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KRZYSZTOF NOWICKI*

THE EFFECTS OF VARIATION IN METEOROLOGICAL AND
RELEASE CONDITIONS ON DOWNWIND CONCENTRATION
OF RADIONUCLIDES

A parametric study is presented of a model for calculation of the downwind concentration
from short term release of radioactive isotopes to the atmosphere. A series of calculations were
made to estimate the effects of variations in meteorological and release conditions on downwind
concentrations. It has been assumed that the changes occur in the depth of mixing layer, depo-
sition velocity, washout coefficient, wind speed, and height of release.

1. INTRODUCTION

This paper is a summary of research carried out by the author during his fellowship
in Denmark. Detailed information on this issue has been given in the report [15]. A com-
putational model for calculation of downwind radiation doses from the release of radio-
active isotopes to the atmosphere was made in the Health Physics Department at Riso
[16, 17]. The model can be used to calculate external gamma doses as well as internal
doses due to inhalation of radioactive material. Based on the model, two computer pro-
grams were written for the calculation of doses to individuals GDOS8 (external gamma
doses) and INDOS7 (inhalation doses).

In view of the large contribution of airborne radionuclide transport, as well as uncer-
tainties in meteorological parameters and release conditions, a parametric study of mo-
dels for calculation of the downwind concentration was performed in order to determine
the effect of variations with respect to the calculated consequences. The influence of fac-
tors affecting airborne radionuclide transport was determined under different data and as-
sumptions concerning these factors.
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2. ATR TRANSPORT MODEL

The mathematical model for computing the atmospheric transport and diffusion of
radioactivity is described in [16]. In a stationary case the concentration x of gas or aero-
sols at the distances x, y, z from the sources of continuous emission evaluated at the le-
vel H is given by the following equation:

_ Q 1 y? 1 z? 1 (z+2H)?
#(x,y,2) = 'W eXp [— 30—3] {CXP [—‘ 35 -g] +€Xp[— 5 202 ]}, ()

assuming that:

in both horizontal and vertical plumes the plume spread has a Gaussian distribution,

o, and o, — standard deviations of horizontal and vertical plume concentration dis-
tributions, respectively (m),

# — mean wind speed affecting the plume (m/s),

O — uniform emission of radionuclide (pCi/s),

total reflection of the plume takes place at the earth surface (i.e. there is no deposi-
tion or reaction at the surface),

radioactive decay is not taken into acount.

Equation (1) is valid when diffusion in the direction of travel x may be neglected, i.c.
when no diffusion proceeds in the x direction. This condition may be assumed if the re-
lease is continuous or greater than the travel time x/# from the source to the location of
interest. If the receptor is located at ground level z = 0, and the concentration is to be
calculated along the center line of the plume y = 0, then
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Equation (2) is the base of our calculation; the following notations are used:

#(x) — the mean concentration at ground level z = 0 along the center line of the plu-
me y = 0 at the downwind distance x(pCi/m?),

Q — source strength (pCifs),

ii — mean wind speed (m/s),

H — height of release (m),

0, = standard deviation of cross wind distributions,

o, — statistical diffusion parameter representing the standard deviation of vertical
distribution of pollutant material in the airborne effluent plume (m).

o, is evaluated by using the following expression [4]:

] ~ logb— Nt ogf—2 ’
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where:
ae, 4y, a, are parameters associated with each stability classification; for each stabi-

lity category, the values for gy, a;, a, were obtained by fitting the graphs in [14, 17] and lis-
ted in tab. 1,

x is given in m, and is usually accepted to be a Gaussian distribution for relatively
short distances [14, 17], but for a long-travel distance a stable layer above the unstable
one restricts the vertical diffusion.

