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SECTION 1

INTRODUCTION

The primary purpose of this document is to guide Federal, state, and
local agencies in selecting sites for monitoring lead in the atmosphere.
This guideline provides more details on site-selection procedures than do the
Part 58 Regulations. Should any conflicts occur between the guideline and
the regulations, however, the regulations take precedence. In addition,
this guideline should not be used as a basis for rejecting data from existing
monitors sited prior to the publication of this guideline.

For monitoring networks to provide a representative sampling of air
quality in an area of concern, the number and locations of monitors must be
selected with care. This document emphasizes the concept of spatial repre-
sentativeness in selecting optimum monitoring sites to meet monitoring '
objectives. A number of guidelines are given that can be used to identify
the types of representative sites that characterize exposure to lead in any
area of concern. Using these rules and knowing the objectives of a specific
monitoring group, the user of this document can select the number and loca-
tions of sites that best meet monitoring needs. Specific steps are recom-
mended for selecting monitoring sites with respect to each representative

type of site.
The contents of this document include the following subjects:
() Monitoring objectives and Federal requiremehts
. Characteristics of lead air pollution including airborne
forms, sources, distribution patterns, meteorological influ-
ences, and topographical influences
. Methods of site selection

. Site selection criteria.

This document extends and updates an earlier document prepared by PEDCo
Environmental, Inc. (PEDCo 198la), which was published only in draft form.




SECTION 2

MONITORING OBJECTIVES FOR LEAD

GENERAL

Monitoring objectives are established to fulfill authoritative requests
or provide information relevant to certain interests. The data obtained from
a planned ambient air monitoring network are examined to determine how well
the -objectives are being met, and to revise the monitoring plan when necessary.
Air quality monitoring data are collected for the ultimate objective of
ensuring the protection of public health, but more immediate application of
the data may be intended for one or more of the following uses: ‘

() Evaluation of ambient air qua]fty

. Enforcement of source-specific regulations

() Evaluation/development of control plans

) Air quality maintenance planning

() Development and testing of models

] Research.

Further refinement and rationale of the objectives and data uses can
easily be established by the user. Table 1 lists a variety of uses for lead
monitoring data that are applicable to the six categories listed above.

More extensive discussions of these uses can be found in othér guideline
documents such as those by Koch and Rector (1983); Ball and Anderson (1977);
Ludwig and Kealoha (1975); Ludwig, Kealoha, and Shelar (1977); Ludwig and
Shelar (1978), etc. ' :

Once the objectives and data uses are determined, the monitoring network
and siting criteria are designed to accommodate the intended use. -

REQUIREMENTS FOR MONITORING LEAD

National Ambient Air Quality Standard

The National Ambient Air Quality Standard (NAAQS) for lead, published
in the Federal Register (43 FR 46245, October 5, 1978), is 1.5 ug/m3, maximum
arithmetic mean averaged over a calendar quarter. The Federal reference
method for measuring atmospheric lead concentrations (given in Appendix G to
40 CFR 50) is by atomic absorption spectrophotometry analysis of particulate
matter collected on high-volume air sampler filters. Sampling every sixth
day will satisfy the monitoring requirements for an acceptable data base if at




TABLE 1. PRINCIPAL USES FOR LEAD MONITORING DATA

Evaluate Ambient Air Quality

- Judge Attainment of NAAQS

~ Establish Progress in Achieving/Maintaining NAAQS
- Establish Long-Term Trends

- Afr Quality Indices

- Population Exposures Documentation

- Respond to Unique Citizen Complaints

- Develop/Revise Standards

Enforce Source-Specific Regulations

- Categorical Sources (New Source Review (NSR), Supplementary Control
Systems (SCS), Prevention of Significant Deterioration (PSD))

- Individual Sources

- Enforcement Actions

Evaluate/Develop Control Plans

- State Implementation Plan (SIP) Provisions
- Evaluate/Develop/Revise Local Control Strategies

Air Quality Maintenance Planning

- Establish Baseline Conditions
- Project Future Air Quality

Develop and Test Models

- Input for Receptor Models
- Validation and Refinement"
- Assess Representativeness of Monitoring. Networks

Research

- Effects on Humans, Plants, Animals, and Environment

- Characterize Source, Transport, Transformation, and Fate for
Anthropogenic and Natural Emissions

- Develop/Test New Instrumentation




least 75 percent of the scheduled samples meet quality assurance guidelines.
A rigorous quality assurance program requires that all sources of sample
contamination be minimized, including surfaces of collection containers and
devices, hands and clothing of personnel, chemical reagents, laboratory
atmosphere, and labware and tools.

The monitors must be operated on a minimum sampling frequency of one
24-hour sample every 6 days, but the analysis of the 24-hour samples may be
performed for either individual samples or composites of the samples collected
over a month or quarter of a year.

