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ABSTRAGT

This report presents the results of a field testing program to de-
velop emission factors for fugitive dust entrainmment from paved urban
roadse Substantial evidence has been compiled which indicates that dust
emissions from city streets are a major cause of nonattainment of national
air quality standards for total suspended particulates (TSP). Therefore,
the quantification of this source is necessary to the development of ef=-
fective attainment and maintenance strategies.

Field testing was conducted at representative sites in the Kansas
City areas At one location, controlled amounts of pulverized top soil and
gravel fines were applied to the road surface. The basic measurements cons=
sisted of isokinetic exposure and concentration profiles of airborne dust,
particle size distributions, dust deposition profiles, surface dust loading,
and traffic characteristicse In addition, conventional high-volume samplers

were used to determine attenuation of TSP concentration with distance from
the sourcee.

Emissions are found to vary directly with traffic volume and surface
loading of silt (fines)e The dust emission factor for normally loaded ur~
ban streets ranges from .l to 15 g/vehicle~km, depending on land use. Approx=-
imately 90% of the emissions (by weight) is less than 30 pm in diameter and
50% less than 5 um in diameter. ‘
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INTRODUCTION

In a number of metropolitan areas of the country failure to attain
national primary air quality standards for total suspended particulates
(TSP) has spurred a detailed reexamination of the nature of the urban TSP -
problems While TSP control strategy development has routinely included an
analysis of the contributions of conventional point and area sources super=-
imposed on a constant 'background" concentration, adequate consideration
has not been given to the contributions of local open dust sources and ad-
vection from both confined and fﬁgitive sources in adjacent regionse

Microscopic analysis of filters from urban air sampling stations where
measured TSP levels are routinely higher than expected has yielded conclu~-
sive evidence that dust emissions from paved 7treets are a major cause of
the nonattaimment of the primary standard. Although emissions from paved
streets are generated prxmarlly by vehicular traffic, appreciable emissions
are added when the wind velocity exceeds the erosion threshold value of about
13 miles/hr, iees, the observed limit of the ventilation flushlng effect o

Figure 1 presents a dlagram of particulate transfer processes occurrlng on
urban streetse

Following a review of the published results of previous investigations
on the subject, this report presents the results of a field testing program
conducted by Midwest Research Institute to develop quantitative emission
factors for dust entrainment from paved urban roads. Specific items dis-
cussed include field test sites, field measurements, calculation procedures,
test results and the relationship of resultant emission factors to traffic
volume and street surface dust loadings. Appendix A presents the results
of a separate series of field studies to determine particle size distribu-
tions of atmospheric dust generéted.by traffic on unpaved roadse




PARTICULATE ENTRAINMENT FROM |URBAN 'STREETS. .

. Background

Local S p— "Urban
Vehicles 9_"991‘9_:-!:9‘{9_'._( ~ Sources—-
""Suspended  meesre———,
Particulates" |- Convenhonal |
‘(‘h's‘“-’l()'r‘n") ' ‘& Fugitive
DEPOSITION- ENTRAINMENT e
(By Wmd & Vehicle Moi'lon)
Sandi“ng,v - “Accumulated 4Veh|CUIGT Deposnts T
Salting, Street Deposits;| “(Carryout from Unpaved
Spills ' | Areas, Tire Wear; Oil,etc.)

. PORRERVT\ S0e SURERA

Runoff. Mechanical Removcl
{Sewers) (Street Clearers)

Figure 1. Di_agféﬁ of Street Surfag:e/Atmbsphe'fid :
Exchange of Particulate Matter ‘
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BACKGROUND

In a comprehensive study of runoff from street surfaces as a source
of water pollution,&/ the major constituent of street surface contaminants
was consistently found to be mineral-like matter similar to common sand and
silte Typically, 78% of the material was located within 6 in. from the curb -
and 88% within 12 ine. from the curb. The silt content of the material (par-
ticles smaller than 75 micrometers (um) in diameter), fell in the 5 to 15%
range reported elsewhereQAQLQ for surface dust from paved streets and park=-
ing lots and from gravel roads and parking lots. However, the silt size
fraction, which is readily suspendable in the atmosphere, was found to con-
tain a substantially larger than proportional percentage of the total heavy

metals and pesticides.

Table 1 summarizes the results of field measurements of surface load-
ings at sites in 12 cities.?/ In addition to land use characteristics, dust
loadings were found to depend on:

o Time elapsed since the last cleaning by mechanical means or by
substantial rainfall (exceeding 0.5 ine. accumulation).

o Street surface characteristics: Asphalt streets had loadings that
were 80% higher than concrete-surfaced streets; and streets in
fair-to~poor condition had loadings about twice as high as streets
in good-to=excellent conditione.

« Public works practices: Average loadings were reduced by regular
street cleaning (as reflected by lower values for commercial areas),
and loadings were increased during winter in areas where sand and
salt were applied.




