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The plants emit different types of volatile organic compounds (Bio VOC’s) and can improve air quality: they

effectively remove organic pollutions and reduce the number of microorganisms in the air by releasing phytoncides.
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considered an integral factor for the organization of
the ecological microclimate of plants.
Negative and positive air ions are generated from
different sources like lightning, the aerosols present
in the atmosphere (Jagadesan et al., 2016). The
presence of negative air ions (NAI) in the inhaled
air is essential for normal functioning of human and
animal organisms (Charry et al., 1987).
However, the NAI level is too small to be detected
by conventional methods. In this paper, we propose
that the generation of NAI by plants could be enhanced
by electrization by high voltage pulses, thus providing
for the high level of NAI. It has been proven that the
production of air ions by plants and soil is observed
under natural conditions. In particular, it occurs after
a prolonged accumulation of air condensate near the
plant, despite the fact that the formation of NAI is
very slow (Tikhonov et al., 2004).
Some countries have already elaborated legal
framework concerning the concentration of air ions
in the work-rooms. On 16 June 2003, sanitary and
epidemiological rules and regulations ‘Hygienic
Requirements for the Air-Ion Level of Industrial and
Public Facilities SanPin 2.2.4 1294-03’ (Санитарноэпидемиологические правила и нормативы ‘Гигие
нические требования к аэроионному составу
воздуха производственных и общественных
помещений СанПин 2.2.4 1294-03’) entered into
force in the Russian Federation. According to these
Requirements, optimal concentration of light negative
ions amounts to 3000 – 5000, while concentration
of positive ions should be half as much. However,
in most cases, the concentration of favorable light,
NAI indoors does not exceed few dozens, while the
concentration of harmful positive ions is growing
rapidly, especially if there are people, TVs, computer
monitors and similar devices in the room. Besides,
practical field testing reveals that the somnolence,
apathy, headaches, etc. ascribed to the ‘dead’ air in
enclosed spaces can be conquered effectively by
supplying moderate concentrations of negative ions
(Krueger, 1985). Air ions may be healing or they may
harmfully affect human health. This effect depends on
the ion concentration in the air and on the proportions
of positive and negative ions. These proportions are
characterized by unipolarity coefficient where:

N+
K = −
N

(1)

N+ and N– are mean concentrations of positive and
negative cluster ions.
Sanitary-hygienic characteristics of plants include
their ability to release a special volatile organic
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compound called phytoncides. Most plants emit
different types of volatile organic compounds (Bio
VOCs) and even micro-amounts of Bio VOC have a
great impact on the processes of formation of cluster
ions (Duddington, 1969). This effect is reinforced
when volatile compounds are emitted from the plant
in the ionic form, e.g., Bio VOCs emitted from the
needles of conifers are ionized because of charges
accumulated on the sharp tips of the needles. To a
certain extent, most of the plants are air ion generators.
Despite that, aeroionizers are always present in places
with artificial atmosphere, e.g. in submarines, and
long-term space stations. With this, the saturation of
the air we breathe at work and at home with the air
ions is nowadays becoming a more urgent problem
(Ponomarenko, 2015). We have tried to model the
artificial air ionisation using indoor plants. For this
purpose, a special experimental stand was constructed
(Fig. 2). It would be perspective to develop technology
for artificial greening that would ensure an optimal
air ion concentration for human organism and indoor
microclimate conditions. In order to develop such a
technology, it is necessary to assess the changes in
air ion concentration depending on indoor plants and
microclimate. The aim of this research is to explore
the impact of indoor plants and microclimate on air
ion concentration in order to find opportunities to
use the plants for air quality improvement. Studies
with sciophytes and carbon filters have shown that
they can improve the parameters of microclimate
while removing organic pollutants in buildings.
This combination can be considered one of the best
means for fighting the symptoms of the sick building
syndrome (Wolverton et al., 1989).
A specially selected combination of plants and
appropriate soil content can remove and absorb VOCs
in the buildings, which are harmful for humans. Many
scientific papers published by Dr. Wolverton confirm
the effectiveness of such biosystems for improving
indoor microclimate. The articles describe how the
pumping action created during transpiration near the
plant roots, removes air pollution to have it converted
into plant food. The charges between the Earth and
the ionosphere are transferred by air ions. The carriers
of negative charges rush to the ionosphere, while
positive air ions move to the surface, where they enter
into contact with the plants. The higher the negative
charge of the plant, the more positive ions it absorbs.
There can be assumed that the plants react to change
the electric potential of the surrounding environment
(Wolverton, 1999). More than two hundred years ago,
scientist Grando concluded that for the normal growth
and development of plants they need constant contact
with the external electric field. Chizhevskii developed
the first devices for artificial generation of NAI –
Chizhevsky’s chandelier (Chizhevskii, 1989).
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5% with air ionizer and 52% in an empty box, but in negative air ions should amount to 600-50000 cm-3,
the sector with plants and air ionizer the number of while admissible values of unipolarity coefficient
negative air ions in the box is higher than the number are 0.4<K<1.0. In the box sector with plants and air
of positive air ions: 110%. The maximum number of ionizer, in turn, concentration of positive and negative
positively and negatively charged air ions was found air ions was stabilized and was in the permissible
in the sector with the ionizer: 199292 cm-3/20182cm-3. limits. During the experiment, the temperature and
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[Type here]
was observed with the presence of plants: 59 cm-3/ average ambient temperature in the box with plants
44 cm-3. These data reveal that, based on the air ion is about 0.5 °C higher than in the box without plants.
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The indicated concentration of air ions in the
presence of plants and in the empty sector (Fig. 3)
allows us to conclude that fluctuation in the number of
ions depends on the time of the day.
The maximum number of ions was observed in the
night (01:00-05:00 a.m.), at the same time the decline
of the ions was observed during the day (9:00-01:00
p.m.), although the experiment was conducted under
conditions of complete darkness, i.e. without the
influence of daylight or artificial light.
It can be explained as follows: negatively charged
surface areas are mostly formed by free electrons
flowing through dielectric adsorbent surfaces. An
electron separates, leaving a positively charged area.
Such positively charged surface areas lead to a change
in air ion concentration. The number of air ions was
decreasing during the day too. At night-time the action
stops – the charged areas disappear with time and
adsorption decreases, which leads to an increase of
the number of air ions.
The room has a good ventilation. Air ions
penetrate from the outside into the experiment
room. The measurements in the box without plants
points to the quantity of the ion outside air. If
ventilation would be completely turned off in the
room, it is possible that there would not be any cyclical
changes in the graphs. Comparing the graphs with
and without plants, it is possible to draw conclusions

Natālija Siņicina, Andris Martinovs

on how plants change the ion number in the diurnal
period.
Conclusions
The positive and negative air ions concentration
indoors varies periodically within the period of
twenty-four hours – sector with plants (Fig. 3, B)
and empty sector (Fig. 3, A): during the daytime it
decreases, while during the nighttime it increases. In
some cases, there are identified deviations from the
periodicity. It is possibly related to the changes of
Solar radiation activity.
In the box with plants, the concentration of positive
and negative air ions is lower than in the empty sector
or in the sector with air ionizer. However, at the same
time, an unacceptable concentration of ions and
inadequate unipolarity coefficient was experimentally
recorded in these sectors.
The present study has shown that in the box with
plants and air ionizer the concentration of negative
ions remains almost constant during the twentyfour hour period. This means that this combination
could be used as a source of support for acceptable
concentration of positive and negative air ions.
Further experiments could be related to changes
in air ion concentration depending on electrization of
soil by high voltage pulses, thus providing for the high
level of air ions.
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