Planning and Maintaining Control of Ambient Lead

Determination that an area is meeting the ambient air standard for
lead will depend heavily upon the selection of sites for monitoring Tead.
As a minimum, SIPs are required to provide two lead monitoring sites (per
Appendix D of 40 CFR 58) in each urbanized area that has a 1970 population
greater than 500,000, or where lead air quality levels (measured since
January 1, 1974) exceed or have exceeded the lead standard. 0One of the two
monitoring sites must be located near a roadway in the area of expected
maximum concentration, and one site must be representative of a neighborhood
scale (see definition at end of Section 3). In addition, Subpart E (Control
Strategy--Lead) of Section 51.80 requires each SIP to demonstrate that the
NAAQS for lead will be attained and maintained in the following areas:

1. Areas in the vicinity of the following point sources of lead:

Primary lead smelters

Secondary lead smelters

Primary copper smelters

Lead gasoline additive plants

Lead-acid storage battery manufacturing plants that
produce 2,000 or more batteries per day

Any other stationary source that actually emits
25 or more tons per year of lead or lead compounds
measured as elemental lead.

2.  Any other area that has lead air concentrations in excess of
the national standard concentration for lead, measured since
January 1, 1974. States may be allowed to limit the time
period to the last 3 years or since January 1, 1978, when
adequately justified (U.S. EPA 1983).

For lead SIPs, EPA has defined point sources differently than for other
pollutants. Point sources for lead are any stationary source causing emis-
sions in excess of 4.54 metric tons (5 tons) per year of lead or lead
compounds measured as elemental lead. This definition is important to
remember in planning monitoring sites.




Many areas have no significant stationary sources of lead emissions.
Table 2 shows that most lead emissions come from gasoline consumption by
motor vehicles. Thus, lead concentrations near areas of heavy traffic and
on the downwind edge of dense urban developments are of major concern in
planning control measures. Ambient monitoring data are needed to confirm
that the SIP controls of motor vehicle emissions are adequate and working.



TABLE 2. ESTIMATED 1981 ATMOSPHERIC LEAD EMISSIONS FOR THE
UNITED STATES

Annual U.S. Percentage
emissions of U.S. total
Source category (metric tons/yr) emissions

Gasoline combustion® 31,815 85.9
Waste oil combustion 754 2.0
Solid waste disposal 290 0.8
Coal combustion 863 2.3
0i1 combustion 205 0.6
Gray iron production 268 0.7
Iron and steel production 484 1.3
Secondary lead smelting 573 1.5
Primary copper smelting 27 0.1
Ore crushing and grinding 296 0.8
Primary lead smelting 837 2.3
Other metallurgical

processes 49 0.1
Lead alkyl manufacture 223 0.6
Type metal 77 0.2
Portland cement

production 65 0.2
Miscellaneous 218 0.5

Total 37,032% 100

Organolead vapors emitted to the atmosphere during the manu-
facture, transport, and handling of leaded gasoline are not
included in this inventory. In the QOctober 1983 review draft
of Air Quality Criteria for Lead, it is estimated that these
emissions contribute Tess than 10 percent of the total lead
present in the atmosphere.

# Inventory does not include emissions from exhausting of workroom
air, burning of lead-painted surfaces, welding of lead-painted
steel structures, or weathering of painted surfaces.

Source: U.S. Environmental Protection Agency, Environmental Criteria
and Assessment Office, Research Triangle Park, N.C.




SECTION 3
CHARACTERISTICS OF LEAD AIR POLLUTION

AIRBORNE FORMS

The lead compound that is emitted is dictated by the type of source
(e.g., alkyl lead compounds from petroleum refineries, lead salts from auto-
motive exhaust, elemental lead from smelters). However, automotive exhaust
accounts for 80 to 90 percent of lead emissions (see Table 2). Most research
on the forms of lead in the atmosphere has been directed toward characterizing
the fate of lead emitted from automobiles.

The chemical and physical form of lead emissions have important impli-
cations with regard to the sampling method used to measure atmospheric lead
concentrations. Not more than 10 percent of the airborne lead is associated
with particies exceeding about 2 um diameter (Little and Wiffen 1978). Cars
driven at normal speeds emit aerosols mainly in submicron sizes. For a vehicle
operating on leaded fuel at idle, 20 mph, or 30 mph, the mode of the particle
size distribution occurs between 0.03 and 0.05 um. At 50 mph, the particles
are slightly smaller. Although secondary aerosol formation causes a signifi-
cant change in the size distribution, the size distribution from auto emis-
sions is in close agreement with the size distribution of particles collected
near a freeway (Miller et al. 1976). Additional findings regarding lead
emissions to the atmosphere are summarized in Appendix A.

SOURCES OF EMISSIONS

Development of a monitoring strateqy requires recognition of the emis-
sion sources. Procedures for preparing source inventories are described in
various other EPA guideline documents, e.g., Development of an Example
Control Strategy for Lead (EPA-450/2-79-002, DAGPS No. I1.2.123) and Supple-
mentary Guidelines for Lead Implementation Plans (EPA 450/2-78-038).” An
updated revision to the Tatier document, Supplementary Guidelines for Lead
Implementation Plans--Updated Projections Tor Motor Vehicle Lead Emissions
(EPA-450/2-83-002), shouTd also be noted. Emission inventories will be

useful to identify the lead sources that must be included in the surveillance
plan.

