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1. Introduction

The EU Courril Directive 199930EC of 22 April 199 includes NO, and PM 4 as air poll utants and
sets limit values for the protection of human health. The limit value for NO, is 200 pg/m?® not to be
exceeded more than 18 hous in a calendar yea (that is approximately the 99.8percentile) and an
annual limit value of 40 pg/n?, both values to be adieved by the yea 2010.Thereis also a "stage I”
objective for PM 4, of the 24-hour limit value of 50 ug/m3, na to be exceaded more than 35times a
cdendar yea (approximately the 90- percentile), with an annual limit value of 40 ug/n?®, both to be
achieved by 1 January 2005. Thus, for an Environmental Impad Assessment, the concentrations of
NO, and PM 4 have to be predicted.

2. Determination of the 99.8percentile of the NO, concentrations

For conventional dispersion calculations the inpu as time series of wind, emisson, badground
concentration, NO-NO,-conversion parameters, etc. are generally not in a quality allowing the
determination of the 99.8percentile [Clai et al., 200]]. Even field measurements show being very
coincidental if they are evaluated for asingle calendar yea only. In December 1996and January 1997,
caused by extreme meteorological conditions, nearly all monitoring stations in the Southern German
states of Hessen and Bavaria showed unexpected high 99.8percentiles. See Figure 1 with the results
of the measurements in Viernheim as an example. These results can not be predicted by regular
operational dispersion modelling used for EIA studies.

But field measurements also show thereis afair correlation between the annual mean o preferably the
98- and the 99.8percentile of NO, [Lohmeyer et a., 200)] if such exceptional years as 1997 are
excluded. SeeFigure 2 for the case of the annual mean onthe basis of more than 700 me-yea-time-
series. For the 98-percentile the crrelation is even better. Therefore, to deal with the 99.8—fercentile,
it is proposed to calculate the annual mean value or the 98-percentil e in the wnventional way and then
deduct the 99.8percentil e by figures like Figure 2: In case the anual mean is calculated by dispersion
modelli ng for operational purposes, Figure 2 indicates that the probability of exceealance of a 99.8
percentile of 200ug/m3is gnall, if the annual mean is smaller than 40 pg/mg.

Figure 2 aso indicates, that the limit value in EU Diredive 199/30/EU of 40 ug/m?® for the anuel
mean of NO, is harder than the limit for the 99.8percentile & many monitoring stations show an
exceedance of 40 pg/me in the anual mean more than an exceadance of 200 pg/m?® in the 99.8
percentile. Thus for operational purposes it might be enough to show, that the anual mean is below
the limit value.
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Figure 1: Field data for several years at monitoring station in Viernheim
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Figure 2: 99.8-percentil e & function of the anual mean
3. Determination of the PM ;cEmission

In the cae of PMjo concentration, there is not a general consensus of how to predict the emisson.
Severa studies [Hueglin et a., 200; Heldstab et al., 1999; EPA AP-42, 1993, 199[7have shown that
the main fador on the emisson d PM;, particles from paved roads is the amission of the loose
material on the surface of the road by the traffic turbulent flux. Other sources of PM 1 emission come
directly from the exhaust pipe andthe decomposition o tires and brakes. There is comparatively good
information on the contribution coming out of the exhaust pipe, but the most important contribution
coming from abrasion from the road does not seem to be satisfactorily known. It seems that the most
extended model, the EPA model, is not suitable to describe the PM 1o emission from paved roads. One
of the main rgjections that can be pointed ou is the selection of parameters. In particular, the silt load
does not seam to be agood choice from the theoretical point of view (see for example, Venkatram
2000 and aso from the experimental one (the predicted and the observed emission vary alot; see, for
example, Venkatram 2000. In this report, we will try to describe which the plausible sources of PM,
are andjustify the disregarding of the silt |oad term as parameter.