Table 1. GONTAMINANT LOADINGS ON STREET SURFACE /

Mean initial Loading intensity (I1b/cuib m;lgfél,
accumulation rate Numerical Weighted
Land use (1b/mile/day) Minimum ng1mum mean mean .
Residential : 373 | 1,200
Low/old/single 120 1,900 850 .
Low/old/multi ' 31 1,300 890 )
Med/new/single 180 1,200 430
Med/old/single 260 1,900 -
Med/old/multi 140 55900 1,400
Industrial 447 2,800
Light 260 12,000 2,600
Medium 280 1,300 890
Heavy 240 ° 12,000 3,500
Commercial 226 ‘ ‘ 290 ;
Central business 60 1,200 290 L
district 63 ' 640 . 290
Shopping center ‘
Overall : 348 ' 3 ‘ . 1,500 ;

a/ There are 2 curb miles per street mile. : ;




Although traffic speed and dens1ty were believed to be 1mportant factors,
effects of these parameters could not be separated. from more dominant fac-
tors such as land use. ‘

On the average, vehicular carry-out from unpaved areas (unpaved roads
= and parking lots, construction sites, demolition sites) may be the largest
source of dust on paved streetse Maximum carry-out occurs in wet weather
-when dust emissions from open sources are at a minimume. In a study conducted
in the Seattle areaézZ. a car driven at 10 miles/ hr on a wet gravel road
collected approximately 80 1b of mud on tires and underbody, and carry=out
on tires from a wet unpaved parking lot averaged about 3/&4 1b/vehic1e.

An American Public Works Association study§/ found that 10.2 1b of

dust under 1/8 ine in size comes onto each 100 ft of curbless paved road
in Chicago each day; this amount is cut by a factor of four if curbs are
added. o !

' As evidence of the importance of the carry-out process, a positive
correlation has been observed between TSP concentration and the occurrence
of precipitation several days before sampling, i.es, after sufficient time
for the carry=-out residue to dry out .=

" “Other potentially significant sources of street~dust are:

+ Water and wind erosion from adjacent exposed areas -(sparsely
vegetated land, unpaved parking lots, etcCe)e

e Motor vehicle exhaust; lubricant leaks, tire and brake wear.

e Truck spills. | : ' . ;
. Street rebair;

o Winter sanding‘and salting.
o Atmospheric dustfalle. -

o Vegetation and litter.

v,

In a recent f1e1d study of street surface contaminants in the Washington,
DeCe area,lo/ roadway deposition of traffic related materials was found to
be directly proportional to the traffic volume, at a rate of about 10-3 1b/
vehicle-miles The rate appeared to be independent of the loading already
present.

4}




However, the accumulation of materials on the roadway has been found
to level off within a period of 3 to 10 days after a rain storm or street
cleaning.ézlg/ This leveling-off occurs when traffic~related removal rates,
which increase with loading intensity, balance traffic-related deposition
ratese The equilibrium is established more rapidly with increasing traffic
speede. |

Few data on directly measured dust emissions from paved streets are
available in the literature. An isolated study of dust emissions from a
paved road in the Seattle area yielded an emission factor of 0483 1b/vehicle=-
mile at 20 mph.ggz{ The test road was noticeably dusty, and had no curbs or
street cleaning program; it was located adjacent to gravel roads and unpaved
parking lots from which dirt was trackede. Dust emissions generated by vehic-
ular traffic with average daily traffic exceeding 200 vehicles was estlmated
to equal the amount removed by sweeping every 2 weeks oL

In less populated areas of the country, particularly those areas with
a dry, windy climate, the advective portion of urban TSP originates largely
from wind erosion of land with sparse vegetation, including tilled cropland.
Whenever the wind velocity exceeds the critical wind erosion threshold and
the exposed soil is sufficiently dry, wind forces cause soil movement by
three distinct mechanisms==-surface creep, saltation (jumping), and suspension.

Although the total erosion of soil by wind has been studied in detail
and quantitatively related to soil, field, and wind properties, compara-
tively little is known about the proportion of suspended particulate gener=
ated by wind erosione. Up to now, TSP generation by wind erosion has been
estimated by assuming that a fixed percentage of the total erosion, as
quantified by the Wind Erosion Equation,ll/ is transported as suspended
particulatee. This factor has ranged from 2.3 to 10%.12,13/

An analysis of quantitative emissions of suspended dust generated by
wind erosion is presented in Appendix Be. A mathematical expression, similar
to the Wind Erosion Equation, is derived which incorporates experimental
measurements of vertical fluxes of fine particles from wind eroding fieldse.

The remainder of this report describes a program of field ﬁesting of
fugitive dust emissions from paved roadways and the derivation of emission
factors from test resultse
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FIELD TEST SITES

Three sites in the Kansas City area were selected for measurement of
fugitive emissions from paved foadways. Two of the sites téftﬁiStreet and
Fairfax Trafficway) were on four-lane arterial streets in areas where at=-
tainment of particulate standards has been a problem. The 37th Street test
roadway passes through an old residential neighborhood interspersed with
light-to~medium industrial activity. Medium industry surrounds the Fairfax
Trafficway test sites The test pavement along 37th Street test was concrete,
but Fairfax Trafficway was surfaced with asphalt; both streets were bordered
by unpaved parking areas. The Stillwell site, a local four-~lane street in
an undeveloped area of a new industrial park, was chosen for testing with
artifically loaded surface materialse. Table 2 summarizes the characteristics
of each test sites v
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FIELD MEA SUREMENTS

Field testing of dust emissions from paved roads was conducted at the
37th Street site in September and October 1975, at the Stillwell Avenue
site in October and November 1975, and at the Fairfax Trafficway site in
March 1976« To the extent possible, emission sampling was restricted to
periods with moderate crosswinds, 3 or more days after significant raine-
fall (accumulation exceeding 05 ine)s

Table 3 specifies the kinds and frequencies of field measurements
that were conducted during each run. "Composite" samples denote a set
of single samples taken from several locations in the area; "integrated"
samples are those taken at one location for the duration of the run.

