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Abstract. Continuous measurements of intermediate air ion
size distributions were carried out in the small town Tartu,
Estonia, from 1 April 2010 through 7 November 2011. The
intermediate ions are charged aerosol particles of diame-
ter 1.5–7.5 nm. In this paper we study what information
about neutral nanoparticles of atmospheric aerosols can be
drawn from the air ion measurements. Rough estimates of
the growth rate and the size distribution of neutral nanopar-
ticles were derived for the subset of measurements while the
concentration of the intermediate ions was close to the me-
dian and remains in the range of 21± 2 cm−3. This criterion
excludes the specific new particle formation events charac-
terized with high concentration of intermediate ions and in-
cludes only most typical quiet periods between the events
when the simultaneous growth, depletion and recharging of
particles are described with steady-state equations. We esti-
mated the growth rate of nanoparticles to be about 2 nm h−1

while the growth flux or apparent nucleation rate proved to be
about 0.5 cm−3 s−1 at 3 nm and about 0.08 cm−3 s−1 at 7 nm.
The results suggest that the process of new particle formation
is not interrupted during the quiet periods between events of
intensive nucleation of atmospheric aerosols.

1 Introduction

The fine nanometer component of atmospheric aerosol is
crucial for understanding the formation of new secondary
aerosol particles (Kulmala et al., 2013). Intermediate air ions
are the finest electrically charged aerosol particles with an
electric mobility of about 0.03–0.5 cm2 V−1 s−1 and a diam-
eter of about 1.5–7.5 nm (Hõrrak et al., 2000; Hirsikko et
al., 2011; Tammet et al., 2012). Every new particle should

grow through this size range, where little is known about the
factors and parameters of aerosol evolution when compared
with the range of larger particles (Kulmala et al., 2004a, b,
2007, 2012, 2013).

High concentrations of intermediate ions appear in atmo-
spheric air during burst events of new particle formation,
which typically last a few hours (Kulmala et al., 2012). The
quiet periods between the events are characterized by a low
concentration of intermediate ions and can last for weeks
(Tammet et al., 2012). During these periods the old burst-
generated nanoparticles grow to larger sizes, coagulated with
large particles or deposited. However, intermediate ions are
still found in the air during the long pauses between the
events of burst-wise formation of new nanoparticles, which
proves that atmospheric aerosol nucleation is continuous
(Tammet et al., 2012). Knowledge about the role of quiet
periods in the formation of atmospheric aerosol is limited.
One reason for this is the technical difficulty due to the very
low concentration of nanoparticles. The median concentra-
tion of intermediate ions of one polarity is about 20 cm−3,
while Kulmala et al. (2004b) wrote that the sensitivity of
electrometers was limited with the lowest detectable parti-
cle concentration of about 50 cm−3 when the cited paper was
written. The sensitivity of ion spectrometers has been signif-
icantly improved during recent years, and new instruments
(Mirme et al., 2007; Tammet, 2011) make the measurement
of intermediate ion concentrations of less than 10 cm−3 pos-
sible. Tammet et al. (2012) have obtained a dataset of inter-
mediate ion mobility and size distribution measurements that
cover the periods of quiet nucleation with low-noise mea-
surements.

Both electrically charged and neutral nanoparticles par-
ticipate in the process of new particle formation in the
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Table 1.Near-median size distribution of intermediate ions in Tartu, Estonia, according to Tammet et al. (2012). The upper index indicates
the polarity of ions whilen1(d) without the upper index denotes the mean of positive and negative ions.

d, nm 1.62 1.87 2.18 2.56 3.04 3.60 4.25 5.01 5.88 6.89

n+

1 (d), cm−3 nm−1 10.96 5.60 4.04 3.33 3.01 2.85 2.91 2.89 2.87 3.20
n−

1 (d), cm−3 nm−1 12.72 5.86 4.20 3.39 2.95 2.88 2.88 2.86 2.82 2.95
n1(d), cm−3 nm−1 11.84 5.73 4.12 3.36 2.98 2.87 2.89 2.88 2.85 3.07

atmosphere while intermediate ions usually make up only
a small percent of all nanoparticles. The aim of the present
study is to learn what information about neutral nanoparti-
cles can be drawn from intermediate ion measurements dur-
ing quiet periods of new particle formation. In contrast to an
earlier study by Hõrrak et al. (1998), the effect of particle
growth and coagulation sink will be considered as factors of
particle charge balance.

