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Abstract—Maximum permissible concentration of pol-
luting substances in the atmospheric air is defined in the
laws and regulations of many countries. The concentration
of cluster ions from 400 to 3000 ions per m?® is generally con-
sidered to be appropriate for human health. The author of
this article analyses potential cases when air enrichment
with air ions could enhance air purification and influence fa-
vourably human health. The author also describes possible
adverse effects when air ionisation can increase the harm-
ful impact on human body, especially in situations when the
concentration of polluting substances exceeds the maximum
permissible level.
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INTRODUCTION

Air pollution is the main reason of many respiratory
tract diseases and even deaths [1]. Air pollution increases
the risk of respiratory diseases, such as asthma, respiratory
infections, and chronic obstructive pulmonary disease, in
children and adults. Maternal exposure to air pollutants
mediates both short-term and long-term effects on the
respiratory system. [2] Air pollution has many negative
health effects on the general population, especially
children, individuals with underlying chronic disease
and the elderly [3]. Globally, seven million deaths were
attributable to the joint effects of household and ambient
air pollution. People with chronic respiratory diseases
such as chronic obstructive pulmonary disease and asthma
are especially vulnerable to the detrimental effects of air
pollutants [4]. The problem of air pollution affects not
only populated big cities, but it is also becoming more
acute in smaller settlements.

It is a widespread belief nowadays that people are
spending more time indoors for both work and leisure
needs. Deterioration of outdoor air quality will inevitably
lead to a deterioration of indoor air quality, as in many
cases the quality of outdoor and indoor air is strongly
correlated [5]. Indoor pollutants are different from
those in the ambient air, although most of them are the
same. Nevertheless, indoor air contains all the same
pollutants as in the outdoor air, but the concentrations are
different, usually lower. Besides the same pollutants as
in the outdoor air, there are some other components in

the indoor air which come from inside the building. The
major sources include combustion of solid fuels indoors,
tobacco smoking, emissions from construction materials
and furnishings, and poor ventilation. [3],[6].

In order to fight against indoor air pollution,
various air purification devices are available on the
market. Many of them are based on the principle of air
ionisation. Adding a charge to the pollution particles,
including PM 10, promotes their formation into larger
aggregates and sedimentation by the effect of gravity.
Quite good results are achieved when purifying indoor
air from cigarette smoke that mainly create PM 10 with
a positive charge. Air enrichment with negative light
air ions indoors provides good air purification results
[7]. Studies on the interactions between air ions and
indoor air pollution with aerosols are described in many
publications, e.g. Priimann, 1984 [8], and the use of air
ionisation technologies for purifying indoor air from fine
aerosols is also quite popular (e.g. Shiue, 2011 [9]). Air
ion therapy is even used to improve human health and
well-being, cure burns, injuries and various diseases [10].

However, there are some problems in this area, for
example, artificial air ionisers contribute to increased
ozone concentrations indoors, which can considerably
exceed levels favourable for humans [11]. Air ionisation
is also used in airtight rooms where people are present,
such as submarines and space ships, but the air there is
always chemically cleaned too, for example by means of
a special sorbents or electric membranes [12].

The content of both positive and negative air ions in
the air has a significant impact on physiological processes
in the human body, thus affecting the state of human
health, mental and physical capacity, and well-being.
Knowledge gained through scientific research about the
role of air ion concentration in ensuring optimal human
performance (e.g. Reinet, 1983; Hawkins, Barker, 1978;
Hawkins, 1981) has already been incorporated into the
national legislation of several states [13], [14], [15].

On 16 June 2003, sanitary and epidemiological rules
and regulations “Hygienic Requirements for the Air-lon
Level of Industrial and Public Facilities SanPin 2.2.4
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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
[16].

Similar legislation has been adopted in Ukraine and
Belarus. “SanPiN 2.2.4 1294-03” defines requirements
for air ion content in spaces where, for various reasons,
air ion concentration may not comply with the levels
appropriate for human body. Environment favourable
for human living should correspond to the following
requirements: air ion concentration should be from
400 ions c¢cm to 50,000 ions m?3, while the value of
unipolarity coefficient should be within 0.4 <K< 1.0, i.e.
the concentration of negative air ions should be at least
equal to or greater than the concentration of the positive
ones.

