.542, 22.753, and 8.118 percents,
respectively. The wood burning and diesel fuel source-types
are limited by the same element of carbon and should be
considered as one source-type since double counting of:
carbon’s mass probably occurs. As a one source-type, 22.753
percent would be the maximum percent contribution to the
sample (carbon limited), i.e., the smaller of the double
counted source-types.

The two minimum contributors to the Annual Average sample
are aluminum plant-dross operation (chlorine 1limited) and
electric arc furnace (manganese limited). Their maximum
percent contributions to the sample are 0.764 and 0.289
percent, respectively. These were surprising results as there
are both an electric arc furnace and an aluminum plant in the
area. These two source-types are not in the prevailing upwind
direction from the monitoring station which may account for
their having only minimal contributions to the ambient
samples.

There are three source-types where the limiting elements
are the same for all eight samples. Sulfur is the limiting
element for the sulfate source-type (sulfur dioxide from coal
burning). Chlorine is the limiting element for the aluminum
dross source-type. Calcium is the limiting element for the
gravel road source-type. This study did not analyze for carbon

in the samples. Carbon values from a different study, but the
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same site, are used for estimating carbon 1levels in this

study’s samples. These estimated carbon levels were the
limiting element in several source-types. Carbon should be
reported in a study of ambient air monitoring since it could
be a major contributor to all atmospheric samples. In this
study carbon analysis could have made the results more
relevant. Non-carbon containing filters would need to be used
instead of PTFE teflon filters.

Without knowing the time and distance that relates to
each source-type, this procedure indicates probable relative
levels of major source-types contributions to PM10 samples
when general knowledge of area industries and natural source-
types is known. This procedure should be classified as a
screening technique due to its ability to estimate only the
maximum (or upper limit) percent contribution of each source

and not the exact percent contribution of each source.
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IX. RECOMMENDED FUTURE RESEARCH DIRECTIONS

Unit Cancer Risk (UCR) estimates were calculated using
the IP elemental analysis of Cr, As, Cd, and Ni and EPA’s unit
risk factors. The UCR calculated is 19 x10% which is higher
than is expected. The UCR might be different if a more
accurate value for Cr(VI) were known, since it was estimated
as 15 percent of the measured total Cr. Cadmium measurement
methods used should have had a lower detection 1limit to
increase the confidence level. Its contribution to the total
UCR was 8.6 x10%. The Cr and As carcinogenic species should
be studied in more detail to determine representative
concentrations of Cr(VI) and As(III) in this area.

The post-study decision to identify the source
contributors to the ambient samples limited this study to a
screening procedure. Other procedures that would have allowed
detailed source identification are to use a different filter
medium to analyze for carbon, i.e., PTFE teflon membrane
filters contain carbon, to collect meteorological data and the
particulate matter samples on the same time interval, to use
other sites for simultaneous particulate matter sampling and
meteorological data collection, and to use actual source
emission samples from the monitored area instead of the EPA

emission source data base profiles.
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Client: Tennessee Valley Authority Project Number: 307/01

Report Date: 1/10/91 Date Received: 11/30/90
NEA ID: 90-T451 Client ID: CW 9/11/90

Site: Sample Date: 9/11/90
Exposed Area: 6.60 cm2 Deposit Mass: 320.+4+= 10. ug
Volume of Air Sampled: 20.31 +- 2.031 m3