Sampling FEquipment

The primary tool for quantification of emission rate was the MRI ex~
posure profiler (see Figure 2), which was developed-under EPA Contract Noe
68-02-0619.9216/ The profiler (modified for this study) consists of a por~
table tower (4 m height) with four sampling heads. Each sampling head was
operated as a directional exposure sampler (with automatic separation of
settleable dust), ie.ees, in the i'exposure mode" illustrated in Figure 2.

In addition to airborne dust passage (exposure), fugitive dust param-
eters that were measured included suspended dust concentration, particle
size distribution and deposition (dustfall). Conventional high=volume file
tration units were operated at breathing height (2 m above ground) upwind
and downwind of the test street. Deposition rates were measured with. dust-
fall buckets at ground level and elevated locations downwind of the street.

A Sierra Instruments high-volume parallel-slot cascade impactor with
a 40 cfm flow controller was used to measure particle~size distribution
at 2 m above ground along side of the exposure profilers The impactor unit
was equipped with a Sierra cyclone preseparator to remove coarse particles
which otherwise would tend to bounce off of the glass fiber impaction sub=-
strates, causing fine particle measurement biase By means of a pivotal
bearing and wind vane, the cyclone sampling intake was directed into the
wind, resulting in isokinetic sampling for a wind speed of 10 .mph.

9 b
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Figure 2. . MRI Expésure Profiler (with illustrations of sampling modes)
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Other types of parameters that were measured during each test included
prevailing meteorology and vehicular traffic. Wind speed and direction were
monitored with a recording wind instrumente. Traffic counters were used to
record traffic volume during each test at the 37th Street and Fairfax sites,
while manual counts were made during the tests at the Stillwell site.

Figures 3 through 7 show the locations of sampling instruments at the
37th Street, Stillwell, and Fairfax sites. Distances from curbings are speci=-
fiede ‘

Tests with Artificial Loading

As indicated previously, the Stillwell site was selected for testing
of emissions from an artificially loaded test stripe This necessitated
closing the street to normal traffic for a period of 3 weeks.

On October 21, 1975, a salt/sand spreader was used to spread pulver-
ized topsoil over an 85 m test strip; on October 30, 1975, limestone gravel
fines were spread on a 105 m test stripe. Four runs were conducted with each
material, the loading being reduced for each successive rune No rainfall
occurred during either series of runs. Prior to application of the gravel
fines, the road was cleaned with wet brushing equipmenta.

Trmediately before and after each run at the Stillwell site, compos=
jte samples of in-place road dust were removed from l-ft wide lateral ?
strips of road surfacee First, loose material was manually swept from the )
15-in. curbing areas and then from the rest of the strip and placed in poly-
ethylene bagse This step was followed by dry vacuuming of the stripe Samples
were returned to MRI for determination of mass and texturee.

Traffic at Stillwell was provided by test vehicles which traveled back
and forth over the test strip at a speed of 30 mphe Each of the four traffic
lanes was utilized to the same extent during a rune Vehicle spacing was main-
tained to minimize vehicle interaction effects.

Sample Handling and Analysis

At the end of each run, the collected samples of dust emissions were
carefully transferred to protective containers within the MRI instrument
van, to prevent dust losses. High-volume filters (from the MRL exposure
profiler and from standard high=volume units) and impaction substrates were *
folded and placed in individual envelopes. Dust that collected on the in=-
terior surfaces of each exposure probe was rinsed with distilled water into
separate glass jarse The contents of the deposition samplers were also =z
rinsed into glass jarse Dust was transferred from the cyclome precollector
in a similar manner. v

12
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Dust samples from the field tests were returned to MRL and analyzed
gravimetrically in the laboratorye Glass-fiber filters and impaction sub-
strates were conditioned at constant temperature and relative humidity for
for 24 hr prior to weighing (the same conditioning procedure used before
taring)e Water washes from the exposure profiler intakes, cyclone precol=-
lector and dustfall buckets were filtered, after which the tared filters
were dried, conditioned at constant humidity, and reweighed.

Samples of road dust from Stillwell were dried and screened to deter-
mine the weight fraction passing a 200-mesh screen, which corresponds to a
74-um.partic1e sizees A conventional shaker Was‘used for this purposes

w
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CALGCULATION PROCEDURES

Dust entrainment from a paved roadway may be quantified by measuring
the total passage of airborne dust (after subtraction of background) at
some distance downwind of the roadway. Total dust passage (per unit length
of roadway) is determined by integration of vertically distributed measure-
ments of exposure obtained with the MRI exposure profiler (described earlier).
Exposure is defined as the horizontal flux of airborne. dust (mass of sam=
pling intake area per time) integrated over the time of measurement.