The primary sources of lead to the atmosphere are automotive emissions
and waste oil incineration (see Table 2). An estimated 86 percent of lead
emissions to the atmosphere were due to automotive emissions from combustion
of leaded gasoline, based on 1981 data. The relative amount of lead emitted
to the atmosphere due to automotive emissions will decrease as unleaded
gasoline becomes the predominant fuel for automobiles. Coal combustion and
primary lead smelting contributed 2.3 percent each. Waste oil combustion
contributed 2.0 percent of the atmospheric emissions. A1l other categories
of stationary sources contribute 1.5 percent or less.




Although highways are the main sources of )ead emissions, major facili-
ties for lead production and refining and major jndustrial consumers of lead
can also be important local sources. Domestic ore, produced from eight mines
in Missouri, accounts for 87 percent of the domestic production. Mines in
Idaho and Colorado contributed 12 percent of the 1981 ore production. OFf the
five primary lead smelters operating in 1981, the largest smelter is located
in Herculaneum, Missouri. Other primary lead smelters are located at Boss,
Missouri; East Helena, Montana; E1 Paso, Texas; and Glover, Missouri.

Consumption or uses of lead in the United States for 1981 are shown in
Table 3. Manufacture of storage batteries consumes the overwhelming share of
lead production. The use of lead in petroleum refining (nearly 10 percent of
the amount produced) is of concern to atmospheric concentrations of lead,
because most of the lead emitted to the atmosphere is from automotive emis-
sions. Lead emissions from automotive exhaust may be diminished by the
reduced use of leaded gasoline in conformance with the phasedown regulations
established by EPA in 40 CFR Part 80 and by the decrease in the number of
automobiles being driven that may use leaded gasoline. The use of unleaded
gasoline is projected to increase from 50 percent of the total gasoline sold
in 1980 to 81 percent of the gasoline sold in 1990 (see Table 4). Additional
data on lead production and consumption trends and the location of lead
producers and refineries in the United States are given in Appendix B.

METEOROLOGICAL INFLUENCES

The meteorological influences that need to be considered in selecting
monitoring sites can be described by a dispersion climatology that encompasses
those atmospheric parameters that affect the distribution of ambient concen-
tration. The parameters of primary concern are wind advection, horizontal
dispersion, and vertical mixing. With the exception of advection (i.e.,
surface winds), direct measures of these parameters are not routinely made in
most areas. The important fine structure needed to characterize significant
air pollution transport is generally not observed and must be inferred
indirectly (e.g., Hewson 1976, Holzworth 1974, and McCormick and Holzworth
1976). It is important to consider what regular data are available and what
additional parameters are needed.

Wind direction is the most obvious meteorological parameter influencing
the concentrations that will be observed. Wind speed influences the observed
concentrations by the rate of dilution of the emissions as well as rate of
transport while undergoing dispersion. Seasonal changes in wind patterns are
frequently observed at most U.S. cities. Changes in seasonal wind patterns,
apparent from climatological wind roses, are an important consideration in
selecting Tead monitoring sites because the lead standard is based on a
quarterly average.
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TABLE 3. USES OF LEAD--U.S. DATA, 1981

Percent

Lead consumption--1981 Metric tons of total
Metal Products
Ammunition 49,514 4.2
Bearing metals 6,922 0.6
Casting metals 18,582 1.6
Pipes extruded products 8,829 0.8
Sheet lead 19,355 1.7
Solder 29,705 2.5
Storage batteries 770,152 66.0
Other metal products 50,648 4.3
Pigments
Paints 16,316 1.4
Glass and ceramic products 44,339 3.8
Other pigments 19,510 1.7
Chemicals
Petroleum refining 111,367 9.5
Miscellaneous uses 21,862 1.9

TOTAL 1,167,101 100.0

Source: Bureau of Mines Yearbook, 1981.

TABLE 4. PROJECTED U.S. USE OF LEADED AND UNLEADED GASOLINE

Percent of total gasoline sold

Year Leaded Unleaded
1975 _ 85 15
1980* 50 50
19851 33 67
1990+t 19 81

* Source: Chemical & Engineering News, No. 27, p. 12, 1980.
t Source: Federal Register, Vol. 47, No. 210, p. 49329,
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Monitoring sites may be selected by reviewing the frequency of wind
directions. River valley locations tend to have a high frequency of up-and-
down-valley air flow patterns due to channeling of the air along the valley,
especially during times when stable atmospheric conditions exist. Wind
patterns influenced by topographic features show a high frequency of wind
directions determined by the terrain-dominated circulation pattern. The high
frequency of the terrain-dominated wind directions will influence the Tong-
term average concentration.

The mixing height is frequently considered a seasonable variable, with
Tower mixing heights occurring in the fall and winter when the atmosphere
is more stable than during the spring and summer. Low mixing heights
caused by atmospheric temperature inversions frequently occur in Tow-lying
areas and valleys. A sampling site placed in a Tocality with a high frequency
of low mixing heights may, over a period of months, result in a higher
pollutant concentration than would be observed from a site located on a hill.
or level terrain.

Advection

For most monitoring objectives, advection is adequately defined by
the near-surface wind (speed and direction) measured at or adjusted to a
reference height of 10 m above ground. Routinely available observations
from the National Weather Service consist of short-term averages taken
hourly or every 3 hours. Although these are useful, vector averages based on
continuous recordings over l-hour periods are more desirable where they are
available.