Suspended Particulates (C): 15.76 +- 1.651 ug/m3
Element ug/filter percent ug/m3

Al 5.1420 +- 0.7029 1.6070 +- 0.2253 0.2532 +- 0.0429
Si 17.9900 +- 2.3830 5.6220 +- 0.7650 0.8858 +- 0.1470
P 0.0000 +- 0.0396 0.0000 +- 0.0124 0.0000 +- 0.0020
S 15.1600 +- 1.7070 4.7380 +- 0.5535 0.7464 +- 0.1124
cl 0.0000 +- 0.1201 0.0000 +- 0.0375 0.0000 +- 0.0059
K 3.0710 +- 0.3472 0.9597 +- 0.1126 0.1512 +- 0.0228
Ca 29.3900 +- 3.2880 9.1840 +- 1.0670 1.4470 +- 0.2171
Ti 0.7696 +- 0.0429 0.2405 +- 0.0154 0.0379 +- 0.0043
v 0.0178 +- 0.0119 0.0056 +- 0.0037 0.0009 +- 0.0006
Cr 0.0429 +- 0.0073 0.0134 +- 0.0023 0.0021 +- 0.0004
Mn 0.2204 +~ 0.0145 0.0689 +- 0.0050 0.0109 +- 0.0013
Fe 11.8400 +- 0.5953 3.7000 +- 0.2190 0.5830 +- 0.0653
Ni 0.0000 +~ 0.0073 0.0000 +- 0.0023 0.0000 +- 0,0004
Cu 0.3089 +- 0.0185 0.0965 +- 0.0065 0.0152 +- 0.,0018
Zn 0.1551 +~ 0.0112 0.0485 +- 0.0038 0.0076 +- 0.0009
Ga 0.0000 +- 0.0046 0.0000 +- 0.0014 0.0000 +- 0.0002
Ge 0.0000 +- 0.0040 0.0000 +- 0.0012 0.0000 +- 0.0002
As 0.0000 +- 0.0119 0.0000 +- 0.0037 0.0000 +- 0.0006
Se 0.0000 +- 0.0046 0.0000 +- 0.0014 0.0000 +- 0.0002
Br 0.0191 +~ 0.0053 0.0060 +- 0.0017 0.0009 +- 0.0003
Rb 0.0099 +- 0.0066 0.0031 +- 0.0021 0.0005 +- 0.0003
Sr 0.0442 +- 0.0086 0.0138 +- 0.0027 0.0022 +- 0.0005
Y 0.0000 +- 0.0099 0.0000 +- 0.0031 0.0000 +- 0.0005
Zr 0.0264 +- 0.0132 0.0082 +- 0.0041 0.0013 +- 0.0007
Mo 0.0152 +- 0.0165 0.0047 +- 0.0052 0.0007 +- 0.0008
Pd 0.0000 +- 0.0455 0.0000 +- 0.0142 0.0000 +- 0.0022
Ag 0.0125 +- 0.0601 0.0039 +- 0.0188 0.0006 +- 0.0030
cd 0.0033 +- 0.0693 0.0010 +- 0.0217 0.0002 +- 0.0034
In 0.0000 +~ 0.0818 0.0000 +- 0.0256 0.0000 +- 0.0040
Sn 0.0370 +- 0.0990 0.0116 +- 0.0309 0.0018 +- 0.0049
Sb 0.0000 +- 0.1267 0.0000 +- 0.0396 0.0000 +- 0.0062
Ba 0.0000 +- 0.4620 0.0000 +- 0.1444 0.0000 +- 0.0227
La 0.0000 +- 0.6230 0.0000 +- 0.1947 0.0000 +- 0.0307
Hg 0.0000 +- 0.0073 0.0000 +- 0.0023 0.0000 +- 0.0004
Pb 0.0356 +- 0.0198 0.0111 +- 0.0062 0.0018 +- 0.0010
NO3 8.0000 +- 0.8000 2.5000 +- 0.2600 0.3900 +- 0.0600
PO4 0.0000 +- 2.0000 0.0000 +- 0.6200 0.0000 +- 0.1000
Be 0.0000 +- 0.3800 0.0000 +- 0.1190 0.0000 +- 0.0190

Figure 5. Laboratory coarse results sheet.
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Client: Tennessee Valley Authority Project Number: 307/01

Report Date: 1/10/91 Date Received: 11/30/90
NEA ID: 90-T452 Client ID: FY 9/11/90

Site: Sample Date: 9/11/90
Exposed Area: 6.60 cm2 Deposit Mass: 470.+- 10. ug
Volume of Air Sampled: 20.31 +- 2.031 m3

