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DISCLAIMER

This report was written for the U.5. Environmental Protection Agency
Monitoring and Data Analysis Division by PEDCo Environmental, Inc., Cin-
cinnati, under contract No. 68-02-~3103, Task Order No. 7. The contents of
this report are reproduced herein as received from the contractor. The
opinions, findings, and conclusions are those of the author and do not neces-
sarily reflect the views of EPA. Mention of company or product names is not
to be considered as an endorsement by the author or the EPA.
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SECTION 1
INTRODUCTION

The United States Environmental Protection Agency (U.S. EPA) promulgated
National Ambient Air Quality Standards (NAAQS) for lead on October 5, 1978.]
Compliance with these standards is determined by measuring the concentrations
of lead in the ambient air. In support of the measurement programs, the U.S.
EPA is promulgating regulations for selection of appropriate Tead monitoring
sites. The guidelines specify vertical distances and setback distances from
roadways for lead monitoring sites.

The EPA requested PEDCo Environmental to perform a limited field moni-
toring study to determine horizontal and vertical lead distribution in the
area of expected maximum lead concentrations along roadways. The intent was
to show relative distributions over specific distance ranges to provide
support for the monitor siting ranges specified in the regulations. These
ranges are necessary in order to provide monitoring agencies with flexiblity
to consider practical factors such as availability of utilities, protection
of instruments from vandalism, etc. in monitor siting. While inferences can
be drawn from existing studies of lead and total suspended particulate
distributions and re]ationships,2'7 the previous studies do not address
adequately both horizontal and vertical lead concentration distributions
within the ranges specified in the guideline. Since the study has a narrowly-
defined purpose, it was not designed to provide data for predictive models,
for explaining traffic volume and meteorological impact on lead concentra-
tions, for correlation with particle size data, or for similar applications
that would require more extensive sampling and experimental design.



SECTION 2
SAMPLING DESIGN

2.1 SITE SELECTION

The following criteria were applied in locating an appropriate monitor-
ing site: (1) an average daily vehicle volume of at least 40,000 vehicles,
(2) an average vehicle speed of at least 35 to 45 miles per hour, (3) rea-
sonable distance from any topographic obstructions to air flow, and (4)
availability of utilities and security for equipment. The site selected for
the monitors was the parking area of an abandoned drive-in theatre on State
Route 562, also called the Norwood Lateral. This roadway is the major
caonnecting route between Interstate 7t and Interstate 71 in the Norwood area,
a few miles north of downtown Cincinnati, as shown in Figure 2-1.

2.2 VEHICLE DENSITY

Information obtained from the City of Cincinnati Traffic Engineer's
Office indicates an average of 58,500 vehicles per day in the area of the
monitoring site. Figure 2-2 indicates contributions to the total traffic
volume at the various entrance and exit ramps; Table 2-1 shows a typical
hourly breakdown of traffic volume. The table shows definite peak periods of
traffic during the hours of 3 to 5 p.m. and 7 to 8 a.m.

Leaded gasoline is the primary contributor of lead emissions from motor
vehicle traffic. The Ohio, Kentucky, Indiana Regional Council of Governments
indicated that 62 percent of the vehicle miles traveled in Hamilton County
(which encompasses the monitoring area) represent vehicles of model year 1975
or later.*

*Telephone communication with a representative of the Ohio, Kentucky, and
Indiana Regional Council of Governments on May 19, 1980.
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Figure 2-1. Map of Route 562 relative to I-75 and I-71.
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This is significant because, beginning <n 1975, most U.S. manufactured light-
duty vehicles were designed to operate on lead-free fuel. However, not all
vehicles traveling in Hamilton County are U.S.-manufactured or 1ight-duty.
Some foreign-manufactured vehicles still burn leaded gasoline; moreover, some
heavy-duty vehicles burn leaded gasoline and others burn diesel fuel, which
is lead-free. Also, some owners of newer cars may have altered their vehicles
so that they can burn the less expensive leaded fuel.

