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PM 10 " Hot Spot" Emissions from California Roads

Summary

PM1o aerosols, meteorology, and traffic flow were measured during daylight hoursin
July 1994 at three Sites. Thefirst was at Florin Road west of Stockton Boulevard, a site with
free flowing, low speed traffic averaging 40 mph. On July 7, 1994 from 9:00 am. to 5:30 p.m.
16,677 vehicles passed the samplers. The second site was the intersection of Florin Road and
Stockton Boulevard where 39,081 vehicles, controlled by traffic lights, passed the samplers.
This site was sampled simultaneoudy with the Florin Road site. The third site was Interstate 80
west of Davis, 74,481 vehicles passed at high speed (70 mph) during air sampling. Sampling &
the Interstate 80 Ste was cumulative over asix day period to sample only during favorable wind.

We compared the PM 4  background levels to downwind concentrations and calculated
vehicle emisson rates in grams/vehicle kilometer traveled (VK T). Florin Road appeared more
polluting than 1-80 despite having only ¥ the vehicles of 1-80. Traffic on Florin Road added 7.3
ng/m? to the 68 mym3 background level (using gravimetric mass measurements) during the 8 hr
20 minutes of sampling Theintersection of Florin Road and Stockton Boulevard added about
83 my/m3 to the 68 ngm3 background. The emission rate at Florin/Stockton was 1.30 g/VKT;
at Forin Road it was gpproximately 0.034 g/VKT. We are concerned about the gravimetric
mass measurements a Forin and Stockton, though. The sum of measured e ementa
concentrations, along with the associated unmeasured eements, usudly accounts for nearly dl the
measured mass. At Florin and Stockton, however, this reconstructed mass only accounted for
40-80% of the meesured mass. Interstate 80 was less significant for PM 5, with the highway
adding only 5.2 mym3 to the 50 ng/m3 background. The resulting emission rate of 0.02 VK T
is lower than expected by predictions from models using current emission factors. At Interstate
80, the reconstructed mass accounted for nearly 100% of the measured mass.

The Interstate 80 PM results obtained here are similar to values measured across Los
Angeles areafreewaysin 1973, when corrected for the remova of lead from gasoline. The
intersection results are compared to arecent intersection study in the City of Davis, which
showed lessimpact on the surrounding area than Florin- Stockton.

A clear signature of eemental carbon, as measured by light absorption on thefilters, was
observed across Interstate 80, roughly doubling the background elementa carbon present.
There wasllittle change in dementa carbon across Florin Road, but the Florin Road and
Stockton Boulevard intersection transect displayed about four times the enhancement as
Interstate 80 on a per-vehicle bass Elementa carbon impact in the Davis study was inggnificant.
Elementa carbon is normaly dominated by diesdl exhaugt, but there is some contribution from
older cars. We dso caculated the emission rates of the elemental components of PM 1 across
Interstate 80, Florin Road, and the Florin Road Stockton Boulevard intersection. These



emission rates were generdly comparable to those measured in the Van Nuys tunnel during the
Southern Cdifornia Air Qudity Study in 1987.

Recommendations

The emisson rate caculated by applying the "diding box" mode to the measured upwind
and downwind concentrations on Interstate 80 is afactor of 3-15 lower than the rates predicted
by amodd such as PART 5 that uses the AP-42 fugitive dust emissions equations for paved
roads. Thedlt loading used in our calculationsis haf the average of U.S. cities reported in AP-
42. Although the St loading used was measured on Interstate 80 in Utah, only about 5% of high
ADT paved roads listed in AP-42 had alower gt loading. Recognizing that the emisson factor
in Table 9 does not account for the direct vehicular tailpipe, brake and tire emissons, whereas
the actua measured concentrations reflect these additional sources aswell asre-entrained dudt,
the AP-42 overestimate of re-entrained dust from the roadway is even greater.

Because measurement of St loadings on Californiafreewaysis not practica for safety
reasons, PART 5 will greetly overestimate freeway emissons if recommended values of st
loading from AP-42 are used. Therefore, the default values of St loading to be used in
Cdifornia need to be reexamined.

The increment of PM 1 ambient concentrations added by Interstate 80 is so low reletive
to the 24-hour federd or state standards that it is extremely unlikely that PM 1 "hotspots’ will be
associated with projects that improve level of service on freeways. We recommend that PM 1
modeling not be required for such projects.

The Horin-Stockton intersection was a preliminary study to test the experimental
protocol and was intended to be repeated at alater date. Based on the data obtained from that
intersection, however, it is conceivable that a PM 10 "hotspot" leading to an exceedance of the
state standard could occur. It isunlikely that an exceedance of the 24-hour federa standard
could occur during the summer months when there are diurnd shiftsin wind direction. We
recommend that the experiment be repeated at that intersection in both the summer and winter
(poor ventilation) seasons.  The experiments should include measurement of the silt loading on
the street to determine if the PARTS modd (based on AP-42) will provide reasonable re-
entrained dust estimates. Furthermore, efforts to identify the unexplained mass (the difference
between the gravimetric and the reconstructed mass) should be agod of the study. It may be
that semi-volatile and non-volatile organics are associated with the direct particulate emissions at
that location.

I ntroduction

Caltrans has been required to evauate the effect of roadway projects on loca PM 10
concentrations, especialy with regard to the potental for PM 5 "hot spots’. This has focused
attention on the lack of information on PM 10 emissons from Cdiforniaroadways. Few emisson
rate studies carried out in the past twenty years collected PM 10 data, and fewer Hill attempted
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correlation of PM 4y aerosols with traffic in real systems. Most studies were not adequate for air
quadlity planning for PM 10 in Cdifornia. Currently, information derived by the US EPA from
dudiesin the mid western United States forms the basis for air quality modeling in every date.
However, the US EPA's "AP-42" emission factors were derived in conditions very different from
thosein Cdifornia  The use of these emisson factorsin current air quaity modds may be
inadequate for predicting downwind PM 10 levels.

Previous studies

The most detailed previous study of aerosols by size and composition was sponsored by
the ARB and Cadltransin 1972-1974. Figure 1 shows profiles of fine particles across the San
Diego freeway measured during that study. Clearly, the influence of the freeway can be easily
separated from upwind sources by this sampling method. Table 1 givesthe resultsfor lead.
Many other materials were aso measured, and these were compared directly with calculated
emisson rates of al automotive expendables (fud byproducts, tire wear, roadway erosion, re-
sugpended soils...). The emissons were modded using a"'diding box™" modd, compared with
observed emissions, and the results published. Table 2 reproduces these results of the San
Diego freeway study (3).

Figurel. Pb, Br, and Fe Concentrations Across a Transect of the San Diego Freeway
in 1972(3).
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As may be seen from theresults at Ste 3, the modeled or caculated vaues and the
measured vaues correlate very well at the freeway edge. Downwind of the freeway, the
correation is not perfect between modeled and measured val ues, but remains quite close.



Table 1 indicates the va ues derived from the box mode closely match the observed
vauesfor lead, so we may assume the modd isvigble for other dementsaswell. Lead wasan
excdlent tracer element for freeway emissonsin 1972-74 since its presence was dmost entirely
due to combustion of leaded fuels. Currently, no tracer comparable to lead is available for
freeways snce most other elemental concentrations are confounded by emissons from non-
freeway sources. Verifications of the box modd, at the current time, would be difficult.
However, the comparison of modeled and actud lead emissions demonstrates the box model
may be utilized with confidence to estimate emissonsin current sudies.

In 1974, we did not have the analytical tools necessary to resolve mass and al elementa

Tablel. Trafficderived lead levels ver sus sampling site(4). Concentrationsare
for particleslessthan 5 nm effective aer odynamic diameter nor malized
to vehicle flow of 5000 vehicles/hr. Winds have mean values of about 3
m/sec. Distancein metersisfrom the freeway median (3).