Isokinetic Corrections

If it is necessary to sample at a nonisokinetic flow rate (for example,
to obtain sufficient sample under light wind conditions), the following mul-
tiplicative factors should be used to correct measured exposures and concen~
trations to corresponding isokinetic values:

Fine Particles Coarse Particles
(d <5 um) - (d> 50 um)
E#posuré Multiplier ' U/u 1
Céncentration Multiplier l‘ u/u
where u = sampling intake velocity at a given elevation

U = wind velocity at same elevation as u
d = aerodynamic (equivalent sphere) particle diameter

For a particle=size distribution containing a mixture of fine, intermediate,
and coarse particles, the isokinetic correction factor is an average of the
above factors, weighted by the relative proportion of coarse and fine par-
ticlese For example, if the mass of fine particles in the distribution

equals twice the mass of the coarse partlcles, the weighted isoklnetlc cor=-
rection for exposure Would be

L3

®

1/3 [2(U/u) + 1]

19




Particle Size Distribution

As stated above, a cyclone preseparator was used in conjunction with
a high-volume cascade impactor to measure airborne particle size distri-
bution. The purpose of the preseparator was to remove coarse particles
which otherwise would tend to bounce through the impactor to the back=-up
filter, thereby causing finew-particle~measurement biase.

Although the cyclone precollector was designed by the manufacturer
to have a 50% cutoff diameter of 7.6 um (particle density of 2.5 g/cms),
laboratory calibration of the cyclone, reported in May 1976, indicated the
effective cutoff diameter to be 3.5 um. Because this value overlapped the
cutoff diameter of the first impaction stage (644 pm), it was decided to
add the first stage catch to the cyclone catch, in calculating the parti-
cle size distribution. : ' '

As indicated by the simultaneous measurement of airborne particle-
size distribution, one impactor being used with a precollector and a second
without a precollector, the cyclone precollector is very effective in re-
ducing fine particle measurement biass. However, the following observations
indicate that additiomal correction for coarse particle bounce is needed:

1. There is a monotonic decrease in collected particulate weight on
each successive impaction state, followed by a several fold increase in
weight collected by the back=-up filter.

2. Because the assumed value (0.2 pm) for the effective cutoff di=-
ameter of the glass fiber back-up filter fits the progression of cutoff
diameters for the impaction stages, the weight collected on the back-up
filter should follow the particulate weight progression on the impactor
stagese

The excess particulate on the back-up filter is postulated to consist
of coarse particles that penetrated the cyclone (with small probability) .
and bounced through the impactor.

To correct the measured particle size distribution for the effects
of residual particle bounce, the following procedure was useds

le The calibrated cutoff diameter for the cyclone preseparator was
used to fix the upper end of the particle-51ze distributione.

2+ At the lower end of the particle=~size distribution, the particu=-

late weight on the back-up filter was reduced to fit the particulate weight

distribution of the impactor stages, thereby extending the monotonic de-
crease in particulate weight observed on the impactor stages)e .

20

F




‘One effect of these corrections was to reduce substantially the mass
median diameter determined for a given field test sites

F
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TEST RESULTS

37th Street Site

Table 4 gives information on the time of each run, prevailing mete-
orological conditions, and vehicular traffic for three of six runs at the
37th Street site. Wind conditions during Runs 1, 2 and 4 were not accept-
able for test purposese. Figure 8 shows the variation of traffic flow for

each run, and Table 5 gives a typical vehicle mix observed over a period
of 75 min.

Because of the combination of relatively low airborne dust concen-
trations and low wind speeds, it was necessary to obtain profiler samples
at highly over=-isokinetic sampling rates. Based on the adjusted aerodynamic
particle size distributions (solid lines) shown in Figure 9, measured ex~
posures and concentrations were corrected to corresponding isokinetic val-
ues, as described under Calculation Proceduress

Table 6 gives the results of exposure and concentration measurements
at the 37th Street site. Vertical profiles of isokinetic concentration at
3 to 5 m downwind from the edge of the roadway are shown in Figure 10. For
a sampling height of 2 m, there is good agreement between the profiler mea-
surements and standard hie-volume measurements of particulate concentratlon
obtained at approximately the same distance downwinde

Stillwell Avenue Site

Table 7 gives information on the time of each run, prevailing mete-
orological conditions, and controlled vehicular traffic at the Stillwell
sites The vehicle mix for each test is given in Table 8.

Figures 1l and 12 show the aerodynamic particle size distributions
for Stillwell. The adjusted distributions (solid lines) were used to cal-
culate isokinetic correction factorse Results of Run 7 are suspect because
of sampler overloading. ‘

23




31qe3ls A(owdalxd 03 AIqeIT = d

a1qe3s ATIBTIS =3

Tea3neN = @

a1qe3sun ATWIFIS =D

a1qeasunl = €

a1qeasun A(owRadXy =V

*pEOI 9yl WO1J IJUBISTP xeynopuedaed syl o

24

Nuﬁn“mwmma.no £371119838 TiTobseg . /T
3 mocwumﬂv 237ap fenioe jo oiey /T
*Sugpeoa oyjoudey [T

ove o-q 0 90°1 0¢ ove .8°¢ SL oLe 0e81 0o%1 sL/6/01 9
092¢2 o-4d s> 90°1 114 ove 0°t 8L 0Le 0€61 00S1 sL/ee/6 S
088°1 d G8 1€°1 oy ot 0°¢c 89 ole SHST SIT1 SL/L1/6 €
sossed .u.ﬁ#ﬁaquw (%) \maon“umu ) .||~UI.| Gamy ) [€50) sTuTy FEGEL 538G unyg
Jo *oN / 1110nbseg I2A0D  UOTIVIAAOD apynotpusdzed \mco.nuueua paads sanjexadunl Buyydums ELT 30
pnoID 2oUBIS TP o3 a13uw PUTH Jua TqUIY dansodxo JoO
33130 uoTIOAAYP uogIvang
puTH

