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1 In tro duction

Towards the end of the last Century, several ecologicalaccidents occuredin
the World; amongother a chemical accident in the town of Meda, few miles
north of Milan (Italy), which heavily contaminated the town of Sevesoand
the sorroundingswith a super toxic chemical compound (thus known as the
the Sevesoaccident) and the major nuclear accident in the town of Cher-
nobyl, known to be causedby a human mistake in handling a power noclear
reactor, which contaminated a large part of all Europe with several radioac-
tive materials. An additional chemical accident occurred in Bophal (India)
but there a lethal gaswas distributed in the atmosphere,and no systematic
measurements wereperformedwhich might be usedfor a statistical analysis
of the event. The Three Miles Island (Pennsylvania, U.S.A.) nuclearaccident
releaseda negligibleamount of radioactive nuclidesand cannotbeconsidered
as a major event.

This paper is applicative in nature as it describes the fractal properties
shown by the pollutant's distribution in the atmosphereor on the soil around
the location of the unespected(and undesired)events, in an attempt to learn
asmuch aspossible,the severe lecture deliveredby Hystory. The interesting
aspect of the present analysisconsistsin the comparisonof two rare events:
the �rst involving a limited geographycal region(thusmicroclimate), the sec-
ond involving a large proportion of all the World (thus macroclimate) which
both appear to be described in the frame of a single Universal Multifractal
Model.
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After a breef account of the accidents for the bene�t of the reader we
shall addressthe major points which deserve particular attention, before
performing the statistical analysisof the data: points which are their quality
and, in many aspects, their relatively limited statistical signi�cance.

2 The Seveso acciden t

In the small town of Meda[1], about 15 km north of the City of Milan,
a small company, Icmesa,was producing farmaceutical compounds, among
others, 2,4,5-TriChloroPhenol (TCP), a non 
ammable compound usedasa
basis for the synthesis of herbicides. The company was a minor section of
Givaudan,a branch of the colossalswisscompany Ho�mann La Roche. The
fabrication of TCP is obtained by meanof an esothermicreaction at 150-160
oC. At much higher temperature a new reaction can be started producing in
large concetration 2,3,7,8-TetraChloro-Dibenzo-p-Dioxin (TCDD or simply
dioxin). The very symmetric positions of the clorine atoms in the chemical
formula shown in �g. 1, as well as the presenceof the two oxigen bindings,
are responsiblefor its extremetoxicity.

Figure 1: The structure formula of the dioxin TCDD.

On july 10th, 1976,an anomalouspressurecausedby an exotermic reac-
tion of tri-chloro-phenol,causedthe brake of a disk in the chemical reactor;
at 250 oC an unwanted production of TCDD took place that was released
in the atmospheredue to the fact that the reactor itself was not equipped
with a safety expansionchamber. The releaselasted several hours followed
by simple evaporation till the �nal cooling of the whole system.

Unusual for that period of the year,a wind wasblowing at about 5 m/sec;
thus the white toxic powder was deposited along a rather linear path in the
south-eastdirection for as long asabout 7 km (the topography of the region
is depitched in �g.s 2 and 3a).
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Figure 2: The location of Seveso: a- the Lombardy region; b- the location of
Sevesotownship.

It has beenestimated that at the instant of the accident, about 3 tons
of product were present inside the reactor. Contraddictory estimatesof the
emissionin the atmosphererangefrom 300to 3000kilos. It must be stressed
that at that time of the accident, dioxin was an almost unknown chemi-
cal compound. No human beingswas killed, many small animals died and
childrens su�ered of chloracne,a skin desease.

The contaminated area was divided into three zones[3] (called A, B and
R) depending upon the detectedcontamination, as shown in �g. 3a and the
zonesweresubjected to systematiccampaign of measurementsof the TCDD
deposition on the soil (in �g =m2). The boundariesof the zonesare, by all
means,of geo-political nature as they follow exactly the boundariesof the
di�erent townships(which are indicated by the dashedlines in �g. 3a). After
the accident the shedhosting the chemicalreactor wasdemolished(asshown
in �g. 3b).