Ste, date wind Po (mym3) | Po(ngmd) | Pb (ng/m3) | Pb (ng/m3)
27 meters 40 meters 100 meters 160 meters

Site 1, 6/72 pardld 49 .85 0.30

(cut section)

Site 2, 6/72 transverse | 4.5 17 0.26

(cut section)

Site 3, 8/72 transverse | 4.0 3.1 1.40 0.35

(at grade)

site 3, 6/72 transverse | 4.0 34 1.40 0.41

M odeled

Site 4, 6/72 transverse | 6.0 2.7 2.2

(fill section)

Site 4, 8/72 transverse | 3.6 2.0 4.0 35

(fill section)

dte4, average | transverse | 4.8 2.3 3.1

components from thefilters. However, we can now use a"'reconstructed mass' approach to
gpproximate the unmeasured mass values (11). This gpproximetion has been used in the nationa
IMPROVE (Interagency Monitoring of Protected Visua Environments) monitoring program,
with U.S. EPA support. However, the lack of organic measurementsin the 1974 studies
increases the uncertainty in the gpproximation. Using measurements of organics from the current
study, we have set reasonable limits on the organic vaues for the 1974 data, improving our
confidence in the reconstructed mass cal culation.



Table 2.

Particle Production Rates by Size, Source, and Major Elements(3)

Total Size Range

All Elements | Al and above | >5mDgff <5MD ¢ff
Gasoline 339 mg/mile
Pb 60 mg/mile 12 mg/mile 48 mg/mile
Br 22 mg/mile 2 mg/mile 20 mg/mile
S 15 mg/mile <1 mg/mile 15 mg/mile
Cl 10 mg/mile 2 mg/mile 8 mg/mile
Motor Qil 4.3 mg/miler
Zn 0.2 mg/mile
Exhaug Tran 10 mg/mile
Fe 10 mg/mile 8 mg/mile 2 mg/mile
Tires 110 mg/mile
Zn 1.6 mg/mile 1.2 mg/mile 04 mg/mile
Road Bed 66 mg/mile
Si 12 mg/mile 11 mg/mile 1.0 mg/mile
Ca 7 mgmile 6.2 mg/mile 0.8 mg/mile
Al 4.6 mg/mile 0.9 mg/mile 0.2 mg/mile
Fe 1.8 ma/mile 1.6 ma/mile 0.2 mo/mile

Table 3 shows the results of this gpproximation, based upon the impactor cut-points
used in the 1974 studies and interpolation of AP-42 estimates.

Table3. Measured versus modeled emission ratesfor the 1974 freeway studies

1974 measured vaues 1974 modded vaues
UCD/ARB/Cdtrans AP 42
Coarse particles, Dp > 5 microns 0.044 g/VKT 0.21 g/VKT
Reconstruced Mass
Fine particles, Dp < 5 microns 0.062 g/VKT 0.175 g/VKT
Reconstructed Mass

Similar emission factors were obtained from tests at the General Motors proving grounds
in 1978 (5), asshown in Table4. Thistest utilized abox modd similar to the one used in the
current 1994 Caltrans study to derive emissons. However, direct comparisons with other
samplers are difficult as the samplers used probably accepted particles above PM 1. Note also
that Cdifornia has sharply reduced sulfur in gasoline, so that this component is nearly absent from
aerosols generated by vehicle exhaust.



Table4. Effective generation rates per automobilefor three GM test runsand

corresponding values from the 1972 L os Angeles study

Date Qulfur Cdcium [ron
mg/km mg/km mg/km

Oct 1, 1975 9.7 7.0 3.0

Oct 2, 1975 12.0 8.0 3.7

Oct 3, 1975 8.7 6.1 2.1

Mean 10.1+17 70+£09 29+0.8

LosAngdes 0.3 45 7.1

summer 1972

(From Courtney, et d., March 1978)

The effective generation rates listed in Table 4 were derived from filter samples of
particulate matter upwind and downwind of aroad, and from wind speed and direction, mixing
height over the road (box height), and traffic counts.

Objectives

The primary objective of this study was to measure the emission factors from paved
roads at potentia "hot spots' of PM 1 emissions. In this study, PM 1o was mesasured upwind
and downwind from roads and a smple box modd was used to derive approximeate emisson
factors. This study was contracted to the Air Qudity Group at UC Davisto obtain areview of
the existing literature on PM 4  and Californiaroadways, to make a limited number of new
measurements to establish actual PM 10 vaues near various roadways, and to estimate emisson
factors. Data collected under normal traffic regimes were directly compared with the predictions
of AP-42 and modd s based upon these emission factors. This provides an indication of the
goplicahility of the AP-42 emission factorsin Cdifornia

Measurements were made during dry, hot conditions with moderate winds in July 1994.
These conditions were expected to maximize the generation of resuspended dusts from dry soils.
At the time of the study, no rainfal had occurred for over two months a any of the Sites. This
study obtained meteorological and PM 10 Meesurements, with elementa concentrations and
estimates of organics and elemental carbon. The analyses provide a preiminary database for
gpportioning PM 10 Mess associated with the roadway to the sources (re-suspended soils, soot,
tire wear) in amass-consistent manner. This study should be treated as a pilot study to
determine where additiona efforts should be focused.



M ethodology and quality assurance

Mass Balance of a Source using the " Sliding Box" M odel

Mass ba ance techniques in air pollution attribution studies are based upon an analysis of
the mass flux through a closed system that, internaly, can be considered uniform or well mixed
over some integrating period. Some good examples are the tunnd studies of Pierson, et d.
(1991) and Ingdlls, et d. (1989), and anayzed further by Pierson (1993). In the Van Nuys tunnel
during the Southern Cdifornia Air Qudity Study (SCAQS), the physicd barrier of the tunne
walls defined the box. Air flow within this volume was tested via SFg tracers, and the amount
and type of traffic in the tunnel was monitored.

The same type of test can be performed without atunnd, using a"box" defined by
meteorologica mixing dimensonsingead of physica tunne walls The advantage of this
technique isthat it can be done on any road, and in redistic conditions of road surface
unobtainable in tunndls,

The"diding box" modd was used extengvey in early studies of aerosols from Los
Angdesfreaways, as line source diffuson modesin use then were theoreticaly and
experimentally inadequate to evauate freeway sources. Fird, since the freeways were of large
latera extent, they required the application of severa line sourcesto predict concentrations at the
downwind edge. The sources themsalves were spatialy separated on the freeway, with dust
sources at each edge, diesdl sources primarily in the outer lanes, and mostly automobile trafficin
the inner lanes. Second, the loca wind velocities caused by the passage of vehicles were an
order of magnitude grester than the meteorological winds. Each vehicle left aturbulent wake that
was quickly transported into the adjacent lane, with chaotic effects that were impossible to
modd. Thus, the assumptions of the "line" source moded were violated in near-freaway
conditions. Findly, in light wind conditions, hegt input from vehicles modified the heat baance
and, hence, Pasquill stability estimates. From a modeling perspective, it was essy to add this
excess heat to avolume or "box" source, but it gave unredigtic values (i.e., infinite temperature)
when gpplied to aline source. This excess heat flow was neglected in EPA modes curent in
1974, resulting in alarge overestimate of near-freeway sulfate concentrationsin certain terrain
and wind conditions. Many models till do not properly handle this hest factor.

Since it was imperative to get correct vaues at the edge of the freeway, and since a
pardld Cdtrans study was measuring the height of the turbulence zones (top of the box), we
gpplied the "diding box" mode to arrive at freeway-edge conditions.

The conditions required for gpplication of the box modd are that winds must be
aufficiently stable thet the limits of the box and the flux of air can be measured quantitetively. This
generdly requires wel-defined air flowsin smple terrain. If the "box" isthen dlowed to dide
laterdly across the road at the speed of the wind, then one has a"diding box" model that dlows
mass balance to be calculated in much the same way asin the tunnd studies. In the 1974 studies,
the sampling systems were placed upwind and downwind of the freeways, extending severd
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hundred meters downwind, and meteorologica parameters were recorded (wind velocity,
direction, temperature, sky cover, etc.). Several thousand samples were collected in the 1973-
1974 sudiesin six different roadway configurations (Cahill and Feeney, 1973; Feeney et d,
1975). Figure 1 shows an example of the data collected during the 1974 studies. (Feeney et dl.,
1975.)

At the edge of the freeway, beyond the latera turbulence of the vehicular wakes
(estimated to be about the same dimension as the height of the turbulence or the top of the box,
hp), one can use aline source diffusion model to predict latera transport. At that point, the box
model output was used as input to standard line source diffuson modd (with particulate settling)
to estimate the concentration profile as afunction of distance downwind of the freeway (Feeney
and Cahill, 1973; Dunn, 1974; Feeney et d, 1975). It should be noted that the "diding box"
edimates worked wdll in al configurations to ddliver freaway-edge concentrations, but the
difftuson modd worked well only in ided terrain and meteorology. In complex terrain such as
cut-section or raised berm freeways, it resulted in errors of up to an order of magnitude (Feeney
eta., 1975).