Characteristic durations of intermediate ion transition pro-
cesses are typically less than one hour while the observed
size distribution during quiet periods of new particle forma-
tion remains stable for many hours. Thus, a steady state can
be expected in the theoretical model of aerosol dynamics,
which significantly simplifies the discussion.

2 Theoretical model

The model is similar to that used by Iida et al. (2008) and
based on the following assumptions:

1. nanoparticles are neutral or singly charged spheres;

2. their concentrations are low enough to neglect the
nanoparticle–nanoparticle coagulation;

3. the product of ion–particle attachment coefficient and
concentration of small ions does not depend on the po-
larity of electric charge (weak polarity symmetry);

4. all processes are in a steady state.

Iida et al. (2008) accepted the common assumption of strong
polarity symmetry assuming the concentrations of positive
and negative small ions to be equal:c+

= c−. This proposal
was discussed and recognized as restrictive in several pa-
pers (e.g., by Gagné et al., 2012). The assumption of weak
symmetry tolerates the inequality of concentrations while the
products of concentrations and attachment coefficients re-
main symmetric. The assumption is motivated by the fact that
the concentrations of small ions appear in equations only in
combination with corresponding attachment coefficients, and
the small ion generation and recombination are inherently
polarity symmetric. The steady-state balance of small ions
is described by the following equation:

I+
= αc−c+

+ β+

0 c+Ntotal

I−
= αc+c−

+ β−

0 c−Ntotal

}
, (1)
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Fig. 1. Near-median size distribution of intermediate ions n1(d) according to Table 1 and the 
approximation Eq. (4). 

Fig. 1.Near-median size distribution of intermediate ionsn1(d) ac-
cording to Table 1 and the approximation Eq. (4).

whereI+ andI− are the rates of ion generation,α is the ion–
ion recombination coefficient,Ntotal is the total concentration
of background aerosol particles, andβ ’s are the effective in-
tegral attachment coefficients (Salm and Tamm, 2011) for in-
dicated polarity. Ionization and recombination of small ions
are symmetric:I+

= I− andαc+c−
= αc−c+. It follows ex-

act symmetryβ+

0 c+
= β−

0 c− for integral attachment terms.
We anticipate that the error caused by a possible violation
of the weak symmetry in case of particles with specific sizes
is small and can be neglected. This conclusion is supported
by measurements (Tammet et al., 2012) that show only very
small deviations from the polarity symmetry of intermediate
ion concentrations in conditions of steady state (see Table 1
and Fig. 1).

The presumption of steady state is motivated by the fact
that the characteristic recombination time of intermediate
ions is typically less than one hour while the periods of quiet
formation of new particles last many hours and days. Addi-
tionally, this presumption allows one to assume that the large
preexisting background aerosol particles are in equilibrium
charging state.

Dynamics of intermediate ions in the case of similar as-
sumptions is described by Iida et al. (2008, Eq. 6). In the
steady state, the derivatives according to time are zero. In this
case the intermediate ion balance is described with a system
of two differential equations:
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d (GR0(d)n0(d))

dd
= 2cβ1(d)n1(d) (2)

−2cβ0(d)n0(d) − Sbkg0(d)n0(d),

d (GR1(d)n1(d))

dd
= cβ0(d)n0(d) − cβ1(d)n1(d) (3)

−Sbkg1(d)n1(d),

wheren0(d) = dN0/dd is the distribution of neutral nanoparti-
cle number concentration,n1(d) = dN1/dd is the distribution
of charged nanoparticle (intermediate ion) number concen-
tration for one polarity, GR0(d) and GR1(d) are the growth
rates of neutral and charged nanoparticles of diameterd, c is
the concentration of small ions of one polarity,β0(d) is the
small ion to neutral particle attachment coefficient, andβ1(d)

is the small ion attachment coefficient to oppositely charged
particle. The products GR0(d)n0(d) and GR1(d)n1(d) are
called the growth fluxes or apparent nucleation rates (Kermi-
nen and Kulmala, 2002). The attachment coefficients can be
estimated according to the theory by Hoppel and Frick (1986,
1990) or approximations of tables by Hoppel and Frick;
we use the approximation by Tammet and Kulmala (2005).
Sbkg0(d) andSbkg1(d) are the sinks of neutral and charged
nanoparticles due to other factors. We call these quantities
the coagulation sinks assuming they are caused predomi-
nantly by the coagulation of nanoparticles with coarse par-
ticles of the pre-existing background aerosol. All polarity-
dependent quantities are presented with averages for positive
and negative particles. Equations (2) and (3) contain 8 func-
tions of the particle diameter GR0(d), GR1(d), n0(d), n1(d),
β0(d), β1(d), Sbkg0(d), Sbkg1(d), and one parameterc that
is independent of the diameter. Some of these quantities are
easy to measure or calculate; some are not. In following the
concentration of small ionsc and intermediate ion size distri-
butionn1(d) on some finite set of diameters are expected to
be known as measurements while the growth rates and distri-
bution of neutral nanoparticlesn0(d) are subjects to be esti-
mated.

