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ABSTRACT
Harold W. Robbins, M.S., Fall 1981 Envirommental Studies

An Air Pollution Source Apportionment Study for Billings, Montana:
1978 through 1980

Director: Dr. Ron Erickson ﬁ?i/

It is the purpose of this paper to determine the sources of air
pollution particulates in Billings, Montana. The data used for this
analysis was a result of the Montana Air Pollution Study (MAPS) con-
ducted between middle 1978 to early 1980. Four general sizes of par-
ticulates are addressed: 1) total suspended particulates (as measured
by the high-volume sampler, 2) fine particles (those particles less
than 2.5 microns in diameter), 3) coarse particles (particles between
2.5 and 15 microns), and 4) inhalable particles (particles less than 15
microns).

The analysis was conducted using various simple and complex sta
tistical methods. Cowmparisons were made between the air monitoring
data, meteorological data, and emission—related data. Conpari=sns
between emissions-related data such as the day of the week and wet
day/dry days and ambient data were used to analyze possible sources.
Enrichment factors were used to determine the effect of earth crustal
materials on the particulate levels. Finally, factor anal ysis was used

to apportion various sources by use of the elemental data developed from
MAPS.

It is proposed that road dust, soils, and the like are the major
contributor to total suspended particulate, coarse, amd to some degree
inhalable particulate in Billings. Fine particulate, on the other hamd,
seems to be more closely associated with automohile and industrial
emissions,

p. ii
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INTRODUCTION

The purpose of this paper is to study and to analyze total and inha-
lable particulate air pollution in Billings, Montana. Total par—
ticulates are all particles suspended in the atmosphere, while inhalable
particulates consist only of those particles that may enter the nose or
mouth. Inhalable particulates are generally defined as those particles
not exceeding 15 microns in diameter (mean Stoke's diameter).
Specifically, this paper is concerned with the analysis of data
collected in Billings during the course of the Montana Air Pollution
Study (MAPS) from approximately January 1, 1978 through June 30, 1980.
It is hoped that this paper will assist decisionmakers in their attempt
to control total and inhalable particulates in the atmosphere through a
comprehension of the inter-relationships between the particles and
meteorological, alr monitoring, and emissions data. The key to intelli-
gent decisions regarding the protection of human health from par-
ticulates is tiwrough an understanding of the particles and their source
and behavior,as well as spatial and temporal distributions.

The primary objective of this paper, then, is to determine the
ma jor classes of air pollution sources in Billings, which is to say that
the objective is to apportion the air pollution sources that signifi-
cantly contribute to the suspended particulate levels in the area. The
means of such a determination 1is through the analysis of the ambient air
quality data, emission-related data, and meteorology.

It is concluded that the total suspended particulate values
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2
observed in the city of Billings are most clearly aswciated with road
dust, soil, and crustal earth materials. It is also concluded that the
fine particulate data probably have major industrial and/or automotive

exhaust as a major source.
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BACKGROUND OF MAPS STUDY

The MAPS project was proposed in response to concern over high death
rates in several Montana counties from a variety of cardiovascular and
pulmonary diseases such as emphysema, chronic bronchitis and others. A
review of death certificates from Deer Lodge, Lake, Missoula, and Silver
Bow Counties revealed death rates from these diseases far above the
national average. For example, death rates from these diseases in
Missoula County were 49 percent above the national average for those
people over 65, while the death rates in Deer Lodge and Silver Bow
Counties were nearly twice the national average. In addition, these
figures indicate that the death rates for women were as high or higher
than for men. The later statistic would terd to rule out job~related
causes, such as employment in mines or smelters.l It became apparent to
the Montana Air Quality Bureau (AQB) that the causes may be associated
with the surrounding environment, and since the deaths were due to
pulmonary-related diseases, air pollution was a suspected cause. These
statistics along with other assocliated data prompted the AQB to approach
the 1977 Montana Legislature to request $1.07 million in order to deter—
mine how air pollution affects the health of the people in Montana. The
Legislature granted the money for a two—year study of air pollution and
health in Anaconda, Billings, Butte, Missoula, Columbia Falls, Colstrip,
East Helena, and Hardin. The Montana Legislature allocated another
$350,000 1in the 1979 session to allow for the completion of the study.

In response to the legislative mandate, the Bureau undertook

five health effect studies in various communities.2
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1. Pulmonary function testing of school children (second through
fifth grades). (All MAPS communities).

2. Pulmonary function testing of patients identified as having a
chronic obstructive pulmonary disease (COPD). (Missula).

3. Screening for the presence of possible carcinogenic substances
in children's urine. (Butte—Anacomda).

4, Review of admissiouns for pulmonary-related diseases at all
hospitals, (Entire state of Montana).

5. Death Certificate analysis for the period 1970-1975. (Deer
Lodge, Lake, and Silver Bow Counties).
Significance of the MAPS Study

Principal investigators for the MAPS project devoted a great deal of
attention to the comparisons of pulmonary function and particulates, and
most especially inhalable particulates. The investigators generally
found a negative correlation between inhalable particulates, and pulmo-
nary function, which is to say that when the inhalable particulate
levels were high, the ability of children and COPD patients to perform
well was reduced. This correlation held true both for inter-city com-
parisons and comparisons with varying air pollution levels over time

(seasonal).3

The results of these analyses are highly significant for two
reasons:
1. Many of the consultants contacted to review the project felt
that the project would find "no effect” since population and
pollution levels in Montana's cities were too small to

demonstrate effects, and

2. MAPS is one of the few studies ever comducted to address inha-
lable particulates and their relationship to human heal th.

Another point of interest in this study is that there is

an apparent effect on the population at large and not just on a
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5
"sensitive” population. The latter has been a point of contention bet-
ween opposing groups in the establishment of ambient air quality
standards, since some believe that the entire population ought to be

protected rather than just "sensitive"” individuals.
The Environmental Protection Agency (EPA) became sufficiently
interested in the overall study to contract the AQB for $50,000 to write

a report oa results for its review. The report intitled Relationship

Between Human Health and Inhalable Particulates, which was published in

October 1980, contains the MAPS results with regard to particulates. It
is apparent that EI-’A may use the information to set a national ambient
standard for inhalable particulates, EPA has expressed an interest in
this area for several years. Of late, numerous workshops have been
conducted on the subject of inhalable particulates. These workshops
have been dedicated to health effects, measurement techniques, ard
existing data bases., EPA currently has several inhalable particulate
air monitoring networks throughout the United States. Montana, for
instance, is part of the "Western Fine Particulate Program" sponsored
by EPA and conducted by the University of California at Davis. EPA
also is sponsoring research for methods of analysis and capture of
inhalable particulate.

In summary, both the State of Montana and the EPA are interested in
the measurement and the interpretation of total and inhalable
particulates. EPA has suggested that an inhalable ambient standard is
in the making. This interest in the measurement of inhalable par-
ticulates lends itself to a need for analysis of the associated factors

affecting the data distribution.
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Footnotes

1Stephen Medvec et al., Montana Air Pollution Study: Final Report,
(Helena, MT: Montana Department of Health and Envirommental Sciences,
1981), pp. 61-65.

2Montana Air Quality Bureau, Montana Air Pollution Study 1977-1979:
Approach and Methodology, (Helena, MI: Montana Department of Health and
Environmental Scineces, 1978), pp. 30-51.

3Montana Air Quality Bureau, Montana Air Pollution Study:
Relationship between Human Health and Inhalable Particulate, (Helena,
MT: Montana Department of Health and Envirommental Sciences, 1980), pp.
iii—v'
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PARTICULATES AND THEIR MEASUREMENT

Air pollution measurement and control generally are separated into
two classes: 1) gases and 2) particles, The most common gaseous air
pollutants are sulfur dioxide, nitrogen dioxide, carbon monoxide, and
ozone. These pollutants normally are measured with an instrument which
constantly samples the air and responds to the appropriate pollutant
with either an indication on a chart recorder or an analog signal (for
computer processing and logging), or both. The measurement and the ana-

lysis of particulates, however, are usually quite different.

Particulates and Their Characteristics

Particulates may actually consist of liquid or solid particles.
The larger particles (those greater than 10 or so microns in diameter)
tend to fall out fairly rapidly. Particles sampled in the air nommally
vary from about .1 microns to as large as 50 microns, depending on the
type of instrument used. Different sources of particles temd to possess
quite different size characteristics. For example, tobacco smoke is
between .00! and .2 microns, rain drops from 500 to 1000 microus, fog
from 1 to 50 microns, pollens (causing hay fever) from 15 to 60 microns,
and oil smoke from .05 to ! micron.!l The size uniqueness for
various types of particulates lends itself to a unique size rarge
distribution. Most urban areas typically possess a bimodal distribution
such as the one shown in Figure l. Note that the bimodal peaks occur
near .5 micron and 10 microns. It is generally assumed that these two
peaks represent quite different sources, The second peak tends to

represent sources such as road dust, geologic materials, crushers, and
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9
abrasive and/or cutting operations, while the first peak (near .5
microns) usually represents combustion type sources such as smoke,
autonotive exhaust, and so forth,?2
Particulate Measuring Devices

The most common type of measurement for particulates involves cap—
turing the particles on a filter. In most instances, a clean filter is
weighed in a 1laboratory and then exposed to the atmosphere. Air is
drawn through the filter at a known rate during the sampling time. At
the end of the sampling period, the filter is removed and then returned
to the laboratory for reweighing. The difference in weight between the
exposed and the unexposed filter divided by the wvolume of air passing
through the filter during the rum is a measurement of the concentration
of particles in the air. The most common unit of measurement is
micrograms per cubic meter (ug/m3).

The high-volume sampler (hi-vol) has been in widespread use
throughout the United States for many years, and continues to be a major
instrument for monitoring ailr quality levels in virtually all state and
county alr pollution agencies. The hi-vol measures particles exactly as
described above. The particles are collected on a 8 x 10 inch filter
(usually fiberglass and sometimes cellulose)., The filter is weighed in
the laboratory and then sent to a field sampler, which consists of an
aluminum housing, vacuum motor, filter holder assembly, and a flow-
measuring device (see Figure 2), The hi-vol is almost always operated
for 24-hours at a time (usually midnight to midnight). After the run 1is
completed, the filter is returned to the laboratory for weighing and

concentration calculation. The hi-vol 1is of such widespread use that it
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Figure 2

High Volume Sampler

Filter

2~ Filter Halder Assembly

‘& Motor Assembly

Source: Code of Federal Regulations, Chapter 40, Part 50, Appendix B

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



11
has been designated by the EPA and the State of Montana as the
"reference method” for measuring total suspended particulates (TSp).3
All current ambient standards for particulates must be based on this
measuring device. Other devices cannot be used for determination of
compliance with ambient standards unless they can be shown, through
elaborate testing, to be equivalent to this methnd.

Although the hi-vol is designated to measure total suspended
particulates, as a practical matter it has the ability to measure only
a certain size distribution of particles. The aerodynamic cut point
{which will be explained latter) for the hi-vol is approximately 30
microns. The smallest measureable particle is about .0l microns,
smaller than the trapping filter®. The filter media used by the MAPS
project were glass~fiber and supplied by EPA as part of a national
allocation for comnsistency among states. The filters are designed to
capture 99 percent of all 0.3 micron particles (using the DOP test as
described in the Federal Register).S

There are several distinct disadvantages to the hi-vol sanmpler
relative to health effects. As the MAPS study has indicated, and other
Investigators have pointed out, the relationship between human health
and particles is at least partially dependent upon the size of the par-
ticles in the air.® The hi-vol, however, appears to gather particles
with a wide size range. Since it has the ability to capture larger
particles, it is quite possible that in many instances the sampler
could be biasing the results to larger values than may be represented
among the smaller, more important particles. In other words, it takes

only a few large particles to indicated high TSP readings when in fact
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12
the small particulate concentration may be very low. The hi-vol
sanpler may, therefore, have only limited uses in health effects
studies. This may not be true, of course, if it can be shown that a
relationship exists between the smaller particles and TSP.

The hi-vol also has the furthgr disadvantage that it is generally
difficult to determine accurately the concentration of elements within
the particulate. The fiber-glass filter is an excellent medium to cap-
ture particles and still allow a large air flow through the filter
(approximately 1.2 cubic meters per minute). It is, however, not the
best medium for elemental analysis because of the high and potentially
variable background levels of these elements within the filter itself.

Many air pollution control agencies have used another type of
sanpler, known as the membrane sampler, to alleviate the secomd problen,
The membrane sampler operates on the same principle, but uses a teflon
filter to capture the particulates. A different size filter is used in
the membrane sampler than the hi-vol as well as a larger carbon vane
punp. This sampler was used by MAPS to obtain some elemental data which

would not be obtainable through the hi-vol sampler,

Inhalable Particulate Measuring Devices
The collection and the measurement of inhalable particles is not a
trivial task. Recently, various manufacturing companies have begun
of fering air monitoring devices that selectively sample only the smaller
particles in the air, This type of sampler 1s extremely advantageous
for health effects studies such as MAPS. In order to insure an up-to—

date sampling network, the MAPS staff elected to purchase ten units of a
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13
type of equipment knowns as a "virtual impactor” or “"dichotomous
sampler” from Sierra Corporation in California.8 This type of sampler
is clearly the "wave of the future” relative to other particulate
sanplers which are now becoming obsolete. The EPA and various private
companies currently are producing another type of sampler that can be
retrofitted onto the hi-vol in order to reduce costs of comverting to
inhalable particulate monitors. These retro—fitted samplers were not
available during the MAPS project's design phase.

Collection of the inhalable particulates occurs on two filters,
which are .47 micron pore size and are composed of a fluorocarbonbased
material. This material is selected as a filter media when some of the
filters are to be subjected to elemental analysis. In order to select
the proper size ranges, the sampler draws air in through an aerosol
inlet at approximately 16.7 liters/minute (an approximate breathing
rate). The aerosol inlet deflects the flow of air vertically into the
separation chamber (see Figure 3). The chamber is designed such that
the upward air velocity is equal to the settling velocity of a 15-micron
particle having a deusity of 1 gram per cubic centimeter (unit density).
Thus, any particles larger than 15 microus settle out and do not enter
the instrument.®

Having passed through the aerosol inlet, the particles are then
accelerated downward through the impactor nozzle (see Figure 4). As the
particles pass through the nozzle, they are suddenly accelerated by
forcing a sharp 90° turn toward the horizontal. The speed of the air
and the sharp turn are designed such that only particles less than 2.5

microns in diameter (unit density) are able to remain in the air flow.
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Figure 3

Aerosol Inlet
Dichotomous Samplier
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The rest of the particles do not remain in the air flow, by virtue of
their inertia, and impact into the “"void"” of the receiver tube. In
order to prevent backflow, the receiver tube actually draws a small
amount of air flow (1.67 liters/minute), which aléo prevents particles
from being reintrained into the main air stream and thus deposited on
the incorrect filter. This filter (and the associated particles on the
filter) is known as the coarse filter since it contains particles bet-
ween 15 microns (from the aerosol inlet) and 2.5 microns (from the
impactor nozzle). The particles that are accelerated through and around
the nozzle are known as the fine fraction, that is, particles less than
2.5 microns.!0 The sum of the two is conmonly known as inhalable
particles.

Both the fine and coarse particles are collected on a 37 mm
diameter filter at a flow rate of 15.0 and 1.67 liters/minute,
respectively. Since a portion of the aerosol inlet flow is actually
diverted to the coarse filter (10 percent), a correction has to be made
in the concentration calculation for the coarse and fine filter.

It is important to remember that the cut—off sizes (2.5 and 15
microns) are aercdynamic cut—off points, which is to say that the
separation does not occur by some physical means of measuring each
particle, but is done based on the aerodynamics of the particle. The
cut-off size applies only to particles of unit density and of a spheri-
cal shape. The cut—-point 1s also related only to probabilities. For
example, if a 2.5 micron particle (unit density and spherical) were to

eanter the sampler, it would have a 50-50 chance of falling on the fine
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filter. If, however, a 2.0 micron particle were to enter the sampler,
it would have a 70-30 chance of falling on the fine filter. Figures 5
and 6 show the probability function for the aerosol inlet and the
nozzle, respectively. Similarly, a particle of 20 microns will have
approximately a 35 percent chance of entering the sampler.

One may logically question the wisdom of such a sampling technique
in light of the probabilities of obtaining the correct size particle on
the correct filter. This method may not be as accurate in absolute
terms of measuring concentrations of small particles as electron
microscopes, optical microscopy, and so forth. There are, however,
two significant advantages to the technique:

l. Cost. This method is considerably cheaper than electron microsco-
pes and the intensive manpower that would be required for optical
techniques.

2., Human Health. Although aerod ynamic separation may appear to be a
relatively inacurate method of separation, it is precisely the same
method used by the mouth and nose. As one breathes, particles are
drawn up through the nose and/or mouth., Particles are accelerated
through sharp turns, which drop out larger particles. The reason
for choosing the sample cut—-point of 2.5 microus is that it is
generally believed that particles of this size have the ability to

enter the deep lung, while particles larger than this size will be
removed between the throat and lung.
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Figure 5

Collection Efficiency of Aerosol Inlet
Dichotomous Sampler
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Figure 6

Collection Efficiency of Nozzle
Dichotomous Sampler
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MAPS PARTICULATE NETWORK

An air monitoring network was chosen and established in the com-
nunities of Anaconda, Billings, Butte, Great Falls, and Missoula. The
total monitoring effort undertaken by MAPS included measurements of
gases and particles. The measurement of particles also included, in
some cases, an analysis of elemental composition. Particular attention
was paid to those elements that may have or cause some health effect.
Extensive meteorological monitoring also was conducted, including sur-
face wind speed and direction, upper level wind speed and direction,
atmospheric stability, and mixing heights.