Suspended Particulates (F): 23.14 +- 2.366 ug/m3
Element ug/filter percent ug/m3

Al 0.6217 +- 0.1115 0.1323 +- 0.0239 0.0306 +- 0.0063
Si 1.1110 +- 0.1564 0.2365 +- 0.0337 0.0547 +- 0.0094
P 0.0000 +- 0.0482 0.0000 +- 0.0103 0.0000 +- 0.0024
S 80.3900 +- 8.9960 17.1000 +- 1.9480 3.9580 +- 0.5940
Cl 0.0000 +- 0.5333 0.0000 +- 0.1135 0.0000 +- 0.0263
K 1.3640 +- 0.1564 0.2903 +- 0.0338 0.0672 +- 0.0102
Ca 1.4100 +- 0.1604 0.2999 +- 0.0347 0.0694 +- 0.0105
Ti 0.1148 +- 0.0106 0.0244 +- 0.0023 0.0057 +- 0.0008
v 0.0033 +~ 0.0059 0.0007 +- 0.0013 0.0002 +- 0.0003
Cr 0.0482 +- 0.0059 0.0103 +- 0.0013 0.0024 +- 0.0004
Mn 0.0581 +- 0.0073 0.0124 +- 0.0016 0.0029 +- 0.0005
Fe 3.3510 +- 0.1716 0.7129 +- 0.0395 0.1650 +- 0.0185
Ni 0.0158 +- 0.0059 0.0034 +- 0.0013 0.0008 +- 0.0003
Cu 0.1709 +- 0.0119 0.0364 +- 0.0026 0.0084 +- 0.0010
Zn 0.2693 +- 0.0165 0.0573 +- 0.0037 0.0133 +- 0.0016
Ga 0.0000 +- 0.0046 0.0000 +- 0.0010 0.0000 +- 0.0002
Ge 0.0079 +- 0.0040 0.0017 +- 0.0008 0.0004 +- 0.0002
As 0.0112 +- 0.0132 0.0024 +- 0,0028 0.0006 +- 0.0007
Se 0.0046 +- 0.0046 0.0010 +- 0.0010 0.0002 +- 0.0002
Br 0.0462 +- 0.0066 0.0098 +- 0.0014 0.0023 +- 0.0004
Rb 0.0000 +- 0.0073 0.0000 +- 0.0015 0.0000 +- 0.0004
Sr 0.0000 +- 0.0086 0.0000 +- 0.0018 0.0000 +- 0.0004
Y 0.0000 +- 0.0099 0.0000 +- 0.0021 0.0000 +- 0.0005
Zr 0.0066 +- 0.0125 0.0014 +- 0.0027 0.0003 +- 0.0006
Mo 0.0106 +- 0.0172 0.0022 +- 0.0037 0.0005 +- 0.0008
Pd 0.0495 +- 0.0442 0.0105 +- 0.0094 0.0024 +- 0.0022
Ag 0.0000 +- 0.0554 0.0000 +- 0.0118 0.0000 +- 0.0027
cd 0.0733 +- 0.0706 0.0156 +- 0.0150 0.0036 +- 0.0035
In 0.0000 +- 0.0851 0.0000 +- 0.0181 0.0000 +- 0.0042
Sn 0.0020 +- 0.1043 0.0004 +- 0.0222 0.0001 +- 0.0051
Sb 0.0000 +- 0.1327 0.0000 +- 0.0282 0.0000 +- 0.0065
Ba 0.0000 +- 0.4792 0.0000 +- 0.1019 0.0000 +- 0.0236
La 0.0000 +- 0.6501 0.0000 +- 0.1383 0.0000 +- 0.0320
Hg 0.0000 +- 0.0073 0.0000 +- 0.0015 0.0000 +- 0.0004
Pb 0.1148 +- 0.0218 0.0244 +- 0.0047 0.0057 +- 0,.,0012
NO3 4.0000 +- 0.4000 0.8500 +- 0.0900 0.2000 +- 0.0300
PO4 0.0000 +- 2.0000 0.0000 +- 0.4300 0.0000 +- 0.1000
Be 0.0000 +- 0.3800 0.0000 +- 0.0810 0.0000 +- 0.0190

Figure 6. Laboratory fine results sheet.