The frequency of air flow directions is an intuitively appealing siting
tool. One of the most useful summary depictions of wind flow shows the
frequency of occurrence of wind directions, with a breakdown of wind speed by
classes within each directional interval and is known as a wind rose (see
Figure 1). By convention, wind directions are denoted by the sector from
which wind is blowing. Wind roses may be constructed on an 8-sector basis, a
16-sector basis, or a 36-sector basis. Wind roses are commonly constructed
for annual, seasonal, or monthly distributions. Under some circumstances,
wind roses are devised to study winds under critical conditions. For example,
STAR* summaries offer a joint frequency distribution of winds and atmospheric
stability. These are available from the Nationa) Climatic Center# and may be
compared for various time periods (e.g., see Figure 2). Additional categories

* STability ARray, a broad-based algorithm for determining stability in the
Tower atmosphere using estimates based on winds and cloudiness. See Doty,
Wallace, and Holzworth (1976).

# U.S. Department of Commerce, National Oceanic and Atmospheric Administra-
tion, Environmental Data Services, National Climatic Center, Federal
Building, Asheville, N.C. 22801,

12
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Figure 1. A typical wind rose with wind speed information {Slade 1968).
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Figure 2. A day-night wind rose showing, in this case, the diurnal effect
of the sea breeze (STade 1968).
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of wind roses include winds under important pollutant index levels, distribu-
tion of persistent 24-hour winds, and distributions within key parts of the
day (i.e., morning versus afternoon).

Dispersion

Dispersion is the resultant effect of atmospheric turbulence to actively
-dilute source material. Direct measurements of the three-dimensional wind
fluctuations that manifest turbulence are rarely made. Instead, various
methods of characterizing turbulence based on theoretical and empirical
relationships are employed. The most common system is based upon associations
among wind speed, solar insolation, and cloud cover. Many operational models

accept this type of data directly, and manual techniques have evolved to
treat these as well (see Turner 1970).

Mixing Height

Mixing height defines the vertical extent of mixing. Ground-based and
Tow-Tevel inversions are the principal limiting factors. Mixing height is
determined from a thermodynamic analysis of vertical temperature soundings.
These soundings are routinely performed at Q000 GMT* and 1200 GMT each day at
a number of locations throughout the country.

Other Parameters

Additional parameters that may be useful are listed below:
) Precipitation--to relate to scavenging processes

° Air temperature--to be applied to plume rise estimates.

TOPOGRAPHICAL INFLUENCES

Uncomplicated (e.g., level, uniform terrain) settings for sampling are
rarely encountered. Distortions of the normal flow of air from the sources
to the monitor are caused by irregularities in the terrain and other physio-
graphic features. Two major factors in this regard are:

. Aerodynamic diversion--flow around and over obstacles.

Distortion of the flow field may be severe during moderate to
strong synoptic winds.

*  GMT means Greenwich Mean Time. The relation of GMT to U.S. standard times

can be determined by noting that 0000 GMT = 1900 EST = 1800 CST = 1700 MST =
1600 PST. ;

14



. Local circulations--mountain-valley winds, land-sea breezes,
and the 1ike that may prevail when synoptic influences are
sufficiently weak. Under these conditions, flow patterns
within the scene may "wall off" subareas. Transport and
dispersion estimates at one place are unlikely to reflect air
motions elsewhere.

These factors will always influence the monitoring site selection.
However, because the standard for lead is based on average concentrations
measured over a calendar quarter, many of the terrain-induced influences may
be .averaged over the sample period when the primary objective is to com-
pare air quality with the Federal standards. The influence of terrain and
physiographic features will be more c¢ritical when sampling for shorter
periods (especially less than 24 hours) and for source-oriented monitoring.
Some of the more salient considerations regarding terrain and physiographic
influences are described briefly in the following paragraphs.

Topographic Elements

Topographic elements become a factor when their influences extend into
the neighborhood scale (horizontal size order of kilometers). Because the
ratio of downstream aercdynamic effect to obstacle height is on the size
order of 10 to 1, obstacles on the order of 100 m will influence horizontal
sizes of the order of 1 km. The central problem that terrain introduces is
the added detail impressed upon the advection/dispersion field. That is,

a simple pattern that may be replicated consistently over level terrain
becomes distorted by three-dimensional perturbations in the presence of
substantial terrain relief. The principal types of flow distortion that
occur include separation flow on the downwind side of ridges when the flow is
perpendicular to the ridge, channeling of air flow by valleys, and local
circulations caused by differential heating of adjacent terrain slopes.

Coastal Settings

In coastal settings, during periods of light synoptic winds accompanied
by a sufficiently strong thermal contrast between water temperatures and land
temperatures, a land/sea breeze circulation {(or land/lake breeze) will
control air motions in the vicinity of the shoreline. -

Figure 3 displays the characteristic circulation patterns associated with
a lake (or sea) breeze (3a) and a land breeze (3b). This circulation system
is not static. As shown in Figure 4, the convergence zone migrates inland as
the land surface heats up. The intensity of the sea breeze may increase
through midafternoon, but dies out after sunset as the land surface rapidly
cools. At night, the land breeze sets up, but is generally less vigorous
because thermal contrasts are smaller.