(799135 Y3ILE) SYILIAVEVA 1S3 SHOISSIHI *y 91qel



»

7S|TE:V 37th Sfrelet

e Run 3 (9/17/75)
——==Run 5 (9/23/75)
Run & (10/9/75)

14 15 16 17 i8 19 20
HOUR OF THE DAY

13

12

1000 -

900

1
o
Q
~N

500+
400

i
o
Q
0

800

{anoy sad so)21yaA o_x,cru wajoamnba) 44wl

2004+

100

1

Traffic Flow (37th Street)

Figure 8.
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Table 5. VEHICLE MIX (37th Street)

Observation period: 1445 to 16008/ A

No. of
Vehicle type axles
Car | 2
Bus 2
Pick-up truck ' 2
Small cargo truck 2
Tractor trailers 6
Other 2

Total

Note: Run: 6

NOe Of
vehicle passes

Percentage
of total

412 70.0
21 | 3.1
123 18.2
45 - 6.7
11 1.6
3 0.4
675

Sampling Period: 1400 to 1830

Noe of Vehicle Passes:

2440 (2-axle equivalent)
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PARTICLE DIAMETER (MICRONS)

WEIGHT % GREATER THAN STATED SIZE

S0
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oEE ww o osevevn. oo tiugy,
Site: 37th Street .
| MMD* %< %< 4
50 (_y.m) 30 um 5,,Lm-*
DRUN3 5.5 87 48
ORUN5 3.3 97 64
20| : e
- 1ARUN 6 2.8 98.6 70
1 | | ISolid Line Indicates Ad|usl'ed
Particle Size Distribution
0 Dotted Line Indicates
Raw Data
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Figure 9.

Airborne Particle. Size Distributions

(37th Street)
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Tgble 8. VEHICLE MIX (Stillwell)

10
11
12
13

14

Number of véh:i.c;l,g pagses
Passenger car - - Station wagon - Van/ truck

108 54 52
65 o 35
1i2 o 38
- 145 | 0 55
75 ' 25 -0

94 ‘ 54 52
102 0 148
~ 275 . 191 134
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PARTICLE DIAMETER (MICRONS)

WEIGHT % GREATER THAN STATED Si2&
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Figure 1l.

Airborne Particle Size Distributions
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WEIGHT % GREATER THAN STATED SIZE ‘
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: Site: Stillwell Avenue
. I ~ Surface: Gravel Fines
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!
Table 9 gives the results of exposure and concentration measurements

at the Stillwell sitee. Vertical profiles of isokinetic concentration mea-
sured at 5 m downwind of the roadway are shown in Figures 13 and l4.

Downwind distributions of unit dust deposition as a function of mean
drift time are shown in Figures 15 and 16. Mean drift time equals drift
distance divided by mean wind speed; for example, a drift time of 1 sec
represents a distance of 4.5 m for a wind speed of 10 mph (4.5 m/sec)s As
indicated, the deposition intensity decays rapidly over the first few sec=
onds of drift timee. ‘

Table 10 summarizes measurements of loading intensity and silt con-
tent of pulverized topsoil and gravel fines which were artificially ap-
plied to the test stripe As expected, loadings decayed with traffic (and
wind erosion during periods between tests); surface material tended to be
depleted much more rapidly in the traveled areas than along the curbse.

Fairfax Trafficway

Table 11 gives information on the time of each rum, prevailing mete=
orological conditions, and vehicular traffic for the runs at the Falrfax
site. Figure 17 shows the variation of traffic flow for each run, and Table
12 gives a typical vehicle mix observed over a period of 10 min. ‘

Based on the adjusted aerodynamic particlé size distributions (solid
lines) shown in Figure 18, measured exposures and concentrations were cor=
rected to corresponding isokinetic values, as described under GCalculation
Proceduress

Table 13 gives the results of exposure and concentration measurements
at the Fairfax sitee There is fairly good agreement between the profiler
measurement of particulate concentration for particles less than 30 pm in
diameter, and the standard hi-vol measurement of particulate concentrationy
obtained at about the same distance downwinde The complexity of this site
is evidenced by the high background concentrations, possibly due to inter=-
ference from Sunshine (see Figure 7).

