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Introduction

Aerosol particles cover a wide size range from a couple of
nanometers to some tens of micrometers. Their size distribu-
tion 1is one of the most important characteristics of atmos-
pheric asrosols. The spectra of number, surface or mass con-
centrations contribute significant informstion about the
character of processes in the aerosol.

Various shapes of particle number distributions are en-
countered in msasurements. A monomodal spectrum is character-
istic of stratospheric aerosecl but it has also frequently
been measursd in near-ground unpolluted air [1, 2, 3]. Since
Whitby [4] »nany sauthors support the mnultimodal model of
number distribution of atmospheric aerosols. According to
Jaenicke [5] a multimodal distribution is typical of both
countryside aerosol and tropospheric background aerosol. The
neasurements of Hoppel [3] in the central part of the Atlan-
tic Ocean =mshowed clearly binodal distribution functions of
marine aerosol. A dropping spectrum with nonotonously
descending number concentrations towards larger particles is
mainly described for urban areas [8].

The identification of different +types of spectra in
natural measurements iz connected with the variety and pecu-

liarities of atmospheric processes during measurement. Par-

tially, as suggested by M. Noppel [7], it may be conditioned
by the use of different equipment and methods by different
anthors. .

The present paper gives a survey of atmospheric serosol
spectra measured at different locations of Baltic region in
different conditions, but with the same equipment. The paper
fiszuses on the density functions of the distribution of the
number concentration.

Models of atmospheric aerosol spectra
Classically, the number distribution of over 0.1 pum dia
particles is described by Junge’'s formula

N(r) ~ r®. (1)
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Most measurement results in the atmosphere have agreed with
the formula satisfactorily, whereas the power & is sbout 4
V.I. Smirnov {8] has specified the distribution function
of the particles of 0.1-20 um radius. As a reéult of an ana-
lytiecal solution of the coagﬁlation problem he has obtained
a distribution function which can be presented by two power

functions.
£a(r) = Cgr~28, r, S rsr*
f(r)= Co (2)
Pu(r) = Cur™ 8, ™ £ IS ruax

where r* is the transition radius between two functions.
For normal atmospheric conditions r* = 1.01 um . Unfortunate-
1y, relevant literature does not contain data on the compari-
son of measurement data with formula (2).

The picture of the distribution of particle sizes below
D.1 um is considefahly less clear. Junge’'s and Smirnov’s
formulas are not suitable for the description of the spectrum
in the region below 0.1 um. They yield an unlimited growth of
the number of particles when the sizes of the particles
decrease. The measurements, however, show a decrease or only
a 8light increase of the number concentration towards finer
particles.

Several empirical distribution functions have been pro-
posed for the description of the spectrum of the number con-
centration in a wide size range from 0.01 to 20 pum. A good
survey of the modele can be found in H. Tammet [9] who also
proposes a new 4-parameter KL model distribution:

A
(/00" + (r/

3

ny(r) =

where ny(r) = dN(r)/d(ln r). One of advantages of this dis-
tribution is a good physical interpretability of the par-
ameters: K and L, respectively, are the slopes of the right
and the left asymptotes of the distribution, whereas »r, and 4
are the coordinates of the intersection of the asymptotes.
Depending on whether L < 0 or L > 0, the KL formula describes
a monomodal or a dropping spectrum.

The multimodal sSpectrum is usually described by means of
the sum of the log-normal distributions.
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The measurement conditions

The analysed spectra have been obtained as a result of 4
measurement series carried out in the Baltic region. The
measurement locations are: the city of Tartu, Estonia (July
1887 and January 1988 - Tartu.JU, Tartu.JA), the clean air
field station at Voore in Estonian inland (August 1887), the
coastal field station of Preila on the Kura Peninsula, Lithu-
ania (August 1988). The measurements weare carried out round
the clock with intervals 5 min (15 min at Preila). Most of
the spectra are those of a fair weather; rain, thunderstorm,
fog, haze or snow were observed in about 20X of the measure-
ment time. The height of the measurement place from the
ground varied between 3 m and 6 m. The length of a series of
neasurements did not exceed 11 days, thus the seasonal chang-
es are not represented in the data. Total of about 5400 aspec-
tra has been analysed.

The diversity of the measurement conditions makes it
possible to conjecture that the analysis gives a picture of
the aerosol spectra occurring in the Baltic region.

In all series a Tartu University electrical aerosol spec-
trometer FAS was used. The spectrometer gives a 12-fraction
representation of the spectrum in the region 0.01-10 um.

The frequency of occurrence of different types of spectrs

All three above-mentioned shmpes of spectra were present
in the analysed spectra. Fig. 1 presents examples of types of
spectra.

The frequencies of occurrence of spectra of different
shapes are presented in Table 1. Those differ strondly at
different locations.