68




0.9

0.8

0.7

0.6

0.4

AAT, WS, & Rfl (unlt

0.3

0.2

0.1

c'Tlll"'l LA S S |
S90 Oc Nv Dc Ja Fb Mr Ap My Je Jl Au S91

Monthly Avg of Dally Qnty-Normalized

—=— AAT (76.9degF) —+— WS (8.47kph) —w— Rfl (21.8cm)

Figure 7. Meteorological components.

0.9~

0.8

0.7

0.6
0.5

AN

0.4

IP, CP, & FP (unit)

\/\/\

zk

0.3

RN i e

0.2
0.1

0-+— T Y T g T T T . T T —
S90 Oc Nv Dc Ja Fb Mr Ap My Je JI Au Sg1

Monthly Avg of 24h-3day Qnty-Normalized

—&— |P (31.51ug/m3) —— CP (31.51ug/m3) —&— FP (31.51ug/m3)

Figure

8. Particulate matter monthly trends.

69



ISA

:  ——
o7 SN A 7
os AN

Moa ]
z : \\\.’//\\‘/ \\/.

Fe & Mn (unit)

$90 Oc Nv Dc Ja Fb Mr Ap My Je J Au S&1
Monthly Avg of 24h-3day Qnty-Normalized

—=— Fo (.844ug/m3) IP —=— Mn (.011ug/m3) IP

Figure 9. Iron & manganese monthly trends.

N "
A

A, Ca, 8|, Sr, & Ti (unit)

c T g T T T T T T T T T L T
S90 Oc Nv Dc Ja Fb Mr Ap My Je JI Au S91
Monthly Avg of 24h-3day Qnty-Normalized
—=— Al (:267ug/m3) CP ~—+— Ca (.891ug/m3) CP —=— Si (947uy/m3) CP
—=— Sr (.0014ug/m3) CP —— Tl (.028ug/m3) CP

Figure 10. Selected elements’ monthly trends.

70




S (P), S (FP), FP, & AAT (unit)

S90 Oc Nv Dc Ja Fb Mr Ap My Je JI Au S81
Monthly Avg of 24h-3day Qnty-Normalized

—=— 8 (3.807ug/m3) IP —— S (3.554ug/mn3) FP —— FP (22.842ug/mnd)
—a— AAT (76.9degF) —— |

Figure 11. Sulfur’s monthly trends.

71



Profile Name ¢ Coal-fired Power Plant/ESP Composite

Profile Number : 11215

Data Quality : D

Control Device : ESP

Reference (s) ¢ Not specified

Data Source ¢ Profile represents a composite of Profiles
11204, 11205, 11206, 11207, 11208, 11210,
and 11212.

SCC Assignments: 10100201

Mass Fraction Data :

Size Interval (um) - (0-2.5) (0-6) (0-10)
Mass Fraction - 0.290 0.500 0.670
Total Particulate Matter -
Total
0-2.5 unm 2.5-10 um 0-10 um Measured