Table 1

The values for ao, a; and a, for each stability category
Wartosci ao, @y, i a, dla kazdej kategorii stabilnosci

Stability conditions ao a a,
A 2.611617 2.021631 0.548155
B 2.044409 1.057002 0.0303405
(G 1.786247 0.918815 —0.00397974
D 1.484478 0.733034 —0.745961
E 1.329482 0.680872 —0.105925
F 1.137662 0.655019 —0.121964

When one-tenth of the center line concentration extends to the mixing layer the plu-
me becomes affected by it. This takes place at the distance x, determined by

L—H
O':(XL) = 0466(L_H). (3)
¥21n(10)
At this distance the concentrations are calculated from the following formula [16]:

0 1 (HY\? g [\ 1 [ 2iL—2H
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where:
x, @, 0,0, i, Has in (2),
L — height of mixing layer (m).
This formula is applied to the distances ranging from X, to x, determined by

o,(x) =V2/n L=0798 L. )

At the distance x, it is assumed that the plume is uniformly distributed between the earth
surface and the mixing layer, i.e. the concentration does not vary with height. Thus, the con-
centration can be calculated from the following equation [16]:

1

:rzayVZ—/r;L ’ ©

#(x) =0



16 K. NowIckr

where

x(x), @, 0, L as in (4).

As a release cloud travels downwind, the material is progressively removed by depo-
sition of radionuclides on the ground and by radioactive decay. In this report radioactive
decay is not taken into account. Deposition is caused by numerous and often not well
understood mechanisms, such as gravitational settling (not considered in this study),
precipitation scavenging (wet depletion), surface impaction, electrostatic attraction, ad-
sorption (dry depletion), etc.

2.1. DEPLETION OF CLOUD BY WET DEPOSITION

The depletion of a cloud by wet deposition (washout) is an exponential decay process
obeying the equation

| %,,(x) = x(x) exp (—/1 1—:), M

where:
#,(x) — the mean concentration at ground level z = 0 along the center line of the plu-
me y = 0 at the downwind distance x during wet weather (pCi/m?),

A — washout coefficient (s~1),
X, u — as in expression (2),
%(x) — as in expression (2).
For

xw (x) =
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2.2. DEPLETION OF CLOUD BY DRY DEPOSITION

Depletion of the cloud resulting from a dry deposition process is obtained from sub-
stitution of Q' (a reduced release rate Q - D, whree D is the correction for the amount
of radionuclide deposited by the plume from the point of release to the point of consi-
deration [14]) for Q (the release rate in equation (2)). The depletion of radioactive substan-
ces in the plume, due to a dry deposition process during downwind travel, is derived from
the relationship given by Van der HoVEN [14] as expressed by the following expression:

2 ol (A e [ e[ = 2] )
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Replacing Q in (2) by (11), we get the following expression:

1 (H\? 2\, F H?
xd(x) = %exp [— > (—G—) ]exp {- (—;) —L—;— [ o exp [(— 52 )] dx}, (12)

z

where :
#d(x) — the mean concentration at ground level z = 0 along the center line of the plu-
me y = 0 at the downwind distance x during dry weather (pCi/m?),

0,, 0, 4, @, x, H—as in (2),

V, — deposition velocity (m/s).
This expression can be applied only to the distance x;. For x > x; we have no equa-
tions for the calculation of downwind concentrations during dry weather.

3. SENSITIVITY STUDIES. EFFECTS OF PARAMETER VARIATION

Parametric variations were made and analysed in order to better understand the me-
chanisms in the model of the calculation of airborne radionuclide transport, as well as
to assess the effect of uncertainties in input data. In a general study it is virtually impos-
sible to take into account all possible variations; nevertheless sensitivity studies were per-
formed to evaluate the effects of uncertainties in the parameters believed to be most si-
gnificant as far as their influence on the downwind concentration of radionuclides is con-
cerned. A series of calculations were made to estimate the effects of variations in meteo-
rological and release conditions. The changes involved mixing layer depth, deposition
velocity, washout coefficient, wind speed, and height of release.