The AQB in conjunction with the Air Monitoring Advisory Committee
of the MAPS study selected the pollutants, sampling frequency, amnd
location of the air monitoring stations. AQB staff generally decided on
specific brands of instruments. The air monitoring sites were chosen to
represent the study population's air pollution exposure according to the
following criteria: school, transportation density, population,
industrial activity, elevation, business density, distance from roads of
high traffic flow, and open ventilation around the site (trees,
buildings, and other obstructions). Table 1 is a comparison of the
ma jor site locations characteristics,

A map of Billings is included as Figure 7 and includes the sites of
the air monitoring stations as well as the location of the pulmonary

function testing of school children.
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Table 1

Qualitative Comparison of Ambient Air Monitoring Site Characteristics

Missoula Butte Anaconda Billlings G. Falls

Elevation 3180 5550 5260 3150 3336
Transportation Density 3 2 1 2 1
General Population Density 3 2 2 3 3
Light Business Density 3 3 1 2 1
Industry Density 1 3 3 1 1
Distance to High Traffic Roads 4 2 1 2 2
Ventilation of Site 1 1 2 4 2

15 13 10 14 10

Scale: l=minor/low deunsity, &4=major/high density

Source: Montana Air Quality Bureau, Montana Air Pollution Study:
Relationship Between Human Health and Inhalable Particulates, (Helena,
MT: Montana Department of Health and Envirommental Sciences, 1980), p.
28,
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MAPS Particulate Instruments

Table 2 summarizes the types of instrumenté used in the MAPS pro-
ject to monitor particulates. The instruments discussed in the previous
chapter were used in the MAPS project. The dichotomous sampler,
however, presented special problems to the AQB and MAPS staff. Numerous
tests were conducted on the sampler to determine methods of transport of
filters, calibration procedures, and the like. The sampler was set up
to run for 24 hours once every three days because it was too expensive
to attempt to run the sampler every day as would have been preferred.
It was found that the best method of transfer to and from the laboratory
was using hand-delivered petri dishes. Early experimentation revealed
that the coarse filter tended to have particles fall off of the filter
after the run unless there was a concerted effort not to tip the filters
upside down. Throughout the MAPS project, therefore, no filters were
ever mailed or shipped between the laboratory and field. All filters

were hand-delivered to the laboratory after runs were completed.1

During the late fall and winter, a significant problem developed at
two of the monitoring sites (Missoula and Butte), The air flow through
the filters dropped significantly during the sanple runs, which caused
the AQB to invalidate these sample runs. During some preliminary
testing, several samplers were operated continuously for up to six days
with little or no drop in air flow. The flow drop did not seem to be
caused by excessive mass loadings on the filters since these loadings
were less than had been seen during the experimentation period. After
further experimentation it was discovered that by heating the inlet tube

and the filter area a marked improvement in alr flow was noticed. The
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Table 2

MAPS Particulate Monitors

Source:

Site Name Instrument Approximate Start Date
Lions' Park, Missoula Hi-vol 11/77
Lions' Park, Missoula "Membrane 2/78
Lions' Park, Missoula Beta Counter 6/78
Lions' Park, Missoula Dichotomous 9/78
Lions' Park, Missoula Nephelometer 1/78
McLeod Park, Missoula Hi-vol 1/79
McLeod Park, Missoula Dichotomous 1/79
Courthouse Roof, Missoula Hi-vol Fkk ¥
Courthouse Roof, Missoula Dichotomous 10/78
Rose Park, Missoula Hi-vol 10/78
Lincoln School, Anaconda Hi-vol 5/78
Lincoln School, Anaconda Dichotomous 8/78
Lincoln School, Anaconda Membrane 7/78
Hi-Way Junction, Anacounda Hi-vol *kok ok
Hebgen Park, Butte Hi-vol 6/78
Hebgen Park, Butte Dichotomous 8/78
Hebgen Park, Butte Membrane 8/78
Hebgen Park, Butte Nephelometer 10/78
Floral Park, Butte Hi-vol 11/78
Floral Park, Butte Dichotomous 11/78
Dr. Canty's Office, Butte Hi-vol 6/78
Kiwanis Park, Great Falls Hi-vol 10/78
Kiwanis Park, Great Falls Dichotomous 10/78
Central Park, Billings Hi-vol 6/78
Central Park, Billings Dichotomous 9/78
Central Park, Billings Membrane 9/78
City Hall, Billings Hi~-vol *hkk
Lockwood School, Billings Hi-vol 4/79
Lockwood School, Billings Dichotonous 5/79
Grand Ave. School, Billings Hi-vol *khk
KGHL, Billings Hi-vol Kok k%

*%%% These sites were in operation several
of the MAPS project.

years before the start

Montana Air Quality Bureau, Montana Air Pollution Study:

Relationship Between Human Health and Inhalable Particulates,

(Helena, MT:

Pe

28.

Montana Department of Health and Envirommental Sciences,
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inlet tube and the filter holders for all samplers were insulated and
heated using heating tape commonly used to keep water pipes from
freezing. The heating tape probably heated the air only a few degrees
Centigrade from ambient, depending on the ambientvtemperature. The tube
felt warm to the touch during the sample, but not hot. The heating tape
was equiped with a temperature switch so that it would shut off during
warmer weather.2
Exactly why this improved the situation was never fully

explained. Most of the staff believed that it had something to do with
ice formation on the filters, while others felt that perhaps organic
compounds were the culprit., The rationale for blaming the problem on
ice was that the problem never occurred above freezing, and occurred
frequently below freezing; especially on days when there was a morning
fog and below freezing temperature. Others believed that perhaps the
sampler was "boiling off" organic compounds with the heat tape and was
therefore allowing air to pass easily through the filter. The problem
seemed to be limited to the fine filter.

Automatic shut—off devices were purchased for the secomd year of
operation to prevent the loss of data. The devices automatically shut

down the instrument anytime the fine or coarse flow fell below a criti-

cal level.

Data Summary of Billings MAPS Network
The TSP monitors in Billings (Central Park) recorded a maxinum
annual geonetric mean of 66 ug/m3. This data shows compliance with the

federal primary and the state standards, but not with the federal secon
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dary standard. At Central Park, the main site for the area, the highest
TSP readings were observed in the summer amd early fall, while the
lowest readings appeared during the winter.

The inhalable particulate data exhibited the same overall tendan—
cies as the TSP data. Maximum values were recorded during the late
sunmer and in some cases winter as well. The inhalable particulate
artimetic mean was about one half of the TSP mean, 81 versus 43 for
Central Park. The concentration of fine particulate was 18 ug/m3 for
Central Park while the coarse concentration was 25 ug/m3 for the MAPS
study period.

The sulfur dioxide levels showed no violations of the Montana or
federal ambient standards, but numerous low-level readings were
observed. Most readings occurred during the early morning hours through
approximately 10:00 a.m. The mean level of sulfur dioxide was .0l1 ppm.
The ozone levels, on the other hand, generally were associated with
warmer weather, which is not surprising since ozone may be formed with
intense solar heating, nitrogen oxides, and hydrocarbons. The mean
value was .020 ppm at Central Park. Nitrogen dioxide measured at
Central Park revealed an annual average of .0l16 ppm, which compares to
the federal and state annual average standard of .050 ppm. In contrast
to ozone the highest levels of nitrogen dioxide were observed in the
late fall and winter.

Several elements were analyzed on the hi-vol and membrane
samplers throughout the MAPS project and those served as the major data

block for determining sources in this paper.
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FOOTNOTES

lHarold Robbins, Montana Air Pollution Study: Air Monitoring
Instrumentation, (Helena, MT: Montana Department of Health and
Environmental Sciences, 1979), pp. 18-21.

21bid.
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METHODOLOGY

As stated in the introduction of this paper, the primary goal is
to determine the countribution from various sources of air pollution to
the particulate levels in Billings. Three types of information wust be
used to make these determinations: air quality data; meteoroclogical
data; and source or emission data. In order to make the data
understandable, a number of statistical analyses were employed. The
statistical analysis combined with the air quality and meteorological
data served as the basls for the results and conclusions,

In order to provide a framework for analysls, it was necessary to
establish a defined data base and method of data storage and retrieval.
It was desired to obtain the greatest degree of resolution practicable.
It was believed that this could be done by using the shortest time frame
practicable for the analysis. A 24-hour average was chosen because
almost all TSP and inhalable particulate data were avallable for only a
one—day average. The time frame for the study was selected to be from
January 1, 1977 through May 31, 1980. The beginning date was chosen to
take advantage of some data collected in Billings prior to the implemen—
tation of the MAPS project (approximately June, 1978). The ending data
coincides with the termination date of the ambient air quality network
for the MAPS project. It was also decided to use the IBM 370 S158 com-—
puter facilites at the State of Montana's Administration Department,
The data were stored on disk (unit #3330P1) and tape (9 track, standard

IBM label), and the Statistical Package for the Social Sciences (SPSS)
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was used for nearly all data analysis carried out in this project. The
WIC ICIS 850 microcomputer was used for some small analysis work in the
frequency distribution and enrichment factor calculations. SPSS provi-
des a mechanism for inputing, outputing, and altering data on the
system. Since the measuring time frame chosen was 24 hours, it was
decided to input all data such that each variable would have a single
value representing each day of the study period (1/1/77 through
5/31/80). If the data, for example, were coded in the Air Quality
Bureau data system as hourly averages, some form of manipulation was
necessary, usually averaging, to comvert the data to a single daily
value. Considering each day as a case, there were 1247 cases on the
file. If no data were available for any particular date, the variable

was coded as a missing value (usually -1.).

Variables Selected
Ambient air quality data, meteorological data, and emission-
related data were used in this study. Emnissions data 1s probably the
weakest data set in the analysis. This is true because day-~to-day
emissions data is unavailable for most major industry and other area
sources (home heating, road dust, agricultural dust, and so forth).

In order to counteract the lack of emissions data, various estima-
tes of emissions-related variables were coded into the system. Anong
these variables are day of the week, month, season, weekend/weekday, and
precipitation index. Although these variables do not represent any one
particular source directly, they certainly are an indication of the

variation of certain classes of sources.
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Table 3 provides a description of all the variables coded onto the

systen, units of measure, start dates, and end dates.

Ambient Air Quality Data

As described above, a number of ambient air quality parameters were
available for anmalysis. Nearly all of the ambient air quality data were
coded onto the SPSS system. As it turned out, some of the data were
rather limited and proved to be of no real help in the analysis. Total
hydrocarbons are an example of this since the data were available for
only a very limited period of approximately eight months. The following

variables were chosen and coded into the system.

Total Suspended Particulate

Total suspended particulate (TSP) was available at six sites in or
near Billings., Only the Central Park and Lockwood sites were exlusively
MAPS sites, while the other four sites were in operation during the
study, but operated by the Yellowstone County Air Pollution Agency.
These four sltes were operated one day in every six as part of the
national air wmonitoring schedule. Table 4 indicates the approximate
location of these and the upper air monitoring sites. All availabhle
data were entered into the SPSS system for all six sites. The data were

avallable only as 24-hour averages (midnight to midnight).

Inhalable, Coarse, and Fine Particulate.
The greatest amount of these data was available at Central Park,

The data spans approximately September 1978 through April 1980, All
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Table 3
SPSS Coded Data — All Variables
Approx. Approx.
Location Variable Units Start Date End Date
Central Park TSP ug/m3 6/78 4/80
Central Park Fine ug/m3 9/78 4/80
Central Park Coarse ug/m3 9/78 4/80
Central Park Inhalable ug/n3 9/78 4/80
Central Park Aluminum-M ug/m3 11/78 4/80
Central Park Arsenic-HV ug/m3 6/78 4/80
Central Park Arsenic-M ug/m3 12/78 4/80
Central Park Cadmium~HV  ug/m3 6/78 4/80
Central Park Cadm ium-M ug/m3 11/78 4/80
Central Park Copper-HV ug/m3 6/78 4/80
Central Park Copper-M ug/m3 11/78 4/80
Central Park IronM ug/m3 6/78 4/80
Central Park Lead-HV ug/m3 6/78 4/80
Central Park Lead-M ug/m3 11/78 4/80
Central Park Manganese-HV ug/m3 6/78 4/80
Central Park Manganese-M  ug/m3 11/78 4/80
Central Park Nickel~HV ug/m3 6/78 4/80
Central Park Zinc~M ug/m3 11/78 4/80
Central Park Nitrate-HV  ug/m3 6/78 4/80
Central Park Sulfate-lV ug/m3 6/78 4/80
Central Park Sulfur
Dioxide ppn 7/78 4/80
Central Park Nitrogen
Dioxide ppm 7/78 4/80
Central Park Ozone ppm 7/78 4/80
Central Park Wind Speed meter/sec 10/79 3/80
Central Park Wind Cardinal
Direction Direction 10/79 3/80
Vo-Tech Stability Pasquill 9/78 3/80
Airport Wind Speed meters/ sec 4/78 4/80
Airport Wind Cardinal
Direction Direction 4/78 4/80
Airport Temperature centigrade 4/78 4/80
Airport Dew Poiat ceutigrade 4778 4/80
Airport Station
Pressure millimeters 4/78 4/80
Airport Visibility niles 4/78 4/80
Airport Precipitation inches x 100 4/78 4/80
Airport Precipitation
Index Kk kokok ik 4/30 4/80
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Table 3 Continued

Approx. Approx.
Location Variable Units Start Date End Date
City Hall TSP ug/m3 1/77 5/80
KGHL TSP ug/m3 1/77 5/80
Grand Ave. Sch. TSP ug/n3 1/77 5/80
Lockwood School TSP . ug/m3 4/79 4/80
Lockwood School  Fine ug/m3 5/79 4/80
Lockwood School  Coarse ug/m3 5/79 4/80
Lockwood School  Inhalable ug/m3 5/79 4/80

Where: ug/m3 micrograms per cubic meter
TSP = Total Suspended Particulate
Fine = fine particles (less than 2.5 microns)

Coarse = coarse particles (between 15 and 2.5 microns)
Inhalable = inhalable particles (less than 15 microns)
HV = high volume sampler
M = membrane sampler
Cardinal
Direction = predominant wind during the 24-hour period

coded only as one of 9 classs:
=calm i=north
2=northeast 3=east 4=southeast 5S=south
6=southwest 7=west B8=nortlwest.

Pasquill = stability clases defined by Pasquill, coded as:
1=A 2=B 3=C 4=D 5=E 6=F

Note:

Numerous other variables were added and used from time-to-time
throughout the analysis. These variables, such as factor scores, were
not presented here because they were only temporary in nature used
during a single computer run. O0Other variables were modified from this
original list and were also used for single computer runs.
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Table 4

Air Monitoring Location Descriptions

Site Description

Central Park The Central Park monitoring site was located one
block off of Central Ave. in Central Park. It
was located approximately on the northern edge of
the park just slightly (50 meters) west of the
center. It was located next to an unpaved alley
(15 meters) and 15 meters due east of the school
adninistration building and workshop. It was only
5 meters north of the tennis courts and could be
described as being on the corner of 9th St. W. and
Cook Ave. The site was residential in nature
although it was one city block (approximately 150
meters) from a busy avenue (Central Ave.). The
probes were approximately 3.5 meters from the
ground.

City Hall City Hall monitoring station was located on the
roof of the city hall building which is between
2nd and 3rd Ave. N. on 27th St. N. The samplers
were approxinmately 15 meters above the ground and
could be characterized as the Central Business
District. The area was subjected to heavy traffic
flow in the downtown section. There was probably
heavy traffic flow tlroughout the week, par-
ticularly Monday thruough Saturday.

KGHL The KGHL monitoring station was located at the
KGHL transmitting facilities on the frontage road
on the south side of Interstate 90. The site is
approximately 3.75 miles west of Billings just off
of Highway 10 (frontage road). The sanpler sits
on the roof of the KGHL radio station house amd is
approximatley 30 meters from the frontage road and
about 80 meters from Interstate 90. The sampler
is approximately 4 meters above ground. The area
could be generally classified as rural with some
road source influence.

Grand Ave. School This sanpler i1s located atop of the Grard Ave.
School in Billings. The school is located omn the
corner of Grand Ave. and 13th St. W. The area
could be characterized as commercial with a heavy
volume of traffic along Gramd Ave. the sampler is
located on the roof approximately 5 meters above
ground and about 25 meters from Grand Ave.
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Table & Continued

Lockwood School The Lockwood School site was located approximately
30 meters due west of Lockwood School. The school
is near the corner of Highway 87 (01d Hardin Road)
and Piccolo Lane. The sampler was located atop an
air monitoring sampling trailer approximately 3.5
meters above the ground. The sanmpler was actually
located just inside a football/recreation area for
the students. A small unpaved service road ran
within 10 meters of the sampler. The estimated
traffic on the road would be less than 100
vehicles per day. The nearest tree was 25 metets
from the sampler. The Continental 01l refinery is
located about 2.6 miles to the WSW while the Exxon
refinery amd Montana Sulfur are approximately 1.2
miles to the north and 1.3 miles to the NNE
respectively. The area could be characterized as
a nix of residential and industrial. Some rural
activities are prevelant approximately 2 miles
from the sampler.

Vo-Tech Site The vo—tech site was used to balloon launchings,
upper air, and stability data. The site was
located at the vo-tech school on Central Ave. at
approximately Shilo Road. The site is relatively
free from obstructions making it ideal for balloon
launches.
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three size ranges (inhalable - less than 15 micromns, coarse - between
2,5 and 15 microns, and fine - less than 2.5 microns) were coded into
the system. Some limited data were also available at the Lockwood air
monitoring site. The Lockwood data spans April 1979 through March 1980.
Sulfur Dioxide

Sulfur dioxide was measured in Billings at the Central Park site
almost exclusively. The data were available in one-hour averages and
therefore scalar—-averaged to determine a single 24-hour number for the
SPSS system. These data were collected between June 1978 and January
1980. A Thermo Electron Corporation Model 43 pulsed fluorescence ana-
lyzer was installed at the site. This method 1is exclusive to sulfur
dioxide and does not contain any appreciable positive or negative
biases toward other sulfur compounds.1 The same instrument and
averaging also was available at the Lockwood site. The Lockwood site,
however, had very little data for the purposes of this paper. Less than
eight months of data were collected which yields little value for these
purposes. It was therefore decided not to code this data onto the
systen.

Sulfur dioxide has many man-made and natural sources. It would be
safe to assume that almost 100 percent of the sulfur dioxide in
Billings is a result of man's activities.2 Sulfur dioxide 1s one of
the major emissions from refineries, sugar plants, and power plants,
all of which are in or near Billings.3 It would not be unreasonable
to assume that most sulfur dioxide 1in Billings is a result of various

industries.
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Nitrogen Dioxide
Nitrogen dloxide was measured at the Central Park air monitoring
station. The same time—averaging intervals were applied as described
for sulfur dioxide. The measurement method was chemiluminescense by
use of a Bendix Corporation Model 8101 NO-NO»-NOy analyzer. This ana—
lyzer measures NO and NOy by use of the chemiluminescence of the

reaction:

NO + O3 = NOp + 0o + hv
where hv is a light particle measured through use of a photomultiplier
tube., NO7 is assumed to be the difference of NOx - NO.4 The same data
limitation described in sulfur dioxide also applied for nitrogen
dioxide. The Lockwood data therefore were not coded.

Nitrogen oxide compounds generally can be considered to be a result
of combustion and various chemical industries., Nitric oxide and nitro—

gen dioxide are common compounds eminating from automotive exhaust,

Ozone

Ozone was nmeasured exclusively at the Central Park site. ‘the data
were measured on an hourly basis and comverted to a 24~hour value by
averaging all valid hourly readings. Ozone was measured using the che-
miluminescence technique of the Bendix Corporation Model 8002 ozone
analyzer. This instrument takes advantage of the reaction between
ozone and ethylene to produce light which is measured by use of a pho-
tomultiplier tube .

Ozone is generally the product of a reaction among sunlight, oxi-

des of nitrogen, and hydrocarbons.7 Generally speaking, Billings has

the highest ozone concentration in the state.
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Meteorological Data

As one would suppose, meteorological variables greatly influence
the concentration of air pollutants in any locality. It is important
to point out, however, that meteorological conditions do not cause air
pollution, but merely assist in reducing concentrations or exacerbate
the condition.

There were two sources of information concerning meteorology in the
Billings area: 1) National Weather Service, and 2) Air Quality Bureau
(MAPS). The National Weather Service (NWS) has the most complete data
record for the times of interest. The MAPS data, however, were more
appropriately located and‘recorded. The NWS station is located at
Logan International Airport on the rims above Billings, approximately
300 feet above the valley floor. The MAPS stations, however, were
located at the Central Park station and at the west end of Billings
next to the Vo—-Tech center on Central Avenue. The MAPS sites were pre—
ferred since they were located where the air pollutants were being
measured. As is many times the case, data completeness had to be
balanced with overall accuracy.

A comparison was made between some of the NWS data and the MAPS
data., Appendix A is a description of the comparison and associated
results., Based on this information, it was decided to use the NWS data
since it was more complete than the MAPS's data. The results of
Appendix A also indicates that there would not be significant errors
from calculations reached from either data set except for wind
direction. Wind direction, therefore, was not used in any anal yses.

The following variables were coded.
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Wind Speed
It was anticipated that wind.speed would play a major role in
explaining some of the variance seen with many air pollution variables.
Increasing wind speed would generally decrease air pollution, espe—
cially particulates.,

A1l NWS data from Billings are available for only a three-hour
observation, To convert these data to a 24-hour value, an arithmetic
average of the eight observations was employed. The data also were
coded to meters per second on the SPSS system.

Wind Direction

Wind direction can be an invaluable ald to determine emission
sources that are having a major influence oun air pollution measured at
any one station. Large concentrations of a pollutant cousistently
occuring from one direction may indicate a major source in that
direction.

The coding of these data proved to be nmore difficult than wind
speed. Average values do not seem appropriate since false directions
can be obtained. For example, if the wind direction were nortlwest for
four observations (315°9) and the other four observations were the
northeast (450), the arithmetic average would be 180°, This is clearly
not the "true"” average direction, as the average direction would have
been more appropriately from the north. Tt was decided to avoid this
problem through the use of predominent (most frequently occuring) wind
direction, To accomplish this goal, the data were coded by the
following:

a. Each observation was comverted to one of the nine
classes:
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Class Degrees Direction
0 Calm Wind
1 3379 to 220 North
2 220 to 679 Northeast
3 67° to 1120 East
4 1129 to 157° Southeast
b 1579 to 2020 South
6 2020 to 2470 Souttwest
7 2479 to 2920 West
8 2920 to 3370 Nortlwest

Note: All NWS data is coded to the nearest 10 degrees only. The
MAPS data was coded to the nearest degree.

b. For each 24-hour period, the most frequently occuring class
(predominent wind direction) for coding to the SPSS system.