The average speed of the vehicles on Route 562 was assumed to be greater
than 35 to 45 miles per hour (a study siting criterion), since the posted
speed 1imit on this section is 50 miles per hour.

2.3 SITE CHARACTERISTICS

The abandoned theatre site is used as a holding area for newly manu-
factured General Motors automobiles (upwind of the monitoring site); for this
reason, the entire facility was secured by a fence with a locked gate.
Utilities were available on site for monitor operation.

As shown in Figure 2-3, the site provides unobscured exposure to the
Route 562 traffic flow, with no topographical interruptions.

Ten high-volume (Hi-Vol) ambient air samplers were operated at the site.
The samplers were placed at three elevations and three setback distances from
the roadway. One Hi-Vol was used as a control. The control was co-located
at the second setback distance and the middle elevation.

Setback distances were measured from the north edge of the four-lane
divided road. No attempt was made to measure Hi-Vol setback distances from
individual Tanes. The prevailing meteorology, together with the effects of
traffic volume and speed, were assumed to keep the particulates airborne such
that contributions from all four lanes could best be measured from the north
edge of Route 562.

2.4 LOCATION OF MONITORS

Three towers, each with three tiers at 1.1, 6.3, and 10.5 meter heights
were constructed and oriented as shown in Figure 2-4. Each tier provided a
secure platform for at least one Hi-Vol sampler. Tower No. 1 was located 2.8
meters from the road. The third tier included instruments to measure wind
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Figure 2-4. Schematic of sampling locations.



speed and direction. Tower No. 2, set 7.1 meters from the north edge of the
road, held four Hi-Vol monitors. Placement was the same as on Tower No. 1,
except that the second tier (6.3 meters above ground) held two samplers, one
of which was used as a control. The filters in the control sampler were
handled exactly 1ike the filters of the other nine samplers, but no power was
supplied to the Hi-Vol. The third tower was 21.4 meters from the road.

2.5 SAMPLING PROCEDURE

The filter media used in this study were Schleicher and Schuell No. 1 HV
of spectro quality grade. During each of the 21 consecutive sampling days, at
approximately 10:00 a.m., ten filters from the previous 24-hour sampling
period were removed from the filter housing and replaced with unexposed
filters. Hi Vols were calibrated and operated as specified in the Quality
Assurance Handbook for Air Pollution Measurement Systems, Volume II.8 The
exposed filters were then placed in an envelope and taken to the laboratory
for analysis. Each filter was weighed twice and handled according to the
procedures described in the Quality Assurance Handbook.8 As a control in the
laboratory, a laboratory filter blank was included dajly and was handled in
the same manner as the other filters. The laboratory blank provided infor-
mation on the background lead levels for this type of filter. Additionally,
the EPA supplied 20 audit filter strips with known lead content, which were
also analyzed. Sampling and analysis quality assurance data are included in
Appendix A.

As indicated earlier, the measurements of wind speed and direction were
obtained from instruments located atop the third tier of Tower No. 1. This
information was recorded continuously throughout the study on a strip chart.
The stripchart data were then reduced to hourly readings.

2.6 LABORATORY PROCEDURE

The laboratory procedure involved gravimetric analysis of all filters
for particulate matter with a Torbal EA-1 AP analytical balance. The filters
were equilibrated in a controlled environment of 20° to 25°C +3 percent and
relative humidity of less than 50 +5 percent for at least 24 hours before
weighing. When equilibration was reached, the filters were weighed imme-
diately after removal from the controlled environment. Each filter was tare

9



and gross weighed twice. If the difference between the weighings exceeded
the requirements specified in the Quality Assurance Handbook8 the filters
were weighed again. The original and check weighings were performed by
different analysts.