Comparative Particle Size Distributions

Table 14 compares particle-size distributions of atmospheric dust gen=
erated by vehicular traffic on paved and unpaved roadse (Testing results |
for paved roads are presented in Appendix A.) With the exceptions of Run . -
Nose 7 and 23, for which samplers were overloaded, particle-size data are
consistent from site to site. Emissions from dirt roads or paved roads with
topsoil loading exhibit the largest mass median diameter, while dust en=~ »
trainment from normal city streets consists of the smallest particlese For
emissions from unpaved roads and heavily loaded paved roads, there is a
consistent ratio (approximately 0e3) between fine particles (less than 5
pym in diameter) and particles less than 30 pm in diameter, the effective
cutoff diameter of the standard hi-vol sampler.
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Table 12, VEHICLE MIX (Fairfax Trafficway)

Observation Period: 1447 to 1457

No. of o No. of
Vehicle type . axles vehicle passes
Car ‘ 2 . 229
Pick-up‘truck , 2 ' S
Small cargo truck 2 o o 13
Tractor trailers . | 6 11
Total ‘ ' 324

Note: Run: 15
Sampling Period: 1330 to 1730 .
Nos of Vehicle Passes: 3791 (2-axle equivalent)

43

Percentage

of total

70.7
21.9
4.0

3.4




WEIGHT % GREATER THAN STATED SIZE
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Computed Emission Factors

The envirommental impact of dust emission from unpaved‘roads varies
greatly with particle size. Large particles (d > 75 pwm) drift short dis=
tances from the road during the settling process, and create mainly a
nuisance probleme On the other hand, fine particles (d < 5 wm), which
represent a potential health hazard and which effectively reduce atmo=~
spheric visibility, may remain suspended for long periods of time and be
dispersed over distances of regional scale. Thus, it is imperative that
emission factors be developed for specific particle-size rangese.

The upper particle-size limit for total suspended particulates is
about 30 um for a particle density of 2 to 245 g/cm3, This is the effec=-

tive cutoff diameter for the capture of fugitive dust by a standard high-
volume filtration sampler.é/ A

The total emission factor for fugitive dust from a test road is equal
to the vertically integrated exposure divided by the number of vehicle
passess This excludes particles which settle out between the edge of the
street and the exposure profiler. Emission factors for specified size -
ranges are calculated by multiplying the total factor by the measured
(isokinetic) fraction of particles in the particular size range of interest.
Computed émission-factors for the 37th Street, Stillwell, and Fairfax sites
are presented in Tables 15 through 17, respectivelys
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Table 15. EMISSION FACTORS (37th Street)

a/

Measured emission factor—
(1b/vehicle-mile)

(g/vehicle~-km)

a/ Isokinetic.

48

Run Total < 30 ym <5 m Total < 30 pm <5 mm
3 42 3.7 2.0 0.015 0.013 " 0.007 i
5 5.6 5.4 3.7 £ 0.020 0.019 ' 0.013 .
6 3.4 3.3 . 2.3 0.012 0.012 0.008
a/ Isokinetic.
Table 16. EMISSION FACTORS (Si;:illwell)
Measured emission faqi:torg‘-/
(kg /vehicle=-km) (1b/vehicle-mile) :
Run Iotal < 30 pm <5 pm Iotal < 30 pm <3 pm
7 9.8 5.5 1.8 34.7 19.4 6.2
8 7.5 2.7 0.90 26.7 9.6 3.2 |
9 3.4 1.0 0.31 12.2 3.7 1.1
10 1.9 0.59 0.17 6.9‘ é.l 0.62'
11 2.8 1.4 0.45 10.0 4.8 1.6
12 1.9 1.0 0.27 ‘6.8 3.7 0.95.
13 1.5 0.62 0.21 5.3 2.2 o.74i
14 0.31 0.13 0.039 1.1 0.46 0.14




Table 17. EMISSION FACTORS (Fairfax Trafficway)

Measured emission factor.é/
(g/vehicle-km) ‘ (1b/vehicle-mile)
Run Total < 30 pm < 5 pm Total < 30 pm < 5 pm
15 5.4 4.8 2.3 ©0.019 . 0.017 0.008
16 2.8 2.6 1.2 0.010 ~  0.0092 0.0042

a/ Isokinetic.
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CORRECTIONS TO EMISSION FACTORS

As indicated in Figure 19, a nearly linear relationship between the
computed total emission factor and the measured silt loading for silt load-
ings (excluding curbs) below about 20 g/m? (280 kg/km or 1,000 lb/mile)
can be assumed for the Stillwell sitee Based on this representation of the
data, the following fuhctional;relationship is proposed: ‘

e = KLs
where e = Emission- factor (kg/vehicle=km)
K = Proportionality constant (vehicle™!)
L
s

= Surface loading excluding curbs (kg/km) _
= Silt content of the surface material (fraction)

The curb area extended 15 in. from the curb toward the center of the street.

Computed total K~values for Stillwell are given in Table 18. These
values, which are based on total silt loading excluding curbs (Ls), apply
to the loading range normally observed on urban streets (Ls < 280 kg/km or
1,000 Ib/mile). Table 18 also shows the K-values as a function of particle=-
size for 37th Street and Fairfax Trafficway, based on the uniform applica-
tion of the average total K=-value for Stillwell Avenuee.

