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Summary This article presents the capability of methods for measuring of the air ion concentration and principles of ion 
spectral analysis methods. The analysis of the electric state of air shows the presence of various ion sorts. The therapeutic 
effect of negative high-mobility ions of proper concentration is known. This positive effect was observed in caves that are 
used for speleotherapy. 

 
1. INTRODUCTION 

Electrical phenomena occurring in ionized gases 
involve physical-chemical-biologically reactive ions, 
radicals, and molecular species. These phenomena 
are encountered and overlap among diverse fields of 
chemistry, physics, engineering, meteorology, 
climatology, medicine, microbiology, physiology 
and industrial hygiene. The physical and chemical 
aspects of small air ions and radicals have been 
under investigation almost from the discovery of 
electricity. Plasma chemistry and discharge physics 
are inexorably intertwined. The health implications 
of air ionization have been reviewed elsewhere [1]–
[5]. Improved diagnostics and mechanistic 
understandings of electrical discharges in gases [6]–
[7] have led to the development of engineered 
devices with highly controllable processes for the 
generation of non-thermal plasmas in the treatment 
of chemical [8], [26], [27] and biological 
contaminants [9]–[12]. Coupled with the increased 
interest in controlling the potpourri of airborne 
contaminants, there has been an awakening kindled 
in applying this technology for improving the air 
quality of enclosed indoor environments [13]–[17].  

It is known the effect of negative ions to human 
healthy. The presence of negative air ions in an 
inhaled air is necessary for the normal vital activity 
of animals and humans [18]. Clean rural air contains 
some hundreds to some thousands negative air ions 
in a cubic centimeter. It has been established that 
during a long stay in closed rooms, people 
experience a deficit of the negative air ions, the so-
called oxygen “starvation.” It causes a worsening of 
a health condition and predisposes to the 
development of diseases [2], [19]. In the 1930s, A. 
L. Tchijevsky suggested compensating for the 
negative air ions deficiency by an electric ionization 
of air [19]. The problem of an artificial ionization of 
air remains urgent also at present. The indoor air in 
hospitals and offices where many people are present, 
as well as in air-conditioned rooms, contain, in the 
best case, as little as tens or hundreds of charges in a 
cubic centimeter, and the level of the negative air 

ions can fall even to zero [20]. It was shown by A. 
L. Tchijevsky [19], [21] and later by N. I. 
Goldshtein [22] that the complete absence of the 
negative air ions in the inhaled air is fatal to animals. 
Modern devices generate the negative air ions in 
different quantities, from a few hundreds to 
thousands and millions ions per cubic centimeter. 
These devices are used for both cleaning the air from 
dust, microbes, and volatile admixtures by high 
doses of the negative air ions [23] and enriching the 
air by the negative air ions for prophylactic and 
therapeutic purposes. 

The Department of the Theoretical and 
Experimental Electrical Engineering of Brno 
University of Technology and the Institute of 
Scientific Instruments of the Academy of Sciences 
of the Czech Republic are involved in the research 
of ion field in office and living spaces [24], [25]. 
The objective is to increase the concentration of 
light air ions in these spaces. Another task is to set 
up a simulated therapy room, with conditions similar 
to speleotherapy caves. It sets the requirements for 
accurate measurement of the ion fields with good 
repeatability. The article deals with the design of 
gerdien condenser and peripheral measuring devices. 
An optimal design is important for eliminating the 
inaccuracy of ion concentration measurement. 

2. MEASURING METHOD 

Several methods are currently used to measure 
air ion fields: The dispersion method, the 
ionspectrometer method, the Faraday cage method, 
and the gerdien condenser method, whose principle 
is shown in Fig. 1.Here is d1 – inner electrode 
diameter, d2 – outer electrode diameter, l –length of 
gerdien condenser, M – air flow volume rate, v – air 
flow velocity, e – elementary charge of electron, 
positive air particle (ion), negative air particle 
(ion).The gerdien condenser consists of two 
electrodes. There is an electric field between the 
inner electrode (the collector) and the outer 
electrode. The field is imposed by voltage source U. 
Air ions flow from the fan through the gerdien 
condenser. Negative ions in the electric field impact 
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the collector, and the current produced is measured 
by a pA-meter [24]. The current which is measured 
is proportional to air ion concentration. The model 
of the measuring system was presented in [25]. 
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Fig. 1. Principle of gerdien condenser method. 

 
Gerdien condenser shape ensures that the flow of 

air is laminar. Air flow turbulence can distort the 
accuracy of measurement. The surface of the 
electrodes is required to be as smooth as possible. 
The design of gerdien condenser is shown in Fig. 2. 

 

 
 

Fig. 2. Gerdien condenser design. 
 
 

 

 
Fig. 3. Low level amplifier. 

 
The current flowing through the gerdien 

condenser is due to the ion concentration. Current 
intensity depends on polarization voltage, on the 
dimension and parameters of gerdien condenser, and 
on ion concentration. The specific current range for 
the designed gerdien condenser is 10-10 A – 10-13 A. 
The low-level amplifier is realized with INA116. 
The design of the amplifier is shown in Fig. 3. 

3. NUMERICAL MODELING OF DESIGN, 
VERIFICATION 

It is possible to carry out analysis of a gerdien 
condenser model as a numerical solution by help of 
Finite element method (FEM). The electromagnetic 
part of the model is based on the solution of full 
Maxwell’s equations. It was solved like simply 
electrostatic field. This results showed to new facts 
in gerdien condenser design [25]. New design of 
gerdien condenser was made with filter for the 
specific particles, Fig. 2. 

4. TESTS OF GERDIEN CONDENSERS 

The gerdien condenser design was tested 
according to the special measuring methodology 
[25]. The experiments are shown in Fig. 4 and 
Fig. 5. 
 
Meas. type Mode Fan Voltage Ion gener. Air flow 

0 0 0 0 
0 1 0 0 
1 0 0 0 

Absolute Testing A 

1 1 0 0 
0 0 0 0 
0 1 0 0 
1 0 0 0 

Testing A 

1 1 0 0 
0 0 0 0 
0 1 0 0 

Diferential 

Measurement 
D 

1 1 1 1 
Legend: 0 – device is off, 1 – device is on 
 
Table 1. Gerdien tube measurement sequence 
 
 
 

 
 

Fig. 4. Gerdien condenser measuring method- test by the 
electronic ion generator. 

 
 
 
 



278                                                                              Advances in Electrical and Electronic Engineering 

5. CONCLUSION 

The new design of gerdien condenser and the 
optimization of peripheral measuring devices have 
minimized the systematic error of measurement. The 
system allows measuring air ion concentration with 
a sensitivity > 50 ions/cm3. The ion mobility is in 
the interval 0.3 – 100 cm2V-1s-1. The system is used 
to measure ion field distribution in living and office 
spaces. 

 
Acknowledgement 

The paper were prepared within the framework 
of VUT Brno of the Czech Republic and with the 
support of the research plan MSM 0021630516 and 
grant GAAV No. B208130603. 

 
 

 

Aromastick 

Water ionizer Electronic ionizer 

 Fig. 5. Gerdien condenser measuring -test by water , 
electronic generator and aromastic.
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Fig. 6. Example results of differential measurement of the electronic negative ion generator. 
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