After the filters were weighed the lead fraction of the particulate
sample was analyzed with a Perkin-Elmer Model 560 atomic absorption spectro-
photometer. Samples were prepared by a hot extraction procedure as described
in the Quality Assurance Handbook.8 The filters were digested in batches of
25, and all samples were analyzed for lead on the same day. Ten percent of
the samples were analyzed in duplicate, including the laboratory and field
blanks. Strips measuring 1.9 by 20.3 cm were cut from the exposed filter.
Lead normally is considered to be uniformly distributed across a fi]ter.8’9’]0
This has not proved true, however, in measurement of roadside emissions.g’]]
Therefore, several cuttings were made at various locations on the filter.

10



SECTION 3
RESULTS

Despite efforts to place the monitoring site at the point of optimum
impact relative to wind direction, Figure 3-1 indicates that the overall
impact was primarily from the southwest, west, and west-northwest rather than
the southeast, the direction toward which the monitors were oriented. The
monitors were oriented southeast to catch the full impact of the plume from
the nearest traffic lane. The intent was to maximize lead emission impact as
opposed to providing data to characterize traffic emissions.

There were no days during the study when the wind was blowing directly
toward the monitoring site with appreciable speed (daily average in excess of
1.4 meters per second).

3.1 AVERAGE TOTAL SUSPENDED PARTICULATES

Figure 3-2 depicts the average 24-hour concentration of total suspended
particulate matter (TSP) obtained from each of the field monitors. The
average TSP concentration decreased with increasing elevation of the monitors
at each setback distance. For all three setback distances the TSP concen-
tration is highest at the Towest elevation (1.1 meters). This is the posi-
tion nearest the vehicle emission point and closest to the road level where
reentrained dust can be picked up. The average particulate level at ground
Tevel is highest at the monitor nearest the roadway, and it decreases with
distance from the roadway. At an elevation of 6.3 meters, average particu-
~ late concentrations from the sampler on the second tower (7.1 meters setback)
were higher than that at the 2.8 meter setback. The sampler at 6.3 meters
elevation and 21.4 meters setback distance recorded lower average particulate
concentrations than did the sampler setback 7.1 meters at the same elevation.
It may be that the site nearest the roadway was located too close to the
source for the elevated monitors to collect the maximum portion of the

11
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dispersing plume of traffic emissions. The 7.1 meter setback may have been
in a better position to catch a larger portion of the dispersing plume. The
average concentrations at an elevation of 10.5 meters indicate a slight
increase between 1.1 and 7.1 meters setback distance, but remained virtually
unchanged between 7.1 and 21.4 meters. Tables 3-1, 3-2, and 3-3 show the 24-
hour TSP and lead concentrations at three elevations and at 2.8 meters, 7.1
meters, and 21.4 meter setbacks, respectively.

3.2 AVERAGE LEAD CONCENTRATIONS

The average 24-hour concentrations of lead are plotted in Figure 3-3.
Supporting data are in Tables 3-1, 3-2, and 3-3. A1l of the measured concen-
trations of lead were adjusted to account for a mean background lead concen-
tration on the filters. This was done by analyzing laboratory blanks for
each day of the sampling program. Results from duplicate filter analysis for
lead indicated a mean coefficient of variation of only 0.044 (4.4%) for the
exposed filters.

As was the case with TSP, the highest lead concentrations for all set-
back distances were at 1.1 meters elevation. The data show that lead con-
centrations are higher at the lower elevations for each setback distance.

The average concentrations at both the 6.3 meter and the 10.5 meter
elevations decrease slightly between the 7.1 meter and the 21.4 meter setbacks.
These concentration gradients are less than for the 1.1 meter elevation. The
average lead concentrations as a function of height do not converge as
rapidly with increased distance from the road as they did for TSP.

The data also show that the concentrations at both the 6.3 and 10.5
meters elevation are lower at the 2.8 meters setback than for the 7.1
meters setback. The wind speed, wind direction, and turbulence created by
the vehicular traffic are not sufficient to transport as many of the lead
particles to the monitors at 6.3 and 10.5 meters elevation close to the
roadway (2.8 meters) as farther from the roadway (7.1 and 21.4 meters).