3 Size distribution of charged nanoparticles

Sample data are required for illustrating the methods of solv-
ing specific problems. We use results of long-term measure-
ments of small and intermediate ions in the city of Tartu,
Estonia (Tammet et al., 2012). Tartu is a small town with
about 100 000 inhabitants and without heavy industry. The
instruments were installed on the top of a four-story building
close to the town center (58.373◦ N, 26.727◦ E; 70 m a.s.l.).
The measurements were carried out from 1 April 2010 to 7
November 2011. The median of intermediate ion concentra-
tion of one polarity was 21 cm−3; 905 hourly records with
the concentration of 21± 2 cm−3 were gathered into a near-
median sample. The burst events of new particle formation
are reliably excluded because the upper border of 23 cm−3 is

substantially below the level characterizing the burst events.
The mean size distribution of intermediate ions in the sample
is presented in Table 1.

Some other parameters of the same near-median sample
were the mean values of air temperature of 7◦ C, pressure of
1007 mb, and the concentration of small ions of one polarity
c = 450 cm−3.

A theoretical model requires knowledge ofn1(d) as a con-
tinuous function while the measurements are able to immedi-
ately provide only a discrete set of values, as presented in Ta-
ble 1. A continuous functionn1(d) can be created as a math-
ematical interpolation based on a parameterization of the size
distribution. We use the following parameterization:

n1(d) ≈

(
p1 + d/p2 +

p3

(d − p4)
2

)
cm−3nm−1. (4)

The values of the intermediate ion size distributionn1(d)

presented in Table 1 are well approximated with the
model in Eq. (4) atp1 = 2.45,p2 = 15 nm,p3 = 1.2 nm2, and
p4 = 1.25 nm. Measurements and the continuous approxima-
tion in Eq. (4) are compared in Fig. 1. Fluctuations of the
marked points near the interpolated curve in Fig. 1 illustrate
the level of random noise in measurements.

4 Coagulation sink of nanoparticles and small ions

Lehtinen et al. (2007) showed that the sink of neutral
nanoparticles of diameterd on the particles of a background
aerosol is approximately proportional tod−1.6. Tammet and
Kulmala (2012) studied the sink of nanoparticles and small
ions using a large set of aerosol size distribution measure-
ments in Hyytiälä, Finland, and found that about 90 % of
the sink was caused by the background aerosol particles of
the diameter between 50 and 500 nm, whose number con-
centration is denoted byN50−500. Results of the European
aerosol measurement network (Asmi et al., 2011) show the
typical values ofN50−500 in the hemiboreal zone as 1000–
3000 cm−3. According to earlier measurements by Kikas et
al. (1996), the typical values in Tartu are in the same con-
centration range. Tammet and Kulmala (2012) correlated the
sink of nanoparticles and ions withN50−500 and found em-
piric regressions:

Sbkg0(d) ≈
1.45N50−500

(d/1 nm)1.6
10−6cm3s−1, (5)

Sbkg1(d) ≈

(
1+

1.5
√

d/1 nm
−

4

(d/1 nm+ 2)2

)
Sbkg0(d), (6)

Sbkg1.5 ion ≈ (3.9 × 10−6cm3s−1)N50−500. (7)

Here Sbkg1.5 ion is the sink of typical small ions with the
electric mobility of 1.5 cm2 V−1 s−1. The sink of charged
nanoparticles exceeds the sink of neutral particles because
the attachment of ions to oppositely charged particles is
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strongly enhanced and not fully compensated by the reduc-
tion of the attachment in the case of coinciding polarities.
The dispersion between actual values of the sink and the re-
gressions (Eqs. 5–7) appeared to be pretty large: the relative
standard deviation is about 30 % in the dataset of measure-
ments in Hyytiälä for three years. In the present study, high
accuracy is not required because the regressions are neces-
sary only for the association of illustrating calculations with
the trial values of the background aerosol concentrations.

