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Although statistical aspects of the distribution of
atmospheric impurity concentration have long been a
subject of extensive discussion in the literature, this
problem is still of considerable theoretical and applied
importance. The biogenic component of tropospheric
aerosol in the southern regions of Western Siberia is a
subject of systematic research at the Research Institute
of Aerobiology, Vector State Research Center for Virol-
ogy and Biotechnology, in collaboration with the Insti-
tute of Atmosphere Optics, Siberian Division, Russian
Academy of Sciences [1, 2]. The term “biogenic com-
ponent” is assumed to include only two fractions of
atmospheric aerosol: total protein and live microorgan-
isms. The results of the study and preliminary results of
their generalization showed that there is a significant
scatter of the value of the biogenic component of tropo-
spheric aerosol within the altitude range from 0.5 to
7 km. This effect cannot be attributed to the measuring
error alone. Therefore, it should be explained by the
statistical nature of the scatter.

Based on general principles, it may be suggested
that the protein component of tropospheric aerosol is a
result of fragmentation of certain sufficiently large ini-
tial particles. According to Kolmogorov’s theorem [3],
in the limiting case this system should be described by
continual statistic equations (a logarithmically normal
distribution, in particular). The atmospheric-aerosol
component containing live microorganisms is an
ensemble of indivisible subunits. Disintegration and
death of a microorganism excludes it from “the list of
living creatures.” Therefore, it may be suggested that
the fractions of live microorganisms of tropospheric
aerosol and the fraction of total protein should be
described by equations of discrete statistics and contin-
ual statistics, respectively. This work describes the
results of testing this hypothesis.

The logarithmically normal distribution function
can be written as:

 

(1)

 

where 

 

C

 

 is the distribution-function argument; 

 

M

 

 and 

 

Σ

 

are parameters depending on the mathematical expec-
tation of concentration  and its variance 

 

σ

 

2

 

; erf

 

(…)

 

 is
the probability integral.

Another distribution function is of substantial prac-
tical importance [4]:
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 is the second parameter of the distribution
function depending on  and 
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. Eq. (2) is an exact
analytical solution of the Fokker–Planck–Kolmogorov
equation. This solution was obtained assuming that the
change in the concentration of the atmospheric impu-
rity at the given point of space is a Markovian process.

It was shown [5] that the distribution of concentra-
tions of some atmospheric impurities is described by
the Poisson equation:
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 is the probability of observation of 

 

k

 

 parti-
cles;  is mathematical expectation.

Analysis of experimental data showed that the mean
concentrations of total protein and live microorganisms
are almost independent on the flight altitude [1, 2].
Based on this finding, the ensemble of experimental
data on the concentrations of total protein (
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) and live
microorganisms (
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) were processed as follows. The
mean values of the concentrations of total protein (
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and live microorganisms (
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) averaged over observa-
tion altitudes were calculated. Then the values of 
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, as well as the corresponding

variance values  and  were calculated. The
ensemble of total protein concentrations was repre-
sented by 

 

n

 

 = 245 experiments, whereas the ensemble
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of the concentrations of live microorganisms was rep-
resented by 

 

n

 

 = 197 experiments.

 

Testing the hypotheses on the consistency of the
ensemble of data with the Poisson statistic.

 

 As the
first hypothesis, we tested the properties of the Poisson

distribution, according to which 

 

 = 

 

, where  is
the variance of the number of particles. In the case con-

sidered in this work, this means that  = 1 and

 = 1, where the bar indicates averaging over the
ensemble of data. The results of testing this hypothesis

are given in Table 1. Statistics 
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eight altitudes of concentration measurement. Table 1
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at a confidence level of 

 

α

 

 = 0.05. It follows from the
results given in Table 1 that the suggested hypothesis
fails to describe the distribution of total protein concen-
tration, but it is acceptable for describing distribution of
live microorganisms. Testing this hypothesis is a neces-
sary but not a sufficient condition for making decision
on the consistency of the distribution of live microor-
ganisms with the Poisson statistic. Therefore, a direct
testing of the hypothesis on the consistency of the
ensemble of experimental data with the Poisson statis-
tic (Eq. (3)) is of particular interest. In the general case,
the value of 

 

ϕ

 

b

 

 considered above is not integer. How-
ever, the corresponding estimates can be obtained.
Because 
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, where 
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 is the sample volume,

assuming that 

 

k

 

 = 0, , 2 , …

 

 we obtain a series of inte-
ger values 

 

ϕ

 

b

 

 = 0, 1, 2, … corresponding to the number
of live microorganisms per m
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 divisible by their mean
count. The next hypothesis suggests that the distribu-
tion of 

 

ϕ

 

b

 

 divisible by the mean number of particles
should also be consistent with the Poisson equation.
The empirical and theoretically calculated probabilities
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 and the frequencies of appearance of 
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 values
are shown in Fig. 1. The results of testing this hypothesis
with the use of the chi-square test are given in Table 2
using the generally accepted notation. It follows from
Table 2 that this hypothesis is acceptable at a confi-
dence level of α = 0.05.