¢, A FORTRAN program was written to acconplish the above task.
d. In the event of a tie between two classes, the lowest number
class was chosen,
Dew Point
Dew point was coded into the system using the NWS data and an
arithmetic average of the eight three-hour observations. Dew point was
chosen because of its measure of the amount of water vapor in the
atmosphere. Dew point is defined as the temperature at which a given
parcel of air must be cooled, held at constant pressure, in order for
saturation to occur. Pilots long have used the difference between tem
perature and dew point to indicate saturation amnd hence possible
freezing on the wings and structure of any given aircraft.
Dew point was believed to be of some significance since water influences
particulates. The amount of water in the air can influence the types of par-
ticles generated by emission sources and can influence their behavior in the

atmosphere. Dew point was coded in centigrade on the SPSS systen.
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Temperature

Temperature was averaged for the eight three~hour observations
using the NWS data. Temperature can be used to estimate the seasons,
and in conjunction with dew point and relative humidity, can indicate
the amount of water vapor in the atmosphere. The temperature was coded
in degrees centigrade on the SPSS system.
Relative Humidity

Relative humidity was coded and used as a measure of water vapor in
the atmosphere. The units of measurement is percentage. The relative
hunidity was calculated for each three-hour observation by using the

following:7

Relative Humidity = (173 - 1T + DP\8
173 + ,9T
where: T = temperature (OF)
DP = dew point (OF)

i

The 24-hour value was calculated by using the mean of the eight
observations.

Visibility

The weather observer at the NWS codes visibility of the atmosphere

every three hours. This is done by observing the farthest distance one
can see an object clearly., In this case, 1t is done by observing
various land marks with known distances. An arithmetic average also was
employed with this variable. The visibility in the atmosphere would be
expected to correlate with particulates, especlally small particles, and

to some extent gases. The data were coded in miles.
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Station Pressure

Station pressure was coded by averaging each of the eight
observations. The station pressure is the barametric pressure of the
site without any corrections to sea level. The data were coded and
stored on the system in millimeters of mercury.

This parameter provides an indication of various weather phenomena
or changing weather patterns.
Precipitation

Precipitation data were already recorded in 24-hour values for the
Billings area. These data were introduced onto the system in inches of
precipitation multiplied by 100. Precipitation can clearly have a major
Impact on particles in the air, as large amounts of rain or snow can
greatly reduce the effect of road dust, field dust, and the like on par-
ticulate concentrations,
Snow on Ground

The amount of snow on the ground, recorded in inches, also was
available from the same source as precipitation.9 These data were coded
Into the system in inches of snow cover. The amount of snow on the
ground also serves to influence the particulate concentrations. Any
appreciable amount of snow on the ground would certainly limit emissions
from fields, playgrounds, and so forth. It would probably not limit the
emissions of major industry stacks, assuming the industry production

generally remains constant throughout the year.
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Emissions Related Data

As already mentioned, specific emissions data were not available
for the Billings area. It was necessary, therefore, to use indicators
of types of sources of air pollution rather than an actual emission
rate. Each variable selected provides some insight as to the type of
sources that may affect the ambient air quality.
Day of the Week

For each 24-hour value, a variable was calculated to represent the
day of the week. The following scheme was coded:

Coded Value Representation

Sunday
Monday
Tuesday
Wednesday
Thursday

Friday
Saturday

N PN~

It was believed that this variable can be an important indicator with
respect to man's activities., For example, there is clearly a difference
between what one does on Monday through Friday versus Sunday's
activities. Each of the days of the week may be associated with dif-
ferent kinds of activities. Major industries, on the other hand,
usually have a continuous operation that 1is independent of the day of
the week. This provides an opportunity to differentiate between the
effects of man's day-to—-day activities, while holding major industry
emissions, as a result of production, at a constant. Sunday is likely
to be a key day for this analysis since automobile traffic would likely

be a minimum on that day.
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Weeday/Weekend
It was anticipated that the coding of each day of the week might
cause some difficulty in analysis for small data sets. It also was
anticipated that the differences between the days of the week could be
condensed into only two categories: weekday and weekend, which were

coded as follows:

Coded Value Representation
1 Sundays and Holidays
Holidays: HNew Year

Easter
July 4
Labor Day
Thanksgiving
Christmas

2 Weekdays

This variable was coded to ease not only some of the restraints with
regards to small data sets, but also to ease calculation and
interpretation. It does not provide any significant information beyond
the day of the week coding, except to add holidays to the analysis. No
distinction is made in either the day of the week variable noxr in the

weekend /weekday variable between years.

Season

Almost all air pollution data exhibit a large degree of variance
between each season. It follows, therefore, that a coding of the season
would be a logical method to distinguish sources and variation. Each
season, particularly surmer and winter, yields different types of air

pollution sources. Outdoor activities are greatly increased in the
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summer, including automotive traffic, as opposed to the winter (see
Tables 5 and 6). A comparison of air pollution values within each
season nay be mandatory for some analyses. The data were coded as
follows:

Coded Value Representation
Winter (December 1 through Feb. 28)
Spring (March 1 through May 31)

Sunmer (June 1 through August 31)
Fall (September 30 through Nov. 30)

W N -

As in the cases above, no discrimination was made between the years.
Month

As an ald in the analysis of the data's tremds and yearly
fluctuations, a monthly value was coded. This variable was used not
only to graph the data, but also as an ald to interpret seasonal

variations. The following form was used:

Coded Value

Representation

1 January, 1977
2 February, 1977
3 March, 1977
40 April, 1980
41 May, 1980

Precipitation Index

Although this variable 1is perhaps purely a meteorological one, it
i1s discussed here since an index was developed to explain more specifi-
cally the variance in the particulate data. Precipltation alone nay not
reflect changes in particulate data since the precipitation data are
recorded on the same day as the monitoring data. As an example of this
problem, it would not‘be unusual to have a significant rainfall from a
thunderstorm in late afternoon. By late afternoon, however, the par-

ticulate monitoring have already been operated for 15 to 20 hours. This
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Table S

Billings Traffic
Grand Avenue (Site: A-22)

1977
Month Sunday Monday Tue sday Wednesday Thur sday Friday Saturday Monthl y Mean
January 13,980 21,055 20,294 20,548 21,212 22,321 18,531 19,528
February 17,567 23,674 22,418 22,499 23,349 26,417 25,761 23,162
March 17,338 23,210 22,231 22,551 23,730 26,314 26,561 22,988
April 17,392 24,098 23,805 23,749 24,653 27,237 25,759 23,992
May 17,240 21,829 24,265 23,656 24,946 27,202 24,868 23,204
June 18,305 23,850 24,247 24,082 25,636 27,223 25,153 24,123
July 16,747 21,829 23,499 24,545 24,624 26,218 22,727 22,789
August 18,693 24,794 24,232 24,399 25,033 27,049 25,090 24,212
September 16,961 22,222 24,014 22,998 24,590 27,541 24,754 23,482
October 16,908 23,288 23,125 23,123 24,344 27,116 25,624 23,224
November 15,959 22,258 22,768 23,247 20,567 24,521 22,423 21,766
December 14,359 21,391 23,707 23,681 24,368 24,601 24,284 22,542
Daily Mean 16,787 22,792 23,217 23,256 23,291 26,147 24,219 22,918

for Year

Note: All values are in units of vehicles per day

Source: Montana Department of Highways, "Automatic Recorder Data by Months,” Helena, MT.
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Table 6

Billings Traffic
Grand Avenue (Site: A-22)

1978
Month Sunday Monday Tue sday Wednesday Thur sday Friday Saturday Monthly Mean

January 12,653 18,547 29,322 19,524 20,509 23,426 21,238 19, 232
February 14,977 21,422 21,492 20,128 21,397 23,579 22,542 20,791
March 12,155 16,838 16,317 17,458 17,809 19,977 19,414 17,262
April 16,649 22,335 21,831 21,647 24,332 27,509 24,263 22,509
May 17,095 21,829 24,145 23,881 24,946 27,202 24,867 23,410
June 12,610 15,680 16,216 17,787 20,632 22,253 18,840 18,173
July 16,841 23,657 20,979 25,077 25,703 27,681 22,917 22,827
August 18,468 24,755 24,723 24,897 25,836 27,084 24,945 24,461
September 17,780 22,410 24,251 23,840 24,468 27,500 24,755 23,742
October 16,851 23,193 23,141 23,123 24,369 27,116 25,385 23,341
Novenber Counter hit by car —Not repaired or replaced-

December

Note: All values recorded in units of vehicles per day

Source: Montana Department of Highways, "Automatic Recorder Data by Months,” Helena, MT
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presents a problem since the rainfall will not genuinely reflect on the
particulate measurement of the day. The next day, however, might be
have some‘relationship to the rainfall of the previous afternoon. An
index was developed, based on conversations with Bob Boldi
(Envirommental Studies student at the University of Montana), using the
weighting of the rainfall on the day of the air monitoring measurement
with the four days prior to the measurement.

The purpose of this type of an index was to partially take into
account this type of phenomena: the affect rain has on particulate
several days after the occurance of the rain. The index attempts to
place a decreasing emphasis on the rainfall for each passing day up to
four days. The reason for emphasis on past precipitation is that rain
will tend to hold particles down on the soil and roads for as long as
there exists some moisture in the dust or soil. The index can best be

1llustrated through the following example.

Day # 1 2 3 4 5 6 7 8 9 10
Precipitation 5 20 10 0 5 5 10 15 0 0
Precipitation Index for Day 7 = 10/1 + 5/2 + 5/3 + 0/4 + 10/5 = 16.2
Precipitation Index for Day 8 = 15/1 + 10/2 + 5/3 + 5/4 + 0/5 = 22.9
Precipitation Index for Day 9 = 0/1 + 15/2 + 10/3 + 5/4 + 5/5 = 13,1

In each case, the precipitation for the measurement day is divided by
the number of days elapsed plus 1 and summed for the four previous days.
This index, therefore, takes into account the amount of rain received
over the past four days and places less significance on the past days by
dividing by the number of days elapsed plus one. To simplify the
process, the data were coded to the nearest whole number. A FORTRAN

program was written to perform the index calculation.
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Traffic Data

The number of vehicles passing a given intersection in one day
ought to assist any analysis on the impact of vehicles on air pollution.
It would be reasonable to expect certain relationships to develop bet-
ween traffilc counts and air pollution data, if vehicles are having a
ma jor influence on the ambient air quality levels.

A permanent traffic counter was installed in Billings several years
ago. As luck would have it, the traffic counter was struck by a car in
November, 1978. Unfortunately, the Highway Department has neither
repaired nor replaced the traffic counter device. Some data, however,
were salvaged from their partial operation during the time of study, and
are presented in Tables 5 and 6. The data clearly indicate as pre-
viously suspected, that the traffic patteruns vary not only from season
to season, but also from day to day. Sunday has the overall lowest
traffic with a two-year average of 16,816 vehicles per day. The largest
traffic volume day was Friday with an average of 26,587 vehicles per
day, an increase of 58 percent above Sunday. The average traffic volume
for each month and day of the week are listed in the tables.

The limited traffic data available confirmed the previous hypothe-
sls that man's activities, at least in terms of vehicle traffic, change
from season to season and day to day. If vehicles do affect air pollu-
tion readings, one ought to be able to observe a relationship between

days of the week and vehicles per day, at least within any one season.

Elemental Analysis
The high-volume filters and some membrane sauples were anal yzed for

their elemental composition. In each instance a portion of the filters
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was treated to remove the particulate. The particulates were then ana-

lyzed through the use of absorption spectrophotometry for eleven ele-

ments or ions, as follows:

Aluminum (A1)
Arsenic (As)
Cadmium (ca)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Nickel (Ni)
Vanadium )
Nitrate (NO3)
Sulfate (S04)

Several problems developed during the analysis of the filters., The hi-
vol filters were not without some background concentrations of some
metals in the filter. It was found that aluminum, irom, and zinc had
the most variable concentrations. Because of the high degree of
variability, 1t was decided not to use the hi-vol data for these
elements, The membrane data were used in their place. The menbrane
data were not used exclusively for all elements since the data set for
this variable was smaller than that for the hi-vol. This limitation
could cause some errors in analysis when making direct comparisons bet-
ween one metal and another. The membrane sampler has a lower air flow,
which would tend to measure smaller particles than the hi-vol. For this
reason, no direct comparisons were made between metals as measured by
different filters. It also turned out that little to no vanadium was
discovered on any of the filters. Nearly every analysis for vanadium
produced values near or below the detection limit. This result was
found consistently in all MAPS communities. It was somewhat suprising
since it was expected to find some vanadium as a result of diesel

exhaust., Vanadium, therefore, was not coded onto the system.
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The elemental data can provide a very useful tool to detemine dif-
ferent air pollution sources, as sources of a general category or class
tend to have similar types of elements. For example, automobile exhaust
characteristically emits more lead and bromine than would be found in
the earth's crust. Aluminum, silicon, and iron are typical elements

from the soil, and so forth,

Statistical Methods

Each analysis chosen had its own built—-in advantages aund
disadvantages. The number of variables affecting particulate data is
almost overwhelming. This paper, therefore, takes a step~by-step
approach using different analyses and comparisons and then combines the
results of each analysis into an overall summary and conclusion.

When confronted with the problem of determining the sources and
the characteristics of particulate data, many types of analysis must be
considered. No single analysis for this data set would be likely to
provide overwhelming evidence for source apportiomment. The best one
can hope for is that each analysis will provide some clue or inference
into what sources cause or significantly contribute to particulate air
pollution. The analyses used in this paper, therefore, do not in and of
themselves provide specific answers. However, the results of several
varied analyses surely can lead one to some basic conclusions regarding
source contributions.

The approaches taken are generally statistical in nature. The
following types of analysis were used in the paper. A short description

of the usefulness of each method is provided.
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Frequency Distributions

The frequency of occurrence of particulate readings often aids in
determining the source or sources responsible for the air monitoring
readings. For example, a number of authors point out that particulate
data usually exhibit a log—nommal distribution, which is to say that the
logarithms of the individual readings usually will be manifested in a
normal distribution.l® Data not exhibiting this distribution ususally
indicate that the monitor is significantly influenced by a single major
source as opposed to a group of smaller sources (area sources). This is
particularly true when the quantity of larger values exceals normal
expectations.11 An analysis was conducted on most particulate monitoring
sites in Billings, including the inhalable particulate sites. A chi-
square test for normality was applied to the data as well as a calcula-
tion of the kurtosis and the skewness, The data also were plotted for
easier readability and interpretation.

Monthly and Seasonal Variations

Air pollution data can vary from month to month and season to
season for two essential reasons: 1) emission sources vary from season
to season and 2) meteorological changes occur from season to season. A
study of the air pollution variance within this category, therefore, can
lead to suggestions on sources of particulates. As an example, one can
analyze the variation of sulfur dioxide to detemmine how meteorology
affects gases and small particles. This analysis can be done because
the production of sulfur dioxide remains relatively constant throughout
the year. (Most major industries, with the exception of Great Western,
in Billings tend to produce their product at a steady rate and therefore

produce sulfur dioxide at a steady rate.3 Most of the seasonal and
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monthly variance of this variable can be attributed to meteorology).
Other gases and small particles that do not exhibit this pattern are in
all likelihood exhibiting a variation in emission rate from season to
season.

The analysis can bhe carried even further in some instaunces. A
comparison of two different stations should have the same monthly and
seasonal patterns if the emission sources exhibit the same variation
(since it is safe to assume that the meteorology is basically the same
for the city of Billings). If these two stations differ in their data
distribution, then they also must vary in their affecting sources.

To aid in the analysis, monthly graphs, monthly tables, and seaso-

nal tables were produced.

Day of the Week

Another simple analysis used to determine emission sources was that
of comparing data from different days of the week. It can be assumed
that meteorology does not vary significantly with days of the week,
which in turn leads to the counclusion that any observed differences bet-
ween separate days of the week must be associated with different
emission sources from those days. The most obvious example of these
changes in emissions is man's general outdoor activities. Car traffic,
for instance, is greatly reduced in Billings on Sunday as opposed to any
other day of the week (see Tables 5 and 6). If these activities have no
real effect on air pollution levels, it would be logical to assume that
there should be no difference between readings on Sunday and any other

day of the week.

In order to assist in the analysis, some of the data were coded
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using only weekend versus weekday rather than all seven days of the
week. The appropriate tables and graphs are given to aid in

interpretation.

Wet Day/Dry Day

The amount of particulates in the air can be related to rain and
snow fall. If more rain falls during or just prior to a day of
sanpling, the lower readings can be expected. Two processes account for
this: 1) washout, the case where rain or snow actually absorbs or
adsorbs particles in the air, or 2) suppression, the case where the rain
or snow holds particles to the ground and inhibits them from enterirg
the atmosphere. It is relatively clear that the difference in par-
ticulate levels between wet days and dry days will give an indication of
the amount of particulates contributed to the atmosphere from the ground
and/or the amount of particulates that can be washed out of the
atmosphere. If the difference between these two categories is
insignificant, one would assume that (1) there is little contribution
from the ground and/or (2) a significant amount of the particulates in

the atmosphere can not be washed out as a result of rain or snow.

Enrichment Factors

A relatively new method used for source identification is that of
enrichment factors. The enrichment factor model is used to assess the
anount of particulate from one element, which is enriched from the same
elemental concentration in the soil. This method, therefore, can be
used to determine the relative coatribution of the soil elements to the

particulate measuring device .k
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The enrichment factor model compares the ratio of the elemental
conposition of the ambient air to the elemental composition of the
characteristic element with the concentration of elemental in the soil
to the concentration of the characteristic element in the soil. The

enrichment factor is:>

Enrichment Factor = (Cia/Cna)
Cic Cnc

Cnc = concentration (ug/g) of Cpha = concentration (ug/m3) of
unique elemetal in the unique element to in the
soil or crustal earth. ambient air

Cic = concentration (ug/g) of Cia = concentration (ug/m3) of
element in the soil element in the ambient air
whose enrichment is whose enrichment is to be
sought. determined.

Elements whose enrichment factor are significantly larger than one are
assumed to be due to non—-background sources within the ailrshed.
Elements whose enrichment factor are near or equal to one are assumed to
be from geological sources such as soil or rock particles.

The selection of the characteristic element could be significant,
The most common elements used in these analyses seem to be scandium
(Sc), aluminum, and iron. The MAPS project did not perform any analysis
of scandium and therefore aluminum was chosen. Another important factor to
the analysis is the correct ratio in the denominator of the equation.
Several sources exist for these data. The most popular source seems to
be the concentrations suggested by Mason,7 which are generally used for
large-scale areas. Such data were used in some comparisons in Colstrip,
Montana8 and in the southwestern desert of the United States.? In addi-
tion to the figures provided by Masonlo, the MAPS project made some ana-

lysis of the soil and road dust in the Billings area.!! In order to
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reflect the greatest degree of accuracy, enrichment factors were calcu-

lated using both sources of information.

Factor Analysis

Factor analysis is a multivariate statistical technique that comr
denses a large number of variables into a few larger variables called
factors. These factors can then more easily be analyzed than than an
analysis of each and every original variable in the data set. Factor
analysis was developed to explain intelligence test scores, amd has been
used rather extensively in the biological and social sciences.l? It has
received some attention in the study of air pollution within the past
ten years. Hopke, g&._gl.,13 Blifford and Meeker,l4 and Thurston and
Spengler15 have used this technique to determine major classification of
air pollution sources and the influence of meteorology on these sources.