15
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Figure 3. Characteristics of lake coast air flow.
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The primary impact of this system is to recompose a coastal monitoring
scene into at least two siting domains: one area subject to the land/sea
breeze effects, another outside of this influence. The size and extent of

-the land/sea breeze-affected subarea can be assessed in a number of ways. An
obvious factor of contrast is the horizontal distribution of wind directions
on appropriate days; however, few areas have sufficiently detailed meteorolog-
ical networks to define the horizontal extent of the area and the change in
size of the affected area with time. A more reasonable approach is to use

air temperature and relative humidity patterns to identify sites that are
affected. A distinctive signature will be observed in hygrothermograph
recordings that define the passage of the lake/sea breeze front.

Small-Scale Obstacles

Wind deflection around and over obstacles is a concern in selecting
specific sites in an urban area, because the effects occur on the microscale.
As shown in Figure 5, air does not simply slip past an isolated structure.
There are three distinguishable zones of air around a building:

1. Displacement zone--where streamlines are deflected upwind
and outward, remaining so for some distance

2. Wake zone--where streamlines gradually recover original
configuration

3. Cavity zone--return flow in the immediate vicinity of the
downwind side. '

In terms of site selection, this effect is of obvious importance if an
intervening obstacie contains a strong enough source to generate a ground-
level impact that would be assigned to a source further upstream--particularly
if monitoring were to unwittingly take place in the cavity zone. This effect

s further complicated when many such obstacles are placed together, as shown
in Figure 6.

Urban Effects

In addition to the effects of individual buildings, a city induces
large-scale modifications to the local wind field. These modifications have
a bearing on site selection, due to the heat island circulation.

When a heat island circulation exists, there is a convergence zone over
the center of the city and a return flow into outlying areas, as illustrated
in Figure 7. This circulation pattern is most pronounced at night when
differential radiative cooling rates favor higher temperatures in the urban
center. The circulation pattern is generally weaker during the day when
urban/rural thermal contrasts are not as strong.

18
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Figure 7. Idealized urban heat island air flow (after Landsberg 1975).

Under sufficiently strong winds, the heat island circulation is over-
whelmed. Oke and Hannel (1970) have developed a simple relationship between
the threshold wind speed to prohibit the circulation and relative city size.
Oke and Hannel's empirical formulation is as follows:

Uyim = 3.4 LogP-11.6

where P is the population number. Thus, a large urban area whose population
is counted in the millions can exhibit a heat island circulation even if
regional winds are quite strong. Although this relationship showed a high
correlation (94 percent variance explained) for the cities studied, it should
not be treated as an absolute measure. Each urban setting will have its own

idiosyncracies due to local terrain, presence of water bodies, or other
factors.

OBSERVED PATTERNS

The highest concentrations of lead air pollution have been observed in
the vicinity of major point sources, such as those listed in Table 5, and
near major highways and traffic interchanges. A map of the locations of
point sources Tisted in Table 5 will identify areas of concern for monitoring.
Development of a lead emissions inventory following the procedure described
in detail by Smith et al. (1979, pp. 5-19) is recommended if this has not
been done. Emissions of lead are also recorded in the Hazardous and Trace
Emissions System (HATREMS) data bank, and this source may also be of some
help.

Lead emissions from automobiles are obviously significant. Guidance
for estimating automotive emissions is provided in EPA document number

20



TABLE 5. SOURCES OF ATMOSPHERIC LEAD

Mining and milling--lead ore
Primary lead production'
Primary copper production
Primary zinc production
Secondary lead production
Storage battery production
Gasoline additives

Solder

Cable covering

Type metal

Brass and bronze manufacturihg
Waste oil combustion

Municipal incineration

Sewage and sludge incineration
Coal combustion

Distillate and residual o0il combustion
Steel production

Gray iron foundaries

Cement produétion

Pigments

Silicomanganese electric furnaces

Ferromanganese electric furnaces--blast furnaces
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EPA-450/2-78-038a. Preparation of an emissions density map provides some of

the necessary information for determining the number and location of lead
monitors.,

Many studies have been conducted to determine the pattern of lead air
pollution resulting from the dispersion and deposition of lead particles from
automotive exhaust. A recent study that provides the most complete data on
the distribution of automotive-generated lead particles near a highway is
referred to as the Philadelphia Roadway Study (Burton and Suggs 1982). The
study included horizontal and vertical arrays of samplers to collect particu-
late matter in fine (0 to 2.5 um) and coarse (>2.5 to 15 um) size fractions.
The average traffic density during the observation periods varied from
2119 to 3783 vehicles per hour. The average background concentration of
Tead observed over a 2-month period was coarse particles 0.02 ug m-3
(25 percent) and fine 0.05 ug m=3 (75 percent), indicating lead was carried
primarily on the smaller particles. The horizontal array of samplers (2 m
above ground Tevel) shows the distribution of lead in the downwind direction
from the roadway to be as follows:

] The highest concentration of Tead occurs at the edge of the
roadway (0,15 ug m=3 (coarse), 0.53 ug m-3 (fine),
0.67 ug m=3 (total) above background).

’ Concentrations decreased with distance from the roadway at a

rapid rate out to 75 m, then decreased at a much slower rate
out to 175 m.