Testing the hypothesis on the consistency of the
empirical function of the total protein concentration

k k

Table 1.  Testing the hypothesis on equal values of variance and mathematical expectation

Parameter Total protein Microorganisms

Mean values  and  ± Sp = 0.29 ± 0.32  ± Sb = 2.24 ± 1.83

Statistics Tp and Tb Tp = –6.28 Tb = 1.92

Quantile |tm |1 – α; α = 0.05; m = 8 2.31
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Fig. 1. Theoretically calculated and experimentally mea-
sured probabilities that the number of live microorganisms
is divisible by their mean count.
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Fig. 2. The empirical function of the distribution of the total
protein concentration (histogram) and its comparison with
distribution functions (1) and (2) (curves 1 and 2, respec-
tively). 
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distribution with distribution equations (1) and (2).
The empirical histogram of the distribution functions of
total protein concentration F(ϕp) and theoretical distri-
bution functions (1) and (2) are shown in Fig. 2. It fol-
lows from Fig. 2 that the empirical function of concen-
tration distribution is a qualitatively satisfactory fit of
the continuous distribution functions (1) and (2). The
results of testing of the hypotheses on the consistency
of the empirical function of the total protein concentra-
tion distribution with distribution Eqs. (1) and (2) are
given in Tables 3 and 4. It follows from Tables 3 and 4
that these hypotheses are acceptable at a confidence
level of α = 0.01–0.005.

Thus, it may be concluded that the results of this
study support the suggestion that the statistics describ-
ing the concentrations of protein and microbiological
components of atmospheric aerosol are of different
physical nature. The distribution of the concentration of
live microorganisms is described by the discrete Pois-
son distribution equation. In contrast, the distribution
of the total protein concentration is described by con-
tinuous statistic Eqs. (1) and (2). However, Eq. (2)
seems to be more adequate, because it also describes
zero concentrations observed in samples with a proba-
bility of F(0) ≈ 0.02. In contrast to Eq. (2), the logarith-
mically normal Eq. (1) always gives a zero probability
of the zero concentration, i.e., F(0) ≡ 0.
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Table 2.  Testing the hypothesis on the consistency of the
distribution of the number of live organisms divisible by their
mean count with the Poisson equation

ϕbi hi p(ϕbi) n p(ϕbi)

0 66 0.37 72.5 0.58

1 77 0.37 72.5 0.28

2 28 0.18 36.3 1.90

>3 8 0.08 15.6 3.70

Statistic χ2 6.46

Distribution quantile 

; α = 0.05; m = 3

7.81

χ i
2

χm 1 α–,
2

Table 3.  Testing the hypothesis on the consistency of the
distribution of the total protein concentration with a loga-
rithmically normal equation

ϕpi hi p(ϕpi) n p(ϕpi)

0–0.4 21 0.06 18.48 0.34

0.4–0.87 71 0.37 89.43 3.80

0.8–1.2 80 0.31 74.97 0.34

1.2–1.8 60 0.19 46.55 3.89

>1.8 13 0.08 19.11 1.95

Statistic χ2 10.32

Distribution quantile 

; α = 0.01; m = 3

11.34

χ i
2

χm 1 α–,
2

Table 4.  Testing the hypothesis on the consistency of the
distribution of the total protein concentration with Eq. (2)

ϕpi hi p(ϕpi) n p(ϕpi)

0–0.4 21 0.08 19.60 0.10

0.4–0.8 71 0.22 53.08 6.05

0.8–1.0 39 0.14 35.01 0.45

1.0–1.2 41 0.14 35.15 0.99

1.2–2.0 61 0.32 79.28 4.21

>2 12 0.03 7.35 2.94

Statistic χ2 14.74

Distribution quantile 

; α = 0.005; m = 4

14.86

χ i
2

χm 1 α–,
2