Factor analysis can be applied to air pollution and may be well
sulted for an analysis of elemental particulate data. For this study a
large amount of data from nine elements and two ions {nitrate and
sulfate) exist. Many of the elements are related to each other in
various simple and complex manners. As an example, iron is a relatively
ma jor consitiuent of soils and rocks.1® It also can be an emission from
ma jor industries, notably the steel industry. One may not be able to
use iron by itself to determine 1f the major source was the industry or
the soil. Factor analysis, on the other hand, can at least assist in
this determination. A complete explanation of factor analysis will not
be attenpted. Various statistical books can be referred to for a more

thorough explanation.17 This method, however, has several relatively

simple but significant properties explained below.
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Recall that the object of factor analysis is to reduce a set of
variables to a smaller subset of variables called factors; i.e., factor
analysis replaces a large set of intercorrelated variables with a
smaller set of Independent variables (factors). Factor analysis has as
its starting point the correlation matrix of the variables in question.
In our case, the correlation matrix is composed of all the elemental
data collected at Central Park (Table 18). The secomd step involves the
exploration of data-reduction possibilities by constructing new
variables based on the interrelationships seen in the correlation
matrix. Two methods can be employed to determine these factors. The
first is known as the principal component model and is reflected as an
exact mathematical transformation of the original data. The second
method is known as the classical-factor model, which assumes that some
unique factor 1s found for every variable. The principal component
model is expresed below:

23 T 83IF] + agpFp + = ¢+ + ajpF,

I

where: zj variable j of the original data set

Fi{ = factor i

standardized multiple regression
coef ficient of variable j on factor i

aji

ajy 1s often referred to as the factor loading, that 1s it represents
the significance of each of the factors to each specific variable.
Notice that the variable is completely explained by the sum of all of
the factors. The counter part to this mode is the classical-factor

nodel as described below:
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zs = az1Fp + as9F9 4+ ¢ » o + _ | 2 s
J j1F1 j2¥2 ajnfn + d3Uj

where: U

(]

3 unique factor for variable j

dj standardized multiple regression coefficient

coefficient on unique factor j.
The model alsc assumes that the correlation between any factor and Uj is
zero and that no correlation exists hetween each Uj for all j. It is
only important to note that each factor contributes to the explanation
of variable zj, but that there is a unique factor (Uj) which is
necessary to explain the total variance in Z3e

Although both methods of estimating factors were used in this
paper, only the first method, principal components, was used for actual
analysis presented, It was found that the use of either method did not
significantly alter the results of the paper. The principal components
analysis was preferred since a) 1it was not clear which values should be
used for explaining the unique and common factors, factors F; through
Fn, (some computer estimations were available through SPSS), b) it was
not c¢clear {f this method affects the basic structure or meaning of the
original variables, thereby distorting the analysis, amd ¢) the use of
principal components provided the most meaningful solution to the
problen.

The third and final step in factor anmalysis is the so-called rota-
tion of the factor solution. The solution of the principal components
analysis yields several orthogonal (independent) factors. The com
sideration of independent factors can be displayed as the x and y axes
for two factors. It is the object of factor analysis to obtain factors

that most closely explain one or more variables with only one factor,

and hence a smaller, easy-to—interpret data set. The actual solutions

- \
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from step number two do not always yieid easily interpreted solutions,
especially if more than 3 or 4 factors are considered. The principal
component solution, therefore, can be rotated (orthogonally) such that
the resulting factors are more closely associated with each variable.
This is best illustrated through an example. The figure below illustra-
tes what might be the outcome of a particular principlal component

analysis.

F
a
c @ Vvariable A
g ® variable B
r
2

Factor 1

® variable C
@ variable D
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Note that none of the variables are closely associated with any of the
two factors. Each variable is only about half way (correlations equal
approximately + and - .50) related to any one factor. If one were to
rotate the two factors approximately 45 degrees counterclockwise, the

rotated solution would look as follows:

F 'K,LyNew Factor 1

z & variable A
/
t s ®Vvariable B
0 /
r /
/
2 //
V4
N
Mo Factor 1
~N
~
~
~ @variable C
@ Vam‘abTe D
~
C’ New Factor 2

Note how the rotated solution is closely related to the new factors,
which is precisely what was done throughout these anal yses. The
results of these three steps yield a number of factors, usually thlree or
four which have the following properties and meanings:

a. All factors are independent of each other (orttogonal);

b. The rotated factors have some representation to the original
variables;

¢. FBach factor will be heavily loaded, that is the aji values
are large with only a few variables;

d. Since each factor 1is orthogonal, it will represent some
independent source or character of air pollution data; and

e. These factors can, therefore, be interpreted to represent an
air pollution source.
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This exact analysis also was applied to the corresponding meteoro—
logical data. Various variables were represented by individual factors.
A realistic interpretation of the factors is suggested. A comparisn
was then made between these meteorological factors and the elemental

factors to determine the way meteorology influences different sources of

particulates.
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Results and Discussion

The results of the various analyses are explained below and orga-
nized by each type of analysis described in the Methlndology chapter of

this paper. A summary of the results and conclusions are provieded in

the final chapter.

Frequency Distribtuion

A frequency distribtuion for all particulate monitoring sites was
prepared (Appendix B). As described in the Analysis Methods chapter,
several authors have suggest that one can typically expect a log—-nomal
distribution for particulate data.l Brookman and Yocom? suggested that
particulate data exhibiting this distribution are generally influenced
by large—~scale or general sources. Data that do not exhibit a near
log-normal distribution or data that deviates at the extremes are pro—
bably influenced by a major local source such as a stack or a strong
area source within a specific wind direction from the sampling site.

Since Billings has several major industries (Montana Power Company,
Exxon, Connoco Inc., Great Western, and Montana Sulfur) within a few
miles of all but one sampling site (KGHL), it would be logical to assume
that these sources may influence the particulate levels. If this is the
case, then some deviation from log—normality may exist. On the other
hand, 1f the major area sources such as soil dust, road dust, home
heating, and so forth are the major coatributors to particulates, then

the log-normal distribution should be generally strong.
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One must be careful not to attach too nuch significance to this
particular analysis. Other authors have suggested that the log normal
distribution is not the only distributions that these data can
possess.3 This analysis, therefore, can only be interpreted as an indi-
cation of the validity of the above hypotheses.

Appendix C provides a description of the chi-square statistics and
graphs of the data distribution. The information in Appendix C is

reduced here in Table 7 below.

Table 7

Chi~Square

Site Mean Median Skewness Kurtosis Statistic
Central Park TSP 4,21 4,29 -0.5 -0.3 25,1
Central Park Inhalable 3.61 3.59 -0.2 -0.1 6.3
Central Park Coarse 2.81 2.93 -0.2 -0.9 18.7
Central Park Fine 2.78 2.82 0.4 1.2 9,3
City Hall TSP 4o17 4,21 -0.3 0.2 15.0
Grand Ave. School TSP 3.92 4,02 ~1.4 3.5 51.5
Lockwood School TSP 3.90 3.90 0.5 0.3 12.1

Units = Natural log of ug/m3

All data above are calculated using the natural log (base e) of the
particulate readings. By using the natural log of the data, one would
expect a normal distribution to appear. The median is a measure of the
data's middle values; that is, the middle value of those data lying
exactly on the 50th perceatile. 1In a perfect nommal distribution, the
median and mean are equal. The data above indicate close agreement bet-
ween the two,

The skewness and kurtosis are statistics that indicate the relative
shape of a curve.# The skewness measures the degree to which a distri-
bution of cases approximates a normal curve and may be referred to the

third moment of the mean. If the skewness is zero, then a completely
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symmetric bell~shaped curve is in existence. A value greater than zero
indicates that the data are clustered to the right of the mean, while a
negative value indicates the data are clustered to the left of the mean.
The kurtosis measures the relative flatness or peakedness of the curve.
A value of zero indicates a normal distribution. Positive values of
kurtosis indicate the distribution is more peaked (narrow) that a normal
distribution, while a negative value reflects a flatter curve.

In all cases in Table 7, there are no data that exhibit an unu-
sually large or small skewness or kurtosis, save one. The Grand Ave.
School site appears to have a dilstribution shifted slightly to the left
and of somewhat flatter distribution that expected. All other cases, on
the other hand, seem to fall within a normal ranmdom error expected with
any sampled population.

The mean, median, skewness, and kurtosis were calculated using the
SPSS statistical package described earlier. The median, skewness, and
kurtosis were calculated using a simple algoritim rather than the defi-
nition formula, and have no effect on the calculation's accuracy.

Thg chi-square statistic was calculated using the data generated
from the SPSS package. The actual statistics, however, were calculated
using a BASIC program written for this purpose. The chi-square sta-
tistic was used in order to determine the goodness of fit to the log-
normal distribution. The chi-square test was applied by comparing the
auaber of occurences within various cells (l/p standard deviation in this
instance) to the expected number of occurences within the same cells,
The expected number of occurences was based on what would be observed in

a perfectly log~normal distribution.
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If the chi-square value is above a certain critical value, one can
reject the hypothesis that the distribution is log=normally distributed.
For purposes of this study, it was decided to use a 1 percent probabi-
lity value since not all of the data distributions were spread exactly
over the same time periods. A distribution of 15 months of data would
be slightly biased since there are apparently more samples gathered in
one season than the others, The critical value for chi-square in this
case is 21.7; that is, if the data do possess a log-normal distribution,
the probability that the null hypothesis (that the data are log—-normal)
will be incorrectly rejected is .0l (1 percent).

Table 7 indicates that only two sites failed the chi-square test,
although one other parameter nearly failed. The Central Park TSP site
and the Grand Ave. School TSP site both exhibited data distributiouns
that were probably not log-normal. The Central Park coarse particulates
leads one to nearly the same conclusion.

These results are somewhat surprising. The Lockwood School site,
for example, is probably the site that would be most strongly influenced
by a major industrial source. This is true since it is not only the
site nearest to these industries, but 1t is also the site that exhibited
the greatest amount of sulfur dioxide. Sulfur dioxide is a major
constituent of the pollutant gases released from these industries.
Lockwood School, however, does apparently possess a log-nomal
distribution. Central Park, on the other hand, is the nost residen—
tially oriented site within the study area. One would have expected,
therefore, that this site would have a log~normal distribution. Orand
Ave. School is located along Grand Avenue, a very busy highway by

Montana standards. It could probably be characterized as a mixed com-
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mercial and residential area. The chi-square test seems to indicate
that this site is the most heavily influenced site by a single or direc-
tional source. The most obvious source that comes to mind at this site
would have to be automotive traffic. The TSP could be either the
vehicles themselves or the road dust emitted from their travel. Let us
examine this hypothesis in a little more detail.

If the above hypothesis were true, then it would be reasonable to
assume that other sites which are close to major roadways would also not
have a strong log—notmal distribution. City Hall and Central Park are
both somewhat near major roadways. City hall in particular is located
in downtown Billings (approximatley l4 meter above ground, however),
which could certainly bhave this influence. The chi-square statistic for
City hall is also large but not statistically significant., The Central
Park site was located about one city block from Central Avenue, also a
na jor road. One might therefore expect some Influence from the road to
break down the log~normal distribution. The coarse particulate data
also provide an insight into the matter, since they almost rejected the
null hypothesis. A single iInfluence may affect the coarse data. This
single influence is apparently not major industry since a site very
close to industry did not show this same pattern. Several authors have
shown that particles generated from vehicular traffic possess the same
size distribution as might be exptected on the coarse filter.)

A general surmary of this section leads to several observations:

I. The median and mean are generally similar for all sites.

2. Only Grand Avenue School had larger than expected skewness and
kurtosis.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



68
3. Central Park TSP and Grand Avenue School TSP failed the chi-square
test for log-normality. Central Park coarse, on the other hard,
nearly fails the log—-normal test.
It appears, therefore, that there may be some local directional source

that may be affecting these two sites. An inventory of the source near

these sites probably only suggest automotive—related emissions.

Month and Season Variations

Concentrations of particulates can and often do vary from month to
nonth and season to season. These changes can be accounted for by
elither changes in emission sources or by changes in meteorclogy or both.
A review of the data values between seasons and months can assist one to
understand some of the sources of particulates that are likely affecting
the sanpling instruments.
Monthly graphs were prepared for all of the particulate monitoring
sites and included as Appendix D. These graphs represent the monthly
average particulate or gaseous concentration plotted against time (1978
through May 1980).

In order to aid in the interpretation and presentation of the data,
the following table was constructed.

Table 8

Air Quality Versus Seasonal Means

Spring Summer Fall Winter

Site Mean # Mean # Mean # Mean #
Central Park TSP 382 75 103 146 90 118 51 139
Central Park Inhalable 32 26 54 29 50 47 31 25
Central Park Coarse 14 26 39 29 30 47 14 27
Central Park Fine 18 26 16 29 20 47 11 27
Lockwood School TSP 56 34 64 39 85 35 38 44
Lockwood School Inh. - - 33 7 21 26 21 2
Lockwood School Coarse - - 11 7 0.5 26 0 2
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Table 8 Continued

Spring Summer Fall Winter

Site Mean # Mean # Mean # Mean #
Lockwood School Fine - -- 22 7 20 26 21 2
City Hall TSP 89 56 72 44 73 38 31 52
KGHL TSP 45 55 47 44 50 40 34 58
Grand Ave. School TSP 88 53 61 43 60 35 46 52
Central Park 502 7 79 7 156 14 97 15 165
Central Park NOp 16 12 12 36 16 122 17 90
Central Park 03 26 82 29 147 14 162 16 158

The particulate data means are measured in units of micrograms per
cubic meter, while the gaseous data (803, NO3, and 03) are measured in
parts per billion (volume). The "#" represents the number of days with
valid data for each particular case. The City Hall, KGHL, and Gramnd
Avenue slites also included 1977 data, which was done because these three
sites were only operated once every six days, ylelding less data than
Central Park, Addition of the year 1977 provided sufficient data to
allow conclusions to be drawn.

The seasonal data was combined for all years., The seasons are

defined below:

Spring = March 1 to May 31
Sunmer = June 1 to August 31
Fall = September 1 to November 30
Winter = December 1 to February 28 (or 29)

The purpose of combining the years was to provide enough cases (days) to
allow conclusions to be drawn from the data. The Lockwood site for
inhalable, coarse, and fine particulates did not provide enough cases to

allow any conclusions on seasonal or monthly variations. The gaseous

.\A
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data were added for purposes of comparing with possible sources. All
calculations were performed with the SPSS computer package previously
described.

The data have an immediate and obvious trend. Summer readings are
larger than for all other seasons for all inhalable, coarse, and TSP
variables. (This comes as sonewhat of a surprise since the meteorologi-
cal conditions are usuvally worse in the fall and winter). As an aid to
this interpretation, it is of interest to note the seasonal variation
for sulfur dioxide. Sulfur dioxide im Billings is emitted at a relati-
vely constant rate. There are, quite naturally, variations in the
sulfur dioxide emission, but most industries temd to operate at maximun
production throughout the year. One exception would be Great Western
Sugar, which operates only in the summer and fall.b

The sulfur dioxide data, however, have a definite seasonal
variation; the largest readings occur in the winter and fall. This is
opposite to the production by Great Western, and at variance with the
observed TSP readings. Since winter and fall provide the worst meteoro—
logical mixing, one night presuppose that the TSP levels should follow
the same pattern.

Since this is obviously not the case, it must be concluded that
meteorology is not the overriding factor in explaining the variation
anong the seasons. This is especially noticeable when observing the
spring data at Grand Avenue School, City Hall, and Central Park.
Meteorologically speaking, spring is the season with the best dilution
and mixing characteristics. All other things being equal, one would

expect spring to be probably one of the best seasons for reduced air
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pollution levels. Since this is not the case, the conclusion is that
the significant sources of particulates must have a major impact on
emission rates in the spring and summer. Conversely, the emissions must
be greatly reduced during the winter.

The inhalable particulate data at Central Park shows the same
general trend and conclusions. The coarse data seem to magnify the
effects of summer and dampen the higher spring values occurring at City
Hall and Grand Avenue School. The fine particulate data, however,
generally have the same levels during all seasons except winter. Winter
seems to be reduced by about one-half of fall. The data collected at
the KGHL monitoring site show similar characteristics to those of the
Central Park fine data. The spring, summer, and fall have relatively
speaking the same values, while winter is the only season with signifi-
cantly lower values. These data are significant in that the KGHL is a
rural site for the Billings area, located near agricultural fields and
approximatley 150 meters from Interstate 90. It is not purely a rural
site relative to the rest of the state, but it is rural relative to the
Billings area and Yellowstone River Basin.

The evidence presented points to the conclusion that the major
sources of particulates in an around Billings must be associated with
waruer temperatures or perhaps the lack of snow cover. Since mixing
conditions are good in the summer and spring, there must be sonme
overriding source(s) contributing to these higher particulate levels.

It is also apparently assoclated with man's activities since this 1s
also the time when outdoor activities are at their greatest. Automotive

traffic is also at its peak in the late summer and early fall according
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to the traffic counter data on Grand Avenue (Tables 5 and 6). Traffic
patterns indicate that the highest counts occur in the late spring
through the fall, which appears to correlate with the TSP and coarse
readings at the air pollution monitoring station.

An analysis of variance (ANOVA) was performed on all variables.

The null hypothesis for this statistical test is that the mean value for
each season do not significantly differ from one another; that is to
say, that the means for each season are equal. In every case, save one,
the analysis provided sufficient evidence to reject the hypothesis. The
only excpetion was Central Park fine particualte. The analysis reinforces
previous statements, which suggest that real difference can be found between
each season. The ANOVA test does not segregate the means but tests them all at
one time., For example,
Central Park TSP

Hypothesis: Surmer mean = Fall mean = Winter mean = Spring mean
The analysis does not divulge which seasons were significantly
different, but only that the above hypothesis is not correct. (Other
analyses, such as contrast methods, could have been employed to deter—
nine which season(s) were statistically different).

A closer look at the monthly patterns reveals that March is par-
ticularly high for TSP levels at Gramd School and City Hall, both near
heavy traffic areas. This may be due to the extra road dust accumula-
tion from sanding during winter operations. March is a typical month
for roads to become clear again, and could therefore possess an excess

of particles that may become airborne from automotive traffic.
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The monthly and seasonal variations can be characterized and sum

marized as follows:

l. Highest seasonal values occur in the summer for TSP and coarse
particulates.

2. The lowest seasonal values are consistently in the winter.

3. The coarse particulate data generally follows the patterns above and
enphasizes the high values in summer.

4. The fine particulate data does not exhibit such an obvious

variation. An analysis of variance (ANOVA) performed on these

data failed to reject the null hypothesis that all seasons are

equal.
5. The particulate sources are probably not from major industrial

stacks since the particulate distribution was counter to the

sulfur dioxide distribution.
6. The readings are probably associated with man's activities and

appear to be relatively associated with automobile traffic.

Day of Week Comparison

A comparison was made between particulate levels for different days
of the week. The purpose of such a comparison 1s to determine differen
ces in air pollution readings between two separate sets of man's
activities. For this comparison the day of the week (Sunday through
Saturday) was coded on the SPSS file as previously described. A com~
parison was then made between values of one day of the week versus the
others. Since it is reasonable to assume that meteorology is not
affected by the day of the week, then any differences seen between dif-
ferent days can be attributed to human activities.

All computations were performed on the SPSS statistical package as
previously described. Appendix E consists of the original results by

conparing days of the week both as all seasons combined and by season.

Computations also were made for weekend versus weekday, altlough not
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presented. An analysis of the data suggested that Saturday and Sunday
were quite different from each other with regard to particulate levels.
Another analysis was made comparing Sundays with the other days of the
week, A summary of these data is presented below in Table 9.

Unfortunately, there was not enough data to make conclusions on
many seasonal comparisons. Comparisons made with the number of cases
less than ten was considered to be inappropriate. The other data,
however, do yield some interesting observations.

In addition to the comparisouns in Table 9, a t—-test was comucted
on all of the season—combined data. The t—test is a statistical tech-
nique somewhat similar to the ANOVA test described in the previous
section. The t—-test, however, attepts to compare the differences in
mean, if any, between two populations., For this case, the null hypothe-
sls is that the mean particulate levels on Sundays are equal to the par-
ticulate levels on all other days. The following table (Table 10) pro-
vides a summary of those results.