The concentrations at the 1.1 meter elevation show the normal decreasing
trend as the distance from the roadway is increased.

14
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TABLE 3-1.

TOTAL SUSPENDED PARTICULATE AND LEAD CONCENTRATIONS
AT THREE HEIGHTS AND 2.8 METERS SETBACK FROM THE ROAD

Concentration (ug/m3)
TSP Lead

Date 1.1m 6.3 10.5 m 1.1 m 6.3 m 10.5m
4/17/80 79 63 63 0.64 0.43 0.41
4/18/80 125 105 113 2.45 1.98 2.11
4/19/80 124 95 97 2.30 1.71 1.56
4/20/80 79 63 63 0.69 0.53 0.42
4/21/80 124 103 57 1.98 1.35 0.77
4/22/80 159 101 37 1.08 0.51 0.32
4/23/80 121 96 94 0.70 0.59 0.51
4/24/80 119 74 68 1.03 0.53 0.38
4/25/80 100 86 91 0.4] 0.28 0.28
4/26/80 80 72 72 0.18 0.18 0.19
4/27/80 89 61 54 1.31 0.59 0.1
4/28/80 86 59 53 0.97 0.60 0.40
4/29/80 127 93 61 1.80 1.27 0.83
4/30/80 122 92 89 0.75 0.55 0.49
5/1/80 145 124 121 1.53 1.24 1.14
5/2/80 199 166 160 2.49 1.99 1.75
5/3/80 157 136 131 1.97 1.64 1.64
5/4/80 182 158 156 2.28 2.13 1.94
5/5/80 209 139 114 1.33 0.71 0.35
5/6/80 202 160 143 0.87 0.66 0.73
5/7/80 162 120 104 1.09 0.62 0.70

X 133 103 95 1.33 0.96 0.81
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TABLE 3-2. TOTAL SUSPENDED PARTICULATE AND LEAD CONCENTRATION
AT THREE HEIGHTS AND 7.1 METERS SETBACK FROM THE ROAD

Concentration (ug/m3)
TSP Lead

Date 1.7 m 6.3 m 10.5m T.Tm 6.3 m 10.5 m
4/17/80 77 72 - 0.56 0.44 -
4/18/80 125 125 116 2.33 2.13 2.03
4/19/80 115 112 101 2.18 1.72 1.78
4/20/80 82 74 65 0.71 0.57 0.38
4/21/80 118 120 108 1.49 1.67 1.65
4/22/80 160 118 99 1.01 0.51 0.32
4/23/80 112 1 96 0.72 0.70 0.52
4/24/80 112 86 70 0.68 0.53 0.37
4/25/80 98 100 95 0.37 0.40 0.30
4/26/80 83 83 76 0.22 0.43 0.31
4/27/80 83 71 57 1.06 0.94 0.60
4/28/80 81 71 55 0.76 0.63 0.34
4/29/80 115 101 ‘85 1.36 0.95 0.65
4/30/80 113 104 91 0.82 0.59 0.42
5/1/80 138 134 123 1.14 1.12 1.42
5/2/80 197 197 . 163 2.26 2.27 1.69
5/3/80 150 162 143 1.85 1.92 1.91
5/4/80 177 183 160 2.16 2.35 2.22
5/5/80 189 164 124 1.09 0.78 0.41
5/6/80 183 181 149 0.97 0.98 0.61
5/7/80 142 135 113 0.68 0.89 0.71

X 126 119 104 1.16 1.07 0.93
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TABLE 3-3.