Hence, the "diding box" mass balance method provided an independent verification of
the line source modds in the limit of high local turbulent source mixing, without requiring
knowledge of the atmaospheric sability. The digpersion further downwind does, however,
demand knowledge of such factors. It should be noted that the tunnel studies of Pierson, et dl.
(1991) and Ingdlls, et d. (1989), and additiona andysis by Pierson (1993) aso provided
independent estimates of gaseous emission ratesin rea roadway conditions, and showed
roadway emission rates of CO and HC far above the |aboratory-derived emission rates used in
al current modds.

Theory
The ambient concentration of pollutants downwind of the highway sourceisgiven as

where M p IS the mass of pollutants (grams) emitted and Vp, is the volume of the box (cubic
meters) into which they are emitted. Generaly, for particles, the units of Cpare expressed as
micrograms/m3 to match standard usage in the measurement of particulate matter in the ambient
atmosphere, while the units for gasses are in parts per million by volume.

The mass of pollutants emitted is given by the mass emisson rate (normaly mg/km) times
the number of vehicles timesthe digtant traveled. If we use an emisson ratein mg/km, then,

Mp = Ey*NxLp

where B, isthe emisson ratein mg/km, N is the number of vehicles (sorted by type) within the
box, and L, isthe length of the box.



The volume of the box isgiven by
Vp = hpxwpXLp

where L, is the length of the box, wy, is the width of the mixed zone, and hy, isthe height of the
mixed zone.

It isimportant to redize that the velocities associated with vehicular wakes are generaly
very high in rura freeway conditions, as the partid vacuum crested behind the vehicle resultsin
local wind speeds roughly equaling the vehicle's speed. Karman vortices have been observed in
nighttime smoke tests to extend well behind the vehicle, gradualy becoming wider and higher as
time pases. In red roadway Stuations, however, growth of the mixed zone is dmost immediately
interrupted by the next vehicle or by vehicles in adjacent lanes, thus repesting the process every
few seconds. The result is a chaotic but well-mixed volume whose dimensions are hard to
cdculate. The mixed volume depends on many parameters. These include traffic volume, mix
and velocity, locd terrain features such as bridges, retaining wals, and roadway configuration
relaive to the adjacent terrain.

Estimation of box height

In 1974, the Cdifornia Department of Trangportation commissioned a study of vehicular
wakes by AeroVironment, Inc., using smoke releases on an unused runway at night. From these
gudies, the height of the mixed layer was found to be roughly twice the mean height of the
predominant vehicle in the traffic mix. For Cdiforniafreeways, the mixed layer height averaged
about 3.5 meters. Hence, for hy we will use avaue of 3.5 meters, with an estimated lower limit
of 2.5 meters but an upper limit that might reach 4.5 meters when many trucks are present.

Thisvaue of h, assumes that there is no plume rise other than that associated with
turbulent eddies. However, in the 1974 work on the Los Angeles freaways, we observed air
flow patterns and pollutant concentrations that were consistent with a buoyant plume. Cacuaion
of the vehicular waste heat gave a temperature rise of 1.40F/minute on the Santa Monica
Freeway, for atypicd traffic volume of 250,000 vehicles/day (Feeney et d., 1973). The net
upward movement of the entire air mass must be vectoriadly added to the lateral movement of the
ar mass (the"diding" of the box) to obtain the correct volume of the box at the edge of the
roadway. In most conditions, this buoyant lift factor is quite small. Nevertheless, the use of
vertica profiles downwind of the roadway is recommended when traffic volumes are high and
lateral transport iswesk.

Estimation of box width

The width of the box is set by the width of the freeway, wf, plus alateral extenson due
to turbulent wakes. This was measured by numerous observations of near Los Angeles freeways
in the 1974 study. For this study, we chose to increase the width of the freeway by the height of
the turbulence zone, hy. Thus, the box width is



Wh = Wi + 2y
This correction is smdl for redigtic conditions, typically amounting to about 10%.

From this andysis, it can be seen that the uncertainty in the height of the box dominates
the uncertainty in the volume. In the section on vaidetion, we will compare the concentrations
calculated by the modd to the observed values near roadways. This comparison will be made
for conditions in which the emission rates are well known. We can then check our calculation of
box volume, which will in turn better define the uncertaintiesin emisson rates for which the
source terms are poorly known.

Estimation of the replacement time

The find factor that must be consdered isthe time it takes for the air to "dide’ laterdly
across the roadway, bringing the upwind air mass onto the roadway and the roadway air mass
off the roadway and over the air samplers. This requires measurement of the wind speed at
approximately the middle of the box, i.e., at height hy/2. There must be a well-defined upwind-
downwind direction, reasonably stable wind velocities, and awedll-defined vertica profile of wind
velocity. In our work, we limit sampling to periods when wind velocities fall between alower limit
of 1 m/sand an upper limit of about 5 nVs, and wind directions that vary no more than about £
20° from the mean wind direction. The replacement time of the ar massis:

tr = Wp/ Wy Sn(@w)

where \, in the mean wind speed and g, is the angle of the mean wind with the
roadway. Typicaly, replacement times are about 20 to 30 seconds for the conditions optimal for
use of the diding box mode on Cdifornia roadways.

Estimation of number of vehicles
The number of vehidesin the box can now be found from:
N = Ng (vehvhr) “ t (hr)

where Ng isthe traffic rate in vehicleshhr, and t; is the replacement time of the air in the
box.

Estimation of emission rates

After making the appropriate subgtitutions, the fina form of the emisson rate equation
from the "diding box" modd becomes.

Cp=(B/" No  tr" Ly)/(hp” wp™ Ly)
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Note that the length of the box, Ly, , cancelsout. Also, sincety = wp / vy Sn(q), the
width of the box, wy, drops from the final form of the equation. The fina form, when rearranged
to solve for the emission rate, then becomes: (Courtney et al, 1978)

E, =36  vq' hy” Cp’ sna) / Ng

where E, istheemissonratein g/VKT,
Vpisthewind velocity in mys,
hy isthe height of the box in meters,
Cp isthe pollutant concentration in ng/ms,
N isthe number of vehicleshr,
g isthe angle of the wind with the roadway, and
3.6 convertsthe unitsto g/VKT.

Validation of the" diding box" model

The emisson rate for fine lead particles was not available to us when the fied
measurements were made in 1972, but was later established by Hababi (1973) and Ter Haar et
d. (1972). Ther published rates were used for the emission estimates of the "diding box™ model
of Cahill and Feeney (1973).

The"diding box" estimates worked very well in al roadway and meteorologica
conditions, with an observed value for fine lead particles of 4.6 +/- 0.8 micrograms'm3 for
5,000 v/hr, versus model prediictions of 4.0 micrograms/ms.

Table 1 dso shows the downwind profile of particle concentrations from the line source
diffuson mode of Dunn, 1974. The agreement for the a-grade profile of Site 3 (8/72) is
excellent, 4.0 ng/m3 a the edge of the freeway, and is till in good agreement (0.41 ng/m3 vs.
measured 0.35 mym3) at 160 meters downwind. The model and observations differ by as much
asafactor of 10 at other sites and configurations. The very low mode vauesin both the cut
sections (Site 1, the Santa Monica Freeway, and Site 2, the Harbor Freeway) were later traced
to the effect of traffic hesating of the air in a confined system.

The same model was applied to highways in the Lake Tahoe basin (Cahill et d., 1978)
and in aset of well-controlled tests sponsored by the USEPA at the General Motors Proving
Grounds (Courtney et d., 1978). In the latter tests, cars were run on atest track with catalytic
converters and fud containing a known fraction of sulfur. Table 4 (from Courtney et d., 1978)
gives the results of these tests, and compares them to the Los Angeles Freeway studies (Cahill
and Feeney, 1973).

The test results for sulfur emission rates varied strongly from car to car, by dmost a
factor of 4, and as afunction of the length of time the car had been operation (Cadle et &.,1977).
This was despite the fact that al cars were new Genera Motors cars and used identica gasoline
with asulfur content close to the pre-1974 Cdiforniavaue. Nevertheless. despite some
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differences in the conditions in which the data were taken, the results were reasonably smilar.
Probably the best study used SFg as a measure of ar volume, and messured sulfate emission
rates of 23 +/- 4 mg/km per vehicle (Cadd et d 1977). The results of the "diding box" modd
gave of 30 +/- 5 mg/km (Courtney et d, 1978) , while the third ambient test, a downwind
messurement, gave 17 mg/km. ( Wilson et d, 1977). Please note, however, that sulfur in present
Cdiforniagasolineis reduced by about afactor of 10 below the 1974 values, so theseresults are
not typica of present Californiahighways. Asfar aswe are aware, Cdiforniais the only sate
with sulfur-reduced gasoline, which aso leads to other emission changes due to the longer life of
exhaugt train components than in the rest of the US.

