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Abstract: There is a discrepancy in data quality betweenhiighly detailed concentration measurements irstiieoundings of industrial
plants emitting heavy metals and the registeredsion data at these sites. When simulating theerdration fields in the direct vicinity of
the emitting plants by using the bi-gaussian mdiéieM and the reported emissions, the simulated eotmations were much lower than the
measured concentrations.

Originally, this was thought to be due to diffuseénd-fugitive emissions not reported in the officiaventories. Therefore, inverse
modeling was performed to get the emission datarand dependency of these emissions. It was eggebiat the emissions coming out of
the inverse modeling would follow a power law o&tiind speed except for very low and very high wapegeds. In the latter case, a
constant emission was expected, while in the forrase, no emissions were expected to be found. etAmwthis lower threshold did not
seem to exist in the modeled emissions. Furthexntbese emissions seemed to have their sourqeota sot used for storage of heavy
metals such as parking lots. Detailed analysithe$e results showed that another effect, knowsudding downwash, is responsible for
this behavior. Thereafter, it was shown that fiassible for a bi-gaussian model that lacks admgldownwash module, to simulate correct
concentration levels by putting in virtual sourfest behind the buildings causing the building dexash phenomenon.

By using half of the available concentration datathe inverse modeling and half for the validatibiwas shown that this technique can be
used to produce detailed and validated concentratiaps of the surroundings of the industrial skenally, it was shown that in this case
studying building downwash has an important eftectocal concentrations and that a better reprasientof building downwash is needed
in bi-gaussian models to describe the complex dsspre patterns in the wake of industrial sites.
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INTRODUCTION

There is a discrepancy in data quality betweenhighly detailed concentration measurements in timeoandings of

industrial plants emitting heavy metals and thesteged emission data at these sites. When siimgl#te concentration
fields in the direct vicinity of the emitting planby using the bi-gaussian model IFDM and the regoemissions, the
simulated concentrations were much lower than teasmred concentrations. This discrepancy was thidadie originated

from diffuse, wind-driven emissions not reportedtie official inventories. This study describes thethodology and the
results of a study which tries to determine thesgces.

MODEL

The model used in this study is IFDM. IFDM is aGaussian air pollution model, designed to simulzde-reactive
pollutant dispersion on a local scale. The didparparameters are dependent on the stability ®fatimosphere and the
wind speed following the Bultynck and Malet formidat (Bultynck and Malet, 1972). The meteorologicgiut for this
model is taken from measurements made in Antweggt{tbal) or in Mol. More information on the IFDMatel can be
found in the European Model Databak#y://air-climate.eionet.europa.eu/databases/Miae _htm).

In order to determine the unknown sources, whichewsipposed here to come from diffuse emissiores,fahowing
procedure is developed. The measurement datasglitisip in two, with half of it used for the det@nation of the sources
and half for the validation of the results. Theasi@wements contained in the former half are noyeld;pwith i the location
of the measurement amdhe time step. In order to determine the unkneaurces, it is necessary to eliminate the effect of
the known sources. Therefore, a corrected measuteseried’;; is created as follows:
M =Mi = B =i, (1)
with B the known background of the pollutant andthe modelled value of the concentration at the omessent locatior
and at time step by taking into account the known sources. Howgitevas shown that thi’;; was close tdVl;;, showing
that the known sources are less important thanrtkaown. Therefore, a list of possible sourgés compiled. This is done
as follows:
+ At places where one would expect diffuse emissi@eseral sources are placed. These sources differ for
instance in their treatment of the emission depecelen the wind speed (see below).
e Toincorporate for unexpected sources, severasgricources (for different wind dependences) taeegl on the
company terrain.
This leads to a list of possible soursgshich can contain up to 200 possible sources.