For the seaons—combined data, nearly every variable exhibited a
lower mean during Sunday than the rest of the week. Two notable excep-
tions were Lockwood School and KGHL. It is relatively easy to explain
any lack of variation at KGHL since it is a rural site. Presumably
man's activities do not change as greatly in a rural setting as in an
urban one from day to the next. Lockwood School, on the other hamd, is
not so easy to explain. Lockwood School might be described as a subur-—

ban setting with some industrial influences as previously noted.
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Table 9

Sunday versus Rest of the Week

All Seasons Spring Summer

Sunday Other Sunday Other Sunday Other

Mean # Mean # Mean # Mean # Mean {# Mean

Central Park TSP 67 52 83 456 71 8 83 67 85 19 106
Central Park Inh, 39 17 45110 30 3 32 23 42 3 56
Central Park Coarse 24 18 26 111 17 3 14 23 34 3 39
Central Park Fine 14 18 19 111 14 3 18 23 8 3 17
Lockwood School TSP 61 20 59 132 60 5 56 29 46 4 66
City Hall TSP 62 28 74 162 83 8 90 48 55 6 75
Grand Ave, School TSP 57 26 66 157 82 '8 89 45 51 5 63
KGHL TSP 43 27 43 170 55 8 43 47 42 5 48
Central Park S0p 98 70 110 427 79 10 68 69 55 22 72

Central Park and Lockwood School: 1978 through May 1980
All other sites 1977 through May 1980

# = number of days with valid data (cases)

Units = Particulates = micrograms per cubic meter
Sulfur Dioxide = parts per billion (volume)

#

127

26

26

26

35

39

134

Fall
Sunday
Mean #

72 11
49 7
31 3
18 7
129 4
71 6
58 6
526
106 14

Other

Mean

#

92 107

50

30

20

79

74

61

49

142

40
40
40
31

32

34

83

Winter
Sunday Other
Mean # Mean #
40 14 52 125
24 4 33 21
14 5 14 22
12 5 21 22
32 7 39 37
39 8 57 44
32 7 49 45
27 8 35 50
140 24 146 141
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Table 10

T-Test
Sunday Versus Rest of the Week

Degrees of Probability Stat.
Variable/Site T-Value Freedom Value Different ?
Central Park TSP -2.20 476 .028 Yes
Central Park Inhalable ~-0.88 125 .379 No
Central Park Coarse -0.24 127 .810 No
Central Park Fine -2.07 127 041 Yes
Lockwood School TSP 0.17 150 .861 No
City Hall TSP ~-1.72 188 .088 Borderline
Grand Ave. School TSP -1.00 181 .320 No
KGHL TSP 0.03 195 +976 No
Central Park SO -0.96 495 «339 No

Note: Explanation of statistics on the following page. Data represents
all seasons combined.
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It is reasonable to assume that man's activities change between
Sundays and the rest of the week., Major industrial emissions,
therefore, could be responsible for the lack of difference between the
two time frames.

Most cases, however, showed some difference between Sundays and the
rest of the week. Only about three comparisons showed any statistical
difference, with City Hall a borderline case. The Central Park TSP site
showed the strongest trend between days of the week. Since this is a
reaonably reliable residential site, 1t could be explained by less vehi-
cular traffic in the area. The station was located within a park and
next to a tennis court and presumably would have received greater use
during Sunday than any other day of the week (except the winter). This
increased use in the Park did not cause an accompanying increase in par-
ticualte levels. It is difficult to explain the observed difference
between Sunday and the rest of the week for the Central Park fine
particulate. It appears that the sources of the fine particulate are
related to the days of the week. If one assumes that man—-induced acti-
vities are responsible for increasing air pollution levels, then the
fine particulates are even more difficult to explain. Most of man's
activities, save combustion, are generally assumed to be coarse or
larger particles. If fine particulates decrease during Sunday, as
indicated, then the cause of that reduction is difficult to explain
unless automotive emissions are the culprit. The only other plausible
explanation would be that the mean value of fine particulates is invalid
because the population size (18) is insufficient., Again, najor industry
is probably not responsible for such a decrease on Sunday since it

operates at a relatively constant rate.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



78
Perhaps commercial and weekday-related services to industry are respon-
sible for the decrease in fine particulate.

It may be possible to attribute the difference between Sunday and
the rest of the week, even though all cases are not statistically
significant, to automotive-related differences. Unfortunately, no day-
of-the-week traffic counts were available for Billings. Data do exist,
however, for Great Falls and Missoula. The Missoula traffic counter is
located near Orange Street bridge, while the Great Falls counter is
located on Tenth Avenue South between Ninth and Tenth Street, This
locations are similar to the Billings counter in that they are all
located on busy avenues of travel in each city. Table 11 below sum

marizes these data for the two—year period of 1978-1979.

Table 11

Traffic Count: Missoula and Great Falls Versus Day of Week

Missoula Great Falls

Vehicles % # of days Vehicles % # of days

per day of Mean sanpled per day of Mean sampled
Sunday 11,753 63 72 21,829 73 126
Monday 20,223 109 71 30,498 102 126
Tuesday 20,050 108 72 31,128 104 126
Wednesday 20,089 109 72 31,413 105 126
Thursday 19,995 107 72 32,221 108 126
Friday 22,106 119 72 33,737 113 126
Saturday 16,235 87 72 28,541 95 126
Mean 18,633 100 72 29,909 100 126
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Despite the fact that we are dealing with two separate cities, the
traffic patterns for each day of the week are suprisingly similar. If
one were to rank the days of the week from increasing to decreasing

values, the following would occur:

Sunday =1 (approx. 70% of mean) -lowest-
Saturday = 2 (approx. 90% of mean)
Monday through Thursday = 3 (approx. 1067 of mean)
Friday =4 (approx. 116% of mean) -highest-

Since these two independent cities in Montauna have very similar traf fic
patterns, it would not be unreasonable to assume that Billings has the
sane weekly variations. If automobile traffic is responsible for any
major particulate readings, one should expect to find difference between
Sunday and the rest of the week. The traffic patterns indicate that the
ratio between the mean for Sunday and the mean for the rest of the week
is approximately .60 for Missoula and .70 for Great Falls. Applying
these data to Billings leads one to assume that the difference in traf-
fic flow between Sunday and the rest of the week is approximately a 35
percent reduction in traffic on Sunday.

Quite naturally, this conclusion and comparison should not come
without giving some consideration to the Billings area. For example;
the City Hall site probably experiences a greater reduction in traffic
on Sunday than does the Grand Avenue School. This occurs because the
City Hall site is located downtown and most downtown stores are closed
on Sunday, while the Grand Avenue site, located on Grand Avenue, has
many shopping areas open on Sunday. This interpretation fits the

observed data rather well. The City Hall site showed a larger reduction
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reduction in TSP than did the Grand Avenue site during Sundays.
The data from this day of the week compari=n was somewhat con
fusing and contradictory. The results are summarized below.

1. All sites, save one, displayed less particulates on Sunday than the
rest of the week

2, Ounly the Central Park TSP, Central Park fine, and to some degree the
City Hall TSP showed statistically significant differences between
Sunday and the rest of the week.

3. The sites showing the least variation were Lockwood School TSP and
KGHL TSP, KGHL can be explained due to its rural nature, while
Lockwood was not as satisfactorally resolved.

4, Not enough data existed to make meaningful comparisns betweeen days
of the week within each sason.

5. An analysis of day of the week traffic patterns in Misspula and
Great Falls presented results that were quite similar. It is
assumed, therefore, that Billings has the same pattern:

Sunday = 1 (lowest)
Saturday =
Monday through Thursday
Friday (highest)
Since the particulate data had a similar pattern, it is logical
to assume that traffic has an influence on some of the readings.

]

2
3
4

6. Outdoor recreational activities are probably not a major contributor
to particulate values as automotive traffic, since one would expect
Saturday and Sunday to be higher than the rest of the week. The
observed data Indicate the opposite effect to this pattern.

Wet Day/Dry Day Comparisons
It is easy to envision how the amount of rainfall or snowfall can
affect particulate readings. During periods of rain or snow, the ground
remains wet and tends to hold particles on the ground regardless of the
various activites to make them airborne, such as wind and traffic. Rain
or snow can actually wash out particles in the air, further reducing the

particulate readings. In order to estimate the impact of this affect, a

precipitation index was used as described in the methodology and
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analysis method chapters. The raw precipitation data were obtained from
the National Oceanic and Atmospheric Administration and coded onto the
SPSS data file. Snow fall was included in this data as an equivalent
amount of rain. The precipitaiton index was calculated using a FORTRAN
program and also coded onto the SPSS system,

In order to simplify the analysis, it was decided to use a simple
wet day versus dry day comparison. A critical value of 5 was chosen to
represent a wet day. This number was chosen for various reasons:

1. The index value had to be low enough such that there would be
enough data to perform statistical comparisons; and

2. Various other values for an index were compared. It was found
that an index of greater than 5 produced essentially the same
results as 5., Smaller indexes, however, caused a significant
difference in the outcome of subsequent anal yses. It was
concluded that 5 provided the maximum amount of data for sta-
tistical analysis without sacrificing any of the results.

A comparison was made between the particulate readings for days
having a precipitation readings greater than 5 (wet day) against the
particulate readings for days observing a precipitaion index less than
or equal to 5 (dry day). The following table (Table 12) is a summary of
these data.

A quick review of the table indicates that nearly every variable
exhibited a lower mean during wet days as opposed to dry days. The same
trend is noticed not only for all seasons combined, but for all indivi-
dual seasons as well. In order to aid further in the interpretation, a
t~test was computed on the data set. The hypothesis of the test was the
mean value during the wet day equaled (i.e., was not statistically dif-

ferent from) the mean value during the dry days. Table 13 is a summary

of these data.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-uoissiwiad INoyRM pengiyosd uoionposdal Jayung “JauMo WbuAdoo sy} jo uoissiuad yum paonpoiday

Table 12

Wet Day/Dry Day Comparisns

All Seasons Spring Sunmer Fall Winter
Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry
Mean # Mean # Mean # Mean # Mean # Mean # Mean # Mean # Mean # Mean #
Central Park TSP 59 173 94 305 57 33 101 42 79 58 119 88 58 33 102 85 37 49 59 90
Central Park Inh. 16 44 26 83 26 12 37 14 39 10 62 19 30 13 58 34 22 9 37 16

Central Park Coarse 14 45 24 84 1212 17 14 22 10 47 19 14 13 36 34 6 10 37 16

Central Park Fine 16 45 20 84 15 12 20 14 17 10 15 19 16 13 22 34 17 10 20 17

Lockwood School TSP 42 42 79 50 50 10 9 7 49 12 81 13 39 6 123 14 30 14 40 16

City Hall TSP 63 58 88 70 81 18 117 17 69 14 89 17 58 9 87 14 41 U 65 22
Grand Ave. TSP 34 55 83 67 78 17 125 15 60 13 74 16 32 7 79 13 35 18 65 23
KGHL TSP 37 58 52 713 35 17 49 16 37 13 58 17 46 9 65 16 34 19 40 24
Central Park S0; 100 180 112 317 58 38 80 41 49 54 80 102 145 30 133 67 151 58 142 107
Central Park and Lockwood School: 1978 through May 1980 Units: Particulates = ug/m3
All other monitoring sites ¢ 1977 through May 1980 Sulfur Dioxide = parts

per billion
# = number of days with valid data (cases)
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Table 13 more clearly shows the trend that wet days have a major
effect on the particulate readings. Only fine particulate failed to
show any degree of significance between wet and dry days over all
seasons. The Central Park fine, however, was borderline. It is not too
surprising that the sulfur dioxide values for all seasons did not show
any diffeence. The sulfur dioxide comparison was based upon a precipi-
tation index which takes into accout previous amounts of precipitation
and not just the day in question. The Central Park fine particulate,
however, apparently shows signs of having characteristics of both the
TSP and gases. This is perfectly logical since smaller particles begin
to behave more like gas molecules than particulates if the composition

is small enough,

It would seem to be a logical conclusion to state that sources
controlled by precipitation have a major impact upon the particulate
levels in Billings, at least as far as all seasons combined are
concerned. Clearly, when one removes these sources of air pollution,
via precipitation, the readings are gemnerally reduced. The ratio
between wet and dry days varies from about .41 to .72 for all TSP
sites. The inhalable and coarse particulates are within the same range
at .62 and .58 respectively., Only the fine fraction stands alone with a
ratio of .80. Central Park TSP, Lockwood TSP, and Grand Ave. School TSP

show the greatest effect of precipitation. These reductions are rather
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Table 13

Wet Day/Dry Day Statistical Summary

All Seasons Srping Sunmer Fall Winter

Pro. SD Pro, SD Pro. SD Pro. SD Pro. SD
Central Park TSP 000 Yes .000 Yes .000 Yes .000 Yes .000 Yes
Central Park Inh. .000 Yes .115 Mo 004 Yes .002 Yes — #kk&ikkik
Central Park Coarse .000 Yes .181 No 001 Yes .004 Yes 097 7
Central Park Fine 072 7 .143 No .611 No .061 7 .550 No
Lockwood School TSP .000 Yes kkdkkkkkk 011 Yes ‘kXkkkik*x _(56 ?
City Hall TSP .000 Yes .012 Yes 027 Yes ikkkkkxkx 024 Yes
Grand Ave. TSP .000 Yes .013 Yes 114 No (H&&xkkkdkx (038 Yes
KGHL TSP .000 Yes .031 Yes 004 Yes  hddkdkdkkxkk 323 No

Where:
Pro. = probability value expressed in decimal

SD

Statistical Difference? Yes, No, or ?

If the probability value was less than .05, then SD
responded to by a "Yes". If the value was greater
than .10, then the response was "No". Each other value
received a "?" since it was a borderline case.
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substantial and constitute a major portion of the TSP levels found in
the area. This means that between 29 percent and 59 percent of the TSP,
inhalable, and coarse readings are a product of these sources. These
figures are not exact in that the selection between wet and dry days is
somewhat arbitrary.

It seems rather obvious that the general source of this particulate
must be the ground, roads, streets, and so forth., Rainfall does not
significantly change the emissions from major smoke stacks, car and
truck exhaust, home heating, and so forth. It appears, then, that this
source(s) must be related to the earth or deposited onto the earth.
These types of sources can be grouped into three general classes: 1)
agricultural soil and dust, 2) road dust, and 3) dust generated from
general outdoor activities such as playgrounds, parks, and the like.

The wet day/dry day analysis does not provide enough general information
to apportion each of these sources.

It could be argued that the effect of road dust in this comparisn
15 inaccurate since the traffic volume 1s less during wet days thereby
causing a reduction in particulate readings unrelated to precipitation,
A comparison was made betweeen wet-day automotive counts and dry-day
automotive counts in Missoula and Great Falls. This comparisn is given

on Table 14 below.
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Table 14

Traffic Count versus Wet-Day/Dry-Day

Wet Day Dry Day Degrees Probability Stat.
Mean Mean T-Value Freedon level Sign.?
Missoula 18,720 18,603 0.33 498 .738 No
Great Falls 30,850 31,141 -0.28 845 . 780 No

Mean = mean daily traffic count

The data from Missoula and Great Falls clearly indicate that the traffic
patterns do not change between wet and dry days. It is assumed that
Billings shows the same trends. The reduction in TSP is more likely to
be a function of the three categories stated in the previous paragraph.

A review of the seasonal comparisons between wet and dry days does
not yleld any major variations from the season—combined comparisons.
The statistical analysis, however, gives more cases where one cannot
deny the hypothesis that the two means are the same. The raw data, on
the other hand, contain only one particulate example where the par-
ticulate wet day is equal to or greater than the particulate dry day;
i.e., the summer for Central Park fine particulates. The values are
nearly equal in any event and do not appear to exhibit any significant
results,

The sulfur dioxide data, however, are somewhat disturbing. Both
the spring and summer data show a statistical difference between wet and
dry days while the fall and winter do not. The overall wet versus dry
conparison shows no difference. No explanation for the difference in

the summer and spring can be offered except that sulfur dioxide 1s less
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soluble in warm water than in colder water and the wind direction may
vary from one season to the next during wet days.
A summary of the results of this section is provided below.

1. Wet days display significantly less particulate levels than do dry
days.

2. The ratio of wet day means to dry day means ranges from .41 to .72
for all particulates, except Central Park fine, which displayed a
ratio of .80,

3. The seasonal comparisons displayed the same conclusions but with
less statistical significance,

4, The sulfur dioxide data showed no statistical difference between wet
days for all seasons combined. A significant difference between wet
and dry days was observed, however, in the spring and summer. The
reason for the variation is not clear, but could be due to sulfur
dioxides solubility at lower temperatures and/or changing wind
patterns between wet and dry days.

5. No reduced traffic flow for wet days 1is suspected, based on
Misssoula and Great Falls data. Thus, one cannot account for the
decreased values based on a decrease In vehicular use.

Enrichment Factor

Several authors in the past ten years have used enrichment factors
to determine sources of particulate values as measured by high-volume,
memnbrane, and dichotomous samplers.7 The purpose of enrichment factors
is to determine if the concentrations of selected elements are likely to
be from the crustal earth or other background material. The enrichment
factor model 1s more fully explained in the Methodology chapter.

An attempt was made to determine whether any measured elements in

Billings existed due to some source other than the crustal earth. The

identification of such elements could assist in defining the source.

Some careful checking of the data was necessary before this step was

finally executed.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



88

Most authors chose to use data collected on a dichotowous or
wembrane sampler. The reason for this choice is that these two samplers
allow for a more accurate determination of chemical elements and ions
within the collected particulate. 1In the MAPS study, however, the most
complete data set resided within the high-volume elemental
determinations. A comparison had to be made between data collected on a
reliable sample device to data collected via the high-volume sampler.

In the winter of 1978-79, several dichotomous samples were
collected and sent to Bob Stevens in Research Triangle Park EPA for
analysis. The analysis method used was x-ray fluorescence, which is a
non-destructive method capable of analyzing 30 elements with essentially
one measurement. It was decided, therefore, to compare enrichment fac-
tors using these data with enrichment factors collected through the use
of the high-volume sampler. Enrichment factors were calculated for the
dichotomous data using the crustal earth concentrations as determined by
Mason.3 The characteristic element chosen was silicon since it best
represented a unique element related to the soil. Although an enrich-
ment factor was calculated for each of the eight samples, the factors
were averaged to try to represent the winter values.

Enrichment factors also were calculated for the winter months using
the high-volume data collected in the MAPS study. Of the three most
commonly sited elements in the literature as a characteristic element,
only aluminum was available. Therefore, the data were calculated using
aluninum as the normalizing element. The crustal earth concentrations
provided by Mason? also was used to determine enrichment factors. Table

15 below is a comparison between the two enrichment factors.
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Table 15

Enrichment Factor Comparison

Dichotomous High-Volume

Mason Mason
Element Silicon Aluminum
Aluminum 2.4 1.0
Phosphorous 12,0 ® &k
Sulfur 1,598.0 ® ok
Manganese *k% 3.0
Iron 1,5 1.7
Zinc 78.8 18.1
Bronine 19,372.0 *k %
Strontium 3.4 *kk
Lead 8,765.0 1,050.0
Copper 37.3 91.1

Dichotonous = samples analyzed by x-ray fluorescence by EPA
High-Volume = samples analyzed on the hi-vol filter by
Department of Health using atomic absorption.
Comparing aluminume results yields an estimate of error that can be
expected from the two methods. Since aluminum was the characteristic
element for the high-volume analysis, the enrichment factor, quite
naturally, was one. For dichotomous data, however, the value was 2.4.
It would appear to be inappropriate to suggest that any element whose

enrichment factor was only slightly greater than 2 was enriched from

something other than crustal earth.
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Although the values betwen the dichotomous and TSP data vary, the

conclusions drawn from each sampler are the same. Both metlods suggest

than iron is not enriched and lead is heavily enriched., Tlead

these filters caunot be explained by the crustal earth, while

found on

the iron

found on the filters in all likelihood is a product of the crustal

earth. The nmagnitude of enrichment by copper, zinc, and lead

are not in

close agreement between the methods, but the conclusions are generally

the same.