This ability to match emission ratesin fidd conditions gives confidence for those many
parameters in which no emission factors are available. The"diding box" modd isthusasmple
and reliable method to extend "mass balance” techniques to high-speed open roadway situations.
Theoreticdly, it should also be vaid for smdler roads, especidly snce some of the spatid and
temperature effects of freeways are lessimportant in less traveled streets. The method does not
need the detailed road-surface condition information required by the EPA, such as vacuuming
dust off the roadway surface which is amost inconceivably difficult for a roadway such as 1-80.
Findly, the "diding box" mode requires less detailed meteorological information than other
modeds, dlowing use in complex situations for which diffuson modding is difficult and uncertain.
For these reasons, it was chosen as the modd for the preliminary Cal Trans testsin summer,
1974.

Sampling locations

The firgt study was conducted aong Florin Road, an arteria street in Sacramento,
several hundred meters west of the intersection of Stockton Boulevard and Florin Road.
Simultaneous sampling was conducted at the intersection of Florin Road and Stockton Boulevard
to characterize stop and go traffic.

The Horin road ste utilized four measurements, two upwind and two downwind of the
road. The upwind tower was & a car dealership south of the road and was sited four meters
from the curb. The downwind tower was at the FHorin Mall parking lot, north of the road, and
was located three meters from the curb (Figure 2). The samplers were placed at two and four
meters above the road surface on the two towers.

Sampling at the intersection of Stockton Boulevard and Florin Road involved two
measurements, one upwind and one downwind (Figure 3). The upwind Ste was in the parking
lot of atirestore on the southwest corner of the intersection. The downwind Site was on the
northeast corner of the intersection in the parking lot of afast food restaurant that had gone out
of busness. Both steswere located three meters from the curb of theright turn lanes,

The second study was conducted across Interstate 80 two miles west of Highway 113.
The sites were accessed by taking the Kidwell Road exit. Both sites were near the ends of the
roads running parald to Interstate 80 east of the Kidwell road exit. The upwind sSite was at the
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end of Sparling Lane, south of Interstate 80, while the downwind Ste was at the end of Olmo
Road (Figure 4).

Figure2. Sampling siteat Florin Road
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The upwind Site was a ten meter tower located 35 meters from the solid white line
defining the freeway's south edge. The tower, instrumented at two, four and eight meters, was
st up in an unused fied that had been disked aweek earlier to eiminate weeds.

The first downwind site, Downwind 1, was located seventeen meters north of the solid
white line defining the freeway's north edge. The Ste was asingle two meter tower placed a the
fence bounding the freeway.

The second downwind site, Downwind 2, was located thirty-five meters from the solid
white line defining the freeway's north edge. The ten meter tower, instrumented at two, four and
elght meters, was set up in afied where, two weeks earlier, adrilling team had put in atest well.
There was some fugitive dust generated north of this tower, but none between the tower and the
freaway.
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The third downwind site, Downwind 3, was located seventy meters from the solid white
line defining the freeway's north edge. The site was a Single two meter tower placed in an area
downwind of afew potentia sources of fugitive dust. We did not sample during periods when
the winds were strong enough to blow dust from the surface.

Figure3. Sampling site at the inter section of Stockton Boulevard and Florin Road
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M eteor ology

In the firgt study, wind speed and direction were measured at the downwind Ste on
Florin Road at two meters and four meters from the surface. The sampling period was from 9:40
am. t0 6:00 p.m. on July 7, 1994. This period was selected because it represented norma
business hours, and it was expected to be aperiod of fairly stable wind direction. Moreover,
twenty-four hour sampling at that Ste presented security risks with the available personnd and
resources. Unfortunately, the wind was not as stable as desired, but was adequate for arough
cdculdion of emisson factorsin this area.

During the Interstate 80 study, meteorologica data were collected at two meters, four
meters, and eight meters from the surface. The data were collected continuoudy for the first two
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days, until atransformer failure caused an equipment mafunction. No meteorologica data were
collected at the upwind site from July 16 through 18 due to the damaged equipment. Once the
equipment was repaired, data collection resumed, though the wind speed channels continued
mafunctioning for unknown reasons. Data on wind direction and speed were also measured at a

two meter height at the second downwind Site SO we were able to determine whether sampling
criteriawere being met.

Figure4. 1-80 study site
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Datafrom loca meteorological stations were obtained from the National Wegther
Service (NWS) and UC Davis, and compared to measured data for quality assurance. The
collected data closely matched the NWS and Davis data, S0 gapsin the collected data set were
filled with these data. The NWS sites utilized included a Site at the Forest Service Tree Farmin
South Davis and a downtown Sacramento site. The Davis data were collected in an

experimenta field gpproximately one mile north of Interstate 80 and one mile east of Highway
113.

15



Traffic flow data

At the Florin Road and Stockton Boulevard site, traffic data were collected each hour by
recording the number and type of vehicles passing the sampler in aten minute period. Thiswas
multiplied by s to gpproximate hourly average traffic levels.

During the Interstate 80 study on July 15 through July 21, traffic data were recorded on
videotgpe for ten minutes of every hour during sampling periods. The vehicles were counted
and average hourly traffic counts were caculated. These were compared to data collected by
Cdltrans during smilar time periods in June 1994 for quality assurance.

Data on traffic flows and meteorology are included in Appendix A.

Sample collection

We used the Nationd Park Service IMPROVE (Interagency Monitoring of Protected
Visud Environments) protocols (12) to analyze our samples for mass, optica absorption,
hydrogen, and the e ements from Nato Pb in the periodic table. Although we did not have
access to IMPROVE samplers for this study, we used IMPROVE filters and protocols
whenever possible.

PM 10 Mass

PM 10 aerosols were collected using portable filter samplers (PFS). These smplers,
designed a UC Dauvis, run a 2.7 liters per minute and are battery powered to alow their usein
remote areas or areas without readily accessible power. Samples were collected on 25 mm
Teflon filters and were processed for mass, absorption coefficient (bgpg), ad eementd
composition usng standard NPS/IMPROVE protocol 5(12).

Gravimetric andysis of samples reguires that the collected or differentia mass be
determined through two weighings. Teflon filters were assgned a unique identification, pre-
weighed, post-weighed, andyzed and archived. The two weighing operations were identica and
referred to as PRE and POST. Laboratory and field controls were utilized to determine mass
arttifact in the same manner. The measurements were made on a Cahn-28 micro-electrobaance
having aprecison of + 2ng.

Field blanks were sent out to each sampling site. Field blanks followed the complete
andlysis path of anorma sample, except no air was pulled through thefilter. Their purpose was
to quantify the effect of trangport and storage on filter mass.

Aerosol Composition

The Teflon filters were non-destructively analyzed for dl dements from sodium to
uranium by Particle Induced X-ray Emission (PIXE) and X-ray Fuorescence (XRF). Thetwo
methods are smilar, differing primarily in the range of eements that provides the best sengitivity.
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In the Air Quality Group they are used together to provide high senstivity for eementa
compogition while minimizing analysis time and expense.

The protocal for the norma UCD andysisisto use PIXE for the lighter eements (below
Fe) and for overdl normdization, and XRF for the dements Feto Pb. The samples arefirgt
andyzed by XRF (x-ray florescence) to acquire concentrations for the elements Fe to Pb. Next,
the filters are analyzed with the PIXE/PESA system for H and Nato Pb. In both XRF and
PIXE, energy is used to excite the aerosol deposit causing it to emit x-rays. The XRF system
uses molybdenum x-rays to excite the deposit while PIXE uses high energy (4.5 MéeV) protons.
The energies of the emitted x-rays are e ement specific, and the number of x-rays of a particular
energy provides ameasurement of the amount of that element in the deposit. Comparisons of
concentrations derived for dements analyzed in both sysemsis part of the quality assurance
protocol.