. The downwind lead concentration stayed significantly above
background levels all the way to 175 m from the roadway.

] At 175 m downwind the total lead concentration was 0.1 ug m-3
above background; the lead content of fine particles accounted
for 0.09 ug m~3 of the total.

Sampling at 2, 7, and 15 m above ground level at downwind distances of
5 and 25 m showed that Tead concentrations for fine and total particles were
significantly above background at all six sampling locations. Lead concen-
trations were significantly above background concentrations for all size
fractions to 175 m (the farthest distance at which sampling was done)
downwind of the roadway. The Philadelphia Roadway Study included sampling
only when the wind was +45 degrees from a direction perpendicular to the
roadway; therefore, the rapid dropoff of higher lead concentrations close to
the roadway is more pronounced than if the samples had been collected over
the full range of wind directions that actually occurred.

Daines, Motto, and Chilko (1970) reported on the distribution of lead

in the vicinity of roadways with traffic density ranging from 19,800 to
58,000 vehicles per day. Samplers were placed 1.2 m above ground level and
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spaced from 3.0 to 152.4 m downwind of the roadway. The relationship
between lead concentration and distance from the highway was reported as a
function of traffic density (see Figure 8). Concentration of lead (above
background) was reduced by 50 percent between the 3- and 9-m sampling sites
with a traffic density of 58,000 vehicles per day. Beyond 45.7 m distance
from the roadway, the lead concentrations dropped off at a much slower rate.
The gradient of lead concentration close to the roadway was much less with
lower traffic density. Daines, Motto, and Chilko measured lead content in
various particle sizes and observed that the percentage of lead in larger
particles is above the background percentage only near the highway. * The
percentage of lead present in smaller particles was above background when
sampled 533 m from the highway. R :

Daines, Motto, and Chilko concluded that a curvilinear decrease in lead
concentrations (as shown in Figure 8) can describe average concentrations
over long sampling periods but that the relationship may not describe short-
term conditions. For short-term periods, the distance to background levels
was found to be constantly changing due to meteorological parameters.
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Figure 8. Observed dajly mean concentrations df lead doﬁnwind
of a busy highway (Daines, Motto, and Chilko 1970).

These investigators also note significant correlations of lead
concentrations with wind direction. When the sampler at 9.1 m setback was
downwind of the highway, the concentrations were 5.3 times higher than when
the sampler was upwind; when the sampler at 22.7 setback distance was down-
wind, the concentrations were 3.9 times higher than when the wind direction
placed the sampler upwind of the highway. A sampler at 37.9 m from the
highway had concentrations 5.0 times higher when it was downwind than when it
was upwind of the source. Their data indicate seasonal variations of lead
concentrations over the 2-year sampling period.
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The lowest seasonal average at the two setback distances (9.1 and
151.5 m) occurred during March, April, and May, while the highest seasonal
concentrations appear to occur in September, October, and November. The
seasonal influence may well be due to more stable conditions occurring more
frequently in the fall months. The Daines study also noted that the zone of
influence of the highway source is somewhat wider during the fall months
when atmospheric turbulence is at a minimum,

A recent field study, performed by PEDCo (1981b) to determine the
spatial variability of lead from roadways, indicates that higher average
concentrations were measured with a sampler inlet at 1.1 m above ground
level than at 6.3-m or 10.5-m elevations at all setback distances from the
highway. The experiment included setback distances of 2.8, 7.1, and ?1.4 m
from the highway, with sampling at three elevations at each setback distance.
PEDCo also reports the lead concentrations at the upper.elevation (10.5 m)
were lower at the tower nearest the highway (2.8 m) than at the same
elevation on the tower set 7.1 m back from the highway (see Figure 9),

Hunt (1983) reviewed the PEDCo data and noted that the confidence
interval about the mean for the sampler at 6.3 m elevation and 7.1 m setback
overlaps the confidence interval about the means of all other samplers in
the array, except for the sampers at a setback distance of 2.8 m and eleva-
tions of 1.1 m and 10.5 m. This finding was of special interest because the
sampler at 6.3 m elevation and 7.1 m setback distance was the only sampler
set up within the EPA criteria for the microscale roadway-type site. Hunt
noted that this indicates the EPA siting criteria are valid to obtain repre-
sentative samples in the vicinity of a roadway.

The setback distance from the roadway does not appear to be as critical
when comparing the means of all the 24-hour averages for the sampler placed
at 6.3 m elevation, e.qg., the range and means of lead concentrations observed
are as follows:

Setback Range Mean

Distance (m) (ug/m3) (ug/m3)
2.8 0.18-2.13 0.96
7.1 0.40-2.35 1.07
21.4 0.29-2.22 0.97