3 The Chernob yl acciden t

In the small town of Chernobyl, north of Kiev, Ukraina (see�g. 4a), the
ex-U.S.S.R.built one of the major nuclear plants of the Country, probably
the most powerfull plant of the World.

At 1.24am of april 26th 1986[5], two explosionsoccurred,a power equiv-
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Figure 3: a- Detailed map of the contaminated region divided into zones: A, B,
R; b- destruction of the shedhosting the chemical reactor.

alent to one ton of TNT, blowing out the coreof reactor n. 4 of the nuclear
plant, togetherwith the roof of the building (contrary to the westerntechnol-
ogy, the USSRtechnology of that time did not constrain the active nuclear
reactors with appropriate super thick and heavy concrete containers). In
spite of the fact that immediate action by emergencyunits su�o cated the
�re before5.00am the sameday, the result was the emissionof several tons
of uranium-di-oxide into the atmosphere,together with a miriad of radioac-
tive nuclides, amongothers 137Cs;134 Cs;131 I ;132 I ,140Ba; 140La;132 Te;99 M o,
plus more short lived radioactive nuclidesand white hot graphite.

The radioactive release,accordingto the local autorities, was of no less
than 50 megacuriesof radionuclides plus no lessthan 50 megacuriesof ra-
dioactive chemical gases.

For sake of information in Table 1 we summarizethe most relevant ra-
diological units which are not always commonly known. In order to have
an idea of the health situation, it is worth mentioning that the dangerous
dosefor humans is 50 rem/y. In the village of Lenev, 19 km lee-wards from
Chernobyl, over 250 rem of 131I were measuredin the thyroid of childrens1,
i.e. more than 5 times the dangerousyearly dosein few days only by the
iodine nuclide.

1Iodine is strongly absorbed in the thyroid; for this reason, in case of radioactive
contamination iodine pills are taken in order to saturate the thyroid absorption capability.
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a) b)

Figure 4: a- The geographycal map around Chernobyl; b- what was left after the
accident.

The pinnacle went up to about 5 km in the atmospherefor somedays,
thus contaminating also several european Countries, from Scandinavia to
Greeceand Turkey. The immediate cost of the accident was of 31 persons
killed, 203personshospitalizedfor severeradiation dependent synthoms plus
an additional 500 personshospitalized for di�erent reasons.Finally a total
of over 115,000population was evacuated.

The topography of the region around Chernobyl is depitched in �g. 4a
and what was left after the disasteris shown in �g. 4b. It is not appropriate
here to describe the detailed reasonswhich contributed to the occuranceof
the accident[5]. The fact is that radioactive materials were spreadall over
Europe carried by the winds blowing depending upon the meteorological
evolution of thosedays.

4 A caveat: the qualit y of the data

The nature of the two episodes is drastically di�erent. In one casea well
de�ned heavy solid substancewas released;it covered an area of about 4
km x 7km; it was elevated to a relatively low altitude; it was dominated
by a microclimate. It appearsas a small scale phenomenon.In the second
case,radioactivity is not a substancebut rather a physical status of matter;
all sort of radioctive nuclides were thrown into the air which are very light
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Table 1: Reminder of the ma jor radiological units

Quantit y Unit De�nition

Becquerel(Bq) 1 Bq= 1 decay/second
( 1 Hz !)

Activit y
Curie (Ci) 1Ci = 3:71010 Bq

(1 nCi= 37 Bq)

Gray (Gy) 1 Gy= 1 joule/kg
Absorbed dose

Rad (rad) 1 rad= 100 erg/g=0.01 Gy

Sievert (Sv) 1Sv= QF Gy = 1 joule/kg
QF=qualit y factor Relative biological

E�ectiv eness
Equivalent dose

Rad. Equiv. Man (Rem) 1 rem = 0.01 Sv
Roentgen (R) 1 R = charge/mass

= 2:58x10� 4 coulomb/kg

mostly inorganic chemical elements. The toxicants coveredan areaof many
thousand squaredkm; they were shot at high altitude. The phenomenonis
to be seenon a large scale and dominated by a macroclimate. Nonetheless,
both events spreadundesiredtoxic material in the air and on the soil. Thus,
the events becomestatistical in nature and subject to all laws of atmospheric
phenomena,either large or small scale.