The PESA method was developed by the Air Quality Group in 1984 to determine the
hydrogen content of the NPS network samples. The method is smple, sensitive, and accurate
(eswell as adding dmost no additiona cost). By placing a proton detector at a 30° forward
angle, the same proton beam used for PIXE is able to measure the concentration of hydrogen
with minimum detectable limits smilar to those for PIXE, approximately 10 ng/m3. Since Teflon
filters contain very low concentrations of hydrogen, the measured vaue is due solely to the
hydrogen in the collected aerosol.  This hydrogen is correlated with organics, sulfates, and
nitrates, depending on the ambient conditions. In the western United States, the corrdations are
generdly good.

The minimum detectable limits (mdl) for the complete dementd andyss (XRF, PIXE, and
PESA) are shown in Figure 5. The vaues for Fe and above are from XRF. H isfrom PESA,
and Nathrough Mn are from PIXE. The mdl'sfor Ni to Sr are dl below 0.1 ng/m3, with As
and Seat 0.3 ng/m3,
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Figure5: Minimum Detectable Limits (ng/m3) for elemental analysis of Caltrans PM -
10 samples
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Using the dementa concentrations provided by the analysis we can recongtruct soil,
organics, smoke, eemental carbon, and marine components of the aerosol with areasonable
degree of certainty. Other components, such as debris from tire wear, brake linings, decaying
car bodies, diesdl trucks, etc., may be reconstructed if these sources provide distinctive
elements, or ratios of elements, to use astracers.

Elemental Carbon
Integrated plate method

Optical Absorption is measured using our LIPM (Laser Integrating Plate Method), system,
which takes pre- and post- sample measurements of the optica transmission of eech filter. From
our measurements of transmisson, we can determine by, the coefficient of absorption for each
sample. From the coefficient of absorption, we can estimate the amount of light absorbing, or
elementd, carbon in the sample.

To convert the coefficient of absorption (bgpg) to concentration of light-absorbing carbon,
the coefficient must be divided by the absorption efficiency of the particles. A factor of 10 m2/g
is recommended on the basis of measurements of dementa carbon particles, primarily diesd
emissons. Thus, abgps coefficient in 108 n 1 is numerically equal to an dementdl or light-
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absorhing carbon concentration in ng/m3. Comparisons between the integrating plate system
and an integrating sphere system verify that the LIPM system accurately determines the
absorption for thefilter. However, because of shielding by other particles, thisis less than the
atmospheric coefficient. An empirica equation has been derived which corrects for the shielding
effect uang the ared dengity of dl particles on thefilter. The reported bghs and the precison
include this correction factor. Collocated samplers with differing collection aress verify that the
expression is reasonable.

Aethdometer

Two aethelometers were used in the 1-80 study to measure the concentrations of black
carbon (elementa carbon from combustion processes) in the atmosphere. One sampler was
sited upwind of Interstate 80 and was collocated with the two-meter meteorological and PM 1
samplers. The other sampler was downwind of Interstate 80 at the Downwind 2 Site and was
collocated with the two-meter meteorologica and PM 10 samplers. The aethelometersdlow redl
time, high resolution messurements of soot, which are not possible with the long-term averaging
of our filter samplers.

Both aethelometers were run whenever PM 1o sampling occurred. Unfortunately, the
upwind sampler developed a mafunction that damaged al but one of the days of data. It is
possible that the eevated temperature at the site was part of the reason for the malfunction,
though unstable power may aso have played arole. On the day when both agthelometers were
functiond, the lowest thirty percent of the measurements at the downwind ste closdy
gpproximated the upwind values. The upwind background concentrations were reconstructed
from the downwind measurements using thisrdationship.  For the remaining four days of
sampling, the lowest thirty percent of the downwind values is assumed to represent the
background (upwind) levd.

Further studies of aethelometer data and its correlation with bgjhg numbers are currently
underway.

Results

[-80 west of Davis, July 14-21, 1994

The PM 10 mass and bgpg data collected on Interstate 80 are shown in Figure 6. Figure 6
suggests thereis ittle impact on PM 4 downwind of the freeway except for the 2m height on the
tower at the downwind site. Fied personnel observed dust emissions from the unpaved shoulder
of the frontage road by passing cars, so this data point may be suspect. However, the bgpg
vaues, representing demental carbon, were high at this sampler, suggesting the influence of
freeway vehicles on concentrations. Because of these conflicting results, we have caculated the
emission factors from Interstate 80 using two different methods.
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For Method 1, we noted that the bgng vaues a the near downwind site were Smilar to the
downwind Ste, suggesting that both the near downwind and the downwind ste were smilarly
affected by the freeway. At the far downwind site, 70 meters from the freeway, the measured
bahs concentrations approached the upwind vaues. Sulfur, chlorine, calcium, chromium, zinc,
and bromine also had concentration profiles resembling the bgpg profile. Based on this andlys's,
the measurements from the 2m height at the near downwind and the downwind Sites were
averaged to obtain the freeway addition to the upwind vaues.

For Method 2, we noted that the 2m downwind site may have been unduly influenced by
occasond traffic on the frontage road. The soil components at this sampler were, in fact, higher
than a the near downwind ste. We averaged the 2m and 4m upwind measurements to obtain an
average upwind concentration, then averaged the near downwind measurement (2m) and the 2m
and 4m downwind measurements to obtain an average downwind concentration.

Table 5 shows the upwind and downwind concentrations, as plotted in Figure 6, for PM 10
and bgns at Interstate 80. The estimate of mass gain due to 1-80 by either Method 1 or Method
2is5.3 ny/ms; about 10% of the ~50 ny/m3 upwind or background PM; ; mass. The bgps
gainis about 33" 10-6 nt1 by Method 1 or 31" 10-6 nt1 by Method 2, nearly double the
background bgpg messured at the upwind site.
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Figure6. Mass concentration and optical absorption for PM 10 samples collected on a
transect across I nter state 80.
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Table5. Average Mass and bgpg data from Interstate 80 study, July 1994

Average PM 10 babs

Mass (ng/m3) (106 nrly
Upwind 2m 49.7 33.9
Upwind 4m 45.6 32.7
Upwind 8m 49.6 38.8
Near downwind 50.1 67.6
Downwind 2m 59.8 66.6
Downwind 4m 49.0 57.4
Downwind 8m 47.6 535
Far downwind 477 40.8
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Florin Road and the Florin/Stockton inter section, July 1994

The site at Florin Road was chosen to represent a surface street with free-flowing traffic.
Unfortunately, the PM 10 measurements &t this Ste wereinconclusive. At the 2m height, there
was a decrease in mass from upwind to downwind; there was an increase a the 4m height. The
average of the two heights gave an increase in mass acrossthe road. At the 4m height, and by
averaging the two heights, there was a greater mass difference between upwind and downwind
samples a Florin Road than at the 1-80 Ste. Thiswas aso the case a the intersection of Horin
Road and Stockton Boulevard.

The mass measurements at Florin Road and &t the intersection are questionable. Normadly,
we can reconstruct 70-90% of the measured mass by adjusting the measured e ementd
concentrations to account for oxides and other unmeasured chemical compounds. At Interstate
80, the reconsgtructed mass, when multiplied by 1.33, represented dl of the measured mass. At
the Florin and Stockton Sites, however, this procedure accounted for only 40-80% of the
measured mass. We have reweighed the filters and reanayzed them for eementa components,
with the same results as origindlly obtained. Thisindicates there is either asystematic error in the
mass measurements, or there is an unmeasured component to the PM 1 at the Florin Road and
Stockton Boulevard sites. We will present both the gravimetric mass results and the
recongtructed mass results in our analysis.

The difference in gravimetric mass concentrations across Florin Road was gpproximatey
7.4 ngy/m3 (by averaging the 2m and 4m heights). Thisis significantly grester than that seen at |I-
80, epecidly since 1-80 had twice the traffic flow (5,000 vehicles per hour) as Florin Road
(2,700 vehicles per hour) during this 8 hr test. The reconstructed mass gave an increase of 4.3 m

gmS.

The gravimetric mass measured diagondly across the intersection of Florin Road and
Stockton Boulevard showed a mass increase of 82.7 mym3. The reconstructed mass increase
at this location was 16.5 mym3. Thisintersection was chosen, like the Florin Road site, for lack
of obstructing buildings close to the intersection as well asfor high traffic volume with
accelerations and decelerations. Approximately 39,091 vehicles passed through this intersection
in 8 hours and 20 minutes of sampling on July 7, 1994.