Typical values of these parameters are given below:

deposition velocity — 10-2 m/s [1-3,6],

washout coefficient — 10-% s~ [1-3,6],

2 — EPE 1/81
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wind speed for stability categories: A — Im/s, B —2m/s, C — 5 m/s, D — 5 m/s,
E—3m/s, F—2m/s [14, 17],

mixing layer for stability categories: A — 1500 m, B— 1500 m, C — 1000 m, D —
500 m, E — 200 m, F — 200 m [13],

height of release: 0 m, 50 m, and 100 m.

Variations in parameters included 6 stability categories: A, B, C, D, E, F; 3 release
heights: 0 m, 50 m, and 100 m; and 3 cases of dispersion, namely: depletion of cloud by
dry deposition (¥, = 0 m/s) and wet deposition (A =0 s~') are neglected, depletion
of cloud by wet deposition is taken into consideration.

3.1. DEPOSITION VELOCITY ¥, (m/s)

The deposition velocity may take different values depending upon the size, shape
and density of the particle, and its chemical properties. It also varies with wind velocity
and turbulence, as well as with the nature of the surface involved, although the deposi-
tion velocites have been measured none of them was completely satisfactory. Field ex-
periments called controlled environmental radioiodine tests [10] were conducted at Idaho
to trace radioiodine through the air-vegetation—cow-milk-human chain.

Further important measurements of the deposition of radioactive vapours and aero-
sols were conducted by CHAMBERLAIN [4] at Harwell. He was concerned with the products
of fission occurring in reactors or resulting from nuclear detonations. One of the more
important fission products studied was the isotope '*'I. Similar results in the deposition
of 1311 were obtained by CONVAIR [9] from the Fission Products Field Release Test I held
in Idaho (NRTS) and Test II held in Utah.

CHAMBERLAIN [5] has found that the average velocity of *3'I depgsition on grass for
the Windscale accident was 4 X 10~2 m/s, and according to ISLITZER [12] the deposition
velocity on segebrush for SLI accident in the winter of 1962 amounted to 2 X 10~ m/s.

The Convair reports [9] covered the release and downwind measurements of various
radioactive isotopes from irradiated metallic reactor fuel elements including isotopes
of iodine, caesium, ruthenium, zirconium, cerium, niobium, and tellurium for which de-
position velocities have been calculated.

Form these results presented there it may be concluded that the dry deposition ve-
locity ranges over two orders of magnitude, i.e. from 10-3 m/s to 10~' m/s, and depends
to a large extent upon the characteristics of the vegetation and ground surfaces and on
the kind of particles. From the available field test data on the deposition of vapours and sub-
micron particles two conclusions seem apparent, i.e. that chemically active materials
such as 13! T are more rapidly deposited than inactive materials such as **7Cs, and that
on surfaces covered with vegetation such as grass and bushes the removal rates are
higher than on the bare surfaces. At present, however, it is not clear whether or how wind
speed, thermal stability or atmospheric turbulence affect the deposition velocities. For
the present calculations it seems reasonable to assume the following values for deposi-
tion velocities: 0 m/s, 10~3 m/s, 5 x 10~ m/s, 10-2 m/s (typical value), 5 x 10~ m/s,
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and 10~! m/s. The example of calculation results of relative downwind concentrations
for these 6 values of deposition velocities 1 during cat. F are presented in fig. 1 (H = 50 m).
Complete results of calculations are given in [15].

a/Q[s/m3) #19[s/m3
104 104
cat. F
H=50m
10%) 10°
~ Vg=0mls
/Vg=5x103m/5
Vy=102mls -
o = 10
2
o Vg=5x10_m/s Y
Vg=10"mls
ﬁ‘ 104
10° 09
0 = | . ‘O‘" ) . .
Ly, 0’ o 05 Xom 107 0° 0° 05 Xm)
Fig. 1. Variations of deposition velocities Fig. 2. Variations of washout coefficients
Rys. 1. Zmiany w predkos$ciach osadzania Rys. 2. Zmiany we wspolczynnikach sptukiwania