TOTAL SUSPENDED PARTICULATE AND LEAD CONCENTRATION
AT THREE HEIGHTS AND 21.4 METERS SETBACK FROM THE ROAD

Concentration (ug/m3)
TSP Lead

Date 1.Tm 6.3 10.5 m 1.1m 6.3 m 10.5 m
4/17/80 70 70 68 0 39 0.39 0.41
4/18/80 120 118 114 2.18 2.22 2.07
4/19/80 103 105 101 . 1.91 1.67 1.68
4/20/80 68 70 66 0.53 0.42 0.44
4/21/80 108 113 107 1.53 1.57 1.49
4/22/80 131 113 104 0.7 0.52 0.36
4/23/80 95 94 95 0.50 0.50 0.48
4/24/80 90 80 72 0.59 0.46 0.36
4/25/80 96 98 9¢ 0.28 0.29 0.31
4/26/80 64 80 7& 0.26 0.34 0.31
4/27/80 58 67 61 0.90 0.83 0.62
4/28/80 67 60 55 0.68 0.56 0.39
4/29/80 96 91 87 1.03 0.79 0.86
4/30/80 101 95 95 0.63 0.54 0.43
5/1/80 123 129 129 1.16 1.18 1.20
5/2/80 202 179 169 1.85 2.12 1.75
5/3/80 141 151 157 1.81 1.85 1.96
5/4/80 168 168 166 1.88 1.82 1.98
5/5/80 161 142 133 0.85 0.77 0.52
5/6/80 161 156 154 0.69 0.74 0.60
5/7/80 126 118 117 0.90 0.83 0.77

X 112 109 106 1.01 0.97 0.90

18
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The data show that sampler height is critical in terms of concentration
range uniformity closer to the roadway (2.8 meters setback), but it becomes
less critical between 7.1 meters and Z21.4 meters setback.

3.3 LEAD AS A PERCENTAGE OF TOTAL SUSPENDED PARTICULATES

The lead fraction as a percentage of the particulate concentration
was calculated for all samples. The results are illustrated in Figure 3-4.

A 1977 report by PEDCo3 indicated that the average fractions of lead
in particulate samples were 1 to 2 percent, with none less than 0.2
percent and none higher than 5.0 percent. The data in the current study
indicate an average of 0.80 to 1.00 percent. The highest percentage of
lead was measured at monitors located at 1.1 meter elevation. Figure 3-4
indicates that lead as a percent of TSP decreases with elevation. Distance
from the roadway appears to have minimal effect on lead concentration
expressed as percent of TSP concentration.

3.4 RELATIVE LEAD CONCENTRATIONS

Figure 3-5 shows the effects of locating 1ead monitors in positions
that are less than optimal for measuring maximum concentrations, where
breathing level (1.1 meters elevation} would be considered optimal. The
average concentrations at elevations of 6.3 and 10.5 meters are expressed
relative to the concentrations at 1.1 meters for each of the three setback
distances. At both elevations the maximum relative lead concentration is
obtained when the setback distance is 21.4 meters. Relative concentrations
at setback of 7.1 meters from the roadway and less than 6.3 meters
elevation represented 96 percent of the maximum. Relative concentrations
at 21.4 meters from the roadway and 10.5 meters elevation represented 89
percent of the maximum lead concentration.
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Figure 3-5. Average 24-hour concentration of lead at the
ground level monitor compared to concentrations at elevated monitors.
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SECTION 4
CONCLUSIONS

The data from this study show that both TSP and lead concentrations are
greatest at the 1.1 meter breathing level height for each of three setback
distances studied. The TSP and lead concentrations at three vertical heights
are different at each setback distance from the roadway. The concentration
differences between each height are greater between 2.8 and 7.1 meters set-
back .than between 7.1 and 21.4 meters.