Optical absorption/elemental carbon

The optica absorption measured from thefiltersis shown in Table 6 for [-80 and in Table
7 for the arterial streets. Optical absorption measured from the filters shows a clear enhancement
across 1-80, with eementa carbon almost doubling across the highway (Figure 6). In addition,
the filters downwind of the freeway had ablack color, as opposed to the brown color upwind of
the freaway that is characteristic of soils and biomass burning.
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Compositional analysis

The compogtiona andysis of these samplesis shownin Table 6 for [-80 and in Table 7 for
the arterial streets. These tables also restate some of the mass datawith dightly different
averaging conditions to match the compositional data.

Table6. [1-80 study aerosol composition and comparisons

Site — PM-10components-derived species (ug/m3) PM-10ratio  |Trace eements (ng/m3) |
PM-10 mass | PM-10 mass sulfates  [Organics| Soils | Other  Soot | reconstructed Cu Zn
gravimetric | reconstructed (NH4)2S04 [gravimetric

Method 1

Upwind 497 50.8 23 109| 226 1.6 09 1.02 0.002] 0.013
Downwind 549 57.9 27 104 249 18 40 1.05 0.005 0.020]
Difference 522 7.18 0.37| -0.51] 230 0.19 31 0.03] 0.003 0.007|
Uncertainty 15 1
% difference 10% 14% 16% -5%| 10%| 12% 335% 142% 57%
Method 2
Upwind 477 50.8 23 109 226 1.6 0.9 1.07] 0.002 0.013]
Downwind 530 55.2 27 10.1| 234 17 38 1.04 0.005 0.019
Difference 530 4.48 0.39 -0.86] 0.85| 0.10 29 -0.02] 0.003 0.006
Uncertainty 15 1
% difference 11% 9% 17% -8%| 4% 6% 317% 137% 46%
IAll heights
All Upwind 483 50.9 24 10.1| 233 0.8 10 1.05 0.002 0.010]
All Downwind 50.8 51.9 26 96| 220 0.8 33 1.024 0.006 0.017|
Difference 253 0.96 0.16| -0.56| -1.29| 0.04 23 -0.03] 0.004 0.007|
Uncertainty 22 1
% difference % 2% 7% -6%| -6%) 5% 247% 193% 74%

The1-80 resultsin Table 6 show dight enhancement of PM 19 mass due to the freeway.
They dso show adoubling of optica absorption. This measurement is corrdated to eementa
carbon and is used as atracer of diesd exhaust and ail burning vehicles. From Table 6, zinc, a
tracer of tire wear, and copper aso show substantia enhancement across the freeway. The
meass contributions of both are small, and consstent with the very small mass gain across 1-80.
In summary, the impact of Interstate-80 on PM-10 was low, no more than 5% + 4% of the
existing background aerosol.

Table 7 shows the compostiona andysisfor Florin Road, and the intersection of Horin
Road and Stockton Boulevard. Again, Florin Road showed only modest influence over any
parameter, with the largest impact being soil. On the other hand, the intersection had significant
impacts for gravimetric mass, reconstructed mass, soot, organic matter, copper and zinc. These
lagt four are clearly tied to vehicular "tall pipe' emissons.

Emission Rates

Table 8 shows the emission rates for PM 1 and its elemental components. For
comparison, the rates measured at the Van Nuys Tunnd (Ingdls, et d., 1989) during the
Southern Cdifornia Air Qudity Study in 1987 and at the Tuscarora Tunnel in 1977 (Pierson and
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Brachaczek, 1983) are dso shown. The PM 1 emission rate was gpproximately 0.02 VKT
on Interstate 80, and was 0.26-1.29 g/VKT at Florin Road and Stockton Boulevard, depending
on whether the reconstructed mass or gravimetric massis used.

Table7. Sacramento arterial streets study aerosol composition and comparisons.

Site PM-10 components-derived species (ug/m3) PM-10 Ratio |Trace elements (ng/m3)
PM-10 mass | PM-10 mass sulfates  [Organics| Soils | Other| Soot | reconstruced Cu Zn
gravimetric | reconstructed | (NH4)2S04 /gravimetric

Florin Road

2m height only

Upwind 67.7] 47.3 3.6 13.4| 13.7 1.3 2.1 0.70 10.5 55.0)
Downwind 75.0 51.4 3.8 12.1] 18.0 1.4 2.2 0.69 19.6 60.8
Difference 7.3 4.1 0.1 -1.3] 43| o1 0.1 0.57 9.1 5.8
Uncertainty 4.3 2.1

% difference 11% 9% 4%| -10%| 31%| 5% 4% 86% 10%)

Florin/Stockton
2m & 4m average

Upwind 68.1] 41.9 3.2 11.7) 138 0.8 14 0.62 10.4 26.9
Downwind 150.8] 58.4) 3.6 17.0] 14.4( 09 7.4 0.39 30.8 71.8
Difference 82.7 16.5 0.4 53| 06| 01 6.0 0.20 20.5 44.9
Uncertainty 5.0 2.1

% difference 121% 39% 13% 4691 4%| 1006|4420 197% 167%

The elemental components do not compare exactly with the Van Nuys or Tuscarora
Tunnels, nor do the two tunnels compare exactly with each other. The Tuscarora Tunnd study
was conducted in 1977, and the particle size upper limit varied from 5.5 mm to ~40 nm. The
fud in use in 1977 contained much more sulfur and lead, as can be seen in the emission rates of
these dements.

The EPA-recommended method to cal culate emission rates from paved roadsisgivenin
AP-42, "Compilation of Air Pollutant Emisson Factors.” AP-42 is currently undergoing revison,
and anew emission factor equation for paved roads will be recommended. We have cal culated
PM 10 emission rates using both the old equation and the new equation. The old equation for
PM 10 from urban paved roads is:

E=228" (sL/05)0-8

where oL isthe st loading in g/m? on the road surface. The new AP-42 equation is:
E=46" (sL/2)065" (w/3)1.5

where dL isthe st loading and W is the average vehicle weight in Tons.

AP-42 recommends measuring the it loading at the Ste of interest, asthey vary by ste
and time of year. If it isnot possible to measure the st loading, AP-42 recommends estimating it
from tables of measured vaues. We examined the tables and selected arange of measured
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vaues from roadways with characteristics closdy matching Interstate 80 and the Florin/Stockton
area during summer months. For 1-80, we used silt loadings of 0.011-0.034 g/m2, as measured
on 1-80in Utah in April, 1990. Thisison the low end of the range given in AP-42 for high ADT
roads. For Florin Road and Stockton Boulevard, we used silt loadings of 0.9-3.8 g/m2. For the
new equation, we used average vehicle weight of 1.5-2.5 Tons to bracket the emission rates.

Table8. Measured Emission Ratesin mg/VKT for Interstate 80, Florin Road, and
the Florin Road/Stockton Boulevard Inter section.

[-80 [-80 Florin | Florin/ | Van Nuys | Tuscarora
Species Method 1 | Method 2 Stockton | Tunné Tunnel
Reconstructed 25 24 19 259
Mass
Gravimetric 18 18 A 1,295
Mass
Ammonium 1.3 1.2 0.62 4.7
Sulfate

Soil 8.0 1.4 19.7 6.4
Soot 10.6 10.4 0.40 66.1
H -0.05 0.04 -0.41 4.56
NA 0.33 041 0.95 1.36

MG 0.32 -0.09 -0.12 1.49 0.31 1.68

AL 0.56 -0.02 1.37 1.42 0.85 1.43

Sl 1.65 -0.13 3.03 -1.10 2.49 2.49

P 0.00 0.00 0.00 0.00 0.11 0.24

S 0.31 0.29 0.15 1.15 0.41 3.92

CL 0.14 0.13 -0.23 -0.52 0.11 0.40

K 0.14 0.00 0.21 -0.68 0.37 0.30

CA 0.79 0.56 0.32 0.82 0.99 1.99

Tl 0.05 0.00 0.23 0.23 0.14 0.23
V 0.04 0.02 -0.08 0.21

CR 0.06 0.02 0.03 0.76 0.01

MN 0.02 0.01 0.00 0.26 0.07 0.11

FE 0.51 0.36 0.00 1.74 3.39 0.93
NI 0.00 0.00 -0.01 0.00

CU 0.01 0.01 0.04 0.23 0.33 0.07

ZN 0.03 0.03 0.03 0.50 0.30 0.22
AS 0.00 0.00 0.00 0.00

PB 0.01 0.01 0.02 0.01 <3.66 12.31

Table 9 shows the cdculated emission factors using AP-42 and the estimates of st
loading and vehicle weight discussed above. For comparison, the measured emisson rates are
aso shown. At the Florin/Stockton site, the emission rates calculated by AP-42 (new equation)
agree within afactor of four with the measured gravimetric results, but are higher than the
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reconstructed mass emission rates by one to two orders of magnitude. On Interstate 80, the
AP-42 rates are dso higher, but only by approximately an order of magnitude.