3.2. WASHOUT COEFFICIENTS A(s-1)

In the recent years extensive research has been carried out in this field, but the results
obtained are not conclusive. The predicted values of washout coefficients for iodine and bro-
mine gas range from 10-5 to 10~* s~* at the rainfall rates of 0.1 to 3 mm/h, at the rate
of about 0.5 mm/h this value is approximate 3 x 10-3 s=* [7]. The two measured values
for bromine gas were within a factor 2 of this, whereas the three measurements for iodi-
ne gas gave the values ranging from 3 x 107¢ s=! to 2 x 107 s='. This large difference
is attributed to differences in their respective reactions with water [7]. Theoretical values
have been predicted by CHAMBERLAIN [4] and ENGELMANN [7, 8] who also carried out
measurements which were to determine the order of magnitude of washout for predic-
tion of hazard in reactor analysis. The possible values of washout coefficient cover the broad
range of 10-7 to 102 s=! approx., the highest values being stated for the effluent gas
with a high water content, and atmospheric conditions are conducive for condensation.
Such a broad range of washout coefficient value is caused by several factors. In the case
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of vapour or gas the value of 4 dependes upon the chemical reactivity or solubility of the
material or upon the particle size in the case of solids. In all the cases it depends upon
the precipitation rate. A suitable choice of the value of 4 among the available experimental
or theoretical data is at least as difficult as in the case of V, for dry deposition. For
the present estimation it seems reasonable to assume the following values of the washout
coefficients: 10—-3s~%, 10~*s~! (typical value), 5 x 10~%s~!, 10-3s-!,

The example of calculation results of relative downwind concentrations for these
five values of washout coefficient during cat. F are presented in fig. 2. Complete results
are given in [15].

3.3. WIND-SPEED u (m/s)

The wind speed ranges and typical values of wind speed for various stability classes
[14, 17] are given in tab. 2.

Table 2

Typical wind speed ranges for the' various stability
categories

Typowe zakresy predkosci wiatru dla roznych kategorii
stabilnosci

Wind speed range

Stability category s

1-2.5 (1)*
1.5-5 (2)*
2-6 (5)*
2-10(5)*
2-5 (3)*
2-3 2)*

mTmoaQw >

*The typical value of wind speed for particular stability cate-

gories is given in the brackets. .

For our calculation it seems reasonable to assume the following values of the wind
speed:

for A — 0.5 m/s and 3 m/s,

for B—1 m/s and 5 m/s,

for C — 2 m/s and 7 m/s,

for D — 2 m/s and 10 m/s,

for E —2 m/s and 5 m/s,

for F — 2 m/s and 5 m/s.

The example of calculation results of relative downwind concentrations for cat. F and
H = 50 m are presented in figs. 3 (without deposition), 4 (wet weather), and 5 (dry wea-
ther). Complete results are given in [15].
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3.4. MIXING LAYER L(m)

The mixing layer is defined as the height above the surface within which vertical mixing
is relatively vigorous. It ranges from 1 000 m to perhaps 10 000 m [11]. For our calcula-
tions it seems reasonable to assume the following values of mixing layer:

a. L — no mixing layer.

b. For West Germany the values of mixing layer height according to KLUG [13] are:
A—1500m,B—1500m,C—1000m, D— 500 m, E— 200 m, F — 200 m (typical
case).

c. In the third case it is assumed that for particular stability conditions, i.e. for A —
5000 m, B — 5000 m, C — 1 500 m, the values of L are 1.5 to about 3 times higher than
in the second case.

d. In the fourth case it is assumed that the values of L are 2 to 3 times lower than in
a second case,i.e. A —500m, B — 500 m, C —300m, D — 200 m, E — 110 m, and F —
110 m.