The enrichment factors were then calculated using the entire data

set for the high-volume and membrane filters. The results of

enrichments are supplied in Table 16 below.

Table 16

Enrichment Factors - Department of Health Data

Crustal Earth - Mason

Aluminum
Element All Seasons Spring Summer Fall
Aluminunm 1.0 1.0 1.0 1.0
Arsenic 39.6 15.0 17.2 8.5
Cadmium* 1,204.4 637.0 572.5 422.9
Copper 91.1 86.3 58.3 91.4
Iron 1.7 1.8 1.9 1.8
Lead 1,050.0 819.4 612.1 917.1
Manganese 3.0 3.2 3.0 1.7
Nickel 18.6 29.8 5.3 14.3
Zinc 18,1 15.8 13.1 18.2

those

30.7

*The concentrations reported by Mason of cadmium in the crustal

earth was near the detectability of the methodology.
Factors, therefore, may not be fully accurate.

Enrichment

Table 16 shows that lead is certainly heavily enriched compared to

all other elements. No conclusions were drawn with cadmium since

according to the Mason figures, it was near the detectability

limits. A

small error in the measurement of cadmium by Mason, therefore, could
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have a large impact upon the resultant enrichment factor. It also
appears that copper and arsenic are enriched. Nickel and zinc appear to
be enriched but not mnearly to the degree of the above mentioned
elements. Iron and manganese do not appear to be enriched and are pro-
bably related to the crustal earth.

The change in enrichment factors between the seasons is also of
interest. Winter is clearly the season of the highest enrichment, which
cones as no surprise since winter also contains a great deal of snow
cover, effectively reducing the contributions of crustal earth to the
filters. The fact that the enrichment factor changes (lower in nearly
every case) from winter to the other seasons is an {indication that
crustal earth materials contribute to particulate concentrations during
the other seasons. Since summer contained the lowest enrichment
factors, it must have been the secason with the greatest concentration of
crustal earth materials.

The analysis was carried one step further by using a different
background ratio (i.e., denominator in the enrichment factor model).
Rather than using only data generated by Mason, which represents the
earth as a whole, it was decided to seek out data that were more closely
assoclated with Billings. The Emissions Inventroy portion of the MAPS
project sampled various sources in most of the major MAPS communities.
In Billings, samples were taken of certain sources, including roads
(paved, unpaved, travel lanes, and curbs) and soil. It was decided to
use the agricultural field samples to represent the background

concentration in Billings. The field sample was analyzed by Midwest

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



92
Research Inc. using a total digestion procedure, and is reported as

follows in units of micrograms per cubic meter,

Aluminum = 68,200,
Arsenic = 4,92
Cadmium = 0.99

Copper = 248,
Iron = 27,400.
Lead = 33.2
Zinc = 136.

Vanadium = 96,

These figures were then applied to the high-volume and membrane data

for Central Park. The enrichment factors are presented in Table 17

below.
Table 17
Enrichment Factors — Department of Health
Agriculatural Soil near Billings
MRI Data
Aluminum
Elenent All Seasons Spring Summer Fall Winter
Aluninum 1.0 1.0 1.0 1,0 1.0
Arsenic 33.8 12.8 14,6 7.2 148.6
Cadmium 153.1 81.0 72.8 53.7 640.1
Copper 21.6 20.4 13.8 21.6 33.8
Iron 2,6 2.8 2.9 2.7 2.1
Lead 424,6 331.3 247.5 370.8 876.0
Zinc 14.8 12,9 10.7 14.8 25.0

The results are quite similar to Table 16 except that they are
scaled down in magnitude for most elements. This scaling down reflects
the elevated concentrations of elements in the Billings soil relatiave

to those reported by Mason. It is believed that these data better
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represent the contribution of these elements to the filter from
surround ing dust and soil. Aluminum and iron are clearly not enriched
from sources other than the soil (assuming that aluminum is indeed a
unique or characteristic element of soil)., Cadmium and lead are highly
enriched by some surrounding source or sources. The source of the cad-
mium is not clear. Lead concentrations, on the other hand, are possibly
functions of automotive exhaustlO, Fortunately, the concentrations of
cadmium found on the high-volume filter are quite low and probably do
not represent a threat to human health.

As before, zinc seems to be enriched although not highly. It may
be that zinc has several sources other than just the soil. This would
dilute its enrichment factor such that it would not display an obvious
trend. Arsenic is in the same general category but is more enriched
than zinc. The actual values of arsenic on the high-volume filters were
also quite low, like cadmium, and do not apparently represent any signi-
ficant danger to human health. Nevertheless, the sources of these com-
pounds are somewhat perplexing.

The sane seasonal patterns were displayed with the MRI data as
Mason data. Winter experienced the most enriched months, while summer
was generally the least enriched, which suggests that summer particulate
1s the most influenced by soil-related contributions.

The enrichment factor calculations and surmary are presented below.

1. Both the crustal earth and local soil data showed the same general
enrichment factors.

2. The soil comparisons exhibited lower values for earichment factors

than the Mason figures thereby indicating a higher background
concentration of these elements than exist in the crustal earth.
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3. Lead and cadmium were the most enriched elements. Arsenic, nickel,
and zinc were the next most enriched elements, while aluminum, iron,

and manganese were the least enriched.

4. Aluminum, iron, and manganese are probably from the soil since they
have enrichment factors nearly equal to one.

5. Arsenic, nickel, and zinc are enriched but not to the degree of the

other elements. The source is unclear but it could be a function
of several sources.

6. Lead and cadmium are highly enriched suggesting that the vast
majority of the lead and cadmium on the filters are not from

soll, but some other source such as cars or refineries. The
source of the cadmium is not known.

Factor Analysis

A nultivariate method for source determination known as factor
analysis, or principal component analysis, was applied in this paper.
The factor analysis was applied to the meteorological and elemental data
collected in the study. The use of principal components made 1t
possible to study these component relationships to each other and other
important variables. The factor analysis was used to extract infor-
mation about a source's contribution to the particulate levels based on
the variability of the elemental concentrations. If two or more ele-
ments originate from the same source, the variability of these elements,
as measured by the elemental concentration on the filters, will have the
sane variability of the source; i.e., the variance on the high-volume
sampler for these elements will have the same variance as the source.
The object of the analysis is then to detect this common variability and
inply source identification by comparing the elements with common vari=-
bility to elements from a specific source(s).

The starting point for identifying these common sources of variabi-

lity ts the correlation matrix, which is analyzed such that a set of
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initial factors are extracted (factors with common variance to one or
wore elements). The initial factors are then orthogonally rotated to
obtain a sclution that best explains all elements or combination of
elements. For this analysis the principal compnent methodology was used
to extract the initial factors. The reason for this selection is
explained in the methodology chapter of the report.

To commence the analysis, a correlation matrix was constructed and
analyzed for the elemental data. The matrix was prepared using a pair-
wise correlation coefficient; that is, the correlation coefficient was
calculated for each pair of variables regardless of the number of
uissing values in any other variables of the same day (case). Table 18
is the correlation matrix obtained for the elemental data. Note that
vanadium was left off of the analysis since those data had essentially
no variance because the values of the element were nearly always below
the detectability of the measuring device. A close review of the cad-
pium and arsenic data revealed the same general pattern as vanadium.
Almost all values reported for these two elements were near the detec-
tability of the data. For this reason, all cadmium, arsenic, and vana-
diun data were not used in the final factor (principal component)
analysis. It must be noted that data were obtained on both the membrane
and high-volume filters on all elements. As was discussed in the
Methodology chapter, the aluminum, iron, and zinc values were not
reported on the high-volume sampler because of a high background level
of the substance in the filter. In the case of nickel, there were less
than 20 days data using the membrane filter. These data, therefore,

were not coded onto the system. In addition, neither nitrate nor

sulfate was analyzed on the menbrane filter.
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It was decided to use the membrane and high-volume data where
possible since both types of sampling could yield different results.
The high-volume filter is likely to measure larger particles than the
membrane filter. It is possible, therefore, that each sampling device
may be measuring different sources of the same element, if different
sources do in fact exist.

Let us begin the analysis be first reviewing the results of the
correlation matrix table (Table 18)., The correlation between lead amnd
lead-membrane 1s quite good; i.e., .83 which indicates that a rela-
tionship exists between the two devices. It would not be unreasonable
to expect that lead measured by both methods are from the same source.
One would also expect that both of these variables to be heavily loaded
(highly correlated) with the same factor or principal component. The
same cannot be sald of manganese. The correlation of the high-volume
and membrane manganese is .29, which {Is statistically signficant from
zero at the 5% level but does not fit the linear model well since only a
little over 8% of the data fits the model assumptions. Personal
discussions with the Department of Health's laboratory staff indicated
that no reasonable explanation exists as to the cause of this
discrepency. An analysis done with National Bureau of Standards
material indicated that the laboratory was able to recover between 727%
and 897 of the total manganese on prepared filters. Given this
situation the only probable reason for the difference 1s that the two
sanplers may have been measuring different size particles and hence dif-

ferent sources.
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Mem.
Aluminum

Aluminum (Mem.,) 1.00

Iron (Mem.,) .97
Zinc (Mem.,) A
Nickel -.06
Copper .37
Nitrate .04
Sulfate -.10
Lead +30
Copper (Mem.) .32
Lead (Mem.,) 45

Manganese (Mem,) .96

Manganese «25

Mem. = sample gathered with membrane sampler

Men,
Iron

.97

1.00

.72

~-,07

b

.01

_oll

.34

.35

b

.98

.28

Men.
Zinc

.74
72
1.00
.01
<39
.20
.13
.36
.28
.68
.77

e 24

Nickel Copper

-.06
e 07
.01

1.00

.03

.15

- 22

—.07

.14

Table 18

Correlation Matrix

Central Park Element Data

.37
Lk
.39
.06

1.00

.15
.51
.30
.48

.21

for

Nitrate
.04
.01
.20

.03

Sulfate

e 10

-.11

.13

.03

Mem.
Lead Copper

.30 .32
«34 .35
56 .28
S5 -.22
.15 «51
4l =021
A2 =23
1.00 -.10
- 10 1.00
.83 . 10
.36 <40
17 .43

Men.
Lead

I45

.68

-.05

.30

.28

.83

.10

1.00

.48

«15

Mem.
Mang .

.98
.77

-.07

T 10
.36

<40

1.00

.29

Mang .
.25
.28
. 24
.14
.21

- 05

.15
.29

1.00
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The same comparison with copper revealed a correlation coefficient
sonewhere between the two previously discussed values measuring .51.
This indicates that a relationship exists between the two devices, but
that only about 25% of the data fits the linear model well. The
National Bureau of Standards comparison for this metal ranged from 827%
to 98%, indicating good recovery. Personal discussion with the
Department personnel and with the Anaconda Copper Co. in Butte, which
has performed copper analysis on high-volume filters, indicates that it
is not unusual for copper on a high-volume sampler to originate from
the copper armature and brushes used in the nmotor. In any event, no
quantitative explanation for the lack of good correlation is available.
It was assumed that both samplers probably represent different sources
but not totally independent sources.

The next step in the analysis was to choose an appropriate number
of factors for the comparisons. The SPSS "FACTOR" program was used to
generate a set of extracted factors. It was decided not to use any fac-
tor whose eigenvalue was less than 1.,0. Table 19 below represent the 12
extracted factors and their eigenvalues,

As the reader can see from the table, only three factors had eigen—
values greater than one. Although the fourth factor was near an eigen-
value of one, it was not used since the factor failed to add any signi-
ficant information.

The three factors were then rotated to obtain a teminal solution.

The varimax method, as opposed to the quartimax and equimax mettod, is
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Table 19

Factor Extraction for Elemental Data
Central Park

Percentage of
Factor # Eigen Value Variance

4.629
2.479
1.485
.984
J711
.675
+359
312
«240
10 .182
11 .028
12 .016
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. e & @
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designed to simplify the columns (factors) of a factor matrix. This is
done by maximizing the squared loadings (correlation coefficients) in
each column. Table 20 yields the final solution of the factor analysis
with the factor loadings presented.

The next step, aud probably the most important, is to Interpret the
represeatation of the factors.

The first factor is heavily loaded with aluminum, iroun, zinc, and
manganese, which were all measured using the membrane sampler. The
Interpretation of this factor seems relatively easy. Aluminum and iron
are two major constltuents in soil and dust, !l Manganese also may be an

important and somewhat unique element to earth crustal material. Recall
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Table 20
Factor Analysis Final Rotated Solution
Principal Components

Central Park

Factor Loadings

(Correlation)
Filter Factor 1 Factor 2 Factor 3
Aluminun M .936 .069 -.028
Iron M 946 047 .020
Zinc M .813 .386 .015
Nickel H —-. 141 .073 .819
Copper H .5343 -.057 . 344
Nitrate H -.048 «799 -.091
Sulfate H -.184 776 076
Lead H .332 o778 .135
Copper M 517 ~-.370 324
Lead M . 402 .719 ~.003
Manganese M +967 .070 .045
Manganese H .268 .013 817

that in the enrichment factors section manganese displayed values bet-
ween l.7 and 4.6. Recall also that aluminum was used as a charac-
teristic element for some of the analysis. Iron's eunrichment factors
ranaged from l.4 to 2.9, which indicates that 1t is not enriched by
sources other than the soil or crustal earth materials.

Factor 1's heavy loading with zinc is not as well explained. The

source of the zinc seems to be more than just the soil, given the anal y-
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sis of the enrichment factors in the previous section; yet, the analysis
of the principal components indicates that the aluminum and {iron com
centrations bear the same variation as zinc. This might be explainal by
the fact that it is difficult to separate soil, crustal earth, and road
dust. The samples of road dust taken by MRI in the MAPS project indica-
tes that the zinc concentrations on the road dust samples to be higher
than the zinc concentrations in the soil (approximately 637% higher). As
a comparison, the zinc concentrations taken at Colstrip13 were only 11Z
lower than the so0il concentrations by MRI in Billings. It also turns
out that the aluminum and iron concentrations in most of the road dust
sanples were similar to the concentration of these same two elements in
the soil of Colstrip samples. The greatest variation was approximately
17%, which occurred between Billings aluminum road dust and Billings
soil.

It is concluded that Factor ! represents the combination of soil,
crustal earth materials, road dust, and so forth. This is a reasonable
interpretation, since all heavily loaded elements are characteristic of
all these sources. Not enough data variation was available to separate
these sources further. Other techniques such as chemical mass balance
need to be employed.

The second factor is heavily loaded with sulfate, nitrate, lead
(both high-volume and membrane). There are two general sources of lead
that can be found in Billings: 1) automobiles, and 2) refineries. It
would seem that automobile emissions would be a likely candidate for
this factor. It is a well established fact that lead is a unique

constituent of automobile emissions. Measurements conducted by Little
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and Wiffenld and others have suggested that the lead emitted from auto-
mobile exhaust is generally quite small in nature, uswlly less than 0,3
microns. The amount of lead emitted from the refineries is unknown ard
only suspected to be a cause of the lead values by virtue of their pro-
duction of leaded gasoline. It is anticipated, naturally, that lead
contributions will decline as the use of unleaded gasoline becomes more
prevalent.

The source of sulfate and nitrate is likely to be from combustion
and other high temperature burning sources. One would suspect that the
major industries would be likely sources of sulfates by viture of the
sulfur dioxide emitted. It is quite possible for sulfur dioxide to
undergo several chemical reactions to become an aerosol.l> The same
holds true for the production of nitrates from oxides of nitrogen.16
Automobiles enmit a significant amount of unitrogen oxidesl? making them
likely sources of nitrates. High temperature reactions may also aid in
the production of nitrates from industrial sources. It is therefore
suspected that factor 2 represents a combination of automobile exhaust
and major 1industries.

Factor 3 is heavily loaded with nickel and manganese. The manga-
nese and nickel were measured using the high-volume technique. The
results of this factor are quite difficult to interpret. First, the
manganese results at least in part are contradictory to the manganese
membrane values in factor 1. Sources other than soil for manganese may
be from the burning heavy fuel oil. Measuremeunts by Mrozl8 and
Cahilll9 tend to confirm the hypothesis. (The measurements were com

ducted with No. 6 oils, which would be burned only by major industries,
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asphalt plants, and the like). The values for manganese, however, are
quite low when compared to other elements such as iron, nickel, and
zinc.

The loading with nickel is also difficult to explain, Again, the
only likely high degree of nickel suspected in Billings air would be the
burning of residual fuel oils. The case for nickel, because of its
higher concentration, is stronger than manganese., Virtually no nickel
can be found in automotive exhaust, soil, or road dust.20 After careful
review of the data avaialble on the composition of various sources of
air pollution, no single explanation can account for this factor. The
factor, therefore, was not interpreted. The factor was carried
throughout the analysis only as a means of explaining some of the
variance in the data.

The explanation of the factors are summarized below:

Factor 1: Aluminum, iron, zinc, and manganese (all membrane)
: Soil, road dust, crustal earth, and so forth.

Factor 2: Sulfate, nitrate, lead (all hi-vol), and lead (mem.)
:+ Automotive exhaust and/or major industry

Factor 3: Nickel and manganese (all hi-vol)
Unknown. Possibly residual fuel oils and/or
asphalt plants.

The next step in the analysis was to calculate a value (factor
score) for each case for which sufficient data exists. The SPSS con-
puter package was used to generate factor score coef ficlents, which were
then used to calculate factor scores for each factor for each day
possible. The value for factor 1, for example, for day # i would be as

follows:
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factor 1 = (Aluninum)(Aluminum Factor Coefficient) + (Irou)(Iron
Factor Coefficient)

+ . . . . + (Manganese )(Manganese Factor Coefficient)

]

where: aluminum

measured value of aluminum on day i
iron

measured value of iron for day i

LR LR . L)

manganese = measured value for manganese for day 1

If there were more than 6 missing values in any one day, the factor
score was not calculated. If there were 6 or less, then the average
value for each element was used to calculate a factor score, which 1in
turn were coded onto the SPSS package such that further analysis could
be conducted.

In addition to the coding of factor scores for the elemental data,
it was decided to use the same approach with the meteorological data. A
factor analysis identical to the one described was performed with the
NWS meteorological data. The variables used were wind speed, precipita-
tion index, visibility, temperature, dew point, stability, number of
inches of snow on the ground, and relative humidity. The purpose of the
analysis was the same; i.e., to reduce these variables into fewer easily
understood variables. The same cut point for eigen values were used.
Table 22 describes the final rotated factor loadings for this analysis.

As before, the purpose is to relate these factors to some physical
property possibly relating to air pollution. The first factor is highly
loaded with temperature, dew point, and negatively loaded with snow on
the ground. A review of the correlation matrix (not presented) siows
that dew point and temperature are highly correlated with a coef ficient
of .9l. It appears that both dew point and temperature measure the sanme

meteorological phenomena. Since snow on the ground is strongly
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Table 21

Factor Analysis Final Rotated Solution

Principal Components
NWS
Factor Loadings (correlations)

Factor 1 Factor 2 Factor 3
Wind Speed -.191 —e 246 775
Precipitation Index .184 «760 «275
Visibility .432 ~.712 .070
Temperature .923 -.295 -.029
Dew Point .935 .009 ~-.098
Stability -.037 -.300 -.617
Snow on Ground -.791 .100 .042
Relative Humidity -.339 .801 -.138

negatively correlated, it would be appropriate to characterize factor 1
as an indicator of the temperature, or perhaps more generally of the
Seasons.

Factor 2 is highly loaded with precipitation index, relative
hunidity, and negatively with visibility. This factor is clearly an
indicator of moisture.

Factor 3 is loaded with wind speed and negatively loaded against
stability. Both of these variable to a large degree explain the amount
of mixing or dispersion characteristics within the area. This factor 1is
interpreted to represent the air's general dispersion characteristics.
The negative correlation with stability is not surprising since large
values for stability (i.e., 5 or 6) indicate a very stable atmosphere
characterized generally by very low wind speeds.