Num Sys $wt unc{1l} $wt unc{1l} $wt unc{1i} fwt unc{1l}

12 Mg 1.914 000 2.935 000 2.493 000 2.555 000
13 Al 10.598 000 13.864 000 12.45 000 12.58 000
14 Si 15.789 000 26.426 000 21.822 000 22.604 000
16 S 1.255 000 0.565 000 2.864 000 0.603 000
19 K 1.421 000 1.665 000 1.559 000 1.558 000
20 Ca 2.287 000 2.648 000 2.492 000 2.516 000
22 Ti 0.896 000 1.114 000 1.02 000 1.019 000
23 v 0.058 000 0.062 000 0.06 000 0.061 000
24 Cr 0.05 000 0.05 000 0.05 o000 0.049 000
25 Mn 0.047 000 0.041 000 0.044 000 0.044 000
26 Fe 7.239 000 7.73 000 6.089 000 7.534 000
28 Ni 0.019 000 0.018 000 0.018 000 0.017 000
29 Cu 0.022 000 0.021 000 0.022 000 0.021 000
30 Zn 0.156 000 0.151 000 0.153 000 0.149 000
33 As 0.036 000 0.023 000 0.031 000 0.03 000
34 Se 0.011 o000 0.008 000 0.009 o000 0.009 000
51 Sb 0.004 000 0.004 000 0.004 000 0.004 000
82 Pb 0.033 000 0.032 000 0.032 000 0.032 000

TOTALS: 42.315 57.883 51.719 51.886

{1} Uncertainty not evaluated.

Figure 12. Particulate matter profile speciation report.
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Table 1.

Monitoring statistics.

Description

Sampled Period

Sampling Period

11 9/11/90 to 9/9/91, incl., 3-day cyc.

Samples Collected|| 240 (one CP and FP per 24-hours)

Lost Records

1l 2 (9/20/90 and 8/28/91)

Sample miss-scheduled

Elements from analysis

1 (7/31/91 should be 8/1/91)

|1  Element/Compound (MW)

A1(27), Si(28), P(31), S(32), Cl1(35.4),
K(39), Ca(40), Ti(48), V(51), Cr(52),
Mn(55), Fe(56), Ni(59), cCu(63.5),
Zn(65.4), Ga(70), Ge(72.6), As(75),
Se(79), Br(80), Rb(85.5), Sr(87.6),
Y(89), 2Zr(91), Mo(96), Pd(106.4),
Ag(108), <€d(112.4), 1In(115), Sn(119),
Sb(122), Ba(137), La(139), Hg(200.6),

Pb(207), NO,(62), PO,(95), Be(9)

Analysis Methods)

|
|
XRF || Elements Al to Pb (listed above)
IC || Compounds NO, and PO,
ICP |! Element "Be"

Table 2. Monthly concentrations (u/m*) and ff (dec).

Mth (smps) IP CcpP FP FF

Sp9o0(6) 28.440 10.127 18.308 .613

0c90(10) 18.160 6.350 11.809 .585

Nv90(10) 24.560 7.748 16.816 .650

Dc90(11) 22.890 9.566 13.357 .633
. Ja91(10) 20.470 3.813 16.671 .824
. Fb91(9) 15.510 3.550 11.960 .787

Mrol(11) 20.790 7.937 12.850 .667
- Ap91(10) 24.010 10.706 13.304 .570

My91 (10) 26.790 10.188 16.603 .598

Je91(10) 31.510 9.374 22.133 .702
- J191(11) 31.150 8.509 22.642 .739

Au91(9) 25.840 6.252 19.585 .753

Sp91(3) 30.000 8.573 21.429 .708

Annl Mean: 24.258 7.855 16.406 .678
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IP 24.258

S 2.1869
Si  0.5553
Ca  0.4862
NO, 0.4515
Fe  0.4510
Al  0.1669
K 0.1631
PO, 0.1310
La  0.0458
Cl  0.0419
Ba  0.0374
Ti  0.0289
Zn  0.0273
Pb  0.0087
Sb  0.0084
Sn  0.0078

Cu 0.0071

Mn  0.0061
In  0.0049
cd  0.0048
Be  0.0046
Ag 0.0033
Br  0.0030
P 0.0028
Pd  0.0027
cr  0.0021
zZr  0.0017
As  0.0015
Sr  0.0012
Mo  0.0011
Se  0.0010
v 0.0009
Ni  0.0008
Rb  0.0006
Y 0.0006
Hg  0.0005
Ge  0.0003
Ga 0.0003