However, contrary to all climate studiesand e�ects, in the caseof these
two accidents, the data (amount of dioxin deposited on the soil or radioac-
tivit y concentration in air or left on the ground) are not directly acquired,
but are rather the result of sophisticatedmanipulations performedby a very
aetherogeneousensemble of di�erent peoples.

For thesereasonsa short discussionof the measuringmethods is appro-
priate.
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4.1 Seveso data

In the Sevesocase,samplesof contaminated soil were collecetd in the form
of cylindrical cores, 7 cm thick and 7 cm in diameter. The coreswerelargely
unhomogeneous:they might contain stones,grass,anything. The measuring
protocol is pictorially sketched in �g. 5a; the end of it is the gaschromatog-
ar�c search for the molecular spectral emission lines. The crucial points
are the stepssolvents-extraction-puri�c ation. The measurements were per-
formed essentially by one single laboratory in the City of Milano but the
number of extractions varied and the puri�cation methods improved with
the years from 1976to 1981. Thus for us the measuringmethod is a black
box providing numbers without a preciseaccuracy attached to them. An
additional problem was given by the several samplesclassi�ed as nv, i.e. no
valuethat, to us,soundedasbelowthe measuring threshold. To make it breef,

a) b) c)

Figure 5: a- Sketch of TCDD extraction protocol : 1- soil sample pickup; 2-
solvent's addition and samplehomogeneization;3- TCDD sampleenrichment and
product extraction; 4- chemical puri�cation and dose preparation for gaschro-
matography; b- map of measurement points around Seveso;c- Distribution of the
measurements (�g =m2) in all zonesaround Seveso.

the amount of TCDD extracted in the 1976/77campaignswasabout half the
product extracted in the 1980/81campaigns[6](a posteriori, the sensitivities
were 0:75�g =m2 in 1977and 0:25�g =m2 in 1984). Systematic investigations
wereperformed[6] to correct and renormalizethe measurements of the di�er-
ent campaignsprior to using them in the fractal analysis. However the role
of the nv measurements, which are strictly linked to the sensitivity of the
measuringblackbox is moresubtle and crucial when fractal modelsand data
are compared(seex6). The measuringcampaignswere exploited following
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regular grids according to the several zones. The map of the locations in
which measurements were taken is shown in �g. 5b.

4.2 Chernob yl data

The radioactivity measurements after the Chernobyl explosionswere done
by all sort of Institutions: Research Centers, Universities, Hospitals, Meteo
Stations, Welfare O�ces and many many other subjects. Concentration in
air wasmeasuredusing �lters of many di�erent types. You may namethou-
sandof other situations. Radioactivity levelsweremeasuredin vegetables,in
water, in air, in small deadanimals,deposited on ground etc, for several nu-
clides. Not all the collectedinformation wasusefull for comparisonto fractal
models. Also in this case,the measuringproceduremust be consideredas a
black box in the sensethat no calibrationswereknown sothat no normaliza-
tion waspossible.The measuredquantit y wasthe radioactive contamination
in Becquerel. There was an advantage though in the Chernobyl case: the
Joint Research Center of the European Community in Ispra (Varese,Italy)
took over the job of collecting the global data base.Our group then wasable
to scanthe valuesand sendback for due veri�cation all apparently anoma-
lous measurements (the most part was due to trivial misprints in the data
base). Here the data set had a major problem: the location associated to
the measurement in Bq was the name of the closestmajor Town. This, of
courseproduceda severe lossof geometricalresolution in the position of the
measuredquantit y. However thosewerethe conditions and nothing could be
doneabout them.