As described in the factor analysis of the elemental data, factor

scores were calculated and stored on the SPSS system for further

analysis.
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In order to be able to use the factor data more effectively, a
number of statistical tests and comparisons were applied to the factor
scores. The first of these comparisons was to calculate correlation
information between the metecrological factors and the elemental

factors. Table 22 describes the correlations between these two sets of

variables.
Table 22
Correlation Coefficients
Element Factors versus Meteorological Factors

Element Elenent Element

Factor 1 Factor 2 Factor 3
Meteorological Factor 1 391/ .00 -.266/ .00 .103/ .08
Meteorological Factor 2 ~-.322/ .00 076/ .15 ~-.082/ .13
Meteorological Factor 3 -.086/ .12 -.364/ .00 017/ .41

xxx/ .yy where: =xxx = correlation coefficient
VY probability value
if the value is less than .05, then the slope

is considered to be statistically different
than zero.,.

Element factor 1 (soils, etc.) exhibits the most significant corre-
lation with season/temperature. Since the value is positive, the warmer
weather has the greatest impact on soils and so forth. As was described
previously in this paper, that is the same type of relationship one
would expect if soils and so forth were a major contributor to the TSP
values. The so{ls factor is also negatively correlated with precipita
tion data, which is expected. The soils factor, however, does not show
any significaant relationship with stablity and wind speed. This
suggests that the contribution of soil and road dust to the ambient air

is not heavily related to the wind speed and atmospheric stability.
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This is somewhat disconcerting, since one would expect higher winds to
blow dust around and deposit it on the sampler. It appears from the
data that the amount of dust resulting from this phenomena is not signi-
ficant compared to other methods of causing the dust to become airborne,
such as man's activities.

Element factor 2 (automobile and industry) shows a significant nega-
tive correlation with seasons (although not a strong one). This is
easily explained when one considers that meteorolcgical factors 1 and 3
are not unrelated. The most stable comditions occur in the winter and
the least stable in the spring and summer. Therefore, the negative
correlation may be a reflection of stability. It is assumed that
industrial production levels are relatively constant throughout the
season, while the automobile traffic undergoes a slight increase in the
surmer (approximately 11 percent based on 1977 amd 1978 data). There
seens to be no relationship between this factor and the precipitation
factor, which should come as no surprise if one interprets the factor as
industry and/or automobile exhaust. Production remains approximately
the same regardless of wet weather; Table 15 indicated that no dif-
ference between automotive traffic on wet or dry days was evident. Om
the other hand, one notes a strong negative correlation between this
factor and the stability factor, which would iundicate that of the
meteorological variables measured wind speed and stability have the most
effect of particulate emissions from Industry and automobiles. 0f the
three meteorological factors available, the one most likely to have the

greatest effect on industry emission would be the factor best describing

atmospheric mixing and/or stability. This is indeed the case.
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Element factor 3, unknown, does not correlate well with any of the
me teorological variables. If one were to assume that burning of resi-
dual oils were an explanation for this factor, it would be reasonable to
assume that there ought to be a relationship with meteorological factor
3 and possibly 2. It appears, however, that this elemental factor is
not explained by any of the meteorological factors with any degree of
success.

One further analysis was performed by comparing Sundays with the

rest of the days of the week. This comparison was carried out as

described previously in this chapter. The results are found in Table 23

below.
Table 23
Sundays vs. Rest of the Week
Element Factors and Meteorological Factors
t—-test
Stamdard Sign.
Number Mean Deviation T Value Level
Element Sunday 20 -.341 .395 -2.13 .034
Factor 1 Rest of week 164 047 .799
Element Sunday 20 -.395 527 -2,00 .050
Factor 2 Rest of Week 164 .019 .904
Element Sunday 20 -.067 463 - W47 64
Factor 3 Rest of Week 165 .036 964
Met. Sunday 108 .037 .959 .09 .93
Factor 1 Rest of Week 651 .028 975
Het. Sunday 108 -.101 .901 -1,27 .21
Factor 2 Rest of Week 651 030 1.008
Met. Sunday 108 .006 .870 .07 .95
Factor 3 Rest of Week 651 -.001 918
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A comparison was done with the meteovological factors to assure that
no difference existed, meteorologically speaking, between Sundays and
the rest of the week. The data in the table above so indicate this
fact.

The test indicates that the soil factor displays a statistically

different mean on Sunday than the rest of the week. One would assume
that there is no reason to expect the soil countribution by itself to be
different from Sunday and the rest of the week. One must conclude that
the reason for the difference must relate to man's activities. 1t
further follows that man's activities are a major contributor to the
soil factor., The test further indicates a difference between the auto-
motive exhaust/industry factor and the days of the week, which may seen
somewhat surprising since industry production is relatively constant.
It follows that the automobile portion of this factor has a significant
influence on the contribution. The final element factor showed no dif~
ference between Sundays and the rest of the week. It would appear that
those activities that change from days of the week are not likely to be
a cause of the third elemental factor.

The sane type of analysis was also carried out by performing the wet
day/dry day comparisons used previously in this chapter. The same cut-
point of S (precipitation index) was used to define a wet and a dry day.
A t-test was conducted as shown below in Table 24.

Element factor ! displays a significant difference between the
means of wet days as opposed to dry days, which is consistent with the

notion that factor | represents soil or related materials. There is a

definite decrease in the two values, nearly one-half of a standard
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Table 24

Wet Day/Dry Day
Element Factors

t—-test
Stardard Sign.
Number Mean Deviation T-Value TLevel
Elenment Dry Day 119 167 .846 4,01 .00
Factor 1 Wet Day 65 -.293 <507
Element Dry Day 119 040 .865 1.39 .17
Factor 2 Wet Day 65 ~.148 .900
Element Dry Day 119 .015 .689 -0.19 .85
Factor 3 Wet Day 65 042 1.248

deviation, between the wet and dry days. Element factor 2 does not
yield such a difference. This seems to indicate that precipitation does
not affect the sources and concentratins of sulfate, nitrate, and lead.
This appears consistent with Table 15, which showed that no difference
was found with automobile traffic between a wet and dry day. No dif-
ference would be expected for industrial sources except what might occur
from chemical or physical scrubbing or removal processes., These data
seen to Indicate that such processes are not significant. Element fac-—
tor 3 also showed no significant change from wet and dry days, which 1is
consistent with the other data for element 3 showing no relatiouship to
meteorological or day-of-the-week activities.

The final analysis made with these factor scores is probably the
wost significant. The data froa the factor scores were correlated with
the ambient air monitoring data comducted at all of the Billings area
monitors. A pairwise correlation was run between each element factor
and the air monitoring data. Table 25 s a summary of the results of

those correlations.
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Table 25

Correlation Coefficients
Element Factors vs. Ambient Air Quality Data

Element Element Element
Factor Factor Factor
1 2 3
Central Park
TSP .648/ .00 175/ .01 .184/ .01
Inhalable .758/ .00 144/ .08 -.022/ 42
Coarse 744/ .00 -.021/ .42 -.028/ .39
Fine 197/ .03 .433/ .00 -.010/ .46
Sulfur Dioxide -.249/ .00 .778/ .00 ~.013/ .44
Nitrogen Dioxide <249/ .02 .210/ .04 -.116/ .17
City Hall TSP .462/ .00 .344/ .00 -.033/ .49
KGHL TSP 470/ .00 496/ .00 -.049/ .34
Lockwood TSP 676/ .00 .200/ .10 .003/ .49
Grand Ave. TSP +405/ .00 .128/ .15 -.030/ .41
1
Meteorological Meteorological  Met.
Factor Factor Factor
1 2 3
Central Park
TSP .511/ .00 -.467/ .00 -.140/ .00
Inhalable 404/ .00 -.422/ .00 ~.064 .23
Coarse 449/ .00 -.415/ .00 ~.002/ .49
Fine -.033/ .36 -.108/ .11 ~.174/ .02
Sulfur Dioxide -.400/ .00 -.006/ .45 -.251/ .00
Nitrogen Dioxide 172/ .00 ~.258/ .00 ~-.304/ .00
City Hall TSP 374/ .00 -.301/ .00 -.206/ .00
KGHL TSP 112/ .00 ~.275/ .00 -.166/ .01
Lockwood TSP .263/ .11 -.345/ .00 -.115/ .16
Grand Ave. TSP .285/ .01 -.279/ .00 ~.086/ .19

correlation coef ficient
probability value that

the slope is statistically
different from zero.

(i.e. that no relation exists)

xxx/.yy where: xxx
204
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As was the case in the previous such table, the meteorological
values were calculated to test the authenticity of the me teorological
factors, The TSP and small particulate data all exhibit a positive
correlation with temperature and a negative correlation with

precipitation. The analysis of the previous data using the precipita-

tion index and so forth all exhibited this same tremd. The sulfur

dioxide and fine particulate data exhibited either no tremd or a nega-
tive one when compared to the seasons. Again this matches previous such
analyses. All of the ambient monitoring data exhibited a negative
correlation with stability to varying degrees. This would be expected
since one normally expects air pollution values to rise generally with
worsening atwospheric stability. It would appear the wind direction has
the greatest effect, since worsening stability classes correspond to
larger values. These larger values should be indicated with a positive
correlation coefficient. Since the values are negative, that is, higher
air pollution levels correspounds to both lower stability classes arnd
slower wind speeds, one presumes that wind speed is the overriding conm
sideration or that stability classes have no effect.

Analysis of the elemental factors with the ambient air quality data
yields some interesting insights. Note that all TSP sites exhibit a
strong correlations coefficient with element factor 1. 1t would appear
that all TSP sites are strongly influenced by factor 1 and therefore by
soil, road dust, and the like. The same can be said for inhalable and
coarse particulate at Central Park. One must be careful not to attach

too much significance to the fact that the Central Park TSP, inhalable,

and coarse data exhibit better correlations than do the other TSP sites.
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Factor 1 was derived from the Central Park elemental analysis, and it
would be expected that such relationships would be stronger at the site
of measurement than at sites several blocks or miles away.
Nevertheless, it appears quite reasonable to suggest that the soil, road
dust, crustal earth materials, and so forth, are responsible for a major
portion of the TSP, inhalable, and coarse particulate data at all
Billings locations. This can be stated since both variables exhibit
very similar patterns.

The analysis further shows that fine particulate, nitrogen dioxide,
and sulfur dioxide are all significantly correlated to this same factor,
but to different degrees and patterms. The fine particulate data seem
to be related to factor 1, but to a nuch lesser degree and strength than
the coarse or TSP particulates. The negative correlation with sulfur
dioxide indicates that as the contributions from soil and the like
increase, sulfur dioxide values decrease, and vice versa. This is logi-~
cal when one keeps in mind that the maximum values for TSP and the like
occur during the warmer months, while just the opposite occurs with
sulfur dioxide. Although the relationship is statistically significant
it is not of the same strength as the TSP, inhalable, and coarse par-
ticulate data. Just the opposite occurs with nitrogen dioxide as sulfur
dioxide. The strength of the relationship is the same, but In the same
direction as TSP, The increase in ozone during the summer also helps
aid in the production of nitrogen dioxide.

It would be safe to conclude that element factor 1 is strongly
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correlated with all particulate data, save the fine particulates. This
factor explains the variance in the ambient air particulate data better
than any other of the factors.

A review of the correlations between factor 2 and the ambient air
quality data suggests that the Central Park fine particulate, sulfur
dioxide, and KGHL TSP have the strongest ties to this factor. The
correlation with sulfur dioxide is of particular importance since it
relates itself to sulfate concentrations; this suggests that factor 2 is
heavily related to the production of sulfur dioxide and hence to major
industrial sources. Since the fine particulate is also related to this
factor, a major share of the fine particulate data seen at Central Park
is from automobiles and/or industry. All of the monitoring devices,
except Central Park coarse, exhibited a positive relationship toward
this factor. This indicates that the source of factor 2, that is,
industry and automobile exhaust, also has an effect on all of the
ambient monitors. Since the relationship is weaker than factor 1, it 1is
assumed that factor 1 plays a more predominant role in the comr
centrations seen on the monitors as opposed to factor 2. It is of some
interest that the KGHL site exhibited an approximately equal correlation
with factor 1 and factor 2 (factor 2 was slightly higher), which
suggests that both sources with relatively the same strength influence
this monitor. This comes as somewhat of a surprise since the monitor is
located several miles from the nearest industrial source. It might have
been presupposed that factor 1 would have played the most significant
role in explaining the variance at this site. Finally, it can be noted

that nitrogen dioxide is positively correlated with factor 2. This
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seems appropriate since autombiles and industry emit nitrogen oxides.
The strength of the relationship is not as strong as one might expect,
except that other factors such as sunlight, automotive exhaust, etc.
also play an important role in nitrogen dioxide concentrations.

The final elemental factor, factor 3, exhibits a negative and com
sistently insignificant correlation with all ambient air monitoring,
save Central Park TSP. It appears that factor 3 is not related to any
of the ambient monitoring concentrations except perhaps TSP at Central
Park. The lack of significance indicates either that the data them~-
selves (1.e., factor 3) are randomly distributed, or the source of the
data is not affected by the usual meteorology, season or day of the
week., These results further serve to make it impossible to determine a
physical explanation for this factor.

The data for this section on factor analysis can best be summarized

as follows:

1. The arsenic, cadmium, nickel (membrane), and vanadium data did not
exhibit a sufficient variance to warrant any valid analyses.

2. The remaining elements can be divided into three separate factors.
Factor 1 is highly correlated with aluminum, iron, zinc, and manga-
nese (membrane).

Factor 2 is highly correlated with sulfate, nitrate, and lead
(hi~-vol and membrane).
Factor 3 is highly correlated with nickel and manganese (hi-vol).

3. The three factor can be interpreted as follows:
Factor 1 represents soil, road dust, crustal earth materials, and s
forth,
Factor 2 represent automotive exhaust and major industrial
emissions.
Factor 3 could not be interpreted with any degree of success. The
only likely candidates seem to be the burning of residual oil or
the production of asphalt and the like.
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4., Meteorology can be represented by three factors also.

Factor 1 is correlated with temperature, dew point, and netagively
correlated with snow on the ground. This is interpreted
to be related to the season and overall temperature.

Factor 2 is correlated with precipitation, relative humidity, and
negatively with visibility. This factor is interpreted
to represent wet or precipitation conditions.

Factor 3 is correlated with wind speed, and negatively correlated
with stability classes. This is interpreted to represent
the overall dispersion conditions of the local atmosphere.

5. Correlations between the two sets of factors vyields:

a. Positive correlations between element factor 1 and meteorological
factor 1.

b. Negative correlatious between element factor 1 and meteorological
factor 2, element factor 2 and meteorological factor 1, and
element factor 2 and meteorological factor 3.

These correlations indicate that (1) soils data increase as tem-

perature increases, (2) soils data decrease as precipitation

increases, (3) automobile/industry data decrease as temperature

increases, and (4) automobile/industry data decreases as stability
worsens or wind speed increases.

6. The soils data and the automobile/industry data exhibit a different
set of means between Sunday and the rest of the week.

7. Only the soils data exhibits a different mean between wet and dry
days.

8. The correlation between the elemental factors and the ambient data
yields (1) factor 1 (soils) explains the most variance in the data
for all particulate sites except Central Park fine, (2) sulfur
dioxide and fine particulate are closely associated with factor 2,
(3) the fine and coarse data are both associated with different
factors, and (4) no relationship can be established for factor 3.
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Summary and Conclusions

The purpose of this paper was to present the results of an anal ysis
of total and inhalable particulate air pollution in Billings, Montana.
The analysis has taken the form of observing any relationships between
the air monitoring data and meteorological or emissiomrelated data.
The analysis has taken many statistical forms from simple comparisons of
the means to factor analysis.

The study analyzed ambient air quality data gathered in Billings
under the Montana Air Pollution Study (MAPS) for the period 1978 through
May 1980. Some air pollution monitoring systems existed prior to the
MAPS project, with 1977 used as the starting year for these monitors.
The ambient data consisted of total suspended particulate, inhalable
particulate (particles less than 15 microns in size), coarse particulate
(particles between 2.5 and 15 microas), fine particulate (particles less
than 2.5 microns), sulfur dioxide, nitrogen dioxide, and 12 elements or
conpounds found on both the high-volume and membrane air samplers. The
Central Park site, located in a residential portion of Billings, was the
major site of analysis, since this site had most of the relevaut
instrumentation. High-volume sites located in the surrounding area also
were used.

The majority of meteorological data used in the analysis was taken
from the National Weather Service (NWS) located at Logan International
Airport. It was decided to use these data, since NWS had the most
conplete meteorological record. A comparison was made between data

collected at Central Park and the NWS data, located in Appendix A,
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Since direct emission measurements were not taken during the MAPS
project, other variables were chosen to represent emissions~related
data. These data included vehicular traffic counts, day of the week,
weekday/weekend, season, precipitation index, and elemental anal ysis of

the filters. The variance observed among these variables provided clues

as to the identity of the source of particulates.
The data were analyzed using various statistical techniques. The

frequency distribution and monthly and seasonal variations were used to
assist in the identification of a number of sources. The comparisn of
mean particulate values between days of the week amd wet and dry days
also yields important information relative to source contributions.
These two methods can be used to determine the relative importance of
man's activities on particulate counts from such things as automotive
traffic, soil and road dust, and so forth. Enrichment factors were also
used to determine which metals were likley to be enriched by some source
other than the earth's crust or soil. Factor analysis, using principal
components, also was a powerful tool used to identify sources of
particulate. In this case, the elemental data gathered on the high-
volume and membrane samplers were ordered to determine which elements
were related to each other and which elements were independent of each
other. It was assumed that unrelated elements are from independent
sources.

The results of the frequency distribution indicated that most sites
were probably being influenced by general or area sources. Only two

sites failed the chi-square test for log-normality, indicating the
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theory of general causes. The failure or success of passing the log-
normality test is not in and of itself a clear indication of source
identity, since several authors have suggested that the log-nomal
distribution is not the only distribution for stations influenced by
many sources.

An observation of the data's monthly and seasonal variation indica-
tes that the highest values for all sites occur in the summer, while the
lowest values tend to occur in the winter. This observation is quite
the opposite of typical air monitoring data, since the winter and fall
offer periods of poorest dispersion characteristics. The coarse par—
ticulate had the same pattern, while the fine particulate stowed no sta
tistical difference between each measured month (ANOVA test). Since
this distribution does not match the distribution for sulfur dioxide, a
unique tracer for industrial sources, it is assumed that major
industrial sources do not contribute significantly to the total or
coarse particulate levels. This conclusion suggests only that the main
"stack” emissions are not significant coutributors and does not say
anything about emissions that may vary from ancillary activities, such
as shipping and receiving, office work, yard workers, and the like. The
readings observed appear to be related to man's activities and asso-
ciated with automotive traffic.

Proceeding one step further through comparisn of mean values during
Sundays and holidays with the mean values for the rest of the week, it
was found that all sites in the area, save one, had particulate values
lower on Sundays and holidays than the rest of the week. Only two TSP

sites showed a statistical difference between the two (t-test); Central
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Park and City Hall bad the highest degree of variation, while Lockwood

School and KGHL had the lowest variation. It was therefore assumed that

outdoor recreational activities do not contribute much to particulate
values, since days with their highest activities (Saturday and Sunday)
are the days with the lowest particulate levels.

The same type of comparison was made between wet and dry days. A
precipitation index was used to differentiate between a wet and a dry
day. The ratio between the wet day and the dry day mean was between .41
and .72 for all particulates, except Central Park fines. It was con~
cluded that this significant reduction in readings was responsible for a
ma jor portion of the total particulate levels, between 29% and 59%. At
the sane time the sulfur dioxide data (a tracer for industrial stack
emissions) displayed no statistical difference between wet and dry days
for all seasoas combined. There was also no difference between traffic
patterns from wet and dry days as measured in Great Falls amd Missoula.
It was therefore assumed that the same pattern holds true in Billings.