5 Distribution of neutral nanoparticles at uniform
growth of the intermediate ions

The formal problem includes the size distribution of charged
nanoparticles as the input, and growth rates and size distri-
bution of neutral nanoparticles as the unknowns to be esti-
mated. Unfortunately, the system of two equations (Eqs. 2
and 3) itself cannot offer an unambiguous solution of the
problem without involving some additional information. The
additional information may contain supplementary measure-
ments or prior knowledge as well as reasonable hypotheses
about the unknown quantities. There are numerous possibil-
ities to include additional information. In the following we
discuss a particular approach whereby the growth of inter-
mediate ions is postulated to be uniform anddGR1/dd= 0,
as often assumed in studies of atmospheric aerosol nucle-
ation (Gagné et al., 2012). Recent results by Kulmala et
al. (2013) confirmed the hypothesis of nearly uniform growth
for nanoparticles with diameters greater than 2.5 nm but
showed it to be inadequate for particles with diameters less
than 2 nm. The size range of nanoparticles in the quantitative
examples below will be limited with diameters of 2–7 nm,
and the results for the lowest half nanometer may contain
distortions due to the deviation from the hypothesis of uni-
form growth.

If the coagulation sink of charged nanoparticlesSbkg1(d)

is known, the distribution of intermediate ionsn1(d) is ascer-
tained by measurement, and GR1 is a known constant, then
the distribution of neutral nanoparticlesn0(d) is unambigu-
ously determined according to Eq. (3) and can be expressed
as

n0(d) =
cβ1(d) + Sbkg1(d)

cβ0(d)
n1(d) +

GR1

cβ0(d)

dn1(d)

dd
. (8)

Equation (8) requires knowledge ofn1(d) as a continu-
ous function, e.g., as represented with the interpolation
model (Eq. 4). The coagulation sink of charged nanoparti-
clesSbkg1(d) can be roughly estimated according to Eqs. (5)
and (6). Unfortunately, we have no simultaneous measure-
ments ofN50−500 available in the present study and can per-
form only illustrative calculations based on hypothetic val-
ues assumed to be close to the typical values. Examples in
Figs. 2 and 3 are drawn assumingN50−500= 2000 cm−3 in
accordance with the measurements by Kikas et al. (1996).
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FIG 2 

 

 

Fig. 2. Size distributions of neutral nanoparticles n0(d) in case of the near-median distribution 
of intermediate ions in Tartu (Fig. 1) and N50–500 = 2000 cm–3 calculated according to Eq. (8) 
for the trial values of charged nanoparticle growth rate GR1. 

Fig. 2. Size distributions of neutral nanoparticlesn0(d) in case of
the near-median distribution of intermediate ions in Tartu (Fig. 1)
andN50−500= 2000 cm−3 calculated according to Eq. (8) for the
trial values of charged nanoparticle growth rate GR1.
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Fig. 3. Growth rate of neutral nanoparticles GR0(d) in case of the near-median distribution of 
intermediate ions in Tartu (Fig. 1) and N50–500 = 2000 cm–3 calculated according to Eq. (9) at 
the assumption GR0(7 nm) = GR1 for the trial values of charged nanoparticle growth rate GR1. 

Fig. 3. Growth rate of neutral nanoparticles GR0(d) in case of the
near-median distribution of intermediate ions in Tartu (Fig. 1) and
N50−500= 2000 cm−3 calculated according to Eq. (9) at the as-
sumption GR0(7 nm) = GR1 for the trial values of charged nanopar-
ticle growth rate GR1.

The effect of different assumptions aboutN50−500 will be il-
lustrated afterward in Fig. 4.

Figure 1 shows that the size distribution curven1(d) is flat
in the size range of 3–6 nm, where values of the derivative
are small and the last term in Eq. (8) turns out to be insignif-
icant. Thus the estimate ofn0(d) in this size range is nearly
independent of the growth rate GR1. This fact is illustrated
in Fig. 2 with the curves ofn0(d) calculated according to
Eq. (8) for different hypothetic values of GR1 while consid-
ering all terms in Eq. (8). The curve at GR1 = 2 nm h−1 differs
only a little from the curve at GR1 = 0 nm h−1, which presents
an unreal hypothetic situation when particles grow only in
neutral state. The conclusion is that the assumption about the
growth rate of charged particles in the present model has only
a minor effect on the estimates of the concentration and size
distribution of neutral nanoparticles during quiet periods of
new particle formation.