Besides chemical and physical air pollution, the
concentration of air ions and unipolarity coefficient K
creates an unexplored and undervalued impact on human
health. Air ionisation, if K > 1, in combination with air
polluting gases, acrosols and dust, is an additional factor
adversely affecting human health and well-being. Under
intense air pollution conditions, as a result of chemical
ion transformations, a large amount of heavy air ions may
occur and have a pronounced negative impact on human
health. If the molecules of polluting gases are ionised,
they have a stronger negative effect on the nature and on
human body.

L MATERIALS AND METHODS

The author of this article uses and further analyses
data on concentrations of light ions and on chemical and
physical parameters of the air, as reflected in the doctoral
thesis “Impact of Anthropogenic Pollution on Air Ion
Concentration” [17]. Concentrations of light air ions, i.e.
cluster ions, were measured using a bipolar light air ion
counter ,,Sapfir-3M” whose structure and operation is
described in one of the literature sources [18]. The article
provides analysis of data available in literature sources
concerning the effects of air ions and air pollution on
human health.

II. RESULTS AND DISCUSSION

From the point of view of the protection of human
health, it is very important to understand the combined
impact of air ion concentration and various air pollution
components on the body. According to many studies,
including those mentioned above [13], [15], air ions, in
appropriate proportions and required concentrations,
are able to compensate for the negative symptoms
caused by air pollution. Light air ion therapy is used in
the treatment of respiratory and pulmonary diseases,
hypertension, tachycardia, excessive nervous excitability,
spasms, etc. This suggests that there is an area where
the beneficial or curative impact of air ions on the body
can compensate for the negative effects of pollution. For
example, increased CO, concentration causes accelerated
pulse, breathing and sweating, but these problems can

theoretically be compensated by an appropriate increase
in the concentration of light air ions.

On the other hand, ionisation as such can increase the
harmful effects of pollutants, because, by entering the
body in an ionised state, the harmful substance enters the
metabolic process faster and more efficiently. The toxic
effects of pollutants, both aerosols and gases in ionised
state, may increase from a few percent up to several
times depending on the nature and degree of ionisation
of the substance [19], e.g. toxicity of manganese dioxide
aerosols in ionised state increases several times [20]. By
studying the harmful impact of vanadium oxides on the
body, it has been found that bipolarly ionised aerosols
are less harmful than the unipolarly ionised ones, besides
negative heavy ions are not as harmful to the body as
positive ions [20]. It is fairly safe to say that air ionisation
has a positive effect if concentrations of pollutants do not
exceed the maximum permissible concentration (MPC).
Otherwise, formation of heavy aerosol ions at high
concentrations is encouraged. For example, in order to
maintain the required air ion concentration in classrooms
by using artificial ionisation, the total concentration
of aerosol particles (PM 10) in indoor premises should
not exceed 0.1 mg/m®, otherwise the generated light air
ions, coming in contact with PM 10, will become heavy
and harmful to the students’ health [19]. Measuring the
concentration of aerosols PM 10 also does not directly
demonstrate the presence of smaller acrosol fractions in
the air, because heavy air ions are formed primarily from
aerosol particles of 10 to 100 nm (the so-called “Aitken
mode”), but it has been proven that aerosol fractions of
various sizes originated from anthropogenic pollution
correlate with each other well enough [21] to assume that
smaller fractions are also present in the air after having
measured only the concentration of larger particles. It
has been found that, when the concentration of aerosols
of an average size of 10 nm in the indoor air amounts
to 0.1 mg'm™, the concentration of light air ions is very
close to zero, while in the indoor air where tobacco smoke
with particle size from 10 to 100 nm reaches 0.1 mg-m?,
the concentration of heavy ions is 10°-10° cm, which is
considered to be harmful to human health [22].