The wind dependence is treated by determining faunameters: the basic emission strength of theceguiQ;, a minimum
wind valueuy,,, @ maximum wind valug,,and a factor describing the form of the wind defgstep. The emission at a
time t for this source is then determined by tHfang equations:

e If U <Upin: Q=0

* If Unin < U < Umax: Q¢ = Qj(u'umin)p

® Ifu> Umax - Qj,t = Qj(umax'umin)p-
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For each of the possible souregzstheir effect, assuming a unit vallefor the emission, is calculated on the measurement
locationsi at every time step  We call these values;;. Then, for every measurement location and timg téich can
amount easily to values over 20.000) an equatigorisposed:

Mi=2i Qaije  (2)

This set of equations is then solved @rusing the Gram-Schmidt algorithm (Wampler, 197@)the results, all the sources
with negative values d@; are eliminated. The remaining set of equatiorthés solved again. This is reiterated until only
positive emission values remain.

The Gram-Schmidt algorithm determines not only #adue of Q;, but also the standard deviation on this valuee Th
following procedure is now reiterated:

e The set of equations for the remaining sourceslised using the Gram-Schmidt algorithm.

»  The source for which the standard deviation divide@, is the largest is eliminated.
This procedure continues until all emission streagtre at least three times their standard dewiafibe final set of sources
is composed by combining the known sources withréimeaining unknowns, assigning them a source dienidJQ,. In
general, less than 10 sources are needed to deseoiét of the variability of the measurement data.

Finally, the results calculated using these fimalrses are checked for having the same pollutisas;ocumulative frequency
distributions, ... as the measurements.

RESULTS

When applying the procedure described above onfdataree industrial sites in Belgium, the ressh®wed that the found
sources could not be due to fugitive emissions.th@rone hand, with fugitive emissions, one wowxipleet to get a threshold
valueuy,, different from 0, as for very low winds, no fugii emissions are expected. On the other handwonkl expect
the emissions to be found at locations with stosfgeeavy metals. However, here, we got emissiocated for instance at
parking spots.

Detailed analysis of the data then led to the emmh that it was not the fugitive emissions tHayed an important role, but
building downwash. The plume of the known souplashmets to the ground behind some of the buildirfgsour model, this
leads to the placement of a source just behinbufiding. This source is wind dependent with adotiresholdi,, of 0.

Using now the data that was kept out of the catmra for validation, we can show that the majoram@ement
characteristics can easily be reproduced by theemdebr instance, in Figure 1, the validation glotone pollutant (Nickel)
near a copper-lead recycling plant in the Norttgart of Belgium is shown. It is seen that the madgitures very well the
yearly mean concentration values. In Figure 2pfoe station, a time series plot is shown. In pls, it can be seen that the
model is correct not only for the yearly mean valumut also for the time dependency of the measemésn This is not only
true for the periods used in the inverse modelbing also for the periods which were deliberately ¢t for validation.
Finally, in Figure 3, the geographical distributiofithe yearly mean model values is shown. By eating these results to a
satellite image, the exposure of the populationlmassessed.
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Figure 1: The validation plot for the Nickel contmion at the village of Beerse. On the x-axig yearly mean measurements of Nickel
are shown (in ng/m3). On the Y-axis: the yearlyamenodel values of Nickel are shown (in ng/m3) efndot represents a yearly mean
value at one measurement location (4 years foat®ss, 3 year for 1 station, both determinatiod @alidation data) in the vicinity of the

company.
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Figure 2: The running mean (over one month) measemé and model values at the location BEO1, cogdtiree years. In red: the
measured concentrations. In blue: the modelledemmnations using the four remaining sources. H@rxtaxis: the time denoted in format
month/year. On the y-axis: the concentration v@ineng/m3. The period on which the sources aterdened extends from the 3af May

2006 up to the Tof October 2007. The rest of the period is used/élidation.
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Figure 3 : The final yearly mean Nickel concentmatinap for 2007 near a heavy-metal plant in ng/B#&ckground image: Google Earth.

RESULTS

In this study, it is shown that building downwaslays an important role in the measured occurrerickigh pollutant
concentrations near some heavy metals plants.hémanbre, it is shown that using virtual sources lemd to an accurate
model re-creation of the measurement data. Howereimproved building downwash algorithm for biigaian plume
models would be welcome in order to better stuégéhcases.
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