7.8550

0.4673
0.4259
0.3252
0.2191
0.2115
0.1423
0.0841
0.0456
0.0223
0.0192
0.0180
0.0166
0.0153
0.0040
0.0039
0.0033
0.0033
0.0023
0.0023
0.0021
0.0018
0.0017
0.0013
0.0013
0.0013
0.0012
0.0008
0.0004
0.0004
0.0004
0.0003
0.0003
0.0003
0.0002
0.0002
0.0001
0.0001
0.0001

78

16.406

1.9677
0.2400
0.1259
0.0880
0.0854
0.0789
0.0603
0.0246
0.0239
0.0226
0.0209
0.0174
0.0109
0.0069
0.0051
0.0045
0.0033
0.0027
0.0026
0.0026
0.0025
0.0021
0.0018
0.0014
0.0012
0.0011
0.0009
0.0008
0.0006
0.0006
0.0005
0.0004
0.0004
0.0003
0.0003
0.0003
0.0002
0.0001

0.6780

0.8901
0.8835
0.8303
0.7748
0.6658
0.6647
0.5952
0.5855
0.5839
0.5654
0.5627
0.5616
0.5584
0.5565
0.5556
0.5543
0.5513
0.5505
0.5496
0.5435
0.5320
0.5290
0.5274
0.5259
0.5153
0.5138
0.5033
0.4965
0.4686
0.4582
0.4067
0.4025
0.3758
0.3035
0.2944
0.2009
0.1932
0.1909




Table 4.

Analyte (MW)

Compound (MW)

Analyte
Annual
Conc.

(hg/m?)

IP Analyte and its compound identification.

Cl(35.4)
Zn(65.4)
Sb(122.4)
Pb(207)
Cu(63.5)
Mn(55)
cd(112.4)
Cr(52)
As(75)
Se(79)

Ni (59)
V(51)
Hg(200.6)

(NH,),S0,(132)
Caco, (100)
510, (60)
Fe,0,(160)
A1,0,(102)
KNO, (101)
NH/NO, (80)
KNO, (101)
(NH,) JPO+3H,0
(203)
NaCl(58.4)
Zno(81.4)
Sb,0,(292)
PbO (223)
Cu0(79.5)
MnoO (71)
cdo(128.4)
Cr,0, (152)
As,0,(230)
Se0(95)
NiO(75)
V,0,(182)
HgO (216. 6)

Table 5.

Unit

UntRsk
Ftr (m’/ug)

UntCncr
Rsk (10%)

Cr(52)
Ni(59)
As(75)
cd(112.4)

AnnlMean DetLim
(ug/m’) (ug/m’)
.0021 .0001
.0008 .0002
.0015 .0003
.0048 .0017

* Adjusted for 15% of measured Cr as hexavalent chrome based
on Falerios, et alb.
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Table 15. Models’ Results.