To check the consistency of the emissions data between sites, the
average total Kevalue determined for Stillwell was used to calculate the
silt loading excluding curbs for 37th Street and Fairfax, yielding the
results shown in Table 19. As indicated in Table 19, the calculated silt
loadings for 37th Street and Fairfax compare well with the silt loadings
found by Sartor and Boydﬂ/ based on the assumption that the 10% of the
total loading between curb areas has a 10% silt contents

As a further check on the validity of these factors, a comparison may
be made with the factors of 1 to 3 x 10=3 per axle estimated in a previously
cited study of contaminant loadings on paved urban streetsolos Assuming two
axles per vehicle and 10% silt in the surface material, these estimated facw=
. tors are transformed to 20 to 60 x 105 vehicle™l.
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s

Table 18, EMISSION PROPORTIONALITY FACTORS

Co K=-Factor gé:105)
Site : Total <30 pm <5 um

Stillwell Avenue . ‘ ‘
* "Pulverized topsoil 125° : “al ’ al/
Gravel fines ° 71 al al
Average 98
37th Street o o
Run 3 98 85 47
Run 5 ‘98 95 - 63
Run 6 S 98 97 69
" Average 98 96 : 60
Fairfax Trafficway o »
Run 15 198 85 - 40
Run 16 v 98 90 41
Average 98 87 , 40
Average K-Factorb/ 98 91 50

a/ Stillwell entrained dust size distributions are not representative
of paved urban roadways (see Table 14). »
b/ ‘Average of 37th Street average and Fairfax Trafficway average.
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Table 19. GOMPARISON OF CALCUIATED VERSUS
PROBABLE SURFACE LOADINGS

Silt 1oad1ng excluding curbs Skg[kmz -
Calculated Sartor ‘
Site ~ using K= 98 15_{710"5 and Bozd_!
37th Street ‘ ‘ ' residential-low/old/singlé
Run 3 4e3 1 448
Run 5 5e7 : T
Fairfax Trafficway f industrial~medium

Run 16 249 - 2.58/

a/ Table 1 gives loading intensities measured by Sartor and Boyd for
various land usese

b/ Assuming half the nommal loading following thorough street cleaning
on the day priore

1
|

54




The time-average silt loading on a paved street is a complicated func-
tion of traffic-related and other parameters as discussed earlier. Perhaps
these are best related to land use, as given in Table l. To the extent that
traffic-related deposition is the major source of surface material, emissions

become independent of traffic speed after the deposition-reentrainment equi~
librium is reached.

Therefore, in calculating‘an emission factor for dust emissions from
paved roadways, with the equation e = KLs, the following parameter values
should be used (based on the data in Table 18):

e = Calculated emission factor (kg/vehicle~km)
K = 98 x 10=2 vehicle~l for total emissions
91 x 10~5 vehicle~l for particles < 30 pm in dlameter
50 x 107 =5 yehicle~l for particles < 5 um '
L = Surface loading excluding curbs (kg/km) estimated as a functlon
of land use (Table 1)
s = Silt content of the surface material (10%)

Table 20 shows calculated emission factors as a function of land use,

based on 10% (the noncurb portion) of the surface loadings given in Table 1
and a 10% 311t content »
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APPENDIX A

PARTICLE SIZE DISTRIBUTIONS OF ATMOSPHERIG DUST FROM
' UNPAVED ROADS ' *
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A

This Appendix presents the results of a separate series of field stud-

ies to determine particle-size distributions of atmospheric dust generated;

by vehicular traffic on unpaved roads. Field tests were conducted in an

agricultural area (Southern Johnson Gounty, Kansas) characterized by rela=~

tively flat, open terrain. Testing at the gravel road site (207th Street)_
took place in September 1976, and testing at ﬁhe dirt road site
(167th Street) in October 1976. |

Figures A-1 through A-4 show the layout Qf sampling equipment used
for each run. As in ;he case of paved roads, the primary device for mea-
surement of particle-size distribution Qas a Sierra Instruments high-volumé

cascade impactor equipped with a cyclone preseparator.

Gravel Road Results

Table A-1 gives information onvthe time'of each run,‘prevailing me=

" teorological conditions and vehicular traffic for the three ruﬁs at the

207th Street site. Table A-2 gives the vehicle mix for each run. Measured

particulate concentrations are listed in Table A-3. |
Figure A-5 shows the aerodynamic particle size distributions measured

downwind of the fest gravel roade. The solid lines are the distributions

adjusted to eliminate bilas caused by residual coarse particle bounce, fol-;

lowing the procedure outlined in the body of this report.
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Table A-2. VEHICLE MIX (207th Street)

No. of vehicle passés

Run Passenger car Van/truck Total s
20 52 s 106
21 - 50 50 100 |
22 50 50 . | 100

Table A-3. SUSPENDED PARTICULATE CONCENTRATIONS AT 207th STREET

Particulate concentration (qg/m3 at-2 m above ground
' Downwind, excluding background

Cascade '
_ ~ impactor Standard
Run Background ‘ with cyclone Hi-Vol
20 1,484 3,250 | 4,958
g B
21 76 | 2,486 3,258
22 | 18 3,127 ‘ 3,790
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Figure A-5. Airborne Particle Size Distributions.
(207th Street-Gravel)




Dirt Road Results

Table A~4 gives information on the time of each run, prevailing me-
teorological conditions and vehicular traffic for the three runs at the
167th Street site. Table A-5 gives the vehicle mix for each run. Measured s

particulate concentrations are listed in Table A-6.