Table 1
Frequencies of occurrence of different

types of spectra in X

Location No. of spectra dropping monomodal bimodal

Voore 1812 7.8 85.9 8.3
Preila 861 6.7 49.6 43.8
Tartu.JU 1895 38.5 B81.4 0.1
Tartu.JA 1228 12.8 86.7 0.5

127



L e T ] - . | T Ty
'R TURE SR ¥ Y S ¥ 1 117 T T X1 1 "
Diametat..

Fig. 1. a - dropping spectrum (Tartu, July 10,
8:30-8:30 (the mean of 12 spectra)

b - monomodal spectrum (Voore, August,
average of nighttime (803 spectra)

¢ ~bimodal spectrum (Preila, August 20-21,
23:00-18:00 (the mean of 64 spectra).

It can be seen that the dominant spectruam is monomodal one
at all the measurement locations. It is explained by the case
when the generation of s=mall particles from the gassous state
doeas not fully compensate their transformation into larger
fraptions. '

Numercus bimodal spsctra were observed only at Preila. It
nay be a general property of the coastal aerosol, or a pecu-
liarity of the weather during the measurement period. The
data do not enable to unambiguously decide for either of the
explanations., At Preila, the occurrence of the bimodal spec-
tra was connected with haze (Fig. 2). On four days when the
hollow spectrum ocourred almost throughout the whole sunny
period, haze or low fog clouds were observed. On the other
hand, only few bimodal spectra occurred in clear sunny days
when the UV-radiation of the sun contained a high proportion
of shortwave radiation. The clear peak of bimodal spectra was
present in fractions 3, 4, or 5, i.e. in the diameter range
0.03-0.2 um and the fine particles peak below 0.01 unm.
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Fig. 2. The time of day of the occurrence
of the bimodal spectra at Preila.

Dropping spectra were in significant amounts observed only
in urban air in summer. The formation conditions of this kind
of spectrum are an intense generation of fine particles on
the one hand, and their relatively slow passage into the
larger fractions on the other hand. The results of Tartu.JU
confirm the hypothesis that the intensity of particle gener-
ation is determined by the amount of polluting gases and by
the photochemical processes in these gases: the frequency of
occurrence of dropping spectra (Fig. 3.1) corresponds to the
daily variations of solar irradiation (Moscow time two hours
ahead the local time is used) and to the life rhythm of city.

TARTU.JU dropping TARTU.JA dropping VOORE dropping

B4 8 12 ¥ B W 9 4 g 12 ¥ OB M 0 4 B 12 1 B N
- Time, hours

Fig. 3. Daily frequencies of occurrence of dropping
spectrum: 1. Tartw., July; 2. Tartu, January;

3. Voore, August.
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Somewhat unexpectedly, in winter Tartu.JA series, there
are few dropping speotra and their daily frequency variation
(Fig. 3.2.) does not correspond to the variation of solar
irradiation. Rather, it is similar to thq frequency distribu-
tion at Voore (Fig. 3.3) where dropping spectra cccur mainly
in the evening or at night. In most cases their appearance
is connected with increased air humidity. The high concentra-
tion level on the one hand and the dominance of the monomodal
spactra shape on the other hand c¢an be explained by the in-
tensive precipitation of fine particles to submicron and
coarse particles which occur more often in the winter spec-
trum (Table 2). ) i

The average smpectra, total number, and mass concentration
are presented in Table 2. ) :

The dominance of monomodal spectra at Voore can be expeot- |

ed, At a location investigatesd with an aim of setting up a
regional baokground station we really observed a low inten-
sity of the generation of new particles, the monomodal shape
of the spectrum and. generally low particle concentration.

Table 2
Average number concentration spectra
Frac. Limits Tartu.JU Tartu.JA Voore Péaila
No. um on~® en~d cn~3 on~3
1 .010-.018 3888 2885 825 1520
2 .018-.032 3584 3852 1144 1420
3 .032-.058 2074 2405 © 1191 1321
4 .058-.10 1210 1345 ’ 985 1229
5 .10-.18 600 731 763 1028
8 .18-.32 - 217 285 327 552
7 .32-.58 B2 112 102 194
8 .56-1.0 23 ' 40 35 48
] 1.0-1.8 9.8 13 8.7 B.8
10 1.8-3.2 2.7 3.1 1.4 1.1
11 3.2-5.8 .55 ©.61 .27 .35
12 5.8-10.0 0.5 .08 .03 .08
Total number om*? 11800 11500 5207 7318
Total mass pg-cm™2. 87 87 48 83
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The mean spectra are not in all locations of the monomodal
type: in summer in Tartu, July and at Preila . they are dropp-
ing. At Preils this effect is created by the simultaneocus in-
fluence of the dropping and bimodal spectra, in Tartu, July
the reason is the influence of relatively few spectra with
very high concentrations of fine particles.

Approximation of atmospheric aerosol spectra
with model spectra

An aerosol spectrum obtained with .an electriocal spectro-
meter is actually a 13-parameter model of the real spectrunm,
whereas the spectrum is described as a superposition of 13
triangular elementary spectra. In many cases the description
of the spectrum in such detail is not necessary and a model
with a smaller number of parameters may be used. To study the
use of model spectra, the average spectra of measurement
series have been compared with above described models.