5 Simulation by Fractal Sum of Pulses

5.1 FSP simulation of Seveso data

The overall data distribution of the Sevesoconcentration of TCDD in �g =m2

is collectedin �g. 6a; asan example. The �rst "emergy map", shown in �g.
6b, wasa simpleisoipselevel curve in which the wild 
uctuations appearvery
clearly. Apparent are also regions(in white) where no measurements were
possible.The overall ground distribution of 137Cs all over Europe, provided
by the IAEA and the ukrainian Agencies[13], is collected in �g. 6c. It can
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a b

Figure 6: a- emergencycolor map of the TCDD distribution in 1977;b- color map
of the data on the 137Cs ground deposition (B q=m2) in Europe;

be noted that the Countries running nuclearpower programsdid provide the
least number of measurements. Clear is the di�erence in the amount of data
available in the two cases. At least in Italy, the local political authorities
were pressing,at the time of the Seveso accident, to estimate the TCDD
contamination in location were the measeurements could not be done and
at the time of the Chernobyl accident, the pressurewas strong for the same
reasons.

a b

Figure 7: a- Interpolation with Tchebitchev polynomial of the TCDD distribu-
tion in zoneA around Seveso;b- Fractal Sum of Pulsessimulation of the TCDD
dostribution in all zonesA, B, R.

In 1977fractal geometrywas just in the very early stageand, amongthe
phyiscists, not a well known technique for simulation of statistically 
uctu-
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ating events. Thus at that time[2] we interpolated the data by meansof
Tchebitchev polynomials as it was a current procedure to simulate atmo-
sphericevents. The result, obtained using 52 parameters,known in Europe
as the Sevesoghostis reproducedin �g. 7a.

We immediately realized that the intrinsic principle of interpolation im-
plied the cutting of peaks and the �lling of holes in the reproduction of
the experimental data. However, the aim of the study was to make pre-
dictions and estimatesof contamination in areasin which no measurements
were possibleneither at that time nor in the future. For this reasonwe
adressedour attention to alternative approaches, ending up to the use of
fractal geometry[8].

In the early eighties, using the Fractal Sum of Pulses(FSP) naive tech-
nique we simulated the TCDD distribution in all zonesaround Seveso. The
fractal dimensionof the distribution in �g =m2 wasdirectly measuredobtain-
ing DA = 1:69248for zone A and DA+ B + R = 1:69498for all zones(thus
for us D = 1:69 is more than enough). The FSP model assumedbubbles
for pulseshape; a probability distribution Pr (V > V� ) = 1=V to guarantee
scaling;�nally for the selectionof the pulseintensities I, a law � I = � V 1=D .
The result is shown in �g. 7b. More activit y is evident in the simulation. To

a b

Figure 8: a- Fit of the wind direction; b- comparisonbetweensimulation and data

check its validit y we comparedthe resultsof the model to the valuescollected
along the line of maximal contamination[3] obtained by �tting broad gaus-
sian distributions at di�erent valuesof the coordinates (either x or y) used
in �g. 6a (see�g. 8a). The comparisonis shown in �g 8b: black triangles
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are the simulation, gray squaresare the data (the coordinates in �g. 8b are
increasingnumbers located along the �tted line if �g. 8a in arbitrary units).

A number of comments are proper here:
a- �rst of all a renormalization of the data was done, when possible,to

merge1977data with 1980data[6];
b- closeto the factory several areaswithout measurements were present

wherecontamination was high (shadedareavisible in �g. 8b);
c- zoneB is very narrow (see�g. 6b) and possibly missedby the line of

maximal contamination;
d- we alreadymentioned in x4 that in zoneR (away from the factory) the

number of nv measurements wasvery largeand thereforeonly measurements
above the sensitivity level of the measuringmethod were quoted. Thus it is
obvious that, in the terminal region, the simulation (shadedarea in �g. 8b)
provides a lower contamination level comparedto the data. Note that the
horizontal line drawn in �g. 8b is at the level of 1�g =m2.

The simulation was then consideredvery good by the local authorities.