#/Q[s/m3] %/Q[s/m3)
104 'k
0% Y
Y 104
10" 104
109 103
stab.cat.
e | ;_U;OVI: F 0 stab. cat.F
A0 & H=50m
v——osm/s A=0'¢
b=
i . . . 0" , . —
0 e D 05 Xl 102 I o° 0 Xml
Fig. 3. Variations of wind speeds Fig. 4. Variations of wind speeds (wet weather)
Rys. 3. Zmiany w predkosciach wiatru Rys. 4. Zmiany w predkosciach wiatru (pogoda

deszczowa)



K. Nowicki

The examples of calculation results of relative downwind concentrations for category
A and H = 50 m are presented in figs. 6 (without deposition) and 7 (wet weather). Com-
plete results are given in [15].

A/Qlsm?] % /Qls/m3
L 104
cot.F
H=50m
i Vg=10%mrs
107 163
ﬂé 7 1054
0] o
i 10
'ﬂ“ 104
- 10 \
"%2 0° 0 0% X} 057 0° 0 0% Xl
Fig. 5. Variations of wind speeds (dry weather) Fig. 6. Variations of mixing layers
Rys. 5. Zmiany w predkosciach wiatru (pogoda Rys. 6. Zmiany w warstwach mieszania

bezdeszczowa)

3.5. HEIGHT OF RELEASE

For the present calculations the following values of release height were assumed:
0 m, 50 m, 100 m. The example of calculation results of relative downwind concentrations
for categories A and F are presented in figs. 8-13. Complete results are given in [15].

4. RESULTS AND DISCUSSION

The effects of variations in depositior velocity on relative downwind ground level
concentrations of radionuclides during 6 meteorogical categories are presented graphi-
cally in fig. 1. It is shown that an increase in the value of deposition velocity always cau-
ses a decrease in the relative ground level concentration of the radionuclide along all
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the distances from the release point. The decrease in relative concentration becomes mo-
re pronounced at distances far away from the release point, this fact being in good con-
formity with the expression (12).

#/Qfsim %x/Q(s/m3]
10 104
cat. A
Vg=10%m/s
10 104
N
10‘6’ 10'5<
10“71 "L
10% 105
0% Y
A10 ) . ; -9
h 0 10° 0° ximl 0% o o X
Fig. 7. Variations of mixing layers (wet weather) Fig. 8. Variations of height releases (dry wea-
Rys. 7. Zmiany w warstwach mieszania (pogoda ther) — cat. A .
deszczowa) Rys. 8. Zmiany w wysokosci uwalniania (pogoda

bezdeszczowa) — kat. A

The effects of variations in washout coefficients on downwind relative ground level
concentrations of radionuclides during 6 meteorological categories are presented graphi-
cally in fig. 2 as a function of downwind distance. Variations in washout coefficient affect
downwind relative concentration in the same way as variation in deposition velocity.

The effects of variation in wind speed on the ground level relative concentration of
radionuclides during 6 stability categories for 3 cases of atmospheric dispersion are pre-
sented as a function of downwind distance in figs. 3-5. It may be seen that when the de-
position of the radionuclides V,=0 and A = 0, fig. 3) is disregarded, then the increase
in the wind speed always decreases the relative concentration of the radionuclides at any
distance from the release point. However, when the depletion of the radionuclides from
the cloud is taken into account (¥, = 10~ m/s for fig. 5 and A = 104 for fig. 4), it beco-
mes evident that an increase in the wind speed not only fails to decrease the relative con-
centration of radionuclides in the environment, but — on the contrary — at‘a certain
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distance from the release point the relative concentration of radionuclide resulting from
its release during an increased wind speed becomes larger than that released during a lo-
wer wind speed. This effect may be explained in the following manner. During low wind
speed a large amount of radionuclides dispersed into the atmosphere is deposited clo-

#/Qls/m3) x/Qls/m3]
104 104

cat.F
Vo=107mls

cot. A
Vg =0m/s
A=0s!