L2

Figure A~6 shows the aerodynamic particle size distributions measured
downwind of the test dirt road. The solid lines are the distributions ad-

justed to eliminate bias caused by residual coarse particle bounce, fol-

’

lowing the procedure outlined in the body of this report.
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Table A-5, VEHICLE MIX (167th Street)

Run Passenger car Van/Truck Total
23 50 50 100
24 25 25 | 50
25 25 25 50
Table A-6. SUSPENDED PARTICULATE CONCENTRATIONS AT 167th STREET
Particulate concentration (ng/m3) at 2 m above ground
' Downwind, excluding background'
Cascade Standard Hi-Vol
» . impactor With Without
Run Background with cyclone Cascade_impactor Cascade_impactor
23 2188/ 12,658 7,565 10,120
24 21828/ 13,062 6,784 11,058
25 191 5,383 - 6,348

a/ Average over both Runs 23 and 24.
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' - Site: 167th Street .
Surface: Dirt :
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APPENDIX B

ESTIMATION OF SUSPENDED PARTICULATE EMISSIONS
" GENERATED .BY WIND EROSION
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Recently Gilletteld/ measured vertical fluxes of sqspended dust
smaller than 20 Em in diameter génerated by wind eroding fields in West
Texas. As expected, emissions increased §harp1y with increésing fric;ion
velocity, above the tﬁreshold value of about 25 cm/sec. In addition, the
vertical flux was significantly higher for one of eight soils which had

a substantially higher content‘of silt (particles between 2 and 50 jm

in diameter). fhis finding confirmed Gilletté's previous}§ degelopedvtheory
that the generation of suspended dust by wind erosion is a function of the
silt content of the efoding soil, in addition to the total rate of wind
erosione
The Wind Erosion Equationll/ relates the total rate of wind erosionm
to the following field and climatic parameters:
';k Soil erodibility - potential annual loss rate for a wide, un-
‘ sheltered, isolated field with a bare, smooth surface.
. Ridge'roughness = a function of ridée (clod) heigh£ and spacing.
« Climate factor = contains in addition td wind“speed, Thornthwaites

Precipitation~Evaporation Indexlg/

as a measure of average soil
moisture content.
. . Vegetative cover ~ expressed as equivalent small grain stubble.

o Field length - distance along which erosion builds to its maxi=-

mum (equilibrium) value.
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Soil erodibility for various soil texture classes?/ is given in
Table B-l. Erodibility is related to the percéntage of erodible dry
aggregates (particles smaller than 0.84 mm in diameter) in the surface

soil.

Table B-l. SOIL ERODIBILITY FOR VARIOUS SOIL TEXTURAL CLASSES

Predominant soil Erodibility, I
textural class (tons/acre/year)
Sandé/ 220

Loamy sandél ‘ 134
Sandy Loam3/ 86

Clay ' 86
Silty clay ' 86

Loam 56
Sandy clay 1oam§/ 56
Sandy clay® : 56

Silt loam ‘ 47

Clay loam 47
Silty clay loam ‘ 38

silt 38

a/ Very fine, fine, or medium sand.

Figure B-1 shows a map of P~E values for the United States:él These

values were calculated from annual precipitation and temperature data,

19/

using the relationship developed by Thornthwaite.==
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The reduction in wind erosion due to vegetative covenl'-l-/ is given
in Figure B-=2e The conversion of measured residue density to equivalent

flat small-grain stubble is described elsewhere.-l-l/ Typical values of

equivalent vegetative cover for common field crops2! are given in Table | v
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Figure B-2. Mitigative Effect of Vegetative Cover

Based on the above information, the following equation is proposed
for the calculation of emissions of suspended dust (particles smaller

than 30 pm in diameter) from wind erosion:

E = 00089 —=E— £
(PE/50)

where E = Emissions of suspended dust in tons/acre/year

e = Soil erodibility in toms/acre/year

¢'=§iit content of surface soil i
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Table B-~2. VALUES OF EQUIVALENT VEGETATIVE COVER
FOR GOMMON FIELD GROPS

Crop | Y_(ib/acre)

L
Alfalfa 3,000
s Barley 1,100
Beans ‘ 250
Corn ‘ 500 :
GCotton c 250 : ?
Grain Hays 1,250 :
Oats 1,250
Peanuts 250
Potatoes 400
Rice 1,000 Q
Rye 1,250
Safflower 1,500
Sorghum -~ 900
Soybeans 250
Sugar beets 100
Vegetables 100
Wheat 1,350
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f = Fraction of time wind exceeds tzhe threshold value for
wind erosion (12 mph)
r = Mitigative fractional reduction in wind erosion due to
PE = Thornthwaite's Precipitation—Ev;aporation Index
The proportionality constant in 1‘;he above equation was derived from
the previously cited field measurements.-w-/ The soil erosion parameters
for the test field were as follows:
Silt content = 8.5%
Potential erodibility = 100 tons/acre/year
Ridge roughness = 2.5 cm
Precipitation=Evaporation Index = 40
Vegetative cover = 33 lb/acre
Field length = 1.6 km
The above value for ridge roughness is an average value for a plowed fielc;1,
and the vegetative cover is negligible. In addition, a factor of 0.85 has"
been inserted into the proportionality constant to reflect a typical fielc%il

length of 2/3 km.
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