Ondov, Zuller, and Gordon (1982) report results similar to those of
Daines, Motto, and Chilko, e.g., airborne lead concentrations drop off rapidly
with distance from the highway, especially within the 45 m bordering the
downwind side of the highway. Ondov, Zuller, and Gordon found that most of
the trace elements found in motor vehicle exhaust returned nearly to the
upwind concentration before reaching a site 45 m downwind. However, lead,
bromine, and chlorine that are emitted on fine particles in the exhaust
remained above background out to 90 m from the roadway.
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Figure 9. Average 24-hour concentration of lead at various elevations
and setback distances.
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The particle sizes of aerosols containing lead are primarily small
and remain airborne. Little and Wiffen (1978) observed that not more than
10 percent of the airborne lead samples collected near highways are asso-
ciated with particles exceeding about 2 um diameter. In fact, within 1.5 m
of the roadway, Little and Wiffen found less than 10 percent of the airborne
lead is associated with particles larger than 5 um. Little and Wiffen's
studies were conducted along two busy highways in England where the mix of
automobiles and exhaust characteristics may differ slightly from those in
the United States. They calculated the emission of lead from automobiles,
measured the deposition of lead within 100 m of the highway, and concluded
that only 9 percent of the lead emitted from automobiles at cruise speed
on a level roadway is deposited within 100 m of the roadway. Their results
demonstrate that although the concentrations fall off rapidly with distance,
most of the lead emissions from automobiles remain airborne for long-range
dispersal.

Evidence that significant deposition of lead to soi) and vegetation
does occur due to fallout of lead aerosols has been investigated by Motto
et al. (1970). The lead content in soil increases with traffic volume and
decreases with distance from the roadway. Motto's observations indicate
the major effect of traffic occurs within 100 ft of the highway. Although
these observations made in northeastern New Jersey do not contradict those
of Little and Wiffen, they suggest that fallout must not be overlooked when
accounting for lead exposure due to pickup from the soil. This is especially
of concern in considering the exposure of young children.

Data collected along roadways in Texas by Bullin and Moe (1982) pro-
vide further information on the horizontal and vertical distribution of
Tead particles near roadways. Sample sites were selected so the prevailing
wind could move perpendicular to the road section being studied; actual wind
data were not provided by the author. The data reported by Bullin and Moe
show the rapid decrease of atmospheric lead concentration with distance from
the highway that was reported by Daines, Motto, and Chilko. 'In general,
Bullin and Moe's results show the following: :

. Lead concentrations decrease rapidly with distance from the
highway to approximately 45 m from the road edge.

. Lead content is primarily in the fine particles.
] Vertical profiles of lead approximately 23 m from the road edge
show a decrease in concentration with height (on fine particles)

but quite low concentrations of lead on coarse particles
throughout the vertical profile.
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Feeney et al. (1975) determined the contribution of traffic-derived
aerosols to samplers adjacent to roadbeds. The study included sampling
activity near at-grade, raised, and depressed roadbed configurations.
Feeney's data show Tead concentrations drop off rapidly with distance from
the roadbed for samplers spaced 27 m, 40 m, 100 m, and 160 m from the road-
way, at the at-grade and cut-section roadbed configurations. Near the fill
raised roadbed section, the concentrations remained remarkably constant ocut to
160 m from the road for a set of observations made in August. This is
consistent with concentrations close to the source being caused by fallout of
larger particles and concentrations further downwind being caused by vertical
d15pers1on of an elevated source. Feeney reported that dispersion calcula-
tions using an elevated source for this type of configuration showed reason-
able qualitative agreement with the observations,

Hutzicker, Friedlander, and Davidson (1975) have estimated that one-third
of the lead exhausted to the air in the Los Angeles basin is advected out of
the basin. That Tead, carried out of the basin, is the principal source of
atmospheric lead for regions immediately downwind of the basin. Dramatic
evidence of the Tong-range transport of airborne lead is shown by the analy-
sis of lead in snow from the Greenland ice pack (National Academy of Sciences
1972). Lead in the ice pack increased gradually from the beginning of the
industrial revolution until 1950 when consumption of leaded gasoline in the
United States increased by doubling from 1940 to 1950, then more than doubl-
ing again by 1968.

Various researchers (Bullin and Moe; Burton and Suggs; Daines, Motto,
and Chilko; Little and Wiffen; Ondov, Zoller, and Gordon; PEDCo Environ-
mental, Inc.) have reported that lead concentration falls off rapidly with
increasing distance from the edge of the roadway over short-term (e.g.

1 hour) periods. In general, the zone where the rapid decline occurs has
been reported at between 7 and 50 m downwind of the roadway. At distances
farther than about 50 m from the roadway, the concentration levels off and
declines at a much Jower rate. Within the 50 m nearest the roadway, the
measured concentrations can vary considerably, due in large part to the
prevailing wind direction during the sample collection period.

Samples collected over a 3-month period may include wind directions
ranging from perpendicular to parallel for a roadway where a monitor is
located. The wind may blow from the road to the sampler or from the sampler
to the road. Therefore, the reported concentration for the quarter will
reflect a variety of sampling conditions.

As the wind direction becomes more aligned with the roadway, the zone

of influence due to traffic emissions becomes smaller, but the peak concen-
trations is higher and the concentration gradient is steeper (see Figure 17
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and later sections on selection of micro and middle scale monitoring sites).
Figure 17 shows how the concentrations may be expected to vary along a
roadway when the wind direction is at 90, 45, or 10 degrees in relation to
the roadway. The peak concentration from a wind blowing at a 10-degree
angle with the road would occur about 6 m from the median, but would be more
than twice as high as the concentration from a wind blowing at a 90-degree
angle with the road. As meteorological conditions vary over a long sampling
period, the observed concentrations will reflect the average of the condi-
tions that exist during the sampling period.