The EPA performed a statistical analysis of the monitoring results
(Appendix B) to determine if the data support the siting criteria for micro-
scale and middle scale lead monitoring stated in the regulation. The cri-
teria allow microscale monitors to be placed between 2 and 15 meters from the
roadway and at a vertical height of 2 to 7 meters. Monitors at middle scale
sites should be between 15 and 100 meters from the roadway and at 2 to 15
meters high. The analysis concludes that the siting criteria for both
monitoring sites are reasonable both in terms of height and setback distance.
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APPENCIX A
LABORATORY PROCEDURES

The methods described in the following references were used to determine
the total suspended particulate (TSP) and lead (Pb) concentrations:

1.

Reference Method for the Determination of Suspended Particulates in
the Atmosphere. 40 CFR 50.11, Appendix B, July 1, 1975.

Reference Method for the Determination of Lead in Suspended Par-
ticulate Matter Collected from Ambient Air. 43 CFR 194, Appendix
G, October 5, 1978.

The Quality Assurance procedures used are described in:

Quality Assurance Handbook for Air Pollution Measurement Systems,
Volume II. U.S. EPA Publication No. EPA-600/ 4-77-027a, May 1977
(The lead analysis procedure is in draft form).

The following deviations were made from the published QA procedures.
A11 procedures are more rigorous than required by the manual.

1.
2.

Schleicher & Schuell Type 1-HV spectoquality filters were used.

A1l filters were tare and gross weighed twice. The original and
check weighings were performed by different analysts.

10% of the samples were analyzed in duplicate. 10% of each of the
field and lab blanks were also analyzed in duplicate. Each of the
9 sites had at least 2 duplicates run several days apart.

20 audit strips of known Pb content, supplied by the U.S. EPA, were
also analyzed.

The filters were digested in batches of 25. The hot acid method de-
scribed in the Reference Method was used. Table A-1 details the distribution
by filter type of each batch. A1l samples were analyzed for lead on the same

day.
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Summaries of the values obtained from the analyses of the field blanks,
lab blanks, and audit strips are attached. A1l lead values reported have
been corrected for the 23 nug Pb/filter of the lab blank.

The audit strip summary shows decreasing recovery of Pb with increasing
concentration. No sample, however, contained more than 500 ug Pb per strip
(1/12 filter), and most contained less than 200 pg Pb.

The summary of replicates shows a mean coefficient of variance of 0.044
(4.4%).
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LABORATORY QUALITY CONTROL FOR
SPECIAL MONITORING PROGRAM FOR LEAD
PN 3366-G

Each filter for this project was prepared according to method 87 except
that each filter was weighed at least ftwice before sampling. Each day samples
consisted of a set of 11 filters - 9 sampling filters, 1 laboratory blank and
1 field blank. ,

A1l filters were equilibrated, weighed, and then stored in their original
container. The filters were stored and loaded in a clean area prior to their
delivery to the sampling site. The fi=ld blank was placed in a shelter
similar to those used for the samplers.’

Upon return of each set of recovered filters to the laboratory a clean
filter from the stock was added as a laboratory blank. Each set of filters
was delivered and logged in the laboratory using the standard procedure.

Each set of filters was equilibrated and weighed according to method 87
except that each filter was weighed at lTeast twice. When all filters in a set
had been weighed and met the specified criteria, they were prepared for lead
analysis.

Lead analysis was done according to the method 1ist in the Q.A. Manual
Volume II for Ambient Methods. Al1 eleven filters in the set were analyzed
along with one audit strip for Pb. Ore sample filter was extracted and
analyzed in duplicate.
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APPENDIX B '
ANALYSIS OF ROADWAY LEAD DATA USING ANALYSIS OF VARIANCE TECHNIQUES

William F. Hunt, Jr.,
Thomas Curran and
Eve Sneed

U.S. Environmental Protection Agency
Office of Air Quality Planning and Standards
Research Triangle Park, North Carolina 27711

The lead data, collected by PEDCo Environmental, Inc. in the report, Field

1
, have been reana-

lyzed using the Analysis of Variance (ANOVA). The data were collected by PEDCo

Study to Determine Spatial Variability of Lead from Roadways

Environmental to perform a limited field monitoring study to determine the
relative horizontal and vertical lead distribution in support of the monitoring
siting ranges in the Part 58 regulation. The application of the ANOVA to the
lead and TSP data is presented, along with the results of the analysis.