3.1 Why thesilt load isnot a good parameter ?

Our first argument is that the massof the silt load depaosited ona paved road is gnall compared to the
massemitted by this road per unit time. Let us take & an example apaved street ten meters wide and
one thousand meters long. Let us suppae that a certain number of vehicles per day, some of them
trucks, use the street in severa lanes. Let us asaume there is wind blowing at a certain speed (so, re-
deposition is not allowed) and perpendicular to the road all day long and let us assume there is no
input to the road from "irregular sources’ like litter, spills, dirt carryout, etc.. The EPA formula gives
for that condition in dry days a PMoemission d abou 0.25¢g/VKT (grams per vehicle and kilometre
travelled). Several studies estimate that the contribution from the exhaust pipe, tire and lrakes is less
than 50% of the total. Where does the rest of the mass come from? Can it be delivered from the silt
load of the road? To answer this question, we have two possibilities. First, if the silt load term is
suppased to be infinite compared to the material emitted per unit time, i.e. much higher, then the
emisson might come from the hypothetical silt load reservoir, but let us make some numbers. Let us
just compare the pure mass of the silt load (PM7s) to the mass (PMyo) emitted by the road per day
without considering the diff erent particle sizes and get approximate numbers of the masssinvolved in
the process Let us assume for our example the default silt 1oad value of the US EPA for streds with
high average daily traffic, that is 0.1 g/n¥, thus the total silt load of the road is 10m x 1000m x
0.1 g/n’=1000 g. Let us suppose that the silt load shoud be aout 100 times higher than the PM 1o
emitted for our purpose of considering it infinite. How many vehicles are then needed to emit 10 g of
PM 1o in one day? An easy estimation shows only 40 vehicles. If the number is much higher, and it is
the case in the majority of roads, the first assumption is iown by that not to be reasonable. Let us
suppase then that the silt load term is finite compared to the materia emitted per unit time, meaning it



is not much higher, then it is not reasonable to assume that the anourt of material on the road is able
to deliver in the long runthe materia that is emitted into the dar unless you have apermanent source of
silt load, and the only permanent and wniversal source (permanent in the sense of "during all the time
the processis occurring”, and wniversal in the sense that "is valid for all the paved roads’) are the
atmospheric dust and the abrasion o the road due to traffic, and rot the silt load. Can it be that the
regular atmospheric deposition of dust replenishes the silt |oad of the road continuowsly, thus enabling
the silt load to provide the masses we need for emission? In Germany, a common value for the dust
depositionis about 0.1 g/(n? day), thus on the road a massof 10m x 1000m x 0.1 g/ m? =1000 g are
deposited per day. Then we see that this massflow is not big enough to replenish the silt load. So, aur
steps lead us to consider the abrasion o the road as one of the main sources of PM 3, emisson. In the
next section estimations supporting this conclusion will be made.

Our second argument suppating the ideathat the silt load is not a good parameter is the effed of
sweeping the stred. A report [Fitz, 1998] shows that the dfect of sweeping diminishes the silt oad
value but has no measurable dfect on the PMo emisson and this is a dea support of our above-
mentioned argument.

Finaly, the third argument is sSmply the following: there is a high urcertainty when using the EPA
formula with the silt load as parameter, both in the statisticd database used to develop the emission
factor and in the subsequent applicaion to rea streds. So, for al the reasons explained above, the
statement that the silt load is not agood parameter is, in our opinion, well supported.

Until now, we have said that the EPA model is not good, lut we have not offered cther possibilities. In
the following paragraphs, we will try, at least, to justify the selection of other possible parameters.

3.2 Aretherebetter parametersfor PM ;o emission?

In the last section, we pointed to the érasion o the street as one of the main sources of PMyq
emisson. Now, we will try to justify this assumption. There is presently no general consensus on the
amourt of material abraded from a road when a vehicle passes on it. Information varies from abou
10°°*m per yea for freeways [Muschak, 199 to about 10°mv10° vehicles [Sieker and Grottker, 1983].
Taking these anourts as example, and a daily traffic volume of 40000 vehicles/day for the number of
Muschak, the total volume éraded in our sample street is 0.7 m*10° VKT (Muschak) to 10 m*/10°
VKT (Sieker). Let us take a typica density of 2.5x10° g/m?. So the total mass abraded is,
approximately, M=1.5 to 25 g/VKT. This amourt is containing particles of all sizes, but we have no
information on the distribution of these sizes. Nevertheless if it is compared to the 0.1to 0.2 g/VKT
we ae looking for, the drasion seems to produce enough materia to justify the assumption that it is
the important misgng part in the production o thePM 10 emission, we aelooking for.

In Figure 3, estimations taken from the literature are shown. It can be seen that the idea is that,
roughly, all the particle income is emitted and the silt load is not a parameter needed for mass

conservation.
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Figure 3: PM ;o massflow on the high traffic loaded road under consideration and incoming mass flow, alowing
for the mnservation of massof the system. The silt | oad is not relevant for our example in sedion 3.1




3.3 Conclusion

We presently cannot offer a better model than the EPA model. But, as we pointed aut, if we want to
make things better, we should not concentrate on the silt load as an input parameter and day around
with it. For paved roads (not for unpaved roads) that can orly be asecondorder parameter. We have to
concentrate onthe abrasion processes and the parameters determining that. That might be:

a) kind d the materia (asphalt, concrete, etc) of the road surface

b) state of the road surface (smoacth or rough, good condtion or cracked..)

c) sped o thevehicles (additionally to the weight)

d) etc...
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