o g
104 o
N
N
N
~
108
\
10> , , e
Xim 0? 0° 10¢ 0% Xim
Fig. 9. Variations of height releases (dry wea- Fig. 10. Variations of height releases — cat. A
ther) — cat. F Rys. 10. Zmiany w wysokosci uwalniania —
Rys. 9. Zmiany w wysokosci uwalniania (pogoda kat. A

bezdeszczowa) — kat. F

sely to the release point and only a small portion remains dispersed. That is why the con-
centrations at the distances from the release point are relatively small. When, however,
the radionuclide is dispersed into the atmosphere during high wind speed, only a small
amount of the material will be deposited nearby. Thus, a relatively large amount of the ra-
dionuclide is further dispersed, causing relatively high concentrations at a distance. The ef-
fects of variations in the mixing layer height on ground level relative concentrations of
radionuclides during 6 stability categories for 2 cases af atmospheric dispersion are pre-
sented graphically as a function of downwind distance in figs. 6-7. It is shown that an
increase in the value of the mixing layer height always causes a decrease in the ground
level relative concentrations of the radionuclide at all distances greater than the release
point. The decrease in relative concentration becomes more pronounced when depletion
of the cloud by wet deposition is not taken into account, because a wet depletion process
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diminishes the influence of the mixing layer height on downwind concentrations. The ef-
fects of variations in the release height on ground level relative concentrations of radio-
nuclide during 6 stability categories for 3 cases of atmospheric dispersion are presented
graphically as a function of downwind distance in figs. 8-13. Disregarding the deposition

If 3
*isiml */Qs/m3)
10

cat.F
Vg=0m/is

164

143

0" : - , 102 , -
102 03 104 05  Xm 10? 10° 0* 05 Ximl

Fig. 11. Variations of height releases — cat. F Fig. 12. Variations of height releases (wet wea-

Rys. 11. Zmiany w wysokosci uwalniania — ther) — cat. A
kat. F Rys. 12. Zmiany w wysoko$ci uwalniania (po-
goda deszczowa) — kat. A

velocity of the radionuclide (¥, = 0 m/s), (figs. 10-13), an increase of the release height
always decreases the relative concentration of radionuclides at any distance from the re-
lease point. The decrease in relative concentration becomes less pronounced at distances
far from the release point. However, when the dry deposition of the radionuclide is ta-
ken into consideration, specifically ¥, = 10~ m/s (figs. 8-9), an increase not only fails
to decrease the relative concentration through the environment, but, on the contrary,
at a certain distance from the release point the relative concentration resulting from a re-
lease of pollutant at an increased height becomes larger than that at a lower height. The ad-
verse effect of the increase in release height on the relative concentration is most accen-
tuated during moderately stable conditions F (fig. 9). The relative increase in the relative
concentration at distant regions following a release of radionuclide at greater heights
compared to the release at lower heights may be explained as follows.
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When radionuclides are released at a relatively low height, a large part of the ma-
terial is deposited nearby. Thus, only a small amount of the radionuclides is left to dis-
perse further, and the relative concentrations at a distance are relatively small. When,
however, the pollutant is released at a relatively great height, only a small amount of the ra-

#/Q[s/m3]
oY
cat.F
A=04S!
1074 X\

Fig. 13. Variations of height releases (wet weather) —
cat. F

Rys. 13. Zmiany w wysokos$ci uwalniania (pogoda

102 0° 0 0° Xim) deszczowa) — kat. F

dionuclide will be deposited nearby. Thus, a relatively large amount of the radionucli-
des remains to disperse further causing high relative concentrations at a distance. It is
shown that when dry depletion of the cloud is taken into account, an increase in the height
of release within certain limits may cause an increase in the ground level relative concen-
trations of the radionuclides in air at a certain distance from the release point. This effect
is especially important when highly populated centres are located at the distance where
an increase in the relative concentration of the radionuclide occurs due to the increase
of its release height. In this case it is necessary to find the optimum height of release in
order to obtain the required decrease of radionuclide relative concentration in the close
vincinity of the release point, and ye't not to increase significantly the relative concentra-
tion at distances of dense population. An optimization study of the radionuclide release
height should include the following factors:

the velocity of deposition of the radionuclides,

the critical distance from the source of release, i.e. the distance at which the popula-
tion would be most affected by the radionuclides,
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the detailed analysis of the population density as a function of distance from the source

of release,

the prevailing wind directions.