Due to the lack of convincing data on MPCs of heavy
air ions for the protection of human health and because
of the fact that they are not administratively standardised,
it is difficult to determine the concentration threshold
beyond which a negative impact begins. Heavy air ions are
always present in nature because they are natural products
of cluster ion ageing. Basing on long-term measurements
performed in areas free from anthropogenic pollution,
1200 heavy air ions cm™[23] can be used as background
concentration. It cannot be stated that exceeding this
concentration has negative consequences, but it can be
assumed that heavy ions at the background concentration
level do not have any effect on human health. Chemical
composition of heavy air ions is another factor that
requires further research, because the negative health
effects significantly depend on it.

Nowadays, many different indoor air ionisation
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devices are offered on the market, and their advertising
usually emphasises the positive impact of air ions on
human well-being, but practically none of them provides
for simultaneous control of air ion concentration in
indoors. Basing on a previous study [17], [24] it can
be concluded that air ion concentration of in the indoor
air tends to be variable under the influence of various

chemical and physical factors; besides both the level
of air ion concentration and unipolarity coefficient are
most often in the range that is not favourable to human
health and wellness, therefore, in order to improve the
air quality, it is recommended to use air ionisers that
increase and stabilise air ion concentrations and prevent

their natural, often chaotic fluctuations.

TABLE I IMPACT OF VARIOUS COMBINATIONS INVOLVING AIR IONISATION AND CHEMICAL / PHYSICAL POLLUTION ON HUMAN BODY

Ionisation degree (clus- Degree. of chen‘ncal pol- Air ion concentration,
No. ter fons)* lution, basically including PM 10 Impact on body
CO,NO_, SO &
1 Optimal No No Optimally favourable
2 Increased No No Curative impact of air ions
3 Very high No No Harmful impact of increased ionisation
4 Very low or non-existent No No Harmful impact of deionised environment
5 Very low or non-existent Exceeds the MPC Does not exceed the MPC Harmful impact of Chiesr:tlifil pollution and deion-
6 Very low or non-existent | Does not exceed the MPC Exceeds the MPC Harmful impact of aesr;sigipollutlon and deioni-
7 Very low or non-existent Exceeds the MPC Exceeds the MPC Total harmf}ll 1mp a}ct of chemical pollution,
i deionisation and aerosols _
8 Optimal or increased | Does not exceed the MPC No Partial compensathn of the nf:gatlve impact of
. _chemical pollution
9 Optimal or increased No Does not exceed the MPC Partial air p urlﬁcatlor:rflrr(’);rcl taerosols - favourable
10 Optimal or increased | Does not exceed the MPC | Does not exceed the MPC Partial comp epsatlon of the negatlvc? impact of
__ chemical and aerosolfpollqtlon -
11 Optimal or increased Exceeds the MPC Does not exceed the MPC Additional negath:ﬁf;g;o partially fonised
12 Optimal or increased | Does not exceed the MPC Exceeds the MPC Formation of heavyizrirlll;);ocrtls, partially negative
13 Optimal or increased Exceeds the MPC Exceeds the MPC Negative impact of 10ir2rslzd pollution and heavy
14 Very high Exceeds the MPC Exceeds the MPC Strong negatl.ve' impact O.f 1r}creased ton isation,
heavy air ions and ionised pollution

At the same time, there is a need for a daily control
of the level of air ion concentration and for regulation of
ionisation intensity to keep it within the required limits,
because performance of various electronic devices in
offices can change the level of air ion concentration, for
example, intensive use of a copier significantly increases
the concentration of air ions in the ambient air.