Table 3 presenté the powers of the power function approxi-

Table 3
Approximation parameters of average spectra
for a power function or the KL-function
Approx. func. rf(r)y=re3 rE(r) = 4 -
(r/r, ) + (r/ )™
Approx.limits:um .1-10 .1-1 1-10 .01 - 10
Parameter by by ba K
Location
Voore -2.5 -1.8 -3.2 2.2
Tartu. JU -2.2 -1.9 -3.0 2.0
Tartu, JA -2.2 -1.7 -3.1 1.7
Preila - -2.5 -1.8 -2.5 3.2
Junge (1) -3* - - -3
Smirnov (2) -1.5* -3.5%

"™ The powers in formulae (1,2) and in the Table 5 are dif-
ferent by 1 because different representations are used.
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mations of average spectra and K-parameter of the KL-appro-
ximation, comparing them to the parameters of the respective
Junge's (1) or Smirnov’'s (2) formulas. It can be seen that
in the region 0.1-10 um the approximation of the spectrum
with two power functions according to (2) is fully justified.
Selecting r" = 1 um we obtain a good agreement with the
paraneters of Smirnov’'s formula.

An exception among the agreeing parameters b, and by is
by at Preila. Also correlation analysis for Preila showed
that the range of particles over 1 um behaved practically
independently of the rest of the spectrum. Supposedly an in-
dependent source of large particles formed by seaspray was
sctive there. As c¢an be seen in Table 3, Junge’s two-
paFaneter model does not make it possible to identify such
peculiarity in the spectrum,

In Table 3 the parameter X of the Kl-model fluctuates more
than Junge’'s or Smirnov's parameters. This is gaused by the
dependence of X on the position of the maximum of the spec-
trum. Thus, the KLQapproxination is not useful when only de-
soription of the spectra of large particles is needed.

The KL-model mpakes it possible to approximate monomodal
and dropping spectra in a wide size vrange. Thus, bimodal
apesctra (in the pressnt cass about 13X of all spectra) wers
left out of the demeription. Table 4 presents the parameters
of the KL-model of the average spectra of the messuremsnt
locations. An original computer program compiled by H. Tamnmet
was used for the approximation.

Table 4
Parameters of the KL-approximation
of average spectra
Parameter A Iy K L
Location
Voore 4068 47 2.2 0.6
Tartu. JU 9394 19 2.0 -0.2
Tartu. JA 12259 17 1.7 0.8
2 -0.1

Preila 1935 134 3.

Generally, the KL-parameters describe spectra in corres-
pondence with the 13-parameter model. To demonstrate that,
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the pairwise comparison of the daily variations of the para-
meters of two models was done. Some more pronounced examples
are presented in Fig. 4.
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Fig. 4. Daily variations of the KL-model and the measured
spectrum parameters: 1. EKL-parameter A and the
total particle concentration S, 2. KL-parameter
L and the ratio of fine particle fraction concen-
trations Na/Nz, Voore.
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It can be seen that the average daily variations of '

KL-paraneter A4 and of the total particle concentration ¥
(Fig. 4.1) have gquite similar walks.

The parameter L and the ratio of fraction concentrations
Ny/No describe the slope of the left wing of spectrs and
characterize the rate of particle generation: the higher L
and Ns/N, the smaller the generation rate of fine particles.
The average daily walks ( Fig. 4.2) of the above para-
meters are similar before 16.00. The oscillation of the
paramneter I in the evening-time can be explained by its de-
pendence on the spectral mode, which changes together with
relative humidity of air.

Conclusions

Analysing the number concentration spectra of atmospheric
aerosol measured during about 900 hrs at different times and
at different locations, we met spectra of three different
shapes: dropping (16.4% of the cases), monomodal (71.1%), and
bimodal (12.7X). The frequency of occurrence of different
types warR significantly dependent on the measurement loca-
tion.

The appearance of the spectrum of a certain type was not
connected with quick fluctuations of the aerosol. Once
arisen, =a spectral type was usually maintained over several
hours. The monomodal spectrum was more likely in regions with
cleaner air, at night eand in winter. The dropping spectrunm
was more likely in polluted air, in daytime and in summer.
The bimodal spectra were frequent among the spectra of
coastal aerosol on days with haze.

In the approximation of the coarse part (d > 0.1 um) of
the average spectra in representation rf(r) with power
functions we obtained Junge’'s constant between ~-2.2 and 2.5,
Smirnov's formula (3) constants between 1.7 and 1.9; -2.5 and
-3.2, respectively. For the description of spectra the use of
the Smirnov’s formula is preferable, especially, when the
independent coarse particle sources are acting.

The fitting of atmospheric aeroscl spectra by KL-model
gives a good agreement with 13-parameter model for the
dropping and monomodal spectra types.
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