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Hannes Tammet2, Jorma Joutsensaari4, Kari E.J. Lehtinen1 and Markku Kulmala1

Email: lauri.laakso@iki.fi

1 Department of Physical Sciences, P.O.Box 64, FIN-00014 University of Helsinki, Finland
2 Institute of Environmental Physics, University of Tartu 18 Ülikooli Street, Tartu, 50090, Estonia
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Abstract

In this study the ion production rates in boreal forest are studied based on two different
methods: 1) external radiation and radon concentration measurements, 2) cluster ion and parti-
cle concentration measurements. Both methods produce reasonable estimates for ion production
rates. Average ion production rate calculated from aerosol particle size distribution (DMPS,
APS) and air ion mobility distribution (BSMA) measurements was 2.6 cm−3 s−1 and based on
external radiation and radon measurements 4.5 cm−3 s−1 The first method based on ion and
particle measurements gives lower values for the ion production rates especially during the day.
There are three main reasons for that: particle measurements start only from 3 nm, so the sink
of small ions during the nucleation events is underestimated. Another reason is the possible
fogs, which causes an extra sink of small ions not taken into account with measurements. It is
also possible, that hygroscopic growth factors of ambient aerosol particles are underestimated.
Fourth possible reason for discrepancy is the nucleation mechanism, if the ions are somehow
present in nucleation process, there may be an additional ion sink during the nucleation days.

Introduction

Observations of nucleation followed by new particle generation are discussed in many articles.
[Mäkelä et al., 1997] measured new nanoparticle concentration in continental site at Hyytiälä, Fin-
land, [Horrak et al., 1998] made similar observations in Estonia and [Weber et al., 1997] in a re-
mote continental site in Central USA. There are also several observations carried out in marine air
[Covert et al., 1992],[O’Dowd et al., 1999] as well as in the free troposphere [Weber et al., 1999].
An overview about different observations is given by [Kulmala et al., 2004].

Although the bursts of new particles have been frequently observed, the mechanism of particle
formation still remains unclear. Several nucleation mechanisms have been proposed, these include
classical binary homogeneous nucleation, ternary nucleation [Kulmala et al., 2000], ion-induced
nucleation and ion-mediated nucleation [Yu and Turco, 2000]. Recent results also indicate the
possibility of barrierless nucleation. Any of the mechanisms have not been confirmed or rejected
yet. It is also possible, that there are several nucleation mechanisms simultaneously active in the
atmosphere.

In the case of ion-induced nucleation, nucleation rate is always limited by ion production rate.
Even if condensation is enhanced by electric interactions [Yu and Turco, 2000], still the maximum
nucleation rate is equal to ion production rate.
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Since ion production rate is a crucial factor when investigating charging state of aerosols and
the possibility of ion-induced nucleation, two independent experimental methods for obtaining ion
production rate are compared. The ion production rates are studied based on two different methods:
1) external radiation and radon concentration, 2) ion and particle concentrations measurements.
Both methods produce reasonable estimates for ion production rates.

The experiments were carried out during the Quest 2-measurement campaign in spring 2003.
As a result of the study, an estimate of ion production rate in SMEAR II-measurement station
[Vesala et al., 1998] in Hyytälä in Southern central Finland is given.

Experimental setup and theory

In this study several different instruments were utilized. The mobility distribution of ions was
measured with Balanced Scanning Mobility Analyzer (BSMA), particles with differential mobility
particle sizer (DMPS) and aerodynamical particle sizer (APS). Radon-222 was measured with GM
counting of short-lived progeny accumulated on a glass-fibre filter. External radiation was measured
with scintillation gamma spectrometry.

The ionizing radiation measurement give directly values for the ion production rate whereas the
values based on ion and particle measurements are calculated from the equation

Q = αN±N∓ + N±β±(dp, q)N(dp, q) (1)

where Q is the ion production rate, N± is the concentration of positive or negative cluster ions, α

is the ion-ion recombination coefficient, β±(dp, q) cluster ion-aerosol particle attachment coefficient
and N(dp, q) the concentration of aerosol particles. The sink of small ions by ion-induced nucleation
is not taken into account in this simplified balance equation.

Results and conclusions

Average ion production rate calculated from DMPS, APS and BSMA-measurements were 2.9 cm−3

s−1 and from external radiation and radon measurements 4.8 cm−3 s−1.

In case of direct measurements the external radiation is mostly responsible for ion production, the
contribution of radon is about 10% in general, maximum 36% was recorded on March 26, 1999.
In case of model calculations the ion production rate is mainly influenced by the concentration
of particles in the size range of 5-500 nm measured by means of DMPS, the contribution of large
particles (measured by APS) is always less than 10%, average about 2%. Also the effect of ion-ion
recombination is significant.

In Figure 1 the ion production rates calculated with these two methods are shown. The overall
behavior shows similar behavior in both measurements, the highest ion production rates are in
the middle of the period. The ion production rate obtained from external radiation and radon
measurements have much less variability that the rate calculated (Equation 1) from ion and particle
measurements. Similarly to both methods, ion production rate is highest during the night time.
This is assumed to be due to radon accumulation on the surface layer during the stable nighttime
conditions.

The method based on ion and particle measurements gives lower values for ion production rate
especially during the day. There are two main reasons for that: particle measurements start only
from 3 nm, so the sink of ions during the nucleation events is underestimated. An order of magnitude
estimation gives for the ion production rate corresponding the 1-3 nm particles approximately 1
ion pair per cubic centimeter per second
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Figure 1: Ion production rates calculated from external radiation and radon measurements and
based on DMPS, BSMA and APS measurements. In addition, days with clear particle formation
events are shown.

Another reason is the possible fogs during the day. Third possibility for the discrepancy is the
nucleation mechanism. If the ions are somehow present in nucleation process, there may be an
additional ion sink during the nucleation days. This can occur either via ion-induced nucleation,
barrierless nucleation or accelerated particle growth.
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