Table9. Emission Rates Calculated Using AP-42 Emisson Factor Equations and
Egtimated Silt Loading

Interstate 80 (Measured 18-25 mg/VKT)
\Weight (Tons) 1.5 1.5 2.5 2.5
Silt Loading (a/m2) 0.011 0.034 0.011 0.034
Old Equation (mg/VKT) 108 265 108 265
New Eguation (mg/VKT) 55 115 119 248
Florin /Stockton (Measured 260-1300 mg/VK T)
Weight (Tons) 1.5 1.5 2.5 2.5
Silt Loading (g/m2) 0.9 3.8 0.9 3.8
Old Egquation (ma/VKT) 3649 11550 3649 11550
New Equation (ma/VKT) 968 2468 2082 5311
Discussion

M easur ed ver sus modeled values

Why do the measured emission factorsfdl so far below AP-42? We think that the
reasons lie in the way the AP-42 results were obtained and the way high speed Cdifornia
highways operate.

The AP-42 vaues were based on sample collection near midwestern US roadways
(athough many new measurements have been made in Montand). Mogt of these Stes are
subject to avariety of conditions foreign to Cdifornia, especidly the sanding and de-icing of
roadways, including the use of road sdt. The sand is ground down and often builds up at the
road edges, with periodic wetting and/or mobilization onto the road by rainfdl. The sdt attacks
car sructures, resulting in erosion of car bodies. Findly, average vehicle speeds near most Sites
were low, dlowing source materia to be retained near the paved surface.

Cdifornia freeways generdly are not sanded or sdted. With drainage provisons and
centrd crowns, water rarely runs over the road surface during the winter rains. For much of the
year, no rain fdls a dl. The high freeway speeds and presence of trucks sweep the freeways
with hurricane-velocity winds severd times eech minute. The roadway itsdf is dightly greasy to
the touch, with very low surface st loading. Thus, the only re-suspended soils can come from
the roadways margins, which are usudly paved wdl away from the traffic flow. The mgor soil
sources are located well away from the traffic lanes, dlowing them to dabilize, often with
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vegetation. Findly, the gtrict Cdifornia emisson tests and ingpections aid in reducing particles
from the vehicles themsdves. Other factors may be operating as wdl, eg. less rapid
deterioration of the exhaust system, but these results of Cdifornia tests, from 1973 through
1994, indicate that freeways are not a mgjor source of PM 10 particles.

At the Horin-Stockton area, some of the factors above do not apply. There are paved

curbs and no peripherd vegetation. Thisalows soils to be trapped near the roadway. The

traffic is generdly low speed, with a much smdler number of large trucks, thus vehicular winds

arereduced. Control of surface water isless certain, and irrigation water occasionaly becomes

involved with road-edge soils. At the intersection, stop-and-go traffic implies rapid acceleration

of cars and gection through the tailpipe of combustion materials and corrosive products from the
exhaudt train. Thus, the intersection, and to some extent the arteria streets between
intersections, are sources of primary and resuspended PM 1.

Additional data from the City of Davis studies

PM 4 transects were measured across Davis from fidds west of the city into the
downtown area as part of a study with the City of Davis and the UC Davis Atmospheric
Sciences 124 class and laboratory. The results are shown in Table 10. The results of December

23, 1993, are especidly interesting, since there was very heavy traffic near the sampling Ste at
Third and F Street (dl stop-and-go) during the entire sampling period. Traffic estimates were
roughly 18,000 vehiclesin the 24 hour period. The sampling Site was 120 feet from the Davis
intersection, downwind during the heaviest traffic periods. Other streets with dmost equd traffic

werecloseindl directions. Winds were light and a strong inverson was present esch night.

Table 10. Aerosol compostion for the City of Davis study, winter 1993

Sampling location PM10 Sulfates | Organics Soils BABS CuU ZN
mass | (NH4)2S04

Evapotranspiration site (West of 44.37 263 19.86 0.91 399 0.00 0.01
Highway 113 in agricultural area)

Mann Laboratory sign, UCD 50.80 317 1824 114 444 0.00 0.01
Central Park near market pavilion 46.16 3.26 2282 132 5.00 0.00 0.01
Police Station flag pole (3rd & F) 4521 318 22.06 135 488 0.00 0.01
Chestnut Park backstop 4528 345 2295 152 4.36 0.00 0.01

Despite dl these factors, PM 10 Was enhanced little, if at dl, at thisintersection. Thus,
the downtown Davis study shows that vehicles do not play alarge rolein PM 10 concentrations.

It must be noted that speed limitsin central Davis are 25 mph, so that re-entrainment may also be
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diminished in comparison to the Stockton-FHorin Ste, and that large trucks are not prevaent in
the area.

| mplications

The data collected in this study imply that the freeway site with smoothly-flowing traffic
does not significantly increase downwind PM 1 concentrations. Because there was little surface
materid on the freeway, little fugitive dust was generated from the Interstate 80 Site examined.
The percentage increase of tail pipe emissions was high, but the actua amount of increased
tailpipe PM 1 concentrations was low. The increased ambient concentrations observed from
the Interstate 80 study are so low relative to the 24-hour federa or state Standards that it is
extremdy unlikely that PM 1 "hotspots” will be associated with projects that improve level of
service on freeways. We expect, however, that congested freeways with stop-and-go traffic
would generate higher levels of tailpipe PM 10 emissons.

The Horin Road sSte generated more fugitive dust than the freeway, probably due to
higher levels of surface materid on the roads. It dso generated more tail pipe emissons,
especidly at the intersection. It is concelvable that a PM-10 "hotspot” leading to an exceedance
of the State standard could occur at the intersection, though it is unlikely that an exceedance of
the 24-hour federal standard would occur during the summer months when there are diurnd
shiftsin wind direction.

The FHorin-Stockton intersection was a preiminary study to test the experimenta
protocol and was intended to be repeated at alater date. We recommend that the experiment
be repeeted in both the summer and winter (poor ventilation) seasons. The experiments should
include measurement of the it loading on the Street to determine if the PARTS model (based on
AP-42) will provide reasonable re-entrained dust estimates. Furthermore, efforts to identify the
unexplained mass (the difference between the gravimetric and reconstructed mass) should be a
god of the study. It may be that semi-volatile and non-volatile organics are associated with the
direct particulate emissions at that location.
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Appendix A Dataon Traffic Flow and M eteor ology, July, 1994

Stockton Boulevard and Florin Road Traffic Flow

Average hourly traffic counts, July 7, 1994

9:00 AM| 10:00 AM| 11:00 AM! 12:00 PM| 1:00 PM| 2:00 PM| 3:00 PM| 4:00 PM| 5:00 PM
Florin Road 1890 2262 2460 2598 2394 2334 2604 3048 2814
Stockton Boulevard 1968 1920 1710 1854 1782 1884
Total traffic during sampling
Florin Road 22404
Stockton Boulevard 16677
Interstate 80 Study Traffic Flow
Average traffic during sampling periods
7/15/94)  7/16/94]  7/19/94]  7/20/94] 7/21/94
westbound 10388 7161 5378 8922 5373
eastbound 10563 7362 5082 9135 5117
Total traffic during sampling
westbound 37222
eastbound 37259
Stockton Boulevard and Florin Road Mean Wind Speed and Direction
Date 7/7/94
Sampling time 8:00 to 18:40
Mean wind speed 3.2 mph
Mean wind direction 216 degrees
Inter state 80 Mean Wind Speed and Dir ection
Date 7/15/94 7/16/94 7/19/94 7/20/94 7/21/94
Sampling time 11:03to 14:53  |10:54t012:59 |12:50t0 14:50 [12:461t0 16:05 [12:10to 14:10
Mean wind speed 4.5mph 2.6mph 4 mph 4.2 mph 5 mph
Mean wind direction (148 degrees 166 degrees 182 degrees 141 degrees 178 degrees
Mean Temperature 91 degrees 83 degrees 86 degrees 85 degrees 81 degrees
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Appendus B

Effect of Roadbed Configuration on
Traffic Derived Aerosols

P. J. Feeney, T. A. Cahill, R. G. Flocchini
R. A. Eldred, D. J. Shadoan, and T. Dunn

University of California, Davis

Aerosols present upwind and downwind of freeways in the Los An-
geles Basin were collected in five particle size ranges by Lundgren
impaclors with after fillers and analyzed for elemental content by
jon-excited x-ray emission. The contribution of freeway traffic to
total alrborne particulale load was obtained by subtracting the
local background, measured by an upwind sampler, from the
values oblained by downwind samplers on a size by size, element
by element basis. This contribulion correlated reasonably well with
estimates derived from automolive and roadbed expendable rates.
Yralfic-derived aerosols, normalized to vehicular flow, were con-
siderably fower in mass downwind of depressed roadbed configu-
rations than either at grade or raised configuralions. A line source
model, combined with literalure values for emitted lead, produced
good agreement with resulls obtained in the at grade configura-

tion,

The authors are associated with Crocker Nuclear Labora.
fory, and the Department of Physics, University of Califor.
nim, Davis, Pavis, CA 05616, This work was supported by
the Calitornin Air Resonrces Board.