Statement of Objectives

(1) To determine whether there are significant differences in lead
concentrations measured at varying setback distances from roadways
and at different vertical heights.

(2) If there is a difference between setback distances or vertical
heights or combinations of both, we wish to determine the optimum
location for monitoring the expected maximum lead concentrations
along roadways with consideration being given to safety, vandalism,
and averaging time of the standard.

Descriptions of the Experiment

The experiment is a factorial design, where the setback distances (Li) and
vertical heights (Hj) are fixed and the effects of week (wk) and day (D]) are
random. The location for the experiment was the parking area of an abandoned
drive-in theatre on State Route 562, in the Norwood area of Cincinnati. Three
towers, each with three tiers at 1.1, 6.3, and 10.5 meter heights (Hj), were
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constructed. One high-volume sampler for measuring TSP and lead was located at
each tier of each tower. The towers were located at setback distances of 2.8,
7.1, and 21.4 meters from the road. Both lead and TSP data were collected for
three weeks between April 17 and May 7, 1980. The procedures taken to ensure
data quality are described in the report and will not be discussed here.

Mathematical Model

An additive model was used to describe the experimental design as follows:
Xijk] = p+ Li + Hj + LHij + wk + Lwik +ijk + D] + ND1k + Eijk]
where Xijk] = the lead or TSP measurement
u = the overall average
L, = the effect due to setback distance
H. = the effect due to vertical height

LH. . = the effect due to the interaction of setback distance and
vertical height

wk = the effect due to differences between weeks

Lwik = the effect due to the possible interaction between setback
distances and weeks
ijk = the effect due to the possible interaction between vertical

heights and weeks
D] = the effect due to days
WD,, = the effect due to the possible interaction between weeks and days

Eijk] = the undesigned variabililty or random error

The term Eijk] is made up of the following 2 and 3 way interactions which
were assumed not to exist: LHwijk’ LDi], HDj], LHD1j1, LwDik]’ Hijk] and
LHWDijk]' It must be kept in mind that the authors of this Appendix did not
design the original experiment, but instead applied the ANOVA after the experiment
had been run and the data collected.
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Results

In performing the ANOVA, no tranformation of the data was taken. The data
were assumed to be approximately normally distributed. The ANOVA for lead is
shown in Table 1 and the ANOVA for TSP is shown in Table 2. In both analyses,
all the sources of variation were statistically different from 0.0 with the
exception of the interactions of setback distance by week and vertical height by
week. The mathematical model explains 95.5% of the lead variability and 95.3% of
the TSP variability.

Of particular importance is the result that.there is a significant interaction
between setback distance and vertical height. This is illustrated in Figures 1
and 2 for lead and TSP, respectively, which summarize the interactions by calculating
the means associated with each combination of setback distance and vertical
height, along with their 95% confidence ﬁnferva]s. Where the confidence intervals
overlap, the means are not significantly different from one another. Because
multiple comparisons are being made, the Just Significant Confidence Interval
(JSCI) has been calculated using the Tukey "q" statistic.]

Generally, at each setback distance, the mean of lead or TSP decreases as
the vertical height increases. At the setback distance of 2.8 meters, the mean
associated with a vertical height of 1.1 meters is the highest recorded and is
significantly different from the recorded means at the vertical heights of 6.3
and 10.5 meters. (The confidence intervals do not overlap.) As the vertical
height increases to 10.5 meters, the lowest mean is recorded. At each setback
distance, the decrease in both lead and TSP levels as the vertical height increases,
is different with the greatest drop shown at the setback distance closest to the
roadway (2.8 meters). This difference, in the relative change at each of the
setback distances, is why the interaction exists.