The degree of ionisation is an important additional
factor that, together with the chemical and physical
pollution of the air, affects the human body. Circumstances
in which people are exposed to increased air pollution are
often associated with a sharp decrease in the concentration
of light air ions, or cluster ions. Thus, human body is
exposed to the summary harmful impact of air pollution
and deionised environment (see table 1, examples 5
and 6). In cases where the level of air pollution is close
to or slightly above the MPC and the concentration of
light air ions is optimum or slightly elevated (mainly
indoors when using artificial air ionisation), partial
compensation for the negative effect of pollution can
theoretically occur because of the positive impact of
air ions (table 1, examples 8 and 9). In order to assess
adequate levels of chemical pollution above the MPC and
intervals that allow compensation for the harmful effects,
further research is needed in the medical and hygiene
field, which is currently not sufficient. For this reason,
it is not advisable to use artificial ionisation in premises
where people are present if the MPC of at least one air
quality parameter is exceeded, therefore air purification

by ionisers should be performed only when people are
not present [19]. The above statements indicate that the
impact compensation area can exist when the value of
PM 10 is in the range from 40 pg-m= (i.e. MPC of PM 10)
to 0.1 mg-m? because a stable concentration of heavy
air ions at a harmful level is reached only when PM 10
amounts to 0.1 mg-m=.

The value of unipolarity coefficient K of both light
and heavy air ions is an important factor. Looking at the
medical and air quality aspect, it should be 0.4 < K> 1.0,
but previous studies indicate that it often exceeds the
stated value as a result of daily variations, and in places
with significant atmospheric pollution the value of K in
the long term exceeds 1. [17], [24]

Table 1 theoretically examines various cases where
K is within the normal range, but it should be taken into
account that elevated or reduced air ion concentration, if
K is above 1, in combination with chemical and physical
air pollution causes even more harm to human body.

If air pollution consists of a physical component such
as PM 10 and its concentration is from 4-10” to 1-10-
4 g'm?, it is possible to compensate for the impact of
pollution by artificial air ionisation, which would facilitate
air purification, besides air ions would have a positive
effect on human health. In case the particular matter
significantly exceeds 1-10* g-m™, the amount of heavy
air ions created by the ioniser can be excessive, they
cannot settle in time or stick to the walls of the premise.
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Heavy ions, inhaled in this way, get into the body and can
cause specific harmful side effects (see figure 1 a)).

If air pollution consists of a chemical component
such as SO, artificial air ionisation has a positive effect
on humans only if the SO, concentration does not raise
above the MPC, which in this case is 125 pg-m? (it
depends on national legislation in each country). Where
the MPC is exceeded, human body is exposed to the
impact of SO, as a harmful gas, and artificial ionisation
only reinforces this effect by making the SO, in ionised
state easier to be absorbed by human body (see figure 1
b)). In a more realistic case when the MPC of both the
physical and chemical pollution components is exceeded
in the air, artificial air ionisation will naturally contribute
to its purification, but it would not be desirable for a
person to stay in such a room. In this case, it is difficult to
predict the full range of interactions between pollutants
and air ions and to foresee what semi and final products
are being formed.

Another additional aspect is the different chemical
composition of air ions of both polarities. In some studies,
e.g. Patil et al., 2012, it has been found that in the process
of air ion formation or artificial generation, oxygen
molecules form mainly negative ions, while pollution
molecules usually get a positive charge [25]. The
predominance of positive air ions is in itself a negative
factor for human health, but their chemical composition
determines the volume of additional toxicological effects.
Light air ions generated by interaction with pollution
are transformed into heavy ones and their chemical
composition at different stages can vary. This problem
requires further in-depth research.

CONCLUSIONS

The use of air ionisers as a universal tool for purifying
the indoor air and improving microclimate is still under
discussion. Artificial air ionisation alone is not enough
in cases where concentrations of air pollutants are
significantly above the MPC. In addition to ionisation,
further air purification by physical or chemical means
is required. Ionisation of polluted air contributes to its
purification, but this process can also generate ozone,
as well as many heavy air ions with variable chemical
composition, and these factors are harmful to health. The
use of artificial air ionisation in premises with polluted air
alsorequires to control the concentration of light and heavy
air ions, besides the control of the chemical composition
of the air is also desirable. In order to properly understand
the chemical and physical transformation of air ions
during the air purification process, further research under
laboratory conditions is required.
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concentration of light air ions:
a) with compensation for the negative impact;

b) without compensation for the negative impact.
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