Atmos. Chem. Phys., 13, 9597–9603, 2013 www.atmos-chem-phys.net/13/9597/2013/
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FIG 4 

 

 

Fig. 4. Size distributions of neutral nanoparticles n0(d) in case of the near-median distribution 
of intermediate ions in Tartu (Fig. 1) calculated according to Eqs. (8) and (9) at constraints 
GR0(3 nm) = GR0(7 nm) = GR1 and different trial values of the concentration of background 
aerosol particles N50–500. The growth rate was estimated to be 0 nm h–1 at N50–500 = 0 cm–3, 
1.15 nm h–1 at N50–500 = 1000 cm–3, 2.03 nm h–1 at N50–500 = 2000 cm–3, and 3.6 nm h–1 at N50–

500 = 4000 cm–3. 

Fig. 4. Size distributions of neutral nanoparticlesn0(d) in
case of the near-median distribution of intermediate ions in
Tartu (Fig. 1) calculated according to Eqs. (8) and (9) at
constraints GR0(3 nm) = GR0(7 nm) = GR1 and different trial
values of the concentration of background aerosol particles
N50−500. The growth rate was estimated to be 0 nm h−1 at
N50−500= 0 cm−3, 1.15 nm h−1 at N50−500= 1000 cm−3,
2.03 nm h−1 at N50−500= 2000 cm−3, and 3.6 nm h−1 at
N50−500= 4000 cm−3.

6 Estimating the growth rate and the growth flux of
nanoparticles

Let us choose a hypothetic value of GR1 and determinen0(d)

according to Eq. (8). In this case Eq. (2) contains one un-
known function GR0(d) and can be transfigured into the tra-
ditional general form of a linear differential equation:

dGR0(d)

dd
+

1

n0(d)

dn0(d)

dd
GR0(d) = 2cβ1(d)

n1(d)

n0(d)
(9)

− 2cβ0(d) − Sbkg0(d).

Equation (9) can easily be integrated when an initial value
GR0(d0) at an arbitrary diameterd0 is known. It is assumed
that a possible dependence of the growth rate on the particle
charge fades with an increase in particle size. Thus the hy-
pothesis GR0(7 nm) = GR1 seems to be an acceptable initial
condition. Corresponding solutions of Eq. (9) are shown in
Fig. 3, which is complementary to Fig. 2.

Two curves of the three depicted in Fig. 3 distinctly con-
tradict the common assumption about the nearly constant
growth rate of neutral particles. The prior information con-
tained in assumptions GR0(7 nm) = GR1 and GR0(d) ≈ const
allows us to pick out GR1 ≈ 2 nm h−1 as the most realistic
choice among the three trial values tested in Fig. 3. This ex-
ample brings out a rule for choosing the value of GR1 accord-
ing to the principle of the minimum variation of GR0(d) cal-
culated according to Eq. (9). A simple approximate method
assumes the exact coincidence of GR0 and GR1 at two dif-
ferent diameters. In this case the set of free parameters is
reduced to one parameterN50−500, and the choice of this pa-
rameter unambiguously determines the growth rate. Figure 4
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FIG 5 

 

 

Fig. 5. Charging coefficient QC and the growth flux or apparent nucleation rate J (Eq. 12) 
estimated according to the present model and the near-median distribution of intermediate air 
ions in Tartu (Fig. 1) assuming GR0(3 nm) = GR0(7 nm) = GR1 and N50–500 = 2000 cm–3. 

Fig. 5. Charging coefficient QC and the growth flux or appar-
ent nucleation rateJ (Eq. 12) estimated according to the present
model and the near-median distribution of intermediate air ions
in Tartu (Fig. 1) assuming GR0(3 nm) = GR0(7 nm) = GR1 and
N50−500= 2000 cm−3.

shows a sample of solution demonstrating the effect of dif-
ferent hypotheses about the concentration of the background
aerosol particles on the estimate of neutral nanoparticle dis-
tribution at constraints GR0(3 nm) = GR0(7 nm) = GR1.