An examination of Figures 1 and 2 shows that multiple comparisons can be
made. Of particular interest is whether or not this analysis supports the EPA
recommended siting criteria for the microscale and middle scale roadway sites
to measure the area of maximum lead concentration. The EPA recommendation for
the microscale sites is that the lead monitor be placed between 5 and 15 meters
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from the roadway with a vertical height of 2 to 7 meters. The recommendation for
the middle scale sites is that the lead monitor must be placed between 15 and 100
meters, depending on the average daily traffic, with a vertical height of 2 to 15
meters. From Figure 1, the maximum concentration is observed at the monitor
closest to the roadway (setback distance of 2.8 meters and vertical height of 1.1
meters). In some cases it may not be permissible to establish such a site or it
may not be practical to locate the monitor so close to the roadway, because of
potential vandalism, and problems in servicing a monitor so close to the flow of
traffic.

Eliminating the monitor closest to the roadway, the next highest recorded
mean of ambient lead levels occurs at a setback distance of 7.1 meters and a
vertical height of 1.1 meters. This mean is not significantly different from the
mean of the ambient level recorded at the same setback distance, but at the
higher vertical height of 6.3 meters.

The mean recorded at this combination of vertical height (6.3 meters) and
setback distance (7.7 meters) is of interest, because it is the only monitor
located within the EPA criteria for the microscale roadway type site. It is
important to note that the confidence interval about the mean of this monitor
overlaps the confidence intervals of the means of all other monitors with the
exception of the means of the monitors located at a setback distance of 2.8
meters and vertical heights of 1.1 meters (the highest mean) and 10.5 meters (the
Towest mean).

A11 three monitors at 21.4 meters from the roadway were located within the
EPA criteria for the middle scale roadway type site. The means for these monitors
are not significantly different from each other since the confidence intervals of
the means overlap. Also, it should be noted that these confidence intervals
overlap the confidence interval of the mean of the monitor located at 7.1 meters
from the road and 6.3 meters high.

Since the monitor closest to the roadway with the highest mean (vertical

height of 1.1 meters) is not practical because of potential vandalism and problems
in servicing a monitor so close to the flow of the traffic, the EPA recommended

31



Siting criteria for microscale and middie scale sites for distance from roads

and height above ground are reasonable.

Reference

1. W.J. Dixon and F.J. Massey, Jr., Introduction to Statistical
Analysis, 440-442, McGraw-Hill Book Co.. Inc., New York (1957).
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TABLE 1. ANOVA TABLE FOR LEAD
Source of Degrees of Sum of Mean
Variation Freedom Squares Square F Statistic
Distance (L) 2 0.247 0.124 5.39*
‘ Height (H) 2 2.729 1.365 59,35***
J L x H 3 1.080 0.270 11.74%%*
Week (W) 2 19.005 9,503 413,17%**
LxW 4 0.021 0.005 <1
Hx W 4 0.101 0.025 1.09
Day (D) 6 15.925 2.654 115,39%**
WxD 12 35.980 2.998 130, 34***
Error 151 3.506 0.023

*  Probability Tess than 0.01
**  Probability less than 0.001
*** Probability less than 0.0001
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TABLE 2.

ANOVA TABLE FOR TSP

Source of Degrees of Sum of Mean
Variation Freedom Squares Square F Statistic
Distance (L) 2 1660.290 830.145 10.24%*
Height (H) 2 15850.626 7925.313 97.78%**
L xH 4 7141.353 1785.338 22.03***
Week (W) 2 168137.959 84068.979 1037 .,19%**
Lx W 4 81.719 20.430 <1
Hx W 4 479.11 119.778 1.48
Day (D) 6 27471.217 4578.536 56.49***
WxD 12 29238,256 2436.521 30.06***
Error 151 12239.233 81.055

* Probability less than 0.01
**  Probability less than 0.001
*** Probability less than 0.000}
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