The high concentrations of lead near roadways are most prominent when
the-sampling period is short and the wind speed remains constant and nearly
parallel to the roadway. However, the Tead standard is based on a 3-month
average which, due to the normal variation of meteorological conditions
during the averaging period, will reduce the influence of the maximum concen-
tration conditions. The result of using a composite of samples collected
over a long period that includes a variety of sampling conditions is to
reduce the variation of high and Tow concentrations that is seen in short-
term samples taken at the same location. Another result is that the gradient
of Tong-term concentrations with distance from a highway is much Tower than
the gradient of short-term concentrations. This is particularly evident in
the PEDCo observations (Figure 9). Therefore, the distance that measurements
are made from a nearby highway is not as critical for measurements of the
maximum quarterly mean as it is for measurements of the maximum 24-hour
concentration.

In summarizing, the following observations of airbarne lead concentra-
tions are relevant to monitor siting:

] Emissions from motor vehicles using leaded gasoline are the
primary source of airborne lead.

. Airborne lead is principally associated with fine particles.

) Highest concentrations occur close to roadways with high
traffic density; the concentration gradient falls rapidly
with distance from the roadway during short-term periods
and much less rapidly over long-term periods.

] Fine particles are carried well beyond the immediate area of
roadways. )

Studies of patterns of airborne lead concentrations show that a signifi-
cant portion of the lead from automobile exhaust is deposited near roadways,
but most is transported long distances in small particles. As a consequence,
the selection of lead monitoring sites must be influenced by proximity to
emission sources and meteorological parameters.
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SPATIAL SCALES OF REPRESENTATIVENESS

Monitoring sites required by SIPs describe a spatial scale of represen-
tativeness typically referred to as follows:

[ Microscale--ambient air volumes ranging in horizontal extent
from a few meters to as much as 100 m. The microscale encom-
passes the immediate vicinity of the monitor. In the immediate
presence of Tead sources, exposure may in reality be only
representative of the microscale. For this reason, the
microscale is the final judgmental factor in site selection
and requires a site visit to make this appraisal, because maps
rarely portray confounding influences in sufficient detail.

(] Middle scale--ambient air volumes covering areas larger than
microscale but generally no more than 0.5 km in extent. In
settled areas, this may amount to several city blocks. This
is essentially the lower Timit of resolution for most.models.

. Neighborhood scale--ambient air volumes whose horizontal
extent is generally between 0.5 and 4 km. The neighborhood
scale is aptly named. It is useful in defining extended areas
of homogeneous land use.

] Urban scale--ambient air volumes whose horizontal extent may
range between 4 and 50 km. This is frequently the most
desirable representative spatial scale, because it captures an
entire urban area. However, the diversity of sources that

prevail within such areas argue against homogeneity at this
scale.

* Regional scale--ambient air volumes whose horizontal extent
ranges from tens of kilometers to hundreds of kilometers.
Monitors that are unaffected by specific sources or by localized
groups of sources can be representative at this scale.

(] National and global scales--seek to characterize air quality
from a national perspective (thousands of kilometers) or from
a global perspective (tens of thousands of kilometers).

The concept of representative spatial scale is used to define a charac-
teristic distance over which pollutant concentrations are uniform or nearly
so. As a corollary, we can define homogeneous areas in which measurements
performed in the relatively small air volume near a sampler (nominal horizontal

extent of 1 m) can represent conditions prevailing over some much larger
drea.
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Representative spatial scales illustrated in Figure 10 have been pre-
viously identified (U.S. EPA 1977) and are compatible with spatial scales of
source areas. The scales of representativeness that will be of most concern
for lead monitoring are microscale for maximum concentrations and middle or
neighborhood scales for more general application.

To assess the scale of representativeness, the area must be analyzed

with respect to emissions, physical setting, and meteorological and climato-
logical characteristics.
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SECTION 4

SITE SELECTION METHODOLOGY

The general procedure recommended for selecting sites to monitor airborne
lead concentrations is shown in Figure 11. Variations in the details performed
within each step are recommended for different topographical situations and
different configurations of sources of emissions.

OVERVIEW OF METHODOLOGY

The siting of monitors is part of a continuing planning cycle for moni-
toring. The three basic elements of the cycle are defining the objectivés
of monitoring, reviewing monitoring data, and making judgments about the
adequacy of the air quality data. The iterative process provides flexibility
in the use of monitoring resources. The need is clearly recognized in EPA's
monitoring regulations and has resulted in the development of three types of
- monitoring activities by state and local agencies, including National Air
Monitoring Stations (NAMS), State and Local Air Monitoring Stations (SLAMS),
and Special Purpose Monitoring (SPM). The locations of NAMS and SLAMS must
be coordinated with EPA regional offices because these must be designed to
meet EPA needs in addition to state and local needs. The siting methodology
is.applicable to all three types of mon1tor1ng stations and will be useful to
industrial operating facilities as well as air pollution control agencies.

The NAMS monitoring sites for lead will include a roadside site and a
neighborhood site. The roadside site must be adjacent to and downwind of a