5.2 FSP for 137Cs air concentration in Northern Italy

A good lot of data were collectedfor the major long living nuclidesreleased
by the Chernobyl accident.

FSP simulation of the 137Cs air concentration (in Bq=m3) in Northern
Italy and its time dependencerequired a lot more data handling.

Out of 120,453measurements, 25,422wereon 131I, 4717on 132I, 22,737on
134Cs and 25,600on 137Cs. Thesenumbers unfortunately distributed during
about 15 days and distributed over several european Countries. The 137Cs
nulcide has an averagelifetime of over 20 yearsso that it can be considered
as stable for all practical porposesin the simulation.

Italy is politically organized in regions; the regions are organized in
provincesand the provincesare organizedin town, cities and villages. Only
8 provinceshave measuredthe radioactivity concentration in air for all the
4 major nuclides, i.e.: 131I, 132I, 134Cs and 137Cs. The locations wherethese
measurements weredoneare shown in �g. 9a. It was then clear that simula-
tions would be impossiblein southernItaly, due to the scanty measurements
there. It is here evident also the very poor geometricalresolution. In addi-
tion, most of the data camefrom three daily collectionsof pollutant nuclides
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a b

Figure 9: a- Italian locations where 137Cs was measured. The amount of data is
on a vertical scale;b- domains adopted for the simulation.

by meansof ordinary air �lters. In order to include also daily measure-
ments we must assumeas temporal incertainty one day. When more than
one measurement per day were present in one location, we could assignan
estimateduncertainty. The time dependenceof the radioactive phenomenon
was described[8] by an analytical shape given by the following formula:

Y(t) = K + e[� A
� t+ B ][1� e

C
t � t ] (1)

where: t stand for the time (days) past the accident (04-26-1986);� is the
decay meanlifetime of the given nuclide; A standsfor the e�ective fading of
the nuclide concentration (depending also upon the meteo condition of the
day); B is a parameter linked to the intensity of the phenomon(for di�erent
nuclides R = BCs=Bnucl ide= constant); C (> 0) is a calibration parameter
linked to the arrival time of the radioactive cloud in the given location and
�nally K is the background level at the given location. A, B, C, and K arethe
free parametersof the �ts. The valuesfor K, when possible,are compared
for consistency, to the level of natural radioactivity reported in the literature.
Someexamplesof the �tted functions are reproducedin �g. 10.

Due to the poor coverageof the territory , we neededto recover as much
aspossibleinformation alsofrom measurements on other nuclides[10] . To do
that we �tted equation (1) to all available nuclides( i.e. 103Ru, 141Ba, 140La,
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Figure 10: Fit of eq. (1) to data for 6 italian provinces.

132Te). The parameter A is assumedto be independent of the provinces;
C is connectedto the arrival time[4] of the cloud (tar r =

p
C with very

good approximation) which is nuclide independent and thereforecanbe used
whatever the analyzednuclide is in that particular location; �nally B can be
recoveredby the constant ratio mentioned above.

In this way wecouldaddpseudomeasurementsin the provincesof Bologna,
Genova, Padova, Pisa, Trieste to the available data for the provinces of
Alessandria,Milano, Pavia, Piacenza,and Vercelli, thusdoubling the amount
of information to start the FSP process.The simulation was similar to the
oneadoptedfor the Sevesocase,using the sameparameters.Here,northern
Italy wassubdivided in 10 domainson the basisof a best vicinity criterion as
shown in �g. 9b; asa starting point, the valueof the air concentration in the
10 domains is considered
at corresponding to the value derived by eq. (1)
for that location. Then the procedureis unchanged,comparedto the Seveso
case. As an example, the results are shown for simulations at 5, 8 and 11
days after the accident in �g. 11.

The simulation for the 10 provinces has been succesfullychecked com-
paring it to the data set in the di�erent locations were the measurements
were actually performed. The uncertainty was obtained by circularly ne-
glecting oneprovince at a time and repeating the simulation on the basisof
9 provincesonly. In �g. 12 the simulation is given for 15 provinces(from top
left to bottom right: Cuneo, Imperia, Belluno, Florence,Macerata, Novara,
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Figure 11: Full simulation of 137Cs air concentration in northern Italy . From top:
5, 8 and 11 days after the accident.