The contributions of traffic to particulate matter in near
roadway locations assume considerable importance in sit-
uations involving large numbers of vehicles. In arder to ex-
amine this problem, the California Air Resources Board in-
itinted a study through the University of California, Davis,
of particulate matter in near roadway areas.! The two main
thrusts involved the correlation of particulate matter with
automotive and roadbed expendables, and the examination
of particulate dispersal patterns as a function of weather,
traffic and roadbed configurations, ~
Particulate matter was collected using up to 6 Lundgren
rolary drum impactors with after filters.” Particles were
separated into effective diameters (p = 1) of ~100 10 17y,
17105 pm, 5 to 2 pm, 2 1o 0.6 pm, and 0.6 te 0.1 ym, and
collected respectively on 4 paralfin-conted mylar strips,
and a Whatman 41 alter filter. Collection elficiency was
verified by comparisons with Hi-volume and filter sam-
pling, while particie sizing was established by uranine dye
studies, studies of baunce off verrus parallin coaling, and
seanning clectron microscope pictures of the first four
stages. Losses of particles below 17 um were establiched as

being less than 15%.

< ot et drean Fan iresomental Receseck Corqreeration. St Pl MN

Reprinted from APCA JOURNAL, Vil 25, No 11, Nowem her 1O73



Wf}

400" —
*‘————200'———*1
70! 20] ° }_‘100|__1
X X °

Impaélor sites
x June 29, 1972,
o August 14 and 15,

204+ | ks

Southbound Northbouna 1972.
Laep qees
vl e
e
:n ! .
S 1 x ¥ 137th St. .
tiy :.:
R3] e

Glasgow Pl LLa Cienega Bivd.

Figure 1. Site number 4 (SD). San Diego Freeway near
137th Street. 6/29/72 and B/14-15/72.

Samplers were placed in arrays at locations along the in-
strumented “42 mi freeway loop” in the L.os Angeles basin,
generally at sites selected by the California Division of
Highways in its ongoing study of freeways. Siles were se-
lecled to illustrate major roadbed configurations and align-
ments with prevailing summer winds. The siles, configura-
tions, and approximate wind alignments were as follows:
Site 1, Santa Monica Freeway al Ath Street, a 10 meler cut
seclion with parallel winds; Site 2, Harbor Freeway at
14G1h Street, a 10 m cut section wilh Lransverse winds; Site
3, San Diego Freeway near the Harbor Freeway intersec-
tion, an at grade (reeway with transverse winds; Site 4,
(Figure 1) San Diego Freeway at 137th Street, a 5 m fill
seclion freeway with transverse winds. Neighborhoods were
residential with largely single family residences, including
malure trees, for Sites 1, 2, and 4, while Site 3 was mostly
an open field. Samplers were located 1 m above the ground,
as far from obstructions as possible, and faced into the pre-
vailing wind. This orientation, checked every 30 min, pro-
vided quasi-isokinetic sampling at wind velocities between
1 and 2 m/sec. Samplers were located upwind of the {ree-
way and at locations downwind from close to the roadhed
{o ~160 m from the median strip. Sampling took place dur-
ing nine 24 hr days belween March and August, 1972; Site
1: 3/22 -= 3/24 and 6/27; Site 2, 6/28; Site 3, 8/16 — 8/17;
Site 4, 6/29 and 8/14 — 8/15. Weather data were obtained
from local sources, the Division of Highways on freeway
stations, and hand held velocity and direction instrumenta-
tion. Traffic Now and velocity data were supplied by the
Division of Highways, while traffic mix (and occasional
flow) counts wore made by staff personnel. Traffic Nows of
up Lo 17,000 vehicles/hr were encouniered, while daily av-
erapes of 200,000 to 250,000 vehicles were common. Truck
traffic was a small percentage at almost all times.

All samples were processed at Davis by heing separated
into 2 hr segments and analyzed for all clements heavier
than sodium by ion-excited x-ray analysis (IXA).? ® De-
tectable limits for the stages were around 10 nanograms/m’*
of air for most elements, but eadmium region elements and
rare carths were much worse, ranging in {he hundreds of
nanograms/m? of air, as were results from the filters. Due
to the choice of filter material (Whatman 41) and analyti-
cal technique (x-rays), elements lighter than potassium
were not available fram the after filters. About 6000 analy-
s were made during this program, including some x-ray
Nuorescence and ESCA measurements, the tatter dene at

1146

the Lawrence Berkeley Laboratory (T. Novakov). Accuracy
of the method was established through use of 36 gravime-
trically measured elemental standards. 1t was verified by 8
interlaboratory and intermethod comparisons, including 10
hi-vol samples taken on fiberglass at Site 3 during our sam-
pling regime and analyzed for lead by atomic absorption in
the Division of Highways' laboratories and by IXA at
Davis.! ’

The contribution of traffic to particulate matter was ob-
tained by subtracting upwind values f{rom downwind
values, element by element, size by size, during each 2 hr
period when upwind and downwind had a clear meaning, or
when calm periods enormously enhanced the traffic's dom-
inance over the relatively low background values at the
ciles near the ocean (3 and 4) (Table T).

Particulate matter seen near the roadways correlated
reasonably well with elemental conlent and use rates of ex-
pendables associated with traffic (fuel, tires, roadbed wear,
and exhaust train erosion providing most of the particulate
mass).” Some fine sulfur particulates were seen in associa-
Gion with traffic, which were tentatively identified as origi-
nating in gasoline, or, possibly motor oil combustion. The
most unambiguous traffic tracer proved to be, as expected,
lead in correlation with bromine, mostly in the <5 ym size
range. The Br/Pb ratio was 0.33 + 0.03, close to the value
for PbBrCl of 0.355.

The second part of the program, involving an investiga-
tion of dispersal patterns from highways, was accnmplish'ed
hy examining the levels of lead and bromine downwind of
highway sections. Several 2 hr periods were identified dur-
ing which the wind had a mean velocity greater than 1
m/sec and was aligned cither transverse to or parallel to the
highway alignment within £45°. Lead and bromine values
from locations up to, 160 m from the highway median were
collected, normalized to traffic flow, and separaled into two
size ranges, < 5 um or >5 um. An example of one ofl the 2 hr
plots is shown in Figure 2. Upwind values were {hen sub-
tracted, and all data collected within a given 2 day sam-
pling period that met the mefeorological conditions were
averaged together. These data are displaved in Table Il for
the size fraction below 5 pm. While error flags are not in-
cluded in the table, analyses of variability within a given
sampling period for each 2 br increment indicate a stan-
dard error of about £20% in the result.

‘Table 1. Relative clemental composition of frecway associated
particalates.

l)p < Hhum l)p > hum
(RO7R) (20%5) Weighted average
Al N.A. 029 N.AL
Si N.A. 1,82 N.A
r TNLAL < 1.006 AW
S N.A. <0016 N.A.
(@] N.AL 0.1 N
K 0.001 0019 0.00
Ca 0.03 018 (12
e 0.05 .76 o.1v
Cu 1.003 0019 Q.005
VAN 0.013 0.0R 0.024
Br 0.3 h19 030
'h 1.000 1.000 1.00

N.A. - No quantitative data availabile due 1o the choice of Tiltey sl

strate. Observed amounts of these elements were inall cases minoern.
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