One way to acquire more additional information is to mea-
sure the ionization rateI simultaneously with air ions. The
balance of small ions in steady state is described with the
following equation:

I = αc2
+ Sbkg1.5 ionc, (10)

whereα ≈ 1.6× 10−6 cm3 s−1 is the ion–ion recombination
coefficient andSbkg1.5 ion is the aerosol sink of small ions of
the typical mobility of 1.5 cm2 V−1 s−1 related to the aerosol
concentration according to empiric regression in Eq. (7). If
the ionization rate is known, then Eq. (10) enables one to es-
timate the sink of small ions according to the measured con-
centration and apply Eq. (7) to estimate the value of back-
ground aerosol particle concentrationN50−500. Simultane-
ous measurement of the intermediate ion size distribution,
concentration of small ions and ionization rate would enable
one to get adjusted results about the growth rate and distri-
bution of neutral nanoparticles. Examples atc = 450 cm−3

and a set of trial values ofI presented in Table 2 are
in good accordance with assumptions GR1 ≈ 2 nm h−1 and
N50−500 ≈ 2000 cm−3 about the typical distribution of inter-
mediate ions in Tartu, which is illustrated in Fig. 1.

Some additional results are presented in Fig. 5. Here the
charging coefficient is introduced:

QC(d) =
n1(d)β1(d)

n0(d)β0(d)
, (11)

which characterizes how much the charging state deviates
from the hypothetic value corresponding to the zero sink of
non-growing nanoparticles on the background aerosol. The

www.atmos-chem-phys.net/13/9597/2013/ Atmos. Chem. Phys., 13, 9597–9603, 2013
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Table 2.Estimates of the background aerosol particle number con-
centrationN50−500 and the growth rate of nanoparticles according
to Eqs. (7)–(10) at constraints GR0(3 nm) = GR0(7 nm) = GR1 and
c = 450 cm−3 depending on the trial value of ionization rate. STD
is the standard deviation of difference (GR0/GR1 – 1) in the range
of diameters of 2–7 nm.

Ionization rate, cm−3 s−1 2 4 6 8

N50−500, cm−3 960 2100 3250 4370
GR1, nm h−1 1.1 2.1 3.0 3.9
STD 0.8 % 1.0 % 1.8 % 2.6 %

value of QC approaches 1 with a simultaneous decrease in
N50−500 and GR1. The growth flux

J (d) = GR0(d)n0(d) + 2 GR1(d)n1(d) (12)

is the same as the apparent nucleation rate explained by
Kerminen and Kulmala (2002) and Lehtinen et al. (2007).
The standard 3 nm apparent nucleation rate at the near-
median distribution of intermediate air ions in Tartu and
N50−500= 2000 cm−3 appears to be about 0.5 cm−3 s−1,
which means a considerable formation of new nanoparti-
cles during quiet periods of new particle formation. Most of
these nanoparticles are still scavenged by the large particles
of the background aerosol, and the flux passing the border
of 7 nm is decreased about 6 times until the value of about
0.08 cm−3 s−1.

7 Conclusions

The assumption of equal concentrations of positive and neg-
ative small ions can be replaced with the assumption of weak
polarity symmetry, which states that the product of ion–
particle attachment coefficient and concentration of small
ions is independent on the polarity and tolerates the inequal-
ity of polar concentrations of small ions. This assumption is
supported by the polarity symmetry of intermediate ion con-
centration measurements during quiet periods of new particle
formation.

Contemporary instruments allow the measurement of size
distributions of intermediate ions when the values ofdN1/dd
are as low as a few cm−3 nm−1. If the coagulation sink, the
growth rate, and the size distribution of intermediate ions are
known, then the equation of steady state (Eq. 3) provides ex-
plicit expression (Eq. 8) for the size distribution of neutral
nanoparticles. Variation in the growth rate of intermediate
ions has only a minor effect on the estimate of size distri-
bution of neutral nanoparticles during quiet periods of new
particle formation. Plausible values of the growth rates can
be found when minimizing the difference between the trial
growth rate of charged nanoparticles and the growth rates of
neutral nanoparticles calculated according to the steady-state
equations (Eqs. 2 and 9).

Correct evaluation of the size distribution and growth
rate of neutral nanoparticles according to air ion measure-
ments requires simultaneous measurement of the background
aerosol particle concentration or the ionization rate. The dis-
cussed measurements were not accompanied by simultane-
ous measurements of these quantities. Thus only rough esti-
mates were derived using the typical concentrations of back-
ground aerosol measured in the same location during earlier
studies. The growth rate of nanoparticles in urban air of a
small town in the case of near-median concentration of in-
termediate ions was estimated to be about 2 nm h−1 and the
growth flux or apparent nucleation rate about 0.5 cm−3 s−1 at
3 nm and 0.08 cm−3 s−1 at 7 nm. The results suggest that the
process of new particle formation is not interrupted during
the quiet periods between the events of intensive nucleation
of atmospheric aerosols.
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