Savona, Venice,Leghorn, Ravenna,Turin, La Spezia, Verona,Pisa, Pesaro)
in which, excluding Pisa, no measurement were done.

It is worth to underline that the vertical scalesare not the same, the
maximal valuesranging from about 1.3 Bq (Ravennaand La Spezia),2.5-3.0
Bq ( Macerata, Novara and Verona) as well as the time evolutions of the
phenomenonthat turn out to be rather di�erent in the di�erent locations.

The simulation wascerti�ed by the J. R.C. in Ispra wherethe simulation
data weresatifcatorily comparedto a set of measurements exploited every 20
minutes and consideredadequate[9] No other simulation was able -at least
at that time, to the best of our knowledge-to give a better agreement with
the Ispra data set conserved by the Laboratory as referenceset.
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Figure 12: Result of an interpolation with LegendrePolynomial in zoneA around
Seveso.

6 Univ ersal Multifractal and 137Cs

The 137Cs cunulative soil deposition wasanalyzedin several europeanCoun-
tries[12]but the resultsare not shown in this paper. In Table 2 the data sets
collectedby the JRC-Ispra are collected. In particular it is to be noted (last
column) that the averagedistancebetweenthe locationsof the measurement
points areenormous.Thus only Countries with at least100usablemeasuren-
ments could be considered.The simulations have beendone[8] but are not
shown heredue to the limited interest in the �eld of atmosphericphysics.

The results are of interest in the �eld of sociology. It can be noted again
that Countries running intense nuclear programs did not provide a large
amount of data.

Fig. 13 shows, as examples,two PDMS distributions (seelater) for the
data from Greece(left, 1108datapoints) and Austria (right, 104data points).

Here we prefer now to concentrate on the interpretation of the meteo-
atmosphericphenomenain terms of statistical-physical parameters; i.e. in
terms of Universal Multifractals of the two cumulative soil depositions thus
comparing the results of a microclimate phenomenonto that of a macro-
climate phenomenon. Indeed, the Sevesoepisode emitted heavy molecules
and investedan areaof order few ten kilometer square,while the Chernobyl
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Figure 13: Multifractal behaviour of the measurements done in Austria and
Greece:PDMS plot according to equation (2).

episode emitted relatively light fragments and coveredalmost one�fth of the
whole planet.

For this comparisonweusedall the data provided by the Ukrainan Atomic
EnergyAuthorit y [13], collectedin 148cities within 100Km from Chernobyl.

The UniversalMultifractal algorithm is straitforward. We de�ne:
1- � as the grid resolution;
2- � � (x) as the amount of pollutant at resolution � , at the position x
on the geographicalgrid;
3- we consider� � as a random variable, so that a set of measurements is

a singlerealization of the stochastic process;
4- from multifractal �elds we use the Probability Distribution Multiple

ScalingPDMS law:
Pr (� � > � 
 ) / � � c(
 ) (2)

where: 
 is the order of singularity and c(
 ) is the codimensionfunction.

5- calculatec(
 ) using the PDMS technique (eq. 2), i.e.:

Pr (� � > � 
 ) = Pr

 
log(� � )
log(� )

> 


!