Samples ->  RBCO313A REC1207  REC1228A RECO731A RBC1O17  REC1128  RBC1I13 Minual  Sel Srcs Max &
High CF  Righ PP High PN1O High °S® High "As" Hi-Ni-Crs Hi-Pb-Pin  Average  Coatrib Range
PK10 Nin Hax
Conc (ug/n3) 4.3 42.1 5.2 29.5 .17 8.3 25.7 1.3
Fine Praction  0.271 0.716 0.215 0.92 8.204 0.351 0.615 0.678
A B c »p E ¢ 6 ®# I J ¥ L ¥ ¥ ¢ P Q R § s
11
12 "LIMITED ELEMENT" Model - Src’s maximum percent contribution to Smp with limiting element (%).
13
14 SULPATE 76045 121485 6.1458 66,1565 81.288 5 51.8355 17,4498 37,1915  6.145 81.288
15 COAL-PWR 10,523 Cr 5,346 Al 6,387 Al 3.39 Wi 15.829 Al 10.881 Al 3,969 Ri 5,526 Al 90.387 15.829
16 SEW SLODGE  0.652Pb 1,581 Pb 9.207Cu @.724 Pb 0.195Cd @.299Pb 1.545Cd 1.220Pb @.195  1.581
17 DIBSEL PUEL 22,753 C 22,753 C 11,288 Ni 22.599 Wi 18.433 C1 15.969 Pb 22,753 C 22.753 C 11.288 22.783
18 GASOLN PUBL 3.189 Br 7.195Br 1,829 Br 1,338 Br 9.595Br 2.933Pb 4.751 Br G5.100 Br 1,338  9.595
19 DUST-EROSH 38,473 Mn 8.000 Al 0.479 51 8.475Hi 21,290 Si 13.415681 9.830 AL 8,118 8i 0.479 38.473
20 ALUK-DROSS  1.176 C1 1,581 C1 @.185C1 1.093Cl 9.037Cl 1.936Cl 1.694C1 0.764 C1 @.037 1,93
21 ALUM-POTLIN 25.810 Al 4.379 A1 @.317Al 4.B43 i 1.037C1 &8.913A0 5,381 Al 4.526 Al 0.317 25.819
22 LIME KILK  10.161C1 4,399 Ni 1,058 Ri 2,119 KL @.317C1 16.729Cl 2.481 Ri 6.598Cl 0.317 16.729
23 GRAVEL ROAD 8.472 Ca 15.648 Ca 9.463 Ca 33.898 Hi 23.440 Ca 6.337Ca 13.877Ca 6.637Ca @.463 33.898
24 CBM BAL MIL 5.556 Ca 10,251 Ca 0.303 Ca 25.554 Ca 15.356 Ca 4.152Ca 9,091 Ca 4,348 Ca 0.303 25.554
25 ELBC ARC PN 0.251Cr 9.224 Ni O0.@48 i O0.097T Hi O.448 Hi Q.45 Mo Q.113Ri 0.289 Nn 0.048  0.456
26 WOOD BURNNG 34.542 C 34.542C 34.542C 34.542C 8.295C1 34.542C 34.542C 34.542C 8.295 34.542
21
p
19 Percent Difference Statistics. Average
30
31 Mean 115.68 67.67 55.88 89.51 690.87 58.54 51.00 60.69 69.98
32 8.0, 102,32 109.44 113.86 16452 168,72  118.82  161.35 85.24 127.9
33 Nedian 186.85  222.46 193.94  361.08  382.80  251.60  359.05 141,00  262.35
34 Maxinmm 318,38 379.55  306.98  670.24  684.55  411.97 63154 220.9% 453.99
35 Mininum -55.32  -65.36  -8e.89  -51.93  -81.0% 91,23  -86.56  -54.05 -10.89
36
kY]
3
39 "COMBINED BLEMENTS" Model - Least of LE model or Src Wt./Smp Wt. (%).
40
- 41 SULEATR 3,915 8.479 6.145 28,707  32.469  29.208 11036  24.317 3,915 32.469
42 COAL-PWR  10.523 8,346 0.387 2,950 12,689 10.881 3,969 5.526 0.387  12.68%
" 43 SEW SLUDGR  9.449 1.476 6.207 0.420 0.104 9.225 1.306 1,066 0.104  1.47
44 DIESBL PUBL 22,753 22,753 11,288  22.599  18.433  15.969 22,753  22.753 11,288 22,783
45 GASOLK FUEL 3.189 1.195 1.829 1,338 9.595 2,933 4,751 5.100 1,338 9.595
- 46 DUST-BROSK  38.473 8.000 0.479 1.45 17,242 13,415 9.830 8.118 2.479  38.47M
47 ALUM-DROSS  1.129 1.581 0.185 0.884 ¢.027 1.936 1.694 0.764 8.021 1,936
48 ALUM-POTLIK 25.810 4.379 8.317 4.607 0.908 8.913 5,381 4.526 9.317 25.819
49 LINE KILK  6.637 4,331 1,058 1,166 0.161 11.960 1.99¢ 5.473 a.161 11,90
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Table 15, Models’ Results (continued).