Enrichment factors were calculated for a number of the elemental
data from the high-volume and membrane filters. Lead and cadmium
displayed the greatest degree of enrichment, from sources other than the
crustal earth or soil, arsenic, nickel, and zinc the next most enriched
elements, with aluminum, iron, and manganese were the least enriched.
The high degree of enrichment for lead and cadmium indicates that the
source of these elements is not the solid or crustal earth. The
arsenic, nickel, and zinc were enriched above nommal levels, but they
could have several sources of coutribution, including the soil. The

aluninum, iron, and manganese can be explained by coantributions from the

soil or a similar source.

e———
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The results of the factor analysis using the principal component
method provided extremely interesting results, Three factors were

extracted; two were identified. The first factor represented soil, road

dust, and crustal earth material (by virtue of aluminum, {iron, zinc, ard
manganese), while the secord factor was interpreted to represent
industrial emissions and automotive exhaust. The first factor displayed
a positive correlation with temperature, while the second factor had a
negative correlation. A comparison between Sundays and the rest of the
week indicated that the first factor was closely associated with the
observed TSP variations. The wet day/dry day comparisons also had the
same distribution as the TSP data. A correlation between the factors
and the ambient data revealed that the first factor was generally well
correlated with the TSP and coarse particulate data. The secomd factor
was associated with the fine particulate data and the sulfur dioxide
values.

Based upon the information presented, it is concluded that the TSP
values observed in the city of Billings are most closely associated with
road dust, soil, and crustal earth materials. The relationship is borne
out of the comparisons between wet and dry days, days of the week,
enrichment factors, and principal component analyses. It is also
concluded that the fine particulate data probably have major industrial

and/or automotive exhaust as a major source.

-
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Therefore, the control of TSP would best be accomplished through a
program designed to limit dust and crustal earth-related sources. Since
the rural site (KGHL) did not exhibit a strong dependence upon the soil-
related factors (principal component 1), it can be concluded that the
control of s0il dust will not serve to improve air quality

significantly. The coantrol of road dust, however, would seem to make a

concrete reduction in TSP levels observed in Billings.

The countrol of fine particulate, on the other hand, would not be as

effectively controlled by the use of road dust suppression. 1t appears

that the automotive/industrial component is most predominant in

explaining the data variance. Further study, such as chemical mass

balance, is necessary to make recommendations on effective control

strategies.

——— g
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Appeudix A
Comparison between National Weather Service Meteorological Data
and
Central Park Meteorological Data

This appendix describes the comparison between the data gathered at
the National Weather Service at the Logan International Airport and the
data gathered at Central Park. The data is compared over the same
paired time frames and in the same measuring units. The purpose of the
comparisons was to see if it was valid to use the two data sets
interchangeably. It was more desirable to use the Central Park data,
except that this data was not as complete as the National Weather
Service data. 1In addition, the National Weather Service (NWS) data
offered more variables than the Central Park site such as visibility and
station pressure.

There were only four variables measured at both NWS and Central park

which could be compared. These variables are wind speed, wind

direction, temperature, and dew point. A comparison of each variable

follows.
Wind Speed

Wind speed was measured in nmeters per secord at both sites. The
Central Park data spanned from approximately August 1978 through April
1980 while the NWS data spanned April 1978 through April 1980. The data
were compared only for equivalent pairs, that is data for which valid
data were recorded for the same day. Table A-1 below is a tabulation of
the data for each category of wind speed. The wind speed 1is rounded to
the nearest whole meter per secomd. As the table clearly indicated, the

wind speed at the Airport nearly always has more occurrances in higher

S,
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Table A-~1
Central Park vs. NWS Wind Speed

Cross Tabulation

National Weather Service
0 1 2 3 4 5 6 7 8 9 10 11

C 0 0 0 9 10 6 3 0 0 0 O 0 0
e
n 1 0 0 6 34 42 29 7 4 1 1 1 1
t
r 2 0 0 2 9 33 31 25 9 1 0 0 0
a
1 3 0 0 0 1 2 10 15 7 13 5 1 0
P 4 0 0 0 0 0 2 1 0 6 8 3 0
a
r 5 0 0 0 0 0 0 1 0 1 2 2 1
k
6 0 0 0 0 0 0 0 0 0 0 1 2
Column
Total 0 0 17 54 83 75 49 22 22 16 8 3
Total
Values = # of days matched
Units = nmeters/secomnd
)
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wind categories than the Central Park site. It would appear from the

table, however, that there appears to be a relationship between the two
paranmeters. The data was further reduced to obtain the following

statistics.

Table A-2
Central Park vs., NWS Wind Speed
Summary Statistics

Number of Pairs of data = 347

Mean NWS Wind Speed = 5.10 meters/sec

Mean Central Park Speed

1]

1.84 meters/sec

Correlation Coefficient

.7329

Significance = ,0000

Equation of Least Squares: Central park = (NWS)(-.441) - .406

The summary statistics indicate a true relationship between each other
by virture of the significance level and the correlation coefficient.
In addition the slope tend to indicate that the relatioanship is about
4,4 to 10, It appears, therefore, that the two parameters are related
to each other and that the Billings Airport data generally reads
slightly more than twice the values at Central Park. As long as only
the variance in the data 1s being considered throughout the analysis,

the use of either value should yleld approximately the same results.

Wind Direction
Wind direction was measured as the predominant direction for the day
using both the NWS and the Central Park data. The same 8 categories

previously described was used in determining the predominant wind

direction:

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



128

1 = north 2

it

northeast 3 = east 4 = southeast

5 = south 6

southwest 7 = west 8 = nortlwest

Since this data does not have the same ordering values as other

variables, correlation analysis was not used. For example, a wind

direction value of 8 does not mean that the direction has twice the

weight as a direction of 4. The comparisons were limited to only auna—

lyzing the cross tabulations of the wind direction. The cross tabula-
tions are listed in Table A-3,
It can be noted from the table that there seems to be a relationship

between each of the general categories. That is to say that majority of

the matches tend to line up along the diaganol from the top left through
the bottom right. The relationship, however, does not seem to match
itself correctly within each category. For example, the Central Park
site recorded the majority of the wind directions (597%) from the west,
while the Airport data suggested that the majority of the wind direction
was from the southwest (53%). The same pattern is generally observed
for the north through east directions. When the Airport reports wind
directions from the north or northeast, the Central Park sites tend to
see the same directions as a northeast and east respectively. The data
for the southeast, south, and nortlwest directiouns was Insufficient to
draw any conclusions.

In summary the wind direction measured at Central Park was generally
rotated about 45° clockwise when compared to the Airport. This cannot
be stated as an absolute, but appears to be the trend when compared
against the available data. Reported directions from the southeast,
south, and nortiwest were inconclusive.

P
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Table A-3

Central Park vs, NWS Wind Direction
Cross Tabulations

NWS - Airport

‘uoissiwiad noyum paydiyosd uononpoidal Jayung “1aumo WBLAdoD ay} Jo uolssiiad Yum ???Ep‘omea

North Northeast East Southeast South  Soutlwest West Northwest Row
Total
C  VNorth 2 1 0 0 0 1 1 2 7
fl Northeast 11 18 1 0 0 9 2 1 42
It:: East 5 18 4 0 4 5 0 1 37
i Southeast 0 0 7 3 1 3 0 0 14
p South 0 0 0 0 0 0 0 0 0
: Southwest 2 1 0 0 02 18 2 2 27
- West 7 4 1 0 2 146 26 17 203
Northwest 1 0 0 0 0 2 6 8 17
Column
Total 28 42 13 3 9 184 37 31
Total = 347

Values = number of days matched

621
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Temperature

The available temperature data from Central Park was quite limited.
The coded data only spanned from October 1979 through April 1980, All
conparisons, therefore, were made without the benefit of a summer

season., The data was coded in degrees centigrade and reported to the

nearest tenth of a degree. Table A-4 below lists the summary statistics

for the comparison. The summary statistics are done in a pair-wise

fashion as described in the wind speed comparisns.

Table A-4
Central Park vs. NWS Temperature
Degrees Centigrade
Summary Statistics

Number of Pairs of Data = 100

Mean Central Park Temperature = 0.66°C
Mean NWS Temperature = 2.68°C

Std. Dev. Central Park = 9.92

Std. Dev. NWS = 10.54

Mean Difference = -2.02

Correlation Coefficient = .936

Equation of Least Squares: Central park = (NWS)(.881) - 1.70

The summary statistics indicate a good relationship between the
temperature measured at Central Park and the temperature neasured at the
Alrport, It appears that the Airport consistently measures temperatures
warmer than the valley floor. The correlation coef ficient is a good
indicator of the consistency of the relationship between the two values.

It appears that the use of either variable in subsequent analysis would
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have little impact upon the outcome as long as the variance of the

values is being considered.

Dew Point

The same problem with limited data addressed above applies to the
dew point comparisoun., Only 78 days of data were compared ranging from
October 1979 to April 1980. The data were coded in degrees centigrade
and reported to the nearest tenth of a degree. Table A~5 below lists
the summary statistics for the comparison. The summary statistics are
done in a pair wise fashion as described in the wind speed comparisons.

Table A-5
Central Park vs. NWS Dew Point
Degrees Centigrade
Summary Statistics
Number of pairs of data = 78
Mean Central Park Dew Point = -15,3

Mean NWS Dew Point = —3.2

Std. Dev. Central Park = 4.44

Std. Dev. NWS Dew Point = 4.25
Mean Difference = -12.1
Correlation Coefficient = .816

Equation of Least Squares: Central Park = (NWS)(.851) - 12.6

The data for dew point is somewhat surprising when compared to the
temperature and wind speed data. There appears to be a good rela-
tionship between the two variables by virtue of the nearly identical
standard deviations, correlation coefficient, and slope. What 1s

disturbing is the degree of difference between the two values. Since
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the Central Park site was located in a residential area on the valley
floor, it would be reasonable to expect a warmer dew point, indicated
more moist conditions, than the Airport which is located on an open
plain above the valley. The data indicated quite the opposite. A

review of the records indicates that only electronic checks were applied
to the dew point indicated at Central Park. ' No dynamic calibrations
were performed. This may indicate that although the dew point indicated
at Central Park was operating correctly, perhaps the absolute value is
incorrect. This could account for the difference. No other explanation
seems reasonable.

In any event, there seems to be a good relationship between the two
variables indicating that comparisons done with either variable would

likely yield the same results as long as absolute values were not criti-

cal in the analysis.

Summary

This appendix has described some comparisons between meteorological
data collected at Central Park and the National Weather Service (NWS) at
Logan International Airport in Billings. The comparison was conducted
with four variables, wind speed, wind direction, temperature, and dew
poiat. The wind speed and direction data spanned approximately 13
months while the dew point and temperature data covered a period of 7
months.

The wind speed data indicated a good correlation between the two
values. The wind speed data, however, was consistently faster at the

Airport than on the valley floor. That is not a surprising conclusion,
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since the Airport is located in a well ventilated area several hundred

feet above the valley. The wind direction data also tended to exhibit a

good relationship between the two sites. The data seems to indicate

that the Central Park site measures wind approximately 45° rotated
clockwise as opposed to the Airport. The dew point and temperature data
exhibited a good correlaton between each site, but with different means.
The mean difference was 12.1°C. The temperature difference is not
unreasonable, but the difference in dew point is more than one would
expect. The greater difference in dew point cannot be explained except
by a possible calibration error.

In all cases, the relatiounship between the two appropriate variables
and locations was good. Analysis performed with either variable would
in all likelihood yield the same results as long as absolute values were

not critical. The wind direction, on the other hand, tended to measure

approximately 45° from each other.

T e e
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Appendix B

Particulate Distribution

This appendix is a compilation of the frequency distribution of the
particulate data collected in Billings during the MAPS project. The
following graphs include the frequency distribution for Central Park
TSP, Central Park inhalable, Central Park coarse, Central Park fine,
City Hall TSP, Grand Avenue School TSP, and Lockwood School TSP.

The distributions represent, to some degree, the log-normal distri-
butions described in the results chapter of this paper. The values
along the y-axis (ordinate) represent the frequency of occurrence in
percent. The values along the x-axis (abscissa) are the particulate
values expressed in a natural logarithm (base e). The values of the
logarithm are multiplied by 10 to make the graph easier to read. As an
example, the Central TSP graph shows that the TSP values whose natural
logarithm lie between 4,0 and 4.5 occurs approximately 28 percent of the
time.

The following graphs also display the mean, median, standard
deviation, skewness, and kurtosis, all expressed in natural logarithm

terms,
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Figure 12
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Appendix C
Chi-Square Test for Normality

The particulate data was tested to determine if the data maintained
a log-normal frequency distribution. Graphs were drawn and displayed in
Appendix B to assist in a visual interpretation of the distribution. To
add some quantitative validity to any conclusions, it was decided to
apply a statistical test to the data to determine if the data exhibited
a log-normal distributiou. That is to say that a statistical test was
used to determine if the natural logarithm of the particulate data exhi-
bited a normal distribution.

The appropriateness of the log-normal distribution was justified by
the chi-~square test for normality. The particulate data was normalized
into a z~-score form (z~score = (data value - mean)/stamdard deviation)
and then categorized. The number of values occurring in each category
was counted and compared against an expected value. The following cate-

gories were used:

Category # | Values

1 Lowest through =2.0
2 -2. through -1.5

3 -1.5 through ~-1.0

4 -1.0 through -0.5

5 ~0.5 through 0.0

6 0.0 through 0.5

7 0.5 through 1.0

8 1.0 through 1.5

9 1.5 through 2.0
10 2.0 through highest value

These values were chosen because by normalizing the data to a z-

score statistic, the value of 1 represents an approximate standard
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deviation of one. 1In this way, tne number of values for each category

could be computed based on an ideal distribution of a mean zero and a

standard deviation of one. Standard Z-tables were used to determine the
expected values along with the number in the sanmple.

The chi-squared statistic is calculated using the following formula:

If the data perfectly matches a normal log-normal Aistribution then the
chi-squared statistic would equal zero. If the distribution is not per-
fectly normal, then some other value would be expected. Using a proba-
bility value of 1%, the critical value of the chi-squared statistic is
21.7. Any chi-square statistic which exceeds 19.0 is assumed to have
failed the test. If the distribution data were in fact a nomal
distribution, then there would only be about one chance in one hundred
that the distribution would have been rejected as not being a log-normal
distribution.

The following describes the results of the chi-square test:

Central Park Central Park

TSP Inhalable
Actual Expected Actual Expected

Category Occurrences Occurrences Occurreunces Occurrences

1 14 10.9 4 2.9
2 27 21.0 5 5.6
3 39 43.9 9 11.7
4 59 71.6 21 19.0
5 81 91.5 25 24,3
6 89 91.5 18 24.3
7 89 71.6 22 19.0
8 59 43.9 16 11.7
9 20 2L.0 6 5.6
10 1 10.9 1 2.9
Chi-squared = 25.1 Chi squared = 6.30
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Central Park

Coarse
Actual Expected
Category Occurrences Occurrences
1 3 2.9
2 8 5.7
3 16 11.9
4 18 19.8
5 16 24,7
6 22 24,7
7 21 19.8
8 22 11.9
9 3 5.7
10 0 2.9
Chi-squared = 18.7
City Hall
TSP
Actual Expected
Category Occurrences Occurrences
1 10 4,3
2 8 8.4
3 9 17.5
4 25 28.5
5 37 36.4
6 40 36.4
7 34 28.5
8 18 17.5
9 7 8.4
10 2 4.3
Chi-squared = 15.0
Lockwood School
TSP
Actual Expected
Category Occurrences Occurrences
1 0 3.5
2 8 6.7
3 13 14.0
4 25 22.8
5 25 29.1
6 35 29.1
7 18 22.8
8 14 14.0
9 4 6.7
10 5 3.5

Chi-squared = 12.1

e R
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Central Park

Fine
Actual
Occurrences
3
2
14
25
16
27
24
10
5
3

Chi-squa

Grand Avenue

TSP

Actual
Occurrences

12

3

5

14

47

51

31

17

2

1

Chi-squared
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Expected
Occurrences

2.9

5.7

11.9

19.8

24,7

24.7

19.8

11.9

5.7

2,9
red = 9.3
School
Expected
Occurrences

4.2

8.1
16.8
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The chi-square results can be summarized in the following table:

Site Chi-squared statistic Critical value Log-Normal?
Central Park TSP 25,1 21.7 No
Central Park Inhalable 6.3 21,7 Yes
Central Park Coarse 18.7 21.7 Yes
Central Park Fine 9.3 21.7 Yes
City Hall TSP 15.0 21.7 Yes
Grand Avenue School 51.5 21.7 No
Lockwood School 12,1 21.7 Yes

Only the Central Park TSP and the Gramd Avenue sites failed the

log-normal test using the chi-squared statistic.

these tests is addressed in the results section of this paper.
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Appendix D

Monthly Mean Versus Air Concentration
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Appendix E

Breakdown
by
Day of Week with Air Pollutant
and by

Season
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All Seasons Combined

Site Sun Mon Tue Wed Thu Fri Sat
Central Park TSP 68 81 77 79 38 96 80
Central Park Inh. 39 40 45 39 56 48 44
Central Park Coarse 24 24 22 23 36 30 23
Central Park Fine 14 16 23 17 22 18 20
Central Park S0 10 11 11 12 11 12 11
Central Park 03 22 20 20 20 21 20 21
City Hall TSP 62 69 75 73 73 83 74
Lockwood School TSP 61 63 64 48 60 66 55
Grand Ave. TSP 57 74 56 64 65 76 62
KGHL TSP 43 44 bb 44 40 41 46
Winter
Central Park TSP 40 47 52 47 65 56 48
Central Park Inh. * * * * * * *
Central Park Coarse * * * * * * *
; * %* * * % * *
gz:z;:i g:;i gége 14 14 15 15 14 16 14
Central Park O3 16 15 15 16 19 17 13
City Hall TSP 39 58 42 49 47 75 67
Lockwood School TSP 39 58 32 49 52 58 45
Grand Ave. TSP 39 58 32 49 52 58 45
KGHL TSP 27 36 35 29 34 34 40
Spring
Central Park TSP 71 79 69 79 75 119 82
Central Park Inh. * * * * * * *
Central Park Coarse * * * * * * *
Central Park Fine * * * * * * *
Central Park S50; 8 8 7 6 6 9 6
Central Park 03 27 28 26 27 27 23 28
City Hail TSP 83 87 96 86 90 107 73
Lockwood School TSP 60 61 66 44 * 60 =
Graud Ave. TSP 82 109 76 86 87 106 63
KGHL TSP 55 56 44 48 31 41 37
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Surmer
Site Sun Mon Tue Wed Thu Fri Sat
Central Park TSP 85 111 106 105 110 117 89
Central Park Inhalable * * 65 * * 58 41
Central Park Coarse * * 34 * * 46 28
Central Park Fine * * 30 * * 12 13
Central Park S0 6 7 * * * 7 6
Central Park 03 30 27 29 29 27 28 30
City Hall TSP 55 56 93 75 78 76 72
Lockwood School TSP * 71 68 57 66 75 58
Grand Ave. School TSP 51 51 72 70 67 61 58
KGHL TSP 41 42 56 45 53 45 45
Fall

Central Park TSP 72 92 80 86 95 95 101
Central Park Inhalable 49 49 48 38 67 44 64
Central Park Coarse 31 33 25 20 47 29 35
Central Park Fine 18 16 23 18 20 16 29
Central Park SO9 11 11 13 18 15 15 14
Central Park 03 16 15 14 13 14 13 16
City Hall TSP 71 75 6 81 69 64 *

Lockwood School TSP * 77 * 56 89 * *

Grand Ave. School TSP 58 * 49 46 48 * *

KGH1 TsP 52 38 42 59 41 48 69

Note 1: All particulate values are in micrograms per cublc meter

Note 2: Values are not reported if there are less than five occurrences
within the appropriate category

Note 3: Values for sulfur dioxide and ozone are reported in parts per
billion (volume)

Note 4: All reported values are an arithmetic mean
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