=
N � (
 )

N �
/ � � c(
 ) (3)

where N � (
 ) is the number of boxes (resolution � ), where log(� � )
log(� ) > 
 holds

and N � is the total number of boxes(resolution � );
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Table 2: 137Cs data deposited on ground in europ ean Coun tries

Country Sym. Original N. of UsableN. of min Max av. distance
measurements measurements (Bq) (Bq) (Km)

Austria A 104 97 .704 518.1 135
Belgium B 21 11 .275 3.9 -
Suisse CH 61 56 .99 .99 -

ex Czech. CS 115 105 .22 19.0 261
Germany D 301 293 .45 44.1 334
Denmark DK 30 16 .61 5.3 -

Spain E 9 8 .01 .04 -
France F 58 39 .02 35.0 -

England GB 70 46 .06 19.0 -
Greece GR 1469 1108 0.1 149.2 186

Hungary H 19 18 .58 13.0 -
Italy I 404 383 .01 490.7 333

Ireland IRL 101 98 .30 14.3 161
Norway N 450 447 .40 130.7 601
Poland PL 693 349 .79 82.9 331

Rumania R 201 200 .43 54.6 122
Sweden S 5 4 .25 .69 -
Finland SF 22 20 .07 35.7 -
ex-USSR exSU 109 109 19.0 261.0 382

Yugoslavia YU 7 6 1.00 10.1 -

6- from (2) follows:

log

 
N � (
 )

N �

!

= � c(
 )log(� ) + const: (4)

7- we perform linear �ts for di�erent valuesof 
 and � .
With theseassumptionsand de�nitions the UniversalMultifractal law is

written as:

c(
 ) = C1

� 

� 0C1

+
1
�

� � 0

(5)

with: 0 < � < 2 and 1
� + 1

� 0 = 1; C1 codimension of the mean �eld; �
increasingdegreeof multifractalit y.
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8- C1 and � are �nally numerically determined. In the Sevesocase,by
making useof the Double Trace Moments (DTM), de�ned as an extension
of the TraceMoments TM (� q) =

R
A �

� q
� dqD x, that is as trace moments of � � :

the � power of the �eld � , the most robust statistical estimators of the two
parameters.DTM are de�ned as:

Figure 14: Codimension dependenceon 
 , c(
 ) vs 
 for the Sevesocase;Deter-
mination of the fractalit y degree� by meansof the double trace moments DTM
for two di�eren t campaigns.

DTM (� ) (� � q) =
Z

A �

� � q
� dqD x (6)

that is the 
ux of � � through a subsetA � of a D-dimensionalsupport space
A.

In doing this, we may use the easygeneralizationof the statistical mo-
ments K (q) as:

K (q; � ) = � qK (q; 1) (7)
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The linear logarithmic relationship:

logK (q; � ) = � log� + logK (q; 1) (8)

allows a direct estimate of � from the slope of the behaviour of logK (q; � )
vs. � .

The numerical estimatesof the two parameters� and C1 for the Seveso
casewere dono by meansof the data in �g. 14 for the two measerement
campaigns1976/77 (upper part) and 1980/81 (bottom part). On the left
hand side the plots of c(
 ) vs. 
 ; on the right hand side the plot logK (q; � )
vs. � for di�erent valuesof � .

The results is for both campaigns:

� � 0:4 ; C1 � 1:0 (9)

As already mentioned, the measuringproceduresusedhad very di�erent
sensitivities so that merging all data in a unique samplecan easily generate
somedistortion.

Figure 15: Codimension dependenceon 
 , c(
 ) vs 
 for 137Cs ground deposition
in 148 towns within 100 km from Chernobyl.

The estimateof the universalmultifractal parametersfor 148townswithin
100km from Chernobyl wasdoneby Daniel SchertzerandYulia Chiriginskaya[13]
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. Fig. 15 shows the 
 dependenceof the codimensionfunction c(
 ) for the
data of the 137Cs cumulative soildeposition in an area within 100 km from
Chernobyl.

The valuesof the paramters � and C1 are:

� � 1:5 ; C1 � 0:4 (10)

It easyto concludethat the numerical valuesof the universalmultifractal
parametersof the Sevesoaccident are very well compatiblewith thoseof any
rainfall atmosphericepisode and that the numerical valuesof the universal
multifractal parametersof the Chernobyl accident are very well compatible
with thoseof cloud formation.

In essence,the two accidents are two aspects of an unique meteorologi-
cal game: the former attaining to phenomenain which heavy particles are
involved, the seconddominated by very light particulates sospendedin the
atmosphere.
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