Samples ->  RECO313A REC1287  RRC12280 RBC@731A RBC1017  RBC1128  RBC1113  Anmnual Sel Srcs Max ¢
High C¢  High FP  High PM1® High "S" High "As" Hi-Ni-Crs Hi-Pb-Fin Average Contrib Range

PK1e Nin Hax
Conc (ug/a3) 42.3 $2.1 0.2 29.5 1.7 8.3 25,7 24.3
Fine Praction  9.271 0.776 0.215 .92 8.204 8.351 0.615 0.678

A B c 0 B ¢ ¢ B I J K L K ¥ O P Q R S by
61

62 GRAVEL ROAD 8.163  15.648 8.463 21,521  17.521 6.337 13,877 6.637 0.463 21.527
63 CBM BAL MIL 65.550  10.28) 8.303 25,554 15,356 4.152 9.991 4.348 0.303  25.5%4
64 BLEC ARC EN  @.251 9.224 8.048 8.097 9.448 9.45 0.113 0.289 0.048  9.456
65 WOOD BURNKG 34.542 34.542 34,542 3,542 1.992 34.542 34,542 34.542 7.992 34,542
66

67 Percent Difference Statistics. Average

68

69 Mean 101.23 64.62 55.88 62.85 35.68 9.7 46,39 55.42 58.98

70 5.0, 92,34 108,02  113.86 14429  143.81 112,75 198.16 83.82 119.63

71 Median 178.14 216.83 193.94 315.18 322.26 234,88 349.88 141.02 244,01

72 Naxinum 288,28 368.11 306,98 565.89 560.37 377.54 611.79 227.44 413.30

73 Minimua -68.41 -65.54 -80.89 -64.48 -84.16 -92.18 -87.97 -54.60 -14.12

T4

15

76 "BQUAL WEIGHT" Model - Srcs contribute equally by factor of 108 % / 13 (%).

n

78 SULPATE 1.692 1.692 1,692 7.692 7.692 1.692 1.692 1.692

79 COAL-PWR 7.692 1.692 7.692 1.692 1.692 71.692 1.692 7.692

80 SBW SLUDGE  7.692 7.692 7.692 1.692 1.692 1,692 1.692 1.692

81 DIBSEL PUBL 7.692 1.692 1,692 71.692 1.692 1.692 7.692 1.692

82 GASOLK PUEL 7.692 1.692 1.692 7.692 1,692 7.692 71.692 1.692

83 DUST-EROSR  7.692 1.692 1.692 7.692 1.692 7.692 7.692 7.692

84 ALUN-DROSS  7.692 1.692 1.692 7.692 1.692 1.692 1.692 1.692

85 ALUN-POTLIN 7.692 1.692 7.692 1.692 1.692 1.692 7.692 1.692

86 LIME KILN 1.692 1.692 7.692 1.692 1.692 7.692 7.692 1.692

87 GRAVEL ROAD 7.692 1,692 1.692 1.692 1.692 7.692 7.692 7.692

88 CBM BAL MIL 7.692 1,692 1.692 1.692 1.692 7.692 7.692 1.692

89 BLRC ARC PR 7.692 1.692 7.692 7.692 7.692 71.692 1.692 7.692

99 WOOD BURNKG  7.692 1.692 7.692 1.692 1.692 1.692 1.692 1.692

91

92

93 Percent Difference Statistics. Average

94

95 Mean 646.67  563.97  3728.65  1146.84  1988.43  552.86  656.96  6@5.78  1236.27

9 S.D. 992.97  952.11  4620.98  2217.71  6230.79 971,13 1775.38  834.28  2324.42

97 Median 2029.18  1990.48  9274.89  4639.97 13716.35  1849.74  3945.31  1382.06  4853.50

98 Maximum  4004.62  3935.63 18548.96  9215.19 27352.35  3630.49  7856.15  2726.84  9658.78

99 Hinimun -53.73 <454 -0.81  -64.74  -00.3¢  -68.99  -34.48  -37.28  -48.2
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