It appears that the increase in height of the stacks for the release of radionuclides may
not be a straight-forward solution to the decrease of the concentration of the radionuc-
lides throughout the environment. This will be the case if e.g. a highly dense large popu-
lation centre is located in the prevailing wind direction and in the region of maximum
concentration for a relatively high stack. If the region close to the release point (stack)
has a low population density, it may be preferable to reduce the height of the stack and the-
reby to reduce the concentration in the densely population region.
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WPLYW ZMIENNOSCI WARUNKOW METEOROLOGICZNYCH I EMISJI NA STEZENIA RA-
: ' DIONUKLIDOW W STRUMIENIU POWIETRZ A

Przedstawiono badania parametryczne modelu obliczenia radionuklidow w strumieniu powietrza
z krétkotrwalego uwalniania radioaktywnych izotopéw do atmosfery. Wykonano serie obliczeri dla oceny
wplywu zmiennoéci warunkéw meteorologicznych i emisji na st¢zenia radionuklidéw w strumieniu po-
wietrza. Przyjeto, ze zmiany zachodza w glebokosci warstwy mieszania, w szybkosci osadzania, we wspot-
czynniku wymywania, w szybkos$ci wiatru i w wysokosci emisji.

DER EINFLUSS VON METEOROLOGISCHEN VERHALTNISSEN UND DER EMISSION AUF
DIE KONZENTRATION VON RADIONUKLIDEN IM LUFTSTROM

Dargestellt werden parametrische Untersuchungen und Modellrechnungen der im Luftstrom vor-
kommenden Radionuklide bei Kurzemissionen von radioaktiven Isotopen in die Atmosphdre. Zur Be-
wertung des EinfluBes der Abdnderungen der meteorologischen Verhiltnissen und der Emission auf die Kon-
zentration der Radionuklide, wurden entsprechende Berechnungsserien durchgefiihrt. Es wurde angesetzt,
daB Anderungen in der Tiefe der Mischzone, in der Absetzgeschwindigkeit, im Koeffizient der Auswaschung,
in der Windgeschwindigkeit und in der EmissionsgroBe vorkommen.

BJIMSIHUE M3MEHYMBOCTU METEOPOJIOTMYECKUX VCJIOBUN U DMHUCCUU
HA KOHLIEHTPALIMIO PAIVOHVKIIMIOB B ITOTOKE BO3JYXA

OnHucaHbl NapaMEeTPHIECKHE MCCIIENOBAHAS MOIEIM pacyéra PaJuoOHYKIHMIOB B NOTOKE BO3dyXa MO
KPAaTKOBPEMEHHOMY OCBOOOKIEHHIO DAIMOAKTUBHEIX M30TOHOB B atMocdepy. OCyIecTBeHBI CEpHH pac-
9€TOB 51 OLEHKH BIMAHAS M3MEHYMBOCTH METEOPOJIOTMYECKHX YCIOBHH M 3MHCCHM HA KOHLIEHTDALHH
PAIHOHYKIIMIOB B MOTOKE Bo3ayxa. IIPHHATO, YTO M3MEHEHHS IPOMCXOAAT Ha TIIyOMHE CIOS CMeIluBa-
HHSA- B CKODOCTH OCAaXIEHHS, B X0 dHAIHEeHTe BEIMBIBAHNS, B CKODOCTH BETPA M B BHICOTE 3MHCCHH.



